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Aims: (1) To determine the extent to which tonsil size contributes to the severity of obstructive sleep
apnoea (OSA) in children; and (2) to assess the use of tonsillar-pharyngeal (TP) ratio in differentiating
patients with different severity of OSA.

Methods: Lateral neck radiograph was performed on 35 children referred consecutively to a univer-
sity paediatric chest clinic for suspected OSA secondary to tonsillar hypertrophy. The tonsil size was
determined by measuring the TP ratio on the radiographs. The severity of OSA was assessed by over-
night polysomnography.

Results: A total of 24 boys and 11 girls (median age 6.2 years) were studied. All presented with
symptoms of OSA, and tonsillar hypertrophy was detected on clinical examination. The median
apnoea-hypopnoea index (AHI) was 16.93 (interquartile range: 8.41 to 28.29). The median TP ratio
was 0.76 (interquartile range: 0.65 to 0.80). AHI was positively correlated with the TP ratio. The clini-
cal tonsil size did not correlate with the AHI or the TP ratio. Using a TP ratio of 0.479, the sensitivity
and specificity in predicting cases with moderate/severe OSA (AHI >10) were 95.8% and 81.8%
respectively, while the positive and negative predictive values were 92.0% and 90.0% respectively.
Conclusions: Results show that in a population of children with OSA, tonsillar hypertrophy as assessed
by lateral neck radiograph correlates positively with the severity of obstructive sleep apnoea. The TP ratio
has high sensitivity and specificity in predicting those with moderate/severe disease and this feature may

is characterised by recurrent events of partial or com-

plete upper airway obstruction during sleep, resulting
in disruption of normal ventilation and sleep patterns.' The
condition is increasingly being recognised and studies have
found the prevalence to be around 2—4% among the paediatric
population.’’ Many causes have been found to lead to OSAS,
but adenotonsillar hypertrophy remains the most common.*’

Children with OSAS have larger tonsils on clinical
inspection than do children without OSAS,* and adenotonsil-
lectomy has resulted in improvement in symptoms, polysom-
nographic readings,” and remission of serious sequelae such as
cor pulmonale.® Previous studies, however, have failed to
establish any relation between tonsil size assessed by direct
inspection and severity of OSAS in children.”"

The gold standard for the diagnosis of OSAS is polysomno-
graphy (PSG) performed in a sleep laboratory. It is an expen-
sive system to operate and very time and labour intensive. In
many units, limited access to equipment resources has
resulted in long waiting times for PSG assessments. Various
less resource demanding screening methods have been
proposed, including home video recording, nap study, and
pulse oximetry. Although these methods were found to be
sensitive in detecting for OSAS, they were unable to differen-
tiate between the varying degrees of severity of the
condition."

In this study, we measured the tonsillar-pharyngeal (TP)
ratio on standard lateral neck radiograph and performed over-
night PSG in 35 children with suspected OSAS. The relation
between the two modalities of investigation was examined.
The feasibility of using TP ratio in differentiating paediatric
patients with different severities of OSAS was also assessed.

METHODS

Subjects

A total of 35 consecutive patients, referred to our paediatric
chest clinic because of suspected OSAS, were recruited in the
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be used as a clinical screening method in prioritising patients with OSA for further assessment.

study. Children with a known syndromic diagnosis, chronic
lung disease, or neurological or craniofacial abnormalities
were excluded. Children enrolled underwent physical exam-
ination, standard lateral neck radiograph, and overnight
polysomnography (PSG) after informed consent was obtained
from the parents.

Method

The clinical history of each child was obtained from the
parent; the following information related to obstructive sleep
apnoea (OSA) was obtained using a standardised question-
naire: (1) night-time symptoms, which included loudness and
frequency of snoring, difficulty in breathing, observed apnoea
during sleep, necessity for parents to shake the child to
breathe, restless sleep, varying sleep posture, enuresis, and
night sweating; (2) daytime symptoms which included exces-
sive daytime sleepiness, behavioural problems, morning head-
ache, and mouth breathing. The loudness of snoring was
assessed as just audible, clearly heard in the same room,
clearly heard outside the room, and clearly heard in another
room. The frequency of snoring was defined as never, rarely,
1-4 times a month, more than once a week and every night.
Other symptoms were assessed as being present or absent.

A complete physical examination was carried out on each
child to assess his or her physical state, especially growth
parameters (height and weight), tonsil size, and signs of pul-
monary hypertension or cor pulmonale. Tonsil size was graded
using a point scale as follows: 0, no enlargement; 1, slight
enlargement with the transverse air slit more than half the

Abbreviations: AHI, apnoea-hyperpnoea index; OSA, obstructive sleep
apnoea; OSAS, obstructive sleep apnoea syndrome;

PSG, polysomnography; ROC, receiver operating charactristic;

TP, tonsillar-pharyngeal
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Graphic description of measurements of a lateral

Figure 1
cephalography. A, adenoid; N, nasopharyngeal measurement; P,
pharyngeal measurement; S, sella turcica; T, tonsil. A and T are
measured as a perpendicular distance at their maximum convexity.
T/P is the ratio of the width of the tonsil to the depth of the
pharyngeal space.

diameter of the palatal airway; 2, moderate enlargement with
the air slit about half the palatal airway diameter; 3, profound
enlargement with the air slit less than half the airway
diameter; 4, total obstruction with tonsils touching each other
at the midline.” Chest radiograph and electrocardiogram were
performed on each child for evidence of cor pulmonale.

An overnight polysomnography (PSG) was performed on
each child using a 16 channel recorder (Oxford Medilog
MPA-S, Oxford Instruments Ltd, Oxford, UK). In each PSG
study the stage of sleep was assessed by electroencephalo-
gram, bilateral electro-oculogram, and submental electromyo-
gram; chest wall and abdominal movements were measured
by respiratory impendence plethysmography; airflow through
the nose was measured with a thermister; oxygen saturation
was measured by pulse oximetry; and body motions were
recorded by a body position sensor.

Sleep stage was scored by trained personnel and the stand-
ard criteria were followed." An obstructive event was defined
as cessation of airflow with increase in irregular respiratory
and abdominal movement for more than two consecutive
breaths. Central apnoea was defined as cessation of breathing
with no respiratory effort for more than 10 seconds. Apnoeic
episodes with features of both obstructive and central events
were categorised as mixed apnoeas. Hypopnoea was defined as
areduction in oronasal flow by more than 50% associated with
arousals and/or desaturations. Apnoea—hypopnoeca index
(AHI) was defined as the total number of apnoeic and hypop-
noeic episodes per hour. The number of episodes of oxygen
desaturation by more than 4% from baseline per hour was also
noted (oxygen desaturation index).

Lateral neck radiograph
The lateral neck radiograph was performed using standard
techniques with the patient’s neck extended. The distance
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Table 1 Demographic and OSA
parameters for the 35 subjects
n %

Age (y)* 6.2 (4.0, 10.3)
Sex

Female 11 31.4

Male 24 68.6
Weight (centile)

3rd 2 57

10th 2 57

25th 11 31.4

50th 15 42.9

75th 2 57

90th 1 2.9

95th 1 2.9

97th 1 2.9
Height (centile)

3rd 2 57

10th 6 17.1

25th 2 34.3

50th 1 31.4

75th 3 8.6

97th 1 2.9
AHI* 16.93 (8.41, 28.29)
OoDI* 8.63 (2.16, 16.03)
TP ratio* 0.76 (0.65, 0.80)
*Values are median (interquartile range).

between the source of radiation and the film was 150 cm with
a screen cassette at 10-12 mas and 82—-84 kvp. The TP ratio (fig
1) was measured according to the method of Shintani and
colleagues” by a single investigator (JK) who was blinded to
the patients’ clinical or polysomnographic findings.

Statistical analysis

The AHI, ODI, and TP ratio formed skewed distributions and
were presented as median with interquartile range. Spear-
man’s rank correlation was used to assess the association
between the ratio and the various OSA parameters. Compari-
sons of the ratios of mild versus moderately severe OSA sub-
jects were made using Mann-Whitney test.

A receiver operating characteristic curve (ROC)" analysis
was used to assess the optimal cut off probability value for
predicting cases with moderate/severe OSA using the TP ratio.
An ROC curve is constructed by plotting the sensitivity versus
1-specificity of the TP ratio for moderate/severe OSA,
identified from multiple logistic regression. The area under the
ROC curve estimated the probability of correctly predicting
moderate/severe OSA, with an area of 1.0 as perfect prediction
and an area of 0.50 being no better prediction than chance. An
optimal prediction function should yield a high true positive
rate (sensitivity) as well as a low false positive rate (high spe-
cificity). The choice of the critical cut off point, however, would
vary with the perceived trade offs between sensitivity and
specificity.

Analyses were performed using SPSS for Windows (release
10.1, SPSS Inc., Chicago, Illinois, USA). The level of
significance was set at 5% in all comparisons, and all statisti-
cal testing was two sided.

RESULTS

A total of 24 boys and 11 girls with a median age of 6.2 years
(interquartile range 4.0 to 10.30) were included in the study.
None were considered to be obese (<120th centile of ideal
weight for height) or had evidence of growth failure. Table 1
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Snoring (1) just audible

(2) clearly heard in the room

(3) clearly heard outside the room

(4) clearly heard in another room

Frequency of snoring (1) more than once a week
(2) every night

Mouth breathing

Restless sleep

Struggle to breathe

Increase night sweat

Sleep with neck hyperextended or prone

Observed apnoea

Daytime somnolence

Morning headache

Behavioural problem

Shake by parents during sleep to breathe

Secondary enuresis
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Figure 2 Frequency of presenting
clinical features of OSA in the
subjects (n = 35).

0 10 20 30 40

Table 2 Spearman'’s rank correlations between the
OSA parameters

TP ratio AHI obI
AHI 0.798 (<0.0001)
oDl 0.505 (0.002)  0.579 (<0.0001)

Tonsil size  0.275 (0.110) 0.287 (0.095) 0.251 (0.14¢6)

Two sided p values in parentheses.

and fig 2 show demographic data and presenting symptoms
respectively. All but three subjects had snoring every night and
the snoring could at least be heard in the same room in 34 of
the 35 subjects. Other common presenting night-time
symptoms included restless sleep (69%), struggle to breathe
during sleep (63%), increased night sweat (49%), and sleeping
with the neck extended or in the prone position (49%). Ten
children were found to have apnoeic episodes during sleep, but
only three required stimulation to make them breathe again.
Two children had secondary enuresis. The commonest daytime
symptom was mouth breathing (74%). Daytime somnolence
was a feature in seven children.

All children had tonsillar hypertrophy on clinical inspec-
tion, with 30 of the 35 subjects having a tonsil size of grade 2
or above. None of the subjects had features of pulmonary
hypertension or cor pulmonale on physical examination, chest
radiograph, or electrocardiogram.

As shown in table 1, the median AHI was 16.93 (interquar-
tile range 8.41 to 28.29). The median ODI was 8.63
(interquartile range 2.16 to 16.03). The median TP ratio was
0.76 (interquartile range 0.65 to 0.8). All children slept well
during the polysomnographic study, with an average sleep
efficiency of 87%. Central and mixed apnoeas were rare.

A significant correlation was found between the TP ratio
and the AHI and ODI (r = 0.798, p < 0.0001 and r = 0.505,
p = 0.002 respectively). However, no correlation was found
between the tonsil size assessed clinically with either the TP
ratio or the various OSA parameters (table 2).

In a previous unpublished study, we were able to identify
patients with mild OSA by using an AHI <10. This group of
patients had minimal obstructive episodes and no desatura-
tions documented on sleep nasendoscopy compared to those
with an AHI >10. In the current study, 24 cases had an AHI
>10 (moderate/severe OSA) and 11 had an AHI <10 (mild
OSA). There was a significant difference between the TP ratios
of the two groups (0.80 versus 0.60, p < 0.0001). ROC curve
analysis revealed that the optimal probability cut off for
predicting moderate/severe OSA using TP ratio was 0.479,
with the area under the curve being 0.973. The corresponding
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sensitivity and specificity were 95.8% and 81.8% respectively,
while the positive and negative predictive values were 92.0%
and 90.0% respectively.

DISCUSSION

OSAS is caused by a collapse of the upper airway during sleep
when muscle tone of the upper respiratory tract decreases. It is
therefore prone to occur in patients with narrowing of the
upper airway. In the paediatric population, the commonest
cause for this is adenotonsillar hypertrophy.

In our study looking at children with OSAS secondary to
tonsillar enlargement, we used the TP ratio measured on
standard lateral neck radiograph as an indicator of the degree
of tonsillar enlargement. We believe that this measurement is
more reliable than visual assessment of tonsillar size in judg-
ing the pharyngeal patency. We found that there was a signifi-
cant correlation between the TP ratio and the severity of
OSAS. This result is the first to our knowledge, to suggest a
significant positive relation between tonsillar enlargement
and OSAS. Previous studies have failed to establish a correla-
tion between tonsil size assessed by direct inspection and the
various parameters of OSAS.*" This well reported finding was
also confirmed by our study, where a correlation between
clinical tonsil size and severity of OSAS was not established.
This is, however, not unexpected as on direct inspection, only
the superior portion of the tonsil is seen, which does not
reflect its true size and shape. This is further supported by our
finding that there was no relation between tonsil size assessed
clinically and the TP ratio.

The radiographic TP ratio used is a clinically useful index of
pharyngeal patency as it compares the amount of tonsillar tis-
sue with the size of the pharyngeal compartment. It is easy to
measure as it does not require the use of any sophisticated
equipment. Shintani and colleagues® measured the TP ratio in
140 Japanese children with OSAS and an age matched control
group of 54 children. Their mean age was 4.5 years. They
found that the TP ratio increased with age and reached a peak
when the children were 5-6 years, in both the control and
OSAS groups. The value was also significantly greater in OSAS
children than in controls in all age groups.

Paediatric OSAS has been suggested to be primarily an
anatomical problem, but more evidence is accumulating to
show that the underlying mechanism is in fact a complicated
interplay between various factors. Our group, in a previous
unpublished study, assessed the severity of OSAS with sleep
nasendoscopy. We found that patients with an AHI <10 had
mild disease as they had fewer obstructive episodes and no
desaturations shown compared to those with moderate/severe
disease and AHI >10. Brouillette and his group'” also used an
AHI of 10 to denote patients with mild disease, and found that
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they could be managed with nasal steroid therapy with
significant improvement in their symptoms. In the current
study, we found 24 patients had an AHI >10, and 11 had an
AHI <10. An ROC curve analysis found that a TP ratio of 0.479
was the optimal cut off for predicting moderate/severe cases of
OSAS. The corresponding sensitivity and specificity were
95.8% and 81.8% respectively.

The gold standard diagnostic test for OSAS is still the over-
night multichannel polysomnography, which enables detec-
tion of obstructive apnoeas, hypopnoeas, and arousals.
However, the system is very expensive to set up and run; con-
sequently it is not widely available in all public hospitals.
Patients with suspected OSAS have thus to wait for a long
time, usually months, before being assessed. Various studies
have looked at other screening methods, for example,
symptom score and pulse oximetry. It was found that these
methods have good sensitivity but were unreliable in differen-
tiating between the different degrees of severity of the
condition." Our proposed method of using the TP ratio may
prove to be a useful and simple clinical method in differenti-
ating patients with OSA into mild disease and those with
more significant problem. We are not advocating the use of
this method in place of an overnight polysomnography. We are
of the opinion that the TP ratio may screen out those patients
with more severe OSAS so that they can be assessed at an ear-
lier appointment. Before this method can be safely concluded
to be widely applicable, it shoud be validated in a further
cohort with a larger sample size.

Authors’ dffiliations

A M Li, S Hui, T F Fok, Department of Paediatrics, The Chinese
Uﬂiversity of Hong Kong, Prince of Wales Hospital, Hong Kong SAR,
China

E Wong, Centre for Clinical Trials and Epidemiological Research, The
Chinese University of Hong Kong, Hong Kong SAR, China

J Kew, Department of Diagnostic Radiology, The Queen Elizabeth
Hospital, Adelaide, Australia

Call for peer reviewers

159

REFERENCES

1 American Thoracic Society. Standards and indications for

cardiopulmonary sleep studies in children. Am J Respir Crit Care Med

1995;153:866-78.

Ali NJ, Pitson D, Stradling JR. The prevalence of snoring, sleep

disturbance and sleep related breathing disorders and their relation to

daytime sleepiness in 4-5 year old children. Arch Dis Child

1993,68:360-6.

3 Gorbo GM, Fuciarelli F, Foresi A, et al. Snoring in children: association
with respiratory symptoms and passive smoking. BMJ 1989;299:1491-
4

N

Brovuillette RT, Fernbach SK, Hunt CE. Obstructive sleep apnea in infants

and children. J Pediatr 1982;100:31-40.

Frank Y, Kravath RE, Pollack CP, et al. Obstructive sleep apnea and its

therapy: clinical and polysomnographic manifestations. Pediatrics

1983,71:737-42.

Leach J, Olson J, Herman J, et al. Polysomnographic and clinical

findings in children with obstructive sleep apnea. Arch Otolaryngol Head

Neck Surg 1992;118: 741-4.

7 Suen JS, Arnold JE, Brooks LJ. Adenotonsillectomy for treatment of

obstructive sleep apnea in children. Arch Otolaryngol Head Neck Surg

1995;121:523-30.

Sofer S, Weinhouse E, Tal A, et al. Cor pulmonale due to adenoidal or

tonsillar hypertrophy or both in children. Chest 1988;93:119-22.

Brooks LJ, Stephens BM, Bacevice AM. Adenoid size is related to

severity but not the number of episodes of obstructive apnea in children. J

Pediatr 1998;132:682-6.

10 Ahlquist-Rastad J, Hultcrant Z, Svanholm H. Children with tonsillar
obstruction: indications for and efficacy of tonsillectomy. Acta Paediatr
Scand 1988;77:831-5.

11 Croft CB, Brockbank MJ, Wright A, et al. Obstructive sleep apnoea in
children undergoing routine tonsillectomy and adenoidectomy. Clin
Ofolaryngol 1990;15:307-14.

12 Bennett JA, Kinnear WIM. Sleep on the cheap: the role of overnight
oximetry in the diagnosis of sleep apnoea hypopnoea syndrome. Thorax
1999,54:958-9.

13 Brodsky L. Modern assessment of tonsils and adenoids. Pediatr Clin
North Am 1989;36:1551-69.

14 Rechtschaffen A, Kales A, eds. A manual of standardized terminology,
techniques and scoring system for sleep stages of human subjects. Los
Angeles: Brain Information Service, 1968.

15 Shintani T, Asakura K, Kataura A. Adenotonsillar hypertrophy and
skeletal morphology of children with obstructive sleep apnea syndrome.
Acta Otolaryngol (Stockh) 1996;523(suppl):222-4.

16 Metz CE. Basic principles of ROC analysis. Semin Nucl Med
1978,8:283-98.

17 Brovillette RT, Manoukian JJ, Ducharme FM, et al. Efficacy of

fluticasone nasal spray for pediatric obstructive sleep apnea. J Pediatr

2001;138:838-44.

(ST N

o

O

Clinical Evidence is a regularly updated evidence based journal available world wide
both as a paper version and on the internet. Clinical Evidence urgently needs to recruit a
number of new contributors. Contributors are health care professionals or epidemiologists
with experience in evidence based medicine and the ability to write in a concise and

structured way.

Clinical Evidence needs to recruit a number of new peer reviewers. Peer reviewers are
health care professionals or epidemiologists with experience in evidence based medicine.
As a peer reviewer you would be asked for your views on the clinical relevance, validity
and accessibility of specific topics within the journal, and their usefulness to the intended
audience (international generalists and health care professionals, possibly with limited
statistical knowledge). Topics are usually 2000-3000 words in length and we would ask
you to review between 2-5 topics per year. The peer review process takes place through-
out the year, and our turnaround time for each review is ideally 10-14 days.

If you are interested in becoming a peer reviewer for Clinical Evidence, please complete
the peer review questionnaire at www.clinicalevidence.com or contact Polly Brown

(pbrown@bmijgroup.com).

www.archdischild.com


http://adc.bmj.com

