
INTRODUCTION 

R eview question / Objective The present 
systematic review aims to provide an 
integrated overview of the available 

l i te ra ture , focus ing on exerc ise-der ived 
echocardiographic and hemodynamic parameters 
associated with clinical outcomes. In addition, this 
work seeks to characterize the clinical profile of the 
studied populations and to describe the 
physiological response to exercise in mitral 
regurgitation (MR) , in order to better define the 
role of exercise stress echocardiography (ESE) in 
contemporary risk stratification and clinical 
decision-making. 

Rationale Exercise stress echocardiography (ESE) 
offers a unique opportunity to evaluate MR within a 
dynamic framework. By integrating hemodynamic, 
functional, and structural information during 
exercise, ESE allows real-time assessment of 
regurgitation severity, ventricular performance, and 
cardiopulmonary interaction [11]. In particular, 
stress-induced changes in EROA and regurgitant 

volume, elevation of left ventricular filling pressures 
(e.g., E/e’), and increases in pulmonary artery 
pressure provide insight into the functional reserve 
of the cardiovascular system [12]. Additionally, 
indices of myocardial deformation such as global 
longitudinal strain (GLS) [13], as well as markers of 
right ventricular (RV)–pulmonary arterial (PA) 
coupling [e.g., tricuspid annular plane systolic 
excursion/systolic pulmonary artery pressure 
(TAPSE/sPAP)] [14], further contribute to a 
comprehensive evaluation of disease impact.

Over the past two decades, a substantial number 
of studies have explored the prognostic 
implications of ESE in MR across different clinical 
settings, including asymptomatic degenerative MR 
and functional MR associated with LV dysfunction 
[15]. These investigations have identified a wide 
array of potential predictors, ranging from 
exercise-induced worsening of regurgitation to 
impaired contractile reserve and abnormal 
hemodynamic responses. Notably, dynamic 
parameters such as exercise EROA, increase in 
regurgitant volume, elevated E/e’, and exercise 
pulmonary hypertension have consistently 
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emerged as markers associated with adverse 
clinical outcomes [16] .

At the same time, clinical and functional variables
—including age, atrial fibrillation, reduced exercise 
capacity, and biomarkers such as natriuretic 
pept ides—have been shown to prov ide 
complementary prognostic information [17,18]. 
This highlights the multifactorial nature of risk in 
MR and the importance of integrating imaging 
findings with clinical context. However, the 
heterogeneity in study design, patient populations, 
stress protocols, and endpoint definitions has 
limited the generalizability of individual findings 
and hindered their translation into routine clinical 
practice. Moreover, the populations evaluated in 
previous studies are diverse, encompassing 
patients with preserved or reduced LVEF, primary 
and secondary MR, and varying degrees of 
symptom burden. This heterogeneity, while 
reflecting real-world clinical practice, further 
underscores the need for a structured synthesis of 
the available evidence.
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Condition being studied Mitral regurgitation (MR) 
is one of the most prevalent valvular heart diseases 
worldwide and represents a major contributor to 
cardiovascular morbidity and mortality [1]. Its 
clinical spectrum is highly heterogeneous, 
encompassing both primary (degenerative) and 
secondary (functional) forms, with different 
underlying mechanisms but often overlapping 
clinical trajectories [2]. Despite advances in 
imaging and therapeutic strategies, the optimal 
timing of intervention—particularly in patients with 
asymptomatic or minimally symptomatic MR—
remains a critical and unresolved clinical issue [3].

The natural history of MR is characterized by a 
prolonged compensated phase, during which 
patients may remain clinically stable despite 
progressive structural and functional alterations [4]. 
However, this apparent stability can be misleading. 
Subclinical left ventricular (LV) dysfunction, 
progressive volume overload, and increasing 
pulmonary pressures may develop before overt 
symptoms become evident [5]. As a result, reliance 
on symptom status alone may delay referral for 
intervention, potentially exposing patients to 
irreversible myocardial damage and worse 
postoperative outcomes [6].

In this context, there is a growing need for 
objective tools capable of detecting early 
functional impairment and refining risk stratification 
beyond conventional resting echocardiographic 
parameters [7,8]. While resting measures such as 
left ventricular ejection fraction (LVEF), effective 
regurgitant orifice area (EROA), and regurgitant 
volume are central to disease grading, they provide 
only a static snapshot of a dynamic condition [9]. 
Importantly, MR severity and its hemodynamic 
consequences are highly load-dependent and may 
change significantly under physiological stress 
[10].
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METHODS 

Search strategy A comprehensive literature 
search was independently performed by two 
investigators to identify studies evaluating the 
prognostic role of ESE in patients with MR. Studies 
enrolling patients with both primary (degenerative) 
and secondary (functional) MR were considered 
eligible, in order to reflect the broad clinical 
spectrum of the disease. Electronic databases, 
including PubMed, Scopus, and EMBASE, were 
systematically searched from database inception 
to March 2026.

The search strategy combined controlled 
vocabulary and free-text terms related to mitral 
regurgitation and stress echocardiography, 
including “mitral regurgitation”, “exercise stress 
echocardiography”, “stress echo”, “exercise 
tes t ing” , “hemodynamics” , “prognos is” , 
“outcome”, and “risk stratification”. Search results 
were screened without restriction to MR etiology. 
No restrictions were applied regarding language, 
publication date, or geographic setting.

In addition to the electronic search, the reference 
lists of all included studies and relevant review 
articles were manually screened to identify further 
eligible publications. Any discrepancies between 
reviewers during the screening process were 
resolved through discussion and consensus, with 
the involvement of a third reviewer when 
necessary. 

Participant or population Asymptomatic or 
minimally symptomatic patients with both primary 
(degenerative) and secondary (functional) MR. 

Intervention The prognostic role of ESE in patients 
with primary or secondary MR. 

Comparator N/A. 

Study designs to be included Observational 
Cohort and Cross-Sectional Studies. 

Eligibility criteria Studies were considered eligible 
if they met predefined inclusion criteria. 
Specifically, studies were required to have an 
observational design, including prospective or 
retrospective cohort studies, and to include adult 
patients with primary or secondary (functional) MR. 
Only studies in which patients underwent exercise-
based stress echocardiography were included, 
ensuring methodological consistency across 
cohorts. Furthermore, eligible studies were 
required to report clinical outcomes or prognostic 
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endpoints, such as mortality, heart failure, mitral 
valve intervention, or composite cardiovascular 
events.


To maintain homogeneity in the assessment of 
functional response, studies employing exclusively 
pharmacological stress modalities, such as 
dobutamine stress echocardiography, were 
excluded unless an exercise component was 
clearly incorporated.

Additional exclusion criteria were applied to ensure 
the relevance and quality of the included evidence. 
Studies including mixed populations of MR without 
clearly defined cohorts or without extractable 
outcome data were excluded. Studies were 
excluded if they did not provide extractable 
prognostic data, did not report clinical outcomes, 
or focused solely on diagnostic performance. 
Moreover, case reports, editorials, conference 
abstracts, narrative reviews, and preclinical studies 
were not considered eligible. 

Information sources Electronic databases, 
including PubMed, Scopus, and EMBASE, were 
systematically searched from database inception 
to March 2026.


Main outcome(s) To identify studies evaluating the 
prognostic role of ESE in patients with MR. 

Additional outcome(s) N/A. 

Data management Study select ion was 
performed independently by two reviewers. All 
retrieved records were initially screened based on 
title and abstract, followed by full-text assessment 
of potentially eligible studies according to 
predefined criteria. Disagreements were resolved 
through consensus, with arbitration by a third 
reviewer when required.

Data extract ion was conducted using a 
standardized data collection form developed prior 
to the review. Extracted information included study 
characteristics, such as first author, year of 
publication, study design, and sample size, as well 
as methodological aspects related to the exercise 
stress protocol.

Clinical and demographic variables were 
systematically collected when available, including 
age, sex distribution, cardiovascular risk factors, 
and comorbid conditions. Information regarding 
background medical therapy was also recorded 
when reported.

Echocardiographic and hemodynamic parameters 
at rest and during exercise were extracted in detail. 
These included heart rate and blood pressure, 
along with comprehensive indices of LV structure 
and function. In particular, left ventricular systolic 

performance was assessed through LVEF and LV-
GLS, while diastolic function and filling pressures 
were evaluated using Doppler-derived parameters, 
including the E/e’ ratio.

The severity of MR was characterized using 
quantitative measures such as EROA and 
regurgitant volume, as well as categorical grading 
of MR severity when available. Changes in these 
parameters during exercise were also recorded to 
capture the dynamic component of valvular 
dysfunction .

Pulmonary hemodynamics and right ventricular 
performance were systematically assessed 
through sPAP and TAPSE. When available, the 
TAPSE/sPAP ratio was collected as an index of 
RV–PA coupling, providing additional insight into 
ventricular–vascular interaction under stress 
conditions .

Additional parameters included ventricular 
volumes, stroke volume, cardiac output, left atrial 
volume, and indices of functional capacity, such as 
achieved metabolic equivalents and heart rate 
recovery.

Clinical outcomes and follow-up data were 
systematically collected, including duration of 
follow-up, definition of endpoints, and the main 
prognostic predictors identified in each study. All 
extracted data were independently verified by both 
reviewers, and discrepancies were resolved 
through re-examination of the original articles. 

Quality assessment / Risk of bias analysis The 
methodological quality and risk of bias of the 
included studies were independently evaluated by 
two reviewers using the National Institutes of 
Health (NIH) Quality Assessment Tool for 
Observational Cohort and Cross-Sectional Studies.

This tool assesses multiple methodological 
domains, including clarity of study objectives, 
definition of the study population, exposure and 
o u t c o m e a s s e s s m e n t , c o n s i s t e n c y o f 
measurement methods, and appropriateness of 
statistical analyses. Each domain was rated as 
“Yes”, “No”, or “Not Reported” according to 
predefined criteria.

An overall quality judgment was assigned to each 
study based on the number of criteria fulfilled and 
the overall methodological rigor. Disagreements 
between reviewers were resolved through 
discussion and consensus. The results of the 
quality assessment were synthesized both 
descriptively and through graphical representations 
to provide an overall view of the risk of bias across 
studies. 

Strategy of data synthesis Due to the 
heterogeneity in study design, patient populations, 
stress protocols, and endpoint definitions, a formal 
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quantitative meta-analysis was not performed. 
Instead, a structured qualitative and descriptive 
synthesis of the avai lable evidence was 
conducted.

To provide an overall characterization of the study 
population, pooled descriptive estimates were 
derived from study-level data. Continuous 
variables were summarized as weighted medians 
with corresponding interquartile ranges, with 
weighting based on the sample size of each study. 
When variables were reported as mean and 
standard deviation, underlying distributions were 
approximated assuming normality, allowing 
harmonization across studies.

This approach enabled consistent summarization 
of demographic, clinical, and echocardiographic 
variables across heterogeneous datasets. For 
parameters reported both at rest and during peak 
exercise, relative changes between conditions 
were calculated, providing insight into dynamic 
physiological responses during stress.

Given the observational nature of the included 
studies, clinical outcomes and prognostic 
predictors were synthesized qualitatively rather 
than quantitatively. Predictors were interpreted 
within their pathophysiological context and 
grouped into major domains, including MR 
sever i ty, ventr icular funct ion, pulmonary 
hemodynamics, clinical variables, biomarkers, and 
functional capacity. The frequency of reporting 
across studies was also considered to identify the 
most consistent and reproducible predictors.

No formal pooling of effect sizes, assessment of 
heterogeneity, or evaluation of publication bias was 
performed. However, consistency of findings, 
directionality of associations, and reproducibility 
across studies were carefully evaluated to support 
the robustness of the overall interpretation.

All analyses were conducted at the study level. 
Data processing and aggregation were performed 
using standard spreadsheet software (Microsoft 
Excel, Microsoft Corporation, Redmond, WA, 
USA).


Subgroup analysis N/A. 

Sensitivity analysis N/A. 

Language restriction No. 

Country(ies) involved Italy. 

Keywords mitral regurgitation; exercise stress 
echocardiography; risk stratification; asymptomatic 
patients; prognosis. 
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