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Background: In developing countries, lower respiratory tract infection is a major cause of death in children,
with severely ill patients being admitted to the critical-care unit. While physical therapists commonly use the
manual hyperinflation (MHI) technique for secretion mass clearance in critical-care patients, its efficacy has
not been determined in pediatric patients.

Objective: This study investigated the effects of MHI on secretion mass clearance and cardiorespiratory
responses in pediatric patients undergoing mechanical ventilation.
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Methods: A total of 12 intubated and mechanically ventilated pediatric patients were included in this study.
At the same time of the day, the patients received two randomly ordered physical therapy treatments (MHI
with suction and suction alone) from a trained physical therapist, with a washout period of 4h provided
between interventions.

Results: The MHI treatment increased the tidal volume [V;; 1.2mL/kg (95% CI, 0.8-1.5)] and static lung
compliance [Cy,; 3.7mL/cmH,0 (95% CI, 2.6-4.8)] immediately post-intervention compared with the baseline
(p < 0.05). Moreover, the MHI with suction induced higher V; [1.4mL/kg (95% CI, 0.8-2.1)] and Cy,; [3.4 mL/
cmH,0 (95% CI, 2.1-4.7)] compared with the suction-alone intervention. In addition, the secretion mass [0.7 g
(95% CI, 0.6-0.8)] was greater in MHI with suction compared with suction alone (p < 0.05). However, there
was no difference in peak inspiratory pressure, mean airway pressure, respiratory rate, heart rate, blood
pressure, mean arterial blood pressure or oxygen saturation (p > 0.05) between interventions.

Conclusions: MHI can improve V;, Cy,; and secretion mass without inducing adverse hemodynamic effects
upon the pediatric patients requiring mechanical ventilation.

Keywords: Manual hyperinflation; suction; physical therapy; secretion clearance; pediatric; mechanical

ventilation.

Introduction

Lower respiratory tract infection is a leading cause
of mortality in children under the age of 5 years. In
particular, pneumonia, one of the most common
lower respiratory tract infections, is a major cause
of death in Thailand and other developing coun-
tries.! During lower respiratory tract infection,
muco-ciliary clearance can become overloaded by
excessive mucus production, or be impaired by
heightened inflammation, with an associated loss
of ciliary function.? The resultant impairment of
airway clearance predisposes these patients to
secondary complications, such as acute lobar
atelectasis.?

Children admitted to pediatric intensive-care
units (PICUs) who receive mechanical ventilation
for severe pneumonia, often have physical therapy
administered as a standard therapy.?® The aim of
chest physical therapy is to improve airway clear-
ance, breathing mechanics, gas exchange and ulti-
mately, the rate of patient recovery.? Typically,
chest physical therapy comprises postural drain-
age, percussions, vibrations, suction and manual
hyperinflation (MHI).> Some manual techniques,
including manual chest percussion, are stressful
procedures in mechanically ventilated patients.?
This can negatively impact upon the implementa-
tion of this treatment in patients receiving me-
chanical ventilation, especially the pediatric
patients.®> However, recent systematic reviews.*°
suggest that MHI can be useful for airway clearance
in ventilated pediatric patients due to enhanced
removal of secretion and reopening of collapsed

airways.®” Nevertheless, while the majority of
studies have investigated the efficacy of MHI in
adult patients,® the efficacy of MHI on pediatric
lung physiology remains less well understood.”°
This is important to address, since secretion reten-
tion can be higher in pediatric patients due to
smaller airways.!!

Therefore, the aim of this study was to investi-
gate the immediate effects of MHI on cardiorespi-
ratory function and secretion mass in mechanically
ventilated pediatric patients. It was hypothesized
that MHI with suction would improve the tidal
volume (V}), static lung compliance (Cj,;) and
secretion mass compared to suction alone.

Methods
Study design

This study employed a randomized treatment se-
quence and a crossover clinical trial. On the day of
treatment, the MHI with suction or suction-alone
protocol was randomized to be given as the first
treatment protocol, with the other protocol applied
(at 1.00 pm) 4 h (washout period) later on the same
day. The randomization order was determined by a
computer-generated random sequence (Microsoft
Excel 2012). Sample size calculation was based
upon the study of Choi and Jones,'? with 12
patients required based upon an a of 0.05 and a
power of 80%. The study protocol was approved by
the Lampang Hospital and Naresuan University
Ethics Committees. The protocol was registered
in the Thai Clinical Trials Registry database
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(TCTR20160418001). Written informed consent
was obtained from all patients via their parents
before commencing the study.

Participants

All patients recruited for this study had been ad-
mitted to the PICU at Lampang Hospital and were
diagnosed with pneumonia and secretion retention
according to the British Thoracic Society guide-
lines' for the management of community-acquired
pneumonia in children. Patients had subsequently
been referred to the PICU physical therapist for
physical therapy management.'® The patients met
the inclusion criteria of being aged < 15 years, re-
ceiving mechanical ventilation via an endotracheal
tube for at least 24h and presenting with vital
signs in the normal range.!! Patients with cerebral
palsy, history of thoracic surgery, pneumothorax,
acute respiratory distress syndrome, severe acute
head injury, the usage of inotropes and vasopressors
drugs, severe bronchopleural fistula, rib fracture,
emphysema bullae, lung abscess, history of preterm
birth, heart disease or requiring mechanical venti-
lation with a peak inspiratory pressure (PIP) higher
than 40cmH,0, an FiO, > 0.6 and a positive
end expiratory pressure (PEEP)> 10 cmH,0, were
excluded from the study. Sixteen patients were ini-
tially enrolled and screened, with only 12 patients
meeting the inclusion criteria and taking part in the
study.

Interventions

All subjects were positioned into a supine position
for 15 min to achieve baseline stability prior to the
intervention. The same supine position was main-
tained until the end of the treatment. The proce-
dures were performed following the clinical practice
guidelines of the Infectious Diseases Society of
America and the American Thoracic Society.'*1?

MHI intervention

Manual hyperinflation was performed by single
physical therapist using a silicone resuscitator bag
(Laerdal Medical Corp., USA) via two-handed
technique. The resuscitator bag (maximum volume
of 500 mL) was connected to a pressure manometer
(NIF-KIT, Smiths Medical, USA) with an oxygen
flow of 10L-min~!. A reservoir bag was included
in the circuit. The MHI was performed with slow

and deep inspirations (2s) to a peak inflation pressure
of 30 cmH,0 followed by a 2-s inspiratory pause (2s)
and a quick pressure release (1s). Rest intervals of 1s
interspersed the MHI maneuvers.''® The total
duration of the MHI treatment was 3min 36s
(six times per setx six sets).

Suction intervention

Endotracheal closed suction with pressure control
ventilation (PCV) was performed by the same ex-
perienced registered nurses who were blinded to the
treatment sequence. The duration of suction was
10 s with 5-s rest for each set. Three sets of suction
with a closed suction system (Pacific Hospital
Supply, Taiwan) were used for all patients. The
size of the suction catheters was a maximum of 10
French gauge. The catheter was inserted into the
carina and withdrawn about 1 cm prior to the ap-
plication of a continuous negative pressure of
100 mmHg, with the total duration of 45s per
suction treatment. No suction sessions involved
instillation of normal saline in the endotracheal
tube. For each treatment, the secretion was col-
lected in a secretion collection tube (Pacific Hos-
pital Supply, Taiwan) attached to the closed
suction system. Vital signs were monitored
throughout. The interventions were to be termi-
nated if the vital signs deviated from the normal
range.'!

Outcome measures

Cardiorespiratory variables were measured before
treatment (baseline), immediately after treatment
and subsequently, every 5min up to 30 min post-
treatment. All data were recorded at a single time
point by an independent nurse, blinded to the in-
tervention. The V;, Cg,;, PIP and mean airway
pressure (MAP) were recorded from the display of
a mechanical ventilator (SERVO-i and Bennett
840 machine). Respiratory rate (RR), heart rate
(HR), systolic blood pressure (SBP), diastolic
blood pressure (DBP), mean arterial blood pres-
sure (MABP) and oxygen saturation (SpOs) were
recorded from the non-invasive monitoring equip-
ment (Philips IntelliVue MP30, Germany).

The secretion mass was measured to the nearest
0.01g using a digital scale (Tanita Model 1579,
Japan). The secretion wet weight was calculated
by the sputum cannister weight with secretions
from suction minus the sputum cannister weight.
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Statistical methods

Two-way repeated-measures analysis of variance
(ANOVA) was used to compare the results of the
study. Significant interaction effects were analyzed
using post-hoc t-tests with a Bonferroni adjust-
ment. The secretion mass was analyzed using a
paired t-test. The Statistical Package for the Social
Sciences was used for all statistical analysis (SPSS,
version 23; SPSS Inc., Chicago, IL, USA). Statisti-
cal significance was accepted at p < 0.05. Data are
reported as mean & SD or 95% confidence intervals.

Results

Twelve pediatric patients (six boys and six girls)
were enrolled and completed both interventions.
The characteristics of the patients are summarized
in Table 1. The age of the patients ranged from 3
months to 43 months. All patients were diagnosed
with pneumonia and ventilated in PCV mode.
Seven patients were ventilated via the SERVO-i
(MAQUET Holding B.V. & Co. KG, Rastatt,
Germany) machine and five patients were venti-
lated via the Puritan Bennett 840 (Medtronic,
Minneapolis, USA) machine. The sedative agents
(choral hydrate and dormicum) were used in all
patients. A consort diagram of the study protocol
is illustrated in Fig. 1.

Effect of interventions on
cardiorespiratory function

There were no significant differences between the
baseline parameters of the MHI with suction and
suction-alone conditions. The MHI with suction
increased V; by an average of 1.2mL/kg (95% CI,
0.8-1.5) and increased Ci,; by 3.7mL/cmH,0

Table 1. Characteristics of the patients studied (n = 12).
Variable Mean (SD)
Age (years) 2 (1.8)
Body weight (kg) 9.7 (3.7)
Height (cm) 79.5 (15.3)
Ventilation setting PIP (cmH50) 15.6 (1.6)
PEEP (cmH,0) 4.2 (0.6)
FiOs, 0.4 (0.1)
Duration of intubation at the time of 5 (3)

study (days)

Notes: PIP = peak inspiratory pressure, PEEP = positive
end expiratory pressure, FiO2 = fraction of inspired oxygen.

Assessed for eligibility (7=16)

Excluded (7=4)
Cerebral palsy (n=2)
Preterm (7=2)

Randomised for intervention
order (n=12)

‘ AM. - MHI with suction (#=6) | | AM. : Suction (#=6) |

‘ Wash out 4 hr. ‘ | Wash ot 4 |

PM. - MHI with suction (+=6) ‘

‘ DM - Suction (#=6) ‘ |

Analyzed (n=12)

Fig. 1. CONSORT diagram of the trial.

(95% CI, 2.6-4.8) immediately post-intervention
when compared with the baseline (p < 0.05).
At 15- and 30-min post-MHI with suction, V; and
Clya¢ Were similar to the baseline values (p > 0.05).
Twelve patients demonstrated a clinically relevant
improvement in Cy,; (between 31% and 118%) and
seven patients demonstrated a clinically relevant
improvement in V; (between 10% and 21%) im-
mediately after MHI with suction when compared
to the baseline.

The effects of MHI with suction and suction-
alone conditions on cardiorespiratory function are
presented in Tables 2 and 3, respectively. There
were significant differences in V; and Cl,; between
the conditions, with the MHI with suction having
higher V; [1.4mL/kg (95% CI, 0.8-2.1)] and Cl,;
[3.4mL/cmH,0 (95% CI, 2.1-4.7)] compared
with the suction-alone condition immediately
post-intervention (p < 0.05).

There was no change in PIP, MAP, RR, HR,
SBP, DBP, MABP or SpO, after MHI with
suction. Moreover, the cardiorespiratory function
variables were not significantly changed after
suction alone (Tables 2 and 3).

Effect of interventions on
secretion mass
The secretion mass in the MHI with suction in-

tervention (1.1 +0.4g) was higher compared to
the secretion mass with suction alone (0.5+ 0.3 g,
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Table 2. The effects of MHI with suction and suction-alone interventions on cardiorespiratory parameters and secretion mass.
MHI with suction Suction alone
15-Min 30-Min 15-Min 30-Min
Pre- Post- post- post- Pre- Post- post- post-
Parameter treatment treatment treatment  treatment treatment  treatment  treatment treatment
TV (mL/kg) 11.82 (2.8) 12.987* (3) 11.67 (3.1) 11.97 (2.9) 12.04 (2.8) 11.76 (2.9) 11.78 (2.9) 12.14 (3.3)
Catat 6.4 (2.6) 10.17% (3.6) 7.9 (3.4 7.9 (3.5) 7.1 (3.5) 7.4 (3.5) 7.5 (3.6) 7.3 (3.1)
(mL/cmH,0)

PIP (cmH,0) 15.6 (1.6) 16.2 (1.2) 16 (1.4) 16 (1.3) 16.5 (1.1) 16 4 (1.2) 16.4 (1.6) 16.4 (1.8)
MAP (cmH,0) 8.3 (1.1) 8.1 (0.9) 8 (1) 7.8 (0.9) 8.2 (0.9) 3 (1) 8.5 (1) 8.1 (0.9)
HR (bpm) 129.6 (21.5) 132.7 (18.8) 129.5 (19.6) 130.9 (19.9) 128.8 (21.2) 128 3 (19.9) 126.3 (19.3) 127.3 (19.9)
RR (bpm) 32.8 (5.9) 33.6 (5.9) 31.9 (4.7)  32.5 (5.6) 31 8 (7.5) 32.8 (7.7) 335 (7.3) 328 (7.2)
SBP (mmHg) 96.8 (8.5) 97.8 (7.3) 97.5 (10.5) 98.3 (7.9) 96 (9.5) 97.2 (7.7)  99.8 (10.9) 97.6 (9.5)
DBP (mmHg) 55.1 (5.5) 52.8 (3.6) 58 (4.9) 55.3 (4.3)  56.5 (5.8) 53.1 (4.5) 53.3 (5.8) 53.3 (4.5)
MABP (mmHg) 69.1 (4.5) 67.8 (2.8) 71.3 (5.4) 69.6 (4.3) 69.6 (3.7) 67.7 (4.5) 68.7 (5.7)  68.2 (4.8)
SpO, (%) 99.4 (0.9) 99.6 (0.5) 99.3 (0.9) 99.6 (0.5) 99.3 (0.9) 99 3 (0.9) 99.3 (1) 99.5 (0.8)
Secretion (g) 1.1* (0.4) 5 (0.3)

Notes: The data are represented as mean (SD). TV: Tidal volume, Cg: Static lung compliance, PIP: Peak inspiratory
pressure, MAP: Mean airway pressure, HR: Heart rate, RR: Respiratory rate, SBP: Systolic blood pressure, DBP: Diastolic
blood pressure, MABP: Mean arterial blood pressure and SpO,: Oxygen saturation. #Significant difference between the pre-
and post-treatment interventions (p < 0.05). *Significant difference between the two treatment interventions (p < 0.05).

Table 3. Mean differences (95% CI) for the outcome measures between MHI with suction and suction-alone interventions.

Mean differences between MHI with suction versus suction alone (lower upper limits)
Parameter Pre-treatment Post-treatment 15-Min post-treatment 30-Min post-treatment
TV (mL/kg) —0.2 (—0.7-0.2) 4 (0.8—2.1)* 0.1 (—0.8—1.1) A1 (-11-1.2)
Cstat (mL/cmH50) —0.7 (-1.9-0.6) 4 (2.1-4.7)* 1.1 (0—2.3) 3 (=0.5-3)
PIP (cmH,0) 70 4 (-1-0.2) 2 (—0.4-0.8) 0.2 (—0.4—0.8) 70 1 (—0.7-0.5)
MAP (cmH,0) 1(-0.5-0.7) —03( 1.2—-0.7) —0.6 (—1.5—0.3) —03( 0.8—0.2)
HR (bpm) 08( 3.9-54) 6 (—0.9-8.1) 2.5 (=2.5—-17.5) 8 (—0.1-5.8)
RR (bpm) 1(-24-44) 703 (—-2.9-2.4) —2.5 (=5.5—0.4) 713 (—=3.5—-1)
SBP (mmHg) 0.9 (—6.1-7.9) —O 3 (—4.8—-4.3) —3.2 (—10.8—4.5) —0 3 (—5.4—4.9)
DBP (mmHg) —1.4 (-=7.1-4.2) 1(—4.2-6.4) 6.2 (—-1-13.3) 5 (—4-—11)
MABP (mmHg) 705( 4.6—3.7) 7 (—3.5-4.8) 3.2 (—2.1-84) 19( 2.5—-6.4)
SpOs (%) 1 (-0.8—0.9) 5 (0—0.8) 0(—-0.4-0.2) 0 (—0.8—0.8)
Secretion mass (g) (O 7—0.8)*

Notes: *Significant between group differences (p < 0.05).

p < 0.05; see Fig. 2). A mean difference of 0.7g
(95% CI, 0.6-0.8) was observed between the MHI

with suction and suction-alone treatments.

Discussion

This is the first randomized crossover trial study,
which has assessed the effects of MHI on secretion
production and cardiorespiratory responses in me-
chanically ventilated pediatric patients. The main
finding of this investigation was that MHI with
suction increased V;, Cg, and secretion mass
compared to suction alone. Moreover, there were

no differences observed in PIP, MAP, RR, HR, BP
or SpO, in pediatric patients receiving mechanical
ventilation due to pneumonia. There were no ad-
verse effects of MHI on cardiodynamics in the
mechanically ventilated pediatric patients assessed
in this study. Therefore, our findings suggest that MHI
may improve secretion removal in pediatric patients.
Pediatric lung physiology has lower lung com-
pliance and functional residual capacity compared
with adults, leading to premature airway closure.
In pediatric patients with pulmonary diseases,
reduced pulmonary compliance can increase bron-
chial-wall edema and the risk of airway collapse.
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Fig. 2. The effects of MHI with suction and suction alone

on secretion mass (mean + SD).

This can often be corrected by chest physical
therapy or a bronchodilator.?-!? It is the variance in
lung physiology between children and adults which
has led to limitations in translating the existing
MHI literature to the current study cohort. It has
previously been suggested that the aim of chest
physical therapy during acute infection is to en-
hance airway clearance, assisting in improving
breathing mechanics and gas exchange to promote
patient recovery.>!'® Manual hyperinflation, a
technique commonly used in adult and pediatric
intensive-care units,>'? is used by up to 96% of
physiotherapists in Canada.?’ Gregson et al.?'?2
showed that MHI can increase both peak expira-
tory flow and peak expiratory flow to peak inspi-
ratory flow ratio in pediatric patients, enhancing
the removal of secretion from peripheral to proxi-
mal airways. In agreement with previous works,
Soundararajan and Thankappan.?? demonstrated
that arterial oxygenation can be improved in pe-
diatric patients with upper lobe collapse after car-
diac surgery. Moreover, Viana et al.’* found that
lung volumes could be improved by MHI with and
without PEEP in preterm newborns. Nevertheless,
previous studies have combined treatments with
MHI, making it difficult to distinguish between the
techniques utilized to enhance airway clearance. In
our work, we studied pediatric patients with pneu-
monia and secretion retention, therefore, our results
add to the existing knowledge base related to MHI in

pediatric cohorts with respiratory failure that require
invasive mechanical ventilation.

Cardiorespiratory functions

In this study, the MHI with suction increased V,
and Cl,;, with Cy,; immediately improved by 58%
after the MHI with suction. These changes in vol-
ume and compliance are consistent with previous
studies, and may be linked to increased airway
diameter and secretion removal.'? The airway di-
ameter in children is smaller compared to adults
and might be an important consideration for high
airway resistance with pulmonary disease in chil-
dren.”' Although airway resistance was not
measured in this study, peak inspiratory pressure
and mean airway pressure were not different and,
as such, it can be assumed that airway resistance
was not different. Moreover, physiotherapists and
medical staff assessed lung sounds after MHI and
there was no evidence of wheezing sounds, which
can indicate increased airway resistance.'%-? In line
with the previous observations of Cunha et al.?”
who reported that MHI had no adverse effects on
HR, BP and SpO, in pediatric patients receiving in-
vasive mechanical ventilation, we observed MHI does
not adversely affect hemodynamics. The use of MHI
with a low V; (6-8 mL/kg) is a protective strategy for
hemodynamic stability during mechanical ventilation
in pediatric patients.®!'6 In this study, we performed
MHI at a PIP of 30 cmH,O in accordance with pre-
vious guidelines.'® Our results suggest that MHI is a
beneficial and safe technique for airway clearance in
pediatric patients requiring mechanical ventilation.

Secretion mass

Application of MHI with suction increased the se-
cretion mass compared to the suction-alone con-
dition. Since increased peak expiratory flow can aid
secretion to the larger airway, the increase in se-
cretion mass reported in this study might be a
function of an increase in peak expiratory flow.
Despite not assessing the peak expiratory flow,
previous investigations have revealed that MHI
can enhance secretion removal via a higher peak
expiratory flow.? It is possible that the sputum dry
weight may directly indicate the actual amount of
sputum; for example, there is a linear relationship
between sputum dry weight and wet weight (i.e.,
the higher the sputum wet weight, the higher the
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sputum dry weight).?” In this study, we chose
sputum wet weight due to costing.

The limitations of this study included the se-
verity of the disease not being classified and the
lack of a long-term follow-up. These limitations
mean that the application of MHI could not
be related to both of these outcomes. Therefore,
future research is warranted to determine the re-
peated interventions of the MHI on long-term ef-
fect in specific disease and different ventilator modes
on time to extubating and length of hospital stay.
The relationship between peak expiratory flow and
secretion mass should also be investigated.

In conclusion, this study indicated that the MHI
technique can improve lung volume, compliance
and secretion mass than suction alone. There were
no adverse effects on hemodynamics in pediatric
patients requiring mechanical ventilation.

Acknowledgments

We would like to thank all the patients and their
families and the nurses and medical staff of PICU,
Lampang Hospital, Thailand for taking part in this
study.

Conflict of Interest

No potential conflicts of interest are reported.

Funding/Support

This study was supported by Grants from the
Graduate Program of the Faculty of Allied Health
Sciences, Naresuan University and the Naresuan
University Research Fund, Thailand.

Author Contributions

Tawatchai Luadsri conceptualized and designed
the study, data collection and analysis, and also
prepared the draft of the manuscript. Weerapong
Chidnok conceptualized and designed the study,
prepared the draft of the manuscript and reviewed
the manuscript. Jaturon Boonpitak, Kultida Pong-
dech-Udom and Patnuch Sukpom participated in
data collection. Tawatchai Luadsri, Jaturon Boon-
pitak, Kultida Pongdech-Udom, Patnuch Sukpom
and Weerapong Chidnok have made substantial
intellectual contributions to the study. All authors
have read and approved the final manuscript.

References

1. World Health Organization. Global Health Obser-
vatory data repository. 2015. Available at https://
apps.who.int/gho/data/view.main.1600?lang=en.

2. De Boeck K, Vermeulen F, Vreys M, Moens M,
Proesmans M. Airway clearance techniques to treat
acute respiratory disorders in previously healthy
children: Where is the evidence?. Eur J Pediatr
2008;167:607-12.

3. Hawkins E, Jones A. What is the role of the
physiotherapist in paediatric intensive care units?
A systematic review of the evidence for respiratory
and rehabilitation interventions for mechanically
ventilated patients. Physiotherapy 2015;101:303-9.

4. Lester MK, Flume PA. Airway-clearance therapy
guidelines and implementation. Respir Care
2009;54:733-50; discussion 751-3.

5. Oberwaldner B. Physiotherapy for airway clear-
ance in paediatrics. Eur Respir J 2000;15:196-204.

6. de Godoy VCWP, Zanetti NM, Johnston C. Man-
ual hyperinflation in airway clearance in pediatric
patients: A systematic review. Rev Bras Ter
Intensiva 2013;25:258-62.

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

8. Anderson A, Alexanders J, Sinani C, Hayes S,
Fogarty M. Effects of ventilator vs manual hyper-
inflation in adults receiving mechanical ventilation:
A systematic review of randomised clinical trials.
Physiotherapy 2015;101:103-10.

9. Schechter MS. Airway clearance applications in
infants and children. Respir Care 2007;52:1382-90;
discussion 1390-1.

10. Walsh BK, Hood K, Merritt G. Pediatric airway
maintenance and clearance in the acute care set-
ting: How to stay out of trouble. Respir Care
2011;56:1424-40; discussion 1440-4.

11. Reid S, Peters MJ. Paediatrics intensive care. In:
Main E, Denehy L, eds. Cardiorespiratory Physio-
therapy. 5th ed. Edinburgh: Churchill Livingstone,
2016:455-73.

12. Choi JS, Jones AY. Effects of manual hyperinfla-
tion and suctioning in respiratory mechanics in
mechanically ventilated patients with ventilator-
associated pneumonia. Aust J Physiother
2005;51:25-30.

13. Harris M, Clark J, Coote N, Fletcher P, Harnden
A, McKean M et al. British Thoracic Society
guidelines for the management of community ac-
quired pneumonia in children: Update 2011. Tho-
rax 2011;66:ii1-23.

14. Kalil AC, Metersky ML, Klompas M, Muscedere J,
Sweeney DA, Palmer LB et al. Management of
adults with hospital-acquired and ventilator-asso-
ciated pneumonia: 2016 Clinical practice guidelines
by the Infectious Diseases Society of America and



22

T. Luadsri et al.

15.

16.

17.

18.

19.

20.

21.

the American Thoracic Society. Clin Infect Dis
2016;63:e61-111.

Bradley JS, Byington CL, Shah SS, Alverson B,
Carter ER, Harrison C et al. The management
of community-acquired pneumonia in infants and
children older than 3 months of age: Clinical
practice guidelines by the Pediatric Infectious
Diseases Society and the Infectious Diseases Society
of America. Clin Infect Dis 2011;53:25-76.
Johnston C, Zanetti NM, Comaru T, Ribeiro SN,
Andrade LB, Santos SL. I Brazilian guidelines for
respiratory physiotherapy in pediatric and neona-
tal intensive care units. Rev Bras Ter Intensiva
2012;24:119-29.

Morrow BM, Futter M, Argent A. A recruitment
manoeuvre performed after endotracheal suction
does not increase dynamic compliance in ventilated
paediatric patients: A randomised controlled trial.
Aust J Physiother 2007;53:163-9.

Morrow BM. Airway clearance therapy in acute
paediatric respiratory illness: A state-of-the-art
review. S Afr J Physiother 2019;75:1295.

Clini E, Ambrosino N. Early physiotherapy in the
respiratory intensive care unit. Respir Med
2005;99:1096-104.

McCord J, Krull N, Kraiker J, Ryan R, Ducze-
minski E, Hassall A et al. Cardiopulmonary
physical therapy practice in the paediatric inten-
sive care unit. Physiother Can 2013;65:374—7.
Gregson RK, Shannon H, Stocks J, Cole TJ, Peters
MJ, Main E. The unique contribution of manual

22.

23.

24.

25.

26.

27.

chest compression-vibrations to airflow during
physiotherapy in sedated, fully ventilated children.
Pediatr Crit Care Med 2012;13:€97-102.

Gregson RK, Stocks J, Petley GW, Shannon H,
Warner JO, Jagannathan R, et al.. Simultaneous
measurement of force and respiratory profiles dur-
ing chest physiotherapy in ventilated children.
Physiol Meas 2007;28:1017-28.

Soundararajan LRA, Thankappan SM. Effect
of manual hyperinflation on arterial oxygenation
in paediatric patients with upper lobe collapse after
cardiac surgery. Eur J Gen Med 2015;12:313-8.
Viana CC, Nicolau CM, Juliani RC, Carvalho WB,
Krebs VL. Effects of manual hyperinflation in
preterm newborns under mechanical ventilation.
Rev Bras Ter Intensiva 2016;28:341-7.

Cunha MT, Videira NL, Cristianni R, Martins SR,
Corte L. Impacto hemodinamico e respiratério da
técnica da hiperinsuflagdo manual em criangas sob
ventilagdo mecédnica. Pediatria (S3o Paulo)
2008;30:15-21 (in Portuguese).

Jones AY. Secretion movement during manual lung
inflation and mechanical ventilation. Respir Phy-
siol Neurobiol 2002;132:321-7.

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



	Immediate effects of manual hyperinflation on cardiorespiratory function and sputum clearance in mechanically ventilated pediatric patients: A randomized crossover trial
	Introduction
	Methods
	Study design
	Participants
	Interventions
	MHI intervention
	Suction intervention

	Outcome measures
	Statistical methods

	Results
	Effect of interventions on cardiorespiratory function
	Effect of interventions on secretion mass

	Discussion
	Cardiorespiratory functions
	Secretion mass

	Acknowledgments
	Conflict of Interest
	Funding/Support
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


