
36 CARDIAC INTERVENTIONS TODAY MARCH/APRIL 2023 VOL. 17, NO. 2

P U L M O N A R Y  E M B O L I S M

Managing Right 
Ventricular Failure in 
Pulmonary Embolism
Experience and evidence for the use of mechanical circulatory support for managing high-risk 

PE associated with shock. 

By Megan Burke, MD, and Sameer J. Khandhar, MD

E very year in the United States, roughly 370,000 
patients develop a pulmonary embolism (PE), 
with > 100,000 Americans dying annually from 
venous thromboembolic disease.1 The clinical 

significance of the PE depends on the right ventricular 
(RV) response to the clot and the increase in afterload. 
Patients with RV strain defined by positive biomarkers 
and RV enlargement are termed intermediate-high risk 
because they are at risk of progressing to shock. Those 
who present with cardiac arrest, hypotension, and 
evidence of end-organ hypoperfusion are termed high 
risk.2,3 Patients who progress to shock are associated 
with mortality rates of > 50%, making PE the third-
leading cause of cardiovascular death after myocardial 
infarction (MI) and stroke.4 Although awareness and 
treatment options are improving, PE remains a signifi-
cant public health problem. 

During cardiogenic shock, mechanical circulatory 

support (MCS) serves as a bridge to maintain perfusion 
to the body long enough to allow for the correction of 
the underlying problem (Figure 1). MCS use is ideal in 
scenarios in which there is an acute insult that is treat-
able, such as PE. Treatment options for PE have evolved 
beyond just anticoagulation and systemic thrombolyt-
ics to include surgical embolectomy and catheter-based 
percutaneous technologies.  

In fact, our modern-day mechanical support devices 
are in a large part based on work done in the early 20th 
century after a patient died of PE. Dr. John Gibbon was 
a young surgeon in 1930 when he was tasked to care for 
a patient with a massive PE dying of progressive RV fail-
ure. Helplessly watching her pass away, he dedicated his 
research to developing a machine that would remove 
venous blood from the body, oxygenate this blood, and 
then return the blood to the arterial circulation, com-
pletely bypassing the cardiopulmonary system. By the 

Figure 1.  MCS represented as a bridge to definitive treatment for PE.
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late 1930s, he developed an extracorporeal oxygenation 
machine that gradually prolonged life from minutes to 
eventually weeks when the pulmonary artery was occlud-
ed. This technology allowed for more complex cardiac 
surgeries and served as the basis for future MCS devices.5

Although anticoagulation and systemic thrombolysis 
remain the standard for treatment per the guidelines, 
we are entering an era with rapid advancement of cath-
eter-based technologies and MCS to treat PE. This article 
focuses on the use of MCS as part of the modern-day 
treatment armamentarium. 

MODERN-DAY THERAPY FOR PE
Anticoagulation remains the cornerstone therapy for 

treating all severities of PE. Anticoagulation prevents 
further clot formation while allowing the body’s own 
fibrinolysis to break down the clot, which can take time. 
Therefore, patients entering the shock spectrum often 
need a more rapid mechanism for clot reduction. 

Systemic thrombolysis is the primary recommen-
dation for high-risk PE patients based on American 
and European guidelines.2-6 This is based on historic 
data derived from older studies with small sample 
sizes. Meta-analyses have shown a benefit of systemic 
thrombolysis compared to anticoagulation alone,7-9 but 
significant limitations do exist and successful improve-
ment in hemodynamics is not guaranteed. Limitations 
of thrombolysis include major bleeding, intracranial 
hemorrhage, the inability to use in patients with con-
traindications, and higher rates of complications if MCS 
is needed afterward. 

Due to the limitation of systemic thrombolysis, the 
concept of catheter-directed thrombolysis (CDT)—in 
which a lower-dose thrombolytic agent is delivered 
directly into the pulmonary arteries—began to form. 
There are now several catheters designed for drug 
delivery into the pulmonary artery, leading to improve-
ments in hemodynamics and RV function.10-14 To date, 
these studies primarily focused on intermediate-risk PE 
patients, with some successful data in sicker patients 
who are in shock. CDT can lead to significant hemody-
namic improvements over the course of a few hours but 
prospective studies in high-risk PE are limited.13 The ease 
of insertion and rapid procedure time are major benefits 
but the true bleeding risk, the best delivery system, and 
optimal duration of infusion are still being investigated. 

PE is caused by embolization of thrombus to the 
pulmonary artery and therefore it makes intuitive 
sense to develop tools to extract these clots as a form 
of treatment. Surgical thrombectomy achieves this 
but requires a sternotomy and is limited to surgeons 

with expertise. Several percutaneous devices now exist 
that allow for rapid extraction of large thrombus, with 
several more devices in development. Figure 2 demon-
strates a saddle PE in a deceased patient and another 
patient in whom the saddle PE was successfully 
removed via mechanical thrombectomy (MT). These 
devices range from 8 to 24 F in size and can be per-
formed via the jugular or femoral veins. These devices 
have been primarily studied in the intermediate-risk 
cohort,15-17 but the FlowTriever system (Inari Medical) 
was recently used in high-risk patients with success 
and low rates of complications.18,19 As the technology 
for thrombectomy improves so do the success rates of 
quickly removing large amounts of thrombus, leading 
to rapid hemodynamic improvements immediately 
during the procedure. High success rates, low compli-
cation rates, and an increase in the availability of these 
devices has made percutaneous thrombectomy more 
popular in the past several years. There are limited 
data comparing these devices and use depends on 
institutional expertise. 

CRITERIA FOR MCS
We have defined criteria for cardiogenic shock and 

for high-risk PE but now recognize that shock is a con-

Figure 2.  Saddle PE on autopsy in a deceased patient (A). 
Saddle PE removed with large-bore MT using the Inari 
FlowTriever system (B). 
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tinuum. Patients can present at various points on the 
shock spectrum, making it clinically quite difficult to 
determine when a massive PE patient will require MCS. 
Systemic thrombolysis remains the mainstay therapy 
for high-risk PE patients despite known limitations and 
incomplete success rates. We do administer systemic 
thrombolysis in patients in early shock or on low-
dose vasopressors before they progress to worsening 
shock or cardiac arrest. The use of MCS after systemic 
thrombolysis is associated with significant bleeding risk. 
Therefore, for those with more advanced shock, we 
prefer to avoid systemic thrombolysis and instead move 
forward with the combination of MCS and a definitive 
catheter-based treatment strategy. 

MCS is associated with considerable cost and risk, 
so it is prudent to use these devices in appropriate 
patients. This is one of the reasons why hospitals have 
adopted PE response teams to provide a multidisci-
plinary localized approach to care for these complex 
patients.20 We advocate for MCS before cardiac arrest, 
and once a patient has been temporarily stabilized on 
MCS, to proceed with a more definitive PE treatment. 

TYPES OF MCS
RV support can be looked at in terms of maximiz-

ing RV preload, afterload, and contractility as shown in 
Figure 3. Although afterload and contractility can be 
improved somewhat with medical therapy, RV support 
devices provide more complete cardiac output in sicker 
patients. The three current devices to assist with RV fail-

ure include the Impella RP device (Abiomed, Inc.), the 
ProtekDuo system (LivaNova), and extracorporeal mem-
brane oxygenation (ECMO). Each device has certain 
benefits and limitations when used specifically for PE. 
There are several other pumps that can be configured 
with a cannula in the right atrium and a cannula in the 
pulmonary artery to achieve RV support, but most car-
diologists use the commercially available ones. 

The Impella RP device is a 23-F axial flow pump 
placed through a percutaneous approach from the 
femoral vein. This device pushes blood from the inferior 
vena cava (IVC)/right atrium into the pulmonary arter-
ies. This motor is contained in the body with only the 
driveline exiting the femoral vein. This device provides 
up to 4 L/minute of blood flow. Limitations of the 
device are that it cannot be placed from the jugular 
vein and an oxygenator cannot be added if hypoxia 
occurs. Published data for the use of the Impella RP 
in PE are limited to small case series but have shown 
hemodynamic improvements when combined with a 
more definitive PE therapy.21,22 This device seems best 
suited for patients who have undergone a successful 
clot reduction treatment but have persistent RV failure 
without hypoxemia. The benefits of this device in a 
patient with a large burden of ongoing thrombus is not 
clear, and it seems likely best to avoid pumping a high 
flow into obstructed pulmonary arteries. Figure 4 shows 
the placement of the Impella RP in a patient with per-
sistent RV failure after completing a course of CDT. 

The ProtekDuo is a 29- or 31-F dual-lumen cath-
eter placed via the 
internal jugular 
vein into the pul-
monary artery. The 
inflow cannula in 
the right atrium 
removes blood 
from the body, 
where an external 
pump then ejects 
the blood through 
the outflow lumen 
to the pulmonary 
artery. Because the 
pump is external 
to the body, an 
oxygenator can be 
easily added before 
blood is returned 
to the pulmonary 
artery. Similar to the 
Impella RP device, Figure 3.  RV support in terms of maximizing preload, afterload, and contractility.
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use seems to be best in patients with residual RV failure 
after there has been clot reduction in the pulmonary 
arteries. Small case series have been published but 
large-scale studies in PE have not been performed.23 
Figure 5 illustrates the ProtekDuo system. 

Peripheral ECMO remains the most popular MCS 
system in high-risk PE patients.24,25 Venoarterial ECMO 
(VA-ECMO) removes blood from the jugular and/or IVC 
veins, where it is oxygenated in an external circuit before 
being pumped back into the body via the femoral artery 
into the aorta. VA-ECMO is designed to completely 
bypass the heart and lungs, and therefore a definitive clot 
reduction therapy is not immediately necessary. 

The use of VA-ECMO has significantly grown world-
wide as availability has increased, but rapid initiation 
remains a limitation at many centers. This device does 
provide full cardiopulmonary support but requires 
large-bore arterial access, which is associated with high-
er complication rates of bleeding and distal limb isch-
emia. Initiation and cannulation for VA-ECMO shortly 
after a patient has undergone systemic thrombolysis 
is associated with very high rates of bleeding given the 
large-bore arterial access required. In patients with pro-
found shock or cardiac arrest, we favor VA-ECMO for 
support before administering systemic thrombolysis. 
Once patients are supported with VA-ECMO, a more 
definitive therapy for their PE can be undertaken. 

Although most patients with high-risk PE will have 
hemodynamic impact, there is a group of PE patients in 
whom severe hypoxemia is the primary problem. In these 
patients, the use of venovenous ECMO (VV-ECMO) can 
be considered. VV-ECMO is when blood is removed from 
the right side of the heart, sent to an oxygenator, and 

then returned back into the right 
side. Access is achieved in two large 
veins without simultaneous arte-
rial access. The oxygenated blood 
requires intrinsic RV function to 
move blood through the pulmonary 
circulation and to the left heart. 

There are no true head-to-head 
studies with these devices in acute 
PE. The choice of device therefore 
depends on institutional availability 
and comfort. The Impella PR and 
ProtekDuo systems can be placed 
quickly without the need for a per-
fusionist. ECMO can be more labor-
intensive, requiring a perfusionist, 
but does offer more complete car-
diopulmonary support. 

COMBINING MCS AND CATHETER-BASED 
THERAPIES 

Historically, systemic thrombolysis was the treatment 
recommendation for high-risk PE patients, but we know 
that thrombolytics are frequently withheld due to con-
traindications or fear of causing a bleeding event.26 In 
addition, combining MCS and systemic thrombolysis 
can also be associated with high bleeding and complica-
tion rates. 

How best to combine MCS with these newer 
catheter-based therapies and how they complement 
each other is still being investigated. Initial studies for 
CDT and MT started in the intermediate-risk category. 
As the technology improved and operator comfort 
increased, these devices began to be applied in sicker 
high-risk PE patients.11,18,19 We believe we are entering 
an era in which the optimal treatment for high-risk PE 
is evolving, similar to what occurred in MI and stroke 
to include MCS and catheter-based interventions. 
MCS could serve as a mechanism of support to bridge 
patients to a catheter-based therapy and recovery 
(Figure 1). The FLAME study is the latest and largest 
prospective trial conducted in the modern era for high-
risk PE and will serve as the basis for ongoing studies.18

TIPS AND TRICKS FOR USING MCS IN HIGH-
RISK PE

Use of the Impella RP and ProtekDuo is limited to 
small case series, and use at our institution has also 
been limited to a small cohort of select patients. Both 
devices can be placed in the cardiac catheterization 
laboratory or operating room without the need for a 
perfusionist. Our choice between these two devices is 

Figure 4.  Example of Impella RP device placed via the femoral artery and into the 
pulmonary artery.
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based on access location (jugular vs femoral vein) and 
the need for additional oxygenation. We have also used 
this device primarily in patients who have ongoing RV 
shock after treatment with MT or CDT so that the 
pulmonary arteries are patent to allow for the transit of 
blood to the left heart. 

Our institutional preference to treat PE shock is 
VA-ECMO because this provides full cardiopulmonary 
support. We fortunately have a perfusionist available 
full time to support these patients, making it a readily 
available option. Placement of VA-ECMO can occur in 
the emergency department, catheterization laboratory, 
operating room, or at the bedside in the intensive care 
unit by interventional cardiology, cardiac surgery, or 
anesthesia critical care. 

We have placed VA-ECMO several times in patients 
we suspect are in shock due to a PE but are too unsta-
ble for a CT scan. Once the patient has been stabilized 
on VA-ECMO we will then proceed with a CT scan 
with PE protocol. It is important to remember to turn 
down the ECMO flow rate at the time of the CT scan to 
get an accurate scan. If ECMO flow rates are high, the 
opacification of the pulmonary artery with the intrave-
nous contrast bolus will be incomplete and the diagno-
sis of PE can be missed. 

There are data from France suggesting that high-risk 
PE patients can be supported for several days while 
being anticoagulated with heparin to allow for the 
body’s intrinsic hemolytic system to break down the 
clot.27 Our preference is once a patient is stable on 
VA-ECMO to proceed with a catheter-based interven-

tion to shorten the ECMO duration and promote RV 
recovery. The choice of CDT or MT in these patients 
has to do with patient characteristics, if they have any 
contraindications to catheter-delivered thrombolytics, 
and the location of the clot. We prefer CDT in those 
patients with more distal segment and subsegment 
level clot that can be harder to reach with MT. This 
oftentimes happens if the patient underwent CPR in 
which the chest compressions can fragment the clot, 
leading it to move more distal. CDT involves 5- to 7-F 
venous access and can be done on full ECMO support 
without significant risk of air embolization. With the 
slow infusion of alteplase at 1 mg per hour, we have not 
noted higher bleeding rates compared to ECMO alone 
at our institution. 

We prefer MT for larger more central clots that are 
obstructing the main pulmonary arteries. We have suc-
cessfully performed MT in patients on VA-ECMO, but 
there are several steps unique to when both are done 
together. Because this is a large-bore venous access, it 
is important to turn the VA-ECMO flows down when 
the large sheath is inserted into the venous system and 
each time the device is introduced through the large-
bore sheath to avoid air entrainment. When perform-
ing MT in conjunction with VA-ECMO, we have the 
perfusionist in the cardiac catheterization lab and will 
ask them to turn the flow rate down as low as tolerated 
each time the catheter is inserted. Once the catheter 
is in place, we will return to full ECMO flow while the 
thrombectomy is being performed. When we remove 
the catheter or return the extra aspirated blood back to 

Figure 5.  Example of a ProtekDuo device placed via the right internal jugular vein into the pulmonary artery.
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the patient, we once again lower the ECMO flow rates. 
This communication is critical to avoid air entrainment 
and embolization complications. 

Another concern early on was the ability for the IVC 
to accommodate the ECMO venous cannula and the 
large-bore sheath for MT if using the FlowTriever system. 
The IVC is compliant and oftentimes quite dilated in 
these patients with RV failure, making placement of both 
devices possible via the femoral veins. In smaller patients, 
we would consider accessing the jugular and femoral 
veins to allow for VA-ECMO from one site and MT from 
the other. 

CONCLUSION
PE is the third-leading cause of cardiovascular death 

after acute MI and stroke, so improving outcomes in 
these patients is a public health priority. The treatment 
for high-risk PE is evolving beyond anticoagulation and 
systemic thrombolysis, with mechanical support and 
catheter-based therapies providing alternative strategies. 
The current data for MCS and catheter-based therapies 
are not yet sufficient to make a definitive guideline-level 
recommendation. Nonetheless, we may be at the early 
stages of a paradigm shift for high-risk PE, similar to what 
previously occurred in treatment for MI.  n
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