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Abstract

Pulmonary embolism (PE) lacks an acute specific electrocardio-
graphic pattern. It can infrequently masquerade as ST-elevation 
myocardial infarction (MI). We report a case of massive pulmonary 
embolism, presenting as an out-of-hospital cardiac arrest and an-
teroseptal ST-elevation. The diagnosis was made by pulmonary an-
giography. Aspiration thrombectomy was performed immediately 
following the diagnosis, with a good outcome.
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Introduction

PE is a frequent cause of sudden death, associated with sev-
eral risk factors including pregnancy, oral contraceptive use, 
immobility, cancer and pro-coagulant disorders [1]. The pre-
sentation of acute PE is protean, ranging from subclinical to 
acute heart failure. Cases of severe right heart strain/failure 
have presented with ST segment elevation. A high index of 
suspicion is needed to identify these occurrences, as their 
frequency is very low. A recent retrospective study of 800 
ST-elevation cases in an academic medical center, revealed 

2.3% of non-cardiac causes for ST-elevation, but found no 
cases of PE [2].

 
Case Report

A 63-year-old Caucasian man with a past medical history of 
esophageal cancer was brought to the emergency department 
with symptoms of acute onset chest pain, diaphoresis and 
shortness of breath that started 30 minutes ago. He suffered 
a cardiac arrest (pulseless electrical activity) en route. Car-
diopulmonary resuscitation (CPR) was instituted by emer-
gency medical services with return of spontaneous circula-
tion within 15 minutes. On admission he was afebrile, with a 
pulse of 110/min, blood pressure 60 mmHg systolic, respira-
tory rate 20/min and oxygen saturation 100% while on FiO2 
100%. Chest and cardiac auscultation were unremarkable. 
The extremities were cold, clammy and mottled.

Initial laboratory studies showed leukocytosis, metabol-
ic acidosis with a serum lactate of 5.5 mMol/L and a serum 
troponin I of 1.07 ng/mL. Chest X ray was unremarkable. A 
12 lead EKG (Fig. 1A) showed ST elevation in leads V1-V3 
with reciprocal ST depression in V5-V6. The cardiac cathe-
terization laboratory was immediately activated and coronary 
angiogram done showing normal coronary anatomy (Fig. 2). 
Due to the persistent hypotension a pulmonary angiogram 
was performed to look for a pulmonary embolus. A large em-
bolus was seen obstructing the main pulmonary artery (Fig. 
3). Intra-arterial tissue plasminogen activator was given and 
aspiration thrombectomy performed (Fig. 4). There was re-
markable improvement in the hemodynamics with resolution 
of the hypotension and decrease in the pulmonary artery sys-
tolic pressure from 42 mmHg to 32 mmHg. A 12 lead EKG 
done after the procedure showed resolution of the ST eleva-
tion (Fig. 1B). The patient was extubated the next day and 
transferred to the general medical ward on anticoagulation 
with low molecular weight heparin.

Discussion
  
Despite new technologic advances, the diagnosis of acute PE 
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remains challenging. Approximately 10 to 30% of cases of 
acute massive PE are not diagnosed until discovered on au-
topsy [3, 4]. A number of specific EKG findings have been 
described in association with acute PE. Some investigators 
have attempted to develop diagnostic prediction rules based 
on EKG findings [5]. As these findings are quite variable, 
such efforts have met with limited success. Recent work has 
focused on the ability of the EKG to reflect the severity, du-
ration, and prognosis for patients with acute PE.

EKG findings

Ever since McGinn and White first reported in 1935 the clas-
sic “S1Q3T3” pattern finding (described as a prominent S 
wave in lead I, ST segment ascent in lead II, and Q wave with 
inverted T wave in lead III) in seven patients with acute cor 
pulmonale secondary to PE, several studies have described 
a wide range of specific EKG abnormalities associated with 
PE [6]. The large majority of these studies are specific to 
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Figure 1. The 12-lead EKG showing ST elevation in V1-V3 with reciprocal ST depression in V5-V6 (A). Resolution 
of ST elevation in EKG done after aspiration thrombectomy (B).

Figure 2. Coronary angiogram showing patent left and right 
coronary artery.

Figure 3. Pulmonary angiogram showing a large embolus 
obstructing the main pulmonary artery (arrow).
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patients with no preexisting cardiac or pulmonary disease.

Normal EKG

A completely normal EKG has been reported in 9 to 26% 
of patients with acute PE [3, 7]. Sreeram et al reported nor-
mal EKG in one quarter of acute PE patients on admission. 
Majority of these patients (18%) had EKGs that remained 
normal throughout their hospitalization [5].

Rhythm disturbances

Rhythm disturbances, including sinus tachycardia, first de-
gree atrio-ventricular block, premature atrial and ventricular 
beats, atrial fibrillation, and flutter have been reported in as-
sociation with acute PE at varying rates. Atrial fibrillation 
and flutter were reported to occur in as many as 18% and 
35%, respectively, of acute PE patients by Weber et al and 
Sreeram et al, and as few as 0 to 3% in other studies [5, 8].

Right bundle branch block

Complete or incomplete RBBB has been described as a “typ-
ical”, but variable finding with an incidence ranging from 
6% to as high as 67%. In addition, RBBB can be associated 
with ST segment elevation and upright T waves in lead V1, 
potentially mimicking anteroseptal or posterior infarct pat-
terns [5]. Right bundle branch block in the setting of acute 
PE is often transient and has been reported to resolve in most 
cases within 14 to 41 weeks of onset [9, 10].

Axis changes

Right, left, and indeterminate QRS axis changes have been 

reported with variable frequency in acute PE patients. 
Whereas RAD is described as the classic axis change as-
sociated with PE, some investigators have reported left axis 
deviation (LAD) as occurring with greater frequency [5, 9, 
11]. Part of the variability may relate to the different param-
eters defining RAD, LAD, and indeterminate deviations. 
Indeterminate axis have been defined as axis ranging from 
180° - 90°, a range that also has been described as extreme 
or superior RAD. In addition, preexisting disease may im-
pact the incidence of axis deviations. In the Urokinase in 
Pulmonary Embolism Trial, Stein et al reported that LAD 
occurs more frequently than RAD in the PE study popula-
tion; however, when those with preexisting cardiopulmo-
nary disease are excluded, the incidence of LAD and RAD 
are equivalent [9].

Transition zone shift

Clockwise rotation and shift of the transition zone (the pre-
cordial lead site where R and S wave amplitudes are equiv-
alent) to lead V5 has also been reported with variable fre-
quency in PE patients. Sreeram reported an incidence of as 
many as 51% of PE patients with evidence of transition zone 
shift to V5 [5].

Morphologic changes

Along with sinus tachycardia, the most common EKG ab-
normalities associated with acute PE patients are morpho-
logic, particularly alterations in the ST segment and T wave.

P wave

Increase in the P wave amplitude greater than 2.5 mV in lead 
II (p-pulmonale) has classically been attributed to right atrial 
hypertrophy or enlargement associated with acute PE [5]. P-
pulmonale has been reported in anywhere from 2 to 31% of 
PE patients [8, 12]. In addition, Petruzzelli and Manganelli 
reported PR depression and displacement in nearly one-third 
of PE patients studied [13, 14].

QRS wave

Low voltage (less than 5 mV in all limb leads) in the QRS 
wave in all limb leads has been reported in up to 29% of PE 
patients [15]. Other QRS wave findings reported with acute 
PE include a late R wave in avR and slurred S in V1 or V2 
[12].

ST segment and T wave

Alterations in the ST segment and T wave are the most fre-
quent changes seen on EKG in PE patients [5, 7]. Nonspe-
cific ST depression or elevation has been reported in up to 

Figure 4. Pulmonary angiogram after aspiration thrombec-
tomy showing patent main pulmonary artery.
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half of all PE patients [13, 14]. T wave inversions diffusely 
and in the inferior or anterior leads also have been frequently 
reported.

In PE the pattern of ST elevation in anteroseptal wall 
is extremely rare [16]. None of the published studies listed 
ST segment elevations in leads V1-V4 as a characteristic 
finding. There have been a few case reports describing ST-
elevation in acute PE. Falterman and colleagues reported a 
case of PE with ST segment elevation in leads V1-V4 in a 
patient who died despite resuscitative efforts [17]. Livaditis 
et al reported a case of massive PE with ST elevation in leads 
V1-V3 and successful thrombolysis with tenecteplase [18].

S1Q3T3

The finding of a large S wave in lead I, Q wave and inverted 
T wave in lead III has often been mistaken as pathognomon-
ic for acute PE after being first described in the 1930s [6, 
7]. The reported incidence of the S1Q3T3 combination has 
varied from 10% to as high as 50% of acute PE patients [19]. 
Sreeram reported separate frequencies for an S wave greater 
than 1.5 mV in leads I and L (73%), Q wave in III and F 
(49%), and T wave inversion in III and F (33%) in a study 
of 80 patients with confirmed PE [5]. Stein reported that, 
similar to RBBB, S1Q3T3 is frequently transient, resolving 
within 14 days after onset of the disease [20].

Percutaneous mechanical thrombectomy

Percutaneous mechanical thrombectomy (PMT) is an al-
ternative approach for reversing massive PE related right 
ventricular dysfunction and cardiogenic shock, being partic-
ularly useful in patients in whom thrombolysis is contraindi-
cated or surgical embolectomy is neither feasible nor avail-
able [21]. An expert panel of the American College of Chest 
Physicians has recommended the use of PMT in selected pa-
tients [22]. Koning et al were the first to report improvement 
in pulmonary artery pressure in one of two patients treated 
with aspiration thrombectomy [23]. There have been a few 
other case reports and case series evaluating the safety and 
efficacy of aspiration thrombectomy in massive PE. How-
ever there has been no case report documenting the use of 
percutaneous mechanical thrombectomy in PE presenting as 
a ST elevation.

Conclusion

In PE the pattern of ST elevation in anteroseptal wall is ex-
tremely rare. Early thrombolysis may be life-saving and if 
the patient is hemodynamically unstable, reperfusion with 
aspiration thrombectomy can lead to a rapid recovery. In 
conclusion, PMT is an attractive therapeutic alternative in 
patients with and requires further evaluation to adequately 
define its role in the treatment of massive PE.
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