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Purpose: The gold standard for evaluating Retinopathy of prematurity (ROP), a potentially blinding disease 
in preterm babies, is by indirect ophthalmoscopy which is quite subjective. Digital imaging with RetCam, an 
advanced wide field imaging system is more precise but it is not easily available or affordable. Smartphones 
are being explored as an alternate cost effective and accessible imaging tool. This is possible because of the 
good illumination and the built‑in high resolution cameras available in modern smartphones. The aim of 
this study is to illustrate the utility of MII RetCam assisted smartphone based fundus imaging (MSFI) in 
the documentation and monitoring of ROP. Methods: Single-centre, retrospective observational study of 
all the preterm babies subjected to MSFI as part of ROP screening from September 2017 to November 2018. 
iPhone 4S and + 20 Diopter lens attached to the MII RetCam device was used for fundus imaging at baseline 
and during follow up. The statistical analysis used for the same is the SPSS statistical software. Results: 
Good quality images of central and peripheral retina could be captured in 33 out of 42 babies (78.57%) with 
ROP. Serial imaging done in 24 babies with ROP helped in precise monitoring of the disease and planning 
management. Incidentally detected non‑ROP findings were also documented. Unique design of the device 
enabled imaging by a single examiner. Image database created was useful for academic and counselling 
purposes. Smaller field images which can cause difficulty in distinguishing the zones is a limitation. 
Conclusion: MSFI is a potential alternate imaging tool enabling objective documentation and monitoring 
of ROP in low resource settings.
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The gold standard for evaluating Retinopathy of 
prematurity  (ROP)—a potentially blinding disease in 
preterm babies—is by indirect ophthalmoscopy which is 
quite subjective.[1] Digital documentation with RetCam 
(Natus USA, formerly Clarity, MSI, USA) is more accurate but 
expensive.[2‑4] Smartphones equipped with good illumination 
and high‑resolution cameras have emerged as an alternate, 
affordable and reliable imaging tool.[5‑7] Smartphone‑based 
fundus imaging utilizing an innovative device “Make 
In India  (MII) RetCam” has been found to achieve good 
quality imaging of central and peripheral retina.[8,9] We 
aim to demonstrate the utility of MII RetCam assisted 
smartphone‑based fundus imaging (MSFI) in the documentation 
and monitoring of a peripheral retinal pathology like ROP, in 
resource limited settings.

Methods
This is a single‑centre, retrospective observational study of 
the utility of MSFI done as part of the ROP screening from 
September 2017 to November 2018. Babies were referred 
for ocular evaluation by Neonatologist as per the screening 
guidelines for ROP.[10] All examinations were done by a 
single ophthalmologist trained in ROP  (TL). Examination 

was done either in the ophthalmology department or in the 
neonatal intensive care unit  (NICU). All babies remained 
awake during the procedure and a trained nurse assisted 
to hold the baby and keep the head steady. Mydriasis was 
achieved with Tropicamide (0.5%) with Phenylephrine (2.5%) 
eye drops and binocular indirect ophthalmoscopy (BIO) with 
scleral depression was done for complete evaluation of retinal 
periphery. Lid speculum placed under topical anesthesia with 
0.5% Proparacaine eye drops ensured good separation of the 
eyelids and cornea was kept moist by applying normal saline.

This was followed by MSFI and video recording of retinal 
features. Smartphone used was iPhone 4S  (Apple Inc., 
Cupertino, CA, USA) with its original settings. It was done as 
described below:
1.	 iPhone and Volk + 20 Dioptre (D) lens were inserted into 
the respective slots at either ends of the MII RetCam device. 
This enabled holding both with a single hand at appropriate 
distance in the same axis. The other hand was therefore free 
to manoeuvre the eyes and to perform scleral indentation

2.	 The device was held in front of the patient’s eye by 
holding the handle near the smartphone end between 
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the palm and fingers in such a way that the screen of the 
smartphone is facing up and thumb of the same hand was 
used to turn on/off the video mode of the camera during 
recording [Fig. 1a]

3.	 The constant illumination in the video mode was switched 
on, and once the red glow was seen through the dilated 
pupil, it was slowly withdrawn till a clear image of the 
fundus was visualized on the smartphone screen

4.	 The video mode of the camera was then switched on with 
the thumb and then recorded until all the desired areas were 
imaged. The video mode was then similarly switched off

5.	 To get a good quality image, it is important to ensure that the 
image fills the entire 20D lens without any light reflection. 
This was achieved by slight back and forth movement or 
tilting of the device and stabilizing the baby’s eyes with infant 
depressor. Good mydriasis also helped to reduce reflections

6.	 The smartphone camera lens and the 20 D lens should be 
cleaned well before the procedure to remove any dirt which 
can cause artefacts

7.	 The posterior pole was examined first followed by the 
entire peripheral retina in a sequential manner which was 
facilitated with the eye ball manoeuvred towards the desired 
direction using the scleral depressor. Tilting the baby’s 
head slightly to the same side made it easier to visualize 
the extreme periphery

8.	 After completion of recording, the chosen good quality 
stills were extracted from the video sequence using the 
screenshot option in the smartphone  (click and hold the 
top power button and the round menu button at the bottom 
simultaneously). The right hand of the examiner holding the 
device is not supported on the baby’s face and can shake in 
between. Hence, capturing videos rather than still images 
were preferred

9.	 The snapshot images and video recordings were then 
transferred to a laptop which had a larger storage space. 
They were then archived in a separate folder along with 
the demographic data for each baby

10.	Babies with immature retina and ROP were followed up as 
per the guidelines and the same protocol was repeated at 
each visit.

Study was approved by institutional human ethics 
committee and written informed consent was obtained from 
the parents of babies.

Results
132 babies with gestational age  (GA) ranging from 27 to 
39 weeks and birth weight (BW) ranging from 800 to 3400 grams 

were screened for ROP during the study period. Babies having 
GA more than 35 weeks and BW more than 1700 grams were 
included for screening at neonatologist’s discretion. Fundus 
examination revealed mature retina in 52 babies. There were 
36 babies with immature retina in zone 3, 19 babies with 
immature retina in zone 2, and 25 babies with ROP. They 
were all monitored according to the guidelines. During 
follow up, 17 more babies developed ROP resulting in a total 
of 42 babies (31.81%) with ROP. Types 1 ROP developed in 
5 babies (3.79%) and were treated with laser.

MSFI captured good quality retinal images in 33 out 
of 42 babies with ROP  (78.57%). In the remaining 9 babies 
image clarity was not good enough to assess the retinal 
changes. Serial imaging was done for 24 out of 33 babies 
with ROP, ranging from 2 to 11 imaging sessions. Imaging 
was also done for 4 babies with immature retina and 6 babies 
with mature retina which included 3 babies with incidental 
retinal findings. A  total of 129 imaging sessions were done 
for 43 babies (mean 3). Posterior pole images helped to assess 
the disc, macula and plus disease [Fig. 1b and c]. None of the 
babies had Zone 1 disease. Peripheral images especially of the 
nasal and temporal periphery helped in accurate classification 
of ROP [Fig. 2]. Scleral depression made it possible to image 
the extreme peripheral retina till the ora. [Fig. 2 g and h]. Serial 
recordings during follow up helped to objectively monitor the 
disease and to study the changes associated with progression 
or regression of the disease [Figs. 3 and 4]. In eyes which were 
lasered, it was helpful to document the changes pre and post 
treatment [Fig. 3]. Imaging details of all the babies with ROP 
and their disease pattern at the time of initial and final diagnosis 
are shown in the Table 1. Photo documentation was comparable 
to clinical evaluation with BIO except in babies with stage 1 
disease in zone 3. Other posterior segment findings detected 
in 3 babies during evaluation could also be documented which 
were bilateral preretinal haemorrhage, intraretinal hemorrhage, 
and cystoid edema at fovea, respectively. Imaging required an 
additional time of approximately 5 minutes and none of the 
babies had any systemic issues during the procedure.

Discussion
Modern smartphones with its constant, coaxial and powerful 
light source, coupled with 20D lens, creates a BIO like optical 
system enabling visualization of the fundus and the built‑in 
automatic focus camera enables imaging of the fundus. The 
utility of smartphone imaging in ROP was first reported by 
Lin et al., who recorded fundus images of 6 infants with ROP 
using the original settings of the camera in the smartphone.[7] 

Table 1: The imaging data of babies with ROP

Zone/Stage of ROP No of babies evaluated 
with BIO at initial 
diagnosis (n=42)

No of babies evaluated 
by MSFI at initial 
diagnosis (n=33)

No of babies 
evaluated with BIO at 
final diagnosis (n=42)

No of babies 
evaluated by MSFI at 
final diagnosis (n=33)

Zone 2 Stage 1 5 5 0 0

Zone 2 Stage 2 5 4 1 0

Zone 2 Stage 3 1 1 3 3

Zone 3 Stage 1 20 13 19 12

Zone 3 Stage 2 11 10 17 16
Zone 3 Stage 3 0 0 2 2

ROP: Retinopathy of prematurity; BIO: Binocular indirect ophthalmoscopy; n: Number; MSFI: MII RetCam assisted smartphone based fundus imaging



836	 Indian Journal of Ophthalmology	 Volume 67 Issue 6

Figure 2: Showing (a) Immature retina (b) Vascular loops (c) Stage 1 ROP (d, e) Stage 2 ROP in the temporal and nasal periphery (f) Stage 
3 ROP with plus disease and “ popcorn” lesions (g and h) extreme periphery till ora (black arrow) in an eye (g) with mature retina and (h) with 
Stage 2 ROP
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Figure 1: Showing (a) the technique of MII RetCam assisted fundus 
imaging. Fundus image is seen on the screen of the smartphone (b) 
Image of normal posterior pole (c) Image with plus disease
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Biju Raju et al. and Oluleye TS et al., have documented ROP 
by smartphone based imaging and have found it to be 
effective.[11,12] Oluleye et al. used the app Filmic Pro to capture 
the images and app Aviary to edit the images. In all these 
techniques, the examiner holds the mobile phone in one 
hand and 20D lens in the other hand, and so an assistant is 
required for eye ball manipulation. The technique is thus 
more challenging to visualize the periphery, which is crucial 
in ROP. Also, all reports are based on single imaging session 
on a smaller number of babies.

In our study, MSFI was successful in objectively documenting 
ROP in 78.57% of patients. Though this is slightly less than that 
reported with the professional wide field imaging systems,[3] 

it has several practical advantages. The device is more 
affordable[8] compared to the RetCam, and a smartphone and 
20D lens are available with any ophthalmologist. The technique 
can be learned with minimal practice within a week’s time if 
one is well‑versed with BIO and smartphone photography. 
As both imaging and globe manipulation is done by the same 
person, there is better control and coordination than the other 
smartphone‑based models. The unique design of the device 
automatically ensured that smartphone and 20D lens were 
aligned in the same axis as the patient’s eyes especially when 
eyeballs are rotated to the sides for peripheral examination. 
This ability to visualize the peripheral retina to the same extent 
as BIO is one of the distinct advantages of MSFI, making it 
superior to RetCam in evaluating the Zone 3 in premature 
babies. It has been found that, in comparison to BIO, RetCam 
had more difficulty in imaging peripheral retina till ora due to 
the restricted mobility of the equipment.[13]

Serial imaging helped in improved monitoring of the course 
of disease over time by comparing with baseline photographs 
and to plan appropriate management. It also helped in more 
precise evaluation of plus disease, which is often inaccurately 
assessed by the limited bedside examination with BIO. To the 
best of our knowledge, serial imaging of ROP by smartphone 
fundoscopy has not been previously documented. This simple, 
non‑contact, portable and user‑friendly innovation can be 
practiced in any setting, irrespective of the systemic status 
of the baby or the location. Another advantage is the option 
to share these digital images directly from the smartphone 
because of its connectivity, for second opinion, in difficult 
situations avoiding direct referral of babies. The only other 
report of fundus photo documentation using MII RetCam for 
ROP is by Behera et al.[9] They used it for adult and pediatric 
cases and found it particularly useful in pediatric cases due to 
its portability. Till date, there is no published data comparing 
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Figure 3: Serial imaging of a baby lasered for Type 1 ROP showing 
(a) posterior pole  (b-d) progression of ROP from Stage 1 to 3 
with plus disease (e) Immediate post laser with hemorrhage over 
ridge (f) 1 month post laser with decrease in plus disease and 
haemorrhage
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Figure 4: Serial imaging of the central (a-d) and peripheral retina (e-h) showing delayed natural regression. Stage 2 ROP noted at 36 weeks 
post conceptual age, worsened to Stage 3 with plus disease by 38 weeks, early regression by 40 weeks and further regression by 49 weeks
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the quality of images obtained by smartphone in ROP to that 
with RetCam images or clinical examination. However, in a 
recent meta‑analysis, smartphone image quality was found 
to agree substantially with the gold standards of clinical or 
photographic exams for evaluating other posterior segment 
pathologies like diabetic retinopathy.[14] We could also 
document other incidental posterior segment pathologies like 
retinal hemorrhages and foveal cystic changes. Routine ocular 
digital imaging in preterm babies have been emphasized by 
other authors who serendipitously detected significant and 
even life threatening conditions during ROP screening enabling 
timely intervention for treatable conditions.[15]

We used the iPhone 4S as it has been proved to be safe in 
retinal imaging.[16] Moreover, the technical feasibility of an 

iPhone as an ocular imaging device was found to be comparable 
to that of RetCam in a study by Jalil et  al., and the authors 
recommend iPhone imaging in situations where expensive and 
complicated imaging equipment is unavailable.[17] They opine 
that flash illumination and autofocus in iPhones is well designed 
for ophthalmic imaging without the need for additional apps 
or much manual adjustment. Several apps like MII RetCam 
App, HopeScope App and Ullman Indirect App are available 
with different functionalities like data storage, brightness 
control and even short video recording, but we preferred the 
original settings in the iPhone and so no additional app was 
tried. Other authors have reported satisfactory imaging with 
different smartphones like iPhone 5, HTC One, Blackberry Z‑10, 
Samsung S3 and Note3.[7,11,12,18] Another recommendation is to 
use micropore tapes to reduce unwanted reflections.[7]

Similar to previous reports,[8] we found that real time display 
of the fundus features on the smartphone screen during video 
recording was superior to conventional theoretical teaching 
of the residents in the evaluation of ROP. It was especially 
useful to demonstrate the peripheral retinal changes in ROP 
to the residents who were not competent in performing BIO 
in neonates. It also avoided too many doctors from directly 
handling the preterm babies and thus reduced the duration of 
examination as well as the risk of infection. Incorporating MSFI 
as a part of ROP screening will help to create a large image 
library useful for presentations, publications and research 
activities. It can be used as an easily available and inexpensive 
tool to train eye care workers.[18] It was extremely helpful in 
parental counselling, convincing them regarding treatment 
when needed and ensuring better compliance with follow up. 
Thus, it is a real asset in the practice of evidence‑based medicine 
and can be a valuable proof in medico‑legal situations.[8]

Our study has certain limitations as well. One of the 
important drawbacks of this technique is the limited field 
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of view (<45°) when using the 20D lens, unlike the RetCam 
which provides a wide 130° field. This can cause difficulty 
in distinguishing the zones from a single static image. Using 
higher plus power lenses like 40 or 60D lens can increase the 
field up to 90°.[14] A superior option would be to use montage 
software programs for automated construction of mosaic 
photographs from multiple individual images as has been 
reported by Patel et al.[19] In their study, ROP experts interpreted 
individual fundus photographs and mosaic photographs of 
wide‑angle retinal images and found that mosaic photographs 
were more accurate in image based diagnosis of clinically 
significant ROP. This is because mosaic photographs not only 
provides high resolution wide field images but also allows a 
continuous view with improved visualization of the ridge and 
vascular changes. In a novel study by Kim TN et al., software 
intelligence and automation‑assisted smartphone based retinal 
imaging produced high quality 100° photomontages from 
5 overlapping images in under one minute fully on‑phone 
revealing various retinal abnormalities.[20] It was validated 
against clinical examination in diabetic retinopathy screening 
and found to have a sensitivity of 93.3% and specificity of 
56.8%. More studies are needed to know if such automation 
techniques can enhance smartphone based imaging in ROP. 
Another deficiency of our study is the lack of objective grading 
of the quality of images by masked observers and validating 
it against the gold standard of BIO. The technique was more 
challenging in eyes with poor mydriasis, hazy media and in 
older babies due to the more active movements by the baby 
and these factors accounted for the difficulty in obtaining good 
images in 9 of our babies with ROP. Better case selection and 
availability of smartphones/apps with option of small pupil 
imaging can help to overcome these difficulties.

Smartphones have been successfully used as a diagnostic 
interface in teleophthalmology for ROP wherein retinal 
images taken using RetCam Shuttle at remote locations are 
transmitted electronically and viewed on smartphone using 
viewer software by experts.[21,22] Though telemedicine has 
tremendously improved the screening and management of 
ROP, it involves a significant initial investment to implement 
the telemedicine system (RetCam costs USD 83,500/- whereas 
MII RetCam device costs USD 380/-).[4,23] The availability of 
easily accessible and good quality imaging using smartphone 
offers a low cost substitute for RetCam imaging, adding another 
dimension to telescreening for ROP.

Conclusion
MSFI is a potential alternate imaging tool enabling objective 
documentation and monitoring of ROP in low resource settings. 
Creation of an image data base is useful for academic and 
research purposes. Prospective, double blinded study with a 
larger sample size and with comparison to RetCam will help to 
assess the sensitivity and specificity of this imaging modality. 
Improvements in software and automation techniques have 
the potential to widen its utility as a teleROP screening tool 
in future.
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Commentary: Retinopathy of 
prematurity screening made 
simple – Smartphone‑based fundus 
imaging

Retinopathy of prematurity  (ROP) continues to remain an 
important cause of childhood blindness all over the world with 
a difference in the scenario in the developed and developing 
countries.[1,2] Countries such as India and China together account 
for more than half of the total number of premature infants 
born, with India alone accounting for 3.5 million preterm infants 
annually.[3] The incidence of ROP is on the rise, not just in urban 
but even rural areas. Better facilities in the newborn care have 
led to reduction in the neonatal mortality rate and increase in the 
number of at‑risk babies. However, the number of ophthalmic 
personnel required to screen all the at‑risk babies is insufficient. 
In India, programs like KIDROP[4] have helped in reducing the 
number of ROP‑related blindness using wide‑field imaging, 
telemedicine, nonphysician graders, and smart phone reporting.

It may not be possible to use an expensive wide‑field 
imaging‑based system for all. This is where the role of 
smartphone‑based fundus imaging plays an important 
role. Lekha et  al.[5] in their study have demonstrated that 
MII RetCam‑assisted smartphone‑based fundus imaging 
is a potential alternate imaging tool enabling objective 
documentation and monitoring of ROP in low‑resource 
settings. Smartphone‑based fundus imaging can be used by 
the pediatricians themselves and an ophthalmologist trained 
in managing ROP can review the images at a remote location 
and help achieve near‑optimal screening. The other important 
aspect of the smartphone‑based fundus imaging is the relative 
use of handling and a smaller learning curve.

The screening examination can be stressful for both babies 
and parents; a trust can be developed between the doctor 
and the parents by involving the parents in the care and 
photographic evidence can go a long way in achieving it. 
Smartphone‑based fundus imaging could be the way forward 
not just in screening ROP but other retinal conditions as well.
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