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ABSTRACT

Objective To determine the early predictors of
respiratory hospital admissions in young people with
cerebral palsy (CP).

Design A 3-year prospective cohort study using linked
data.

Patients Children and young people with CP, aged 1 to
26 years.

Main outcome measures Self-reported and carer-
reported respiratory symptoms were linked to respiratory
hospital admissions (as defined by the International
Statistical Classification of Diseases and Related Health
Problems 10th Revision codes) during the following 3 years.
Results 482 participants (including 289 males)

were recruited. They were aged 1 to 26 years (mean

10 years, 10 months; SD 5 years, 11 months) at the
commencement of the study, and represented all Gross
Motor Function Classification Scale (GMFCS) levels.
During the 3-year period, 55 (11.4%) participants had a
total of 186 respiratory hospital admissions, and spent a
total of 1475 days in hospital. Statistically significant risk
factors for subsequent respiratory hospital admissions
over 3 years in univariate analyses were GMFCS level V,
at least one respiratory hospital admission in the year
preceding the survey, oropharyngeal dysphagia, seizures,
frequent respiratory symptoms, gastro-oesophageal
reflux disease, at least two courses of antibiotics in

the year preceding the survey, mealtime respiratory
symptoms and nightly snoring.

Conclusions Most risk factors for respiratory hospital
admissions are potentially modifiable. Early identification
of oropharyngeal dysphagia and the management of
seizures may help prevent serious respiratory illness.
One respiratory hospital admission should trigger further
evaluation and management to prevent subsequent
respiratory illness.

INTRODUCTION
For individuals with cerebral palsy (CP), respiratory
disease is the leading cause of premature death'? and
a major cause of hospitalisations.”™ This situation has
altered very little in the past 40 years.' > In order to
improve respiratory health in this population, indi-
viduals at risk of severe respiratory disease must be
identified before irreversible lung damage occurs.
With a view to this, we have previously described
self-reported or carer-reported respiratory symp-
toms and comorbidities for young people with CP,
and investigated how these related to respiratory
hospitalisations. We found a range of factors, several
of which suggested that individuals with oromotor
dysfunction leading to recurrent aspiration are at risk

46,8

What is already known on this topic?

» Individuals with cerebral palsy (CP), who are
classified as Gross Motor Function Classification
System level V, have an increased risk of
respiratory illness.

» Respiratory hospital readmission rates for
children with CP are high.

» Oropharyngeal dysphagia is associated with
respiratory illness in children with CP.

What this study adds?

» Individuals with CP who have oropharyngeal
dysphagia, seizures, frequent respiratory
symptoms, gastro-oesophageal reflux disease
and nightly snoring are at risk of future
respiratory hospitalisations.

» Most risk factors in young people with CP
for future respiratory hospital admissions are
potentially modifiable.

» Previous respiratory illnesses (as indicated
by hospital admissions or multiple courses of
antibiotics) indicate risk of future respiratory
hospital admissions.

of respiratory hospitalisations. These conclusions
agree with evidence from other authors linking poor
swallowing and aspiration to respiratory illnesses in
children with neurological conditions.” ™

Our previous study was limited by its reliance
on self-reported data for hospitalisations and its
cross-sectional design. Prospective longitudinal
data are required to provide evidence regarding the
development of respiratory disease.'! In this paper,
using linked hospital morbidity data, we investigate
associations between respiratory symptoms in the
cohort who completed our initial survey and respi-
ratory hospitalisations during the following 3 years.
Our objective was to determine the early predictors
of respiratory hospital admissions.

METHOD

Participants

This was a prospective cohort study. All individuals
with CP in Western Australia under 27 years of age
were eligible to participate. According to the state
CP register, 1942 individuals with CP were born
from 1986 to 2011. Allowing for some mortality,
the original cohort (n=551) represented about a
third of the eligible population. Between November
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2011 and June 2012, a survey described previously® '> was

completed by competent participants aged 18 years and over,
and by parents or carers of children with CP under 18 years and
of adults with CP unable to complete the survey themselves. Out
of 551 participants who completed the survey, 482 gave written
consent to link the survey data to the Hospital Morbidity Data
Collection of the Western Australian Health Department.

Predictor variables

The survey obtained self-reported or parent/carer-reported
measures of the following variables: oropharyngeal dysphagia;
number of frequent respiratory symptoms (coughing daily,
sounding chesty or phlegmy weekly, and sounding wheezy
weekly); snoring at least every night; respiratory symptoms
(gurgly voice, wheezing, coughing, sneezing, choking) during
meals; presence or history of gastro-oesophageal reflux disease
(GORD); presence of seizures; diagnosis of scoliosis; current
asthma; presence of smoker in the household; number of hospi-
talisations in the 12 months preceding completion of the survey;
sex; and Gross Motor Function Level, as determined by the
Gross Motor Function Classification Scale (GMFCS)."® The
GMFCS Family Report Questionnaires were used up to age 12
years, and the GMFCS Expanded and Revised Descriptors and
Hlustrations for Children between Their 12th and 18th Birthdays
were used for older participants. Oropharyngeal dysphagia was
operationally defined as: (A) use of a gastro-oesophageal tube
and/or food or drink texture modifications, and/or (B) coughing
or choking on saliva. See online supplementary appendix for
response options and coding of these variables.

Hospital admissions

The Hospital Morbidity Data Collection lists all (public and
private) hospital admissions for all causes. For this study, we
selected respiratory hospital admissions in the 12 months
preceding and the 36 months following the date of completion
of each individual’s survey. The outcome measures were number
of admissions and length of stay using International Statistical
Classification of Diseases and Related Health Problems 10th
Revision (ICD-10) codes (JOO-J99 and R06, excluding J30-J39,
which refer to tonsillitis and laryngitis) as either primary or addi-
tional diagnoses. Up to 10 additional diagnoses were possible.
Probabilistic linkage was performed by the Western Australian
Data Linkage Unit using full name, full date of birth and address.

Statistical analyses

Frequencies and proportions were calculated. Hospital admis-
sion rates were defined as number of hospital admissions
(including multiple admissions for the same individual) divided
by the number of individuals. This was performed cumulatively
for 1, 2 and 3 years following the survey.

Incidence rate ratios (IRR) and their 95% CIs were deter-
mined using negative binomial models as the data were overdis-
persed. An exposure variable was incorporated, deducting time
in hospital for any admissions and accounting for any partici-
pants who had died. Initially, univariate testing was conducted. A
multivariable model was then created through purposeful selec-
tion of covariates using backwards elimination."* Contribution
to the model was assessed by examining the Wald statistic for
each variable and reviewing the impact of the variable on the
other estimated coefficients. A change in any remaining coef-
ficient of more than 25% was considered to be a confounding
change, and it was retained in the model.

Multiple imputations by chained equations (MICE) were used
to manage missing data. There were 58 missing values for 15

predictor variables. Data were missing for the following vari-
ables: snoring (3.5%), respiratory signs with meals (0.4%),
seizures (1.7%), coughing and choking on saliva (2.3%), scoli-
osis (3.5%) and antibiotic use (0.6%). A complete case analysis
would have yielded a sample size of 432 participants, whereas
MICE allowed inclusion of all consenting participants (n=482).
In total, 10 data sets were imputed.

Statistical significance level was set at p<0.05. All statistical
analyses were performed using Stata V.14.1 (StataCorp, College
Station, Texas).

RESULTS

Rates of respiratory hospital admissions and readmissions
The cohort was 482 participants (289 males) with a mean age
of 10.8 (SD=5.9) years (median=10.0; IQR=6-15) at the
beginning of the study. The GMFCS distribution in the sample
was similar to the GMFCS distribution in the CP population
(see table 1). In the 3 years following the survey, there were 11
(2.3%) deaths; and 55 (11.4%) individuals had 186 respiratory
hospital admissions (totalling 1475 days in hospital), of whom
125 (67.2%) had a primary and 61 (32.8%) a secondary respira-
tory diagnosis. Where the respiratory diagnosis was secondary,
the most common primary diagnosis was seizure related (n=32).
The rates of admission in the first year, the first 2 years and the
3 years were 17.0, 27.0 and 38.6 per 100 participants, respec-
tively. Most (61.8%) of the 55 individuals had a respiratory
hospitalisation in the first year.

Readmission rates were high: 48% admitted in the year
preceding the survey were readmitted in year 1 following the
survey; 35% admitted in year 1 were readmitted in year 2; and
40% admitted in year 2 were readmitted in year 3—an average
readmission rate of 41%.

Characteristics of individuals with respiratory hospital
admissions

The 55 individuals with hospitalisations had a mean age of 10.8
(SD=5.8) years at the beginning of the study, and most were male
(61.8%), were classified as GMFCS V (54.5%) and/or had oropha-
ryngeal dysphagia (80.0%), GORD (78.2%), seizures (69.1%) and/
or respiratory symptoms with meals (67.3%) (table 1).

Univariate predictors of respiratory hospital admissions
Univariate regression results (table 2) indicated that the risk factors
significantly associated with increased respiratory hospitalisa-
tion rates were: GMFCS V classification, at least one respiratory
hospitalisation in the year preceding the survey, oropharyngeal
dysphagia, seizures, number of frequent respiratory symptoms,
GORD, two or more courses of antibiotics in the year preceding
the survey, respiratory symptoms with meals and nightly snoring.

Multivariable predictors of respiratory hospital admissions
The multivariable model (table 3) retained as significant the
following risk factors: at least one respiratory hospitalisation
in the year preceding the survey, oropharyngeal dysphagia,
seizures, nightly snoring (except at 1year) and GORD. GORD
was retained in the model in all years; it did not make a statisti-
cally significant contribution at year 1, but its influence on the
IRR for oropharyngeal dysphagia warranted its inclusion across
all years. No interaction terms were significant.

DISCUSSION

This study identified carer-reported or self-reported predictors
of future respiratory hospital admissions over 3 years in young
people with CP. Six of the factors are potentially modifiable:
oropharyngeal dysphagia, respiratory symptoms with meals,
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Continued

Table 1

3years following the survey

2years following the survey

1year following the survey

Overall

Participants
admitted
n (%)

Participants
admitted
n (%)

Participants
admitted
n (%)

Admission rate
(per 100)

Admissions

Admission rate
(per 100)

37.8

Admissions

Admission rate
(per 100)

Admissions

n (%)

51.7

74

15(27.3)

54

245 12 (26.1)

35

11 (32.4)

143 (29.7)

Yes

14.8

7(12.7)

13.1

7(15.2)

6.6

61(12.7) 4(11.8)

Unsure/missing
Previous hospitalisation

=482

linked data: n

439 (91.1)

13.2
297.7

58

128

30 (54.5)
25 (46.5)

73

32
98

22 (47.8)
24 (52.2)

5.2
137.2

23

(47.1)
18 (52.9)

16

No

227.9

43 (8.9)

AB two or more in the past year: n

Yes

=479

212
108.2

81
105

30 (54.5)
25 (46.5)

57 14.9

73

25 (54.3)
21 (45.7)

10.7

20 (58.8)

382 (79.8)

No

75.3

423

41

14(41.2)

97 (20.3)
AB, antibiotics; GMFCS, Gross Motor Function Classification Scale.

Yes

seizures, frequent respiratory symptoms, GORD and nightly
snoring. The other three are non-modifiable markers of risk that
should alert clinicians, and trigger evaluation and management
of modifiable risk factors: GMFCS V classification, at least one
respiratory admission in the previous year, and two or more
courses of antibiotics in the previous year.

The strongest modifiable risk factor for respiratory hospital-
isations was oropharyngeal dysphagia. This was defined as nutri-
tional intake via a tube and/or use of modified textures and/or
reported choking or coughing on saliva. These symptoms indi-
cate motor or sensory dysfunction at the oropharyngeal level,
affecting the ability to prepare and manipulate a bolus or secre-
tions, and to coordinate breathing and swallowing, resulting in
dysphagia and potential chronic aspiration. Presence of respira-
tory symptoms with meals (gurgly voice, wheezing, coughing,
sneezing, choking) also predicted respiratory hospitalisations
in univariate analysis. These mealtime symptoms should trigger
comprehensive assessment of oropharyngeal dysphagia. Early
identification and management of oropharyngeal dysphagia may
prevent or delay serious respiratory disease in this population.

Presence of any two of three frequent respiratory symptoms
(coughing daily, sounding chesty or phlegmy weekly, and/or
sounding wheezy weekly) indicated significantly heightened
risk of subsequent respiratory hospitalisations. These symp-
toms suggest lower respiratory tract infection or inflammation
and may result from oropharyngeal dysphagia and consequent
aspiration. Recent evidence suggests that chronic aspiration may
be associated with chronic airway inflammation and infection
with Pseudomonas aeruginosa and other bacteria in children
with CP'® Children with ongoing respiratory symptoms may
therefore benefit from antibiotic therapy specifically targeted at
P. aeruginosa or prophylaxis with broad spectrum oral antibi-
otics. This approach is commonly used in children with other
suppurative lung diseases such as cystic fibrosis and bronchiec-
tasis.!” Routine immunisation against influenza is recommended
for young people with chronic respiratory disease, and may also
benefit individuals with CP at risk of respiratory disease.

Respiratory symptoms were identified as risk factors, but a
current diagnosis of asthma was not. A trial of asthma medica-
tions such as bronchodilators or inhaled corticosteroids may be
considered for individuals with persistent wheezing. However,
symptoms attributed to asthma may result from other pathology,
particularly aspiration, and so asthma medications should be
continued only if there is evidence of a significant response.'®

There is preliminary evidence that some physiotherapy inter-
ventions may be beneficial for children with CR'”*' Controlled
trials are required to establish the appropriate place for physio-
therapy in children with CP at risk of respiratory disease.

Presence of current seizures is a risk factor for subsequent respi-
ratory hospitalisations. Its contribution is probably multifactorial.
The motor activity, altered muscle tone and the reduced level of
consciousness during and following seizures may worsen oropha-
ryngeal dysphagia and GORD, increasing risk of aspiration. In
addition, medications for emergency seizure management, such
as benzodiazepines, may increase salivary production and cause
drowsiness, exacerbating oropharyngeal dysphagia. Optimising
seizure control may ameliorate risk of serious respiratory illness.

GORD was a risk factor, but there is little published evidence to
suggest that management of GORD decreases respiratory illness in
CP. Indeed, one study found that individuals who had antireflux
surgery were more likely to be colonised with lower respiratory
tract pathogens.'® Nevertheless, simple measures to prevent reflux,
such as appropriate positioning during and after meals and smaller,
more frequent meals, may be beneficial.
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Table 2  Univariate analysis (negative binomial model) producing IRRs and their 95% Cls for number of admissions cumulatively 1, 2 and 3 years

following the survey

Predictor

IRRs for hospitalisations following the questionnaire (95% Cls)

1year

2years

3years

Sex (female)t
Oropharyngeal dysphagiat+§
GMFCSt$§
|
Il
1]
\%
\%
Number of frequent respiratory symptomst#§
0
1
2
3
Snoring#§
Never/rarely
Sometimes (weekly)
Often/always
Respiratory symptoms with mealst$§
GORD1#§
Seizurest$§
Scoliosist+§
Asthma—currentt
Smoker§
No
Yes

Unsure/missing

At least one respiratory hospital admission in the

year preceding the surveyt+§

Two or more courses of antibiotics in the year
preceding the surveyt+§

0.65 (0.230 to 1.81)
38.4 (14.1 to 105)*

1.00

3.58 (0.98 to 13.1)

2.67(0.352 10 20.2)

3.44(0.72 t0 16.4)
48 (12.9 to 179)*

1.00
3.32(1.02 to 10.8)*

15.7 (4.6 to 54)*

18.4 (4.7 to 72)*

1.00
1.68 (0.47 t0 5.9)
1.96 (0.56 0 6.8)
5.9 (2.30 to 15.1)*
7.3 (2.78 to 17.8)*

24.3 (9.3 to 63)*
234 (0.64 t0 8.5)
2.24(0.64t07.9)

1.00
1.60 (0.55 to 4.6)
0.369 (0.069 to 1.99)

33.8 (13.7 to 83)*

4.6 (1.52 to 13.9)*

0.85 (0.330 t0 2.17)
30.2 (13.4 to 68)*

1.00
3.61(1.22 t0 10.6)*
3.06 (0.57 t0 16.3)
3.63 (0.97 to 13.6)

49 (15.3 to 156)*

1.00

2.51(0.83 10 7.63)
13.4 (3.95 to 45)*
15.6 (4.0 to 62)*

1.00
2.00 (0.63 t0 6.3)
251 (0.82 0 7.7)
5.5 (2.34 to 13.1)*
8.0 (3.67 to 19.7)*

18.3 (8.1 to 42)*
2.50 (0.7 t0 8.2)
1.95 (0.59 to 6.4)

1.00
1.72 (0.64 t0 4.6)
0.4 (0.102 to 1.91)

46 (20.6 to 101)*

5.4 (1.97 to 15.0)*

0.88 (0.352 t0 2.19)
31.1 (14.7 to 66)*

1.00
4.1 (1.51 to 11.3)*
2.38 (0.46 t0 12.5)
5.6 (1.75 to 19.5)*

60 (19.7 to184)*

1.00

2.01 (0.66 t0 6.07)
12.4 (3.57 to 43)*
14.7 (3.61 to 60)*

1.00
2.03 (0.67 to 6.2)*
3.25 (1.1 to 9.5)*
4.6 (1.99 to 10.8)*
7.4 (3.24 t0 16.9)*

21.3 (9.9 to 46)*
238 (0.74 t07.7)
1.8(0.57 10 5.9)

1.00
1.70 (0.65 to 4.4)
031 (0.075 to 1.29)

37.6 (14.72 to 96)*

5.4 (1.98 to 14.6)*

GMFCS, Gross Motor Function Classification Scale; GORD, gastro-oesophageal reflux disease; IRR, incidence rate ratio.
tIncluded in initial multivariate model for 1 year (p<0.25).
$Included in initial multivariate model for 2 year (p<0.25).
§Included in initial multivariate model for 3 year (p<0.25).

Nightly snoring was a risk factor for respiratory hospitalisations. obstruction (both awake and asleep) in snoring individuals. Snoring
The mechanism for this is uncertain. Snoring may reflect hypotonia was common in this population, and it is reasonable to consider
and discoordination of upper airway muscles, and hence increase assessment and management of obstructive sleep apnoea.
risk of aspiration. Alternatively, the increased work of breathing A GMEFCS V classification is a non-modifiable risk factor, but was
associated with snoring may increase the risk of gastro-oesopha- the strongest predictor of respiratory hospitalisations in univariate
geal reflux and aspiration.”* Furthermore, minor respiratory infec- analyses. Young people with CP classified as functioning at level

tions may increase nocturnal work of breathing and upper airway V GMEFCS had a much higher risk of admissions than all other

Table 3 Multivariable analysis model (negative binomial model) producing IRRs and their 95% Cls for number of admissions cumulatively 1, 2
and 3 years following the survey

Multivariable regressiont—negative binomial model
Incidence rate ratios for hospitalisations following the questionnaire (95% Cls)

Predictor

1year

2years

3years

Oromotor dysfunction
Snoring
Never/rarely
Sometimes (weekly)
Often/always
GORD
Seizures
Previous hospitalisation—linked data

8.8 (3.01 to 25.7)*

1.77 (0.73 t0 4.3)
3.59 (1.35 to 9.6)*
12.9 (5.7 to 29.1)*

7.1(2.81t0 17.9)*

1.00
1.26 (0.50 t0 3.16)
2.57 (1.15 to 5.7)*
3.61 (1.59 to 8.2)*
3.20 (1.38 to 7.4)*

16.2 (7.8 to 33.4)*

6.4 (2.86 to 14.2)*

1.00
1.59 (0.67 to 3.76)
3.73 (1.77 to 7.9)*
3.00 (1.46 to 6.2)*
3.96 (1.9 to 8.3)*

13.8 (6.8 to 28.3)*

*P<0.05 (bold).

tMultivariable model adjusted for covariates listed.

GORD, gastro-oesophageal reflux disease; IRR, incidence rate ratio.
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GMFCS levels. GMFCS V classification was a good predictor of
respiratory hospitalisations partly because of its strong association
with oropharyngeal dysphagia,® and possibly because of the greater
burden of comorbidities in young people classified as GMFCS V.»

Previous respiratory infections, as indicated by previous hospital-
isations or courses of antibiotics, marked an increased risk of subse-
quent hospitalisations, which is consistent with previous research.**
The incidence rate for those with at least one respiratory hospitalisa-
tion in the year preceding the survey was 10 times greater than for
those with none. Such admissions should be seen as a red flag indi-
cating that an individual may require evaluation and management to
prevent subsequent respiratory hospitalisations.

Scoliosis was not a statistically significant predictor. Although
scoliosis often coexists with respiratory disease at the time of
death in people with CB' our data suggest that scoliosis does not
precede or cause the respiratory illness.

Limitations

The sample did not include the full population, but its GMFCS
distribution closely reflects the CP population and all age levels
within the intended age range were represented. Frequency
of respiratory illness is likely to be underestimated in this study
because: (A) ICD-10 coding may underestimate the prevalence of
respiratory diagnoses,’® and (B) hospital admission occurs in only
57% of children with CP presenting to hospital emergency depart-
ments with respiratory symptoms.

The 3-year follow-up period of this study cannot indicate how
many individuals develop respiratory illness in later life. Mobility
declines with age in moderate and severe CPB, and so may swal-
lowing difficulties.”® ** Risk of respiratory disease may increase
correspondingly.

CONCLUSIONS

Evidence from this study may be used to identify children and
young people with CP at risk of future respiratory hospital admis-
sions. Most of these risk factors are potentially modifiable. Identi-
fication of children and young people with CP with unmodifiable
risks, such as previous respiratory hospitalisations and GMFCS V
classification, should prompt evaluation of potentially modifiable
risks, such as oropharyngeal dysphagia, seizures and GORD.
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