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Abstract
Background This study aimed to develop and validate a deep learning (DL) model to identify atelectasis and attic retraction 
pocket in cases of otitis media with effusion (OME) using multi-center otoscopic images.
Method A total of 6393 OME otoscopic images from three centers were used to develop and validate a DL model for detect-
ing atelectasis and attic retraction pocket. A threefold random cross-validation procedure was adopted to divide the dataset 
into training validation sets on a patient level. A team of otologists was assigned to diagnose and characterize atelectasis and 
attic retraction pocket in otoscopic images. Receiver operating characteristic (ROC) curves, including area under the ROC 
curve (AUC), accuracy, sensitivity, and specificity were used to assess the performance of the DL model. Class Activation 
Mapping (CAM) illustrated the discriminative regions in the otoscopic images.
Results Among all OME otoscopic images, 3564 (55.74%) were identified with attic retraction pocket, and 2460 (38.48%) 
with atelectasis. The diagnostic DL model of attic retraction pocket and atelectasis achieved a threefold cross-validation accu-
racy of 89% and 79%, AUC of 0.89 and 0.87, a sensitivity of 0.93 and 0.71, and a specificity of 0.62 and 0.84, respectively. 
Larger and deeper cases of atelectasis and attic retraction pocket showed greater weight, based on the red color depicted in 
the heat map of CAM.
Conclusion The DL algorithm could be employed to identify atelectasis and attic retraction pocket in otoscopic images of 
OME, and as a tool to assist in the accurate diagnosis of OME.

Keywords Atelectasis · Attic retraction pocket · Otitis media with effusion · Deep learning

Introduction

Otitis media with effusion (OME) typically occurs due 
to persistent negative middle ear pressure and poor ven-
tilation in the middle ear. Atelectasis and attic retraction 
pocket are the result of tympanic retraction in the pars 
tensa and pars flaccida, respectively, and nearly always 
occur concurrently with OME [1], although they could 
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be the sequela of OME, especially since atelectasis is 
more frequently observed in cases of OME surgery [2, 
3]. Atelectasis and attic retraction pocket are structural 
problems involving the tympanic membrane and include 
the possibility of chronic complaints and severity that pro-
gresses over time. Determining whether atelectasis or attic 
retraction pocket is present is an important feature of OME 
diagnosis [4]. Early diagnosis with appropriate follow-up 
enables practical methods for managing OME cases that 
include mild atelectasis or attic retraction pocket, and to 
promote natural self-healing [5, 6]. Severe atelectasis and 
attic retraction pocket nearly always requires additional 
surgery to treat the lesions [5, 7], as severe atelectasis and 
attic retraction pocket could predispose the affected indi-
vidual to complications such as adhesive otitis, cholestea-
toma formation, and erosion of the ossicles [8–12]. Many 
objective auxiliary diagnostic tools for OME are available, 
including tympanometry and pneumatic otoscopy [4]. 
However, the diagnosis of atelectasis and attic retraction 
pocket is typically based on otoscopy and assessment by 
an expert clinician. Several types of smartphone adapt-
able otoscopes can be used to acquire tympanic membrane 
images by either non-specialists or non-clinicians [13–16]. 
Diagnosis of ear disease made solely with manual exami-
nation and otoscopic images, however, has a low rate of 
accuracy, which may lead to an improper referral, delayed 
or improper treatment, and unnecessary follow-up. Previ-
ous research [17, 18] has found that the rate of correctly 
diagnosed otitis media by pediatricians was only 50% 
compared to that of 73% by otolaryngologists.

The progressive use of telemedicine and artificial intel-
ligence in the otologic setting may gradually change the 
current approach to disease management. Previous studies 
have established machine learning models for the diagno-
sis of ear diseases that have achieved high diagnostic accu-
racy [19–27]. However, these studies regarded atelectasis 
and attic retraction pocket as one condition, rather than two 
distinct disorders. Moreover, OME and tympanic retraction 
were regarded as two separate diseases, overlooking the fact 
that these lesions can co-exist. When OME and tympanic 
retraction co-exist, standard diagnostic models diagnose 
only one lesion, such as OME [20, 21]. No DL studies have 
focused on dividing OME into different types according to 
the presence of atelectasis or attic retraction pocket.

In the present study, we developed and validated a DL 
model to identify the presence of attic retraction pocket 
and atelectasis in OME cases with the use of multi-center 
otoscopic images. We further classified OME into different 
types based on atelectasis and attic retraction pocket, which 
may be used to improve the procedures for accurate OME 
diagnosis and management.

Material and methods

Participant selection and acquisition of otoscopic 
images

OME otoscopic images from inpatients and outpatients 
were collected retrospectively from three hospitals between 
2015 and 2019, including Sun Yat-sen Memorial Hospital 
of Sun Yat-sen University, the Third Affiliated Hospital of 
Sun Yat-sen University, and Zhujiang Hospital of Southern 
Medical University. Otoscopic images were taken with a 
4-mm (KARL STORZ, Germany) or 2.7-mm (TIAN SONG, 
China) 0-degree otoscope by otolaryngologists. OME cases 
were confirmed with clinical criteria guidelines [4], includ-
ing disease history, medical examination (otoscopic exami-
nation), and auditory tests (tympanometry). One to three 
best-quality otoscopic images from different angles with 
complete pars tensa and pars flaccida were obtained from 
each ear with at a resolution of at least 500 × 500 pixels. 
Otoscopic images with white light, and those that were 
neither overexposed nor underexposed were optimal. Oto-
scopic images with tympanostomy tubes, secretion, and 
earwax covering more than 20% of tympanic membranes 
were excluded in this study. This study was approved by the 
institutional review board of Sun Yat-Sen Memorial Hos-
pital (reference number SYSKY-2022–130-01) and written 
informed consent was waved because of the retrospective 
nature of this study.

Labeling of otoscopic images

Only a few OME otoscopic images depicting atelectasis 
and attic retraction pocket have been archived in electronic 
medical systems. To achieve a consistent process of iden-
tification, we did not assume that these records were nec-
essarily correct. First, JBZ, with more than three years of 
otological experience, was assigned to classify the OME 
otoscopic images to determine whether there was evidence 
of atelectasis and attic retraction pocket, according to the 
first widespread standard for the assessment of atelectasis 
(retraction of the pars tensa severer than normal position) 
and attic retraction pocket (retraction in pars flaccida) [28, 
29]. Because atelectasis and attic retraction pocket may 
appear in the same otoscopic image, these two lesions 
were identified step by step separately in the present 
study. This means when the identification of atelectasis 
was finished in the whole image dataset, the identification 
of attic retraction pocket was just started. Subsequently, 
two otologists (XYZ and WTD), with more than 10 years 
of clinical experience in otology, were assigned to inde-
pendently review the identified lesions, and any discrep-
ancies would be discussed with a third otologist (YXC) 
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with more than 10 years of clinical experience in otology, 
until a consensus was reached. Similar to actual clinical 
practice, the prevalence of the different stages of atelecta-
sis and attic retraction pocket was heavily skewed in our 
dataset, with stage III and IV atelectasis and attic retrac-
tion pocket occurring at a rate of less than 5%. To ensure 
that sufficient otoscopic images were available to develop 
and assess the performance of this model, we considered 
cases of atelectasis and attic retraction pocket without 
stage classification. Other clinical demographic data, such 
as audiology test results, age, and gender, were not used to 
develop the DL model.

DL model development and validation

A threefold random cross-validation based on patients was 
adopted to divide the dataset into training and validation 
sets, as proposed in a previous study [19]. The output from 
this model was derived from two standard two-class tasks 
(task 1: determining whether attic retraction pocket is pre-
sent in the OME otoscopic images, and task 2: whether 
atelectasis is present in the OME otoscopic images), both 
of which were developed separately. All otoscopic images 
were converted into 299 × 299 pixels as input data. We 
used a convolutional neural network (CNN) model (Incep-
tion-V3) pre-trained on the ImageNet dataset (http:// www. 
image- net. org). Otoscopic images from this dataset were 
subsequently used to fine-tune the hyperparameters of the 
pre-trained CNN model. Stochastic gradient descent opti-
mization was used with the following parameter settings: 
batch size = 18, initial learning rate = 0.001, decay = 0.1, 
momentum = 0.9, epsilon = 1e-10. During the training pro-
cess, online data were used for data expansion, including 
random vertical and horizontal flip, and constant aspect 
ratio scaling. The DL model consisted of a CNN that 
implicitly recognized characteristics of attic retraction 
pocket and atelectasis from otoscopic images. To evaluate 
the performance of the CNN model in clinical practice, we 
compared the predicted diagnosis with the standard diag-
nostic label using the threefold average classification of 
accuracy, sensitivity, and specificity of the model (normal 
pars flaccida vs. attic retraction pocket and normal pars 
tensa vs. atelectasis). We also used the receiver operating 
characteristic (ROC) curve and area under the ROC curve 
(AUC) to determine the diagnostic capability of the DL 
model in identifying the presence of atelectasis and attic 
retraction pocket in OME otoscopic images.

Class activation mapping

Class Activation Mapping (CAM) [30] was employed to 
visualize the discriminative region of the CNN model in 

the OME otoscopic images. CAM used different colors to 
show various values of the DL model, ranging from blue 
(non-specific region) to red (most discriminative region), 
which is a common method used in otologic research with 
artificial intelligence [20, 23, 24]. The correct identification 
of the lesion area, depicted in red in the otoscopic images, is 
essential for clinicians to have confidence in the DL model. 
All experiments were operated with Python (version 3.6) 
in Keras (version 2.2.4) using the Python programming 
language. The diagnostic model was developed based on 
TensorFlow and carried out with 4 Titan XP 256 GB GPU.

Results

We collected an image dataset consisting of 6393 OME 
otoscopic images of which 3564 (55.74%) OME otoscopic 
images were identified with attic retraction pocket, and 2829 
(44.26%) with normal pars flaccida. In addition, atelectasis 
was diagnosed in 2460 (38.48%) OME otoscopic images, 
and 3933 (61.52%) were identified with normal pars tensa. 
Each otoscopic image was reviewed by at least three expert 
otologists.

DL model performance

We used threefold cross-validation for developing and test-
ing the CNN model to detect OME referable attic retraction 
pocket and atelectasis. The AUC of classifying the normal 
pars flaccida and attic retraction pocket was 0.89, and the 
average accuracy, sensitivity, and specificity were 89%, 0.93, 
and 0.62, respectively (Fig. 1). The CNN model achieved an 
AUC of 0.87 in classifying the normal pars tensa and atelec-
tasis, and the average accuracy, sensitivity, and specificity 
were 79%, 0.71, and 0.84 respectively (Fig. 2).

Fig. 1  Receiver–operator characteristic (ROC) curves and corre-
sponding area under the ROC curve (AUC) of the deep learning 
model for the detection of attic retraction pocket

http://www.image-net.org
http://www.image-net.org
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Class activation map

The heat map of the CAM image was generated using oto-
scopic images from the validation set. The CAM showed 
that the DL model was capable of identifying attic retrac-
tion pocket accurately with the color red, with deeper or 
larger cases of attic retraction pocket possessing more values 
(Fig. 3). In addition, partial atelectasis and general atelec-
tasis were identified by the DL model, and deeper or larger 
atelectasis showed more values in red (Fig. 4).

Discussion

In this study, we developed and validated a DL model to get 
an accurate diagnosis of OME by identifying the presence 
of attic retraction pocket and atelectasis with multiple cent-
ers of OME otoscopic images. The DL model could be used 
to determine further classification of OME by attic retrac-
tion pocket and atelectasis. This CNN algorithm obtained an 
AUC of 0.89 for the identification of attic retraction pocket 
and 0.87 for atelectasis in OME otoscopic images. The CAM 
of the DL model showed a consistent discriminative region 
of tympanic membranes to otolaryngologists.

Attic retraction pocket and atelectasis are the most 
commonly observed tympanic changes in OME, which 
currently lacks an auxiliary diagnostic tool. Different 
types of otoscopes (e.g., smartphone-based imaging oto-
scopes [13, 14, 16]) are the preferred diagnostic modal-
ity for diagnosing attic retraction pocket and atelectasis, 
but these approaches are limited for use by clinicians who 
lack sufficient diagnostic experience, particularly in clini-
cians who are not specialists in otolaryngology. During the 
procedures carried out for OME management, attic retrac-
tion pocket and atelectasis could be detected by our DL 

model. In clinical practice, the DL model could be useful 
in diagnosing attic retraction pocket and atelectasis and for 
assisting clinicians in determining a more accurate diag-
nosis. In addition, the DL diagnostic model could increase 
the performance of clinicians in diagnosing these disor-
ders. Then, precise diagnosis with DL model could save 
the economic cost of misdiagnosis and missed diagnosis. 
Including avoiding unnecessary referral and surgery, and 
facilitating the screening of severe OME cases. Besides, 
DL diagnostic model could be loaded on the website, and 
could be used by patients, while tympanometry and oto-
scope always need additional professionals, which will 
increase the cost of disease diagnosis.

When the attic retraction pocket or atelectasis occurs in 
OME cases, patients should be immediately referred to oto-
laryngologists for further evaluation. Moreover, for young 

Fig. 2  Class activation maps of 
the deep learning model for the 
detection attic retraction pocket. 
Class activation maps of the 
identification of attic retraction 
pockets. The red-colored area 
represents the discriminative 
region in the otoscopic images, 
whereas the blue-colored area 
represents the non-specific 
region in the otoscopic images. 
A Normal pars flaccida. B–D 
Attic retraction pocket

Fig. 3  Receiver–operator characteristic (ROC) curves and corre-
sponding area under the ROC curve (AUC) of the deep learning 
model for the detection of atelectasis
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otolaryngologists and those not specialized in otolaryngol-
ogy, this model could be used as a study tool to increase their 
knowledge of attic retraction pocket and atelectasis.

Previous studies have established DL models for the diag-
nosis of tympanic retraction and achieved an average level 
of accuracy ranging from 85.78 to 88.06% [20, 22]. How-
ever, these previous studies regarded tympanic retraction and 
OME as different conditions, which ignores those cases in 
which tympanic retraction and OME are both potentially 
present. Cha et al. [20] proposed a DL model that detected 
attic retraction pocket or adhesive otitis media with an accu-
racy of 85.78%. However, these authors merged atelectasis 
and attic retraction pocket into a single class rather than 
distinguish them as two different conditions. Moreover, a 
disease labeling approach was used when there was more 
than one feature in otoscopic images, in which only the more 
severe feature was identified. For example, when OME and 
attic retraction pocket were both present, the DL model 
only provided an output for the diagnosis of OME. As a 
result, such an approach will result in disregarding cases 
of milder disease. Shie et al. [21] extracted color, geomet-
ric, and textural features to develop a classification system 
for differentiating most types of otitis media, achieving an 
accuracy of 88.06%; however, the machine learning model 
was developed in a small dataset that included 865 otoscopic 
images. Moreover, the color of otoscopic images may vary 
with diverse conditions for illumination and different oto-
scope systems; thus, color is not a stable variable in an accu-
rate diagnostic model. During the course of disease, attic 
retraction pocket is likely to progress to cholesteatoma, and 
atelectasis may evolve to include ossicular erosions [31]. In 
addition, the surgical approach to severe tympanic mem-
branes in pars tensa and pars flaccida widely differs. There-
fore, we divided tympanic retraction into atelectasis and 

attic retraction pocket. Compared to previous models, we 
were able to detect the atelectasis and attic retraction pocket 
separately. This image classification system, therefore, was 
the first to individually diagnose two types of tympanic 
membrane lesions. The performance of the DL model in 
the present study has been found to be better than the diag-
nostic performance of pediatricians, general practitioners, 
and otolaryngologists, with rates of accuracy ranging from 
50 to 80% [17, 32, 33]. This DL model could provide an 
objective second opinion to assist otolaryngologists in mak-
ing a correct diagnosis. The performance of this DL model is 
comparable to the diagnostic accuracy of tympanometry in 
diagnosing OME, with a degree of sensitivity ranging from 
76 to 96% [34, 35].

Our results showed that DL models could identify dif-
ferent regions (pars tensa and pars flaccida) of retraction 
on the tympanic membrane with varying degrees of per-
formance. Based on clinical experience, it is reasonable to 
suggest that attic retraction pocket is easier to identify than 
atelectasis because the normal tympanic membrane shows 
a mild retraction in the pars tensa without a retraction in the 
pars flaccida. Thus, in cases of mild retraction, atelectasis 
may be subtle and difficult to determine, whether it is normal 
or at stage I atelectasis. Our image dataset was representative 
and collected from three hospitals with different types of 
otoscopes, photo conditions, and record systems.

Considering our experience [19] and that of other teams 
[20, 24, 26, 27], Google Inception-V3 demonstrated high 
performance in developing a diagnostic DL model based 
on otoscopic images. Therefore, the Google Inception-V3 
CNN model was adopted as the backbone network, and 
subsequently trained, tuned, and evaluated. Based on our 
findings, the foremost approach to OME otoscopic images 
with atelectasis by CAM was to focus on pars tensa and attic 

Fig. 4  Class activation maps 
of the deep learning model for 
the detection of atelectasis. 
Class activation maps of the 
deep learning model for the 
detection of atelectasis. The 
red-colored area represents the 
discriminative region in the 
otoscopic images, whereas the 
blue-colored area represents a 
non-specific region in the oto-
scopic images. A Normal pars 
tensa. B–D Atelectasis and attic 
retraction pocket
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retraction pocket by CAM on pars flaccida, particularly large 
and deep retraction pockets and atelectasis, which is consist-
ent with current practice by otologists.

Limitations

Some limitations in our study should be noted. Although 
the CNN algorithm could identify mild and severe attic 
retraction pocket and atelectasis, due to the low incidence 
of severe attic retraction pocket and atelectasis [36–38], 
however, there were not enough images to develop and 
validate a DL model to identify the different stages of attic 
retraction pocket and atelectasis. This limitation meant that 
clinicians were required to complete the task of further clas-
sification. Moreover, the retrospective nature of the design 
created some limitations with regard to data collection, such 
as inconsistent illumination of the otoscopes. The accuracy 
of the DL model was considerable affected by the quality 
of otoscopic images, which is associated with the opera-
tors’ examination skills and with the cooperation of the chil-
dren being examined. Larger, prospective studies with more 
detailed data for collection rules are needed to improve the 
performance of the DL model. Finally, non-medical history 
and hearing information were provided for the DL model 
and to the otolaryngologists, which may have affected the 
accuracy of diagnosis. Clinicians could improve the accu-
racy of diagnosis by combining information from disease 
history.

Conclusion

In summary, we developed and validated a deep learning 
model using otoscopic images to diagnose attic retraction 
pocket and atelectasis in patients with OME, which could be 
useful in assisting junior otolaryngologists and non-otolar-
yngologists when making the appropriate diagnosis.
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