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ABSTRACT

Background: Post-ICU COVID-19 survivors frequently experience persistent dyspnea and impaired pulmonary
function, creating a need for effective, scalable respiratory physiotherapy interventions (1,6,10). Objective: To
compare the effects of Active Cycle of Breathing Technique (ACBT) plus breathing exercises versus breathing
exercises alone on oxygen saturation and pulmonary function in post-COVID-19 patients. Methods: A randomized
controlled trial was conducted at Jinnah Hospital, Lahore, enrolling 48 adults (18-50 years) with PCR-confirmed
COVID-19. Participants were randomized by sealed envelope into Group A (ACBT + breathing exercises; n=24) or
Group B (breathing exercises; n=24). Interventions were delivered once daily for 15-30 minutes, six days/week for
two weeks. Outcomes included SpO, measured by pulse oximetry and spirometric indices (FEV1, FVC, FEV1/FVC)
measured at baseline and two weeks. Between-group comparisons were performed using independent samples t-
tests with p<0.05 considered significant. Results: Post-intervention values favored Group A across SpO, FEV1, FVC,
and FEV1/FVC with statistically significant between-group differences (p<0.05), indicating superior improvement
when ACBT was added to breathing exercises. Conclusion: Breathing exercises improved oxygenation and
pulmonary function in post-COVID-19 patients, and ACBT provided additional benefit across key physiologic
measures over a two-week rehabilitation period. Keywords: COVID-19; pulmonary rehabilitation; respiratory
physiotherapy; Active cycle of breathing technique; spirometry; oxygen saturation.
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INTRODUCTION

COVID-19, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), emerged in late
2019 and rapidly evolved into a global pandemic with substantial respiratory morbidity across diverse
populations (6). While most attention initially focused on acute infection and mortality, a large
proportion of hospitalized survivors—particularly those requiring high-dependency or ICU-level care—
develop persistent symptoms after clinical stabilization, including dyspnea, marked fatigue, reduced
exercise tolerance, generalized deconditioning, and limitations in activities of daily living (1). These
sequelae are clinically important because they are frequently accompanied by measurable impairments
in oxygenation and pulmonary mechanics, reflecting residual parenchymal involvement, ventilation—
perfusion mismatch, respiratory muscle weakness, and prolonged bed-rest-related decline (6,10).
Although polymerase chain reaction testing remains a key diagnostic method for confirmed COVID-19,
recovery beyond the acute phase is increasingly characterized by functional disability that requires
targeted rehabilitation rather than diagnostic refinement (2).

Pulmonary rehabilitation and respiratory physiotherapy are established components of recovery
pathways for chronic respiratory disease and post-acute respiratory compromise, emphasizing breathing
retraining, secretion clearance strategies, graded functional reconditioning, and patient education (7).
In the COVID-19 context, early and structured pulmonary rehabilitation has been proposed to mitigate
post-pneumonia functional decline and improve respiratory outcomes after hospitalization (9,10).
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Controlled trials and protocols have reported clinically meaningful improvements in symptoms and
function with respiratory rehabilitation programs, supporting the role of physiotherapy-led interventions
in restoring respiratory efficiency and patient-reported wellbeing (14). Breathing exercises, particularly
those emphasizing diaphragmatic control and prolonged expiration, have been shown to reduce dyspnea
and improve quality-of-life domains in patients receiving treatment for COVID-19, suggesting that
targeted breathing interventions can influence both physiologic and patient-centered outcomes (11,13).

Among airway clearance and ventilation-optimizing approaches, the Active Cycle of Breathing
Technique (ACBT) integrates breathing control, thoracic expansion exercises, and forced expiratory
techniques (“huffing”) to promote airway clearance and improve ventilation distribution. Although
widely used in respiratory physiotherapy practice, its incremental benefit over conventional breathing
exercises in post-COVID recovery remains insufficiently quantified in adult post-ICU populations.
Practical physiotherapy guidance for hospitalized COVID-19 patients supports tailored respiratory
strategies but emphasizes the need for better comparative evidence across specific techniques and
recovery phases (15). Evidence from other acute respiratory and postoperative contexts suggests ACBT
can reduce pulmonary complications and improve respiratory outcomes, indicating biologic plausibility
for enhanced recovery when ACBT is combined with standard breathing exercises (16). However, in post-
ICU COVID-19 patients, direct randomized comparisons focusing on oxygen saturation and spirometric
indices remain limited, and existing rehabilitation studies often evaluate multimodal programs without
isolating the additive contribution of structured airway clearance techniques (10,14).

Using a PICO framework, the population of interest comprises adult post-ICU COVID-19 patients. The
intervention is breathing exercises combined with ACBT, compared with breathing exercises alone, and
outcomes of interest include oxygen saturation (SpO;) and spirometric measures of pulmonary function
such as forced expiratory volume in one second (FEV1), forced vital capacity (FVC), and the FEV1/FVC
ratio. Addressing this evidence gap is clinically relevant because physiotherapy services require efficient,
evidence-based protocols that optimize respiratory recovery over short inpatient or early post-discharge
rehabilitation windows. Therefore, this randomized controlled trial aimed to compare the effects of
ACBT plus breathing exercises versus breathing exercises alone on oxygen saturation and pulmonary
function in post-COVID-19 patients. We hypothesized that adding ACBT to conventional breathing
exercises would produce significantly greater improvements in SpO. and spirometry parameters after a
two-week intervention period.

MATERIAL AND METHODS

This randomized controlled clinical trial was conducted to compare the effects of Active Cycle of
Breathing Technique (ACBT) combined with breathing exercises versus breathing exercises alone on
oxygen saturation and pulmonary function in post-ICU COVID-19 patients. The study was carried out at
Jinnah Hospital, Lahore, Pakistan, following approval from the institutional ethical review committee.
All procedures adhered to the ethical principles outlined in the Declaration of Helsinki. Written
informed consent was obtained from all participants prior to enrollment, and confidentiality of
participant data was ensured through coded identifiers and restricted data access.

Adult patients aged 18-50 years with confirmed COVID-19 diagnosis by polymerase chain reaction
(PCR) testing and chest computed tomography findings were screened for eligibility after stabilization
from ICU admission. Participants were included if they were medically stable, able to follow verbal
instructions, and exhibited reduced oxygen saturation or impaired pulmonary function during post-ICU
recovery. Individuals with pre-existing chronic pulmonary diseases such as chronic obstructive
pulmonary disease or asthma, unstable cardiovascular conditions, neurological impairments limiting
participation, or contraindications to spirometry were excluded to reduce confounding effects on

respiratory outcomes.
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A non-probability convenience sampling strategy was used to recruit eligible patients during the study
period. Following baseline assessment, participants were randomly allocated into two equal groups using
a sealed opaque envelope method to ensure allocation concealment. Randomization was performed by
an independent staff member not involved in outcome assessment. Forty-eight participants were enrolled
and divided equally into Group A (ACBT plus breathing exercises) and Group B (breathing exercises
alone). Sample size was calculated using EPITOOL software based on expected differences in oxygen
saturation and spirometric parameters between groups, with a significance level of 0.05 and power of
80%, yielding a required total sample of 48 participants (11).
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Figure 1 CONSORT Flowchart

Baseline demographic data including age, sex, height, weight, and body mass index were recorded.
Primary outcome variables were oxygen saturation (SpO;) measured using a calibrated pulse oximeter
and pulmonary function parameters measured using a standardized spirometer. Spirometric indices
included forced expiratory volume in one second (FEV1), forced vital capacity (FVC), and the FEV1/FVC
ratio. Measurements were performed according to standardized pulmonary testing guidelines to ensure
reliability, with participants seated upright and instructed to perform maximal inspiratory and
expiratory efforts. Three acceptable spirometry maneuvers were recorded, and the highest reproducible
value was used for analysis. Baseline readings were obtained prior to initiation of intervention, and
follow-up measurements were collected after completion of the two-week intervention period.

Group A received a structured program consisting of ACBT combined with conventional breathing
exercises. The ACBT protocol included breathing control to promote airway relaxation, thoracic
expansion exercises to enhance lung volume recruitment, and forced expiratory technique (huffing) to
facilitate secretion clearance. Breathing exercises emphasized diaphragmatic breathing with controlled
inspiration through the nose and prolonged expiration through the mouth. Each treatment session lasted
15-30 minutes and was administered once daily, six days per week, for two consecutive weeks. Group B
performed diaphragmatic breathing exercises alone for an equivalent duration and frequency, ensuring
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equal exposure time between groups. Intervention fidelity was maintained by standardized instruction

from trained physiotherapists using a uniform protocol.

To minimize bias, outcome assessors were blinded to group allocation. Standardized instructions were
provided during each measurement session, and the same equipment was used throughout the study to
ensure consistency. Data were entered into a secure database and double-checked for accuracy to
maintain data integrity. Missing data were assessed prior to analysis; as no participants were lost to
follow-up, complete-case analysis was performed.

Statistical analysis was conducted using SPSS version 25. Continuous variables were expressed as mean
+ standard deviation. Normality of distribution was assessed using the Shapiro-Wilk test. For within-
group comparisons of pre- and post-intervention values, paired sample t-tests were used. Between-group
comparisons were analyzed using independent sample t-tests. A p-value of less than 0.05 was considered
statistically significant. Effect sizes were calculated using Cohen’s d to quantify the magnitude of
differences between groups. All analyses were performed according to the intention-to-treat principle to
preserve the benefits of randomization and minimize attrition bias. Ethical approval was obtained prior
to study initiation, and participants were informed of their right to withdraw at any time without
affecting their clinical care. The study protocol, intervention procedures, and statistical plan were
predefined to enhance transparency and reproducibility.

RESULTS

A total of 48 participants completed the study, with 24 individuals allocated to each group. There was no
attrition or protocol deviation. Demographic variables were comparable at baseline, supporting internal
validity. Post-intervention analysis demonstrated statistically significant between-group differences
favoring the ACBT plus breathing exercise group across all primary outcomes (p<0.05). Oxygen
saturation improved to a mean of 92.45% (SD 3.47) in Group A compared to 82.77% (SD 2.93) in Group
B, yielding a mean difference of 9.68 percentage points and a very large effect size (Cohen’s d = 3.01).

Table 1. Baseline Demographic Characteristics of Participants (n = 48)

Variable Group A (n=24) Mean + SD Group B (n=24) Mean + SD p-value
Age (years) Comparable Comparable >0.05
Gender (M/F) 16/8 14/10 >0.05
BMI (kg/m?) Comparable Comparable >0.05

Baseline demographic characteristics were comparable between groups, with no statistically significant
differences (p>0.05), indicating successful randomization.

Table 2. Post-Treatment Comparison of Oxygen Saturation and Pulmonary Function

Outcome Group A Group B Mean 95% CI (A) 95% CI (B) Cohen’s d p-value
Mean : SD Mean + SD Difference

SpO: (%) 9245 + 3.47 82.77 + 293 9.68 91.06-93.84 81.60-83.94 3.01 <0.05

FEV1 (L) 2.85+ 047 2.08 + 0.36 0.77 2.66-3.04 1.94-2.22 1.84 <0.05

FVC (L) 247 +0.23 1.84 + 0.15 0.63 2.38-2.56 1.78-1.90 3.24 <0.05

FEV1/FVC (%) 70.72 + 2.33 64.68 + 2.61 6.04 69.79-71.65 63.64-65.72 2.44 <0.05

Pulmonary function parameters also showed clinically meaningful improvements. Post-treatment FEV1
reached 2.85 L (SD 0.47) in Group A versus 2.08 L (SD 0.36) in Group B, with a mean difference of 0.77
L and a large effect size (d = 1.84). FVC improved to 2.47 L (SD 0.23) in Group A compared to 1.84 L (SD
0.15) in Group B, reflecting a mean difference of 0.63 L and an exceptionally large effect size (d = 3.24).
Similarly, the FEV1/FVC ratio improved to 70.72% (SD 2.33) in Group A versus 64.68% (SD 2.61) in Group
B, corresponding to a mean difference of 6.04 percentage points and a very large effect size (d = 2.44).
The magnitude of effect sizes across outcomes indicates that the addition of ACBT produced not only
statistically significant but clinically substantial improvements in oxygenation and pulmonary
mechanics over a two-week intervention period.
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Figure 2 Post-Intervention Comparison of Oxygen Saturation and Pulmonary Function with 95% Confidence Intervals

The figure illustrates post-intervention mean values with 95% confidence intervals for oxygen saturation
and spirometric indices. Across all outcomes, the ACBT plus breathing exercise group demonstrates
consistently higher mean values with non-overlapping confidence intervals compared to breathing
exercises alone, reinforcing statistical significance. The largest relative separation is observed in FVC
and SpO,, suggesting enhanced alveolar recruitment and improved ventilation efficiency when ACBT is
incorporated. The distribution of confidence bands indicates stable variability within groups and a robust
treatment effect across pulmonary parameters.

DISCUSSION

This randomized controlled trial evaluated whether adding the Active Cycle of Breathing Technique
(ACBT) to conventional breathing exercises yields superior improvements in oxygen saturation and
spirometric indices among post-ICU COVID-19 patients. The principal finding was that both
rehabilitation approaches were associated with improvement, but the ACBT-combination arm
demonstrated consistently larger post-intervention values across SpO,, FEV1, FVC, and FEV1/FVC,
indicating a clinically meaningful additive effect of structured airway clearance and thoracic expansion
strategies when delivered within a short two-week rehabilitation window. These findings are aligned with
the broader post-COVID rehabilitation rationale that respiratory impairment after severe SARS-CoV-2
infection is not solely driven by residual lung pathology, but also by respiratory muscle weakness,
reduced chest wall mobility, secretion burden, and generalized deconditioning following prolonged
hospitalization and immobilization, all of which can be targeted through respiratory physiotherapy
(1,6,10).

The observed improvements are biologically plausible. Conventional diaphragmatic and controlled-
expiration breathing exercises can enhance ventilation efficiency, improve inspiratory muscle
recruitment, and reduce dyspnea perception, which has been demonstrated in COVID-19 treatment
populations and breathing-based intervention trials (11,13). ACBT may further amplify these gains by
combining breathing control (reducing bronchospasm and work of breathing), thoracic expansion
exercises (augmenting lung volume recruitment), and forced expiratory techniques (facilitating
secretion mobilization and airway clearance), thereby improving ventilation distribution and potentially
reducing small-airway closure and ventilation-perfusion mismatch. This integrated mechanism is
consistent with evidence that structured respiratory rehabilitation improves respiratory function and
patient outcomes in CGOVID-19 recovery and related clinical contexts (14,15). Moreover, reports in
postoperative and thoracic settings suggest that ACBT-based physiotherapy can reduce pulmonary
complications and support measurable improvements in pulmonary function and oxygenation,
reinforcing the plausibility of superior spirometric recovery when ACBT is added to standard breathing
retraining (16).
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Clinically, the between-group differences suggest that incorporating ACBT may accelerate restoration
of pulmonary mechanics during early recovery. The ACBT arm demonstrated higher post-treatment
spirometric indices, supporting the clinical interpretation that thoracic expansion and airway clearance
components may improve expiratory flow and lung volume performance beyond that achieved with
breathing retraining alone. Given that post-ICU COVID-19 patients often present with persistent dyspnea
and functional limitations, interventions that enhance oxygenation and spirometric recovery may
translate into earlier functional independence and reduced rehabilitation burden. These findings are
consistent with the broader pulmonary rehabilitation guidance framework emphasizing structured
respiratory physiotherapy to improve functional recovery following acute respiratory illness (7,9).

Several methodological considerations are important for interpretation and strengthen the reporting
transparency. First, outcomes were assessed at baseline and at a prespecified two-week endpoint,
supporting temporal alignment between intervention exposure and measurement. Second, the statistical
approach appropriately used normality testing and parametric comparisons; however, because multiple
primary physiologic outcomes were analyzed (SpO,, FEV1, FVC, FEV1/FVC), future trials should
prespecify a single primary endpoint with a hierarchical testing strategy or apply multiplicity control to
reduce the risk of type I error inflation when interpreting p-values across multiple endpoints. Third,
while the results indicate robust between-group differences, the short follow-up window limits inference
regarding durability of benefit, and longer-term outcomes such as sustained spirometry improvement,
dyspnea scales, exercise tolerance, and quality of life should be prioritized in subsequent work. Finally,
the single-center setting, convenience sampling, and lack of participant/therapist blinding may limit
external validity and introduce performance effects; multicenter trials with standardized fidelity
monitoring and broader patient phenotypes are needed to confirm generalizability in post-COVID
rehabilitation pathways (9,10,15).

Overall, within the constraints of a short inpatient/early recovery timeframe, the findings support the
clinical value of integrating ACBT with conventional breathing exercises to enhance early oxygenation
and spirometric recovery in post-ICU COVID-19 patients. Future research should confirm these findings
with longer follow-up, prespecified primary outcomes, and patient-centered endpoints to strengthen
clinical translation and guideline integration (7,14).

CONCLUSION

Breathing exercises administered over two weeks improved oxygen saturation and pulmonary function
indices in post-ICU COVID-19 patients, and the addition of the Active Cycle of Breathing Technique
produced greater post-intervention values across SpO,, FEV1, FVC, and FEV1/FVC compared with
breathing exercises alone, supporting ACBT as a beneficial adjunct strategy for early respiratory
rehabilitation in this population.
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