
AJA
Research Note
aDepar
Medic
Chenn

Corres
vidya.r

Editor
Editor

Receiv
Revisio
Accept
https://
Publish
and A
Identification and Management of Middle Ear
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Purpose: The aim of this study was to devise a grassroots-
level strategy for identification and management of middle
ear disorders in a community-based program for individuals
with cleft lip and palate in 2 rural districts in the state of
Tamil Nadu in South India.
Method: Community workers underwent training to conduct
video otoscopy using the ENTraview device. Community
workers conducted video otoscopy on 160 individuals with
cleft lip and palate between 3 and 35 years old in the
community. Middle ear conditions were identified using
store-and-forward telepractice. Diagnostic telehearing
evaluation was conducted using synchronous pure tone
audiometry and tympanometry for those who were identified
with tympanic membrane (TM) and/or middle ear diseases
(MEDs). A review of data collected over a 13-month period was
carried out to assess coverage and follow-up intervention rates.
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Results: The program was successful in achieving 80%
coverage for identification of TM and MEDs within 13 months
of program implementation. TM and/or MEDs were identified
in 26% (82/320 ears) of those who underwent video otoscopy.
Telehearing evaluations were completed on 42 ears of
individuals with TM and/or MEDs; 52% (22/42 ears) of these
individuals had a minimal, mild, or moderate degree of hearing
loss. Regarding follow-up for intervention, 78% qualified
for surgical intervention, and 31% qualified for medication.
Conclusions: This grassroots-level telemedicine approach
was successful in achieving better coverage, and store-
and-forward telepractice helped in providing remote diagnosis
and recommendation by otolaryngologists to all individuals
with TM/MEDs in the rural community. The follow-up for
otological intervention significantly improved from that
achieved in the previous years.
I n an attempt to provide comprehensive services for
individuals with cleft lip and palate (CLP) in a rural
community, a community-based model was imple-

mented in two districts, Thiruvannamalai (year 2005) and
Cuddalore (year 2011) in the state of Tamil Nadu in South
India. The World Health Organization initiated community-
based rehabilitation after the Declaration of Alma-Ata in
1978 (World Health Organization, 1978) and further empha-
sized and promoted this model in 2004 (World Health Or-
ganization, 2004) as a strategy to provide equal access to
health care and rehabilitation, and social inclusion of people
with disabilities. One of the key goals of community-based
rehabilitation is in building capacity, empowering and
mobilizing people with disabilities and their families.

Our purpose was to create a grassroots-level program
to identify individuals with CLP and provide comprehensive
services, including surgical correction, speech and language
assessment/therapy, hearing screening/assessment, and dental
and orthodontic services. The project covers an area of 3,800
square miles and is located 100–130 miles from the tertiary
care hospital at Chennai from where services were provided.
Currently, there are 564 registered beneficiaries of the pro-
gram; the beneficiaries are from 3 months to 35 years old.

Eight community workers are employed in this pro-
gram to identify individuals with CLP and mobilize follow-
up to the tertiary care hospital or at monthly camps1 that
1Camp refers to a temporary location in the rural community,
where a team of health care professionals provide consultation,
recommendations, or appropriate interventions. In this project, camps
were conducted on the premises of a public school or a community
shelter or in a space provided by local nongovernmental organizations.
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were conducted in the rural community, as required. The
community workers are central to this program as they are
the connecting link between the beneficiary and the health
care provider at the tertiary care hospital. In this program,
all surgical corrections (plastic surgery, orthodontic, and
dental) were provided at the tertiary care hospital, and other
services (speech and language assessment/therapy, hearing
screening/assessment, preventive dentistry, and orthodontic
follow-up) were provided either at the tertiary care hospital
or at the monthly camps in the rural community. The ab-
sence of a speech-language pathologist workforce in rural
communities and the pertinent need for consistent inter-
vention for the correction of speech errors led to the initia-
tion of a community-worker–led model (Sell, Nagarajan,
Wickenden, Howard, & Lohmander, 2011) of correction of
error consonants.

It is known that individuals with CLP are susceptible
to middle ear diseases (MEDs; Flynn, Möller, Jönsson,
& Lohmander, 2009; Sheahan, Miller, Sheahan, Earley, &
Blayney, 2003; Shprintzen, Siegel-Sadewitz, Amato, &
Goldberg, 1985). In Western countries, the presence of
MEDs among individuals with CLP was reported to be
75% (n = 22; Flynn et al., 2009), 79% (n = 110; Goldman,
Martinez, & Ganzel, 1993), 97% (n = 50; Dhillon, 1988),
and 100% (N = 50; Paradise, Bluestone, & Felder, 1969).
Among Asian countries, Chen et al. (2012) found 72% among
319 individuals with CLP to have otitis media with effu-
sion in Taiwan, and Ungkanont, Boonyabut, Komoltri,
Tanphaichitr, and Vathanophas (2018) found that all
95 individuals with cleft had at least one episode of otitis
media with effusion in Thailand. In India, 67% of 60 indi-
viduals with cleft lip and/or palate were reported to have
MEDs (Gautam, Sharma, Prakash, Kumar, & Taneja, 2011).

Recurrent MEDs increase the risk of permanent
hearing loss among these individuals (Flynn et al., 2009).
Among children with cleft palate, ear and hearing disor-
ders were found to be most prevalent between 4 and 6 years
old, but these problems persisted for many years after this
(Sheahan et al., 2003). Therefore, MEDs require early identi-
fication and intervention. Despite the overall success of the
community-based program described above in providing
comprehensive services to individuals with CLP, ear and
hearing health care could not be well integrated.

A review of data on ear and hearing services in our
community-based program showed that, during the initial
4 years of the program, 55% of beneficiaries with CLP in
the two rural districts underwent pure tone audiometry
screening and/or tympanometry screening. These screen-
ings were conducted both at camps and during visits to the
tertiary care hospital. However, only 0.2% of the beneficia-
ries received intervention for ear diseases. Subsequently,
camp-based hearing screening was discontinued because of
unavailability of equipment, hence screenings were con-
ducted only at the tertiary care hospital. This resulted in a
further reduction in coverage (12%–20%) for pure tone au-
diometry screening, and only 3.5% among those screened
followed up for otolaryngology evaluation at the tertiary
care hospital. Follow-up for intervention was recorded only
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for those who were recommended surgery. Surgeries per-
formed at the tertiary care hospital Sri Ramachandra Med-
ical Centre (SRMC) in Chennai city or at any other public
or private hospitals were documented. Between 2005 and
2011, two individuals with MEDs received ventilation
tubes (grommets) bilaterally, and seven individuals received
unilateral grommets. Tympanoplasty was performed on four
individuals. All those who underwent surgeries were under
19 years old. No surgeries were performed between 2012
and 2016 because of a lack of systematic audiologic surveil-
lance. Compliance for medication and follow-up compliance
postmedication were not documented (Sri Ramachandra
Medical College–Transforming Faces [SRMC-TF] annual
report 2006–2015).

Because, over the years, camp-based hearing screening
was discontinued, red flags for further investigations were
based on parent complaint/observation, patient history, and
reported symptoms. Patients were referred to otolaryngology
at the nearby hospital or to a tertiary care hospital at Chennai
for middle ear evaluation and treatment. Hence, there
was a need to adapt and modify the existing model to pro-
mote better ear and hearing health at the community level.

Given the success of several m-health, e-health, and
telemedicine programs, it was felt that such an approach
could be adopted to achieve greater coverage and follow-up.
Outcomes of some tele-audiology programs support this
hypothesis. For example, in Australia, Pearce, Ching, and
Dillon (2009) revealed that the use of tele-audiology for
the provision of hearing services to remote areas benefited
the timelines of service provision and improved the cover-
age. In the United States, Dharmar et al. (2015) found re-
duction in loss during follow-up in a pediatric hearing
screening program with introduction to tele-audiology
diagnostic services. In India, Ramkumar et al. (2018) re-
ported that integration of remote diagnostic assessments in
a rural-community–based hearing screening program
facilitated improved follow-up compliance. Parental per-
ceptions regarding tele-audiology testing service were also
reported to be positive in this community (Ramkumar
et al., 2016).

Tele-audiology applications to assess middle ear status
have primarily included video otoscopy (Biagio, Swanepoel,
Adeyemo, Hall, & Vinck, 2013; Mandavia, Lapa, Smith, &
Bhutta, 2018; Patricoski et al., 2003; Smith, Armfield, Wu,
Brown, & Perry, 2012). Successful telepractice requires the
able assistance of a facilitator at the patient end. Researchers
in Australia and Africa have trained facilitators for store-
and-forward video otoscopy to spread ear screening to ru-
ral and unreached populations and reported it to be feasible
and effective (Biagio et al., 2013; Smith et al., 2012).

In 2016, with a surge in Internet penetration in remote
rural areas in India (Internet and Mobile Association of
India [IAMAI], 2016), a telemedicine approach was ex-
plored to improve speech, language, and hearing services.
At first, home-based telespeech therapy provided by a speech-
language pathologist was introduced to supplement commu-
nity-worker–led correction of error consonants. In due course,
a telemedicine approach for ear and hearing care was explored.
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The aim of this study was to devise a grassroots-level
strategy to identify individuals with MEDs in the rural
community using a telemedicine approach. The specific
objectives were to (a) identify middle ear conditions using
store-and-forward video otoscopy devices among individ-
uals with CLP in rural communities, (b) assess hearing
status using synchronous pure tone audiometry and tym-
panometry for those identified with tympanic membrane
(TM) and MEDs through asynchronous video otoscopy
and provide telediagnostic confirmation of ear and hearing
status, and (c) assess follow-up compliance for intervention.

Method
This study was approved by the institutional ethics

committee of Sri Ramachandra Medical College and Re-
search Institute (Deemed to be University), Porur, Chennai
(IEC-NI/16/JAN/50/105).

Participants
This study included all individuals above 3 years old

actively2 seeking services through the community-based
program for individuals with CLP (N = 201). Children
younger than 3 years old (60 beneficiaries) could not be
screened using the ENTraview device (Medtronic) as the
speculum size was not suitable. These children were screened
by audiologists at the camp site or during a hospital visit.
The details of this manual otoscopy screening of younger
children are not included as it is beyond the purview of this
study. Consent was obtained from the parents before testing
for children aged 18 years or below. As this study aimed at
profiling the current status of middle ear function and hear-
ing thresholds, no specific inclusion criteria related to age of
palate repair were included.

Procedure
Community Worker Training

Eight community workers were trained and oriented
to use the ENTraview video otoscopy device and to facilitate
tele–pure tone audiometry and tympanometry. A 2-day
modular training program was developed to be delivered
in the local language, Tamil. The modules included orien-
tation to the ear and middle ear disorders, the procedure to
input demographic data and patient history using the mo-
bile application, the procedure to carry out video otoscopy
using the ENTraview, and a hands-on module.

Identification of Middle Ear Conditions
Community workers scheduled home visits in the

community to perform store-and-forward (asynchronous)
video otoscopy using the ENTraview device. This video
2Among the 564 registered beneficiaries, 11 individuals are not alive,
260 individuals could not be contacted because of either relocation or
noncompliance in seeking services, and 32 individuals were discharged
from the program as their speech was normalized and they did not
require additional services such as orthodontic correction.
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otoscope is a Conformité Européene–certified production
version (Medtronic, 2017) and uses a modified camera of
a mobile phone with an 8-megapixel resolution. The de-
vice has an independent light source with options to ad-
just the brightness to ensure a clear image of the TM. The
mobile phone works on Kitkat version 4.4, an Android
operating system enabled with mobile Internet data using
Subscriber Identification Module.

Community workers documented each patient’s demo-
graphic details and ear and hearing history using the cus-
tomized mobile application “Shruti,” which was available
in the local language, Tamil (Medtronic, 2017). The com-
munity worker then captured the image of the TM and ear
canal using the video otoscope. The obtained image, along
with patient data and history, was then uploaded to the
cloud using mobile data Internet. The audiologist viewed
the images at the back-end (at the tertiary care hospital)
using the Clickmedix platform. This platform has unlimited
cloud storage and provides an interface for the audiologist
to access the demographics details, patient history, and the
images captured by the community worker in the rural com-
munity to provide appropriate recommendations. The audi-
ologist periodically viewed the data and, when necessary,
could export the data or share the patient data using the
same platform in an encrypted format to the otolaryngolo-
gist for recommendations on appropriate management.

Those with impacted cerumen were recommended
cerumen management (using Soliwax solution) based on
the otolaryngologist’s advice. The community worker re-
peated video otoscopy subsequently to ascertain the status
of the middle ear. Those identified with MEDs by the oto-
laryngologist were recommended an appropriate medica-
tion or a surgical intervention. Because e-prescriptions are
not legalized in India, prescriptions were mailed to the
community workers, who hand-delivered them to the pa-
tients. The community workers subsequently followed up
to repeat video otoscopy.

Hearing Assessment
Assessment of hearing was carried out for those who

were identified with MEDs. Community workers scheduled
home visits to complete the hearing assessment. If the
beneficiary’s home was remote and inaccessible, having
poor Internet, testing was scheduled during the monthly
multidisciplinary camps conducted at local nongovernmental
organizations in villages.

The Sentiero PATH portable lightweight device
(SOD100497), an integrated diagnostic audiometer and
tympanometry, was used to conduct the hearing evaluation.
The device interfaces with a laptop computer and data
management software (MIRA; Path Medical, 2017), making
it suitable for both synchronous and asynchronous teleprac-
tice. The audiologist at the tertiary care hospital conducted
pure tone audiometry and tympanometry tests synchro-
nously by remotely accessing the equipment at the rural
community. Mobile hotspot-based 4G broadband Internet,
with an average bandwidth of 0.40 mbps, was used at the
patient end. Local area network–based Internet with an
ification and Management Through a Telemedicine Approach 457



average bandwidth of 70 mbps was used at the hospital
end. The community worker set up the equipment, estab-
lished connectivity, and prepared the patient for testing.

In the case of pure tone audiometry testing, noise
levels were measured in the test environment before each
testing using a mobile application (BOSCH iNVH; Robert
Bosch Engineers, 2018). Noise levels were ensured to be no
more than 50 dBA before test commencement. Appropri-
ate correction factors were applied by conducting listen-
ing checks on the community worker with normal hearing
before testing. Testing was performed at octave frequencies
from 500 Hz to 8 kHz for air-conduction thresholds and
from 500 Hz to 4 kHz for bone-conduction thresholds.
Air-conduction thresholds of 25 dB HL or less and bone-
conduction thresholds of 15 dB HL or less were considered
normal hearing thresholds.

Tympanometry was carried out using a 226-Hz probe
tone at 85 dB SPL, with sweep pressure between −300 to
+300 daPa. Tympanometry preceded pure tone audiome-
try testing. The community worker selected an appropriate
ear tip and placed the probe in the individual’s ear. The
audiologist remotely assessed the accuracy of seal and ini-
tiated the testing.

The audiologist provided counseling via video-
conferencing regarding hearing status and appropriate
management options. The importance of follow-up was
emphasized to ensure better compliance.

Analysis
This is an ongoing program; therefore, the interim

data of a period of 13 months were reviewed to estimate
the number of individuals with MEDs as well as follow-up
for diagnosis and intervention.

Results
One hundred sixty individuals (105 males and 55 fe-

males) of the 201 active beneficiaries with CLP in the age
range of 3–35 years underwent asynchronous video otoscopy.
The type of cleft present among these individuals is men-
tioned in Table 1.

Identification of Middle Ear Conditions Using
Store-and-Forward (Asynchronous) Video Otoscopy

Among the 160 individuals who underwent video
otoscopy, 4% were between 3 and 6 years old, 64% were
Table 1. Summary of type of cleft.

Type of cleft N = 160

Unilateral cleft lip and palate 100
Bilateral cleft lip and palate 35
Cleft palate 23a

Submucous cleft palate 2

aThree of 23 patients had syndromic craniofacial anomaly.
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between 7 and 14 years old, and 32% were above 14 years
old. The coverage for screening with store-and-forward video
otoscopy achieved in this 13-month period was found to be
80% (160/201 individuals) and is significantly higher than
what was achieved (55%) in a span of 4 years (2011–2015).

Figure 1 describes the outcome of video otoscopy
earwise. TM and MEDs were identified in 78 ears during
the initial video otoscopy. A significant proportion (100/320)
of ears had cerumen impaction, because of which the TM
could not be visualized. Cerumen management strategies
were provided to these individuals. Video otoscopy was
repeated on 42 ears after cerumen management, and four
of these ears were also identified with TM/MEDs. There-
fore, all 82 ears were identified with TM/MEDs.

Of the 82 ears with TM/MEDs, 52 ears were diagnosed
with otitis media with effusion; 20 ears were diagnosed
with TM abnormality including scarred TM, TM sclerosis,
and hemotympanum; and 10 ears were diagnosed with TM
perforation.

Assessment of Hearing Status Using Synchronous
Pure Tone Audiometry and Tympanometry
for Those Identified With TM and MEDs
Using Asynchronous Video Otoscopy

Tele–pure tone audiometry and tympanometry evalu-
ations were scheduled for those individuals with TM and/or
MEDs. Evaluations were completed on 42 of 82 ears3 with
TM and/or MEDs. For the remaining ears, the community
worker was unable to conduct home-based telehearing
assessment because of logistic challenges. Such delays are
inevitable because of difficulties in scheduling the visit at a
mutually convenient time and because of the lack of a con-
sistent power supply and poor mobile Internet coverage in
several homes in the community. In such cases, individuals
were asked to follow up at the monthly multidisciplinary
camps conducted at local nongovernmental organizations
in villages. However, follow-up compliance could not be
achieved for these individuals within the study period.

Figure 2 shows the details of test outcomes. Tympa-
nometry could not be completed in 10 ears, when the com-
munity worker was unsuccessful in obtaining the accurate
seal required to perform the measurement. Twenty-two of
the 42 ears (52%) with TM and/or MEDs had hearing loss
of either a minimal, mild, or moderate degree. Abnormal
tympanograms (“B” type) were obtained in 14 of 22 ears
(64%) with hearing loss and 11 of 20 ears (55%) with nor-
mal hearing sensitivity.

Assessment of Follow-Up Compliance for Intervention
Fifty-seven individuals (82 ears) with TM and MEDs

received telediagnosis and recommendations from the oto-
laryngologist. Earlier, in the absence of the telemedicine
approach, when screening was conducted at camps and
3Both ears were tested even if the individual had unilateral TM or MEDs.
However, results are reported only for the ears with TM/MEDs.
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Figure 1. Outcome of video otoscopy. TM = tympanic membrane; ME = middle ear; MED = middle ear diseases.
individuals were to follow up at the tertiary care hospital
or local clinic for diagnosis, the follow-up was found to be
3.5% (SRMC-TF annual report 2006–2015), but with the
introduction of store-and-forward video otoscopy, 100% of
those with MEDs received diagnosis and recommendation.

Follow-up compliance for recommended interven-
tions was evaluated. Eleven individuals required only home
remedies such as steam inhalation and were counseled re-
garding the same. Nine individuals were recommended sur-
gical intervention, of whom three individuals underwent
surgery with financial assistance from the program funding
agency, four others are scheduled for surgery, and two in-
dividuals did not follow up for surgical intervention. There-
fore, 78% (7/9) compliance was achieved for surgical
intervention. Earlier, in 6 years (2005–2011), only 13 indi-
viduals had undergone surgical intervention (SRMC-TF
annual report 2006–2015), whereas with the introduction of
telediagnosis and recommendation by the otolaryngologist,
Figure 2. Outcome of hearing assessment. TM = tympanic memb

Ramkumar et al.: MED Ident
seven individuals complied for surgery (three completed and
four scheduled) within 13 months. This is a significant out-
come for the program.

Thirty-five individuals were recommended medications
and follow-up. Thirty-one percent of the individuals (11/35)
followed advice, and video otoscopy was repeated to reas-
sess middle ear status after medications. Middle ear condi-
tion had resolved, and TM was normal in seven individuals,
whereas the TM could not be visualized because of the
continued presence of cerumen in two individuals. Two in-
dividuals continued to have TM and/or MEDs (one individ-
ual with TM perforation and one individual with bulged
TM) and were prescribed medications once again.

Challenges
Despite improved Internet penetration, not all locali-

ties in the rural community had adequate Internet connectivity
rane; MED = middle ear diseases.

ification and Management Through a Telemedicine Approach 459



for telepractice. Community workers had to locate a test
environment near the patient’s home with adequate Internet
connectivity and bring the patient to this location for test-
ing. To provide home-based telecorrection of error con-
sonant and hearing evaluations, community workers
sometimes traveled half a day to reach the location of
the patient, thereby increasing the overall time involved
in this method. At times, patients did not attend appoint-
ments despite prior scheduling by community workers. Such
challenges increase the time taken to follow up with patients
who are advised repeat video otoscopy. An Internet-enabled
kiosk-based telepractice approach, operated by a commu-
nity worker, may be explored to overcome some of the
challenges encountered in home-based telepractice. Such
kiosks, if placed in a space of a local nongovernmental
organization, have the potential to serve the ear and hear-
ing health care needs of not only individuals with CLP
but also others living in these communities.

There were some technical challenges as well. For ex-
ample, there was a learning curve observed in the skill of
community workers in capturing images that were of good
quality. The adjustment of light source was a challenge for
the community workers initially, but they gained mastery
by trial and error in due course.

Poor bandwidth resulted in time lag during pure tone
audiometry testing and increased test time. Other researchers
have approached the problem of poor bandwidth by adopt-
ing asynchronous screening with the help of nurses, health
technicians, or audiology assistants. In this program, it was
felt necessary to conduct both air-conduction and bone-
conduction diagnostic testing in a synchronous fashion, as
information on the air–bone gap is pertinent in the appro-
priate diagnosis of TM and/or MEDs.

To reduce the demand on the community workers
in identifying the appropriate tip size for tympanometry,
only four sizes of probe tips commonly used for the age
group tested in this program were provided. However,
the community workers had difficulty in obtaining the
adequate seal required for measurement on some individuals
(10 ears), because of which testing could not be completed.

Conclusion
In the 12 years of existence of this comprehensive

community-based program for individuals with CLP, iden-
tification and management of TM and/or MEDs remained
a challenge, until this grassroots-level strategy enabled
with telemedicine was devised. The application of asynchro-
nous video otoscopy at the community level increased cov-
erage for the identification of MEDs and helped in providing
remote diagnosis and recommendation by otolaryngologists
to all individuals with TM/MEDs in the rural community.
The follow-up for otological intervention significantly im-
proved from that achieved in the previous years. On the ba-
sis of the initial success, this telemedicine approach for the
identification and management of MEDs is now integrated
to the larger program as a routine service delivery in these
communities.
460 American Journal of Audiology • Vol. 27 • 455–461 • November 2
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