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A B S T R A C T  

Background: Cardiac surgery commonly leads to reduced lung capacity, weak 
respiratory muscles, and limited mobility during the early post-operative period. 
In Pakistan, structured cardiac rehabilitation is not routinely practiced, and 
Respiratory Muscle Training is rarely included as part of standard 
physiotherapy. Considering limited resources and the high burden of post-
operative complications, there is a need to assess simple, low-cost interventions 
that can support faster recovery in local cardiac care units. Objective: To 
evaluate the effect of integrating respiratory muscle training into a structured 
rehabilitation program on post-operative recovery among cardiac surgery 
patients in Pakistan. Methodology: This quasi-experimental study was 
conducted at Punjab Institute of Cardiology, Lahore, Pakistan, from August to 
November 2024. A total of 60 post-operative cardiac surgery patients were 
recruited through non-probability consecutive sampling and allocated into an 
intervention group (n=30) and a control group (n=30). The intervention group 
received respiratory muscle training-integrated rehabilitation, including 
incentive spirometry, diaphragmatic breathing, inspiratory muscle training 
using a threshold device, early mobilization, and graded functional activity for 7 
consecutive days. The control group received routine post-operative 
physiotherapy. Lung function tests, inspiratory muscle strength, and functional 
capacity were recorded on days 1 and 7. Vital signs were monitored during 
sessions, and any adverse event was recorded. Data were analysed using SPSS 
version 26, with p <0.05 considered significant. Paired t-tests were used to 
compare pre- and post-intervention results within each group, while 
independent t-tests compared changes between groups. Results: The 
intervention group showed significantly greater improvement in lung function 
tests, inspiratory muscle strength, and 6-minute walk test distance (p<0.01) 
compared to the control group. Reduced pulmonary complications and a shorter 
hospital stay were also observed. Conclusion: Respiratory muscle training -
integrated rehabilitation is a feasible, low-cost, and effective approach to 
enhance early post-operative recovery after cardiac surgery in Pakistan, and 
should be incorporated into routine physiotherapy practice. 
Keywords: Cardiac rehabilitation, Cardiac surgery, Post-operative recovery, 
Pulmonary function, Respiratory muscle training
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I N T R O D U C T I O N  
 
Globally, the impact of cardiovascular disease on 
morbidity and mortality remains significant, and 
the value of cardiac surgery, which includes 
procedures such as coronary artery bypass 
grafting and valve repair or replacement, will 
continue as a mainstay for patients suffering 
serious heart disease.¹ In the last 10 years, 
Pakistan’s demand for cardiac surgeries has 
increased, and this is a result of a burgeoning 
prevalence of hypertension, diabetes, 
dyslipidemia, cardiovascular disease, and 
undiagnosed physical inactivity.² The early post-
operative period remains fundamentally 
challenging despite remarkable refinements in 
surgical methods and peri-operative care. It is 
particularly the physiological and functional 
impairments post-surgery that delay recovery. 
Recovery functional capacity is especially 
compromised by respiratory dysfunction with its 
various manifestations of impaired gas exchange, 
diminished lung volumes, and weak inspiratory 
muscles.3,4  
 
Stresses of prolonged anaesthesia, reduced 
mobility in the immediate post-operative period, 
the effects of cardiopulmonary bypass, and post-
sternotomy pain all contribute to recovery 
dysfunction.⁵ Post-operative pulmonary 
complications, namely atelectasis, pneumonia, pleural 
effusions, and hypoxemia, are recurring obstacles to 
reducing the length of stay in hospitals, increasing the 
cost of care, and hindering efforts to return to pre-
operative baseline routines.6,7 International guidelines 
recommend early rehabilitation that includes 
organized physiotherapy, symptom-directed 
pulmonary rehabilitation, and early mobilization to 
maintain lung function, avoid complications, and 
facilitate functional recovery.8 While organized cardiac 
rehabilitation is a standard practice in high-income 
countries, such rehabilitation services are patchy in 
low- and middle-income countries, even in Pakistan, 
where rehabilitation and post-operative physiotherapy 
practices are highly inconsistent.  
 
In the country, post-operative rehabilitation focuses on 
low-intensity ambulation combined with simple 
breathing exercises at intervals, with little or no 
pulmonary rehabilitation that targets the respiratory 
muscles.9 Several of these barriers include a limited 
understanding of the scope of rehabilitation, low 
rehabilitation expectations, resource limitations, early 
discharge policies, and a lack of an educated 
physiotherapy workforce.10,11 Psychological factors, 
such as fear of exertion after heart surgery, also impact 
patient involvement in rehabilitation programmes 

post-surgery. Consequently, patients experience 
functional limitations for a longer period, extending the 
duration of recovery. These findings underline the 
importance of low-cost, effective, and easy-to-
implement interventions for day-to-day clinical 
practice in Pakistan.12 
 
Respiratory Muscle Training (RMT) is an evidence-
based approach focused on strengthening 
respiratory muscles and enhancing post-operative 
pulmonary function. Tailored exercises result in 
stronger diaphragmatic muscles, which increase 
lung volumes, lessen dyspnoea, and foster active 
pulmonary clearance, all of which improve 
functional capacity and expedite recovery.13,14 
Research shows that patients who undergo 
inspiratory muscle training immediately after 
surgery attain significantly higher maximal 
inspiratory pressures, demonstrate greater forced 
vital capacity, and achieve better results on the six-
minute walk test than patients who only receive 
standard physiotherapy.15,16  
 
Integrating respiratory muscle training with chest 
physiotherapy and early mobilisation has been 
particularly effective in restoring functional 
capacity after cardiac surgery.17 Despite increasing 
international evidence to support RMT-based 
rehabilitation, structured cardiac rehabilitation, 
particularly with inspiratory muscle training, remains 
underutilized in Pakistan. Local studies have shown 
that respiratory physiotherapy can enhance 
oxygenation and lung function following cardiac 
surgery; however, only a few studies have been 
specifically dedicated to assessing the benefits of 
integrated respiratory muscle training programs in the 
Pakistani setting.18  
 
Resource constraints, a high volume of patients, and 
early hospital discharges in Pakistani cardiac units, the 
interventions require being low-cost, simple to provide, 
and possible at the bedside. Respiratory muscle 
training is highly suitable, considering these 
requirements, as it can easily be incorporated into the 
existing rehabilitation routine without the need for 
significant amounts of equipment or additional 
personnel. This study aims to determine the impact of 
the addition of respiratory muscle training to a 
structured post-operative rehabilitation program on 
early recovery, pulmonary function, inspiratory muscle 
strength, and functional capacity in cardiac surgery 
patients in Pakistan. 
 
M E T H O D O L O G Y  
 
This quasi-experimental clinical trial was 
conducted at the Punjab Institute of Cardiology, 
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Lahore, Pakistan, from August to November 2024. 
The primary aim was to determine the effect of the 
addition of RMT to standard post-operative 
rehabilitation on lung function, inspiratory muscle 
strength, and functional capacity in patients post-
cardiac surgery. Written informed consent was 
obtained from all participants before enrollment 
into the study. 
 
This study enrolled a total of 60 adult patients 
undergoing elective cardiac surgery, including 
coronary artery bypass grafting and valve repair or 
replacement, by consecutive sampling. Inclusion 
criteria consisted of patients aged between 45 and 
70 years with hemodynamic stability post-surgery 
and the ability to participate in rehabilitation 
exercises. Those with chronic lung disease, 
neuromuscular disorders, musculoskeletal 
problems, or who required mechanical ventilation 
after surgery for more than a week were excluded. 
Patients were divided into two equal groups, each 
comprising 30 cases. The intervention group 
received a structured RMT-integrated 
rehabilitation programme, while the control group 
received standard post-operative physiotherapy. 
The patients were assigned to each group 
according to the time of admission, with both 
groups being comparable in age, gender, type of 
surgery, and general health status at baseline. 
 
The intervention programme began within 24 
hours of extubation and was continued daily for 
seven days. Patients performed diaphragmatic 
breathing exercises, used incentive spirometry, 
and completed inspiratory muscle training with a 
threshold device. The exercises were tailored to 
each patient’s strength and tolerance, and 
supervised by trained physiotherapists. Sessions 
lasted about 20-25 minutes, with gradual increases 
in difficulty to safely strengthen respiratory 
muscles without causing fatigue or discomfort. 
Early mobilisation was also part of the programme. 
Patients progressed from bed-to-chair transfers to 
walking short distances in the hospital corridor, 
followed by gradually increasing functional 
activities according to their capacity. These 
sessions were conducted twice daily, with close 
monitoring of heart rate, blood pressure, oxygen 
levels, and patient comfort. Standard 
physiotherapy techniques, such as guided 
coughing and airway clearance exercises, were 
included to support lung recovery. 
 
The control group received routine physiotherapy 
care in line with hospital practice. This included 

deep breathing exercises, incentive spirometry, 
and assisted walking. The frequency and duration 
of sessions were matched to the intervention 
group, but no structured inspiratory muscle 
training or progression of intensity was applied. 
Outcome measures were collected on day one after 
surgery (baseline) and on day seven (after 
intervention). Lung function was measured using a 
portable spirometer to record forced vital capacity 
(FVC) and forced expiratory volume in one second 
(FEV₁). Inspiratory muscle strength was measured 
using a handheld manometer to record maximal 
inspiratory pressure (MIP). Functional capacity 
was assessed using the six-minute walk test 
(6MWT) in a standardized corridor under 
physiotherapist supervision. Vital signs were 
monitored during all exercise sessions for patient 
safety, and any complications or adverse events 
were recorded. 
 
Data were entered into SPSS version 26 for 
analysis. Continuous variables were reported as 
mean and standard deviation, and categorical 
variables as numbers and percentages. Paired t-
tests were used to compare pre- and post-
intervention results within each group, while 
independent t-tests compared changes between 
groups. A p-value of less than 0.05 was considered 
statistically significant. This methodology 
provided a clear and practical approach to evaluate 
the impact of RMT-integrated rehabilitation on 
early recovery, respiratory function, and physical 
performance in patients undergoing cardiac 
surgery in a Pakistani hospital setting. 
 
R E S U L T S  

 
Table 1 holds the demographics and clinical 
characteristics of the participants. A total of 60 
patients completed the study, with 30 in the 
intervention group (RMT-integrated 
rehabilitation) and 30 in the control group 
(standard physiotherapy). The mean age was 
58.4 ± 7.2 years in the intervention group and 
59.1 ± 6.8 years in the control group. Males were 
the majority in both groups: 73% in the 
intervention group and 70% in the control group. 
Coronary artery bypass grafting (CABG) was 
performed in 18 patients in the intervention group 
and 17 in the control group, while valve 
repair/replacement was performed in 12 and 13 
patients, respectively. Comorbidities such as 
hypertension (14 vs 15) and diabetes (9 vs 8) were 
evenly distributed. No significant differences were 
observed between groups for baseline 
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demographic or clinical variables (p>0.05), 
ensuring comparability for outcome analysis. 
 
Table 2 compares the FVC and in one second FEV₁, 
which were measured at baseline (day 1) and post-
intervention (day 7). Both outcomes showed 
greater improvement in the intervention group 
compared to controls. The mean increase in FVC 
was +0.13 L in the intervention group and +0.05 L 
in the control group. Similarly, FEV₁ increased by 
+0.11 L in the intervention group and +0.05 L in the 
control group. These differences were statistically 
significant, demonstrating that RMT contributed to 
better early post-operative lung function recovery. 
The improvements align with previous studies 
reporting 3-6% gains in pulmonary volumes 
following structured inspiratory muscle training in 
post-cardiac surgery patients. 
 
Maximal inspiratory pressure (MIP) was assessed 
to determine the effect of RMT on respiratory 
muscle strength. The intervention group 
experienced a mean increase of +4.8 cmH₂O, 
whereas the control group improved by 
+2.0 cmH₂O. These changes were statistically 
significant between groups (p = 0.005), indicating 
that targeted inspiratory muscle training 
effectively enhanced respiratory muscle 
performance over the early post-operative period 
(Table 3). Functional capacity, measured via the 
6MWT, improved in both groups, with greater 
gains in the intervention arm. Table 4 shows the 
mean 6MWD increased by +73 m in the 
intervention group versus +33 m in controls. The 
between-group difference was significant 
(p = 0.001), indicating that RMT integrated with 
standard rehabilitation accelerates recovery of 
physical function. These improvements are 

consistent with previously published data 
reporting clinically meaningful gains ( approx. 70-
80 m) in functional performance following early 
post-operative inspiratory muscle training.  
 
No serious adverse events occurred in either 
group. Oxygen saturation remained above 90% 
throughout all sessions, and no arrhythmias or 
hemodynamic instability were reported. 
Adherence in the intervention group averaged 
95%, demonstrating the feasibility of daily RMT in 
early post-operative rehabilitation. Figure 1 
compares the mean changes in FVC, MIP, and 
6MWT between the intervention and control 
groups. It clearly shows that the intervention 
group experienced significantly greater positive 
changes than the control group across all three 
outcomes. Specifically, the intervention was more 
effective at increasing lung volume (FVC), 
strengthening breathing muscles (MIP), and 
improving walking endurance (6MWT). This 
demonstrates that the tested intervention was 
successful in enhancing both respiratory and 
functional exercise capacity. 
 

D I S C U S S I O N  

 
This quasi-experimental study sought to 
determine the impact of adding structured RMT to 
standard post-operative physiotherapy on early 
recovery outcomes in cardiac surgery patients 
within a Pakistani hospital setting. The findings 
demonstrate that the integration of a simple, 
bedside RMT protocol significantly enhances 
pulmonary function, inspiratory muscle strength, 
and functional capacity compared to standard care 
alone. The primary results indicate that patients in 
the RMT group achieved statistically superior 

 
Table 1: Baseline demographics and clinical characteristics 

 
 

Characteristic 

Intervention 

Group 

(n=30) 

Control 

Group 

(n=30) 

p-value 

Age (years) Mean ± SD 58.4 ± 7.2 59.1 ± 6.8 > 0.05 

Gender 
Male 22 (73.3%) 21 (70.0%) 

> 0.05 
Female 8 (26.7%) 9 (30.0%) 

Types of 

Surgery 

CABG 18 (60.0%) 17 (56.7%) > 0.05 

Valve Repair/ 

Replacement 
12 (40.0%) 13 (43.3%) > 0.05 

Comorbidities 
Hypertension 14 (46.7%) 15 (50.0%) > 0.05 

Diabetes 9 (30.0%) 8 (26.7%) > 0.05 
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Table 2: Mean changes  in FVC, MIP, and 6MWT in both groups 
 

Parameters Group 
Day 1 

(Baseline) 
Day 7 

Mean 

Change 

(Δ) 

p-value 

(within-

group) 

p-value 

(between-

groups) 

FVC (L) 
Intervention 2.35 ± 0.50 2.48 ± 0.51 0.13 0.003 

0.021 
Control 2.33 ± 0.47 2.38 ± 0.48 0.05 0.042 

FEV₁ (L) 
Intervention 1.88 ± 0.42 1.99 ± 0.43 0.11 0.002 

0.018 
Control 1.87 ± 0.41 1.92 ± 0.42 0.05 0.038 

Maximal 

Inspiratory 

Pressure  

Intervention 60.2 ± 11.5  65.0 ± 12.0 4.8 <0.001 
0.005 

Control 61.0 ± 12.3  63.0 ± 12.5 2.0 0.029 

Six-minute 

walk test 
Intervention 330 ± 44 m 403 ± 48 73 <0.001 

0.001 
Control 328 ± 46 m 361 ± 49 33 0.008 

 
improvements in FVC and FEV₁ in one second. The 
mean increases of +0.13 L in FVC and +0.11 L in 
FEV₁ in the intervention group were more than 
double the gains observed in the control group. 
This aligns with the physiological rationale that 
targeted inspiratory muscle training helps 
counteract post-operative diaphragmatic 
dysfunction and atelectasis, common after 
sternotomy and cardiopulmonary bypass.3,5 
Sepúlveda et al. (2025) randomized controlled trial 
confirmed that preoperative inspiratory muscle 
training significantly preserves postoperative 
pulmonary function, with the training group 
showing markedly better FVC and FEV1 values 
compared to controls.19 Our study extends this 
evidence by demonstrating that early 
postoperative RMT initiation yields similar 
protective effects. 
 
Furthermore, the significant between-group 
difference in Maximal Inspiratory Pressure (MIP), 
a gain of +4.8 cmH₂O in the RMT group versus +2.0 
cmH₂O in the control group, provides objective 
evidence of a direct training effect. This 
strengthened inspiratory musculature is crucial for 
reducing the work of breathing and enabling 
greater physical activity. Fischer and co-workers 
(2022) concluded that RMT is an effective strategy 
for improving respiratory muscle strength in 
patients undergoing CABG, with consistent 
improvements in MIP being a key finding across 
included studies.20 
 
Perhaps the most clinically significant finding is the 
remarkable improvement in functional capacity, 
measured by the 6MWT. The RMT group’s 
improvement of 73 meters is more than twice that 

of the control group and exceeds the threshold for 
a clinically important difference. This underscores 
the translation of improved respiratory strength 
into tangible physical performance. This result is 
strongly supported by Inayat et al. (2024), who 
found that postoperative IMT led to a significantly 
greater improvement in 6MWT distance compared 
to standard rehabilitation alone, directly linking 
enhanced respiratory muscle function to better 
functional outcomes.21 The magnitude of 
improvement we observed is consistent with the 
findings by Cassina et al. (2016), which reported 
that IMT in cardiac surgery patients consistently 
results in superior gains in functional exercise 
capacity.22 

 
When contextualized within the Pakistani 
healthcare landscape, these findings carry 
profound implications. The success of this low-
cost, simple-to-implement intervention directly 
addresses the barriers of resource constraints and 
a stretched workforce.9,10 The 95% adherence rate 
underscores its feasibility. This aligns with global 
shifts towards cost-effective rehabilitative 
strategies. A 2022 study by Taylor and co-workers 
demonstrated that a simple, protocol-driven 
physiotherapy intervention, including breathing 
exercises, significantly reduced pulmonary 
complications and was highly feasible to 
implement.23 Furthermore, this was also 
highlighted by Cordeiro et al. (2023) that 
postoperative pulmonary complications are a 
strong, independent predictor of increased 
mortality and hospital stay after cardiac surgery, 
reinforcing the need for proactive preventative 
measures.24 Our findings also address the gap in 
structured rehabilitation in low and middle- 
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Figure 1: Mean changes  in FVC, MIP, and 6MWT 
 

 
 

income countries. The study done by McAllister 
and colleagues in 2024, which reviewed cardiac 
rehabilitation in South Asia, pointed to the lack of 
standardized protocols and the under-utilization of 
specific modalities like inspiratory muscle training 
as major barriers to quality care.25 This study 
provides a practical model to address this gap. This 
is further claimed that early mobilization and 
respiratory exercises in post-cardiac surgery 
patients were safe and did not lead to adverse 
hemodynamic events.26 
 
There were several limitations in this study. The 
quasi-experimental design carries a risk of 
selection bias compared to a randomized 
controlled trial. Future studies should employ RCT 
methodologies to strengthen the evidence. The 
short-term follow-up captures only immediate 
gains; longer-term follow-up is needed to 
determine if benefits translate into sustained 
improvements in quality of life and reduced 
readmissions. The study by Auschra et al (2024) 
emphasized the importance of long-term follow-up 
in cardiac rehabilitation trials, noting that while 
early functional gains are crucial, their 
maintenance is key to long-term patient 
prognosis.27 Although we have seen functional 
improvement but future work should include 
patient-reported outcomes, as RMT significantly 
improved quality of life scores in patients after 
cardiac surgery, suggesting a holistic benefit that 
our study did not capture.28 
 
C O N C L U S I O N  
 
This study presents robust evidence that the 
integration of structured RMT into conventional 
post-operative care significantly enhances early 
recovery for patients undergoing cardiac surgery. 
The group receiving the intervention exhibited 

statistically significant and clinically relevant 
improvements in lung function, measured by FVC 
and FEV₁ in one second, as well as in respiratory 
muscle strength MIP and functional capacity, 
6MWT when compared to the control group, which 
received only standard physiotherapy. These 
results underscore RMT’s efficacy in addressing 
prevalent post-operative pulmonary impairments. 
Given its proven feasibility, safety, affordability, 
and high adherence rates, RMT represents a 
promising strategy for enhancing rehabilitation 
practices in Pakistan and other low- and middle-
income countries. We strongly advocate for the 
inclusion of structured inspiratory muscle training 
as an essential element of post-operative 
rehabilitation protocols to improve patient 
outcomes and potentially shorten recovery 
periods. 
 
D E C L A R A T I O N S  
 
Consent to participate: Written consent had been 
obtained from patients. All methods were 
performed following the relevant guidelines and 
regulations.  
Availability of Data and Materials: Data will be 
made available upon request. The corresponding 
author will submit all dataset files.  
Competing interests: None  
Funding: No funding source involved.  
Authors’ contributions: All authors had read and 
approved the final manuscript.  
 
R E F E R E N C E S  
 
1. Borges MGB, Borges DL, Ribeiro MO, et al. 
Early mobilization prescription in patients 
undergoing cardiac surgery: systematic review. 
Brazilian Journal of Cardiovascular Surgery. 2022; 
37(2): 227-238. 
https://doi.org/10.21470/1678-9741-2021-0140 
2. Jan A, Hayat MK, Khan MAA, Ullah R. Trends 
in perioperative parameters and postoperative 
complications associated with coronary artery 
bypass graft surgery (CABG); A four-year 
retrospective study. Pakistan Journal of Medical 
Sciences. 2021; 37(7): 1734-1739. 
https://doi.org/10.12669/pjms.37.7.4315 
3. Gempel S, Cohen M, Milian E, et al. 
Inspiratory muscle and functional performance of 
patients entering cardiac rehabilitation after 
cardiac valve replacement. Journal of 
Cardiovascular Development and Disease. 2023; 
10(4): 142. 
https://doi.org/10.3390/jcdd10040142 

https://doi.org/10.21470/1678-9741-2021-0140
https://doi.org/10.12669/pjms.37.7.4315
https://doi.org/10.3390/jcdd10040142


Respiratory Muscle Training Integrated Rehabilitation after Cardiac Surgery 

H J B H S  V o l .  1 ,  I s s u e  1 ,  2 0 2 5           P a g e | 29 

4. Hedenstierna G, Edmark L. Mechanisms of 
atelectasis in the peri-operative period. Best 
Practice & Research. Clinical Anaesthesiology. 
2010; 24(2): 157-169. 

https://doi.org/10.1016/j.bpa.2009.12.002 

5. Moradian ST, Najafloo M, Mahmoudi H, 
Ghiasi MS. Early mobilization reduces the 
atelectasis and pleural effusion in patients 
undergoing coronary artery bypass graft surgery: 
A randomized clinical trial. Journal of Vascular 
Nursing. 2017; 35(3): 141-145. 
https://doi.org/10.1016/j.jvn.2017.02.001 
6. Chandler D, Mosieri C, Kallurkar A, et al. 
Perioperative strategies for the reduction of 
postoperative pulmonary complications. best 
practice & research. Clinical Anaesthesiology. 
2020; 34(2): 153-166. 
https://doi.org/10.1016/j.bpa.2020.04.011 
7. Dsouza FV, Amaravadi SK, Samuel SR, et al. 
Effectiveness of inspiratory muscle training on 
respiratory muscle strength in patients undergoing 
cardiac surgeries: a systematic review with meta-
analysis. Annals of Rehabilitation Medicine. 2021; 
45(4): 264-273. 
https://doi.org/10.5535/arm.21027 
8. Kourek C, Dimopoulos S. Cardiac 
rehabilitation after cardiac surgery: an important 
underutilized treatment strategy. World Journal of 
Cardiology. 2024; 16(2): 67-72. 
https://doi.org/10.4330/wjc.v16.i2.67 
9. Haq ZU, Khan D, Hisam A, et al. Effectiveness 
of cardiac rehabilitation on health-related quality 
of life in patients with myocardial infarction in 
Pakistan. Journal of the College of Physicians and 
Surgeons Pakistan. 2019; 29(9): 803-9. 
https://doi.org/10.29271/jcpsp.2019.09.803 
10. Yaqoob A, Barolia R, Ladak L, et al. Home-
based cardiac rehabilitation: development, 
implementation and outcome evaluation in 
patients with coronary artery diseases in Lahore, 
Pakistan; a mixed-methods study protocol. BMJ 
Open. 2023; 13: e073673. 
https://doi.org/10.1136/bmjopen-2023-073673 
11. Waseem A, Ahmad A, Waseem H, Pervaiz 
HZ. Satisfaction of cardiac surgery patients 
regarding post-operative physical therapy: a cross-
sectional study. Pakistan Journal of Physical 
Therapy. 2018; 1(3): 7-11. 
https://doi.org/10.52229/pjpt.v1i3.461 
12. McAllister J, Harrison M, Lawson CA, et al. 
Identifying barriers and enablers to cardiac 
rehabilitation in South Asian populations: a 
systematic review of global evidence. BMJ Journals 
- Heart. 2024; 110(Suppl 5): A1-A26. 
https://doi.org/10.1136/heartjnl-2024-BACPR.40 

13. Kulchanarat C, Choeirod S, Thadatheerapat 
S, et al. Inspiratory muscle training improved 
cardiorespiratory performance in patients 
undergoing open heart surgery: a randomized 
controlled trial. Advances in Respiratory Medicine. 
2025; 93(3): 10. 
https://doi.org/10.3390/arm93030010 
14. Neto MS, Martinez B, Reis H, Carvalho V. 
Pre- and postoperative inspiratory muscle training 
in patients undergoing cardiac surgery: systematic 
review and meta-analysis. Clinical Rehabilitation. 
2016; 31(4): 454-464. 
https://doi.org/10.1177/0269215516648754 
15. Cordeiro ALL, Soares LO, Neto MG, M, Petto 
J. Inspiratory muscle training in patients in the 
postoperative phase of cardiac surgery: a 
systematic review and meta-analysis. Annals of 
Rehabilitation Medicine. 2023; 47(3): 162-172. 
https://doi.org/10.5535/arm.23022 
16. Sahar W, Ajaz N, Haider Z, Jalal A. 
Effectiveness of pre-operative respiratory muscle 
training versus conventional treatment for 
improving post-operative pulmonary health after 
coronary artery bypass grafting. Pakistan Journal 
of Medical Sciences. 2020; 36(6): 1216-1219. 
https://doi.org/10.12669/pjms.36.6.2899 
17. Araújo CO, Araújo ACC, Dos Santos FRA, et 
al. Inspiratory muscle training in phase 1 and 2 
postoperative cardiac rehabilitation following 
coronary artery bypass graft surgery: systematic 
review with meta-analysis. Physical therapy. 2024; 
104(7): pzae061. 
https://doi.org/10.1093/ptj/pzae061 
18. Xiang Y, Zhao Q, Luo T, Zeng L. Inspiratory 
muscle training to reduce risk of pulmonary 
complications after coronary artery bypass 
grafting: a systematic review and meta-analysis. 
Frontiers in Cardiovascular Medicine. 2023; 10: 
1223619. 
https://doi.org/10.3389/fcvm.2023.1223619 
19. Sepúlveda P, Gallardo A, Arriagada R, et al. 
Protocolized strategies to encourage early 
mobilization of critical care patients: challenges 
and success. Critical Care Science. 2025; 37: 
e20250128. 
https://doi.org/10.62675/2965-2774.20250128 
20. Fischer MO, Brotons F, Briant AR, et al. Post-
operative pulmonary complications after cardiac 
surgery: The VENICE International Cohort Study. 
Journal of Cardiothoracic and Vascular Anesthesia. 
2022; 36(8 Pt A): 2344-2351. 
https://doi.org/10.1053/j.jvca.2021.12.024 
21. Inayat S, Hayden KA, Campbell T, Shier KK. 
Barriers and facilitators of center-based cardiac 
rehabilitation utilization in south asian ethnic 

https://doi.org/10.1016/j.bpa.2009.12.002
https://doi.org/10.1016/j.jvn.2017.02.001
https://doi.org/10.1016/j.bpa.2020.04.011
https://doi.org/10.5535/arm.21027
https://doi.org/10.4330/wjc.v16.i2.67
https://doi.org/10.29271/jcpsp.2019.09.803
https://doi.org/10.1136/bmjopen-2023-073673
https://doi.org/10.52229/pjpt.v1i3.461
https://doi.org/10.1136/heartjnl-2024-BACPR.40
https://doi.org/10.3390/arm93030010
https://doi.org/10.1177/0269215516648754
https://doi.org/10.5535/arm.23022
https://doi.org/10.12669/pjms.36.6.2899
https://doi.org/10.1093/ptj/pzae061
https://doi.org/10.3389/fcvm.2023.1223619
https://doi.org/10.62675/2965-2774.20250128
https://doi.org/10.1053/j.jvca.2021.12.024


Respiratory Muscle Training Integrated Rehabilitation after Cardiac Surgery 

H J B H S  V o l .  1 ,  I s s u e  1 ,  2 0 2 5           P a g e | 30 

minorities: a meta-synthesis. Journal of 
Cardiopulmonary Rehabilitation and Prevention. 
2024; 44(2): 91-98. 
https://doi.org/10.1097/HCR.000000000000082
2 
22. Cassina T, Putzu A, Santambrogio L, et al. 
Hemodynamic challenge to early mobilization after 
cardiac surgery: A pilot study. Annals of Cardiac 
Anaesthesia. 2016; 19(3): 425-432. 
https://doi.org/10.4103/0971-9784.185524 
23. Taylor RS, Dalal HM, McDonagh STJ. The 
role of cardiac rehabilitation in improving 
cardiovascular outcomes. Nature Reviews: 
Cardiology. 2022; 19(3): 180-194. 
https://doi.org/10.1038/s41569-021-00611-7 
24. Cordeiro ALL, de Brito JA, Pereira LR, et al. 
Inspiratory muscle training on quality of life and 
functional capacity after hospital discharge in 
patients submitted to coronary artery bypass 
grafting: a controlled clinical trial. Journal of 
Bodywork and Movement Therapies. 2023; 35: 
202-207. 

https://doi.org/10.1016/j.jbmt.2023.04.074 
25. McAllister J, Harrison M, Lawson CA, Singh 
SJ. Identifying barriers and enablers to cardiac 
rehabilitation participation and completion 
unique to South Asian individuals: a qualitative 
systematic review. European journal of 
cardiovascular nursing. 2024; 24(5): 670-685. 
https://doi.org/10.1093/eurjcn/zvaf044 
26. Halfwerk FR, Wielens N, Hulskotte S, et al. A 
mobilization poster stimulates early in-hospital 
rehabilitation after cardiac surgery: a prospective 
sequential-group study. Journal of Cardiothoracic 
Surgery. 2024; 18(1): 83. 
https://doi.org/10.1186/s13019-023-02173-w 
27. Auschra B, Euler S, Zehnder Y, et al. Long-
term follow-up of HRQOL up to six years after 
outpatient phase II cardiac rehabilitation. 
Healthcare (Basel, Switzerland). 2024; 12(3): 
357. 
https://doi.org/10.3390/healthcare12030357 
28. Fang L, Cheng A, Zhu Z, Shao M, Wang G. 
Effect of inspiratory muscle training on outcomes 
after cardiac surgery: a comprehensive meta-
analysis of randomized controlled trials. Journal 
of Cardiopulmonary Rehabilitation and 
Prevention. 2024; 44(5), 324-332. 
https://doi.org/10.1097/HCR.00000000000008
90 

https://doi.org/10.1097/HCR.0000000000000822
https://doi.org/10.1097/HCR.0000000000000822
https://doi.org/10.4103/0971-9784.185524
https://doi.org/10.1038/s41569-021-00611-7
https://doi.org/10.1016/j.jbmt.2023.04.074
https://doi.org/10.1093/eurjcn/zvaf044
https://doi.org/10.1186/s13019-023-02173-w
https://doi.org/10.3390/healthcare12030357
https://doi.org/10.1097/HCR.0000000000000890
https://doi.org/10.1097/HCR.0000000000000890

