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Abstract: Background: Most of hospitalized patients with TBI are admitted to ICU. Respiratory physiotherapy is 
important in mechanically ventilated and intubated patients in ICU including patients with TBI. Manual 
hyperinflation is one of chest physical therapy procedures that frequently used in management of a mechanically 
ventilated patient. Purpose: The purpose of this study was to determine the acute effects of Manual Hyperinflation 
technique on mechanically ventilated TBI patients. Subjects and Methods: Forty mechanically ventilated men 
patients with TBI had admitted to the national bank hospital-specialized medical centers ICU were randomly divided 
into two groups equal in number. All subjects in both groups were assessed through ABG analysis before and 15 
min after treatment. Group A treated with traditional chest physical therapy program which include vibro-
compression maneuver, positioning, vibration, percussion, and endotracheal suctioning. Group B treated with 
manual lung hyperinflation maneuver and traditional chest physical therapy program. Results: There was significant 
decrease in the PaCO2 post treatment in compare to pretreatment of both groups. In comparison between groups 
there was a significant decrease in the PaCO2 of group B compared with that of group A post treatment (p = 0.03). 
PaO2 and SaO2 there were significant increase post treatment in compare to pretreatment of both groups. In 
comparison between groups there was a significant increase in (PaO2, SaO2) of group B compared with that of 
group A post treatment (p = 0.02, p = 0.002) respectively. There was no significant change for other variables. 
Conclusion: Manual hyperinflation technique has significantly greater effect on increasing (PaO2, SaO2) and 
decreasing PaCO2 in mechanically ventilated TBI patients. 
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1. Introduction  

Effort of inspiration increases in patients 
admitted to ICU with TBI and chest trauma such as 
rib fractures and pulmonary contusions. Also, 
maximal cough strength and lung volume decreases 
that leads to atelectasis. Increased immobility period 
and the medications prescribed due to trauma and 
sedation depress the respiratory functions and delay 
the recovery of lung function. So, the risk of 
pulmonary complications after trauma is high 
(Nyland et al., 2016). 

Mechanical ventilation is commonly used in 
ICU to control hypoventilation in critically ill 
patients, MV and pulmonary secretion retention are 
major risk factors associated with prolonged ICU stay 
and may increase morbidity and mortality. Chest 
physiotherapy can improve secretion clearance and 
prevent pulmonary complications (Berti et al., 2012; 
Ambrosino and Clini, 2004). 

Ventilator associated pneumonia (VAP) is a 
side effect of MV and is defined as hospital-acquired 
pneumonia develops in intubated patients who are 
receiving mechanical ventilation for at least 72 h.  
VAP is associated with increased mortality and 
length of stay in the (ICU) in critically ill patients 
(Wang et al., 2016). 

The accumulation of secretions leads to increase 
in airway resistance and partial or total airway 
obstruction may happen, resulting in alveolar 
hypoventilation, hypoxemia, atelectasis, and 
increased work of breathing. Also, creating suitable 
environment for the proliferation of bacteria and 
development of pneumonia. All these changes 
prolong the weaning time from mechanical 
ventilation and make patient prognosis worsen 
(Oliveira et al., 2019). 

Pulmonary atelectasis due to progressive 
alveolar collapse during mechanical ventilation is the 
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major cause of the decrease in lung compliance and 
the partial pressure of arterial oxygen (PaO2). 
Atelectasis that occurs in the most dependent parts of 
the lung of 90% of patients, plays an important role 
in gas exchange abnormalities and reduced static 
compliance associated with acute lung injury. Also, 
general anesthesia and sedations are associated with 
impaired oxygenation even in patients with 
previously normal lungs (Duggan et al., 2005). 

Pulmonary rehabilitation in the ICU could be 
divided into modalities aiming to remove retained 
airway secretions and exercise therapies aiming to 
improve respiratory function. To perform 
mobilization, pre-treatment by removing secretions is 
necessary in mechanically ventilated patients. So that, 
pulmonary rehabilitation is important in addition to 
physical therapy (Schaller et al., 2016). 

There are several techniques used by ICU 
physiotherapists, the most common are: Postural 
drainage, Mobilization, Vibration, Percussion, 
Manual Hyperinflation (MHI), Suction and Breathing 
exercises. These techniques are usually combined. 
Physiotherapist should focus on the patient’s 
condition to avoid lung complications (Cerqueira-
Neto et al., 2010). 

Hyperinflation initiate the movements of 
coughing and move the secretions toward the upper 
airways. It can be done with the ventilator or 
manually. It is used to re-expand collapsed alveoli 
and prevent atelectasis, improve oxygenation, 
increase lung compliance, and distensibility, 
encourage movement of airway secretions and 
facilitate weaning (Goñi et al., 2018). 

This maneuver aiming to mobilize secretions 
from smaller airways toward the trachea and it can be 
removed with airway suction or voluntary cough. It is 
also applied to open collapsed lung units not 
associated with airway secretion obstruction. There is 
no significant difference between manual 
hyperinflation and ventilator hyperinflation on the 
amount of secretions recovered, respiratory 
compliance, or  oxygenation. (Tucci et al., 2019). 

 
2. Subjects and Methods 
       This study was carried out on Forty men patients 
with traumatic brain injury were receiving 
mechanical ventilation and who were admitted to 
national bank hospital-specialized medical centers 
intensive care unit and randomly distributed into two 
equal groups. This study was conducted from August 
2019 to December 2020. 
 
 
Inclusion criteria: 

1- Mechanically ventilated male patients with TBI 
(with stable haemodynamics and respiratory 
parameters). 

2- Their age ranged from 40 to 60 years. 
3- Glasgow coma scale < 8. 
4- Adequately sedated and the ability to cough is 

inhibited. 
 
Exclusion criteria: 
1- Acute respiratory distress syndrome. (ARDS) 
2- Patients with fulminant pulmonary edema. 
3- Presence of Pneumothorax or a history of 

pneumothorax. 
4- Unstable cardiovascular status. (defined as 

systolic blood pressure < 100 mmHg or > 180 
mmHg, mean arterial pressure < 70 mmHg or > 
110 mmHg, or HR < 70 bpm or > 120 bpm) 

5- Raised intracranial pressure, or the potential to 
develop pathologically raised intracranial 
pressure. 

 
Design of the study:    

In this study the patients were randomly 
assigned to two equal groups in number (20 patients 
for each group) 
Group A: (control group).  The group who received 
only traditional chest physical therapy program: 
 Vibrocompression maneuver. (manual chest 

compression–vibrations to airflow) 
 Positioning / vibration / percussion. 
 Endotracheal suctioning.  

The physiotherapeutic maneuvers were 
subsequently applied for 20 minutes (10 minutes for 
each hemithorax). 
Group B: (experimental group). The group who 
received manual lung hyperinflation maneuver and 
traditional chest physical therapy program. 
 
Methods 
A) Evaluation methods: 

      1.    Arterial blood gases analysis. (ABG): a 
sample of blood was used to assess the level of  (pH, 
PaO2, SaO2, PaCO2 and HCO3) through -cobas b 
121 (ROCHE-OMINIC-9528)- blood gases analyzer  
for both groups A&B before and after treatment. 
B) Treatment methods: 
Group A :( control group)  

Each patient was placed into a dorsal decubitus 
position, with head elevated at 30˚. 

The traditional physiotherapeutic maneuvers of: 
1- Vibrocompression maneuver. (manual chest 

compression–vibrations to airflow) 
It aimed to increase expiratory air flow by 

rapidly compressing the patient’s chest at the 
beginning of expiration with oscillatory pressure until 
expiration is complete. Thus, improving central flow 
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of secretions, the mucus moved into the larger 
airways for removal by suction.  

 
2- Positioning / vibration / percussion. 

Percussion with cupped hands or the palm cup 
was used. Secretions shifted from the peripheral 
airway to the central airway and airway clearance 
improved. Vibrations performed manually and by 
mechanical devices. 

 
3- Endotracheal suctioning   

Open tracheal suctioning system was used, and 
5 mL of isotonic saline was instilled then aspirations 
(suctioning) performed at a negative pressure of 200 
cm H2O for 20 secs, during which the catheter was 
gently rotated and withdrawn.  

 
Group B: (experimental group) 

Same treatment as group (A) plus Manual 
Lung Hyperinflation Maneuver. 

Patient placed into a dorsal decubitus position, 
with head elevated at 30˚. By using a manual 
resuscitator bag - connected to an O2 source –five 
hyperinflations applied: three-second pause at the end 
of inspiration followed by a quick release as soon as 
the expiratory phase started. Patients were 
disconnected from the ventilator so; the bag was 

connected to a flow of 100% oxygen at 15 L/min. 
Tracheal suctioning then applied for 20 secs.  
 
Statistical analysis 

Descriptive statistics and unpaired t-test were 
conducted for comparison of subject characteristics 
between both groups. Normal distribution of data was 
checked using the Shapiro-Wilk test. Levene’s test 
for homogeneity of variances was conducted to 
ensure the homogeneity between groups. Unpaired t-
test was conducted to compare the mean values of 
pH, PaCO2, PaO2, HCO3 and SaO2 between group 
A and B. Paired t-test was conducted for comparison 
between pre and post treatment in each group. The 
level of significance for all statistical tests was set at 
p < 0.05. All statistical analysis was conducted 
through the statistical package for social studies 
(SPSS) version 25 for windows (IBM SPSS, 
Chicago, IL, USA). 
 
3. Results 
Subject characteristics:  

Forty male patients participated in this study. 
Table (1) showed the subject characteristics of the 
group A and B. There was no significant difference 
between both groups in the mean age and GCS (p > 
0.05).  

 
 

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

 
Group A Group B 

MD t- value P-value 
Mean ± SD Mean ± SD 

Age (years) 50.5 ± 4.81 51.5 ± 4.87 -1 -0.65 0.51 

GCS 6.45 ± 1.5 6.3 ± 1.8 0.15 0.28 0.77 
SD, Standard deviation; MD, Mean difference; p value, Probability value 
 
 
Effect of treatment on pH, PaCO2, PaO2, HCO3 and SaO2: 
Within group comparison: 

There was a significant decrease in PaCO2 and a significant increase in PaO2 and SaO2 in the group A and B 
post treatment compared with that pretreatment (p < 0.0001). The percent of change of PaCO2, PaO2 and SaO2 in 
group A was 3.23, 3.01 and 2.42% respectively and that in group B was 9.78, 8.24 and 4.95% respectively. There 
was no significant change in pH and HCO3 between pre and post treatment in both groups (p > 0.05). 
 
 
Between groups comparison: 

There was no significant difference in all variables between groups pre-treatment (p > 0.05). Comparison 
between groups post treatment revealed a significant decrease in PaCO2 and a significant increase in PaO2 and 
SaO2 of the group B compared with that of the group A (p < 0.05) while there was no significant difference in pH 
and HCO3 between groups post treatment (p > 0.05).  
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Table (2): Mean pH, PaCO2, PaO2, HCO3 and SaO2 pre and post treatment of the group A and B: 
 Pre  Post    
 Mean ± SD Mean ± SD MD % of change p value 
pH      

Group A 7.362 ± 0.073 7.364 ± 0.06 -0.002 0.027 0.56 
Group B 7.345 ± 0.092 7.349 ± 0.086 -0.004 0.054 0.24 

MD 0.017 0.015    
 p = 0.53 p = 0.52    

PaCO2 (mmHg)      
Group A 41.44 ± 3.81 40.1 ± 3.68 1.34 3.23 0.0001 
Group B 41.51 ± 4.85 37.45 ± 4.15 4.06 9.78 0.0001 

MD -0.07 2.65    
 p = 0.96 p = 0.03    

PaO2 (mmHg)      
Group A 86.3 ± 8.92 88.9 ± 8.15 -2.6 3.01 0.0001 
Group B 86.75 ± 9.27 93.9 ± 5.25 -7.15 8.24 0.0001 

MD -0.45 -5    
 p = 0.87 p = 0.02    

HCO3 (meq/L)      
Group A 23.77 ± 2.74 23.91 ± 2.42 -0.14 0.58 0.38 
Group B 22.61 ± 3.78 22.62 ± 3.71 -0.01 0.04 0.93 

MD 1.16 1.29    
 p = 0.27 p = 0.2    

SaO2 (%)      
Group A 93.05 ± 3.36 95.3 ± 2.53 -2.25 2.42 0.0001 
Group B 92.95 ± 2.58 97.55 ± 1.66 -4.6 4.95 0.0001 

MD 0.1 -2.25    
 p = 0.91 p = 0.002    
SD, Standard deviation; MD, Mean difference; p value, Probability value 
 
 
4. Discussion 

The purpose of this study was to find out the 
acute effects of manual lung hyperinflation on 
mechanically ventilated patients with TBI through 
measuring arterial blood gases analysis (pH, HCO3, 
PaCO2, PaO2, SaO2) pre and post treatment for both 
groups. Forty mechanically ventilated men patients 
with TBI were randomly divided into two groups 
equal in number. Group A treated with traditional 
chest physical therapy program which include vibro-
compression maneuver, positioning, vibration, 
percussion and endotracheal suctioning for 20 
minutes (10 minutes for each hemithorax). Group B 
treated with manual lung hyperinflation maneuver 
and traditional chest physical therapy program. 

The result of this study was significant decrease 
in the PaCO2 post treatment in compare to 
pretreatment of both groups. In comparison between 
groups there was a significant decrease in the PaCO2 
of group B compared with that of group A post 
treatment (p = 0.03). PaO2 and SaO2 there were 
significant increase post treatment in compare to 
pretreatment of both groups. In comparison between 

groups there was a significant increase in (PaO2, 
SaO2) of group B compared with that of group A 
post treatment (p = 0.02, p = 0.002) respectively. 
There was no significant change for other variables.  

Goñi et al. (2018) demonstrated that, 
association of postural drainage with vibration and 
percussion improves forced vital capacity, arterial 
oxygenation, exercise tolerance and other aspects 
according to Nici et al. (2006). And association of 
MHI together with suctioning for intubated patients 
promotes better alveolar recruitment, reduces 
resistance in the airway and improves lung 
compliance according to Choi and Jones. (2005) 
and Stiller (2013) that’s support our study. 

The improvement may be explained by the fact 
that manual hyperinflation might open collateral 
channels within the lungs, which could theoretically 
recruit atelectatic lung regions and facilitate secretion 
mobilization (Maa et al., 2005). 

Study by Elgendy et al. (2020) reported 
significant increase in PaO2 and SaO2 and decrease 
in PaCO2. There was no significant difference in PH 
and HCO3. The study was conducted to analyze the 



New York Science Journal 2021;14(3)                                               http://www.sciencepub.net/newyork NYJ 

 30

acute effect of chest physical therapy on arterial 
blood gases of mechanically ventilated patients. 

There is another possibility for explaining our 
results. The volume of moving air in lungs increases 
when airways are clear from secretions. Also, 
collapsed alveoli open that resulting in promoting 
good oxygenation and carbon dioxide exchange 
(Wang et al., 2018). 

Zaman (2016) through two studies into the 
efficiency of chest physiotherapy the aim of chest 
physiotherapy is minimizing pulmonary secretion 
retention, expanding atelectatic lung segments, and 
maximizing oxygenation. concluded that chest 
physiotherapy is very effective in intubated patients 
with acute lobar collapse. 

 Mohamed and Abdalmoniem. (2015) claimed 
that manual hyperinflation is a safe intervention that 
can be applied for mechanically ventilated critical ill 
patients, and it can help weaning from mechanical 
ventilator and decrease the time spent in intensive 
care unit also decrease morbidity. His study included 
significant improvement in the mean values of the 
three oxygenation parameters (PaO2, SaO2% and 
PaO2/ FiO2).  

 Malekzadeh et al. (2016) stated that, SpO2 
and PaO2 increase evidence that hyperinflation 
maneuver able to re-open collapsed alveoli, increase 
ventilation to perfusion ratio and improving 
oxygenation while PaCO2 decrease evidence that 
MHI technique could improve gas exchange and 
reduce PaCO2 through improved ventilation. 

Hodgson et al. (2000) had stated that total static 
respiratory system compliance and sputum clearance 
were improved by the addition of manual 
hyperinflation to a physiotherapy treatment in 
mechanically ventilated patients without compromise 
to gas exchange. 

Unoki et al. (2005) used the same concept of 
treatment to see the effect of expiratory rib-cage 
compression on airway-secretion removal, 
oxygenation, and ventilation in mechanically 
ventilated patients but there was no significant effect. 

The results of this present study were 
contradicted with Genc et al. (2011). No significant 
differences were seen in PaCO2 and PaO2 between 
pre- and post-interventions. The difference in results 
may be because the study sample was less than in our 
study and treatment time was less than our study. 
Also, patient position was different the author used 
side lying position, but we used supine lying with 
head elevated.  

 
Conclusion 

Manual hyperinflation technique has 
significantly greater effect on increasing (PaO2, 

SaO2) and decreasing PaCO2 in mechanically 
ventilated TBI patients.  

 
References 
[1]. Ambrosino N. and Clini E. (2004). Long-term 

mechanical ventilation and nutrition. 
Respiratory Medicine, 98(5), 413–420. 

[2]. Berti JS., Tonon E., Ronchi CF., Berti HW., 
Stefano LM., Gut AL., Padovani CR. and 
Ferreira AL. (2012). Manual hyperinflation 
combined with expiratory rib cage compression 
for reduction of length of ICU stay in critically 
ill patients on mechanical ventilation. Jornal 
Brasileiro de Pneumologia, 38(4), 477–486. 

[3]. Cerqueira-Neto ML., Moura ÁV., Scola RH., 
Aquim EE., Rea-Neto Á., Oliveira MC.and 
Cerqueira TC. (2010). The effect of breath 
physiotherapeutic maneuvers on cerebral 
hemodynamics. Arquivos de Neuro-Psiquiatria, 
68(4), 567–572. 

[4]. Choi JS. and Jones AY. (2005). Effects of 
manual hyperinflation and suctioning in 
respiratory mechanics in mechanically 
ventilated patients with ventilator-associated 
pneumonia. Australian Journal of 
Physiotherapy, 51(1), 25–30. 

[5]. Duggan M., Kavanagh BP. and Warltier DC. 
(2005). Pulmonary atelectasis: a pathogenic 
perioperative entity. The Journal of the 
American Society of Anesthesiologists. Apr 
1;102(4):838-54. 

[6]. Elgendy SM., Abdeen HA., Youssef MS. and 
Nassef NL.(2020). Acute Effect of Chest 
Physical Therapy on Arterial Blood Gases for 
Mechanical Ventilated Patients. The Medical 
Journal of Cairo University. 2020 Sep 
1;88(September):1469-75. 

[7]. Goñi VR., Yoldi AE., Casajus SL., Aquerreta 
LT., Fernandez SP., Guzman UE. and 
Moyano BM. (2018). Respiratory 
physiotherapy in intensive care unit: 
Bibliographic review. Enfermería Intensiva 
(English Ed.), 29(4), 168–181. 

[8]. Genc A., Akan M. and Gunerli A.(2011). The 
effects of manual hyperinflation with or without 
rib-cage compression in mechanically ventilated 
patients. It J Physiother. 2011 Jun;1:48-54) 

[9]. Hodgson CL., Denehy L., Ntoumenopoulos 
G., Santamaria J. and Carroll S. (2000). An 
investigation of the early effects of manual lung 
hyperinflation in critically ill patients. 
Anaesthesia and intensive care. 2000 
Jun;28(3):255-61. 

[10]. Maa SH., Hung TJ., Hsu KH., Hsieh YI., 
Wang KY., Wang CH. and Lin HC.(2005) 
Manual hyperinflation improves alveolar 



New York Science Journal 2021;14(3)                                               http://www.sciencepub.net/newyork NYJ 

 31

recruitment in difficult-to-wean patients. Chest 
2005; 128(4):2714-21. 

[11]. Mohamed AR and Abdalmoniem IA. (2015). 
Acute Response of Manual Hyperinflation In 
Addition To Standard Chest Physiotherapy on 
Critically Ill Mechanically Ventilated Patients. 
IOSR Journal of Nursing and Health Science 
(IOSR-JNHS).4(1):33-8. 

[12]. Malekzadeh J., Yazdani M., Sedaghat A., 
Mazlom SR. and PASANDIDEH KA. (2016). 
Effect of lung manual hyperinflation (MHI) on 
oxygenation of patients following abdominal 
surgery and T-Tube support. Evidence Based 
Care Journal 2016 06:63 originally published 
online 01 October 2016.63-74 

[13]. Nyland BA., Spilman SK., Halub ME., Lamb 
KD., Jackson JA., Oetting TW. and  Sahr 
SM. (2016). A preventative respiratory protocol 
to identify trauma subjects at risk for respiratory 
compromise on a general in-patient ward. 
Respiratory Care, 61(12), 1580–1587.  

[14]. Nici L., Donner C., Wouters E., Zuwallack 
R., Ambrosino N., Bourbeau J., Carone M., 
Celli B., Engelen M., Fahy B. and Garvey C. 
(2006). American thoracic society/European 
respiratory society statement on pulmonary 
rehabilitation. American Journal of Respiratory 
and Critical Care Medicine, 173(12), 1390–
1413. 

[15]. Oliveira AC., Lorena DM., Gomes LC., 
Amaral BL. and Volpe MS. (2019). Effects of 
manual chest compression on expiratory flow 
bias during the positive end-expiratory pressure-
zero end-expiratory pressure maneuver in 
patients on mechanical ventilation. Jornal 
Brasileiro de Pneumologia, 45(3), 1–9. 

[16]. Schaller SJ., Anstey M, Blobner M., Edrich 
T., Grabitz SD., Gradwohl-Matis I., Heim 

M., Houle T., Kurth T., Latronico N. and Lee 
J. (2016). Early, goal-directed mobilisation in 
the surgical intensive care unit: a randomised 
controlled trial. The Lancet. Oct 
1;388(10052):1377-88. 

[17]. Stiller K. (2013). Physiotherapy in intensive 
care: an updated systematic review. Chest. Sep 
1;144(3):825-47. 

[18]. Tucci MR., Nakamura MA., Carvalho 
NC.and Volpe MS.(2019). Manual 
hyperinflation: Is it effective? Respiratory Care, 
64(7), 870–873.  

[19]. Unoki T., Kawasaki Y., Mizutani T., Fujino 
Y., Yanagisawa Y., Ishimatsu S., Tamura F. 
and Toyooka H. (2005). Effects of expiratory 
rib-cage compression on oxygenation, 
ventilation, and airway-secretion removal in 
patients receiving mechanical ventilation. 
Respiratory Care, 50(11), 1430–1437. 

[20]. Wang TH., Wu CP. and Wang LY. (2018). 
Chest physiotherapy with early mobilization 
may improve extubation outcome in critically ill 
patients in the intensive care units. Clinical 
Respiratory Journal, 12(11), 2613–2621. 

[21]. Wang L., Li X., Yang Z., Tang X., Yuan Q., 
Deng L. and Sun X. (2016). Semi-recumbent 
position versus supine position for the 
prevention of ventilator-associated pneumonia 
in adults requiring mechanical ventilation. 
Cochrane Database of Systematic Reviews, 
2016(1). 

[22]. ZAMAN B. (2016) Comparative Study on the 
Immediate Effects of Deep Breathing Exercises 
with PEP Device Verses Incentive Spirometry 
with EPAP on Preventing Pulmonary 
Complications Following CABG. International 
Journal of Physiotherapy, 3 (1): pp. 132-6, 
2016. 

 
 
 
3/25/2021 


