Effect of sinonasal surgery on middle ear pressure
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Abstract

Introduction: Eustachian tube is often involved in the pathological processes of the nasal,
paranasal, and nasopharynx cavities; therefore, nasal obstruction can alter Eustachian tube
function (ETF). The pathogenesis of otitis media has been related to the presence of
previous or concurrent nasal diseases.

Objective: to study whether there are changes in middle ear pressure after sinonasal
surgery.

Materials and methods: 59 patients who had different nasal pathologies were subjected to
History taking, Clinical examination and Tympanometry. ETF tests in the form of valsalva,
Toynbee maneuvers and tympanometry had been performed the day before the operation
and after 6 weeks. The postoperative middle ear pressure levels were determined using
tympanometry. The middle ear pressure values obtained before and after surgery were
compared to determine if there is a statistically significant result.

Results: There were a significant improvement of nasal obstruction, ear fullness and
tinnitus after surgery. The relation between the middle ear pressure preoperatively and at 6
weeks after removal of nasal packs showed a significant improvement in middle ear
pressure (P < 0.05) in both ears .

Conclusions: Sino-nasal surgery has a favorable effect on the middle ear pressure and
Eustachian tube function.
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Introduction

The eustachian tube is the only tube
connecting the middle ear and the
nasopharynx (atmospheric space) and
has long been recognized as the main
organ ventilating the middle ear.
Normally, the bony portion, part of the
isthmus, and the pharyngeal orifice of
the tube are always open, but the
cartilaginous portion is closed when at
rest. Thus, the middle ear is a closed

space which is shut off from
atmospheric space 1.

Tympanometry and Eustachian tube
function (ETF) tests (Valsalva and
Toynbee maneuvers) can evaluate the
ETF; thus, they have been used widely
in clinical and basic research
investigations. Patients with tubal
dysfunction often complain of a
sensation of fullness in ear, which is a
result of the functional impairment of
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the Eustachian tube that results from a
ventilatory  disturbance.  However,
despite the sensation of ear fullness,
most patients show normal middle ear
pressure as measured by tympanometry
2

The tube is often involved in the
pathological processes of the nasal,
paranasal, and rhinopharynx cavities;
therefore, nasal obstruction can alter
ETF 3. The pathogenesis of otitis
media has been related to the presence
of previous or concurrent nasal
diseases, such as upper respiratory tract
viral infection and allergy. In
particular, allergic rhinitis is known to
be one of the chief causes of chronic
nasal obstruction 4,

It has been reported that patients
with even a slight septal deviation have
a tubal dysfunction with a consequent
middle ear pressure depression °.

Patients and Methods:

Patients:

The study included 59 patients who
had different nasal pathologies (deviated
nasal septum, chronic hypertrophic
rhinitis, bilateral nasal polyposis,
chronic sinusitis).

The study had been carried out in
outpatient clinic and department of
otolaryngology at Assiut university
hospital.

Inclusion criteria:

Patients were subjected to different
nasal surgeries for treating their
pathologies (different age groups).

Exclusion criteria:

Patients with tympanic membrane
perforation, acute rhinitis, history of
recurrent middle ear infection and
previous nasal surgery.

This study was approved by the
Institutional ~ Ethics and Research
Committee of the Faculty of Medicine,
Assiut University, Assiut, Egypt. The
whole study was explained to the
patients and a written consent was taken.
They were completely free to be

included in the study or not.
Methods:

Each patient was subjected to history
taking, Clinical examination and
Tympanometry.

Eustachian tube function tests in the
form of valsalva, Toynbee maneuvers
and tympanometry had been performed
the day before the operation and after a
6-week period that was necessary for
wound healing, the patients were
examined; again, ear cerumen, if
present, was removed. The
postoperative middle ear pressure
levels  were  determined  using
tympanometry. The middle ear
pressure values obtained before and
after surgery were compared to
determine if there was a statistically
significant result.

Valsalva maneuver

To evaluate the ability to inflate the
middle ear actively, patients were asked
to pinch the nose and inflate the cheeks
through forced expiration with the
mouth closed until a sensation of
fullness was achieved in the ears.
Patients were then instructed to release
the nose and abstain from further
swallowing or mandibular movement
and an experimental tympanogram was
obtained in each ear.

Toynbee maneuver

To evaluate the capacity to equalize
the middle ear pressure and the
nasopharyngeal pressure, patients were
asked to swallow while pinching the
nose. Patients were then instructed to
release the nose and refrain from further
swallowing and mandibular movement,
and an experimental tympanogram was
obtained from each ear. Tympanometric
peak shift (generally negative) between
baseline and experimental tympanogram
less than 10 daPa indicated poor ETF,
whereas a tympanometric peak pressure
shift of greater than 10 daPa indicated a
good ETF.
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Tympanometry
The tympanograms were classified
in the standard manner according to
Jerger 1°. A tympanogram with middle
ear pressure peak between +50 and
—100 daPa was classified as type A.
Tympanogram  with  middle ear
pressure peak of —100 daPa or more
negative was classified as type C. A
tympanogram with a flattened peak of
less than 0.3 ml admittance was
classified as type B.
*Equipment used in  Toynbee
maneuver and tympanometry:
Interacoustics ATH 235 tympanometer.

Statistical analysis:

The collected data were revised,
organized, tabulated and statistically
analyzed using statistical package for
social sciences (SPSS) version 23.0 for
windows. Data are presented as the
Mean <+ standard deviation (SD),
frequency, and percentage. Categorical
variables were compared using the chi-
square (¥2) and Fisher's exact tests (if
required). Mann-Whitney U and
Wilcoxon sign tests for nonparametric
data. The level of significance was
accepted if the P value < 0.05

Results:

The study was carried out on 59
patients who were complaining of
different nasal and sino-nasal pathology
that required surgery.

All patients were operated on
according to the cause of the pathology.
They were 37 males (62.7%) and 22
females (37.3%). The age of the patients
ranged from 10 to 60 years, mean age
(30.44+11.34) years.

All patients were operated on
according to the cause of the sinonasal
pathology as shown in [Table 1]

Relation of patients’ complaints
before and after nasal surgery:

There is significant improvement of
sensation of nasal obstruction, ear
fullness and tinnitus after surgery as
shown in (figurel).

Table (1) Type of sinonasal
surgery among studied patients,
N=59

Type of surgery N. [%
FESS 19 | 32.2
Bllaj[eral inferior 15 | 254
turbinectomy
Submucous  resection  of 10 | 16.9
nasal septum
Excision of nasal polyps 8 | 13.6
Excision of antrochoanal 7 1119
polyp

The relation between the middle ear
pressure preoperatively and
postoperatively after removal of nasal
packs:

The relation between the middle ear
pressure preoperatively and at 6 weeks
after removal of nasal packs is shown in
(Table 2), with a significant
improvement in middle ear pressure (P <
0.05) in both ears.

Preoperatively, the values of middle
ear pressure ranged from —50 to -2 5
daPa, mean —43 daPa in RT ear with a
significant improvement post
operatively ranged from -50 to-36 daPa ,
mean -36 daPa (P < 0.001). Also, the
values of middle ear pressure ranged
from —53 to-28 daPa, mean —38.5 daPa
in LT ear with a significant
improvement post operatively ranged
from -50 to -4 daPa, mean -28.5 daPa (P

<0.001).

Table 2 Tympanometry pressure results
before and after sinonasal surgery. Total
N=59.

Before After

P-value
surgery | surgery
Rtear | -43(-50, | -36(-50, | 0.007 S*
Median -25) -36)
(IQR)
Lt ear -38.5(- -28.5(- | 0.049 s*
Median | 53,-28) | 50, -4)
(IQR)

*Wilcoxon test was used: * S: statistically
significant difference, P<0.05.
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The relation between the
tympanometric type preoperatively
and at 6 weeks after removal of nasal
packs:

There is a significant improvement in
tympanometric type from C to A (P
<0.05) in both ears as shown in (Table
3).

Compliance results before and after
sinonasal surgery:

There is significant improvement of
compliance values in both ears after
sinonasal surgery and nasal packs
removal.

Table 4. Compliance results before and
after sinonasal surgery; total N.=59.

Before After P_value
surgery | surgery
Rtear | 0.60(0.4, | 0.67 (0.5, | 0.026 S*
Median 0.84) 1.6)
(IQR)
Ltear 0.66 (0.5, 0.71 <0.001
Median 0.71) (0.49, HS*
(IQR) 1.42)

*Wilcoxon test was used: * S: statistically
significant  difference, P<0.05. HS: High
statistically significant difference, P<0.001.

Comparison  between  acoustic
reflexes before and after sinonasal
surgery: There is no significant change
in both ears.

The relation between the ETF
preoperatively and 6 weeks after
removal of nasal packs:

ETF evaluated by valsalva and
toynbee maneuvers. There is a
significant improvement in ETF after the
sinonasal surgery.

Discussion :

Evaluation of Eustachian tube
functions in ears with intact tympanic
membrane can be done using
tympanometry, sonotubometry,
manometry, inflation deflation tests, and
the Valsalva and Toynbee maneuvers *-

13 In case Tymanometric Pressure

changes by more than 10 daPa in the
positive direction with the WValsalva
maneuver and changes by more than 10
daPa in the negative direction with the
Toynbee maneuver, ET functions can be
said to be good 014,

Nose, paranasal  sinuses, and
nasopharyngeal diseases can disrupt the
functions of the ET . Three
mechanisms  were  postulated  for
Eustachian tube dysfunction after nasal
obstruction: first, airflow turbulence
may lead to  deposition of
microorganisms and air pollutants in the
region of Eustachian tube opening,
resulting in tubal epithelium or peritubal
inflammation and mechanical
obstruction. Second, tubal mucous
viscosity and surface tension may be
increased by the drying effects of altered
air currents, leading to increased tubal
opening pressure. The third postulated
mechanism is that the postnasal
mechanical receptors' end on autonomic
nerve supply to the Eustachian tube may
be stimulated by altered air currents,
leading to a reflex alteration in ETF 18,

Among the studies that have
investigated the effects of nasal
obstruction on ET functions, the clinical
study by Salvinelli et al., 2005 ** and the
experimental study by Eyigor et al.,
2013 18 showed that it was clear that
nasal obstruction had an effect on
middle ear pressure and ETF .

In nasal obstruction, the difference in
pressure between the middle ear and
nasopharynx is not changed with passive
function but is changed with active
function 1°,
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Complaints
100% :
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Nasal Ear fullness  Diminution of Tinnitus
obstruction hearing

i Before surgery 1 After surgery

Figure (1): Relation of patients' complaints before and after nasal surgery

Table 3: Comparison between tympanometeric types before and
after sinonasal surgery. Total N=59.

Before surgery After surgery P-value

N % N %

Rt Type A 41 69.5 53 89.8
ear Type B 5 8.5 4 6.8 0.042 s*

Type C 13 22.0 2 3.4

Lt Type A 39 66.1 52 88.4
ear Type B 3 5.1 4 6.8 0.048 S*

Type C 17 28.8 3 5.8

* Fisher's exact test was used test was used: * S: statistically significant difference,
P<0.05.

Eustachian tube function before and after surgery

80%/

60%
40%
20%
0%
Before surgery After surgery
" Good " Poor

Figure (2): Comparison between Eustachian tube function tests before and after sinonasal surgery.
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The findings of our study
demonstrated that in patients with
different nasal and sinonasal pathologies
that required surgery, there were
significant changes in middle ear
pressure values postoperative in both
ears.

These results are similar to those
reported by Low and Williatt 2°, who
evaluated patencies of the nasal passages
(measured with a peak nasal inspiratory
flowmeter) and middle ear pressure
(MEP) measured with a tympanometer
of 40 patients prior to surgery and 6-10
months post-operatively .

However, these results differ from
those of Salvinelli et al., 2005 * who
found that there were no significant
differences between tympanometric
values in the preoperative and
postoperative periods up to the 90th day .

Also, the results of our study showed
that there is a significant effect of
sinonasal surgery on the type of
tympanometry, where there was
improvement of tympanometric type A
up to 20% and decrease in type C by the
same value in both ears .

These results are similar to those
reported by Low and Williatt 2°, Nurdat
et al., 2 who proved that there was a
significant increase in the number of
(type A) cases with reduction of (type B
and type C) cases post operatively in
patients with nasal polyps. This
concluded that operations for correction
of nasal obstruction will improve the
Eustachian tube functions and so, will
statistically improve the increase in the
tympanometric  results towards the
normal side after one month of the
operation.

When we assessed the changes in
ETF postoperatively, there was a
significant improvement; this was
similar to the results of Salvinelli et al.
14

Awad et al., 2014 22 reported similar
results as regards the type of

tympanometry, tympanometric values
and Eustachian tube function. They
reported that, postoperative results of
ETF tests were significantly better than
preoperative results. Significant
improvement in tympanometeric values
was also found marked improvement of
ear fullness was detected 6 weeks after
surgery .

Our results are somewhat different
from other studies 2324 Maier and
Krebs 2% concluded that dysfunction of
the Eustachian tube frequently occurs in
patients with deviation of the nasal
septum and the conchae. Septoplasty
and conchotomy worsen tubal function
during the early postoperative period,
lasting for at least one week. In a later
period, improvement of tubal function
may occur but in many patients no
effects of nasal surgery on Eustachian
tube can be measured. Thus, septoplasty
before  tympanoplasty cannot be
generally recommended in all patients
with septal deviation. The nasal septal
suture technique is less likely to affect
acoustic tympanometry, arterial oxygen,
and carbon dioxide values 2°.

Sahin et al. 2014 2* reported that
septoplasty, which was objectively
shown to establish nasal patency, does
not cause any changes in middle ear
pressure or Eustachian tube functions.

The packing used in septoplasty
causes the Eustachian dysfunction 3. The
use of packing after septoplasty can
cause tubal dysfunction because of the
edema due to surgery or direct
obstruction of the Eustachian tube, but it
lasts for a brief time 2°. The general
anesthesia also affects the middle ear
pressure, but this effect does not last
after 7.

Our findings demonstrated that, there
were significant changes in the
tympanometric  types,  compliance
values, Eustachian tube function but no
significant changes in acoustic reflexes
before and after sino-nasal surgery. The
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compliance value was significantly
improved postoperatively after removal
of nasal packing.

The influence of nasal septal deviation
and its surgical correction on the
opening pressure of the Eustachian tube
was studied by Deron et al 2" who
reported that, on the basis of early and
late post-operative measurements, it was
stated that surgical correction of a nasal
septal deviation in order to improve the
tubal opening pressure is justified, both
on the deviated side and on the non-
deviated side. Late post-operative results
confirmed this finding .

In our study, the postoperative test
was done 6 weeks later; a significant
improvement was found in the middle
ear pressure at the side of the pathology.

From the above results, it is clear that
there are many sino-nasal pathologies
which may cause Eustachian tube
dysfunction and can lead to middle ear
hypoventilation, and that sino-nasal
surgery improves tubal function and
middle ear ventilation at least 6 weeks
after the surgical procedure.

Our data support the results of
Salvinelli et al **, who suggested that
tympanoplasty and nasal surgery should
not be performed at the same time and
that middle ear surgery should be carried
out at least 3 months after nasal surgery
when the anatomy and physiology of
nasal, pharyngeal, and tubal mucosa
have returned to normal because the
Eustachian tube dysfunction and the
consequent hypoventilation of middle
ear are among the most frequent causes
of failure of middle ear surgery.
Moreover, failures in middle ear surgery
are more likely to occur in patients with

nasal function impairment.

Conclusion:

Surgical correction of sinonasal
pathology has a favorable effect on
patients'’ complaints and significantly
improves middle ear pressure and

Eustachian tube function.
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