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Abstract

Purpose Adenotonsillectomy is one of the most common surgical procedures performed in children. The indications for
surgery are either frequent recurrent throat infections or hypertrophy of the tonsils/adenoid vegetation, which can cause
obstructive sleep apnea (OSA). There is disagreement regarding the need for sleep studies before adenotonsillectomy to
confirm a diagnosis of OSA. Several studies have evaluated questionnaires and physical examination as tools to identify
OSA, with conflicting results. The aim of this study was to evaluate the prevalence of OSA among children referred for
adenotonsillectomy and whether questionnaires or physical examination can help identify OSA.

Methods This is a prospective cohort study of children aged 26 years, referred for adenotonsillectomy. Polysomnography
and an otorhinological examination were performed. Tonsillar size and the oral cavity were graded using Friedman’s clas-
sification and Mallampati score, respectively. The Pediatric Sleep Questionnaire (PSQ) and OSA-18 were also completed.
Results 100 children were included. The prevalence of OSA was 87%, with 52% having moderate to severe OSA. The use-
fulness of the PSQ and OSA-18 for detecting OSA was evaluated using multiple cutoff points, but none yielded acceptable
values for both sensitivity and specificity. In logistic regression analyses predicting different levels of OSA severity, age,
Friedman tonsillar size and Mallampati score were weakly associated with OSA.

Conclusions The prevalence of OSA is high among children referred for adenotonsillectomy and questionnaires and clinical
characteristics are not sensitive enough to detect the presence or severity of OSA.
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Introduction

Adenotonsillectomy is one of the most common surgi-
cal procedures performed in children. The indications for
surgery are either frequent recurrent throat infections or
hypertrophy of the tonsils/adenoid vegetation. Hypertrophy
of the tonsils/adenoid vegetation may cause obstruction of
the upper airways with snoring and obstructive sleep apnea
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(OSA), and the first line treatment of OSA in children is
adenotonsillectomy [1, 2].

Polysomnography (PSG) is considered the gold standard
for the diagnosis of OSA in children. The recordings are
most commonly performed in hospital, during continuous
surveillance, with both video and audio recordings. PSG is
resource intensive, not widely available and not routinely
performed prior to adenotonsillectomy in typically devel-
oping children. For most children, a clinical diagnosis of
OSA is established based on medical history and medical
examination alone, despite the fact that several studies have
proven that clinical evaluation alone is not reliable enough
to distinguish when OSA is truly present [3-5].

Meta-analyses have shown that adenoidectomy and
tonsillectomy lead to significant improvement of OSA in
most cases [6, 7]. However, in recent years, it has become
apparent that the outcome of adenotonsillectomy may not
be as favorable as expected, particularly in cases where the
child has severe OSA [8—11]. Because of this, it is of great
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importance to know whether the child actually has OSA, and
if so, its level of severity.

Children with OSA have an increased risk for respira-
tory compromise postoperatively, as a result of upper airway
edema, increased secretion, respiratory depression second-
ary to analgesic and anaesthetic agents, and post-obstructive
relief pulmonary edema [12—-16]. The risk for such compli-
cations is particularly high among children younger than 3
years, children with severe OSA, and children with addi-
tional medical conditions such as obesity and craniofacial
anomalies.

The issue of whether PSG should be performed on a rou-
tine basis prior to adenotonsillectomy has been the subject
of vigorous debate. Surveys of otolaryngology practice pat-
terns have reported that less than 10% of children undergo
PSG to confirm a diagnosis of OSA prior to surgery [17, 18].
Practice guidelines published by the pulmonary medicine
and paediatric medical community recommend routine use
of PSG prior to adenotonsillectomy [19, 20], while commu-
nities in ear, nose and throat (ENT) medicine suggest that
preoperative PSG is optional and should be performed only
in selected situations [21, 22].

In Norway, as in many other countries, the availability
of PSG for children is limited. In the ENT department at
our hospital, 500 adenoidectomy and/or tonsillectomy pro-
cedures are performed each year in children aged 2—6 years.
Most of these children are referred from ENT-specialists
directly to surgery, and the OSA diagnosis is based on clini-
cal judgement.

The aims of this study were to: (1) determine the preva-
lence of OSA in typically developing children referred to an
ENT-department for adenoidectomy and/or tonsillectomy,
and (2) evaluate whether clinical characteristics or question-
naires can predict the presence and severity of OSA.

Method
Patients

This prospective cohort included children aged between 2
and 6 years who were referred to an ENT-department for
adenoidectomy and/or tonsillectomy. The main referral
sources were specialists in ear, nose and throat diseases, and
the children were from both urban and rural areas and were
generally representative of the Norwegian population. They
were referred for various symptoms, such as mouth breath-
ing, hypertrophy of the tonsils/adenoid vegetation, recur-
rent throat infections and restless sleep, and most of them
presented a history of some degree of snoring. The patients
included in the study were randomly selected from the wait-
ing list, using block randomization in which 3 out of every 9
patients were invited to participate. Exclusion criteria were
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children with craniofacial anomalies, neurological diseases
or neuropsychiatric diseases.

Study protocol

The Regional Committee for Medical and Health Research
Ethics approved the study protocol (number 2012/117). The
parents of the included children provided informed consent.

Clinical data

Clinical measures included a standardized physical examina-
tion and questionnaires. Body mass index (BMI) was calcu-
lated as weight in kilograms divided by the square of height
in meters. We transformed an individual child’s BMI value
to a z score based on the World Health Organization’s gen-
der-specific and age-specific reference values. Overweight
was defined as a BMI z score of > 1 and obesity as a BMI z
score > 2 [23].

Tonsil size was evaluated using the Friedman classifi-
cation: size 1 tonsils are hidden within the pillars, size 2
tonsils extend to the pillars, size 3 tonsils extend beyond
the pillars but not to the midline, and size 4 tonsils extend
to the midline [24].

The oral cavity was classified according to Mallampati
score [25]. In class 1 the faucial/tonsillar pillars, uvula and
soft palate are all visible, in class 2 there is partial visibility
of the faucial/tonsillar pillars, uvula and soft palate, in class
3 the base of the uvula, soft and hard palate is visible, and
in class 4 only hard palate is visible.

We used two questionnaires: the Pediatric Sleep Ques-
tionnaire (PSQ) [26] and the OSA-18 [27]. Both question-
naires were translated into Norwegian by a forward and
backward translation procedure. The PSQ can assess a
child’s risk for OSA and includes three subscales: sleepi-
ness, snoring, and attention/hyperactivity. The question-
naire consists of 22 items with responses of “yes” (=1),
“no” (=0), or “do not know” (=missing). The total score is
calculated as the mean score of non-missing items, with total
scores > (.33 indicating greater risk of OSA. The OSA-18 is
a disease-specific quality of life questionnaire for children
with OSA. The form contains 18 items grouped into five
domains: sleep disturbance, physical suffering, emotional
distress, daytime problems and caregiver concerns. Items
are scored on an ordinal 7-point scale, where a higher score
indicates worse quality of life. A total score below 60 indi-
cates that OSA has a minor impact on quality of life, a score
between 60 and 80 indicates a moderate impact and a score
above 80 indicates a major impact on quality of life.

Additional variables collected included parent reports of
breastfeeding during infancy, prematurity (born before week
37), OSA in a close family member, and whether the child is
exposed to tobacco smoke at home.
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Polysomnography (PSG)

The PSG (Embla, Resmed, Norway) was performed at the
hospital with simultaneous video and audio recordings using
the standard recommended set up. Sleep and respiration
were scored according to the guidelines for children from
American Academy of Sleep Medicine [28].

Apnea-hypopnea index (AHI) was defined as the number
of obstructive apneas, mixed apneas and hypopneas per hour
of sleep, while oxygen desaturation index (ODI) was defined
as the number of oxygen desaturations > 3% per hour of
sleep. OSA was defined as an AHI > 1 [29], and was divided
into the following categories: mild OSA (AHI 1-4.9), mod-
erate OSA (AHI 5-9.9), and severe OSA (AHI > 10).

Statistics

Statistical analyses were performed using SPSS version 24
(IBM Corp., Armonk, NY). Differences in clinical char-
acteristics between children with various levels of OSA
severity were assessed using one-way ANOVA for variables
with a normal distribution, the Kruskal-Wallis test for non-
normal continuous variables, and either Chi-square test or
Fisher’s exact test for categorical variables. To evaluate the
accuracy of the OSA-18 and PSQ in detecting OSA, sensi-
tivity, specificity, positive predictive value (PPV) and nega-
tive predictive value (NPV) were calculated. We performed
logistic regression analyses with OSA (AHI>1, AHI >S5,

Table 1 Clinical characteristics at different severity levels of OSA

AHI > 10) as the dependent variable, and age, gender, BMI
z score, Friedman tonsil size and Mallampati score as inde-
pendent variables.

Results

A total of 100 children who were referred for adenotonsillec-
tomy due to symptoms of infection or upper airway obstruc-
tion were included in the study. The overall prevalence of
OSA based on PSG was 87%, with 35% having mild OSA,
23% moderate OSA, and 29% having severe OSA. The mean
AHI for the sample was 7.7 (range 0-31.7).

The sample had a mean age of 3.6 years, and 42% were
girls. The mean BMI z score was 0.45, and 71.7% of the
children were in the normal weight range, while 8.7% were
classified as obese. Most of the children (84%) were of
Caucasian ethnicity. None of the children were exposed to
tobacco smoke at home. Most of the sample (91.4%) had
been breastfed as infants, 8.0% had a premature birth, and
27.8% had a family history of OSA.

The clinical characteristics of children with different
severity levels of OSA are summarized in Table 1. We
found a significant difference in tonsil size score between
the groups. There were no significant differences between
the OSA severity groups for any of the other variables.

We calculated sensitivity and specificity for PSQ and
OSA-18 using multiple cutoff points for both OSA-18

n No OSA Mild OSA Moderate OSA Severe OSA p value
AHl<1 (n=13) AHI 1-4.9 (n=35) AHI 5-9.9 (n=23) AHI>10 (n=29)

Age; mean (SD) 100 3.94 (1.33) 3.90 (1.05) 3.27 (0.72) 3.30 (0.89) 0.06
Gender, female; n (%) 100 2(154) 18 (51.4) 12 (52.2) 10 (34.5) 0.08
BMI z score; mean (SD) 92 0.05 (1.17) 0.58 (1.01) 0.53 (0.83) 0.43 (1.60) 0.62
BMI z score >2; n (%) 92 0 4(13.3) 14.5) 3(10.7) 0.54
Caucasian; n (%) 100 11 (84.6) 28 (80.0) 21 (91.3) 24 (82.8) 0.72
Prematurity; n (%) 87 0 2(6.9) 1(4.8) 4 (14.8) 0.60
Breastfeeding; n (%) 92 9 (81.8) 31(93.9) 21 (95.5) 23 (88.5) 0.47
OSA in family; n (%) 90 1(10.0) 9 (26.5) 6 (28.6) 9 (36.0) 0.52
Mallampati score; n (%) 90

Score 1 4(36.4) 5(16.1) 1(4.8) 1(3.7) 0.10

Score 2 4(36.4) 14 (45.2) 8 (38.1) 11 (40.7)

Score 3 2(18.2) 10 (32.3) 6 (28.6) 13 (48.1)

Score 4 1(9.1) 2 (6.5) 6 (28.6) 2(7.4)
Friedman tonsil size 91

Size 1 6 (54.5) 5(15.6) - 2(7.4) <0.001

Size 2 2(18.2) 6 (18.8) 6 (28.6) 3(1L.1)

Size 3 1(9.1) 20 (62.5) 10 (47.6) 14 (51.9)

Size 4 2 (18.2) 1@3.1) 5(23.8) 8(29.6)

BMI body mass index, AHI apnea—hypopnea index, SD standard deviation
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Table 2 Calculations of the sensitivity, specificity, positive predictive value and negative predictive value for the PSQ score and different levels

of OSA-18 score and the apnea—hypopnea index (AHI)

N=97 PSQ PSQ PSQ OSA-18>60 OSA-18>60 OSA-18>60 OSA-18>80 OSA-18>80 OSA-18>280
AHI>1 AHI>5 AHI>10 AHI>1 AHI >S5 AHI>10 AHI>1 AHI>5 AHI>10

Sensitivity ~ 75.6 82.4 85.7 54.7 58.8 67.9 19.8 235 28.6

Specificity  45.5 37.0 31.9 45.5 50.0 50.7 90.9 87.0 85.5

PPV 91.6 59.2 33.8 88.7 56.6 35.8 94.4 66.7 44.4

NPV 19.2 65.4 84.6 11.4 52.3 79.5 12.7 50.6 74.7

AHI apnea-hypopnea index, PSQ Pediatric Sleep Questionnaire, PPV positive predictive value, NPV negative predictive value

Table 3 The mean apnea-hypopnea index (AHI) for different Fried-
man tonsil sizes and Mallampati scores

AHI
Mean (SD)
Friedman tonsil size (n=91)
1 14.3% 3.69 (6.95)
2 18.7% 6.72 (6.59)
3 49.5% 8.00 (6.93)
4 17.6% 11.38 (8.38)
Mallampati score (n=90)
1 12.2% 4.17 (6.92)
2 41.1% 7.52 (7.01)
3 34.4% 9.30 (8.09)
4 12.2% 8.06 (6.56)

AHI apnea—hypopnea index, SD standard deviation

and the AHI (Table 2). Generally, the specificity was too
low when the sensitivity was acceptable, and vice versa.
The NPV was highest for AHI> 10 for both PSQ and
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OSA-18, while the highest PPV was for AHI > 1 for both
questionnaires.

The distribution of Friedman tonsil size and Mallampati
score is shown in Table 3. Half of the children were classi-
fied as tonsil size 3 (49.5%), and most of the children had a
Mallampati score of 2 (41.1%) or 3 (34.4%). The distribution
of AHI among the distinct groups of Friedman and Mallam-
pati scores is illustrated in Fig. 1. The mean AHI was higher
for increasing tonsil size, and the difference was significant.
For the Mallampati score, there was a tendency for lower
AHI among children with a Mallampati score of 1, but there
were no significant differences between the groups.

In univariate logistic analyses, Friedman scores 3 and
Mallampati score 3 were significantly associated with OSA
(AHI > 1), but only Friedman score 3 remained significant
in the multivariate analyses. We also performed logistic
analyses predicting moderate/severe (AHI > 5) and severe
(AHI >10) OSA. Age was associated with moderate/severe
OSA, and remained significant in the multivariate analyses
(p=0.01). Friedman scores 3 and 4 and Mallampati scores
3 and 4 were associated with moderate/severe OSA. In the
multivariate analyses, only Friedman score 4 and Mallampati
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Fig. 1 Distribution of AHI in the different groups of Friedman tonsil size (a) and Mallampati score (b). AHI apnea—hypopnea index
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score 4 remained significant (p < 0.05) (Table 4). None of
the variables were associated with severe OSA.

Discussion

In this sample of children aged 2—-6 years referred for ade-
notonsillectomy, we found a high prevalence of OSA, and as
many as 52% had moderate to severe OSA. Lower age, larger
tonsil size and higher Mallampati score were associated with
OSA to some degree.

Many different risk factors for OSA in children have
been described, such as obesity, ethnicity and prematurity
[30-32]. There is great variability in the different popula-
tions studied, whether they are clinical or population based,
and according to age range and ethnicity. Several studies
have reached the conclusion that it is difficult to identify a
single or combination of clinical parameters that can dis-
tinguish primary snoring from OSA, nor a set of clinical
parameters that can distinguish different levels of OSA [3,
33, 34].

In our sample of children, we found younger age to be an
independent risk factor for moderate/severe OSA, although
most other studies have not found age to be a risk fac-
tor [34-36]. There are few studies focusing on the young
age group we have studied, and according to our findings,
it seems that age is an important risk factor amongst the
youngest children.

We also found that tonsil size was associated with OSA
and moderate/severe OSA to some degree. Our sample of
children was in the age span during which the relative size

of the tonsils, adenoids and upper airway is most critical
[37], and could be an explanation for why tonsil size had
a stronger association with OSA in this study than others
have found. Prior studies have found conflicting evidence
for the benefit of using tonsil size to assess OSA risk [34,
38—41]. One explanation for this has been that the majority
of children have tonsils size 2 or 3 [38]. In our study, a large
portion (68%) of the children had tonsils size 3 and 4, which
may be related to their young age.

For the oral cavity classified on the Mallampati scale,
we found an association between OSA and moderate/severe
OSA, but only score 4 remained significant for moderate/
severe OSA after adjusting for the other risk factors. A cou-
ple of other studies have the same findings [42, 43], but
there are few studies in children examining the clinical use
of the Mallampati score to predict OSA severity. To get a
clear visual assessment of the oral cavity and the tonsils, you
need to have good cooperation from the child, and that is not
always possible. The score is also subjective and depends of
the experience of the physician assigning the score, which
might explain some of the differences found in the different
studies.

Several studies have found an association between obe-
sity and OSA [30, 34, 44], even though the association has
been weak in several cases. It has been hypothesized that
obesity may play a larger role in white patient samples [45].
This was not the case in our sample, which mainly consisted
of white Caucasian children, and we found no association
between being overweight or obese and OSA severity.

Environmental tobacco smoke has been described as risk
factor for OSA [32, 45]. In our cohort, none of the children

Table 4 Logistic regression analysis predicting OSA as defined by AHI> 1 and AHI>S5

AHI>1 AHI>5
Unadjusted Adjusted Unadjusted Adjusted
OR  95%CI pvalue OR  95% CI pvalue OR  95%CI pvalue OR  95% CI p value
Age 0.69 0.39-1.19 0.18 0.55 0.23-1.31 0.18 0.52 0.34-0.80 <0.01 0.42 0.24-0.76 0.01
Gender (refer- 0.21 0.05-1.02 0.05 0.16 0.02-1.31 0.09 0.97 0.44-2.16 0.95 1.12 0.40-3.18 0.83
ence = female)
BMI z score 142 0.82-2.46 0.21 2.12 0.87-5.14 0.10 1.03 0.73-1.46 0.85 1.13  0.75-1.69 0.57
Friedman tonsil size
Size 1 Reference Reference Reference Reference
Size 2 6.43 1.03-40.26 0.05 10.98 0.93-130.35 0.06 6.19 1.04-36.78 0.05 459 0.65-32.23 0.13
Size 3 37.71 3.93-362.23 0.01 49.51 2.90-844.58 0.01 6.29 1.25-31.65 0.03 5.74 0.94-35.0 0.06
Size 4 6.00 0.95-37.76  0.06 3.13 0.28-3498 0.35 23.83 3.35-169.39 <0.01 11.77 1.38-100.11 0.02
Mallampati scoe
Score 1 Reference Reference Reference Reference
Score 2 471 0.94-23.54 0.06 6.37 0.59-68.58  0.13 4.75 0.90-25.04 0.07  3.61 0.50-26.02 0.20
Score 3 829 1.26-54.71 0.03 8.92 0.51-157.48 0.14 7.13 1.31-38.77 0.02 3.83 0.50-29.18 0.20
Score 4 5.71 0.52-62.66 0.15 21.33 0.79-575.82 0.07 12.00 1.58-91.08 0.02 15.67 1.26-195.18 0.03

CI confidence interval, AHI apnea—hypopnea index, OR odds ratio
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were exposed to tobacco smoke. There has been a great change
in Norwegians’ smoking habits since a new law was intro-
duced in 2004, and as a result, the number of regular smok-
ers has decreased and most parents do not smoke near their
children.

We found no association between OSA in close family
members and OSA in this sample of children, despite the pro-
portion having a family history of OSA (28%) being consider-
ably higher than estimated in the Norwegian adult population
(16%) [46].

We also wanted to examine whether breastfeeding was asso-
ciated with the probability of having OSA, since breastfeeding
would reduce the risk of infections due to circulating antibod-
ies from the mother. However, we found no such association.

Our calculations of sensitivity, specificity, PPV and NPV
indicate that neither the PSQ nor the OSA-18 is a useful
screening tool for OSA. None of the cut off scores evaluated
yielded acceptable values for both sensitivity and specificity
or for both PPV and NPV. These results are consistent with
other studies [47, 48] and suggests that the PSQ and OSA-18
are not sufficiently sensitive to detect either the presence or
absence of OSA. Most studies that have evaluated the OSA-
18 as a tool to diagnose OSA have concluded that the OSA-18
does not correlate with AHI in pediatric patients [47—49], and
seems to be more of a tool for evaluating the effect of treat-
ment (adenotonsillectomy). Studies using the PSQ as a tool to
detect OSA also have divergent results. It seems like the ques-
tionnaire is most useful in combination with other screening
tools, and that some of the questions are more predictive than
others [26, 50-52].

One limitation of the study is that, even though it used
standardized questionnaires that had been rigorously translated
into Norwegian for use in this study, the validity and reliability
of the Norwegian versions have not been fully evaluated.

In this sample of children referred directly to surgery, there
seems to be a good selection process in advance of the refer-
ral and, therefore, it may not be necessary to require PSG in
advance of surgery. Because of the high prevalence of moder-
ate to severe OSA, and the increased risk of complications,
it is important to underline that one should provide special
attention to these children during and after surgery and to their
postoperative care and observations. There is also an increased
risk for having rest OSA after surgery, so the threshold for
doing a new PSG after surgery should be low.
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