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Abstract

Introduction. Right ventricular (RV) dysfunction develops early in chronic obstructive
pulmonary disease (COPD) but is difficult to capture with any single echocardiographic
index.

Purpose. To characterize combined cardiac, diaphragmatic and functional remodeling in
COPD and to develop and internally validate a multiparametric score (RVDS10) for early
detection of RV dysfunction.

Materials and methods. In this prospective, comparative, clinical-instrumental cohort
study conducted at the functional/ultrasound diagnostics and pulmonology departments
of a tertiary military-medical center, 100 patients with stable, GOLD-confirmed COPD and
50 age-, sex- and BMI-matched healthy controls underwent 12-lead electrocardiography,
spirometry, mMRC/CAT questionnaires, transthoracic echocardiography performed
according to the 2025 American Society of Echocardiography (ASE) right-heart
recommendations, diaphragm ultrasonography, and the 6-minute walk test (6MWT).
Ten binary criteria spanning RV contractility, pulmonary afterload, respiratory mechanics
and functional/symptomatic burden were combined into the RVDS10 score (range
0-10); diagnostic performance was assessed with receiver-operating-characteristic (ROC)
analysis.

Results. COPD patients had significantly lower TAPSE (15.35+£1.48 vs 20.07+1.30 mm),
S’ (8.62+1.07 vs 10.93+1.03 cm/s) and FAC (32.66+6.35 vs 39.31+4.48%), and higher PASP
(36.64+5.70 vs 28.45+2.71 mmHg) than controls (all p<0.001). In isolation, diaphragm
ultrasonographic indices (thickness, thickening fraction, contraction kinetics) did not
differ significantly between groups (all p>0.05), and the proportion of participants below
the 35-mm excursion threshold was similar in both groups (42.0% vs 40.0%, p=0.815) -
yet diaphragm excursion still correlated weakly with FEV; (r=0.205, p=0.041) and
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contributed measurably to the integrated score (AUC=0.643 for predicting high integral
risk). Among single predictors, FAC had the highest discriminative ability for high integral
risk (AUC=0.741), outperforming TAPSE (AUC=0.646). Mean RVDS10 was 5.56+1.24 in
COPD versus 0.78+0.62 in controls (p<0.001); 80.0% of COPD patients fell into the high-
integral-risk category (RVDS10=6) and none into the low-risk category. At the optimized
>4-criteria threshold, RVDS10 separated the high-risk group with 100% sensitivity and
specificity (AUC=1.000 by construction; individual component correlations with the total
score ranged from r=-0.48 to r=-0.72, all p<0.01).

Conclusion. Subclinical right-heart and diaphragmatic dysfunction is common even in
clinically stable COPD, and no single echocardiographic parameter reliably captures it.
The RVDS10 algorithm, combining structural, functional, hemodynamic, respiratory and
symptomatic domains, provides an internally consistent, resource-light framework for
risk stratification that merits prospective external validation, including in occupational/
military screening settings.

Keywords: chronic obstructive pulmonary disease, right ventricular dysfunction,
echocardiography, diaphragm ultrasonography, TAPSE, cor pulmonale, multiparametric
score, military medicine
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Pesiome

BeegeHwme. [JucoyHKUMA npasoro »kenygouka (MXK) pa3BuBaeTca Ha paHHUX CTagusax
XPOHMYECKo 06CTpYKTUBHOIN 6onesHun nerkux (XOBJ), ogHako ¢ TpyaoM BbIABAAETCA MO
Kakomy-n1nbo ofHOMY 3XOKapAamorpadmryeckomMy rnokasaTtesto.
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Llenb. OxapakTepu3oBaTb COueTaHHOE pemofennpoBaHue cepaua, anadparmbl 1 GyHK-
LMoHanbHbIX noka3satenen npu XOBJI, a Takxe pa3paboTaTb MynbTMNapaMeTpuUyecKyo
wkany (RVDS10) ana paHHero BbiaBneHuA gucoyHkumm MK 1 npoeecTy ee BHYTPEHHIOK
BanMaaLmio.

Martepuanbl n metoppbl. B NpocnekTBHOM CPaBHUTENIbHOM KAWHUKO-UHCTPYMEHTaNb-
HOM KOTFOPTHOM MCCiielOBaHWN, BbINOHEHHOM Ha 6a3e oTgeneHuin GyHKLMOHanbHO/
YNbTPa3ByKOBOW AMArHOCTUKM U MYNbMOHOMNOMM MHOTOMPOGUIbHOrO BOEHHO-MeANLINH-
CKOro LeHTpa, NpuHAnM ydyactme 100 naumeHToB cO CTabunbHON, NOATBEPXKAEHHONM MO
Kputepuam GOLD XOBJT n 50 3g0poBbIx nuL, CONOCTaBMMbIX MO BO3pacTy, nony 1 NMT.
Bcem yuacTHMKam BbIMONHeHbl 12-KaHanbHaa 3nekTpokapauorpadua, cnvpomeTpus,
TpaHCTOpaKasibHasA axokapauorpadua cornacHo pekoMeHaaunam AmepukaHCKoro o6-
wecTBa axokapaunorpadum (ASE) no oueHke npasbix otaenos cepgua 2025 r., ynbTpassy-
KoBOe nccnefoBaHue anadparmbl U TECT C 6-MUHYTHOW Xogbbon (T6MX). Bce yuacTHUKM
3anonHunu onpocHukn mMMRC/CAT. lecatb GHapPHbIX KpUTepUeB, OTpakaloLmxX CoKpa-
TUMOCTb XK, neroyHyto NocTHarpy3Ky, MexaHuKy AbixaHua n GyHKLMOHANbHO-CUMMTOMa-
TUYECKMI cTaTyc, Obinn 06beaunHeHbl B Wwkany RVDS10 (ananasoH 0-10); anarHocTnye-
CKaA 3HaYMMOCTb oLleHMBanachb ¢ nomolybio ROC-aHanum3a.

Pesynbrartbl. Y naymeHtos ¢ XObJ1 3HaueHna TAPSE (15,35%1,48 npotns 20,07£1,30 mm),
S’ (8,62+1,07 npotme 10,93+1,03 cm/c) n FAC (32,66+6,35 npoTtus 39,31+4,48%) Gbinu fo-
cToBepHO Huxe, a PASP (36,64+5,70 npotus 28,45+2,71 MM PT. CT.) — Bbille, YEM B KOH-
TponbHo rpynne (Bce p<0,001). Mo otaenbHocTN NokasaTtenu Y3 guadparmol (TonwmHa,
bpaKuma yTonweHnsa, KUHeTMKa COKpaLLeHMsA) 3HAUYMMO He pas3fimyanucb Mexxay rpynna-
Mu (Bce p>0,05), gona nuuy ¢ aKcKypcren anadparmbl HUXKe nopora 35 mm 6bina comno-
CTaBUMa B 0benx rpynnax (42,0% npotus 40,0%, p=0,815), TeM He MeHee 3KCKypcua auna-
dparmbl cnabo koppenuposana ¢ OOB1 (r=0,205, p=0,041) 1 BHOCKMNa U3MEPUMbIV BKNag
B MHTerpanbHyto wkany (AUC=0,643 anAa nNporHo3npoBaHWA BbICOKOrO MHTErpanbHOro
pucka). Cpefy oTaenbHbIX NPeAUKTOPOB Hanbonbluen ANCKPUMUHALMOHHON CMNOCOBHO-
CTbl0 B OTHOLUEHMM BbICOKOIO MHTerpanbHoro pucka obnagan FAC (AUC=0,741), npeBoc-
xoaa TAPSE (AUC=0,646). CpegHee 3HauveHne RVDS10 coctaBuno 5,56x1,24 npn XOBJ1
npotus 0,78%0,62 B KoHTpone (p<0,001); 80,0% naumeHToB ¢ XOBJ1 OTHECeHbI K KaTero-
PV BbICOKOTO MHTerpanbHoro pucka (RVDS10=6), H1M ognH — K KaTeropum HA3KOro purcka.
Mpwn onTummnsnposaHHoM nopore =4 Kputepmnes RVDS10 pasgenana rpynny BbICOKOro
pucka co 100%-Hol 4yBCTBUTENBHOCTbIO U creunduyHocTbio (AUC=1,000 no nocTtpoe-
HUIO; KOPPENALMM OTAENbHbIX KOMMOHEHTOB C CyMMapHbIM 6annom coctaBunm ot r=-0,48
no r=-0,72, Bce p<0,01).

3aknioueHune. Cy6knuHnYeckaa AMcPyHKLUMA NpaBbiXx OTAENOB ceppua v avadparmbl
YacTo BCTpeyvaeTcs Aaxke Npu KNUHUYeCKn ctabunbHom TeyeHun XOBJT, n HKM oanH OT-
LEeNbHbIN 3X0Kapanorpapmryecknin napameTp He No3BoNAET HafeXHO ee BbIABUTb. ANro-
putm RVDS10, 06beauHaALWmMIA CTPYKTYPHDBIA, GYHKLMOHANbHbIN, reMOANHaMUYeCKni,
pecnupaTopHbIA 1 CUMNTOMATUYECKUIA JOMEHbI, NPefCcTaBnAeT cobo BHYTPEHHe corna-
COBaHHYI0, Mano3aTpaTHyl0 OCHOBY AnA CTpaTuduKauum pucka, TpebytoLlyto npocnek-
TUBHOW BHELLHEN Banvuaauun, B TOM Ynicie B YCIOBUAX NpodeccroHanbHOro/BOEHHOro
CKPVHWHra.

KnioueBble cnoBa: xpoHunyeckasa 06CTPYKTUBHasA 6one3Hb nerknx, AnchyHKUmMa npaBoro
Xenyaouka, axokapauorpadus, ynstpassykoBoe nccnenosaHve gnadparmol, TAPSE, ne-
royHoe ceppue, MyfbTunapaMmeTpryeckas LWKana, BOeHHaa MegmLumHa

«Kappgunonorusa s benapycn», 2026, Tom 18, N2 5 711



A Multiparametric Scoring System (RVDS10) Integrating Echocardiography and Diaphragm Ultrasonography
for Early Detection of Right Ventricular Dysfunction in Chronic Obstructive Pulmonary Disease:
A Prospective Cohort Study in Military Personnel

B INTRODUCTION

Chronic obstructive pulmonary disease (COPD) remains one of the most
prevalent causes of morbidity and mortality worldwide, characterized by progressive
airflow limitation, chronic airway inflammation, and alveolar destruction [1]. Global
epidemiological data confirm a persistently high and rising burden of disease [2, 3],
including in Uzbekistan, where regional surveillance data show a comparable public-
health impact [3]. While traditionally regarded as a primary respiratory disorder, COPD
is increasingly recognized as a multisystem syndrome with substantial cardiovascular
consequences. Within the continuous cardiopulmonary circuit, the right ventricle (RV)
functions as a sensitive barometer of pulmonary vascular health, respiratory mechanics
and systemic oxygenation.

Historically, the RV was regarded as a secondary chamber relative to the left
ventricle [4]. Contemporary evidence instead identifies RV structure and function as key
determinants of exercise tolerance, exacerbation frequency, and survival in COPD [5].
The pathogenesis of RV dysfunction in COPD is multifactorial: chronic alveolar hypoxia
triggers hypoxic pulmonary vasoconstriction, which over time produces fixed pulmonary-
vascular remodeling and sustained elevation of pulmonary vascular resistance [6, 7].
In parallel, progressive hyperinflation flattens the diaphragm, alters intrathoracic pressure
dynamics, and impedes venous return, further straining right-sided hemodynamics [8].

Detecting these changes before overt cor pulmonale develops is difficult. The RV's
crescentic, tri-partite geometry resists simple two-dimensional quantification and makes
single-parameter assessment operator-dependent [4]. For years, echocardiographic
evaluation relied on isolated binary cut-offs, such as a tricuspid annular plane systolic
excursion (TAPSE) below 1.7 cm [9]; however, longitudinal shortening is only one vector of
RV contraction, and as pulmonary pressure rises the ventricle increasingly relies on radial
contraction, so isolated longitudinal indices under-detect early disease [10].

The 2025 American Society of Echocardiography (ASE) recommendations for right-
heart assessment represent a substantial shift away from binary classification toward a
multi-tiered severity framework spanning structure, function and hemodynamics [11].
The updated guidance also aligns pulmonary-hypertension probability thresholds with
the current World Symposium definition of mean pulmonary artery pressure (mPAP) above
20 mmHg [12], and emphasizes integrative indices such as the RV-pulmonary arterial
(RV-PA) coupling ratio (TAPSE/PASP), which captures the physiological uncoupling that
occurs when RV contractility fails to match rising afterload and independently predicts
adverse outcomes across heart-failure phenotypes.

Echocardiography alone, however, does not capture the contribution of the respiratory
pump. The diaphragm undergoes substantial remodeling in COPD due to chronic
hyperinflation and mechanical disadvantage, and ultrasonographic assessment of its
excursion and thickening fraction has emerged as a non-invasive biomarker of respiratory-
muscle dysfunction [13, 14]. Diaphragmatic and echocardiographic parameters are
rarely integrated into a single diagnostic model, leaving an incomplete picture of
cardiopulmonary mechanical failure — a gap noted both in the broader literature [15] and
in prior work from our own group and region.

This gap is particularly relevant in occupational and military medicine, where
personnel are routinely exposed to extreme physical exertion, psycho-emotional
stress and respiratory hazards, and where subclinical cardiopulmonary impairment can
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compromise operational fitness. To address this, we developed and internally validated a
ten-parameter multiparametric score - the Right Ventricular Dysfunction Score (RVDS10) -
that combines clinical, echocardiographic, hemodynamic, respiratory and functional data
to identify subclinical right-heart dysfunction, stage cardiopulmonary mechanical failure,
and stratify risk in patients with COPD.

B PURPOSE OF THE STUDY

To characterize combined cardiac, diaphragmatic and functional remodeling in
COPD and to develop and internally validate a multiparametric score (RVDS10) for early
detection of RV dysfunction.

B MATERIALS AND METHODS

Study Design and Setting

This was a prospective, comparative, clinical-instrumental cohort study conducted in
the functional and ultrasound diagnostics departments and the pulmonology division of
a tertiary military-medical center. A military and occupational-health cohort was chosen
deliberately: such personnel are routinely exposed to high physical exertion, psycho-
emotional stress and occupational respiratory hazards, creating a practical need for
sensitive, non-invasive screening tools capable of detecting subclinical cardiopulmonary
impairment relevant to fitness for duty.

Participants

A total of 150 adults were enrolled: 100 patients with a clinically and instrumentally
confirmed diagnosis of COPD (the COPD group) and 50 apparently healthy volunteers
without clinical or instrumental evidence of cardiopulmonary disease, individually
matched to the COPD group for age, sex and body-mass index (the control group).

Inclusion in the COPD group required a diagnosis according to Global Initiative for
Chronic Obstructive Lung Disease (GOLD) criteria, confirmed by post-bronchodilator
spirometry with a forced expiratory volume in 1 second to forced vital capacity ratio
(FEV4/FVC) below 0.70 [1]. Participants were required to be in a stable phase of disease,
defined as the absence of acute exacerbation for at least four weeks before enrollment.
Exclusion criteria, applied to both groups, were severe interstitial lung disease, significant
congenital or acquired valvular heart disease, decompensated left heart failure (NYHA
class lllb-1V), cardiac arrhythmia precluding reliable electrocardiographic gating during
echocardiography, and an inadequate ultrasound acoustic window.

Ethics Statement

The study was conducted in accordance with the ethical principles of the Declaration
of Helsinki (2013 revision) [16] and was approved by the local institutional ethics
committee. All participants provided written informed consent for participation and for
the anonymized scientific use of their data.

Clinical and Instrumental Assessment Protocols

All participants underwent a standardized, multiparametric assessment spanning
respiratory, functional, electrocardiographic and sonographic domains.
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Electrocardiography. A resting 12-lead electrocardiogram (Schiller AT-101,
Switzerland) was recorded for all participants under standardized conditions (morning
hours, physical and emotional rest, ambient temperature 22-24 °C), and analyzed for
classical markers of cor pulmonale and right-heart strain (P-pulmonale, R/S ratio, atrial
fibrillation).

Spirometry. External respiratory function was assessed with a digital spirometer
(Schiller AT-60, Switzerland) according to American Thoracic Society / European Respiratory
Society standardization [17]. Three reproducible forced expiratory maneuvers of at least
six seconds were recorded; FVC, FEV, and the FEV,/FVC ratio were extracted.

Symptom Questionnaires. Symptom burden was quantified with the modified
Medical Research Council (mMMRC) dyspnea scale (0-4) and the COPD Assessment Test
(CAT, 0-40; scores >10 indicate meaningful symptomatic impact and >20 indicate severe
impact).

Six-Minute Walk Test. Functional exercise capacity was assessed with the 6-minute
walk test (6MWT) in a standardized 50-metre corridor, recording total distance (6MWD),
peripheral oxygen saturation and heart rate. A clinically significant desaturation event
was defined as an absolute SpO, drop of 4% from baseline during exertion.

Transthoracic Echocardiography. Comprehensive echocardiography was performed
with expert-class phased-array transducers (1.5-4.5 MHz) on Toshiba Aplio 300 (Japan) and
Mindray Nuewa 19 (China) platforms, with acquisition and grading aligned to the 2025 ASE
recommendations for right-heart assessment [11] and standard chamber-quantification
guidance [18]. RV basal and mid-cavity diameters and longitudinal length were measured
from the RV-focused apical four-chamber view at end-diastole and graded as normal
(<4.1 cm), mildly (4.1-4.4 cm), moderately (>4.4-4.9 cm) or severely (>4.9 cm) enlarged
[11]. TAPSE was recorded by M-mode through the lateral tricuspid annulus and graded
as mildly (1.3-1.7 cm), moderately (1.0-1.3 cm) or severely (<1.0 cm) reduced [11]; tissue
Doppler imaging (TDI) was used to derive the peak systolic (S') velocity of the tricuspid
annulus (impaired <9.5 cm/s). Fractional area change (FAC) was calculated by tracing the
RV endocardial border in end-diastole and end-systole and graded as mildly (29-<35%),
moderately (22-<29%) or severely (<22%) reduced [13]; the myocardial performance (Tei)
index was derived by TDI. Pulmonary artery systolic pressure (PASP) was estimated from
the peak tricuspid regurgitant velocity via the simplified Bernoulli equation (PASP = 4V* +
estimated right atrial pressure), with right atrial pressure estimated from inferior vena
cava diameter and respirophasic collapse. The TAPSE/PASP ratio was calculated as a non-
invasive index of RV-PA coupling [15]. Standard left-heart chamber, systolic and diastolic
parameters were also recorded [23].

Diaphragm Ultrasonography. The right hemidiaphragm was assessed via the
superior acoustic window provided by the liver [14]. Diaphragmatic excursion (DE) was
measured with an anterior subcostal M-mode approach, perpendicular to the posterior
third of the hemidiaphragm, from end-expiration to end-inspiration during quiet and
deep breathing [19]. Diaphragmatic thickness was measured with a high-frequency linear
transducer at the zone of apposition (8th-10th intercostal space, mid-axillary line) at end-
expiration and end-inspiration, and the thickening fraction was calculated as (thickness at
end-inspiration - thickness at end-expiration) / thickness at end-expiration x 100.
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Development of the RVDS10 Score

Ten binary criteria, spanning RV contractility, pulmonary afterload, respiratory
mechanics, functional capacity and clinical symptomatology, were selected for
inclusion based on (i) evidence-based support from international guidelines [11, 12],
(i) physiological relevance to RV contractility and/or afterload, (iii) reproducibility in
routine clinical practice, and (iv) independent association with group status in this cohort.
Each criterion contributed one point when abnormal: TAPSE <17 mm; S’ (TDI) <9.5 cm/s;
FAC <35%; PASP >30 mmHg; diaphragmatic excursion <35 mm; 6MWD <400 m; exertional
desaturation =4%; FEV, <60% predicted; CAT >20; and mMRC >2. The resulting RVDS10
score ranges from 0 to 10 and was stratified into three risk categories: low risk (0-2 points),
moderate risk (3-5 points), and high integral risk (=6 points).

Statistical Analysis

Data were entered in Microsoft Excel 2019 and analyzed with IBM SPSS Statistics v.26.0.
Continuous variables are presented as mean * standard deviation or median (interquartile
range) according to distribution, assessed by the Shapiro — Wilk test. Two independent
groups were compared with Student’s t-test for normally distributed variables and the
Mann - Whitney U-test otherwise. Categorical variables are presented as n (%) and
compared with Pearson’s x> test (or Fisher’s exact test for small expected cell counts).
Associations between continuous variables were assessed with the Pearson correlation
coefficient (r). Diagnostic performance of individual predictors and of the RVDS10 score
was evaluated by sensitivity, specificity, and the area under the receiver-operating-
characteristic curve (AUC), using the binary outcome of high integral risk (RVDS10=6).
A two-sided p-value <0.05 was considered statistically significant throughout.

B RESULTS

Participant Flow and Baseline Characteristics

Of 178 individuals screened, 150 met eligibility criteria and were enrolled: 100 in the
COPD group and 50 in the control group. The COPD group comprised 54 men and 46
women with a mean age of 63.2+9.7 years; the control group comprised 28 men and
22 women with a mean age of 60.3+8.1 years (p>0.05). Groups were well matched for
anthropometric and baseline hemodynamic parameters (Table 1), confirming that
subsequent between-group differences can reasonably be attributed to COPD-related
cardiopulmonary remodeling rather than demographic confounding.

The comorbidity profile did not differ significantly between groups for obesity, arterial
hypertension, prior cerebrovascular events, depression, gout, diabetes mellitus, chronic
kidney disease, dyslipidemia, smoking history, ischemic heart disease oranemia (all p>0.05;
Table 2), and the frequency of cardiovascular and cardiometabolic pharmacotherapy was
likewise comparable (all p>0.05; Table 3), arguing against a major confounding influence
of comorbid burden or background medication on the cardiopulmonary findings below.

Electrocardiographic Findings

Classical electrocardiographic markers of right-heart strain (P-pulmonale, R/S ratio
inversion, atrial fibrillation) did not differ significantly between groups (all p>0.05;
Table 4), indicating that standard 12-lead ECG lacks sufficient sensitivity to detect early or
subclinical right ventricular dysfunction in this population when used in isolation.
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-I;aalzleeli:le demographic, anthropometric and hemodynamic characteristics

Parameter Control (n=50) COPD (n=100) P
Age, years 60.3+8.1 63.2+9.7 >0.05
Sex, male/female, n 28/22 54/46 -
Height, m 1.68+0.07 1.67+0.06 0.837
Weight, kg 74.79+£10.80 76.17+£9.93 0.625
Body mass index, kg/m? 26.71+4.41 27.35+4.06 0.395
Systolic BP, mmHg 134.28+16.12 136.57£13.21 0.387
Diastolic BP, mmHg 85.26+9.31 83.35+9.93 0.250
Mean arterial pressure, mmHg 100.46+9.60 102.24+10.70 0.305
Heart rate, bpm 81.32+9.43 79.37+9.50 0.237
Ponderal index, kg/m? 16.01%£3.01 16.42+2.80 0.421
Body surface area, m’ 1.84+0.13 1.85+0.11 0.848

Notes: Data are mean * SD unless otherwise indicated; BP - blood pressure.

Functional Exercise Capacity

The 6MWT revealed a marked reduction in exercise tolerance among COPD patients:
6MWD was 459.36£79.84 m in the COPD group versus 584.84+61.04 m in controls
(p<0.001; Table 5). Notably, calculated physical workload (Watts) did not differ significantly
between groups (60.30+14.50 vs 60.94+13.46 W, p=0.814), suggesting that COPD patients
expended comparable mechanical effort for a substantially shorter walked distance —
a pattern consistent with combined ventilatory and circulatory limitation rather than
simple deconditioning. Exertional desaturation =4% occurred in 33.0% of COPD patients
versus 24.0% of controls, a difference that did not reach statistical significance in isolation
(p=0.345).

Table 2

Comorbidity profile by study group
Comorbidity Control (n=50) COPD (n=100) p
Obesity 28 (56.0%) 59 (59.0%) 0.726
Arterial hypertension 28 (56.0%) 56 (56.0%) 1.000
Prior cerebrovascular event 17 (34.0%) 34 (34.0%) 1.000
Depression 12 (24.0%) 20 (20.0%) 0.573
Gout 5(10.0%) 14 (14.0%) 0.487
Diabetes mellitus 14 (28.0%) 26 (26.0%) 0.794
Chronic kidney disease 10 (20.0%) 15 (15.0%) 0.439
COPD (defining criterion) 0 (0.0%) 100 (100.0%) <0.001
Dyslipidemia 24 (48.0%) 47 (47.0%) 0.908
Current/former smoking 28 (56.0%) 53 (53.0%) 0.728
Ischemic heart disease 25 (50.0%) 54 (54.0%) 0.772
Myocardial infarction, history 6 (12.0%) 14 (14.0%) 0.734
Anemia 8(16.0%) 18 (18.0%) 0.760

Notes: Data are n (%). Groups were comparable for all comorbidities except the COPD diagnosis that defined group membership.
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zaal:(liei:vascular and cardiometabolic pharmacotherapy by study group
Medication class Control (n=50) COPD (n=100) P
Allergic rhinitis therapy 12 (24.0%) 25 (25.0%) 0.893
Beta-blockers 13 (26.0%) 26 (26.0%) 1.000
ACE inhibitors 20 (40.0%) 42 (42.0%) 0.947
Calcium-channel blockers 8 (16.0%) 12 (12.0%) 0.662
Mineralocorticoid-receptor antagonists | 12 (24.0%) 23 (23.0%) 0.891
Diuretics 18 (36.0%) 29 (29.0%) 0.474
Nitrates 3(6.0%) 5 (5.0%) 1.000
Statins 12 (24.0%) 18 (18.0%) 0.501
SGLT2 inhibitors 1 (2.0%) 1(1.0%) 1.000
Antiplatelet agents 10 (20.0%) 20 (20.0%) 1.000
Notes: Data are n (%); ACE — angiotensin-converting enzyme; SGLT2 - sodium-glucose cotransporter-2.
Table 4
Electrocardiographic findings by study group
ECG finding Control (n=50) COPD (n=100) p
P-pulmonale 9 (18.0%) 18 (18.0%) 1.000
R/S ratio >1 (V1) 9 (18.0%) 14 (14.0%) 0.522
R/S ratio <1 (V6) 3 (6.0%) 7 (7.0%) 1.000
Atrial fibrillation 1 (2.0%) 7 (7.0%) 0.270
Notes: Data are n (%); ECG - electrocardiogram.
Table 5
Six-minute walk test results by study group
Parameter Control (n=50) COPD (n=100) P
6MWD, m 584.84+61.04 459.36+79.84 <0.001
Physical workload, W 60.94+13.46 60.30+£14.50 0.814
Desaturation >4%, n (%) 12 (24.0%) 33(33.0%) 0.345

Notes: Data are mean + SD or n (%); 6MWD - six-minute walk distance.

Spirometric Findings

Spirometry confirmed a predominantly obstructive ventilatory pattern in the COPD
group (Table 6). Measured FVC (3.16+0.73 vs 4.25+0.43 L) and FEV, (2.19£0.72 vs 3.90+0.35 L)
were markedly reduced compared with controls (both p<0.001), and the FEV,/FVCratio fell
from 79.71£2.79% in controls to 57.78+7.64% in the COPD group (p<0.001), confirming
significant, fixed airflow obstruction.

Table 6

Core spirometric indicators by study group

Parameter Control (n=50) COPD (n=100) P

FVC, measured, L 4.25+0.43 3.16+0.73 <0.001
FEV,, measured, L 3.90+0.35 2.19+0.72 <0.001
FEV4/FVC, % 79.71+£2.79 57.78+7.64 <0.001

Notes: Data are mean + SD; FVC - forced vital capacity; FEV, - forced expiratory volume in 1 second.
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Table 7

Diaphragm ultrasonographic parameters by study group
Parameter Control (n=50) COPD (n=100) P
Thickness at end-inspiration, cm 0.29+0.04 0.28+0.04 0.411
Thickness at end-expiration, cm 0.17+0.04 0.17+0.04 0.906
Thickening fraction, % 72.36+£28.98 70.20+29.22 0.606
Thickening ratio 1.72+0.29 1.70+0.29 0.717
Contraction slope, cm/s 2.57+0.51 2.55+0.58 0.846
Inspiratory time, s 1.68+0.40 1.70+0.45 0.742
Excursion <35 mm, n (%) 20 (40.0%) 42 (42.0%) 0.815

Notes: Data are mean + SD or n (%). No isolated diaphragmatic index differed significantly between groups; see section 3.5 and
3.8 for the corresponding correlation and multiparametric analysis.

Diaphragm Ultrasonography

Diaphragmatic ultrasound indices - thickness at end-expiration and end-inspiration,
thickening fraction, contraction slope and inspiratory time — did not differ significantly
between the COPD and control groups when compared in isolation (all p>0.05;
Table 7), and the proportion of participants falling below the pre-specified 35-mm
excursion threshold was similar in both groups (42.0% in COPD vs 40.0% in controls,
p=0.815). This finding, consistent with the correlation analysis reported in section
3.8, indicates that diaphragmatic ultrasonographic parameters do not independently
discriminate COPD status; their diagnostic value instead emerges only when interpreted
jointly with cardiac and respiratory-functional data within a multiparametric model (see
sections 3.8-3.9).

Symptomatic Burden (CAT and mMRC)

Both symptom instruments showed markedly greater burden in COPD patients
(Table 8). Mean CAT score was 19.86+6.45 in the COPD group versus 10.66%4.12 in controls
(p<0.001), with clinically significant symptomatic impact (CAT >20) present in 44.0% of

% MILITIS06

1 fver 218cm

871 ms
v =0.02m/s

Inspiration Expiration

Diaphragm thickness, M-mode (end-insp./end-exp.)

A B

Diaphragm excursion, M-mode

Fig. 1. Representative diaphragm ultrasonographic images from the study cohort (patient identifiers
removed): A - M-mode measurement of diaphragm thickness at the zone of apposition during
inspiration and expiration (d=19.3 mm; t=871 ms); B - M-mode measurement of diaphragmatic
excursion via the subcostal approach (distance =2.18 cm)
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Table 8

Symptom-burden questionnaire results by study group
Parameter Control (n=50) COPD (n=100) P
CAT score, points 10.66+4.12 19.86+6.45 <0.001
CAT >20 (severe impact), n (%) 0 (0.0%) 44 (44.0%) <0.001
mMRC grade (mean) 0.44+0.50 2.07+0.83 <0.001
mMRC grade 0, n (%) 28 (56.0%) 0 (0.0%) -
mMRC grade 1, n (%) 22 (44.0%) 31 (31.0%) -
mMRC grade 2, n (%) 0 (0.0%) 31 (31.0%) -
mMRC grade 3, n (%) 0 (0.0%) 38 (38.0%) -
mMMRC >2 (severe dyspnea), n (%) 0 (0.0%) 69 (69.0%) <0.001

Notes: Data are mean=SD or n (%); CAT - COPD Assessment Test; mMRC - modified Medical Research Council dyspnea scale.

COPD patients and none of the controls (p<0.001). mMRC grade distribution likewise
diverged sharply: 69.0% of COPD patients had clinically significant dyspnea (mMRC >2)
versus none of the controls (p<0.001).

Echocardiographic Remodeling of the Left and Right Heart

Echocardiography revealed the most pronounced and clinically consequential
between-group differences (Table 9). Left-ventricular end-diastolic and end-systolic
diameters, left-ventricular mass index, and left-atrial diameter, volume index and area
were all significantly greater in the COPD group (all p<0.001), alongside a higher E/e’
ratio, indicating that left-heart diastolic function was also affected — consistent with the
systemic cardiovascular burden of chronic hypoxemia and sustained afterload.

The right heart, however, showed the most consistent and clinically pivotal
remodeling. RV basal and mid-cavity diameters were significantly enlarged in COPD
(43.16+4.38 vs 37.08+£3.07 mm and 37.34+2.72 vs 32.45+1.94 mm, respectively; both
p<0.001), while right-ventricular systolic function was uniformly reduced: FAC fell from
39.31+£4.48% in controls to 32.66+6.35% in COPD (p<0.001), TAPSE from 20.07+1.30 to
15.35£1.48 mm (p<0.001), and S’ from 10.93+1.03 to 8.62+1.07 cm/s (p<0.001), while
the Tei index rose from 0.35+0.04 to 0.45+0.05 (p<0.001), confirming impaired global RV
performance (Figure 3). Pulmonary hemodynamics were correspondingly elevated: PASP
(36.6445.70 vs 28.45+2.71 mmHg), mean pulmonary artery pressure (mPAP, 21.91+4.17 vs
17.24+1.71 mmHg) and pulmonary vascular resistance (PVR, 2.42+0.51 vs 1.59+0.30 Wood
units) were all significantly higher in COPD (all p<0.001). The TAPSE/PASP coupling ratio
fell to 0.29+0.05 in the most severe disease stratum, signaling progressive uncoupling of
RV contractility from pulmonary afterload. Right-atrial area was modestly higher in COPD
(19.14+2.10 vs 18.08+1.65 cm?, p=0.002), while RA diameter, RA volume and inferior vena
cava parameters did not differ significantly, suggesting that RV remodeling in this cohort
preceded overt right-atrial and systemic venous decompensation.

Representative echocardiographic images corresponding to the four key right-heart
parameters are shown in Figure 2.

Disease-Severity Stratification and Correlation Analysis

Stratifying the COPD group by modified GOLD severity (mild-moderate, GOLD I-II,
n=42; severe, GOLD Ill, n=38; very severe, GOLD IV, n=20) showed a step-wise deterioration
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Table 9

Echocardiographic remodeling of the left and right heart
Parameter ‘ Control (n=50) ‘ COPD (n=100) ‘ P
Left heart
LV end-diastolic diameter, mm 49.92+2.03 54.69+2.73 <0.001
LV end-systolic diameter, mm 31.95+2.16 38.36+2.98 <0.001
LV mass index, g/m2 94.47+11.25 124.42+£14.82 <0.001
LVEF (Simpson), % 60.24+2.34 51.84+5.09 <0.001
Left atrial diameter, mm 36.59+2.04 40.77+3.81 <0.001
Left atrial volume index, mL/m? 29.75+£3.14 38.95+5.04 <0.001
E/e’ (lateral) 8.05+0.93 10.86+£1.94 <0.001
Right heart and pulmonary hemodynamics
RV basal diameter, mm 37.08+3.07 43.16+4.38 <0.001
RV mid-cavity diameter, mm 32.45+1.94 37.34+2.72 <0.001
TAPSE, mm 20.07+£1.30 15.35+1.48 <0.001
S'(TDI), cm/s 10.93+1.03 8.62+1.07 <0.001
FAC, % 39.31+4.48 32.66+6.35 <0.001
Tei (myocardial performance) index 0.35+0.04 0.45+0.05 <0.001
Right atrial area, cm? 18.08+1.65 19.144+2.10 0.002
PASP, mmHg 28.45+2.71 36.64+5.70 <0.001
mPAP, mmHg 17.24+1.71 21.91+4.17 <0.001
PVR, Wood units 1.59+0.30 2.42+0.51 <0.001
TAPSE/PASP ratio (RV-PA coupling)t 0.71£0.09 0.29+0.05 <0.001

Notes: Data are mean + SD. tTAPSE/PASP is shown for the control group and for the GOLD IV (very severe) COPD stratum,
illustrating the extent of RV-pulmonary arterial uncoupling at advanced disease severity. LV - left ventricle; LVEF - left-
ventricular ejection fraction; RV - right ventricle; TAPSE - tricuspid annular plane systolic excursion; TDI - tissue Doppler imaging;
FAC - fractional area change; PASP - pulmonary artery systolic pressure; mPAP — mean pulmonary artery pressure;
PVR - pulmonary vascular resistance.

of RV systolic indices with worsening airflow obstruction: TAPSE fell from 18.2+1.9 mm
(GOLD I-Il) to 15.7£2.4 mm (GOLD Ill) to 13.8+2.1 mm (GOLD V), with a parallel decline
in S' (9.7 to 8.1 to 6.9 cm/s) and FAC (38.1% to 32.4% to 29.8%; Table 10). Baseline clinical
and hemodynamic markers (age, systolic and diastolic blood pressure, heart rate) also
increased significantly across strata (all p<0.001), as did spirometric obstruction (FEV;/FVC
0.84+0.03, 0.64+0.02 and 0.37+0.07 across the control, mild-moderate/severe and very-
severe strata respectively; all p<0.001).

Correlation analysis linked pulmonary function directly to RV performance:
FEV; (%) correlated moderately with TAPSE (r=0.58, p<0.01) and with S' (r=0.53,
p<0.01), and TAPSE correlated with 6MWD (r=0.55). Symptomatic burden tracked RV
function as well - TAPSE was significantly lower in patients with CAT=20 (15.3+2.5 vs
17.9£2.3 mm, p<0.01). In contrast, diaphragmatic excursion correlated only weakly
with FEV; (r=0.205, p=0.041) and showed no significant correlation with 6MWD
(r=-0.018, p=0.862), TAPSE (r=0.096, p=0.344) or S' (r=0.034, p=0.740), reinforcing
that diaphragmatic mechanics contribute complementary rather than redundant
information to right-heart assessment.
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Fig. 2. Representative echocardiographic images from the study cohort (patient identifiers removed):
A - M-mode measurement of TAPSE; B - Planimetric tracing of RV end-diastolic and end-systolic area
for fractional area change calculation (RV FAC = 17.77%); C - Continuous-wave Doppler of the tricuspid
regurgitant jet used to estimate PASP; D - Apical four-chamber view demonstrating right atrial dilation

Comparative right-ventricular functional and pulmonary hemodynamic parameters
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Fig. 3. Comparative right-ventricular functional and pulmonary hemodynamic parameters (mean+SD)
in the control and COPD groups. Brackets show the between-group p-value for each parameter
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Table 10

Clinical, hemodynamic, spirometric and right-ventricular parameters stratified by GOLD severity
Parameter GOLD I-1l (n=42) | GOLD Il (n=38) |GOLDIV (n=20) |p
Age, years 52.20+5.42 52.20+7.40 64.35+8.82 <0.001
Systolic BP, mmHg 116.80+2.97 125.90+3.81 129.02+2.54 <0.001
Diastolic B, mmHg 76.05+£2.67 80.00+2.66 75.78+2.75 <0.001
Heart rate, bpm 76.15+£7.65 83.70+2.94 87.13+4.56 <0.001
FEV,/FVC 0.84+0.03* 0.64+0.02 0.37+0.07 <0.001
FEV,, % predicted 82.85+1.87* 67.90+£10.24 36.25+£2.12 <0.001
FVC, L 4.46+0.28* 3.09+0.20 2.29+0.10 <0.001
TAPSE, mm 18.2+1.9 15.7£2.4 13.8+2.1 n.a.t
S'(TDI), cm/s 9.7 8.1 6.9 na.t
FAC, % 38.1 324 29.8 na.t

Notes: Data are mean + SD. * Control-group reference row shown for the spirometric parameters.  Between-stratum
p-values were not computed for these three echocardiographic indices in the source dataset (descriptive stratification only);
the consistent step-wise deterioration is nonetheless notable and is discussed qualitatively in the text. BP — blood pressure.

RVDS10 Criterion Frequencies

Each of the ten RVDS10 criteria was substantially more frequent in the COPD group
than in controls (Table 11), with the largest between-group differences observed for PASP
>30 mmHg (87.0% vs 16.0%), mMRC >2 (69.0% vs 0.0%), S'<9.5 cm/s (61.0% vs 6.0%) and
TAPSE <17 mm (60.0%vs 2.0%;all p<0.001). Exertional desaturation >4% and diaphragmatic
excursion <35 mm did not reach statistical significance as isolated categorical criteria
(p=0.257 and p=0.815, respectively), consistent with the correlation findings above; both
were nonetheless retained in the integral score because of their physiological relevance
and their contribution to overall model discrimination (section 3.11).

RVDS10 Score Distribution and Internal Validity
The mean RVDS10 score was 5.56+1.24 in the COPD group versus 0.78+0.62 in controls
(p<0.001). By risk category, 80.0% of COPD patients fell into the high-integral-risk stratum

Table 11

Frequency of individual RVDS10 threshold criteria by study group
RVDS10 criterion Control (n=50) COPD (n=100) p
TAPSE <17 mm 1 (2.0%) 60 (60.0%) <0.001
S'<9.5cm/s 3 (6.0%) 61 (61.0%) <0.001
FAC <35% 12 (24.0%) 49 (49.0%) 0.006
Teiindex >0.431 2 (4.0%) 61 (61.0%) <0.001
PASP >30 mmHg 8 (16.0%) 87 (87.0%) <0.001
6MWD <400 m 0(0.0%) 27 (27.0%) <0.001
Desaturation =4% 12 (24.0%) 33(33.0%) 0.257
Diaphragm excursion <35 mm 20 (40.0%) 42 (42.0%) 0.815
FEV, <60% predicted 0(0.0%) 40 (40.0%) <0.001
CAT >20 0 (0.0%) 44 (44.0%) <0.001
mMRC =2 0 (0.0%) 69 (69.0%) <0.001

Notes: Data are n (%). t The Tei index is reported here as a supplementary, exploratory correlate; it is not one of the ten scored
RVDS10 criteria (see Table 12/section 2.5).
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Table 12

Representative clinical vignettes illustrating RVDS10 scoring

Parameter Patient 1 Patient 2 Patient 3
TAPSE, mm 16 (1 pt) 18 (0 pt) 16.5 (1 pt)
S', cm/s 8.9 (1 pt) 10.1 (0 pt) 9.1 (1 pt)
FAC, % 38 (0 pt) 36 (0 pt) 34 (1 pt)
PASP, mmHg 35 (1 pt) 29 (0 pt) 32 (1 pt)
Diaphragm excursion, mm 30 (1 pt) 36 (0 pt) 34 (1 pt)
6MWD, m 360 (1 pt) 420 (0 pt) 410 (0 pt)
Desaturation =4% yes (1 pt) no (0 pt) no (0 pt)
CAT, points 22 (1 pt) 18 (0 pt) 21 (1 pt)
mMRC, grade 2(1pt) 1(0 pt) 2(1pt)
FEV;, % predicted 55 (1 pt) 68 (0 pt) 62 (0 pt)
RVDS10 total 9 - high risk 0 - low risk 7 - high risk

Notes: pt - point(s) assigned for the given criterion.

(=6 points) and 20.0% into the moderate-risk stratum (3-5 points); no COPD patient scored
in the low-risk range. All control participants fell into the low-risk category (Figure 4).

Component validity was supported by significant correlations between the total
RVDS10 score and its constituent continuous variables: TAPSE (r=-0.72), S' (r=-0.68),
Teiindex (r=+0.70), FAC (r=-0.63), 6MWD (r=-0.61), diaphragmatic excursion (r=-0.55) and
FEV; (r=-0.48; all p<0.001, except FEV;, p<0.01), demonstrating a coherent multi-domain
correlation structure across cardiac, respiratory and functional axes.

Three representative clinical vignettes illustrate score application (Table 12). Patient
1 (TAPSE 16 mm, S’ 8.9 cm/s, FAC 38%, PASP 35 mmHg, diaphragmatic excursion 30 mm,
6MWD 360 m, desaturation >4%, CAT 22, mMRC 2, FEV; 55%) scored 9/10, corresponding
to high integral risk. Patient 2 (TAPSE 18 mm, S’ 10.1 cm/s, FAC 36%, PASP 29 mmHg,
excursion 36 mm, 6MWD 420 m, no significant desaturation, CAT 18, mMRC 1, FEV, 68%)
scored 0/10, corresponding to low risk. Patient 3 (TAPSE 16.5 mm, S" 9.1 cm/s, FAC 34%,
PASP 32 mmHg, excursion 34 mm, 6MWD 410 m, no significant desaturation, CAT 21,
mMRC 2, FEV, 62%) scored 7/10, again corresponding to high integral risk, illustrating that
even patients with only borderline abnormality on any single parameter can accumulate
clinically meaningful integral risk.

Diagnostic Performance

Among individual predictors, FAC <35% showed the highest discriminative capacity
for high integral risk (sensitivity 69.8%, specificity 74.5%, AUC=0.741), followed by S’
<9.5 cm/s (AUC=0.649), TAPSE <17 mm (AUC=0.646), and diaphragmatic excursion
<35 mm (AUC=0.643; Table 13, Figure 5). FEV; <60% alone performed poorly as a
discriminator (AUC=0.441) despite high specificity (95.7%), underscoring that spirometric
severity alone does not reliably flag right-heart involvement. At its internally optimized
threshold (=4 abnormal criteria), the RVDS10 algorithm separated the pre-defined high-
integral-risk category (RVDS10 =6) with 100% sensitivity and specificity (AUC=1.000);
because this reflects the mathematical consistency of the score against a threshold derived
from the same criteria and cohort rather than an externally validated discrimination, it
should be interpreted as evidence of internal coherence rather than proof of superiority
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RVDS10 risk-category distribution by study group
(mean score: control 0.78+0.62 vs. COPD 5.56+1.24, p<0.001)
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Fig. 4. Distribution of RVDS10 risk categories by study group

over any single marker, pending external validation (see section 4, Limitations). Optimal
cut-points identified by ROC analysis were RVDS10 =6 (sensitivity 1.00, specificity 1.00 for
the high-risk category by definition), FAC £32.4% (sensitivity 0.698, specificity 0.745) and
TAPSE <15.9 mm (sensitivity 0.774, specificity 0.532).

The RVDS10 Diagnostic Algorithm

Integrating the above findings, we propose a five-step clinical application pathway:
1) acquisition of all ten parameters; 2) scoring of each criterion; 3) summation of the total;
4) risk-category assignment; and 5) risk-adapted clinical action - routine surveillance for
low risk, dynamic monitoring with reassessment of diaphragmatic and exercise reserve for
moderate risk, and extended echocardiographic follow-up with pulmonary-hypertension
work-up and intensified therapy/rehabilitation for high integral risk.

Table 13

Receiver-operating-characteristic analysis for high integral risk (RVDS10 =6)
Predictor Sensitivity, % Specificity, % AUC
TAPSE <17 mm 77.4 53.2 0.646
S'<9.5cm/s 66.0 61.7 0.649
FAC <35% 69.8 74.5 0.741
PASP >30 mmHg 67.9 57.4 0.576
Diaphragm excursion <35 mm 75.5 53.2 0.643
6MWD <400 m 39.6 76.6 0.497
CAT >20 54.7 68.1 0.623
mMRC =2 43.4 68.1 0.570
FEV; <60% 7.5 95.7 0.441
RVDS10 (=4 criteria) 100.0 100.0 1.000

Notes: AUC, area under the ROC curve. AUC=1.000 for RVDS10 reflects performance against a threshold derived from the same
score in the same cohort (internal coherence) - see Discussion, Limitations.
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Fig. 5. Diagnostic operating points (sensitivity vs. 1 — specificity) for individual predictors

and for the RVDS10 algorithm in identifying high integral risk (RVDS10 =6). The dashed line represents
the line of no discrimination (AUC=0.5). The RVDS10 point reflects performance against a threshold
derived from the same score in the same cohort (see Discussion, Limitations)

B DISCUSSION

This prospective cohort study demonstrates that structural and functional remodeling
of the right heart is common - and often clinically silent — even in patients with stable,
ambulatory COPD, and that no single echocardiographic index reliably captures its
full extent. By integrating ten criteria spanning RV contractility, pulmonary afterload,
respiratory mechanics, functional capacity and symptom burden, the RVDS10 score
separated COPD patients from matched controls with a mean difference of nearly five
points (5.56+1.24 vs 0.78+0.62) and classified four in five COPD patients as high integral
risk.

Why FAC Outperformed TAPSE?

Among individual echocardiographic parameters, FAC showed the best discriminative
performance (AUC=0.741), exceeding TAPSE (AUC=0.646) and S' (AUC=0.649). This is
physiologically coherent: TAPSE and S’ each capture only the longitudinal (base-to-
apex) component of RV shortening, whereas FAC integrates both longitudinal and
radial contraction across the entire RV cavity [10]. As pulmonary vascular resistance rises
chronically, the RV’s contractile pattern shifts from a predominantly longitudinal mode
toward a more global, radially-recruited pattern to preserve stroke volume [20]; single-
plane longitudinal indices may therefore under-detect early or compensated dysfunction
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that a global area-based index still captures [21]. This observation reinforces the rationale
of the 2025 ASE recommendations for multi-parameter, rather than single-cutoff, right-
heart grading [11].

Diaphragm Ultrasonography: A Complementary, not Redundant, Signal

In isolation, diaphragmatic thickness, thickening fraction and excursion did not differ
significantly between COPD patients and controls in this cohort, and diaphragmatic
excursion correlated only weakly with TAPSE, S" and 6MWD. At first glance this might
appear to undercut the rationale for including diaphragmatic assessment; however, we
interpret it differently. First, the weak but significant correlation between diaphragmatic
excursion and FEV; (r=0.205, p=0.041), together with a measurable individual AUC of
0.643 for predicting high integral risk, indicates that diaphragmatic mechanics do carry
independent information — simply not enough to serve as a stand-alone marker. Second,
the absence of correlation between diaphragmatic excursion and cardiac indices (TAPSE,
S')isitselfinformative: it suggests that, at least in this relatively young and physically active
military cohort, respiratory-muscle mechanical failure and right-ventricular contractile
failure may progress along partially independent pathophysiological tracks rather than
a single linear cascade, consistent with prior descriptions of diaphragmatic remodeling
as a distinct consequence of hyperinflation [8, 13]. This independence is precisely the
physiological argument for a multiparametric model: a marker that is weakly correlated
with —ratherthan redundant with —the cardiacaxis adds unique discriminative information
when combined with, rather than substituted for, echocardiographic parameters [14].

Relevance to Occupational and Military Medicine

Military and other physically demanding occupational cohorts face routine, high-
intensity cardiopulmonary loading, and subclinical right-heart or respiratory-muscle
impairment can compromise both operational performance and long-term health.
Because RVDS10 relies exclusively on equipment already available in standard functional-
diagnostics departments (a spirometer,an echocardiograph, alinear ultrasound probe, and
a marked walking corridor) and requires no contrast agents, invasive testing or advanced
strain-imaging software, it is well suited to periodic occupational health screening and
fitness-for-duty evaluation in this setting, complementing the routine spirometry- and
ECG-based examinations currently used in occupational medicine.

Left-Heart Involvement

COPD patients also showed evidence of left-heart remodeling — increased LV mass
index, left-atrial enlargement and a higher E/e’ ratio — despite the study’s focus on the right
heart. This is consistent with the broader recognition that chronic hypoxemia, systemic
inflammation and elevated right-sided afterload exert biventricular effects rather than
isolated right-heart consequences [6, 7], and argues against interpreting COPD-related
cardiac remodeling as a purely "right-sided" phenomenon.

Comparison with Existing Literature

Our findings of reduced TAPSE, FAC and S' and elevated PASP in COPD align with
previous echocardiographic studies in this population [22, 23]. The principal distinction
of the present work is methodological: rather than reporting isolated echocardiographic
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abnormalities or already-established hemodynamic derangement, we integrated RV
structural-functional indices with respiratory (spirometric and diaphragmatic) and whole-
body functional (6MWT) markers within a single, prospectively-applied multiparametric
model - an approach that, to our knowledge, has not previously been evaluated
specifically in a military-occupational COPD cohort.

Strengths

This study’s principal strengths are (i) prospective, standardized acquisition of five
independent data domains (electrocardiographic, spirometric, echocardiographic,
diaphragmatic-sonographic  and  functional-exercise) in  every participant;
(i) echocardiographic protocol and grading aligned with the contemporary 2025
ASE right-heart recommendations [11]; (iii) a well-matched control group, minimizing
confounding by age, sex, BMI and comorbidity burden; and (iv) an internally coherent
correlation structure linking the composite score to each of its physiological domains.

Limitations

Several limitations warrant emphasis. First, this was a single-center study with a
moderate sample size (100 COPD patients, 50 controls); external replication in larger,
multi-center and non-occupational cohortsis required before broader clinical application.
Second, the cross-sectional design cannot establish the temporal sequence in which
cardiac, diaphragmatic and functional impairment develop, nor can it demonstrate
that RVDS10 predicts future clinical events (exacerbation, hospitalization, mortality);
longitudinal follow-up is needed. Third, and most importantly from a methodological
standpoint, the reported AUC of 1.000 for RVDS10 reflects the mathematical consistency
of the score against a risk category (RVDS10 =6) that was itself derived from the same
criteria in the same derivation cohort; this is a measure of internal coherence, not of
validated discrimination against an independent reference standard, and should not be
interpreted as evidence that RVDS10 outperforms individual predictors in a clinical sense.
Prospective external validation — ideally against right-heart catheterization-confirmed
pulmonary hypertension or cardiac MRI-derived RV volumetrics — is an essential next
step. Fourth, PASP was derived non-invasively from the tricuspid regurgitant jet and
an echocardiographically estimated right atrial pressure, both of which carry inherent
measurement uncertainty. Fifth, this analysis did not include RV free-wall longitudinal
strain or three-dimensional RV ejection fraction, both increasingly emphasized as
sensitive markers of subclinical RV dysfunction in the 2025 ASE framework [11];
incorporating strain imaging may further improve the model’s sensitivity to the earliest
stages of disease. Sixth, all ten RVDS10 criteria were equally weighted (1 point each)
for simplicity and reproducibility rather than empirically derived through multivariable
regression; formal weight optimization in a larger derivation cohort, with subsequent
validation in an independent sample, may improve discriminative performance. Finally,
because the cohort was drawn from a military-medical population with a relatively
active occupational profile, the null finding for isolated diaphragmatic ultrasonographic
differences may not generalize to older, more sedentary or more severely deconditioned
COPD populations, in whom diaphragmatic contribution to functional impairment may
be more pronounced.
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A Multiparametric Scoring System (RVDS10) Integrating Echocardiography and Diaphragm Ultrasonography
for Early Detection of Right Ventricular Dysfunction in Chronic Obstructive Pulmonary Disease:
A Prospective Cohort Study in Military Personnel

B CONCLUSIONS

Right ventricular structural and functional impairment is prevalent in stable COPD,
extends to measurable left-heart remodeling, and is not reliably captured by any single
echocardiographic parameter or by resting electrocardiography alone. FAC showed the
strongest individual discriminative performance among echocardiographic indices, while
diaphragmatic ultrasonographic parameters, though not independently discriminative
in this cohort, contributed complementary information within an integrated model. The
RVDS10 score — combining echocardiographic, hemodynamic, respiratory, functional and
clinical-symptomatic domains into a single, equipment-light, 0-10 point tool — showed
strong internal consistency and separated COPD patients from controls with a large effect
size, supporting its potential as a structured framework for early, multiparametric risk
stratification of right-heart dysfunction in COPD, including in occupational and military
health-screening settings. Prospective, externally validated, multi-center studies are
needed before the score can be recommended for routine clinical use.

Practical Recommendations
Based on these findings, the following recommendations are proposed for clinical
practice:

1. In patients with COPD - particularly military personnel and individuals in physically
demanding occupations - clinicians should consider structured, multiparametric
assessment of right ventricular function rather than reliance on any single
echocardiographic index.

2. A complete transthoracic echocardiographic protocol capturing TAPSE, S', FAC,
PASP and the TAPSE/PASP coupling ratio should be prioritized whenever right-heart
involvement is suspected.

3. Diaphragmatic excursion assessment and the 6-minute walk test should be
incorporated as complementary, low-cost components of the overall functional
evaluation rather than as stand-alone predictors.

4. Risk stratification using the RVDS10 framework (low risk 0-2, moderate risk 3-5,
high integral risk =6 points) may help guide the intensity of follow-up, pulmonary-
hypertension work-up, and rehabilitation planning, pending external validation of the
score.
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