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Abstract The purpose of this work is to review the basis

and validity of sleep nasopharyngoscopy (SNP) in children

with sleep disordered breathing (SDB). We performed an

English literature review of the effectiveness of modalities

guiding surgical treatment, and the utility of SNP. Scant

literature is available on SNP. Only two validation studies

exist on adults, and none on children. Multiple-level

pathology has been identified by several studies in children,

but credible epidemiological work does not exist. Other

modalities were studied but methodology flaws are sub-

stantial. In the absence of alternative validated diagnostic

modalities, sleep endoscopy is emerging to identify surgi-

cal targets. This has mechanistic support, but as yet has not

been accompanied by the description of a valid scheme in

evaluating the upper airway.
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Introduction

The spectrum of sleep disordered breathing (SDB) is well

recognized, and its most severe form is obstructive sleep

apnea syndrome (OSAS) [1]. The pathological mechanisms

include one or more of genetic factors, structural narrowing

of the airway, altered neuro-motor tone, impaired sensa-

tion, and inflammation [2••]. The prevalence estimates of

OSAS in children, based on questionnaires, range from 1.2

to 5.7 % [3••, 4••]. This suggests that the full spectrum is a

common condition. Untreated SDB is associated with sig-

nificant sequelae across multiple domains, including

increased health care utilization [5], cardiovascular dys-

function [6, 7], neuro-cognitive and neurobehavioral

abnormalities, including attention deficit disorder [8–13].

The literature proposes that early identification and

treatment may reverse these sequelae [14], and improve the

child’s long-term outcomes (improved behaviour, attention

and social interactions) [15••]. Whereas medical manage-

ment plays a definite role, surgery remains the primary

therapy, usually in the form of adenoidectomy, tonsillec-

tomy, or both (T&A).

Overnight polysomnography (PSG) identifies and

quantifies the abnormalities in sleep and/or gas exchange

associated with SDB, and is superior to a multitude of other

less sensitive evaluation methods [3••, 4••, 16, 17]. Very

recently, a clinical practice guideline reinforced its status
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as a reference standard, and advocated its use as a pre-

operative investigation [16]. Unfortunately, PSG is unable

to identify the level of obstruction or the optimal surgical

target(s).

Results of T&A and Implications

Although T&A is currently the most common initial treat-

ment for pediatric OSA, inconsistent success in curing OSA

has led to a call for more research. [18]. A retrospective

study conducted at six pediatric sleep centers in the United

States and two in Europe demonstrated that T&A surgery

did result in improvements of sleep-indices. A complete

resolution of OSA, however, was only achieved in 27.2 %

of cases. Residual disease was noted to be more prevalent in

older, asthmatic and obese children [19].

This impression had been also expressed in a recently

updated systematic review of the literature, which dem-

onstrated that the success of T&A in children was 66.3 %,

when ‘cure’ was established on a case-by-case basis. When

the threshold for ‘cure’ was determined as an apnea-

hypopnea index (AHI) of \1, the success rate was 59.8 %

[20••]. These results are likely a reflection that adenoton-

sillar enlargement is among several causes of narrowing of

the upper airway, which is, in turn, one of several patho-

physiological mechanisms that mediate SDB. At this point

in time, there are no epidemiological data on the exact

nature and prevalence of other causes of narrowing of the

upper airway (especially in otherwise healthy children).

We are also unable to consistently identify the children

who have mechanisms of SDB that are, by nature, untreat-

able by T&A, such as neuromuscular incoordination and

sensory impairment of the upper airway [21].

Literature on Non-endoscopic Modalities

for Demonstration of Surgical Targets

Traditionally, clinical examination in the outpatient setting

has been the bedrock for the decision to operate. But a

systematic review, conducted by Breitzke et al. [22] found

that clinical evaluation alone, accounting for patient history

and physical exam, was insufficient for the diagnosis of

SDB, and quoted a modest positive predictive value of only

55.8 %. A more recent review found again no association

between subjective grading of tonsil size and the diagnosis

of SDB [23]. It therefore appears that clinical examination

and history do not reliably diagnose the condition, and that

there were no attempts to define surgical targets, or predict

surgical success in a systematic fashion.

Some radiological modalities have been investigated

alone, and also in conjunction with clinical examination.

These include plain X-rays, and magnetic resonance

imaging (MRI). A small study demonstrated that tonsil size

on plain X-rays correlated with PSG findings, but the

results have not been replicated [24]. Another study

reported that the presence of abnormal AHI correlated with

adenoidal hypertrophy as measured on a lateral X-ray of

the nasopharynx, but not with tonsillar size on examination

[25]. These findings suggest that while overall upper air-

way obstruction may predict abnormal AHI, the method

does not delineate specific surgical target or targets.

Another target for this research has been children who

failed T&A. A group from Cincinnati examined cine magnetic

resonance imaging (c-MRI) in these patients [26]. This group

demonstrated statistically significant differences in upper

airway measurements and collapse between 16 children with

OSA and 16 children without. Children with Down syndrome

who had already undergone T&A and had residual SDB were

also examined [27]. These children exhibited relative mac-

roglossia (74 %); glossoptosis (63 %), recurrent and enlarged

adenoids (63 %); enlarged lingual tonsils (30 %), and hypo-

pharyngeal collapse (22 %). These findings have been

reproduced at the same centre in another Down syndrome

children cohort [28]. Another study examined MRI mea-

surements in 28 children and young adults, (mean age

11.2 years) who had undergone genioglossus advancement

surgery for sleep apnea, to identify potential predictors of

success [29]. Relative tongue size and small adenoid size were

the two predictors of successful treatment.

There is little doubt that c-MRI provides for excellent

demonstration of collapses and obstruction of the airway, in

addition to digitized volumetric assessment, delineation of

soft tissues and parapharyngeal structures, and does not

expose the child to radiation. However, it still requires

anaesthesia or sedation, is expensive and is not readily

accessible. Together with the methodological limitations of

the studies (mainly selection bias and small numbers), these

factors limit its general applicability. Other non-invasive

methods, to localize the level of airway obstruction or

collapse have been examined. Anterior rhinomanometry

showed good positive and negative predictive values (97,

86 % respectively) in one study in children with SDB [30].

Acoustic pharyngometry [31], also shows reduced mini-

mum cross-sectional area in children with SDB compared to

those without. Unfortunately, neither modality can identify

a surgical target with precision, and have not been ade-

quately evaluated for implementation into regular clinical

practice.

Current Literature on Sleep Endoscopy in Adult

Patients

We conducted a comprehensive literature search on sleep

endoscopy in the management of SDB. Medline, PubMed,
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ACP Journal Club and Cochrane Databases were all ref-

erenced. MeSH words used included ‘endoscopy’, ‘sleep

disordered breathing’ and ‘validation studies’; key words

used included nasoendoscopy; and possible limits placed

included pediatric and human studies. Using varying

combinations, a total of 520 citations resulted. Finally, we

used seventeen references for the purpose of this report.

Hessel and deVries conducted endoscopy on 380 adult

patients diagnosed with unacceptable snoring (sic) to

determine the sites of obstruction along the upper airway.

They detected single level obstruction in only 35 % of the

patients, while 65 % had multiple-levels [32]. The authors

felt that the advantages for using endoscopy are detecting

the multi-level nature of the pathology, demonstration of

the surgical target and the assessment of the problem in a

state similar to what is actually experienced by the patient

and/or partner. Sadaoka et al. [33] reported that the findings

of endoscopy correlated with non-REM PSG. However,

only a small number of studies proposed a structured

scoring scheme, or a validation for the investigation.

Pringle and Croft [34] proposed a five-grade system after

scoping 100 adult patients. These ranged from simple

palatal level snoring, to single palatal level obstruction,

then palatal level obstruction with intermittent orohypo-

pharyngeal involvement, then consistent multi-segment

involvement, and finally tongue-base level obstruction. The

system was not validated.

Worthy of mention are two later prospective studies,

conducted by the same research team who coined the

acronym DISE (drug induced sleep endoscopy). These

projects were test–retest reliability and inter-rater reliabil-

ity of DISE in adults with SDB [33, 34]. The first study

included thirty-two patients undergo two separate exam-

inations using a structured scoring system, conducted and

interpreted by two experienced sleep surgeons (only one of

whom was blinded). Evaluation of findings was organized

into three analyses. These involved a global assessment of

obstruction at two levels: the palate and hypopharynx, the

extent of obstruction at each site, and finally to determine

which specific structure contributed primarily to the

obstruction at the level of the palate and hypopharynx. The

authors acknowledged the limitations of the exercise,

particularly the assumption that only two potential inde-

pendent regions of pathology existed (palate and hypo-

pharynx). Using intra-class correlation coefficient analogs,

the test-retest reliability of the scoring in this study was

found moderate to substantial. Other limitations were the

small sample size (yielding wide confidence intervals), a

population with little heterogeneity (making it difficult to

assess the true value of the classification system), and that

the assessors were both experienced sleep surgeons,

thereby limiting the generalizability of the results [35••].

In the subsequent study assessing inter-rater reliability,

an identical classification method was used. The same

observers participated in the study; one was blinded, while

the other was not. The agreement between reviewer ratings

was calculated using Cohen kappa and weighted kappa

statistics. The authors were content that agreement of the

observers was substantial for global assessment of

obstruction, and moderate for the degree of the obstruction.

Also they concluded that the agreement was substantial on

evaluating the primary structures contributing for the

obstruction, than for individual structures. Although the

sample size was larger than the earlier study, the disad-

vantages of using experienced observers, and limited var-

iation in the sample persisted [36••].

Pediatric Literature

The articles on SNP trials in children are even more lim-

ited. A very early description of SNP investigation was

provided by Sher et al. in 1986. These authors explicitly

limited their work to syndromic children, and the research

was later extrapolated specifically to Pierre-Robin patients.

Although their work included a classification of the find-

ings into four types of upper airway findings (two types of

glossoptosis, and two types of pharyngeal collapse), their

methodology was never subjected to validation [37•].

Croft et al. [38] described the findings of endoscopy in a

small series (n of 15; amongst them six Down’s children

and one Pierre-Robin sequence) of children with proven

sleep apnea. In their work, they did acknowledge the initial

descriptions by Borowiecki et al. [39] who conducted a

fibreoptic study of the pharyngeal airways during sleep in

patients with hypersomnia, and OSAS.

Later on, Contencin et al. reported on 17 children

(in almost 12 months) who had either symptoms of OSAS

and/or abnormal PSG (n of 5), but with no clear site of

obstruction on awake clinical examination. They used

nitrous oxide and halothane for anesthesia, prior to which

they examined the patients awake with topical anesthesia.

Only nine had pure adenotonsillar obstruction judged to be

the cause of the obstruction. In their discussion, they claimed

that the investigation could spare the resource of the PSG.

They contended that on awake clinical examination, the role

of the adenoid and tonsillar hypertrophy in the generation

and maintenance of the OSA symptoms cannot be always

predicted. The authors postulated as well the potential role of

a proximal, seemingly innocuous, point of obstruction pro-

ducing downstream progressive, more severe obstruction,

and cautioned against false positive findings [40].

Myatt and Beckenham, investigated and treated 20

children with AHI[30/h, largely with complex syndromic
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or dysmorphic diagnoses, amongst whom some had pre-

vious T&A. Halothane and oxygen were used throughout

the examination [41••]. This paper described four levels of

findings: level 1 (velopharyngeal/adenoidal obstruction),

level 2 (tonsillar/lateral pharyngeal wall), level 3 (tongue

base obstruction) and level 4 (supraglottic obstruction)

[41••]. Unfortunately no validation exercise was under-

taken, and the population was a complex one, leaving out

otherwise healthy patients. Finally, a retrospective study

conducted by Goldberg et al. identified on endoscopy both

fixed and dynamic causes of upper airway obstruction.

Forty-nine patients diagnosed with OSA (by PSG) were

examined. Of these, 38 had endoscopy to identify potential

upper airway obstruction while 11 were evaluated for other

indications. Endoscopy identified areas of multiple

obstructions along the upper airway: adenoidal hypertrophy

(64 %), tonsillar hypertrophy (31 %), laryngomalacia

(44 %) and pharyngeal wall collapse (41 %) [18].

Thevasagayam et al. [42•], reported a 3.9 % prevalence

rate of laryngomalacia in a retrospective consecutive case

series of 358 children with SDB who were all examined

endoscopically. Although the authors did not propose a

validated structured scoring scheme, the message was

mainly about documenting one type of airway pathology

which clinician do not search for in that group of patients.

In 2012, Fung et al. [43••] published a case-control

retrospective study describing a structured system of SNP.

They age-, gender-, and weight- (body mass index per-

centile) matched 23 Down syndrome children with coun-

terparts who still presented with SDB. The endoscopic

findings were reported as either obstructive, collapse or

mixed findings. They demonstrated that pharyngeal col-

lapse was statistically more prevalent in the Down syn-

drome group, along with tongue collapse. However,

adenoid enlargement was significantly more in the controls.

The argument to use such a scheme was primarily avoid-

ance of unnecessary surgery and demonstration of a dif-

ferent mechanism of SDB. Unfortunately, the system is as

yet to be validated, and the diagnosis of SDB was based on

overnight pulse oximetry grading.

Truong et al. [44•] studied perhaps the largest group of

patients to date (n of 80). Total intravenous agents were

used to induce sleep (propofol and remifentanil). Four

levels of the airway were assessed (velum, oropharynx,

tongue base, and supraglottis), but were not rated. There

was not stratified display of the distribution of findings,

rather the paper concentrated on the response to surgery

(i.e., improvement in AHI). The authors were content that

endoscopy-directed surgery improved all AHI scores for

both the children who underwent T&A previously and

those who did not. This stratification probably diluted the

sample size, but it was a re-emphasis on the relevance of

surgical targets other than tonsils and adenoids.

Very recently, a retrospective study [45] used SNP in

children with persistent SDB (AHI [1/h) after T&A.

Thirteen children, including five Down syndrome patients

and three with cerebral palsy, were studied. The endo-

scopic findings were documented according to a modifi-

cation of a four-level previously described method (VOTE;

velum, oropharyngeal lateral walls, tongue base, and/or

epiglottis) [46]. The results showed that multi-level

obstruction, including tongue-based obstruction, inferior

turbinate hypertrophy, and adenoidal re-growth, were

contributing factors [28]. The series represented another

highly select group, a small sample, and used a non-

validated score in children.

The relatively scant published literature, therefore, has

largely limited the use of SNP to small numbers of a highly

select group of children, either because their SDB was

mediated via a unique characteristic (syndromic or dys-

morphic), or due to failure of an initial T&A. Currently, we

do not have established technical protocols, nor do we have

epidemiologic data on possible locations of upper airway

obstruction, other than tonsil and adenoid enlargement.

Lastly, there is no consensus on how should we grade the

information documented (i.e., score) or its significance in

the overall management.

Drug Related Considerations

SNP is proposed as a valuable tool to assess airway col-

lapse and obstruction. To be useful in clinical decision

making, however, it must meet certain requirements.

Findings under this technique should correlate with SDB,

and the drugs used should provide reliable and reproduc-

ible conditions. Most importantly, the airway conditions in

the drug-induced state should mimic those of natural sleep

as closely as possible, and recent work has tried to address

these issues.

The choice of possible sedative agents is wide. Initially

various halogenated anesthetic agents were the most

common choice. Then propofol infusions were imple-

mented, as well as ketamine and benzodiazepines. More

recently, dexemetomidine has been suggested, as it appears

to more closely replicate REM sleep.

The choice of the agent should rest on the best available

evidence for producing sleep-like airway conditions, at a

reproducible assessment point. During sleep there is a very

significant reduction in the airway tone mediated by a

reduction in genioglossus stimulation [2••]. An ideal agent

would produce this reduction in tone at a reliable depth of

anesthesia.

Can sedated assessment be compared to normal sleep?

Some differences exist in the available literature. Rapid eye

movement (REM) sleep is reportedly abolished under

Curr Otorhinolaryngol Rep (2013) 1:8–15 11
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propofol sedation, and slow-wave sleep is increased. This

could lead to underestimation of the severity of SDB in

children, as this tends to be more REM-related. Thus, the

change in sleep architecture could have important impli-

cations for the use of propofol [47•]. However, Rabelo

et al. [47•] also documented that adults undergoing poly-

somnography (PSG) with or without propofol sedation had

very similar apnea hypopnea index (AHI) in both tests,

suggesting a very similar impact on the airway of natural

sleep and propofol sedation. Eastwood et al. [48] have also

demonstrated that airway obstruction under isoflurane

general anesthesia predicted SDB with AHI [10 by PSG.

The agent supported with the best evidence at this time

is propofol. A number of studies have looked at its effect

on genioglossus activity, and on critical obstruction pres-

sures [49, 50••, 51]. Pharyngeal critical closing pressure

(Pcrit) measurement are used to quantify airway collaps-

ibility by assessing the amount of applied negative pressure

an airway can tolerate before obstruction occurs, or alter-

natively the amount of positive pressure required to prevent

obstruction. The higher the Pcrit, the more collapsible the

airway. Propofol has been found to consistently reduce

genioglossus activity in a dose-dependent manner [51].

Critical pressure, however, only changes by a small amount

initially as the dose increases. Then it undergoes an acute

increase that is simultaneous with clinical unresponsive-

ness. Bispectral index (BIS) recordings at this time also

drop suddenly, as would be expected when consciousness

is lost [50••]. This is similar to what is seen in natural sleep.

Sleep is a complex process, but some elements are known

to be present. For sleep to occur, the ventrolateral preoptic

nucleus needs to be active, which is achieved through

GABA receptor stimulation; propofol is known to act

through these receptors [50••]. During sleep the hypo-

glossal nucleus becomes less active, and this results in a

reduced activity of the genioglossus muscle, thus reducing

airway tone. This hypoglossal nucleus down regulation is

partially mediated by GABA receptors, which again are

acted on by propofol.

Therefore, under propofol sedation, clinical findings are

very similar to the PSG results found under normal sleep,

and a biological mechanism by which the drug can act on

the centers responsible for changes in airway tone during

normal sleep. This, together with findings showing

expected pathophysiologic airway changes at the onset of

clinical sedation, make it a good candidate as an agent for

SNP.

Midazolam has been directly compared to propofol in

volunteers and was found to have a similar propensity for

obstruction [49]. It too works through GABA activity, but

has a longer onset and offset time. Benzodiazepines may

also have a greater impact on depth of respiration, adding

another confounder. Ketamine has been shown to increase

genioglossus activity and increase secretions, and therefore

may not be an appropriate agent for SNP assessment [52].

Halogenated inhalational anesthetic agents, like halo-

thane, isoflurane and more recently sevoflurane, have also

been employed [53, 54]. All these agents do suppress

genioglossus activity to varying degrees, however the

suppression is seen even at subanesthetic concentrations

which makes it difficult to determine the optimal point at

which the findings are most likely to reflect those of normal

sleep. This may be a result of the presence of both glycine

receptors and GABA receptors in the hypoglossal nucleus.

Halogenated agents are known to act on both receptors and

this may explain the earlier and less predictable depression

of genioglossus activity.

Dexemetomidine produces a sedated state that allows

easy rousing when given by infusion. It has been proposed

as a possible agent for SNP in children. A study examining

the impact of dexemetomidine versus propofol on cine-

MRI findings, found that children with dexemetomidine

required fewer airway interventions compared to those

with propofol [55]. Children with severe obstructive dis-

ease on sleep study (obstructive index [10 events/h)

required an artificial airway more than 50 % of the time

in the propofol group versus 7 % of the time in the

dexemetomidine group. This, however, suggests that

dexemetomidine did not mimic the sleep study findings as

clearly as the propofol did. This could be explained if

dexemetomidine sedation is a result of alpha-2 receptor

activity, not GABA activity. It is therefore less likely to

influence the hypoglossal nucleus in the same way. More

work needs to be done to establish if dexemetomidine is a

suitable agent for SNP assessment.

The current literature therefore suggests that a clinical

target of loss of responsiveness can be used to achieve

airway conditions that mimic findings seen in normal sleep

using either propofol, or midazolam infusion, with propofol

having a shorter offset time and a demonstrated threshold

level for airway changes that closely matches clinical loss

of responsiveness.

Research on SNP thus far has described the prevalence

of laryngomalacia amongst children presenting primarily

with SDB [42•], providing some unique epidemiological

data, and offering one alternative to T&A or a ‘plan B’

after its failure. Other authors provided some support to

this notion [56]. Similarly, lingual tonsil enlargement has

been identified as a potential surgical target [57]. Our

unpublished data indicates that only one-fifth of children

with SDB has single level abnormality.

SNP may allow characterization of the upper airway of

different risk groups. Down syndrome patients have been

shown to exhibit more collapse than obstruction [55]. Since

this risk group (and others, like obese children) [58], are at

increased risk of morbidity peri-operatively, these results
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can have far reaching implications. A further step would be

to demonstrate if collapse may predict failure of surgical

treatment as was recently claimed in an adult-based study

[59•].

Conclusions

T&A surgery for SDB in children is currently failing to

cure many patients. The literature suggests that these

children may have problems at multiple levels, and by

multiple mechanisms. The risk of T&A surgery requires

that we apply this therapy only to those children who will

benefit. SNP allows dynamic assessment of the airway, in a

non-invasive manner. It may help select the most appro-

priate surgery for each individual child, avoid unnecessary

surgery, and plan contingency treatment in cases of resid-

ual or recurrent symptoms. Along with other variables

significant for SDB, SNP findings may be able to help

predict failures of surgical therapy. This assertion will

require further research.

The method proposed to direct surgical therapy should

be supported by adequate level of evidence on reproduc-

ibility, accessibility, cost effectiveness, real-time repre-

sentation, and accurate identification of all levels of

pathology, and for a representative population and sub-

populations. The method should also correlate with the

presence of SDB, and prove predictive of the result of

surgical intervention, along with other relevant patient

variables. For decades, endoscopy has been routinely used

to evaluate the upper and lower airway, and plan for

treatment of various conditions. It is quite logical, then,

that SDB should not be an exception to that rule. The

established advantages include availability and familiarity,

including a real time assessment of the airway under a

simulated set of circumstances.

SNP, however, will never be a replacement for reference

standard sleep studies, nor do we predict that it can be a

sole determinant of treatment irrespective of the other

patient and disease-related variables.
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