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Abstract 
Background:Like other large abdominal procedures, upper abdominal 

surgeries can weaken respiratory muscles in the postoperative phase and 

cause mechanical alterations in the lungs. Patients may experience 

significant decreases in respiratory function following these procedures, 

depending on the presence of previous conditions.  

Purpose: This study was conducted to assess the impact of the active 

cycle of breathing techniques versus autogenic drainage for improving the 

pulmonary functions and arterial blood gases of upper abdominal surgery 

patients.  

Subjects and methods: Sixty patients (38 males and 22 females) 

underwent upper abdominal surgeries (abdominal exploration)and aged 

from 40-55 years were selected at random from Al-Ahrar learning hospital 

one day post-operative and divided into two equal groups in number, each 

group involved 30 patients. Patients in group (A)was given active cycle of 

breathing techniques in addition to early ambulation while patients in 

group (B)was given autogenic drainage in addition to early ambulation 

intervention. Patients in both groups were examinedat baseline and 

following 7 days of treatment (post-training) to measure forced expiratory 

volume in 1 second (FEV1) using pulmonary function test (PFT) and 

PCo2 using ABG lab testing. 

Results: The results of this study showed that there was significant 

increase in both forced expiratory volume in 1 second (FEV1) with P-

value = 0.11 and significant decrease in PaCo2 with P-value = 0.11 for 

both groups of the study.No significant difference was observed 

amongactive cycle of breathing techniques and autogenic drainage. 

Conclusion: Both techniques had the same effect in improving pulmonary 

functions and arterial blood gases in post upper abdominal surgeries 

patients. 

Key Words: (Active cycle of breathing techniques, Arterial blood gases, 

Autogenic drainage, Respiratory functions, Upper abdominal surgeries)

African Journal of Biological 

Sciences 
 

 
 

https://doi.org/10.48047/AFJBS.6.Si4.2024.537-547

https://doi.org/10.48047/AFJBS.6.Si4.2024.537-547
https://doi.org/10.48047/AFJBS.6.Si4.2024.537-547


                                                                                                                                                                                                                               835 of 11 

 

 

INTRODUCTION 

The diaphragmatic function of the breathing muscles is primarily affected by the upper 

abdominal procedures. A surgical incision may produce direct trauma in certain cases, but reflex 

inhibition of the phrenic nerve following viscera manipulation in the majority of cases results in 

altered breathing patterns that increase the risk of respiratory problems [1] 

Both general anesthesia and surgical procedures have direct effects on the respiratory 

system. Lung volumes, including total lung capacity (TLC), vital capacity (VC), and tidal 

volume (TV), are impaired after upper abdominal surgery, which affects postoperative 

pulmonary functioning. It will make coughing less effective up to a week after taking it. Both the 

oxygen arterial pressure as well as the saturation of hemoglobin drop. Based on the criteria used 

to define them, postoperative pulmonary problems might affect anywhere from 6% to 70% of 

patients following upper abdomen procedures. Some examples of these conditions are 

atelectasis, pneumonia, and hypoxemia [2] 

The normal clearance of respiratory secretions occurs via coughing, cephalad airflow 

bias, as well as mucociliary transfer. An elevated risk of infection results from 

decreased secretion clearance brought on by higher secretion volume and viscosity, dyskinesia of 

the cilia, as well as a weak cough in disease. An additional complication of obstructive lung 

disease is the initial collapse of airways caused by compression, that traps gas and secretions [3] 

Methods have been devised to enhance airway clearance and maximize expiratory flow. 

Compared to placebo and on par with postural drainage in terms of therapeutic effects, directed 

cough, forced expiratory method, active cycle of breathing, as well as autogenic drainage all 

perform just as well as each other without the need for specialized equipment or the support of a 

care provider. According to research, the active cycle of breathing as well as forced expiratory 

method, when combined with normal chest physical treatment, are more successful than chest 

physical therapy alone. Despite the fact that methods like autogenic drainage may necessitate 

more control and training for successful implementation, evidence-based reviews recommend 

teaching patients with chronic secretion management issues as many of these techniques as they 

can learn to incorporate into their treatment plans [3]  

There is a lack of knowledge about the impact of AD and ACBT on the pulmonary 

complications following upper abdominal surgeries. 

This study was done to compare the impact of ACBT and AD that are used separately on patients 

of upper abdominal surgeries and their impact on arterial blood gases and pulmonary functions 

of these patients. 

 

SUBJECTS AND METHODS 

 Design and sample 

A comparative study was done on 60 patients in physical therapy department for surgery, 

Alahrar teaching hospital, Zagazig, Sharkia, Egypt, from where the patients were also recruited 

from January 2023 to October 2023. Each participant in the study had the protocol thoroughly 

explained to them before any procedures were performed. 

Participants' ages ranged from 40 to 55, and their body mass index (BMI) was measured between 

26 and 29 after they had upper abdominal surgery. Patients were also eligible to participate in the 

trial provided they fulfilled the following criteria: a surgical duration of 120 minutes or longer; 

an abdominal incision that is five cm or more above the navel; and a predicted length of hospital 

stay following surgery of six days or greater. The exclusion criteria included: Patients who suffer 
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from any uncontrolled condition (pulmonary diseases, hypertension and cardiovascular 

instability), Patients with severe fungal disease, acute viral diseases and hemorrhage as well as 

those who couldn’t follow physiotherapy instructions. 

 Patients were randomized into one of two groups by a nurse who was blinded of the study's 

design and who opened sealed envelopes containing randomized cards generated by a computer 

group (A) received active cycle of breathing techniques in addition to early ambulation while 

patients in group (B) received autogenic drainage in addition to early ambulation intervention. 

 

 Outcome measures 

The outcome measurements were changes to pulmonary function value forced expiratory volume 

in 1 second (FEV1) and changes to arterial blood gases (ABG) partial pressure of carbon dioxide 

PaCo2.A pulmonary function test was done with patient in sitting position, the therapist 

explained the process to the patient, adjusted the device and started the testing program. The 

patient was asked to place the mouthpiece in his/ her mouth. The patient sealed his lips around 

the mouthpiece as tightly as possible, the patient was asked to breath in all his/ her air in as much 

as possible for 6 seconds and hold for 2 seconds then to blow out as much as possible in the 

device for 6 seconds. The therapist instructed the patient to hold for at least 2 second. The best 

result was taken for 3 successful tests. ABG testing was done by a professional nurse,an arterial 

blood sample was taken from the patient and sent to the lab. The results were documented in the 

patient sheet. These were measured on the 1stand 7th day postoperatively for both groups of the 

study. 

 Intervention: 

Every single day, the treatment program was given twice, once in the morning and once in the 

afternoon. 

 Autogenic Drainage Group: 
Chevaillier [5] of Belgium created autogenic drainage. Aiming for maximum airflow in the 

various bronchial generations to transfer secretions, this method avoids the use of forced 

expiration [4]. 

"Unstick," "collect," and "evacuate" were the three stages of AD that Schoni [16] outlined. 

In the first stage, the patient's functional tidal volume was inhaled within the range of their 

closure volume, beginning beneath the level of functional residual capacity. It was called low 

lung volume breathing. The patient was told to exhale as much air as they could and then 

inhale and exhale at the same effective tidal volume that they had learned before [4]. 

The frequency of vibration of secretions on the periphery of the airways is high, but it 

decreases as they migrate towards the center. The individual was instructed to transition from 

the (ERV) to the IRV in order to address this feedback. This involved breathing through low, 

intermediate, as well as high lung volume levels. This was referred to as the "collect" phase [4]  

To improve secretion transport efficiency, functional tidal breathing was advanced to 

intermediate and high lung volume levels; as lung volume increased, flow velocity increased and 

secretion transport became more efficiently in these airway levels [4] 

The last stage of airway clearance involves aspirating secretions out of the trachea or 

central airways and into the mouth. One possible method for this is to use a controlled cough or 

huff[5] 

 

 

 Active Cycle of Breathing Techniques Group: 
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ACBT included five to six sessionsof breathing exercises, chest expansion exercises included 

three to four sessions, and two to three forced expiratory procedures. All elements of the ACBT 

cycle must be included and mixed with breathing control; however, the number and frequency of 

each element can be changed. A booklet outlining the steps for administering ACBT was 

distributed to the patients[6] 

Prior to any action, patients were asked to sit or lie down and relax their shoulders. The 

respiratory control procedure consisted of three deep, slow breaths in through the nose, followed 

by a three-second hold, and finally, three to five repetitions of moderate-to low-degree lip 

contracting breathing out to achieve an inspiration-expiration ratio of 1:2-3. This was done in 

succession to clear the airways of any respiratory secretions. As part of the chest expansion 

training, participants would hold their breath for three seconds after actively deepening their 

inhalation, during which they would feel their chests expand. After this, they would passively 

relax, breath out 3 or 4 times, and contract their chest wall muscles to vibrate their secretions. 

When secretion enters the central airway, the forced expiratory technique is conducted as 

follows: take a long breath in, aggressively and forcibly pull the abdomen back, open the glottis 

simultaneously, and exhale with 362 or 3 low breaths (forced sighs). Breathe out deeply two or 

three times, and then repeat the process. This should be repeated two or three times 

consecutively, followed by quiet breathing. As a final step in encouraging lung expansion, 

patients were instructed to cough up any remaining deep sputum after the preceding procedures. 

The recommended amount of time for each training cycle was 10-15 minutes, and patients were 

advised to do four sessions of ACBT every day [7] 

RESULTS 

To compare the subject characteristics between the groups, an independent t-test was used. To 

compare the gender distribution between the groups, a chi-squared test was used. The Shapiro-

Wilk test was used to ensure that the data followed a normal distribution. The homogeneity of 

variances among groups was tested using Levene's test. Statistical analysis was carried out using 

the statistical package for social studies (SPSS) version 25 for windows (IBM SPSS, Chicago, 

IL, USA). The purpose of the study was to compare the effects of time (pre versus post) and 

treatment (among groups), in addition to the interaction among the two, on FEV1, PaCO2. 

 Subject characteristics:  

Group A and B's characteristics are displayed in Table (1). When comparing the groups 

according to age, weight, height, BMI, and gender distribution, no significant difference was 

found (p > 0.05).  

Table 1. Comparison of subject characteristics between group A and B: 

 
Group A Group B p-value 

Mean ± SD Mean ± SD  

Age (years) 48.97 ± 4.69 49.90 ± 3.10  0.36 

Weight (kg) 80.37 ± 4.48 78.96 ± 5.39  0.27 

Height (cm) 171.37 ± 3.40 169.87 ± 4.63 0.16 

BMI (kg/m²) 27.39 ± 1.76 27.38 ± 1.75 0.98 

Sex     

Females  10 (33%) 12 (40%) 
0.59 

Males 20 (67%) 18 (60%) 

SD, standard deviation; p value, probability value 

Page 540 of 11Abdelaziz Ali Abdelaziz /Afr.J.Bio.Sc.6(Si4)(2024)



                                                                                                                                                                                                                               841 of 11 

 

 

 Impact of treatment on FEV1 and PaCO2: 

The results of the mixed MANOVA showed that the variables treatment and time interacted 

significantly (F = 3.77, p = 0.009). The main effect of time was statistically significant (F = 

756.34, p < 0.001). F = 0.78, p = 0.54 indicates that the therapy had no significant main effect.  

- Within group comparison: 

Both Group A and Group B had statistically significant improvements in FEV1 and 

PaCO2 after treatment compared to before (p > 0.001). Both FEV1 and PaCO2 changed by 52.27 

and 17.04% in group A, compared to 55.91 and 20.65% in group B, respectively. (Table 2 and 3) 

- Between groups comparison: 

Before treatment, there was no statistically significant difference among the groups (p > 

0.05). Groups A and B did not differ significantly in terms of FEV1 and PaCO2 after treatment 

(p > 0.05). (Table 2 and 3). 

Table 2. Mean FEV1 pre and post treatment of group A and B: 

 Group A Group B   

 Mean ± SD Mean ± SD MD p value 

FEV1 (L)    

Pre treatment 0.88 ± 0.23 0.93 ± 0.28 -0.05 0.42 

Post treatment 1.34 ± 0.23 1.45 ± 0.26 -0.11 0.11 

MD -0.46 -0.52   

% of change 52.27 55.91   

 
p = 0.001 p = 0.001   

     

SD, standard deviation; MD, mean difference; p-value, probability value 

 

Table 3. Mean PaCO2 pre and post treatment of group A and B: 

Partial pressure (mmHg) 
Group A Group B   

Mean ± SD Mean ± SD MD p value 

PaCO2 
  

  

Pre treatment 41.90 ± 2.42 42.62 ± 1.87 -0.72 0.20 

Post treatment 34.76 ± 2.49 33.82 ± 1.96 0.94 0.11 

MD 7.14 8.8   

% of change 17.04 20.65   

 
p = 0.001 p = 0.001   

SD, standard deviation; MD, mean difference; p-value, probability value 

 

DISCUSSION: 

This study was designed to compare effectiveness of ACBT and AD on pulmonary 

function and arterial blood gases after upper abdominal surgeries.  

Complications such as aspiration, infections, respiratory failure, as well as sepsis occur in 

30% to 64% of patients who have upper abdominal operations [8] 
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In addition, some individuals experience a decrease in lung function right after surgery. 

As with any surgery involving the upper abdomen, there will be certain changes following the 

operation, including a decrease in lung volume, a rise in respiratory rate, malfunction of the 

respiratory muscle, difficulty controlling breathing and oxygenation, and an elevation in 

pulmonary secretion. It has been shown that the diaphragm muscle moves less after upper 

abdominal surgery [9] 

In the postoperative (PO) periods, respiratory muscle strength may be impaired after 

upper abdominal procedures, as it is with other large abdominal surgeries, which cause 

mechanical alterations in the lungs. Severe reductions in respiratory function in obese patients 

following such procedures are possible, although this is conditional on the presence of 

underlying diseases [10] 

Reports indicate that the diaphragm muscle has decreased mobility following upper 

abdominal surgery. The surgical procedure affected the abdominal wall's compliance, which 

raised intra-abdominal pressure and inhibited the muscle's function through reflex processes, 

leading to this decrease [11] 

Hence the present study was done to assess improvement of the postoperative 

complications as to the use of ACBT and AD. This study was conducted on sixty patients 

underwent upper abdominal surgeries,aged from 40 to 55 years and were distributed into two 

equivalent groups (30 patients each), matched for measured variable. Group B received AD and 

traditional chest physical therapy, performed 2 times per day for 7 days. Group A receivedACBT 

and traditional chest physical therapy, performed 2 time per day for 7 days.  

The findings of this study showed a significant improvement in FEV1 after 7 days of 

training sessions (post treatment) in both groups of the study in a favor of (Group B) with 

percentage of improvement (55.91%.). Statistical significance was established at the 

conventional P value < 0.05.  

In addition, statistical analysis revealed a significant decrease PaCO2 of both groups  

after 7 days of training sessions (post treatment) in both groups of the study in favor of (Group 

B) with percentage of improvement (17.04%) of PaCO2.Statistical significance was established 

at the conventional P value < 0.05.  

This improvement in pulmonary functions for (Group A) and (Group B) may be due to 

improvement of diaphragm mechanics, power, inspiratory muscle strength and more sufficient 

secretion clearance.[12,13] 

ADadd to the successful treatment of postoperative upper abdominal surgeries as well as 

thoracic trauma patients. The use of  AD was reported in the literature as to its following 

advantages: 

Chevaillier[5] used these findings as the basis for his description of AD as a set of 

principles. According to his consideration, which is based on research by Alexander[14] and 

subsequently by Kraemer et. al.[15], a three-stage breathing exercise was used to achieve the 

maximum achievable airflow in successive generations of bronchi by controlled breathing [16] 

Their study's findings suggest that routine chest physiotherapy following UAS, when 

combined with the AD method, improves blood gas levels, reduces hospital stays, and prevents 

pulmonary problems. On top of that, patients report few side effects [17]  

Patient fatigue as well as dyspnea were decreased in patients with cystic fibrosis (CF) 

when all respiratory physiotherapy techniques based on AD were applied. Spirometric 

parameters along with blood oxygen saturation were also improved [18] 
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One breathing method frequently employed in the treatment of CF is AD. Secretions can 

be removed by modifying the volume of breathing to generate shearing forces [19] 

ACBTadd to the successful treatment of postoperative upper abdominal surgeries as well 

as thoracic trauma patients. The use of  ACBT was reported in the literature as to its following 

advantages: 

Most British CF centers have taught this kind of home management for air way clearance 

since the beginning of the 1980s. This approach is now known as ACBT [20]. 

Patients suffering from chronic lung disease that is marked by excessive secretions often 

undergo airway clearance procedures such as the ACBT as well as the Forced Expiratory 

Technique (FET)[21]. 

As the mucus is drawn into the central airways, it can be more easily released by this 

combination, which might be seen as having a "milking" activity. There has been no research on 

the efficacy of physically compressing the chest wall when exhaling as a means to maximize 

expiratory effort using the huff cough [3].  

ACBT can be easily altered to teach to a wide spectrum of patients. Every patient can 

have their cycle customized. Various cycles have been detailed, each with the ability to alleviate 

a unique set of symptoms [3]. 

The FET has the potential to be the most effective method for clearing airways if 

properly taught [22] 

The findings of this study were in agreement with previous studies and the post literature 

by SavciSet. al. 2012[23]They found that ACBT and AD were equally useful in clearing the 

airway of mucus, a common symptom of chronic obstructive pulmonary disease (COPD). This 

was demonstrated by the fact that lung function tests improved. 

However, Charpot et al. 2021[24] stated that the results from AD and ACBT are 

statistically non-significant. Additionally, active cycle of breathing and autogenic drainage were 

found to be highly beneficial when used independently. 

Findings from this study corroborated those of Buragadda et al. 2012 [25], who 

demonstrated that ACBT and AD are both useful in clearing secretions—a source of obstruction 

of the airway in COPD patients. 

Wilson (2023) [26] said that ACBT was about the same as other treatments when it came 

to outcomes like quality of life, individual preference, exercise tolerance, pulmonary function, 

sputum weight, oxygen saturation, as well as the number of recurrence The capacity to 

demonstrate the superiority of one method over another was lacking. 

Consistent with the present investigation, Samuel et al. 2019 [27] found that ACBT and 

AD significantly improved dyspnea as well as mucus clearance in chronic bronchitis (CB). In 

terms of dyspnea and mucus clearance, however, AD had the same effect as ACBT. When it 

comes to CB, the choice between the two therapies for airway clearance is up to the patient along 

with therapist. 

Research conducted by Moiz et. al. in 2007 [28] found that in patients experiencing an 

acute exacerbation of COPD, AD was just as effective as ACBT in clearing secretions and 

enhancing oxygen saturation. Furthermore, it had no negative effects on heart rate, respiratory 

rate, or dyspnea. 

Miller et al. [7] compared AD with ACBT, postural drainage, and percussion, and they 

discovered better ventilation (as evaluated by nuclear medicine scans), which was in 

contradiction with the findings of the present study. Autogenic drainage led to a higher airway 

clearance rate compared to ACBT. 

Page 543 of 11Abdelaziz Ali Abdelaziz /Afr.J.Bio.Sc.6(Si4)(2024)



                                                                                                                                                                                                                               844 of 11 

 

Finally it can be concluded that there is no significant difference between ACBT and AD 

on pulmonary function nor on arterial blood gases for postoperative upper abdominal surgery 

patients after using them for 7 days post-operative. Both techniques significantly improves the 

pulmonary functions, arterial blood gases, airway clearance in addition to improvement of 

mechanics of breathing.  Although ACBT was easier to comprehend and patients (especially 

non-educated) found it easier to perfect its stages, patients in the AD group reported less tension 

in wound site, more secretion clearance and was less prone to airway collapse. Hence, ACBT 

and AD may be recommended for patients with upper abdominal surgeries to improve 

pulmonary functions and air way clearance which in turn reduce the severity of postoperative 

pulmonary complications. The selection of the technique should be decided by the therapist for 

each case with considering the patient preferences. 

The limitations to this study werelack of control group, absence of further follow up, only 

1 value was taken from PFT test and 1 value was taken from ABG test.This study's findings 

suggest that the following recommendations should be considered: 

It was recommended to add ACBT and AD with different approaches and protocol to 

routine of physical therapy management post upper abdominal surgeries.  

More researches were recommended to study the impact of ACBT and ADon dyspnea, exercise 

performance and quality of life in patients underwent upper abdominal surgeries. 

Further studies were needed to differentiate between the effect of ACBT and ADin the 

rehabilitation program after upper abdominal surgeries. 

More extensive studies should be conducted to ensure the efficacy of ACBT and ADin different 

ages. 

Further researches were recommended to study the effect of pre- operative ACBT and ADon 

post operative complications. 

Additional studies with larger patient populations would allow for more accurate statistical 

analysis. 

Follow up sessions after 1-2 months of ACBT and ADtraining after upper abdominal surgeries 

should be conducted. 

Additional studies could include a comparison among other physio- theraputical modalities. 

Similar study should be conducted on abdominal wall and respiratory areas with other general 

surgeries. 

 

CONCLUSION: 

The most important conclusions, taking into account the study's limitations and the data 

collected, were:- 

Active cycle of breathing techniques was an effective modality approach and had a 

significant improvement on pulmonary function and arterial blood gases for post upper 

abdominal surgeries patients as evidence by increase in forced expiratory volume for 1 second 

and decrease of PaCo2.  

Autogenic drainage was an effective modality approach and had a significant 

improvement on pulmonary function and arterial blood gases for post upper abdominal surgeries 

patients as evidence by increase in forced expiratory volume for 1 second and decrease of 

PaCo2.  

This study demonstrated that ACBT and ADare equally effective treatments in 

management of post upper abdominal surgeries pulmonary complications.  
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