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Effect of nasal cavity ventilation expansion surgery on clinical outcomes and upper airway
flow dynamics in patients with obstructive sleep apnea hypopnea syndrome

LIU Shan, YAN Aihui, JIANG Feifei
(Depaﬂment of Otorhinolaryngology & Head and Neck Surgery, The First Hospital of China Medical University , Shenyang 110001, China)

Abstract Objective To investigate the therapeutic outcomes of nasal cavity ventilation expansion surgery,and its effects on upper
airway flow dynamics in patients with obstructive sleep apnea hypopnea syndrome (OSAHS). Methods = Seventy patients with OSAHS
admitted to The First Hospital of China Medical University between January 2023 and March 2024 were enrolled. Patients were assigned
1o one of two groups based on treatment protocol : the combined treatment group (n = 35) underwent bhilateral middle meatus sinus sym-
metric opening surgery with septal three-line tension resection, and the simple treatment group (n = 35) underwent nasal septal three-line
tension resection. Polysomnography , nasal airway resistance, acoustic rhinomeiry, subjective symptoms, and changes in upper airway flow
dynamics, pre- and post-surgery, were compared between the two groups. Results Nasal cavity ventilation expansion surgery resulted
in significant improvement of subjective clinical symptoms and nasal ventilation function in patients with OSAHS, and it had a positive
effect on the polysomnography results of patients with mild-to-moderate OSAHS (all P < 0.05). The numerical simulation of computational
fluid dynamics showed that nasal cavity ventilation expansion surgery resulted in reduced overall pressure of the nasal cavity ,making the
overall airflow velocity of the nasal cavity smoother and more uniform, while simultaneously reducing the overall pressure of the pharyngeal
cavity. The combined treatment group had superior outcomes in acoustic rhinometry and airflow velocity distribution in the local cross-sec-
tion of the middle meatus compared to the simple treatment group , with a statistically significant difference in acoustic rhinometry (P < 0.05).
Conclusion Nasal cavity ventilation expansion surgery redistributes airflow by eliminating abnormal anatomical structures in the upper
airway , thereby reducing nasal airway resistance and alleviating the pressure load on the pharynx. This effectively improved the subjective
and objective symptoms in patients with OSAHS.

Keywords nasal cavity ventilation expansion surgery; obstructive sleep apnea hypopnea syndrome; computational fluid dynamics;

nasal airway resistance; acoustic rthinometry
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Tab.1 Demographic data and clinical characteristics of 70 patients

Simple treatment group  Combined treatment group

ltem (n=35) (n = 35) Total (n = 70) X N7 P

Sex[n (%) ] 0.070 0.791

Male 26(74.29) 24(68.57) 50(71.43)

Female 9(25.71) 11(31.43) 20(28.57)
Age (year) 38.00 £ 11.27 39.97 +8.76 39.04 = 10.07 0.770 0.444
BMI (kg/m®) 26.95 + 1.67 27.49 £2.05 27.22+1.87 1.209 0.231
NAR (kPa-s/L) 1.20(1.02-1.29) 1.26 (1.11-1.30) 1.25(1.05-1.30) -1.175 0.242
NMCA (em®) 0.45(0.37-0.50) 0.50(0.43-0.55) 0.48 (0.41-0.54) -0.546 0.074
NCV (em®) 6.72(6.32-8.09) 7.01(6.51-7.47) 6.85(6.43-7.77) -1.792 0.589
OSAHS severity [n (%) ] 1.650 0.438

Mild 7(20.00) 4(11.43) 11(15.71)

Moderate 10(28.57) 8(22.86) 18(25.71)

Severe 18(51.43) 23(65.71) 41(58.57)

BMI, body mass index; NAR , nasal airway resistance ; NMCA , nasal minimum cross-sectional area; NCV ,nasal cavity volume.
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Tab.2 Comparison of PSG parameters before and after surgery in patients of different groups

Group Preoperation Postoperation t P

Mild OSAHA group

AHI (times/h) 10.81 £2.33 491+1.33 7.302 <0.001

LSa0, (%) 86.55+2.42 93.27+2.94 -5.861 <0.001
Moderate OSAHS group

AHI (times/h) 23.17+3.75 17.89 +4.79 3.678 <0.001

L.Sa0, (%) 82.67 +2.57 85.78 +3.77 -2.896 0.007
Severe OSAHS group

AHI (times/h) 52.37+9.19 49.25+£9.72 1.493 0.096

LSa0, (%) 73.93+442 77.61 +3.63 -1.317 0.193
Combined treatment group

AHI (times/h) 40.63 + 18.16 37.63 + 18.80 0.678 0.431

LSa0, (%) 76.54 + 6.76 81.23+6.79 -1.774 0.084
Simple treatment group

AHI (times/h) 36.06 = 19.27 30.80 = 20.90 1.292 0.198

LSa0, (%) 79.77 +5.67 83.11 +7.00 -1.929 0.054

AHI, apnea-hypopnea index; LSa0,, lowest oxygen saturation.
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Tab.3 Comparison of nasal airway resistance and acoustic rhinometry in the combined treatment group and simple treatment group
before and after surgery

Combined treatment group Simple treatment group
Parameter Preoperation Postoperation Preoperation Postoperation
NMCA (em®) 0.50(0.43-0.55) 0.72(0.69-0.77) " 0.45(0.37-0.50) 0.68(0.65-0.75) "
NCV (em®) 7.01(6.51-7.47) 14.88(13.97-16.31) " 6.72(6.32-8.09) 13.72(12.75-14.88) "
NAR (kPa-s/L) 1.26 (1.11-1.30) 0.50 (0.39-0.66) " 1.20(1.02-1.29) 0.54(0.41-0.69) "

1) P < 0.05 for intragroup comparison;2) P < 0.05 for intergroup comparison. NAR , nasal airway resistance; NMCA ,nasal minimum cross-sectional area;

NCV, nasal cavity volume.

F4 BARTAMBLGATHFARAERKRERERITED LR
Tab.4 Comparison of clinical subjective symptom scores in the combined treatment group and simple treatment group before and after
surgery

Group Preoperation Postoperation VA P

Combined treatment group

NOSE 45.0(40.0-60.0) 15.0(10.0-20.0) 6.725 <0.001

ESS 12.0(9.0-16.0) 6.0(3.5-7.0) 5.802 <0.001

VAS 7.0(6.0-8.0) 3.0(2.5-4.5) 6.381 <0.001
Simple treatment group

NOSE 50.0(37.5-60.0) 15.0(10.0-20.0) 6.628 <0.001

ESS 11.0(9.0-13.5) 7.0(4.5-7.0) 6.506 <0.001

VAS 7.0(5.5-8.5) 4.0(3.5-5.0) 4.996 <0.001

NOSE, nose symptom assessment scale ; ESS, Epworth sleepiness scale; VAS, visual analogue scale.
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A, preoperative overall nasal pressure contour; B, postoperative overall nasal pressure contour;C,preoperative local cross-sectional airflow distribution

velocity contour of the middle nasal meatus; D, postoperative local cross-sectional airflow distribution velocity contour of the middle nasal meatus; E, pre-
operative pharyngeal cavity pressure contour; I, postoperative pharyngeal cavity pressure contour.
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Fig.1 Aerodynamic numerical simulation analysis before and after surgery in the combined treatment group

A, preoperative overall nasal pressure contour; B, postoperative overall nasal pressure contour;C, preoperative local cross-sectional airflow distribution
velocity contour of the middle nasal meatus ; D, postoperative local cross-sectional airflow distribution velocity contour of the middle nasal meatus; E, pre-

operative pharyngeal cavity pressure contour; I, postoperative pharyngeal cavity pressure contour.
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Fig.2 Aerodynamic numerical simulation analysis before and after surgery in the simple treatment group
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