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Linking Chronic Otitis Media and Nasal Obstruction:

A CFD Approach
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computational fluid dynamics (CFD).
Study Design: Retrospective case series.

between patients with COM and controls were compared.

the COM.

deviated nasal septum, dimensionless estimators.
Level of Evidence: 4

Objectives: To investigate a possible relationship between altered nasal flow and chronic otitis media (COM) using

Methods: Retrospective cohort sample of CT scans from patients with COM and controls without COM to compare the
results of various nasal airflow parameters determined by CFD between a group of patients with COM (N = 60) and a control
group of subjects without any evidence of ear disease (N = 81).

The CT were subjected to various procedures to carry out CFD studies, determining the resistance to nasal flow, the
proportion of flow through the right and left nasal cavity, and two nondimensional estimators. The results of CFD studies

Results: Whereas only 12.3% of the controls had CFD alteration (10 out of 81), 43.3% of the patients suffering COM
displayed alterations of our nondimensional parameters R — ¢ (26 out of 60).

Conclusions: According to our results, the incidence of alterations in nasal airflow by studying with CFD is significantly
higher in patients with COM than in controls. To our knowledge, this is the first article linking nasal cavity and COM using a
CFD approach. Our results support the hypothesis that nasal flow alterations could be implicated in the etiopathogenesis of
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INTRODUCTION

The middle ear is an air cavity excavated in the
temporal bone, embryologically derived from the first
pharyngeal pouch,’ constituting an appendix of the
upper respiratory tract. The close anatomical relation-
ship of the middle ear with the nasopharynx, mediated
by the Eustachian tube, it also gives the middle ear a
great functional dependence of the upper respiratory
tract.2 Many causes of tubal dysfunction of nasal and/or
nasopharyngeal origin have been described® and it is
well known for the clinicians that Eustachian tube dys-
function has a role in chronic otitis media (COM) with
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effusion, adhesive otitis media, retraction pockets, and
cholesteatoma pathogenesis.?

However, the relationship between the nose condi-
tions and COM is controversial. While some authors have
found a significant correlation between the incidence of
nasal pathology and COM,*” others do not find such a
correlation.® ! Regardless of the role of alterations of the
nose and/or nasopharynx on the middle ear, the intimate
knowledge of this relationship would be of great interest
for the treatment of patients with COM and concomitant
nasal and/or nasopharyngeal alterations, a very common
situation in the clinical practice. However, despite some
study that sheds some light on this aspect,'’ no specific
guidelines have been defined for the management of
patients with COM and associated nasal and/or naso-
pharyngeal alterations.

As far as we know, no studies have been published
on the relationship between nasal conditions and COM
from the perspective of computational fluid dynamics
(CFD). CFD allows to analyze and solve different prob-
lems about the flow of fluids,'? constituting a basic disci-
pline of research and development in practically all
branches of science, including medicine. CFD has been
proposed to study the flow in the nasal cavities for more
than 25 years. However, only in recent years new soft-
ware products have started to be available for the ENT
specialist to use the techniques of CFD and the nasal
virtual surgery in their own clinical practice.!®*
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The parameters commonly used in CFD to analyze
the air flow inside the nose are pressure and pressure
gradient, velocity, nasal resistance, wall shear stress, air
flow through the right and left nasal cavity, the exchange
of heat and humidity and, in case of nasal septum perfo-
ration, the exchange of air flow between one and another
nasal cavity. In a previous article,’® the authors presented
two nondimensional estimators, based on data obtained
from CFD analysis and geometric measures, which allow
distinguishing between healthy and diseased nasal cavities.
The first mathematical estimator ¢ is a function of geomet-
ric features and potential asymmetries between nasal
passages, while the second estimator R represents in fluid
mechanics terms the total nasal resistance that corre-
sponds to the atmosphere-choana drop pressure. Later
studies'®1® suggest that this parameter allows guiding
the surgery in a quantitative way, objectifying through
virtual surgery the results of different alternatives, so
that the surgeon can decide which is best suited to his
patient and achieving success with a high probability.

OBJECTIVE

The aim of this research is to conduct CFD studies of
the nose in a group of patients with COM and a control
group of subjects without evidence of ear pathology, com-
paring the results of the parameters ¢ and R, to deter-
mine the incidence of alterations of such parameters in
patients with COM and investigate the possible relation-
ship between otitis and alterations in nasal airflow.

PATIENTS AND METHODS

This retrospective study was carried out with patients
treated in the Otolaryngology Departments from Virgen del
Rocio Hospital in Seville and Morales Meseguer Hospital in
Murcia, between January 2014 and April 2019. The study
was submitted to the evaluation of the Research Ethics
Committee of the Morales Meseguer Hospital, which gave
its endorsement. Institutional Review Board approval was
not required for this retrospective study.

Control Group

This group included CT scans of patients with
parotid tumors performed in the Department of Radiology
of the Virgen del Rocio Hospital. Inclusion criteria were
to be adult, and to have a complete nasal scan allowing
the CFD analysis. Eighty-one CT were collected, of which
38 were male and 43 female, with a mean age of
39.2 + 13.2 years (range, 19-68 years), including all of
them in the CFD analysis.

Group With COM

The CT scans were obtained from the databases of
both Otolaryngology Departments, after reviewing the
studies of 406 patients with COM (cholesteatomatous
COM undergoing mastoidectomy) and CT, of which only
60 CT allowed the study by CFD because in most cases
the geometry of the nasal cavity was incomplete and/or
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the computed tomography was of poor quality. These CT
corresponded to 28 men and 32 women, with a mean age
of 38.7 £+ 12.6 years (range 20—67 years).

Statistical Analyses

Statistical analyses were performed with R-3.6.3
(R Foundation for Statistical Computing, Vienna, Austria).
Continuous variables were expressed as mean + standard
deviation, categorical variables as frequency and percent.
Pearson’s Chi-square test was used to evaluate the
strength of association between abnormal cavities and
COM. Statistical significance was set at P < .05.

COMPUTATIONAL FLUID DYNAMICS

Computational fluid dynamics (CFD) is very useful
to assess nasal airways.!” Common parameters used to
analyze air flow within a nasal cavity such as tempera-
ture, wall shear stress, velocity... are dimensional param-
eters. In previous articles, the authors had introduced the
use of nondimensional parameters'® based on quantities
obtained from CFD analysis and geometric quantities.
Those parameters allow to distinguish between healthy
or diseased nasal cavities, and had been used in a num-
ber of studies.'®'® Both parameters R — ¢ were also used
in the present work to investigate from an objective
approach the relationship between COM and nasal
obstruction.

All flow simulations were performed in Flowgy© (www.
flowgy.com), which is the evolution of previous software ver-
sions (MeComLand®, DigBody© and NoseLand©)!%!416.18
reported in the literature. The three steps necessary for
resolving the flow inside a nasal cavity, namely segmenta-
tion, mesh generation, and solving and postprocessing are
described elsewhere,!31416:19-22

Airflow from 60 patients suffering COM and 81 from
control groups was analyzed using Flowgy©. Using the
CFD results and geometries from every nasal cavity the
values for the parameters R — ¢ were calculated. Tables I
and II show the results for CFD simulations and geome-
try data from the 60 patients with COM and 81 from con-
trol group respectively. All of CFD simulations were
performed at the inspiratory phase, with compressible,
steady, and laminar flow. For each simulation, a constant
pressure drop between the atmosphere and the nasophar-
ynx was set to mimic the natural respiration induced by
the lungs.?® This pressure drop was different for each
patient, and it was adjusted so that the CFD result of the
volumetric flow rate in all simulations was approximately
the same. Furthermore, the volumetric flow rate Q was
kept below 15 L/min to ensure laminar flow.?! The model
was set to rigid body dynamics to omit the effect of
respiratory-related soft-tissue deformation, which often
involves fluid flow and structural solid coupling, particu-
larly at the outer region of the nose, which are typically
negligible.?2 The outer (atmosphere) temperature was set
to 20°C, and the nasal inner wall was set to 37°C.
Figure 1 shows a 3D nasal model and a detail of the sur-
face mesh to perform the CFD simulation.
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TABLE I.

Different Parameters Calculated in the Inspiration Phase by Numerical Simulation, for a Set of 60 Patients With Chronic Otitis Media (COM).
n Ar AL Qg Q. Qr 0] R n Ag AL Qg Q. Qr [} R
1 96.40 113.19 8.41 5.95 14.35 1.30 9.26 31 116.55 135.98 6.32 7.94 14.26 1.23 25.50
2 101.63 126.47 4.23 10.42 14.65 1.91 19.52 32 76.58 62.63 7.42 6.63 14.05 1.23 7.58
3 133.90 130.96 6.08 8.83 14.91 1.38 13.62 33 93.17 80.37 9.39 5.43 14.82 1.55 13.04
4 113.50 99.73 2.10 12.44 14.54 2.85 8.30 34 103.68 93.43 7.39 7.06 14.45 1.04 6.67
5 95.66 97.02 3.86 10.24 14.10 1.90 9.87 35 115.71 109.40 10.13 4.28 14.41 1.79 20.22
6 94.51 93.50 4.74 9.01 13.75 1.58 13.73 36 170.64 129.11 12.43 2.36 14.79 3.38 9.58
7 145.22 163.81 7.18 7.06 14.24 1.21 44.62 37 124.63 125.07 8.17 6.46 14.63 1.22 11.20
8 90.25 81.69 6.78 7.30 14.08 1.10 3.52 38 90.95 87.92 10.96 3.43 14.39 2.14 8.98
9 70.52 64.95 9.32 4.72 14.04 1.83 4.49 39 88.73 76.32 7.39 6.70 14.10 1.14 6.14

10 110.38 88.49 6.20 8.23 14.43 1.25 13.21
11 68.79 62.16 8.28 5.95 14.22 1.47 4.57
12 67.10 67.80 5.55 9.00 14.54 1.60 3.44
13 89.64 86.07 7.81 6.07 13.88 1.24 4.77
14 113.43 80.40 3.65 10.20 13.85 2.14 10.51
15 82.76 88.29 10.13 3.66 13.78 2.04 4.50
16 110.64 107.53 4.82 9.12 13.93 1.56 7.27
17 65.85 73.16 6.46 7.04 13.49 1.20 4.13
18 149.18 120.24 5.79 8.68 14.47 1.45 9.83
19 109.07 94.90 7.22 6.94 1417 1.03 97.94

20 109.77 111.46 7.49 6.71 14.20 1.09 10.15
21 116.57 141.58 7.97 6.43 14.40 1.28 10.68
22 139.66 129.75 5.20 9.40 14.60 1.62 9.94
23 70.80 69.03 4.74 9.33 14.07 1.79 4.48
24 86.65 85.52 11.26 3.32 14.58 2.21 9.45
25 90.97 123.91 6.29 8.20 14.49 1.24 6.55

26 74.78 74.46 7.80 7.08 14.88 1.17 7.83
27 92.26 100.36 5.95 8.22 1417 1.28 5.52
28 84.04 90.28 3.86 10.08 13.94 1.97 9.05
29 97.86 104.42 5.63 8.85 14.49 1.39 16.57
30 94.02 107.94 10.49 3.56 14.05 2.08 13.73

40 104.58 115.77 6.27 8.20 14.47 1.22 10.45
41 62.94 71.95 7.04 7.04 14.08 1.14 3.53
42 130.05 86.80 8.61 5.96 14.56 1.35 21.13
43 66.81 70.29 8.28 5.55 13.83 1.51 7.77
44 97.79 118.65 5.11 9.55 14.66 1.59 16.94
45 96.91 86.57 7.10 7.29 14.39 1.04 8.67
46 98.89 107.05 10.61 3.70 14.31 2.01 13.69

47 61.88 70.99 9.13 4.69 13.83 1.84 9.87
48 96.89 86.45 5.80 8.46 14.26 1.35 15.95
49 98.08 115.92 4.40 10.06 14.46 1.80 5.03
50 96.65 96.29 4.83 9.40 14.22 1.59 10.49
51 69.04 87.84 11.40 2.76 14.16 2.74 7.64
52 110.32 99.34 2.59 11.74 14.33 2.52 4.55
53 62.25 76.23 6.35 7.54 13.89 1.29 4.46

54 96.67 88.71 7.99 6.39 14.38 1.20 22.97
55 112.61 122.87 8.76 5.77 14.53 1.37 37.78
56 52.36 37.86 7.58 5.98 13.56 1.61 2.09
57 140.88 127.83 7.66 6.96 14.62 1.15 53.70

58 67.56 46.96 4.84 8.91 13.75 1.95 3.06
59 72.83 104.89 6.33 8.12 14.45 1.26 15.95
60 127.95 126.91 5.77 8.80 14.58 1.40 12.27

Flow rates (Q) in L/min. Nostril areas (A) in mm?, and the dimensionless estimators ® and R sub-indices: R (right nostril) and L (left nostril).

The first nondimensional parameter R represents
the total nasal resistance or bilateral resistance, and is
computed from the unilateral resistance of the two pas-
sages Rrand Ry, as follows:

l_i+i:>R_ i+i -

R Rr R " \Rr RL ’

o= AP/@r AP/Qy,
%/’ QR/AR2 ’ %P QL/ALZ ’

L=

where AP is the drop pressure between the atmosphere and
the choana, @y and @;, are the flow rates in the right and
left nostrils, AgandA;, are the areas of each nostril,
and p~1.2kg/m? is the density of the atmospheric air.

The second nondimensional parameter ¢ provides a
measure of nasal flow asymmetry. Normally, high asymmetries
of nasal flow are associated with diseased nostrils. This
parameter is defined as:
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2
, 1+ (A%‘L - 1)
(1—ep)gn+ep’
where Ac =107 mm? is a mean value for the area of the
nostrils.?%; p = Ay /Ama is the ratio between the minimum
and maximum area of the nostrils; ¢ =Q,;/@ma is the
ratio between the minimum and maximum flow rates of
the passages; n is a variable to take into account the
septal perforations. For this study it takes the value of
1 in all cases because all of them lack septal perforations;
£=0.25 is a parameter to avoid the singularity of the
parameter ¢, so that we avoid that the numerator is null.

A more detailed description of these parameters can
be found in the reference.'®

In most cases, this parameter will take values of the
order of 1 in nostrils with low asymmetry (typical of
healthy nostrils), and high values in nostrils with high
asymmetries (typical of diseased nostrils).
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TABLE II.
Different Parameters Calculated in the Inspiration Phase by Numerical Simulation, for a Set of 81 Patients (Control Group).
n AR AL QR QL QT (0] R n AR AL QR QL QT (0] R
97.06 137.10 7.19 7.05 14.25 1.03 16.96 42 87.79 61.90 8.29 6.02 14.31 1.41 6.53
93.90 106.36 4.92 8.91 13.82 1.54 7.97 43 69.00 63.45 7.01 6.91 13.92 1.16 5.41
106.47 118.01 6.29 8.36 14.65 1.24 8.46 44 180.17 114.65 9.02 5.57 14.59 1.68 11.10

1

2

3

4 90.53 68.08 6.83 6.72 13.55 1.08 4.67
5 154.70 156.26 6.13 8.13 14.27 1.48 11.21
6 91.91 84.74 4.61 9.33 13.94 1.69 9.43
7 99.78 110.86 5.16 9.13 14.29 1.51 12.69
8 121.60 125.26 7.59 6.64 14.23 1.13 11.64
9 94.65 100.46 6.61 7.41 14.02 1.10 5.23
10 75.60 82.26 7.45 6.39 13.83 1.20 6.87

11 62.84 66.04 7.02 6.41 13.42 1.24 5.76
12 63.71 73.88 5.46 8.72 14.18 1.60 5.92
13 124.90 127.22 6.66 8.12 14.78 1.19 18.21
14 83.15 84.48 5.04 8.51 13.55 1.51 6.08
15 82.11 79.65 7.7 6.64 14.35 1.18 4.95

16 90.00 83.41 6.62 7.50 14.12 1.14 5.33
17 78.22 111.62 8.19 6.31 14.51 1.25 6.35
18 103.26 97.44 8.63 5.99 14.62 1.31 6.13

19 113.77 111.36 7.60 6.39 13.99 1.14 5.41
20 117.70 121.89 9.00 6.61 15.61 1.27 12.29
21 109.52 107.04 6.63 7.53 14.16 1.10 8.36

22 94.92 99.73 6.92 7.39 14.31 1.06 14.99
23 88.77 82.36 7.34 6.62 13.96 1.12 9.02
24 81.33 76.20 7.18 6.77 13.95 1.12 6.12
25 91.68 90.98 8.40 5.57 13.96 1.37 10.88
26 94.65 91.24 5.16 8.91 14.07 1.49 8.15
27 168.33 141.58 8.97 5.45 14.42 1.74 13.88
28 90.83 100.70 8.39 5.67 14.06 1.35 8.72
29 77.23 86.26 7.35 6.39 13.74 1.18 7.01
30 122.85 110.32 6.93 7.46 14.39 1.07 10.83
31 68.58 83.28 7.08 6.69 13.77 1.13 10.52

32 109.49 130.68 7.13 7.28 14.41 1.03 7.35
33 110.24 130.04 6.57 7.83 14.39 1.16 7.53
34 105.65 118.64 5.64 8.46 14.10 1.35 6.80
35 100.52 101.29 8.63 5.52 14.16 1.38 12.75

36 104.15 121.21 4.75 9.72 14.47 1.68 21.17
37 122.18 95.06 7.47 6.77 14.24 1.08 12.25
38 77.09 80.27 9.68 4.38 14.07 1.83 19.82
39 95.25 89.32 7.95 6.26 14.21 1.22 7.58
40 108.63 119.66 5.84 8.37 14.21 1.31 9.25
41 85.13 84.33 7.92 6.29 14.20 1.23 5.91

45 84.79 89.05 7.35 6.78 14.13 1.10 7.21
46 88.87 81.99 8.20 6.10 14.30 1.30 4.70
47 128.56 120.98 4.88 9.61 14.49 1.65 10.84
48 111.26 120.89 7.15 7.39 14.54 1.08 6.87
49 110.92 95.16 6.38 7.88 14.26 1.18 13.58
50 84.57 71.49 6.55 7.79 14.35 1.28 12.75
51 125.31 131.48 7.57 7.00 14.57 1.10 12.95
52 103.88 110.41 7.04 7.54 14.58 1.06 8.42
53 105.15 99.59 8.62 5.80 14.41 1.34 5.94
54 81.27 121.94 7.51 6.51 14.02 1.13 5.80
55 80.29 127.37 6.66 7.41 14.08 1.09 16.93
56 80.60 91.00 6.40 7.50 14.08 1.17 2.75
57 97.00 108.20 6.50 7.60 14.08 1.13 9.55
58 63.50 55.60 6.70 7.30 14.08 1.28 11.00
59 77.09 80.27 9.68 4.38 14.08 1.83 19.82
60 95.25 89.32 7.95 6.26 14.08 1.22 7.58
61 165.80 134.00 9.30 4.90 14.08 1.86 14.72
62 111.00 94.00 8.00 6.70 14.08 1.15 12.85
63 86.70 104.00 7.20 7.30 14.08 1.02 14.21
64 103.40 95.00 7.70 6.80 14.08 1.10 15.75
65 60.40 62.00 7.20 7.10 14.08 1.20 6.37
66 122.20 129.10 4.00 10.78 14.08 1.98 12.68
67 87.80 120.00 8.50 6.10 14.08 1.30 9.53
68 93.30 93.00 8.40 6.10 14.08 1.28 20.31
69 121.70 127.00 4.18 10.20 14.08 1.86 11.01
70 60.30 71.00 5.50 8.40 14.08 1.58 5.11
71 122.70 119.70 6.40 8.00 14.08 1.20 15.03
72 128.00 124.00 7.00 7.80 14.08 1.12 8.64
73 96.60 99.50 5.30 8.90 14.08 1.45 12.58
74 99.80 83.30 7.70 6.40 14.08 1.18 6.07

75 115.00 114.10 6.80 7.50 14.08 1.08 9.98
76 161.70 178.80 8.20 6.30 14.08 1.64 26.75
77 115.20 115.50 7.70 6.50 14.08 1.14 12.57

78 87.70 88.00 6.60 7.60 14.08 1.15 8.69
79 121.50 111.80 4.70 9.70 14.08 1.67 13.30
80 91.10 96.40 4.50 9.90 14.08 1.74 9.24
81 103.00 86.80 5.50 8.80 14.08 1.44 7.77

Flow rates (Q) in L/min. Nostril areas (A) in mm?, and the dimensionless

RESULTS

Data from the patients and control groups were
included in Tables I and II.

The Figure 2 represents the values of the estimator
R versus the estimator ¢, for both sets of nasal cavities
corresponding to patients with COM (red circles) and the
control group (green circles). Figure 2 shows a rectangle
whose dimensions were previously established'® by com-
paring 49 caucasian subjects, 25 patients presented
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estimators ® and R sub-indices: R (right nostril) and L (left nostril).

different nose problems, whereas 24 were included as
normal controls, finding that the healthy nasal cavities
were clustered inside the rectangle. Inside the rectangle
there is a 99% probability to find a healthy nasal
cavity.'®

As can be seen, most of the parameters calculated
for the 81 CT in the control group (88%) are within the
central rectangle, suggesting that they do not have nasal
obstruction. However, the parameters calculated in the

Burgos et al.: CFD Analysis of Nasal Cavity in Patients With COM

1227

3SUB017 SUOWIWIOD 9A1IR1D) 3|gedt|dde ay) Aq pausenob afe sapie YO ‘8sn Jo 3Nl Joj Akeiqi]auluQ A3|IAA UO (SUOIIPUOD-pUR-SWLIBY/WO0D AS | 1M Alelq 1ju 1 |uo//:Sdny) SUORIPUOD pue SWwid | 8yl 39S *[2202/TT/#2] uo Arlgiauliuo AB|IM e||1nS 8 pepsAIuN AQ 28862 AR |/200T OT/I0p/Wod A8 1M ARlgpul|uo//sdny wolj pepeojumod ‘9 ‘2202 ‘S66VTEST



Fig. 1. (A) 3D model geometry. (B) Surface mesh detail. [Color figure can be viewed in the online issue, which is available at www.

laryngoscope.com.]
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Fig. 2. Cartesian coordinate system in logarithmic scale. Inside the rectangle the probability to get a healthy cavity is higher than 99%.
Patients with COM (red circles) and control group (green circles). [Color figure can be viewed in the online issue, which is available at www.

laryngoscope.com.]

TABLE Ill.
Statistical Results.

Control Group, n (%) COM Group, n (%) P

34 (56.7) <.001"
26 (43.3)

Normal 71 (87.6)

Outside range 10 (12.4)

Outside  range: Pearson’s
Chi-square test was used.
TStatistically significant (P < .05).

COM = chronic otitis media; n = number of patients.

R>18.3|R<4.5|$<0.97 | $>1.7.

group of 61 CT of patients with COM show a high disper-
sion, with 43.3% of the cases being outside the rectangle.

Patients with COM presented abnormal CFD results
when compared with controls, and this association is
strongly significant. Therefore, in our sample, alterations
in the results of nasal flow determined by CFD are much
more frequent in patients with COM than in the control
group, P < .0001 (Table III).

DISCUSSION
The close anatomical and functional relationship of
the middle ear to the respiratory tract through the
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Eustachian tube determines a great dependence on the
nasal cavity and nasopharynx.? However, although patho-
logical findings in the nose or the nasopharynx are often
said to be responsible for inadequate tubal function, this
relationship is not clearly established and studies and
evidence are scarce and contradictory. Different stud-
ies?®#?® suggest that in case of septal deviation, the devel-
opment of the cavities of the middle ear is minor on the
affected side. However, through studies with acoustic
rhinometry and rhinomanometry, Giiclii et al.?® deter-
mined that patients with COM have significantly higher
nasal resistances than controls, but they did not find a
clear correlation between the side of the nasal cavity and
that of the affected ear.

Watson et al® determined by anterior active
rhinomanometry that in a sample of 15 patients with
COM the nasal resistance on the side of the affected ear
was significantly greater than in controls. But, using the
same technique, Arsla et al.® did not find significant dif-
ferences in nasal airway resistance between the COM
sides and unaffected sides between 102 patients with uni-
lateral COM and 40 individuals without any ear or nasal
pathologies controls. And Toros et al.l® did not observe
correlation between the ear with COM and the side of
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nasal obstruction by acoustic rhinometric in a sample of
55 patient with COM. Studying 114 patients with COM,
Ural et al.? suggested that septal deviation occurred more
frequently on the same side of ear pathology in patients
with tubotympanic chronic suppurative otitis media, but
not in patients with atticoantral chronic suppurative oti-
tis media. In our country, Suarez et al.” found in a sample
of 5.414 children that the prevalence of secretory otitis
was significantly related to infections of the upper respi-
ratory tract and nasal obstruction. Harju et al.® noted
that patients with hypertrophic turbinate have more
tubal symptoms than controls, and Damar et al.* found
that the incidence of septal deviation, hypertrophic turbi-
nate and/or concha bullosa determined by CT was signifi-
cantly higher in patients with COM (177 patients) than
in healthy subjects (50). On the contrary, on a large-scale
Korean epidemiological basis, Heo et al.® did not find any
relationship between the prevalence of COM and septal
deviation.

As far as we know, this is the first study that tries to
shed light to determine the relationship between nasal and
COM conditions from a CFD perspective. To obtain the
reported results in this article, it was required to find
115 CT scans of subjects (60 from the COM group and
81 from the control group) that were suitable for a computa-
tional fluid mechanics (CFD) analysis. The task was espe-
cially tedious in recruiting CT into the COM group, as most
studies did not include the nasal cavity, making the CFD
study impracticable, forcing us to review more than 400 TCs
to eventually get 60. To the authors’ knowledge, there are no
articles in which the results obtained with this kind of analy-
sis and with such a high number of subjects are presented.

The high dispersion of the COM patients (Fig. 2)
clearly indicates that, although from a computational
point of view these patients cannot be strictly cataloged
either as healthy or as diseased, it can be suspected that
patients with COM present differences with those from
the control group and that these differences are related to
nasal obstruction, alterations and the flow and/or resis-
tance, and indeed they deserve a further and deeper anal-
ysis in the future.

It can be seen how the results of patients of the
COM group are scattered throughout the Cartesian coor-
dinate system in the Figure 2. Abnormal values of R or ¢
are found in approximately equal percentage, so either
parameter can lead—or be related—to COM. Although
the results are scattered, it is interesting to mention two
groups of patients. The first group of patients with signifi-
cantly low values of resistance that allows the hypothesis
to be made that high air velocities in the nasal cavity led
to low pressures at the entrance of the Eustachian tube
and may play an important role in causing its dysfunc-
tion. It is quite tempting to propose Eustachian tube
collapse in the first group, whereas in the second could be
asymmetry in a role which also needs further analysis.

If further studies confirm the relationship between
COM and nasal air flow alterations, it is pending to
determine the mechanism by which nasal flow alter-
ations induce COM, thus the airflow current lines and
pressures in nasopharynx would need to be studied in
more detail.
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CONCLUSION

According to our results, the incidence of alterations
in nasal airflow determined by CFD is significantly
higher in patients with COM than controls. Based on this
finding, it is quite tempting to suggest a role for the nose
in the origin of primary acquired cholesteatoma inside
the chronic middle ear pathology.

IMPLICATIONS

To our knowledge, this is the first article linking
nasal cavity and COM using a CFD approach. Our
results support the hypothesis that nasal flow alter-
ations could be implicated in the etiopathogenesis of
the COM. Likewise, in the treatment of the COM, our
findings suggest that management of nasal conditions
should be considered.

ACKNOWLEDGMENTS

This work has been supported by the Ministerio de Ciencia e
Innovacion of Spain (Grant No. PID2019-105097RB-100/
AET/10.13039/501100011033). We appreciate the collabora-
tion of the Department of Radiology of the Morales Meseguer
Hospital in the task of compiling some of the CT scans,
particularly to Silvia Torres and Carlos Vazquez.

DATA AVAILABILITY STATEMENT

The data generated and analyzed during the study
are available from the corresponding author on reason-
able request.

BIBLIOGRAPHY

1. Langman J, Sadler TW. Langman’s Medical Embryology. 9th ed. Revised
editionPhiladelphia, PA: Lippincott Williams and Wilkins; 2003.

2. Licameli GR. The Eustachian tube. Update on anatomy, development, and
function. Otolaryngol Clin North Am 2002;35:803-809.

3. Harju T, Kivekds I, Numminen J, Rautiainen M. Eustachian tube
dysfunction-related symptoms in chronic nasal obstruction caused by infe-
rior turbinate enlargement. Ann Otol Rhinol Laryngol 2017;126:798-803.
https:/doi.org/10.1177/0003489417735538.

4. Damar M, Din¢ AE, Erdem D, Bigkin S, Elicora SS, Kumbul YC. The role of
the nasal and Paranasal sinus pathologies on the development of chronic
otitis media and its subtypes: a computed tomography study. Niger J Clin
Pract 2017;20:1156-1160. https://doi.org/10.4103/njcp.njep_124_16.

5. Ural A, Minovi A, Cobanoglu B. Upper airway obstructions and chronic oti-
tis media: a clinical study. Am JJ Otolaryngol 2014;35:329-331. https://doi.
org/10.1016/j.amjoto.2014.01.012.

6. Watson C. Chronic otitis media: the significance of nasal obstruction. Clin
Otolaryngol Allied Sci 1990;15:435-438.

7. Suarez Nieto C, Malluguiza Calvo R, Barthe Garcia P. Aetiological factors
in chronic secretory otitis in relation to age. Clin Otolaryngol Allied Sci
1983;8:171-174. https://doi.org/10.1111/j.1365-2273.1983.tb01422 x.

8. Arslan F, Binar M, Aydin U. Assessment of nasal functions and their rela-
tionship with cholesteatoma formation in patients with unilateral chronic
otitis media. J Laryngol Otol 2018;132:974-977. https://doi.org/10.1017/
S0022215118001767.

9. Heo KW, Kim MJ, Lee JH. Impact of nasal conditions on chronic otitis
media: a cross-sectional study in Koreans. Acta Otolaryngol 2018;138:
116-121. https://doi.org/10.1080/00016489.2017.1385848.

10. Toros SZ, Karaca CT, Onder S, Caypinar B, Sahin-Yilmaz A, Oysu C. Nasal
obstruction and unilateral chronic otitis media: evaluation by acoustic
rhinometry. Ann Otol Rhinol Laryngol 2013;122:734-736. https://doi.org/
10.1177/000348941312201202.

11. Maier W, Krebs A. Is surgery of the inner nose indicated before
tympanoplasty? Effects of nasal obstruction and reconstruction on the
eustachian tube. Laryngorhinootologie 1998;77:682—688. https://doi.org/10.
1055/s-2007-997224.

12. Wikipedia. Computational fluid dynamics. 2019.

Burgos et al.: CFD Analysis of Nasal Cavity in Patients With COM

1229

3SUB017 SUOWIWIOD 9A1IR1D) 3|gedt|dde ay) Aq pausenob afe sapie YO ‘8sn Jo 3Nl Joj Akeiqi]auluQ A3|IAA UO (SUOIIPUOD-pUR-SWLIBY/WO0D AS | 1M Alelq 1ju 1 |uo//:Sdny) SUORIPUOD pue SWwid | 8yl 39S *[2202/TT/#2] uo Arlgiauliuo AB|IM e||1nS 8 pepsAIuN AQ 28862 AR |/200T OT/I0p/Wod A8 1M ARlgpul|uo//sdny wolj pepeojumod ‘9 ‘2202 ‘S66VTEST


https://doi.org/10.1177/0003489417735538
https://doi.org/10.4103/njcp.njcp_124_16
https://doi.org/10.1016/j.amjoto.2014.01.012
https://doi.org/10.1016/j.amjoto.2014.01.012
https://doi.org/10.1111/j.1365-2273.1983.tb01422.x
https://doi.org/10.1017/S0022215118001767
https://doi.org/10.1017/S0022215118001767
https://doi.org/10.1080/00016489.2017.1385848
https://doi.org/10.1177/000348941312201202
https://doi.org/10.1177/000348941312201202
https://doi.org/10.1055/s-2007-997224
https://doi.org/10.1055/s-2007-997224

13.

14.

15.

16.

17.

18.

19.
20.

Burgos MA, Sanmiguel-Rojas E, del Pino C, Sevilla-Garcia MA, Esteban-
Ortega F. New CFD tools to evaluate nasal airflow. Eur Arch Otorhinolaryngol
2017;274:3121-3128. https:/doi.org/10.1007/s00405-017-4611-y.

Burgos MA, Sanmiguel-Rojas E, Singh N, Esteban-Ortega F. DigBody: a
new 3D modeling tool for nasal virtual surgery. Comput Biol Med 2018;
98:118-125. https://doi.org/10.1016/j.compbiomed.2018.05.016.

Sanmiguel-Rojas E, Burgos M, Del Pino C, Sevilla-Garcia M, Esteban-
Ortega F. Robust non-dimensional estimators to assess the nasal airflow
in health and disease. Int J Numer Methods Biomed Eng 2017;34:2906.
https://doi.org/10.1002/cnm.2906.

Sanmiguel-Rojas E, Burgos MA, Esteban-Ortega F. Nasal surgery handled
by CFD tools. Int J Numer Methods Biomed Eng 2018;34:€3126. https:/
doi.org/10.1002/cnm.3126.

Martonen TB, Quan L, Zhang Z, Musante CJ. Flow simulation in the
human upper respiratory tract. Cell Biochem Biophys 2002;37:27-36.
https://doi.org/10.1385/CBB:37:1:27.

Burgos MA, Sanmiguel-Rojas E, Rodriguez R, Esteban-Ortega F. A CFD
approach to understand Nasoseptal perforations. Eur Arch Otorhinolaryngol
2018;275:1-8. https:/doi.org/10.1007/s00405-018-5073-6.

ITK. Segmentation & registration toolkit. https:/itk.org

Burgos MA, Sanmiguel-Rojas E, Martin-Alcantara A, Hidalgo-Martinez M.
Effects of the ambient temperature on the airflow across a Caucasian

Laryngoscope 132: June 2022
1230

21.

22.

23.

24.

25.

26.

nasal cavity. Int J Numer Methods Biomed Eng 2013;30:430-445. https:/
doi.org/10.1002/cnm.2616.

Taylor DJ, Doorly DJ, Schroter RC. Inflow boundary profile prescription for
numerical simulation of nasal airflow. J R Soc Interface 2010;7:515-527.
https://doi.org/10.1098/rsif.2009.0306.

Kim SK, Na Y, Kim J-I, Chung S-K. Patient specific CFD models of nasal
airflow: overview of methods and challenges. J Biomech 2013;46:299-306.
https://doi.org/10.1016/j.jbiomech.2012.11.022.

Croft CB. Clinical anatomy of the nose, nasal cavity and Paranasal sinuses,
Johannes Lang, translated by P.M.Stell. Clin Otolaryngol Allied Sci
1991;16:430-430. https:/doi.org/10.1111/1.1365-2273.1991.tb02084.x.

Gencer ZK, Ozkiris M, Okur A, Karacavus S, Saydam L. The possible
associations of Septal deviation on mastoid Pneumatization and chronic
otitis. Otol Neurotol 2013;34:1052-1057. https://doi.org/10.1097/MAO.
0b013e3182908d7e.

Sistani SS, Dashipour A, Jafari L, Ghahderijani BH. The possible associa-
tions of nasal Septal deviation with mastoid Pneumatization and chronic
otitis. Open Access Maced J Med Sci 2019;7:2452—2456. https://doi.org/10.
3889/0amjms.2019.670.

Giclit O, Sahin EM, Tekin K, Derekdy FS. Evaluation of nasal airways by
objective methods in chronic otitis media. Eur Arch Otorhinolaryngol
2013;270:1263-1266. https://doi.org/10.1007/s00405-012-2122-4.

Burgos et al.: CFD Analysis of Nasal Cavity in Patients With COM

3SUB017 SUOWIWIOD 9A1IR1D) 3|gedt|dde ay) Aq pausenob afe sapie YO ‘8sn Jo 3Nl Joj Akeiqi]auluQ A3|IAA UO (SUOIIPUOD-pUR-SWLIBY/WO0D AS | 1M Alelq 1ju 1 |uo//:Sdny) SUORIPUOD pue SWwid | 8yl 39S *[2202/TT/#2] uo Arlgiauliuo AB|IM e||1nS 8 pepsAIuN AQ 28862 AR |/200T OT/I0p/Wod A8 1M ARlgpul|uo//sdny wolj pepeojumod ‘9 ‘2202 ‘S66VTEST


https://doi.org/10.1007/s00405-017-4611-y
https://doi.org/10.1016/j.compbiomed.2018.05.016
https://doi.org/10.1002/cnm.2906
https://doi.org/10.1002/cnm.3126
https://doi.org/10.1002/cnm.3126
https://doi.org/10.1385/CBB:37:1:27
https://doi.org/10.1007/s00405-018-5073-6
https://itk.org
https://doi.org/10.1002/cnm.2616
https://doi.org/10.1002/cnm.2616
https://doi.org/10.1098/rsif.2009.0306
https://doi.org/10.1016/j.jbiomech.2012.11.022
https://doi.org/10.1111/j.1365-2273.1991.tb02084.x
https://doi.org/10.1097/MAO.0b013e3182908d7e
https://doi.org/10.1097/MAO.0b013e3182908d7e
https://doi.org/10.3889/oamjms.2019.670
https://doi.org/10.3889/oamjms.2019.670
https://doi.org/10.1007/s00405-012-2122-4

	 Linking Chronic Otitis Media and Nasal Obstruction: A CFD Approach
	INTRODUCTION
	OBJECTIVE
	PATIENTS AND METHODS
	Control Group
	Group With COM
	Statistical Analyses

	COMPUTATIONAL FLUID DYNAMICS
	RESULTS
	DISCUSSION
	CONCLUSION
	IMPLICATIONS
	ACKNOWLEDGMENTS
	DATA AVAILABILITY STATEMENT

	BIBLIOGRAPHY


