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Utilization of the electrocardiogram (ECG) to assess the diagnostic 
probability and severity of pulmonary embolism (PE) remains common 
in clinical settings, yet its role is unclear in clinical practice guidelines and 
is excluded from common clinical prediction rules.1 Historically, ECG 
findings considered specific for PE have been used as an initial low-cost 
screening tool for the presence or absence of PE with right ventricular 
(RV) dysfunction. Many ECG finding have been noted to predict RV 
strain and dysfunction, including sinus tachycardia, the presence of an 
S-wave in lead I, Q-wave in lead III, and T-wave inversion in lead III 
(S1Q3T3), complete and incomplete right bundle branch block 
(RBBB), T-wave inversions in V1–V4, and ST-segment elevation in 
aVR and V1 with and without concomitant ST-segment depressions 
in V4–V6. These ECG changes, however, are rare and have not been 
consistently associated with RV dysfunction.2,3 We investigated the fre-
quency of traditional ECG markers of PE and its complications in a 
large, diverse cohort of patients with acute PE.

Consecutive patients with imaging-confirmed acute PE who pre-
sented to Duke University Medical Center from 1 January 2016 to 
30 June 2017 were retrospectively identified using International 
Classification of Diseases, Tenth Revision codes, as previously de-
scribed.4 Clinical data and ECG data (closest in time to diagnostic imaging 
study) were abstracted by two physicians (T.A.H. and T.A.F.) that were 
blinded to clinical data and outcomes. To limit inclusion of chronic ECG 
abnormalities, ST-segment deviation, T-wave inversion, and S1Q3T3 
were coded if new from prior ECG or if no baseline ECG was available. 
Pulmonary embolism risk classification was performed in accordance 
with European Society of Cardiology 2019 Guidelines for Acute 
Pulmonary Embolism.1 This study was Institutional Review Board ex-
empt, and no informed consent was required.

Of 829 patients diagnosed with PE, 676 had an available ECG within 
24 h of PE diagnosis and were included in the study. Sinus rhythm was 
the most common rhythm found in 86.9% of patients (Table 1). Heart 
rates were between 60 and 99 beats per minute in 45.6% and ≥100 

beats per minute in 41.3% of patients. Atrial tachyarrhythmias were 
seen in 8.7% of patients. Electrocardiogram patterns of RV strain 
were noted in 29.4% of patients. The S1Q3T3 pattern was the most 
common (n = 70, 10.4%) followed by T-wave inversions in V1–V4 
(n = 66, 9.8%), atrial fibrillation or flutter (n = 56, 8.3%), ST-segment 
elevation in aVR (n = 35, 5.2%), and RBBB (n = 31, 4.6%) (Table 1). 
All but 36 patients with an abnormal ECG pattern underwent echocar-
diography. Hypotension (15.6% vs. 6.9%), tachycardia (69.3% vs. 
58.7%), elevated troponin (20.1% vs. 8.8%), elevated pro-B-type natri-
uretic peptide (46.7% vs. 25.4%), and echocardiographic RV enlarge-
ment (53.3% vs. 23.1%) and hypokinesis (48.2% vs. 18.4%) were 
more common in patients with abnormal ECG patterns (all P < 0.01). 
Intermediate high-risk (35.7% vs. 14.5%) and high-risk ESC classifica-
tions (12.6% vs. 4.2%) and intensive care unit admission (38.2% vs. 
22.2%) were also more common in patients with ECG abnormalities. 
In-hospital mortality (4.5% vs. 3.8%, P = 0.65) was similar between the 
two groups. The frequency of specific ECG patterns and PE-related clin-
ical parameters are shown in Table 1.

The current data demonstrate that one-third of patients with 
PE will have an abnormal ECG pattern and are more likely to have 
RV dysfunction, but the utility of ECG as a point-of-care surrogate 
for an individual patient remains limited. Nearly, 50% of patients 
with an abnormal ECG pattern did not have evidence of RV dysfunc-
tion on echocardiography. Furthermore, 51% of patients with RV 
enlargement and 48% of patients with RV hypokinesis had a normal 
ECG. This limitation is compounded when considering each pattern 
individually. S1Q3T3 has been classically associated with RV 
dysfunction in acute PE and was the most common pattern in this 
cohort. This finding was only seen in 20% and 22% of patients with 
RV enlargement and hypokinesis, respectively, and 37% of patients 
with S1Q3T3 had no echocardiographic evidence of RV dysfunction. 
Others have suggested that these uncommon ECG patterns are 
useful because they have high specificity and negative predictive 
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values for RV dysfunction and 30-day mortality.3 It is important to 
put these data in the context of the overall incidence of these 
ECG patterns and clinical outcomes in patients with acute PE. 
These findings do not obviate other methods of RV assessment, 
and patients with isolated RV strain on ECG but without dysfunction 
on computed tomography or transthoracic echocardiogram have a 
lower rate of adverse events than patients without RV strain on 
any modality.2 While a relationship between ECG findings and 
RV dysfunction or mortality has been born out of cohorts like 
ours, the association is not strong enough to have utility for 
the frontline clinician.2,3 While persistent RV strain on serial 
ECGs is a strong prognostic marker of 30-day mortality, the predict-
ive value from a single admission ECG is not strong enough to alter 
the initial diagnostic evaluation and management.5 The focus should 
remain on clinical and imaging features associated with adverse 
outcomes.
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Table 1 Baseline characteristics, frequency of ECG findings, and association with adverse clinical endpoints

Baseline characteristics (N = 676)

Age at PE diagnosis, mean (SD), years 62.4 (16.8)

BMI, mean (SD) 31.3 (8.7)

Female gender 357 (52.8%)
Race

White 363 (53.7%)

Black 277 (41.0%)
Other 36 (5.3%)

Heart rate

Mean (SD) 98.2 (21.9)
HR <60 19 (2.8%)

HR 60–99 328 (48.5%)

HR 100–109 138 (20.4%)
HR ≥110 191 (28.3%)

Heart rhythm

Sinus and HR <60 18 (2.7%)
Sinus and HR 60–99 308 (45.6%)

Sinus and HR ≥100 279 (41.3%)

Atrial flutter 12 (1.8%)
Atrial fibrillation 44 (6.5%)

Multifocal atrial tachycardia 3 (0.4%)

Other 12 (1.8%)

ECG finding HR >100 RV Enlargement* RV hypokinesis Mortality**

Any abnormal ECG finding 199 (29.4%) 138 (69.3%) 106 (53.3%) 96 (48.2%) 9 (4.5%)

S1Q3T3 70 (10.4%) 48 (68.6%) 44 (62.9%) 41 (58.6%) 1 (1.4%)

T-wave inversions V1–V4 66 (9.8%) 45 (68.2%) 45 (68.1%) 44 (66.7%) 3 (4.5%)
Atrial fibrillation or flutter 56 (8.3%) 42 (75.0%) 21 (37.5%) 17 (30.4%) 6 (10.7%)

ST-elevation aVR 35 (5.2%) 30 (85.7%) 19 (54.3%) 19 (54.3%) 3 (8.6%)

RBBB 31 (4.6%) 16 (51.6%) 15 (48.4%) 11 (35.5%) 1 (3.2%)
ST-depression V4–V6 22 (3.3%) 17 (77.3%) 7 (31.8%) 7 (31.8%) 1 (4.5%)

ST-elevation aVR and ST-depression V4–V6 13 (1.9%) 11 (84.6%) 6 (46.2%) 7 (53.8%) 1 (7.7%)

Incomplete RBBB 13 (1.9%) 9 (69.2%) 9 (69.2%) 9 (69.2%) 1 (7.7%)
ST-elevation aVR and V1 2 (0.3%) 2 (100.0%) 2 (100.0%) 2 (100.0%) 2 (100.0%)

*Basal diameter >4.1 cm. 
**In-hospital. 
BMI, body mass index; ECG, electrocardiogram; HR, heart rate; PE, pulmonary embolism; RBBB, right bundle branch block; RV, right ventricular; SD, standard deviation.
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