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REVIEW ARTICLE

Noninvasive ventilation in status asthmaticus in

children: levels of evidence

Ventilagio mecinica ndio invasiva na crise de asma aguda grave

em criangas: niveis de evidéncias

ABSTRACT

Objective: To evaluate the quality of
available evidence to establish guidelines
for the use of noninvasive ventilation for
the management of status asthmaticus
in children unresponsive to standard
treatment.

Methods: Search, selection and
analysis of all original articles on asthma
and noninvasive ventilation in children,
published until September 1, 2014 in
all languages in the electronic databases
PubMed, Web of Science, Cochrane
Library, Scopus and SciELO, located
using the search terms: “asthma”, “status
asthmaticus”, “noninvasive ventilation”,
“bronchospasm”, “continuous positive
airway pressure”, “child”, “infant”,
“pediatrics”, “hypercapnia”, “respiratory
failure” and the keywords “BIPAP”,
“CPAP”, “bilevel”, “acute asthma” and

“near fatal asthma”. The articles were
assessed based on the levels of evidence
of the GRADE system.

Results: Only nine original articles
were located; two (22%) articles had
level of evidence A, one (11%) had level
of evidence B and six (67%) had level of
evidence C.

Conclusion: The results suggest that
noninvasive ventilation is applicable
for the treatment of status asthmaticus
in most pediatric patients unresponsive
to standard treatment. However, the
available evidence cannot be considered
as conclusive, as further high-quality
research is likely to have an impact on
and change the estimate of the effect.

Keywords: Noninvasive ventilation;
Bronchial spasmus; Asthma; Status
asmathicus; Respiratory insufliciency;
Hypercapnia; Child

INTRODUCTION

Noninvasive ventilation (NIV) was first used in adults by the end of the 1980s.""
In 1993, a search in the PubMed database using the search term “noninvasive
ventilation” would have located only 14 articles. By 2003, the number of studies
retrieved with this search term was 88. A search conducted in 2013 resulted in the
identification of 230 scientific publications by the same term.?

Acute severe asthma, also known as status asthmaticus, is essentially a fast
and severe exacerbation of asthma that might not respond to standard treatment
(oxygen, bronchodilators and steroids).® It is characterized by diffuse lower
airway obstruction caused by inflammation/edema, in addition to bronchial
smooth muscle spasm and mucus plugging, being a reversible condition.”
Patients exhibit airflow limitation and premature airway closing, which increase
the work of breathing. The expiratory phase of breathing becomes active in an



attempt to empty the lungs. Increased airway resistance
and hyperinflation cause overdistension of the lung
parenchyma and chest wall, rendering the next inspiration
more difficult.”” Hyperinflation is dynamic and results
in progressively longer time constants, with consequent
increases in air trapping and intrinsic positive end-
expiratory pressure (PEEP).” Severe asthma attacks are
acute or subacute episodes of cough, “shortness of breath”,
“wheezing”, “tight chest” or any combination of these
symptoms.”

The rate of hospital admissions caused by asthma
among children is approximately 5%; episodes of
respiratory failure are uncommon in this population,
being developed in 8 to 24% of the asthmatic children
admitted to pediatric intensive care units.”

It is currently believed that in some groups of patients,
such as those with exacerbation of chronic obstructive
pulmonary disease (COPD), NIV reduces the need for
intubation, the mortality rate and the cost of treatment,
for which reason its use has become increasingly more
frequent.

As NIV seems to be efficacious and safe in COPD and
the pathophysiology of acute respiratory dysfunction in
asthma is similar in many aspects to that of COPD, the
use of NIV has been investigated in cases of severe asthma
attacks.® Nevertheless, the indications for NIV in acute
asthma attacks still do not have solid support, and its use
has been put into question,” particularly in the case of
children.

The mechanism of action of NIV in status asthmaticus
seems to be based on its bronchodilator effect, which
induces alveolar recruitment.” The bronchodilator effect
is resulted by the use of PEEP, which compensates the
effects elicited by the elevation of the intrinsic PEEP. The
airflow increases through collateral ventilation channels,
resulting in re-expansion of areas with atelectasis and
improvement of the ventilation/perfusion ratio, with a
consequent reduction in the work of breathing.” When
applied in bilevel positive airway pressure (BIPAP) mode,
the inspiratory positive airway pressure (IPAP) might help
the inspiratory muscles to overcome the limitation to the
airflow and chest overdistension, thus increasing the tidal
volume.®

In NIV, the patient-machine interface consists of a
mask, held in place with a headgear,® or nasal prongs,
which means thatitis without tracheal intubation, reducing
the complications associated with invasive mechanical
ventilation and becoming an option for patients who are
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poorly responsive to the standard treatments for status
asthmaticus. However, attention should be paid to the
general contraindications of NIV, such as altered state of
consciousness, hemodynamic instability, gastrointestinal
disorders (likely to cause nausea and vomiting), facial
trauma, acute failure of more than two organs, among
others."”

This ventilation support is usually provided by
continuous (CPAP) or bilevel (BIPAP) positive airway
pressure.”

The aim of the present study was to assess the quality
of the available evidence to establish guidelines for use of
NIV in the management of status asthmaticus in children
unresponsive to standard treatment.

METHODS

Search, selection and analysis were conducted for all
original articles on asthma and NIV in children (up to
18 years old) published until September 1, 2014 in any
language in the electronic databases PubMed, Web of
Science, Cochrane Library, Scopusand SciELO; the articles
were located using the search terms (listed in Health Science
Descriptors - Descritores de Ciéncias da Saude - DeCs)
“asthma”, “status asthmaticus”, “noninvasive ventilation”,
“bronchospasm”, “continuous positive airway pressure”,
“child”, “infant”, “pediatrics”, “hypercapnia”, “respiratory
failure” and keywords “BIPAP”, “CPAP”, “bilevel”, “acute
asthma” and “near fatal asthma”.

The articles located by the search were initially selected
based on the information provided in their titles and
abstracts. Studies with samples containing individuals with
lung disorders other than asthma were excluded. Then,
the full texts of the selected articles were analyzed, and
the references cited in them were surveyed in search for
additional studies that could possibly meet the inclusion
criteria and had not been located in the first search. As
only a small number of articles met the inclusion criteria,
all of them were included in the systematic review through
assessment of its methodology.

The methodological quality of the articles was
assessed by means of the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
system for evaluation of scientific evidence. GRADE
was chosen because it is a clear and explicit system that
considers the design and execution of studies and their
consistency and linear direction in the judgment of the
quality of the evidence corresponding to each outcome/
relevant consequence."!
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In GRADE, the quality of evidence is classified as high,
moderate, low or very low (Table 1). Some organizations
prefer to analyze the categories low and very low together.

Table 1 - GRADE quality of evidence!"'®
High (A)

Consistent, with evidence in randomized controlled trials

or meta-analyses, without considerable limitations or with
exceptionally strong evidence from observational studies. Further
research is very unlikely to change the confidence in the estimate
of effect.

Moderate (B)  Evidence from randomized controlled trials with considerable
limitations (inconsistent results, methodological flaws,
imprecision, indirect results). Further research is likely to have an
impact on the confidence in the estimate of the effect and might

change the estimate.

Low (C) Evidence of at least one important result in observational studies,
case series or randomized controlled trials with serious flaws
or indirect evidence. Further research is very likely to have an
impact on the confidence in the estimate of the effect and is
likely to change the estimate.

Very low (C)  Any estimate of the effect is very uncertain.

Judicious evaluation of the quality of the evidence was
independently performed by two reviewers.

RESULTS

After the database search, only nine articles were
located and included in the systemic review (Table 2).
These articles were found in duplicate in the investigated
databases: two in the Cochrane Library, six in the Web of
Science, five in Scopus and eight in PubMed, but none in
SciELO. Two articles (22%) had level of evidence A, one
(11%) had level of evidence B and six (67%) had level of
evidence C (Table 3).

DISCUSSION
Few published studies discuss the use of NIV for the

management of severe acute asthma in children, and most
of them are observational. The only two randomized
1718 have several limitations, such as a lack of
blinding participants and investigators and small sample
sizes. In 2010, the journal Pediatric Critical Care Medicine
published the abstract of a paper presented at a meeting on
this subject, which likely corresponds to the early stages of
a study published in 2012.97 This prospective open-label
randomized clinical trial compared NIV combined with
standard treatment and standard treatment alone for the
management of severe acute asthma in children aged one
to 18 years old.

One of the randomized clinical trials"® located in the
present review did not exclude the possibility of having

clinical trials'
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included participants with other lower airway obstructive
diseases as a function of difficulties in differential diagnosis.
Nevertheless, it focused on asthmatic patients and even used a
scale for asthma severity assessment (Clinical Asthma Score).

The one prospective study" included in the present
systematic review used plethysmography as an objective
measure for assessment of respiratory mechanics. The
authors of that study concluded that NIV is safe and
effective for the management of severe acute asthma in the
pediatric population.

The remainder of the located studies are observational,
consisting of cohorts?*?" and case series/reports.*?>29

One of the studies tested the hypothesis that use
of a CPAP induces autonomic modulations that
increase parasympathetic activation, in addition to
bronchodilation resulting from the mechanical effect of
positive pressure. The CPAP level used was 10cmH,O
over 20 minutes. This study® found an increase of the
vagal tone during CPAP use, with the effect remaining
after discontinuation because of activation of the non-
cholinergic parasympathetic pathway, with consequent
inhibition of bronchoconstriction caused by stimulation
of the cholinergic pathway.

The possibility that NIV
(bronchodilator) deposition in the airways by inhalation
therapy during asthma attacks and exacerbations of
COPD was also considered.®” The results seemingly
depend on countless associated factors, such as the type
of ventilator, ventilation mode, type of patient-machine
interface and position of the aerosol therapy connection
in the circuit, among others. Nevertheless, it is believed
that combinations of NIV and inhaled medications have
beneficial effects, provided proper attention is paid to the
application of this technique.

NIV might be associated with some complications,
such as skin lesions (from the mask pressure), gastric
distention that might cause vomiting and aspiration®®
and subcutaneous emphysema, among others. In clinical
practice, such deleterious effects might be minimized
through the application of hydrocolloid sheets between
the skin and the mask, the use of a nasogastric tube
attached to a collector bag, short pauses for face comfort
and adjustment of the NIV pressure settings as needed.

Another fact that should be taken into account is that
some patients might feel discomfort caused by the air
pressure and flow.?® Some cases require some modality of
sedation, which should be thoroughly assessed, as it might
cause respiratory depression.

The limitations exhibited by the analyzed studies
might derive from the fact that the use of a mask (or other

improves  aerosol



Table 2 - Main characteristics of the studies
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Mayordomo-Colunga
etal.¥

Akingbola et al.?

Beers et al.?!

Needleman et al.""?

medical records)

Prospective
observational

Case report

Retrospective
descriptive

Prospective trial

performed in a PICU from
October 2002 to April 2004.
Children with conditions
other than asthma were not
included.

72 children over six months
old with SA unresponsive
to standard treatment,
m-WCAS > 4 and 1 work of
breathing; PICU, July 2004
to December 2009. Children
with contraindications for
NIV were excluded. OTI
criterion: no improvement
with BIPAP settings up to
20X 10

3 children-9, 11 and 15
years old, hypercapnic
respiratory failure by SA,
PICU from 2 institutions

83 children - 2 to 17 years
old with acute asthma
refractory to conventional
treatment treated with
BIPAP; pediatric emergency
department, from April 1
2003 to August 31 2004.

18 patients 8 - 21 years

old - SA refractory to
conventional treatment

in PICU. Did not include
children < 8 years old
because they tend not

to tolerate the mask or
children with cardiovascular
diseases, pneumothorax or
UA obstruction.

MPIS, oxygen saturation).
BIPAP 12 - 16 X 6 - 8. Patients
were allowed 15-minute
breaks every 2 hours for
comfort, eating and drinking.
NIV stopped based on staff
assessment. Associated
conventional treatment.

Patients evaluated 1, 6, 12,
24 and 48 hours after onset of
treatment.

Nasal or face mask; short
periods without NIV for
comfort and aspiration; initial
parameters: EPAP 5 and
IPAP 6 - 8cmH,0; sedation
for adaptation as per need;
nebulization coupled to

the circuit + conventional
treatment

No intervention. Description
of cases.

No intervention.

Review of medical records by
the principal investigator.
BIPAP by nasal mask; children
with any comorbidity were
excluded from the study.

BIPAP through nasal mask,
initial parameters 10 X 4, 1
as per tolerance up to 15 X 6
after 10 minutes.

RIP before, during and after
NIV (10 minutes at each
stage) to assess respiratory
mechanics.

Author Design Sample Intervention Outcomes Conclusion

Carroll and Retrospective, 5 children 2 to 18 years No intervention. Evaluation 4 out the 5 children were morbidly NIV was well tolerated

Schramm(' case series old with SA received NIV before onset of NIV and 30 and  obese; significant = | RR (p by this group of children
(review of as a part of the treatment 60 minutes afterwards (RR, = 0.03), clinical improvement with SA and can improve

according to MPIS (p = 0.03)
after onset of NIV. Average NIV
duration = 33.2 hours. NIV was
well tolerated by all of the children;
1 required sedation.

Significant p < 0.05; 72 children
received NIV; Improvement of
m-WCAS, | HR and RR in the

first hour (p < 0.01); PaCO,
measured before NIV in 13 cases,
all showed | PaCO, in the first
hour; average NIV duration 33
hours; average length of stay 3
days; face mask in 91.5% of cases;
skin lesion (11), gastric distension
(4), UA bleeding, barotrauma and
subcutaneous emphysema (1
each); sedation in 58.3% (younger
children - p < 0.01); 5 QTls; 1
death after OTI (arrhythmia).

48 hours in ICU; BIPAP 12 to 17
hours; IPAP 10 to 14 and EPAP 4 to
5; BIPAP — ABGs improvement (1
pHand |PaCO,), gradual |RR

Average age 8 years old; 64%
males; average BIPAP duration:
5.8 hours; 73 tolerated BIPAP - 4
did not tolerate BIPAP from the
first seconds - 10 minutes; 77%
1 RR, 23% with no change; 88%
1 oxygen saturation, 12% with
no change (adequate saturation
before BIPAP); 78 admitted

to PICU, 2 QTls. 22% in ward
service; no deaths, pneumothorax,
pneumomediastinum or epistaxis

15 children completed the study
(2 excluded for data system
malfunction, 1 for discomfort
under NIV even with improvement
on RIP). After onset of NIV | RR
(p = 0.002), fractional inspired
time (Ti/Ttot - p = 0.01) and rib
cage-abdominal phase angle (p =
0.02) in 12 out of the 15 patients.
3 patients did not exhibit clear
response to NIV.

subjective and objective
measures of respiratory
dysfunction. NIV may
be a useful adjunct in
the treatment of SA in
children.

The results show

that NIV is a feasible
therapy in children with
SA unresponsive to
conventional treatment.

In 3 children with SA,
BIPAP seemed to improve
ventilation and gas
exchange, culminating in
resolution of hypercapnic
respiratory failure. RCTs
assessing NIV in this
clinical condition are
needed.

The results suggest
that addition of BIPAP in
treating pediatric SA is
safe and well tolerated.
This intervention shows
promise as a beneficial
adjunct to conventional
medical treatments.
However, future
prospective investigation
is warranted to confirm
these findings.

NIV is a safe and effective
treatment of SA in
pediatric patients.

Continue...

Rev Bras Ter Intensiva. 2015;27(4):390-396
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... continuation

Basnet et al.!"” RCT,
prospective,
non-blinded

Williams et al.? Descriptive,

prospective and

retrospective

Thill et al.t’® Prospective,

crossover

randomized

Haggenmacher Case report

etal®

20 patients; PICU; 1-18
years old - SA, from January
2009 to January 2010;

CAS 3 to 8 after initial
pharmacological treatment.
Excluded patients without
UA protective reflexes or
respiratory drive, lesions

in or procedures involving
the face.

No demographic differences
between the groups at
baseline.

165 children < 20kg;
moderate/severe asthma
exacerbations; emergency
department; age: 0.6 to
8.24 years old. Children

who received BIPAP <

30 minutes, born with
gestational age < 28 weeks
or with chronic disorders
were excluded.

20 children aged 2 months
to 14 years old, admitted to
PICU along 6 months, with
lower airway obstruction
and CAS >3- < 8;
children with tracheostomy,
absent airway protection
reflexes, abnormalities in

or procedures involving

the face were excluded;

no significant differences
between the groups at
baseline; no patient with
severe hypercapnia.

One 11-month-old infant
with SA, respiratory
dysfunction, ABGs: pH 7.29
and PaCO, 69; already given
oxygen and conventional
treatment.

10 patients randomized to
receive NIV + standard
treatment (GNIV) and 10
patients standard treatment
only (Gstandard); BIPAP
through nasal or full-face
mask, 8 X 5 for VT 6 to 9 mL/
kg; bronchodilator through the
circuit as needed; evaluation at
2,4-8,12-16 and 24 hours
after onset of intervention

by respiratory therapist (not
involved in the study) — CAS,
RR, HR, need for oxygen and
associated treatments.

Retrospective and prospective
description of 112 and 53
patients, respectively.

Patients randomized to
receive either 2 hours of NIV
followed by crossover to 2
hours of standard treatment
alone (G1) or vice-versa (G2).
BIPAP through nasal mask,
spontaneous mode, backup
RR 10, initial parameters 10
X 5, bronchodilator through
circuit as per need. Patients
independently assessed by
principal investigator and
respiratory therapist 2 and 4
hours after onset of treatment
by means of CAS.

Non-invasive BIPAP through
an adult nasal mask used as
a pediatric face mask; 11 X
6 initially, IPAP 1 to 13 after
RR 30.

GNIV: greater improvement on CAS
at all time-points of evaluation (p
< 0.1), greater | RR and oxygen
requirement after 2 hours (p =
0.1and p = 0.3); children had
less need for adjunct therapies
(statistically non-significant) and

| HR (at 12-16 hours, statistically
significant); 9 out the 10 children
tolerated NIV (in 1 NIV was
discontinued due to persistent
cough); all the children attained VT
6 to 9mL/kg with 8 X 5 except for 1
- required full-face mask. Length of
stay at PICU similar in both groups.

No deaths, pneumothorax or
aspiration pneumonia (1 case with
vomiting); 4 OTI even after NIV; 6
patients excluded due to NIV < 30
minutes (agitation; children aged

1 to 4 years old). Improvement

on PAS in all of the cases; 99
children were admitted to ICU,

57 to hospital wards and 9 were
discharged home.

4 patients did not complete the
study: 3 OTls (1 from G1 and 2 from
G2); NIV discontinued in 1 patient
due to discomfort; no deaths or
adverse events; no significant
difference between the principal
investigator's and respiratory
therapist's assessments; | RR,
CAS while under NIV in both
groups; NIV did not change HR

in either group; no significant
difference in oxygen saturation or
transcutaneous CO,; required Fi0,
+ | in the patients under NIV;

no child was given sedatives or
anxiolytics.

Improvement of respiratory
dysfunction and ABGs return to
normal values in 72 hours.

Early initiation of NIV
along with short acting
bronchodilators and
systemic steroids can
be safe, well tolerated
and effective in the
management of children
with SA.

BIPAP utilization in

acute pediatric asthma
exacerbations for patients
< 20kg is safe and may
improve clinical outcomes.
These findings warrant
future prospective
investigation of this
subject.

NIV can be an effective
treatment for children
with acute lower airway
obstruction.

NIV + standard treatment
is useful for small children
with SA refractory to
conventional treatment;
RCTs are warranted to
confirm findings.

SA - status asthmaticus; NIV - noninvasive ventilation; PICU - pediatric intensive care unit; RR - respiratory rate; MPIS - Modified Pulmonary Index Score;

BIPAP - bilevel positive airway

pressure; m-WCAS - Modified Wood's Clinical Asthma Score; OTI - orotracheal intubation; EPAP - expiratory positive airway pressure; IPAP - inspiratory positive airway pressure; HR - heart rate;
PaCO, - partial pressure of arterial carbon dioxide; RCT - randomized clinical trial; UA - upper airways; RIP - Respiratory Inductive Plethysmography; Ti/Ttot - inspired time/total time; CAS -
clinical asthma score; GNIV - group noninvasive ventilation; Gstandard - standard group VT - tidal volume; PAS - pediatric asthma score; CO, - carbon dioxide; FiO,: fraction of inspired oxygen;

ABGs: arterial blood gases

types of interface used in NIV) will certainly be perceived
by patients and investigators. In addition, it is very
difficult to deliver oxygen alone (with no pressure for a
control group) through any kind of NIV interface; mainly
because it might cause discomfort and thus likely fails
to generate the desired FiO, compared to when normal

oxygen therapy systems are used.

Rev Bras Ter Intensiva. 2015;27(4):390-396

There are also ethical issues to consider. Severe acute
asthma attacks might be fatal; thus, treatment must be
carefully chosen to resolve the attack as soon as possible,
which might make simple randomization to receive or to
not receive NIV difficult.

The authors of all analyzed studies rated NIV as

a safe and efficacious adjuvant treatment for children



Table 3 - GRADE system for quality of evidence

Author High Moderate Low Very low
Basnet et al.!"” X

Thill et al."™® X

Needleman et al."® X

Williams, et al.®

Beers et al.?! X
Mayordomo-Colunga et al.*!

Carroll et al."®

Akingbola et al.?

Haggenmacher et al.?
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with status asthmaticus who are unresponsive to
conventional treatment; nevertheless, one should take the
aforementioned considerations about the methodological
quality of the studies into account.

CONCLUSION

The results suggest that noninvasive ventilation is
applicable for the treatment of status asthmaticus in most
pediatric patients unresponsive to standard treatment.
However, the available evidence cannot be considered
as conclusive, as further high-quality research is likely to
have impacts on and change the estimates of effects.

RESUMO

Objetivo: Avaliar a qualidade das evidéncias existentes para
embasar diretrizes do emprego da ventilagio mecanica nao
invasiva no manejo da crise de asma aguda grave em criangas
nio responsivas ao tratamento padrao.

Métodos: Busca, sclecio e andlise de todos os artigos
originais sobre asma e ventilagio mecinica nio invasiva em
criangas, publicados até 12 de setembro de 2014, em todos
os idiomas, nas bases de dados eletronicas PubMed, Web of
Science, Cochrane Library, Scopus e SciELO, encontrados por
meio de busca pelos descritores “asthma”, “status asthmaticus”,
“noninvasive ventilation”, “bronchospasm”, “continuous positive
airway pressure”, “child’, “infant’, “pediatrics’, “hypercapnia’,
“respiratory failure”, e das palavras-chave “BIPAP”, “CPAP”,
“bilevel’, “acute asthma” e “near fatal asthma”. Os artigos foram
qualificados segundo os graus de evidéncias do Sistema GRADE.

Resultados: Foram obtidos apenas nove artigos originais.
Destes, dois (22%) apresentaram nivel de evidéncia A, um (11%)
apresentou nivel de evidéncia B e seis (67%) apresentaram nivel
de evidéncia C.

Conclusao: Sugere-se que o emprego da ventilagio
mecinica nio invasiva na crise de asma aguda grave em criangas
nao responsivas ao tratamento padrio é aplicdvel & maioria
desses pacientes, mas as evidéncias nao podem ser consideradas
conclusivas, uma vez que pesquisa adicional de alta qualidade
provavelmente tenha um impacto modificador na estimativa de
efeito.

Descritores: Ventilacio nio invasiva; Espasmo bronquico;
Asma; Estado asmdtico; Insuficiéncia respiratdria; Hipercapnia;
Crianga
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