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Advanced Endovascular Interventions

With Ultrasound-Accelerated
Thrombolysis in Intermediate-Risk
Pulmonary Embolism

An overview of management of intermediate-risk patients with ultrasound-accelerated

thrombolysis and key considerations in treating those in the “gray zone.”

By Michael R. Jaff, DO

ulmonary embolism (PE) is the leading cause of

preventable hospital deaths in the United States.!

A major challenge in the diagnosis and treatment

of PE is heterogeneous patient presentation and
prognosis. For patients with intermediate-risk PE, there is
no clear consensus on first-line therapy. The short-term
concern is the early relief of right heart strain. Clinicians
may treat these patients with anticoagulant medications,
surgical embolectomy, systemic parenteral thrombolytic
therapy, or advanced endovascular intervention.? Recent
research has focused on long-term outcomes including
diminished physical function. This article reviews cur-
rent stratification schemes for PE patients, provides an
overview of current medical and endovascular interven-
tions, and evaluates the use of advanced interventions
for certain patients to assist clinicians in their decision
process, with a focus on appropriate use of ultrasound-
accelerated thrombolysis.

DEFINING PE SEVERITY AND RISK

Several algorithms exist for stratifying PE patients into
“risk levels.” Risk stratification is based on clinical charac-
teristics (vital signs), laboratory test results (brain natri-
uretic peptide, troponin levels, electrocardiogram chang-
es), and imaging to assess right ventricular dysfunction
(RVD).2* These categories are used to guide treatment.

One system divides patients into “minor,” “submassive,”
and “massive” PE (Figure 1A)3% Individuals with submas-
sive PE, also known as intermediate-risk PE, present with
a variety of symptoms and prognoses. To better acknowl-
edge the entire disease spectrum, a newer algorithm strati-
fies patients into “low,” “intermediate-low,” “intermediate-
high,” and “high” risk (Figure 1B).¢ Although intermediate-
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risk patients may still not fit squarely into one of the two
intermediate categories, this subcategorization is an effort
to determine which intermediate-risk patients are at high-
er risk of clinical decompensation and would potentially
benefit from invasive treatment.”®

RVD in acute PE is often defined using the ratio of the
size of the right ventricle compared with that of the left
ventricle on echocardiography or CT. An RV/left ventricular
(LV) ratio > 0.9 has been shown to be a predictor of poor
clinical outcomes, including venous thromboembolism
recurrence, adverse events, and mortality.” In a study of
2,454 PE patients, RV dysfunction was associated with 40%
higher mortality rate at 3 months, even in the absence
of hemodynamic instability; the overall mortality rate for
these patients was 17.4% at 3 months. A retrospective
analysis of 120 patients with hemodynamically stable PE
found that those with an RVD < 1 had a 0% mortality rate.
The mortality rate increased with stepwise increases in RVD
(ie, patients with an RVD > 1.0-1.5 had a mortality rate
of 8% and those with an RVD > 1.5 had a rate of 17%).'°
Another retrospective study of 301 PE patients experienc-
ing their first acute episode found that patients with unre-
solved RVD at the time of hospital discharge were eight
times more likely to have recurrent PE than patients whose
RVD was resolved prior to discharge.

Most of the evidence to date for PE has been limited to
short-term surrogate outcomes data with evaluation of
change in RV/LV ratio. Although this serves an important
role in acute PE, additional metrics are needed to deter-
mine the benefit of advanced interventional therapies
in patients with intermediate-risk PE>'"'? Potential
advantages of advanced treatment in patients with
intermediate-risk disease include the reduction in risk
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Figure 1. Stratification of prognosis of patients with PE under a three-group risk paradigm (A) and a four-group risk paradigm (B).
BNP, brain natriuretic peptide; ECG, electrocardiogram; SBP, systolic blood pressure.

of hemodynamic collapse or death due to acute right- maintenance in exercise capacity in the mid and long
sided heart failure; reduction in the risk of PE recur- term.”>"®> However, there is conflicting evidence whether
rence; and minimizing the risk of post-PE syndrome and ~ more invasive therapies for acute PE result in these
chronic thromboembolic pulmonary hypertension with  advantages.”>"
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CONVENTIONAL THERAPY FOR
INTERMEDIATE-RISK PE

Anticoagulant therapy is often used as first-line treat-
ment for patients with intermediate-risk PE. These include
vitamin K antagonists (warfarin), unfractionated heparin,
low-molecular-weight heparin, and direct oral anticoagu-
lants (including dabigatran, apixaban, edoxaban, and betrix-
aban). Anticoagulants do not dissolve existing thrombo-
emboli but rather prevent propagation and embolization.'
Anticoagulants have many advantages, including ease of
administration, relatively low cost, and acceptance as stan-
dard of care. Limitations include that they do not resolve
existing thromboemboli, prevent venous hypertension, or
rapidly resolve symptoms.'”'® Although generally accepted
as safe, anticoagulants do carry a bleeding risk of approxi-
mately 4%.'® Despite the newer PE classification, many pro-
viders continue to treat all intermediate-risk patients alike,
prescribing anticoagulant treatment without consideration
of more advanced intervention. Studies of patient out-
comes indicate that this may not provide adequate treat-
ment for some intermediate—high-risk PE patients.’>'2

Although anticoagulation is sufficient for some lower-
risk PE patients, those who have high-risk PE may require
more aggressive reperfusion strategies, such as systemic
parenteral thrombolytic therapy.?' Thrombolytic agents
work directly on the existing thrombus, initiating deg-
radation of fibrin in the thromboemboli and causing
dissolution. Thrombolytic therapy has been shown to
resolve thromboemboli faster than anticoagulants alone.”!
Traditionally reserved for patients with high-risk PE, stan-
dard- or low-dose parenteral systemic thrombolysis may
be appropriate for select intermediate-risk patients who
have a low bleeding risk.2"?? Systemic thrombolysis has
been shown to provide a significant early improvement of
RVD at 24 hours posttreatment, with sustained improve-
ment at 6 months. A prospective study of 40 patients, 23
of whom were followed long term, found that patients
who were treated with systemic thrombolysis had signifi-
cantly lower mean pulmonary artery pressure over the
long term (median follow-up, 7.4 years) compared with
those who received heparin (22 vs 177 mm Hg; P < .05).
Similarly, lower mean pulmonary vascular resistance was
observed long term among those treated with throm-
bolysis compared with those receiving heparin (351 vs
171 dynes s'em™; P < .02). In the PEITHO study of 1,005
intermediate-risk PE patients, parenteral systemic throm-
bolysis with tenecteplase (TNK) was associated with a
reduction in the composite endpoint of all-cause mortality
or hemodynamic decompensation at 7 days when com-
pared to standard anticoagulation. However, TNK was also
associated with significantly higher rates of major bleeding
as compared to anticoagulation alone (11.5% vs 2.4%),
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including higher rates of intracranial hemorrhage (2% vs
0.2%).% This led to the recommendation against the use
of systemic thrombolysis for patients with intermediate-
high-risk PE in the 2019 European Society of Cardiology
guidelines.®

ADVANCED ENDOVASCULAR INTERVENTIONS

Pharmacomechanical catheter-directed therapies are
often used for high-risk PE but may be underutilized in
intermediate-risk PE cases. Strategies include catheter-
directed thrombolysis (CDT), ultrasound-accelerated
thrombolysis (USAT), and pharmacomechanical catheter
thrombectomy (PMCT). The role of thrombolysis in PE
treatment is discussed herein.

CDT has been shown to be highly effective compared
with anticoagulant treatment alone, as has USAT.2 CDT
delivers medications such as alteplase (recombinant tis-
sue plasminogen activator) and TNK. Advantages of CDT
include technically straightforward administration via
minimally invasive procedures that partially resolves the
existing thrombus with low device expense. Thrombolytic
agents should not be administered if the patient has
an absolute contraindication, such as active bleeding,
recent major surgery, or serious trauma (particularly
closed head trauma). Considerations to the risk-benefit
ratio is required when faced with a relative contraindica-
tion to thrombolysis (ie, remote ischemic stroke, organ
biopsy > 14 days). Prolonged exposure to lytic agents is
a particular concern in some patients who have known
intracranial processes (ie, malignant neoplasm), because
such exposure may further increase the risk of intracranial
hemorrhage.2%? However, the PERFECT study found that
in 73 patients with intermediate-risk PE treated with CDT,
USAT, and/or PMCT, 71 achieved clinical success, with
no major procedure-related complications, major hemor-
rhage, or hemorrhagic stroke.?*

A promising option for the delivery of thrombo-
lytic agents is USAT. In USAT (EKOS, Boston Scientific
Corporation), the device contains an ultrasonic core
encased within a drug delivery catheter. Ultrasonic energy
is used to cause the fibrin strands to thin, exposing plas-
minogen receptor sites and loosening the fibrin strands,
which is thought to increase thrombus permeability for
thrombolytic medications. As the thrombolytic drugs are
administered, the ultrasound waves drive the thrombolytic
agents deeper into the clot. Although the drug delivery
system and USAT procedure are similar to that of CDT,
the addition of ultrasound enhances the thrombolytic
agent’s ability to penetrate the clot, which translates to
clot dissolution with shorter infusion time and reduced
drug dose.”>?8 In a study by Kucher et al, a 66% increase
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Figure 2. Society recommendations for catheter-directed therapies in submassive PE. CDL, catheter-directed lysis; PCDT, pharma-
comechanical catheter-directed therapy. Note: All acronyms have been standardized to match nomenclature in this manuscript;

terminology may vary across guidances.

in D-dimer was found, along with a 23% reduction in clot
weight for USAT as compared with CDT.23

Until randomized head-to-head trials are completed,
decisions regarding the choice of advanced endovascular
therapy should be based on the level of evidence, the
clinical presentation of the patient, the experience of the
operator, and associated costs.

ADVANCED INTERVENTION FOR
INTERMEDIATE-RISK PE

Conventional therapy for intermediate-risk patients
historically relied on anticoagulation alone.?® Recent guide-
line updates from the American Heart Association,” the
Society of Interventional Radiology,*° the European Society
of Cardiology,® and the Pulmonary Embolism Response
Team (PERT) Consortium?®' have emphasized the use of
CDT in select intermediate-risk patients who have pro-
gressed or are at high risk of progression (Figure 2). Goals
of advanced interventions in intermediate-risk PE patients
are to provide acute stabilization of hemodynamics and
a reduction in symptoms, including decreased pulmo-
nary resistance, decreased pulmonary artery pressure,
minimized bleeding, acute recovery of RV function, and
increased systemic arterial pressure.3>33

Short-Term Outcomes

Although there is debate regarding which metrics should
be used to select patients for catheter-directed therapies
(ie, hemodynamic compensation, size and location of the

thromboembolism), research has shown that careful appli-
cation of catheter-directed therapies can lead to improved
patient outcomes. Additionally, use of PERTs to guide
catheter-directed therapy use in select intermediate-risk
patients is associated with a trend toward shorter lengths
of stay in both the hospital and the intensive care unit3+%
Major concerns associated with using advanced catheter-
directed therapies in intermediate-risk PE patients are
focused on bleeding, particularly intracranial hemorrhage;
however, studies have shown that this risk is comparable to
or lower than rates with anticoagulation alone?”

Several clinical trials have demonstrated that USAT
provides significant therapeutic benefits for some interme-
diate-risk patients. This partly may be due to the fact that
USAT requires shorter infusion times and, in turn, expo-
sure to lower doses of the lytic drug 3 |n a single-arm,
multicenter, prospective clinical trial of the EKOS USAT
system, 79.3% of the 150 patients enrolled were classified as
having intermediate-risk PE, with the remainder found to
have massive PE’ In the overall cohort, a 25% decrease in
RVD was observed 48 hours after USAT, along with a 30%
decrease in pulmonary artery systolic pressure and obstruc-
tion.” Additionally, 10% experienced bleeding events, most
of which occurred in the subgroup of patients with massive
PE and were found to be attributable to operator inexperi-
ence.”’ A randomized controlled trial comparing USAT
to anticoagulation alone found that using USAT vyielded
significantly better clinical outcomes in intermediate-risk PE
patients, with no statistically significant increase in bleeding
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risk. Specifically, the bleeding rate associated with USAT in
these trials was approximately 3%, with a rate of intracra-
nial hemorrhage of approximately 0.9%.232¢ The OPTALYSE
PE study specifically found that use of USAT in intermedi-
ate-risk patients had the additional benefit of an associated
reduction in length of hospital stay.*'

Long-Term Outcomes

Although most patients treated for acute PE show
improvement in quality of life (QOL) and physical function
within a year, some patients have chronic conditions includ-
ing chronic thromboembolic pulmonary hypertension and
post-PE syndrome.* Risk factors for developing these chron-
ic conditions include female sex, higher body mass index,
and exercise limitations 1 month after treatment.2

Despite the use of advanced endovascular technologies,
unresolved thrombus persists in some patients, resulting in
these chronic syndromes. Persistent obstruction does not
correlate well with PE severity or location of the embolic
material. Patients with distal thrombus can develop chronic
conditions as well as those with central thromboemboli.**
One concern that has yet to be proven is the risk of distal
embolization of proximal PE into secondary and tertiary
branches of the pulmonary vasculature. Although acutely
this may not pose a clinical threat, there is concern that this
will result in “no reflow” and limitations in physical function-
ing after the procedure. This is the likely mechanism for
the post-PE syndrome as described by Kahn et al, whereby
patients who had no or limited physical disabilities before
the PE are left with marked impairment in performance on
cardiopulmonary exercise testing after the PE.

In patients with distal obstruction, USAT has been
shown in a small study to improve RV dilatation and
increase distal blood volume after treatment.* Although
the underlying biology of this phenomenon is not fully
understood, one hypothesis is that distal pulmonary arter-
ies may play a role in pulmonary vascular resistance and,
in turn, RV size. This is supported by a recently published
murine study that demonstrated that ultrasonic energy
produced by the endovascular catheters used for USAT is
associated with reduced vascular resistance and increased
blood flow in the absence of lytic drug.® Additionally, the
OPTALYSE PE study demonstrated that USAT was associ-
ated with continued reduction in RVD at 365 days post-
treatment (P < .0001). This is the first prospective inter-
ventional study of long-term outcomes to show improved
QOL for PE patients at 1 year posttreatment, as measured
by the Pulmonary Embolism QOL (PEmb-QoL) instru-
ment and the Patient-Reported Outcomes Measurement
Information System (PROMIS) physical function short
form.“ No other study has performed a similarly rigorous
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and extensive echocardiographic evaluation and assess-
ment after therapy for PE thus far. USAT may be uniquely
suited to benefit intermediate-risk patients given improved
QOL a year after the therapy. However, this study did not
have a placebo arm, and the results cannot be compared to
those who were treated with anticoagulation alone.

CONCLUSION

Although intermediate-risk PE patients are often
treated with anticoagulation alone, there is a body of
evidence that demonstrates that some patients may
benefit from the addition of advanced endovascular
interventions. Several studies, including randomized con-
trolled trials, have specifically shown improved patient
outcomes among those who received CDT, particularly
in patients with acute PE and compromised RV function.
Furthermore, most of these studies found no significant
difference in bleeding risk between CDT and anticoagu-
lation. The introduction of nonlytic-based mechanical
thrombectomy devices has offered an alternate strategy
for the management of select patients with serious PE.
These data have led several major professional bod-
ies to shift recommendations to emphasize the use of
catheter-directed therapies in selected intermediate-risk
PE patients. To improve the efficiency of conventional
CDT, USAT has been shown to improve clinical outcomes,
both in the acute and long-term phases, while maintaining
a reasonable safety profile. The EKOS USAT system is the
most studied advanced endovascular intervention for PE
treatment. Additional investigation is needed to evaluate
longer-term outcomes of low-dose CDT in patients with
intermediate-risk disease. m
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EKOS Acoustic Pulse Thrombolysis Treatment
CAUTION:

Federal law (USA) restricts this device to sale by or on the order of a physician. Rx only. Prior to use, please see the complete “Directions for Use” for more information on
Indications, Contraindications, Warnings, Precautions, Adverse Events, and Operator’s Instructions.

INDICATIONS FOR USE:

Endovascular System is indicated for the: Ultrasound facilitated, controlled and selective infusion of physician-specified fluids, including thrombolytics, into the vascula-
ture for the treatment of pulmonary embolism. « Infusion of solutions into the pulmonary arteries. « Controlled and selective infusion of physician-specified fluids, includ-
ing thrombolytics, into the peripheral vasculature. All therapeutic agents utilized with the EkoSonic Endovascular System should be fully prepared and used according to
the instruction for use of the specific therapeutic agent.

CONTRAINDICATIONS:
Not designed for peripheral vasculature dilation purposes. « This system is contraindicated when, in the medical judgment of the physician, such a procedure may com-
promise the patient’s condition.

POTENTIAL COMPLICATIONS:

Vessel perforation or rupture « Distal embolization of blood clots « Vessel spasm « Hemorrhage « Hematoma « Pain and tenderness - Sepsis/Infection - Thrombophlebitis «
Tricuspid and pulmonic valve damage « Pulmonary infarct due to tip migration and spontaneous wedging, air embolism, and/or thromboembolism « Right bundle
branch block and complete heart block « Intimal disruption « Arterial dissection « Vascular thrombosis « Drug reactions « Allergic reaction to contrast medium « Arteriove-
nous fistula « Thromboembolic episodes « Amputation » Pneumothorax « Perforation of the pulmonary artery. « Cardiac Arrhythmias — most frequently occurring during
placement, removal or following displacement into the right ventricle. PI-726201-A A

EKOS is a registered or unregistered trademark of Boston Scientific Corporation or its affiliates. All other trademarks are property of their respective owners.
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