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Innovation
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The	documentation	of	 retinoblastoma	 is	 traditionally	done	
with	 retinal	 drawings.	 The	 introduction	 of	 wide‑field	
photography	with	Retcam	in	1997	changed	the	way	tumors	
could	be	documented	and	 followed	up.	However,	 the	high	
cost	of	the	Retcam	makes	it	beyond	the	reach	for	most	of	the	
ophthalmologists	 treating	 retinoblastoma	 in	 the	developing	
countries.	The	search	for	alternative	affordable	technology	has	
taken	different	approaches.	One	such	promising	technique	is	
the	use	of	a	nasal	endoscope	for	fundus	photography.	One	of	
the	authors	(S.D.)	has	been	using	a	nasal	endoscope	attached	
to	a	high	definition	imaging	stack	for	retinoblastoma	fundus	
photography.	The	high‑definition	endoscopic	camera	unit	is	
expensive.	Therefore,	to	make	the	imaging	cost‑effective,	we	
wanted	to	explore	the	feasibility	of	using	a	smartphone	camera	
attached	to	a	nasal	endoscope	to	acquire	images	without	the	
use	of	conventional	video	tower	of	an	endoscope.

Technique
An	 android	 smartphone	 (OnePlus	 6T)	was	mated	 to	 a	
0‑degree	 4‑mm	 nasal	 endoscope	 using	 an	 off	 the	 shelf	
universal smartphone adapter [Fig.	1a].	A	conventional	light	
source	(K‑CAM	LED‑	II)	was	connected	to	the	nasal	endoscope	
to	provide	trans	pupillary	 illumination.	The	endoscope	was	
placed	 in	 front	of	 the	 cornea	by	 the	 examiner	 and	pictures	
were	 taken	with	 the	 smartphone	 camera	using	 the	manual	
focus	mode	by	a	second	observer	[Fig.	1b].	Clear	photographs	
of	tumors,	subretinal	seeds	as	well	as	vitreous	seeds,	and	of	the	
peripheral	retina	could	be	obtained	by	tilting	the	endoscope	in	

various	directions	[Fig.	1c	and	d].	The	field	of	view	obtained	
in	a	single	image	was	approximately	60°.

Discussion
The	use	of	Retcam	imaging	for	retinoblastoma	documentation	
is	well	 established.	Alternative	 technologies	 for	 acquiring	
wide‑field	fundus	images	include	smartphone‑based	indirect	
ophthalmoscopy	and	endoscopes	and	otoscope	connected	with	
a	digital	SLR	camera.[1‑3] Shanmugam et al.	first	demonstrated	
fundus	photography	using	 a	 nasal	 endoscope.[4] Ali et al.	
studied	 the	 use	 of	 different	 nasal	 endoscopes	 and	 light	
sources	 and	 established	 their	 safety.[5] Both these groups 
used	 the	 conventional	 video	 camera	 and	 tower	 that	 are	
available	with	 endoscope	 systems.	 Smartphones	have	been	
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Figure 1: Smart phone‑based fundus photography using a 
conventional nasal endoscope. The nasal endoscope is mated with 
the smartphone using a universal smartphone adapter (a). Fundus 
photographs are taken during examination under anesthesia of a 
child with retinoblastoma by placing the endoscope just in front of the 
cornea while the assistant uses the manual focus of the smartphone 
camera to capture the photographs (b). Retinal tumors (c) as well as 
vitreous seeds (d) can be imaged by tilting the endoscope in various 
directions
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used	with	 an	 endoscope	 for	 imaging	 the	 ear	 and	 nasal	
cavity.[6]	This	particular	work	demonstrates	the	feasibility	of	
using a smartphone to photograph retinal tumors with a nasal 
endoscope.	The	use	of	 a	 smartphone	would	 further	 reduce	
the	 cost	 of	 image	 acquisition	 and	also	 allow	quick	 sharing	
of	 images	 for	 cross	 consultations.	However,	 there	are	 some	
limitations	to	this	technique.	There	is	an	artifactual	ring	reflex	
due	to	reflections	from	the	light	source.	This	technique	also	
requires	 two	persons,	one	 to	stabilize	 the	endoscope	on	 the	
patient’s	 eye	and	another	 to	adjust	 illumination,	 focus,	 and	
capture	the	images	on	the	smartphone.	At	present,	there	is	no	
application	for	the	labelling,	orientation,	and	archiving	of	the	
images	obtained.	These	images	are	used	as	a	supplement	to	the	
retinal	drawings	for	counseling,	documentation,	and	follow‑up.
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Commentary: Bringing frugal 
Indovation to eyes of babies

The cost factor
High	cost	is	one	of	the	major	problems	limiting	access	to	health	
care.	A	lot	of	the	expense	associated	with	health	care	is	due	
to	expensive	equipment	and	patented	medications.	Medical	
personnel	can	do	little	to	address	the	high	cost	of	newer	gadgets	
necessary	in	this	age	of	hi‑tech	medicine.

The gold standard
Documentation	of	the	retinal	fundus	in	a	poorly	cooperative	
infant	 is	much	more	difficult	 than	 in	 a	 cooperative	 adult.	
Documentation	of	 infant	 fundus	 is	 important	 for	 screening,	
follow‑up,	and	teleophthalmology.	Indirect	ophthalmoscopy	
is	considered	the	gold	standard	for	screening	 infant	 fundus	
and 	 RetCam	 (Natus	USA,	 formerly	Clarity,	MSI,	USA)	 is	
considered	the	gold	standard	for	documentation.

Ease of use
Whether	 to	document	 retinopathy	of	prematurity	 (ROP)	or	
retinoblastoma	 or	 retinal	 hemorrhages,	 a	 contact	 fundus	
camera,	 such	as	 the	RetCam,	RetCam	Shuttle	 (Natus	USA,	
formerly	Clarity,	MSI,	USA),	or	3nethra	Neo,[1]   (Forus Health, 
Bengaluru,	India)	makes	it	easier	to	get	a	clearly	focused	retinal	
photograph.	It	reduces	movement	of	the	eyeball	and	the	camera	
as	compared	to	a	non‑contact	method.

Alternatives
It	 is,	 however,	 possible	 to	 take	 infant	 fundus	 photos	 of	
sufficient	 quality	 for	 ROP	 screening	 using	 a	 portable	
noncontact	fundus	camera	as	shown	by	Prakalapakorn	et al.[2] 
Even	a	desktop	model	fundus	camera	can	be	used	by	holding	
the	 infant	 in	 a	 “flying	 baby”	 position	 on	 the	 examiner’s	
forearm.	Patel	et al.[3]	and	Yusuf	et al.[4] from the Oxford Eye 
Hospital	 showed	 that	 ultra‑widefield	 retinal	 imaging	 of	

infants	can	be	carried	out	by	this	method	with	a	scanning	
LASER	ophthalmoscope.

Frugal alternatives
However,	all	these	methods	are	expensive,	so	smartphone‑based	
frugal innovations[5]	 such	 as	 smartphone‑based	 fundus	
imaging	 (SBFI)	 came	 to	 the	 rescue.	DIYretcam[6] (Biju Raju, 
Cochin,	 India),	MIIretcam[7]	 (Ashish	 Sharma,	Coimbatore,	
India),	 T3retcam[8](Prithvi	Chandrakanth,	 Calicut,	 India),	
Jaiz	 Retcam	 (Jaitra	 Gowder,	 Bengaluru,	 India),	 Paxos	
Scope(Digisight	 technologies,	 San	 Francisco,	 CA,	USA),	
MIYretcam[9]	 (Anubhav	Goyal,	Cochin,	 India),	HopeScope	
(Biju	Raju,	Cochin,	India)	are	some	of	the	smartphone‑based	
frugal	fundus	cameras,	which	can	take	infant	fundus	photos.	
Wintergerst et al.[10]	showed	the	potential	of	low‑cost	noncontact	
SBFI	 for	 infant	 fundus	 screening.	Most	of	 these	 are	 Indian	
“jugaad”	Innovations,	thus	termed	Indovations.

Combining advantages
The	authors	of	the	accompanying	innovative	article[11] show a 
method	to	bring	some	of	the	advantages	of	SBFI	and	contact	
fundus	camera	together	by	using	a	nasal	endoscope.	Although	
more work is needed to make this easy to use, it is indeed a 
good	proof	of	concept	in	the	field	of	contact	SBFI.	This	frugal	
Indovation	is	definitely	the	beginning	of	a	new	branch	in	the	
evolution	of	fundus	imaging.[12]
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