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Abstract The tympanic membrane (TM) undergoes a
number of pathological changes in middle ear disease
which can be detected by a video-otoendoscope. Middle
ear disease is also accompanied by changes in middle ear
pressure which can be assessed by tympanometry. The
objectives of this study were to find the correlation between
video-otoendoscopy and tympanometry in acute middle ear
infections and to deduce which of the two is more efficient
and reliable for early diagnosis. 75 patients with AOM or
OME were included over 1 year where each patient was
followed for 21 days. Detailed history and clinical exam-
ination with videootoendoscope and tympanometry was
done on each visit. Each TM was graded using
OMGRADE scale. Symptoms and clinical findings con-
sistent with acute otitis media were given a clinical score
(CO Score). The results were collected and correlation
between video-otoendoscopy and tympanometry was
determined and their individual sensitivity, specificity and
diagnostic accuracy was calculated. The sensitivity,
specificity and diagnostic accuracy for tympanometry and
video-otoendoscopy was calculated individually for each
of the 4 visits and positive correlation between the 2 was
found. Our study showed that tympanometry had a higher
overall sensitivity than video-otoendoscopy. While, video-
otoendoscopy showed a higher specificity than Tympa-
nometry. Otoendoscopy is good for ruling out AOM/OME
but cannot rule out persisting Middle Ear Effusion and
Tympanometry is a better tool for detecting MEE but
cannot differentiate well between AOM and OME. We
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found that tympanometry plus otoendoscopy together
greatly increase the chances of detecting AOM and OME
thus improving diagnostic accuracy, reducing financial
costs associated with over or mis-diagnosis.
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Introduction

Acute Otitis Media (AOM) is a common ailment and a
prominent cause of health care visits and antibiotic pre-
scription. Otitis Media with effusion (OME) may occur
spontaneously because of poor Eustachian tube function or
as an inflammatory response following AOM. Early diag-
nosis of acute middle ear infection is important for early
initiation of treatment and thus preventing future compli-
cations and cost implications.

Visualization of the tympanic membrane with identifi-
cation of the presence of an middle ear effusion (MEE) and
inflammatory changes is necessary to establish diagnosis of
AOM or OME with certainty. Tympanometry provides a
general view of the pressure condition in the middle ear
and when the presence of middle ear fluid is difficult to
determine, tympanometry can be helpful.

Video-otoendscopy uses endoscopic technology to pro-
ject the image of the tympanic membrane (TM) onto a
monitor visible to both the physician and the patient. It
produces a larger, clearer, well-focused image of the TM
which allows for analysis of the image any time after image
acquisition. This allows for better monitoring the pro-
gression of the disease process.
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In AOM, the characteristics of TM and MEE are dif-
ferent than those in OME and these may not be easily
distinguishable.

A type B tympanogram with flat curve and normal canal
volume is considered diagnostic of OME. Compared with
all other types of tympanograms it has a high sensitivity
and specificity in detecting OME confirmed surgically [1].

Methods

This prospective study was conducted in a tertiary health
care centre in North India from September 2019 to 2020.
75 patients were examined who were selected from the
population visiting the ENT Outpatient Department.
Patients included were between the age of 5-18 years, with
signs (redness, bulging of TM) and symptoms (fever, tug-
ging, irritability or pain) corresponding with AOM or OME
without any complications and no history of ear trauma or
ear surgery. Detailed clinical history was taken and
examination was done using video-otoendoscopy followed
by tympanometry.

Each patient found having AOM or OME was put on a
treatment of Amoxycillin + clavulanic acid along with an
antihistaminic, analgesic and nasal decongestant for
1 week. Patients were followed up after 3 days of the 1st
visit and then weekly for 2 weeks. Every patient underwent
video-otoendoscopy using Karl Storz Telepack 0° endo-
scope and the images were graded on the basis of an image-
based grading scale developed by Lundberg et al. [2]
known as the OMGRADE scale, tympanometry was done
using Impedance Audiometer GSI Tympanostar Pro and
the tympanograms were classified into 5 types according to
the modification given by Jerger, with Feldman [3] and was
given a clinical score based on the Clinical Score devel-
oped by Dagan et al. [4] on each visit. It included cate-
gories of fever, irritability, tugging, redness and bulging
were classified as absent, mild, moderate or severe. If the
eardrum was perforated at the time of the second visit and
pus was draining, this was scored by definition as “severe
bulging.” Maximum score was 15 while minimum score
was 0 (Figs. 1, 2).

Omgrade Sub- Description
division
0 0 Transparent TM, normal position
1R Transparent TM, slightly retracted
1F Transparent TM, normal position, fluid

level or fluid filled ME

1RF Transparent TM, retracted with fluid level
or fluid filled ME
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Omgrade Sub- Description
division
2 20F Transparent TM with opaque fluid level,
w/wo retraction
3 3 Opaque appearance of TM in a fairly
normal position
4 Opaque appearance of TM and bulging
5 5B Opaque appearance of TM with bullous
formations
5C Contourless TM with a wet appearance and

swollen keratin patches, w/wo pulsating
pus from small perforation

Temporary 6
subgrade 6

TM perforation, retraction pocket or
cholesteatoma w/wo purulent discharge,
previous ear surgery and TM grommets

Results

A total of 75 patients (22 females, 53 males) were included
in this study aged between 5 and 18 years. 4 out of these 75
patients were lost to follow-up. The mean age was
13.65 £ 3.59 years. Each patient who had signs and
symptoms of AOM or OME and were given a CO score.

Irritability was present in majority of patients (98.67%)
on the Ist visit followed by redness (93.33%). On the 2nd
visit redness was present in majority of patients (72.22%)
followed by tugging (62.50%). Tugging was present in
majority (38.03%) of patients on 3rd visit followed by
redness (22.54%). On the 4th visit Tugging was present in
8.45% patients while none had fever, irritability, redness
and bulging (Table 1).

Moderate agreement exists between tympanogrmas and
video-otoendoscopy on each visit with kappa value 0.472
on the 1st, 0.452 on the 2nd, 0.380 on the 3rd and 0.516 on
the 4th visit. Significant correlation was seen in the dis-
tribution of tympanongrams and video-otoendoscopic
images on each visit (p value < 0.5) (Table 4).

Tympanogram at st visit was A in 50% of patients in
IR, 0% of patients in IRF, 0% of patients in 20F, 0% of
patients in 3, 5% of patients in 4, 3.33% of patients in 5B
and 0% of patients in 5C. Tympanogram at st visit was B
in 100% of patients in 5C, 100% of patients in 20F, 100%
of patients in 3 and 96.67% of patients in 5B, 50% of
patients in 1R, 92.86% of patients in 1RF and 95% of
patients in 4. Tympanogram at 1st visit was C in 7.14% of
patients in 1RF, 0% of patients in 1R, 0% of patients in
20F, 0% of patients in 3, 0% of patients in 4, 0% of
patients in 5B and 0% of patients in 5C (Fig. 3).
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Fig. 1 OM Grade of video-otoendoscopic images. Upper row left to right Grade 20F, Grade 1RF, Grade 4. Lower row left to right: Grade 5B,

Grade 5B, Grade 0

Tympanogram at 2nd visit was A in 42.11% of patients
in 1R, 6.90% of patients in 1RF, 0% of patients in 20F, 0%
of patients in 3, 0% of patients in 4, 0% of patients in 5B
and 0% of patients in 5C. Tympanogram at 2nd visit was B
in 100% of patients in 5C, 100% of patients in 20F, 100%
of patients in 3, 100% of patients in 4 and 100% of patients
in 5B and 93.10% of patients in 1RF, 52.63% of patients in
IR. Tympanogram at 2nd visit was C in 5.26% of patients
in 1R.

Tympanogram at 3rd visit was A in 100% of patients in
0, 58.82% of patients in 1R, 0% of patients in 1RF, 0% of
patients in 3 and 0% of patients in 4. Tympanogram at 3rd
visit was B in 100% of patients in 4, 100% of patients in
1RF and 100% of patients in 3, 0% of patients in O and
39.22% of patients in 1R. Tympanogram at 3rd visit was C
in 1.96% of patients in IR.

Tympanogram at 4th visit was A in 100% of patients in
0, 54.55% of patients in 1R, 0% of patients in IRF and 0%
of patients in 4. Tympanogram at 4th visit was B in 100%
of patients in 4 and 100% of patients in 1RF, 0% of patients
in 0 and 45.45% of patients in 1R.

Univariate logistic regression was performed taking OM
grade at 1st visit as independent variable to predict tym-
panogram finding at 2nd visit, 3rd visit and 4th visit.
Patients categorized as diseased by OM grade at 1st visit
had significantly higher chances of tympanogram B/C at
2nd visit with odds ratio of 19.139. No significant relation
was seen between OM grade at 1st visit and tympanogram
finding at 3rd visit and 4th visit (p value > 0.05). On taking

tympanogram at 1st visit as independent variable to predict
OM grade finding at 2nd visit, 3rd visit and 4th visit. No
significant relation was seen between tympanogram at 1st
visit and OM grade at 2nd visit, 3rd visit and 4th visit
(p value > 0.05) (Table 5).

Discussion

We used both tympanometry as well as video-otoen-
doscopy to the assess the tympanic membrane and the
condition of the middle ear and used a Clinical Score for
diagnosing AOM or OME as standard.

Pain /irritability was the most common presenting
complaint followed by tugging and fever. This correlated
well with studies performed by Niemela et al. and Rothman
et al. [5, 6] according to whom earache was present in
majority of the patients of AOM and also the most useful
symptom for diagnosis. The most common sign among the
patients was redness of the TM followed by bulging of the
TM. However Karma et al. and McCormick et al. [7, 8]
found bulging of the TM had higher specificity (97%)
while redness of the TM only correlated with the presence
of AOM.

In our study TM’s were graded on the basis of OM
Grade using an otoendoscope which showed a sensitivity of
94.67% and PPV 100% on the 1st visit. A sensitivity of
92.31%,specificity of 48.48%, PPV 67.92% and NPV
84.21% on the 2nd visit. On the 3rd visit we found
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Test Date
Test Time
Physician
Age At Time Of Test

16-11-2019

Unknown

Right Ytm 226 Hz

Test Date 12-03-20
Test Time
Physician

Age At Time Of Test

Right Ytm 226 Hz

mmho

OTORHINOLARYNGOLO(
MLN Medical Collage
PRAYAGRAJ,

Left Ytm 226 Hz

OTORHINOLARYNGOLO(
MLN Medical Collage
PRAYAGRAJ,

Left Ytm 226 Hz

Fig. 2 Tympanograms upper: right-type A, left-type A; lower: right-type B, left-Type A

sensitivity of 66.67%,specificity of 85.29%, PPV 16.67%
and NPV 98.31%. On the 4th visit we found that OM grade
had a specificity of 95.77% and a NPV of 100% (Table 2).
Our findings correlated well with a study by Takata et al.
[9] who found that the sensitivity of pneumatic otoscopy
was 94%, Lee and Yeo [10] who found that the sensitivity
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of pneumatic otoscopy was 97.2% and a specificity 38%
while poor correlation was found with a study by Rogers
et al. [11] who found that pneumatic otoscopy had a sen-
sitivity of 67.9%, specificity of 81.4% while Binocular
microscopy performed by staff paediatric otolaryngologist
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Table 1 Distribution of frequency (percentage) of signs/symptoms of study subjects

Fever Irritability/pain Tugging Redness Bulging
Ist visit (n = 75) 42 (56.00%) 74 (98.67%) 57 (76.00%) 70 (93.33%) 60 (80.00%)
2nd visit (n = 72) 3 (4.17%) 39 (54.17%) 45 (62.50%) 52 (72.22%) 35 (48.61%)
3rd visit (n = 71) 0 (0.00%) 10 (14.08%) 27 (38.03%) 16 (22.54%) 2 (2.82%)
4th visit (n = 71) 0 (0.00%) 0 (0.00%) 6 (8.45%) 0 (0.00%) 0 (0.00%)
Association of tympanogram at 1st visit Association of tympanogram at 2nd visit
with OM grade at 1st visit with OM grade at 2nd visit

% of number of patients
% of number of patients

Tympanogram at 1st visit Tympanogram at 2nd visit
H1R(=4) W1RF(n=14) H20F(n=4) W3(n=2) M4(n=20) M5B(n=30) M5C(n=1) H1R(M=19) HW1RF(n=29) H20F(n=4) M3(n=1) ™4(n=15) WM5B(n=1) M5C(n=3)
Association of tympanogram at 3rd visit Association of tympanogram at 4th visit
with OM grade at 3rd visit with OM grade at 4th visit
100% - 120% -
2 90% - 2
8 80% g 100%:7
B 70% o 8 so% -
s 60% 1 s *
g 50% 1 g 60% 1 =
5 3o ] 2R R 2R e g g 2 g
s 20% 4 © © © © © s o o °
2 10% - -2 EE R = 2% s 3 3
0% 0% -
A B | c A B
Tympanogram at 3rd visit Tympanogram at 4thvisit
H0(n=8) W1R(=51) M1RF(n=10) W3(n=1) M4(n=1) H0(n=57) W1R(n=11) E1RF(n=2) LI4(n=1)
Fig. 3 Association of tympanogram on various visits with OM Grade
Table 2 Sensitivity, specificity, NPV, PPV and diagnostic accuracy of OM grade taking CO score as standard
OM grade
Sensitvity Specificity NPV PPV Diagnostic
accuracy
Ist visit (n = 75) 94.67% - - 100% (94.94-100.00%) -
(86.90-98.53%)
2nd visit (n = 72) 92.31% 48.48% (30.80-66.46%) 84.21% (60.42-96.62%) 67.92% 72.22%
(79.13-98.38%) (53.68-80.08%)
3rd visit (n = 71) 66.67% (9.43-99.16%) 85.29%. 98.31% (90.91-99.96%) 16.67% (2.09-48.41%) 84.51%
(74.61-92.72%)
4th visit (n = 71) — 95.77%. 100.00% - -
(88.14-99.12%) (94.72-100.00%)
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Table 3 Sensitivity, specificity, NPV, PPV and diagnostic accuracy of tympanometry taking CO score as standard

Tympanometry
Sensitvity Specificity NPV PPV Diagnostic
Accuracy
Ist visit (n = 75) 94.67% (86.90-98.53%) — 100% -
(94.94-100.00%)
2nd visit (n = 72) 97.44% (86.52-99.94%) 27.27% 90.00% (55.50-99.75%) 61.29% 65.28%
(13.30-45.52%) (48.07-73.40%)
3rd visit (n = 71) 100.00% 55.88% 100.00% 9.09% (1.92-24.33%) 57.75%

(29.24-100.0%)
4th visit (n = 71) —

(43.32-67.92%)

(90.75-100.00%)

88.73% (79.0-95.01%) 100.00% - -

(94.31-100.00%)

Table 4 Correlation of tympanogram with video-otoendoscopy (OM grade) at each visit

Tympanogram at st visit OM grade at 1st visit P value Kappa
Normal(n = 4) Disease(n = 71)

Normal 2 (50%) 2 (2.82%) 0.013 0.472

Disease 2 (50%) 69 (97.18%)

Tympanogram at 2nd visit OM grade at 2nd visit P value Kappa
Normal (n = 19) Disease(n = 53)

Normal 8 (42.11%) 2 (3.77%) 0.0002 0.452

Disease 11 (57.89%) 51 (96.23%)

Tympanogram at 3rd visit OM grade at 3rd visit P value Kappa
Normal (n = 59) Disease(n = 12)

Normal 38 (64.41%) 0 (0%) <.0001 0.380

Disease 21 (35.59%) 12 (100%)

Tympanogram at 4th visit OM grade at 4th visit P value Kappa
Normal (n = 68) Disease(n = 3)

Normal 63 (92.65%) 0 (0%) 0.001 0.516

Disease 5 (7.35%) 3 (100%)

showed the best sensitivity, 88.0%, and best specificity,
89%.

We found that Tympanogram was type B in 93.33% of
patients in first visit and type A in 5.33% of patients in first
visit. This correlated well with the study done by Groothius
et al. [12] who found that at the time of diagnosis of AOM,
87% of tympanograms were type B.

Renko et al. [13] found normal tympanograms after a
median time of 7.5 days (range 1-58 days) among 75
successfully monitored patients. This correlated well with
our study where we found normal tympanograms in
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53.52% patients after 10 days and in 88.73% patients after
17-21 days.

We found tympanometry to have a sensitivity of 94.67%
and PPV 100% on the 1st visit. Tympanometry had a
sensitivity of 97.44%, specificity of 27.27%, PPV 61.29%,
NPV 90% on the 2nd visit and a sensitivity of 100%,
specificity of 55.88%, PPV 9.09%, NPV 100% on the 3rd
visit. While,the specificity on the 4th visit was 88.73%
along with NPV 100% (Tables 3, 4).

The tympanic membranes categorized as diseased by
OM grade at 1st visit had significantly higher chances of
tympanogram B/C at 2nd visit (Table 5).
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Table 5 Univariate logistic regression to find out the relationship of OM grade at 1st visit with findings of tympanogram at 2nd visit, 3rd visit
and 4th visit and the relationship of tympanogram at 1st visit with findings of OM grade at 2nd visit, 3rd visit and 4th visit

Variable P value Odds ratio
OM grade at 1st visit with findings of tympanogram at 2nd visit

Normal 1.000
Diseased 0.011 19.139
OM grade at Ist visit with findings of tympanogram at 3rd visit

Normal 1.000
Diseased 0.497 2.136
OM grade at 1st visit with findings of tympanogram at 4th visit

Normal 1.000
Diseased 0.883 1.286
Tympanogram at 1st visit with findings of OM grade at 2nd visit

Type A 1.000
Type B 0.298 2.943
Tympanogram at 1st visit with findings of OM grade at 3rd visit

Type A 1.000
Type B 0.677 2.027
Tympanogram at 1st visit with findings of OM grade at 4th visit

Type A 1.000
Type B 0.683 0.488

According to the p values we can draw the conclusion
that changes due to AOM or OME in tympanometry as
well as video-otoendoscopy are most evident on the 1st and
2nd visit.

This implies that otoendoscopy detects AOM/OME
before tympanometry and can therefore diagnose it earlier.
Thus, if there is an abnormal otoendoscopic image on the
Ist visit then there are high chances that the tympanogram
obtained on the next visit will be abnormal as well.
Whereas, a normal tympanogram could not completely rule
out the presence of effusion.

Our findings correlate well with the studies done by
Bluestone, Beery and Paradise [14] who found that in 59
ears with type B tympanograms effusions were found in 49
ears (83%), Fiellau-Nikolajsen et al. [15] who found a
nearly 100% correlation between a flat tympanogram and
the presence of MEE as well as Groothuis et al. [12] who
found that Type A tympanograms correlated well with
normal otoscopic findings in 92% cases and Type B tym-
panograms were associated with abnormal otoscopic find-
ings in 93% of cases. Smith et al. [16] found MEE in
80.2% patients with Type B tympanograms. Helenius et al.
[17] found that Flat (type B) tympanogram was related to
otitis media with effusion in 44% and to acute otitis media
in 56% of examinations, respectively.

We found that tympanometry had a higher overall
Sensitivity than video- otoendoscopy. While, video-
otoendoscopy showed a higher specificity than

Tympanometry. Thus, tympanometry is good for catching
actual cases of OME but it also comes with a fairly high
rate of false positives. Whereas, Otoendoscopy is superior
at early diagnosis of AOM/OME but cannot rule out per-
sisting MEE. This shows that while tympanometry is a
good tool for detecting residual or persisting MEE but it
cannot differentiate between AOM and OME. Also, tym-
panometry alone cannot determine the presence or absence
of acute middle ear infections.

Conclusion

Our study found that there is good correlation between
tympanometry and video-otoendoscopy. Otoendoscopy
remains superior to tympanometry in detecting AOM. On
the other hand, tympanometry is more precise in detecting
the presence or absence of MEE.

It also shows that tympanometry plus otoendoscopy
together greatly increase the chances of detecting AOM
and OME. Using both these modalities together:

1. Reduces overdiagnosis and unnecessary treatment.
Increases the probability of correct diagnosis of other
conditions with symptoms that otherwise could be
attributed to AOM.

2. Improve diagnostic accuracy

Reduces financial costs associated with misdiagnosis

4. Promote consistency in diagnosis

et

@ Springer



Indian J Otolaryngol Head Neck Surg

5. Helps in monitoring and documentation of the
progression of the disease process for patients being
considered for surgical treatment.

Thus we can conclude that instead of using only otoscopy
for diagnosing AOM or OME, we should utilize both
otoendoscopy as well as tympanometry at the first visit
itself for early diagnosis of AOM and early detection of
MEE before development of any sequalae which can be
missed if these modalities are not used.

Our study had certain limitations such as a small sample
size because of the limited OPD operations due to COVID-
19 pandemic as well as a higher faith in alternative med-
icine which leads to several drop-outs.
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