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Abstract

Background: Thoracic surgery, particularly for non-small cell lung cancer (NSCLC), is associated with significant physiological stress,
leading to impaired pulmonary function, decreased exercise capacity, and heightened risk of postoperative pulmonary complications
(PPCs). Postoperative pulmonary rehabilitation (PR) has been proposed as a strategy to enhance recovery and reduce morbidity, yet its

precise impact remains under investigation.

Objective: This study aimed to critically evaluate the role of postoperative PR in accelerating recovery following thoracic surgery by

synthesising data from three key studies.

Methods: A narrative evidence-based synthesis was conducted using three peer-reviewed sources, including one observational cohort
study and two systematic and narrative reviews. The analysis focused on functional outcomes (six-minute walk test and VO2max),

pulmonary function (FEV1, FVC, oxygenation), and clinical recovery metrics (PPC incidence and hospital length of stay).

Results: Postoperative PR significantly improved exercise capacity, with one study reporting a mean increase of 125 metres in walking
distance post-rehabilitation. Spirometric improvements were modest and more pronounced in patients with lower baseline lung function.
PR reduced PPCs by 45% (RR = 0.55) and shortened hospital length of stay by an average of 4.83 days. Early initiation and structured,

individualised PR protocols contributed to more favourable recovery trajectories, particularly in high-risk and elderly patients.

Conclusion: Postoperative pulmonary rehabilitation effectively accelerates recovery after thoracic surgery by enhancing functional
performance, stabilising respiratory outcomes, and reducing complications and hospitalisation time. These findings support the

integration of PR into standard postoperative care pathways, especially for patients with compromised preoperative status.
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Introduction

Thoracic surgery, while often essential in the treatment of pulmonary malignancies and other thoracic conditions, is invariably associated
with significant physiological trauma, especially to pulmonary function (Newton et al., 2018; Van Haren et al., 2018). Surgical
interventions such as lobectomy, bilobectomy, or pneumonectomy, particularly for non-small cell lung cancer (NSCLC), commonly
result in reduced lung capacity, impaired physical function, and increased susceptibility to postoperative pulmonary complications
(PPCs), including atelectasis, pneumonia, and respiratory failure (Silvia Sterzi et al., 2013; Perentes et al., 2018; Su et al., 2022). These
complications contribute to prolonged hospitalisation, increased healthcare costs, and delayed return to baseline functional status
(Bertolaccini et al., 2024). Within this clinical context, postoperative pulmonary rehabilitation (PR) emerges as a pivotal strategy

designed to mitigate these adverse outcomes and facilitate recovery by restoring respiratory and functional capacity.
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Figure 1: Surgeries for non-small cell lung cancer (NSCLC) (source: self-made)

Pulmonary rehabilitation (PR), defined as a comprehensive, multidisciplinary intervention that includes exercise training, education,
and behavioural changes, is traditionally associated with chronic respiratory diseases such as chronic obstructive pulmonary disease
(COPD) (Gloeckl et al., 2018; Spitzer et al., 2019). However, its role is being increasingly recognised in postoperative care pathways
for thoracic surgery patients (Ahmad, 2018). PR serves to enhance respiratory mechanics, reduce PPCs, and accelerate the restoration
of functional independence. The European Respiratory Society and the European Society of Thoracic Surgeons advocate for its
integration within enhanced recovery protocols following lung surgery, underscoring its relevance in contemporary surgical care (Silvia
Sterzi et al., 2013).
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Figure 2: Pulmonary rehabilitation (PR) and its capabilities (Source: self-made)

Despite these endorsements, the evidence base supporting PR in the immediate postoperative setting remains fragmented and
heterogeneous. One observational study by Silvia Sterzi et al. (2013) involving 110 patients undergoing surgery for NSCLC
demonstrated that a structured three-week inpatient PR programme significantly improved exercise tolerance, as evidenced by a marked
increase in six-minute walking distance from 257.4 metres pre-rehabilitation to 382.4 metres post-rehabilitation. However, spirometric
measurements such as FEV1 and FVC yielded mixed results, suggesting variability in pulmonary recovery dependent on baseline
function and surgical extent. These findings suggest that while PR effectively improves functional endurance, its impact on lung

mechanics may be modulated by individual patient characteristics and surgical factors.

Complementary to this, Ahmad (2018) provided a comprehensive narrative review highlighting the essential components of
postoperative physiotherapy, such as pain management, positioning, mobilisation, and breathing exercises. The review argues that early
implementation of physiotherapy—initiated as early as four hours post-anaesthesia—can substantially reduce PPC incidence,
particularly in patients undergoing thoracotomy. Techniques such as transcutaneous electrical nerve stimulation (TENS), cryotherapy,
supported coughing, and incentive spirometry are described as valuable adjuncts in controlling pain and enhancing lung expansion.
Ahmad’s (2018) work brings attention to the importance of evidence-informed practices in postoperative rehabilitation and underscores

the critical role physiotherapists play within the multidisciplinary surgical team.

The literature further supports the notion that improvements in exercise capacity and lung function translate into tangible clinical
benefits. Mahendran and Naidu (2018), in a synthesis of recent clinical trials and systematic reviews, noted that PR significantly reduces
hospital length of stay (LOS) and incidence of PPCs. A meta-analysis cited in their work reported a reduction in hospital LOS by nearly
five days and a relative risk reduction of 45% in PPCs. Moreover, pulmonary rehabilitation was associated with statistically significant
increases in VO2max and lung function parameters such as FEV1 and FVC. Importantly, these benefits were more pronounced in
patients with poor baseline lung function, such as those with moderate-to-severe COPD—a common comorbidity in thoracic surgery
candidates.

Nevertheless, the optimal structure, timing, and duration of postoperative PR remain areas of ongoing debate. While traditional PR
programmes span several weeks, logistical challenges such as early discharge and patient adherence have spurred interest in shorter,

more intensive rehabilitation models. Mahendran and Naidu (2018) highlight the potential of brief, tailored interventions—even as short
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as one week—to yield substantial benefits in high-risk patients. Additionally, the increasing use of minimally invasive surgical
techniques such as video-assisted thoracoscopic surgery (VATS), which are associated with reduced pain and faster recovery, calls for

recalibration of rehabilitation protocols to suit evolving surgical paradigms.

Hence, postoperative pulmonary rehabilitation constitutes a vital, albeit underutilised, strategy in the recovery trajectory of thoracic
surgery patients. While compelling evidence supports its role in improving exercise tolerance, reducing complications, and shortening
hospital stays, inconsistencies in protocol standardisation and patient selection criteria necessitate further investigation. This study aims
to critically examine the efficacy and implementation of PR in the postoperative setting, synthesising evidence from recent studies to

provide a robust and targeted understanding of its role in enhancing recovery after thoracic surgery.
Methods

This study employs a secondary qualitative research approach to explore the role of postoperative PR in accelerating recovery after
thoracic surgery. The methodology involves an in-depth analysis of existing qualitative data from peer-reviewed articles, focusing on

patient experiences, perceptions, and the impact of PR interventions on recovery.
Data Collection

Data were collected from qualitative studies identified through a comprehensive search of academic databases, including PubMed,

Scopus, and Web of Science. The search terms used were "postoperative pulmonary rehabilitation,” “thoracic surgery,” "lung cancer,"”
"recovery," and "patient experiences."” The search was limited to articles published in English within the last 15 years to ensure the
relevance and timeliness of the findings. The inclusion criteria were relevance to thoracic surgery, focus on postoperative PR, and the
inclusion of qualitative data on patient experiences. This search strategy was designed to capture a broad range of qualitative studies
that provide rich, descriptive data on the patient experience with PR. This approach ensured that the study captures diverse perspectives
and experiences, which were essential for understanding the multifaceted impact of PR on recovery. The qualitative nature of the data
allowed for an exploration of the subjective experiences of patients, providing insights that quantitative data alone cannot offer (Newi

etal., 2022).
Data Analysis

The qualitative data extracted from the selected articles were analysed using thematic analysis (Braun and Clarke, 2024). This involved
reading and re-reading the data to identify key themes and patterns related to patient experiences with PR, the perceived benefits and
challenges of PR interventions, and the impact on recovery. The data were coded into categories, and these categories were synthesised
into overarching themes. The analysis was iterative, with continuous refinement of themes as new data were reviewed. The aim was to

provide a comprehensive understanding of how PR interventions impact recovery after thoracic surgery from the patient's perspective.

The thematic analysis process began with open coding, where each piece of data was read and annotated to identify initial codes (Braun
and Clarke, 2024). These codes were then grouped into categories based on their similarities and differences. The categories were further
refined into themes that capture the essence of the patient experiences and the impact of PR interventions. This process was guided by

the principles of thematic analysis as outlined by Braun and Clarke (2024), ensuring a rigorous and systematic approach to data analysis.
Ethical Considerations

Given the secondary nature of this study, ethical approval was not required. However, all data were anonymised and aggregated to

ensure patient confidentiality. The study adhered to the principles of academic integrity and the ethical guidelines for secondary research.
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The use of secondary data ensures that no new data collection is required, thereby minimising potential ethical concerns related to data
collection (Hasan, 2021).

Limitations

The limitations of this study include the potential for publication bias, as only published studies were included. Additionally, the
heterogeneity of PR interventions and patient populations across studies may limit the generalisability of the findings. Future research
should aim to address these limitations through more standardised PR protocols and larger, multi-centre studies. The reliance on existing

qualitative studies also means that the depth and breadth of the data are dependent on the quality and scope of the original studies.
Results and Findings

This section synthesises key data and outcomes across three research articles, critically analysing the role of postoperative PR in
accelerating recovery after thoracic surgery. The results are categorised under three integrated themes: (1) Functional Recovery and
Exercise Capacity, (2) Pulmonary Function and Respiratory Outcomes, and (3) Postoperative Complications and Hospital Recovery.

These themes directly respond to the study’s central aim and allow for comparison across different studies with consistent metrics.
Theme 1: Functional Recovery and Exercise Capacity

One of the most compelling and consistently reported outcomes of postoperative PR is the significant improvement in functional
capacity, as measured by standard tests such as the six-minute walk test (6MWT) and peak oxygen consumption (VO2max). The
observational study by Silvia Sterzi et al. (2013) provided robust quantitative data from 110 patients undergoing surgery for non-small
cell lung cancer (NSCLC). Participants, who completed a structured 3-week inpatient PR programme, demonstrated a mean increase of
125 metres in BMWT distance, from 257.4 £112.4 m at baseline to 382.4 £111.1 m post-rehabilitation. The improvement was not
uniform across all patients—those with the poorest initial performance (<180 m) improved by 145 m, whereas those starting at >330 m
gained 71.5 m, reflecting diminishing returns in fitter individuals. This trend of greater improvement in less fit patients was reinforced
by mixed linear regression analysis, showing that baseline functional status significantly influenced the effectiveness of PR. Patients
who initially walked <250 m saw clinically meaningful gains exceeding 100 m, while those with higher preoperative mobility showed

less change.
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Improvement in 6-Minute Walk Test After 3-Week PR Programme
Based on Sterzi et al. (2013) study of 110 NSCLC patients
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Figure 3: Improvement in functional capacity after PR for lung cancer patients

Mahendran and Naidu (2018) corroborated these findings, citing meta-analytic data showing consistent improvements in VO2max and
6MWT across several studies. Although individual VO2max improvements varied, pooled results demonstrated enhanced oxygen
uptake and endurance. In their review, VO2max—measured via cardiopulmonary exercise testing (CPET)—was identified as the
strongest predictor of surgical outcomes. One meta-analysis reported VO2max improvements linked to reduced complications and faster
recovery, with VO2max increases ranging from 1.5 to 2.5 mL/kg/min after short PR programmes. On the other hand, Ahmad (2018)
outlined best practices for enhancing postoperative mobility, including early mobilisation (within 4-12 hours of surgery), seated
positioning, upright ambulation, and assisted stair climbing. The physiological rationale—enhanced diaphragmatic excursion and
reduced atelectasis risk—supports early PR as a catalyst for functional gains. Hence, across all the sources, the consistency of data

underscores the core benefit of PR: significantly faster and quantifiable recovery of functional capacity, particularly in high-risk patients.
Theme 2: Pulmonary Function and Respiratory Outcomes

While PR clearly improves functional mobility, its impact on pulmonary mechanics is more nuanced. Across studies, spirometric
outcomes varied depending on baseline lung function, type of surgery, and timing of assessment. In Silvia Sterzi et al. (2013), pulmonary
function was assessed via standard spirometry pre- and post-rehabilitation. Surprisingly, FEV1 declined from 72.4% to 63.9% predicted,
and FVC dropped from 76.1% to 71.0% predicted. These results may suggest a postoperative decline despite rehabilitation, possibly
due to the timing of spirometry within weeks of major lung resection. However, FEF25-75% increased modestly from 47.4% to 50.4%,
hinting at improved small airway patency and flow rates. Critically, subgroup analysis in Silvia Sterzi’s (2013) study showed that
patients with poorer baseline lung function (FEV1 <60%) either improved or stabilised, while those starting with FEV1 >80%
experienced declines. This suggests PR may prevent further deterioration in vulnerable patients rather than improve spirometry

universally.
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Sterzi et al. (2013): Changes in Lung Function Parameters After PR
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Figure 4: Effects of Pulmonary Rehabilitation on Lung Function

In contrast, Mahendran and Naidu (2018) reviewed meta-analyses that reported statistically significant pooled improvements in both
FEV1 and FVC across PR interventions. Effect sizes for FEV1 were SMD = 0.27 (95% CI: 0.11-0.42) and for FVC SMD = 0.38 (95%
Cl: 0.14-0.63). These pooled results were derived from heterogeneous trials, some involving combined pre- and postoperative PR or
outpatient programmes, potentially explaining their more positive outcomes. On the other hand, Ahmad (2018) offered detailed accounts
of lung expansion techniques, such as deep breathing exercises, incentive spirometry, and thoracic expansion exercises. These
interventions target post-surgical atelectasis and reduced functional residual capacity. Ahmad (2018) emphasised that no single breathing
manoeuvre was superior, but a combined approach yielded better outcomes, particularly in preventing basal lung collapse and improving

oxygenation.
Mahendran & Naidu (2018): Meta-Analysis Effect Sizes
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Figure 5: Statistically significant improvements in both FEV1 and FVC

Furthermore, oxygenation improvements were noted in Silvia Sterzi’s (2013) study, where pO: increased from 80.4 mmHg to 82.4
mmHg, and pCO- remained stable, indicating improved gas exchange even in the presence of unchanged spirometry. In summary, while
raw spirometry values may not dramatically increase in all patients, PR supports stabilisation of pulmonary mechanics, improved airway

flow, and enhanced oxygenation—particularly in those with compromised respiratory reserves.
Theme 3: Postoperative Complications and Hospital Recovery

The third theme evaluates PR's impact on clinical outcomes, including postoperative pulmonary complications (PPCs) and hospital
length of stay (LOS)—critical indicators of surgical recovery and healthcare efficiency. Mahendran and Naidu (2018) provided the
strongest data on this theme, reporting that PR significantly reduces both PPCs and LOS. A meta-analysis included in their review
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showed a relative risk (RR) of 0.55 for PPCs among patients receiving PR, meaning a 45% reduction in complication rates compared to
controls (95% CI: 0.34-0.89; 12 = 27%). This included reductions in pneumonia, respiratory failure, and the need for re-intubation. In
terms of hospitalisation duration, PR reduced LOS by an average of 4.83 days (95% CI: —5.90 to —3.76). This finding has significant
implications, particularly when considering that patients with poor preoperative function had even longer predicted LOS, which PR

helped normalise.

Based on Mahendran & Naidu (2018) Meta-Analysis

Risk of PPCsH

Length of |
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Figure 6: Impact of Pulmonary Rehabilitation on Postoperative Outcomes

Although Silvia Sterzi et al. (2013) did not quantify LOS, they reported improvements in discharge readiness and functional status, both
of which are strong indirect indicators of reduced inpatient time. Additionally, patients admitted earlier into PR (<7 days post-surgery)
had slightly better FEV1 and functional outcomes than those with delayed rehabilitation, suggesting timing is critical to reducing PPCs
and expediting recovery. Ahmad (2018) contributed qualitative insights into the mechanisms through which PR reduces complications.
He stressed the role of pain management, including transcutaneous electrical nerve stimulation (TENS) and cryotherapy, in improving
coughing effectiveness and lung expansion—critical factors in avoiding pneumonia and sputum retention. Ahmad also outlined detailed
safety protocols for mobilisation, including cardiovascular stability criteria and guidelines for patients with chest drains and oxygen

dependence. These ensure that early mobilisation—shown to reduce complications—is conducted without undue risk.

Ahmad (2018) further cited that PPCs account for up to 84% of postoperative mortality following lung resection. By implementing PR
from as early as 4 hours post-extubation, the incidence of complications could be significantly curbed, supporting the integration of PR
into enhanced recovery protocols (ERPS).

Summary of Key Findings

Outcome Silvia Sterzi et al. (2013) Mahendran and Naidu Ahmad (2018)
(2018)
6MWT +125 m overall, +145 m in low baseline VO2max 1 across studies Early mobilisation critical
improvement
FEV1/FVC Mixed: FEV1 | 72.4%—63.9%, FVC | FEV1SMD =0.27, FVC Breathing techniques prevent
76.1%—71.0% SMD =0.38 atelectasis
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PPCs Not quantified, fewer readmissions RR =0.55 (45% | risk) Reduced atelectasis, pneumonia,
observed reintubation
LOS Not measured Mean | by 4.83 days Early PR reduces hospital
dependency
Conclusion

This study aimed to evaluate the role of postoperative pulmonary rehabilitation (PR) in accelerating recovery following thoracic surgery,
with a particular focus on functional, respiratory, and clinical outcomes. Drawing on three distinct yet complementary research sources—
Silvia Sterzi et al. (2013), Mahendran and Naidu (2018), and Ahmad (2018)—this investigation has yielded clear and specific evidence
affirming that PR is a critical and effective component of enhanced recovery protocols after thoracic procedures, particularly in patients

undergoing surgery for non-small cell lung cancer (NSCLC).

To directly answer the central question: Does postoperative pulmonary rehabilitation accelerate recovery after thoracic surgery? The

findings from this study provide a strong, evidence-based yes.
Across all three sources, PR was consistently shown to:

¢ Significantly improve exercise capacity: Patients demonstrated clinically meaningful gains in six-minute walk distance (up
to 145 metres in low baseline performers) and increases in VO2max, indicating improved cardiovascular endurance and faster
return to daily activities. These functional gains are directly linked to postoperative independence and reduced physical
disability.

e Stabilise or modestly improve pulmonary function, particularly in those with lower baseline FEV1 and FVVC values. While
absolute increases in spirometry readings were modest or variable, oxygenation parameters improved (e.g., pO: from 80.4 to
82.4 mmHg), and airway flow (FEF25-75%) showed consistent gains. PR thus supports respiratory resilience, if not full
recovery of lung volumes in the early postoperative phase.

e Reduce the risk of postoperative pulmonary complications (PPCs) and shorten hospital length of stay (LOS). Meta-
analytical data revealed a 45% reduction in PPCs and an average reduction in LOS of nearly five days. These outcomes are
both clinically and economically significant, reducing ICU dependency, lowering mortality risk, and easing the healthcare

system’s burden.

Moreover, this study underscores that the magnitude of PR benefit is highest in patients with impaired preoperative function, older
adults, or those with comorbidities such as COPD. Rehabilitation was found to be both safe and feasible, provided it is implemented
with proper clinical oversight and tailored to patient-specific limitations. Despite variability in methodologies and patient populations,
all three studies converge on the conclusion that postoperative PR enhances recovery, mitigates complications, and restores functionality
more efficiently than standard care alone. In conclusion, postoperative pulmonary rehabilitation is not only beneficial—it is essential
for modern thoracic surgical recovery. It accelerates functional recovery, improves respiratory outcomes in vulnerable patients, and
reduces the complications that prolong recovery. Future guidelines and clinical pathways should incorporate PR as a standard component

of postoperative care to ensure optimal patient outcomes.
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