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Abstract
Purpose  To evaluate differential surgical interventions for obstructive sleep apnea (OSA) patients with single-level ret-
ropalatal based on the preoperative topographical diagnosis using nasoendoscopy with Müller’s maneuver during supine 
position (MM-P).
Subjects and methods  This case series included adult patients with OSA who showed a predominant single-level retropala-
tal collapse on MM-P. An anteroposterior pattern of collapse was managed by an anterior advancement procedure, while a 
transverse pattern of collapse was managed by lateral/anterolateral advancement procedures (double suspension sutures). 
A combined procedure was provided to the concentric type of collapse. All patients underwent evaluation of the polysom-
nography, Epworth Sleepiness Scale (ESS) values and snoring scores both preoperatively and 6–8 months after surgery.
Results  Among 102 patients, the most commonly reported pattern of collapse at the retropalatal level was the concentric 
pattern (48.04%) followed by the transverse pattern (27.45%). The AP-pattern of collapse was reported in 24.51%. In the 
postoperative follow-up visits, no early or late complications were reported. All included groups showed significant improve-
ment in polysomnographic data (mean AHI and lowest O2 saturation level). Significant improvement of VAS of snoring was 
reported. The overall success rate was ˃90%.
Conclusion  Preoperative differential diagnosis of OSA with MM-P allows for tailored surgical management. Tailored pro-
cedures could yield good surgical outcomes when patients are properly selected and the technique is chosen according to 
preoperative topographical diagnostic assessment. This study might provide an available less-costly and effective preopera-
tive planning for OSA intervention.
Level of evidence  4.
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Introduction

Sleep surgeons consider polysomnography (PSG) as the cor-
nerstone diagnostic tool in patients with obstructive sleep 
apnea (OSA). PSG could detect the grade of severity of 
OSA. Moreover, it could be considered as the basic measure 
of postoperative outcome. However, PSG cannot provide a 
topographical mapping of the constriction sites of the upper 
airway (UA). The precise localization of the level and the 
pattern of UA collapse have a direct impact on the proper 
surgical planning of the OSA patient [1–4].

Many tools for topographical delineation of the UA are 
available. They include various types of radiological (CT, 
cephalometry and MRI) and endoscopic (drug-induced 
sleep endoscopy (DISE) and awake endoscopy with Mül-
ler’s maneuver (MM)). Each procedure has its limitations; 
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no single procedure has gained universal agreement among 
sleep centers so far. Classically, various diagnostic tools 
are requested during preoperative topographical diagnostic 
work-up; however, economics should be considered when 
making recommendations of an individual tool [1, 5–15]. 
Eventually, surgical concerns about the existence of real sur-
gical needs for these high costs and time-consuming tools 
might show up. More clearly, is there a single maneuver that 
could provide sufficient data for a right surgical decision? 
This is the question that needs to be answered.

The authors hypothesize that positional awake endos-
copy with Müller’s maneuver (endoscopic examination of 
the UA while the patient in supine position; MM-P) might 
be a suitable single-session tool for preoperative UA evalu-
ation and could be applied solely. MM-P could localize the 
sites and patterns of UA obstruction in OSA patients and 
could provide a three-dimensional anatomical topography 
of the collapsible area comparable to DISE; thus, it might 
support proper surgical planning and decisions. MM-P is 
a reliable radiation-free tool in the diagnostic protocol of 
OSA patients; it has other advantages as being an outpatient 
drug-free procedure and less costly than DISE. Moreover, 
MM-P could be easily employed for postoperative follow-up 
of OSA patients [1].

The aim of the current work was to evaluate the surgical 
outcomes after differential therapeutic surgical interven-
tions for selected patients with OSA. Procedure selection 
was based solely on the preoperative topographical diagnosis 
using MM-P [1]. An anteroposterior pattern of collapse was 
managed by an anterior advancement procedure (modified 
anterior palatoplasty; MAP), while a transverse pattern of 
collapse was managed by lateral/anterolateral advancement 
procedures (double suspension sutures; DSS). A combined 
procedure was provided to the concentric type of collapse. 
This protocol might help individualized selection of appro-
priate surgical technique for patients with OSA, for whom 
the best maneuver is yet to come.

Patients and methods

Patients

This prospective study was conducted on adult patients with 
OSA who were managed at the ORL-HN Surgery Depart-
ment, Zagazig University Hospitals, from January 2016 to 
February 2020. This study was conducted according to the 
declaration of Helsinki on Biomedical Research Involving 
Human Subjects. The institutional review board (Zag-IRB) 
approved the research methodology. A prior written inform-
ative consent was gained from all included patients. Included 
subjects were not exposed to any harm. Participants had the 

right to withdraw from the study at any time. All patients’ 
data were kept confidential.

This study was conducted on adult patients with OSA 
who had apnea hypopnea index (AHI) > 15 (on full-night, 
attended PSG) and body mass index (BMI) ≤ 35 kg/m2. All 
included patients were CPAP-intolerants and thus were can-
didates for sleep surgery. All patients reported a predominant 
single-level retropalatal collapse on MM-P and have tonsillar 
size of grades 1–2. Exclusion criteria included patients with 
multilevel collapse of UA. Patients with history of surgical 
intervention for snoring/OSA (e.g., UPPP), and patients who 
had previous tonsillectomy, adenoidectomy or nasal surger-
ies were excluded. Also, patients with high grades of tonsil-
lar hypertrophy (grades 3–4) were excluded. Patients who 
missed follow-up scheduled visits were excluded.

Methods

All participants of the study had a detailed history taking, 
general and otorhinolaryngological examinations. Then, 
subjective Epworth Sleepiness Scale (ESS) analysis was 
done. Oral examination included assessment of dentition, 
soft palate (and uvula), tonsil size with estimation of palate/
tongue relation and tongue base size. Friedman anatomical 
staging (FAS) was applied [9–11].

Thereafter, flexible nasoendoscope (FN) (Xion 3.2 mm 
diameter; Xion Medical, Berlin; Germany) was used for UA 
examination. The computerized tower included a camera 
and a light source (Xion medicals); the software enabled 
video recording and saving of the recorded material. During 
MM-P (patient in supine position), a FN was passed through 
the nose toward the nasopharynx. Müller’s maneuver was 
performed after patients have been taught how to practice 
[1].

For MM-P recording, NOHL classification was applied 
to assess the sites and degrees of obstructions. This scale 
localizes the primary structures that contribute to the col-
lapse of the UA. The possible patterns of collapse can be: 
lateral; L, anteroposterior (AP) or concentric (C) [16]. For 
grading during MM-P, collapse at a specific area was con-
sidered if it was more than 50% (grade 3, 4); a collapse 
less than 50% was considered non-collapse. Data of MM-P 
were evaluated by three independent examiners (with at least 
two agreements). During assessment, the examiners were 
blinded with the patient’s identity. They were also blinded 
with other individual patient’s data.

Surgical interventions

According to preoperative data (as regards the pattern of col-
lapse at the retropalatal area), included subjects were distrib-
uted into 3 groups: Group A) AP-collapse was managed by 
a palatal anterior advancement procedure (modified anterior 
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palatoplasty; MAP), group B) L-collapse was managed by 
lateral/anterolateral advancement procedures (double sus-
pension sutures; DSS) and group C) C-collapse for whom 
a combined procedure (MAP plus DSS) was provided. The 
MAP was performed via removal of a horizontal trapezoid 
strip of mucosa and then three sutures were passed in soft 
palate to include mucosa, submucosa and muscles in a multi-
station, multilayer fashion. The end result of the procedure 
was anterior advancement of the soft palate. The DSS tech-
nique was performed via two absorbable sutures between 
the palate-pharyngeal myomucosal folds (posterior tonsillar 
pillars) and the ipsilateral pterygo-mandibular raphe. The 
procedure aimed to advance the soft palate in an anterolat-
eral direction (Fig. 1)  [8, 17].

The operative time was defined as the time for completion 
of the individual procedure whether MAP, DSS or combined 
(the time of tonsillectomy was not counted). All surgeries 
were performed by the senior author (SM Askar).

Postoperative follow‑up

Six to eight months after surgery, patients underwent MM-P. 
All patients completed the postoperative protocol with sub-
jective outcome measures (Epworth Sleepiness Scale (ESS) 
values, snoring scores and postoperative pain (Visual Ana-
logue Scale—VAS values) and objective outcomes (PSG 
data).

The outcome of surgery was reported as successful in 
patients with a postoperative AHI < 10. Patients with AHI 

between 10 and 20 were reported as responders, while 
patients with a postoperative AHI > 20 (or an unchanged or 
increased AHI) were reported as non-responders [18–23].

Patient satisfaction was also evaluated on the basis of 
a 0–10 Visual Analogue Scale (VAS satisfaction: 0 = no 
patient satisfaction and 10 = maximum patient satisfac-
tion). Patients’ partners also completed the snoring VAS by 
6–8 months postoperatively.

Statistical analysis

The data were collected, tabulated and analyzed using SPSS 
statistical package Version 20 for windows (SPSS Inc., Chi-
cago, Illinois; USA). Numerical data were presented with 
mean and standard deviation. 95% confidence interval (CI) 
was used. Ordinal data were presented as number and per-
centage. Paired T test was used to compare 2 variables. P 
value was considered statistically significant if < 0.05.

Results

Patient characteristics

Surgically eligible patients to this study were 235; 13 
patients refused to share in the study, 116 patients had exclu-
sion criteria (multilevel obstruction (104), previous UPPP 
(6), tonsillectomy and nasal surgeries (4) and those with 
tonsillar hypertrophy of grades 3–4 (2)) and were excluded. 
Four patients did not complete the follow-up scheduled 
visits. The current study was conducted on 102 adult OSA 
patients (with snoring and other OSA symptoms) who met 
the selection criteria and completed the follow-up schedules 
(Fig. 2). The included group was 59 males (57.84%), 43 
females (42.16%) and had a mean age of 33.12 ± 9.14 years 
(range = 20–53 years). Their BMI ranged from 28.14 to 
34.61 (mean = 33.12 ± 9.14). They had AHI range from 16.5 
to 28.2 (on full-night PSG).

All included subjects showed a predominant single-level 
UA collapse at the retropalatal level only and reported high 
grades of collapse by NOHL scale (grade 4; 75–100%). 
On FAS (with exclusion of tonsil sizes 3–4), 79 patients 
(77.45%) were nominated as stage II and 23 patients 
(22.55%) were stage III.

The most commonly reported pattern of collapse was the 
C-pattern (49 patients; 48.04%) followed by the L-pattern 
(28 patients; 27.45%). The AP-pattern of collapse was 
reported in 25 patients (24.51%). Inter-observer full agree-
ment (between three observers) of MM-P was reported in 
93 patients (91.18%), while was not reported in 9 patients 
(8.82%), for whom the operative decision was based on two 
agreements.

Fig. 1   Diagrammatic illustration of the surgical procedures showed 
the sutures (blue lines) of the anterior palatoplasty (red trapezoid) in 
the soft palate and the double suspension sutures (DSS); one (blue 
lines) around the pterygo-mandibular raphe (P). Blue lines represent 
the track of suturing. HP hard palate, PP posterior tonsillar pillar
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According to the preoperative MM-P, group A had 
modified anterior palatoplasty (MAP), group B had double 
suspension sutures (DSS), while group C (C-pattern) had 
both MAP and DSS (Fig. 1). All participants had simulta-
neous tonsillectomy. The follow-up period ranged from 8 to 
21 months (mean 14.32 ± 5.25).

Outcome

The mean operative time of DSS was 12.2 ± 1.3 min (range 
10–14.6), MAP was 13.5 ± 0.9 min (range 12–15.3), while 
it was 21.7 ± 3.5 min (range 17–28) for both techniques 
(group C). Recovery from anesthesia was event-less in all 
included patients with no reported postoperative complica-
tions. Patients were sent home in the following morning and 
came back for examination after 7–10 days. In all groups, 
the postoperative pain was adequately controlled by oral 
analgesics and was relieved within 8–14 days. In the post-
operative follow-up visits, there were no early complications 
(hemorrhage and infection) or late complications (globus 
sensation, velopharyngeal dysfunction or palatal fistula). No 
BMI significant changes were recorded.

At 6–8 months postoperatively, PSG was done for all the 
included patients; none of them reported worsening of AHI. 
Postoperative improvement (the reduction of AHI from the 
baseline) range was 56.49–88.76% (mean = 79 ± 7.16%). The 
overall successful outcome was ˃90%. VAS of satisfaction 
was ˃8 at one month postoperatively and remained the same 
throughout follow-up (Table 1, Figs. 3, 4).

In group A (25 patients), successful outcome was 
reported in 22 patients (88.0%), while three patients (12.0%) 
were considered as responders. The mean AHI dropped 
significantly (P < 0.0001; t = 18.0239) from 20.7 ± 3.3 pre-
operatively to 6.2 ± 2.3 postoperatively (95% CI 12.882 to 

16.118). The mean lowest oxygen saturation level increased 
significantly from 81.2 ± 4.58 to 91.6 ± 4.02 (t = 8.5330; 
P < 0.0001; 95% CI − 12.8506 to − 7.9494). Significant 
improvements were reported as regards ESS and VAS of 
snoring (P < 0.0001) (Figs. 3, 4).

In group B (28 patients), successful outcome was 
reported in 26 patients (92.86%), while 2 patients (7.14%) 
were responders. The mean AHI dropped significantly 
(P < 0.0001; t = 21.8433; 95% CI 14.350 to 17.250) from 
22.3 ± 3.6 preoperatively to 6.5 ± 1.3 postoperatively. The 
mean lowest oxygen saturation level increased significantly 
from 80.2 ± 3.9 to 90.1 ± 2.9 (t = 10.7789; P < 0.0001; 95% 
CI − 11.741 to − 8.059). Both ESS and VAS of snoring were 
significantly improved (P < 0.0001) (Figs. 3, 4).

In group (C) (49 patients), successful outcome was 
reported in 45 patients (91.84%), while 4 patients (8.16%) 
were responders. The mean AHI dropped significantly 
(P < 0.0001; t = 25.2343; 95% CI 14.557 to 17.043) from 
23.1 ± 3.6 preoperatively to 7.3 ± 2.5 postoperatively. The 
mean lowest oxygen saturation level increased significantly 
from 79.8 ± 4.36 to 93.25 ± 2.8 (t = 18.1699; P < 0.0001; 
95% CI − 14.9194 to − 11.9806) (Fig. 4). Both ESS and 
Visual analogue score (VAS) of snoring were significantly 
improved (P < 0.0001) (Table 1, Figs. 3, 4). There was non-
significant difference between groups as regards to success 
of surgery for AHI relief (X2 = 0.438; P = 0.8).

Discussion

Background, idea and purpose

The medical, social, neuropsychiatric and economic prob-
lems of OSA are well described in the literature; thus, 

Fig. 2   A flowchart of included 
patients; n number of the 
patients
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treatment of OSA should be considered to protect the 
patient, the family and the community. Although continuous 
positive airway pressure (CPAP) is considered the standard 
treatment for OSA, the low patient’s compliance is a defi-
nite obstacle. The cost of the device remains a major con-
cern especially in developing countries with limited health 
resources. CPAP intolerance might necessitate the surgical 
option [3, 6–8, 17–30].

The definitive localization with detailed description of the 
collapsible area in the OSA patients (as regards pattern and 
grade) and dealing with it by the suitable surgical procedure 
represents a main challenge for proper management of the 
individual patient and might be considered the cornerstone 
for successful outcomes. Different tools are employed for 
the definition of the sites and characters of UA collapse; 
however, an ideal single universally accepted preoperative 
tool of assessment of cases of OSA is still lacking [1, 4–8, 
13, 18–25].

In the recent years, DISE is being practiced by many 
sleep surgeons, with reports of changing surgical planning; 
however, these changes did not lead to significantly higher 
success rates and were associated with surgical failures 
[30–32]. Pang et al. 2020 in a multicenter, non-randomized 
study stated that DISE reported no significant clinical/statis-
tical impact on the surgical outcomes and had not increased 
the overall success rates of surgical interventions. They also 
reported better postoperative results in the no-DISE group of 
patients compared to patients who had undergone DISE [33].

The authors of this work support the assumption that the 
differential therapeutic management, based on proper preop-
erative differential topographical diagnosis of the UA (site 
and pattern), might help sleep surgeon for better planning 
of the surgical intervention and for avoidance of unneces-
sary procedures. In addition, it could positively influence the 
overall success rate of the surgical intervention. Moreover, 
a cost-effective strategic plan (for both pre- and postopera-
tive assessments) might be suggested [1, 4, 7, 8, 17, 19–21].

Differential therapeutic surgery for OSA (i.e., tailored 
surgical plan according to preoperative definition of site of 
collapse) might have a pivotal importance in OSA surgery 
over the last two decades. Obviously, many surgical tech-
niques were designed to address different sites of upper air-
way collapse in OSA patients [11, 17–22, 30–38]. However, 
paucity of studies that consider the pattern of the collapse as 
a parameter for surgical decision is noticed.

In this work, the planned surgical techniques for 
included OSA patients were designed according to the 
individual patient’s preoperative pattern of collapse. 
Nasoendoscopy with Müller’s maneuver while the patient 
in supine position (MM-P) was employed to carry out 
the job (preoperative definition of the site/pattern of 
collapse) for its advantages as an available and a drug/
radiation-free tool. The maneuver does not require theater Ta
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Fig. 3   Box plots comparing the pre- and postoperative apnea hypopnea index (AHI), visual analogue score of snoring (VAS), lowest oxygen 
saturation (LOS), Epworth Sleepiness Scale (ESS) of the three groups

Fig. 4   Pre- and postoperative mean data of the studied groups. MAP modified anterior palatoplasty, DSS double suspension sutures, MAP-DSS 
combined procedures modified anterior palatoplasty and double suspension sutures
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occupation and can be easily applied for follow-up; it is 
cost-effective. Moreover, in comparison with DISE, a 
more informative consent could be gained [1, 10–13].

The authors performed a pre-randomization MM-P 
to rule out patients with prevalent hypopharyngeal/base 
of tongue collapses and to select those with predomi-
nant retropalatal collapse so as to obtain better statistical 
surgical/outcomes.

Retropalatal region is considered the most common site 
of obstruction; isolated palatal collapse was reported to 
range from 30 to 40%. Moreover, surgical interventions 
at the palate might be the widest practiced surgical pro-
cedures to snoring and mild–moderate OSA.

More than 50% of our patients showed a concentric 
pattern of collapse followed by the transverse type; sev-
eral studies reported similar patterns [1, 10, 12–22, 27, 
28]. One important finding in our work is that group C 
showed a high success rate (˃ 91%); this may not agree 
with other researchers who reported that concentric col-
lapse at the palate was more common among their non-
responders [34]. Moreover, the lowest oxygen saturation 
was reported among patients of concentric collapse.

The basic idea of the current work was the planned dif-
ferential surgeries; the individual procedure was chosen 
to combat the directions of tissue collapse, i.e., opposing 
the pattern of collapse at a definite site. Successful out-
comes with postoperative improvement (more than 90%) 
were reported. Both objective and subjective data were 
comparable to other reports [7, 8, 17–25, 28, 31]. Iyng-
karan et al. at 2006 reported good long-term outcomes 
with single-level palatal surgery; our results might agree 
with them [34]. Interestingly, upon application of Sher 
criteria for surgical success (at least 50% decrease from 
the baseline AHI), successful outcomes were reported in 
all our cases (100%) [36].

This work’s data showed that included patients had 
significant improvement of different PSG values and 
minimal morbidities. Therefore, we can conclude that 
the described techniques appear to be promising. Nine 
patients were responders with postoperative AHI range of 
10.37 − 13.25. Seven of them (77.78%) were satisfied of 
the gained results (ESS and VAS of snoring) and refused 
to proceed for further interventions. Two patients were 
planned to have laser palatoplasty (LAUP) under local 
anesthesia.

The obtained results revealed that the described pro-
tocol for management of retropalatal OSA depending on 
the pattern of collapse at a specific site was reliable and 
effective. Moreover, the successful outcomes might agree 
with the provided idea: the importance of proper differen-
tial therapeutic management to optimize OSA tasks while 
minimizing the morbidity of the intervention.

Clinical relevance

Surgical intervention of OSA patients could be effectively 
planned according to preoperative definition of site/pattern 
of collapse. From the surgical point of view, the required 
data for a planned surgical procedure could be gained from 
awake endoscopy with Müller’s maneuver (while the patient 
in a supine position; MM-P). MM-P represents an easy, 
available, radiation-free and a less-costly procedure. Also 
(in comparison with DISE), MM-P provides a more informa-
tive consent  [1].

Points of strength

First: the study has a prospective nature which provides 
accurate assessment of data without depending on archived 
data or patients re-calling; Second: blind reporting of results 
that would reflect on data validation; Third: the study obeyed 
the recent applicable tissue preserving/expansive surgi-
cal procedures (DSS and/or MAP) without excess tissue 
removal. Also, the study could employ awake endoscopy in 
supine position (MM-P) as a single preoperative tool.

Limitations

The current study is not free of limitations. First, it is a pre-
liminary report of a new assumption that will call more dis-
cussions. Second, the limited number of patients; it could be 
partly attributed to the narrow-spectrum selection criteria. 
Third, the concomitant effect of tonsillectomy (which is a 
usual obstacle in sleep apnea surgery that needs more than 
a single procedure); we tried to avoid the effect of tonsil-
lectomy by including early cases of tonsillar enlargement. 
Fourth, reporting MM-P can also be hampered by inter-
observer variability; to minimize the influence of inter-
observer variability in this work, MM-P were evaluated 
by three independent experienced examiners; a high inter-
observer agreement was observed. Finally, it is a short-term 
study and represents a single institution experience. Further 
larger, long-term studies with prospective comparisons need 
to be run, in order to obtain stronger evidences and more 
stable results.

Conclusion

Preoperative differential topographical diagnosis of OSA 
with MM-P allows for tailored surgical management. Tai-
lored procedures could yield good surgical outcomes when 
patients are properly selected and the technique is chosen 
according to preoperative topographical diagnostic assess-
ment. This study might provide an available, less-costly and 
effective preoperative planning for OSA intervention.
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