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Highlights
* McGill score positive predictive value is signifidéy lower in children with co-morbidities

= Children with co-morbidities with an abnormal Mcl&tore should not be assumed to have
OSA

= More detailed sleep studies are needed in childrgnco-morbidities and suspected OSA



Abstract

Background The McGill score is used to stratify severity ofiraetry in children referred for
investigation of obstructive sleep apnoea (OSA)dentify those with more severe disease and
prioritize treatment. We hypothesized that its Bwei predictive value (PPV) and Negative
predictive value (NPV) in detecting OSA differs mftcantly between children with medical

conditions and otherwise healthy children.

Methods We performed a two-year retrospective analysishatiren referred for investigation of
OSA who underwent a cardiorespiratory (CR) polygsaptudy. McGill score was calculated from
the oximetry trace blinded to polygraphy resultse Woked at 2 definitions of OSA: Obstructive
Apnoea Hypopnoea Index (0AHBL and>5. McGill sensitivity, specificity, PPV and NPV weer

calculated. McGill score=1 was considered normahoonclusive, >1 abnormal.

Results We studied 312 children, 190 males (61%), mediga 45 (2.4-7.9) years. 129 were
otherwise healthy and 183 had associated medicalittans. The PPV of the McGill score was
significantly lower in children with medical conaihs than otherwise healthy children. The NPV

was similar in both groups of children.

Conclusions The higher number of false positives in childreithwnedical conditions may be due
to non-obstructive causes such as central apn@dalsiren with underlying lung disease are also
more likely to desaturate following a brief apn@gdypopnoea. Children with co-morbidities who
have an abnormal McGill score should not be assumédve OSA and need more detailed sleep

studies to determine the reason for the oxygentadegens.
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Introduction

The McGill score is used to stratify the severityobstructive sleep apnoea (OSA) in children and
thus to prioritize their treatment (1). It rangesnhi 1 (normal or inconclusive) to 4 (severely
abnormal) according to theumber of clusters and the depth of desaturati@ntsvseen in the
overnight oximetry. Previous work on otherwise kalchildren has shown that oximetry, when
compared to full polysomnography (PSG), has a Ipigkitive predictive value (PPV) and a low
negative predictive value (NPV)(2). The current dhgan Respiratory Society and American
Academy of Pediatrics guidelines therefore sugtfestan abnormal overnight oximetry based on
McGill criteria can accurately detect OSA of atdemoderate severity but a negative result does
not exclude OSA with certainty (3, 4). These cosduos, however, were based on studies
performed in otherwise healthy children being itigeged for OSA and there is little data on
children with co-morbidities. Two studies have feed on children with Down syndrome, one
found that the McGill score in children with Dowynsirome had a sensitivity of 43%, specificity
93%, PPV 94%, NPV 39% which was comparable to etiser healthy children (5), whilst the
other found that it overestimated the number ofdcen with OSA, due to central apnoeas causing
desaturations (6). A recent paper compared the etxynnecordings from children with obliterative
bronchiolitis or cystic fibrosis, called collectiye“obstructive lung disease (OLD)”, otherwise
healthy children with SDB due to adenotonsillar érgmphy and controls. Children with OLD had
significantly lower baseline SpO2 when compareth®latter two groups. Whilst they had a higher
number of desaturations/h compared with controlgjais lower compared with the adenotonsillar
hypertrophy group (7).

We aimed to determine the relationship betweerMb@ill score and cardiorespiratory polygraphy
(CR Polygraphy) in the diagnosis of OSA in childmerferred to a tertiary care paediatric sleep

centre. We hypothesized that the positive and negairedictive values of the McGill score in



detecting OSA would be worse in children with assted comorbidities compared with otherwise

healthy children.

Methods

We carried out a two-year retrospective analysishiidren (aged<18years) who underwent a CR
polygraphy at the Paediatric Sleep and Ventilatioit at Royal Brompton Hospital for evaluation
of OSA. Patients acutely unwell at the time of theernight sleep study were excluded. The
oximetry traces were obtained via TCM CombiM® monitRadiometer, Copenhagen, Denmark
and a simultaneous CR Polygraphy montage (SOMN@&&eplus, SOMNOmedics, Germany)
was used for overnight monitoring. FT calculated hcGill score (1), blinded to CR Polygraphy
results. McGill score=1 was considered normal @onrlusive, while >1 abnormal. We then
compared the McGill score results with two diffearehagnostic definitions of OSA, either an
Obstructive Apnoea Hypopnoea Index (0AED(mild, moderate and severe OSA) or an oAHI

(moderate and severe OSA).

Data were analysed by GraphPad Prism® softwaraoveis02 and by IBM SPSS® version 24.
Descriptive statistics were generated for each oread-or all the reported variables a test of
normality was performed. For non-parametric datadiem with interquartile range was reported.
McGill sensitivity, specificity, Positive PredictvValue (PPV), Negative Predictive Value (NPV)
and accuracy were calculated for the whole cotlortthe otherwise healthy children and those
with associated medical conditions. For all subgeowe have reported the results and the 95%
Confidence Interval (95% CI) in Table 1 a and ms$vity was the proportion of all children with
OSA (at CR Polygraphy) with an abnormal McGill szoEpecificity was the proportion of all
children without OSA with a normal McGill score t&f Accuracy was the proportion of all the

correct assessment out of all the assessments.



Results

We studied 315 children, three patients’ data wiasatided because of oximetry artefact, thus a
total of 312 patients were considered for analySl®e median age was 4.5 (2.4-7.9) years, 190
(61%) were male. 129 (41%), median age 4.5 (2.4yfe@rs, were otherwise healthy, while 183
(59%), median age 4.5 (2.4-8.0) years, had assdciatmedical conditions:
neurological/neuromuscular syndromes (n=50), uppgway malformations/wheeze (n=75),
interstitial lung disease/chronic lung disease ()=dongenital heart disease (n=15), obesity (n=3).

Median age was not significantly different acrdss diagnostic groups.

One hundred and one of 312 (32%) children had O&keld as oAHt1, 45/129 (35%) otherwise
healthy and 56/183 (31%) with medical conditionsttf~seven of 312 (15%) had OSA defined as

0AHI>5, 23/129 (18%) otherwise healthy and 24/183 (184) medical conditions.

Median (IQR) Sp@was 97.6 % (96.6-98.4), median (IQR) minimum Sp@s 90% (86-93) and
median (IQR) oxygen desaturation index (ODI>4%) w&aB8 (1.8-5.2)/h in the whole study
population. Otherwise healthy children had mediEpR) SpQ 97.9% (96.9-98.7) and median
(IQR) minimum SpQ 91% (88-93). The median (IQR) ODI in otherwiseltigachildren was 2.8

(1.6-4.2)/h. Children with medical conditiodsad median (IQR) Sp£97.5% (96.2-98.3) and

median (IQR) minimum SpO2 90% (86-92). The medI@R) ODI was 3.2 (1.9-6.4)/h.

Median (IQR) McGill score in the whole populatiomsvl (1-2). It was 1 (1-1) in otherwise healthy
children and 1 (1-2) in children with medical cdimhs. Median (IQR) McGill in

neurological/neuromuscular syndromes was 1 (1r3ypper airway malformations/wheeze was 1
(2-1), in children with interstitial lung diseaskfonic lung disease was 1 (1-2), in those with

congenital heart disease was 2 (1-2) and in childri¢h obesity was 1 (1-1).



For OSA defined as obstructive oAHL, McGill' score sensitivity was low in the wholelwort
(47%) and was similarly poor in the two groups theswise healthy children and those with
medical conditions (40% and 52% respectively). $pecificity was lower in the group of children
with medical conditions compared with the otherwhsalthy group (79% vs 92%). The PPV was
also lower in the children with medical conditiof®®2% vs 72%). The NPV was similar between
the two groups. Out of all the subgroups of cleitdwith medical conditions, it was the group of
children with neurological/neuromuscular disordarsshom the McGill score had the highest PPV
and NPV (70% and 83% respectively). Converselyidotim with congenital heart disease had the

lowest PPV and NPV (30% and 60% respectively).

When OSA was defined as oAHb, McGill's sensitivity increased in the overalldation (74%)
and in the two groups of otherwise healthy childrand those with medical conditions.
Nevertheless, it was still too low to be satisfagtior a screening test. The specificity and PPV
were once again lower in children with associateedical conditions than otherwise healthy
children. There was little difference in the NP\Wheen the two groups. Results are summarised in

Table 1a and b.



Table 1.Sensitivity, specificity, Positive and Negative predictive value (PPV and NPV respectively)
for McGill score when compared to cardiorespiratory polygraphy in detecting Obstructive Seep
Apnoea in otherwise healthy and children with medical conditions.

a. OSA defined as oAHI1

Sensitivity Specificity PPV NPV Accuracy
95% ClI 95% ClI 95% ClI 95% ClI 95% ClI
Total cohort (n=312) 47/101 177/211 (84%)| 47/81 (58%)| 177/231 (77%)| 224/312 (72%)
(47%) (78.2-88.6) (48.8-66.7) | (73.0-79.9) (66.5-76.7)
(36.6-56.7)
Otherwise healthy (n=129) 18/45 (40%) | 77/84 (92%) 18/25 (72%)| 77/104 (74%) | 95/129 (74%)
(25.7-55.7) | (83.6-96.6) (53.7-85.1) | (69.0-78.5) (65.2-81.0)
Medical conditions (n=183) 29/56 (52%) | 100/127 (79%)| 29/56 (52%)| 100/127 (79%)| 129/183 (70%)

(38.0-65.34) | (70.6-85.5) | (41.4-62.0) | (73.6-83.1) | (63.3-77.0)

- Neurological/neuromuscular 14/19 (74%) | 25/31 (81%) 14/20 (70%)| 25/30 (83%) 39/50 (78%)
syndromes (n=50) (48.8-90.9) | (62.5-92.6) (52.0-83.4) | (69.8-91.5) (64.0-88.5)

- Upper airway diseases/wheeze 6/19 (32%) | 48/56 (86%) 6/14 (43%) | 48/61 (79%) 54/75 (72%)
(n=75) (12.6-56.6) | (73.8-93.6) (23.0-65.3) | (72.8-83.6) (60.4-81.8)

- Lung diseases (n=40) 6/13 (46%) | 21/27 (78%) | 6/12 (50%) | 21/28 (75%) | 26/40 (67%)
(19.2-74.9) | (57.7-91.4) | (28.5-71.5) | (63.6-83.8) | (50.9-81.4)

- Congenital heart disease (n=15)3/5 (60%) 3/10 (30%) 3/10 (30%) | 3/5 (60%) 6/15 (40%)
(14.7-94.7) | (6.7-65.3) (15.8-49.4) | (26.4-86.3) (16.3-67.7)
- Obesity (n=3) 0/0 (0%) 3/3 (100%) 0/0 (0%) 3/3 (100%) N/A
N/A (29.2-100) N/A N/A N/A




b. OSA defined as oAH{5

Sensitivity Specificity PPV NPV Accuracy
95% CI 95% ClI 95% ClI 95% CI 95% CI
Total cohort (n=312) 35/47 (74%) | 219/265 35/81 (43%) | 219/231 (95%)| 254/312 (81%)
(59.7- 86.1) | (83%) (35.8-51.01) | (91.8- 96.8) (76.6-85.6)
(77.5 87.0)
Otherwise healthy (n=129) 15/23 (65%) | 96/106 (91%) | 15/25 (60%) | 96/104 (92%) | 111/129 (86%)
(42.7-83.6) | (83.3-95.4) (43.6- 74.4) | (87.2-95.5) (78.9-91.5)
Medical conditions (n=183) 20/24 (83%) | 123/159 20/56 (36%) | 123/127 (97%)| 143/183 (78 %)
(62.6- 95.3) | (77%) (28.4- 43.8) | (92.6-98.7) (71.5- 83.9)
(70.1-83.6)
- Neurological/neuromuscular | 12/14 (86%) 12/20 (60%) | 28/30 (93%) | 40/50 (80%)
syndromes (n=50) (57.2-98.2) | 28/36 (78%) | (44.0-74.1) | (79.3-98.1) (66.3-90.0)

- Upper airway diseases/wheez
(n=75)
- Lung diseases (n=40)

- Congenital heart disease (n=1

- Obesity (n=3)

e4/5 (80%)
(28.4- 99.5)

1/2 (50%)
(1.3- 98.7)

53/3 (100%)
(29.2-100.0)

0/0 (0%)
N/A

(60.9- 89.9)

60/70 (86%)
(75.3- 92.9)

27/38 (71%)
(54.1-84.6)

5/12 (42%)
(15.2-72.3)

3/3 (100%)
(29.2-100.0)

4/14 (29%)
(16.3- 45.2)

1/12 (8%)
(2.0-28.4)

3/10 (30%)
(21.0-41)

0/0 (0%)
N/A

60/61 (98%)
(91.2-99.7)

27/28 (96%)
(86.9-99.1)

5/5 (100%)
N/A

3/3 (100%)
N/A

64/75 (85%)
(75.3-92.4)

28/40 (70%)
(53.5-83.4)

8/15 (53%)
(26.6-78.7)

N/A
N/A




Discussion

In our cohort of children referred for investigatiof obstructive sleep disordered breathing, the
McGill score had a lower PPV in the group of cheldmwith medical conditions than the group of
otherwise healthy children due to a higher numbbdalse positives. The NPV was similar between

the two groups.

This low PPV, particularly in children with undeirlg lung diseases, may be because they are more
likely to desaturate following a brief hypopnoeaapnoea than healthy children. Desaturations
have also been shown to occur during periods ofiphpartial respiratory muscle inhibition in rapid
eye movement sleep, resulting in decrease in fomatiresidual capacity, airway closure in the
dependent lung regions and ventilatmerfusion mismatch (8). Moreover, children with
neurological conditions or syndromes may have nustractive events such as central apnoeas
resulting in desaturations (Figure 1) which may abssult in a false positive McGill score. This is
in keeping with the findings of Coverstone et alovdiso found that central apnoeas were the cause
of some children with Down syndrome to have positMcGill scores (6). Our NPV was higher
than that reported by Brouillette et al. which nieeydue to the different thresholds of referral and
different patient populations — 60% of the childienthat study had OSA confirmed on PSG,
compared with 35% in our otherwise healthy groud 8t% in our group of children with co-
morbidities (2). Interestingly, whilst the majorityf the patients in that study were otherwise
healthy, they reported that the three false-pasitiximetry results they had were all in the subgrou
of children who had diagnoses other than adendtangiypertrophy that might have affected
breathing during sleep, which would be consisteith wur results. The use &R Polygraphy
instead of PSG in the diagnosis of OSA could irt paplain why in our work even in otherwise
healthy children PPV was lower (72% for oAHlor 60% for oAHP5 vs 93%) than previously

9



reported (4). CR Polygraphy is commonly used in dmegnosis of OSA in the UK but we

acknowledge it can potentially underestimate OSAesty when compared to PSG.

To the best of our knowledge, this is the largéstys to examine the use of the McGill score in
children with co-morbidities. The main limitation$ this work are its retrospective nature and the
small size of some of the subgroups of medical tmms$, such as obesity. We acknowledge that

confirmatory prospective studies are needed.

Conclusion

In conclusion, our data have shown that the PPWhefMcGill score is significantly lower in
children with medical conditions than otherwiselttgachildren. Children with co-morbidities who
have a positive McGill score must not be assumellatee OSA, and require more detailed sleep

studies to determine the physiological reasonifeirtdesaturations.
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Overnight oximetry (a.) coupled with cardio-respirg polygraphy (b.) of a 6 month old patient
with Prader Willi Syndrome

a. Overnight oximetry, scored as McGill score 3

b. Example of a 2 minute epoch from cardiorespirafmwlygraphy showing a central apnoea
resulting in a desaturation to 88%
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