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Key points
●●

Children with neurocognitive impairment often present with chronic or recurrent respiratory problems.

●●

The respiratory problems have an important impact on quality of life and life expectancy.

●●

The underlying causes are multiple: risk of aspiration, insufficient cough, upper airway obstruction
and progressive kyphoscoliosis.

●●

There is often a complex interplay between these known risk factors.

●●

The diagnostic and therapeutic approach should be multidisciplinary.

Educational aims
●●

●●

e97

To provide data on the prevalence of respiratory problems in children with disability and to increase
awareness on this topic.
To provide insight into the complex interplay of the underlying causes and risk factors for chronic
lung infection and respiratory failure.

●●

To give an overview of the diagnostic approaches relevant in this context.

●●

To highlight possible therapeutic approaches.

●●

To touch on ethical considerations in this group of vulnerable and complex patients.
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Respiratory illness in children
with disability: a serious problem?
Introduction
Children with severe neurocognitive impairment
often present to paediatric clinics with recurrent
and chronic lower airway infections and increased
risk of respiratory insufficiency [1]. These pulmonary
problems play an important role in the morbidity and
even the mortality of children with neurocognitive
impairment [2–5]. However, the impact may be
insufficiently recognised by caregivers and doctors,
and the medical literature pays relatively little
attention to this topic. Studies are scarce and often
involve retrospective data from small cohorts. This
is most likely because studies are not easy to set up
in this population and the complexity of setting up
studies on, for example, pneumonia occurrence and
risk factors have been well described [6].

Epidemiology
The prevalence of lower airway infections in children
with neurocognitive and motor impairment have
mainly been studied in specific conditions such as
cerebral palsy [5, 6] or in well-defined subgroups like
children with disability referred for gastrostomy or
because of feeding problems [7, 8]. In an Australian
cerebral palsy registry, respiratory problems were
very common, with daily cough or wheeze in 58%,
obstructive sleep apnoea in 10%, cough with
drinking in 40% and abnormalities on clinical

pulmonary exam in around 20% [9]. Children with
cerebral palsy have an increased risk of sudden
death during sleep and most of these patients
have a cluster of respiratory problems such as
recurrent aspiration pneumonia, chronic bronchitis
and (nocturnal) respiratory insufficiency [10].
Pneumonia may disproportionally contribute to
mortality in cerebral palsy and some data suggest
that pneumonia was responsible for 40% of all
deaths [9].
We studied the respiratory morbidity in more
than 120 children with profound intellectual and
multiple disability in the setting of specialised care
centres [11]. Almost all patients were classified as
Gross Motor Function Classification System (GMFCS)
class 4–5, and one out of four had a diagnosis of
cerebral palsy. The median number of lower airway
infections per year was less than anticipated (4,
interquartile range 1–4). Around 12% of patients
had three or more hospital admission for respiratory
illnesses in the previous 5 years, again lower
than expected from our hospital experience. We
hypothesise that in hospital, we mainly treat a
small subgroup of children with neurocognitive
impairment needing recurrent inpatient respiratory
care while the majority of these children are never
seen in the acute hospital setting. However,
around 25% of patients had some form of chronic
respiratory treatment (i.e. mucolytics, nebulised
inhaled corticosteroids or bronchodilators, chest
physiotherapy, or long-term antibiotics) reflecting
significant chronic respiratory morbidity.
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In a study of children with cerebral palsy referred
for gastrostomy, the median number of antibiotic
treatments over a 6 months period was 1.8 and
the median number of hospital admissions for
respiratory reasons was <1 [8]. In a group of 34
children with severe disability and feeding problems,
however, only 10 did not have respiratory infections
at all and 16 had severe lower airway infections [7].
However, the latter preselected groups cannot be
compared to our group.

Risk factors and underlying
causes
The underlying causes for respiratory illness in
children with neurocognitive impairment are
multiple and in most children, several risk factors
are simultaneously present (figure 1). Most risk
factors are only recognised based on clinical
experience [12] and again, limited research has
been done in this field.

Kyphoscoliosis
Children with cerebral palsy and other neurological
problems are prone to develop musculoskeletal
deformities. The underlying neurological insult
may results in a loss of selective motor control,
an increase in underlying muscle tone and muscle
imbalance, which can lead to abnormal deforming
forces acting on the immature skeleton [13].
Kyphoscoliosis can lead to mechanical disadvantage
of the respiratory muscles and decrease the chest
wall compliance. If present in early childhood,
kyphoscoliosis can also limit lung growth. The net
effect is an increased respiratory effort, decreased
vital capacity and unequal lung ventilation
resulting in risk of respiratory failure [12, 14].
In a study on children and adults with severe
neurological impairment, kyphoscoliosis was one
of the major factors predicting increased endtidal carbon dioxide, a measure of respiratory
ventilator insufficiency [15]. Occasionally, severe
kyphoscoliosis can lead to airway compression by
the displaced spine [16].
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Figure 1 Risk factors for respiratory illness in children with disability. GOR: gastro-oesophageal reflux; OSAS: obstructive sleep apnoea syndrome.
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Gastro-oesophageal reflux,
swallowing and aspiration
An important risk factor for chronic lower airway
infections and recurrent pneumonia is aspiration,
either secondary to dysphagia and swallowing
dysfunction or secondary to gastro-oesophageal
reflux (GOR) [17–23]. For evaluation of swallowing
function and possible aspiration, different tests
are used in addition to clinical observation: barium
video fluoroscopy, salivagram and milk scanning.
Milk scanning is the least sensitive and overall, the
agreement between these tests in poor [24, 25].
Children with abnormal findings on a salivagram have
a high rate of abnormal findings on chest radiography
suggestive of lung disease secondary to chronic
aspiration [26]. For more advanced evaluation,
combination of video fluoroscopy and swallow
manometry is suggested [27]. For evaluation of GOR,
24-h pH studies, preferably with impedance and
oesophagogastroscopy, are the gold standard [23].

Cough
For efficient clearing of airway secretions and for
protection against aspiration, an effective cough
is necessary. This requires good coordination and
timing of expiratory and glottis muscles [12]. Many
patients with neurocognitive impairment have no
spontaneous cough or an insufficiently forceful
cough.

Upper airway obstruction
Obstructive breathing due to upper airway obstruction
(UAO) is a common problem in children with
neurological impairment, especially in the context of
cerebral palsy. The main cause is loss of muscle tone
of the pharynx which, during sleep, can lead to sleep
disordered breathing, hypercarbia and hypoxaemia
with risk of pulmonary hypertension [28].
The prevalence of UAO in a cohort of hospitalised
children from South Africa with cerebral palsy was
8.8%. Epilepsy, feeding complications and severe
physical disability are associated with UAO in this
cohort of children with cerebral palsy (R. Petersen,
Red Cross Hospital, Cape Town, South Africa;
personal communication).
Chronic airway colonisation and infection
A paediatric intensive care unit (ICU)-based study
demonstrated an association between Pseudomonas
aeruginosa lung infections in cerebral palsy patients
and morbidity [29]. Children with cerebral palsy and
isolation of P. aeruginosa or other Gram-negative
bacteria from airway cultures had an increased
frequency of ICU admissions, intubation and
large pleural effusion. Additionally, they had more
prolonged hospitalisations and were more at risk
for multiple hospitalisations [30].

General risk factors
The clinician should not forget to look for common
causes of recurrent or chronic airway problems in
this specific group. Asthma, passive smoke exposure
and immobility as well as immunodeficiency should
not be overlooked.
In our cohort study, a wide range of risk
factors were identified and many patients had a
combination of several risk factors. As could be
expected, GOR, swallowing problems and aspiration
increased the risk of hospital admissions. Other risk
factors were axial hypotonia, epilepsy, scoliosis and
absence of spontaneous cough reflex [11].

Treatment
Chest physiotherapy
While in paediatric neuromuscular disorders, the
use of chest physiotherapy with specific devices
has been well studied, the literature on this topic in
cerebral palsy and other neurocognitive impairment
is scant [31–34]. Interventions such as cough
assist devices and intrapulmonary percussion are
now commonly used in neuromuscular patients
for prevention and treatment of lower airway
infections and impaction of secretions. One of
the few studies on chest physiotherapy in cerebral
palsy investigated the use of high-frequency
chest wall compression (Vest system; Hill-Rom,
Amsterdam, the Netherlands) in a prospective,
uncontrolled study in seven patients with cerebral
palsy (five with a tracheostomy). The total number
of pneumonia episodes and antibiotic courses
decreased significantly, as did the pneumoniaassociated hospital admissions [35]. Another study
also showed that the use of the Vest technique for
chest physiotherapy reduced the number of hospital
admissions in children with cerebral palsy or
neuromuscular disease compared to controls [36]. A
recent Cochrane review on this topic concluded that
although the available studies consider different
treatments methods, potential benefits were found
for most the interventions in the absence of adverse
events [37].
Based on clinical experience, chest physiotherapy
is an important tool to treat children with inefficient
cough and chronic or recurrent lower airway
infections. A recent abstract reported on the
impact of home based respiratory physiotherapy
service with a significant decrease in emergency
visits and hospital admission in children with
neurodevelopmental and muscular disorders [38].

Gastrostomy feeding
The main indication for gastrostomy feeding is
unsafe swallowing with risk for aspiration. In case
of failure of medical management of additional GOR,
this may be combined with an antireflux procedure.
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Self-evaluation questions
1 Which of the following respiratory problems are common in children with
cerebral palsy or other disabilities?
a) Obstructive sleep apnoea.
b) Asthma (more than in the general population).
c) Cough with drinking.
d) Chronic bronchitis.
e) Recurrent pneumonia.
f) Foreign body aspiration.
g) All of the above.
2 To assess the risk of aspiration in children with disability, which of the
following examinations would you prefer?
a) Barium fluoroscopy and 24-h pH study.
b) Milk scan only.
c) Oesophageal manometry only.
3 The development of kyphoscoliosis:
a) has no respiratory impact; it only affects posture and positioning.
b) only leads to reduction of lung volume.
c) leads to lung restriction, unequal ventilation and decreased cough
efficacy.
4. First line treatment for obstructive sleep apnoea syndrome in the context
of disability consist of:
a) tracheostomy.
b) nasal continuous positive airway pressure.
c) avoiding medication that reduces muscle tone.
d) adenotonsillectomy and sleep positioning.

In a recent meta-analysis of three retrospective
studies, the outcome of percutaneous
gastrojejunostomy was compared to fundoplication
with gastrostomy in children with neurological
impairment [39]. Procedure-related mortality was
1% in both groups. Rates of pneumonia during
follow-up were high but comparable in the two
groups (17% versus 19%). Complications did not
differ statistically between the two groups, with a
tendency for more major complications with the
open procedure and more minor complications with
the percutaneous procedure.
In our cohort, gastrostomy feeding was a risk
factor for respiratory morbidity, or in other words,
it did not seem to protect the patients from airway
problems. In the context of disability, needing a
gastrostomy should be seen as an indirect parameter
for bulbar dysfunction. This is in accordance with
a study on survival in young patients with cerebral
palsy where GMFCS level 5 and gastrostomy were
indicators of lower survival [2].
This by no means suggests that we should not
consider a gastrostomy in cases of swallowing
disorders in order to protect the airway. In a
preselected cohort specifically looking at the
number of lower airway infections before and after,
a positive effect was seen [8].
A Nissen procedure can mostly be performed
by laparoscopy with acceptable complication rates
even in this vulnerable population. In a report from
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our institution, 106 consecutive patients referred
for a laparoscopic Nissen procedure were evaluated
(57 neurologically normal and 49 neurologically
impaired). Mortality was 0% and conversion rate
to laparotomy was 2.8%. Major post-operative
complications occurred in 12 patients, mostly with
neurologically impairment [40].
While gastrostomy feeding prevents aspiration
of food, it does not prevent the aspiration of saliva
and upper airway secretions. Some centres opt for
surgical closure of the larynx in cases of intractable
aspiration [41] and recently, novel surgical closure
techniques with a lower risk of complications
have been described [42]. In our centre, we have
no experience with these surgical techniques in
children, and the decision is not easy because it
implicates loss of phonation and the presence of a
permanent tracheostomy.
Hypersalivation is a common finding in children
with neurodevelopmental problems and this may
increase the risk of aspiration. Apart from medical
treatment options (hyoscine and glycopyrrolate),
botulinum toxin injections in the salivary gland or
surgical gland resection are effective treatment
options [43, 44].

Scoliosis surgery
In many centres, children with severe and
progressive scoliosis in the context of severe
disability are referred for spinal surgery. Although
neuromuscular scoliosis surgery may improve the
scoliosis curve, evidence that it prolongs survival
is lacking. Furthermore, in the severely impaired
child, the ethical dilemma of whether to subject
the child to an extremely painful, complicationprone procedure involving a prolonged hospital stay
needs to be carefully considered. In a recent metaanalysis, neuromuscular scoliosis patients have
diverse and high complication rates after scoliosis
surgery, with 30% of children with cerebral palsy
having respiratory complications [45]. In a survey
performed in our centre, almost 50% of children
with cerebral palsy developed a pneumonia or
atelectasis post-surgery and 20% had woundrelated issues. There was, however, no surgeryrelated mortality (unpublished data).
Unfortunately, qualitative data on long-term
outcome (i.e. comparing quality of life (QOL)
and survival with or without surgery) are, to my
knowledge, not available. Some reports describe
very subjective and descriptive results after
spinal fusion of improved sitting position, fewer
pressure sores and subjectively better breathing,
for example, in patients with Rett syndrome [46].
In a retrospective cohort, spinal fusion improved
the activity and participation as assessed by the
caregiver, while mobility, feeding, GMFCS level and
communication did not change [47].
A questionnaire-based study reported positive
effects on overall function, QOL and ease of care
as evaluated by the parents, and improved motor
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function reported by the therapist [48]. Data on
change in respiratory outcome are scarce. In one
retrospective cohort, lifetime pneumonia risk was
related to epilepsy, non-cerebral palsy causes and
major scoliosis. However, the yearly incidence
of pneumonia did not decrease after spinal
surgery [49]. In a recently published retrospective
cohort with early onset neuromuscular scoliosis,
spinal fusion was associated with minimal shortand long-term morbidity, but there was 28%
mortality at 10-year follow-up and 50% predicted
mortality at 15 years [47, 50].

Upper airway obstruction
Treatment for obstructive sleep apnoea syndrome
(OSAS) is stepwise in children with neurocognitive
impairment. Adenotonsillectomy may be
considered in this context as a first step, together
with sleep position (prone or on the side rather
than on the back) as a second step. Rapid weight
increase may aggravate OSAS and excessive weight
gain after the start of gastrostomy feeding should
be avoided. Changes in medication for epilepsy or
spasticity may also increase pharyngeal hypotonia
and/or upper airway secretions, and thus OSAS.
Some centres have had positive experiences with
the use of nasopharyngeal airways in this context.
Start of nasal continuous positive airway pressure
(nCPAP) may be considered but should be carefully
weighed against the increased burden of care,
increased cost and possible side-effects. Data on

improved QOL or daytime functioning after the
start of nCPAP in this group are largely missing.
One small study (with only three children with
nCPAP) documented improved QOL and daytime
function (compared with a control group without
OSAS diagnosis) [51]. In cases of severe obstructive
breathing, a tracheostomy may be considered [52].
Again, this should be carefully set against the
drawbacks of a tracheostomy increasing the
complexity and intensity of the care.

Conclusion
Children with neurocognitive impairment often
present with chronic or recurrent respiratory
problems, which have an important impact on
QOL and life expectancy. The underlying causes are
multiple, ranging from risk of aspiration, insufficient
cough and UAO to progressive kyphoscoliosis.
Concomitant disease such as asthma or
immunodeficiency should not be overlooked.
There is often a complex interplay between these
known risk factors. The diagnostic and therapeutic
approach should be multidisciplinary and decisions
for treatment should be individualised, aiming
to improve the QOL of the child. Advanced care
planning in children with neurocognitive disability
should not only concentrate on intellectual
development, motor function, orthopaedic aspects
and feeding, but also on the respiratory problems
that may be encountered [53].
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