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Abstract 

Background: The increased level of the airway and systemic inflammation, worsened clinical symptoms, and impaired lung functions are 
regarded as the characteristics of chronic obstructive pulmonary disease (COPD). The COPD may cause right/left ventricle dysfunction, 
pulmonary hypertension, and cor pulmonale.      
Objectives: The current study aimed to assess atrial electromechanical delay (AEMD) and echocardiographic changes and their 
relationship with inflammatory markers in subjects suffering from COPD during acute and stable periods. 
Methods: This prospective study was carried out on a total of 45 patients (including 22 and 23 female and male participants, respectively) 
suffering from COPD exacerbation. The stable phase of the participants was considered the control group. The first and second 
echocardiography was conducted in the first 24 h and following 3 months, respectively. Conventional and Tissue Doppler Imaging was 
utilized for the evaluation of atrial conduction times and systolic-diastolic functions of the right-left heart. The inflammatory markers, 
including the c-reactive protein-to-albumin ratio (CAR), neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio, were 
also measured in this study. 
Results: In the stable period, there was a significant reduction in lateral/tricuspid, lateral/mitral, and septal AEMD. The evaluation of 
right ventricle basal, mid and vertical diameters, tricuspid annular plane systolic excursion, Amax tricuspid, tricuspid regurgitant velocity, 
systolic pulmonary arterial pressure, tricuspid annular systolic motion, left atrium diameter, left ventricle end-diastolic diameter, 
interventricular septum thickness, mitral early diastole/atrium systole ratio, systolic mitral motion, systolic septal motion, and heart rate 
showed significant differences after 3 months. In addition, there was a significant decrease in C-reactive protein, CAR, and NLR. 
Conclusion: In the stable period, a significant reduction was observed in AEMDs and there was an improvement in the systolic functions 
of the right-left heart. No correlation was observed between AEMDs and inflammatory markers. 
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1. Background 

The progressive airflow limitation is the common 
characterization of chronic obstructive pulmonary 
disease (COPD). Furthermore, there is a direct 
association between COPD and an increased chronic 
inflammatory response in the airways (1). The 
exacerbation of COPD is defined by the increased 
level of the airway and systemic inflammation, 
worsened respiratory clinical symptoms, and 
impaired lung functions of patients (2). The COPD 
primarily affects the lungs; however, it has several 
important extrapulmonary effects, including 
cardiovascular system abnormalities contributing to 
the severity of the disease (1, 3).  

The most important causes of mortality in 
patients with mild-to-moderate COPD are considered 
cardiovascular diseases, and cardiovascular 
involvement remains undiagnosed in many of these 
patients (4). The development, evaluation, and 
prevalence of cardiovascular comorbidities in COPD 
patients have not been totally clarified; nevertheless, 
clinically important manifestations, such as 

myocardial infarction, heart failure secondary to 
COPD, and arrhythmias, are the most common ones 
(4, 5). The COPD also affects the right ventricle (RV) 
as well as the left ventricle (LV) pulmonary blood 
vessels and causes pulmonary hypertension, cor 
pulmonale, and RV-LV dysfunction (6). 

Atrial fibrillation (AF) as the most frequently 
encountered arrhythmia in clinical practice is related 
to increased mortality and morbidity (7). The COPD is 
independently associated with AF; nonetheless, the 
pathophysiological mechanism is not completely 
clarified (7). Increased atrial automaticity, triggered 
activity, micro reentry, and abnormal atrial tissue are 
the responsible mechanisms of AF (8).  

Atrial electromechanical delay (AEMD) is the time 
interval between the beginning of the P wave on the 
surface electrocardiogram (ECG) and starting point of 
the late diastolic wave (Am-wave) on Tissue Doppler 
Imaging (TDI) (9). The structural changes of atrial 
tissue cause delay between the electrical stimulation 
and mechanical contraction (9). Atrial tissue changes 
can cause prolongation of the P wave on the surface 
ECG (10). The prolongation of the P wave can be 
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observed in patients undergoing coronary artery 
bypass surgery and suffering from hypertrophic 
cardiomyopathy, right atrial dilatation, atrial septal 
defect, hypertension, and COPD due to affected atrial 
tissue (10). The COPD has an inflammatory process, 
and several studies have suggested the C-reactive 
protein-to-albumin ratio (CAR), neutrophil-to-
lymphocyte ratio (NLR), and platelet-to-lymphocyte 
ratio (PLR) as well-known biomarkers for the 
measurement of inflammation in patients with COPD 
(11-13). 

 

2. Objectives 

The current study aimed to assess AEMD and 
echocardiographic changes and their relationship 
with inflammatory markers in patients with COPD 
during acute and stable periods. 

  

3. Methods 

This prospective study was approved by the 
Ethics Committee of Medical Faculty of Kafkas 
University in Kars, Turkey, within February and July 
2018. The present study was carried out on a total of 
45 patients (including 22 and 23 female and male 
participants, respectively) suffering from COPD 
exacerbation, admitted to the Department of 
Emergency Medicine in Kars Harakani State Hospital 
with stages I-IV. The stable phase of the participants 
was regarded as the control group. The exacerbation 
period of COPD was considered to be an increase in 
any of the symptoms, including dyspnea, cough, 
sputum production, or sputum purulence.  

Demographic profile, complete blood count, C-
reactive protein (CRP), CAR, NLR, PLR, pulmonary 
function tests, and transthoracic echocardiography 
were assessed in this study. Forced expiratory 
volume in the first second and forced vital capacity 
were calculated at the baseline using a spirometer 
(Spirolab III-MIR, Italy). Echocardiography was 
carried out for all the study subjects in the first 24 h. 
After 3 months, the second echocardiography was 
performed by the same practitioner. All the patients 
were informed about the objectives of the study. In 
addition, written consent for all the procedures was 
obtained from the patients. 

The exclusion criteria of the present study were 
patients with no previous COPD, valvular heart 
disease, wall-motion abnormality, uncontrolled 
hypertension, insulin-dependent diabetes mellitus, 
hypo/hyperthyroidism, anemia, renal failure, coronary 
artery disease, acute coronary syndrome, heart failure, 
structural heart diseases, atrioventricular conduction 
abnormalities, ejection fraction of < 50%, pulmonary 
embolism, pneumonia, malignancy, or failure to 
comply with echocardiography, history of AF, and 
prior use of antiarrhythmic drugs. The diagnosis of 
COPD exacerbation was in line with the criteria 

established by the European Respiratory Society and 
American Thoracic Society (14, 15). 

 
3.1. Echocardiography 

Transthoracic echocardiography (EPIQ 7; Philips, 
USA) was evaluated by a practitioner according to a 
standard protocol in all the patients. The subjects 
were monitored using electrocardiographic leads and 
placed in the left lateral decubitus position. 
Echocardiographic images were obtained from the 
parasternal views (i.e., long axis and short axis), 
apical 4-chamber view, and subcostal view. 
Echocardiographic measurements were carried out at 
the end of expiration according to the suggestions of 
the American Society of Echocardiography/European 
Association of Echocardiography as follows (16):  

1) measurement of the diameters of the RV in the 
apical view  

2) measurement of the LV diameter and wall 
thickness in the parasternal view  

3) measurement of the left atrial diameter in the 
parasternal view  

4) measurement of aortic root diameters at the 
sinuses of Valsalva  

5) measurement of the LV ejection fraction in the 
apical 4-chamber view by modified Simpson method  

6) evaluation of the RV and LV functions as 
follows: a) maximal peak velocity of early diastolic 
flow (Emax), maximal peak velocity of atrial 
contraction (Amax), and ratio of these (Emax/Amax) 
calculated over the mitral and tricuspid valves; b) TDI 
calculated in the mitral and tricuspid lateral annulus 
at early diastole (Ea), atrium systole (Aa), and ratios 
of these Ea/Aa; c) ratio of Emax/Ea  

7) aortic, tricuspid, mitral and pulmonary valvular 
assessment  

8) tricuspid regurgitant velocity (TRV) registered 
by Continuous-wave Doppler  

The measurement of AEMD was carried out using 
colored-TDI recordings. The AEMD was determined 
as the time interval between the beginning of 
echocardiographic P wave and starting point of Am-
wave (i.e., the late diastolic wave) in TDI registrations 
and measured from lateral/tricuspid, lateral/mitral, 
and septal annulus from apical 4-chamber views. 

 
3.2. Statistical Analysis 

Statistical analysis was carried out using SPSS 
software (version 23.0). The results of analyses were 
presented as mean±standard deviation and median 
(minimum-maximum) for the quantitative data. In 
addition, categorical variables were shown in 
percentage. Histogram and Kolmogorov-Smirnov test 
were used for the determination of the normal 
distribution. The paired samples t-test and Wilcoxon 
test were utilized for normally and non-normally 
distributed data in analyzing the changes with 
respect to dual time, respectively. A p-value of less 
than 0.05 was considered statistically significant. 

https://en.wikipedia.org/wiki/Kars
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4. Results 

Table 1 and Table 2 show the clinical features and 
inflammatory markers of the patients, respectively. 
The CRP, CAR, and NLR significantly decreased after  
3 months (P<0.001). Table 3 tabulates the RV 
measurements, diastolic and systolic functions, and 
pulmonary artery pressure of the right heart in the 
patients. There were differences in RV basal, mid and 
vertical diameters, tricuspid annular plane systolic 
excursion (TAPSE), Amax tricuspid, TRV, systolic 
pulmonary arterial pressure (SPAP), and systolic 
motion tricuspid after 3 months (P<0.05). 

Table 4 shows conventional and TDI parameters 
of the left heart-septum and atrial conduction times 
of the patients. After 3 months, there were 
differences in left atrium diameter, LV end-diastolic 
diameter, interventricular septum thickness, mitral 
Ea/Aa ratio, systolic mitral-septal motion, and heart 
rate (P<0.05). A significant reduction was observed in 
lateral/tricuspid, lateral/mitral, and septal AEMD 
among the patients (P<0.001). 

The CAR did not correlate with lateral/tricuspid, 
lateral/mitral, and septal AEMD both on admission 
and following 3 months. There was no correlation 

between NLR and PLR with lateral/tricuspid, 
lateral/mitral, and septal AEMD both on admission 
and after 3 months. The CAR only negatively 
correlated with the tricuspid Ea/Aa ratio on 
admission (r=-0.316; P=0.034). The CAR only 
positively correlated with TRV (r=0.322; P=0.031). 
On admission, a correlation was observed between 

 
Table 1. Clinical characteristics of patients 

 
Median (min-
max)/n (%) 

Age (year) 69 (44-86) 
Gender  

Male 23 (51.1) 
Female 22 (48.9) 

Body mas index (kg/m2) 
27.43  

(17.51-43.27) 
Forced expiratory volume in the first second  31 (19-58) 
Forced vital capacity 36 (17-64) 

Smoking status  
Smoker 5 (11.1) 
Ex-smoker 20 (44.4) 
Never smoker 20 (44.4) 

Comorbidities  
Hypertension 22 (48.9) 
Diabetes mellitus 4 (8.9) 
Hyperlipidemia 1 (2.2) 

 
Table 2. Inflammatory markers of patients 

 Acute period (min-max) Stable period (min-max) P-value 

C-reactive protein (mg/L) 1.15 (0.13-47.47) 0.6 (0.02-6.18) <0.001 
Albumin (g/L) 4.3 (3.26-4.78) 4.46 (3.65-5) 0.009 
C-reactive protein-to-albumin ratio  0.28 (0.03-14.56) 0.14 (0-1.4) <0.001 
Neutrophil (10^3/uL) 5.44 (2.51-14) 5.14 (2.37-7.98) 0.032 
Lymphocyte (10^3/uL) 1.56 (0.03-10.7) 1.69 (1.03-3.88) 0.033 
Neutrophil-to-lymphocyte ratio 3.65 (0.75-197.1) 0.22 (0.06-0.43) <0.001 
Platelet (10^3/uL) 227 (67-403) 211 (117-412) NS 
Platelet-to-lymphocyte ratio 0.71 (0.51-1.62) 0.74 (0.53-1.29) NS 

    NS: Nonsignificant 

 
Table 3. Echocardiographic findings of the right heart of patients 

 Acute period (min-max) Stable period (min-max) P-value 

Right heart    
Dimensions    
Right ventricle (mm)    

Basal 37.2 (14.1-45) 36 (27-44) <0.001 
Mid 28 (18-38) 25 (17.5-37) <0.001 
Vertical 46 (34-68) 54 (43-69.4) <0.001 
Tricuspid annular plane systolic excursion (mm) 21 (13-29) 23 (15-30) 0.006 

Ventricular function    
Diastolic function    

Emax tricuspid (cm/sec) 50 (32-104) 48 (26-78) NS 
Amax tricuspid (cm/sec) 68 (36-118) 61 (38-116) 0.032 
Emax/Amax tricuspid (cm/sec) 0.71 (0.51-1.62) 0.74 (0.53-1.29) NS 
Ea (tricuspid) (cm/sec) 8.29 (3-18.5) 7.8 (4.31-16) NS 
Aa (tricuspid) (cm/sec) 18 (8-27.5) 16.9 (9.19-33.3) NS 
Ea/Aa tricuspid 0.48 (0.18-1.32) 0.46 (0.17-1.1) NS 
Emax/Ea 5.71 (3.13) 6.08 (2.86-12.8) NS 

Assessment of pulmonary hypertension    
Tricuspid regurgitan velocity (m/sec) 3.03 (2.17-3.85) 2.82 (2.02-3.85) <0.001 
Systolic pulmonary arterial pressure (mmHg) 37 (19-59) 33 (16-72) 0.002 
Systolic motion tricuspid 12.5 (6.4-22.9) 13.3 (9.6-27) 0.004 

   NS: Nonsignificant 
   Ea: Early diastole; Aa: Atrium systole 
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Table 4. Echocardiographic findings of the left heart, septum, and atrial conduction times of patients 

 Acute period (min-max) Stable period (min-max) P-value 
Left heart    
Dimensions    
Left atrium (parasternal long axis)    

Diameter (mm) 38 (28.9-46) 36 (30-45) 0.012 
Left ventricle (parasternal long axis)    

End-diastolic diameter (mm) 44 (35-58) 46 (40-60) <0.001 
End-sistolic diameter (mm) 28 (18-46) 28 (21-40) NS 

Left ventricle wall thickness     
Interventricular septum (mm) 12 (9-16.1) 11.5 (8.8-16.1) <0.001 
Posterior wall (mm)    10.2 (8-16) 10 (8-12) 0.001 

Ventricular function    
Systolic function    

Left ventricular ejection fraction (%) 66.4 (50-75) 67 (56-74) NS 
Diastolic function    

Emax mitral (cm/sec) 63.4 (39.8-121) 66.5 (38-130) NS 
Amax mitral (cm/sec) 86.8 (64-149) 86 (63-136) NS 
Emax/Amax mitral 0.71 (0.32-1.46) 0.74 (0.45-1.28) NS 
Ea (tricuspid lateral mitral) (cm/sec) 8.29 (4.06-12.6) 8.6 (3.19-14.1) NS 
Aa (tricuspid lateral mitral) (cm/sec) 12.9 (6-21.8) 12 (7.01-21) NS 
Ea/Aa mitral 0.64 (0.25-1.77) 0.7 (0.25-1.4) 0.010 
Aortic root diameter (cm) 3.5 (2.24-4.2) 3.48 (2.8-4.5) NS 

Septum    
Ea (tricuspid septal) (cm/sec)  5.9 (3.19-9.6) 5.8 (2.9-10.4) NS 
Aa (tricuspid septal) (cm/sec) 11.6 (7.01-21) 11.3 (7.6-18.3) NS 
Ea/Aa septal 0.52 (0.23-0.94) 0.58 (0.31-0.8) NS 
Emax/Ea 10.75 (5.21-20.86) 11.02 (5.65-22.03) NS 
Mitral systolic motion  8.41 (4.97-12.4) 9.4 (4.97-15.8) 0.001 
Septal systolic motion  7.2 (4-10.8) 8 (5.8-10.5) 0.001 
Heart rate (beats/min) 96 (72-132) 86 (56-108) <0.001 

Atrial electromechanical delay 
Lateral/tricuspid (msec) 40 (14-84) 25 (11-67) <0.001 
Lateral/mitral (msec) 70 (42-102) 56 (35-88) <0.001 
Septal (msec) 50 (18-77) 35 (18-77) <0.001 

   NS: Nonsignificant 
   Ea: Early diastole; Aa: Atrium systole 

 
lateral/mitral AEMD with weight and body mass 
index (BMI) (r=0.347; P=0.020; r=0.418; P=0.004; 
respectively). 

 
5. Discussion 

There is an association between the exacerbation 
of COPD with increased systemic and airway 
inflammation. Furthermore, this inflammation is 
responsible for worsening clinical symptoms and 
diminishing lung functions (2). Several biochemical 
markers have been studied for the severity of the 
disease, inflammatory status, and morbidity and 
mortality of COPD. In the present study, CRP, CAR, 
and NLR we evaluated for inflammatory status and 
the serum levels of these biomarkers decreased after 
the exacerbation period. The decrease of these 
markers was an expected condition for the patients.  

Based on the literature, NLR and CRP are well-
known biomarkers for inflammation in patients with 
COPD (2, 11-13). In addition to CRP, albumin is a 
negative acute phase reactant showing inflammatory 
response and CAR positively correlates with severe 
inflammation and infection, especially in critically ill 
patients (12, 17). The CAR is a more valuable 
biomarker than CRP or albumin alone in this  
regard (12). 

In the current study, the RV basal and mid 
diameters were higher and the vertical diameter was 
lower in the exacerbation period. There was no 
significant change in the RV diastolic function except 
in Amax. In echocardiographic practice, RV has a 
crescent shape and this crescentic geometry is 
distinct from the cone-shaped LV (18, 19). Pulmonary 
arterial hypertension (PAH) as a kind of pre-capillary 
pulmonary hypertension is associated with normal or 
low wedge pressure and increasing this pressure may 
cause RV morphological structure change (20). The 
increased pressure and wall stress in the RV cause 
fibrosis, systolic-diastolic dysfunction, and high 
oxygen consumption (20).  

The increased end-diastolic pressure with higher 
RV mass brings about ischemia and RV failure (20). 
The COPD is one of the causes of PAH, and 
exacerbation may impair RV function (3). The 
increased intrathoracic pressure of COPD patients 
reduces RV output, ventricular filling, stroke volume, 
and cardiac output; nevertheless, dynamic changes in 
heart size throughout the respiration cycle have 
unknown etiology (21). Increased intrathoracic 
pressure may also change the RV diameters. 

It was observed that tricuspid annular systolic 
motion and TAPSE of patients increased the 
exacerbation period. Systolic motion tricuspid 
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indicates that RV systolic function and TAPSE are 
useful views of RV ejection fraction, which also 
demonstrate the RV systolic function (22, 23). After 3 
months, systolic motion mitral-septal increased as 
well as tricuspid annular systolic motion. These 
findings showed that both RV and LV systolic 
functions improved. In COPD patients, the RV is 
prone to changes in pressure consisted of the 
remodeling of the lung (23). The decrease in these 
parameters indicates the improvement of systolic 
functions of the right heart at the end of 3 months.  

The TRV and pulmonary artery pressure 
decreased after an exacerbation. The TRV correlates 
with SPAP and is calculated using the pressure 
gradient between the RV and right atrium (24). 
Tricuspid regurgitation is usually caused by 
increased RV afterload and pulmonary hypertension 
secondary to chronic lung diseases, such as COPD, 
responsible for increased regurgitation (25). In the 
present study, it was assumed that the diameters 
and systolic functions of the right heart were related 
to COPD severity; nonetheless, the diastolic 
functions of the right heart were unrelated to this 
clinical picture. In patients with exacerbation, the 
left atrial diameter and interventricular septum wall 
thickness were higher and the end-diastolic 
diameter was lower.  

Tachycardia has been frequently observed during 
the exacerbation period of COPD and is a common 
dysrhythmia in COPD patients (26). A substantial 
decrease in diastole during tachycardia may result in 
the reduction of end-diastolic diameter. The LV 
cannot relax in the diastole due to tachycardia, and 
the LV end-diastolic diameter and septum thickness 
can increase.  

The results of the present study showed that atrial 
conduction times decreased after the exacerbation 
and this period may cause the prolongation of AEMD. 
The prolongation of atrial conduction times and non-
uniform extension of sinus impulses are the well-
recognized electrophysiological characteristics of the 
atrium prone to fibrillation (27). The COPD is 
independently associated with AF; however, well-
defined pathophysiological mechanisms are not 
completely perceived (7). In COPD patients, right 
atrial dilatation, fibrosis, hypoxia, hypercapnia, 
oxidative stress, respiratory drugs (e.g., beta-agonist 
and anticholinergic agents), prolonged AEMD, and 
inflammation may be associated with AF (7, 28).  

In the present study, the inflammatory markers, 
including CAR, CRP, and NLR, were higher and atrial 
prolongation times were longer during exacerbation. 
After this period, inflammation and atrial conduction 
times decreased; nevertheless, these markers did  
not correlate with atrial conduction times (i.e., 
lateral/mitral, lateral/tricuspid, and septal). Lateral/ 
mitral AEMD correlated with weight and BMI after 
acute period. In patients with COPD, other factors 
may cause AEMD rather than inflammation.  

5.1. Limitations 
The current investigation was cross-sectional with 

a relatively small sample size. In the present study, 
the relationship between decreased inflammation 
and AEMD was not shown. It is required to carry out 
long-term follow-up and large-scale prospective 
studies for the determination of predictive factors of 
AEMD in COPD patients. More sensitive markers 
should be used for the assessment of inflammation. It 
is also required to perform a more comprehensive 
study comparing the risk factors of prolonged AEMD 
in COPD patients, such as hypoxia, hypercapnia, 
respiratory drugs, fibrosis, oxidative stress, atrial 
dilatation, and inflammation. 

 
6. Conclusion 

A significant reduction in AEMDs and 
improvement of systolic functions of the right-left 
heart were observed in the stable period. In addition, 
there was no correlation between AEMDs and 
inflammatory markers. 
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