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ABSTRACT 

Background: Postoperative dyspnea is a common complication following cardiac surgery, often attributed to respiratory muscle 

weakness and impaired pulmonary function. Inspiratory muscle training (IMT) has emerged as a non-invasive rehabilitation 

strategy to counteract these limitations, yet its efficacy in the immediate postoperative setting remains underexplored. 

Objective: To determine whether postoperative inspiratory muscle training reduces dyspnea and improves respiratory function 

in patients undergoing cardiac surgery. 

Methods: A randomized controlled trial was conducted at two tertiary cardiac centers in Pakistan over 12 months. A total of 

148 patients undergoing elective coronary artery bypass grafting or valve replacement were randomized into an intervention 

group receiving structured IMT from postoperative day three, and a control group receiving standard care. Dyspnea was assessed 

using the Modified Borg Dyspnea Scale. Pulmonary function was evaluated via forced vital capacity (FVC), forced expiratory 

volume in one second (FEV₁), and maximal inspiratory pressure (MIP). Assessments were performed at baseline, post-

intervention (day 14), and 1-month follow-up. Statistical analysis was conducted using independent and paired t-tests for 

normally distributed data. 

Results: Patients in the intervention group showed significantly greater reductions in dyspnea scores at day 14 (2.9 ± 1.0) and 

at 1 month (1.8 ± 0.9) compared to controls (4.6 ± 1.1 and 3.9 ± 1.0, respectively; p < 0.001). Significant improvements were 

also observed in FVC, FEV₁, and MIP among the IMT group (p < 0.001). Adverse events were minimal and self-limiting. 

Conclusion: Postoperative inspiratory muscle training is an effective and safe intervention for reducing dyspnea and enhancing 

respiratory function in cardiac surgery patients, supporting its routine inclusion in early postoperative rehabilitation. 

Keywords: Cardiac Surgical Procedures, Dyspnea, Inspiratory Muscle Training, Pakistan, Postoperative Care, Pulmonary 

Function Tests, Randomized Controlled Trial. 
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INTRODUCTION 

Breathing difficulties are a common and distressing consequence for patients recovering from cardiac surgery. Dyspnea, or shortness of 

breath, not only impairs physical recovery but also significantly diminishes patients’ quality of life in the early postoperative period. 

While advances in surgical and anesthetic techniques have enhanced overall survival rates, the issue of postoperative pulmonary 

complications—particularly dyspnea—remains a persistent clinical challenge (1). This breathing discomfort is often exacerbated by 

factors such as general anesthesia, use of cardiopulmonary bypass, postoperative pain, restricted chest wall mobility, and prolonged bed 

rest. These factors collectively weaken respiratory muscles, especially the inspiratory muscles, leading to reduced pulmonary function 

and prolonged hospital stays (2,3). Thus, finding effective, non-invasive interventions to mitigate dyspnea after cardiac surgery is of 

critical importance. Inspiratory muscle training (IMT), a form of targeted respiratory therapy aimed at strengthening the muscles 

involved in inhalation, has emerged as a promising adjunct in postoperative care (4). By applying graded resistance during inspiration, 

IMT seeks to enhance the endurance and strength of the diaphragm and intercostal muscles, thereby improving overall ventilatory 

capacity. The technique has gained attention particularly in the rehabilitation of patients with chronic obstructive pulmonary disease 

(COPD) and heart failure, where it has shown favorable outcomes in reducing dyspnea and increasing exercise tolerance (5,6). The 

rationale behind its application in cardiac surgery patients lies in its potential to reverse the deleterious effects of mechanical ventilation 

and immobility on respiratory musculature. 

Several studies have pointed to the benefits of IMT in various clinical contexts. Research conducted on patients with heart failure has 

demonstrated significant improvements in dyspnea scores, inspiratory muscle strength, and exercise capacity following structured IMT 

protocols. Additionally, IMT has been associated with a reduction in postoperative pulmonary complications when implemented 

preoperatively in patients undergoing major surgery, suggesting a prophylactic benefit (7,8). However, despite its growing use, the 

evidence base for IMT’s role specifically in the context of cardiac surgery remains limited and somewhat inconsistent. While some 

randomized controlled trials (RCTs) suggest meaningful improvements in postoperative respiratory outcomes, others report negligible 

effects, pointing to the need for more focused and methodologically sound investigations. Part of the ambiguity surrounding IMT’s 

effectiveness in this population stems from variations in study design, sample size, timing of intervention (preoperative vs. 

postoperative), and the intensity and duration of training protocols (9,10). Moreover, the subjective nature of dyspnea assessment 

introduces an additional layer of complexity. Given that dyspnea is influenced by physiological, psychological, and environmental 

factors, a multidimensional approach is essential to accurately evaluate therapeutic interventions (11). Importantly, most existing 

research has emphasized either preoperative training or its use in chronic respiratory conditions, leaving a significant gap regarding the 

potential benefits of structured postoperative IMT in cardiac surgery patients—a group particularly vulnerable to inspiratory muscle 

weakness. 

In light of these gaps, there is a compelling rationale to investigate the specific impact of postoperative IMT on dyspnea and respiratory 

function in cardiac surgery patients. Randomized controlled trials offer the highest level of evidence for clinical interventions, allowing 

for robust evaluation of both efficacy and safety. By focusing exclusively on the postoperative period—a time when patients are most 

debilitated—this study aims to isolate the direct effects of IMT on recovery trajectories. Furthermore, standardizing training protocols 

and employing validated dyspnea measurement tools may help provide more definitive insights into IMT’s clinical value. This study, 

therefore, seeks to determine whether a structured inspiratory muscle training regimen can effectively reduce postoperative dyspnea and 

enhance respiratory function in patients recovering from cardiac surgery. By conducting a randomized controlled trial, the objective is 

to provide high-quality evidence that either supports or refutes the integration of IMT into routine postoperative care for this population. 

METHODS 

This randomized controlled trial was conducted over a period of 12 months at two tertiary care cardiac centers in Pakistan: the Cardiac 

Surgery Department of the National Institute of Cardiovascular Diseases (NICVD) Karachi and the Punjab Institute of Cardiology (PIC) 

Lahore. The objective was to determine whether inspiratory muscle training (IMT) effectively reduces postoperative dyspnea and 

improves respiratory function in patients undergoing elective cardiac surgery. The study was approved by the Institutional Review Board 
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(IRB) of both participating institutions. All participants provided written informed consent prior to enrollment, ensuring voluntary 

participation in accordance with the Declaration of Helsinki. Participants included adult patients aged 40–75 years scheduled for elective 

cardiac surgery, specifically coronary artery bypass grafting (CABG) or valve replacement procedures, via median sternotomy under 

general anesthesia. Inclusion criteria required patients to be hemodynamically stable, extubated within 24 hours postoperatively, and 

capable of participating in the IMT protocol. Exclusion criteria were pre-existing chronic respiratory diseases such as COPD or asthma, 

neuromuscular disorders, significant cognitive impairment, reoperation, intraoperative complications requiring prolonged ventilation, 

and refusal to consent. Using G*Power 3.1 software for a two-tailed test with a moderate effect size (d = 0.5), a power of 0.8, and alpha 

of 0.05, the calculated sample size was 128. Allowing for a 15% dropout rate, a total of 148 patients were enrolled and randomly 

allocated into intervention and control groups using a computer-generated randomization sequence in blocks of four. 

The intervention group received inspiratory muscle training using a threshold IMT device (POWERbreathe® K3) starting on 

postoperative day three, once patients were clinically stable and able to perform the procedure. The training protocol consisted of twice-

daily sessions for 14 consecutive days during hospitalization, with each session involving five sets of six breaths against a resistance 

initially set at 30% of the patient's maximal inspiratory pressure (MIP). This resistance was increased incrementally every third day 

based on tolerance and performance. Participants were supervised by physiotherapists trained in cardiopulmonary rehabilitation. The 

control group received standard postoperative care, including breathing exercises and mobilization, but did not receive device-based 

inspiratory training. Primary outcome was dyspnea severity, measured using the modified Borg Dyspnea Scale (mBDS), a validated 0–

10 scale assessing perceived breathlessness. Assessments were conducted at baseline (post-extubation), post-intervention (day 14), and 

at 1-month follow-up (12,13). Secondary outcomes included respiratory function parameters—forced vital capacity (FVC), forced 

expiratory volume in one second (FEV₁), and maximal inspiratory pressure (MIP)—measured using a portable spirometer (MIR 

Spirobank II®) and a respiratory pressure meter (MicroRPM®). All outcome assessments were performed by blinded assessors not 

involved in patient care or training. 

Data was entered into SPSS version 26.0 for statistical analysis. Continuous variables were expressed as mean ± standard deviation, and 

categorical variables as frequencies and percentages. Independent sample t-tests were used to compare mean differences in respiratory 

parameters and dyspnea scores between groups, while paired t-tests were applied for within-group pre- and post-intervention 

comparisons. Chi-square tests were used for categorical outcomes. A p-value of less than 0.05 was considered statistically significant. 

Data distribution was verified using the Shapiro-Wilk test, confirming normality for all continuous variables, justifying the use of 

parametric tests. The trial was monitored periodically by a data safety monitoring board to ensure adherence to protocol and patient 

safety. Adverse events, such as respiratory fatigue, dizziness, or desaturation during IMT, were recorded and managed per standard 

clinical guidelines. The integrity of randomization, blinding of assessors, and consistency in intervention delivery were maintained 

throughout the study to ensure the reliability of results. By combining a structured IMT protocol with rigorous clinical monitoring and 

validated outcome measures, the study was designed to provide credible evidence regarding the role of inspiratory muscle training in 

mitigating postoperative dyspnea and restoring respiratory function in cardiac surgery patients. 

RESULTS 

Out of 148 patients randomized equally into intervention and control groups, baseline demographic characteristics were comparable. 

The mean age in the intervention group was 59.3 years, and 60.1 years in the control group. Both groups had similar distributions in 

gender, BMI, and comorbid conditions, suggesting successful randomization. Dyspnea severity, as assessed by the modified Borg 

Dyspnea Scale, showed significant improvement in the intervention group over time compared to controls. At baseline, mean dyspnea 

scores were similar between groups (5.8 ± 1.1 vs. 5.6 ± 1.2; p = 0.42). By postoperative day 14, the intervention group demonstrated a 

significantly lower mean score of 2.9 ± 1.0, while the control group averaged 4.6 ± 1.1 (p < 0.001). At one-month follow-up, scores 

further declined to 1.8 ± 0.9 in the intervention group and 3.9 ± 1.0 in the control group (p < 0.001), indicating sustained benefit from 

inspiratory muscle training. Assessment of pulmonary function at baseline and one-month follow-up also revealed significant differences 

between the two groups. In the intervention group, forced vital capacity (FVC) increased from 2.5 ± 0.4 L to 3.1 ± 0.5 L, and forced 

expiratory volume in one second (FEV₁) rose from 2.0 ± 0.3 L to 2.6 ± 0.4 L. Comparatively, the control group showed more modest 

gains (FVC from 2.4 ± 0.5 L to 2.7 ± 0.6 L; FEV₁ from 1.9 ± 0.4 L to 2.2 ± 0.4 L), with all between-group differences achieving statistical 

significance (p < 0.001). Similarly, maximal inspiratory pressure (MIP), a direct indicator of inspiratory muscle strength, improved 

significantly in the intervention group from 61 ± 6 cmH₂O at baseline to 78 ± 5 cmH₂O at one month. In contrast, the control group’s 

MIP improved from 59 ± 7 to 67 ± 6 cmH₂O (p < 0.001). Regarding safety, minor adverse events were observed in the intervention 
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group. Three participants (4.1%) experienced mild respiratory fatigue, two (2.7%) had transient oxygen desaturation below 90%, and 

one (1.4%) reported brief dizziness during training sessions. No adverse events were reported in the control group. All events in the 

intervention group were self-limiting and resolved with brief rest, without requiring discontinuation of the intervention. 

 

Table 1: Participant Demographics 

Variable Intervention Group (n=74) Control Group (n=74) 

Age (years) 59.3 60.1 

Male (%) 51 (68.9%) 49 (66.2%) 

BMI (kg/m²) 27.5 28.1 

Smokers (%) 32 (43.2%) 30 (40.5%) 

Diabetics (%) 29 (39.2%) 31 (41.9%) 

Hypertension (%) 34 (45.9%) 36 (48.6%) 

 

Table 2: Dyspnea Scores (Modified Borg Scale) 

Timepoint Intervention Group (Mean ± SD) Control Group (Mean ± SD) p-value 

Baseline 5.8 ± 1.1 5.6 ± 1.2 0.42 

Post-intervention (Day 14) 2.9 ± 1.0 4.6 ± 1.1 <0.001 

1-Month Follow-up 1.8 ± 0.9 3.9 ± 1.0 <0.001 

 

Table 3: Respiratory Function Parameters 

Parameter Baseline (Intervention) Baseline (Control) 1-Month 

(Intervention) 

1-Month (Control) p-value 

FVC (L) 2.5 ± 0.4 2.4 ± 0.5 3.1 ± 0.5 2.7 ± 0.6 <0.001 

FEV₁ (L) 2.0 ± 0.3 1.9 ± 0.4 2.6 ± 0.4 2.2 ± 0.4 <0.001 

MIP (cmH₂O) 61 ± 6 59 ± 7 78 ± 5 67 ± 6 <0.001 

 

Table 4: Adverse Events 

Event Intervention Group (n=74) Control Group (n=74) 

Respiratory fatigue 3 (4.1%) 0 (0%) 

Desaturation < 90% 2 (2.7%) 0 (0%) 

Dizziness 1 (1.4%) 0 (0%) 

None 68 (91.8%) 74 (100%) 

Figure 1 Maximal Inspiratory Pressure (MIP) Over Time 
Figure 2 Borg Dyspnea Scores Over Time 
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DISCUSSION 

The findings of this randomized controlled trial provide evidence that postoperative inspiratory muscle training (IMT) significantly 

reduces dyspnea and enhances respiratory function in patients recovering from cardiac surgery. This result supports a growing body of 

literature suggesting the therapeutic benefit of IMT in cardiothoracic populations. The improvement in Borg dyspnea scores observed 

in the intervention group aligns with previous meta-analytic data, which demonstrate that both preoperative and postoperative IMT can 

alleviate breathlessness and improve respiratory strength in surgical patients (13,14). Consistent with these results, the present study 

found that maximal inspiratory pressure (MIP) significantly improved in the intervention group, suggesting a direct training effect on 

inspiratory muscles. This is corroborated by recent findings which reported significant gains in pulmonary function and inspiratory 

strength following IMT protocols in cardiac surgery patients (15-17). Notably, this study focused exclusively on postoperative IMT 

initiated after extubation, highlighting its relevance during early inpatient recovery. While many previous trials have evaluated 

preoperative IMT, the present findings reinforce evidence from recent work indicating that IMT during postoperative rehabilitation can 

also yield significant respiratory benefits (18,19). Increased FVC and FEV₁ values in the intervention group suggest restored lung volume 

and airflow capacity, outcomes also reported in other postoperative IMT trials (20,21). These physiological improvements have practical 

implications, including potential reductions in hospital stay duration and enhanced physical activity tolerance, although these specific 

outcomes were not measured in the present study. 

Strengths of this study include its randomized controlled design, use of validated measurement tools, and implementation in a real-world 

clinical setting across two tertiary cardiac centers in Pakistan. The standardized training protocol, blinded outcome assessment, and 

adherence monitoring further support the internal validity of the findings. However, several limitations must be acknowledged. The 

study did not include long-term follow-up beyond one month, limiting conclusions regarding sustained benefits or relapse of symptoms. 

Also, although dyspnea and pulmonary function improved, the impact on broader functional outcomes, such as exercise tolerance or 

quality of life, was not assessed. Additionally, while the sample size was adequately powered for the primary outcomes, subgroup 

analyses (e.g., valve vs. CABG patients) were not feasible. Variability in patient compliance, despite monitoring, could also have 

influenced the results. Another consideration is that the intervention was initiated postoperatively, while emerging evidence suggests 

that preoperative IMT may offer additional protective benefits against respiratory complications (16,22). Future studies may benefit 

from combining pre- and postoperative IMT strategies, examining optimal training intensities and durations, and integrating quality-of-

life measures to provide a more holistic assessment of recovery. In conclusion, the findings of this trial underscore the clinical value of 

initiating inspiratory muscle training in the early postoperative period for cardiac surgery patients. By significantly reducing dyspnea 

and enhancing pulmonary function, IMT may serve as a practical, low-cost adjunct to conventional care in this vulnerable population. 

CONCLUSION 

This study demonstrated that postoperative inspiratory muscle training significantly reduces dyspnea and improves respiratory function 

in cardiac surgery patients. These findings support the integration of IMT into standard postoperative rehabilitation protocols, offering 

a simple, cost-effective intervention to enhance recovery. Broader implementation may improve patient outcomes and reduce respiratory 

complications. 
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