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(Abstract

Chronic Obstructive Pulmonary Disease (COPD) exerts a significant systemic impact on the cardiopulmonary system, lead-
ing to progressive remodeling and functional impairment of the right ventricle (RV). This study aimed to comprehensively
evaluate RV structural and functional abnormalities in COPD patients using an extended echocardiographic protocol, and to
compare findings with those of a control group without respiratory disease. A total of 150 individuals were examined, including
100 COPD patients and 50 healthy controls. Even at early disease stages, COPD patients demonstrated RV dilatation, increased
RV wall thickness, reduced longitudinal systolic function, and elevated pulmonary artery systolic pressure. These abnormali-
ties occurred significantly more often in the COPD group and indicate a high prevalence of subclinical right heart involvement.
Extended multiparametric echocardiography provides important diagnostic value for early detection and monitoring of RV

~

dysfunction in COPD.
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Introduction even in COPD patients without clinically manifested pulmo-

Chronic Obstructive Pulmonary Disease (COPD) is currently
recognized as a multisystem disorder in which airway obstruc-
tion is accompanied by structural and functional cardiovascu-
lar alterations. International and national guidelines emphasize
that right heart involvement is a major determinant of COPD
progression and mortality [1,9,11].

Chronic hypoxemia, increased pulmonary vascular resistance,
and pulmonary hypertension lead to structural and function-
al remodeling of the right ventricle (RV). Because the RV is
physiologically adapted for a low-pressure environment, even
modest increases in afterload compromise its ability to main-
tain adequate cardiac output, ultimately contributing to chronic
cor pulmonale [3,7].

Recent studies show that RV remodeling and reductions in
longitudinal systolic function (TAPSE, TDI S') may occur

nary hypertension. These changes correlate with increased
hospitalizations, reduced exercise tolerance, and worse long-
term outcomes [4,5,8,10,14]. Echocardiography is the leading
non-invasive method for assessing RV structure and pulmo-
nary hemodynamics. However, standard protocols often lack
the sensitivity needed to detect early subclinical alterations.
Therefore, expert societies recommend a multiparametric
echocardiographic approach incorporating structural indices,
longitudinal RV function, the right ventricular myocardial per-
formance index (RIMP), and pulmonary artery pressure esti-
mation [6,13].

Aim and Objective:

. To provide a comprehensive assessment of RV struc-
tural and functional remodeling in COPD patients
. To compare these findings with those observed in a

control group.
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Materials and Methodology

The study included 150 participants: 100 patients diagnosed
with COPD and 50 individuals without respiratory disorders
(control group). Participant age ranged from 40 to 85 years
(mean 60.8+12.4 years). The COPD group consisted of 60 men
and 40 women; the control group-28 men and 22 women.

COPD diagnosis was based on clinical data and spirometry
demonstrating a post-bronchodilator forced expiratory volume
in 1 second to forced vital capacity ratio (FEV/FVC) <70%.
COPD severity was classified according to GOLD criteria
based on predicted FEV: values.

Exclusion criteria included interstitial lung diseases, congenital
heart disease, significant valvular defects,left ventricular ejec-
tion fraction <45%, poor echocardiographic window quality.
Transthoracic echocardiography was performed according to
ASE and European RV assessment recommendations [6,13].

The extended protocol included following:

measurement of basal RV diameter, RV free-wall thickness,
and right atrial area;

assessment of longitudinal RV systolic function using TAPSE
and tissue Doppler S’ velocity; calculation of the RV myocar-
dial performance index (RIMP), also known as the TEI index;
estimation of pulmonary artery systolic pressure (PASP) us-
ing peak tricuspid regurgitation velocity and the modified
Bernoulli equation; when feasible, calculation of pulmonary
artery diastolic (PADP) and mean pressures; evaluation of RV
diastolic function using transtricuspid inflow velocities (E, A),
deceleration time, and tissue Doppler e'/a’. Diastolic dysfunc-
tion was classified as impaired relaxation, pseudonormal, or
restrictive filling.

Statistical analysis was performed using standard methods.
Data were expressed as mean + SD. Both parametric and non-
parametric tests were applied; significance was accepted at
p<0.05.

Results

A total of 150 individuals were examined, including 100 pa-
tients with confirmed COPD and 50 participants in the con-
trol group. The demographic distribution between groups was
comparable, which allowed the observed echocardiographic
differences to be attributed primarily to the underlying disease
rather than age or sex differences.

Although left ventricular (LV) systolic function was preserved
in both groups, a number of important distinctions emerged.
Among COPD patients, the LV end-diastolic diameter
(LVEDD) showed a modest but consistent increase (4.82+0.51
cm) compared with the control group (4.57+0.48 cm). A
similar trend was observed for the LV end-systolic diameter
(2.91+0.34 cm vs. 2.78+0.33 cm) (Table 1).

Table 1: Left ventricular and inferior vena cava parameters.

Parameter (Value (mean + SD) | COPD Control
LV end-diastolic diameter (cm) | 4.82+0.51 | 4.57+0.48
LV end-systolic diameter (cm) | 2.91+0.34 | 2.78+0.33
LVEF (%) 60.9£5.8 | 63.1+4.9
IVC diameter (cm) 1.76+£0.32 | 1.52+0.26

These changes, while remaining within the upper limits of
normal, suggest a mild increase in cardiac preload, likely sec-
ondary to impaired venous return dynamics associated with
chronic lung hyperinflation. The diameter of the inferior vena
cava (IVC) further supports this interpretation: in COPD pa-
tients, IVC diameter averaged 1.76+0.32 cm compared with
1.5240.26 cm in controls. These findings may indicate in-
creased right atrial pressure and altered preload conditions in
COPD patients [2,11]. Despite these structural trends, LV ejec-
tion fraction remained preserved in both groups (60.9+5.8%
vs. 63.1£4.9%), indicating that COPD-associated cardiac in-
volvement predominantly affects the right-sided chambers
rather than the left ventricle.

More pronounced differences emerged in the assessment of the
right ventricle (RV). Nearly all COPD patients demonstrated
some deviation in RV measurements compared with the con-
trol group, highlighting the sensitivity of the RV to chronic pul-
monary pathology (Table 2).

Table 2: Right ventricular echocardiographic parameters.

Parameter (value (mean £ SD) | COPD Control

Basal RV diameter (cm) 4.18+0.59 | 3.62+0.47
RV free-wall thickness (cm) 0.69+0.13 | 0.47+0.08
TAPSE (cm) 1.62+0.38 | 2.01£0.33
TDI S’ (cm/s) 14.4£2.36 | 17.2£2.08
RIMP 0.61+0.18 | 0.42+0.11
PASP (mmHg) 48.5+14.7 | 28.3%6.1

The basal RV diameter was significantly enlarged in COPD
patients (4.18+0.59 cm) relative to controls (3.62+0.47 cm).
This finding reflects early structural remodeling triggered by
sustained elevation of pulmonary vascular resistance. Along-
side chamber enlargement, the thickness of the RV free wall
was markedly increased (0.69+0.13 cm in COPD vs. 0.47+0.08
cm in controls), indicating adaptive myocardial hypertrophy in
response to chronic pressure overload.

These structural abnormalities underscore the development
of concentric-eccentric remodeling patterns, consistent with
the pathophysiological progression of chronic cor pulmonale.
Longitudinal RV systolic performance, assessed by TAPSE and
TDI-derived s’ velocity, was distinctly reduced among COPD
patients: TAPSE 1.6240.38 cm and 2.01+0.33 cm; TDI s’ ve-
locity 14.4+2.36 cm/s and 17.242.08 cm/s (COPD vs control).
These reductions were consistently observed across all COPD
severity levels, including patients with mild disease. The de-
cline in longitudinal RV function reflects early contractile im-
pairment and highlights the vulnerability of the RV in the set-
ting of chronic pulmonary pathology. A notable proportion of
COPD patients displayed TAPSE values approaching or below
the clinical threshold for RV dysfunction (<1.7 cm), reinforc-
ing the sensitivity of the RV to small increases in afterload. Re-
duced TAPSE and TDI S’ values reflect impaired longitudinal
RV systolic function-the earliest marker of RV involvement in
COPD [14,8,10]. Elevated RIMP confirms combined systolic
and diastolic RV dysfunction, consistent with recent research
[6,7].

The RV Myocardial Performance Index (RIMP) showed a sub-
stantial elevation in COPD patients (0.6140.18) compared with
the control group (0.42+0.11). As RIMP incorporates both sys-
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Distribution of abnormalities
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RV REMODELING (DILATATION OR
HYPERTROPHY)

tolic and diastolic time intervals, its increase indicates a global
impairment of RV performance rather than an isolated contrac-
tile deficit.

Pulmonary artery systolic pressure (PASP) also differed mark-
edly between the groups: 48.5£14.7 mmHg and 28.3+6.1
mmHg (COPD vs control). This represents a significant eleva-
tion in RV afterload and is consistent with early or established
pulmonary hypertension. Notably, several individuals within
the COPD group had PASP values exceeding 50 mmHg, sug-
gesting a moderate elevation of pulmonary pressures even in
the absence of severe airflow limitation.

A detailed distribution analysis revealed that structural and
functional RV abnormalities were highly prevalent among
COPD.

Discussion

Importantly, many of these abnormalities were present in pa-
tients with mild-to-moderate COPD. This underscores the sub-
clinical nature of RV involvement and suggests that cardiac
impairment may precede overt respiratory deterioration. The
control group demonstrated none of the structural abnormali-
ties described above and only minimal variability in functional
indices, reinforcing the conclusion that observed changes are
closely associated with COPD-related pathophysiology.

Our echocardiographic results demonstrate that COPD is
strongly associated with early structural RV remodeling, in-
cluding chamber dilation and wall hypertrophy; impaired
longitudinal systolic function, even in mild disease; elevated
RIMP, signifying combined systolic and diastolic dysfunction;
increased pulmonary artery pressures, suggesting early pulmo-
nary hypertension; high prevalence of subclinical right heart
involvement.

These findings confirm that the RV is highly sensitive to the he-
modynamic burden imposed by COPD and that comprehensive
echocardiographic assessment provides crucial insights into
disease progression. The results demonstrate that COPD sig-
nificantly affects RV structure and function from early disease
stages. RV dilatation and free-wall thickening reflect chronic
pressure overload and compensatory myocardial adaptation, as
previously reported [1,3,7,12].
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Particularly important is the observed reduction in longitudinal
RV systolic function. TAPSE and TDI S’ are highly sensitive
indicators of early RV dysfunction, often declining before the
development of overt cor pulmonale [8,10,14].

Elevated PASP in over one-third of COPD patients corresponds
with current understanding of pulmonary hypertension associ-
ated with chronic lung disease [9].

Our findings align with international studies highlighting the
diagnostic value of multiparametric echocardiography for ear-
ly detection of RV impairment in COPD [4,6,13].

This prospective study demonstrates that COPD is associated
with significant structural and functional RV abnormalities,
including chamber remodeling, reduced longitudinal systolic
function, elevated RIMP, and increased pulmonary artery pres-
sure. These abnormalities occur more frequently in COPD
patients than in individuals without respiratory pathology and
often remain subclinical.

Conclusion

Multiparametric echocardiography should be incorporated into
routine evaluation of COPD patients for early diagnosis, risk
stratification, and monitoring of disease progression.
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