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Electrocardiographic findings in pulmonary embolism
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Fig. 1 Case 1: ECG shows an S1Q3T3 pattern.

CASE 1

CLINICAL PRESENTATION

A 55-year-old woman with a history of hypertension and a
recent haemorrhagic stroke was admitted with an acute onset of
shortness of breath for a duration of one day. She also reported an
episode of near syncope while engaging in physiotherapy. At the
emergency department, her initial vital parameters included blood
pressure of 139/97 mmHg, heart rate of 99 beats per minute (bpm)
and oxygen saturation of 89% on room air. Other than being
tachypnoeic (25 per minute), the patient had normal heart and
breath sounds. Electrocardiography (ECG) was performed (Fig. 1).

ECG INTERPRETATION

The ECG (Fig. 1) shows sinus rhythm and the presence of an
S1Q3T3 pattern. There is an S wave in lead I, a Q wave with
T wave inversion in lead IlI.

CLINICAL COURSE

In view of the clinical presentation, ECG changes and the
presence of a risk factor for immobilisation from a recent stroke,
the patient underwent computed tomography angiography
of the pulmonary arteries (CT-PA), which showed bilateral

Fig. 2 Case 1: Transthoracic echocardiogram of the apical 4-chamber
window shows dilatation of the right heart chambers, including the right
ventricle (RV). LA: left atrium; LV: left ventricle; RA: right atrium

filling defects extending from the main pulmonary trunk to
the peripheries. Her arterial blood gas analysis showed type 1
respiratory impairment with a PaO, of 73 mmHg on room air.
Serum cardiac enzymes were mildly elevated with a troponin |
level of 0.193 ug/L. Transthoracic echocardiography (TTE) showed
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Fig. 3 Case 2: ECG shows atrial fibrillation and T wave inversions in V1-4.

evidence of severe right ventricular systolic dysfunction and right
ventricular dilatation (Fig. 2).

The patient was diagnosed with submassive pulmonary
embolism. However, in view of her recent intracranial bleed,
she was not thrombolysed. She was started on subcutaneous
low-molecular-weight heparin (i.e. enoxaparin) and supplemental
oxygen, and subsequently discharged with three months of oral
anticoagulation medication (i.e. warfarin) and an outpatient
appointment for follow-up.

CASE 2

CLINICAL PRESENTATION

A 62-year-old man presented with shortness of breath upon
exertion. This was associated with pleuritic chest pain of mild
intensity and dizziness for several days. His symptoms started
after a 16-hour flight. He had a significant history of hypertension,
dyslipidaemia, atrial fibrillation on aspirin (CHADSVAS score 1)
and previous deep vein thrombosis affecting the right lower limb.
Atthe emergency department, his vital parameters included blood
pressure of 108/75 mmHg, heart rate of 78 bpm and oxygen
saturation of 94% on room air. Examination findings included
normal heart sounds and respiration. His right calf was tender,
erythematous and swollen. An ECG (Fig. 3) was performed.

ECG INTERPRETATION

The ECG (Fig. 3) shows atrial fibrillation at a rate of 75-115 bpm,
with T wave inversion in the right-sided precordial leads V1-4.
There are also low voltage QRS complexes in the limb leads.

CLINICAL COURSE
Initial blood investigations revealed an elevated D-dimer level of
more than 4.0 pg/L and an elevated troponin I level of 0.118 ug/L.

Fig. 4 Case 2: CT image shows a filling defect (arrow) in the left main
pulmonary trunk of the pulmonary artery.

In view of the suggestive history, risk factors and ECG changes, a
CT-PA was performed, which showed the presence of a saddle
embolus and emboli in the bilateral pulmonary trunks (Fig. 4). The
patient was monitored in the intensive care unit and started on
intravenous heparin before bridging to warfarin upon discharge,
with plans for lifelong oral anticoagulation.

DISCUSSION
Acute pulmonary embolism (PE) is a potentially fatal disorder
with a high mortality rate. According to the International
Cooperative Pulmonary Embolism Registry, the mortality rate at
three months was 15.3%." Survivors of the acute event may also
have to contend with morbidity due to chronic thromboembolic
pulmonary hypertension or post-thrombotic syndrome.

In a study of over 42 million deaths occurring in the
United States within a 20-year period, almost 600,000 patients
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(approximately 1.5%) were diagnosed with PE, with PE being the
presumed cause of death in 200,000 of the patients.”’ In the local
context, a study of three National Healthcare Group hospitals in
2006 estimated the population-based incidence of PE to be 15 per
100,000, with lower rates of venous thromboembolism among
Asians compared to Caucasians and Eurasians.®

Although it is important to diagnose and treat PE early, the
clinical presentation of PE is known to be variable and nonspecific,
rendering an accurate diagnosis difficult. Symptoms suggestive of
an acute PE include dyspnoea at rest or upon exertion, pleuritic
chest pain, cough, orthopnoea, and calf or thigh pain or swelling.
Signs include tachypnoea, tachycardia, rales, decreased breath
sounds, an accentuated pulmonic component of the second
heart sound and jugular venous distention. Massive PE may be
accompanied by acute right ventricular failure, manifested as
elevated jugular venous pressure, a right-sided third heart sound
and a parasternal lift. In addition, signs of lower extremity deep
venous thrombosis (DVT) may be present.

It is important, however, to bear in mind that symptoms may
be mild or even absent, especially in cases involving only the
segmental pulmonary branches. Having a high or intermediate
probability on objective clinical assessment prompts the need
for further diagnostic study, although a low probability does not
exclude the diagnosis. The maintenance of a high level of suspicion
is critical in a physician’s approach to the diagnosis of PE.?

Abnormalities upon investigation include ECG findings,
elevated D-dimer blood test, evidence of right heart strain
or visualisation of the embolus on TTE and filling defects
representative of PE on CT-PA. Although some ECG changes are
common in PE, ECG changes alone are insufficient to make a
reliable diagnosis of PE. However, there is increasing interest in
the prognostic use of ECG, as well as evidence to suggest that
certain ECG findings can play a role in predicting which patients
have a more complicated disease or worse prognosis, and hence
require more invasive testing and earlier aggressive treatment.

ECG features
There is a wide range of ECG features associated with PE.
10%-25% of patients with PE have a completely normal ECG.®
The most well-known finding is the STQ3T3 pattern, as seen
in Case 1. The most common presentation is that of sinus
tachycardia.® This occurs in response to the physiological
demand for cardiac output with decreased left-sided stroke
volume. There have also been case reports of electrical alternans?”
and ST segment elevation in lead aVR with ST segment depression
in leads I and V4-V6.®

Some ECG features suggest a more extensive and complicated
disease. For example, low QRS voltages, right bundle branch
block and ST segment elevation in lead V1 have been shown
to be associated with cardiogenic shock.” Atrial arrhythmias,
complete right bundle branch block, peripheral low voltages,
pseudoinfarction patterns (Q waves) in leads Il and aVF, and
ST segment changes over the left precordial leads were found
to be more frequent in patients with a fatal outcome. In a study
examining the prognostic relevance of ECG findings in relation
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to 30-day mortality outcomes, 29% of the patients who exhibited
at least one of these abnormalities on admission did not survive
to hospital discharge."® In comparison, only 11% of the patients
without such ECG features did not survive to hospital discharge.
An ECG case series also reports that PE is one of the causes of
T wave abnormalities."” Another study showed that the most
common finding in confirmed massive PE was T wave inversions
in the precordial leads with an earlier onset in the more severe
cases."? This was observed in Case 2.

Furthermore, ECG features associated with right ventricular
strain have been found to correlate with the degree of pulmonary
artery obstruction due to pulmonary embolism, increased pressure
and wall tension on the right heart."> The presence of the right
ventricular strain pattern on the ECG is associated with an
increased risk of all-cause death and clinical deterioration, even
in patients with normal systemic blood pressure."® In patients with
right ventricular dysfunction, T wave inversions in leads V1-V3
had greater sensitivity and diagnostic accuracy compared with
the S1Q3T3 and right bundle branch block features, which had
good specificity but only moderate accuracy."

Several scoring systems have been proposed for predicting
which patients have a more complicated disease. A retrospective
study that scored patients with PE according to their ECG
findings found that a greater score correlated to higher systolic
pulmonary artery pressures."® Daniel et al developed a 21-point
scoring system based on ECG abnormalities associated with right
ventricular strain secondary to submassive or massive PE."” It was
found that although the score only had a marginally increased
diagnostic performance, it correlated well with the pulmonary
artery pressure in patients with angiographically confirmed PE.”
The development of such scoring systems suggests that ECG
features can play a greater role as a prognostic adjunct in the
management of patients with PE.

Acute PE can be classified into massive, submassive or low-risk
PE. Massive PE results in hypotension, and should be considered
if the patient has hypotension lasting more than 15 minutes
or requiring inotropic support, with elevated central venous
pressure that has no other attributable cause, or if hypotension is
associated with profound bradycardia or pulselessness. Massive
PE is a medical emergency that frequently results in acute right
ventricular failure and death. In submassive PE, patients do not
have hypotension; however, there is evidence of right ventricular
strain in the form of right ventricular dilatation, elevation of serum
brain natriuretic peptide, ECG changes or myocardial necrosis.
This population of patients is at increased risk for adverse short-
term outcomes. Patients without the above clinical features of
adverse prognosis are considered to have low-risk PE.

Management of patients with PE depends on the severity of
the disease. After resuscitation and stabilisation of the patient,
anticoagulation therapy should be started for all eligible patients.
Patients with massive or submassive PE should be considered
for surgical embolectomy or fibrinolysis unless contraindicated.
Catheter embolectomy is also an alternative.

Anticoagulation options include intravenous heparin or
subcutaneous unfractionated heparin, with subsequent conversion
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to vitamin K antagonists (VKA) or novel oral anticoagulants. If
anticoagulation is contraindicated or if patients have recurrent
acute PE despite therapeutic anticoagulation, alternative strategies
such as inferior vena cava filters may be considered."® In
recent years, novel anticoagulants have been introduced as an
alternative to VKA. For instance, rivaroxaban has been approved
by the United Stated Food and Drug Administration for use in
treating PE. The use of rivaroxaban in patients diagnosed with
PE was shown to be non-inferior to the standard therapy of low-
molecular-weight heparin followed by oral VKA. The duration
of anticoagulation therapy is determined after weighing the risk
of recurrent thromboembolism against the risk for bleeding. In
general, it is recommended that patients who have their first
episode of PE with reversible risk factor undergo three months
of anticoagulation therapy. After weighing the risk of recurrence
against the risk of bleeding, patients who have had their first
episode of acute unprovoked PE or recurrent PE should receive
anticoagulant therapy for three months before being reassessed
for the need for prolonged anticoagulation therapy."”

ABSTRACT Pulmonary embolism (PE) poses a challenge
to physicians, as it can be difficult to diagnose but
results in significant mortality and morbidity in patients.
Diagnosing PE requires an integrated approach using
clinical findings, electrocardiography (ECG), blood
investigations and imaging modalities. Abnormalities in
ECG are common among patients with massive acute PE
and can serve as a prognostic indicator. In this article,
we describe the ECG presentations of two patients
diagnosed with PE, and review the literature on the
various types of ECG presentations and their role in
predicting the prognosis of PE.
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SINGAPORE MEDICAL COUNCIL CATEGORY 3B CME PROGRAMME
(Code SMJ 201510A)

Question 1. Regarding acute pulmonary embolism (PE): True False

(@) An absence of symptoms is sufficient to rule out PE. O O

(b) PE is more common in Caucasians. O O

(c) As electrocardiography (ECG) is unable to diagnose PE, it is unhelpful in the management of PE. O O

(d) Scoring systems help in predicting the possibility of PE. O O

Question 2. Regarding the treatment of confirmed PE:

(@) Urgent embolectomy should be performed on all patients with PE. O O

(b) Intravenous heparin is the only option for patients diagnosed with PE. O O

(c) Lifelong warfarin is recommended for all patients with provoked first episode of PE. O O

(d) All patients would need six months of anticoagulation therapy before repeat assessment. O O

Question 3. ECG and echocardiographic features suggestive of PE:

(@) Presence of a dilated right ventricle or poor right ventricular systolic function suggests a greater O O
incidence of short-term adverse outcomes in patients with PE.

(b) Massive PE should be considered if there is hypotension with elevated central venous pressure without O O
other attributable causes.

(c) Sinus tachycardia is a rare ECG finding in PE. O O

(d) A normal ECG excludes the diagnosis of PE. O O

Question 4. Regarding the management of PE:

(@) All patients with haemodynamic instability should be assessed for suitability for fibrinolysis. O O

(b) All patients with a high suspicion of PE should be sent for urgent transthoracic echocardiography to O O
obtain a definitive diagnosis.

(c) Inferior vena cava filters are routinely offered to patients as an alternative to anticoagulation therapy. O O

(d) Embolectomy should be considered in patients who are still unstable after fibrinolysis. O O

Question 5. Are the following statements true or false?

(a) Patients diagnosed with low risk PE will not need anticoagulation therapy. | |

(b) Rivaroxaban is approved for the treatment of PE. O |

(c) An ECG finding of right ventricular strain predicts higher pulmonary artery pressure. n n

(d) A severely dehydrated patient with hypotension and evidence of PE on computed tomography should n n

be sent for fibrinolysis immediately.
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