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Purpose

Sleep disordered breathing (SDB) is a well recognised

complication in patients with neuromuscular disorders

(NMD).
1,2

 However, it is often clinically unrecognised

as most patients with SDB remain asymptomatic and

patients underestimate symptoms such as fatigue

which they may attribute to their NMD.
3
 Therefore the

diagnosis of SDB in NMD patients requires a high

index of suspicion. The identification of daytime

predictors may be helpful to pick up those high risk

patients for further evaluation.

Ven t i l a t i on  requ i res  a  ba lance  be tween  an

adequate central respiratory drive, the capacity of

and the load on the respiratory muscles.
4
 NMD

pat ients are vulnerable to SDB because th is
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balance is disturbed. The intr insic respiratory

muscle weakness leads to a reduced capacity of

the resp i ra tory  system which wi l l  be fur ther

compromised  by  t he  p resence  o f  hypox ia ,

hypercapnia and acidosis.
5 
The presence of chest

wall deformity like kyphoscoliosis, the increased

upper airway resistance from obesity, weakness

o f  upper  a i rway  musc les  o r  coex is tence  o f

obstructive apnoea add further load to the system.

Central respiratory drive is also altered in NMD

patients when the rise in PaCO
2
 and acidosis lead

to renal retention of bicarbonate which reduces

sensitivity of the respiratory drive.
4
 During sleep,

the balance is further challenged with the normal

physiological changes that occur during sleep.

Only metabolic control of respiration remains active

during sleep whi le the conscious input to the

respiratory centre becomes inactive. There is

hypotonia of the upper airway and intercostal

muscles which may become atonic during rapid eye

movement (REM) sleep.
6
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Sleep hypoventilation in NMD patients usually precedes

the development of daytime respiratory failure.
7-10

Adaptation and down-regulation of the ventilatory

responses to hypoxemia and hypercapnia occur if these

are left untreated and may have a causal role in the

development of respiratory failure.
11

 Meanwhile, chronic

nocturnal hypoxemia and sleep fragmentation can lead

to pulmonary hypertension, cor pulmonale, arrhythmias,

excessive daytime sleepiness, sudden death and

neurodevelopmental abnormalities including poor school

performance, hyperactivity, aggressive behaviour, social

withdrawal and failure to thrive in children.
12

 Therefore,

timely recognition of SDB is important to prevent these

consequences. The provision of effective treatment like

non-invasive ventilation has been shown not only

improving sleep quality and architecture, alleviating

symptoms related to SDB, improving growth and

intellectual ability,
13-15

 but also reducing hospital stays

and improve survival.
13,16

A standard multidisciplinary assessment programme for

NMD patients has been in place in this department, in a

regional hospital, since 2003. Under the programme,

NMD patients were admitted to hospital for four days for

a one-stop assessment followed by case conference

every year. A retrospective descriptive study was

conducted for patients enrolled into this programme to

investigate for daytime predictors of SDB.

Methods

The records of children and adolescents with various

neuromuscular disorders who were recruited into a

multidisciplinary assessment programme in this

department were reviewed for i) patients' characteristics,

ii) diagnoses, iii) presence of symptoms suggestive of

SDB, iv) presence of scoliosis and the Cobb's angles,

v) pulmonary function parameters including forced

expiratory volume in 1 second (FEV1), forced vital

capacity (FVC), maximum inspiratory pressure (MIP) and

maximum expiratory pressure (MEP), vi) body mass

indices (BMI), vii) mobility scores, viii) blood gas analysis

inc lud ing b icarbonate,  base excess and ix)

polysomnography results. The relationships of these

daytime assessment parameters with indices of

respiratory disturbance during sleep were studied.

Assessment parameters
The multidisciplinary assessment programme provided

a yearly comprehensive multi-aspect assessment

with clinical evaluation, pulmonary function test,

polysomnography, nutritional assessment, neuro-

musculo-skeletal assessment, mobility and functional

assessment,  cardiovascular assessment and

psychosocial assessment for NMD patients. NMD

patients attending this department and over 6 years old

(for the feasibility of the different tests) would be recruited

into the programme. The diagnoses of NMD were made

by paediatric neurologist.

The pulmonary function parameters FEV1, FVC, MIP,

MEP were measured in the standing position or sitting

position if the patients were wheelchair bound according

to the standards of the American Thoracic Society.

Full overnight PSG with electroencephalogram,

electrooculogram, electrocardiogram, submental

electromyogram and microphone, oronasalflow and

respiratory movement sensors, oxyhaemoglobin

saturation (SpO
2
), endtidal CO

2
 (ETCO

2
) was performed

and the data was recorded onto a computerised

work station (Compumedics, Melbourne, Australia) and

was scored according to the standards of the R&K

Manuals.
17

 Apnoea was defined as cessation of airflow

for more than two respiratory cycles. It was classified as

central if cessation of respiratory efforts occurred,

obstructive if respiratory efforts persisted. Hypopnoea

was defined as reduction in airflow to 50% or less of the

preceding or following respiratory cycles. Desaturation

was defined as ≥4% drop in SpO
2
 from baseline.

Desaturation index (the average number of desaturations

per hour of sleep) ≥1.4/hour was defined as abnormal.
18

SDB was considered present if the respiratory

disturbance index (RDI) (the average number of

apnoeas, hypopnoeas and desaturations) was ≥5 events/

hour.
15,19

Patients were interviewed for symptoms suggestive of

sleep problems including snoring during sleep, restless

sleep, daytime sleepiness, fatigue, morning headache

and witnessed apnoea. Patients were classified into five

mobility classes using a standardised disability mobility

index
1
 based on clinical examination (Table1). They were

also checked for chest deformity and if scoliosis was

present, X-ray was taken and the Cobb's angle

Table 1.  Mobility class

Disability class

1 Can climb stairs without support

2 Requires ambulatory assistance with stairs only

3 Requires assistance with any ambulation

4 Not ambulatory, capable of unassisted transfer

5 Not ambulatory, requires transfer assistance
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calculated. Blood gas analysis was performed by a

venepuncture from a daytime sample.

Statistical analysis
The data of each patient's first assessment in the

programme was analysed. For assessing the relationship

between body mass index (BMI) and SDB, BMI SDS

(BMI standard deviation score) was used. Analysis was

performed with SPSS 10 (SPSS INC., Chicago, IL). List

of variables included age, pulmonary function parameters

(FVC, FEV1, MIP, MEP), nutritional status (BMI SDS),

venous blood gas (base excess, HCO
3
), Cobb's angle

and disability mobility index were assessed for correlation

with indices of respiratory disturbance during sleep (RDI,

DI, lowest SpO
2
) using Spearman's rank test. Group

comparison was performed with Mann-Whitney U-test.

The relationship of symptoms with SDB was examined

with Fisher exact test. P<0.05 was considered statistically

significant.

Results

Patient characteristics
There were eighteen NMD patients ≥6 years old being

followed up in this department. One refused to join the

multidisciplinary assessment programme because

patient and his parents were reluctant to receive

assessment. Five of those who joined the programme

had already been on nocturnal non invasive ventilatory

support beforehand and they were excluded from the

statistical analysis. Twelve patients were entered into

the statistical analysis and they had a mean age of

12.3±3.8 years (range from 6 to 20 years old). There

were nine male and three female. The diagnoses of their

NMD were listed as followed: four patients with

Duchenne muscular dystrophy (DMD), three patients

with spinal muscular atrophy type II (SMA II), one with

central core myopathy, one with Leigh's syndrome, one

with limb girdle type muscular dystrophy, one with

hereditary motor sensory neuropathy type II (HMSN II)

and one with myoclonic epilepsy, lactic acidosis and

stroke (MELAS). Table 2 showed a summary of the

patients' characteristics.

Six patients belonged to mobility disability rank of 1

(i.e. could climb stairs without support), one rank 2 or 3

(i.e. required ambulatory assistance with stairs only or

required assistance with any ambulation), and five rank

4 or 5 (i.e. not ambulatory either capable of unassisted

transfer or required transfer assistance) (Table 1). None

of the patients was obese (BMI >97th percentile for his/

her age) but four of them were underweight (BMI <3rd

percentile for his/her age). Scoliosis was present in seven

subjects: four were mild (Cobb's angle 10-29), two

moderate (Cobb's angle 30-49) and one severe (Cobb's

angle of >50).

Three patients failed to perform pulmonary function tests

because of mild mental retardation. All of them did not

have SDB as shown in PSG.

Sleep disordered breathing
SDB was diagnosed in seven of the 12 analysed patients

(58%). Abnormal desaturation during sleep defined as

desaturation index ≥1.4/hour was present in five of the

subjects and they all had SDB with RDI ≥5/hour.

Relationship between daytime parameters and
SDB
Comparison between groups
None of the assessed parameters could be used to

differentiate SDB (RDI ≥5/hour) and non SDB group

clearly (Table 3) but significant difference in venous

base excess was noted between group with RDI

≥10/hour and group with RDI <10/hour (Table 4). The

mean FEV1 and FVC values in the SDB group

were only slightly lower than the non SDB group

(FEV1: 74.4%±31.1% predicted vs. 86.5%±30.4%

predicted; FVC: 74.0%±32.9% predicted vs. 80%±
26.9% predicted) and the di fference was not

statistically significant (Table 3). There was also no

statistically significant difference of the assessed

parameters between the groups with and without

DI ≥1.4/hour although the former group appeared to

have much lower group mean FEV1 (62.2%±24.4%

predicted vs. 96%±26.7% predicted) or FVC (60%±
22.1% predicted vs. 94.8±29.5% predicted) compared

with the later group (Table 5).

Correlation analysis
Correlation tests were then done for any association

between assessed parameters and the indices of

respiratory disturbance during sleep including the RDI,

DI and lowest SpO
2
. Base excess (with a rho of 0.655,

p=0.021) and bicarbonate (a rho of 0.599, p=0.04) on

venous blood gases were found to be correlated with

RDI, but there was no association of RDI with the other

parameters assessed. No difference in HCO
3
 and BE

was detected between the non SDB and the SDB groups

defined by RDI >5/hour. However, significant difference

of BE was noted between the group with RDI ≥10/hour

and the group with RDI <10/hour (2.5±0.6 mmol/l vs.

0.1±1.9 mmol/l, p=0.009) as stated before and BE

≥1.75 mmol was found to predict RDI ≥10/hour with a

sensitivity of 100% and a specificity of 89%. FEV1 and
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Table 2.  Summary of the patients' characteristics

Parameter Value=mean±±±±±SD
(range)

Demographics
Age (years) 12.3±3.7 (6.0-20.0)

BMI SDS -1.3±2.2 (-4.5-1.4)

Cobb's angle (degree) 14.3±17.9 (0-55)

Venous blood gas
HCO

3
 (mmol/l) 26.2±2.9 (20.7-30.8)

Base excess (mmol/l) 0.68±2.0 (-2.7-3.9)

Pulmonary function
FEV1 (% predicted) 77.1±29.6 (36.0-126.0)

FVC (% predicted) 75.3±30.1 (36.0-132.0)

MIP (cmH
2
O) 49.4±20.1 (22.0-78.0)

MEP (cmH
2
O) 36.6±16.1 (11.0-66.0)

Polysomnography
RDI (events/hour) 6.0±5.70 (0.0-16.9)

Desaturation index (DI) (events/hour) 3.1±4.9 (0.0-16.0)

Lowest SpO
2
 (%) 87.4±6.1 (75.0-95.0)

Sex#
Male n=9

Female n=3

Disability rank#
1 n=6

2-3 n=1

4-5 n=5

Data presented as mean±standard deviation (SD), range indicated in the

bracket unless specified

#Data presented as number of patients

Table 3.  Comparison between SDB and non SDB groups with

RDI ≥≥≥≥≥5/hour

Parameter SDB (n=7) Non SDB (n=5) p value

RDI ≥≥≥≥≥5/hour RDI <5/hour

FEV1 (% predicted) 74.4 (±31.1) 86.5 (±30.4) 0.68

FVC (% predicted) 74.0 (±32.9) 80.0 (±26.9) 0.82

MIP (cmH
2
O) 52.7 (±21.0) 38.0 (±15.6) 0.38

MEP (cmH
2
O) 32.9 (±14.8) 45.3 (±18.9) 0.38

HCO
3
 (mmol/l) 27.1 (±2.6) 25.0 (±3.0) 0.24

Base excess (mmol/l) 1.2 (±2.1) -1.0 (±1.9) 0.26

BMI SDS -0.58 (±2.5) -2.2 (±1.4) 0.18

Disability mobility index 3.0 (±2.2) 2.5 (±1.8) 0.67

Age (years) 14.0 (±3.2) 10.7 (±3.6) 0.12

Cobb's angle (degree) 15.0 (±20.6) 13.4 (±15.6) 0.88

Symptoms* (%) 57% 40% 0.57

Data presented as mean, standard deviation presented in bracket unless

specific

*Symptoms (%) = the % within the group got symptoms

Table 4.  Comparison between SDB and non SDB groups with

RDI ≥≥≥≥≥10/hour

Parameter RDI ≥≥≥≥≥10/hour RDI <10/hour p value

(n=3) (n=9)

FEV1 (% predicted) 74.7 (±46.3) 78.3 (±23.3) 0.907

FVC (% predicted) 73.3 (±22.2) 79.3 (±48.7) 0.855

MIP (cmH
2
O) 50.7 (±28.0) 48.9 (±18.1) 0.926

MEP (cmH
2
O) 32.7 (±15.6) 38.3 (±17.2) 0.637

HCO
3
 (mmol/l) 28.1 (±1.5) 25.6 (±3.0) 0.091

Base excess (mmol/l) 2.5 (±0.6) 0.1 (±1.9) 0.009

Data presented as mean, standard deviation presented in bracket

Table 5.  Comparison between the groups with or without

significant sleep desaturation

Parameter DI ≥≥≥≥≥1.4/hour DI <1.4/hour p value

(n=5) (n=7)

FEV1 (% predicted) 62.2 (±24.4) 96 (±26.7) 0.10

FVC (% predicted) 60.0 (±22.1) 94.8 (±29.5) 0.10

MIP (cmH
2
O) 44.2 (±18.3) 56.0 (±22.9) 0.436

MEP (cmH
2
O) 28.2 (±14.9) 45.0 (±13.5) 0.10

HCO
3
 (mmol/l) 1.5 (±2.2) 25.3 (±3.0) 0.177

Base excess (mmol/l) 27.5 (±2.4) 0.1 (±1.8) 0.283

Data presented as mean, standard deviation presented in bracket

FVC were found to be significantly correlated with DI

(with a rho -0.75, p=0.021 and a rho of -0.69, p=0.041

respectively) but not RDI. There was no significant

association of DI with other assessed daytime

parameters. No significant correlation was found

between the assessed daytime parameters and lowest

SpO
2
 during sleep.

Discussion

This was a retrospective study performed in a group of

heterogeneous patients with different NMD in a regional

hospital. One of the limitations of our study was the small

sample size that precluded subgroup analysis on specific

neuromuscular disorders and multiple regressions to

identify independent major determinant of SDB.

Four out of the seven SDB patients identified in this study

reported snoring during sleep but otherwise they were

asymptomatic for the enquired symptoms of restless

sleep, daytime sleepiness, fatigue, morning headache

or witnessed apnoea. Two out of the five non SDB

patients also reported snoring during sleep. Analysis of
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correlation between symptoms and SDB in this study

did not show a relationship. Although our assessment of

symptoms was not a validated one using scoring system,

the finding of no correlation between symptoms and

severity of SDB was consistent with previous studies.
1,19

In fact, symptoms were found to be correlated with sleep

fragmentation but not the degree of hypoxemia.
20

None of our patients were obese and there was no

correlation between BMI SDS and RDI. Labanowski et

al 1996
1
 also did not show obesity to be associated with

SDB in NMD patients. Obesity is a well known risk factor

for obstructive sleep apnoea syndrome in healthy

children but its role in SDB in NMD patients is likely

different since decreased respiratory muscles capacity

in addition to increased upper airway resistance underlies

the main mechanism for SDB in NMD patients. In this

study, no significant association of SDB with scoliosis,

age, or disability mobility rank was found.

Amongst previous studies that looked for daytime

pulmonary function or blood gases as predictors for SDB,

the findings were inconsistent. Labanowski et al 1996
1

failed to show any strong correlates that could be used

to predict SDB. Smith et al 1988
8
 found only maximum

expiratory pressures as the significant parameter to

predict sleep hypoventilation in DMD patients whereas

Barbe et al
9
 found those with diurnal arterial hypoxaemia

and some degree of airflow limitation (measured by the

FEV1/FVC ratio) were prone to develop SDB. In our

study, we found a significant correlation of FEV1 and

FVC with desaturation index. The group with significant

sleep desaturation (DI ≥1.4/hour) tended to have lower

mean FEV1 (62.2±24.4% predicted vs. 96±26.7%

predicted) and a lower mean FVC (60±22.1% predicted

vs. 94.8±29.5% predicted) although the differences were

not statistically significant which could be due to our small

sample size.

We also found a significant correlation of HCO
3
 and BE

with RDI (rho=0.599, p=0.04 & rho=0.655, p=0.021

respectively). Although these two parameters showed

no significant group mean difference between the SDB

(RDI ≥5/hour) and non-SDB group, the more severe SDB

group with RDI ≥10/hour had a significant higher BE

(2.5±0.6 mmol/l) than the group with RDI >10/hour (0.1±
1.9 mmol/l) and a BE ≥1.75 mmol was identified to predict

RDI ≥10/hour. All the patients in our study with RDI

<10/hour had a BE ≥1.75 mmol/l. Only one patient with

RDI ≥10/hour had a BE ≥1.75 mmol and she had a RDI

of 7.8/hour. Hukins et al 2000
21

 also showed before the

use of daytime blood gas for prediction of SDB, he found

PaCO
2
 ≥6 kPa and BE ≥4 mmol/l predicted sleep

hypoventilation. However, this might represent already

a more advanced stage of SDB.
10,19

 Although our level

of BE ≥1.75 mmol/l. by convention lies within the normal

range (up to 2 mmol/l in normal subjects), in NMD

patients who are prone to SDB, this high "normal" BE

level should already prompt the suspicion for the

presence of SDB and a PSG performed. In fact, in our

study, all the patients without SDB had a BE <1.75 mmol/l

and their group mean BE was -1.0±1.9 mmol/l. Mellies

et al 2002
19

 had also shown that a so called "normal"

blood gas parameter of PaCO
2
 > 40 mmHg might predict

nocturnal hypercapnic hypoventilation in NMD patients.

Our study further provided evidence that the diagnosis

of SDB in NMD patients requires a high index of suspicion

and simple blood test can be useful in identifying NMD

patients at risk for SDB especially when resources is

limited or the more complicated pulmonary function tests

not feasible, like in those with mental retardation. Owing

to the small sample size, further analysis with multiple

regressions could not be done to look at the possibility

of FEV1 and FVC or base excess and HCO
3
 as

independent determinants of and their contributions to

the severity of RDI or DI.

In our group of SDB patients, it was also observed that

SDB occurred relatively early when the daytime

pulmonary function was only mildly impaired. Their group

mean FVC and FEV1 were 74% (±35.5%) predicted and

FEV1 74.4% (±34.0%) predicted respectively. No

daytime parameters were identified in this study that

differentiated clearly the SDB and non SDB group at its

onset (RDI ≥5/hour) but BE ≥1.75 mmol/l might be useful

to predict the more advanced stage with RDI ≥10/hour.

Although Mellies et al 2002
19

 had demonstrated in his

study that an inspiratory vital capacity (IVC) <60%

predicted could identify SDB onset with the same criteria

of RDI ≥5/hour, their group of SDB patients however had

more impaired daytime lung function with a mean IVC of

25.8% (±11.8%) predicted. Our study did demonstrate

that SDB could occur at an earlier stage when the

daytime pulmonary function was less impaired. In fact,

we suspect that early SDB remains difficult to be detected

from daytime assessment due to the unique physiological

changes that occur during sleep which pose stresses to

the respiratory system. Even mild impairment in the

daytime pulmonary function, albeit subclinical, may mean

a lot during sleep in NMD patients. When daytime

assessment results start to become abnormal, SDB

would have become more advanced.

In summary, we found in our study that SDB occurred

relatively early in the course of NMD when the daytime

pulmonary functions were mildly impaired. FEV1 and
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FVC were found to be correlated with DI but not RDI

while HCO
3
 and BE were correlated with RDI. A BE

 ≥1.75 mmol/l could predict the later stage of SDB with

RDI ≥10/hour but no daytime parameters were identified

that differentiated SDB and non SDB patients clearly at

its onset. Larger studies are warranted to investigate and

confirm these relationships. We advocated screening of

SDB in NMD patients as early SDB remained difficult to

be diagnosed clinically without a PSG.
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