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Abstract 

This article is one of ten reviews selected from the Annual Update in Intensive Care and Emergency Medicine 2021. 
Other selected articles can be found online at https://​www.​biome​dcent​ral.​com/​colle​ctions/​annua​lupda​te2021. 
Further information about the Annual Update in Intensive Care and Emergency Medicine is available from https://​link.​
sprin​ger.​com/​books​eries/​8901.

Introduction
Pulmonary embolism is extremely common both in the 
general public and in hospitalized patients, but patients 
who have intermediate-high risk pulmonary embolism 
continue to pose significant treatment dilemmas. This is 
because the short-term mortality of a pulmonary embo-
lus ranges from 2% in normotensive patients, 30% in 
patients with right ventricular (RV) dysfunction, and up 
to 65% in patients with cardiac arrest on presentation [1].

Understanding why a pulmonary embolism can pose 
such danger is anchored in the delicate balance that 
exists between the thrombus and obstructive shock. 
Once thrombus has formed in or embolized to the pul-
monary artery, it acutely generates increases in pulmo-
nary hypertension inducing right-sided heart failure. This 
is the primary driver of mortality in patients presenting 
with acute pulmonary embolism [2].

The increase in RV afterload is not simply from the 
physical obstruction of the pulmonary vascular bed but 
also the result of vasoconstrictive effects of thrombus-
derived mediators such as thromboxane-A2 and seroto-
nin [3]. Although the right ventricle dilates to overcome 

the rise in pulmonary vascular resistance (PVR), even-
tually the dilation increases to the point of myocyte 
dysfunction and decreased strength of RV contraction. 
Additionally, the pressure overload in the right ventricle 
results in bowing of the intraventricular septum, decreas-
ing left ventricular (LV) preload and negatively impacting 
cardiac output [4].

Treatment should be modified based on disease sever-
ity, but at present no perfect predictors exist to determine 
which patients will decompensate [5]. Clinical decision 
must be made by integrating clinical evaluation, often 
employing a pulmonary embolism score, in conjunction 
with imaging and laboratory markers that note RV dys-
function and injury. This method seems to correlate best 
with risk of decompensation [1, 6].

The Bova score was developed to determine which 
hemodynamically stable patients with pulmonary embo-
lism had worse outcomes. Patients with a heart rate ≥ 110 
beats/min, systolic BP 90–100 mmHg for at least 15 min, 
RV dysfunction, and elevated cardiac troponin had an 
increased risk of decompensation [7, 8]. Other scores, 
such as the Pulmonary Embolism Severity Index (PESI) 
or simplified PESI (sPESI), combined with an assessment 
of RV function have been used to divide patients into 
intermediate-low risk and intermediate-high risk and 
help make treatment decisions [4, 9, 10]. In this chapter, 
we will review the evidence for various treatment modal-
ities in patients with intermediate-high risk pulmonary 
embolism. Intermediate-high risk pulmonary embolism 
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is best defined as a patient who has a pulmonary embo-
lism, is hemodynamically stable, but has an elevated 
pulmonary embolism score and both radiographic and 
laboratory signs of right heart strain (Fig. 1) [11].

Treatment of high‑intermediate risk submassive 
pulmonary embolism
Once a diagnosis of pulmonary embolism is made, 
prompt initiation of anticoagulation is imperative as it 
has been shown to reduced mortality [12]. Similarly, 

conservative efforts to reduce the RV afterload, including 
oxygen supplementation and inhaled nitric oxide (iNO) 
to assist with pulmonary vasodilation can aid in preserv-
ing stability [13]. In cases of severe RV dysfunction, an 
inotropic agent such as dobutamine, should be initiated 
[14]. Supportive vasopressor therapy is required to keep 
mean arterial pressures (MAP) greater than 65  mmHg, 
with norepinephrine as the treatment of choice [15]. 
However, once dobutamine or vasopressors are used, 
the patient has progressed to a high-risk pulmonary 
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Fig. 1  Treatment algorithm for hemodynamically stable pulmonary embolism (PE). BNP brain natriuretic peptide, PESI Pulmonary Embolism 
Severity Index, sPESI simplified PESI, RV right ventricular, CT computed tomography, PERT pulmonary embolism response team. ( Adapted from 2014 
ESC guidelines [11])
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embolism category and treatment algorithms can change. 
In significant pulmonary embolism, high afterload leads 
the right ventricle to dilate further. The use of extraneous 
intravenous fluid therapy can lead to acute RV decom-
pensation by worsening septal shift and impacting LV 
preload [16]. In patients who are clinically deteriorat-
ing because of hypoxemia and respiratory distress, the 
decision to pursue invasive positive pressure ventilation 
is challenging due to concern for worsening RV after-
load. The application of positive thoracic pressure can 
cause an acute decrease in RV preload. Therefore, an 
attempt to try conservative treatment, such as high flow 
nasal oxygen, should be considered prior to considering 
mechanical ventilation. If mechanical ventilation is pur-
sued, hemodynamically neutral agents should be used for 
induction as the elevated PVR makes the right ventricle 
extremely preload sensitive. The use of propofol, a nega-
tive inotrope, has been associated with increased mor-
tality in submassive pulmonary embolism and should be 
avoided [17].

Systemic thrombolytic therapy
While the use of systemic thrombolytic therapy is rec-
ommended in high-risk pulmonary embolism, defined 
as hemodynamically unstable patients or in patients 
after the return of spontaneous circulation, application 
in intermediate-risk pulmonary embolism is less well 
defined [15]. Patients with high-risk pulmonary embo-
lism should undergo thrombolysis, in the absence of 
contraindications, as thrombolysis reduces mortality by 
almost 50% (3.9–2.2%) compared with anticoagulation 
alone [18], yet this is counterbalanced by an increase in 
major bleeding (3.4–9.2%) and intracranial hemorrhage 
(0.2–1.5%). There is clear indication for use of systemic 
thrombolysis in the setting of rescue therapy for patients 
with submassive pulmonary embolism who have evi-
dence of hemodynamic deterioration or who have not 
responded appropriately to anticoagulation [15]. When 
to use systemic thrombolysis in intermediate-risk pul-
monary embolism poses a complex clinical dilemma with 
careful weighing of the risk–benefit ratio needed. This is 
because patients with intermediate-low risk pulmonary 
embolism will do well without escalation of therapy, and 
the addition of thrombolysis only adds risk without ben-
efit. Several studies addressed below have looked at vari-
ous dosages for systemic therapy with mixed results.

The European Pulmonary Embolism Thrombolysis 
(PEITHO) trial, the largest randomized controlled trial 
(RCT) to date, randomized 1004 patients with normo-
tensive, submassive pulmonary embolism who had RV 
strain to weight-based tenecteplase with standard par-
enteral anticoagulation or parenteral anticoagulation 
alone [19]. Although the primary outcome was met, a 

decrease in the combination of death or decompensation, 
with decompensation making up most of the benefit, the 
study observed significant increases in major bleeding 
including intracranial hemorrhage in the tenecteplase 
group [19]. Nevertheless, the results solidified the role of 
tenecteplase in rescue therapy.

Another trial, TOPCOAT (Tenecteplase Or Placebo: 
Cardiopulmonary Outcomes At Three months), exam-
ined outcomes in patients with submassive pulmonary 
embolism randomized to low-molecular-weight heparin 
plus tenecteplase or placebo and demonstrated improve-
ment in cardiopulmonary outcomes at 90  days with 
respect to dyspnea, quality of life scores, echocardio-
graphic measures of RV function, and walk distance, but 
was not powered for mortality [20]. In meta-analysis, the 
stable hemodynamic subgroup has yet to show a clini-
cally significant mortality benefit and given the increase 
in major bleeding, including intracranial hemorrhage, 
defining the exact subgroup that would benefit from 
more aggressive therapy remains elusive [21]. This is per-
haps because intermediate-risk pulmonary embolism 
encompasses a large heterogeneous group of patients 
including those with lowintermediate risk and interme-
diate-high risk. The appropriate phenotyping of a patient 
becomes paramount when enrolling in trials to assess 
the true benefit of systemic thrombolysis. Because of this 
there remains a knowledge gap in managing patients with 
intermediate-high risk pulmonary embolism; currently 
treatment is guided mostly by a multidisciplinary and 
individualized approach.

Given the bleeding complications observed with con-
ventional thrombolysis dosage, consideration was given 
to a ‘half-dose’ thrombolytic therapy. The rationale was 
that the lower dose would have the ability to maximize 
benefit of acutely lowering PVR while minimizing bleed-
ing complications. The MOderate Pulmonary Embolism 
Treated with Thrombolysis trial, (MOPETT), was a single 
center study that aimed to determine whether half-dose 
recombinant tissue plasminogen activator (rtPA) would 
reduce rates of pulmonary hypertension (on echocardio-
gram) at 28 months. The incidence of pulmonary hyper-
tension on echo was 57% in the anticoagulation group 
compared to 16% in the rtPA group and there was no 
increased risk of bleeding. However, the 57% incidence of 
pulmonary hypertension in the control arm is disparate 
to known historical controls [22]. Therefore, there has 
been little change in clinical practice based on this study. 
At the present time, there is no convincing evidence to 
support ubiquitous use of systemic thrombolysis at any 
dose in hemodynamically stable patients and current 
guidelines do not recommend its use [15, 23, 24].

While a lower dosage may be ideal for some cases of 
pulmonary embolism, there are questions surrounding 
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whether this approach is equivalent to higher doses in 
reducing PVR. We know that systemic thrombolytic 
therapy in patients with high- risk pulmonary embolism 
can be unsuccessful, as defined by persistent clinical 
instability or RV dysfunction up to 36 h after therapy, and 
accordingly the rate of inadequate response may increase 
as the thrombolysis dosage is lowered [25]. Analysis of a 
prospective single-center registry demonstrated higher 
mortality and higher recurrent pulmonary embolism in 
patients who had repeat-dose thrombolysis compared 
to surgical embolectomy, with similar bleeding risk. The 
study also noted that bleeding events in repeat dose 
therapy were all fatal [25]. To add to the discussion, the 
timing of the thrombolytic therapy can affect efficacy; 
thrombolysis is known to be most effective within 48  h 
of thrombosis generation. Early dosing offers the great-
est benefit in reducing pulmonary artery pressure and RV 
dilation, yet delayed use for up to 2 weeks after symptoms 
has also shown some benefit [26]. Therefore, all applica-
tions of systemic thrombolysis may not be equal. With 
the advent of catheter-directed therapies, determining 
when to use systemic thrombolysis in intermediate-
high risk PE has become further complicated. Catheter- 
directed therapies use less fibrinolytics but take longer to 
employ than systemic fibrinolytics.

Catheter‑directed therapies
Percutaneous catheter-directed therapies offer an alter-
native to systemic thrombolysis, as well as a minimally 
invasive alternative to surgical thrombectomy for patients 
with high-intermediate risk pulmonary embolism at 
increased risk for decompensation. Several catheter-
based treatment strategies have been utilized in clinical 
practice; however where catheter-directed therapies fit in 
the treatment algorithm for intermediate risk pulmonary 
embolism is still controversial.

Catheter-directed therapy can mean mechanical 
removal of clot alone or in conjunction with catheter-
based thrombolysis. Mechanical therapies are good 
treatment options when a patient cannot tolerate 
fibrinolysis but has a physiologically significant thrombo-
sis. The location of the clot dictates the utility of catheter-
directed therapies as the pulmonary embolus must be 
proximal for the therapy to be effective. While there are 
larger vacuum-based therapies that require placement 
on extra-corporeal oxygenation prior to their use, we will 
not review those as they would be unlikely to be used 
in intermediate-risk pulmonary embolism. Rheolytic 
thrombectomy, with devices such as AngioJet®, removes 
the thrombus by injecting a saline jet from the distal port 
under a high-pressure, thus creating a negative pres-
sure force, while a separate catheter helps evacuate the 
thrombus [27]. Rheolytic thrombectomy has become 

less popular, because as the thrombus breaks down there 
can sometimes be a sudden release of adenosine caus-
ing hemodynamic decompensation mostly evidenced by 
hypotension and bradycardia [28].

The FlowTriever® device has a suction catheter along-
side three nitinol mesh disks that help remove residual 
clot after the initial thrombus is removed using suction. 
The advantage of the FlowTriever® device is that it offers 
a complete evacuation of proximal thrombi. The nitinol 
mesh disks are available in several sizes, allowing the 
proceduralist to choose an optimal size for each patient. 
The FLARE study demonstrated that the FlowTriever® 
results in significant improvement in the right ventricle 
to left ventricle ratio at 48  h. While no major bleeding 
or deaths were noted, the adverse event rate was 3.8%, 
including one pulmonary hemorrhage and three proce-
dure-related clinical deteriorations [29]. The clinical use 
of FlowTriever® is often limited by the blood removed 
with the thrombus.

Mechanical catheter-directed therapy can be used 
in conjunction with catheter-directed thrombolysis or 
thrombolysis can occur on its own. Catheter-directed 
thrombolysis is when low-dose fibrinolytic agents are 
directly injected into the pulmonary artery at a slow infu-
sion rate, often over the course of 12–24  h. The theo-
retical advantage of this technique is that the fibrinolytic 
infusion is at the site of thrombosis and a lower dose of 
fibrinolytics can be given despite longer exposure. There 
is conflicting evidence as to whether catheter-directed 
thrombolysis has less bleeding risk compared to systemic 
thrombolysis [30, 31].

Catheter-based therapies can help normalize the pres-
sure in the right side of the heart more quickly than anti-
coagulation. The ULTIMA (ULTrasound Accelerated 
ThrombolysIs of PulMonAry Embolism) trial reported 
improvement in the right ventricle to left ventricle dimen-
sion ratio when ultrasound-assisted catheter-directed 
thrombolysis was used with unfractionated heparin com-
pared to unfractionated heparin alone [32]. Although the 
study included only 59 patients, only three minor bleed-
ing complications were noted in the ultrasound-assisted 
catheter-directed thrombolysis group compared to one 
in the heparin-only group. Similar results of reduced RV 
strain by decreasing pulmonary artery pressure, and no 
major bleeding complications were noted in two prospec-
tive single-armed studies: SEATTLE-II (A Prospective, 
Single-arm, Multi-center Trial of EkoSonic® Endovascu-
lar System and Activase for Treatment of Acute Pulmo-
nary Embolism) and PERFECT (Pulmonary Embolism 
Response to Fragmentation, Embolectomy, & Catheter 
Thrombolysis) trials [33, 34]. The OPTALYSE (Opti-
mum Duration of Acoustic Pulse Thrombolysis Proce-
dure in Acute Intermediate-Risk Pulmonary Embolism) 
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trial reported that a shorter duration of 6–12 h of ultra-
sound-guided assisted catheter-directed thrombolysis 
with a lower dose of the fibrinolytic agent was also able 
to improve RV strain and decrease in RV afterload com-
pared to longer durations and higher doses [35]. Given 
these studies, it seems like the optimal patient for cath-
eter-directed therapies would be an intermediate risk 
patient with pulmonary embolism who is on the cusp of 
hemodynamic compromise; however, identification of 
this cohort remains a challenge.

The field of catheter-based treatment of intermediate-
high risk pulmonary embolism continues to evolve. Its 
utility depends on the availability of an expert proce-
duralist and the institution’s access to use of an extra-
corporeal bypass circuit in the case of hemodynamic 
decompensation. The benefits, risks, and alternatives of 
the selected procedure must be discussed in a multidis-
ciplinary manner and with the patient to improve out-
comes and minimize complications.

Pulmonary embolism response teams
The complexity of managing patients with intermediate-
high risk pulmonary embolism calls for a multidiscipli-
nary approach to decision-making as care may have to 
be individualized on a case-by-case basis. While echocar-
diography, biomarkers, and risk-stratification strategies 
help in decision making, it often becomes challenging to 
predict outcome in patients with intermediate-high risk 
pulmonary embolism. Institutions have developed pul-
monary embolism response teams (PERTs) to assist in 
treatment strategies and the possible need for advanced 
therapies such as fibrinolysis versus catheter-based treat-
ment versus surgical embolectomy on a case-by-case 
basis. While the composition of each team varies among 
institutions, they most often include some variation of 
pulmonologists, thoracic surgeons, cardiologists, inter-
ventional radiologists, and intensivists. It remains to be 
known whether PERTs improve outcomes, but they offer 
the best opportunity for a multidisciplinary approach to 
managing pulmonary embolism. The 2019 ESC guideline 
recommends forming an interdisciplinary team, such as 
a PERT, if resources are available [15]. Given the lack of 
hemodynamic predictors of these patients, we believe 
that PERTs represent the best method to weigh risk and 
benefit for each treatment option in patients not only 
with intermediate-high risk pulmonary embolism but 
also other pulmonary embolism conundrums.

Submassive pulmonary embolism: rescue therapy
Surgical embolectomy
Surgical pulmonary embolectomy has classically been 
reserved for patients with massive pulmonary embolism 
who cannot receive fibrinolysis or remain unstable after 

administration, or for patients with intermediate-high 
risk pulmonary embolism who either fail thrombolysis 
or have an absolute contraindication [15]. Additionally, a 
definitive surgical approach is recommended for patients 
with high-risk thrombi, such as those with appreciable 
clot in the right heart near or through a patent foramen 
ovale [36, 37]. Surgical embolectomy can rapidly restore 
pulmonary blood flow and relieve acute obstruction. The 
surgical approach is through a median sternotomy and 
requires the patient to be placed on cardiopulmonary 
bypass (CPB), typically without aortic cross-clamping or 
cardioplegic arrest to avoid additional ischemic injury to 
an already stunned right ventricle. This is followed by an 
incision through the pulmonary trunk and the main pul-
monary arteries with subsequent extraction of the acute 
clot [36, 38, 39]. All patients should have an echocar-
diogram completed pre-operatively for an assessment of 
right and left sided heart function, and detection of a pat-
ent foramen ovale or an atrial septal defect, which helps 
to understand the risk of paradoxical embolism [39].

Systemic thrombolysis and catheter-directed therapies 
have emerged at the forefront of management to acutely 
relieve RV obstruction in intermediate-high risk pulmo-
nary embolism as surgical pulmonary embolectomy has 
historically been associated with a higher mortality. How-
ever, over time, surgical technique has been revised and 
standardized to minimize perioperative mortality and 
thus sparked a renewed interest in expanding the scope 
of surgical interventions. Recent data from experienced 
surgical centers have shown in-hospital mortality as low 
as 11.7% in patients undergoing surgical embolectomy 
for acute high-risk pulmonary embolism. On deeper 
review of the data, it was noted that this value was largely 
driven by patients with massive pulmonary embolism 
and those with pre-operative arrest rather than patients 
in the intermediate-high risk pulmonary embolism cate-
gory [40]. The safety of surgical embolectomy in submas-
sive pulmonary embolism has been further underscored 
in other small single center studies, with one such study 
quoting no mortality in their cohort of patients [41]. In 
fact, the mortality from surgical pulmonary embolec-
tomy in acute pulmonary embolism has been shown to 
be equivalent to that from thrombolysis. The New York 
State Registry, which included 174,322 patients hospital-
ized with pulmonary embolism between 1999 and 2013, 
revealed no difference in short-term mortality between 
surgical embolectomy and thrombolysis. Moreover, those 
who underwent surgical pulmonary embolectomy had 
lower rates of stroke, recurrent pulmonary embolism, 
and need for reintervention [42]. Improvements in oper-
ative techniques and subsequent outcomes have high-
lighted that surgical pulmonary embolectomy is both safe 
and effective. This has led to garnered interest in perhaps 
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expanding the criteria for surgical referral, particularly 
in cases of intermediate-high risk pulmonary embolism 
[40–42]. Nevertheless, this is not yet formally part of any 
guideline and likely requires a multidisciplinary discus-
sion on a case-by-case basis.

RV assist devices
Mechanical circulatory support using RV assist devices, 
as a bridge to or in combination with definitive therapy 
has been explored in patients who face high risk of RV 
decompensation and circulatory collapse. The Impella 
device is an 11-French catheter with a 22-French pump 
head that is percutaneously placed under fluoroscopy 
through the femoral vein and advanced into the pulmo-
nary artery. The device pulls blood from an inlet that sits 
in the inferior vena cava and expels it directly into the 
pulmonary artery. It can maintain a perfusion of 4.4  l/ 
min for up to 2  weeks. The device has been best stud-
ied for its use in RV failure after a LV assist device, acute 
myocardial infarction, heart transplant, or open-heart 
surgery [43]. The data on use in acute pulmonary embo-
lism are limited. Small retrospective case series have 
supported its use in high-intermediate risk and massive 
pulmonary embolism in terms of hemodyamic benefits, 
survival, and recovery of RV function after device extrac-
tion [44]. Despite these appealing benefits, at present it 
has not been approved for use in RV failure in the set-
ting of acute pulmonary embolism and is therefore not 
included in the current guidelines.

Extracorporeal membrane oxygenation
In patients who are hemodynamically compromised 
from an acute pulmonary embolism, venoarterial extra-
corporeal membrane oxygenation (ECMO VA-ECMO) 
can be considered as an alternative means of circula-
tory support. Current guidelines recommend utilization 
of ECMO as a means of mechanical support for patients 
with acute high-risk pulmonary embolism and refractory 
shock with the caveat that it is used in combination with 
definitive therapy, such as surgical embolectomy or cath-
eter-directed therapy [15]. Additionally, ECMO may be 
helpful in the setting of cardiac arrest, though again, only 
as a bridge to definitive therapy [15].

There is currently a paucity of data surrounding ECMO 
as stand-alone therapy with anticoagulation and, thus, 
it is not a guideline-supported therapeutic avenue [45]. 
The data regarding ECMO in acute pulmonary embolism 
are limited to case reports and series, as well as smaller 
observational studies that are subject to variable bias 
[15, 45]. There are no RCTs assessing its use and limited 
information regarding outcomes. One recent review of 78 
patients collected from case reports and series reported 
a 70% survival in patients using ECMO in massive and 

submassive pulmonary embolism. The authors further 
noted that this survival benefit was not associated with 
any one definitive treatment modality. Poorer outcomes 
were noted in patients where ECMO was instituted 
whilst in cardiopulmonary arrest and worsened further 
if initiated greater than 30  min from the time of arrest 
[45]. This suggests that, in the right patient and if initi-
ated early, ECMO is a potentially life-saving therapeu-
tic option that can provide clinical stability to allow for 
definitive therapy. However, it is important to underscore 
that ECMO is associated with a high incidence of com-
plications, such as bleeding and infection, and outcomes 
are largely dependent on the experience of the center and 
patient selection [15].

Conclusion
While the optimal management of patients in the inter-
mediate-high risk pulmonary embolism group remains 
to be defined, a combination of clinical variables, bio-
markers and imaging studies may assist in identify-
ing those patients that are most likely to benefit from a 
closely monitored setting [6, 18]. At present there are a 
large number of treatment options ranging from various 
thrombolysis dosages, catheter-directed therapies, surgi-
cal therapies, and peripherally inserted devices that can 
aid in augmenting cardiac output. Developing a supe-
rior method to determine who in the intermediate risk 
group would benefit remains paramount to investigating 
and further defining treatment for this group. While it is 
clear that there is benefit in aggressive treatment in the 
patient who needs it, if patients are not at true risk for 
decompensation then aggressive treatment only comes 
with more risk. It is perhaps not the treatment of pulmo-
nary embolism that needs defining but rather better indi-
vidualized hemodynamic monitoring and prediction of 
decompensation that hold the key. Until a better charac-
terization of this population can be made we assert that 
the best treatment intervention may be the implementa-
tion of PERTs so that an educated discourse can be made 
on a case by case basis.
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