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ABSTRACT 
Acute pulmonary embolism (PE) causes significant 
morbidity and mortality, particularly for patients with 
subsequent right ventricular (RV) dysfunction. Once di-
agnosed, risk stratification is imperative for therapeu-
tic decision making and centers on evaluation of RV  
function. Treatment includes supportive care, systemic 
anticoagulation, and consideration of reperfusion thera-
py. In addition to systemic anticoagulation, patients with 
high-risk PE should receive reperfusion therapy, typically  
with systemic thrombolysis. The role of reperfusion 
therapies, which include catheter-based interventions, 
systemic thrombolysis, and surgical embolectomy, are 
controversial in the management of intermediate risk PE. 
Catheter directed thrombolysis (CDT) can be considered 
in certain intermediate risk patients although prospective, 
comparative data for its use are lacking. Surgical or cath-
eter embolectomy are viable treatment options for high-
risk patients in whom reperfusion therapy is warranted 
but who have absolute contraindications to thromboly-
sis. Further research is needed to better elucidate which 
patients with PE would most benefit from advanced  
reperfusion therapies.
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INTRODUCTION

Pulmonary embolism (PE) is both common and a significant 
cause of morbidity and mortality worldwide. There are an 
estimated 900,000 cases of venous thromboembolism (VTE) 
every year in the United States. Although mortality from 
acute PE is reported to be as high as 100,000 per year, this is 
likely to be an underestimate, given that approximately 25% 
of patients with PE present with sudden death.1,2 There is 
also a 10–30% mortality rate within one month of acute PE 
diagnosis.1 Acute PE is a common indication for intensive 
care unit (ICU) admission and is associated with high short-
term mortality.3 As such, an understanding of diagnosis, risk 
stratification, and treatment of acute PE is paramount for 
critical care physicians.

DIAGNOSIS AND RISK STRATIFICATION

The diagnosis of acute PE can be challenging, and diagnostic 
algorithms have been proposed.4,5 According to all current 
diagnostic algorithms, contrast-enhanced chest computed 
tomography angiography (CTA) is the preferred imaging 
modality for diagnosis of acute PE. Once acute PE is diag-
nosed, risk stratification is essential to guide treatment deci-
sions. In general, risk stratification for acute PE incorporates 
several factors, including clinical appearance, vital signs, 
validated PE risk scores, and right ventricular (RV) function 
assessed by imaging modalities and cardiac biomarkers.  
Figure 1 demonstrates a risk stratification algorithm used by 
the Pulmonary Embolism Response Team at Rhode Island 
Hospital. The initial step in risk stratification is to assess 
for shock or hemodynamic instability, defined as a systolic 
blood pressure less than 90mmHg for more than 15 minutes 
or a need for vasopressors. Acute PE that causes hemody-
namic instability is referred to as massive PE or high-risk 
PE, and warrants immediate consideration of reperfusion 
therapies. In acute PE patients who present without shock 
or hemodynamic instability, multimodal risk stratification 
is used to identify patients at low and intermediate risk.

The Pulmonary Embolism Severity Index (PESI) and sim-
plified PESI (sPESI) are validated clinical scores used to pre-
dict 30-day mortality in acute PE.6,7 Patients with PESI class 
III-VI or sPESI ≥1 (see Figure 1), or who have signs of RV 
dysfunction on CTA or echocardiography, or elevated car-
diac biomarkers (Brain natriuretic peptide or BNP and tro-
ponin above the normal lab values) have intermediate risk, 
or sub-massive PE. These patients can be sub-classified into 
intermediate-low and intermediate-high risk, the latter 
defined by the presence of RV dysfunction by both imaging 
and biomarkers.4 Patients with PESI class I-II or sPESI=0 are 
classified as low risk, indicating a low likelihood of mortal-
ity, and are unlikely to be encountered in the ICU setting. 
In addition to informing treatment decisions, risk stratifi-
cation can be helpful in assessing the need for ICU level of 
care. In our practice, patients with high or intermediate-high 
risk PE are routinely admitted to the medical ICU for initial 
evaluation, although clinical gestalt is used in conjunction 
with risk scores and risk stratification algorithms when 
making these decisions.
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TREATMENT OF ACUTE PULMONARY EMBOLISM
Once the diagnosis of acute PE is made, treatment focuses 
on supportive care, systemic anticoagulation, and consider-
ation of reperfusion therapy. Unless there are contraindica-
tions, systemic anticoagulation should be started after the 
diagnosis of acute PE is established. For higher risk patients, 
intravenous unfractionated heparin is typically the preferred 
agent as its pharmacokinetics allow the ability to stop if 
thrombolysis or interventional procedures are indicated. In 
addition to anticoagulation, hemodynamic and respiratory 
support should be provided. Clinicians should be extremely 
cautious with intravenous volume expansion as this may 
worsen right ventricular function and precipitate rapid clini-
cal decompensation. Pulmonary Embolism Response Teams 
(PERT) are multi-disciplinary teams that can be activated 
similarly to teams for acute myocardial infarction or acute 
stroke. These can be constituted by a wide variety of special-
ists, including pulmonologists, cardiologists, intensivists, 
radiologists, hematologists, pharmacists, emergency med-
icine physicians, and cardiac and vascular surgeons. PERT 

can be activated for intermediate or high risk PE, or in any 
case where there is uncertainty about diagnosis or optimal 
treatment strategy.5

SYSTEMIC THROMBOLYSIS
Systemic thrombolysis is well established for the manage-
ment of high risk or massive PE. Thrombolytics reduce 
pulmonary artery resistance and pressure, and in hemody-
namically unstable patients decrease mortality.8 Guidelines 
routinely recommend systemic thrombolysis for patients 
with massive PE without contraindications to thrombolyt-
ics.4 The use of systemic thrombolytics for intermediate-risk 
PE remains controversial.4,9 This question was addressed in 
the Pulmonary Embolism Thrombolysis (PEITHO) trial, a 
multicenter, randomized, double-blind, placebo-controlled 
trial that is the largest trial to examine systemic thrombo-
lytics in intermediate-risk PE.10 In this study, 1006 acute PE 
patients (symptoms less than 15 days) were randomized to 
receive either unfractionated heparin alone or in conjunction 

UPDATES IN CRITICAL CARE MEDICINE

Figure 1. Adaptation of the risk stratification algorithm for acute pulmonary embolism  

used by the Pulmonary Embolism Response Team at Rhode Island Hosptial. 

PE: pulmonary embolism; CTA: chest computed tomography angiography; V/Q: Ventilation Perfusion Scan; CHF: congestive heart failure; SBP: systemic blood pressure; 
RR: respiratory rate; SpO2: peripheral oxygen saturation, TTE: transthoracic echocardiogram, RV: right ventricle; LV: left ventricle; BNP: brain natriuretic peptide.
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with tenecteplase. PE was confirmed by VQ scan, CTA, or 
pulmonary angiogram, and right ventricular dysfunction 
confirmed by echocardiogram or CTA and elevated tropo-
nin. At seven days, the tenecteplase group had a significant 
decrease in a composite endpoint of all-cause mortality and 
hemodynamic decompensation (2.6% vs 5.6%; p=0.02), 
although there was no difference in mortality. The incidence 
of extracranial bleeding (6.3% vs 1.2%, p<0.001) and stroke 
(2.4% vs 0.2%, p=0.003) were higher in patients that received 
tenecteplase compared to heparin alone, suggesting an unfa-
vorable risk-benefit ratio for the use of systemic thrombo-
lytics for hemodynamically stable PE with RV dysfunction. 
Subsequent meta-analyses have shown that systemic throm-
bolysis reduces overall mortality but is associated with a 
higher risk of fatal or intracranial hemorrhage.11,12 Reduced 
dose thrombolytics have been studied in small trials, but 
this is also not recommended for routine use in interme-
diate-risk PE. In the PEITHO study, 23 patients in the hep-
arin alone group required open-label thrombolysis after 
randomization. Only 2 of these patients died, suggesting, 
as is our current clinical practice, a role for close observa-
tion of patients with intermediate-risk PE, and consider-
ation of the use of rescue systemic thrombolysis if clinical 
deterioration subsequently occurs.10 Further study is needed 
in this particular area as sample size is a limiting factor. 

CATHETER-BASED INTERVENTIONS

Several catheter-based interventions are currently available 
for the treatment of acute PE. These broadly fit into two 
categories: catheter directed thrombolysis (CDT) and cathe-
ter embolectomy. The two are currently proposed for use in 
intermediate-high risk patients who are at risk for clinical 
deterioration based on vital signs, severity of RV dysfunc-
tion, tissue perfusion, and/or gas exchange, and who have 
absolute or relative contraindications to or failed response 
to systemic thrombolysis.5 CDT uses imaging guidance to 
place an infusion catheter to the site of the clot in order to 
locally deliver low-dose thrombolytics over the course of 
several hours. The thrombolytic dose is significantly lower 
than what is administered systemically. Depending on the 
specific device used, this can be accompanied by low-power, 
high-frequency ultrasound, which is referred to as ultra-
sound-assisted catheter-directed thrombolysis (UACDT). 
There is only one prospective, randomized trial comparing 
CDT to anticoagulation alone for the management of acute 
PE.13 The ULTIMA trial randomized 59 patients with acute 
main or lower lobe PE and a transthoracic echocardiogram 
RV/LV ratio >1.0 to receive either unfractionated heparin 
alone or with a UACDT regimen of 10 to 20mg recombi-
nant tissue plasminogen activator (tPA) over 15 hours. Com-
pared to the heparin alone group, the UACDT group had a 
greater decrease in mean RV/LV ratio from baseline to 24 
hours, although at 90 days there was no difference in RV/LV  

ratio improvement. Another retrospective, comparative 
study found no difference in echocardiographic RV/LV ratio 
at 30 days between patients who received CDT compared to 
anticoagulation alone.14 Although these and other non-com-
parative studies15, 16 have shown that CDT improves RV 
function and PA pressures in the short term, it remains 
unclear if CDT confers any meaningful long-term benefit. 
The only patient that died in the ULTIMA study was in 
the heparin-alone group. Pooled mortality estimates from 
studies for CDT are similar to the mortality estimates of 
the anticoagulation groups of the larger studies of systemic 
thrombolysis in intermediate risk PE.10,11,17 While these may 
represent slightly different patient populations, it seems 
unlikely that CDT carries a mortality benefit. The rate of 
bleeding complications for UACDT are likely less than that 
of systemic thrombolysis, but more than that of systemic 
anticoagulation alone.16,17,18 It is our opinion that prospec-
tive, randomized trials with more meaningful or validated 
clinical outcomes are necessary before CDT can be used 
routinely for intermediate-risk PE. In our clinical practice, 
CDT is considered on a case-by-case basis and is reserved 
for patients with high likelihood of clinical decompensa-
tion. It is possible that improvement in risk stratification of 
intermediate risk PE might allow for better identification of 
those patients at higher risk of decompensation who might 
benefit from early intervention with CDT.

Catheter embolectomy is feasible with devices currently 
on the market in the United States. All have a similar mech-
anism of action, and work by introducing a catheter to the 
site of clot for retrieval by aspiration. In the FLARE study, 
104 acute PE patients with elevated RV/LV ratio on CT were 
treated with catheter embolectomy using the FlowTriever 
System (Inari Medical, Irvine, California) in addition to 
systemic anticoagulation. This resulted in a significant 
reduction of RV/LV ratio, but only a modest decrease in PA 
pressure. Adverse event rate was 3.8% with no reported cases 
of intracerebral hemorrhage and only one case of adverse 
bleeding.19 This is currently the only embolectomy device 
that is FDA-approved for treatment of acute PE, although 
trials remain ongoing for several other catheter embolec-
tomy systems. While catheter embolectomy offers the pos-
sibility of clot removal without exposure to thrombolytics, 
there are no trials comparing this to anticoagulation alone 
or to CDT. Similar to CDT, it remains to be seen if cath-
eter embolectomy results in outcomes that are more clin-
ically meaningful than an acute reduction in RV/LV ratio. 
The utility of CDT and catheter embolectomy systems as 
an effective treatment modality for acute PE depends largely 
on equipment availability at centers as well as requisite 
expertise of providers and staff. Its use remains an option 
in patients with contraindications to systemic thromboly-
sis or failure of thrombolysis, when surgical embolectomy is 
unavailable or infeasible, if the institution has the requisite 
capabilities. In our opinion, catheter-based interventions 
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can be considered on a patient case-by-case basis so long as 
local technical capabilities allow and the decision should be 
made after a multi-disciplinary or PERT discussion. 

SURGICAL EMBOLECTOMY
Current indications for surgical embolectomy include high-
risk and intermediate-risk PE with an absolute contraindica-
tion to thrombolysis, failed thrombolysis, or hemodynamic 
collapse that may result in death prior to full effect of sys-
temic thrombolysis.5 Pre-surgical systemic thrombolysis is 
not an absolute contraindication to surgical embolectomy. 
Presently, no randomized trials exist comparing systemic 
thrombolytics to surgical embolectomy, although both are 
associated with improvement in RV function and PA sys-
tolic pressure.20 Compared to systemic thrombolytics, surgi-
cal embolectomy is associated with a decreased risk of major 
bleeding;21 however, mortality from surgical embolectomy 
is estimated to be 4–11%.22 This modality should be used 
as reperfusion therapy in higher-risk patients who warrant 
reperfusion therapy but have an absolute contraindication to 
systemic thrombolysis. Surgical embolectomy is frequently 
considered in acute PE patients with presence of right heart 
thrombi23, although optimal treatment for acute PE with 
“clot in transit” remains uncertain.

CONCLUSION
The management of high- and intermediate-risk PE is an 
evolving area that requires appropriate risk stratification, 
monitoring, and supportive care after acute PE diagnosis is 
made. Hemodynamically unstable patients should receive 
systemic thrombolysis unless there is a clear contraindica-
tion. The use of catheter-based interventions and surgical 
embolectomy should be reserved for patients with an abso-
lute contraindication to systemic thrombolysis. There are 
currently insufficient data to recommend the use of CDT for 
acute intermediate-risk PE. As such, prospective, compara-
tive randomized, clinical trials for CDT in acute PE are nec-
essary in order to elucidate the possible role of this treatment  
modality in this subpopulation. 
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