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Abstract
Background: Patients with heart failure following mitral valve replacement (MVR) frequently experience reduced functional capacity and exercise intolerance. Phase II cardiac rehabilitation is recommended to improve aerobic capacity; however, evidence in post-MVR heart failure patients remains limited in real-world settings.
Objective: To evaluate the safety and effectiveness of structured phase II cardiac rehabilitation in a patient with NYHA class II heart failure following MVR.
Methods: This single-case report followed CARE guidelines. A 40-year-old female underwent baseline assessment at week 3 after post-operative stabilization and completed a 4-week supervised rehabilitation program (12 sessions, 3–5 sessions/week). The intervention consisted of FITT-based aerobic exercise (walking, treadmill, ergocycle) at 60–70% HRmax. The primary outcome was the Six-Minute Walk Test (6MWT), while secondary outcomes included metabolic equivalents (METs), Borg scale, heart rate, and blood pressure.
Results: The 6MWT distance increased from 407 m to 438 m (Δ +31 m; +7.6%), approaching the minimal clinically important difference, indicating clinically meaningful improvement. METs increased from 4.6 to 4.9, and Borg scale decreased from 7 to 6, reflecting reduced perceived exertion. Hemodynamic parameters remained stable throughout the intervention, with no adverse events observed.
Conclusion: Phase II cardiac rehabilitation was safe and demonstrated functional improvement in this case of post-MVR heart failure. These findings suggest potential clinical benefits, although further controlled studies are required.
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Introduction
Cardiovascular disease remains the leading cause of mortality worldwide, with heart failure representing a major contributor to morbidity, reduced functional capacity, and impaired quality of life.1 Patients with heart failure commonly experience exercise intolerance due to impaired cardiac output, peripheral muscle dysfunction, and reduced oxygen utilization efficiency.2 These limitations significantly affect the ability to perform daily activities and are associated with increased hospitalization and mortality rates.
Rheumatic heart disease continues to be a major etiological factor for valvular heart disorders in low- and middle-income countries, often leading to progressive valvular damage that requires surgical intervention such as mitral valve replacement (MVR).3 Although MVR can restore valvular function and improve hemodynamics, many patients continue to experience residual functional limitations due to deconditioning, altered ventricular function, and impaired peripheral adaptation following surgery.4 Consequently, optimizing post-operative recovery through structured rehabilitation remains a critical component of patient management.
Phase II cardiac rehabilitation plays a central role in improving functional capacity and cardiovascular efficiency following cardiac surgery. This phase involves supervised, structured exercise programs combined with risk factor management and patient education.5,6 Aerobic exercise, in particular, has been shown to improve endothelial function, enhance mitochondrial efficiency, and increase peripheral oxygen extraction, thereby contributing to improved exercise tolerance in heart failure patients.7 Functional assessment tools such as the Six-Minute Walk Test (6MWT) are widely used due to their validity, reliability, and clinical relevance in evaluating submaximal aerobic capacity in cardiac populations.8
Despite the well-established benefits of cardiac rehabilitation, evidence specifically addressing structured phase II rehabilitation in patients with heart failure following MVR remains limited, particularly in real-world clinical settings and developing countries.6,9 Most existing studies focus on broader cardiac populations or coronary artery disease, with fewer reports detailing individualized rehabilitation outcomes in post-valve surgery patients.10 This gap highlights the need for clinically grounded evidence that demonstrates the feasibility, safety, and functional impact of rehabilitation protocols in this specific population.
This case report provides a detailed description of a structured phase II cardiac rehabilitation program in a patient with NYHA class II heart failure following MVR, emphasizing functional outcomes measured by the 6MWT and hemodynamic responses during exercise. The novelty of this report lies in its focus on a real-world clinical implementation of a FITT-based aerobic training protocol with continuous monitoring, demonstrating individualized progression and safety in a post-operative high-risk patient.
Therefore, this study aims to evaluate the safety and functional effectiveness of structured phase II cardiac rehabilitation in improving aerobic capacity and activity tolerance in a patient with heart failure following mitral valve replacement.


Methods
This study is a single-case report conducted in accordance with the CARE (CAse REport) guidelines to ensure completeness and transparency in clinical reporting. The study aimed to evaluate the safety and effectiveness of a structured phase II cardiac rehabilitation program in a patient with heart failure following mitral valve replacement (MVR).
The participant was a 40-year-old female diagnosed with heart failure classified as New York Heart Association (NYHA) functional class II, secondary to rheumatic heart disease and adult congenital heart disease. The patient had undergone mitral valve replacement and was clinically stable at the time of referral to phase II cardiac rehabilitation. Stability was confirmed by normal hemodynamic parameters, including blood pressure, heart rate, respiratory rate, and oxygen saturation, as well as the absence of acute symptoms such as chest pain or severe dyspnea. Pharmacological therapy included anticoagulants, beta-blockers, angiotensin-converting enzyme inhibitors, and diuretics, which were maintained throughout the rehabilitation period. These medications were considered in exercise prescription due to their influence on heart rate response and hemodynamic adaptation. Chronologically, the patient underwent mitral valve replacement at week 0, remained in a stabilization phase during the early postoperative period, and was referred for phase II cardiac rehabilitation at week 3 following confirmation of clinical stability.
Functional assessment was performed using the Six-Minute Walk Test (6MWT) as the primary outcome measure. The 6MWT is a standardized and validated tool widely used to assess submaximal aerobic capacity in patients with cardiovascular disease. The test has demonstrated high reliability and clinical relevance, particularly in reflecting functional exercise tolerance and prognosis in heart failure populations. Secondary outcomes included metabolic equivalents (METs), Borg Rating of Perceived Exertion (RPE), heart rate, and blood pressure. MET values were estimated based on walking performance, while perceived exertion was recorded using the Borg 6–20 scale. 
If the patient exhibited signs of exercise intolerance, alternative strategies were prepared, including temporary reduction of exercise intensity, interval-based training, or incorporation of breathing exercises to maintain safe participation while preventing excessive cardiovascular strain.
The rehabilitation program was designed based on the Frequency, Intensity, Time, and Type (FITT) principle. Exercise intensity was prescribed at 60–70% of maximum heart rate (HRmax), calculated using the formula HRmax = 220 − age. The program consisted of supervised aerobic exercises, including track walking, treadmill training, and ergocycle exercise. Each session lasted between 30 and 60 minutes and was conducted 3–5 times per week over a total of 12 sessions. Exercise progression was performed gradually, with an increase of approximately 0.5–1 METs based on patient tolerance and absence of adverse responses.
For clarity and reproducibility, the structured exercise prescription is summarized below.

Table 1. Exercise Prescription Based on FITT Principle
	Component
	Description

	Frequency
	3–5 sessions per week

	Intensity
	60–70% HRmax (Borg 11–13)

	Time
	30–60 minutes per session

	Type
	Aerobic exercise (walking, treadmill, ergocycle)


All exercise sessions were conducted under direct supervision by a physiotherapist and monitored using telemetry. Hemodynamic parameters, including heart rate, blood pressure, and oxygen saturation, were assessed before, during, and after each session. Exercise was immediately terminated if the patient exhibited signs of intolerance, such as chest pain, severe dyspnea, dizziness, oxygen saturation below 90%, or abnormal blood pressure responses. Emergency equipment, including oxygen supply and defibrillator, was available during all sessions to ensure patient safety.
To enhance clarity and reproducibility, the procedural flow of the intervention is presented in a structured timeline format. This table summarizes the sequence of clinical phases, assessments, and rehabilitation progression, allowing for easier interpretation and potential conversion into a visual flowchart.

Table 2. Timeline of Intervention and Evaluation
	Time Point
	Phase
	Description

	Week 0
	Post-operative phase
	Hemodynamic stabilization following mitral valve replacement (MVR); no structured exercise initiated

	Week 3
	Baseline assessment
	Initial evaluation including vital signs, Six-Minute Walk Test (6MWT), metabolic equivalents (METs), and Borg Rating of Perceived Exertion

	Weeks 4–7
	Initial rehabilitation phase
	Introduction of phase II cardiac rehabilitation with low-to-moderate intensity aerobic exercise (walking, treadmill, ergocycle)

	Weeks 8–11
	Progressive training phase
	Gradual increase in exercise intensity and duration based on patient tolerance and physiological response

	Week 12
	Final evaluation
	Post-intervention assessment including repeat 6MWT and physiological parameters


Data analysis was conducted using descriptive methods. Absolute changes (Δ) and percentage changes (%) were calculated for all outcome variables to evaluate clinical improvement. The primary outcome (6MWT distance) was interpreted in relation to the minimal clinically important difference to assess clinical relevance. No inferential statistical analysis was performed due to the single-case design.From a diagnostic perspective, differential considerations included reduced functional capacity due to deconditioning versus progression of heart failure. Clinical stability, preserved left ventricular ejection fraction, and absence of worsening symptoms supported the interpretation that reduced capacity was primarily related to deconditioning rather than disease progression.
One limitation in diagnostic assessment was related to echocardiographic evaluation of diastolic function, which could not be accurately assessed due to the presence of a prosthetic valve, potentially affecting waveform interpretation.Ethical approval was obtained from the Health Research Ethics Committee (No.1633/KEPK-FIK/XI/2025). Written informed consent was obtained from the patient prior to participation. All procedures were conducted in accordance with the principles of the Declaration of Helsinki.




Results
The results are presented to describe changes in functional capacity, hemodynamic responses, and exercise tolerance following a structured phase II cardiac rehabilitation program. The primary focus is on pre–post comparisons aligned with the study objective. To provide a clear summary of functional outcomes, the main results are presented in Table 3.

Table 3. Pre–Post Functional Outcomes
	Parameter
	Baseline
	Post-intervention
	Absolute Change (Δ)
	Percentage Change (%)

	6MWT (m)
	407
	438
	+31
	+7.6%

	METs
	4.6
	4.9
	+0.3
	+6.5%

	Borg Scale (6–20)
	7
	6
	−1
	−14.3%


The 6MWT distance increased from 407 m to 438 m after 12 sessions, representing an increase of 31 m (7.6%). This improvement approaches the minimal clinically important difference (MCID) commonly reported for patients with cardiovascular conditions, suggesting clinically meaningful functional gains. Secondary outcomes also demonstrated improvement, with METs increasing from 4.6 to 4.9 and Borg scale decreasing from 7 to 6, indicating enhanced aerobic capacity and reduced perceived exertion during activity. To further illustrate the changes in physiological responses and functional capacity throughout the rehabilitation program, graphical representations are provided. These figures complement the tabulated data by presenting trends and patterns that may not be fully captured through numerical summaries alone.

Figure 1 presents the longitudinal changes in key physiological parameters, including heart rate, blood pressure, and oxygen saturation, across the 12 rehabilitation sessions. This visualization highlights the patient’s hemodynamic responses and the progressive cardiovascular adaptation to structured aerobic exercise.
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Figure 1. Change in 6MWT Distance Pre–Post Intervention
Figure 2 depicts the pre–post comparison of functional capacity outcomes, particularly the Six-Minute Walk Test (6MWT) distance and estimated metabolic equivalents (METs). This figure aims to clearly demonstrate the magnitude of improvement following the intervention.
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Figure 2. Trend of Heart Rate and Blood Pressure During Rehabilitation
In addition to functional outcomes, physiological responses during the rehabilitation program were monitored to assess safety and adaptation. The following narrative summarizes the trend of key hemodynamic parameters throughout the intervention period. During the 12-session rehabilitation program, heart rate increased appropriately during exercise, ranging from 90 bpm at rest to approximately 110 bpm during activity, reflecting a normal chronotropic response. Blood pressure remained stable, with no abnormal hypertensive or hypotensive responses observed. Oxygen saturation was consistently maintained at 98%, indicating preserved ventilatory and perfusion efficiency. Although minor fluctuations in heart rate and blood pressure were observed during certain sessions, these variations were transient and remained within physiological limits, suggesting progressive cardiovascular adaptation to exercise. 
To improve clarity and ensure reproducibility of the intervention, the progression of the rehabilitation program and outcome assessment across sessions is summarized in Table 3. This structured presentation facilitates systematic interpretation of exercise progression and allows straightforward conversion into a visual flowchart if required.

Table 3. Session-Based Progression of Cardiac Rehabilitation Program
	Session Range
	Phase
	Description

	Sessions 1–3
	Initial adaptation phase
	Low-intensity aerobic exercise focusing on patient familiarization and tolerance (walking, ergocycle, treadmill)

	Sessions 4–8
	Progressive adaptation phase
	Gradual increase in exercise duration and intensity based on individual tolerance and physiological response

	Sessions 9–12
	Progressive training phase
	Moderate-intensity aerobic exercise targeting 60–70% of maximum heart rate (HRmax) with improved endurance capacity

	Final session
	Outcome evaluation
	Post-intervention assessment using Six-Minute Walk Test (6MWT) and physiological parameters (METs, Borg scale, heart rate, blood pressure)


All rehabilitation sessions were completed as planned, with full adherence (12/12 sessions). No adverse events, including chest pain, severe dyspnea, arrhythmia, syncope, or oxygen desaturation, were observed throughout the program. This finding indicates that the intervention was well tolerated and safe under supervised conditions.
In terms of functional impact, the patient reported improved tolerance to daily activities, including walking longer distances and performing household tasks with reduced fatigue. Symptoms such as exertional dyspnea and early fatigue, previously experienced during moderate activity, were significantly reduced following the intervention.
Overall, the findings demonstrate that structured phase II cardiac rehabilitation resulted in measurable improvements in functional capacity and exercise tolerance, while maintaining hemodynamic stability and safety throughout the intervention period.

Discussion
This case report demonstrates that a structured phase II cardiac rehabilitation program was associated with measurable improvements in functional capacity and exercise tolerance in a patient with NYHA class II heart failure following mitral valve replacement (MVR). The increase in 6MWT distance by 31 meters, accompanied by improvements in METs and Borg scale, indicates a positive physiological adaptation to aerobic training. Although the magnitude of improvement approached the minimal clinically important difference (MCID), it remains clinically relevant in the context of a single-case design and early rehabilitation phase.11
From a physiological perspective, the observed improvements can be explained by multiple interrelated mechanisms. Aerobic exercise is known to enhance peripheral adaptations, including increased capillary density, improved mitochondrial efficiency, and enhanced oxidative enzyme activity in skeletal muscle.6 These adaptations facilitate greater oxygen extraction at the muscular level, thereby reducing the burden on cardiac output during submaximal exercise. In addition, exercise training improves endothelial function, leading to better vasodilation and reduced afterload, which collectively contribute to improved cardiovascular efficiency.4,12 The reduction in perceived exertion, as indicated by the decrease in Borg scale, further suggests improved neuromuscular coordination and psychological adaptation to physical activity.13
The findings of this case are consistent with previous studies demonstrating the benefits of cardiac rehabilitation in improving functional outcomes in cardiac patients.6,10 For instance, exercise-based cardiac rehabilitation has been shown to significantly increase exercise capacity and reduce hospital readmission rates in patients with cardiovascular disease.5,14 However, most of these studies have focused on coronary artery disease populations, whereas evidence specific to patients undergoing valve surgery, particularly MVR, remains comparatively limited.10 This distinction is important because post-valve surgery patients may present with different hemodynamic and functional characteristics compared to other cardiac populations.15
Compared with existing literature, the present case highlights the feasibility of implementing a structured FITT-based aerobic training protocol in a real-world clinical setting. Unlike controlled trials with standardized populations, this report provides insight into individualized progression based on patient tolerance and continuous monitoring.9 The absence of adverse events throughout the 12-session program further supports the safety of supervised rehabilitation in clinically stable patients. These findings align with recent evidence indicating that early initiation of cardiac rehabilitation following valve surgery can improve functional capacity without increasing the risk of adverse cardiovascular events.7,9,14
From a hemodynamic standpoint, the stable blood pressure and appropriate increase in heart rate during exercise indicate a normal chronotropic response and preserved autonomic regulation.16 The maintenance of oxygen saturation throughout the intervention suggests that ventilatory and perfusion functions were not compromised during exercise.12 This stability is particularly relevant in post-MVR patients, who may be at risk of hemodynamic instability due to altered cardiac structure and function.17 The preserved ejection fraction observed in this patient further supports the capacity to tolerate moderate-intensity aerobic exercise.11
An important aspect of this case is the differentiation between reduced functional capacity due to deconditioning and potential progression of heart failure.18 The observed improvements in functional outcomes, combined with stable clinical parameters and absence of worsening symptoms, support the interpretation that the initial limitations were primarily related to deconditioning rather than disease progression.19 This distinction has practical implications for rehabilitation planning, as it emphasizes the potential reversibility of functional impairment through structured exercise interventions.20
In terms of clinical implications, this case underscores the importance of implementing individualized, supervised cardiac rehabilitation programs in patients following MVR. The use of objective outcome measures such as the 6MWT allows clinicians to monitor progress and adjust exercise prescriptions accordingly.10 Furthermore, adherence to the FITT principle and continuous monitoring using telemetry contribute to both the effectiveness and safety of the intervention.21 For physiotherapists, these findings highlight the feasibility of integrating structured aerobic training into routine clinical practice, even in patients with complex cardiac histories.22
Despite these strengths, several limitations should be acknowledged. As a single-case report, the findings cannot be generalized to the broader population of patients with heart failure or post-MVR conditions. The absence of a control group limits the ability to attribute improvements solely to the intervention, as natural recovery or placebo effects cannot be excluded. In addition, the lack of long-term follow-up prevents assessment of the sustainability of functional gains. Potential sources of bias, including selection bias and observer bias, should also be considered when interpreting the results.
Nevertheless, this case contributes to the existing body of knowledge by providing detailed, clinically applicable evidence on the implementation of phase II cardiac rehabilitation in a post-MVR patient. The integration of structured exercise, continuous monitoring, and individualized progression represents a comprehensive approach that aligns with current recommendations for cardiac rehabilitation.
Future research should focus on larger cohort studies or randomized controlled trials to validate these findings and establish standardized protocols for post-valve surgery rehabilitation. In addition, long-term follow-up studies are needed to evaluate the durability of functional improvements and their impact on quality of life and clinical outcomes. The patient reported a noticeable reduction in fatigue during daily activities and an improved ability to perform functional tasks such as walking longer distances and completing household activities without significant dyspnea. The patient also expressed increased confidence in engaging in physical activity and perceived the supervised rehabilitation program as safe and beneficial. Family support and continuous guidance from the physiotherapist were identified as key factors contributing to adherence and motivation throughout the program.

Conclusion
This case report demonstrates that structured phase II cardiac rehabilitation was safe and associated with improved functional capacity in a patient with NYHA class II heart failure following mitral valve replacement. The observed increase in 6MWT distance, along with improvements in aerobic capacity and reduced perceived exertion, indicates a positive response to supervised aerobic training.
From a clinical perspective, these findings support the implementation of individualized, FITT-based rehabilitation programs with close monitoring to optimize recovery in post-MVR patients. The use of objective functional measures such as the 6MWT is essential to guide progression and evaluate outcomes in clinical practice.
However, given the single-case design, these results should be interpreted cautiously. Further research, particularly randomized controlled trials and long-term follow-up studies, is needed to confirm the effectiveness and generalizability of phase II cardiac rehabilitation in this population.
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