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T he stethoscope is a medical acous-
tic device which is used to auscul-
tate internal body sounds, mainly 
the heart and the lungs. It is used 

for auscultation, or listening to sounds pro-
duced by the human body. Apart from the 
sounds of the lungs and the heart, it is used 
to listen to the sounds of the intestinal tract, 
blood flow in peripheral vessels, and the heart 
sounds of developing fetuses in pregnant 
women. “Digital stethoscopes” convert the 
audio sound to a digital signal. These steth-
oscopes can transmit serialized audio data 
that can be shared real time (synchronously) 
and/or in a store and forward fashion (asyn-
chronously). Notably, a digital stethoscope 
overcomes the limitations of a conventional 
stethoscope as the sound data is transformed 
into electrical signals which can be amplified, 
stored, replayed and, more importantly, sent 
for an expert opinion, making it very useful in 
telemedicine.

In February 2018, the Government of India 
announced that 150 000 Health and Well-
ness Centres would be created by transform-
ing existing subcentres and primary health 
centres to deliver comprehensive primary 
healthcare and declared this as one of the two 
components of Ayushman Bharat campaign. 
Besides, the report of the Primary Healthcare 
Task Force, Ministry of Health and Family 

Welfare, Government of India while reiterat-
ing that primary healthcare is the only afford-
able and effective path for India to universal 
health coverage, provided valuable insights 
into structure and processes that are required 
in health systems to enable comprehensive 
primary healthcare. It is imperative to under-
score here that quality services to address the 
growing burden of respiratory and cardiac 
diseases at the last-mile are an important and 
integral part of the proposed primary health-
care delivery model. Given this mandate, 
the importance of integrating digital stetho-
scopes with teleconsultation units in the pri-
mary healthcare settings across India and of 
employing digital stethoscopes as screening 
tools, that can be used by frontline healthcare 
workers at the last-mile, for various cardiac 
and respiratory diseases can hardly be over-
emphasized.

In this light, this technical document assesses 
the feasibility, relevance, and effectiveness of 
AyuSynk - an innovative point-of-care medi-
cal device that can be integrated with any 
conventional stethoscope and can provide 
heart and lung sound amplification, record-
ing and playback, visual representation, and 
sharing and analysis of auscultated heart and 
lung sounds - in primary healthcare settings 
of Rajasthan. The study was conducted in 31 
primary healthcare facilities across 13 districts 

of Rajasthan. 
The results of this study corroborate that 
AyuSynk (digital stethoscope) is imple-
mentable in the context of last-mile primary 
healthcare delivery settings in India. It has 
the potential to play a pivotal role in screening 
last-mile patients for cardiac and respiratory 
diseases. More specifically, against the back-
drop of burgeoning COVID-19 epidemic, the 
Bluetooth enabled AyuSynk promotes doc-
tor-patient distancing and helps in reaching 
accurate diagnosis (using the amplification 
feature) in suspected COVID-19 patients. 
Besides, as AyuSynk can be easily integrated 
into telehealth, e-health, and m-health solu-
tions, it can play an important role in bridging 
the extant gaps in primary healthcare delivery 
(especially in context of cardiac and respira-
tory health) across the country, and thus, in 
fulfilling the vision of an integrated digital 
health infrastructure embodied in the “Na-
tional Digital Health Mission”. In summary, 
technologies such as AyuSynk are incredibly 
positioned to rapidly and globally transform 
primary healthcare space in context of im-
proved cardiac and respiratory healthcare to 
the marginalized populations worldwide; this 
is all the more relevant in the light of attain-
ing the universal health coverage mandate, 
the three-billion target of the world health or-
ganization, and the health-related sustainable 
development goals.

Executive Summary
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T he stethoscope is a medical acoustic device which is used 
to auscultate internal body sounds, mainly the heart and 
the lungs. It is used for auscultation, or listening to sounds 

produced by the human body. Apart from the sounds of the lungs 
and the heart, it is used to listen to the sounds of the intestinal 
tract, blood flow in peripheral vessels, and the heart sounds of de-
veloping fetuses in pregnant women. Using a stethoscope, the care 
giver can hear normal and abnormal respiratory, cardiac, pleural, 
arterial, venous, uterine, fetal, and intestinal sounds. Stethoscopes 
vary in their design and material. Most are made of Y-shaped rub-
ber tubing. This shape allows sounds to enter the device at one end, 
travel up the tubes and through to the ear pieces. Many stetho-
scopes have a two-sided sound-detecting device or head that listen-
ers can reverse, depending on whether they need to hear high or 
low frequencies. Some newer models have only one pressure-sensi-
tive head. Some stethoscopes are designed specifically for hearing 
sounds in the esophagus or fetal heartbeats. The various types of 
instruments include: binaural stethoscopes, designed for use with 
both ears; single stethoscopes, designed for use with one ear; dif-
ferential stethoscopes, which allow listeners to compare sounds at 
two different body sites; and electronic stethoscopes. 

All of the electronic stethoscopes fall into two broad categories; am-
plifying and digitizing. The majority of the electronic stethoscopes 
have an audio output signal that, through the use of a stereo and/or 
mono cable connection, can allow the audio output collected by the 
stethoscope to be transmitted real time to an accompanying soft-
ware application. The accompanying software may employ various 
algorithms that are developed for interpretation and diagnosis of 
the audio output obtained from the electronic stethoscopes. 

SEtting 
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Audio output processed through various ac-
companying software packages can be saved 
as files and then transmitted via email and 
various other communication methods for 
asynchronous assessment and diagnosis. 
Some electronic stethoscopes that have au-
dio data output options can be hooked up 
to a videoconferencing unit’s audio input, 
which would enable them to send the sound 
data real time over a network connection to 
another videoconferencing endpoint. The 
videoconferencing units would act as de-
coders and encoders of the sound data, al-
lowing it to be transmitted over a network. 
A few of the electronic stethoscopes are 
called “digitizing stethoscopes” because they 
convert the audio sound to a digital signal. 
These stethoscopes can transmit serialized 
audio data that can be shared real time (syn-
chronously) and/or in a store and forward 
fashion (asynchronously). These units work 
by detecting sound through the electronic 
stethoscope sensor, running it through cir-
cuitry which can amplify it, filter it by fre-
quency, and finally convert the data from 
analog to a digital. Basically, the units them-

selves are codecs that digitally encode and 
decode data so it can be transmitted over a 
network. After the data is digitized, it can 
be sent through a videoconferencing unit or 
through a computer software across a net-
work. A digital stethoscope thus overcomes 
the limitations of a conventional stetho-
scope as the sound data is transformed into 
electrical signals which can be amplified, 
stored, replayed and, more importantly, sent 
for an expert opinion, making it very useful 
in telemedicine.
In February 2018, the Government of India 
announced that 150 000 Health and Well-
ness Centres (HWCs) would be created by 
transforming existing subcentres and pri-
mary health centres to deliver comprehen-
sive primary healthcare and declared this 
as one of the two components of Ayushman 
Bharat campaign. Besides, the report of the 
Primary Healthcare Task Force, Ministry of 
Health and Family Welfare, Government of 
India while reiterating that primary health-
care is the only affordable and effective path 
for India to universal health coverage, pro-
vided valuable insights into structure and 
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processes that are required in health 
systems to enable comprehensive 
primary healthcare. It is imperative 
to underscore here that quality ser-
vices to address the growing burden 
of respiratory and cardiac diseases at 
the last-mile are an important and 
integral part of the proposed prima-
ry healthcare delivery model. Given 
this mandate, the importance of in-
tegrating digital stethoscopes with 
teleconsultation units in the primary 
healthcare settings across India and 
of employing digital stethoscopes as 
screening tools, that can be used by 
frontline healthcare workers at the 
last-mile, for various cardiac and res-
piratory diseases can hardly be over-

emphasized.  
This work was undertaken in 31 
primary healthcare facilities across 
13 districts of Rajasthan with the 
primary objective to assess the fea-
sibility, relevance, and effectiveness 
of AyuSynk-an innovative point-
of-care medical device that can be 
integrated with any conventional 
stethoscope and can provide heart 
and lung sound amplification, re-
cording and playback, visual repre-
sentation (phonocardiogram), and 
sharing and analysis of auscultated 
heart and lung sounds-in primary 
healthcare settings. Attempt was 
also made to assess its usefulness in 
the  COVID-19 era and beyond.
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Study was conducted across 31 primary 
healthcare facilities in Rajasthan

Study Setting 
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T his prospective study was undertaken with the primary 
objective to assess the feasibility, relevance, and effective-
ness of AyuSynk in primary healthcare settings of Ra-

jasthan. Two different versions of AyuSynk were used in the study. 
Basic version is capable of transforming any conventional stetho-
scope into a digital one to provide heart and lung sound amplifi-
cation, recording and playback, visual representation (phonocar-
diogram), and sharing and analysis of auscultated heart and lung 
sounds whereas the advanced version apart from these features is 
a Bluetooth enabled digital stethoscope that facilitates “patient-
doctor distancing” during COVID-19 times.  

The basic version AyuSynk was used at 31 primary healthcare 
facilities in Rajasthan. The feasibility of using this basic version 
AyuSynk in outreach camps was also explored i.e., feasibility of 
using AyuSynk as screening tools for various cardiac and respira-
tory diseases by frontline healthcare workers at the last-mile in 
Rajasthan was evaluated. Also, the advanced Bluetooth-enabled 
AyuSynk was assessed for its usefulness in diagnosing and treat-
ing suspected/confirmed COVID-19 patients.  

thE 
approach





All the subjects enrolled in the study at these 
study sites were screened for cardiovascular 
and respiratory health by a General Nurse 
Midwife (GNM) using AyuSynk. The inno-
vative devise was employed to provide heart 
and lung sound amplification, recording 
and playback, visual representation (pho-
nocardiogram), and sharing and subse-
quent analysis of auscultated heart and lung 
sounds by respective medical officers. All 
clinical decisions were taken solely by the 
medical officer based on auscultation with 
conventional stethoscope and on compre-
hensive history taking and other associated 
clinical features.

The Equipment
AyuSynk is a device developed with the sup-
port of BIRAC with a BIG grant at BETiC, 
IIT Bombay and commercialized by Ayu 
Devices Pvt. Ltd. a start-up incubated at 
SINE, IIT Bombay.  The device provides 
heart and lung sound amplification, record-

ing & playback, visual representation (pho-
nocardiogram), and sharing and analysis of 
auscultated heart and lung sounds. Wireless 
connectivity to a mobile device/PC enables 
computation for doing analysis for screen-
ing of heart and lung diseases. The device 
has received NOC from CDSCO/DCGI for 
commercialization.

As of now, the device is being used by a 
number of telemedicine companies in pri-
vate sector for insurance pre-compliance. 
More than 350 devices have been deployed 
and customers include Cardiotrack, Televi-
tal, A3RMT, Sanohub, Yolo Health, etc. The 
devise can be easily integrated with telemed-
icine units, and the heart and lung sounds 
from remote locations such as primary 
health centres, subcentres, health and well-
ness centres, etc. can be transferred to the 
mainstream hospitals having ample doctors 
with expertise to analyze the recorded heart 
and lung sounds. Apart from this, more 



than 270 devices are being currently used by 
pediatricians, general physicians, cardiologists, 
respiratory physicians, residents, and medical 
students from across the country. 

The advanced version AyuSynk is being em-
ployed to fight the COVID-19 crisis with its 
Bluetooth enabled technique so as to promote 
doctor-patient distancing. The doctors can 
take auscultations even while wearing the per-
sonal protective equipment through the Blue-
tooth connectivity. Also in COVID-19 patients, 
symptoms of pneumonia are found with a very 
specific wheezing and crackles in the auscul-
tations. Through the amplification feature in 
AyuSynk, doctors can amplify the volume and 
then listen to the lung sounds so as to reach an 
accurate diagnosis
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We  found out that AyuSynk is implementable at the 
last-mile withstanding the fidelity, training, and oth-
er barriers. It has a favorable cost-effectiveness ratio 
given the fact that it can be easily integrated with any 
conventional teleconsultation unit. This assumes 
immense significance against the backdrop of evolv-
ing epidemiology of cardiovascular diseases (CVD) 
and respiratory diseases in India. In fact, in India, 
the epidemiological transition from predominantly 
infectious disease conditions to noncommunicable 
diseases has occurred over a rather brief period of 
time. To put things in perspective, currently, a quar-
ter of all mortality in India is attributable to CVD. 
Ischemic heart disease and stroke are the predomi-
nant causes and are responsible for more than 80% 
of CVD deaths. The Global Burden of Disease study 
estimate of age-standardized CVD death rate of 272 
per 100 000 population in India is higher than the 
global average of 235 per 100 000 population. Some 
aspects of the CVD epidemic in India are particular 
causes of concern, including its accelerated buildup, 

Sawai Madhopur

Kota

Jhalawar

Dungarpur

Rajsamand

Udaipur

Bundi

Churu

Jhunjunu

Pratapgarh

Baran

Beawar

Jaipur

193

166

65

82

247

40

130

10

54

157

15

264

291

District Number of  
PatieNts screeNeD



Scaling innovations
and Empowering Biotech Entrepreneurs 25

PHC: Primary Health Centre
UPHC: Urban Primary Health Centre
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the early age of disease onset in the population, 
and the high case fatality rate. Similarly, there is 
a crude estimate of about 30 million people in In-
dia suffering from chronic obstructive pulmonary 
diseases (COPD), and the death rate is among the 
highest in the world. Data suggests that about 556 
000 i.e., more than 20% of the total of 2 748 000 
die in India annually. Thus, by facilitating early di-
agnosis of cardiac and respiratory diseases among 
the last-mile populations, AyuSynk has the poten-
tial to be a gamechanger in public health space in 
low-resource settings such as India
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concluSion and 
rEcoMMEndationS

T he results of this study corroborate that the indigenously built 
AyuSynk (digital stethoscope) is implementable in the context of 
last-mile primary healthcare delivery settings in India 

Bluetooth enabled AyuSynk promotes doctor-patient distancing and helps 
in reaching accurate diagnosis (using the amplification feature) in suspected 
COVID-19 patients; considering that SARS‐CoV‐2 is the third highly path-
ogenic coronavirus to emerge in the past two decades (after SARS in 2002 
and MERS in 2012), it is prudent to assume that zoonotic diseases would 
continue to be a major threat for mankind in years to come - innovations 
such as AyuSynk can play an important role in primary healthcare settings 
during such public health crises

l As AyuSynk provides heart and 
lung sound amplification, recording 
and playback, visual representation, 
and sharing and subsequent analy-
sis of auscultated heart and lung 
sounds, it can play an important 
role in screening high-risk patients 
for cardiac and respiratory diseases 
in outreach camps; it can also play a 
salient role in screening infants and 
children for congenital cardiac dis-
eases as well as for acquired cardiac 
diseases such as rheumatic heart 
disease, cardiomyopathy, myocar-
ditis, etc.

l As AyuSynk can be easily inte-
grated into telehealth, e-health, and 
m-health solutions, it can play an 
important role in bridging the extant 

gaps in primary healthcare delivery 
(especially in context of cardiac and 
respiratory health) across the coun-
try, and thus, in fulfilling the vision 
of an integrated digital health infra-
structure embodied in the “National 
Digital Health Mission (NDHM)”  

l Technologies such as AyuSynk are 
incredibly positioned to rapidly and 
globally transform primary health-
care space in context of improved 
cardiac and respiratory healthcare to 
the marginalized populations world-
wide; this is all the more relevant in 
the light of attaining the universal 
health coverage mandate, the three-
billion target of the world health or-
ganization, and the health-related 
sustainable development goals
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