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ABSTRACT

Background: Electrocardiographic (ECG) signs of right ventricular strain could be
used as a simple tool to risk-stratify patients with acute pulmonary embolism.
Methods: We studied consecutive patients aged 265 years with acute pulmonary
embolism in a prospective multicenter cohort study. Two readers independently
analyzed 12 predefined ECG signs of right ventricular strain in all patients. The
outcome was the occurrence of an adverse clinical event, defined as death from any
cause within 90 days or a complicated in-hospital course. We determined the
interrater reliability for each ECG sign and examined the association between right
ventricular strain signs and adverse events using logistic regression, adjusting for the
Pulmonary Embolism Severity Index and cardiac troponin.

Results: Overall, 320/390 patients (82%) showed at least one ECG sign of right
ventricular strain. The interrater reliability for individual ECG signs was highly variable
(k 0.40-0.95). Patients with =1 of the three classic signs of right ventricular strain
(S1Q3T3, right bundle branch block, or T wave inversions in V1-V4) had a higher
incidence of adverse events than those without (13% vs. 6%; p=0.026). After
adjustment, the presence of 21 of the three classic signs of right ventricular strain
(OR 2.11, 95%-CI 1.00-4.46) and the number of right ventricular strain signs present
were significantly associated with adverse events (OR 1.35 per sign, 95%-CI 1.08-
1.69).

Conclusions: ECG signs of right ventricular strain are common in elderly patients
with acute pulmonary embolism. Although such signs may have prognostic value,
their variable reliability and the rather modest prognostic effect size may limit their

usefulness in the risk stratification of pulmonary embolism.



INTRODUCTION

The clinical presentation and prognosis of pulmonary embolism varies widely
from mild manifestations to cardiogenic shock and sudden death.* For this reason, an
early risk assessment is crucial for therapeutic management strategies.*

When a patient presents with symptoms or signs of pulmonary embolism, an
electrocardiogram (ECG) is one of the first tests performed in the emergency setting.
Multiple ECG findings have been associated with right ventricular dysfunction in the
context of pulmonary embolism, including right bundle branch block,** S1Q3T3,%*®
and T wave inversions.>> Right ventricular dysfunction is associated with an
increased clot burden® and is a significant prognostic factor in pulmonary embolism.”
® The presence of several of these ECG signs has been related to an increase in
short-term mortality and clinical deterioration among patients with pulmonary

2.3 1013 3nd retrospective studies.* ** As such, ECG might

embolism in prospective
serve as an easily available prognostic tool to help guide management of patients
with acute pulmonary embolism.

Although elderly patients have an increased risk for pulmonary embolism*>*’
and pulmonary embolism-related adverse outcomes’ compared to younger
individuals, the prognostic value of specific ECG findings has not been examined in
the elderly. Ischemic heart disease,® arterial hypertension,’® and pulmonary
diseases?® show an increased prevalence with age and are commonly associated
with ECG signs, including abnormal Q waves,? right axis deviation,”> T wave

% and right bundle branch block.>* Thus, ECG signs indicating right

inversions,?
ventricular strain may be less specific and prognostically less useful in the elderly

with acute pulmonary embolism. We therefore evaluated the prognostic value of ECG



signs in a multicenter prospective cohort of elderly patients with acute symptomatic

pulmonary embolism.



METHODS
Study design and cohort sample

This study was conducted as part of a prospective multicenter cohort to
evaluate long-term medical outcomes and quality of life in elderly patients with
objectively diagnosed, symptomatic acute venous thromboembolism in nine Swiss
university and non-university hospitals (09/2009-12/2013).”° Consecutive patients
aged =65 years with objectively diagnosed deep vein thrombosis or pulmonary
embolism were enrolled in the inpatient and outpatient services of participating study
sites. Exclusion criteria were the inability to provide informed consent (i.e., severe
dementia), conditions incompatible with follow up (i.e., terminal illness), insufficient
German or French speaking ability, catheter-related thrombosis, or previous
enrollment in the cohort. The study was approved by the Ethics Committee at each
participating center. The study methods have been described previously.?

For this analysis, we considered patients with objectively confirmed
symptomatic pulmonary embolism, who had an ECG performed within 24 hours
before or after the diagnosis of pulmonary embolism. We defined symptomatic
pulmonary embolism as a positive spiral computed tomography or pulmonary
angiography, a high-probability ventilation-perfusion scan, or a proximal deep vein
thrombosis confirmed by compression ultrasonography or contrast venography in

patients with acute chest pain, new/worsening dyspnea, hemoptysis, or syncope.?

Baseline data collection

At each study site trained study nurses prospectively collected baseline
demographic information (age and sex), data on comorbid conditions (active cancer,
chronic or acute heart failure, chronic lung disease), vital signs (heart rate, blood

pressure, respiratory rate, temperature, mental status), laboratory findings (high-
6



sensitive cardiac troponin T [hs-cTnT]), and the initial treatment (systemic or
catheter-based thrombolysis, thromboembolectomy) using standardized data
collection forms. Within the first days of enrolment, all patients underwent
transthoracic echocardiography according to a standardized protocol to determine
the presence of right ventricular dysfunction, defined as a right ventricular (RV)/left
ventricular (LV) end-diastolic diameter ratio >0.9 in the apical four chamber view in
echocardiography.?® Venous blood samples were collected at the time of pulmonary
embolism diagnosis. They were immediately centrifuged, frozen, and stored at -80°C.
Measurement of hs-cTnT plasma concentrations was done using
electrochemiluminescence methods on Cobas €601 analyzers (Elecsys”, Roche,
Rotkreuz, Switzerland) at a central laboratory. Elevated troponin was defined as a

plasma concentration of hs-cTnT >14 ng/L.*’

Electrocardiography

We obtained 12-lead ECGs that were performed within 24 hours before or after
the diagnosis of pulmonary embolism in all patients. If several ECGs were available,
we used the tracing that was temporally most closely related to the time of pulmonary
embolism diagnosis. Two trained readers who were unaware of patients’ baseline
and outcome data independently analyzed the ECGs. In case of disagreement, the
ECG was examined by a third independent reader.

The presence of the following 12 ECG signs was considered suggestive of right

4,12, 28

ventricular strain: tachycardia (heart rate >100/min), atrial fibrillation or flutter,?®

incomplete and complete right bundle branch block,* ** * clockwise rotation

12,28

(transition zone at V4 or further leftward), right axis deviation (QRS axis between

+90° and +180°),%® ?° S1Q3T3 sign (S wave in lead | >1.5mm, Q in lead IIl >1.5mm

3, 4, 29, 30

associated with negative T wave in lead IlI), Qr in V1 (presence of a
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prominent Q wave of 20.2mV and a ventricular depolarization <120ms),> ** T wave
inversions in V1 to V4,2* 2% 3% ST depression in V4 to V6 (20.05mV),** 2% 2° gT
elevation in V1, aVR or Il (21mV),** ** low voltage (QRS <5mm in the limb leads),**
and 23 leads with inverted T waves (discordant T waves in limb leads and negative T
waves in precordial leads).*® '* As our primary definition of right ventricular strain, we
used the presence of at least one of the following three classic signs: S1Q3T3,
complete or incomplete right bundle branch block, or T wave inversions in V1-v4.% %
We chose these signs because they are the most frequently used in clinical practice.?
Figure 1 demonstrates an ECG example with four signs of right ventricular strain

(S1Q3T3, Qrin V1, T wave inversions in V1-V4, and clockwise rotation) in a 72-year-

old patient with pulmonary embolism.

Study outcome

Our study outcome was the occurrence of an adverse event, defined as the
composite of death from any cause within 90 days or a complicated in-hospital
course (need for vasopressors, systemic or catheter-based thrombolysis,
thromboembolectomy, or cardiopulmonary resuscitation).* These adverse events
were assessed through hospital chart review or patient or proxy interviews.” A
committee of three blinded, independent clinical experts adjudicated all outcomes
and classified the cause of all deaths as definitely due to pulmonary embolism,
possibly due to pulmonary embolism, due to major bleeding, or due to other cause.®

Final classifications were made on the basis of the committee’s full consensus.?®

Statistical analysis
We determined the prevalence of each of the 12 predefined ECG signs and

the interrater reliability for each ECG sign using the unweighted kappa coefficient
8



(k).3* We classified interrater reliability based on the magnitude of the k coefficients
as follows: 0.0 to 0.19, poor; 0.20 to 0.39, fair; 0.40 to 0.59, moderate; 0.60 to 0.79,
substantial; and 0.80 to 1.0, almost perfect.*®* We compared baseline characteristics
and treatments between patients with and without right ventricular strain using the
chi-squared or Fisher’s exact test, or the non-parametric Wilcoxon rank-sum tests, as
appropriate.

We calculated the incidence of an adverse event and the Wilson 95%
confidence interval (Cl) by the number of ECG signs present (0, 1, 2, 3 or 24 signs)
and used Kaplan-Meier analysis to determine the cumulative 90-day incidence of an
adverse event based on the presence of right ventricular strain on ECG and right
ventricular dysfunction on echocardiography.

We used logistic regression to examine the association between right
ventricular strain and an adverse event, adjusting for the baseline Pulmonary
Embolism Severity Index (PESI) and elevated hs-cTnT values. We also explored the
association between the presence of at least one of the 12 predefined ECG signs,
the number of ECG signs present, and the occurrence of an adverse event in
secondary analyses.

We used multiple imputation by chained equations to impute missing values of
PESI items and hs-cTnT. The imputation models were based on all other variables as
well as an indicator variable for death, complicated in-hospital course, and hospital
site. Fifty imputed data sets were generated and analyzed as described, using
Rubin’s rules to combine results across data sets.® All analyses were made using

Stata 15 (Stata Corporation, College Station, Texas).



RESULTS
Study sample

Of the 1003 patients with venous thromboembolism enrolled in the
SWITCOG65+ cohort, 695 patients had a diagnosis of pulmonary embolism. Of these,
305 patients were excluded from analysis because they did not have an ECG
performed within 24 hours before or after diagnosis of pulmonary embolism (n=297),
did not allow the use of their data (n=7), or withdrew consent early (n=1). The final
study sample comprised 390 patients with acute pulmonary embolism. There were no
significant differences between analyzed and excluded patients concerning baseline

characteristics (data not shown).

Prevalence of ECG signs and interrater reliability

Overall, ECG of 320 (82%) of patients showed at least one of the 12
predefined ECG signs of right ventricular strain. Overall, 32% of patients had right
ventricular strain (S1Q3T3, complete or incomplete right bundle branch block, or T
wave inversions in V1-V4) based on our primary definition. The most common ECG
signs of right ventricular strain were inverted T waves in 23 leads (49%), clockwise
rotation (46%), and tachycardia (26%). S1Q3T3 and right bundle branch block was
each present in 15% of patients and T wave inversions in V1-V4 in 13% (Table 1).
The K coefficients for individual ECG signs varied widely from 0.40 for ST depression
to 0.95 for tachycardia (Table 1). The interrater reliability was substantial for S1Q3T3
(k 0.67) and right bundle branch block (k 0.68) and almost perfect for T wave

inversions in V1-V4 (k 0.92).

Baseline characteristics
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The baseline patient characteristics stratified by right ventricular strain are
shown in Table 2. Overall, the median age was 74 years and 54% of patients were
men. Patients with right ventricular strain based on our primary definition were
significantly more likely to have a respiratory rate 230/min (8% vs 2%, p=0.008) and

right ventricular dysfunction on echocardiography (34% vs 21%, p=0.003).

Association between RVS and an adverse event

Death from any cause within 90 days or a complicated in-hospital course
occurred in 32 patients (8%) (Table 3). Patients with right ventricular strain had a
significantly higher incidence of an adverse event than those without (13% vs 6%,
p=0.026), primarily due to a higher incidence of a complicated in-hospital course
(11% vs 3%, p=0.001). Patients with or without right ventricular strain did not differ in
terms of all-cause mortality (3% vs 4%, p=1.000), pulmonary embolism-related
mortality (2% vs 1%, p=0.334), and bleeding-related mortality (0% vs 0.4%, p=1.000)
at 90 days (Table 3).

With increasing numbers of right ventricular strain signs on ECG, there was a
significant trend towards an increase in the incidence of death within 90 days or
complicated in-hospital course (Figure 2; p for trend <0.001). The cumulative
incidence of death within 90 days or a complicated in-hospital course was lowest in
the group of patients with neither right ventricular strain nor right ventricular
dysfunction (5%), while it was highest in the group with both right ventricular strain
and right ventricular dysfunction (18%) (Figure 3).

In unadjusted analyses, the presence of right ventricular strain (odds ratio [OR]
2.25, 95%-Cl 1.09-4.67) and the number of right ventricular strain signs present (OR
1.45 per sign, 95%-Cl 1.17-1.79) were statistically significantly associated with the

composite of death within 90 days or complicated in-hospital course (Table 4). After
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adjustment for the PESI and hs-cTnT, both the presence of right ventricular strain
(OR 2.11, 95%-CI 1.00-4.46) and the number of right ventricular strain signs present
remained statistically significantly associated with adverse events (OR 1.35 per sign,
95%-Cl 1.08-1.69). The presence of at least one of the 12 predefined ECG signs was

not predictive of adverse outcomes.

12



DISCUSSION

Our study demonstrates that electrocardiographic signs of right ventricular
strain are common in the elderly with acute pulmonary embolism but that the
reliability of these signs is highly variable (k 0.40-0.95). Patients who had at least one
of three classic signs of right ventricular strain, i.e., S1Q3T3, right bundle branch
block, or T wave inversions in V1-V4, were more likely to have echocardiographic
right ventricular dysfunction than patients without right ventricular strain and had a
higher risk of a complicated in-hospital course. When adjusted for the PESI and hs-
cTnT, the presence of at least one of the three classic ECG signs of right ventricular
strain doubled the odds of an adverse event.

The majority of patients (82%) presented at least one of the 12 prespecified
signs and about one third had at least one of the three classic ECG signs of right
ventricular strain in our study. As studies on the prognostic value of ECG in
pulmonary embolism vary widely in terms of patient selection criteria (e.g., exclusion
of patients with non-major pulmonary embolism,** massive pulmonary embolism,® **

% or cardiorespiratory diseases® ** %

) and the number/type of ECG signs examined,
the prevalence of ECG signs of right ventricular strain is difficult to compare across
studies.

Patients with right ventricular strain were significantly more likely to have a
RV/LV diameter ratio >0.9 on echocardiography. This is not astonishing as both ECG
signs of right ventricular strain® * and an elevated RV/LV diameter ratio®’ measure
right ventricular dysfunction. The relationship between ECG signs indicating right
ventricular strain, echocardiographic right ventricular dysfunction, and pulmonary

artery pressure is well known.> * 3 38 |n contrast to prior studies enrolling healthier

and hemodynamically stable patients with pulmonary embolism,* 3 the prevalence of

13



myocardial injury (i.e., elevated hs-TnT) did not differ among patients with and
without right ventricular strain in our sample of elderly patients.

We found a significant trend towards a higher incidence of adverse events with
increasing numbers of right ventricular strain signs present. Patients with classic
ECG signs of right ventricular strain (S1Q3T3, right bundle branch block, or T wave
inversions in V1-V4), especially those with concomitant echocardiographic right
ventricular dysfunction, had also a higher incidence of adverse events compared to
those without the relevant ECG signs. Importantly, patients with or without right
ventricular strain did not differ in terms of overall or pulmonary embolism-related
mortality, the increased incidence of adverse events in patients with right ventricular
strain was driven by the greater risk of a complicated in-hospital course. After
adjustment for the PESI and hs-cTnT, both the dichotomized, simpler definition of
right ventricular strain (presence of any of the three classic signs of right ventricular
strain) and the number of ECG signs present was significantly associated with
adverse events. This finding is consistent with the results of prior studies that found a
significant correlation between the number of ECG signs of right ventricular strain
and pulmonary artery pressure in patients with pulmonary embolism.*® *° In a
prospective study of 386 younger, healthier, hemodynamically stable patients with
pulmonary embolism, the presence of any of the three classic signs of right
ventricular strain was significantly associated with clinical deterioration or in-hospital
death (hazard ratio 2.6).> Among the 12 ECG signs of right ventricular strain
examined in our study, the three classic ECG signs of right ventricular strain appear
to be prognostically the most useful, given their relatively good reproducibility and
independent association with adverse events.

The results of studies on the prognostic value of ECG in pulmonary embolism

are highly inconsistent due to differences in patient selection (severe vs.
14



hemodynamically stable pulmonary embolism), the number and types of ECG signs
examined, and the outcomes used (overall/pulmonary embolism-specific mortality,
complicated in-hospital course, and/or escalation of therapy). Several studies found

% number of

that individual ECG signs, including tachycardia,'® atrial arrhythmias,*
leads with negative T waves,'® * ST elevation in V1 or avVR,* right bundle branch
block,** and Qr in V1% ' were associated with adverse outcome, but others did not.**
While two studies showed that the presence of at least one out of several
prespecified ECG signs of right ventricular strain independently predicted adverse

11 others did not confirm

outcomes in patients with acute pulmonary embolism,*
these findings.” '° A complex 21-item ECG score correlated well with clot burden and
hemodynamic parameters in patients with pulmonary embolism, but its ability to
predict clinical outcomes was less impressive.* 3> 3 4% 41 Two studies demonstrated
that ECG signs of right ventricular strain were particularly or exclusively
prognostically useful in patients who had concomitant right ventricular dysfunction
based on other imaging modalities, such as echocardiography or computed
tomography.® *° Overall, the lack of consistent evidence regarding their prognostic
value and the variable interrater reliability limit the prognostic usefulness of many
ECG signs in patients with acute pulmonary embolism.

Although our study is based on a sample of elderly patients with a broad
disease severity spectrum, prospectively collected data, and a blinded ECG reading
and adjudication process, our work has potential limitations. First, we excluded 44%
of patients from our analysis, mostly, because ECG was not done within 24 hours of
pulmonary embolism diagnosis. However, as excluded and analyzed patients did not
differ in terms of baseline characteristics, the risk of a selection bias is low. Second,

the managing physicians were aware of the ECG results, which might have

influenced treatment choice, such as the administration of thrombolysis** and patient
15



outcomes. Finally, we did not have antecedent or follow-up ECG tracings of our study
patients. Therefore, we do not know if ECG signs of right ventricular strain were
preexisting or if they resolved after treatment.

In conclusion, ECG signs of right ventricular strain are common in elderly
patients with pulmonary embolism and the presence of any of the three classic ECG
signs of right ventricular strain as well as the number of ECG signs present are
associated with adverse events. Overall, the three classic ECG signs of right
ventricular strain appear to be prognostically the most useful. Although ECG is
inexpensive and readily available at the time of pulmonary embolism diagnosis, the
variable interrater reliability of many individual ECGs signs and their rather modest
prognostic effect size may limit the value of many ECG signs in the risk stratification
for pulmonary embolism, at least as a stand-alone test. Whether combinations of
ECG signs of right ventricular strain with cardiac biomarkers or imaging modalities

are prognostically useful should be further examined.
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Figure Legends

Figure 1.

Electrocardiogram showing four signs of right ventricular strain (i.e., S1Q3T3, Qr in
V1, T wave inversions in V1-V4, clockwise rotation) in a 72-year-old patient

diagnosed with pulmonary embolism.

Figure 2.

The bars represent the incidence of all-cause death within 90 days or a complicated
in-hospital course by the number of electrocardiography (ECG) signs present (0, 1, 2,
3, and >4), the whiskers indicate the 95% Wilson confidence interval. The incidence
of all-cause death within 90 days or a complicated in-hospital course was 5.7% for
the presence of 0 ECG signs, 2.1% for 1 ECG sign, 6.7% for 2 ECG signs, 10.3% for

3 ECG signs, and 18.6% for >4 ECG signs (p-value for trend =0.001).

Abbreviation: RVS= right ventricular strain

Figure 3.

Kaplan-Meier curves showing the cumulative incidence of all-cause death at 90 days
or a complicated in-hospital course by right ventricular strain on electrocardiography
and echocardiographic right ventricular dysfunction. The cumulative incidence of all-
cause death within 90 days or a complicated in-hospital course was 5.1% for the
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presence of neither right ventricular strain nor right ventricular dysfunction, 8.9% for
right ventricular strain but no right ventricular dysfunction, 8.7% for no right
ventricular strain but right ventricular dysfunction, and 18.2% for right ventricular

strain and right ventricular dysfunction (p=0.047).

Abbreviations: RVS= right ventricular strain, RVD= right ventricular dysfunction
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Prognostic value of electrocardiography in elderly patients with acute

pulmonary embolism

Clinical Significance

Word count: 58

e Electrocardiographic signs of right ventricular strain are common in elderly
patients with acute pulmonary embolism

e The number of electrocardiographic signs of right ventricular strain present is
associated with adverse events.

e The variable interrater reliability of individual electrocardiographic signs and
their modest prognostic effect size, however, limits their usefulness in the risk

stratification for pulmonary embolism in older patients.
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Table 1. Prevalence and interrater reliability of ECG signs in 390 patients

ECG sign Prevalence Unweighted k coefficient
n (%)
Tachycardia 101 (26) 0.95
Atrial fibrillation or flutter 31 (8) 0.80
RBBB (complete or incomplete) 60 (15) 0.68
Clockwise rotation 179 (46) 0.71
Right axis deviation 12 (3) 0.83
S1Q3T3 57 (15) 0.67
QrinVi 22 (6) 0.54
T wave inversions in V1-V4 52 (13) 0.92
ST depression 25 (6) 0.40
ST elevation 58 (15) 0.56
Low voltage 18 (5) 0.68
23 leads with inverted T waves 191 (49) 0.58

Abbreviations: ECG= electrocardiography, RBBB= right bundle branch block.
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Table 2. Baseline patient characteristics by presence of right ventricular strain

Characteristic All* RVSt No RVS p-
(n=390) (n=126) (n=264) value
n (%) or median (interquartile range)
Age, years 74.0 74 74 0.89
(69.0; 81.0) (69.0;81.3) (69.0; 80.0)
Male sex 209 (54) 68 (54) 141 (53) 0.92
Active cancert 58 (15) 13 (10) 45 (17) 0.08
Acute or chronic heart failure§ 46 (12) 14 (11) 32 (12) 0.77
Chronic lung diseasef 50 (13) 21 (17) 29 (11) 0.12
Heart rate 2110 beats/min. 52 (13) 11 (9) 41 (16) 0.07
Systolic BP <100 mm Hg 14 (4) 6 (5) 8 (3) 0.39
Respiratory rate 230/min. 15 (4) 10 (8) 5(2) 0.008
Temperature <36°C 23 (6) 11 (9) 12 (5) 0.10
Altered mental status** 15 (4) 7 (6) 8 (3) 0.26
Arterial oxygen saturation <90% 58 (15) 21 (17) 37 (14) 0.46
PESI, points 95.0 95.5 94 0.57
(80.0; 113.0) (79.0; 115.0) (80.0; 111.0)
Elevated hs-cTnTtt 180 (46) 64 (51) 116 (44) 0.20
Echocardiographic RVD1} 98 (25) 43 (34) 55 (21) 0.003

Abbreviations: RVS= right ventricular strain, BP= blood pressure, PESI= Pulmonary Embolism
Severity Index, hs-cTnT= high-sensitive cardiac troponin T, RVD= right ventricular dysfunction.

* Data on respiratory rate was missing in 18% of patients, temperature in 1%, arterial oxygen
saturation in 4%, hs-cTnT in 12%, and right ventricular dysfunction in 18%.

1Defined as the presence of at least one of the following ECG signs: S1Q3T3, (in)complete RBBB, or
T wave inversions in V1-V4.

FSolid or hematologic cancer requiring chemotherapy, radiotherapy, surgery, or palliative care during
the last 3 months.

8Heart failure, mechanical heart valve, or coronary heart disease.

fKnown chronic lung disease, such as chronic obstructive pulmonary disease, active asthma, lung
fibrosis, cystic fibrosis, or bronchiectasis.

**Confusion, disorientation, or somnolence.

TtDefined as a plasma concentration of >14 ng/L

FtRight ventricular/left ventricular end-diastolic diameter ratio >0.9 in the apical four chamber view on

echocardiography.
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Table 3. Adverse outcome by presence of right ventricular strain

Outcome All RVS* No RVS p-value
(n=390) (n=126) (n=264)
n (%)

All-cause death within 90 days or 32 (8) 16 (13) 16 (6) 0.026

complicated in-hospital course

All-cause death within 90 days 14 (4) 4 (3) 10 (4) 1.00
PE-related death 5(1) 3(2) 2 (1) 0.33
Bleeding-related death 1(0) 0 (0) 1(0) 1.00

Complicated in-hospital course 21 (5) 14 (11) 7 (3) 0.001
Need for vasopressors 7 (2) 4 (3) 3(1) 0.22
Thrombolysist 15 (4) 11 (9) 4 (2) 0.001
Thromboembolectomy 1(0) 0 (0) 1(0) 1.00
Cardiopulmonary resuscitation 4 (1) 3(2) 1 (0) 0.10

Abbreviations: RVS= right ventricular strain, PE= pulmonary embolism, RBBB= right bundle branch
block.

*Defined as the presence of at least one of the following ECG signs: S1Q3T3, RBBB, or T wave
inversions in V1-V4.

TSystemic or catheter-based.
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Table 4. Association between right ventricular strain and adverse outcome

Predictor Unadjusted OR Adjusted OR*
(95%-Cl) (95%-Cl)
RVSt 2.25 2.11
(1.09 - 4.67) (1.00 - 4.46)
Any ECG sign presentt 1.58 1.17
(0.54 - 4.66) (0.38 - 3.60)
Number of ECG signs, per sign§ 1.45 1.35
(1.17 - 1.79) (1.08 - 1.69)

Abbreviations: OR= odds ratio, Cl= confidence interval, RVS= right ventricular strain, ECG=
electrocardiography, RBBB= right bundle branch block, hs-cTnT= high-sensitive cardiac troponin T.
*Adjusted for the Pulmonary Embolism Severity Index and elevated hs-cTnT.

tPresence of at least one of the following ECG signs: S1Q3T3, RBBB, or T wave inversions in V1-V4,
IPresence of at least one of the 12 predefined ECG signs.

8Number of the 12 predefined ECG signs present.
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