
Effect of Manual Hyperinflation on Arterial Oxygenation 
in Paediatric Patients with Upper Lobe Collapse after 
Cardiac Surgery

ABSTRACT

Lung hyperinflation is a technique used by physiotherapists to mobilize and remove excess bronchial secretions, reinflate areas 
of pulmonary collapse and improve oxygenation. To assess the efficacy of manual hyperinflation in improving arterial oxygenation 
(PaO2) of paediatric patients with upper lobe lung collapse after cardiac surgery. 18 paediatric patients who had undergone heart 
surgery and having upper lobe collapse in the post-op ventilation period underwent Manual Hyperinflation (MH). Parameters in-
cluded arterial oxygen tension (PaO2) value in ABG analysis, clinical findings such as collapsed upper lung lobe in chest radiograph  
and air entry in auscultation were collected before and 30 min post MH session and documented.  The patients were treated with 
manual hyperinflation delivered using a pediatric AMBU bag with pressure of about 40 cm H2O. Four sets of eight bag compressions 
with inflation rate of 10 breaths per minute were delivered during each manual hyperinflation. The result showed that there was 
a significant improvement in arterial oxygenation (PaO2) by administering manual hyperinflation therapy for the upper lobe col-
lapse in post-op ventilated paediatric patients. In this study, it is evident that manual hyperinflation is an effective technique in 
management of Lung collapse (upper lobe) in post-op pediatric patients. This clearly demonstrates that further research in this 
area is warranted. 
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Kalp Cerrahisi Sonrası Üst Lob Kollapsı Gelişen Çocuk Hastalarda Manuel Hiperinflasyonun Arteryel 
Oksijenasyona Etkisi 

ÖZET

Akciğer hiperinflasyonu aşırı bronşial sekresyonları çıkarmak ve mobilize etmek, kollaps olan akciğer alanların tekrar açılması için 
fizyoterapistler tarafından kullanılan bir tekniktir. Kalp cerrahisi sonrası üst lob akciğer kollapsı olan pediatrik hastaların arteri-
yel oksijenasyonunu (PaO2) iyileştirmede manuel hiperenflasyon etkinliğini değerlendirmek amaçlanmıştır. Kalp cerrahisi geçiren  
ve üst lob kollapsı olan 18 hastaya Manuel hiperinflasyon (MH) uygulandı. Arter kan gazı analizinde arteriyel oksijen basıncı 
(PaO2) değeri, akciğer grafisindeki üst lob kollaps bulguları ve oskültasyon bulguları gibi klinik bulgular MH 30 dk öncesi ve sonrası 
toplanmış ve belgelenmiştir. Hastalara pediatrik AMBU vasıtasıyla yaklaşık 40 cm H2O basınç ile manuel hiperinflasyon uygulandı. 
Manuel inflasyon dört defa dakikada 10 kez uygulandı. Sonuçlar gösterdiki manuel inflasyon ile  arteriyel oksijenizasyonda (PaO2) 
anlamlı düzelme olduğunu göstermiştir. Bu çalışmada, manuel hiperenflasyon post-op pediatrik hastalarda akciğer kollapsı (üst 
lob) tedavisinde etkili bir teknik olduğu açıktır. Bu alanda daha fazla araştırma yapılmasına ihtiyaç vardır. 
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INTRODUCTION

Pulmonary dysfunction is a common complication of car-
diac surgery (1). The mechanical properties of the lung 
alters which lead to reduced pulmonary compliance (2), 
vital capacity and functional residual capacity (3,4) in the 
initial ICU stay after surgery. Pediatric patients after car-
diac surgery will be managed with Mechanical Ventilation 
(MV) and the retention of Pulmonary secretion is common 
(5) with these Mechanical ventilation, which may increase 
the weaning time from ventilation, lengthen the ICU stay 
and mortality of them. Many medical practitioners con-
sider chest physiotherapy an integral part of ICU care in 
mechanically ventilated patients. It may include airway 
clearance techniques such as manual and mechanical 
percussion and vibration, postural drainage, facilitated 
coughing and suctioning via the endotracheal tube. Chest 
physiotherapy is used in the intensive care unit (ICU) to 
minimize pulmonary secretion retention, prevent pulmo-
nary complication (6) to maximize oxygenation, and to 
re-expand atelectatic lung segments (7).

High negative pressure and deep-suctioning causes right 
upper lobe (RUL) collapse in intubated, ventilated chil-
dren on a paediatric cardiac intensive care unit, this lo-
bar collapse not only prolongs the child's stay in intensive 
care, but can be associated with further morbidity which 
may have a serious implication (8). Chest Physiotherapy 
techniques, such as mobilization, manual hyperinflation 
(MH), percussion, and vibrations, are used in patients on 
mechanical ventilation (MV). It has been shown that the 
use of respiratory physiotherapy techniques can reduce 
pulmonary secretion retention (5,9) as well as improving 
dynamic compliance (10) and static compliance (11,12). 
Manual Hyperinflation (MH) also known as “bagging”, 
“bag squeezing” is usually administered by physiothera-
pists in patients with Mechanical ventilation (11). MH is 
usually administered for post-operative intubated, venti-
lated paediatric cardiac surgery patients with lobar col-
lapse as a part of re-expansion of lung and airway man-
agement (13,14). MH not only mobilizes the retained air-
way secretions in intubated and mechanically ventilated 
patients, but also prevents atelectasis of lungs (15,16). 
After disconnecting the patient from ventilator the lungs 
are inflated by the resuscitation bag (AMBU) so that the 
collapsed lobe expands. MH consists of a series commonly 
involves a slow, deep inspiration, inspiratory pause and 
fast unobstructed expiration (17). The deep inspiration 
expands the collapsed lung and the higher expiratory 
than inspiratory flow helps the airway secretions to come 

out (18,19).  Previous studies shows the benefits of MH 
are mobilization of airway secretions, prevention of spu-
tum plugging (11,16), improved alveolar recruitment (15) 
but the evidence supporting its efficacy is lacking.

Research evidences shows that the advantages of chest 
physical therapy over therapeutic bronchoscopy is remov-
al of retained secretions, the arterial oxygenation and 
partial pressure of arterial oxygen / fraction of inspired 
oxygen concentration ratios improves and resolves the 
atelectasis without the negative hemodynamic, a side ef-
fects of therapeutic bronchoscopy. Chest physiotherapy 
especially MH is most effective in hypoxaemia, treatment 
of unilobar densities and produced dramatic improvement 
in atelectasis of acute onset. Physical therapists trained 
in the ICU can safely perform chest physical therapy for 
the majority of patients who are critically ill (20,21).

Although MH plays an important role in the multidisci-
plinary approach to patients in most ICUs, there is very 
limited or no evidence that MH is beneficial for the ex-
pansion of collapsed lobe in post cardiac surgery paedi-
atric patients with reference to arterial oxygenation and 
radiograph. There is only one study done to find the bene-
fits of MH in the adult cardiac surgery patients concluded 
that MH partly prevents reduction of FRC in patients after 
cardiac surgery in the first post-operative days and also 
the incidence of signs of atelectasis on post-operative 
chest radiographs is significant lower in patients who re-
ceive MH (22). As there is a lack of evidence to support 
the use of MH in clinical practice, we aimed to investi-
gate whether MH helps in expansion of the collapsed lung 
lobe in children who had cardiac surgery. 

MATERIALS AND METHODS

A convenience sampling approach was adopted for this 
study and  18 pediatric in-patients (10 males) who had 
cardiac surgery and having upper lobe collapse (Right 
side-17 and Left side-1) in the post-op period requir-
ing mechanical ventilation, were recruited to the study. 
Subjects with abnormal positioning of the endotracheal 
tube, acute respiratory distress syndrome, acute pulmo-
nary edema, unstable blood pressure, untreated tension 
pneumothorax, and those with peak inspiratory pressures 
higher than 40 cmH2O or requiring high respiratory sup-
port (FiO2>0.7 and PEEP>10 cmH2O) were excluded. After 
getting the informed consent signed by the parents, the 
chest radiograph, arterial blood gas analysis was done 
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before and 30 minutes after administering manual hyper-
inflation. The pre and the post values were documented 
for statistical analysis. Subjects were positioned in half-
lying/sitting with the head of the bed slightly elevated 
(23) and undisturbed for 15 minutes prior to data col-
lection. Two experienced physiotherapists for MH and an 
CVTS ICU nurse for ET suctioning were involved in this 
study. One physiotherapist squeezes the manual ventila-
tion bag slowly to inflate the lungs.  A second trained 
physiotherapist is necessary to provide shaking or vibra-
tion in an appropriate sequence with lung inflation. The 
two therapists providing the treatment were positioned 
to have greater freedom of movement and improved 
observation of the patients’ response to treatment. MH 
was administered with a Silicone Resuscitator (AMBU) bag 
connected with 100% oxygen, flowing at the rate 15 l/
min. Four sets of eight bag compressions with inflation 
rate of 10 breaths per minute were delivered during each 
manual hyperinflation. AMBU bag is compressed with a 
peak airway pressure of 40 cmH2O controlled by the pres-
sure manometer in the breathing circuit to maximize lung 
volume, followed by a two second inspiratory pause and 
then a quick release of the bag to enhance the expira-
tory flow rate (24). A positive end expiratory pressure 
(PEEP) valve was included in the circuit if the patient was 
treated with PEEP during mechanical ventilation. After 
this MH, tracheal suctioning was done to remove the mo-
bilized secretions. Normal saline (1 ml) was instilled in 
tracheal tube before hyperinflation to assist with loosen-
ing, thick secretions and the duration of suctioning was 

Table 1. Demographic data and characteristics of the 
study populations

limited to 15 seconds. The suctioning session involved in-
stillation of one ml of normal saline in the tracheal tube, 
followed by suctioning, once per minute, for four min-
utes. The catheter was inserted fully to the carina and 
then withdrawn one cm prior to the application of nega-
tive pressure. Intermittent negative pressure was applied 
unless the secretions were very viscous requiring continu-
ous suction for aspiration. Inspired oxygen concentra-
tion (FiO2) was maintained at 100% for all patients only 
during the manual hyperinflation and suction procedures 
and returned back to the preset value in their ventilator 
after intervention. Heart rate, blood pressure, ECG and 
SpO2 were monitored during all procedures. Parameters 
obtained included chest radiograph and arterial oxygen 
tension (PaO2). The pre and the post (30 min after MH) 
radiograph and Arterial oxygen tension (PaO2) values are 
collected, tabulated and analyzed statistically. 

Primary endpoint

The primary endpoint was the change of arterial oxygen 
tension before and 30 minutes after the manual hyper-
inflation. This is done by the arterial blood gas (ABG) 
analysis. All measurements were performed by the same 
investigator and analyzer for standardization of the data.

Secondary endpoints

Chest radiographs (AP view) were obtained in a half-lying 
/ sitting position, both pre and 30 minutes after the ad-
ministration of Manual hyperinflation. Each radiograph 
was evaluated for the presence of atelectasis, pulmo-
nary infiltrate, extra-vascular lung fluid, pleural fluid, 
and pneumothorax. Auscultation of the upper lobe for air 
entry.  

Other data collected:

These included the number of MH maneuvers per patient; 
demographics (age, gender, side of the lung, type of sur-
gery), duration of surgery, intubation, core temperature 
of ICU and length of stay in ICU and hospital (Table 1). 

Age, yr				    1.6±0.6
Male, n				    10
Female, n			   8
Type of surgery
	 ASD, n			   8
	 VSD, n			   7
	 ALCAPA, n		  2
	 BT shunt, n		  1	
Side of the lung
	 Right, n			   17
	 Left, n			   1	
OT and ICU parameters
Durations 
	 Surgery, min		  235±62
	 Intubation, hrs		  120 (62–180)
	 ICU stay, hrs		  48.2 (36.8–76.6)
	 Total hospital stay, days	 7.8 (6.2–9.4)
Core temperature in ICU		  5.4±0.6

			   PaO2 Value
		  Pre-test		  Post-test
		  Before MH	 30 min after MH
Mean		  56.78		  82.89
SD		  10.81		  5.17
n		  18		  18
‘t’ value 		 14.1243

Table 2. Mean arterial oxygenation (PaO2)
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Stastical Analysis

Data were presented as mean with standard deviation 
(SD). Descriptive statistics were used to summarize pa-
tient characteristics. Data were analyzed using SPSS for 
Windows version 10.0 and a paired t-test for the pre and 
post value of arterial oxygenation with p< 0.0001 showed 
the t value 14.1243 with 17 degree of freedom and 1.849 
as the standard error of difference. By conventional cri-
teria, this difference is considered to be extremely statis-
tically significant (Table 2).

RESULTS

The result showed that there was a significant improve-
ment in the arterial oxygenation (PaO2) by administering 
manual hyperinflation therapy for the upper lobe collapse 
in post-op ventilated paediatric patients. All 18 subjects 
showed a significant improvement in the radiological 
(Figure 1 and 2) and auscultatory findings, demonstrated 
improvement in the clinical picture with regard to the 
chest radiograph and improved air entry on auscultation.

DISCUSSION

The results of this research study can be summarized as 
follows: (1) Arterial oxygenation (PaO2) improved signifi-
cantly by MH in paediatric patients after cardiac surgery 
(2) MH helped in expansion of the collapsed lung lobes 
(3) MH is an treatment option for improving the pulmo-
nary function in paediatric patients after cardiac surgery. 
The primary purpose of using manual hyperinflation is to 
improve airway clearance effectively and efficiently in 
intubated patients. Though few studies done in the past 
(10,14) examined the effect of percussion on intubated 
patients and shown improvement (10) or no significant 

pulmonary function changes (14) the uncontrolled studies 
have reported that percussion is ineffective (14) We, in 
this current study used manual hyperinflation. Although 
MH is widely used in order to remove pulmonary secre-
tions and treat atelectasis, (25) there is no evidence to 
support its routine use in clinical. This lack of evidence is 
due, in part, to the scarcity of studies (6,26,27) examin-
ing the clinical relevance and efficacy of MH and to the 
maneuver itself.

This is the first study assessing the effect of MH in arte-
rial oxygenation of the upper lung lobe collapsed pae-
diatric patients after cardiac surgery. The findings from 
this study are in line with the previous studies suggesting 
that MH is beneficial for patients after surgery. A random-
ized controlled trial done before concluded improvement 
of PaO2, static compliance and reduced the duration of 
mechanical ventilator, in patients after myocardial re-
vascularization (9). One more randomized controlled 
trial confirmed MH improved oxygenation after surgery 
(12). Plugging of airway secretions may lead to airway 
obstructions, thereby causing gas resorption distal to 
the obstructions, leads to lobar collapse in mechanically 
ventilated patients. Clearance of airway secretion by MH 
have been demonstrated before. Higher expiratory than 
inspiratory flows produced by MH clears the airway secre-
tions in intubated and mechanically ventilated patients.  
Our data suggest that MH could contribute to the recov-
ery of collapsed lung areas after cardiac surgery in pae-
diatric patients. MH does this by administering increased 
tidal volumes, inspiratory pause which creates  trans-
pulmonary pressures to overcome alveolar collapses (28). 
Studies done in the past showed that airway pressures of 
40 cmH2O maintained for eight to nine seconds is needed 
to reopening the collapsed lung tissue completely (29). 
As MH is not capable of providing such pressures for lon-

Figure 1. Pre MH therapy Figure 2. Post MH therapy
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ger than a few second, a short-lasting natural occurring 
maneuvers, such as coughing and sighs, also result in re-
cruiting of lung tissue. Hypoxemia reported up to 60% of 
patients with hypoxic periods within the first two days 
after tracheal extubation (30,31). Though the reasons 
for atelectasis after cardiac surgery are multiple, which 
includes the higher levels of intra-operative FiO2, type 
of surgery, obesity and post-operative pain. Absorption 
atelectasis during mechanical ventilation is most likely 
to occur when levels of FiO2 are high (31). Indeed, higher 
levels of FiO2 during mechanical ventilation because of 
general anesthesia during surgery are associated with 
atelectasis formation (32,33). It is stated that MH cause 
short-term hyperinflation of lung and many times the 
safety of application of MH was questioned. Researchers 
(34-36) studied the adverse effect of MH and suggested 
if MH is performed in a controlled conditions by trained 
physiotherapists has minimal side effects. 

Though our study has some limitations, such as the small 
sample size but the statistical analysis shows an ex-
treme significance in improving the arterial oxygenation. 
Second limitation is not having a control group to assess 
the superiority of the treatment. Third was impossible to 
conduct a blind study.

To conclude from this study, it is evident that manual hy-
perinflation along with conventional physiotherapy is an 
effective technique in management of Lung collapse (up-
per lobe) in post-op paediatric cardiac surgery patients. 
MH improved the arterial oxygenation in these patients 
which was statistically significant and the disappearance 
of the collapsed upper lobe post MH in chest x-ray proved 
the study clinically. As this is short term study conduct-
ed with a small single group of patients, further studies 
evaluating the effectiveness of MH cardiac surgery pae-
diatric patients in comparison with various other chest 
physiotherapy technique, medical management, ventila-
tor management and suctioning technique can provide 
additional evidence.

Ethical Approval

This study was approved by the ethical and research committee of the Amrita Institute 

of Medical Sciences and Research Centre, Kochi.

Conflict of Interest

There is no funding agency / research support / conflict of interest for this study.

REFERENCES

1.	 Wynne R, Botti M. Postoperative pulmonary dysfunction 
in adults after cardiac surgery with cardiopulmonary by-
pass: clinical significance and implications for practice. 
Am J Crit Care 2004;13:384–93. 

2.	 Chaney MA, Nikolov MP, Blakeman B, Bakhos M, Slogoff 
S. Pulmonary effects of methylprednisolone in patients 
undergoing coronary artery bypass grafting and early tra-
cheal extubation. Anesth Analg 1998;87:27–33. 

3.	 Shapira N, Zabatino SM, Ahmed S, Murphy DM, Sullivan D, 
Lemole GM. Determinants of pulmonary function in pa-
tients undergoing coronary bypass operations. Ann Thorac 
Surg 1990;50:268–73. 

4.	 Johnson D, Hurst T, Thomson D, et al. Respiratory func-
tion after cardiac surgery. J Cardiothorac Vasc Anesth 
1996;10:571–7.

5.	 Berney S, Denehy L, Pretto J. Head-down tilt and manu-
al hyperinflation enhance sputum clearance in patients 
who are intubated and ventilated. Aust J Physiother 
2004;50(1):9-14. 

6.	 Ntoumenopoulos G, Presneill JJ, McElholum M, Cade JF. 
Chest physiotherapy for the prevention of ventilator-asso-
ciated pneumonia. Intensive Care Med 2002;28(7):850-6.

7.	 Krause MF, Hoehn T: Chest physiotherapy in mechanically 
ventilated children: a review. Crit Care Med 2000; 28(5): 
1648-51.

8.	 Boothroyd AE, Murthy BV, Darbyshire A, Petros AJ.: 
Endotracheal suctioning causes right upper lobe collapse 
in intubated children. Acta Paediatr 1996; 85(12):1422-5.

9.	 Blattner C, Guaragna JC, Saadi E. Oxygenation and 
static compliance is improved immediately after early 
manual hyperinflation following myocardial revasculari-
sation: a randomised controlled trial. Aust J Physiother 
2008;54(3):173-8. 

10.	 Jones AY, Hutchinson RC, Oh TE. Effects of bagging and 
percussion on total static compliance of the respiratory 
system. Physiotherapy 1992;78(9):661-6.

11.	 Hodgson C, Denehy L, Ntoumenopoulos G, Santamaria J, 
Carroll S. An investigation of the early effects of manu-
al lung hyperinflation in critically ill patients. Anaesth 
Intensive Care 2000;28(3):255-61. 

12.	 Patman S, Jenkins S, Stiller K. Manual hyperinflation-
-effects on respiratory parameters. Physiother Res Int 
2000;5(3):157-71. 

13.	 Paulus F, Binnekade JM, Middelhoek P, Schuitz MJ, Vroom 
MB. Manual hyperinflation of intubated and mechanically 
ventilated patients in Dutch intensive care units--a sur-
vey into current practice and knowledge. Intensive Crit 
Care Nurs 2009;25:199–207.  

14.	 Hodgson C, Carroll S, Denehy L. A survey of manual hy-
perinflation in Australian hospitals. Aust J Physiother 
1999;45:185–93.

15.	 Maa SH, Hung TJ, Hsu KH, Hsieh YI, Wang KY, Wang CH, Lin 
HC. Manual hyperinflation improves alveolar recruitment 
in difficult-to-wean patients. Chest 2005;128:2714–21.



Eur J Gen Med 2015; 12(4):313-318

Effect of manual hyperinflation on arterial oxygenation in pediatric patients

318

16.	 Jones AY. Secretion movement during manual lung infla-
tion and mechanical ventilation. Respir Physiol Neurobiol 
2002;132:321–7.

17.	 Denehy L: The use of manual hyperinflation in airway 
clearance. Eur Respir J 1999; 14(4): 958-65.

18.	 Benjamin RG, Chapman GA, Kim CS, Sackner MA. Removal 
of bronchial secretions by two-phase gas-liquid transport. 
Chest 1989;95:658–63.

19.	 Kim CS, Iglesias AJ, Sackner MA. Mucus clearance by two-
phase gas-liquid flow mechanism: asymmetric periodic 
flow model. J Appl Physiol 1987;62:959–71. 

20.	 Ciesla ND: Chest physical therapy for patients in the in-
tensive care unit. Phys Ther 1996;76(6): 609-25.

21.	 Mackenzie CF, Shin B, McAslan TC: Chest physiotherapy: 
the effect on arterial oxygenation. Anesth Analg 1978; 
57(1): 28-30.

22.	 Paulus F, Veelo DP, de Nijs SB, et al. Manual hyperinflation 
partly prevents reductions of functional residual capac-
ity in cardiac surgical patients - a randomized controlled 
trial. Crit Care 2011; 15(4): R187.

23.	 Thoresen M, Cowan F, Whitelaw A. Effects of tilt-
ing in oxygenation in new born infants. Arch Dis Child 
1988;63:315-7.

24.	 Clement AJ, Hubsch SK. Chest physiotherapy by the “bag 
Squeezing” method: A Guide to Technique. Physiotherapy 
1968;54:355-9.

25.	 Novak RA, Shumaker L, Snyder JV, Pinsky MR. Do peri-
odic hyperinflations improve gas exchange in patients 
with hypoxemic respiratory failure? Crit Care Med 
1987;15(12):1081-5. 

26.	 Ntoumenopoulos G, Gild A, Cooper DJ. The effect of 
manual lung hyperinflation and postural drainage on pul-
monary complications in mechanically ventilated trauma 
patients. Anaesth Intensive Care 1998;26(5):492-6. 

27.	 Templeton M, Palazzo MG. Chest physiotherapy prolongs du-
ration of ventilation in the critically ill ventilated for more 
than 48 hours. Intensive Care Med 2007;33(11):1938-45. 

28.	 Anderson JB, Qvist J, Kann T. Recruiting collapsed lung 
through collateral channels with positive end-expiratory 
pressure. Scand J Resp Dis 2011;60:260–6.

29.	 Rothen HU, Neumann P, Berglund JE, Valtysson J, 
Magnusson A, Hedenstierna G. Dynamics of re-expansion 
of atelectasis during general anaesthesia. Br J Anaesth 
1999;82:551–6.

30.	 Reis Miranda D, Struijs A, Koetsier P, et al. Open lung ven-
tilation improves functional residual capacity after extu-
bation in cardiac surgery. Crit Care Med 2005;33:2253–8.

31.	 Taggart DP. Respiratory dysfunction after cardiac surgery: 
effects of avoiding cardiopulmonary bypass and the use of 
bilateral internal mammary arteries. Eur J Cardiothorac 
Surg 2000;18:31–7.

32.	 Hedenstierna G, Edmark L. Mechanisms of atelectasis in 
the perioperative period. Best Pract Res Clin Anaesthesiol 
2010;24:157–69.

33.	 Rothen HU, Sporre B, Engberg G, Wegenius G, Reber A, 
Hedenstierna G. Prevention of atelectasis during general 
anaesthesia. Lancet 1995;345:1387–91. 

34.	 Paulus F, Binnekade JM, Vermeulen M, Vroom MB, 
Schultz MJ. Manual hyperinflation is associated with a 
low rate of adverse events when performed by experi-
enced and trained nurses in stable critically ill patients-
-a prospective observational study. Minerva Anestesiol 
2010;76:1036–42.

35.	 Jellema WT, Groeneveld AB, van Goudoever J, et al. 
Hemodynamic effects of intermittent manual lung hy-
perinflation in patients with septic shock. Heart Lung 
2000;29:356–66.

36.	 Paratz J, Lipman J, McAuliffe M. Effect of manual hy-
perinflation on hemodynamics, gas exchange, and respi-
ratory mechanics in ventilated patients. J Intensive Care 
Med 2002;17:317–24.


