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Abstract: Background: Cor pulmonale is one of the leading causes of heart failure. Speckle tracking echocardiography is a 
potential modality for evaluation of systolic and diastolic functions, myocardial mechanics and other cardiac 
pathophysiological processes. Objective: This study aims to assess the right ventricular (RV) function in patients with cor 
pulmonale using Strain Imaging and conventional echocardiography. Methods: Fifty patients with cor pulmonale compared to 
twenty age and sex matched controls selected for echocardiographic examination for assessment of RV indices; Pulmonary 
Artery Systolic Pressure (PASP), Tricuspid Annular systolic Excursion (TAPSE), Fractional Area Change (FAC), Tissue 
Doppler Imaging (TDI), Strain and Strain rate of RV free wall in addition to conventional left ventricular data. Results: TAPSE 
(1.4±0.16 vs 2.3±0.31 cm), RV FAC (30.5±4.3% vs 47.2±4.5%), PASP (60.98±15.6 vs 18.9±5.41 mmHg) and Systolic 
velocity of tricuspid annulus S' (8.9±1.4 vs 13.4±1.9 cm/sec) were significantly impaired in patients vs controls respectively 
with p<0.001 for all. Also, The global RV free wall peak systolic longitudinal strain (ε sys) for patients was 16.9±3.4% vs 
25.2±2.9%, The RV free wall systolic strain rate (S-1 s) was 0.98±0.18 vs 1.7±0.18, RV free wall early diastolic strain rate (S-1 
e) was 1.2±0.25 vs 1.92±0.28 and RV free wall late diastolic strain rate (S-1 a) was 1.11±0.27 vs 1.8±0.21 with (p<0.001 for 
all). The RV free wall systolic Longitudinal Strain (ε sys) was negatively correlated with PASP (r=-0.950, p<0.001) and 
positively correlated with TAPSE, RV FAC and Systolic velocity of tricuspid annulus S' (r=0.635, r=0.919, r=0.890 
respectively with p<0.001 for all). Conclusion: Strain and Strain Rate are reliable tools to assess systolic and diastolic 
functions of the RV in patients with cor pulmonale even at early disease stages and correlate well with other conventional echo 
parameters for RV assessment. 
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1. Introduction 

Cor pulmonale is simply defined as “right ventricular 
hypertrophy, dilation, or both caused by primary pulmonary 
disorders [1].” Approximately 15% to 20% of all heart failure 
patients and 7% to 10% of all heart disease are caused by cor 
pulmonale [2]. Smoking men between the ages of 50 and 60 
are more commonly affected [3], COPD is far away the most 
common etiology of chronic Cor pulmonale in the developed 
countries [2]. 

RV assessment is challenging due to multiple factors 

including: The complex geometry, heavy myocardial 
trabeculations and the retrosternal location of the RV, which 
can interfere echocardiographic imaging windows [4]. 
Cardiac MRI is believed to be the standard accurate tool in 
the assessment of RV structure and function with 90% 
sensitivity and 85% specificity [5] but when come to clinical 
application, echocardiography is the mainstay of assessment 
of RV structure and function because it provide the 
advantages of versatility and availability over other 
modalities [6]. Speckle tracking is a hopeful imaging 
modality as it enables calculation of myocardial velocities 
and deformation parameters such as strain and strain rate 
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offline, thus, providing valuable information about 
myocardial mechanics, systolic and diastolic functions, 
ischemia and many other pathophysiological aspects of the 
heart [7]. 

2. Patients and Methods 

This cross-sectional, observational study was done at 
cardiology department of Menoufiya University Hospital. 
The study was carried out on Seventy (70) volunteers who 
were divided into two groups: 

Group I: Fifty (50) patients with Cor pulmonale diagnosed 
clinically in addition specific echocardiographic features. 

Group II: Twenty (20) age and sex matched subjects as a 
control group. 

Transthoracic echocardiographic examination was done 
with a simultaneous ECG signaling. The following 
parameters were evaluated: 

Conventional LV parameters; including: Aortic (AO) and 
left atrial diameters (LA), IVS and LV posterior wall 
thickness (LVPW), Left ventricular diameter at diastole 
(LVEED) and at systole (LVESD), LV systolic function 
(LVEF%), Mitral inflow velocity at early diastole (E) and at 
late diastole (A) and subsequent calculation of E/A ratio. 

Right Ventricular Parameters; including: Quantitative 
assessment of the basal RV End Diastolic Dimension 
(RVEDD), right ventricular Fractional Area Change (FAC), 
Tricuspid annular plane systolic excursion (TAPSE), 
Assessment of PASP by calculating the maximum velocity of 
the tricuspid regurgitation jet using Bernolli equation: 
[RVSP=4 (Velocity)² + RA pressure] [8], Tricuspid inflow 
velocity at early diastole (E) and at late diastole (A) and 
subsequent calculation of E/A ratio [9]. 

Tissue Doppler Imaging: Tricuspid annulus longitudinal 

velocity of excursion (S'), Early and Late diastolic velocity of 
the tricuspid annulus (E', A'), E/E' is calculated. 

Speckle Tracking Echocardiography: Assessment of global 
and segmental peak systolic longitudinal Strain (ε sys) of RV 
free wall. Assessment of average value of the peak systolic 
Strain rate (S-1 s), peak early diastolic Strain Rate (S-1 e), and 
peak late diastolic Strain rate (S-1 a) at each segment (basal, 
mid and apical) of the RV free wall were measured. 

In this study, all variables represent the mean value of 
measurements calculated in 3 successive cardiac cycles. 

3. Statistical Analysis 

Using SPSS statistical package version 23, data from the 
patients and controls were collected and subjected to 
statistical analysis. Tables and graphs were used to show the 
various observations, together with an explanation of the 
most important findings. Mean±SD was calculated and chi-
square test was applied. When it comes to statistical 
significance, P value of ≤ 0.05 was considered as statistically 
significant, a value of ≤ 0.01 as very significant while a value 
of ≤ 0.001 as highly significant. 

4. Results 

As regard demographic data, no difference could be 
detected for age, sex, DM, or Hypertension between Patients 
and controls, but the percentage of smokers in patients was 
significantly greater (53.2%) than those in controls (25%) 
with p=0.034. LV parameters shows no significant difference 
between patients and the controls except for LV diastolic 
function (Mitral E/A was 0.62±0.21 for patients and 
0.98±0.42 for control with p=0.002). 

Table 1. Right Ventricle parameters of studied subjects. 

 Group 1 (cases) no=50 Group 2 (control) no=20 T test P value 

TAPSE (cm) 1.4±0.16 2.3±0.31 14.751 <0.001** 
RV FAC% 30.5±4.3 47.2±4.5 14.003 <0.001** 
PASP (mmHg) 60.98±15.6 18.9±5.41 12.101 <0.001** 
RVEDD (mm) 40±4 31±6 3.452 <0.001** 
S' (cm/sec) 8.9±1.4 13.4±1.9 10.01 <0.001** 
Tri E (cm/s) 46.9±12.21 51.61±10.20 1.823 0.002* 
Tri E/A 0.62±0.23 0.94±0.42 3.722 0.001* 
Tri E' (cm/sec) 6.5±1.7 12.4±3.9 8.104 <0.001** 
Tri E/E' 7.08±1.11 4.27±0.89 10.23 <0.001** 

**: p-value<0.001=highly significant; *: p-value<0.05=significant; TAPSE: Tricuspid annular plane systolic excursion; RV FAC: Right Ventricle Fractional 
Area Change; PASP: Pulmonary Artery Systolic Pressure; RVEDD: Right Ventricle End Diastolic diameter; S': Systolic velocity of tricuspid annulus; TV E: 
Tricuspid flow velocity at early diastole; TV A: Tricuspid flow velocity at late diastole; E': Early diastolic velocity of the tricuspid annulus; A': Late diastolic 
velocity of the tricuspid annulus. 

All Right Ventricular parameters (table 1) were 
significantly impaired in patients, TAPSE was (1.4±0.16 vs 
2.3±0.31 cm), RV FAC was (30.5±4.3% vs 47.2±4.5%), 
PASP was (60.98±15.6 vs 18.9±5.41 mmHg), RV end 
diastolic diameter (RVEDD) was (40±4 vs 31±6 mm) and 
Systolic velocity of tricuspid annulus (S') was (8.9±1.4 vs 
13.4±1.9 cm/sec) for patients vs controls respectively with 
p<0.001 for all. Also, parameters of RV diastolic function 

were impaired in patients, Early diastolic Tricuspid flow 
velocity (E) for patients was (46.9±12.21 cm/sec and 
51.61±10.20 cm/sec for control with p=0.002), Early 
diastolic velocity of the tricuspid annulus (E') was (6.5±1.7 
cm/sec in patients vs 12.4±3.9 cm/sec in controls with 
p<0.001) while Tricuspid E/A was 0.62±0.23 for patients vs 
0.94±0.42 for controls with p=0.001 and E/E' was 7.08±1.11 
in patients vs 4.27±0.89 in controls with p<0.001. 
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Table 2. Right ventricular free wall peak longitudinal systolic strain (ε sys%) and strain rate (S-1) of the studied groups. 

 Group 1 (cases) no=50 Group 2 (control) no=20 T test P value 

Basal (ε sys%) 16.4±2.16 24.3±6.31 7.325 <0.001** 
Mid (ε sys%) 17.5±3.3 27.2±2.5 11.043 <0.001** 
Apical (ε sys%) 16.98±3.6 25.9±2.41 10.211 <0.001** 
Global (ε sys%) 16.90±3.4 25.2±2.9 11.140 <0.001** 
S-1 s 1.08±0.19 1.7±0.18 12.140 <0.001** 
S-1 e 1.2±0.25 1.92±0.28 9.320 <0.001** 
S-1 a 1.11±0.27 1.8±0.21 9.230 <0.001** 

**: p-value<0.001=highly significant; *: p-value<0.05=significant. ε sys%: Peak systolic longitudinal strain; S-1 s: Strain rate at Systole; S-1 e: Strain rate at 
early diastole; S-1 a: Strain rate at late diastole 

 

Figure 1. Tissue Doppler of the lateral tricuspid annulus; S': Systolic Velocity of lateral tricuspid annulus; E': Early diastolic Velocity of lateral tricuspid 
annulus; A': Late diastolic Velocity of lateral tricuspid annulus. 

  

Figure 2. Strain and Strain Rate of the RV free wall. 

As shown in Table 2, the global and segmental peak 
longitudinal systolic Strain (ε sys) of RV free wall were 
significantly reduced in the patient group. Basal segment ε 
sys was (16.4±2.16% vs 24.3±6.31%), Mid segment ε sys 
was (17.5±3.3% vs 27.2±2.5%), Apical ε sys was 
(16.98±3.6% vs 25.9±2.41%) and the global RV free wall 
longitudinal strain was (16.90±3.4% vs 25.2±2.9%) for 

patients vs controls respectively with p<0.001 for all. 
Strain rate (S-1) data of RV free wall of studied groups in 

Table 2 revealed significant differences among the 2 groups. 
RV free wall systolic strain rate (S-1 s) was (1.08±0.19 vs 
1.7±0.18), RV free wall early diastolic strain rate at (S-1 e) 
was (1.2±0.25 vs 1.92±0.28), RV free wall late diastolic 
strain rate (S-1 a) was (1.11±0.27 vs 1.8±0.21) for patients vs 
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controls respectively with p<0.001 for all. 

 
Figure 3. Correlation between PASP and (TAPSE & RV FAC). 

Also, the study shows significant correlations demonstrated as follow; PASP has statistically significant Negative 
correlations with TAPSE (r=-0.672, p<0.001) and RV FAC (r=-0.923, p<0.001) as shown in figure 3. 

 

 
Figure 4. Correlation between RV free wall strain and (PASP, TAPSE, RV FAC and Tricuspid S'). 

While Figure 4 shows that RV free wall systolic 
Longitudinal Strain was negatively correlated with PASP (r=-
0.950, p<0.001) and positively correlated with both TAPSE, 
RV FAC and Tricuspid annular systolic velocity (S') 
(r=0.635, r=0.919, r=0.890 respectively with p<0.001 for all). 

5. Discussion 

In the current study, Two-dimensional (2D) speckle-
tracking echocardiography was used to assess RV functions. 
This method overcomes angle dependence, allowing 
quantitative recording od RV longitudinal motion [10]. Our 

study revealed that speckle-tracking echocardiography of RV 
longitudinal deformation may play a very important 
diagnostic roles in patients with cor pulmonale. This novel 
index complements traditional echocardiographic parameters 
and shows strong correlations with severity of pulmonary 
disease. 

Regarding the right ventricular parameters, the current 
study showed that PASP was significantly elevated in 
patients (60.98±15.6 mmHg vs 18.9±5.41 mmHg) while 
TAPSE (1.4±0.16 vs 2.3±0.31 cm), RV FAC (30.5±4.3% vs 
47.2±4.5%) and Tricuspid S' (8.9±1.4 vs 13.4±1.9 cm/sec) 
were significantly depressed in patients compared to controls 
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with p<0.001 for all. Those data were supported by Gupta 
KK et al [11] whose study included 109 COPD patients, 
PASP was 37.5±1.2 mmHg in mild cases and reach to 
68.3±4.6 mmHg in severe cases with p<0.001. Lettieri et al 
[12] study on patients with interstitial lung diseases 
supported our results, their mPAP for patients was 29.5±3.3 
vs 19.1±3.7 mm Hg for normal subjects with p<0.001. Meris 
et al [13] that studied 100 healthy individuals and 76 patients 
with RV dysfunction came to similar results, TAPSE was 
1.4±0.3 vs 2.5±0.4 while RV FAC was 31±7% vs 45±6% for 
patients vs controls respectively with p<0.001. Forfia et al 
[14] results on patients with pulmonary hypertension, FAC 
and TAPSE were significantly impaired (30±13% & 1.9±0.6 
cm respectively). Also, similar results by Sato, et al [15], that 
studied 37 consecutive patients with PH found that TAPSE 
(19±4 mm), RV FAC (31±17%) and Tricuspid S' (9.3±2.4 
cm/sec) were significantly impaired and correlated with 
CMRI-derived RVEF (FAC: r=0.40, p=0.0083; TAPSE: 
r=0.86, p<0.0001, Tricuspid S': r=0.63, p<.0001). 

This study also demonstrated s significant impairment of 
RV diastolic function as there was a statistically significant 
difference between the 2 groups as regard Tricuspid E/A 
(p=0.001), Tricuspid E'/A' (p<0.001) and Tricuspid E/E' 
(p<0.001). This is similar to Özer et al [16] who showed that 
patients with COPD and pulmonary hypertension had left and 
right ventricular diastolic dysfunction. 

2D Speckle tracking evaluation of the RV free wall in our 
study showed significant impairment of global and segmental 
longitudinal systolic strain and strain rate in patients 
compared to control subjects. The global peak systolic 
longitudinal strain (ε sys) for patients was (16.9±3.4% vs -
25.2±2.9%), The RV free wall systolic strain rate (S-1 s) was 
(0.98±0.18 vs 1.7±0.18), RV free wall early diastolic strain 
rate at (S-1 e) was (1.2±0.25 vs 1.92±0.28) with (p<0.001) 
and RV free wall late diastolic strain rate (S-1 a) was 
(1.11±0.27 vs 1.8±0.21) with (p<0.001 for all). 

These findings are supported by other studies such as Li, 
Yuman, et al [17] who explored that global and segmental RV 
longitudinal peak systolic strain (ε sys%) and strain rate (S-1) 
of the RV free wall and septum were significantly impaired 
in patients of PAH compared with controls (p<0.05 for all). 
RV Global Longitudinal Strain was further reduced in severe 
PAH group (14.22±4.93% in severe PAH vs. 20.52±5.60% in 
mild PAH with p<0.05). Similar results found by Calcutteea 
et al [18], who studied 35 patients with pulmonary 
hypertension compared to 20 controls and found that patient 
group showed significant reduction in strain rate of basal 
segment (1.4±0.6 vs 1.9±0.5) and mid-segment (1.7±0.4 vs 
1±0.4) with p<0.001 for all. Also, there was reduced peak 
systolic strain at multiple right ventricle levels: basal 
(14.8±6.7) and mid (12.1±6.2) segments and RVOT (7.1±4.8) 
with p<0.001 for all. Also, Vitarelli, A., et al [19] study on 
COPD patients, Strain and strain rate (S-1) values were 
decreased in all RV segments of patients compared with 
controls. Peak longitudinal strain was (19.5±7.9 vs 
32.5±10.2, p<0.001) Systolic Strain rate S-1 s was (2.9±1.5 vs 
4.9±1.8, p<0.001) early diastolic Strain rate (S-1 e) was 

(4.4±1.7 vs 8.4±1.8, p<0.05). 
The present study showed some significant correlations; 

PASP has a statistically significant Negative correlations with 
TAPSE and RV FAC, while RV free wall Longitudinal Strain (ε 
sys) had a significant negative correlation with PASP and a 
significant positive correlation with TAPSE, Tricuspid S', RV 
FAC (p<0.001 for all). These results were similar to 
Elnoamany et al [20] study on patients with pulmonary 
hypertension and showed that TAPSE, RV Strain and strain 
rate are significantly depressed with increasing PASP (r=-
0.552, r=-0.659, r=-0.626 respectively and p<0.001for all). Li, 
Yuman, et al [17] supported our results and revealed a strong 
correlation between PASP and RV Global Longitudinal Strain 
and Strain Rate (r1=−0.551; r2=−0.425, respectively, p<0.05 
for both). Also, Meris et al [13] found a significant correlation 
between RV Peak Longitudinal Strain and Tricuspid Annular 
Plane Systolic Excursion (r=−0.83, p<0.001). 

6. Study Limitations 

Despite the fact that our results were in line with past 
research, our study faced some limitations: First; the small 
number of patients involved. Second; tracing of endocardial 
border of the RV wall necessitates special care when 
manually fine-tuning the regions of interest before measuring 
regional strain. Third; our results was not compared with 
those of cardiac MRI and PASP was not measured by 
invasive methods. Fourth; RV strain was evaluated only in 
the apical 4-chamber view of the three RV free wall 
segments. Finally, the optimal peak systolic strain cut-off 
value for differentiating normal and impaired RV systolic 
function was not validated in an independent sample. 

7. Conclusions 

Speckle Tracking Echocardiography; Strain and Strain 
Rate are a reliable tools to assess the RV functions as it 
correlates well with other more established parameters of 
global RV systolic function (ie, TAPSE and RV FAC). 
Furthermore, regional RV Strain enables to study regional 
RV function, therefore can be used as an index of RV 
function in patients with cor pulmonale with a great 
diagnostic value and allow better management of patients 
right ventricular dysfunction. 

8. Recommendations 

The present study recommends: First; future research 
involving a large number of patients are required to validate 
the above findings and focus light on this critical issue. 
Second; assessment of the RV systolic and diastolic functions 
must be performed on every patient with chronic respiratory 
problems. Third; cor pulmonale patients should be evaluated 
by strain & strain rate echocardiography as part of their 
routine assessment. Fourth; more effort required in the near 
future to solve the technical issues and pitfalls associated 
with strain and strain rate imaging. 
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