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Highlights of the Study

• Right ventricular (RV) dysfunction detected by echocardiography is a predictor of increased mortality 
in patients with chronic obstructive pulmonary disease (COPD).

• This study demonstrates an association between the RS time in electrocardiograms (ECGs) and the RV 
function measured by echocardiography.

• Measuring the RS time duration with an ECG can help identify high-risk COPD patients with RV dys-
function.
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Abstract
Objective: The occurrence of right ventricular (RV) dysfunc-
tion in chronic obstructive pulmonary disease (COPD) results 
in an increased risk of mortality. We aimed to study the diag-
nostic value of RS time in the recognition of COPD patients 
with RV dysfunction. Methods: 120 consecutive COPD pa-
tients were divided into two groups, patients with and with-
out RV dysfunction, and compared them in terms of param-
eters including RS time. RS time was defined as the longest 
interval from the beginning of the QRS complex to the nadir 

of the S- or S′-wave in the inferolateral leads on an electro-
cardiogram. Results: RV dysfunction was observed in 36% of 
consecutive COPD patients with a mean age of 63.4 ± 9.8 
years (83.3% male) and a mean forced expiratory volume in 
1 s of 1.51 ± 0.62 lt. The heart rate, right QRS axis deviation 
frequency, S1S2S3 pattern frequency, and RS time (p < 0.01) 
were significantly higher in the patients with RV dysfunction 
than in those without. Body surface area, heart rate, and RS 
time (p < 0.001) were independent predictors of an RV dys-
function. An ROC analysis showed that the best RS time cut-
off value for the prediction of RV dysfunction was 60 ms with 
a sensitivity of 81.4% and a specificity of 74.0%. Conclusion: 
In patients with COPD, RS time prolongation, which can be 
easily and quickly determined from the electrocardiogram, 
may be a marker for RV dysfunction.
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Introduction

Chronic obstructive pulmonary disease (COPD), a 
progressive chronic disease of the lungs and airways, is 
accompanied by an increased inflammatory response to 
noxious stimuli [1]. In patients with COPD, there is a 
close anatomical and functional relationship of the right 
ventricle (RV) with the lung (where pulmonary vasocon-
striction, structural changes, or vascular remodeling in 
the pulmonary arteries cause an increase in pulmonary 
vascular resistance) and RV afterload that can result in 
the development of RV dysfunction [2, 3]. Although 
many factors play a role in this complicated interaction, 
hypoxemia is the main factor [2].

Morbidity and/or mortality increase as RV dysfunc-
tion develops in COPD patients. RV dysfunction is sig-
nificantly correlated with the overall survival rate and 
hospital-free survival rate, and it adversely affects exercise 
capacity [4–6]. The prevalence of RV dysfunction in-
creases with severity of airway obstruction, occurring in 
40% of patients with a forced expiratory volume in 1 s 
(FEV1) value less than 1 L and in 70% of patients with a 
FEV1 value less than 0.6 L [7]. Differentiating COPD 
from concomitant RV dysfunction can be difficult. More-
over, symptoms and physical signs may have limited val-
ue in the assessment of RV dysfunction in patients with 
COPD [8, 9]. Also, in the advanced RV dysfunction stage, 
related symptoms and physical signs, such as leg edema 
or ascites, may be absent [9].

In clinical practice, echocardiography is the standard 
imaging modality for assessing RV function and identify-
ing impaired RV function [10]. However, family physi-
cians, pulmonologists, primary care physicians, emer-
gency physicians, general practitioners, and internists 
usually do not have an echocardiography device to evalu-
ate RV functions. The electrocardiogram (ECG) is a 
widely used noninvasive test, and it can provide rapid 
data on the structure and functions of the right side of the 
heart [11–14]. Several electrocardiographic parameters, 
including QRS duration and QTc duration, have been as-
sociated with RV dysfunction [11, 12]. In addition, the 
S1S2S3 pattern, S1Q3T3 pattern, low-voltage QRS, and 
right QRS axis deviation have been defined as some of the 
electrocardiography findings reflecting RV dysfunction 
and chronic cor pulmonale [13, 14].

RS time, a new ECG parameter, is defined as the dura-
tion from the onset of QRS to the nadir of the S-wave, 
which may become prolonged due to stretching and wid-
ening of the S-wave. RS time was recently introduced as 
a criterion for the detection of acute pulmonary embo-

lism [15]. Although its relationship with RV overload has 
been shown in patients with pulmonary embolism, the 
relationship between RV dysfunction and RS time in 
COPD patients is unknown. The aim of this study was to 
investigate the relationship between RV functions and RS 
time in COPD patients.

Materials and Methods

Study Patients
This study was conducted on consecutive patients with COPD 

admitted to a chest disease outpatient clinic from November 2020 
to April 2021. The patients were evaluated by a pulmonologist ex-
perienced in COPD; cardiologists did not evaluate the patients in 
this clinic. A total of 187 patients with COPD admitted from No-
vember 2020 to April 2021 were screened. We excluded 9 patients 
with a history of coronary artery disease, 4 with atrial fibrillation, 
20 with inadequate echocardiographic image quality, 4 with ejec-
tion fraction of less than 50%, 10 with signs of systemic venous 
congestion of right heart failure, 16 with right bundle branch 
block, 3 with left bundle branch block, and one with a pacemaker 
rhythm. The remaining 120 patients with COPD constituted the 
study population. Signs of systemic venous congestion of right 
heart failure were defined as distended and prominent jugular 
veins, significant peripheral edema, hepatomegaly, or ascites [16].

Patients were classified into two groups based on their echocar-
diographic RV dysfunction parameters (tricuspid annular plane 
systolic excursion [TAPSE] < 17 mm, tricuspid annulus peak sys-
tolic velocity [Sm] < 9.5 cm/s, RV myocardial performance index 
<0.54, and RV fractional area change [RVFAC] < 35%). In these 
two groups, patients without RV dysfunction or patients with RV 
dysfunction were compared [17, 18]. Patients confirmed to have 
COPD on the basis of pulmonary function tests were referred to 
the cardiology outpatient clinic for cardiological evaluation after 
blood samples were collected. Echocardiographic examinations 
were performed by an experienced cardiologist blinded to the elec-
trocardiographic records and pulmonary function tests of the pa-
tients. Among the patients who were evaluated cardiologically, pa-
tients with COPD determined to be eligible for the study were in-
cluded in the study, and their written informed consent was 
obtained.

Clinical and Laboratory Data
The age, gender, hypertension, diabetes, and smoking history 

of the patients and the height and weight values used to calculate 
the body surface area were recorded for each patient from inter-
views and medical records. In addition, before the patients were 
referred to the cardiology outpatient clinic, routine laboratory tests 
for white blood cell (WBC) count, hemoglobin, C-reactive protein, 
blood glucose, and creatinine levels were performed.

Spirometric Evaluation
Based on the guidelines of the American Thoracic Society, the 

spirometric re-evolution/new evolution test was performed by a 
pulmonologist on all the patients who were followed up or diag-
nosed with COPD in the chest disease outpatient clinic [19]. In 
patients with peculiar symptoms and significant exposure to nox-
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ious stimuli, the presence of postbronchodilator FEV1/forced vital 
capacity (FVC) < 0.70 was taken as the definition of COPD, and 
the diagnosis of COPD was confirmed [20]. FEV1/FVC ratios and 
FEV1 values were obtained from the pulmonary function tests of 
the patients.

Electrocardiographic Assessment
ECGs were recorded at a speed of 25 mm/s and a voltage of 10 

mm/mV. All ECG papers were scanned, loaded to a computer, and 
analyzed with ImageJ Java image processing program (imagej.nih.
gov/ij/) for morphological evaluation and measurement of inter-
vals. Electrocardiographic assessments were made by two inde-
pendent cardiologists, blinded to the other data of the patients, 
with the option of consulting a third experienced cardiologist for 
final decision in the case of disagreement.

The ECGs were examined for heart rate, right QRS axis devia-
tion, low voltage in limb leads, QRS fragmentation, S1Q3T3 pat-
tern, and S1S2S3 pattern. Right QRS axis deviation was defined as 

the QRS axis between +90° and +180°. Low voltage in limb leads 
was defined as a QRS amplitude of 5 mm or less at any of the limb 
leads (I, II, III, AVF, AVR, AVL). QRS fragmentation was defined 
as the presence of notches in the R- or S-wave in at least two con-
tiguous leads. The S1Q3T3 pattern was defined as the presence of 
any S-wave in lead I, Q-wave (>1.5 mm deep) in lead III, and T-
wave inversion in lead III. The S1S2S3 pattern was defined as the 
presence of a terminal S-wave in all leads I, II, and III. When all the 
ECG leads were evaluated, the longest time from the beginning of 
the QRS complex to the J point was determined as the QRS dura-
tion. RS time was defined as the interval from the beginning of the 
QRS complex to the nadir of the S- or S′-wave, measured in the 
inferolateral leads (I, II, III, AVF, V4, V5, V6, and AVL) (Fig. 1). 
The longest duration of RS time measured from the inferolateral 
leads was determined as the RS time [15]. The R-wave peak time 
(RWPT) was defined as the interval from the beginning of the QRS 
complex until the peak of the R- or r′-wave, measured in the in-
ferolateral leads. The longest RWPT measured from the inferolat-
eral leads was determined as RWPTMAX.

Echocardiographic Assessment
Transthoracic echocardiographic examinations were per-

formed by an experienced cardiologist blinded to patients’ data, 
using an EPIQ 7 ultrasound system (Philips Medical Systems, 
Bothell, WA, USA). Two-dimensional, Doppler, and tissue Dopp-
ler echocardiographic measurements were done in accordance 
with guidelines of the American Society of Echocardiography 
[18].

The RV end diastolic and systolic areas were measured in the 
apical 4-chamber view by tracing the RV annulus, free wall, apex, 
and interventricular septum endocardium, including the trabecu-
lae in the diastole and systole, respectively. The RVFAC was then 
calculated by using the described formula ([end diastolic area – 
end systolic area]/end diastolic area x 100). The TAPSE was mea-
sured in the apical 4-chamber view by positioning the M-mode 
cursor to the intersection of the tricuspid valve plane and the RV 
free wall to find the maximum displacement of the tricuspid an-
nulus during systole. The pulsed Doppler sample volume was 
placed at the tips of the tricuspid valve leaflets to measure the peak 
velocity of the early diastolic trans-tricuspid flow (E) and the peak 
velocity of the late diastolic trans-tricuspid flow (A). The pulsed 
tissue Doppler sample volume was placed at the lateral corner of 
the tricuspid annulus in the apical 4-chamber view to measure the 
tricuspid annulus peak early diastolic velocity (Em), tricuspid an-
nulus peak late diastolic velocity (Am), and Sm. RV isovolumetric 
contraction time (IVCT) was measured between the cessation of 
Am-wave and the onset of Sm-wave; RV ejection time (ET) was 
measured between the onset and cessation of Sm-wave; RV iso-
volumetric relaxation time (IVRT) was measured between the ces-
sation of Sm-wave and onset of Em-wave. The RV myocardial per-
formance index was calculated as the sum of IVCT and IVRT di-
vided by ET (IVCT + IVRT)/(ET) [21].

Statistical Analysis
SPSS Statistics for Windows, version 17.0 (SPSS Inc., Chicago, 

IL, USA) was used for the statistical analyses. A statistically sig-
nificant difference was accepted as having a p value of less than 
0.05. We compared the characteristics of patients with and without 
RV dysfunction. Normality of the data distribution was evaluated 
with a histogram and analyzed using the Kolmogorov-Smirnov 
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Fig. 1. a–e Measurement of RS time in five different COPD pa-
tients with RV dysfunction.
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and Shapiro-Wilk tests. Normally distributed continuous vari-
ables were presented in the tables as means and standard devia-
tions. The continuous variables without normal distributions are 
presented in tables as medians (interquartile ranges). The two 
groups were compared using the Student’s t test for variables with 
normal distributions or the Mann-Whitney U test for the variables 
without normal distributions. Numbers and percentages were 
used for the presentation of the categorical variables, and the 
groups were compared using the χ2 or Fisher’s exact test, as appro-
priate. Pearson’s correlation coefficient test was performed to 
study the correlation between RS time and echocardiographic RV 
dysfunction parameters. Multivariable logistic regression analyses 
were performed with the variables that showed significant differ-
ences in the univariate analysis to determine whether the RS time 
was an independent predictor of RV dysfunction. The effect size 
(Cohen’s d) and power value (1−β) of the study for the RS time 
were calculated using the G*Power software. The effect size and 
power value were 0.408 and 0.873, respectively. In order to define 
the best RS time cutoff value for predicting RV dysfunction, an 
analysis of the receiver operating characteristic curve was per-
formed using Youden’s J statistic.

Results

The study population comprised 120 COPD patients 
with a mean age of 63.4 ± 9.8 years (83.3% male). They 
were assigned to one of two groups based on whether or 
not there were findings consistent with RV dysfunction 
parameters (TAPSE <17 mm, Sm < 9.5 cm/s, tissue Dopp-
ler MPI <0.54, and RVFAC <35%) The patients with the 
presence of one of those parameters were placed in the 
patients with RV dysfunction group (n = 43), and those 
with none of those parameters were placed in the patients 
without RV dysfunction group (n = 77). Table 1 lists the 
clinical and spirometric, and Table  2 lists echocardio-
graphic and electrocardiographic features of all the pa-
tients and each group. There were no statistically signifi-
cant differences between the groups regarding gender, 
diabetes mellitus incidence, hypertension incidence, or 
incidence of smoking. Patients with RV dysfunction were 
significantly older and had a lower body surface area than 

Table 1. Clinical, laboratory, and spirometry findings

Clinical and laboratory findings RV dysfunction

all patients (n = 120) patients without RV 
dysfunction (n = 77)

patients with RV 
dysfunction (n = 43)

p value*

mean SD mean SD mean SD

Age, years 63.4 9.8 61.8 10.3 66.2 8.1 0.02
Body surface area, m2 1.82 0.17 1.84 0.17 1.77 0.17 0.03
WBC count, 103/µL 10.66 3.94 10.20 3.82 11.49 4.06 0.05
Hemoglobin, g/dL 14.0 1.9 14.0 1.9 14.0 1.8 0.81
Blood glucose, mg/dL 116.7 48.2 119.8 51.3 111.2 42.0 0.51
Creatinine, mg/dL 0.9 0.4 0.9 0.5 0.8 0.3 0.27

% n % n % n p value**

Male gender 83.3 100 83.1 64 83.7 36 0.93
Diabetes 16.7 20 14.3 11 20.9 9 0.35
Hypertension 32.5 39 29.9 23 37.2 16 0.41
Smoking 89.2 107 88.3 68 90.7 39 0.69

median IQR median IQR median IQR p value***

C-reactive protein, mg/dL 4.81 3.13–11.80 4.72 3.35–10.30 5.24 3.12–15.20 0.96

mean SD mean SD mean SD p value*

Spirometry findings 
FEV1/FVC ratio 0.58 0.09 0.62 0.06 0.52 0.10 <0.01
FEV1 (lt) 1.51 0.62 1.77 0.58 1.04 0.35 <0.01

FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; IQR, interquartile range; SD, standard deviation; WBC, white blood cell. 
* Calculated with Student’s t test. ** Calculated with the χ2 test and Fisher’s exact test. *** Calculated with the Mann-Whitney U test.
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patients without RV dysfunction. The laboratory mea-
surements were similar, including WBC count, hemoglo-
bin, creatinine, C-reactive protein, and blood glucose. 
The FEV1/FVC ratio and FEV1 were significantly lower 
in patients with RV dysfunction than in patients without 
RV dysfunction (Table 1).

Among the echocardiographic parameters, left ven-
tricular ejection fraction, RVFAC, trans-tricuspid E/A, 
Em, Sm, TAPSE, and RV ET were significantly lower in 
patients with RV dysfunction compared to patients 
without RV dysfunction. In contrast, the RV dimen-

sion, right atrial dimension, trans-tricuspid A, Am, RV 
IVRT, RV myocardial performance index, and pulmo-
nary artery systolic pressure were significantly higher. 
Trans-tricuspid E and RV IVCT were similar between 
the groups. Among the electrocardiographic parame-
ters, low voltage in limb leads frequency, QRS duration, 
QRS fragmentation frequency, S1Q3T3 pattern fre-
quency, and RWPTMAX were similar for the groups. 
However, heart rate, right QRS axis deviation frequen-
cy, S1S2S3 pattern frequency, and RS time (56.4 ± 8.8 m 
vs. 67.5 ± 10.1 m, p < 0.01) were significantly higher in 

Table 2. Echocardiography and electrocardiography findings

Echocardiography findings RV dysfunction

all patients 
(n = 120)

patients without RV 
dysfunction (n = 77)

patients with RV 
dysfunction (n = 43)

p value*

mean SD mean SD mean SD

Left ventricular ejection fraction, % 59.0 4.6 59.8 4.2 57.7 5.0 0.03
RV dimension, cm 3.5 0.5 3.4 0.5 3.7 0.5 0.02
Right atrial dimension, cm 4.5 0.6 4.4 0.5 4.7 0.7 0.01
RVFAC, % 45.66 8.26 48.26 7.41 41.00 7.72 <0.01
Trans-tricuspid E, m/s 0.58 0.14 0.57 0.12 0.58 0.16 0.97
Trans-tricuspid A, m/s 0.57 0.14 0.55 0.15 0.61 0.13 0.01
Trans-tricuspid, E/A 1.06 0.33 1.11 0.33 0.97 0.30 0.02
Em, cm/s 11.1 2.7 11.8 2.6 9.7 2.3 <0.01
Am, cm/s 17.0 4.5 16.4 4.0 18.2 5.1 0.03
Sm, cm/s 12.9 2.5 13.9 2.2 11.0 2.0 <0.01
TAPSE, mm 20.4 3.0 21.9 2.3 17.8 2.2 <0.01
RV IVCT, m/s 60.0 12.8 58.9 12.5 61.8 13.2 0.36
RV ET, m/s 259.4 39.3 272.1 31.9 236.7 41.3 <0.01
RV IVRT, m/s 74.9 28.3 65.8 16.2 91.3 37.1 <0.01
RV myocardial performance index 0.52 0.09 0.46 0.04 0.62 0.07 <0.01
PASP, mm Hg 39.1 10.5 34.3 7.3 47.6 10.0 <0.01

Electrocardiography findings % n % n % n p value**

Right QRS axis deviation 10.0 12 5.2 4 18.6 8 0.02
Low voltage in limb leads 59.2 71 54.5 42 67.4 29 0.17
QRS fragmentation 39.2 47 36.4 28 44.2 19 0.40
S1S2S3 pattern 11.7 14 6.5 5 20.9 9 0.02
S1Q3T3 pattern 10.0 12 9.1 7 11.6 5 0.66

mean SD mean SD mean SD p value*

Heart rate, beats/min 84.8 16.8 80.3 16.3 92.9 14.6 <0.01
QRS duration, m/s 92.8 11.4 92.0 10.4 94.2 12.9 0.61
RS time, m/s 60.4 10.7 56.4 8.8 67.5 10.1 <0.01
RWPTMAX, m/s 44.6 12.6 43.5 12.4 46.4 12.9 0.11

Am, tricuspid annulus peak late diastolic velocity; Em, tricuspid annulus peak early diastolic velocity; PASP, pulmonary artery systolic 
pressure; RV, right ventricular; RVFAC, right ventricular fractional area change; RWPTMAX, maximum R-wave peak time in inferolateral leads; 
Sm, tricuspid annulus peak systolic velocity; TAPSE, tricuspid annular plane systolic excursion; SD, standard deviation. * Calculated with 
Student’s t test. ** Calculated with the χ2 test and Fisher’s exact test.
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the patients with RV dysfunction than in those without 
RV dysfunction.

Pearson’s correlation coefficient test of the RS time with 
echocardiographic RV dysfunction parameters was per-
formed. The RS time exhibited significantly moderate neg-
ative correlation with the TAPSE (r = −0.596, p < 0.001), 
significantly weak negative correlation with the RVFAC (r 
= −0.256, p = 0.005), significantly weak negative correlation 
with the tricuspid Sm (r = −0.396, p < 0.001), significantly 
moderate positive correlation with the RV myocardial per-
formance index (r = 0.574, p < 0.001).

Independent predictors of RV dysfunction were iden-
tified by multivariable logistic regression analyses using 
the variables, including age, body surface area, heart rate, 
right QRS axis deviation frequency, S1S2S3 pattern fre-
quency, and RS time, which showed significant differenc-
es in the univariate analysis. Low voltage in limb lead fre-
quency and WBC count, which showed a borderline sig-
nificance in the univariate analysis, were also included in 
the model. The results showed that body surface area 
(odds ratio [OR] = 0.004, 95% confidence interval [CI] = 
0.000–0.185, p = 0.004), heart rate (OR = 1.068, 95% CI = 
1.029–1.107, p < 0.001), and RS time (OR per 1 m increase 
= 1.191, 95% CI = 1.109–1.279, p < 0.001) were indepen-
dent predictors of a RV dysfunction. In addition, the RS 
time was found to be an independent predictor of a RV 
dysfunction (OR = 1.224, 95% CI = 1.128–1.327, p  
< 0.001), whereas QRS duration was not (OR = 0.947, 95% 
CI = 0.888–1.009, p = 0.092) in the multivariable logistic 
regression analyses we performed by including QRS du-
ration in the model.

Receiver operating characteristic curve analysis 
showed that the best RS time cutoff value for the predic-
tion of RV dysfunction was 60 m (1.5 small square on 
ECG), with a sensitivity of 81.4% and a specificity of 74% 
(area under the curve = 0.798, 95% CI = 0.715–0.866, p < 
0.001). RS time 60 m < had a positive predictive value of 
63.6% and negative predictive value of 87.7% for the pre-
diction of RV dysfunction.

Discussion

We report here that electrocardiographic parameters, 
such as heart rate, right QRS axis deviation frequency, 
S1S2S3 pattern frequency, and RS time, were higher in 
patients with COPD with echocardiographically defined 
RV dysfunction than in patients without RV dysfunction. 
Moreover, we identified RS time, heart rate, and BSA as 
independent predictors of RV dysfunction.

The prolongation of RS time may be attributed to the 
structural changes of the heart. Lung diseases, such as 
COPD, reportedly cause widening and slurring of the S-
waves in the leads conforming to the inferolateral regions 
on the ECG [22]. Superiorly and rightward-oriented late 
vectors have been implicated in the formation of this type 
of S-wave, and the possible source of these late vectors is 
attributed to the hypertrophied crista supraventricularis. 
The S1S2S3 pattern, which can reflect chronic cor pulmo-
nale, also reportedly depends on superiorly and right-
ward-oriented late vectors opposed to the electrical forc-
es of the ventricular free wall [23]. It is conceivable that 
the stretching and widening of the S-wave affects the du-
ration from the beginning of QRS to the nadir of the S-
wave, called the RS time. The prolongation of RS time in 
diseases that affect RV structure does not seem to be in-
nocent. Indeed, in previous studies, prolongation of RS 
time has been found to be a predictor for pulmonary em-
bolism and to be associated with short-term mortality af-
ter pulmonary embolism [15, 24]. Although the incidence 
of the S1S2S3 pattern was more common in patients with 
RV dysfunction than without RV dysfunction, multivari-
able analysis showed that the S1S2S3 pattern was not sig-
nificant in predicting RV dysfunction. However, RS time 
prolongation was significantly associated with RV dys-
function. In addition to the prominence of superiorly and 
rightward-oriented late vectors in RV dysfunction, RV 
strain due to RV dysfunction may have caused a conduc-
tion delay in the ECG and altered the QRS complexes 
through structural changes in the myocardium [25, 26].

QRS duration was shown to be associated with RV 
dysfunction [11, 12]. However, in our multivariable anal-
ysis, the RS time was found to be an independent predic-
tor of RV dysfunction, in contrast to the QRS duration. 
One explanation is that previous studies showing the re-
lationship between QRS duration and RV dysfunction 
were conducted in patients receiving operations for con-
genital heart disease, whereas our study was conducted in 
patients with COPD.

In clinical practice, RS time may enable physicians to 
send COPD patients (without overt clinical signs of right 
heart failure and with suspected RV dysfunction) to the 
cardiology department for definitive diagnosis using 
echocardiography. The increasing demand for echocar-
diograms in high-patient-volume clinics may be reduced 
by selecting patients for echocardiography based on RS 
time prolongation and a heightened suspicion of disease. 
Thus, RS time may facilitate the prediction of early RV 
dysfunction detection, which may enable us to provide 
information about the prognosis and to take necessary 
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measures (such as better correction of hypoxemia and hy-
poxia and the administration of appropriate COPD-spe-
cific therapies) to stop or reverse the process before the 
signs of congestive heart failure develop [9].

Our study has some limitations. First, our study popu-
lation consisted of a relatively small number of patients 
so further studies with larger numbers of patients are 
needed. Second, the patients were not questioned in detail 
about their symptoms as the scope of this study did not 
include demonstrating the superiority of RS time to 
symptoms related to heart failure in determining RV dys-
function as it is already known that COPD symptoms fre-
quently overlap with the symptoms defined by the Fram-
ingham criteria for the diagnosis of heart failure [8]. 
Third, while cardiac magnetic resonance imaging is the 
gold standard for estimating RV functions in our study, 
we were limited to examining the RV functions of the pa-
tients with echocardiography due to cost and ethical con-
siderations. In addition, we excluded patients with right 
and left bundle branch blocks from our study to reduce 
the impact of confounding variables as the disturbances 
in the conduction system may have already led to prolon-
gation of the RS time. Finally, while all patients with cor-
onary artery disease could not be excluded, patients with 
known coronary artery disease proven by angiography 
were excluded from the study.

Conclusion

Prolonged RS time is independently associated with 
RV dysfunction in COPD patients. Issues such as the high 
probability and the poor prognosis of RV dysfunction in 
COPD patients can be addressed by quickly and easily 
evaluating the RS time from the ECG, which is a cheap 
and widely used tool that is easy to use, even by general 
practitioners or physicians. The widespread clinical use 
of RS time as a screening test for prediction of RV dys-

function in COPD patients may allow a closer follow-up 
of these patients.
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