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Manual hyperinflation in children

REVIEW ARTICLE

INTRODUCTION

In pediatric intensive care units (ICUs), many patients require invasive 
mechanical ventilation (IMV), a method that provides the child with adequate 
ventilatory support in conditions of respiratory failure due to pulmonary and 
nonpulmonary respiratory complications.(1) Its goal is to maintain adequate 
gas exchange and decrease the work of the respiratory muscles and oxygen 
consumption.(2)

Although necessary, this support can cause complications due to the difficulty 
of eliminating bronchial secretions.(1) This occurs due to changes in the natural 
mechanisms for the clearance of secretions in the airways, such as mucociliary 
transport and the cough reflex. The components that hinder these mechanisms 
include inadequate humidification, the use of sedatives and/or anesthetics, high 
inspired oxygen fractions, basal lung diseases and the presence of an artificial airway. 
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in neonatal and pediatric intensive 
care units to promote expiratory flow 
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that presents supporting evidence is 
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maneuver in neonatal and pediatric 
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evidence for this technique in terms of 
the forms of application (associated with 
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therapist’s experience, in addition to 
evaluating the methodological quality 
of the identified articles. A search was 
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ABSTRACT The quality of the articles was analyzed 
using the PEDro scale. Six articles 
were included, two of which had high 
methodological quality. The main results 
provided information on the contribution 
of the positive end-expiratory pressure 
valve to increasing lung volumes and the 
use of chest compressions to optimize 
expiratory flow bias, the negative 
influence of operator experience on 
the increase in peak inspiratory flow, 
the performance of different manual 
resuscitators when used with the 
technique and the safety of application 
in terms of maintaining hemodynamic 
stability and increasing peripheral 
oxygen saturation. The available studies 
point to a positive effect of the manual 
hyperinflation maneuver in children who 
are admitted to intensive care units.
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In addition, the orotracheal tube (OTT) can cause microtraumas 
in the tracheal wall that favor the retention of pulmonary 
secretions.(3-5)

Ventilation-associated pneumonia (VAP) is an important 
and common complication in the pediatric population. It is 
the second most common infection associated with health 
care in pediatric ICUs; it is closely linked to the duration of 
IMV and has the effect of increasing the length of hospital 
stay.(6) According to Willson et al., the incidence of pediatric 
VAP ranges from 2.9 to 45.1 per 1,000 days of ventilation, 
and VAP is related to morbidity and mortality in children.(7)

In this context, respiratory physical therapy aims 
to promote adequate bronchial hygiene in addition to 
reducing respiratory work, maintaining airway permeability 
and improving pulmonary ventilation and gas exchange.(8,9) 
There are some airway clearance techniques that prevent, 
reduce and treat obstructions in this area, thereby reducing 
infections, the risk of mortality and the length of hospital 
stay. Several techniques used by physical therapists in 
pediatric ICUs have been documented in the literature, 
including manual hyperinflation (MH), which is routinely 
used in this environment.(10)

Manual hyperinflation aims to promote the removal 
of pulmonary secretions by increasing the peak expiratory 
flow (PEF). It consists of the use of a self-inflating manual 
resuscitator (MR), popularly known as an AMBU (artificial 
manual breathing unit), using slow inspiration with an 
inspiratory pause, followed by rapid expiration that may 
or may not be associated with chest compression. Its 
purpose is to expand the lung and increase the pulmonary 
distension pressure (transpulmonary pressure), which 
favors the increase of airflow to the atelectasis regions via 
the collateral channels and the redistribution and renewal 
of surfactant in the alveoli.(11)

Manual hyperinflation is widely used by physical therapists 
in several countries and is associated with airway clearance. 
In the study by Volpe et al.,(12) the authors conclude that the 
technique promotes increased pulmonary compliance and 
oxygenation by generating an expiratory flow bias. This is 
described as the mean difference in PEF by peak inspiratory 
flow (PFI) of 33L/minute (PFE-PFI > 33L/minute); that 
is, the expiratory flow should exceed the inspiratory flow to 
promote cephalic movement of the mucus.(12-14)

Scientific evidence regarding the use of MH in the adult 
population is well established, but there are few studies 
in the pediatric population. Thus, this study aimed to 
conduct an integrative review of the available literature on 
the MH maneuver in pediatric and neonatal ICUs and 
to analyze the evidence regarding the MH maneuver in 
relation to its forms of application (with or without other 

techniques), its safety, the performance of self-inflating 
manual resuscitators and the influence of the experience 
of the physical therapist and to evaluate the methodological 
quality of the identified articles.

METHODS

The review protocol was registered by the International 
Prospective Register of Systematic Reviews (PROSPERO), 
under number CRD42018108056.

The eligibility criteria were as follows: studies conducted 
in pediatric and neonatal ICUs in the last 8 years using 
the MH technique, original articles for which the full text 
was available, articles published in Portuguese or English, 
research characterized as clinical trials, longitudinal studies 
or cross-over studies.

The exclusion criteria were studies with samples that 
included adult ICU patients, review articles, duplicates, 
conference articles, editorials, comments or supplementary 
articles that did not address the proposed topic or were not 
available in full or in the predetermined languages.

The search was conducted in six databases: Web of 
Science, ScienceDirect, PubMedⓇ, Scopus, Cumulative 
Index of Nursing and Allied Health Literature (CINAHL) 
and Scientific Electronic Library Online (SciELO) and was 
conducted from June to September 2018. We used three 
descriptors: “Manual Hyperinflation” AND Pediatrics 
AND “Mechanical Ventilation” and included the operator 
“AND” to form the search string.

The analyzed outcomes were the forms of application 
of the MH maneuver (with or without other techniques), 
their safety, the performance of self-inflating manual 
resuscitators and the influence of the experience of the 
physical therapist.

First, the presence of duplicate studies was verified; 
then, the articles were evaluated by title and abstract and 
then by reading of the full text.

A computational tool called State of the Art through 
Systematic Review (StArt) was used to support the systematic 
review process. The tool can be used in three stages: during 
planning, through the completion of a protocol; during 
execution, when it can add and evaluate articles and extract 
information from those that are relevant; and during the data 
summary, through graphs and tables.(15)

The quality of the included articles was analyzed using 
the PEDro scale, which is used to evaluate the quality of 
controlled clinical trials. In systematic reviews, the PEDro 
scale total score is used to characterize the reliability of a 
study as “moderate” to “good”. It consists of 11 items, and 
the higher the score is, the better the article’s quality.(16)
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Study selection (reading of the titles, abstracts and full 
texts) was performed by two independent researchers, 
and discrepancies between them were resolved by a third 
researcher. The same process was used to apply the PEDro 
scale to determine methodological quality.

RESULTS

A total of 294 studies were found; of these, 100 were 
extracted from the Web of Science database, 59 from 
Scopus, 105 from ScienceDirect, 14 from PubMedⓇ 
and 16 from CINAHL. No articles were found in the 
SciELO database. Of the total number of studies, 10 were 
duplicates, and 284 remained potentially relevant.

In the second stage, the titles and abstracts were read, 
and 229 and 30 articles were excluded, respectively. In 
the third stage, 25 articles were read in full, and 19 were 
excluded because they met exclusion criteria. Thus, six 
articles were included in this review (Figure 1).

Table 1 presents the characteristics of the included 
studies, including the study type, sample, sample size and 
intervention performed. Six clinical trials were included. 
Of these, one was of randomized, and two were cross-
sectional and randomized.

The target population was children hospitalized in 
neonatal or pediatric ICUs and physical therapists who tested 
the MH maneuver in models of neonatal and pediatric lungs. 

The sample sizes ranged from 9 to 105 individuals. Only 
the study by Viana et al.(17) included a sample calculation. 
Soudararajan et al.(18) obtained a convenience sample, Novais 
de Oliveira et al.(19) based their sample size on previous 
studies, and the other studies (Gregson et al., de Oliveira 
et al. and Koop et al.) did not address this issue.(5,20,21)

Briefly, the interventions performed involved the use 
of MH with or without the use of positive end expiratory 
pressure (PEEP) valve,(17) MH with thoracic vibrocompression 
(TVC),(18) and an analysis of the performance of three manual 
resuscitators from different manufacturers in terms of the 
ventilatory data of two test lungs (neonatal and pediatric) 
with different oxygen flow rates.(20) In addition, the influence 
of professional experience on MH performance,(19) the 
contribution of TVC to the increase in expiratory flow during 
MH(5) and the clinical variables after MH was performed 
were analyzed.(21)

Regarding the method of application of the maneuver, 
four studies mentioned thus of slow insufflation with and 
inspiratory pause ranging from 2 to 3 seconds, followed 
by rapid release during the expiratory phase.(17,19-21) Three 
studies reported the use of chest compressions during 
expiration.(17,18,21) Only one study did not mention the 
method of application of MH.(5)

Regarding the analyzed variables, only the study by Koop 
et al. evaluated the patients’ vital data, such as heart rate (HR), 
respiratory rate (RR) and peripheral oxygen saturation (SpO2).(21) 

Figure 1 - Study selection.
SciELO - Scientific Electronic Library Online; CINAHL - Cumulative Index of Nursing and Allied Health Literature.
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Soudararajan et al. analyzed arterial oxygen pressure (PaO2) 
and chest radiographs 30 minutes after MH.(18) Gregson 
et al., Viana et al., Novais de Oliveira et al. and de 
Oliveira et al. focused mainly on ventilatory data, such 
as inspiratory pulmonary volume (PVinsp), expiratory 
lung volume (PVexp), inspiratory pulmonary resistance 
(PRinsp), expiratory pulmonary resistance (PRexp), tidal 
volume (Vt), inspiratory pressure peak, PIF, PEF and 
inspiratory time (Tinsp).(5,17,19,20) Only Gregson et al. 
evaluated the force applied by the operator during chest 
compressions in MH.(5)

Regarding the results, in general, there was a positive 
effect of MH on the analyzed variables. The studies showed 
increased lung volumes during MH with and without the 
use of a PEEP valve, increased PaO2 and improved chest 
radiography in children with pulmonary collapse after 

cardiac surgery.(17,18) In addition, there was a difference in 
performance between neonatal and pediatric MRs and 
an increase in ventilatory parameters according to the 
increase in oxygen flow rate.(20) There was also a higher 
PIF when MH was performed by experienced physical 
therapists and an increase in expiratory flow bias when 
MH was combined with TVC.(5,19,20) Finally, there was an 
increase in HR and RR in the first minute after MH and 
an average increase in SpO2 of 0.76% at each evaluation 
time point.(21)

To analyze the methodological quality of each article 
included in this review, the PEDro scale was used, as 
described in table 2. Each item was flagged in the studies, 
and a final score was recorded. The maximum score of this 
scale is 11; however, for the included studies, the maximum 
score was nine, and the minimum was four.

Table 1 - Characteristics of the included studies: type of study, sample, sample size and intervention performed

Author
Type of 
study

Sample Sample size Intervention

Gregson et al.(5) Clinical trial 105 sedated children Did not mention MH was performed with or without TVC. The data were measured at three 
time points: (1) before the intervention, with the patient receiving mechanical 
ventilation; (2) while receiving MH and (3) while receiving MH associated with 
TVC during expiration

Viana et al.(17) Randomized 
clinical trial

28 preterm neonates 28 individuals In all patients, two respiratory physical therapy interventions were performed, 
and MH with and without the PEEP regulating valve was compared. The variables 
were measured 5 minutes before tracheal aspiration and at 1 and 30 minutes after 
aspiration

Soudararajan et al.(18) Clinical trial 18 pediatric 
patients during 

the postoperative 
period of cardiac 

surgery

Convenience 
sample

MH followed by TVC was applied to all patients. Two physical therapists were 
needed; one performed MH, and the other performed TVC. The variables were 
measured before and 30 minutes after MH

Novais de Oliveira et al.(19) Randomized 
crossover 

clinical trial

22 physical therapists Based on 
previous studies

Two groups (experienced and inexperienced physical therapists) simulated MH in 
two neonatal test lungs (neonatal and pediatric) in two clinical situations each (one 
healthy lung and one with decreased compliance). The MRs were from 3 different 
manufacturers

de Oliveira et al.(20) Cross-sectional 
randomized 
clinical trial

22 physical therapists Did not mention The performance of 3 MRs from different manufacturers was evaluated with two test 
lungs (neonatal and pediatric) and with different oxygen flow rates. Two situations 
were simulated: healthy (normal respiratory mechanics) and restrictive (decreased 
lung compliance). The lungs were connected to a 100% oxygen source with oxygen 
flow rates of 0, 5, 10 and 15 L/minute. All of the physical therapists performed 10 
manual hyperinflations with each of the 3 resuscitators for both the neonatal and 
pediatric lungs

Koop et al.(21) Clinical trial 9 preterm newborns Did not mention In all patients, interventional neonatal physical therapy procedures were 
performed that included pulmonary auscultation, TVC, vibration and 
thoracoabdominal support. Subsequently, MH was applied, and the OTT was 
aspirated. Data were collected before the maneuver and at 1, 5 and 10 minutes 
after the intervention

MH - manual hyperinflation; TVC - thoracic vibrocompression; PEEP - positive end-expiratory pressure; MR - manual resuscitator; OTT - orotracheal tube.
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DISCUSSION

Manual hyperinflation is a widely known technique used 
in neonatal and pediatric ICUs, specifically for children under 
IMV. Through a search of the aforementioned databases, 
we sought to gather information on the main parameters 
demonstrating the effect of the use of this technique in the 
aforementioned population.

There are still few studies involving MH in this context, 
and among those included in this review, it can be noted 
that MH was used to investigate different outcomes. While 
Viana et al. were interested in researching the use of the 
PEEP valve during MH, Soudararajan et al. considered 
blood gas analysis and chest radiography data.(17,18) Novais 
de Oliveira et al. compared MH performed by experienced 
and inexperienced physical therapists, and de Oliveira et 
al. investigated the performance of neonatal and pediatric 
MRs.(19,20) Gregson et al. analyzed the effect of chest 
compression during MH, and Koop et al. analyzed vital 
data after this maneuver.(5,21)

Regarding the form of application of MH, four studies 
mentioned performances similar to those described in 

the literature.(17,19-21) Since the advent of MH, there has 
been interest in correctly detailing the technique to ensure 
that its goal of removing secretions is achieved. Experts 
recommend performing the maneuver as follows: first, slow 
insufflation of the resuscitator to a volume 50% greater 
than that provided by the ventilator, followed by a 2-second 
inspiratory pause and rapid release of pressure with or 
without chest compression to promote a high expiratory 
flow that shifts the secretions to the central airways and 
simulates the effect of coughing.(12,22-25)

Regarding the use of the PEEP valve, Viana et al. 
indicated that there was no significant difference in 
MH performed with and without the valve. However, 
they mentioned beneficial clinical evidence, such as 
increased lung volumes, when a PEEP valve was used.(17) 
Another study, by de Santos et al., also used MH with 
a PEEP valve and obtained the same result of increased 
inspiratory and expiratory volumes, in addition to 
increased static compliance.(26) Savian et al. found that 
the PEEP levels imposed during MH could alter the PEF 
and noted that, based on the type of circuit used with 
PEEP above 10 cmH2O, there is a decrease in PEF.(27) 

Table 2 - PEDro scale

PEDro scale

References

Viana
et al.(17)

Soudararajan
et al.(18)

de Oliveira
et al.(20)

Novais de Oliveira
et al.(19)

Gregson
et al.(5)

Koop
et al.(21)

1. The eligibility criteria were specified ✓ ✓ X X ✓ ✓

2. The subjects were randomly allocated to groups ✓ X X X X X

3. The allocation of subjects was concealed ✓ X ✓ X X X

4. The groups were similar at baseline for the most important prognostic indicators X X X ✓ X X

5. There was blinding of all subjects ✓ X X X X X

6. There was blinding of all therapists who administered the therapy X X ✓ X X X

7. There was blinding of all assessors who measured at least one key outcome ✓ X X X X X

8. Measurements of at least one key result were obtained in more than 85% 
of the subjects initially allocated to the groups

✓ ✓ ✓ ✓ ✓ ✓

9. All subjects for whom results were measured received the treatment or control 
condition according to the distribution or, when this was not the case, the data 
were analyzed for at least one of the results-key for an intention-to-treat analysis

✓ ✓ ✓ ✓ ✓ ✓

10. The results of between-group statistical comparisons were reported for 
at least one key outcome

✓ X ✓ ✓ ✓ ✓

11. The study provided both point measures and variable measures for at least 
one key outcome

✓ ✓ ✓ ✓ ✓ X

Total score 9/11 4/11 6/11 5/11 5/11 4/11

✓ - scored; X - not scored.
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Thus, when the patient does not require high PEEP 
values, positive effects of the using the PEEP valve 
during MH are observed that may reduce the deleterious 
effects of disconnecting the patient from the mechanical 
ventilator during the cyclical opening and closing of the 
lung units.(17)

Regarding the performance of MRs, the present 
review pointed to the differences in ventilatory parameters 
between the three brands of devices, both neonatal and 
pediatric; regarding oxygen flow, there was an increase in 
ventilatory parameters according to the increase in flow 
rate at oxygen flow rates of 0 and 15L/minute.(20) In a 
further comparison of MR performance, the study by Jones 
et al. analyzed the differences between two MR circuits 
(Mapleson-CⓇ and MagillⓇ) in terms of the mobilization 
of pulmonary secretions through PEF measurements and 
inspiratory and expiratory relationships; among other 
results, they found that although the two circuits achieved 
ideal flows for secretion removal, the PEF produced by the 
Mapleson-CⓇ circuit was significantly higher, making it 
the most effective circuit for the investigated outcome.(28) 
These results show the importance of tests and studies of 
MRs to identify the ones that are best qualified to achieve 
the purpose of the MH maneuver and yield benefits in 
clinical practice.

Regarding chest compression performed during 
MH, Gregson et al. showed that this factor contributes 
significantly to generating an expiratory flow bias that 
favors the displacement of pulmonary secretions to the 
central airways.(5) In addition, Novais de Oliveira et al. 
reported that the use of MH alone does not seem to 
confer any therapeutic advantage in terms of mucociliary 
airway clearance but may contribute to recruitment.(19) 
In the same vein, another study researched this issue 
and obtained the opposite finding: that MH with chest 
compression is hemodynamically safe but had no added 
benefit in terms of the optimization of oxygenation, 
respiratory mechanics and clearance of secretions 
from the bronchial tubes when performed by a single 
professional, with one hand providing MH and the other 
performing chest compressions.(4) However, the same 
study noted that Vts below the recommended values 
were probably used, and the relationship between the 
expiratory and inspiratory flows generated during the 
execution of the maneuver was suboptimal. Finally, the 
authors emphasized that the lower the Vt is, the lower 
the thoracic expansion, the recruitment of collapsed 
units and the generated PEF are, making the technique 
ineffective.

Regarding the experience of the physical therapist, 
there was a significant increase in PIF when MH was 
performed by professionals with more experience with 
this maneuver. This result was not linked to the physical 
characteristics of the operator but to greater confidence 
of the operator, which causes him or her to be less careful 
when performing the maneuver and in turn reduces the 
benefits of the maneuver.(19,20) The study by Volpe et al.,(12) 
which included 12 physical therapists with a mean of 
5 ± 3 years of experience in adult ICUs, stimulated the 
performance of MH the way they usually perform it in 
daily practice and after they received instruction based 
on recommendations; the study found that before they 
received the instruction, the professionals tended to 
perform the maneuver with high PIF. This can cause an 
insufficient expiratory flow bias and promote inspiratory 
flow bias; as a result, instead of reaching the central airways, 
the secretions can move deeper into the lungs if the patient 
is completely sedated and does not have a cough reflex. 
The study by Ortiz et al.,(14) which included eight physical 
therapists with an average of 2.6 years of ICU practice, 
noted that most professionals performed MH with equally 
high PIFs. A possible explanation for this finding is that 
the guidance for physical therapists regarding MH does not 
emphasize the need for an expiratory flow bias, and, as a 
result, the professionals customized the maneuver in their 
clinical practice based on the impression that a high PIF 
(with two to three rapid compressions) stimulates coughing 
and increases mucociliary clearance. This information 
should draw physical therapists’ attention to the way 
they apply MH and should highlight the importance of 
training programs that teach professionals to perform MH 
according to expert recommendations to favor the removal 
of pulmonary secretions.(12,14)

Regarding the arterial blood gas data (such as PaO2), 
chest radiography and vital data (such as HR, RR and 
SpO2), it can be observed in the present study that MH had 
positive effects in the population of children admitted to the 
ICU. In studies conducted in various populations, it was 
observed that in patients with atelectasis, MH resulted in an 
improvement in radiographic signs, Vt and the relationship 
between PaO2 and the fraction of inspired oxygen (FiO2).(29) 
Blattner et al. reported an increase in both PaO2 and static 
compliance, which reduced the weaning time from IMV.(30) 
Regarding the association with hemodynamic data, which 
has been studied for several decades, the literature indicates 
no change in blood pressure, HR(31-34) or increased arterial 
oxygenation;(24) however, there may be a reduction in cardiac 
output after MH.(31,33)
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In terms of methodological quality of the included 
articles, only one study had a high total score (nine out of 
11 points).(18) de Oliveira et al.(20) scored six, while Novais 
de Oliveira et al.(19) and Gregson et al.(5) scored five points. 
Finally, Soudararajan et al. and Koop et al. scored four points, 
indicating low methodological quality.(18,21) Thus, only two 
studies had high methodological quality (scores ≥ 6), and most 
(four of them) had low methodological quality (scores < 6), 
according to the categorization proposed by Moseley et al.(35) 
In addition, all articles met Items 8 and 9 of the scale, which 
correspond to the measurement of at least one key result in 
more than 85% of the subjects initially distributed into the 
groups and the provision of the treatment or control condition 
to all subjects according to their allocation, respectively.

Regarding the limitations of the present review, the 
small number of studies on the topic of interest can be 
observed. Each of the included articles investigated 
different outcomes, which restricted the ability to compare 
the results. In addition, most of the articles had deficits 

in their methodological quality, which compromises their 
reproduction in clinical practice.

CONCLUSION

Six studies on the topic of study were included; of 
these, only two had high methodological quality. The main 
results provided information on the contribution of the 
positive end-expiratory pressure valve to the increase in 
lung volumes and the use of chest compressions to optimize 
the expiratory flow bias, with increased  peak expiratory 
flow; the negative influence of operator experience on 
the increase in peak inspiratory flow; the performance 
of different manual resuscitators during the performance 
of the technique and the safety of its application, 
with the maintenance of hemodynamic stability and 
increased peripheral oxygen saturation. Thus, currently 
available studies point to a positive effect of the manual 
hyperinflation maneuver performed in children admitted 
to intensive care units.

REFERENCES

1.   Anjos ES, Oliveira AC. Influência da aspiração endotraqueal por sistema 
aberto e fechado nos sinais vitais de recém-nascidos submetidos à 
ventilação mecânica invasiva. Rev Soc Bras Clin Med. 2017;15(2):103-8.

2.   Adorna EL, Vieira FN, Naue WS, Dias AS, Vieira SR. Hyperinflation with 
mechanical ventilation as a bronchial hygiene maneuver. Clin Biomed Res. 
2016;36(4):242-7.

3.   Branson RD. Secretion management in the mechanically ventilated patient. 
Respir Care. 2007;52(10):1328-42; discussion 1342-7.

4.   Dias CM, Siqueira TM, Faccio TR, Gontijo LC, Salge JA, Volpe MS. Bronchial 
hygiene technique with manual hyperinflation and thoracic compression: 
effectiveness and safety. Rev Bras Ter Intensiva. 2011;23(2):190-8.

5.   Gregson RK, Shannon H, Stocks J, Cole TJ, Peters MJ, Main E. The unique 
contribution of manual chest compression–vibrations to airflow during physiotherapy 
in sedated, fully ventilated children. Pediatr Crit Care Med. 2012;13(2):e97-e102.

A hiperinsuflação manual é utilizada em unidades de 
terapia intensiva neonatal e pediátrica para promover um flow 
bias expiratório, porém não há consenso sobre os benefícios 
da técnica. Assim faz-se necessária uma revisão que apresente 
suas evidências. Este estudo objetiva revisar a literatura sobre 
a manobra de hiperinsuflação manual em unidades de terapia 
intensiva neonatal e pediátrica, para analisar as evidências 
dessa técnica em relação às formas de aplicação (associadas 
ou não a outras técnicas), sua segurança, o desempenho 
dos ressuscitadores manuais e a influência da experiência 
do fisioterapeuta, além de avaliar a qualidade metodológica 
dos artigos encontrados. Realizou-se uma busca nas bases 
de dados: Web of Science, ScienceDirect, PubMedⓇ, Scopus, 
CINAHL e SciELO. Dois pesquisadores selecionaram os 
artigos de forma independente. Verificaram-se os estudos 
duplicados, avaliados por títulos, resumos e, então, leitura na 
íntegra. Analisou-se a qualidade dos artigos pela escala PEDro. 

RESUMO Foram incluídos seis artigos, sendo dois com alta qualidade 
metodológica. Os principais resultados trouxeram informações 
sobre a contribuição da válvula de pressão positiva expiratória 
final no aumento dos volumes pulmonares e a utilização das 
compressões torácicas para otimizar o flow bias expiratório, a 
influência negativa da experiência do operador no aumento 
do pico de fluxo inspiratório, o desempenho de diferentes 
ressuscitadores manuais durante a realização da técnica e a 
segurança na aplicação, com manutenção da estabilidade 
hemodinâmica e aumento da saturação periférica de oxigênio. 
Os estudos disponíveis apontam para um efeito positivo da 
manobra de hiperinsuflação manual realizada em crianças 
internadas em unidades de terapia intensiva.

Descritores: Modalidades de fisioterapia; Respiração 
artificial; Terapia respiratória; Mecânica respiratória; Ventiladores 
mecânicos; Unidades de terapia intensiva pediátrica; Criança; 
Recém-nascido

Registro PROSPERO: CRD42018108056



Manual hyperinflation in children 623

Rev Bras Ter Intensiva. 2021;33(4):616-623

6.   Isguder R, Ceylan G, Agin H, Gulfidan G, Ayhan Y, Devrim I. New parameters 
for childhood ventilator associated pneumonia diagnosis. Pediatr Pulmonol. 
2017;52(1):119-28. 

7.   Willson DF, Hoot M, Khemani R, Carrol C, Kirby A, Schwarz A, Gedeit 
R, Nett ST, Erickson S, Flori H, Hays S, Hall M; Ventilator-Associated 
INfection (VAIN) Investigators and the Pediatric Acute Lung Injury and 
Sepsis Investigator’s (PALISI) Network. Pediatric Ventilator-Associated 
Infections: The Ventilator-Associated INfection Study. Pediatr Crit Care 
Med. 2017;18(1):e24-e34.

8.   Vasconcelos GA, Almeida RC, Bezerra AL. Repercussões da fisioterapia na 
unidade de terapia intensiva neonatal. Fisioter Mov. 2011;24(1):65-73.

9.   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(4):303-9.

10.   Johnston C, Zanetti NM, Comaru T, Ribeiro SN, Andrade LB, Santos SL. I 
Brazilian guidelines for respiratory physiotherapy in pediatric and neonatal 
intensive care units. Rev Bras Ter Intensiva. 2012;24(2):119-29.

11.   Guimarães FS, Lemes DA. Hiperinsuflação terapêutica em terapia intensiva. 
In: Associação Brasileira de Fisioterapia Cardiorrespiratória e Fisioterapia 
em Terapia Intensiva; Guimarães FS, Martins JA, organizadores: PROFISIO 
Programa de Atualização em Fisioterapia em Terapia Intensiva Adulto: 
Ciclo 1. Porto Alegre: Artmed Panamericana; 2010. p. 139-51. (Sistema 
de Educação Continuada a Distância).

12.   Volpe MS, Naves JM, Ribeiro GG, Ruas G, Tucci MR. Effects of manual 
hyperinflation, clinical practice versus expert recommendation, on 
displacement of mucus simulant: A laboratory study. PLoS One. 
2018;13(2):e0191787.

13.   Li Bassi G, Saucedo L, Marti JD, Rigol M, Esperatti M, Luque N, et al. 
Effects of duty cycle and positive end-expiratory pressure on mucus 
clearance during mechanical ventilation. Crit Care Med. 2012;40(3):895-
902.

14.   Ortiz TA, Forti G, Volpe MS, Carvalho CR, Amato MB, Tucci MR. Experimental 
study on the efficiency and safety of the manual hyperinflation maneuver 
as a secretion clearance technique. J Bras Pneumol. 2013;39(2):205-13. 

15.   Zamboni AB, Thommazo AD, Hernandes EC, Fabbri SC. StArt uma 
ferramenta computacional de apoio à revisão sistemática. In: Brazilian 
Conference on Software: Theory and Practice - Tools session. UFBA; 2010.

16.   Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M. Reliability of 
the PEDro scale for rating quality of randomized controlled trials. Phys Ther. 
2003;83(8):713-21.

17.   Viana CC, Nicolau CM, Juliani RC, Carvalho WB, Krebs VLJ. Effects of 
manual hyperinflation in preterm newborns under mechanical ventilation. 
Rev Bras Ter Intensiva. 2016;28(3):341-7.

18.   Soundararajan LR, 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(4):313-8.

19.   Novais de Oliveira PM, Almeida-Junior AA, Almeida CC, Gonçalves 
de Oliveira Ribeiro MA, Ribeiro JD. Does experience influence the 
performance of neonatal and pediatric manual hyperinflation? Respir Care. 
2012;57(11):1908-13.

20.   de Oliveira PM, Almeida-Junior AA, Almeida CC, de Oliveira Ribeiro 
MA, Ribeiro JD. Neonatal and pediatric manual hyperinflation: 
Influence of oxygen flow rates on ventilatory parameters. Respir Care. 
2013;58(12):2127-33. 

21.   Koop L, Antunes VP. Avaliação das variáveis clínicas em recém-nascidos 
pré-termo submetidos à ventilação mecânica pré e pós hiperinsuflação 
manual. Rev Inspirar Mov Saude. 2011;3(4):50-3.

22.   Roehr CC, Kelm M, Fischer HS, Bührer C, Schmalisch G, Proquitté H. 
Manual ventilation devices in neonatal resuscitation: tidal volume and 
positive pressure-provision. Resuscitation. 2010;81(2):202-5.

23.   Paulus F, Binnekade JM, Schultz MJ. Manual hyperinflation: positive end-
expiratory pressure to recruit or rapid release for clearance of airway 
secretions? Heart Lung. 2011;40(3):270-1; author reply 271-2.

24.   Paulus F, Binnekade JM, Vroom MB, Schultz MJ. Benefits and risks of 
manual hyperinflation in intubated and mechanically ventilated intensive 
care unit patients: a systematic review. Crit Care. 2012;16(4):R145.

25.   Godoy VC, Zanetti NM, Johnston C. Manual hyperinflation in airway 
clearance in pediatric patients: a systematic review. Rev Bras Ter Intensiva. 
2013;25(3):258-62.

26.   Santos LJ, Blattner CN, Micol CA, Pinto FA, Renon A, Pletsch R. Effects 
of manual hyperinflation maneuver associated with positive end expiratory 
pressure in patients within coronary artery bypass grafting. Rev Bras Ter 
Intensiva. 2010;22(1):40-6.

27.   Savian C, Chan P, Paratz J. The effect of positive end-expiratory pressure 
level on peak expiratory flow during manual hyperinflation. Anesth Analg. 
2005;100(4):1112-6. 

28.   Jones AM, Thomas PJ, Paratz JD. Comparison of flow rates produced 
by two frequently used manual hyperinflation circuits: a benchtop study. 
Heart Lung. 2009;38(6):513-6.

29.   Maa SH, Hung TJ, Hsu KH, Hsieh YI, Wang KY, Wang CH, et al. Manual 
hyperinflation improves alveolar recruitment in difficult-to-wean patients. 
Chest. 2005;128(4):2714-21.

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

31.   Singer M, Vermaat J, Hall G, Latter G, Patel M. Hemodynamic effects 
of manual hyperinflation in critically ill mechanically ventilated patients. 
Chest. 1994;106(4):1182-7.

32.   Jellema WT, Groeneveld AB, van Goudoever J, Wesseling KH, Westerhof 
N, Lubbers MJ, et al. Hemodynamic effects of intermittent manual lung 
hyperinflation in patients with septic shock. Heart Lung. 2000;29(5):356-66.

33.   Paratz J, Lipman J, McAuliffe M. Effect of manual hyperinflation on 
hemodynamics, gas exchange, and respiratory mechanics in ventilated 
patients. J Intensive Care Med. 2002;17(6):317-24.

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

35.   Moseley AM, Herbert RD, Sherrington C, Maher CG. Evidence for 
physiotherapy practice: a survey of the Physiotherapy Evidence Database 
(PEDro). Aust J Physiother. 2002;48(1):43-9.


	_Hlk86234975

