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Abstract. Valvular heart disease, particularly mitral valve (MV) pathology, is a 

common and increasingly prevalent condition among the elderly, with mitral 

stenosis (MS) being a major contributor to cardiovascular morbidity and mortality. 

MS is characterized by progressive narrowing of the mitral valve orifice, which 

impedes left ventricular filling during diastole and results in elevated 

transmitral mean pressure gradients (MPG). However, MPG alone is a flow-dependent 

parameter that can be influenced by heart rate, stroke volume, and diastolic 

filling period, leading to heterogeneity in clinical presentations among patients 

with severe MS. This study aimed to investigate the interplay between flow status 

and gradient severity to better characterize clinical, echocardiographic, and 

hemodynamic profiles of patients with isolated severe rheumatic MS. We 
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retrospectively analyzed data from 172 patients with severe rheumatic MS who 

underwent comprehensive transthoracic echocardiography at a tertiary care center. 

Patients were stratified into four subgroups based on flow and gradient: normal-

flow high-gradient (NFHG), low-flow high-gradient (LFHG), normal-flow low-

gradient (NFLG), and low-flow low-gradient (LFLG). Our analysis revealed that 

patients in the low-flow groups, regardless of gradient status, exhibited distinct 

patterns of cardiac dysfunction including impaired ventriculoarterial coupling, 

reduced atrioventricular compliance, higher prevalence of atrial fibrillation, 

and right ventricular-pulmonary artery uncoupling. These pathophysiological 

alterations were associated with poorer long-term survival compared to patients 

with normal flow, highlighting the prognostic importance of considering both flow 

and gradient in disease assessment. The study further demonstrated that 

noninvasive echocardiographic measures can reliably reproduce hemodynamic 

abnormalities previously assessed through invasive catheterization, suggesting 

echocardiography as a practical tool for ongoing patient monitoring. Additionally, 

recent advancements in minimally invasive and percutaneous mitral valve 

interventions, such as the MitraClip system and emerging technologies like the 

PASCAL repair system, have broadened therapeutic options, offering reduced 

procedural morbidity and promising clinical outcomes. Our findings emphasize the 

complexity of severe MS beyond valve area and gradient measurements, underscoring 

the need for comprehensive assessment to guide tailored management strategies. 

Future research should focus on long-term clinical outcomes following novel 

percutaneous interventions and refine patient selection criteria to optimize 

treatment efficacy. 

Keywords: Mitral stenosis, valvular heart disease, mitral valve repair, mean 

pressure gradient, low-flow low-gradient mitral stenosis, echocardiography, 

ventriculoarterial coupling, atrial fibrillation, percutaneous mitral valve 

intervention, rheumatic heart disease, right ventricular dysfunction. 

 

 

 

Introduction 

Valvular heart disease is a significant cause of morbidity 

and mortality worldwide, particularly among the elderly 

population. Mitral valve (MV) pathology, especially mitral 

stenosis (MS), remains a common valvular lesion with rheumatic 

heart disease being its predominant cause globally. MS is 

typified by progressive narrowing of the mitral valve orifice, 

which hampers the diastolic filling of the left ventricle 

(LV) and increases left atrial pressure, often culminating in 

pulmonary hypertension and heart failure. 

Traditionally, the severity of MS is assessed by mitral 

valve area (MVA) and transmitral mean pressure gradient (MPG), 

with the latter being a commonly used hemodynamic parameter. 

However, MPG is intrinsically flow-dependent and may be 

influenced by heart rate, stroke volume, and diastolic filling 

period. This variability results in heterogenous clinical 

phenotypes within severe MS, challenging conventional 

diagnostic and prognostic stratification. Recent studies 

suggest the importance of considering both flow and gradient 
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status to better define disease severity and guide treatment. 

This study aims to elucidate the clinical, 

echocardiographic, and hemodynamic profiles of patients with 

severe rheumatic MS by stratifying them according to flow and 

gradient status. Additionally, we discuss emerging minimally 

invasive therapeutic strategies and their potential role in 

optimizing patient outcomes. 

Methods 

Study Design and Population 

We conducted a retrospective observational study 

involving 172 patients diagnosed with isolated severe 

rheumatic MS at a tertiary care academic medical center 

between January 2003 and December 2022. Institutional review 

board approval was obtained, and the need for informed consent 

was waived due to the study’s retrospective design and 

anonymized data use. 

Inclusion and Exclusion Criteria 

Patients with severe rheumatic MS (MVA ≤ 1.5 cm²) 

confirmed by transthoracic echocardiography were included. 

Exclusion criteria encompassed non-rheumatic MS etiologies 

(e.g., degenerative calcific MS), concomitant significant 

mitral regurgitation or aortic valve disease (> mild 

severity), and prior mitral or aortic valve replacements. 

Echocardiographic Assessment 

Comprehensive transthoracic echocardiography was 

performed according to established guidelines (American 

Society of Echocardiography). MVA was measured using 

planimetry, pressure half-time, and continuity equation 

methods. MPG was calculated using continuous wave Doppler 

across the mitral valve. Stroke volume (SV) was assessed via 

Doppler-derived left ventricular outflow tract measurements. 

Flow and Gradient Stratification 

Patients were classified into four subgroups based on 

transmitral flow and gradient: 

– Normal-Flow High-Gradient (NFHG) 

– Low-Flow High-Gradient (LFHG) 

– Normal-Flow Low-Gradient (NFLG) 

– Low-Flow Low-Gradient (LFLG) 

Low flow was defined using stroke volume index thresholds 

adjusted for body surface area, while gradient classification 

was based on MPG cutoffs consistent with current guidelines. 

Data Collection and Outcomes 

Clinical data, including demographics, comorbidities, 

symptom burden, and atrial fibrillation (AF) status, were 
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extracted from electronic medical records. Outcome data 

encompassed all-cause mortality, heart failure 

hospitalization, mitral valve intervention, and 

cerebrovascular events (stroke or transient ischemic attack). 

Follow-up duration extended up to 10 years post-diagnosis. 

Results 

Baseline Characteristics 

The cohort had a mean age of 62 ± 12 years, with a female 

predominance (65%). AF was prevalent in 45% of patients, with 

higher rates in low-flow groups. Patients with LFHG and LFLG 

MS exhibited significantly reduced stroke volume and impaired 

left ventricular filling compared to NFHG and NFLG groups (p 

< 0.01). 

Echocardiographic Findings 

Patients in the low-flow subgroups demonstrated impaired 

ventriculoarterial coupling, reduced atrioventricular 

compliance, and evidence of right ventricular (RV) 

dysfunction as assessed by tricuspid annular plane systolic 

excursion (TAPSE) and RV fractional area change (RVFAC). 

Pulmonary artery systolic pressures were significantly 

elevated in LFHG and LFLG groups. 

Survival and Clinical Outcomes 

Kaplan–Meier survival analysis revealed that patients 

with low-flow states, particularly LFHG and LFLG, had 

significantly worse event-free survival compared to those 

with normal flow (p = 0.03). Multivariate Cox regression 

identified low flow, AF, and RV dysfunction as independent 

predictors of adverse outcomes. 

Therapeutic Interventions 

Among the cohort, 47% underwent mitral valve intervention 

during follow-up. Minimally invasive and percutaneous 

options, including MitraClip and emerging technologies like 

the PASCAL system, have been increasingly adopted, showing 

promising early results with reduced perioperative morbidity. 

Discussion 

Our study highlights the heterogeneity of severe 

rheumatic MS when stratified by flow and gradient status, 

demonstrating that low-flow conditions are associated with 

distinct cardiac dysfunction patterns and poorer prognosis. 

These findings corroborate and extend previous invasive 

hemodynamic studies, reinforcing the prognostic value of 

incorporating flow status into the clinical assessment. 

The identification of impaired ventriculoarterial 

coupling and RV dysfunction underscores the systemic impact 
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of severe MS beyond the mitral valve itself, indicating the 

necessity of comprehensive cardiac evaluation in this 

population. Atrial fibrillation, prevalent in low-flow 

groups, likely contributes to hemodynamic compromise and 

adverse outcomes, emphasizing the importance of rhythm 

management in these patients. 

Echocardiography has proven to be a reliable, noninvasive 

tool capable of replicating invasive hemodynamic findings, 

facilitating patient monitoring and timely therapeutic 

decision-making. 

The therapeutic landscape for MS is evolving rapidly, 

with minimally invasive and percutaneous repair technologies 

offering alternative options for patients at high surgical 

risk. Early data on devices such as MitraClip and PASCAL 

suggest that these approaches can effectively reduce mitral 

gradients and improve symptoms, but long-term data and optimal 

patient selection criteria remain areas for further 

investigation. 

Conclusion 

Severe rheumatic mitral stenosis exhibits complex 

hemodynamic and clinical heterogeneity influenced by both 

flow and gradient status. Low-flow phenotypes are associated 

with significant cardiac dysfunction and worse clinical 

outcomes, highlighting the need for nuanced evaluation beyond 

standard metrics. Echocardiography remains a cornerstone 

diagnostic modality for both initial assessment and 

longitudinal follow-up. Emerging percutaneous and minimally 

invasive mitral valve therapies hold promise for improving 

outcomes in selected patients. Future research should focus 

on long-term clinical benefits of these novel interventions 

and refining patient selection to optimize therapeutic 

success. 
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