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ABSTRACT 

Objective: To determine the frequency of electrocardiographic changes in right heart strain RHS due to acute 
pulmonary embolism PE and its effect on mortality. 
Study Design: Prospective cross-sectional study. 
Place and Duration of Study: AFIC/NIHD Rawalpindi, from Dec 2015 to Jan 2018. 
Material and Methods: 70 patients with acute pulmonary embolism were enrolled in this study. The primary 
outcome was right heart strain (RHS) on echocardiogram. The secondary outcome was mortality.  
Results: Mean age was 50.16 ± 18.754 and male were 51 (72.9%). Thirty eight (54.28%) had right heart strain      
RHS on echocardiography. Mortality was 14 (20%). Provocating factors were identified in 34 (48.6%). Major 
contributing factors were high altitude in 11 (15.7%) and postoperative and malignancy cases in 7 (10%) each. 
ECG changes with significant association with RHS included: Tachycadia in 13 (34%) (p-value 0.013), S wave in 
lead I in 12 (31.57%) (p-value 0.039), T wave inversion TWI in lead VI and lead V2 in 10 (26.31%) and TWI in lead 
VI to V3 in 8 (21.05%) (p-value 0.03). ECG changes with significant association with mortality included-
Tachycardia ≥100 bpmin 7 (50%) (p-value 0.012), SIQ3T3 in 5 (35.71%) (p-value 0.022), S wave in lead I in 8 
(57.14%) (p-value 0.001), TWI in leads V1 through V2 in 5 (35.71%) (p-value 0.054) and TWI in leads V1 through 
V3 in 5 (35.71%) (p-value 0.013). 
Conclusions: ECG can identify patients with RHS in acute PE and this in turn helps in identifying   patients 
vulnerable to adverse clinical events. 

Keywords: Pulmonary embolism, Right heart strain, Thrombolysis. 

 

INTRODUCTION 

Acute pulmonary embolism (PE) is a  serious 
complication of venous thromboembolism (VTE) 
with an annual incidence of 100 ± 200 per 100,000 
persons1. Depending upon the thrombotic burden 
it can have In-hospital mortality as high as 59%2. 
Four year adverse event rate of 50%3 and a 5 year 
mortality rate of up to 32%4 speaks of the high 
long term morbidity and mortality despite 
treatment5. 

PE can be classified as massive, sub-massive, 
or non-massive based on the hemodynamic. 

Status and right ventricular (RV) function of 

the patient. Massive PE is characterized by 
systemic hypotension or cardiogenic shock, 
submassive PE is characterized by RV 
dysfunction without hypotension, and non-
massive PE has neither systemic hypotension nor 
RV dysfunction6.  

In-hospital mortality varies with severity as 
high as 25-50% with massive PE, 3-15% with sub-
massive and 5% or less with non-massive PE7 
Sub-massive PE can have mortality approaching 
massive PE with attendant difficult risk 
assessment8. 

While there is a consensus that in patients 
with massive PE should receive either systemic 
thrombolysis, catheter directed interventions, or 
surgery6. The management of patients with sub-
massive PE remains controversial, the risk-benefit 
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ratio of thrombolytic or invasive therapies versus 
bleeding is unclear8.  

Patients with PE are risk stratified so as to 
estimate the probability of circulatory shock and 
30-day all-cause mortality6. Patients with low risk 
PE might be considered for immediate treatment 
at home9,10. Fibrinolytic therapy is recommended 
for patients with PE and RV failure as they may 
have hemodynamic collapse6. Risk stratification 
includes clinical scoring systems, biomarkers 
(troponins I and T, brain natriuretic peptides), RV 
strain on echocardiography11-13 and  RV dilatation 
on computed tomography (CT) scanning14,15.  

Right heart strain (RHS) is suggested by 
certain ECG findings and this helps in prioriting 
care in high risk patients16-19. Several ECG 
components (particularly heart rate, inverted T 
waves in leads V2 and V3, and ST elevation in 
aVR) have ORs higher than echocardiographic/ 
CT scanning/biomarker  findings of RV strain6,20. 
Echocardiography is not  available during the 
whole day in many hospitals21 which makes ECG 
a useful risk stratifying tool. 

The purpose of this study is to ascertain      
the frequency of electrocardiographic changes 
with RHS and its association withmortality, so   
as to recommend ECG as a risk marker of RHS 
and identifying patients in need of thrombolytic 
therapy in centers where echocardiographic 
facility is unavailable. 

MATERIAL AND METHODS 

This is a prospective cross-sectional study 
carried out at AFIC/NIHD Rawalpindi from 
December 2015 to January 2018. Institutional 
ethical review board approval was obtained. 
Verbal consent was obtained from patients. Data 
collection tool was developed to measure demo-
graphics, response to treatment and outcome. 
Doppler ultrasound of lower limbs was carried 
out for DVT. Diagnosis of Pulmonary Embolism 
was based on CTPA showing filling defect. 

12-lead electrocardiogram was obtained on 
arrival at ER and was used as the primary 
predictor. The ECG was assessed for heart rate 

(HR), rhythm, S wave in lead I,SIQIIITIII pattern, 
Q wave /T wave inversion in lead III, incomplete 
or complete right bundle branch block (RBBB), 
ST-segment elevations/depressions, and T-wave 
inversions (TWI).  

Primary outcome was right heart strain on 
echocardiography. Echocardiography was carried 
out within 24 hours. RHS was based on RV 
dilatation, hypokinesis, Mc Connel Sign, Peak 
pulmonary artery pressure and Trans annular 
peak systolic excursion TAPSE. TAPSE was 
determined by the longitudinal motion of 
annulus at peak systole with the M-mode cursor 
at the lateral tricuspid annulus. 

Secondary outcome was death as the only 
adverse clinical event, assessed during the period 
of hospitalization. 

Statistical analysis was carried out on       
IBM SPSS version 23. Categorical data was 
presented as percentages and frequency whereas 
descriptive statistics were expressed as mean    
and standard deviation for quantitative analyses. 
Chi square test was applied to analyze the data. 
A p-value of ≤0.05 was considered statistically 
significant. 

RESULTS 

Between December 2015 and January 2018, 
70 patients with pulmonary embolism were 
enrolled. Table-I shows basic characteriatics of 
the enrolled patients. Mean age was 50.16 ± 18.75. 
Male were 51 (72.9%). An Emergency deptt ECG 
was available for review in all 70 (100%) patients. 
CTPA confirmed acute PE in 70 (100%). Doppler 
study was carried out in all patients and revealed 
DVT in 29 (42%). Echocardiography was carried 
out in all patients and revealed Right heart strain 
RHS in 38 (54.28%). Mortality was 14 (20%). 
Provocating factors were identified in 34 (48.6%). 
Major contributing factors were high altitude in 
11 (15.7%) and postoperative and malignancy 
cases in 7 (10%) each.  

ECG changes with significant association 
with RHS included; Tachycadia in 13 (34%)         
(p-value 0.013), Swave in lead I in 12 (31.57%)     
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(p-value 0.039), T wave inversion TWI in lead VI 
and lead V2 in 10 (26.31%) and TWI in lead VI to 
V3 in 8 (21.05%) (p-value 0.03). 

ECG changes with significant association 
with mortality included-Tachycardia ≥100 bpmin 
7 (50%) (p-value 0.012), SIQ3T3 in 5 (35.71%)      
(p-value 0.022), S wave in lead I in 8 (57.14%)      
(p-value 0.001), TWI in leads V1 through V2 in 5 

(35.71%) (p-value 0.054) and TWI in leads V1 
through V3 in 5 (35.71%) (p-value 0.013). 

DISCUSSION 

In a patient with symptoms suggestive of 
pulmonary embolism ECG is usually the first 
investigation to be carried out. Its role is 
primarily to exclude other conditions like acute 
myocardial infarction. However with certain 
findings it provides clue to the possibility of 

pulmonary embolism. Recently its role has been 
enhanced as a tool for detection of right heart 
strain. This is particularly important from the fact 
that echocardiography is not available in all the 
centers. 

The right ventricular (RV) strain and severe 
pulmonary hypertension after PE is corroborated 
by certain ECG findings21. Daniel et al in 2001 

developed a scoring system that predicted 
increased pulmonary arterial pressure16. It was 
based on scores as in parenthesis: sinus 
tachycardia (2); incomplete right bundle branch 
block (2); complete right bundle branch block (3); 
T-wave inversion, graded by magnitude (V1 [0 to 
2], V2 [1 to 3], V3 [1 to 3], V1 through V4 all 
inverted 2 mm [4]); S1Q3T3 complex components 
(S wave in lead I [0], Q wave in lead III [1], 
inverted T wave in lead III [1], and the entire 

Table-I: Baseline characteristics of enrolled patients no (70). 
Characteristic n (%) or ± SD 

Mean age (years) 50.16 ± 18.754 
Male 51(72.9%) 

Symptom 
Dyspnoe 62 (88.57%) 
Haemoptysis 10 (14.28%) 
Chest discomfort 20 (28.57%) 
Syncope 2 (2.8%) 
Comorbidity 
Hypertension 7 (10%) 
Diabetes mellitus 1 (1.4%) 
Chronic kidney disease 17 (24.63%) 
Smoker 1 (1.4%) 
Hypothroidism 1 (1.4%) 
Cerebrovascular accident 2 (2.9%) 
Past history pulmonary embolism 3 (4.3%) 

Past history ischaemic heart disease 3 (4.3%) 
Table-II: Provocating factors. 
Characteristic No (%) 
Provoked  34 (48.6%) 
High altitude  11 (15.7%) 
Fracture  7 (10%) 
Postoperative  7 (10%) 
Bedridden  5 (7.1%) 
Long travel  1 (1.4%) 
Steroid intake   1 (1.4%) 
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S1Q3T3 complex [2]). The maximum score was   
21 points. At a cutoff point of ≥ 10 points, it was 
97.7% specific and 23.5% sensitive  for the 
detection of PE with severe pulmonary hyper-
tension, and 52% of patients had fatal PE16. A 
systematic review and meta-analysis of 3,007 
patients  by Shopp et al found six ECG findings 
(heart rate, S1Q3T3, cRBBB, inverted T waves in 
V1–V4, ST elevation in aVR, and atrial 
fibrillation) which predict hemodynamic collapse 

and death within 30 days after acute PE22. In 
another study by Hariharan et al in 2015, 3 ECG 
characteristics were independently associated 
with RHS. This was the basis of a ten point score 
as in parenthesis: TWI in leads V1 through V3 (5 
points), S wave in lead I (2 points), and sinus 
tachycardia (3 points). 85% of acute PE patients 
could be effectively stratified using this score. A 
TwiST ECG score ≤2 points excludes RHS with 
85% sensitivity, and a score of ≥5 points has  93% 
specificity for RHS in  acute PE. A Twist score (≤2 

points) makes RHS unlikely, which further limits 
further tests23. TWI in leads V1 through V3) has 
the strongest association with RHS21. 

In our study ECG changes with significant 
association with RHS included as shown in    
table-II; Tachycadia in 13 (34%) (p-value 0.013), S-
wave in lead I in 12 (31.57%) (p-value 0.039), T 
wave inversion TWI in lead VI and lead V2 in 10 
(26.31%) and TWI in lead VI to V3 in 8 (21.05%) 
(p-value 0.03). Mortality was significantly 

associated with ECG changes that included-
Tachycardia ≥100 bpmin in 7 (50%) (p-value 
0.012), SIQ3T3 in 5 (35.71%) (p-value 0.022), S 
wave in lead I in 8 (57.14%) (p-value0.001), TWI 
in leads V1 through V2 in 5 (35.71%) (p-value 
0.054) and TWI in leads V1 through V3 in 5 
(35.71%) (p-value 0.013) as shown in table-III.   
Our findings are corroborated by a systematic 
review and meta-analysis by Qaddoura et al, in 
which ECG signs that were good predictors of a 
negative outcome for in-hospital mortality 

Table-II: ECG changes in Pulmonary embolism with and without RHS. 

Characteristic 
RHS present 38 

(54.28%) 
RHS absent 32 

(45.72%) 
p-value 

Sinus tachycardia 13 (34%) 3 (9.3%) 0.013 
S wave lead 1 12 (31.57%) 3 (9.3%) 0.039 
Q wave lead III 7 (18.42%) 4 (12.5%) NS 
T wave lead III 11 (28.94%) 7 (21.87%) NS 
S1QIIITIII  pattern 7 (18.42%) 3 (9.3%) NS 
TWIV1-V2  10 (26.31%) 2 (6.25%) 0.031 
TWI V1-V3 8 (21.05%) 1(3.12%) 0.033 
Partial RBBB 4 (10.52%) 1 (3.12%) NS 
Complete RBBB 4 (10.52%) 1 (3.12%) NS 
Non sinus rhythm 3 (8.5%) 0 (0%) NS 
ECG, Electrocardiogram; RHS, Right heart strain; TWI,T wave inversion;RBBB, Right bundle branch  block. 

Table-III: ECG changes in acute PE and association with mortality. 

ECG Characteristics Death14 (%) Alive 56 (%) p-value 

Tachycardia ≥100 bpm 7 (50%) 9 (16.07%) 0.012 
SIQ3T3 5 (35.71%) 5 (8.92%) 0.022 
S wave in lead I 8 (57.14%) 7 (12.5%) 0.001 
TWI in leads V1 through V2 5 (35.71%) 7 (12.5%) 0.054 
TWI in leads V1 through V3 5 (35.71%) 4 (7.14%) 0.013 
Complete RBBB 2 (14.2%) 3 (5.35%) 0.260 
Incomplete RBBB 2 (14.2%) 3 (5.35%) 0.260 
ECG: Electrocardiogram, PE: Pulmonary embolism 
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included S1Q3T3 (OR: 3.38, 95% CI: 2.46-4.66, 
p<0.001), complete right bundle branch block 
(OR: 3.90, 95% CI: 2.46-6.20, p<0.001), T-wave 
inversion (OR: 1.62, 95% CI: 1.19-2.21, p=0.002), 
right axis deviation (OR: 3.24, 95% CI: 1.86-5.64, 
p<0.001), and atrial fibrillation (OR: 1.96, 95% CI: 
1.45-2.67, p<0.001)18. 

Our study has provided simple ECG 
findings that suggest RHS and help in risk 
stratifying significant number of patient with 
pulmonary embolism who are at risk of adverse 
clinical event. This is important for centers 
without echocardiography facility.  

CONCLUSION 

ECG is a simple easily available investigation 
which not only rules out other conditions         
like acute myocardial infarction but also helps     
in risk stratifying patients with PE, which makes 
it a useful investigative tool in centers without 
echocardiography facility. This can help in 
decision making in intermediate risk patients for 
consideration of thrombolytic therapy as well as 
for decision making for home treatment. 
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