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Abstract N
The objective of the present study was to investigate the clinical application of magnetic resonance imaging (MRI)-respiratory gating |
technology for assessing illness severity in children with obstructive sleep apnea hypopnea syndrome (OSAHS).

MRI-respiratory gating technology was used to scan the nasopharyngeal cavities of 51 children diagnosed with OSAHS during 6
respiratory phases. Correlations between the ratio of the area of the adenoid to the area of the nasopalatine pharyngeal cavity (Sa/
Snp), with the main indexes of polysomnography (PSG), were analyzed. Receiver operator characteristic (ROC) curve and Kappa
analysis were used to determine the diagnostic accuracy of Sa/Snp in pediatric OSAHS.

The Sa/Snp was positively correlated with the apnea hypopnea index (AHI) (P <.001) and negatively correlated with the lowest
oxygen saturation of blood during sleep (LaSO,) (P < .001). ROC analysis in the 6 respiratory phases showed that the area under the
curve (AUC) of the Sa/Snp in the end-expiratory phase was the largest (0.992, P < .001), providing a threshold of 69.5% for the
diagnosis of severe versus slight-moderate OSAHS in children. Consistency analysis with the AHI showed a diagnosis accordance
rate of 96.0% in severe pediatric OSAHS and 96.2% in slight-moderate pediatric OSAHS (Kappa=0.922, P < .001).

Stenosis of the nasopalatine pharyngeal cavity in children with adenoidal hypertrophy was greatest at the end-expiration phase
during sleep. The end-expiratory Sa/Snp obtained by a combination of MRI and respiratory gating technology has potential as an
important imaging index for diagnosing and evaluating severity in pediatric OSAHS.

Abbreviations: A/N = adenoid-nasal pharyngeal cavity ratio, AHI = apnea hypopnea index, CT = computed tomography, FOV =
field of view, LaSO, = lowest oxygen saturation of blood, MRI = magnetic resonance imaging, OSAHS = obstructive sleep apnea
hypopnea syndrome, PSG = polysomnography, ROS = receiver operator characteristic, TE = echo time, TR = repetition time.
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1. Introduction

Obstructive sleep apnea hypopnea syndrome (OSAHS) is a
common sleep-related respiratory disorder. Its prevalence is
approximately 2% in children, but primary snoring is reported to
be more common, ranging from 3% to 12%." OSAHS is
characterized by repetitive obstruction in the upper airway
during sleep, which may be partial or complete, and causes
hypopnea or apnea, respectively.' In most cases of pediatric
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OSAHS, upper airway obstruction occurs from the nasopharynx
to the oropharynx, caused by upper airway stenosis resulting
from adenoid and tonsil hypertrophy with soft tissue collapse
around the airway. The most common pathogenesis of pediatric
OSAHS is adenoidal hypertrophy.

In OSAHS, breathing is labored during sleep due to
obstruction of the upper airway. As a result, nocturnal oxygen
saturation is decreased and sleep is fragmented leading to a
decrease in memory, cognitive competence, attention, and
control, as well as a series of pathological changes, including
maxillofacial malformations and growth disorders.™ If the
condition is not recognized and treated early, OSAHS can
seriously affect the growth and development of a child. Therefore,
interest in OSAHS has increased in healthcare settings.

Polysomnography (PSG) is the current gold standard for
diagnosing pediatric OSAHS as it can accurately determine the
adverse effects of OSAHS on multiple physiological functions.!”!
However, PSG is limited as it cannot accurately localize the
stenotic site in an OSAHS patient’s upper airway, and in young
patients, PSG is relatively complicated as continual monitoring is
required. Furthermore, other factors, such as loose electrodes and
poor skin contact can influence test results.

Recently, researchers have focused on imaging studies that can
locate the precise site and severity of the obstruction in
OSAHS.!*"! During sleep, upper airway morphology can change
with inspiration and expiration; hence, dynamic imaging to
objectively assess the level and extent of the obstruction in the
upper airway is important. As a noninvasive and nonirradiative
dynamic imaging method with a high resolution for soft tissues,
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magnetic resonance imaging (MRI) is increasingly being applied
for the diagnosis of OSAHS.

The objective of the present study was to investigate the clinical
application of MRI-respiratory gating technology for assessing
illness severity in children with OSAHS. A combination of MRI
and respiratory gating technology was used to observe the dynamic
changes of the upper airway nasopalatine pharyngeal cavity at
different respiratory phases. The ratio of the area of the adenoid to
the area of the nasopalatine pharyngeal cavity on median sagittal
images was compared with the main indices of PSG.

2. Materials and methods

2.1. Clinical data

Children with OSAHS diagnosed in the Department of
Otorhinolaryngology, Hangzhou First People’s Hospital, Zhe-
jiang Chinese Medical University between December 2012 and
May 2015 were eligible for this study. Inclusion criteria were:
diagnosis of OSAHS by PSG (Embletta X100, Embla, Broom-
field, CO); and apnea hypopnea index (AHI)>35. Exclusion
criteria were upper airway obstruction due to grade II or higher
tonsil hypertrophy or other diseases; or obesity, defined
according to the BMI Reference Norm for Screening Overweight
and Obesity in Chinese Children and Adolescents. The study was
approved by the ethical committee of the Hangzhou First People’s
Hospital, and written informed consent was obtained from the
families of all the children.

2.2. MRI scanning and image measurement
2.2.1. Preparations before MRI scanning. An MRI scanner

(Magetom Verio3.0-Tesla, Siemens, Germany) was used to scan
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the upper airways of children with OSAHS. All children were
sedated with 10% chloral hydrate (0.5 mg/kg body weight, total
volume <25 mL) or an intramuscular injection of phenergan (0.5—
1 mg/kg body weight). Children were placed in a supine position on
the examination table. A neck coil was used for MRI scanning.

2.2.2. Respiratory gated dynamic upper airway imaging.
Respiratory gated dynamic upper airway images were obtained
using a TrueFISP sequence with the following parameters:
repetition time (TR)=4.6milliseconds, echo time (TE)=2.3
milliseconds, field of view (FOV)=200mm x 15 mm, matrix=
256 x 192, half-Fourier acquisition with the acquisition time=
300 milliseconds/slice, and slice thickness=3.0mm. For cross-
sectional scanning, sagittal images of the upper airway were used
for positioning, and the area from the cranial base to the
laryngopharynx level was scanned. For sagittal scanning, cross-
sectional images were used for positioning, and the whole
adenoid and nasopalatine pharyngeal cavity was scanned (Fig. 1).
The Siemens Verio gating system was used for respiratory gating,
whereby a respiratory gating sensor was placed on the child’s
abdomen and tightened by a belly band. Inspiration/expiration
phase was selected in the parameter view, and thresholds (10%,
50%, and 90% of the inspiration/expiration phase) were selected
(Fig. 2). Respiratory triggered simultaneous cross-sectional and
sagittal scanning was performed in 6 respiratory phases,
including at 10% (initial), 50% (mid), and 90% (end) of the
inspiration and the expiration phase.

2.3. MRI analysis

The adenoid (a) and nasopalatine pharyngeal cavity (np) were
drawn on median sagittal images of the nasopalatine pharyngeal

D

Figure 1. Median sagittal MRI of the upper airway at the 6 respiratory phases. (A-C) Sagittal MR images of the upper airway at 10%, 50%, and 90% of the
inspiration phases. (D-F) Sagittal MRI of the upper airway at 10%, 50%, and 90% of the expiration phases.
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Figure 2. Panel for setting the parameters of the MRI-respiratory gating technology.

cavity during the 6 respiratory phases. The areas of the adenoid
(Sa) and nasopalatine pharyngeal cavity (Snp) were measured
(Fig. 3), and the Sa/Snp at each respiratory phase was calculated.

2.4. Statistical analysis

Statistical analyses were performed with SPSS 19.0 software
(IBM, IL). Data are expressed as mean +SD. Normality of data
was assessed using the Kolmogorov—Smirnov test. Between-
group comparisons were analyzed by repeated measures analysis
of variance. Correlation was performed with Pearson correlation
analysis, and receiver operator characteristic (ROC) curve
analysis was applied to estimate sensitivity and specificity.
Consistency analysis was performed using the Kappa test. P <.05
was considered statistically significant.

3. Results

This study included 51 children with OSAHS. Mean age of the
children was 5.8 +2.0 years (3-13 years), mean AHI value was
20.0+8.0, and mean lowest arterial oxygen saturation (LaSO,)
was 77.3+10.1% (Table 1).

3.1. Sa/Snp at different respiratory phases in the median
sagittal plane

To evaluate the degree of nasopalatine pharyngeal cavity
obstruction in children with OSAHS and adenoidal hypertrophy
throughout different respiratory phases, we calculated the Sa/Snp

HEngZhou First

Figure 3. Areas of the adenoids and nasopalatine pharyngeal cavity in the
median sagittal MRI of the upper airway (the entire marked area highlighted the
median sagittal area of the nasopalatine pharyngeal cavity, while the grey
separate area within the marked area indicated the median sagittal area of the
adenoid).
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Clinical features of 51 children with OSAHS.

Mean + SD
Age, y 58+2.0
BMI 16.0+25
AHI 20.0+8.0
LaS0, (%) 77.3+10.1

AHI=apnea hypopnea index, BMI=body mass index, SD =standard deviation.

The Sa/Snp of pediatric OSAHS at different respiratory phases.
Sa/Snp (%, x +S)

Initial Mid- End- Initial Mid- End-
inspiration inspiration inspiration expiration expiration expiration
Mean  64.94 62.92 59.96 61.69 64.82 68.96
SD 13.11 12.79 10.65 12.98 12.96 13.24
F 39.30°
P <.001™

SD=standard deviation.
Repeated measures analysis of variance.
P-value was corrected by G-G coefficient.

in the 6 respiratory phases determined by MRI of the upper
airway. Sa/Snp at initial inspiration, mid-inspiration, end-
inspiration, initial expiration, mid-expiration, and end-expira-
tion was 64.94+13.11%, 62.92+12.79%, 59.96+10.65%,
61.69+12.98%, 64.82+12.96%, and 68.96 +13.24%, respec-
tively, with a statistical significance (F=39.3, P <.001; Table 2).
Pairwise comparisons showed statistical significance between
each phase of inspiration and expiration except mid-inspiration
and mid-expiration, and end-inspiration and initial expiration.
Furthermore, the Sa/Snp was significantly higher at end-
expiration compared to the other 5 respiratory phases (P <.001;
Table 3).

3.2. Correlation of Sa/Snp with the main indices of PSG
throughout different respiratory phases

To evaluate the correlation of the Sa/Snp obtained by MRI of the
upper airway with the main indices of PSG in the 6 respiratory
phases, the Sa/Snp was correlated with the AHI and LaSO,
during sleep. The Sa/Snp was positively correlated with the AHI
(P<.001). The largest correlation coefficient was found between
the Sa/Snp and the AHI in the end-expiration phase (0.933). The
Sa/Snp was negatively correlated with the LaSO, (P <.001); the
largest correlation coefficient was found between the Sa/Snp and
the LaSO, in the end-expiration phase (—0.858; Table 4).

3.3. Sa/Snp threshold for classifying severity of illness in
pediatric OSAHS patients

To generate a Sa/Snp threshold for classifying severity of illness in
pediatric OSAHS patients, AHI was used as the gold standard for
severity judgment (patients with AHI > 20 were considered severe,
and patients with AHI<20 were considered slight-moderate).
ROC analysis in the 6 respiratory phases showed that the AUC of
the Sa/Snp in the end-expiratory phase was the largest (0.992,
P<.001), providing a threshold of 69.5% for the diagnosis of
severe versus slight-moderate OSAHS in children (Fig. 4).
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Pairwise comparison of the Sa/Snp of pediatric OSAHS at different
respiratory phases.

CGomparison of different respiratory phases

Difference in means P

Initial ingpiration vs mid-inspiration 2.02 .07

Initial inspiration vs end-inspiration 4.98 <.001
Initial inspiration vs initial expiration 3.25 .007
Initial inspiration vs mid-expiration 012 1.00

Initial inspiration vs end-expiration —4.02 <.001
Mid-inspiration vs end-inspiration 3.00 .048
Mid-inspiration vs initial expiration 1.27 397
Mid-inspiration vs mid-expiration —1.86 191
Mid-inspiration vs end-expiration —6.00 <.001
End-inspiration vs initial expiration —-1.73 1.00

End-inspiration vs mid-expiration —4.86 <.001
End-inspiration vs end-expiration —9.00 <.001
Initial expiration vs mid-expiration -3.13 .032
Initial expiration vs end-expiration —7.27 <.001
Mid-inspiration vs end-expiration —4.132.45 <.001

* N
Bonferroni corrected P-value.

3.4. Diagnosis accordance rate of Sa/Snp at end-
expiration and AHI

Based on an end-expiratory Sa/Snp of 69.50%, pediatric OSAHS
patients were divided into severe and slight-moderate groups.
Consistency analysis with outcomes of AHI classification showed
a diagnosis accordance rate of 96.0% in severe pediatric OSAHS
and 96.2% in slight-moderate pediatric OSAHS (Kappa=0.922,
P<.001; Table 3).

4. Discussion

A relative change in the volumes of the adenoid and the
nasopalatine pharyngeal cavities during respiration is the main
reason for nasopalatine pharyngeal cavity obstruction. There-
fore, in this study, we explored the utility of the Sa/Snp obtained
by median sagittal MRI as an index of the degree of obstruction
of the nasopalatine pharyngeal cavity in pediatric OSAHS.
Findings showed that the Sa/Snp was gradually decreased from
initial inspiration to end-inspiration, suggesting that the volume
of the upper airway was increased, and obstruction of the
nasopalatine pharyngeal cavity was gradually alleviated. During
expiration, the Sa/Snp was gradually increased, reaching a
maximum at end-expiration, indicating that the degree of stenosis
at end-expiration was the most severe. Inspiration is an active
process, and the tension of the upper airway dilator muscles is
increased by an enlarged airway volume. Conversely, expiration
is a passive process, and during sleep, there is a reduction in
muscle tone in the thorax, abdomen, and pharynx. We speculate

Correlation coefficient (r) of the Sa/Snp at each respiratory phase
with the AHI and LaSO,.

PSG index Sa/Snp
Initial Mid- End- Initial Mid- End-
inspiration inspiration inspiration expiration expiration expiration
AHI 0.897 0.869 0.763 0.789 0.901 0.933
LaS0, —0.856 —0.825 0655 —0.766 —0.812 —0.858

AHI=apnea hypopnea index, PSG = polysomnography.
All the correlation coefficient had P<.001.
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Figure 4. The ROC curve of the Sa/Snp at end-expiration phase.

that airflow impacts the soft palate during expiration, elevating it
toward the nasopalatine pharyngeal cavity, resulting in stenosis.

PSG is the current gold standard for diagnosing and evaluating
the severity of OSAHS. We found a positive correlation between
the Sa/Snp and the PSG main index (AHI), and a negative
correlation between the Sa/Snp and the LaSO, during all 6
respiratory phases. This suggests that the Sa/Snp obtained using
MRI-respiratory gating technology has potential as an important
imaging index for the diagnosis of pediatric OSAHS. Further-
more, our study found that the end-expiratory Sa/Snp had the
highest correlation with the AHI and LaSO,, and the largest AUC
in ROC analysis, providing a threshold of 69.5% for the
diagnosis of severe versus slight-moderate OSAHS in children.
Consistency analysis with outcomes of AHI classification showed
a diagnosis accordance rate of 96.0% in severe pediatric OSAHS
and 96.2% in slight-moderate pediatric OSAHS. These rates
were significantly higher than those reported in a previous
consistency analysis of the adenoid—nasal pharyngeal cavity ratio
(A/N) measured on computed tomography (CT) with PSG.!®!
These data suggest that the Sa/Snp has high accuracy for the
evaluation of pediatric OSAHS severity. Clinically, pediatric
OSAHS may be diagnosed as severe if the Sa/Snp is >70%, or
slight-moderate if the Sa/Snp is <70%.

Evidence suggests that anatomic stenosis of the upper airway
and local soft tissue collapse are the main causes of OSAHS, but
the characteristics of OSAHS in children and adults are different.

www.md-journal.com

The onset of pediatric OSAHS is mainly due to pathologic soft
tissue hyperplasia and hypertrophy in the upper airway,
including abnormal proliferation of the lymphoid tissues
(adenoid and tonsil). Of these, adenoid hyperplasia is the most
common, occurring frequently in children 3 to 6 years of age.*1°!
The adenoids lie in the nasopalatine pharyngeal cavity wall,
forming part of the pharyngeal lymphoid ring; the adenoids form
the first line of defense against pathogens in the respiratory tract.
Inflammation of the adenoids causes pathological hyperplasia
and nasopalatine pharyngeal cavity obstruction. Generally,
surgical intervention in pediatric OSAHS is reserved for severe
disease and when conservative treatments fail.''! Therefore,
accurately judging the degree of adenoid hyperplasia and its
impact on the nasopalatine pharyngeal cavity is essential for
clinical decision making.

The use of electronic nasopharyngeal endoscopy for OSAHS
diagnosis is difficult in small children due to poor patient
cooperation. Thus, noninvasive medical imaging technology is
often applied to diagnose the obstructive site in pediatric OSAHS
patients. Fujioka et al®! proposed that the degree of adenoidal
hypertrophy obstruction could be judged by measuring the A/N
via a lateral cephalometric radiograph. However, their study was
conducted at a single point in time in “awake” children. As
respiration is a dynamic process, it is difficult to comprehensively
and accurately evaluate the actual degree of stenosis of the
nasopalatine pharyngeal cavity as a linear ratio in an instanta-
neous plane in children in an “awake” state. Children with
OSAHS in the “awake” state rarely have symptoms of upper
airway obstruction, and anatomical structural changes only
become evident when a child is asleep. McGinley et all™!
proposed that the difference in respiratory tract morphology
between the sleep and “awake” states might be related to the lack
of a local neuromuscular compensatory function and an increase
in soft tissue compliance during the sleep state.

The use of CT for the diagnosis of pediatric OSAHS is not
appropriate as CT has poor resolution in soft tissue, which is
easily damaged by exposure to radioactivity. In contrast, MRI
is advantageous in OSAHS as it has high resolution in soft
tissues, no radiation, and slice selection."*' With the
development and application of fast scanning sequences,
MRI has become an important technique in OSAHS
research.!'>'¢ In fact, a combination of MRI and respiratory
gating technology can provide dynamic airway images at
different respiratory phases and measure the parameters of
structures in the upper airways.

Accordingly, to explore changes in the nasopalatine pharyn-
geal cavity in pediatric OSAHS, we performed upper airway MRI
during sleep. As dynamic changes in soft palate morphology
during respiration represent an important pathogenic factor in
OSAHS,""! we focused our studies on the nasopalatine
pharyngeal cavity above the plane of the soft palate. In order
to exclude multiple confounding factors, our study population
included pediatric OSAHS patients with adenoidal hypertrophy

Diagnosis accordance rate of Sa/Snp at end-expiration phase and AHI.

End-expiratory Sa/Snp classification

AHI classification n Slight-moderate (Sa/Snp <69.50%), (n, %) Severe (Sa/Snp >69.50%), (n, %) Kappa P
Slight-moderate (AHI <20) 26 25 (96.2%) 1 (3.8%) 0.922 <.001
Severe (AHI>20) 25 1 (4.0%) 24 (96.0%)

AHI=apnea hypopnea index.
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alone. Furthermore, we focused on the dynamic changes on the
median sagittal image of the nasopalatine pharyngeal cavity
during respiration, as the median sagittal image can be accurately
located. However, our findings must be interpreted with caution
as they are preliminary. It is unknown whether these data apply
to pediatric OSAHS caused by upper airway multisite stenosis or
if they indicate the need for surgical intervention.

Obesity is a common cause of adult and pediatric OSAHS.
However, obesity could result in false-negative diagnosis of
pediatric OSAHS without adenoidal hypertrophy by our MRI
scanning technique. Accordingly, obese children were not included
in our study. In addition, there are some other limitations of MRIin
the diagnosis of OSAHS. Pediatric OSAHS patients must be
sedated before MRI scanning, which carries a risk of respiratory
depression. Furthermore, MRI-respiratory gating technology
requires highly trained professional imaging staff.

5. Conclusions

Stenosis of the nasopalatine pharyngeal cavity in children with
adenoidal hypertrophy was greatest at the end-expiration phase
during sleep. The end-expiratory Sa/Snp obtained by a
combination of MRI and respiratory gating technology has
potential as an important imaging index for diagnosing and
evaluating severity in pediatric OSAHS.
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