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Rationale: Pediatric obstructive sleep apnea (OSA) is
common, and a delay in diagnosis can lead to significant
morbidity. Polysomnography (PSG) is the gold standard for the
diagnosis of OSA. However, difficulty accessing PSG due to
the relative shortage of sleep centers with pediatric expertise
can lead to a delay in the diagnosis and management of OSA.
Objectives: To assess the utility of Mallampati score (sitting
and supine) in predicting the presence and severity of OSA
in children.

Methods: A retrospective study of 158 children from a single
pediatric sleep center. All patients had a PSG and a physical
examination documenting Mallampati score. The Mallampati
score, tonsillar size, age, sex, and apnea hypopnea index
(AHI) were analyzed. Odds ratio of having pediatric OSA (AHI
> 1) with increase in Mallampati score and tonsillar size were
calculated.
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Measurements and Main Results: A significant correlation
was found between Mallampati score, tonsillar size, and AHI.
For every point increase in the Mallampati score, the odds
ratio of having OSA increased by more than 6-fold. For every
point increase in tonsillar size, the odds ratio of having OSA
increased by more than 2-fold.

Conclusions: Mallampati score and tonsillar size are
independent predictors of OSA. Oral examination including
Mallampati score and tonsillar size should be considered when
evaluating a patient for OSA. They can be used to prioritize
children who may need PSG.
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ediatric obstructive sleep apnea (OSA) is a common condi-

tion and is currently estimated to affect between 1% and
3% of 2- to 8-year old children.'? The potential consequences
of OSA in children include behavioral disturbances, learning
deficits, pulmonary hypertension, systemic hypertension, and
compromised somatic growth.'** The long-term effects of
childhood OSA remain incompletely understood. Several stud-
ies have tried to determine the utility of predicting pediatric
obstructive sleep apnea using questionnaires, history, and phys-
ical exam.'"!" Most have reported a poor sensitivity, specific-
ity, positive predictive value, and negative predictive value.'>*
There is currently no universally accepted tool that uses history
and clinical exam alone to diagnose pediatric OSA.'> None of
these have included Mallampati score in the clinical exam. The
American Academy of Pediatrics (AAP) clinical practice guide-
lines from 2002 and 2012 consider PSG the gold standard for
establishing the presence and severity of OSA in children, due
to the difficulty in differentiating pediatric OSA from primary
snoring by means of history and physical exam alone.'®!” The
clinical practice guidelines from the American Academy of
Otolaryngology Head and Neck Surgery do advocate PSG, but
they are not required for every patient who undergoes tonsil-
lectomy and adenoidectomy (T & A).'® Obtaining PSG on every
patient prior to T & A may not be feasible because pediatric
PSG are not universally available, primarily due to the scarcity
of dedicated pediatric sleep centers. In addition, pediatric PSG

BRIEF SUMMARY

Current Knowledge/Study Rationale: History and physical exam are
not sufficient to make the diagnosis of pediatric obstructive sleep ap-
nea. Polysomnography (PSG) is the gold standard used to confirm this
diagnosis and is therefore recommended in certain clinical situations.
However, PSG is an expensive test and access to pediatric sleep labs
is limited.

Study Impact: Mallampati score and tonsillar size are independent pre-
dictors for the presence of and the severity of pediatric OSA and may be
used to help prioritize sleep studies for earlier diagnosis and manage-
ment of pediatric OSA.

are expensive and universal PSG may not be the most efficient
and effective use of health care dollars.

Mallampati scoring is a simple, noninvasive, inexpensive
technique that involves visualization of the oropharynx. It is easy
to learn and does not require any special equipment or setting. It
has been used for more than two decades to assess the ease of in-
tubation in anesthesiology.'* The American Academy of Sleep
Medicine and Dutch Central Accompagnement Organization
(CBO) both state that the Mallampati score has additional value
in diagnosing OSA in adults.”® There are several adult studies
with mixed results regarding the utility of Mallampati score in
predicting OSA.>*3! There have been no studies in the pediatric
population looking at the clinical use of Mallampati score to
predict obstructive sleep apnea and its severity.
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Figure 1—Mallampati score.
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Class 1: Faucial/tonsillar pillars, uvula and soft palate are all visible. Class 2: Partial visibility of the faucial/tonsillar pillars, uvula and soft palate. Class 3: Base

of the uvula, soft and hard palate visible. Class 4: Only hard palate is visible.

Objectives

The primary objective of this retrospective study was to eval-
uate if the Mallampati score can predict pediatric OSA. If the
Mallampati score was found to predict pediatric OSA, then the
second objective was to evaluate if the Mallampati score could
also predict the severity of pediatric OSA.

MATERIALS AND METHODS

Study Population

This retrospective study was performed at Ann & Robert H.
Lurie Children’s Hospital of Chicago (formerly Children’s Me-
morial Hospital, Chicago, Illinois), and it was approved by the
institutional review board. All patients between age > 3 years
and < 18 years with a documented Mallampati score at the time
of physical examination and who had a polysomnogram were
included in this study. Relevant medical data were extracted
from the electronic medical record. Patients were excluded from
the study if they had chronic lung disease, craniofacial malfor-
mations, trisomy 21, history of tonsillectomy and/or adenoidec-
tomy, developmental delay, prematurity < 37 weeks of gestation,
or active tonsillitis/pharyngitis at the time of physical exam.
Two hundred forty-one charts were screened retrospectively
of patients who had a sleep study and Mallampati score docu-
mented on physical exam; 83 were excluded, leaving a total of
158 in the study. The excluded patients included 25 patients with
Down syndrome, 56 patients post-adenotonsillectomy, 1 patient
with achondroplasia, and 1 patient with Crouzon syndrome.

Measurements

Age, sex, Mallampati score (taken both when the patient was
sitting and supine), tonsillar size, apnea hypopnea index (AHI),
and the patient’s diagnosis at the time of the exam were ex-
tracted from the electronic medical record.

Mallampati Score
The Mallampati score was obtained in children who were
cooperative and allowed visualization of their oropharynx. The
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Mallampati score was obtained in both the sitting and in the
supine position when possible. Patients were allowed to emit
sound when the mouth was open. Scoring depends on visibil-
ity of anatomical structures in the oropharynx. The anatomical
structures include faucial/tonsillar pillars (arches in front and
behind the tonsils), base of the uvula, and soft palate. It is im-
portant to note that tonsillar size does not affect the Mallampati
score (Figure 1).

Tonsil Size

Tonsillar size was scored when the patient had an open
mouth and tongue in neutral position. It was okay to emit sound
during this process. A tongue depressor was used if the patient
had a higher Mallampati score blocking the visualization of the
tonsils. Tonsil size was graded from 0 to 4, depending on the
size of the tonsils. Mallampati score does not affect tonsil size
score (Figure 2).

Polysomnography

All patients included in the study had a comprehensive
polysomnogram performed at a pediatric sleep lab consisting
of continuous nocturnal monitoring of EEG (bipolar trans-
coronal and parasagittal electrode array) using the Interna-
tional 10-20 System of electrode placement; EOG (left outer
canthus and right outer canthus); chin muscle EMG (mostly
measures genioglossus activity); left and right anterior tibialis
EMG; lead II EKG; instantaneous heart rate (RR interval by
FFT analysis); nasal/oral airflow by capnography and pres-
sure transduction; EtCO, trend by capnometry; chest and ab-
dominal wall respiratory movement by respiratory inductance
plethysmography (RIP) technology (measures changes in cir-
cumference); body position; upper respiratory tract sound by
sonography; and oxygen saturation by pulse oximetry. Con-
tinuous pulse volume was measured using finger plethysmog-
raphy. Chest and abdominal phase angle analysis was also
conducted. The record was scored and evaluated according to
standards set by the American Academy of Sleep Medicine.*?
Analysis was conducted in 30-s epochs. All epochs of the re-
cording were analyzed.
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Figure 2—Tonsillar size.

Grade 0: No tonsil tissue present. Grade 1: Tonsils hidden within the faucial/tonsillar pillars. Grade 2: Tonsils extending to the pillars but not beyond them.
Grade 3: Tonsils extending beyond the faucial/tonsillar pillars but not to the midline. Grade 4: Tonsils extending to the midline and may be touching each other.

Comprehensive evaluation of sleep-related respiratory status
was conducted. The number of occlusive (apneas) and partially
occlusive (hypopneas) respiratory events was provided. Signifi-
cant central apneas and/or hypopneas and/or periodic breathing
were reported in the impression. The apnea index (Al) repre-
sents the total number of apneas divided by the total sleep time.
The apnea-hypopnea index (AHI) represents the total number
of apneas plus hypopneas per hour of sleep. The Al and AHI
did not include central apneas. Baseline and nadir SaO, were
reported. Baseline and maximum EtCO, were reported. All
polysomnograms were scored by a qualified sleep technologist
and interpreted by a board certified sleep physician. Patients
with AHI > 1 were considered to have obstructive sleep apnea.

Statistical Methods

The Mallampati score and the tonsil size in children with
OSA were compared to the values in children without OSA. In
the children with OSA, the severity of the OSA as determined
by the AHI was correlated to the Mallampati score and ton-
sil size. Fisher exact test was used to analyze the association
between Mallampati score, tonsillar size, and OSA. The odds
ratio of having OSA for every point increase in Mallampati
score (sitting and supine) and tonsillar size was calculated. The
Pearson y* test was used to examine the association between
sex and age of the patient and pediatric OSA. A logistic regres-
sion model was created with OSA as the outcome and tonsillar
size, Mallampati score sitting, and Mallampati score supine as
variables to determine if one was superior.

RESULTS

Of 158 patients included in the study (Table 1), 90 pa-
tients had OSA (AHI > 1) and 68 patients did not have OSA
(AHI < 1). Mallampati score sitting, Mallampati score supine,
and tonsillar size individually demonstrated a strong associa-
tion with OSA by Fisher exact test (Table 2). The odds ratio
for having OSA increased independently as the Mallampati
score (sitting and supine) and tonsillar size increased. For ev-
ery point increase in the Mallampati score-sitting, the odds
ratio of having OSA increased by more than 6-fold (odds ratio
for 1-point increase was 6.75; 95% confidence interval: 3.71—
12.29; p < 0.01). For every point increase in the Mallampati

Table 1—Characteristics of the 158 patients included in the
study.

Non OSA OSA
Age in years (Mean) 10.7 10.2
Male 38 (55%) 53 (58%)
MS Sitting (Median) 1(N=68) 3 (N=90)
MS 1 36 (52.9%) 6 (6.6%)
MS 2 27 (39.7%) 32 (35.5%)
MS 3 4(5.8%) 45 (50 %)
MS 4 1(1.4%) 7(7.7%)
MS Supine (Median) 2 (N=60) 3(N=79)
MS 1 28 (46.6%) 2(2.5%)
MS 2 25 (41.6%) 16 (20.2%)
MS 3 5(8.3%) 44 (55.7%)
MS 4 2(3.3%) 17 (21.5%)
TS (Median) 1(N=68) 1(N=90)
TSO 12 (17.6%) 5 (5.5%)
TS 1 48 (70.6%) 51 (56.6%)
TS2 7(10.2%) 19 (21.1%)
TS3 1(0.6%) 14 (15.5%)
TS4 0 (0%) 1(1.1%)

MS, Mallampati score; TS, tonsillar size.

score-supine, the odds ratio of having OSA increased by more
than 7-fold (odds ratio for 1-point increase was 7.81; 95% CI:
4.07-14.98; p < 0.01). For every point increase in tonsillar
size, the odds ratio of having OSA increased by more than
2-fold, odds ratio for 1-point increase in tonsillar size was
2.90; 95% confidence interval: 1.69—4.15; p < 0.01 (Table 3).
The Pearson y? test was used to examine the association be-
tween sex and age of the patient and pediatric OSA, and there
was no significant association.

A logistic regression model with OSA as the outcome and
tonsillar size, Mallampati score sitting, and Mallampati score
supine was created. Backward selection process was performed,
and the Mallampati score supine was the only predictor that
stayed in the model—demonstrating that Mallampati score su-
pine is superior to Mallampati score sitting and tonsillar size in
predicting OSA. In this model, Mallampati score supine was
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Table 2—Pediatric OSA and its association with Mallampati
score (sitting and supine) and tonsillar size.

Variable Method p-value
MS_sit Fisher Exact Test <0.001
MS_sup Pearson 2 <0.0001
TS Pearson 2 <0.0001

MS_sit, Mallampati score sitting; MS_sup, Mallampati score supine; TS,
tonsillar size.

Table 4—Sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV) of Mallampati
score supine in predicting OSA.

Obsgl;\;f:sOSA Predicted OSA Status

F"*q;'cet’(‘,,‘/’x Col 0SA Non-OSA | Total
53
Sensitivity 88.3%
0SA (80.2%, 96.4%) 7 60
PPV 74.6%
61
Specificity 77.2%

Non-OSA 18 (67.9%, 86.4%) &

NPV 89.7%
Total 7 68 139

able to predict OSA with a sensitivity of 89.7% and specificity
of 74.6% (Table 4).

When considered individually, Mallampati score supine,
Mallampati score sitting, and tonsillar size have a strong linear
correlation with AHI and hence OSA (Table 5 and Figure 3).
Receiver operating characteristic (ROC) curve comparison was
performed for Mallampati score supine, Mallampati score sit-
ting, and tonsillar size. The area under the curve was greatest
for Mallampati score supine, indicating that it is superior to
Mallampati score sitting and tonsillar size (Figure 4).

DISCUSSION

Pediatric obstructive sleep apnea can cause significant mor-
bidity, and it affects a large number of children. A screening
tool that can effectively and economically identify children
with OSA would be ideal. Currently, no such widely accepted
screening tool exists. Several studies have demonstrated that
history and physical exam have an unacceptably low sensitivity
and specificity when it comes to differentiating primary snor-
ing from OSA.'*" As a result, PSG remains the gold standard
for diagnosing OSA."” However, the lack of access to dedicated
pediatric sleep labs can make this test expensive and impracti-
cal. To this end, this study evaluated the utility of Mallampati
score and tonsillar size for determining the presence of OSA
in children. We determined that Mallampati score and tonsillar
size were independent predictors for determining the presence
of pediatric OSA, and they also correlate with its severity. It is
important to note that, in this study, a patient was considered to
have OSA if the AHI was greater than 1.
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Table 3—Odds ratio of having OSA for Mallampati score
(supine and sitting) and tonsillar size.

Point estimate 95% CI
Variable (Odds ratio) Lower Upper
MS_sit 6.75 3.71 12.29
MS_sup 7.81 4.07 14.98
TS 2.90 1.69 4.96

MS_sit, Mallampati score sitting; MS_sup, Mallampati score supine; TS,
tonsillar size.

Table 5—Pearson correlation between Mallampati score
(sitting and supine) and tonsillar size with apnea hypopnea
index (AHI) and OSA.

MS_sit MS_Sup TS
(N =158) (N=139) (N=158)
AHI 0.27 (p=0.0004) 0.34 (p <0.0001) 0.44 (p <0.0001)
OSA 0.58 (p <0.0001) 0.65 (p <0.0001) 0.33 (p <0.0001)

In each cell, there are two numbers. The first one is the Pearson
correlation coefficient: the larger the number, the stronger the correlation.
The second number is the p-value for testing; the correlation coefficient
is 0. There is significant positive correlation between AHI, OSA, and
Mallampati score (sitting and supine); tonsillar size as p-value is < 0.05
for all of them.

Mallampati Score

Mallampati score assessment (sitting and supine) are non-
invasive measurements that are easy to learn and can be per-
formed in very little time in any physician’s office. On average,
the odds of having OSA increases by more than 6-fold for every
point increase in Mallampati score. The AHI (severity of OSA)
also has a positive correlation with the increase in Mallampati
score. Adult studies have shown mixed results regarding cor-
relation between OSA and Mallampati score.”** In children, a
high Mallampati score may be more predictive of the presence
of OSA than in adults because the main cause of the obstruc-
tion is pharyngeal. Because the obstruction is often multifac-
eted, surgical procedures alone are not sufficient to cure the
obstruction in the adult population. It is important to note that
Mallampati score is independent of tonsil size. It is unclear if a
high Mallampati score is associated with a higher rate of persis-
tent OSA in children after T & A. This is an area that requires
further study.

Tonsillar Size

Tonsillar size measurement is also noninvasive, is easy to
learn, and can be performed in any clinical setting. On aver-
age, the odds of having OSA increase by more than 2-fold
for every point increase in tonsillar size. Earlier studies have
shown mixed results regarding the correlation of tonsillar
size on physical exam and OSA.*-5 In our study, there was a
positive correlation between tonsillar size and pediatric OSA.
Disproportionately large tonsils, with or without disproportion-
ately small oropharyngeal cavity, can lead to obstruction, and
contribute to presence of OSA and its severity. Tonsil position
may be more important that tonsil size. Exophytic tonsils may
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Figure 3—Box plot showing AHI vs. MS_sit, MS_sup, and
tonsillar size.
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AHI, apnea hypopnea index; MS_sit (1-4), Mallampati score sitting, MS_
sup (1-4) Mallampati score supine; TS (0-4), tonsillar size

cause more obstruction in sleep than the endophytic tonsils,
and the mixed results in various studies could be secondary to
this. There are studies that have shown that true tonsil size us-
ing magnetic resonance imaging* and post-surgical removal
volume measurements®” have a positive correlation with OSA.
This emphasizes the idea that in vivo tonsil position may play a
more significant role

Mallampati score (sitting and supine) and tonsillar size were
independent predictors of OSA and its severity, but the Mallam-
pati score supine was superior to the other two. This is possibly
explained by the fact that in the supine position (which mimics
the sleep position), the tongue and the surrounding soft tissue
structures can fall back and cause further narrowing of the oro-
pharynx. The Mallampati score supine was able to predict OSA
with a sensitivity of 89.7% and specificity of 74.6% compared
to tonsillar size, which had a sensitivity of 70.5% and specific-
ity of 60%.

This study has limitations. Because it is a retrospective study
conducted in one urban tertiary care children’s hospital, the re-
sults may not be generalized. However, the children in the study
represented a diverse population. Children were seen in a sleep
clinic based on a referral for a suspected sleep related problem,
which may have introduced a selection bias; to minimize the
selection bias, children without snoring were also included in
the study. Within-rater variation is not available for this study,
and it is a limitation.

We suggest that, based on findings from this study, Malla-
mpati score can be used to prioritize patients who need to get
a sleep study. Patients with increased scores can be prioritized
for a sleep study and/or a referral to sleep medicine physicians.
This can lead to earlier diagnosis and more timely management
of OSA. Delayed diagnosis of OSA not only leads to a poorer
quality of life and neurologic and cardiopulmonary morbidities
but also increases health care costs. Polysomnography is the
gold standard for the diagnosis of pediatric OSA, and the Mal-
lampati score is an additional tool to help identify patients at

Figure 4—Receiver operating characteristic (ROC) Curve
comparison for Mallampati score supine, Mallampati score
sitting, and tonsillar size.
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The ROC curves for the three models are compared in the same plot
above. The area under curve (AUC) is largest for Mallampati score supine,
indicating that it is a better predictor when compared to Mallampati score
sitting and tonsillar size.

increased risk for pediatric OSA. Mallampati score and tonsil
size scores, at this time, cannot supplant the need for a PSG.
Further prospective studies are required to validate the findings
of our retrospective study and also to assess the utility of Mal-
lampati score as a simple diagnostic test for predicting pediat-
ric obstructive sleep apnea. However, we believe, based on the
results of this study, that both Mallampati score and tonsil size
are very useful in accurately predicting both the presence of
and severity of OSA in children.

CONCLUSION

Mallampati score and tonsil size are independent predictors
for the presence of OSA in children. The Mallampati score
taken in a supine position is a better predictor of the presence of
OSA than Mallampati score in a sitting position and tonsil size.
Larger tonsil size and higher Mallampati scores are associated
with more severe OSA as defined by higher AHI scores. Mal-
lampati score and tonsillar score along with a comprehensive
sleep history seem to be promising for screening children at
risk for OSA.
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