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Abstract
Purpose  The objective of this study is to systematically review the international literature for dynamic sleep magnetic reso-
nance imaging (MRI) as a diagnostic tool in obstructive sleep apnea (OSA), to perform meta-analysis on the quantitative 
data from the review, and to discuss its implications in future research and potential clinical applications.
Study design  A comprehensive review of the literature was performed, followed by a detailed analysis of the relevant data 
that has been published on the topic.
Methods  Clinical key, Uptodate, Ovid, Ebscohost, Pubmed/MEDLINE, Scopus, Dynamed, Web of Science and The 
Cochrane Library were systematically searched. Once the search was completed, dynamic sleep MRI data were analyzed.
Results  Nineteen articles reported on 410 OSA patients and 79 controls that underwent dynamic sleep MRI and were 
included in this review. For meta-analysis of dynamic sleep MRI data, eight articles presented relevant data on 160 OSA 
patients. Obstruction was reported as follows: retropalatal (RP) 98%, retroglossal (RG) 41% and hypopharyngeal (HP) in 5%. 
Lateral pharyngeal wall (LPW) collapse was found in 35/73 (48%) patients. The combinations of RP + RG were observed in 
24% and RP + RG + LPW in 16%. If sedation was used, 98% of study participants fell asleep compared to 66% of unsedated 
participants.
Conclusions  Dynamic sleep MRI has demonstrated that nearly all patients have retropalatal obstruction, retroglossal obstruc-
tion is common and hypopharyngeal obstruction is rare. Nearly all patients (98%) who are sedated are able to fall asleep 
during the MRI. There is significant heterogeneity in the literature and standardization is needed.
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Introduction

Obstructive sleep apnea (OSA) is a well-recognized and 
commonly occurring condition in which an individual suf-
fers frequent apneic episodes causing arousal from sleep 
leading to fragmented and poor quality of sleep [1]. There is 
an increased risk in all-cause mortality of those affected by 
moderate to severe OSA [2]. The polysomnography (PSG) 

has been the gold standard for the diagnosis of OSA and 
the severity is graded by the apnea hypoxia index (AHI) 
calculated by the number of apneas or hypopneas per hour 
of sleep [2]. Patients then usually undergo treatment with 
continuous positive airway pressure (CPAP) or other medi-
cal management such as oral appliances, myofunctional 
therapies, and/or nasopharyngeal airway devices if indi-
cated [3, 4]. However, if patients cannot tolerate medical 
management, or if their OSA is severe enough that medical 
management is ineffective, patients will often seek surgical 
treatment. There are many options for surgical treatments 
including soft tissue surgeries, as well as skeletal surger-
ies and hypoglossal nerve stimulator implants that have 
proven effective for the management of OSA [5]. However, 
with many surgical options available, it is important to 
delineate which surgeries would be most effective for each 
patient. Assessment tools include physical examination, 
drug-induced sleep endoscopy (DISE), awake fiberoptic 
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laryngoscopy with Muller’s maneuver, and imaging includ-
ing videofluoroscopy, cephalometry, computed tomography 
(CT), and magnetic resonance imaging (MRI). Each method 
has its advantages and disadvantages.

Imaging of the soft tissues in the upper airway for the 
purposes of OSA is typically acquired either in the form of 
CT or MRI has evolved through time. In 1993, Suto et al. 
was the first to publish on using a novel form of MRI that 
was capable of creating video MRI images with ultrafast 
“FLASH” (Fast low angle shot) technology [6]. Multiple 
slices in the midsagittal and axial planes are acquired over 
approximately 30 s during a breath cycle or apneic event. 
The resulting series can show the duration, degree as well as 
the pattern of airway collapse [7, 8]. This type of MRI study 
has been reported by many different names in the literature 
including video MRI, cine-MRI, FLASH MRI, ultrafast 
MRI, and dynamic MRI, but for the purposes of this study, 
it will be referred to as a “dynamic MRI” study. MRI done in 
this fashion can be conducted during natural sleep, although 
many studies are done under induced sleep. More recent 
studies use dynamic MRI in the awake state to study upper 
airway changes during tidal breathing.

MRI used in the traditional technique has also been used 
in the study of OSA patients and will be reported as “static 
MRI”. Static MRI is a useful tool for identifying anatomical 
differences between patients with and without OSA [9–12]. 
Volumetric data calculated from static MRI of the soft pal-
ate, tongue, lateral wall volumes, and parapharyngeal fat 
pads can be predictors of OSA severity [9, 13–16]. On the 
other hand, dynamic sleep MRI has potential to be applied 
clinically by providing images of the exact sites and pattern 
of obstruction in OSA patients while asleep.

This article provides a literature review and meta-analysis 
for dynamic sleep MRI techniques as a diagnostic tool for 
OSA. It reviews and analyzes dynamic sleep MRI findings 
regarding the pattern and sites of obstruction. The study 
methods and protocol for falling sleep in the MRI setting are 
reviewed and standardization for future studies are outlined. 
Finally, the article discusses the advantages and disadvan-
tages of using dynamic sleep MRI as a diagnosis tool, future 
areas of research, and its potential in clinical applications.

Methods

The preferred reporting items for systematic reviews and 
meta-analysis (PRIMSA) statement was followed in the 
preparation and writing of this article [17].

Search strategy

Clinical key, Uptodate, Ovid, Ebscohost, Pubmed/MED-
LINE, Scopus, Dynamed, Web of Science and The Cochrane 

Library were systematically searched by authors KV, SC, 
and CM independently from inception through April 1, 
2020. One example of a search strategy used in PubMed/
MEDLINE is: (“MRI” OR “Magnetic resonance imaging”) 
AND (“sleep” OR “obstructive” OR “Apnea” OR “Apnea”) 
AND (“dynamic” OR “video” OR “cine” OR “FLASH” 
OR “ultrafast”). Each search was reviewed, and full text-
pdf versions of articles were cataloged if determined to be 
potentially relevant.

Study selection

Studies that were included for review were all those that 
included patients that had OSA and a dynamic MRI was 
performed in a sleep state either by natural or induced sleep. 
Studies on pediatric patients were excluded. Studies without 
dynamic MRI were excluded, and studies that performed 
awake only MRI were excluded.

Studies that were included for meta-analysis were those 
from the review that had data on site of obstruction seen 
on dynamic sleep MRI. Studies were excluded if the site or 
pattern of obstruction could not clearly be elucidated by the 
authors. If it could not be determined that the cohort was not 
previously published, the most recent or most relevant study 
was included for meta-analysis and the others excluded.

Data abstractions and study quality assessment

The authors searched all available databases for relevant arti-
cles. A consensus was made as to which studies to include in 
this analysis and the final decision was made by author MC. 
The Data collected from the articles included the number of 
patients, gender, age, body mass index (BMI), apnea–hypo-
pnea index (AHI), sedation use, region of collapse seen on 
the imaging study, and whether the participant fell asleep in 
the MRI machine. If the average and standard deviation was 
provided, it was calculated from the reported data. The stud-
ies identified in this analysis were all case series and were 
assessed using the National Institute for Health and Clinical 
Excellence (NICE) quality assessment tool [18].

Statistical analysis

StatsToDo.com was used for totaling averages and standard 
deviations. If data were missing, the totaling was not per-
formed, or the study was not included in the calculation. If 
studies were missing data, the plan was to contact the cor-
responding author at least twice so the data could potentially 
be obtained.
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Results

Systematic review

The literature search yielded 635 articles that were screened 
and 50 articles that were downloaded in full text pdf for 
review. After applying exclusion criteria, 19 articles were 
included for systematic review. Figure 1 shows the litera-
ture review flow diagram. Please see online supplementary 
Table 1 for details of the NICE quality assessment, but in 
summary seven articles scored 7, six articles scored 6, two 
articles scored 5, two articles scored 4, one article scored 3, 
and one scored 1. Nine articles had controls groups, and four 
had BMI-matched controls. Details regarding each article in 
the review including a synopsis and brief discussion of each 
can be found on Table 1.

Meta‑analysis

After systematic review, 8 articles provided data on dynamic 
sleep MRI that were included for meta-analysis (Table 2). 
Two articles (Liu et al. and Huon et al.) were noted to have 
reported the same data set, therefore the more recent article 
was included for analysis [19, 20]. Bansal et al. was not 
included in the analysis due to a paucity of details regarding 
the patients AHI, BMI, and observations of sites of obstruc-
tion [21]. Wang et al. used dynamic imaging for 41 patients 
under natural sleep but the data were not included in the 
meta-analysis as the authors reported on intrinsic changes of 
the tongue during sleep rather than the sites of obstruction 
[22]. Shintani et al. reported elements of anterior–posterior 
measurements and cross-sectional areas in different levels of 
the upper airway rather than obstructions and was not eas-
ily adapted to this meta-analysis [23]. Huon et al. reported 

on both mild and severe OSA patients, thus that data were 
split for the purposes of meta-analysis [20]. In total 160 
OSA patients (AHI 38.7 events/hr + / − 26.6, BMI 27.2 kg/
m2 + / − 4.6) and 25 controls were included. Moon et al. 
reported RDI and was included in the AHI calculation [24].

The average BMI of the OSA patients was 27.2  kg/
m2 + / − 4.6 which is in the overweight category according to 
the Centers for Disease Control and Prevention. 131 patients 
were male and 19 were female; the gender was not reported 
for 10 patients in study by Chuang et al. [25]. The average 
age was 47.8 years old, standard deviation was not reported 
in 3 studies and unable to be calculated en mass.

The collapse and obstruction were visualized in 5 regions: 
nasopharyngeal (NP), retropalatal (RP), retroglossal (RG), 
hypopharyngeal (HP), and lateral pharyngeal wall (LPW). 
Different terminologies were used across the literature in 
reporting the sites of obstruction (i.e., velopharyngeal, soft 
palate, retropalatal, retrolingual, retroglossal, hypopharynx, 
epiglottic, epipharynx, mesopharynx, tongue base). The 
descriptions of these regions were able to be consolidated 
in this meta-analysis. The NP region is defined as the air 
space above the hard palate. RP is defined superiorly from 
an extension from the hard palate to the inferior border of 
the uvula [20, 26, 27]. RG is defined from inferior border 
of the uvula to the superior border of the epiglottis [6, 24, 
26–28]. Some studies extended RG to the base of epiglottis, 
however a HP region were not defined in those studies [20, 
25]. Future studies in correlating with DISE would be able 
to easily identify the tip of the epiglottis rather than the base, 
thus the definition using the tip was favored. Of note, retro-
lingual and retroglossal are semantically identical, however, 
a majority of studies used retroglossal and thus this term was 
adapted in this analysis. The HP region is defined as the air 
space below the superior tip of the epiglottis. HP collapse 
was presumably due to epiglottic collapse, although this is 

Fig. 1   Flow diagram dem-
onstrating study selection for 
dynamic sleep magnetic reso-
nance imaging (MRI) used in 
studying obstructive sleep apnea 
(OSA) for adult patients. TMJ 
Temporomandibular joint

Ar�cles excluded a�er extensive review: 16 

Reason for exclusion: 

No MRI performed or no data given: 9 

MRI of TMJ only: 1 

Pediatrics: 6 

Ar�cles Excluded During Screening and Ini�al 
Review: 622 

Reason for exclusion: 

MRI Not performed as part of study: 405 

Not OSA pa�ent popula�on or no PSG done: 152 

Review ar�cle: 26 

Included ar�cles: 31 

Ar�cles retrieved 
from reference 
lists:  10 

Ar�cles Downloaded for full review:  39 

Ar�cles Retrieved From Search Criteria 
(a�er removal of duplicates): 661 
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not specified [13, 40]. LPW collapse was not reported in a 
majority of the studies as this would require axial slices in 
multiple planes combined with coronal slices for optimal 
visualization. Huon et al. were the only authors to report 
specifically on LPW collapse, in part because they included 
coronal cuts in the study. Chuang et al. and Moon et al. were 
able to characterize “circumferential” or transverse collapse 
on axial imaging, which was interpreted as LPW collapse 
[24, 25].

Obstruction, also synonymous with collapse or narrow-
ing, was defined differently in among studies. Obstruction in 
the majority of the studies was defined as the disappearance 
of the airspace in the RP or RG area in the sagittal, and axial 
planes if applicable [26, 28, 29]. Moon et al. and Barerra 
et al. defined a > 50% reduction in length in the sagittal plane 
and whereas Huon et al. defined a > 75% reduction in length 
in the sagittal plane as obstruction [20, 24, 30]. Lee et al. 
used a classification of no obstruction, partial obstruction, 
and complete obstruction [31]. A 50% reduction in length, 
if assumed to be circumferential, would increase airflow 
resistance by a factor of 16 according to Poiseuille law [32]. 
Kavcic et al. reported 25% RG narrowing using specific 
measurements in the axial plane as obstruction if associ-
ated with an apneic event, whereas Berrera et al. reported a 
50% change in RG anterior–posterior dimension as a posi-
tive obstruction as judged by the two interpreters without 
using specific measurements to quantify a 50% change 
[26, 30]. The subjective interpretation of obstructions was 
shown to have good inter-rater reliability in the RP area, but 
some variability was reported in the RG area [30]. Obstruc-
tion in the meta-analysis was adapted using the criteria as 
defined by each study. Figure 2 demonstrates an example 
of RP and RG obstruction as seen on imaging. NP obstruc-
tion was not seen in any patient. RP obstruction was found 
in 157 of 160 (98.1%) patients, RG obstruction was found 
in 65/160 (40.6%) patients, and HP obstruction was found 
in 8/160 (5%) patients. LPW collapse was only recorded 
in studies including axial or coronal planes and was found 
in 35/73 (48%) patients. Multi-level obstructions were also 
reported. The combination of RP + RG was found in 38/160 
(23.8%) patients. The combination of RP + RG + LPW was 
found in 25/73 (34.2%) patients. Nine patients exhibited RP 
and LPW, 4 patients exhibited RP + HP, and 3 patients were 
found to have RP + RG + HP (Table 2).

In a separate analysis, all articles in the review were 
assessed for ability of the patients to fall asleep in the MRI 
machine. In 19 articles, 526 participants attempted sleep 
and 406 (77.19%) were able to fall asleep in total. Eleven 
articles reported using natural sleep for the MRI. Nearly 
all describe some form of sleep deprivation period prior to 
attempting the scan. These periods ranged from 12 to 20 h, 
and in those reports the patients were not allowed alcohol 
or sedatives prior to the procedure. In total, natural sleep A
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was attempted in 364 patients and successful sleep, defined 
differently in studies, was achieved in 240 patients reflecting 
a 65.93% success rate of falling asleep in an MRI machine. 
Seven articles reported using a myriad of sedatives ranging 
from zolpidem, hydroxyzine, midazolam, chloral hydrate, or 
propofol to achieve sleep state. In the induction group, 169 
participants attempted sleep, and 166 (98.17%) were able to 
achieve sleep (Fig. 3). The only patients reported that did not 

achieve sleep with induction agents were in one report by 
Zhang et al. that used chloral hydrate as the agent [8]. This 
cohort was also the only one to attempt natural sleep, and 
then if unable was given the sedative; these patients were 
counted twice (once as attempting natural sleep, and once as 
attempting sedated sleep if given the sedative). Midazolam 
and hydroxyzine were each used in two articles, propofol and 
zolpidem were each used in one. Suto et al. did not specify 

Fig. 2   This image demonstrates (A) Patent airway (B) Retropalatal 
obstruction with retroglossal narrowing (C) Retropalatal obstruction 
without retroglossal narrowing. All images taken on midline sagittal 
view using dynamic sleep MRI. This image is from Sleep magnetic 

resonance imaging with electroencephalogram in obstructive sleep 
apnea syndrome, Kavcic et  al. [26], reprinted with permission from 
Wiley

Fig. 3   The number of reported 
study participants who were 
able to fall asleep while attempt-
ing to complete a dynamic sleep 
magnetic resonance imaging 
(MRI) study). The total number 
of participants, as well as those 
whom were sedated versus 
allowed to sleep naturally are 
shown here



603European Archives of Oto-Rhino-Laryngology (2022) 279:595–607	

1 3

induction vs natural in their cohort, but likely reported the 
same cohort as a previous publication by the same author 
group that used hydroxyzine as the induction agent; this data 
were categorized as induced sleep [6, 33]. Bansal et al. was 
unique in that it was the only study conducted after lunch, 
in which the patients ingested a heavy meal to induce sleep, 
however an unspecified “low dose oral sedative” was also 
given [21]. See online supplementary Table 2 for details.

Discussion

OSA is a pervasive problem with many different treatment 
options both surgical and non-surgical. While PSG remains 
the gold standard for diagnosis of OSA, it is limited in pro-
viding information regarding the area of obstruction. CPAP 
remains the gold standard for initial treatment; however, for 
those patients with severe cases, or those patients who oth-
erwise opt for surgical intervention, it is important to deter-
mine a targeted therapy. Considering that there are numerous 
surgical interventions targeting different areas in the upper 
airway, determining the specific area of obstruction will be 
key in surgical planning. Dynamic sleep MRI presents itself 
as an intuitive way to view these specific areas of obstruc-
tion, and it is the first documented diagnostic modality 
that can image the upper airway during natural sleep [6]. 
To have a more thorough understanding of dynamic sleep 
MRI, multiple topics require further discussion. These topics 
include the nuances and correlations between different areas 
of obstruction and its clinical application, as well as detailed 
review of the sub-group analysis regarding the feasibility of 
natural and induced sleep. Finally, the use of dynamic sleep 
MRI with other adjunct to study sleep, the limitations of 
the dynamic sleep MRI technique, and comparative imaging 
modalities are explored.

LPW, RP, and RG obstructions have some notable cor-
relates. The pattern of RP and RG obstruction was not able 
to be correlated with severity of AHI. However, in the study 
by Huang et al., LPW collapse was positively correlated 
with significantly higher AHI [20] than those without LPW 
collapse. In our study, the RP area was the most prevent 
area of obstruction found in 98.7% of subjects. There were 
instances of isolated RP obstruction, but there were no 
instances of isolated RG obstruction; in other words, RG 
obstruction was always associated with another area of 
obstruction. RP obstruction occurring independently of as 
well as in combination with RG narrowing was observed 
in the same patient during different apneas [26]. Findings 
by Kavcic et al. noted narrowing of the RG space if the 
soft palate was attached to the tongue base and no narrow-
ing of the RG space if the soft palate was detached to the 
tongue base [26]. The theorized mechanism proposed by the 
authors related to the increased surface tension of the soft 

palate to the base of tongue causing posterior displacement. 
Chuang et al. similarly described three different sequences 
of obstruction between the soft palate and tongue base: (1) 
Posterior movement of the soft palate without tongue move-
ment, (2) RP obstruction followed by the RG obstruction, 
and (3) Tongue displacement posteriorly first to compress 
the soft palate causing obstruction [25]. Lee et al., using CT 
instead of MRI, has observations relevant to this discussion 
[31]. They described two types of RP collapse: uvular type 
(lower part of the soft palate and uvula collapse) and velar 
type (lower soft palate collapse occurring first, followed by 
upper soft palate collapse). They also defined 3 types of 
tongue collapse: upper type (tongue body moving backwards 
to compress the soft palate and narrow the UA), lower type 
(tongue base/lingual tonsils moving backwards to contact 
the posterior pharyngeal wall and narrow the UA), and upper 
plus lower type (upper tongue collapse occurring first, fol-
lowed by lower tongue collapse) for the tongue [31]. Such 
detailed classification of RG and RP obstruction was not 
available for the meta-analysis but should be acknowledged 
that not all RG obstruction or RP obstruction are identical. In 
clinical correlate, if a hypoglossal nerve stimulator was used 
for a patient who had isolated RP collapse, the treatment 
could be less effective than a for a patient with combined 
RP and RG collapse, in that instance a procedure targeting 
the palate might be more applicable. Patient outcomes based 
on surgical intervention targeted on areas of obstruction pre-
operative dynamic imaging is an area of ongoing research. 
For example, dynamic sleep MRI to assess obstruction in 
patient with multilevel obstruction or non-responders prior 
to complex airway surgery has been reported in a small 
cohort of patients. Surgical outcomes of the small sample 
size 6 months postoperatively showed varied success in AHI 
reduction highlighting the complex interaction that occurs 
in the soft tissues of the upper airway [34].

A major advantage of the sleep MRI is the ability to 
image the airway during natural sleep; however, some 
patients may not be able to fall asleep in the machine. Tech-
niques such as FLASH and ultrafast MRI have shortened the 
duration of the scan, sequences may be adjusted to decrease 
the sound pressure, white noise headphones or earplugs have 
been used with success [20, 26], and performing the stud-
ies in the evening at a normal bedtime with patients stay-
ing awake throughout the day may help provide conditions 
for natural sleep. Ikeda et al. advocated for awake instead 
of asleep dynamic MRI stating that most patients cannot 
fall asleep in the machine during natural sleep [29]. How-
ever, our study finds that the majority, 240 of 364 (65.93%) 
participants that attempted natural sleep were able to fall 
asleep. It must be stated that each study setting was unique 
and small sample size from the studies limits a conclusion 
regarding successful natural sleep in an MRI. In addition, 
these numbers are greatly subject to reporting bias, as one 
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study by Liu et al. showed in a consecutive series of 159 
patients, only 64 (40.25%) fell asleep naturally [19]. Other 
studies that were not reported consecutively or that may not 
have reported the number of patients excluded for not falling 
asleep, may falsely elevate the natural sleep success rate. 
In contrast, when patients were induced with some form of 
pharmacologic induction agent 166 of 169 patients (98%) 
were able to fall asleep in the scanner. A higher success rate 
with induced sleep may increase the efficacy of the dynamic 
MRI scans, however, sedation may alter the muscular tone 
of the upper airway and exaggerate the degree of airway 
collapse when compared to natural sleep [19, 26, 35]. This 
has a potential for over diagnosis of obstructive sites, espe-
cially in the RG region. In addition, respiratory depression 
after sedation is a significant risk in OSA patients due to 
the inhibitory effects on ventilatory drive and the confined 
space inside an MRI may restrict access to the airway in the 
event of over sedation [31, 35]. There were no comments of 
complications or airway compromise in the studies utiliz-
ing medication-induced sleep. More research would need 
to be conducted on the selection and dose of sedative that 
would be optimal for dynamic sleep MRI in order achieve 
a high rate of successful sleep without disrupting normal 
oropharyngeal muscle tone and physiology.

The study of OSA with dynamic MRI can be assisted and 
enhanced by additional studies. Baseline anatomic findings 
such as BMI, grading of tonsil and adenoid hypertrophy, 
and Friedman anatomic stage are important in establishing 
patient characteristics. The VOTE classification with DISE, 
which describes the configuration of collapse as A-P, lateral, 
or concentric, can also be correlated with axial images being 
taken at the narrowest point in the RP and RG areas (which 
correlating to the inferior tip of the uvula and the superior 
tip of the epiglottis) [36]. Preliminary dynamic sleep MRI 
results have shown to be highly correlated to DISE findings 
in the RP area although correlation in the RG area was not 
statistically significant [27]. In addition, PSG while in MRI, 
Peripheral arterial tone (PAT), and Electroencephalogram 
(EEG) studies can assist with monitoring the quality and 
stage of sleep during which the dynamic MRI images are 
obtained. Upper airway muscle tone and obstruction sites 
may be different in progressive stages of sleep. Studies 
including EEG noted that patients are only able to reach 
light sleep (stages 1 or 2) on EEG during the short dura-
tion of the scan [26]. Other factors that may contribute to 
the pathophysiology of OSA such as intraluminal pressure, 
pharyngeal air flow, upper airway resistance, and muscle 
laxity are not able to be detected with imaging alone [37]. 
In the pediatric population, dynamic MRI has been used in 
conjunction with computational fluid dynamics, and pneu-
motachography to measure air flow rates to further char-
acterize the upper airway motion [38]. Wu et al. used face 
mask and pressure measurement devices simultaneously 

with MRI scan to measure airway compliance; the study 
concluded that the sites of airway narrowing did not always 
correspond to higher collapsibility [39]. Epworth sleepiness 
scale (ESS), Nasal Obstruction and Septoplasty Effective-
ness (NOSE) scale and other quality of life measures would 
be important to prior to any interventions prompted by sleep 
MRI findings to correlate with symptomatic improvement in 
the patient. The MRI images can also be investigated using 
novel computerized analysis techniques. For example, using 
a “tagged” technique, the amount of soft tissue deformation 
can be quantified. This method has been described in iden-
tifying different compartments of the tongue and revealed 
higher OSA severity associated with movement of a greater 
number of tongue compartments [40]. Areas of concurrent 
research using dynamic MRI includes the use in the awake 
state as a potential screening tool for severe OSA. A BMI-
matched cohort study revealed significantly narrower RP air-
way in OSA patients [41]. In addition, awake axial images at 
the 4th cervical vertebral level have been used to calculate 
minimum airway ellipticity as a predictor for severe OSA 
[42]. However, the site of narrowing does not always cor-
respond to higher collapsibility when asleep [39]. Finally, 
comparison of pre- and post-surgical dynamic sleep MRI 
can help the surgeon better understand the dynamic interac-
tions altered by any surgical interventions. The potential for 
the surgeon to visualize post-surgical changes and locate 
new or persistent sites of obstruction could be invaluable. It 
may reveal the possible etiology for only marginal improve-
ment in AHI in some patients for certain procedures and 
guide further advancements in surgical interventions.

Dynamic sleep MRI has its limitations in terms of acqui-
sition technique as well as cost. Patient positioning while 
acquiring the images may pose as a challenge as the patient 
must be comfortable, yet motionless. In studies by Barrera, 
patients were allowed to lay however they felt most comfort-
able and the use of lateral head supports was not specified 
[30, 43, 44]. Small rotational movements of the head may 
go unnoticed causing misalignment of the midsagittal plane 
which could lead to incorrect diagnosis of obstruction on 
imaging [45]. Finally, the cost of an MRI varies widely by 
location and institution. A 2 h sleep MRI has been reported 
to cost approximately 1000$ [30]. A component to the cost 
is due to the duration needed for natural sleep to occur; how-
ever, it may be offset with scanning overnight during non-
peak usage times.

In comparison to other imaging techniques, CT imaging 
has been used in a similar manner to visualize obstructive 
patterns at multiple levels in the upper airway during sleep 
[31, 46]. It is less expensive, quiet, and timely. However, the 
distinction between MRI and CT is radiation exposure and 
type of images produced with MRI offering better soft tissue 
resolution. While providers are working to reduce radiation 
from CT using different techniques or reducing the duration 
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of the scan, the risk for radiation-induced cancer with even 
low dose radiation must be considered. The MRI findings 
are corroborated by CT studies done in a similar manner 
comparing awake vs sleep states revealing upper airway nar-
rowing during apneic events predominantly at the RP level 
rather than RG region [47].

The observations and conclusions of this retrospective 
review are limited to the quality of the studies that have been 
published previously. Overall, there is a great deal of hetero-
geneity in the current literature. Lack of robust, consecutive 
studies that included age and BMI-matched controls with 
large sample size adhering to a standardized protocol cre-
ate limitations in the data for meta-analysis. Only 2 studies 
had BMI-matched non-OSA controls [29, 48]. The effects 
of obesity in correlation with OSA are well studied and the 
use of BMI-matched non-OSA patients in future studies are 
imperative in further delineating the collapse seen in OSA 
patients. Multiple articles in the systematic review were 
unable to be included in the meta-analysis due to the het-
erogeneity of the reported data. A sub-group analysis could 
not be performed for sites of obstruction, BMI, AHI, age, 
etc. due to unavailable individual patient data in most stud-
ies. The majority of patients included in the meta-analysis 
were males with severe OSA and a majority of the studies 
were of Asian ethnicity. Ethnic difference in upper airway 
anatomy between Europeans and Chinese OSA patients has 
been reported [49]. The effects of these differences in refer-
ence to dynamic collapse are unknown.

Conclusion

Dynamic sleep MRI is an exciting adjunct for the evaluation 
of OSA patients and determining the specific locations and 
patterns of obstruction. This study corroborates the finding 
that RP collapse is the most prevalent finding in males with 
severe OSA. Dynamic sleep MRI can be done under natu-
ral sleep, although there is a higher efficacy with various 
sedation methods. For control groups in future studies, it is 
imperative to include BMI-matched non-OSA patients. In 
addition, measurement of airway obstructions in a standard-
ized approach with standardized nomenclature of the levels 
of obstruction (NP, RP, RG, HP, and LPW) will allow cor-
relation between observances. Along with sagittal images, 
axial and coronal images would need to be utilized to deter-
mine more precise patterns of collapse and especially eluci-
date the extent of LPW collapse.

Potentially, if able to overcome these challenges, dynamic 
sleep MRI could be applied to a broader clinical practice to 
guide appropriate surgical decision making for severe OSA 
patient with multilevel collapse or refractory to initial surgi-
cal intervention.
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