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Abstract

Background The electrical activity of atria can be dem-
onstrated by P waves on surface electrocardiogram (ECG).
Atrial electromechanical delay (AEMD) measured with
tissue Doppler imaging (TDI) echocardiography can be a
useful non-invasive method for evaluating atrial conduc-
tion features. We investigated whether AEMD is prolonged
in patients with chronic obstructive pulmonary disease
(COPD).

Patients and methods Study consisted of 41 (15 female,
26 male, mean age 62 + 12 years) patients with COPD
and 41 healthy subjects. Pulmonary function tests,12 lead
surface ECG and echocardiographic examination were
performed and recorded. P wave changes on surface ECG,
minimum (P,,;,) and maximum (P,,,,) duration of P wave
and its difference as P wave dispersion (P,,q) were mea-
sured and recorded. Atrial electromechanic delay (AEMD)
was calculated from colored-TDI recordings.
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Results Pulmonary functions were significantly lower in
COPD group than the control group as expected. Right
atrial areas and pulmonary arterial systolic pressures (PAP)
were significantly higher in COPD group than the controls
(right atrial area: 11.9 4+ 3.4 cm? and 8.2 422 cmz,
p < 0.0001 and PAP: 38.4 £ 12.2 and 19.0 £ 3.2 mmHg
p < 0.0001, respectively). P wave intervals on surface
ECG were significantly increased in COPD patients than
the control group (Pnax: 105 = 11 and 90 £ 12 ms,
p < 0.0001; P, 60 £ 12 and 51 £+ 10 ms, p = 0.003
and Pyq: 39 £ 10 and 31 £ 7 ms, p < 0.0001). According
to the AEMD measurements from different sites by TDI,
there was a significant delay between the onset of the P
wave on surface ECG and the onset of the late diastolic
wave in patients with COPD when compared with controls
measured from tricuspid lateral septal annulus (TAEMD)
(COPD: 41.3 £+ 9.8 ms, control: 36 &= 4.5 ms; p = 0.005).
There was a positive correlation between TAEMD and
right atrial area (r = 0.63, p < 0.0001) and also between
TAEMD and PASP (r = 0.43, p < 0.0005) and a negative
correlation between TAEMD and forced expiratory volume
(FEV1) (r = —0.44, p = 0.04).

Conclusions Right atrial electromechanical delay is sig-
nificantly prolonged in patients with COPD. The right atrial
area, PAP and FEV 1 levels are important factors of this pro-
longed delay. Also the duration of atrial depolarization is
significantly prolonged and propagation of depolarization is
inhomogeneous in patients with COPD. These may be the
underlying mechanisms to explain the atrial premature beats,
multifocal atrial tachycardia, atrial flutter and fibrillation often
seen in patients with COPD secondary to these changes.

Keywords Atrial conduction delay - Chronic obstructive

pulmonary disease - Echocardiography - P wave dispersion -
Tissue doppler imaging
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Introduction

Chronic obstructive pulmonary disease (COPD) is charac-
terized by bronchial wall fibrosis and obstruction. It is a pro-
gressive disease that affects anatomy and physiology of the
heart, eventually [1-3]. The most common cardiac patholo-
gies secondary to pulmonary disorders may be recalled as
dilatation and hypertrophy. Atrial premature beats, multifocal
atrial tachycardia, atrial flutter and fibrillation are often seen in
patients with COPD secondary to the morphological changes
[4-9]. The pathophysiology of those arrhythmias is not well
defined; however, may be summarized as ‘increased atrial
automaticity’. Slowing down of electrical conduction due to
fibrosis is another important factor that plays role in arrhyth-
mia formation in such circumstances [7-10]. To precisely
name the conduction abnormality, electrophysiological stud-
ies are required. On the other hand, their widespread appli-
cability is limited due to their invasive nature and high costs
[4-6]. A non-invasive, safe, cheap and clinically relevant
method that shows parallel data would be very helpful.

P wave on surface electrocardiogram (ECG) demon-
strates the depolarization of atria and influenced by elec-
trical conduction changes of atrial tissue. The previous
studies have shown prolongation of P wave duration and P
wave dispersion was assosiated with paroxysmal atrial
fibrillation (PAF) in patients undergoing coronary artery
bypass surgery, patients with hypertension, hypertrophic
cardiomyopathy, right atrial dilatation with atrial septal
defect, diastolic dysfunction and COPD [9, 11-15].

In normal hearts, depolarization is followed by contraction
of the myofibers. The relationship between the spatiotemporal
pattern of ventricular electrical activation and the pattern and
degree of mechanical response is important in understanding
the function of the diseased heart. Electromechanical delay
(EMD) is defined simply in heart physiology as the time
interval between electrical depolarization and ventricular
contraction. Tissue Doppler imaging (TDI) is a noninvasive
and simple echocardiographic techique that can be used to
evaluate mechanical properties and also EMD of both atrial
and ventricular myocardium [16-21]. Published studies have
shown increment of EMD by TDI in different patient groups
like mitral stenosis, paroxysmal atrial fibrillation, coronary
slow-flow pattern, ankylosing spondylitis and diabetes mellitus
[22-28]. In this study, we aimed to evaluate atrial conduction
features obtained by TDI technique in patients with COPD.

Patients and methods
Patient popuation

The study was performed at our instituion between
2009-2010. Ethical approval was obtained from the local
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ethics committee. Prior to inclusion to the research, the
study protocol was explained in details to all individuals
and patients were included in the study following their
consent. Study group consisted of 41 (15 females, 26
males) patients with COPD who were followed up at chest
disease out-patient clinics. Mean age was 62 £ 12 years.
Control group was chosen as to be compatible in terms of
age and sex with the study group. In the study group, the
diagnosis of COPD in patients was first made 4—12 years
before. Patients with known right or left ventricular failure,
atrial fibrillation, right and left bundle branch block,
moderate—severe valve abnormalities, known coronary
artery disease, diabetes mellitus, chronic renal failure,
anemia, thyroid dysfunction and rheumatic diseases were
excluded from the study. None were receiving pharmaco-
logical cardiovascular drugs. Pulmonary function tests
were performed before echocardiographic examination to
all patients. Patients with serious obstructive disease who
according to the prediction of echocardiography were dif-
ficult to assess were excluded

Pulmonary function tests (spirometric evaluation)

Pulmonary function test was performed with Zan 300
spirometer (ZAN Messgerate GmbH, Oberthulba, Ger-
many). Patients were made to sit 90° upright and the nose
off. At least three challenging expiratory maneuvers were
made and the maneuver that has the best values was
recorded. Global Initiative for Chronic Obstructive Lung
Disease (GOLD) 2006 criteria were used for the diagnosis
of the COPD.

Electrocardiographic examination

Twelve-lead ECG in supine position with speed of 50 mm/
s and gain with 0.5 cm/mV was recorded. P wave durations
were measured manually by two of the investigators who
were blind about clinical status of the patients and patient
groups. Measurements were performed with calipers and
under magnifying lenses for greater accuracy. Maximum
(Ppmax) and minimum (P,,;,) P wave durations were mea-
sured and recorded. The difference between P, and P,
was calculated as P wave dispersion (Pyq).

Echocardiographic examination

Transthoracic echocardiography (TTE) recordings were
performed while the patients were at left lateral decubitus
position. Apical four chambers, two chambers and para-
sternal long axis images were recorded at expiratory apnea
for three consecutive cardiac cycles with Vivid 7 (GE
Vingmed Ultrasound, Horten, Norway) echocardiography
device. Records were analyzed by two physicians, who
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were blind to the study. Electrocardiography was contin-
uously recorded during echocardiographic studies. Two-
dimensional and M-mode TTE imaging were performed
according to American Society of Echocardiography
guidelines. M-mode measurements of left ventricular end-
diastolic diameter (LVEDD), end-systolic diameter
(LVESD), interventricular septum (IVS), posterior wall
(PW) and left atrial diameter (LA) measurements were
obtained from parasternal long axis view. Mitral early
diastolic (E) and late diastolic maximal (A,) flow rates
were measured from apical four-chamber view with pulse-
wave Doppler. Left atrial maximal volume (LA-vol) was
calculated at the end of ventricular systole by ventricular
biplane area length method from apical 4- and 2-chamber
views. Teicholz method was used for left ventricular
ejection fraction (EF) calculation. Pulmonary artery sys-
tolic pressure was measured by Bernoulli equation
(p = 4v*) from tricuspid regurgitation jet flow. Estimated
pulmonary artery systolic pressure then calculated as add-
ing 5-20 mmHg; according to inferior vena cava width; to
pulmonary artery systolic pressure (PAP). Colored-TDI
images were recorded from the apical 4-chamber window
with possible highest frame number, correction angle kept
below 30°, using a 2.5-mm sample volume.

Atrial electromechanical delay measurement

Atrial electromechanical delay (AEMD) was calculated
from colored-TDI recordings. Atrial electromechanical
delay was defined as the time between the beginning of
electrocardiographic P wave to the initial of Am wave in
TDI recordings. Atrial electromechanic delay was mea-
sured from mitral lateral, mitral septal and tricuspid lateral
annulus from apical-4-chamber views and named, respec-
tively, as LAEMD, SAEMD and TAEMD.

Statistical analyis

The statistical analyses were performed using Statistical
package for Social Sciences (SPSS Inc, Chicago, IL, USA)
for Windows 15.0 computer program. Besides descriptive
statistical methods, for quantitative comparisons paired
samples ¢ test was used for parameters that are normally
distributed within groups and Wilcoxon test was used for
parameters that are not distributed normally within groups.
Non-normally distributed parameters between groups are
compared by Mann—Whitney U test. For relations between
parameters, Pearson correlation analysis was used for
normally distributed parameters and Spearman’s correla-
tion analysis was used for non-normal parameters. Results
were evaluated at 95% confidence interval, and a p value
less than 0.05 was accepted significant.

Results
Patient demographics

There were 41 patients in both the COPD and the control
groups. Mean ages were 62 + 12 (46-76) years and
63 £ 15 (44-79) years, respectively. There were 26 males
and 15 females in the study group and 27 males and 14 females
in the control group. Body mass indices were 28.7 & 4.4 kg/
m® (24.2-33.8) in COPD group and 28.2 + 4.5 kg/m*
(23.5-33.2) in the control group. Body surface areas were
similar between both groups as 1.8. + 0.17 m? (1.7-1.9) and
1.8 + 0.25 m? (1.7-1.9). There were 10 smokers in each
group. Eighteen patients were hypertensive and received
various anti-hypertensives in the COPD group and there were
19 hypertensive patients in the control group. Anti-hyperten-
sive medications were similar. Patients received bronchodi-
lator agents according to the prescription of the pulmonology
specialists. The demographic characteristics of COPD and
control groups are shown on Table 1. Age, sex, history of
hypertension, smoking status, medications, body mass index
and body surface area comparisons were not significantly
different between two groups.

Table 1 Demographic characteristics and ECG features of patient
groups

Demographics COPD Control P value
group group
(N =41) (N=41)

Age 62 + 12 63 £ 15 NS
Sex (male) (%) 26 (63.4%) 27 (65.8%) NS
BMI (kg/m?) 28.7 £ 4.4 282 £+ 4.5 NS
BSA (m?) 1.8. 4+ 0.17 1.8 £ 0.25 NS
Smoking status 10 10 NS
Creatinin level(mg/dl) 1.1 +0.16 1.2 +0.21 NS
Hypertension 18 (43%) 19 (46%) NS
Medication

ACE-1 7 (17%) 8 (19%) NS

ARB 5 (12%) 5 (12%)

CCB 10 (24%) 9 (21%)

(nondihydropyridine)

Beta agonist 36 (87.8%) 0 (0%)

Steroids 27 (65.9%) 0 (0%)

Teophylline 6 (14.6%) 0 (0%)
HR (bpm) 76 £ 10 72 + 8 NS
P in (mMs) 60 + 12 51+ 10 0.003
P ax (ms) 105 £ 11 90 + 12 <0.0001
Pua 39 £ 10 31+7 <0.0001

ACE-I angiotensin-converting enzyme inhibitors, ARB angiotensin-II
receptor blockers, BMI body mass index, BSA body surface area, CCB
calcium chanel blockers, COPD chronic obstrutive pulmonary dis-
ease, HR heart rate, Pmin minimum P wave duration, Pmax maximum
wave duration, P,,,; P wave dispersion

@ Springer



602

Clin Res Cardiol (2012) 101:599-606

Conventional echocardiographic examination
and spirometric evaluation

Standard TTE measurements and spirometric assessments are
presented in Table 2. Pulmonary function values of FVC,
FEV,, PEF, FEV,% measured with the spirometer were sig-
nificantly lower in the COPD group than the control group.
LVEDD, LVESD, IVS, PW, mitral A and E wave flow rate
measurements did not differ between groups. Right atrial area
dimension and PAP were significantly higher in COPD group
than control group [(RAd: 11.9 + 34, 82 £ 2.2 mm,
respectively; p < 0.0001) and (PAP: 38.4 £+ 12.2, 19 £ 3.2
mmHg, respectively; p < 0.0001)]. LA volumes were sig-
nificantly lower in COPD group than control group (COPD
group LA vol: 39.5 & 8.6 mL, Control group LA vol:
473 £ 11.6 mL; p = 0.001).

Atrial electromechanical delay

P wave measurements are shown in Table 1. There was a
significant prolongation of P wave durations of COPD

Table 2 Standard TTE and spirometric evaluation measurements of
groups

Parameters COPD group Control group P value
(N =41) (N =55)

LVESD (cm) 50+02 49 +£03 NS
LVEDD (cm) 3.1 +£02 29+ 03 NS

EF (%) 65 + 4.9 67 £5.5 NS

IVS (cm) 1.0 £ 0.20 1.0 £ 0.19 NS

PW (cm) 0.9 + 0.17 0.9 + 0.15 NS

A (m/s) 0.69 + 0.9 0.74 £ 0.15 NS

E (m/s) 0.74 £ 0.11  0.63 £ 0.13 NS

A/E 1.0 £ 0.2 1.24+0.3 NS

Left atrium(cm) 34 4+ 0.33 34 4+ 044 NS

Left atrium 39.5 + 8.6 473 £ 11.6 0.001

volume (cm3)

Right atrium area (sz) 119 + 34 82+22 <0.0001
PAP (mmHg) 384 £ 122 19 £ 3.2 <0.0001
TAEMD (ms) 413 +9.38 363 £ 4.5 0.005
LAEMD (ms) 52.8 + 8.6 519 £ 5.1 NS
SAEMD (ms) 433 +£ 6.7 428 £52 NS
FVC () 3.02+0.8 3.7+08 <0.0001
FEV1 (1) 22 4+0.7 334+0.6 <0.0001
PEF (I/s) 5.1+ 1.7 6.8 +£0.5 <0.0001
FEV, (%) 73+ 7.1 96.5 £ 13 <0.0001

LVESD left ventricular end-sistolic diameter, LVEDD left ventricular
end-diastolic diameter, EF ejection fraction, /VS interventricular
septum, PW posterior wall, PASP pulmonary artery systolic pressure,
TAEMD tricuspid lateral annular atrial electromechanical delay,
LAEMD mitral lateral annular atrial electromechanical delay, SAEMD
mitral septal annular atrial electromechanical delay, cm centimeter,
m meter, ms millisecond
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group than controls, (Py.x: 105 & 11 and 90 % 12 ms,
p <0.0001 and Pz 60 £ 12 and 51 %+ 10 ms,
p = 0.003) and also heterogenity of P wave duration; Pyq;
is significantly higher in COPD group (Pyq: 39 £ 10 and
31 &£ 7 ms, p < 0.0001).

Atrial electromechanical delay measurements from dif-
ferent sites by TDI are noted in Table 2. There was sig-
nificant delay between the onset of the P wave on surface
ECG and the onset of the late diastolic wave obtained by
tissue Doppler echocardiography (Fig. 1) in patients with
COPD compared with controls measured from tricuspid
lateral septal annulus (COPD: 41.3 £ 9.8 ms, control:
36 £+ 4.5 ms; p = 0.005), (Fig. 2). The two groups were
similar with respect to SAEMD and LAEMD. There was a
positive correlation between TAEMD and right atrial area
(r=0.63, p<0.0001; Fig.3) and PAP (r=0.43,
p = 0.005; Fig. 4) in COPD group, and a significant neg-
ative correlation between TAEMD and FEV1 (r = —0.44,
p = 0.04; Fig. 5); however, the level of significance was
weak. TAEMD was not correlated with age, blood pres-
sure, heart rate, left ventricular EF, LVEDD, LVESD, and
the LA volume.

Discussion

Supraventricular tachyarrhythmias are common in patients
with COPD. Several factors such as hypoxemia, hyper-
capnia, acid—base disturbances and autonomic dysfunction
may contribute to development of arrhythmias in these
patients [5, 29, 30]. In addition, structural changes in
myocardium may be implicated for development of atrial
fibrillation in COPD groups [31-33].

In our study, patients with COPD had similar left atrial
electromechanical delay, but prolonged right atrial elec-
tromechanical delay measurements than patients in control
group. This prolongation of SAEMD was significantly
correlated with right atrial area and PAP and negatively
correlated with FEV; measurements. Also, we found out
that patients with COPD had bigger right atrium and
smaller left atrium dimensions probably secondary to the
increase in the PAP. Moreover, we found that P wave
durations and P wave dispersion are significantly higher in
COPD patients than controls.

Previous studies have shown that prolongation of P
wave duration and P wave dispersion were assosiated with
PAF in patients undergoing coronary artery bypass surgery,
patients with hypertension, hypertrophic cardiomyopathy,
right atrial dilatation with atrial septal defect and COPD
[9, 11-15]. Moreover, P wave dispersion has been used for
prediction of idiopathic PAF [34]. Dilaveris et al. [35] also
found prolonged maximum P wave durations, as a pre-
dictor of frequently relapsing atrial fibrillation.
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Fig. 1 Right atrial
electromechanical delay is

32 msn in a patient in control
group (panel A) and 42 msn in a
patient with COPD (panel B)

Atrial electromechanical delay (AEMD) can be mea-
sured with TDI by measuring temporal relation between
atrial myocardial regional motions simultaneous with
electrocardiographic P waves [16—-19]. AEMD has been
evaluated by this method in some cardiac disorders such as
mitral stenosis, paroxysmal atrial fibrillation (PAF) and
congestive heart failure (CHF) [22, 23, 26]. Omi et al. [24]
showed that patients with PAF had longer TAEMD and
bigger right atrial dimensions than control group. However,
in another study by Pala et al. [36] which was planned to
show prolongation of AEMD in patients with non-ischemic
dilated cardiomyopathy, researchers pointed out that while
SAEMD and LAEMD were significantly prolonged in
cardiomyopathy group than the control group, there was no
significant prolongation of TAEMD between groups.
Multivariate analysis in that study showed left atrial

vicm's)

vicmds) 0.24

B

maximal volume was an independent predictor for LAE-
MD while right atrial dimensions were similar between
groups [36]. Ozer et al. [22] assessed AEMD in patients
with mitral stenosis and also revealed a significant positive
correlation between prolonged LAEMD and increase in left
atrial size. This indicates atrial size as an important factor
for determining AEMD. Similarly, in our study there was
moderate positive correlation between right atrial area and
TAEMD. Even left atrial dimensions were similar between
groups, left atrial electromechanical delay was observed in
the COPD group.

In order to create an effective ventricular contraction
relevant atrial or ventricular myocard should be totally
depolarized. The size of the tissue that will depolarize is
the most important factor that determines speed of depo-
larization. Atrial size is an important factor to determine
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Fig. 2 Right atrial electromechanical delay is significantly longer in
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Fig. 5 Right atrial electromechanical delay and FEV1% have a
negative correlation in COPD group

the degree of AEMD and plays an important role in
depolarization; hence, effective cardiac output.

Pulmonary arterial intimal and medial cellular hyper-
trophy, and hyperplasia are the reasons of increaed PAP
levels in COPD patients [37-41]. Moreover, decrease in
prostacyclin synthetase and nitric oxide secretion in lungs,
high levels of endothelin-1, impaired serotonin metabolism
also play role in PAP increment. Pulmonary hypertension,
as a result of high PAP levels, is the beginning of right
ventricular hypertrophy [37—40]. Right ventricular hyper-
trophy together with right ventricular enlargement leads to
tricuspid annulus enlargement, functional tricuspid valve
failure and right atrial dilatation. Right atrial remodeling,
as a result of all these factors, impairs the electrical con-
duction pathways and leads to slow down and that may
explain why SAEMD prolongs under such circumstances.
Besides these; increased atrial tension secondary to high
PAP levels, delays atrial depolarization and so may prolong
AEMD [37-40].

Atrial extrasystole, multifocal atrial tachycardia, atrial
fibrillation and flutter are seen more frequently in COPD
patients than normal population. Among these arrhythmias,
especially atrial fibrillation is a major cause of morbidity
and mortality [5-8, 33]. Prediction of atrial fibrillation
earlier and elimination of triggering factors are important
for the prognosis [5, 6, 41]. In a recently published study,
basal AEMD has been recorded in 249 people with sinus
rhythm. After nearly 2 years of follow-up, 15 patients (6%)
developed AF. Of these patients those who developed AF,
had prolonged AEMD than non-AF developers. Moreover,
in sub-group analysis, the prevalence of COPD appeared to
be higher in patients who developed AF. Consequently
investigators reported prolonged AEMD by TDI as a pre-
dictor for development of AF [27]. A more recent study,
Weijs et al. [20] measured total atrial conduction time with
a newly developed transthoracic echocardiographic tool;



Clin Res Cardiol (2012) 101:599-606

605

PA-TDI (the time from the initiation of the P wave on ECG
to the A’ wave on the lateral left atrial tissue Doppler
tracing). As a conclusion, the researchers reported pro-
longed PA-TDI interval might predict the development of
new-onset AF [20].

Study limitations

The major limitation of our study is its cross-sectional
design and lack of follow-up of the patients. The sample
size was also relatively small. Because of cross-sectional
design, we could not evaluate much whether tricuspid
annular electromechanical delay in COPD group that we
showed predicts arrhythmia or not. Another limitation of
the study is the relatively short duration of the patient
follow-up. A documented arrythmia in any of the patients
with COPD after the research period would definitely
increase the significance of the study; however, during the
controls, none of the patients were admitted with persistant
arrythmias including AF.

Conclusions

Right atrial electromechanical delay is significantly pro-
longed in patients with COPD. The right atrial area, PAP,
and FEV, levels are important factors of this prolonged
delay. The P wave durations and P wave dispersions in
patients with COPD are higher which may indicate an
impaired atrial depolarization. The study may explain the
pathophysiology of the atrial rhythm disturbances seen in
COPD patients. However, larger prospective long-term
follow-up studies are warranted to reach a precise definition.
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