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Foreword
Information about a real patient is presented in stages (bold-
face type) to expert clinicians (Drs Louis J. Dell’Italia and 
David C. McGiffin) who respond to the information, sharing 
his or her reasoning with the reader (regular type). A discus-
sion by the authors follows.

A 67-year-old black woman presents to the emergency 
department with a 1-day history of dyspnea, which 

began the previous morning initially with moderate 
exertion now progressing to dyspnea at rest. She denies 
chest pain, cough, palpitations, nausea, diaphoresis, 
lower extremity swelling, paroxysmal nocturnal dyspnea, 
orthopnea, presyncope, or syncope. Her medical history is 
notable for hypertension, diabetes mellitus, and hypothy-
roidism. Her medications include metoprolol tartrate 12.5 
mg twice daily, metformin 1000 mg twice daily, levothyrox-
ine 25 μg daily, and estradiol 1 mg daily for symptomatic 
management of hot flashes. She lives alone and is a retired 
schoolteacher. She does not smoke, drink alcohol, or use 
illicit drugs. Family history is not significant. Travel his-
tory is notable for round-trip plane flight from Alabama 
to Utah, arriving home 2 days previously.

On physical examination her temperature is 98.4°F, 
pulse is 94 beats/min, blood pressure is 112/55 mm Hg in the 
right arm, 110/58 mm Hg in the left arm, respiratory rate 
26 breaths/min, and oxygen saturation 90% on room air. 
She is an obese black woman (body mass index 32 kg/m2) 
in mild distress secondary to shortness of breath. Jugular 
venous pressure is estimated at 14 cm H20. Lungs are clear 
to auscultation. The heart rhythm is regular with a normal 
S1 and S2. No murmurs, rubs, or gallops are appreciated. 
Peripheral pulses are brisk and symmetrical with trace 
pretibial pitting edema. Abdominal examination is benign.

Dr Louis J. Dell’Italia: This patient presents with a 
24-hour history of dyspnea progressing from symptoms with 
exertion to now occurring at rest. Probable causes for this 
presenting complaint often involve serious cardiopulmonary 
pathology. The history and physical examination is helpful 
in narrowing the differential and raises particular concern for 

acute pulmonary thromboembolism (PE). Certain risk fac-
tors increase suspicion for venous thrombosis in this patient, 
including obesity, hormone replacement therapy, and recent 
plane flight. However, air travel less than 6 hours is associ-
ated with a very low incidence of venous thromboembolism 
and therefore does not represent an identifiable risk factor 
for thrombosis.1 Rapid onset dyspnea at rest or exertion, as 
with this case, is the most common presenting symptom for 
acute PE.2

Currently the patient appears hemodynamically stable, 
although β-blockade may blunt a tachycardic response. 
Coupled with the history is an examination that is remarkable 
for an obvious elevation of the jugular venous pressure with 
clear lung fields, suggestive of right heart failure. Combined 
with sudden dyspnea and hypoxia, these findings strongly 
suggest the diagnosis of acute PE. It would be prudent to 
evaluate for deep vein thrombosis by assessing for symptoms 
of calf or thigh pain and examining the lower extremities for 
asymmetry, tenderness, or a palpable cord.

Given the broad differential diagnosis for this presentation, 
initial workup should include basic laboratory data, arterial 
blood gas, ECG, and chest x-ray. The Wells score3 and revised 
Geneva score4 may be used to calculate the clinical probability 
of PE (Table 1). In patients with low to intermediate clinical 
probability of PE, D-dimer measurement is a useful tool to 
determine further management. A D-dimer level below the 
exclusion threshold (<500 μg/L when using a quantitative 
ELISA assay) is highly sensitive in ruling out acute venous 
thromboembolism, whereas D-dimer values above the 
threshold warrant further evaluation. It should be noted that 
D-dimer testing is not indicated in patients with high clinical 
probability of PE, because a normal value does not reliably 
rule out PE in this population.

The dichotomized Wells score indicates a likely probabil-
ity for PE in this patient based on recent immobilization and 
the absence of a more probable diagnosis. Likely probability 
for PE warrants more definitive testing with either computed 
tomography (CT) pulmonary angiography or ventilation- 
perfusion scanning. Empirical systemic anticoagulation 
should also be considered, particularly if more definitive diag-
nostic testing is not immediately available.
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Complete blood count and chemistry panel are within 
normal limits. The ECG shows sinus rhythm, right 
bundle-branch block, and a S1Q3T3 pattern (Figure 1). 
Chest x-ray is normal. CT pulmonary angiography 
demonstrates central saddle pulmonary embolus with a 
large pulmonary thromboembolus burden involving the 
main, segmental, and subsegmental pulmonary arteries 
bilaterally (Figure 2).

Dr Dell’Italia: The diagnosis of acute PE has been estab-
lished; however, to optimize management for this patient she 
should be further risk stratified. Contemporary guidelines 
have specifically defined the stratification of acute PE into 3 
categories, low risk, submassive, or massive (Table 2), which 
not only provides important prognostic information but also is 
central to the subsequent management strategy.5

In this case, the absence of sustained hypotension (systolic 
blood pressure <90 mm Hg for 15 minutes or requiring inotro-
pic support) or a patient in extremis precludes the diagnosis of 
massive PE. Acute PE without systemic hypotension (systolic 
blood pressure >90 mm Hg) can be classified as low-risk or 
submassive, with submassive PE being defined by the presence 
of right ventricular (RV) dysfunction or myocardial necrosis.5

Embolization of thrombus to the pulmonary arteries results 
in acutely increased vascular resistance as a result of obstruc-
tion to flow, hypoxemic vasoconstriction, and release of 

pulmonary artery vasoconstrictors. RV hypokinesis and dila-
tion may then occur as a result of acute RV pressure overload, 
the degree of which is largely a function of PE size and under-
lying cardiopulmonary reserve. Within the setting of an acutely 
unyielding pericardium this can lead to shifting of the inter-
ventricular septum and a decrease in left ventricular filling and 
preload. The probability of RV systolic dysfunction increases 
when ≥30% of the pulmonary vascular cross-sectional area has 
flow impairment secondary to PE.6 Additionally, RV ischemia 
may occur due to acutely increased ventricular wall stress as 
a result of dilatation of the thin RV free wall and increased 
myocardial oxygen demand. In this case, the elevated jugular 
venous pressure suggests a right ventricle that has reached its 
preload reserve, and further increases in the impedance to RV 
ejection may result in hypotension.

Several techniques have been used to identify the presence 
of RV dysfunction in acute PE, either directly or indirectly. 
Among these, ECG changes including sinus tachycardia, 
new-onset atrial arrhythmias, new right bundle-branch block 
(complete or incomplete), Qr pattern in V1, S1Q3T3 pattern, 
negative T waves and ST segment changes in V1 through V4 
have been shown to correlate with worse short-term progno-
sis in acute PE. The presence of new complete or incomplete 
right bundle-branch block, anteroseptal ST segment changes, 
or anteroseptal T-wave inversion satisfies the guideline criteria 
for RV dysfunction.5 Biomarkers, specifically brain natriuretic 

Table 1. Scoring Systems to Assess Probability of Suspected PE

Wells  Revised Geneva

Previous PE or DVT 1.5  Age > 65 1

Heart rate > 100 beats per minute 1.5  Previous PE or DVT 3

Recent surgery or immobilization 1.5  Surgery or lower limb fracture within 1 mo 2

Clinical signs of DVT 3  Active malignancy 2

PE most likely diagnosis 3  Unilateral leg pain 3

Hemoptysis 1  Hemoptysis 2

Cancer 1  Heart rate 75–94 beats per minute 3

 Heart rate ≥ 95 beats per minute 5

 Pain on deep leg vein palpation and unilateral
edema

4

0–1 low risk, 2–6 intermediate risk, ≥ 7 high risk.
For the dichotomized rule <4 is unlikely and ≥4 is likely.

<2 low risk, 2–6 intermediate risk, ≥ 6 high risk

DVT indicates deep vein thrombosis; and PE, pulmonary thromboembolism.

Figure 1. ECG depicting right bundle-branch block 
and S1Q3T3 pattern.
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peptide (BNP) and troponin, may be valuable in further defining 
this patient’s risk. Elevated BNP (>90 pg/mL) and N-terminal 
pro-BNP (>500 pg/mL) are used as surrogate markers of RV 
dysfunction and predict increased short-term mortality in acute 
PE.5 Evidence of myocardial necrosis (troponin I >0.4 ng/mL 
or troponin T >0.1 ng/mL) also differentiates low-risk from 
submassive PE and is associated with adverse prognosis.5

Methods of directly evaluating RV dysfunction include 
echocardiography and CT pulmonary angiography. CT scans 
should be routinely reviewed to assess for the presence of RV 
dilation. Using the 4-chamber view, dilation is present if the 
RV diameter to left ventricular diameter ratio is >0.9 by either 
echocardiogram or CT scan. An RV diameter to left ventricu-
lar diameter ratio >0.9 in the 4-chamber view portends adverse 
events and worse outcomes.5

Systemic anticoagulation should be initiated, with current 
options including unfractionated heparin, low-molecular-
weight heparin, or fondaparinux. In high-risk patients, an 
advantage of initial therapy with intravenous unfractionated 
heparin is that it can be discontinued rapidly if more aggressive 
therapies are proposed. Obtaining biomarkers and directly 
evaluating for RV dysfunction will help further risk stratify 
this patient and evaluate the need for additional therapy.

Treatment with unfractionated heparin is initiated and 
the patient is admitted to the medical intensive care unit. 
Review of the CT scan shows RV to left ventricular ratio 
of 1.3. The troponin I is 1.2 ng/mL (normal <0.4 ng/mL) 
and BNP is 260 pg/mL (normal <90 pg/mL). Clinically, the 
patient continues to be tachypneic, requiring supplemen-
tal oxygen via nasal cannula at 6 L/min. The systolic blood 
pressure ranges from approximately 90 to 110 mm Hg and 
heart rate 100 to 120 beats/min.

Dr David C. McGiffin: Although the use of aggressive thera-
pies such as thrombolysis for massive PE is widely accepted 
as first line treatment, therapy for submassive PE remains con-
troversial. Evidence of RV dysfunction and necrosis as well as 
tenuous hemodynamics place this patient at increased risk of 
mortality, therefore consideration of a more aggressive treat-
ment approach is not unreasonable. In patients without con-
traindications, current guidelines state thrombolytic therapy 
may be considered in patients with acute submassive PE with 
systolic blood pressure <90 mm Hg at any time or shock index 
>1.0 (as distinct from the sustained hypotension that is required 
for the designation of massive), respiratory failure (SaO

2
<95% 

with Borg score>8, altered mental status, or appearance of 
suffering), or moderate to severe RV strain (Class IIb recom-
mendation).5 Some centers have reported the use of surgical 
embolectomy for hemodynamically stable patients with sig-
nificant RV dysfunction, citing the significant bleeding risk 
associated with systemic thrombolysis. The results of this 
approach have been good with acceptable risk, however such 
practice currently is limited to experienced centers.

A further option is percutaneous catheter-directed therapy, 
which represents a growing field in the treatment of acute 
PE. Various percutaneous catheter-based techniques have 
been described, including thrombus fragmentation, rheolytic 
thrombectomy, suction thrombectomy, rotational thrombec-
tomy, catheter-directed thrombolysis, and ultrasound-enhanced 
thrombolysis.7,8 Pharmacomechanical therapy is a com-
monly used strategy where a mechanical catheter intervention 

Figure 2. CT pulmonary angiogram depicting large 
central saddle pulmonary embolus extending into the 
bilateral pulmonary arteries.

Table 2. Classification of Acute Pulmonary Embolism*

Massive Sustained hypotension (systolic BP <90 mm Hg for 15 min 
or requiring ionotropic support)
-or-
Pulselessness
-or-
Sustained heart rate < 40 BPM with signs/symptoms of 
shock

Submassive Systolic BP > 90 mm Hg and RV dysfunction or myocardial 
necrosis defined by:
RV dilation (apical 4-chamber RV diameter divided 
by LV diameter > 0.9) or RV systolic dysfunction on 
echocardiography
-or-
RV dilation (4-chamber RV diameter divided by LV diameter 
> 0.9) on CT
-or-
Elevation of BNP (> 90 pg/mL), or N-terminal pro-BNP (> 
500 pg/mL)
-or-
EKG changes (new complete or incomplete right bundle-
branch block, anteroseptal ST elevation or depression, or 
anteroseptal T-wave inversion)
-or-
Elevation of troponin I (> 0.4 ng/mL) or troponin T (> 0.1 
ng/mL)

Low risk Absence of the markers of adverse prognosis that define 
massive or submassive PE

BNP indicates brain natriuretic peptide; BP, blood pressure; BPM, beats 
per minute; CT, computed tomography; EKG, electrocardiography; LV, left 
ventricular; PE, pulmonary embolism; and RV, right ventricular.

*Adapted from the American Heart Association Scientific Statement on 
Management of Massive and Submassive Pulmonary Embolism, Iliofemoral 
Deep Vein Thrombosis, and Chronic Thromboembolic Pulmonary Hypertension.5
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technique is combined with local administration of low-dose 
thrombolytics. Because of risk of pulmonary artery perforation, 
catheter-based therapy is limited to embolus located in the main 
and large lower lobe segmental pulmonary arteries. Catheter-
based interventions can be rapidly instituted and are minimally 
invasive, making it an attractive option for high-risk patients 
with contraindications to systemic thrombolysis, which may 
be present in as many as 50% of patients with PE. Although 
catheter-based therapies for acute PE have not been rigorously 
studied, a systemic review and meta-analysis of 594 patients 
with massive PE demonstrated a pooled clinical success rate of 
86.5%, and risk of minor and major procedural complication 
7.9 and 2.4% respectively.9 In this case the large saddle PE is 
anatomically suitable for catheter-based therapy, and therefore 
this may be a viable therapeutic option at experienced centers, 
particularly if the patient’s condition were to deteriorate further.

The decision to pursue aggressive therapies in the setting 
of submassive PE depends on clinician assessment of PE 
severity using both clinical judgment and objective measures 
of prognosis balanced against the risk of therapy. Although 
echocardiography is not specifically required to determine the 
presence of RV dysfunction, we routinely obtain an echocar-
diogram before the institution of aggressive therapy for sub-
massive PE, not only to serve as a baseline for response to 
treatment but to evaluate for the presence of a patent foramen 
ovale or free-floating right atrial thrombus that may alter man-
agement strategy.

A transthoracic echocardiogram is obtained, showing 
a large mobile wormlike thrombus in the right atrium, 
which prolapses into the right ventricle during diastole 
(Figure 3). The right ventricle is markedly dilated, with 
severe hypokinesis of the ventricular free wall sparing 
the apex (McConnell’s sign) and an estimated pulmo-
nary artery pressure of 52 mm Hg (Movies I and II in the 
online-only Data Supplement).

Dr McGiffin: The presence of a concomitant free-floating 
right heart thrombus noted on the echocardiogram must be 
factored into the therapeutic planning because of its potential 
to embolize and further increase RV impedance to ejection. 
Free-floating right heart thrombi are infrequent, occurring in 
≈4% of patients evaluated with echocardiography in the set-
ting of diagnosed PE.10 Free-floating right heart thrombi are 
nearly always associated with PE (98%) and represent a medi-
cal emergency, with associated mortality reported as high as 
21% within the first day of diagnosis.11

Treatment with heparin alone may not be adequate for 
patients with free-floating right heart thrombi and PE, even 
if the patient appears clinically stable.10 The International 
Cooperative Pulmonary Embolism Registry (ICOPER) dem-
onstrates a markedly higher 14-day mortality (23.5% versus 
8%) in patients with PE and free-floating right heart thrombi 
treated with heparin alone versus those patients without free-
floating right heart thrombi. Thus, in addition to anticoagula-
tion, management in this scenario necessitates consideration 
of a more aggressive treatment strategy.

Two reasonable treatment options for submassive PE 
and free-floating right atrial thrombus include systemic 

thrombolysis or surgical thromboembolectomy. Surgical 
thromboembolectomy is considered the classic treatment for 
removal of free-floating right atrial thrombus; however, there 
is no convincing evidence to definitively guide therapy in 1 
direction. Ultimately, institutional experience and resources 
determine the treatment strategy.

The patient is taken to the operating room and after 
median sternotomy cardiopulmonary bypass is estab-
lished. The right atrium is opened with removal of a 
large free-floating thrombus measuring 12 cm in length. 
Bilateral pulmonary artery embolectomies are performed, 
with thrombus extracted from all segmental and subseg-
mental lobar branches by direct visualization (Figure 4). 
Immediately after the operation an inferior vena cava fil-
ter is placed. A transthoracic echocardiogram 5 days post-
operatively demonstrates a RV ejection fraction of 0.50 
and an estimated pulmonary artery pressure of 30 mm Hg.

Dr McGiffin: Surgical thromboembolectomy may provide 
an effective treatment option for massive PE, high risk sub-
massive PE with contraindication to thrombolytic therapy or 
in cases of therapeutic failure of thrombolytic therapy.12 The 
operation is also well suited for patients requiring removal 
of right atrial thrombus. It is accepted practice to routinely 
place inferior vena cava filters after thromboembolectomy in 
an effort to prevent a potentially lethal recurrent PE. Recent 
data from a nationwide study of >3000 patients undergoing 
embolectomy for acute PE demonstrated markedly decreased 
case–fatality rates among patients who had placement of an 
inferior vena cava filter compared with those without.13 The 
implanted inferior vena cava filter may be removed when the 
patient’s hemodynamic status is stabilized and acute protec-
tion from a recurrent event is no longer needed.

The patient is commenced on warfarin therapy and 
subsequent hypercoagulable workup demonstrates a pos-
itive anticardiolipin antibody that is confirmed 12 weeks 
later. Her hormone replacement therapy is stopped, and 
she will continue therapeutic anticoagulation indefinitely. 
She is doing well at 6-month follow-up with excellent 

Figure 3. Echocardiogram depicting free-floating right atrial 
thrombus prolapsing into the right ventricle.
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exercise tolerance and no significant limitations in physi-
cal activity.

Dr Dell’Italia: Obesity and hormone replacement therapy 
represent risk factors for venous thromboembolism in this 
patient.14 Costly hypercoagulable workups are not routinely 
recommended after an initial thrombotic event, because the 
presence of a thrombophilic state does not often change 
management. Compared with idiopathic venous thromboem-
bolism, most hypercoagulable conditions are not associated 
with an increased risk of recurrent thromboembolic events, 
and therefore duration of anticoagulation is not affected by 
a positive result.15 An exception is the antiphospholipid syn-
drome; the most common acquired thrombophilia defined by 
thrombosis or pregnancy morbidity in the presence of circu-
lating antiphospholipid antibodies. Confirmed persistence of 
antiphospholipid antibodies must be demonstrated at least 
12 weeks after an initial positive result, because transiently 
elevated antiphospholipid antibodies can occur in normal indi-
viduals and in the setting of certain infections. The antiphos-
pholipid syndrome is associated with high rates of recurrent 
thrombotic events, and therefore indefinite antithrombotic 
therapy is recommended after an initial thrombotic event.16

Recent trials have shown promising results using direct 
inhibitors of Factor Xa and thrombin in the treatment of acute 
venous thromboembolism.17,18 These fixed-dose unmonitored 
oral medications provide an attractive alternative to current 
treatment options and may replace heparin and vitamin K 
antagonists as the favorable management strategy for venous 
thromboembolism in the future.

Discussion
Deep vein thrombosis and its associated complication PE, col-
lectively referred to as venous thromboembolism, represent 
the third most common cardiovascular disorder in the United 
States, with an estimated 900 000 incident or recurrent cases 
occurring annually.19 PE is associated with poor prognosis, 
underlined by a case fatality of ≈15% in the first 3 months after 
diagnosis, greater than that of acute myocardial infarction.20 
Approximately one third of PE cases are fatal,19 and nearly 
25% of patients with PE present with sudden cardiac death.21 
Furthermore, for those surviving the initial event, prognosis 

and quality of life may be markedly impaired with increased 
likelihood of developing long-term complications, such as 
RV dysfunction and pulmonary hypertension with associ-
ated exercise intolerance, fatigue, dyspnea, and shortened life 
expectancy.22 It is imperative therefore to have management 
strategies in place for these patients that aim to improve both 
immediate and long-term prognosis.

Until recently, PE was classified into two groups, massive or 
nonmassive, based on the presence or absence of cardiogenic 
shock. Massive PE represents <5% of patients presenting with 
acute PE,20 and thus the remainder of patients were considered 
to be part of the same group with regard to therapeutic decision-
making. Contemporary management, however, involves the 
identification of an intermediate high-risk group of patients 
with RV dysfunction and/or necrosis with preserved systemic 
arterial pressure, defined as submassive PE.5 In massive PE, 
mortality has been reported as high as 50%,20 and even greater 
for those requiring cardiopulmonary resuscitation, thus 
necessitating emergent aggressive intervention. Submassive 
PE presents more of a clinical dilemma, because patients 
are known to be at increased risk of worse outcomes, but 
therapeutic implications of aggressive therapy remain 
uncertain. Thrombolytic therapy for acute PE is not without 
risk, with analysis of 5 clinical trials for acute PE reporting 
a risk of intracranial hemorrhage of 1.9%23 and the ICOPER 
data demonstrating the risk of intracranial hemorrhage to be 
≈3%.20 Furthermore, major bleeding has been reported to occur 
in up to 20% of patients receiving fibrinolysis for acute PE.24 
Therefore, some clinicians are hesitant to routinely prescribe 
such treatment to patients who appear to be hemodynamically 
stable, particularly in the face of a lack of definitive evidence.

Treatment with heparin alone, however, in a normotensive 
patient with acute PE and RV dysfunction remains a troubling 
proposition, and the argument for use of more aggressive ther-
apy in patients with submassive PE is not without merit. At 
least 7 studies, totaling >600 patients, have documented short-
term mortality in normotensive patients with RV dysfunction as 
assessed by echocardiography or CT scan. A meta-analysis of 
available data calculated a relative risk of RV dysfunction for 
predicting death to be 2.4 (95% confidence interval, 1.3–4.4).25 
The presence of persistent RV dysfunction after acute PE is 
associated with higher rates of recurrent PE, deep vein thrombo-
sis, and PE-related death.26 Moreover, presence of myocardial 
necrosis in PE, as determined by elevation in troponin, is associ-
ated with significantly worse prognosis.27 Taken together these 
findings highlight the vulnerability of patients with submassive 
PE. Counterintuitively, data from the 4 large PE registries sug-
gest an overall low mortality (probably <3%) in submassive PE 
treated with anticoagulation alone.5 However, when evaluating 
individual patients, registry analysis should be interpreted with 
caution, taking into account the inherent limitations of evaluat-
ing submassive PE as a single group. For example, a normo-
tensive patient with mildly elevated BNP, and a normotensive 
patient with tachypnea, tachycardia, severe RV hypokinesis, 
and markedly elevated troponin, clearly represent different risk 
groups, despite each being classified as submassive.

To date, Management Strategies and Prognosis of 
Pulmonary Embolism Trial-3 (MAPPET-3) is the largest pub-
lished prospective, randomized trial that has evaluated the 

Figure 4. Postoperative specimens of removed right atrial and 
pulmonary thrombus.
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effect of thrombolysis on outcomes in patients with submas-
sive PE as defined by normal blood pressure and RV dysfunc-
tion.28 Thrombolysis as compared with placebo was associated 
with improved clinical course, namely a significant reduction 
in need for escalation of therapy defined as use of vasopres-
sors, cardiopulmonary resuscitation, mechanical ventilation, 
embolectomy, or rescue thrombolysis. The trial has been criti-
cized, because mortality was low and not significantly differ-
ent between treatment groups. Furthermore, results in favor of 
thrombolysis were largely attributed to more frequent admin-
istration of open-label thrombolysis to the heparin-only group 
as a result of subjectively determined clinical deterioration.

Several prospective studies of thrombolysis in submassive 
PE have shown a beneficial effect on surrogate end points, 
including improvement in RV function, RV systolic pres-
sure, and symptomatic status.29,30 Recently, published results 
of the MOPETT (MOderate Pulmonary Embolism Treated 
with Thrombolysis) trial suggest that administering a lower 
dose of tissue plasminogen activator—approximately half the 
standard dosing for PE—may safely decrease the develop-
ment of pulmonary hypertension, recurrent PE, and shorten 
hospital stay in hemodynamically stable patients with symp-
tomatic PE.31 However, this small study requires verification 
in larger randomized trials before this strategy is adopted into 
routine practice.

Generally accepted indications for surgical thromboembo-
lectomy in acute PE include massive PE with contraindication 
to thrombolysis and rescue for those remaining unstable after 
thrombolysis (Class IIa level of evidence C recommendation). 
Other clinical scenarios that warrant consideration for surgery 
include free-floating right atrial thrombus, as in the current 
case, or the presence of a patent foramen ovale, particularly 
in the setting of paradoxical embolus. Timely diagnosis, rapid 
triage, and patient selection are likely the key factors in opti-
mizing outcomes of surgical embolectomy for acute PE, as 
reserving surgical intervention for those patients in extremis 
is associated with dismal outcomes. Recent reports of surgical 
thromboembolectomy for massive PE from experienced cen-
ters demonstrate encouraging results in this high-risk group of 
patients with intermediate-term survival ranging from 78% to 
92%32–34 and the bulk of deaths occurring in patients with need 
for preoperative cardiopulmonary resuscitation. Investigators 
from the Brigham and Women’s Hospital further expanded the 
indication for surgical thromboembolectomy to include ana-
tomically extensive PE and moderate to severe right ventricu-
lar dysfunction despite preserved hemodynamics, reporting 
a high survival rate of 89% in the initial series and an actu-
arial survival of 86% at 1 year in the entire cohort.35,36 Taken 
together, these studies suggest that in centers with adequate 
resources and expertise, surgical thromboembolectomy may 
be included in the armamentarium of treatment options for 
patients presenting with acute PE. Furthermore, catheter-
directed therapy is an area of growing interest that may pres-
ent an effective clinical option with acceptable risk in the 
treatment of acute PE.

Although it is clear that acute PE patients with RV 
dysfunction and/or evidence of myocardial necrosis are at 
increased risk of poor outcomes, the submassive classification 
encompasses a wide spectrum of clinical presentations and 

further investigation is required to better risk stratify this 
large group and identify those who would clearly benefit from 
aggressive therapies. Unfortunately, until the availability of 
high-quality, definitive, randomized, controlled data, the use of 
aggressive therapies such as thrombolysis for submassive PE 
will remain controversial. Current guideline recommendations 
are appropriately broad, and management of massive and 
submassive PE should ideally be on a case-by-case basis, 
using an experienced multidisciplinary team approach and 
prioritizing the bedside clinician’s assessment of severity. 
Forthcoming results from trials investigating patients with 
submassive PE (Pulmonary EmbolIsm THrOmbolysis Study 
[PEITHO] NCT00639743 and Tenecteplase Or Placebo: 
Cardiopulmonary Outcomes At Three Months [TOPCOAT] 
NCT00680628) will hopefully help to resolve some of the 
therapeutic uncertainty regarding the management of these 
patients. The management of massive PE is considerably 
clearer than that in submassive PE, however in some 
patients with submassive PE the circulation is precarious, 
the compensatory mechanisms tenuous, and the potential for 
adverse outcomes is very real. When do we need to intervene? 
Defining the tipping point is the key to resolving the dilemma.

Disclosures
None.

References
 1. Philbrick JT, Shumate R, Siadaty MS, Becker DM. Air travel and 

venous thromboembolism: a systematic review. J Gen Intern Med. 
2007;22:107–114.

 2. Stein PD, Beemath A, Matta F, Weg JG, Yusen RD, Hales CA, Hull RD, 
Leeper KV Jr, Sostman HD, Tapson VF, Buckley JD, Gottschalk A, 
Goodman LR, Wakefied TW, Woodard PK. Clinical characteristics of 
patients with acute pulmonary embolism: data from PIOPED II. Am J 
Med. 2007;120:871–879.

 3. Gibson NS, Sohne M, Kruip MJ, Tick LW, Gerdes VE, Bossuyt PM, Wells 
PS, Buller HR; Christopher study investigators. Further validation and 
simplification of the Wells clinical decision rule in pulmonary embolism. 
Thromb Haemost. 2008;99:229–234.

 4. Le Gal G, Righini M, Roy PM, Sanchez O, Aujesky D, Bounameaux H, 
Perrier A. Prediction of pulmonary embolism in the emergency depart-
ment: the revised Geneva score. Ann Intern Med. 2006;144:165–171.

 5. Jaff MR, McMurtry MS, Archer SL, Cushman M, Goldenberg N, 
Goldhaber SZ, Jenkins JS, Kline JA, Michaels AD, Thistlethwaite P, 
Vedantham S, White RJ, Zierler BK; American Heart Association Council 
on Cardiopulmonary, Critical Care, Perioperative and Resuscitation; 
American Heart Association Council on Peripheral Vascular Disease; 
American Heart Association Council on Arteriosclerosis, Thrombosis and 
Vascular Biology. Management of massive and submassive pulmonary 
embolism, iliofemoral deep vein thrombosis, and chronic thromboembolic 
pulmonary hypertension: a scientific statement from the American Heart 
Association. Circulation. 2011;123:1788–1830.

 6. Ribeiro A, Juhlin-Dannfelt A, Brodin LA, Holmgren A, Jorfeldt L. 
Pulmonary embolism: relation between the degree of right ventricle 
overload and the extent of perfusion defects. Am Heart J. 1998;135 
(5 Pt 1):868–874.

 7. Engelberger RP, Kucher N. Catheter-based reperfusion treatment of pul-
monary embolism. Circulation. 2011;124:2139–2144.

 8. Sobieszczyk P. Catheter-assisted pulmonary embolectomy. Circulation. 
2012;126:1917–1922.

 9. Kuo WT, Gould MK, Louie JD, Rosenberg JK, Sze DY, Hofmann LV. 
Catheter-directed therapy for the treatment of massive pulmonary embo-
lism: systematic review and meta-analysis of modern techniques. J Vasc 
Interv Radiol. 2009;20:1431–1440.

 10. Torbicki A, Galié N, Covezzoli A, Rossi E, De Rosa M, Goldhaber SZ; 
ICOPER Study Group. Right heart thrombi in pulmonary embolism: 
results from the International Cooperative Pulmonary Embolism Registry. 
J Am Coll Cardiol. 2003;41:2245–2251.

 by guest on March 2, 2016http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


2464  Circulation  June 18, 2013

 11. Chartier L, Béra J, Delomez M, Asseman P, Beregi JP, Bauchart JJ, 
Warembourg H, Théry C. Free-floating thrombi in the right heart: diag-
nosis, management, and prognostic indexes in 38 consecutive patients. 
Circulation. 1999;99:2779–2783.

 12. Goldhaber SZ. Advanced treatment strategies for acute pulmonary embo-
lism, including thrombolysis and embolectomy. J Thromb Haemost. 
2009;7 Suppl 1:322–327.

 13. Stein PD, Matta F. Case fatality rate with pulmonary embolectomy for 
acute pulmonary embolism. Am J Med. 2012;125:471–477.

 14. Goldhaber SZ. Risk factors for venous thromboembolism. J Am Coll 
Cardiol. 2010;56:1–7.

 15. Dalen JE. Should patients with venous thromboembolism be screened for 
thrombophilia? Am J Med. 2008;121:458–463.

 16. Ruiz-Irastorza G, Cuadrado MJ, Ruiz-Arruza I, Brey R, Crowther 
M, Derksen R, Erkan D, Krilis S, Machin S, Pengo V, Pierangeli S, 
Tektonidou M, Khamashta M. Evidence-based recommendations for 
the prevention and long-term management of thrombosis in antiphos-
pholipid antibody-positive patients: report of a task force at the 
13th International Congress on antiphospholipid antibodies. Lupus. 
2011;20:206–218.

 17. Schulman S, Kearon C, Kakkar AK, Mismetti P, Schellong S, Eriksson 
H, Baanstra D, Schnee J, Goldhaber SZ; RE-COVER Study Group. 
Dabigatran versus warfarin in the treatment of acute venous thromboem-
bolism. N Engl J Med. 2009;361:2342–2352.

 18. Bauersachs R, Berkowitz SD, Brenner B, Buller HR, Decousus H, 
Gallus AS, Lensing AW, Misselwitz F, Prins MH, Raskob GE, Segers A, 
Verhamme P, Wells P, Agnelli G, Bounameaux H, Cohen A, Davidson BL, 
Piovella F, Schellong S, Investigators E. Oral rivaroxaban for symptomatic 
venous thromboembolism. N Engl J Med. 2010;363:2499–2510.

 19. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, 
Bravata DM, Dai S, Ford ES, Fox CS, Fullerton HJ, Gillespie C, Hailpern 
SM, Heit JA, Howard VJ, Kissela BM, Kittner SJ, Lackland DT, Lichtman 
JH, Lisabeth LD, Makuc DM, Marcus GM, Marelli A, Matchar DB, Moy 
CS, Mozaffarian D, Mussolino ME, Nichol G, Paynter NP, Soliman EZ, 
Sorlie PD, Sotoodehnia N, Turan TN, Virani SS, Wong ND, Woo D, Turner 
MB; American Heart Association Statistics Committee and Stroke Statistics 
Subcommittee. Heart disease and stroke statistics–2012 update: a report 
from the American Heart Association. Circulation. 2012;125:e2–e220.

 20. Goldhaber SZ, Visani L, De Rosa M. Acute pulmonary embolism: clinical 
outcomes in the International Cooperative Pulmonary Embolism Registry 
(ICOPER). Lancet. 1999;353:1386–1389.

 21. Heit JA. The epidemiology of venous thromboembolism in the community: 
implications for prevention and management. J Thromb Thrombolysis. 
2006;21:23–29.

 22. Piazza G, Goldhaber SZ. Chronic thromboembolic pulmonary hyperten-
sion. N Engl J Med. 2011;364:351–360.

 23. Kanter DS, Mikkola KM, Patel SR, Parker JA, Goldhaber SZ. 
Thrombolytic therapy for pulmonary embolism. Frequency of intracranial 
hemorrhage and associated risk factors. Chest. 1997;111:1241–1245.

 24. Fiumara K, Kucher N, Fanikos J, Goldhaber SZ. Predictors of major 
hemorrhage following fibrinolysis for acute pulmonary embolism. Am J 
Cardiol. 2006;97:127–129.

 25. Sanchez O, Trinquart L, Colombet I, Durieux P, Huisman MV, Chatellier 
G, Meyer G. Prognostic value of right ventricular dysfunction in patients 
with haemodynamically stable pulmonary embolism: a systematic review. 
Eur Heart J. 2008;29:1569–1577.

 26. Grifoni S, Vanni S, Magazzini S, Olivotto I, Conti A, Zanobetti M, 
Polidori G, Pieralli F, Peiman N, Becattini C, Agnelli G. Association of 
persistent right ventricular dysfunction at hospital discharge after acute 
pulmonary embolism with recurrent thromboembolic events. Arch Intern 
Med. 2006;166:2151–2156.

 27. Becattini C, Vedovati MC, Agnelli G. Prognostic value of troponins in acute 
pulmonary embolism: a meta-analysis. Circulation. 2007;116:427–433.

 28. Konstantinides S, Geibel A, Heusel G, Heinrich F, Kasper W; Management 
Strategies and Prognosis of Pulmonary Embolism-3 Trial Investigators. 
Heparin plus alteplase compared with heparin alone in patients with sub-
massive pulmonary embolism. N Engl J Med. 2002;347:1143–1150.

 29. Goldhaber SZ, Haire WD, Feldstein ML, Miller M, Toltzis R, Smith JL, 
Taveira da Silva AM, Come PC, Lee RT, Parker JA. Alteplase versus 
heparin in acute pulmonary embolism: randomised trial assessing right-
ventricular function and pulmonary perfusion. Lancet. 1993;341:507–511.

 30. Kline JA, Steuerwald MT, Marchick MR, Hernandez-Nino J, Rose GA. 
Prospective evaluation of right ventricular function and functional status 
6 months after acute submassive pulmonary embolism: frequency of per-
sistent or subsequent elevation in estimated pulmonary artery pressure. 
Chest. 2009;136:1202–1210.

 31. Sharifi M, Bay C, Skrocki L, Rahimi F, Mehdipour M, Investigators 
M. Moderate pulmonary embolism treated with thrombolysis (from the 
“Mopett” Trial). Am J Cardiol. 2012.

 32. Gulba DC, Schmid C, Borst HG, Lichtlen P, Dietz R, Luft FC. Medical 
compared with surgical treatment for massive pulmonary embolism. 
Lancet. 1994;343:576–577.

 33. Kadner A, Schmidli J, Schönhoff F, Krähenbühl E, Immer F, Carrel T, Eckstein 
F. Excellent outcome after surgical treatment of massive pulmonary embolism 
in critically ill patients. J Thorac Cardiovasc Surg. 2008;136:448–451.

 34. Sareyyupoglu B, Greason KL, Suri RM, Keegan MT, Dearani JA, Sundt 
TM 3rd. A more aggressive approach to emergency embolectomy for 
acute pulmonary embolism. Mayo Clin Proc. 2010;85:785–790.

 35. Aklog L, Williams CS, Byrne JG, Goldhaber SZ. Acute pulmonary embo-
lectomy: a contemporary approach. Circulation. 2002;105:1416–1419.

 36. Leacche M, Unic D, Goldhaber SZ, Rawn JD, Aranki SF, Couper GS, 
Mihaljevic T, Rizzo RJ, Cohn LH, Aklog L, Byrne JG. Modern surgi-
cal treatment of massive pulmonary embolism: results in 47 consecutive 
patients after rapid diagnosis and aggressive surgical approach. J Thorac 
Cardiovasc Surg. 2005;129:1018–1023.

KEY wORDS: pulmonary embolism

 by guest on March 2, 2016http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


Donald Clark III, David C. McGiffin, Louis J. Dell'Italia and Mustafa I. Ahmed
Submassive Pulmonary Embolism: Where's the Tipping Point?

Print ISSN: 0009-7322. Online ISSN: 1524-4539 
Copyright © 2013 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Circulation 
doi: 10.1161/CIRCULATIONAHA.112.000859

2013;127:2458-2464Circulation. 

 http://circ.ahajournals.org/content/127/24/2458
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

  
 http://circ.ahajournals.org//subscriptions/

is online at: Circulation  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer this process is available in the

click Request Permissions in the middle column of the Web page under Services. Further information about
Office. Once the online version of the published article for which permission is being requested is located, 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not the EditorialCirculationin
 Requests for permissions to reproduce figures, tables, or portions of articles originally publishedPermissions:

 by guest on March 2, 2016http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/content/127/24/2458
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/

