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The treatment of acute pulmonary embolism (PE) has evolved
over the past several decades. Anticoagulation has remained
the cornerstone of acute PE therapy and is all that is necessary
in the majority of PE patients. Unless contraindicated, anti-
coagulation should be initiatedwhen PE is strongly suspected
and the bleeding risk is perceived to be low, even if the
diagnosis has not been confirmed.1,2 Either intravenous (IV)
heparin or low-molecular-weight heparin (LMWH) is a good
initial choice while alternative options including invasive
therapies are being evaluated. If the clinician is comfortable
that the patient is low risk and stable, then a direct oral

anticoagulant (DOAC) (rivaroxaban or apixaban) without
parenteral therapy can be considered. Risk stratification is
crucial and bleeding risk must be assessed.3

Over the past several decades, novel approaches to ex-
tracting or more rapidly dissolving acute emboli have been
explored. The general principal of relieving obstruction rap-
idly and restoring pulmonary blood flow is logical, with the
aim of improving cardiac output and returning the patient to
a hemodynamically stable state. While achieving several
goals including improved right ventricular (RV) function,
reduced length of stay, reduced risk of chronic
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Abstract Except when contraindicated, anticoagulation should be initiated when pulmonary
embolism (PE) is strongly suspected and the bleeding risk is perceived to be low, even if
the evaluation has not been completed. Low-risk patients with acute PE are simply
continued on anticoagulation. Severely ill patients with high-risk (massive) PE require
aggressive therapy, and if the bleeding risk is acceptable, systemic thrombolysis should
be considered. However, despite clear evidence that parenteral thrombolytic therapy
leads tomore rapid clot resolution than anticoagulation alone, the risk of major bleeding
including intracranial bleeding is significantly higher with thrombolytic therapy. It has
been demonstrated that right ventricular dysfunction as well as abnormal biomarkers
(troponin and brain natriuretic peptide) are associated with increased mortality in acute
PE. In spite of this, intermediate-risk (submassive) PE comprises a fairly broad clinical
spectrum so that there is not a solid evidence base permitting a consistent algorithm for
clinicians to follow. Thus, for several decades, thromboembolism basic scientists,
clinical trialists, and clinicians have worked toward a lower risk solution for treatment
of patients with more than simply low-risk PE. Catheter-based therapy, consisting of
various devices and techniques, with or without low-dose thrombolytic therapy, offers
one potential solution and continues to evolve.
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thromboembolic pulmonary hypertension, improved quality
of life, and improved mortality with catheter-based ap-
proaches would be ideal, at present, randomized trial data
are inadequate to demonstrate these. The varied techniques
that have been utilized have further diluted our ability to
assess benefit. Evidence-based consensus statements have
offered recommendations for the use of novel catheter-based
approaches for reducing clot burden but have been limited by
the limited number of controlled trials.1–3

It is important to clarify terminology. We will use the term
“catheter-based therapy” (CBT) as a general term referring to the
use of any of several devices and techniques in the pulmonary
artery (PA) with or without low-dose thrombolytic therapy.

The term “catheter-directed thrombolysis” (CDT) refers to
the infusion of thrombolytics into the PA via an infusion
catheter with multiple exit ports, placed into the PA, prefera-
bly into the embolus. The term “pharmacomechanical throm-
bolysis” (PMT) originally referred to the infusion of
thrombolytics directly into a clot in the PA, that is, not simply
dripping the thrombolytic agent into the PA, but actually
injecting it within the clot to combine the potential mechani-
cal effect of the infusion combined with pharmacologic
thrombolysis.4 However, PMT has evolved to refer to low-
dose thrombolysis combined with additional mechanical
measures (i.e., more than simply direct intraembolic infusion)
such as fragmentation to aid in eliminating the emboli.

Thus, we will use the term CDT for the catheter-directed
infusion of thrombolytic agents and attempt to clarify wheth-
er other techniques such as aspiration or fragmentation are
also being used. We will not use CDT as the general term
“catheter-directed therapy,” as it has sometimes been used.
“Ultrasound-facilitated catheter-directed therapy” (USCDT)
will refer to a form of CDT, that is, the use of high-frequency
low-power ultrasound as a means of facilitating diffusion of
the thrombolytic agent into the clot. Again, CBTwill refer to all
catheter-based techniques collectively. Themedical literature
has used varying terminology which has made analysis of
data in systematic reviews even more challenging. The com-
bined use of several techniques into one procedure has
further hampered analysis of the literature.

A recent analysis of the National Inpatient Sample data-
base indicates that utilization of CBT has increased since
2010.5 It was shown, based on a propensity-matched analysis
of a cohort of 352 inpatients with PE who underwent CBT
compared with 352 inpatients who had systemic thromboly-

sis, that the inhospital mortality rate was approximately 10%
which was significantly lower than the rates for systemic
thrombolysis (�20%). There were very low rates of intracra-
nial hemorrhage (ICH) (0.28%) and no ICH after 2010. This
was, however, at the expense of higher rates of acute renal
failure requiring hemodialysis and higher cost.5 The gradually
decreasing major bleeding rates may reflect increasing expe-
rience and use of lower doses of thrombolytic agents with
newer catheter-based devices. Despite increased utilization
of CBT, there are limited data which are mainly from small
uncontrolled series and cohort studies. There are almost no
randomized trials. Nonetheless, the data available and clinical
experience with certain techniques, strongly suggest there
can be benefit and that these approaches should continue to
be pursued. We will review the techniques utilized and the
available evidence base.

Definitions: Severity of Acute Pulmonary
Embolism—Therapeutic Implications

Severity of acute PE is judged using several parameters and
guidelines have been generally consistent but not identical.
Acute PEhas traditionally beendivided into three general groups
based on severity. These include low-risk PE, intermediate-risk
(“submassive”) PE, and high-risk (“massive”) PE1–3 (►Table 1).

In general, low-risk acute PE implies that the patient is
normotensive, has normal RV function, and is not excessively
tachycardic or hypoxemic. Based on most prior consensus
statements,1–3 intermediate-risk PE patients have evidence of
RV dysfunction. High-risk PE is characterized by hypotension,
generally defined as a systolic blood pressure < 90 mm Hg
for � 15 minutes. It is impossible, however, to always base
treatment on this simple classification. Clearly, within these
classifications, there can be variable degrees of severity and
thus, prognosis. For example, a patient with acute PE causing
severe hypotension who remains in shock despite high-dose
pressor therapy as well as being severely hypoxemic and
tachycardic might not have the same outcome as the patient
whose systolic blood pressurehas been 85 to 90 mmHg for 20
minutes but who is awake and alert, and on 2 L of oxygen.
Both are high-risk, “massive PE” patients. Should the first
patient receive systemic thrombolysis and the second cathe-
ter-based lysis? Or, could an aggressive catheter-based
approach work rapidly enough for the first patient also?
The intermediate-risk “submassive” PE group represents an

Table 1 Categories of acute pulmonary embolism based on severity

Severitya Low risk Intermediate riskb (submassive) High risk (massive)

Characteristics Hemodynamic stability
RV function normal
Troponin/BNP normal
sPESI ¼ 0

Hemodynamic stability
RV function abnormal
Troponin/BNP may be abnormal
sPESI > 0

SBP < 90 mm Hg � 15 min
(or drop of 40 mm Hg from baseline)
RV function abnormal causing
sustained hypotension

Abbreviations: BNP, brain natriuretic peptide (may be elevated from causes other than PE); PE, pulmonary embolism; RV, right ventricular; SBP, systolic
blood pressure; sPESI, simplified Pulmonary Embolism Severity Index.
aEuropean Society of Cardiology consensus has divided intermediate-risk PE (sPESI > 0) into intermediate-high risk (RV dysfunction and positive
biomarkers) and intermediate-low risk (either RV dysfunction or positive biomarker, or neither).2

bSeverity of hypoxemia, heart rate, anatomic extent of PE, and residual leg clot should also be considered during risk stratification.
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even broader spectrum. Interpreting trials evaluating CBT is
complicated by the heterogeneity within each risk group. The
PE Severity Index (PESI) and its simplified PESI (sPESI) version
have been introduced by the European Society of Cardiology
in 2014 as an additional key feature in risk stratification.2

Why Consider a Catheter-Based Approach to
Acute Pulmonary Embolism?

Over the past several decades, despite a high-case fatality
rate, many patients with intermediate- and high-risk PE are
still treated conservatively with anticoagulation alone.
Systemic thrombolysis is withheld in more than two-thirds
of patients with high-risk PE.6,7

The proportion of unstable PE patients receiving systemic
thrombolytic therapy in the United States appeared to decrease
from 40% in 1999 to 23% in 2008.8 The reasons for this decrease
may relate to the continued concern regarding devastating
bleeding complications, particularly ICH, as well as the results
of recent studies suggesting relative safety and efficacy of CBT.5

Unfortunately, as effective as systemic thrombolysis can be, the
incidence of major bleeding and ICH is clearly higher than with
anticoagulation alone.9,10 This persisting obstacle together with
advances in surgical techniques and catheter technology has
prompted alternate treatment options, including lower dose
systemic fibrinolysis, surgical embolectomy, and a number of
catheter-based approaches. In spite of several promising studies
suggesting the improved safety and acceptable efficacy of lower
doses of systemic thrombolytic agents, for example, 50 mg of IV
tissue-type plasminogen activator (tPA), an acceptable reduction
in the risk of major bleeding and ICH has not been satisfactorily
proven.11,12

The PEITHO (pulmonary embolism thrombolysis) trial was
a major effort to better characterize the efficacy and safety of
IV thrombolysis in intermediate-risk PE. Unfortunately, while
the primary end point was met, the overall mortality was
exceedingly low in both treatment arms and the ICH rate,
while low was clearly higher than when only anticoagulation
was given.9 These results suggested that if therapy beyond
anticoagulationwere to be pursued further, it should be done
in a lower risk manner. Catheter-directed therapy, with or
without low-dose thrombolysis is one potential answer.

Potential Indications for Catheter-Based
Therapy

Although IV thrombolytic therapy can be administered quick-
ly, catheter-based forms of therapy for extremely emergent
prearrest settings can be difficult to implement immediately.
In extreme cases, initiating venous–arterial extracorporeal
membrane oxygenation (ECMO) and proceeding with a cath-
eter-based approach (or surgical embolectomy) can be con-
sidered, if there is time.13 A clot extraction procedure in such
a critically ill patient without ECMO might be possible if
undertaken with extreme haste, but would be difficult, high
risk, and center dependent. Such high-risk patients can be
converted to open embolectomy when necessary and when
resources are available. High-risk PE with mild hypotension,

or intermediate-risk PE with more severe degrees of RV
dysfunction and positive biomarkers and/or more severe
hypoxemia are feasible scenarios for CBT, but again, the
evidence base is relatively weak with only one small random-
ized trial done to date (ULTIMA, ultrasound accelerated
thrombolysis of pulmonary embolism).14 Given the low risk
for major complications, it is reasonable to consider CBT, in
patients with massive PE who have been reasonably stabi-
lized and with contraindications to systemic thrombolysis
and in patients on the more severe end of the intermediate-
risk spectrum (patients with severe RV dysfunction by echo-
cardiography and positive biomarkers). Based on the Europe-
an Society of Cardiology consensus definitions,2 those with
intermediate- to high-risk PE (thosewith both RVdysfunction
and increased biomarkers) might be considered, particularly
those deemed at increased bleeding risk with full-dose
systemic thrombolysis. Patients with intermediate-risk PE
should be individualized. For example, a patient with only
mild RVdysfunctionwith and perhaps one positivebiomarker
could be considered for conservative management.

The critical questions includewhich patients are ill enough
to consider, and which ones are so critically ill that the
procedure cannot be undertaken without ECMO/surgical
backup. The potential advantages of a catheter-based proce-
dure include the use of either no thrombolytic agent or low-
dose thrombolysis, thus, offering the possibility of more
rapidly reducing the clot burden with what appears to be a
reduced risk of major bleeding including ICH.14,15

Preparation for the Procedure

This consists of risk stratification, and an understanding of who
will perform the procedure, where it will be done, and the
precise technique(s). A specialist in PE, or PE team, for example, a
PE response team (PERT), can facilitate the decision process and
more rapid deployment of a treatment plan.16 Anticoagulation
should be initiated in all PE patients unless it is contraindicated.
WhenCBT is considered, IV heparin is often utilized since it has a
short half-life and is reversible. Although LMWH has the advan-
tage of achieving a rapid therapeutic level, generally without
monitoring and inmost settings CBT can be performed on either
anticoagulant, IV heparin is generally favored based on short
half-life and reversibility. Rapid access to the cardiac catheteri-
zation or interventional radiology laboratory is crucial, if more
critically ill PE cases are to be considered. Preparation and PA
access are similar but not identical for the various CBT options.
The internal jugular or femoral vein is accessed with ultrasound
guidance. Femoral access is favoredwhen larger bore devices are
utilized and ultrasound is used to rule out residual iliofemoral
thrombus. However, recent data suggest that femoral access is
associated with major bleeding episodes, so careful judgment is
required.17 A catheter is advanced to the main PA, where the PA
pressure can be obtained. Contrast injection into the main PA or
selectively into each PA can be performed to identify the
proximal extent of the emboli and the overall clot burden. These
features may have changed, depending on how recent the
computed tomographic angiography (CTA) was performed,
and are even more vital to characterize if only a ventilation-
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perfusion scan has been done. The pulmonary angiographic
technique and catheter position are crucial to carefully charac-
terizing the extent of clot.

Which Catheter-Based Therapeutic Options Have Been
Utilized?
Several percutaneous catheter-based techniques have been
utilized for treatment of high-risk and intermediate-risk PE
(►Table 2). Most of the larger reported cohorts have utilized
some form of CBT that included thrombolysis, that is, CDT or
USCDT. The only CBT device that is Food and Drug Adminis-

tration (FDA) approved for treatment of acute PE is the
EkoSonic (EKOS BTG) device which employs the USCDT
technique to facilitate diffusion of the thrombolytic agent
into the clot.

Because CBT utilizing thrombolysis (i.e., CDT) is often
delivered over several hours, hemodynamically unstable pa-
tients at the more severe end of the spectrum are sometimes
considered for more rapid intervention such as mechanical
fragmentation, clot extraction, or aspiration of emboli. The
latter techniques have also been utilized in patients with
relative contraindications to thrombolytic therapy. The specific
PE patients deemed candidates and the frequency with which
various catheter-based techniques are utilized vary based on
local expertise and resources. Head-to-head comparisons of
different techniques are nonexistent. Examples of catheter
devices used for CBT are shown in ►Fig. 1. Details on various
CBT approaches are discussed later.

Catheter-Directed, Low-Dose Thrombolysis
Although anticoagulation with heparin alone has little effect
on improvement of RV size and performance within the first
24 to 48 hours,14 the extent of early RV recovery after low-
dose CDT appears comparable to that after standard-dose
systemic thrombolysis.14,15,18 Bleeding complications appear
to occur less frequentlywith CDT thanwith full-dose systemic
thrombolysis,18 and thus, this procedure has been commonly
performed in patients with intermediate- and high-risk PE
with relative contraindications to systemic thrombolysis.

In 1988, Verstraete et al19 published the results of a
multicenter trial comparing standard-dose IV tPA with an

Fig. 1 (A–I) Various devices that have been utilized to treat acute pulmonary embolism are shown. See text for details.

Table 2 Catheter-based therapies with published clinical trial/
case report data

Catheter-directed, low-dose thrombolytic infusion,
without ultrasound assistance

Ultrasound-facilitated, catheter-directed therapya

Embolus fragmentation with pigtail or balloon catheter

Suction/vortex embolectomy with aspiration of emboli

Catheter-directed extraction embolectomy

Rheolytic embolectomy with hydrodynamic
catheter devices

Rotational embolectomy

A combination of the above

aThis is the only catheter-based therapy technique studied in a ran-
domized controlled trial and Food and Drug Administration approved
specifically for the treatment of acute pulmonary embolism.14
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intrapulmonary infusion of tPA (100 mgover a 7-hour period,
i.e., standard systemic dose therapy) for the treatment of
acute massive PE. The results of this study suggested that the
intrapulmonary infusion did not offer significant benefit
compared with IV administration. The dose administered
was a standard systemic dose, but did not use the standard
catheter-directed technique currently used by most inter-
ventionalists, which involves embedding the infusion cathe-
ter directly into the embolus, or combining the technique
with another mechanical method (i.e., PMT).

The thrombolytic agent is infused into the PA, with or
without ultrasound assistance (see later) in an attempt to
deliver it within the embolism. Thrombolytic agents are
usually administered as a continuous infusion; a bolus may
be considered at the time of catheter placement in patients
whoarehemodynamically unstable or appear tobeworsening.
Several uncontrolled studies have been conducted with CDT
without ultrasound assistance; a recent systematic review has
analyzed the studies to date.20 Many of these studies have
suggested improvement but without comparison anticoagu-
lation arms. There is no standard thrombolytic agent, infusion
duration, or drug dose utilized in CDT, although tPA has been

most commonly utilized and approximately 20 mg of tPA has
been delivered over approximately 12 to 24 hours in larger
studies.14,15,21 Most high-risk patients have bilateral PE,
although some, particularly those with preexisting compro-
mised cardiopulmonary reserve, have the major embolic
burden in only one lung and only that lung is treated. The
treatment zone of the infusion catheter is placed within the
clot when possible. An example of such a patient is shown in
►Fig. 2. Several different catheters have been utilized.

Ultrasound-Facilitated, Catheter-Directed
Therapy

The low-dose CDT technique with the most controlled
supportive clinical trial data involves a local, slow infusion
of a thrombolytic agent through low-profile catheters placed
in the obstructed PA using the high-frequency low-power
EkoSonic ultrasound technique (EKOS/BTG), that is, USCDT.
Braaten et al22 demonstrated in vitro that ultrasound expo-
sure causes a reversible disaggregation of uncross-linked
fibrin fibers, which may create additional binding sites and
facilitate the thrombolytic effect. Furthermore, ultrasound

Fig. 2 (A) A 60-year-old man presented to the ED with severe pneumonia of the left lung (arrow). He had severe hypoxemia (O2 requirement
100%), and recent reduced mobility. (B–D) Computed tomographic angiography revealed pulmonary embolism in the right lung (arrows). The
blood pressure was normal, there was only mild right ventricular dysfunction by echocardiography, and the total clot burden was not extensive.
However, based on his heart rate of 124 beats/min and the severe hypoxemia, he underwent USCDT, with 1 mg of tissue-type plasminogen
activator per hour to the right lung over 6 hours (total 6 mg). The O2 requirement decreased to 4 L by 2 hours after completion of the infusion and
heart rate decreased to 90 beats/min. Thus, while this patient was normotensive and had only mild RV dysfunction, he was critically ill and
appeared to benefit from USCDT. ED, emergency department; USCDT, ultrasound-facilitated, catheter-directed thrombolysis.
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pressure waves may increase thrombus penetration of
thrombolytic drugs by “acoustic streaming.”23

Although some patients with high-risk PE have been
treated with this device (only 31 of 150 patients in SEATTLE
II),15 this approach and other slow infusions of thrombolytic
agents are best suited for patients deemed stable enough to
be treated with a prolonged infusion.

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 (normal saline). Most commonly, an ultrasound/
infusion catheter is placed in each lung. A commonly used tPA
dose is 0.5 to 1.0mg/hper catheter. The total tPAdose is typically
between 12 and 24 mg, delivered over 12 to 24 hours. A low-
dose, weight-based heparin infusion is continued during the
thrombolytic infusion, with a target partial thromboplastin in
the low therapeutic range (e.g., 40–60 seconds). The coolant is
infused at approximately 35 mL/h.

Only one catheter-based acute PE therapeutic technique
has been studied in a prospective, multicenter randomized,
controlled trial. In this trial (ULTIMA trial), Kucher et al14

randomized 59 intermediate-risk patients to either antico-
agulation alone or USCDTwith 10 mg of tPA delivered to each
treated lung over 15 hours in addition to anticoagulation.
There was a significant reduction in the RV/LV dimension
ratio (primary end point; measured at end diastole by a
standard protocol) from baseline to 24 hours (0.30 � 0.2 in
the USCDT cohort vs. 0.03 � 0.16 in the anticoagulation
group; p < 0.001). The PA pressure also decreased signifi-
cantly between baseline and 24-hour follow-up without an
increase in bleeding complications. There was only one death
in the study (in the heparin group) and no ICH events or other
major bleeding. There were no recurrent VTE events.

The subsequent SEATTLE II trial was a single-arm clinical
trial utilizing USCDT in 150 predominantly intermediate-risk
PE patients but including 21% who were high risk.15 The
protocol did specify that high-risk patients could not have a
systolic blood pressure < 80 mm Hg despite vasoactive ther-
apy. Overall, the RV/LV ratio improved significantly at 48
hours compared with baseline. As with ULTIMA, there were
no ICH events. This USCDT device was then FDA approved for
treatment of acute PE. In another nonrandomized series of 52
PE patients treated with USCDT (tPA 10 mg/lung over 15
hours), there was a significant improvement in PA pressure
(p < 0.001), cardiac index (p < 0.001), and RV/LV ratio
(p < 0.001).24 There were two deaths (cardiogenic shock
and recurrent PE) and two cases of major bleeding. As with
most CBT trials, there were no controls.

A recent prospective registry of 101 high- and intermedi-
ate-risk PE patients treated at seven different centers
reported results with CBT techniques that were primarily
CDT (urokinase or tPA) procedures with or without USCDT.21

The average thrombolytic doses were 28.0 � 11 mg of tPA
(n ¼ 76) and approximately 2.7 � 1 million IU of urokinase
(n ¼ 23). There was a significant decrease in PA pressure and
improvement in RV function, with no reported major com-
plications, major bleeding, or stroke. Thus, while overall CBT
appeared effective and safe, there was no control group and
variable techniqueswere utilized. Novalid comparison can be

made between the different techniques or thrombolytic
agents. Other similar registries and uncontrolled studies
have been reported, generally with optimistic results. At
such experienced centers, CDT and USCDT appear to be safe
and effective treatments for both acute high- and intermedi-
ate-risk PE. The prolonged infusions generally utilizedmay be
effective in intermediate-risk PE, but are likely less useful in
rapidly deteriorating patients and the most severely ill high-
risk PE patients. The Optimum Duration of Acoustic Pulse
Thrombolysis Procedure in Acute PE (OPTALYSE PE) trial may
offer additional data on whether lower doses and shorter
infusions are beneficial in the intermediate-risk PE popula-
tion.25 At present, no randomized clinical trial data are
currently available comparing low-dose CDT with USCDT.
Finally, it should be anticipated that while no cases of ICH
have been reported with USCDT to date in the large clinical
trials, it would appear likely that at least some cases may be
reported in the future since this complication can occur even
on anticoagulation alone. However, the available data suggest
that this complication occurs less frequentlywith USCDT than
with systemic thrombolysis. A patient with intermediate-risk
PE treated with USCDT is shown in ►Fig. 3.

Aspiration/Suction/Vortex Embolectomy

Several aspiration techniques have been employed and can be
attempted using regular 8-F or larger guide catheters or more
specialized catheters. The earliest experience was obtained
with the the 10-F Greenfield suction embolectomy catheter
(Medi-tech/Boston Scientific).26 The device allowed extrac-
tion of the centrally located emboli by using sustained suction
with a large syringe (►Fig. 1; ►Table 1). The device proved
effective but was somewhat cumbersome based on the
requirement for a surgical cut down for access and the
need to retrieve the device and the emboli as a unit. Manual
suction embolectomy has been utilized alone or as an adjunct
to other techniques. The guide catheter is advanced into the
embolism in the right or left PA. Suction is applied with a
20- to 50-mL syringewhile the catheter is moved slowly back
and forth over several centimeters within the clot.

Reports using newer catheters have been published. A retro-
spective report of 10 consecutive patients treated with the
Pronto 0.035” or XL extraction catheter (Vascular Solutions)
has been published.27 All patients were referred for CBT and
either had contraindications to systemic lysis or were deemed to
be critically ill enough fromacutePE tomerit immediate therapy.
Retrospectively measured RV/LV ratios were elevated above 1.0
in seven of the eight available CTAs. Clinical removal of visible
emboli and improvement in mean PA pressure were seen in the
eight patients who had these data recorded; the mean PA
pressure declined from a median (range) of 35.5 (19–46) to 23
(10–37; p ¼ 0.008) mm Hg. There were no intra- or periproce-
dural deaths or other complications, but two patients died from
“circulatory failure in direct connection with the PE,” and four
more patients died within 30 days of end-stage disease
(e.g., malignancy, sepsis).

The Penumbra device (Penumbra Inc.) is approved for
peripheral arterial or venous thrombus removal.28 It has
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been utilized as a suction device for acute PE. It consists of 6 to
8-F catheters and a pump. Aspiration of clot is powered by a
pump and separator wires can be inserted into the catheter
and utilized to clear clot from the catheter. An advantage of this
technique is that it only requires an 8-F venous sheath for
access. One limitation of any aspiration/suction device is blood
loss. Other 6 to 10-F guide catheters havebeen used formanual
aspiration of emboli; there are no data to suggest that any
specific aspiration device in this size range has an advantage.

The AngioVac Cannula (AngioDynamics) is a 22-F venous
catheter that removes emboli utilizing a centrifugal pump and
venous reinfusion cannula with the latter minimizing blood
loss.29 The device is FDA approved for the “removal of unde-
sirable intravascular material” including fresh, soft thrombi or
emboli. The AngioVac catheter consists of a balloon-expand-
able, funnel-shapeddistal tip,which improves removal of large
emboli from the right heart chambers or proximal PAs. Patients
require two large venous sheath placements (usually common
femoral or internal jugular veins). A 26-F sheath is placed in
one vein and an 18-F reinfusion cannula is placed in another
vein. The AngioVac cannula is attached to the inflow tubing of
the centrifuge pump and the outflow tubing connected to the
18-F reinfusion cannula, which creates a vein–vein bypass
circuit. Emboli are suctioned out and captured by a filtration
canister inserted proximal to the centrifuge pump. Thefiltered
blood is returned continuously to the venous system through
the reinfusion cannula. Limitations of this device 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. A perfusionist is required. The device has been
utilized for acute PE, although it is more commonly used to
retrieve clot-in-transit in the right heart chambers or thrombi
from the vena cava.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. Modifications are underwaywhichmay
facilitate its use.

A single-center experience has been reported with 14
consecutive patients undergoing the procedure for “intracar-
diac masses,” acute PE, and caval thrombus. Four patients
were in shock at the start of the procedure. Periprocedure
mortality was 0% and inhospital mortality was 13% at a mean
follow-up of 23 days. Though 73% had a postprocedural drop
in hematocrit, only two bleeding events were related to an
access site and required a transfusion.29

Embolus Fragmentation/Dissolution

Simple Catheter Fragmentation Procedures
Fragmentation of emboli is a relatively simple and rapid
technique and does not require complex resources. The
theory is that by mechanically disrupting occlusive proximal
emboli into smaller fragments, improved peripheral flow can
be achieved. This has been successfully achievedwithmanual
rotation of a pigtail catheter or by employing a balloon

Fig. 3 (A, B) A 75-year-old woman experienced extensive, bilateral acute pulmonary embolism (PE) (arrows). She was normotensive. (C) The RV
was severely dilated by CT with the interventricular septum bowing to the left with compression of the LV. She was deemed an intermediate-risk
PE patient. (D) Echocardiography also documented a dilated and severely hypokinetic RV. (E) Bilateral EKOS catheters were placed (arrows) and
2 mg/h of tPA was delivered to each lung over 6 hours (total 24 mg). (F) The patient's dyspnea and hypoxemia improved dramatically, as did RV
function by echocardiography performed 48 hours later. LV, left ventricle; RV, right ventricle; tPA, tissue-type plasminogen activator.
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angioplasty catheter.30,31 This concept was first applied by
Brady et al in 1991 when they successfully used standard
coronary catheters to fragment proximal emboli in three
patients with massive PE.30 The potential disadvantage of
fragmentation is the possibility for hemodynamic deteriora-
tion when large initially nonobstructive clots are disrupted
and embolize more distally causing occlusion.

Rheolytic Embolectomy
Repeated injections of saline into large proximal emboli have
been performed analogous to catheter fragmentation.32 A more
formal approach has employed a high-pressure saline jet gener-
ating a pressure gradient via Bernoulli’s principle, enabling the
dissolution and removal of emboli.33,34 This device, the AngioJet
(Possis) alsopermits the local injectionof thrombolytic agents by
the “power pulse” spray technique, forcing the drug into the
emboli. However, significant limitations have included the
development of bradycardia, possibly due to the release of
bradykinin, adenosine, or potassium secondary to hemolysis.34

This complication usually occurs with prolonged runs of more
than 20 seconds andmay lead to heart block or asystole.34 It has
been generally reversible without significant sequelae. Massive
hemoptysis, renal failure, and death frombradycardia and apnea
have been reported.35,36 This resulted in a black-box warning
from the FDA for the use of AngioJet in acute PE. The Amplatz
thrombectomy device uses a similar mechanical approach to
that of AngioJet by creating a hydrodynamic vortex to dissolve
the emboli.37,38

Rotational Embolectomy
The Aspirex thrombectomy catheter (Straub Medical) uses a
spiral rotating at 40,000 rpm to fragment emboli into smaller
pieces, which are then aspirated through an adjacent port as
the device is advanced and withdrawn through the clot. The
rotational speed can be adjusted to prevent excessive suction
and collapse of the vessel wall around the rotating spiral. The
first use in PE was described by Kucher et al,39 and subse-
quently shown to be safe and effective in a small clinical
series.40

Catheter-Directed Extraction Embolectomy

The FlowTriever device (Inari Medical) is a catheter-based
mechanical device for percutaneous endovascular retrieval
of emboli and is intended for use in the proximal (lobar and
main) pulmonary arterial system. The device is composed of
the FlowTriever catheter with an integral self-expanding
Wireform consisting of three nitinol disks, an aspiration
guide catheter, and a retraction aspirator. Clinical improve-
ment may result from both clot extraction and improved
perfusion via penetrating the emboli. The device is intended
for use without thrombolytic agents but thrombolytics (and
contrast dye) can be infused through the aspiration guide
catheter. Successful use of the FlowTriever device in a criti-
cally ill massive PE patient who failed systemic thrombolysis
has been reported.41 The device is being studied in interme-
diate-risk (submassive) PE patients in a large prospective
trial.42

Combination Techniques Using Catheter-
Based Therapy

The above-described techniques have been utilized in com-
bination. For example, catheter fragmentation followed by
low-dose CDT has been described.43,44 Combination techni-
ques have not been studied in a controlled manner and their
use has been based on local resources and expertise.

Catheter-Based Therapy: Complications
Including Mortality

There are several potential complications of CBT techniques for
acute PE. Some involve access to the right heart and PAs, and
manipulation of catheters once access is accomplished. These
include major access site bleeding, significant arrhythmias,
pulmonary arterial dissection or perforation, pericardial
tamponade, worsening hypoxemia and hemodynamics, recur-
rent PE, and distal clot embolization. Others may relate to the
specific procedure, such as hemolysis/hemoglobinuria as
described earlier with rheolytic therapy.34–36

Kuo et al36 reported a meta-analysis with 594 patients
with massive PE in 35 studies published from 1990 through
2008 and treatedwith CBT. They used the term “CDT” to refer
to “catheter-directed therapy” (equivalent to our term CBT).
They included studies that reported results of treatment in at
least three consecutive patients with massive PE in hemody-
namic shock. Only patients with hypotension or in whom
“modern” CBT (low-profile devices [� 10 F], mechanical
fragmentation and/or aspiration of emboli including rheolytic
thrombectomy, and intraembolic thrombolytic injection if a
local drugwas infused)were included. USCDTwas not utilized
at that time, and there were no trials comparing one tech-
nique with another. Thus, this analysis is notable for limiting
the analysis to patients with massive PE.

Data on the use of systemic thrombolysis before CDTwere
available in 571 patients; 546 of those patients (95%) were
treated with CBT as the first adjunct to heparin without
previous IV thrombolysis.36 The pooled clinical success rate
fromCBTwas 86.5% (95% confidence interval [CI]: 82.1–90.2%).
Pooled risks of major and minor procedural complications
were 2.4% (95% CI: 1.9–4.3%) and 7.9% (95% CI: 5.0–11.3%),
respectively.36 Minor complications included access site
hematomas, transient arrhythmias or heart block, hemoglo-
binuria, mild hemoptysis, temporary renal insufficiency,
embolus dislocation (n ¼ 1), and PA dissection (n ¼ 1). Major
complications included access sitehematomas requiring trans-
fusion, massive hemoptysis, renal failure requiring hemodial-
ysis, cardiac tamponade (n ¼ 1), and death (n ¼ 5; one each
from bradyarrhythmia and apnea, distal embolization, and
cerebral vascular hemorrhage plus two procedure-related
deaths not otherwise specified).36 While the rate of ICH with
CDT is lower than with systemic (higher dose) thrombolysis, a
finite but very low incidence should be expected.5 In uncon-
trolled retrospective studies, publication bias may result in
underreporting of major complications. Based on the nature of
the individual studies and the lack of control arms, it is
impossible to state that a specific CBT technique is superior
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or that anticoagulation alone would be insufficient. Nonethe-
less, the success rate combined with the rigorous inclusion of
only massive PE patients suggests that CBT can be effective in
these patients. Certainly, a randomized comparison with anti-
coagulation in massive PE is not warranted.

The most recent published systematic review examined the
evidence for the safety and efficacy of CDT with and without
USCDT for intermediate- and high-risk PE.20 Studies older than
2009were excluded. The primary efficacy outcomewasmortal-
ity. Twenty-four studies enrolled 700 patients in total; 653
received mechanical embolectomy treatments for PE (mortality
rate, 9% [95% CI: 6–13%], p ¼ 0.12). In the USCDT studies, the
mortality rate was 4% (95% CI: 1–11%) and in the non-USCDT
studies, it was 9% (95% CI: 6–13%). Themain safety outcomewas
major bleeding. Among the six USCDTstudies, the incidencewas
4% (95% CI: 1–11%) compared with 10% (95% CI: 6–14%) in
studies that used alternative techniques. Secondary safety out-
comes were all bleeding events, which occurred in 12% (95% CI:
7–20%) of the USCDT studies and in 10% (95% CI: 5–20%) of the
non-USCDT studies.

Importantly, in this systematic review, patients treated
with “CDT”were treated with a variety of techniques, includ-
ing not only thrombolysis but also aspiration, fragmentation,
AngioJet therapy (with and without thrombolysis), thus, the
comparison with USCDT is with several different CBT techni-
ques, and not simply with CDT.20 The PE severity ranged from
intermediate-risk PE to very ill PE patients requiring ECMO.
Useful conclusions from the study would be that a variety of
CBT techniques as well as different types and doses of
thrombolytics are being utilized around the world and that
while USCDT cannot be proven to be superior to a variety of
different CBD approaches, the results still appeared favorable.
The risk of bleeding appears lower with USCDT therapies, but

the heterogeneity between trials and between treatment
modalities within many of the trials prevented definitive
safety conclusions. The authors emphasize a key point—the
risk of death may be as high as 9% in intermediate- and high-
risk acute PE patients, thus more research is necessary.

Finally, Engelberger et al24 conducted a systematic review
of 197 patients with high-risk PE treated with USCDT from
seven trials. The mortality at 3 months was 3.6% (95% CI: 1.4–
7.2%), with major bleeding complications developing in 3.6%
of the patients. These are similar to the rates for USCDT in the
2016 systematic review described earlier.20

Postintervention

Maintenance of anticoagulation postintervention is critical to
prevent recurrent clot formation. However, patients who
have had a recent catheter-based intervention are at risk of
access site bleeding. One strategy to potentially reduce bleed-
ing risk is to hold the heparin drip for 1 to 2 hours after sheath
removal, then restart without a bolus. Oral anticoagulation or
LMWH can be initiated once clinical evaluation suggests that
the subsequent bleeding risk is low.

However, no guidelines indicate when or how anticoagu-
lants should be initiated post-CBT, especially if thrombolytic
agents have been administered. We suggest heparin alone for
the first 24 to 48 hours postintervention with initiation of a
DOAC or warfarin subsequently (or LMWH in active cancer
patients). Both the American and the European guidelines do
not recommend routine use of inferior vena caval (IVC) filters
in patientswith PE.1–3However, two large analyses, including
a U.S. nationwide hospital sample45 and a study from Japan,46

suggest that IVC filters may result in better outcomes in
patients with massive or intermediate–high-risk PE. In the

Table 3 Consensus statement summaries regarding the use of catheter-based therapy for acute PE

American College of Chest Physicians (2016)1

When thrombolytics are utilized, the systemic route is suggested over catheter-directed approaches (Grade 2C)

With hypotension and (1) a high bleeding risk, (2) failed systemic thrombolysis, or (3) shock likely to cause death
before systemic thrombolysis can take effect, catheter-assisted thrombus removal is suggested (Grade 2)

European Society of Cardiology (2014)2

Percutaneous catheter-directed treatment should be considered as an alternative to surgical embolectomy for
patients in whom full-dose systemic thrombolysis is contraindicated or has failed (Class IIa, Level C)

American Heart Association (2011)3

Depending on local expertise, either catheter embolectomy and fragmentation or surgical embolectomy is
reasonable for massive PE and contraindications to fibrinolysis (Class IIa; Level of evidence C)

Catheter embolectomy and fragmentation or surgical embolectomy is reasonable for massive PE patients who remain
unstable after receiving fibrinolysis (Class IIa; Level of evidence C)

For patients with massive PE who cannot receive fibrinolysis or who remain unstable after fibrinolysis, it is
reasonable to consider transfer to an institution experienced in catheter embolectomy or surgical embolectomy if these
procedures are not available locally and safe transfer can be achieved (Class IIa; Level of evidence C)

Either catheter embolectomy or surgical embolectomy may be considered for patients with submassive acute PE judged
to have clinical evidence of adverse prognosis (new hemodynamic instability, worsening respiratory failure, severe RV
dysfunction, or major myocardial necrosis) (Class IIb; Level of evidence C)

Catheter embolectomy and surgical thrombectomy are not recommended for patients with low-risk PE or submassive
acute PE with minor RV dysfunction, minor myocardial necrosis, and no clinical worsening (Class III; Level of evidence C)

Abbreviation: PE, pulmonary embolism.
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International Cooperative Pulmonary Embolism registry,47

IVC filter use in patients with massive PE was associated
with reduced rates of recurrent PE andmortality at 90 days.44

Patients without significant residual deep vein thrombosis
are unlikely to benefit from IVC filter placement.

Cost Implications

CBT is more expensive than anticoagulation alone. However,
future analysesmay clarifywhether other key variables such as
length of stay may balance out the expense of the procedure.

What Do Consensus Statements Say?

TheAmericanHeart Association (AHA),1 the European Society
of Cardiology,2 and the American College of Chest Physicians3

all offer recommendations for the use of catheter-based
approaches to acute PE (►Table 3). All assume that appropri-
ate expertise and resources are available. Unfortunately,
evidence-based guidelines are limited by the available data.

Conclusion

CBTof acute PE is an evolving area. All procedures are not the
same and preferences are often based on local resources and
expertise. We would recommend continued efforts at rapid
diagnosis and referral to an experienced team for risk
stratification.

Currently, CDTwith use of the EKOS catheter (USCDT) is the
only FDA-approved CBT specifically approved for use in acute
PE. Other CBTs focus on CDT without ultrasound assistance.
Direct embolus dissolution and/or clot removal without
thrombolysis may be better options for patients who either
cannot receive thrombolysis or cannot wait for a slower
thrombolytic infusion to take effect. Although some centers
have reported favorable outcomes with surgical embolecto-
my as first-line management of intermediate- and high-risk
PE, we believe this should be reserved for patients with
massive PE and shock, who have contraindications to throm-
bolysis, who have failed other treatments, or who have
concomitant intracardiac thrombus or paradoxical embolus.
The AngioVac procedure appears particularly promising for
the latter group. Experts forming a PERT team may conceiv-
ably optimize treatment results.16 At present, the evidence
base for CBT is relatively weak.While no specific technique or
drug dose can be recommended, and in spite of potential
methodologic limitations, the use of CBT still appears very
promising. More randomized trials are needed.
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