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29.1 Introduction

Respiratory problems are common symptoms in children and common reason for
visits to the pediatric emergency department (PED) and admission to the pediatric
intensive care unit (PICU). Although the great majority of cases are benign and
self-limited, requiring no intervention, some patients need respiratory support.
Invasive mechanical ventilation (IMV) is a critical intervention in many cases of
acute respiratory failure (ARF), but there are absolute risks associated with endo-
tracheal intubation (ETI). On the other hand, noninvasive ventilation (NIV) is an
extremely valuable alternative to IMV. A major reason for the increasing use of NIV
has been the desire to avoid the complications of IMV. It is generally much safer
than IMV and has been shown to decrease resource utilization. Its use also avoids
the complications and side effects associated with ETI, including upper airway
trauma, laryngeal swelling, postextubation vocal cord dysfunction, nosocomial
infections, and ventilator-associated pneumonia. There are a number of advantages
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of NIV including leaving the upper airway intact, preserving the natural defense
mechanisms of the upper airways, decreasing the need for sedation, maintaining the
ability to talk while undergoing NIV, and reducing the length of hospitalization and
its associated costs [1-3].

Noninvasive ventilation in the pediatric population with ARF as a therapeutic
tool has become an option in recent years and is being applied increasingly. It can
be initiated wherever the patient presents with ARF—in the PED, PICU, or other
areas of the hospital. Over the last decade, several studies have suggested successful
application of NIV in patients with ARF. Although numerous controlled studies and
meta-analyses have shown its efficiency in different forms of ARF (e.g., exacerba-
tion of chronic obstructive pulmonary disease and acute cardiogenic pulmonary
edema in adults), the evidence supporting its using in infants and children with ARF
is still limited, and there are no generally accepted guidelines for its use. However,
the most recent physiological and randomized studies indicate that the early appli-
cation of NIV improves the breathing pattern and gas exchange and reduces respira-
tory muscle effort in children [1-7].

Today, NIV is considered a first-line intervention for various causes of ARF and
may be considered in the context of pandemics such as HIN1 or severe acute respi-
ratory syndrome (SARS). In these circumstances, most of the studies showed that
the use of NIV decreased the rate of ventilator-associated pneumonia and reduced
the duration of oxygen requirement without prolonging the hospital stay [4-8]. On
the other hand, there is controversy about the possibility that NIV increases the
spread of viral infections during pandemics. Moreover, since the outbreak of SARS
in 2003, pandemic planners around the world have classified NIV as a high risk
procedure that should be used cautiously because of possible spread of the infection
[9]. Similarly, Ontario’s Provincial Infectious Diseases Advisory Committee in
Canada recommended that NIV be avoided for patients with febrile respiratory ill-
ness during the 2009 influenza pandemic (HIN1) [10]. Additionally, the World
Health Organization’s interim guidelines on the prevention and control of acute
respiratory diseases associated with health care have included NIV among the
aerosol-generating procedures in which there is possibly an increased risk of respi-
ratory pathogen transmission [11]. However, there has been no evidence-based
information to support the claim that the use of NIV increases the risk of transmitting
infectious diseases.

29.2 Analysis

The use of NIV for children with ARF caused by viral infections and experiences
using NIV in these children are increasing worldwide. In the literature, most of the
studies related to using NIV in the case of ARF have been done during pandemics.
Also, there is still a large variety of practices and a paucity of published data in
pediatrics. Nonetheless, after the most important two viral pandemics during the
last decade, especially the last one with influenza A(HIN1), most of the societies
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including above-mentioned and the European Respiratory Society, European
Society of Intensive Care Medicine, and The American Association for Respiratory
Care have recommended that NIV not be used to treat ARF due to HIN1, particu-
larly in severely ill patients. Thus, NIV is accepted as a high-risk procedure that
should be used cautiously because of possible spread of infection [9—15].

During the last decade, we experienced two viral pandemics that ultimately
spread worldwide. One was occasioned by severe acute respiratory syndrome
(SARS), which is an emerging infectious disease that first manifested in humans in
China in 2002. In an observational study of the SARS outbreak that included adult
patients from China, the effectiveness of NIV in the treatment of ARF was investi-
gated. It was shown that NIV was effective in preventing the use of endotracheal
intubation in 70 % of patients because of its early initiation in the SARS patients. In
this study, none of the health workers, including doctors, nurses, and health-care
assistants, acquired SARS from the patients. As an explanation, NIV was applied in
a negative-pressure environment with strict personal protection and close monitor-
ing of the health status of all involved staff [4]. In another study from Toronto
during SARS, the use of NIV was discouraged especially after clinicians contracted
the disease when a patient was intubated following NIV failure [9]. Therefore, some
clinicians considered NIV contraindicated for ARF due to airborne respiratory dis-
eases unless it is used in a negative-pressure isolation room and strict precautions
are taken [4, 9].

The second viral pandemic was influenza A(HIN1) in 2009. The role of NIV
in children with ARF due to influenza A(HIN1) was also the subject of contro-
versy, although NIV has become an important mechanism for ventilator support for
pediatric ARF. Severe respiratory failure is a well-recognized complication of pan-
demic HINTI influenza infection. Rello et al. [16] applied NIV to a small number
of critically ill patients with pandemic HINT1 infection complicated by ARF. Most
of these patients subsequently required IMV support. Therefore, NIV is generally
not recommended for patients with the novel influenza infection complicated by
pneumonia and ARDS. NIV temporarily improves oxygenation and reduces the
work of breathing but does not necessarily alter the course of the disease. The
need for NIV is an indication of severe disease and likelihood of IMV. In addition,
hemodynamic instability and multi-organ failure are contraindications for applying
NIV [2, 16, 17].

In a multicenter study from India that included adult patients with infected influ-
enza A(HINT) during the outbreak of influenza A(HIN1) in 2009, patients requir-
ing invasive ventilation at admission had a higher mortality rate than those managed
with NIV and those not requiring ventilation. NIV was considered based on guide-
lines regarding ARF that included severe dyspnea at rest [respiration rate (RR)>35/
min], PaO,/FiO, <200 while breathing oxygen through a mask, and use of accessory
muscles of respiration or paradoxical abdominal motion. Criteria for a response to
NIV, or lack of it, were RR improvement, the Glasgow Coma Score (GCS), and
blood gases improvement. Intubation was considered if there was intolerance to the
mask or there was a contraindication to continued use, including nasal bridge
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necrosis, persistent hypoxemia not responding to appropriate and tolerated levels of
positive end-expiratory pressure (PEEP), or persistent or worsening respiratory aci-
dosis. In all, 32.1 % of patients were managed with NIV. However 17 % of all
patients failed NIV and were intubated and ventilated invasively. Patients who could
be started on and managed with NIV had significantly better survival compared
with those who required IMV at the onset. The need for invasive ventilation at
admission was found to be associated with a higher mortality rate [18].

In another multicenter observational study, Nicolini et al. [19] showed that
NIV was effective in preventing endotracheal intubation in 48 % of the patients
with ARF and pulmonary infiltrates due to an HINT1 infection. Moreover, NIV
success was found to be associated with a lower incidence of “new” infectious
complications and increased ICU survival compared to those patients who failed
NIV. Additionally, a high Simplified Acute Physiology Score (SAPS II) and a low
Pa0O,/FiO, are related to high risk of intubation and mortality. Therefore, they
emphasized that the timing of NIV application is crucial in determining its
success [19].

In a multi-center study investigating the outcome of critically ill children with
HINT1 in PICUs from Turkey, NIV was applied 7.2 % of all patients. Two of them
survived (3.4 %) and four did not (16.0 %). In the same study, mortality rates were
found to be higher in patients with HINI infection and conventional mechanical
ventilation. However, multi-organ failure and high mortality and organ dysfunction
scores were associated with increased mortality. The nonsurvivor group required
conventional mechanical ventilation, high-frequency oscillatory ventilation, renal
replacement therapies, inotropes, and vasoactive treatment. However, this study is
not enough to discuss NIV efficiency because NIV was applied in a small number
of patients and high mortality rates were found [20].

Torres et al. [7] described the clinical characteristics and outcome of children
admitted to the PICU with influenza A(HIN1) from Argentina during the 2009 pan-
demic. NIV was applied to 13.3 % of all patients (19/142) and the success rate was
63 % with no deaths. Twelve of these patients recovered from NIV without mechan-
ical ventilation. Although there was a high rate of mortality (47 %) in their study, all
of the children who received NIV survived. Age <24 months, mechanical ventila-
tion, use of inotropes, respiratory co-infections, and a history of asthma were found
as predictors of mortality [7]. The use of NIV versus conventional ventilation was
addressed in another randomized trial that included a selected small group of hypox-
emic patients. According to the results, serious infections secondary to intubation
developed more frequently in the conventional ventilation group. The duration of
ventilation and the ICU stay were shorter in the NIV group [1].

Another controversial aspect of NIV application is whether NIV should be used
in patients with acute respiratory distress syndrome (ARDS) due to pneumonia or
other causes. According to a consensus in Spain, NIV cannot be considered a tech-
nique of choice in adult patients with ARDS, although it may be useful in experi-
enced centers and in cases of ARF. Within this consensus, the failure rate of NIV in
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patients with ARF secondary to ARDS due to influenza virus A(HIN1) infection
was 75 %, the mortality rate among the patients in which NIV failed was 38 %, and
delays in starting intubation were associated to an increase mortality risk. The gen-
eral recommendation was that early intubation of patients with evidence of NIV
failure should be instituted for better results [21].

There is also controversy about the use of NIV in children with ARDS. There
are only two studies in children with ARDS, and they encourage the use of NIV.
Essouri et al. [6], in a descriptive study, recommended that NIV be used as the first
line intervention in children with severe ARF due to community-acquired pneu-
monia or respiratory failure in immunocompromised patients, although the failure
rate in their study was 78 % among patients with ARDS. Munoz-Bonet et al. [5]
reported an NIV success rate of 81 % regarding control of ARF due to pneumonia,
thereby avoiding tracheal intubation and its complications. Two parameters were
associated with NIV failure, including MAP>11.5 cmH,O and the FiO, (0.6). On
the other hand, the NIV success rate was 50 % in patients with ARDS. Therefore,
the authors thought that the diagnosis of ARDS should not be a contraindication
for the use of NIV, especially in immunosuppressed patients because it prevents
tracheal intubation They also recommended that NIV be applied as early as
possible.

Fowler et al. [22] investigated the risk of contracting SARS among physicians
and nurses who cared for patients with SARS during the epidemic. They showed
that the nurses and physicians who directly participated in endotracheal intubation
had a dramatically increased risk of developing SARS. Similarly, nurses caring for
patients undergoing NIV may have been more likely to develop SARS than nurses
caring for patients with SARS treated with conventional ventilation. The difference,
however, was not statistically significant. Their study indicated that tracheal suc-
tioning was one of the certain high-risk components of SARS nursing care, but it
was not generally performed in patients with SARS ventilated with NIV. Therefore,
endotracheal suction might be considered not to increase the risk of respiratory
droplet dispersion.

During the SARS outbreak, SARS working groups developed guidelines for pro-
cedures, including endotracheal intubation, cardiopulmonary resuscitation, and
mechanical ventilation. These guidelines specify that the use of personal protection
devices is mandatory, the most qualified individual available should perform the
endotracheal intubation, and procedures such as prolonged NIV and aerosolized
bronchodilator or humidification therapies generally should not be initiated where
safe alternatives are available. At that time, many clinicians seeing patients during
the Asian SARS outbreak thought that NIV was preferred over early endotracheal
intubation and mechanical ventilation because of the risk to HCWs involved with
endotracheal intubation [21-24].

Influenza viruses are thought to be spread by droplets, but the role of aerosol
dissemination is unclear. Droplets in the respirable range (~5 pm) may play a
significant part in transmission, but the role of aerosols has been questioned.
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There are few studies that have quantified the viral load in droplets or aerosols.
A subgroup of patients, often with underlying chronic disorders or risk factors
such as immunosuppression, can develop pneumonia/respiratory insufficiency
with HINT swine flu or other influenzal infection and require treatment by oxy-
gen therapy, nebulized medication, and ventilatory support. These therapies are
thought to generate droplets or aerosols. Based on pandemic experience, gas leak-
age via exhalation ports may also disperse infectious particles into the environ-
ment. During pandemics, HCWs and other patients are at risk for contamination
because of the virus. In addition, pandemic planners have highlighted the poten-
tial need for providing mechanical ventilation in environments that are safe for
HCWs. They have recommended airborne precautions for HCWs who are manag-
ing patients with pandemic influenza with increased transmissibility and during
procedures that may generate small aerosol particles of respiratory secretions.
However, it is not known how exhaled air and particles may disperse during NIV
in clinical settings. There is no reliable marker that can be safely introduced to the
patients [23-25].

Previous studies have not assessed droplet or aerosol generation during respira-
tory support interventions in clinical practice. Hui et al. [24] assessed the risks of
single-circuit NIV in spreading infectious particles through the bleeding port and
orofacial mask interface using a high-fidelity human patient simulator. They showed
that substantial exposure to exhaled air occurred within 0.5 m from patients receiv-
ing NIV, and higher ventilator pressures result in a wider distribution of exhaled air
(Fig. 29.1). Therefore, they recommended that HCWs be aware of the potential
risks of viral transmission during NIV and take strict contact and droplet precau-
tions, wearing full personal protective equipment.

An observational study of influenza A and influenza B in exhaled breath also
showed viral RNA in one-third of infected patients, and 99 % of particles had a
diameter of <5 pm when sampled during tidal breathing [25]. Generally, NIV and
chest physiotherapy are accepted as droplet-generating procedures, producing drop-
lets of >10 pm. Because of their large mass, most fall on local surfaces within 1 m.
Therefore, HCWs providing NIV and chest physiotherapy working within 1 m of an
infected patient should have a higher level of respiratory protection. Infection con-
trol measures designed to limit aerosol spread, such as negative-pressure rooms,
may have less relevance. The results of these studies may have infection control
implications for other airborne infections, such as SARS and tuberculosis, as well
as for pandemic influenza infection [10, 22, 25].

Simonds et al. [23] showed the characteristics of droplet/aerosol dispersion
around delivery systems during NIV treatment by measuring droplet size, geo-
graphical distribution of droplets over time after the interventions were discon-
tinued, and the impact of modification of the NIV circuit in clinical practice.
They found that NIV using a vented mask produced large droplets (>10 pm) from
patients and coryzal subjects compared with baseline values. This increase in large
droplets was not seen using the NIV circuit modification. Preliminary analysis
suggests that droplet size falls to within a baseline range within 20—40 min of
discontinuing NIV [23].
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Fig. 29.1 (a) Airflow leakage around a mask is shown by a laser light sheet. Visualization of
airflow around the oronasal mask was facilitated by marking the air with smoke particles produced
by an M-6000 smoke generator (model N19; DS Electronics, Tempe, AZ). The laser light sheet
illuminated the smoke particles after the mask airflow leakage. (b) Inspiratory/expiratory positive
airway pressures (IPAP 10 cmH,O/EPAP 4 cmH,0) with leakage from the nasal bridge (sagittal
plane). There is a <10 % probability of exposure if the health care worker (HCW) stands outside
the light blue contour regions. If the HCW is standing outside a radial distance of approximately
0.25 m from the mask, there is <10 % chance of exposure to the exhaled air. (¢) Note that the high-
est probability of encountering the patient’s exhaled air is not directly above the mask in the sagit-
tal plane but to the side, where a HCW may typically stand (From Hui et al. [24])
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Fig.29.1 (continued)

29.3 Discussion

Noninvasive ventilation is an effective treatment modality for patients with ARF
due to pneumonia or acute cardiogenic pulmonary edema and for immunocompro-
mised patients, both adults and children, with pneumonia and postextubation respi-
ratory failure. It is also known that NIV can markedly reduce the need for
endotracheal intubation and the rate of complications. It shortens the hospital length
of stay and improves survival. NIV can be used to decrease a patient’s dyspnea and
work of breathing and improve gas exchange. Therefore, patients with hypercapnic
forms of ARF are most likely to benefit from NIV. However, clinicians should not
forget that NIV is a complementary technique and cannot replace endotracheal intu-
bation under all conditions.

The success of NIV relies on several factors, including the type and severity of
AREF, very low arterial blood pH, marked alteration in mental status, underlying
disease, location of treatment, and the experience of the team. The time factor is
also important. To prevent further deterioration, early NIV must become an impor-
tant part of the first-line treatment of ARF. In addition, the success of invasive ven-
tilation is dependent on various clinical aspects and the organisation of care—but
also on a number of technical issues. These technical points are the ventilator inter-
face, type of humidifier, and ventilator used and its capabilities for triggering and
pressurization. The general care of the NIV patient is different from that for a patient
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undergoing invasive ventilation and potentially has a great influence on the success
of the technique.

Noninvasive ventilation has become an important mechanism for ventilator sup-
port in children with ARF. However, if the ARF is due to the influenza A(HIN1)
virus, NIV has become controversial. Future prospective randomized controlled
studies should help determine, with more methodology, the physiological effects of
NIV and the most appropriate group of patients potentially able to benefit from this
promising technique during a pandemic. The studies have shown that in critically ill
children with confirmed or probable HIN1 viral infection and severe ARDS the use
of NIV can result in significant improvement in oxygenation. It may improve the
mortality rate for this very high-risk population.

We believe that NIV is a promising alternate to standard therapies in the treat-
ment of ARF in pediatric patients. In our experience, patients placed on NIV should
be monitored closely and the mode of ventilation reviewed if there is a lack of
response within a few hours after starting therapy. Treatment of early ARDS associ-
ated with respiratory viral infections—e.g., influenza A(HIN1)—using NIV could
also be tried after identifying patients who require endotracheal intubation in
negative-pressure rooms under strict precautions. Because of the high demand for
critical care beds during a pandemic, NIV may have a role in reducing the estimated
ICU load as it can be applied anywhere in the hospital.

In conclusion, the efficiency of NIV in children with ARF depends on the degree
of hypoxia, the underlying disease, and illness severity scores. NIV can even be
used in immunosuppressed patients, although cautiously, because intubation is a
strong predictor of mortality and nosocomial infections. The success rate of NIV
depends on early application, the experience of the institution, and the team’s famil-
iarity with the technique.

Key Major Recommendations

* Noninvasive ventilation can be regarded as an option of choice in children
with ARF and ARDS due to respiratory viral infections in centers with a
large experience and under conditions of strict personal protection.

 Initiating procedures that may be associated with increased dispersal of
respiratory droplets—as in patients with SARS or influenza A(HIN1)—
must be conducted with caution. There may be risks that require many
forms of support. Decisions must be made on an individual patient basis
with due attention to the hazards for both patients and HCWs.

e The outcome of NIV in patients with ARF due to acute lung injury, ARDS,
or pneumonia depends on the degree of hypoxia, the presence of co-mor-
bidities and complications, and the illness severity score. In these circum-
stances, NIV should be cautiously considered early and not delay needed
intubation.
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