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Abstract
Objectives  This study aims to evaluate Eustachian tube (ET) function tests and their impact on outcomes of tympanoplasty 
in patients with inactive chronic suppurative otitis media.
Materials and methods  A prospective study was conducted involving patients diagnosed with chronic suppurative otitis 
media (CSOM) and having a central dry perforation. Assessment of the ET function was done for all included cases by three 
tests; pressure swallow equalization test, saccharine test and methylene blue test. The primary outcome is the graft success 
rate defined as intact graft without any residual perforation at 6 months postoperatively. Secondary outcomes include hearing 
assessment and possible associated complications.
Results  64 patients were included in the study with an average age of 36.59 ± 11.96 years. All patients underwent assessment 
of the ET function by saccharine test, methylene blue test and pressure equalization test (PET) followed by microscopic post-
auricular tympanoplasty. Successful tympanoplasty is achieved in 93.75% of cases with residual perforation in four patients. 
Mean air–bone gap is significantly improved from 23.73 ± 2.80 preoperatively to 10.93 ± 5.46 postoperatively. Results of 
Methylene blue test has no statistical impact on graft take rate (p value = 0.379), while saccharine test and pressure equaliza-
tion test results have statistically significant correlation with graft success (p value ≤ 0.001).
Conclusions  Saccharine and Pressure equalization tests have a good positive correlation with the graft healing in tympano-
plasty, while methylene blue test was found to have no correlation with the success rate.
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Introduction

The Eustachian tube (ET) is a connecting channel between 
the tympanic cavity and the nasopharynx and has three main 
functions; maintaining the middle ear pressure, drainage of 
the middle ear secretions by mucociliary clearance and pro-
tection of the middle ear from retrograde reflux of the naso-
pharyngeal sounds and pathogens [1].

ET dysfunction plays an important role in the pathogen-
esis of otitis media and subsequently in the success rate of 
tympanoplasty. Thus, assessment of the ET function has 

been the center of focus of many studies [2]. There is conflict 
between authors about role of ET in success rate of tympa-
noplasty, some concluded that ET dysfunction has no effect 
on the outcome of tympanoplasty, while others insisted on 
its important role [3]. This lack of consensus may be due to 
absence of a single gold standard test that can measure the 
ET function accurately and its relation to tympanoplasty [4]. 
Thus, combination of the ET function tests may be helpful 
in minimizing this conflict and predicting possible surgery 
failure. The present study aims to evaluate ET function and 
its impact on surgical outcomes in tympanoplasty patients.

Patients and methods

Study design

A prospective study was conducted in the Otorhinolaryngol-
ogy Department during a 1-year period, between November 
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2019 and October 2020, involving patients diagnosed with 
chronic suppurative otitis media (CSOM). Included cases 
must have a small or medium-sized perforation with dry ear 
for at least 3 months before surgery and their age should 
range from 18 to 60 years. Patients with active ear dis-
charge and those with incomplete data or lost follow-up 
were excluded from the study. Also, the following condi-
tions were not included in this study; patients having asso-
ciated ossicular abnormalities, recurrent perforations after 
mastoidectomy or tympanoplasty and cases with total and 
subtotal perforations. Ethical approval was obtained from 
our institutional review board (MS.19.11.886) and written 
informed consent was taken from included patients.

Basic demographic data were collected for the studied 
subjects. A 4 mm 0° (Karl Storz, Germany) endoscope 
was used to determine site and size of the TM perfora-
tion, examine ossicles, through the perforation, middle ear 
mucosa, nasopharynx and ET opening. Tuning fork tests 
(Rinne and Weber tests) were applied to the cases.

Preoperative pure tone audiometry, tympanometry and 
speech audiometry results were reported. The threshold 
of air conduction (AC) and bone conduction (BC) were 
obtained at 0.5, 1, 2, 4 kHz frequencies by supra aural head-
phone for AC and bone vibrator for BC. The mean air bone 
gab (ABG) was calculated as the difference between both.

Assessment of the ET function was done by three tests; 
pressure swallow equalization test, saccharine test and 
methylene blue test.

•	 Pressure swallow equalization test:
	   This test is done using Interacoustic Titan Tympa-

nometry. After selection of the appropriate probe tip, a 
negative middle ear pressure was created down to − 200 
mmH2O. Then, the patient was instructed to swallow 
three to five times until no pressure changes to calculate 
the residual negative pressure (RP) and physical volume 

[5]. Accordingly, patients were divided into three groups; 
Good ET function, Partial ET dysfunction and Gross ET 
dysfunction, where good means physical volume > 2.5 ml 
(RP 0–50), partial dysfunction means physical volume 
2–2.5 ml (RP 50–150) and gross dysfunction means 
physical volume 1.5–2 ml (RP 150–200).

•	 Saccharine test:
	   This test is used to assess mucociliary clearance 

function of the ET. It is performed on the same day of 
the surgery using saccharine powder. The powder was 
placed in the tympanic cavity through the TM perfora-
tion. The amount used is that filling ear curette twice 
(Fig. 1). Then, the patient remains in the sitting position 
and instructed to indicate the time at which sweet taste is 
noticed. The time required by the patient to have a sweet 
taste is measured, saccharine perception time (SPT). If 
the patient does not report a saccharine taste after 45 min, 
saccharine is placed on the tongue. If this test was also 
negative, the result was noted as no response and the 
patient is excluded from the study. According to SPT, 
patients are divided into three groups; Good ET function: 
SPT less than 20 min, Partial ET dysfunction: SPT was 
20–45 min, Gross ET dysfunction: SPT > 45 min [6].

•	 Methylene blue test:
	   In the same setting, after clearance of the residual sac-

charine powder by suction, two to three drops of sterile 
methylene blue dye 1%, diluted with saline, were instilled 
in the tympanic cavity through the perforation in the 
sitting position. Using 4 mm diameter, 0° nasal endo-
scope, the nasopharynx is examined for the dye at the ET 
opening after 10 min (Fig. 2). If no dye is encountered, 
examination is repeated every 10 min up to half an hour. 
The patients are divided into three groups according to 
methylene transport time [6]; Good ET function: less than 
10 min, Partial ET dysfunction: from 10 to 20 min and 
Gross ET dysfunction: more than 20 min.

Fig. 1   Rt medium-sized anterior 
tympanic membrane perforation 
A before and B after saccharin 
placement
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Surgical technique

All patients underwent tympanoplasty under general anes-
thesia by two highly experienced surgeons through micro-
scopic post-auricular approach with over-underlay technique 
using temporalis fascia graft.

The surgery starts with the patient in supine position with 
the head tilted to the contralateral side. After surgical steri-
lization and draping, microscopic clearance of any meth-
ylene blue residual is done. Local infiltration with diluted 
adrenaline (1/100,000) is followed by a post-auricular inci-
sion made 0.5 cm from the post-auricular sulcus. The super-
ficial layer of the temporalis fascia is harvested for graft-
ing preserving the deep layer in case a revision surgery is 
required. Then, fascia is dried and pressed. An anteriorly 
based mucoperiosteal flap is elevated and then an incision is 
made in the posterior meatal skin (vascular strip) at the level 
of spine of Henle. Through this incision, refreshment of the 
margins of the TM perforation is done by curved needle. 
Elevation of tympanomeatal flap is done from 12 o’clock to 
6 o’clock together with the posterior fibrous annulus with 
preservation of chorda tympani. Then, the tympanic cavity 
is examined, the ossicular chain mobility is tested and the 
ventilation pathways are evaluated for its patency. The mid-
dle ear is packed with Gelfoam to support the graft medially. 
The dried temporalis fascia graft is placed over the handle 
of malleus and under the annulus and tympanic membrane 
remnant (over-underlay technique). Once the graft is in good 
position, the tympanomeatal flap is returned to its original 
position. Then, the external auditory canal is packed with 
Gelfoam, the mucoperiosteal flap is closed with absorbable 
sutures and skin incision is closed in layers (Fig. 3).

Postoperative care

The patients were discharged on the same day of the sur-
gery, systemic antibiotics, analgesics and local otrivin nasal 
drops were prescribed for 1 week after the surgery. List of 
instructions was given to every patient in the form of rest 
and avoiding straining, sneezing and nose blowing.

Follow‑up

After 1 week, the dressing and sutures were removed 
and antibiotic–steroid ear drops are started for 1 week. 
Patients are advised to keep the operated ear dry and 
away from water. Determination of graft take was done 
by endoscopy 3 months postoperatively. This is repeated 
at 6  months postoperatively together with PTA and 
tympanometry.

Outcome measures

The primary outcome is the graft take rate and graft success 
is defined as intact graft without any residual perforation 
determined by 0° endoscopic examination 6 months postop-
eratively. Secondary outcomes include hearing assessment 
done within 1 month before the surgery and at 6 months 
after the surgery. Postoperative complications are evaluated 
and include; infection, postoperative wound dehiscence, 
anterior blunting, graft lateralization, reperforation, chole-
steatoma formation, tinnitus, hearing deterioration, canal 
stenosis, loss of taste and facial nerve affection.

Fig. 2   Methylene blue test: A 
shows instillation of the meth-
ylene blue into the middle ear, 
B shows detection of methylene 
blue at the nasopharyngeal 
opening of the Eustachian tube
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Statistical analysis

Data were analyzed using the Statistical Package of Social 
Science (SPSS) program for Windows (Standard version 
21). The normality of data was first tested with one-sample 
Kolmogorov–Smirnov test. Qualitative data were described 
using number and percent. Continuous variables were pre-
sented as mean ± SD (standard deviation) for normally dis-
tributed data. Monte carlo test is used to compare qualitative 
variables when expected count less than 5. Paired t test is 
used to compare quantitative data preoperatively and post-
operatively. ANOVA test compares more than two means 
(parametric) and Pearson correlation is used to correlate two 
continuous variables (parametric). For all above mentioned 
statistical tests done, results are considered significant when 
p ≤ 0.05.

Results

This study includes 64 patients with inactive mucosal type 
CSOM (20 males, 44 females) with 64 operated ears (36 
right, 28 left) who met the inclusion criteria mentioned 
before and were included in this study. Fifteen patients 
(23.5%) had a contralateral ear disease (atelectasis, secretory 

otitis media, adhesive otitis media, tympanosclerosis or inac-
tive mucosal CSOM). The mean age was 36.59 ± 11.96 years 
ranged from 18 to 58 years with no significant difference in 
relation to the surgical outcome (p value = 0.479).

All patients underwent assessment of the ET function by 
saccharine test, methylene blue test and pressure equaliza-
tion test (PET) followed by microscopic post-auricular tym-
panoplasty. Demographic and basic data are presented in 
Table 1. Results of ET function tests are demonstrated in 
Table 2. Successful tympanoplasty was achieved in 93.75% 
of cases with residual perforation in four patients. Mean 
ABG is significantly improved from 23.73 ± 2.80 preopera-
tively to 10.93 ± 5.46 postoperatively. Postoperative infec-
tion is encountered in two cases and loss of taste is reported 
in one case.

Results of ET function by Methylene blue test has no sta-
tistical impact on graft take rate (p value = 0.379), while sac-
charine test and pressure equalization test results have sta-
tistically significant correlation with graft success (Table 3) 
(p value ≤ 0.001). Table 4 shows that patients with anterior 
perforations has the shortest SPT followed by patients with 
central perforation and the Longest SPT is detected in 
patients with posterior perforations with statistically signifi-
cant difference. There is no statistically significant difference 
between different sites of perforation as regard methylene 

Fig. 3   Steps of tympanoplasty; 
A exposure of the temporalis 
fascia for graft harvest, B eleva-
tion of mucoperiosteal flap, C 
right tympanic membrane after 
refreshment, D placement of the 
temporalis fascia graft
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blue test and PET (p value = 0.908 and 0.175, respectively). 
None of the listed complications were reported postopera-
tively for the follow-up period.

Discussion

The normal functioning ET is an integral part of the good 
aeration of the middle ear and good tubotympanic mucocili-
ary clearance. It has been the center of focus as a prognostic 
factor for any middle ear surgery due to its important role 
in pathogenesis of otitis media [7]. However, there is no 
definitive gold standard test for assessment of ET function 
and there is lack of consensus regarding the significance of 
these tests before tympanoplasty [4].

There are many studies that assessed the pressure regula-
tory function of ET by tympanometry, Valsalva and Toynbee 
maneuvers or by a special device, such as sonotubometry 
[8], pressure equalization test [5, 9], tubomanometry [10], 
forced response test [11, 12] and pressure chamber [13]. Few 
studies assessed the mucociliary function of the ET using 
methylene blue [6, 14], saccharine [15, 16], fluorescein [17] 
or radioisotope [18].

Although tympanoplasty enjoys a high success rate 
up to 96%, residual perforation in the remaining cases or 

postoperative retractions and adhesions can be related to 
affected middle ear ventilation or ET dysfunction [19, 20]. 
In this study, the effect of ET dysfunction on graft take rate 
in tympanoplasty is investigated by pressure equalization 
test, methylene blue test and saccharine test.

In this study, all cases underwent tympanoplasty via 
microscopic postauricular approach which provided a bin-
ocular vision with an excellent magnification and has the 
advantage of two-hand surgery which help in better control 
in case of bleeding and providing better graft manipulation 
and secure fitting under the tympanic membrane remnant.

The over-underlay technique was used in the present 
study. It provides the advantages of the two most common 
tympanoplasty techniques, overlay and underlay techniques, 
with minimal disadvantages. The over-underlay technique 
is a simple technique, suitable for perforations of all sizes 
and sites with low risk of lateralization as the graft is put 
medially to the annulus and TM remnant and no reduction of 
the middle ear space as the graft put lateral to the handle of 
the malleus [21, 22]. All cases in the study were done using 
temporalis fascia only as a graft material as it is the most 
commonly used material for TM reconstruction with good 
postoperative outcomes [23–26].

In this study, the graft uptake rate was 93.75% (60 
patients) with residual perforation in 6.25% (4 patients). 
Seven patients (10.9%) with successful graft uptake had 
tympanic membrane retraction or effusion. These results 
are comparable with the mean closure rate in tympano-
plasty published before (86.6%) [25]. Also, Hsu and Kouhi, 
reported graft uptake rates with temporalis fascia of 92% and 
91.6%, respectively[27, 28].

In saccharine test, the powder form is preferred as saccha-
rine solution can gravitate through the ET to the nasophar-
ynx [29] and saccharine tablet may be less dispersible [6, 
15]. Regard the test results in the current study, normal ET 
function was found in 48 patients (75%), partial dysfunction 
in 13 patients (20.3%) and gross dysfunction in 3 patients 
(4.7%). the overall mean SPT was 18.80 ± 5.83 min with 
mean SPT in the normal group 16.08 ± 1.86 min and in the 
partial group 28.85 ± 4.71 min. These results are in accord-
ance with other studies. The mean SPT reported by Prasad 
et al. [6] was 17.583 min, while Ikehata et al. [15] found 
that the mean SPT was 14 min and 30 min in normal and 
partial dysfunction groups, respectively. Successful grafting 
is obtained in 91.67% of patients with normal ET function 
and 69.23% of patients with partial dysfunction, while none 
of those with gross dysfunction had postoperative normal 
TM. Graft failure is reported in the three patients diagnosed 
with gross ET dysfunction and in one patient with partial 
dysfunction (p value ≤ 0.001).

Elbrond and Larsen, 1976, assessed the ET using sac-
charine crystals and found that mean SPT was 32 min longer 
than the mean SPT in the current study. This disparity in 

Table 1   Basic demographic and clinical data of the studied group

Anterior TM perforation anterior to handle of malleus, Posterior TM 
perforation posterior to handle of malleus, Central TM perforation 
involved both sides of handle of malleus equally, Small limited to one 
quadrant, Medium involved two quadrant, Large involved three quad-
rants, Diseased contralateral ear; including atelectasis, adhesive otitis 
media, secretory otitis media, tympanosclerosis and CSOM

Parameter The study group (n = 64)

Age (years) mean ± SD (min–max) 36.59 ± 11.96 (18–58)
Sex
 Male 20 (31.2%)
 Female 44 (68.8%)

Site
 Anterior 24 (35.9%)
 Posterior 17 (26.6%)
 Central3 23 (35.9%)

Size
 Small 18 (28.1%)
 Medium 19 (29.7%)
 Large 27 (42.2%)

Side
 RT 36 (56.25%)
 LT 28 (43.75%)

Contralateral ear status
 Normal 49 (76.56%)
 Diseased 15 (23.44%)
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timing can be explained that they used saccharin crystals 
which were less soluble than saccharin powder[30].

As regard the methylene blue test, normal ET function 
was found in 85.94% of patients (55 patients), partial ET 
function in 14.06% (9 patients). None of patients had gross 
ET dysfunction indicating no included patients had anatomi-
cally blocked ET. Postoperative normal tympanic membrane 
was achieved in 85.45% and 66.67% of patients having nor-
mal ET function and partial ET dysfunction, by methylene 
blue test, respectively. 22.22% of patients with partial ET 
dysfunction and 9.09% of patients with normal ET function 
had healed graft, but with retraction. There is no significant 
difference between the normal and abnormal groups regard-
ing graft take rate (p value = 0.379) indicating no correlation 
between methylene blue test and graft success rate. This is 

explained by the authors by the fact that methylene blue 
solution may gravitate through the ET and not being actively 
transported by mucociliary clearance.

As regard the pressure equalization test (PET), the 
normal ET function was found in 44 of 64 (68.8%) ears, 
partial ET dysfunction in 10 of 64 (15.6%) of ears and 
gross dysfunction in 10 of 64 (15.6%) of ears. In relation 
to the graft uptake rate, intact tympanic membrane with-
out retraction was obtained in 97.27% of ears (43 ears) 
with normal ET function and in 80% of ears (8 ears) with 
partial ET dysfunction and in only two cases with gross 
ET dysfunction. However, associated retraction is encoun-
tered in six cases with gross dysfunction and only one case 
with partial dysfunction. These results shows statistical 
significant correlation between ET function assessment 

Table 2   Results of Eustachian 
tube function tests, graft take 
rate, hearing assessment and 
surgical complications on 
included patients

ABG Air–bone gap, PET pressure equalization test, SPT saccharine perception time. For PET: good means 
physical volume > 2.5 ml (RP 0–50), partial dysfunction means physical volume 2–2.5 ml (RP 50–150), 
gross dysfunction means physical volume 1.5–2  ml (RP 150–200). For Saccharine test: good means 
SPT < 20 min, Partial dysfunction means SPT 20–45 min, Gross dysfunction: SPT > 45 min. For methylene 
blue test: good ET function: methylene transport time < 10 min, Partial ET dysfunction: from 10 to 20 min 
and Gross ET dysfunction > 20 min

Parameters The study 
group 
(n = 64)

Eustachian tube Function tests PET
 Normal 44 (68.8%)
 Partial dysfunction 10 (15.6%)
 Gross dysfunction 10 (15.6%)

Saccharine perception time (SPT) (min)
 (Mean ± SD) 18.80 ± 5.83
 Normal function 16.08 ± 1.86
 Partial dysfunction 28.85 ± 4.71

Saccharine test
 Normal 48 (75.0%)
 Partial dysfunction 13 (20.3%)
 Gross dysfunction 3 (4.7%)

Methylene blue test
 Normal 55 (85.9%)
 Partial dysfunction 9 (14.1%)
 Gross dysfunction 0 (0%)

Graft uptake Healed graft (success) 60 (93.75%)
 Intact 53 (82.8%)
 Retracted 7 (10.9%)

Residual perforation (failure) 4 (6.25%)
Hearing assessment Mean ABG 23.73 ± 2.80

 Preoperatively
 Postoperatively 10.93 ± 5.46
 p value ≤ 0.001*

Complications No complications 61 (95.3%)
Infection 2 (3.1%)
Loss of taste 1 (1.6%)
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by pressure equalization test and the resulting graft take 
rate. These results are comparable to previous literature;

In 1993, Gimenez and Marco-Algarra [29] assessed the 
ET function using sodium saccharin solution and found a 
higher percentage of normal transport in successful group 
than in the failure group. Also, they observed that ears 
with posterior perorations had longer transport time than 

anterior perforations which is similar to what found in the 
present study.

Prasad et al., assessed the ET by methylene blue and 
saccharin test [6] and reported a success rate of 93.75% in 
patients with normal ET function and a rate of 68.42% in 
patients with partial dysfunction. Those with gross dys-
function had a 100% failure rate. Similar to the current 

Table 3   Correlation between 
Eustachian tube function tests 
and graft take rate

PET pressure equalization test, SPT saccharine perception time. For PET: good means physical vol-
ume > 2.5 ml (RP 0–50), partial dysfunction means physical volume 2–2.5 ml (RP 50–150), gross dysfunc-
tion means physical volume 1.5—2 ml (RP 150–200). For Saccharine test: good means SPT < 20 min, Par-
tial dysfunction means SPT 20–45 min, Gross dysfunction: SPT > 45 min. For methylene blue test: good 
ET function: methylene transport time < 10 min, Partial ET dysfunction: from 10 to 20 min and Gross ET 
dysfunction > 20 min

Test Graft take rate p value

Intact Retraction Perforation

Methylene blue test
 Normal (n = 55) 47 (85.45%) 5 (9.09%) 3 (5.46%) 0.379
 Partial dysfunction (n = 9) 6 (66.67%) 2 (22.22%) 1 (11.11%)
 Gross dysfunction (n = 0) 0 (0%) 0 (0%) 0 (0%)

Saccharine test
 Normal (n = 48) 44 (91.67%) 4 (8.33%) 0 (0%) ≤ 0.001*
 Partial dysfunction (n = 13) 9 (69.23%) 3 (23.08%) 1 (7.69%)
 Gross dysfunction (n = 3) 0 (0%) 0 (0%) 3 (100%)

PET
 Normal (n = 44) 43 (97.73%) 0 (0%) 1 (2.27%) ≤ 0.001*
 Partial dysfunction (n = 10) 8 (80%) 1 (10%) 1 (10%)
 Gross dysfunction (n = 10) 2 (20%) 6 (60%) 2 (20%)

Table 4   Correlation between 
site of TM perforation and ET 
function tests

ABG Air–bone gap, PET pressure equalization test, SPT saccharine perception time. For PET: good means 
physical volume > 2.5 ml (RP 0–50), partial dysfunction means physical volume 2–2.5 ml (RP 50–150), 
gross dysfunction means physical volume 1.5–2  ml (RP 150–200). For Saccharine test: good means 
SPT < 20 min, Partial dysfunction means SPT 20–45 min, Gross dysfunction: SPT > 45 min. For methylene 
blue test: good ET function: methylene transport time < 10 min, Partial ET dysfunction: from 10 to 20 min 
and Gross ET dysfunction > 20 min

Eustachian tube Function tests Anterior (n = 24) Central (n = 23) Posterior (n = 17) p value

Methylene blue test 0.908
 Normal 21 (87.5%) 20 (87.0%) 14 (82.4%)
 Partial dysfunction 3 (12.5%) 3 (13.0%) 3 (17.6%)
 Gross dysfunction 0% 0% 0%

SPT (min) 0.005*
 Mean ± SD 15.82 ± 1.37 20.13 ± 7.09 21.25 ± 6.31

Saccharine test 0.013*
 Normal 23 (95.8%) 16 (69.6%) 9 (52.9%)
 Partial dysfunction 0 (0%) 6 (26.1%) 7 (41.2%)
 Gross dysfunction 1 (4.2%) 1 (4.3%) 1 (5.9%)

PET 0.175
 Normal 19 (79.2%) 14 (60.9%) 11 (64.7%)
 Partial dysfunction 1 (4.2%) 4 (17.4%) 5 (29.4%)
 Gross dysfunction 4 (16.7%) 5 (21.7%) 1 (5.9%)
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study, they concluded that saccharin and methylene blue 
tests have a good predictive value for success rate of tym-
panoplasty. Also, Das et al. [16], had concomitant results.

In this study, the PET also had a direct relation with 
the surgical outcome. The results are comparable with the 
results of Mackinnon et al. [31] who used the same test 
and found that the success rate of tympanoplasty was 80% 
in patients with good or partial ET dysfunction and 29% 
in patient with gross dysfunction.

Dave and Ruparel, 2019, used the negative pressure 
equalization test to assess the ET function. They found 
that the success rate was 87% in patients with no or mild 
ET dysfunction, 80% in patients with mild dysfunction 
and 70% in patients with persistent moderate or severe ET 
dysfunction.

In this study, PET was also a good predictor for the post-
operative middle ear aeration and the hearing improvement. 
About 60% of patients with gross dysfunction by PET and 
10% of the patients with partial dysfunction had healed graft 
with retraction. Choi et al. [9] evaluated the ET function 
using modified pressure equalization test and found that 
residual postoperative TM perforations, type B tympano-
grams and the worst hearing outcomes were observed in 
ears showing no pressure changes of the applied pressure 
after swallowing.

As regard the hearing outcomes in this study, the 
mean preoperative ABG was significantly improved from 
23.73 ± 2.81 dB to become 10.3 ± 5.46 dB postoperatively. 
Patients with intact tympanic membrane, without retractions, 
had a postoperative ABG of 9.07 ± 3.34 dB in contrast to 
those with retracted TM and those with persistent perfora-
tion who had a postoperative mean ABG of 20.57 ± 1.56 and 
22.0 ± 2.39 dB, respectively. These results were similar to 
Ikehata et al. [15] who reported worse hearing outcomes in 
patients with gross and partial ET dysfunction by saccharin 
test.

High proportion of the patients with contralateral ear 
disease (atelectasis, adhesive otitis media, tympanosclerosis 
and secretory otitis media) in the current study showed ET 
dysfunction. Both Eustachian tubes are symmetrical so the 
contralateral ear status can be used as indicator for ET func-
tion and predictor of tympanoplasty outcome. There were 
similar findings in previous studies [20, 32, 33]. Conversely, 
Singh and others, 2005, found no association between the 
status of the contralateral ear and surgical outcomes.

Saccharin and methylene blue tests showed no side 
effects, none of cases developed worsening of the preopera-
tive hearing only one case had mild irritation with methylene 
blue. All previous studies used the saccharin and methylene 
blue reported no side effects [5].

Limitations of the study are the short follow-up period 
and relatively small sample size.

Conclusions

There is a correlation between the ET function and the 
results of tympanoplasty. Saccharin test and Pressure equali-
zation test showed a good positive correlation with the graft 
healing and the hearing outcomes in contrary to methylene 
blue test which has no correlation with the surgical outcome.

Author contributions  WM: conception and design of the study, analy-
sis and interpretation of data, performing the surgical intervention, 
revising and final approval of manuscript. NAE-K: conception of the 
study, collection, analysis, interpretation of data, drafting and revising 
the manuscript. AIA: design of the study, analysis and interpretation 
of data, revising and final approval of manuscript. MMA: design of 
the study, analysis and interpretation of data, performing audiologi-
cal evaluation, revising and final approval of manuscript. AARE-S: 
design of the study, analysis and interpretation of data, revising and 
final approval of manuscript.

Funding  Open access funding provided by The Science, Technology 
& Innovation Funding Authority (STDF) in cooperation with The 
Egyptian Knowledge Bank (EKB). This research did not receive any 
specific grant from funding agencies in the public, commercial, or not-
for-profit sectors.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Schilder A, Bhutta M, Butler C, Holy C, Levine L, Kvaerner K, 
Norman G, Pennings R, Poe D, Silvola J (2015) Eustachian tube 
dysfunction: consensus statement on definition, types, clinical 
presentation and diagnosis. Clin Otolaryngol 40(5):407

	 2.	 Smith ME, Bance ML, Tysome JR (2019) Advances in Eustachian 
tube function testing. World J Otorhinolaryngol Head Neck Surg 
5(3):131–136

	 3.	 Li R, Wu N, Zhang J, Hou Z, Yang S (2020) Analysis on the 
correlation between Eustachian tube function and outcomes of 
type I tympanoplasty for chronic suppurative otitis media. Acta 
Otolaryngol 140(8):656–659

http://creativecommons.org/licenses/by/4.0/


1601European Archives of Oto-Rhino-Laryngology (2023) 280:1593–1601	

1 3

	 4.	 Smith M, Tysome J (2015) Tests of Eustachian tube function: a 
review. Clin Otolaryngol 40(4):300–311

	 5.	 Dave V, Ruparel M (2019) Correlation of Eustachian tube dys-
function with results of tympanoplasty in mucosal type of chronic 
suppurative otitis media. Indian J Otolaryngol Head Neck Surg 
71(1):10–13. https://​doi.​org/​10.​1007/​s12070-​018-​1525-y

	 6.	 Prasad KC, Hegde MC, Prasad SC, Meyappan H (2009) Assess-
ment of eustachian tube function in tympanoplasty. Otolaryngol 
Head Neck Surg 140(6):889–893

	 7.	 Priya K, Karthikeyan P, Coumare VN, Sambandan AP (2012) 
Evaluation of Eustachian tube function in chronic suppurative 
otitis media (tubotympanic type) with reference to its treatment 
outcome. Indian J Otol 18(4):179

	 8.	 van der Avoort SJ, van Heerbeek N, Zielhuis GA, Cremers CWJ 
(2005) Sonotubometry: eustachian tube ventilatory function test: 
a state-of-the-art review. Otol Neurotol 26(3):538–543

	 9.	 Choi SH, Han JH, Chung JW (2009) Pre-operative evaluation 
of eustachian tube function using a modified pressure equilibra-
tion test is predictive of good postoperative hearing and middle 
ear aeration in type 1 tympanoplasty patients. Clin Exp Otorhi-
nolaryngol 2(2):61

	10.	 Schröder S, Lehmann M, Korbmacher D, Sauzet O, Sudhoff H, 
Ebmeyer J (2015) Evaluation of tubomanometry as a routine diag-
nostic tool for chronic obstructive Eustachian tube dysfunction. 
Clin Otolaryngol 40(6):691–697

	11.	 Swarts JD, Alper CM, Mandel EM, Villardo R, Doyle WJ (2011) 
Eustachian tube function in adults without middle ear disease. 
Ann Otol Rhinol Laryngol 120(4):220–225

	12.	 Doyle WJ, Mandel EM, Seroky JT, Swarts JD, Casselbrant ML 
(2013) Reproducibility of the forced response test in children with 
chronic otitis media with effusion. Otol Neurotol 34(1):16

	13.	 Meyer MF, Korthäuer C, Jansen S, Hüttenbrink K-B, Beutner D 
(2018) Analyzing eustachian tube function in patients with symp-
toms of chronical Eustachian tube dysfunction by pressure cham-
ber measurements. Eur Arch Otorhinolaryngol 275(5):1087–1094

	14.	 Sayed RH, Youssif MA, Ali KAER, Ragheb DT, Dahy KG (2021) 
Does successful myringoplasty affect Eustachian tube function? 
Indian J Otolaryngol Head Neck Surg. https://​doi.​org/​10.​1007/​
s12070-​021-​02534-8

	15.	 Ikehata M, Ohta S, Mishiro Y, Katsura H, Miuchi S, Tsuzuki K, 
Sakagami M (2017) Usefulness of the saccharin test for assess-
ment of Eustachian tube function in patients with chronic otitis 
media with perforation. Otol Neurotol 38(1):60–65. https://​doi.​
org/​10.​1097/​mao.​00000​00000​001249

	16.	 Das AK, Varshney H, Biswas S, Ghosh S, Varshney J (2015) Rela-
tionship between Eustachian tube function and location of the 
perforation in chronic otitis media. Indian J Otol 21(1):51

	17.	 El-Guindy A (1993) Manometric and endoscopic study of tubal 
function in drum perforation. Am J Otol 14(6):580–584

	18.	 Pöyhönen L, Kivekäs I, Silvola J, Poe D, Rautiainen M (2019) 
Mucociliary function of the eustachian tube in the eustachian tube 
dysfunction. Acta Otolaryngol 139(3):238–242

	19.	 Tseng CC, Lai MT, Wu CC, Yuan SP, Ding YF (2017) Compari-
son of the efficacy of endoscopic tympanoplasty and microscopic 

tympanoplasty: a systematic review and meta-analysis. Laryngo-
scope 127(8):1890–1896

	20.	 Hardman J, Muzaffar J, Nankivell P, Coulson C (2015) Tym-
panoplasty for chronic tympanic membrane perforation in 
children: systematic review and meta-analysis. Otol Neurotol 
36(5):796–804

	21.	 Kartush JM, Michaelides EM, Becvarovski Z, LaRouere MJ 
(2002) Over-under tympanoplasty. Laryngoscope 112(5):802–807

	22.	 Babu S, Luryi AL, Schutt CA (2019) Over–under versus medial 
tympanoplasty: comparison of benefit, success, and hearing 
results. Laryngoscope 129(5):1206–1210

	23.	 Mohamad SH, Khan I, Hussain SM (2012) Is cartilage tympano-
plasty more effective than fascia tympanoplasty? A systematic 
review. Otol Neurotol 33(5):699–705

	24.	 Jalali MM, Motasaddi M, Kouhi A, Dabiri S, Soleimani R 
(2017) Comparison of cartilage with temporalis fascia tympa-
noplasty: a meta-analysis of comparative studies. Laryngoscope 
127(9):2139–2148

	25.	 Tan HE, Santa Maria PL, Eikelboom RH, Anandacoomaraswamy 
KS, Atlas MD (2016) Type I tympanoplasty meta-analysis: a sin-
gle variable analysis. Otol Neurotol 37(7):838–846

	26.	 Shakya D, Nepal A (2021) Long-term results of type I tympano-
plasty with perichondrium reinforced cartilage palisade vs tem-
poralis fascia for large perforations: a retrospective study. J Otol 
16(1):12–17. https://​doi.​org/​10.​1016/j.​joto.​2020.​07.​004

	27.	 Hsu Y-C, Kuo C-L, Huang T-C (2018) A retrospective com-
parative study of endoscopic and microscopic Tympanoplasty. J 
Otolaryngol Head Neck Surg 47(1):44. https://​doi.​org/​10.​1186/​
s40463-​018-​0289-4

	28.	 Kouhi A, Ashthiani MTK, Jalali MM (2018) Results of type I 
tympanoplasty using fascia with or without cartilage reinforce-
ment: 10 Years’ experience. Iran J Otorhinolaryngol 30(97):103

	29.	 Gimenez F, Marco-Algarra J (1993) The prognostic value of 
mucociliary clearance in predicting success in tympanoplasty. J 
Laryngol Otol 107(10):895–897

	30.	 Elbrønd O, Larsen E (1976) Mucociliary function of the Eus-
tachian tube: assessment by saccharin test in patients with dry 
perforations of the tympanic membrane. Arch Otolaryngol 
102(9):539–541

	31.	 MacKinnon D (1970) Relationship of pre-operative eus-
tachian tube function to myringoplasty. Acta Otolaryngol 
69(1–6):100–106

	32.	 Collins WO, Telischi FF, Balkany TJ, Buchman CA (2003) Pedi-
atric tympanoplasty: effect of contralateral ear status on outcomes. 
Arch Otolaryngol Head Neck Surg 129(6):646–651

	33.	 Pinar E, Sadullahoglu K, Calli C, Oncel S (2008) Evaluation of 
prognostic factors and middle ear risk index in tympanoplasty. 
Otolaryngol Head Neck Surg 139(3):386–390

	34.	 Singh GB, Sidhu T, Sharma A, Singh N (2005) Tympanoplasty 
type I in children—an evaluative study. Int J Pediatr Otorhi-
nolaryngol 69(8):1071–1076

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s12070-018-1525-y
https://doi.org/10.1007/s12070-021-02534-8
https://doi.org/10.1007/s12070-021-02534-8
https://doi.org/10.1097/mao.0000000000001249
https://doi.org/10.1097/mao.0000000000001249
https://doi.org/10.1016/j.joto.2020.07.004
https://doi.org/10.1186/s40463-018-0289-4
https://doi.org/10.1186/s40463-018-0289-4

	Correlation of Eustachian tube function with the results of type 1 tympanoplasty: a prospective study
	Abstract
	Objectives 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Study design
	Surgical technique
	Postoperative care
	Follow-up
	Outcome measures
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


