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Abstract

Background
Robin Sequence (RS) is usually defined as the combination of micrognathia, glossoptosis and 
upper airway obstruction. No objective criteria to diagnose RS exist. To compare management 
strategy results, a single RS definition using objective criteria is needed. The most frequently 
used primary diagnostic tool for glossoptosis is awake Flexible Fiberoptic Laryngoscopy (aFFL). 
To determine the reliability of the aFFL videos as an independent diagnostic tool itself, rather 
than on the complete evaluation of a patient.

methods
All RS individuals from an existing cohort with an available aFFL video were included 
retrospectively. Thirty age-matched patients without pathologic findings on aFFL were used as 
controls. aFFL videos were scored by six otolaryngologists as: a. Marked glossoptosis, b. Mild 
glossoptosis, c. Severity unknown, d. No glossoptosis, e. Insufficient video quality. Videos were 
anonymized and rated twice, in altered sequences, after a washout period of minimally 2 weeks. 
Inter-rater and intra-rater agreement were calculated

Results
26 videos of 16 RS patients and 30 videos of controls were included. Inter-rater agreement was 
fair in the whole group (κ: 0.320) and RS group (κ: 0.226), and fair to moderate in determining 
presence of glossoptosis (total group κ: 0.430; RS κ: 0.302; controls κ: 0.212). The intra-rater 
agreement for presence of glossoptosis in RS was moderate (κ: 0.541).

conclusions
aFFL offers fair to moderate inter-rater agreement, with moderate intra–rater agreement, in 
evaluating glossoptosis in RS. Using aFFL as the single tool in choosing management strategies 
in RS seems insufficient. There is need for a more reliable, patient friendly diagnostic tool or an 
internationally accepted aFFL scoring system, to diagnose glossoptosis in RS.
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introduction

Background and objective
Robin Sequence (RS) is a congenital entity that is usually defined as the combination of 
micrognathia and upper airway obstruction, caused by glossoptosis. Often a cleft palate is also 
present. Several other definitions for RS have been used and there is no consensus on the best 
definition [Breugem and Courtemanche, 2010; Basart et al., 2015]. Micrognathia and glossoptosis are 
subjective criteria, and no objective measurements in RS have been published for these two 
components of RS. Only the respiratory problems can be quantified through polysomnography 
(PSG) and provide information on the obstructive or central character and severity of the 
respiratory problems. PSG does not provide information on the localization of the obstruction, 
however [Wise et al., 2011]. RS can be seen in an isolated form, but is often seen in combination 
with syndromes [Basart et al., 2015b]. These syndromes have different etiologies, cause widely 
variable additional symptoms, and have a risk for recurrence in relatives varying from 0 to 50% 
for affected individuals and their family members. Various management strategies exist for RS 
[Mackay, 2011]. The choice for a strategy is based on the localization of the airway obstruction, on 
the severity of respiratory problems, and especially on the preference of the physician in charge 
of the patient [Basart et al., 2015a; Mackay, 2011; Evans et al., 2011].
For reliable comparisons of the results of management strategies in RS, a single definition is 
needed using criteria that can objectively determine each of the components of RS. The severity 
of airway obstructions can be studied using PSG [Wise et al., 2011], and micrognathia can be 
objectively determined using 3D-facial photogrammetry and laser scans [Hammond and Suttie, 

2012], and the usability in RS is presently studied (Basart et al, in progress). To determine the 
presence and degree of glossoptosis, awake flexible fiberoptic laryngoscopy (aFFL), performed 
by an otolaryngologist is the most widely available diagnostic tool [Nunez de Costa et al, 2014; Cruz 

et al., 1999]. This examination however, can be technically difficult or even impossible, because 
of non-cooperation of the newborn. Obviously the procedure of aFFL causes distress, and the 
muscular tension and struggling during the procedure may cause a tongue position that is not 
representative of its position at rest or while sleeping. Because no standardized scoring system 
is available in evaluating glossoptosis by aFFL, results are open to individual interpretation. 
This urged us to study the reliability of aFFL in determining the presence and severity of 
glossoptosis in RS, by assessment of a series of aFFL videos of newborns with and without 
glossoptosis, checking inter-rater and intra-rater variations in scoring.

methods

ethical considerations
The study was approved by the medical ethics committee of the Academic Medical Center, 
Amsterdam (W15_009#15.015)
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Study design
Retrospective cohort study.

Setting and patients
Patients were selected from an existing, previously described, cohort of Robin Sequence (RS) 
patients presented between 1996 and 2013 in three Dutch tertiary treatment centers3. RS was 
defined on clinical grounds as patients having micrognathia, glossoptosis and respiratory 
insufficiency, with or without a cleft palate. All consecutive RS individuals in whom an aFFL 
was available were included. Experienced pediatric otolaryngologists in the Academic Medical 
Center in Amsterdam performed all the aFFL’s. If more than one video was available of a single 
patient, every video was included. 26 patient videos were included. Thirty additional patients, 
matched for age and gender, without any reported pathologic findings during aFFL, were also 
selected. All videos were de-identified and labeled after randomization.

Procedures
We developed a simple scoring system to evaluate the aFFL videos, allowing 5 options to score 
the presence of glossoptosis: a. Marked glossoptosis, b. Mild glossoptosis, c. Glossoptosis 
present but severity cannot be determined, d. No obstruction, e. Quality of the video insufficient 
for scoring glossoptosis. Six otolaryngologists, experienced in pediatric care, from four aca-
demic hospitals in The Netherlands rated the videos. They were blinded for the patient’s clinical 
history and results of additional studies including the aFFL. Videos were rated independently, 
using the above scoring-system. Each video could be paused and started during assessment and 
could be watched as often as desired. Raters were blinded for the scores of other raters. After 
the first round of rating, the videos were given a new label, re-ordered, and after a wash-out 
period of minimally 2 weeks, scored again by the same raters in the same manner as in the first 
assessment, the raters being blinded for their own previous scores.

Statistical analysis
Data were analyzed using IBM SPSS Statistics 22 (SPSS Inc., Armonk, New York). The inter-
rater agreement was calculated using Fleiss κ (>2 raters and >2 variables). The intra-rater 
agreement was calculated using the generalized κ. We used the commonly used interpretation 
for κ values: 0.00 = no agreement, 0.01-0.20 = slight agreement, 0.21-0.40 = fair agreement, 
0.41-0.60 = moderate agreement, 0.61-0.80 = substantial agreement, 0.81-0.99 = excellent 
agreement, and 1.00 = perfect agreement. A κ higher than 0.75 is considered to be valid for use 
in research settings and/or clinical practice [Fleis, 1999; Scholtes et al., 2011].

Results

Patients
We included 56 videos: all 26 available videos of 16 RS patients (median age: 75.9 [1-330] weeks) 
and 30 videos of control patients (median age: 86.4 [1-368] weeks) without clinical symptoms of 
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glossoptosis or abnormalities noticed in the clinical aFFL. Gender distribution was equal in the 
2 groups.

inter-rater agreement
In Table I the frequencies of scoring the presence of glossoptosis in both RS patients and 
controls by all raters are shown. The overall inter-rater agreement for the total scoring was 
fair (κ: 0.320). The agreement within the RS group (“mild/marked/unknown severity/absent 
glossoptosis”) was also fair but lower than in the whole group (κ: 0.226). When scoring only 
“absent/present glossoptosis” the agreement was moderate in all videos (κ: 0.430) and fair 
for the videos of RS patients (κ: 0.302) or those of controls (k: 0.212) (Table II). Therefore, the 
inter-rater agreement dealing with all scoring options was slightly lower than the agreement in 
scoring only absence or presence of glossoptosis in the whole group.

Table I: Frequency of scoring the presence of glossoptosis

Score 1 Score 2

RS Control RS Control

Rater 1 15/26 5/30 15/26 1/30

Rater 2 20/26 7/30 22/26 7/30

Rater 3 20/26 6/30 22/26 7/30

Rater 4 25/26 13/30 17/26 7/30

Rater 5 14/26 3/30 15/26 3/30

Rater 6 20/26 8/30 19/26 6/30

Table II: Rater agreement (κ)

All scoring options Presence glossoptosis

All patients RS Control All patients RS Control

inter-rater Score 1st 0.344 0.286 0.215 0.444 0.383 0.224

2nd 0.295 0.165 0.169 0.415 0.221 0.200

mean both scores 0.320 0.226 0.192 0.430 0.302 0.212

intra-rater Rater 1 0.407 0.427 0.284 0.468 0.361 0.360

2 0.709 0.616 0.735 0.830 0.652 0.814

3 0.865 0.829 0.824 0.898 0.764 0.909

4 0.138 0.039 0.121 0.265 0.158 0.130

5 0.753 0.560 1.000 0.743 0.500 1.000

6 0.773 0.742 0.694 0.811 0.812 0.674

mean All raters 0.608 0.535 0.610 0.669 0.541 0.647
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intra-rater agreement
The mean intra-rater agreement of all raters was substantial (κ: 0.608; range: 0.138-0.865). 
The mean intra-rater agreement in scoring the RS group was moderate (κ: 0.535; range: 
0.039-0.829). In scoring absence or presence of glossoptosis in the total group, the intra-rater 
agreement was again substantial (κ: 0.669; range: 0.265-0.898). If scoring glossoptosis was 
limited to the RS group, the intra-rater agreement was 0.541 (moderate) (Table II).

discussion

Key findings
Glossoptosis is one of the main characteristics of RS. The present study was designed to 
determine the reliability of aFFL as an isolated procedure to diagnose glossoptosis. The present 
results show that in evaluating videos of aFFL the agreement between raters was limited to 
only a fair degree. This was consistent in the two scoring rounds. Intra-rater agreement was 
substantial in the whole patient group, showing that each of the examiners was typically rather 
consistent in his/her conclusions on the available data, but for the RS group the agreement 
decreased to a moderate degree. The results indicate that videos of well-performed aFFL did not 
allow reliable scoring of glossoptosis in RS patients by each of the experienced examiners, and 
aFFL by itself is insufficient for judging glossoptosis in RS.

Limitations and strengths
Strengths of the present study are: 1. An extremely simple scoring system, with this we aimed 
to avoid bias caused by differences in interpretation of the scoring system by the raters, 
which would possibly result in false low inter-rater scores. 2. The aFFL videos were made by 
experienced pediatric otolaryngologists, and the quality of the videos was scored as good by the 
examiners judged by present day quality. 3. Scoring was performed twice after re-randomization 
and a washout period, and results between the two rounds were very similar.
A limitation of the study is the retrospective character, potentially causing a selection bias in the 
videos of controls and RS patients that were used. To limit this bias, we used all consecutive RS 
patients in whom an aFFL video was available and did not make any selection in the RS group. 
Also, the ENT-surgeon who selected the control patients, did not participate as examiner in the 
reliability study itself. A second limitation is that the evaluation of the severity of glossoptosis 
is usually not only based on the aFFL images but also on the sounds of breathing that a patient 
makes during the procedure, the general clinical status, the results of polysomnography, and 
the medical history of the patient. This additional information was not available to the raters. 
We concur that it is not unlikely that the reliability of aFFL increases if all this additional 
information would have been available as well. However, as aFFL is described frequently as 
being the most widely used diagnostic tool for glossoptosis [Cruz et al., 1999], the goal of the 
present study was to determine the reliability of the aFFL videos as an independent diagnostic 
tool itself, rather than on the complete evaluation of a patient.



Chapter 6 | The reliability of Flexible Fiberoptic Laryngoscopic videos in diagnosing glossoptosis in Robin Sequence patients 93

6

comparisons with other studies
A literature search was performed which did not identify earlier studies investigating the 
reliability of aFFL in diagnosing glossoptosis. Most studies only looked at the safety, indications 
and outcomes of aFFL in infants [Schellhase, 2002]. However, Kindermann et al [2008] does 
evaluate aFFL to test adenoid hypertrophy in children suffering from nasal obstruction, and 
reports an excellent inter- and intra-rater agreement (κ: 0.94 and κ: 0.95), but concludes that 
the technique is especially accurate in cooperative patients.

clinical applicability
The present study indicates that the clinical applicability of aFFL alone seems low when 
diagnosing glossoptosis. In RS patients the respiratory problems typically occur when infants 
are relaxed and sleeping, especially when positioned on their back. During aFFL infants are 
frequently agitated, and in a vertical position. The baseline characteristics in aFFL therefore 
do not mimic the situation at which respiratory problems usually occur. FFL performed with 
the infant asleep seems more suitable to determine location, structure and extent of obstruc-
tions, as it mimics the natural position in which respiratory problems occur in a better way. 
Endoscopy with the infant asleep is impossible in an outpatient setting due to the unpredictable 
timing of natural sleep, and obvious disturbance of the sleep after placement of the endoscope 
into the upper airway. Medications such as midazolam could be administered to overcome 
these problems and may be considered for diagnosing glossoptosis in RS, but would need the 
same monitoring and feeding precautions as any general anesthesia especially in children with 
expected airway obstruction during sleep. This limits the use of sleep-inducing drugs in an 
outpatient setting [Dur et al., 2012; Sher et al., 1986].
Previously described diagnostic alternatives to diagnose glossoptosis are ultrafast or dynamic 
CT or MRI scanning. These would be a good alternative if these imaging procedures can be 
obtained without the use of general anesthesia, which may be possible using the ‘feed-and-
wrap’ technique which has been a safe technique in our hands if careful monitoring is applied 
[Edwards and Arthurs, 2011]. Both techniques can visualize dynamic motion of the upper airway to 
assess upper airway collapse or differences in upper airway motion [Stein et al., 1987; Ciscar et al., 

2011; Donnelly et al., 2002; Donnelly et al., 2003]. Compared to CT scanning, MRI has the advantages 
of the absence of ionized radiation, excellent soft tissue visualization and the possibility of 
three-dimensional assessments of structures and therefore seems the best alternative for aFFL 
in diagnosing glossoptosis in RS [Dur et al., 2012]. A study for the usability of MRI in determining 
glossoptosis in RS patients is presently in progress as well (Basart et al, in progress).
Often aFFL outcome is used as guidance in choosing a treatment in RS patients, since presence 
and the level of obstruction are expected to strongly influence the treatment outcome. The 
results of our study suggest that one should be aware of the limitations of aFFL for choosing a 
management strategy.
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conclusion

aFFL is currently the only widely available diagnostic tool to assess the presence of glossoptosis. 
With this tool a fair inter-rater agreement was reached with a moderate to substantial intra–rat-
er agreement for the whole group, and a fair inter-rater and moderate intra-rater agreement for 
RS patients. The value of aFFL for diagnosing glossoptosis and as a major determining factor 
in choosing management strategies in RS is questionable. A well-designed and internationally 
accepted scoring system for scoring glossoptosis during aFFL procedures is needed. However, 
due to the intrinsic problems of aFFL which scores glossoptosis in an awake, agitated child in a 
non-horizontal position, a more reliable, objective and more patient friendly diagnostic tool to 
diagnose glossoptosis objectively is desirable.

conflict of interest
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