




1

Best Free Papers

Best Free Papers
AIOC 2019

Editor
Dr. Arup Chakrabarti

Proceedings of
77th Annual Conference of

All India Ophthalmological Society
Indore, 2019



Best Free Papers

2

OFFICE BEARERS OF AIOS 2019-20

Members Scientific Committee

Members Academic Research Committee

Editorial Board

 President : Prof (Dr) S. Natarajan
 President Elect : Dr. Mahipal S Sachdev
 Vice President : Dr. Barun K Nayak
 Hony,General Secretary : Prof. (Dr.) Namrata Sharma
 Joint Secretary : Dr.Ruchi Goyal
 Hony. Treasurer : Prof. (Dr.) Rajesh Sinha
 Joint Treasurer : Prof. (Dr.) M. Vanathi
 Editor Journal : Dr. Santosh G Honavar
 Editor Proceedings : Dr. Arup Chakrabarti
	Chairman	Scientific	Committee	 :	 Dr. Lalit Verma
 Chairman ARC : Dr. Partha Biswas
 Immediate Past President : Dr. Ajith Babu Majji

Dr. Chitra Ramamurthy, Dr. Mohan Rajan, Dr. M. Vanathi,
Dr. Gaurav Luthra, Dr. Virendra Agrawal, Dr. Mallika Goyal,

Dr. Krishna Prasad Kudlu

Prof. Rohit Saxena (North Zone) , Dr. Krishna Prasad R.
(South Zone), Dr. Satyajit Sinha (East Zone), Dr. Amit 

Porwal (Central Zone), Dr. Prashant Keshao Bawankule 
(West Zone)

Editor : Dr. Arup Chakrabarti 
Members: Dr. Sayan Das, Dr. Jitendra Jethani

Dr.	Lalit	Verma	(Ex	–	officio),	Dr.	Santosh	G.	Honavar	(Ex-	
officio),	Dr.	Partha	Biswas	(Ex-	officio),	Dr.	Satish	Premchandani	

(Ex-	officio)	

All rights reserved. No part of this publication may be reproduced in any 
form or by any means without prior permission of the editor

Inquiries or comments may be directed to the editorproceedings@aios.org.

Published by Dr. Arup Chakrabarti on behalf of All India Ophthalmological 
Society., Published at 8A, Karkardooma Institutional Area, Near Deepak 
Memorial	Hospital,	Karkardooma,	New	Delhi	-	110092



3

Best Free Papers

Dr. Kushal Choudhary
(Cover Design)
Senior Consultant, 
AMRI Medical Centre
Kolkata

Dr. Anant Bhosale 
Medical	Officer,	Retina

 & 
Vitreous Services, 
Aravind Eye Hospital, 
Coimbatore, TN

Dr. Arun Kshetrapal
Chief Consultant, Kshetrapal 
Eye Hospital and Lasik Laser 
Centre, Ajmer

Dr. Amarendra Deka MS
Senior Consultant, 
Mission Nethralaya, 

Shillong

Dr. Aniruddha Maiti 
Consultant, Head of 
Department, Vitreo 

Retina Unit, Susrut Eye 
Foundation & Research 
Centre, Kolkata, India

Dr. Arundhati Borthakur
Senior Consultant, Cornea & 
Anterior Segment, 2nd Floor 
Orion Tower, Christian Basti, 

G.S. Road, Guwahati

Dr. Anand Rajendran 
FRCS, DNB, Professor & 

Head, Vitreo - Retinal Service,
 Aravind Eye Hospital, Chennai

Dr. Apoorva Ayachit MS 
(MAMC, New Delhi), DNB, 

FICO (UK), FVRS (MMJEI), 
FAICO (VR), Consultant 

Vitreoretina, M M Joshi Eye 
Institute, Hubballi

Dr. Asim Kumar Sil, DO, 
DNB (Ophthalmology), MSc 

(Community Eye Health, 
London), 

Medical Director, Vivekananda 
Mission Ashram Netra Niramay 

Niketan, Chaitanyapur, Purba 
Medinipur, West Bengal



Best Free Papers

4

Dr. D. Chandrasekhar
MS,DO, Medical Consultant, 
NABH Coordinator, 
Certified	Professional	for	
QualityImplementation 
in HospitalsAravind 
EyeHospital

Dr. Ganesh V Raman
Chief, Glaucoma Serivices, 
Aravind Eye Hospital, 
Avinashi Road, Coimbatore

Dr. Kalpit Shah
Associate Professor at M & 
J Institute of Ophthalmology, 
Civil Hospital, Ahmedabad

Dr. Devjyoti Tripathy MS
Faculty - Oculoplastics, 

Orbit & Ocular Oncology,  
LV Prasad Eye Institute, 

MTC Campus, 
Bhubaneswar, Odisha

Dr. Giridhar Bellamkonda 
Superintendent and Head of 

Department of Ophthalmology, 
Regional Eye Hospital, 

Warangal.

Dr. Kiran Gopalakrishnan  
MD,Consultant in Glaucoma 

and Anterior Segment, Precise 
Speciality Eye Care, PMG 

Junction,Thiruvananthapuram

Dr. Dipankar Das
Senior Consultant, Department 

of Ocular Pathology, Uveitis 
& Neuro-Ophthalmology 

Services, Sri Sankaradeva 
Nethralaya, Guwahati, Assam

Dr. Jitendra Jethani
Director, 

Baroda Children Eye Care and 
Squint Clinic, Vadodara

Dr. Kuheli Bhattacharya 
(MS, FPOS, FICO), 

Consultant Ophthalmologist  
Spectrum Eye and ENT Clinic.



5

Best Free Papers

Dr. Mahesh 
Gopalakrishnan
HOD, Vitreoretinal Services, 
Giridhar Eye Institute, 
Cochin, Kerala

Dr. Meena Nair,  MS, FGO, 
Senior Consultant Glaucoma 
Services, Chaithanya Eye         
Hospital & Research Institute 
Thiruvananthapuram

Dr. Navin Jayakumar
Honorary Director, 
Darshan Eye Clinic, Chennai

Dr. Mano Ranjan Das
Professor, Cornea and 

Refractive Services, 
Aravind Eye Hospital, Madurai

Dr. Mita Joshi, 
DO DNB FRCS, Consultant, 

Shalby Hospital, Indore

Dr. Nazneen Nazm
Assistant Professor

Department of Ophthalmology
ESI-PGIMSR, ESI Medical 
College and Hospital, Joka, 

Kolkata

Dr. Manoj Chandra Mathur
Senior Consultant 

Glaucoma, Comprehensive 
Ophthalmology

Hyderabad, Telangana

Dr. Nagendra Prasad, MD,
Buddha Eye Care & Laser 

Centre, Patna

Dr. T. Nirmal Fredrick
Phaco Surgeon & 

Glaucoma Consultant, 
Managing Director, 

Nirmals Eye Hospital Pvt Ltd. 
West Tambaram, Chennai



Best Free Papers

6

Dr. Parikshit Gogate, MS, 
DNB, FRCS (Edin), MSc, 
Ex-IPS, Dr. Gogate’s Eye 
Clinic, Pune

Dr. Ramesh Babu Bobbili 
Medical Director, Academics, 
Maxivision Super 
Speciality Eye Hospitals, 
Visakhapatnam, 
Andhra Pradesh

Dr. Saravanan
Aravind Eye Hospital, 
Coimbatore

Dr. Parthopratim Dutta 
Majumder, Senior Consultant, 

Department of Uvea & 
Intraocular inflammation, 

Medical Research Foundation, 
Sankara Nethralaya, Chennai

Dr. Sabyasachi Sengupta 
Vitreoretinal Surgeon, 

Future Vision Eye Care and 
Research Center, Mumbai 
and Sengupta's Research 
Academy, Mumbai, India

Dr Sayan Das
Consultant, Cornea, Cataract 

and Refractive Services
Susrut Eye Foundation and 

Research Center

Dr. Prabu Baskaran,
MS, DNB, 

Vitreo Retina Consultant, 
Aravind Eye Hospital, Chennai

Dr. Sanghamitra Kanungo 
Consultant Vitreo-Retina, 
Kar Vision Eye Hospital, 

Bhubaneswar, Odisha

Dr. C. Senthil Nathan 
FRCS, DO, DNB, 

Chairman and Medical 
Director, Ramana Eye Centre, 
Super Speciality Lid, Lacrimal, 

Orbit Centre, Chennai



7

Best Free Papers

Dr. Shalini 
Medical Consultant
Aravind Eye hospital
Coimbatore

Dr. Tanpreet Pal Singh 
Consultant, Phaco-Refractive 
and Glaucoma Services, 
Guru Nanak Dev Netralaya, 
Jammu

Dr. Simon George 
Additional Professor, Regional 

Institute of Ophthalmology, 
Govt. Medical College, 

Thiruvananthapuram, Kerala, 
India

Dr. Trupti Kadam-Lambat, 
M.B.B.S, D.O.M.S (MUMBAI), 

FLVPEI (Hyd) 
Pediatric, Squint, Neuro and 

Comprehensive Ophthalmologist, 
Little Angel's Superspecialty Eye 

Clinic, Ramdaspeth, Nagpur

Dr. Somasheila Murthy
Head of Service, 

Corneal Diseases, Tej Kohli Cornea  
Institute, Consultant, Uvea Service, 

L.V. Prasad Eye Institute, Kallam 
Anji Reddy Campus, Hyderabad



Best Free Papers

8

Office Bearers and Other Details ...............................................2

Editorial Assistants ......................................................................3

Presidential Address ..................................................................13

Editorial .......................................................................................16

Best Free Paper Awardees ........................................................18

Disclaimer ...................................................................................20

Best Free Papers of All Sessions

Cataract

New Era of Lens Biophysical Quantification With High 
Speed Swept Source OCT ........................................................21
Dr. Neeraj A Israni, Dr. Rohit Shetty, Dr. Vaitheeswaran Lalgudi 
Ganesh, Dr. Abhijit Sinha Roy, Dr. Rachana

No More Argentinian Flags With Zepto Precision Pulse 
Capsulotomy ..............................................................................26
Dr. Amit Kumar Mahajan

In Vitro Activity Of Moxifloxacin Against 
Conjunctival Flora .....................................................................32
Dr. Sreeni Edakhlon, Dr. Ronnie George, Dr. M Prabhushankar,  
Dr. Gopal S Pillai, Dr. Prakash V.S.

Accidental Viral Markers Positivity In The Patients 
Undergoing For Cataract Surgery ............................................43
Dr. Deepak Mishra, Dr. Tanmay Srivastav, Dr. Smriti Gaur,  
Dr. Shivani Shrivastava

Pseudoexfoliation Study: 5 Year Post-Operative Results .....49
Dr. Haripriya Aravind, Dr. Manas Nath, Dr. Madhu Shekhar, 
Dr. Shivkumar Chandrashekharan

                       Community/Social Ophthalmology

Smartphone Based Bedside Screening In Retinopathy Of 
Prematurity.................................................................................60
Dr. Anubhav Goyal, Dr. Mahesh Gopalakrishnan,
Dr. Giridhar Anantharaman

Contents



9

Best Free Papers

Predictability of Scheimpflug Devices In Differentiating 
Keratoconus And Subclinical Keratoconus Eyes 
From Normal Eyes .....................................................................69
Dr. Pooja Khamar, Dr. Rohit Shetty, Dr. Kanchan Sainani,  
Dr. Luci Kaweri
Evaluation of a Training Programme on Primary Eye Care 
for Accredited Social Health Activist in Urban Areas ............82
Dr. Pallavi Shukla, Dr. Praveen Vashist, Dr. Suraj S Singh,  
Dr. Vivek Gupta  

Comprehensive Ophthalmology

Making Blind Children See: Impact Of Correcting
 Low Vision In 'Blind' Children .................................................93
Dr. Parikshit Gogate, Dr. Rohit Chandramohan Khanna,  
Dr. Akshay Badakere

Cornea

Comparative Analysis Of Outcomes Following Customized 
Topoguided Corneal Collagen Crosslinking (CXL) Versus 
Conventional Cxl For Progressive Keratoconus ..................105
Dr. Shreyas Ramamurthy, Dr. Umesh Sharma, Dr. Gitansha Sachdev
Descemet Membrane Endothelial Keratoplasty For Failed 
Penetrating Keratoplasty: Visual Outcomes And Graft 
Survival.....................................................................................113
Dr. Anand Pasari, Dr. Marianne O. Price, Dr. Matthew T. Feng,  
Dr. Francis W. Price
Sinsky Assisted Descemet membrane-Endothelium Frill 
Formation and Edge Lifting (SAFE) for Descemet Membrane 
Endothelial Keratoplasty (DMEK) ..........................................129
Dr. Prafulla Kumar Maharana, Dr. Pranita Sahay, 
Dr. Jeewan S Titiyal

Diabetic Retinopathy & Medical Retina

miRNA Signature Discovery As Potential Biomarkers For 
Treatment Response In Polypoidal Choroidal Vasculopathy 
(PCV) .........................................................................................136
Dr. Muna Bhende, Dr. Sinnakarupan Mathavan PhD.,  
Dr. Suganya Kandeeban, Dr. Lakshmi Priyankka Alagappan
Novel Panoramic OCT Angiography: The Non-Invasive 
Imaging Tool For Central Serous Chorioretinopathy ...........142
Dr. Rakesh Juneja, Dr. Manish Nagpal, Dr. Ahmed Alkwaga, 
Dr. Aparajita Raihan, Dr. Sonal Juneja, Dr. Navneet Mehrotra



Best Free Papers

10

External Disease

Novel Intraop Keratoscope-Guided Keratoplasty With Real-
Time Suture Adjustment To Control Astigmatism ................153
Dr Venkata Prabhakar Guduru, Dr. J K Reddy, Dr. Ameya 
Ingawale, Dr. Shadab Khan

Glaucoma

Is Weak Corneal Biomechanics A Biomarker For 
Glaucoma In Eyes With Pseudoexfoliation? .........................157
Dr. Zia Sultan Pradhan, Dr. Shivani Dixit, Dr. Praveena Gudetti,  
Dr. Sathi Devi,  Dr. Harsha L Rao

The Advent Of Tablet Perimetry: Is It Time To Change 
Already? Visual Fields Easy App Vs Humphrey Visual Field 
Analyzer....................................................................................164
Dr. Sahil Thakur, Dr. Parul Ichhpujani, Dr. Suresh Kumar

To Evaluate Effect Of Mindfulness Based Stress 
Reduction (MBSR) In Primary Open Angle Glaucoma 
(POAG) Patients.  .....................................................................167
Dr. Meghal Gagrani, Dr. Ramanjit Sihota, Dr. Tanuj Dada

Aqueous Venting For Aurolab Aqueous Drainage Implant 
(AADI); Is It Effective?: An In Vitro Study ..............................185
Dr. Faisal Thattaruthody, Dr. Jurangal, Dr. Natasha Gautam, 
Dr. Surinder Singh Pandav

Management Of Cyclodialysis: Coming A Full Circle ..........193
Dr. Harathy Selvan, Dr. Viney Gupta, Dr. Shikha Gupta

Lacrimal

New, Non-Invasive Gravity Driven DCG Using 
Cone Beam Computed Tomography
Compared To Conventional DCG ...........................................205
Dr. Mukesh Kumar Khare

Neuro Ophthalmology

Measuring Eye Motility Reliably: Ocular Motility Tester ......213
Dr. Jitendra Nenumal Jethani, Mr. Rutvij Kotecha

Association Of Ophthalmic Features With Hormonal And 
Immunohistological Type Of Pituitary Adenoma ..................216
Dr. Punita Kumari Sodhi, Dr. Prashank Goel, Dr. Arvind Kumar,   
Dr. Anita Jagetia



11

Best Free Papers

Ocular Pathology / Ocular Oncology And Tumours

Is Adjuvant Radiotherapy Indicated After Orbital 
Exenteration For Conjunctival Tumors? ...............................229
Dr. Raksha Rao, Dr. Santosh G Honavar, Dr. Kaustubh Mulay

Optics / Refraction / Contact Lens

Effect of Providing Near Glasses on Productivity Among 
Presbyopic Rural Indian Tea Workers: the PROSPER 
(Productivity Study of Presbyopia Elimination in Rural-
Dwellers) Randomised Controlled Trial.................................231
Dr. Parikshit Gogate

Orbit & Oculoplasty

Sclerotherapy For Lymphangioma ........................................249
Dr. Bejjanki Kavya Madhuri, Dr.Tarjani Vivek Dave

Aponeurotic Variant Of Congenital Ptosis: Managed With 
Levator Re-Insertion................................................................253
Dr. Ankit Singh Tomar, Dr. Sameeksha Tadepalli,  
Dr. Sumeet Lahane, Dr. Raksha Rao, Dr. Santosh G Honavar

Pediatric Ophthalmology

Intra-Arterial Chemotherapy In Retinoblastoma In 
23 Eyes .....................................................................................259
Dr. Usha Singh, Dr. Vivek Gupta, Dr. M R Dogra,  
Dr. Deepak Bansal

Comparison Of Posterior Optic Capture Vs Endocapsular 
Implantation In Pediatric Cataract Surgery ...........................264
Dr. Jaspreet Sukhija, Dr. Savleen Kaur, Dr. Jagat Ram

Refractive Surgery

Next Generation Lasik Surgery Based On Bowman's 
Topography (BASIK) ...............................................................272
Dr. Ritika Dalal, Dr. Rohit Shetty, Dr. Pooja Khamar, 
Dr. Ravish Vaishnav

Squint

Comparative Study Of Hangback And Conventional 
Recession Of Inferior Oblique In V-Pattern Strabismus ......277
Dr. Ankita Bharadwaj, Dr. Kamlesh, Dr. Shweta Dhiman, 
Dr. Manisha Mishra, Dr. Prateek Kumar, Dr. Sidhharth Baindur



Best Free Papers

12

Trauma

Navigation Guided External Optic Canal Decompression 
In Direct Traumatic Optic Neuropathy ...................................286
Dr. Kasturi Bhattacharjee, Dr. Deepika Kapoor, Dr. Samir Kumar 
Serasiya, Dr. Harsha Bhattacharjee

Uvea

AIOS - COL. RANGACHARI AWARD WINNER

Seroprevalence Of Lyme Disease In Nagarhole And 
Bandipur Forest Areas Of South India ..................................291
Dr. Kalpana Babu Murthy, Dr. Krishna R Murthy, Dr. Praveen R 
Murthy, Dr. Vinuth N Puttamallesh, Dr. Bhagya Sudheer, 
Dr. Sreelakshmi S, Dr. Rajpriya, Dr. V Ravi

Vitreo Retinal Diseases

Correlation Of Macular Edema Resolution In CNVM With 
Aqueous Humour Levels Of Soluble Factors .......................295
Dr. Bharathi Bavaharan, Dr. Rohit Shetty, Dr. Naresh Kumar 
Yadav, Dr. Santosh Gopi Krishna Gadde

Efficacy And Safety Of Povidone Iodine Infusion During 
Vitrectomy For Endophthalmitis ............................................302
Dr. Sangeet Mittal, Dr. Kanwaljeet H Madan, Dr. Apoorva Mittal

A Novel Versatile Cannula For Vitreoretinal Surgery-
Bapaye’s Aspiration Scraper ..................................................308
Dr. Maneesh Bapaye, Dr. Charuta Bapaye, Dr. Meenaxi Bapaye

Correlation Of OCT And OCT Angiography (OCTA) 
Changes With Axial Elongation And Visual Acuity ..............315
Dr. Ramesh Venkatesh, Dr. Ashwin Mohan, Dr. Naresh Kumar 
Yadav, Dr. Shivani Sinha

Index .........................................................................................334



13

Best Free Papers

Dear friends,

It is with pleasure and humility that I thank all of you for the trust 
you have placed in me by electing me President of the ALL INDIA 

OPHTHALMOLOGICAL SOCIETY (AIOS). It is a great honour 
that I cherish and promise to do “better than the best”.  

I am overwhelmed because you have placed me in the President’s 
chair 

- At a time that is celebratory - 2019 marks 200 GLORIOUS 
YEARS OF EYE CARE IN INDIA!

- At a time when AIOS (established in 1930) has extended its 
wings to include nearly 20,000 members!

- At a time when growing awareness and a sense of responsibility 
is promoting eye health in the country.

It is a PRIVILEGE for me to serve as a Doctor, to use the Chair to 
transform my vision into reality with your cooperation, your enthusiasm 
and your goodwill.    

This is my dream, my vision for AIOS - to achieve

ONE Vision – ONE AIOS – ONE India

►	Celebrate	200	GLORIOUS	YEARS	of	Ophthalmology	in	India

►	 Rural	Eye	Care	

►	National	Eye	Donation	Pledge	Drive.

Let the Celebrations commence! My goal is to create visibility for 
AIOS and my objective is to develop the Elliot School and Museum 

Presidential Desk
(Prof.) Dr. S. Natarajan
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as part of the celebrations. The Government Ophthalmic Hospital, 
established in Chennai in 1819, is one of the oldest hospitals in the 
world	and	the	first	eye	hospital	in	Asia,	symbolizing	the	evolution	
of the public health care system in India. It is one of the hospitals, 
which hosts one of the oldest museums of Ophthalmology, the Elliot 
School and Museum of Ophthalmology.

My second vision is to roll out a collaborative large scalable 5-years 
mammoth project for rural eye care, in association with AIOS members 
in every district of the country,	viz:	

■	 ‘RAASTA DEKHO PROJECT’, which involves screening and 
diagnosis of truck drivers across highways by AIOS Members 
by	providing	an	‘EYE	CARD’	-	the	aim	is	to	make	the	card	a	
mandatory health document for all drivers. 

■	 ‘I CAN SEE YOU PROJECT’, a screening program to prevent 
blindness wherever possible, targeting children in the age 
group, 5-12. 

■	 S-T-O-P Blindness - JYOT SE JYOT JALAO’, Diabetic Retinopathy, 
is	 one	 of	 the	most	 prevalent	 but	 PREVENTABLE	blinding	
diseases,	 and	 AIOS	 intends	 to	 prioritize	 this	 by	 building	
awareness and screening. 

Another	plan	is	to	organize	a	nationwide	drive	to	build	awareness	
on the need of EYE DONATION with the objective of creating a 
GUINNESS WORLD RECORD under the banner of AIOS, with 
the	Biggest	Marketing	Campaign	– ‘FROM DARKNESS TO LIGHT’. 

During my tenure as President, I invite all the AIOS members to 
come under one umbrella and join hands to provide service to our 
society and march towards greater heights.

A landmark celebration of 200 GLORIOUS YEARS of Indian 
Ophthalmology, 1819-2019, should commence with an expression 
of gratitude, appreciation and acknowledgement of the milestones 
achieved so far.  

I	convey	my	gratitude	to	Dr.	Lalit	Verma,	Chairman	Scientific	Committee	
of AIOS for establishing the replica of the Elliot School and Museum 
of	Ophthalmology,	during	the	77th	Annual	Conference	of	AIOS	–	
“INDAIOCRE–2019”, which was a grand success, with 357 sessions 
in	all	the	categories	of	EYE	CARE.	I	congratulate	Dr.	Lalit	Verma	
and his team for their tremendous and incredible efforts towards 
the success of this annual conference. 
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We appreciate the introduction of a new session, ‘Surgical EYE 
Simulator in WET LAB Area’	for	the	first	time	in	the	history	of	AIOC,	
where Dr. Maniar took the initiative.

‘POSTER PODIUM PRESENTATION-PPP’, a well appreciated 
thought was introduced, wherein the presenter gets an opportunity 
to present his/her e-poster on the podium. 

AIOC 2019 also marks the commencement of a power packed grand 
quiz	competition, ‘YOUNG OPTHALMOLOGISTS FORUM’, jointly 
organized	 by	 ARC-AIOS	 and	 ARC-YOSI.	 It	 was	 indeed	 a	 truly	
inspirational and motivational platform to REACH out to the STARS, 
much applauded for its innovative ideas.

A big round of applause for bringing in 105 International Guest 
Speakers. I look forward to extending the AIOS Global footstep by 
increasing International Membership. 

I	thank	the	outgoing	president,	Dr.	Ajit	Babu	Majji	and	all	the	members	
of the Governing Council for their support. I would like to highlight 
the	laudable	efforts	of	the	members	of	the	AIOS	office,	for	making	
the functioning of AIOS Headquarters appear seamless. I request all 
of you to put in your best efforts to take AIOS to greater heights.

I salute Mata, Pita, Guru and Deva for all that I have achieved and 
for the great honour of becoming President of AIOS. 

With Best Wishes

(Prof.) Dr. S. Natarajan
President	–	AIOS
president@aios.org 
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Editorial
Dr. Arup Chakrabarti

Dear Esteemed Colleagues,
Greetings from the desk of the Editor Proceedings AIOS.
It has been my third year at the helm and it was a pleasure to put 
together the best free papers of the Indore AIOC conducted between 
February 14th and 17th, 2019 in the form of the AIOS Proceedings 
Book	-	2019.	This	book	contains	all	of	the	37	best	papers	of	the	sessions	
(BPOS)	this	year.	All	the	sections	were	evaluated	by	41	evaluators.
In continuation of the AIOS “Go Green” drive - this AIOS Proceedings 
book will also be available to all AIOS members on the AIOS Website 
(www.aios.org). However, hard copies will continue to be sent to 
only those members who are yet to opt for the "soft copy only" version 
of the proceedings book. The text of the rest of the free papers presented 
in AIOC 2019 are also available in the website under appropriate 
category headings adding great value to the post meeting resource 
content.
As I have already refferred to earlier, the proceedings website had 
been integrated with the AIOS website in 2017 and Word Press CMS 
had been adopted and continued to render the content management 
easy. We have continued to employ High-Resolution videos which 
provide more clarity for viewers.
This year too we have continued our effort to actively capture - in 
high	definition	-	all	the	presentations	from	each	of	the	presentation	
halls to the extent it was possible and upload them to the website.
The	Scientific	Sessions	taking	place	simultaneously	in	17	halls	were	
suitably captured - Double camera recording in all the halls with 300 
plus sitting capacity (which enabled a Picture-in-picture format) and  
a single camera recording in the smaller halls - with synchronised 
audio. I would like to thank the audio-visual team for this humongous 
effort.
The online contents have been formatted into invited Programmes 
(Symposia,	Updates,	Current	Concepts	etc),	Instruction	Courses,	Free	



17

Best Free Papers

Papers, E-posters and Film Festival. For the convenience of the 
members, speaker wise videos have also been uploaded. The viewers 
can also view only a particular topic of their interest. Speaker wise 
filters	are	available	for	easy	access.	Predictive	search/autosuggest	
has been implemented. We have worked on auto-generated tag cloud 
and related search term. I am sure the online contents are going to 
be far more useful and readily accessible for AIOS members than all 
the proceeding years.
Mass e-mail campaigns with each e-mail highlighting a segment of 
the	AIOC	2019	scientific	presentations	have	been	a	new	and	innovative	
concept introduced by the Proceedings wing. The mails are being 
sent at the weekends on a weekly basis to more than 20000 AIOS 
members whose e-mail addresses are available in the address list. 
Opening rate of the e-mails has been 15% to 20% which is a very 
impressive number. We are happy to note that this innovative approach 
of mass e-mails has really been appreciated by the AIOS Membership. 
This has enabled even those who were nunable to attend the AIOC 
2018 meeting to access the rich information presented through their 
Smartphones and Tablet Devices when they are free or in transit. So 
I think we have been able to make AIOS Annual Conference Contens 
reach out to majority of the AIOS Membership.
I	would	like	to	thank	the	AIOS	Governing	Council,	Office	Bearers	
& Managing Committee members and the AIOS Secretarial staff for 
their cooperation and help provided enabling me to do a highly 
enjoyable and successful job. My thanks are also due to the highly 
cooperative team of AIOS members who did proof reading of the 
BPOS	texts.	Thanks	are	also	due	to	the	staff	of	Chakrabarti	Eye	Care	
Centre for helping me out at different points in time.
May I request you to upcate your current address, e-mail and cell 
phone	number	with	AIOS	by	e-maling	to	aisoffice@aios.org.	I	would	
also encourage you to pass on this information to your friends and 
colleagures.
I will be getting in touch with you at frequent intervals for updates. 
Please don’t hesitate to get in touch with me for any queries. Let all 
of us take AIOS to greater heights.

Yours	sincerely

Dr. Arup Chakrabarti
editorproceedings@aios.org
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New Era Of Lens Biophysical Quantification 
With High Speed Swept Source OCT
Dr Neeraj A Israni, Dr Rohit Shetty, Dr Vaitheeshwaran Lalgudi 
Ganeshan, Dr Abhijit Sinha Roy, Dr. Rachana

ABSTRACT

CONTEXT

AIMS

To introduce identify novel features of lenticular accommodation 
using high speed swept source optical coherence tomography (OCT)

METHODS AND MATERIAL

30 patients were imaged in OCT under an accommodative stimulus 
of ranging from 0 to -4 D. Anterior eye scans were segmented with 
custom algorithms to quantify corneal and lens curvature along 
with anterior chamber depth (ACD).

RESULTS

Mean (range) age of patients was 29.5 (18,42). Len curvature was 
5.75 D, 5.83 D, 6.16 D, 6.52 D and 6.87 D at 0, -1, -2, -3 and -4 D, 
respectively. Corneal curvature and thickness were unchanged. 
Interestingly, ACD increased from 3.39 mm to 3.51 mm from 0 to 
-1	D	but	normalized	to	3.4	mm	by	-4	D	stimulus.	Lens	thickness	
also increased from 3.78 mm to 3.93 mm by -4 D stimulus.

CONCLUSIONS

OCT imaging was extremely useful in understanding lens biophysics. 
ACD trend was novel. It remains to be seen if this holds in older 
patients with lower accommodation. OCT imaging can help in 
developing novel ray tracing tools for presbyopic patients with 
much greater accuracy.

Dr Neeraj A Israni, Advanced Eye Hospital & Institute (AEHI), Vinamara 
Swaraj Multispeciality Hospital (Navi Mumbai), Lions Hospital 
Koperkhairne (Navi Mumbai), Shivam Eye Foundation Nerul (Navi 
Mumbai), Netrajyot Charitable Eye Hospital (Kamothe) Navi Mumbai, 
Healing Touch Eye Hospital (Kamothe) Navi Mumbai 

This Paper was judged as the BEST PAPER of CATARACT I  
Session.
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INTRODUCTION

Accommodation is the ability of the eye to automatically change its 
focus from one distance to that of another. The accommodative system 
is controlled by the crystalline lens which adjusts its curvature and 
shape so as to create a proper optical power of the eye to provide a 
clear retinal image of objects at various distances.

Accommodation is the active and dynamic change in dioptric power 
of the eye when changing focus from far to near.1

Although accommodation is a dynamic process, objective clinical 
accommodation measurement has typically relied on static measurements. 
Static measurement is a single instantaneous snapshot taken as the 
eye focuses on a near target, as opposed to dynamic measurement 
that is a continuous higher temporal frequency measurement as the 
eye changes focus from a far target to a near target or as the eye 
maintains focus on a near target.2

There are very few devices which help in measuring the dynamic 
accommodation of the lens.

CASIA 2 ASOCT is one  novel swept source anterior segment OCT 
whose highlight is  the ability to image the anterior segment while 
inducing programmable grades of accommodation.3

It	has	active	fixation	targets	to	enable	patient	fixation.

It gives us advanced OCT based corneal topography based on 16 
raster scans with anterior and posterior corneal keratometry and 
elevation	data	similar	to	schiempflug	imaging.

Inbuilt 2 D analysis gives real time change in ACD and lens thickness 
with accommodation.

By	using	this	new	technology,	it	is	possible	to	measure	from	anterior	
cornea to posterior lens with one shot. Scanning depth is approximately 
13 mm. 

While capturing anterior cornea to posterior lens, it is possible to 
measure corneal curvature, thickness and tilt of the anterior / posterior 
lens. 

The Casia 2 gives an Axial resolution (Depth) of 10 µm or less (in 
tissue), Transverse resolution of 30 µm or less (in tissue), Scan rate 
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of 50,000 A scans / second. A Scan range Depth of  13 mm and a 
scan	range	Transverse	Radial	Scan	of		φ16	mm	with	Raster	Scans:	12	
mm × 12 mm.3

The advantage of CASIA 2 is that the light source of coherency functions 
is	improved,	and	higher	sensibility	toward	depth	is	realized	compared	
to our former model.

Thus CASIA 2 explores new possibilities in anterior segment analysis.

We	utilized	 this	 high	 speed	 swept	 source	OCT	 to	 introduce	 and	
identify novel features of lenticular accommodation and in turn 
planning of intraocular lenses and presbyopic surgeries.

SUBJECTS AND METHODS

30 patients with clear lens underwent accommodative scans using 
the Casia 2 ASOCT lens protocol.

Accommodation was induced from 0 to - 4 D and swept source scans 
were taken at each step. 

Images underwent edge detection of the anterior and posterior corneal 
surface, lens surfaces and angle points to measure the effective lens 
position (ELP), lens curvature and AC depth changes with accommodation. 
In short the anterior eye scans were segmented with custom algorithms 
to quantify corneal and lens curvature along with anterior chamber 
depth (ACD).

These images were then exported for advanced analysis of lens 
curvature and aberrometric changes during accommodation which 
is a novel area of research in understanding accommodation and 
presbyopia.

Fig. 1: The Lens analysis Protocol on the Casia 2 AS OCT
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Fig. 2b: Anterior chamber depth of 2.79 mm measured using calipers after accomodation

Fig. 2a: Anterior chamber depth of 2.95 mm measured using calipers before accomodation

In Figure 2a we can see that the anterior chamber depth is 2.95 mm 
before accommodation, however we can see that post accommodation 
i.e	after	myopization	on	the	lens	protocol	in	Casia	2	ASOCT	there	is	
a decrease in the anterior chamber to 2.79 mm.
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Similarly using the other protocols we can also measure the lens 
curvature.

Lens curvature can be measured  based on image analysis using 
Matlab software which is freely available by coding and creating an 
algorithm.

This can be useful in planning multifocal intraocular lenses and 
presbyopic surgeries.

Also we can measure the corneal curvature which can later be useful 
in planning corneal laser surgery.

RESULTS

Table 1. Mean ± SEM for accommodation at different stimulus  
 (0 to -4 D).

   Stimulus

 0 -1 D -2 D -3 D -4 D

Mean Lens Curv  5.75 ± 5.83 ± 6.16 ± 6.52 ± 6.87 ±
(anterior) (D) 0.27 0.3 0.34 0.37 0.3

Lensthickness   3.78 ± 3.8 ± 3.84 ± 3.87 ± 3.93 ±
(mm) 0.11 0.11 0.1 0.1 0.12

Mean Cornea 
Curv (anterior)  40.7 ± 40.88 ± 40.87 ± 40.69 ± 40.76 ±
(D) 0.4 0.47 0.46 0.41 0.29

CCT (µm) 530.8 ± 524.83 ± 528 ± 535.2 ± 525.67 ± 
 6.67 7.25 6.95 6.64 7.67

ACD (epi) (mm) 3.39 ±  3.51 ± 3.49 ± 3.42 ± 3.4 ±
 0.1 0.05 0.05 0.05 0.05

ACD (endo)  2.89 ± 2.98 ± 2.95 ± 2.89 ± 2.87 ±
(mm) 0.08 0.06 0.06 0.05 0.05

Mean (range) age of patients was 29.5 (18,42). 

Lens curvature was 5.75 D, 5.83 D, 6.16 D, 6.52 D and 6.87 D at 0, -1, 
-2, -3 and -4 D, respectively. 

Corneal curvature and thickness were unchanged.

 Interestingly, ACD increased from 3.39 mm to 3.51 mm from 0 to -1 
D,		but	normalized	to	3.4	mm	by	-4	D	stimulus.	
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Lens thickness also increased from 3.78 mm to 3.93 mm by -4 D stimulus.

DISCUSSION

OCT imaging was extremely useful in understanding lens biophysics. 
ACD trend was novel. It remains to be seen if this holds in older 
patients with lower accommodation. OCT imaging can help in 
developing novel ray tracing tools for presbyopic patients with much 
greater accuracy.

Measurement of exact lens curvature with lens thickness changes 
determines the state of accommodation and helps plan presbyopic 
lasers, multifocal IOLs and the exact ELP from 3 dimensional lens 
analysis can be used in the latest IOL calculation formulae for perfect 
outcomes.

REFERENCES
1 Lockhart TE, Shi W. Effects of Age on Dynamic Accommodation. Ergonomics. 

2010;	53	(7):	892-903.	doi:10.1080/00140139.2010.489968.
2 Win-Hall, D. M., Houser, J., & Glasser, A. (2010). Static and Dynamic 

Accommodation	Measured	Using	the	WAM	-	5500	Autorefractor.	Optometry	
and	Vision	Science,	87	(11),	873	–	882.	doi:10.1097/opx.0b013e3181f6f98f

3	 http://www.tomey.com/tomeycorp/product.html

No More Argentinian Flags With Zepto Precision 
Pulse Capsulotomy
Dr Amit Kumar Mahajan

INTRODUCTION

Improvement in surgical technique along with introduction of premium 
intraocular lenses (IOLs) made cataract surgery as a part of Refractive 
Surgery. Making continuous curvilinear capsulorhexis (CCC) is the 
most	crucial	step	in	phacoemulsification	surgery	and	remains	a	key	

Dr Amit Kumar Mahajan, doing full time private practice as ant seg 
and glaucoma specialist at Om Netralaya, Chalisgaon (NABH pre 
entry	accredited)	since	2006.

This Paper was judged as the BEST PAPER of CATARACT II  
Session.
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to overall success of cataract surgery. With the advent of premium 
IOLs like toric and multifocal it became a must to have a perfectly 
sized	and	circular	CCC.	For	smooth	phacoemulsification	surgery,	
for proper centration of IOLs and to reduce the chances of developing 
posterior	capsular	opacification	intactness,	size,	shape	&	centration	
of CCC is very crucial. With conventional manual capsulotomy 
techniques either with cystitome or forceps there is always risk of 
CCC runoff or radial tears which extends quickly to periphery specially 
in white mature intumescent cataracts. Once this Splitting of anterior 
capsule occurs, the remainder of the surgery becomes extremely 
difficult	and	can	lead	to	many	complications	like	posterior	capsule	
rupture, vitreous loss, nucleus drop , endothelial damage due to 
prolonged surgical time & decentered IOL. 

So	 to	 overcome	 these	 difficulties	 Mynosys	 Cellular	 Devices	 Inc.	
(Fremont,	California,USA)	developed	a	new	technique	to	reproducibly	
automate	a	perfectly	sized	and	circular	capsulotomy	called	Precision	
Pulse Capsulotomy (PPC) , under trade name ZEPTO and commercially 
launched	in	February	2017	in	India	for	the	first	time	in	world.

AIM/PURPOSE

To study the effectiveness and safety of precision pulse capsulotomy(ZEPTO) 
in hyper mature white intumescent cataracts.

SETTINGS

It	was	a	prospective	study	conducted	at	Om	Netralaya	and	Dental	
Clinic, Chalisgaon during June 2017 to March 2018.

PATIENTS AND METHODS

It was a prospective case study of patients having white, intumescent,mature 
cataract	 who	 underwent	 phacoemulsification	 surgery	 with	 IOL	
implantation	using	Zepto	PPC	technique	at	Om	Netralaya.	Written	
informed consent is taken from all the patients in English as well as 
Marathi and standard protocol was followed.

INCLUSION CRITERIA

1. Patients with no other ocular pathology than cataract

2. Patients having white intumescent mature cataract who are 
prone for capsulotomy tears 
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EXCLUSION CRITERIA 

1. Patients with preexisting ocular pathologies like glaucoma, 
weak	zonules,	traumatic	cataract,	complicated	cataract

2. Poorly dilating pupils less than 5 mm

PROCEDURE

All the surgeries were performed by single surgeon in same operation 
theatre	 at	 Om	 Netralaya,	 Chalisgaon.	 All	 patients	 underwent	
phacoemulsification	surgery	under	 topical	anesthesia	with	Alcon	
Centurion machine. Two side ports were made with 23 G angled 
MVR disposable knife 180 degree apart from each other and 2.2 mm 
main incision is taken temporally with disposable keratome. Trypan 
blue	(Rhex	ID)	dye	was	used	in	all	cases	for	proper	visualization	of	
anterior capsule. OVD used was 2% HPMC ( Aurovisc ) in all cases. 

The Zepto handpiece (sterile, single use, disposable) consists of a 
circular nitinol ring covered by thin, soft, transparent silicone suction 
cup (SC) just like inverted frying pan. There is retractable metal push 
rod (PR) attached at tip of handpiece to elongate circular tip into 
small tubular structure. Handpiece was attached to power console 
and	primed	first	using	balanced	salt	solution	(BSS)	manually	to	remove	
all	the	air	inside	tubing.	After	filling	anterior	chamber	(AC)	with	2%	

HPMC, retractable metal 
push rod was pushed 
hard till click sound is 
heard to elongate the 
ring and suction cup 
into	a	narrower	profile	
and inserted through 
2.2 mm incision into 
AC.	Globe	was	stabilized	
with second instrument 
if needed. 

Now	once	in	AC	the	PR	is	retracted	immediately	and	kept	at	wound	
level for stability. As nitinol is super elastic shape memory alloy, 
after retracting PR, the compressed tip resumes its original circular 
shape within seconds. The tip was then positioned at desired place 
on anterior capsular surface and a small amount of suction was applied 
through external console. This is very crucial to oppose the anterior 
capsule against the bottom edge of the nitinol ring. A rapid series of 
electrical pulses totaling 4 ms in duration is used to create a capsulotomy. 
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Once done then suction was 
released and tip was gently 
pushed out of AC. Once the 
capsulotomy was done, the 
nitinol ring broke into pieces 
and hence cannot be used 
again. The free cut portion 
of capsule was removed using 
forceps and capsulotomy 
was inspected for completeness 
before proceeding further. 
Phacoemulsification	was	completed	and	cortical	wash	was	done	by	
bimanual Irrigation and Aspiration canula. Foldable hydrophobic 
IOL was implanted in all cases.

Patient were examined on day 2, day 7 and at the end of one month 
after surgery. Main criteria studied was completeness of capsulotomy 
without any tags or extension. Other parameters studied were incision 
size	before	and	after	Zepto,	endothelial	cell	count,	zonular	weakness	
due	to	Zepto,	IOL	stability	and	centration,	anterior	capsular	opacification	
or contraction.

RESULTS

We have studied 15 eyes of 15 patients having white, intumescent, 
mature cataract prone for capsulotomy tear. There were 6 male and 
9 female with age group ranging from 39-68 years. All eyes were 
well	dilated	with	 size	 of	pupil	more	 than	 5	mm.	Average	phaco	
energy used was CDE 15.06 (+_3.50). Average preoperative endothelial 
cell count was 2305.77 (+_340.39) while postoperative cell count was 
2140	(+_228.29)	at	the	end	of	one	month	.Best	corrected	visual	acuity	
was 6/9 in all cases at the end of one month with no one having 
developed	cystoid	macular	edema	which	was	confirmed	on	OCT	
also.	No	zonular	weakness	noticed	in	any	case	intra	operatively.	14	
cases had completely centered and circular capsulotomy without 
any complications. In one case capsulotomy was not complete at one 
place. Reason being energy was applied in little hurry before suction 
was complete and so at that point capsular contact with nitinol ring 
was lacking. In that case capsulotomy was easily completed using 
forceps.

In	all	the	15	cases,	not	a	single	case	landed	in	Argentinian	flag	or	
rhexis run off. 
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Over the past 50 years there have been more improvement in cataract 
surgery than in past 3000 years. Extracapsular cataract surgery created 
requirement	of	capsulotomy	and	phacoemulsification	modified	it	to	
curvilinear continuous capsulorhexis (CCC). A lot of research work 
is still going on to automate this crucial steps. Few options available 
today are

1. Femtosecond laser

2. Zepto PPC

3. Aperture CTC

4. Capsulaser

5. miLoop

1. Femtosecond Laser-femtosecond laser assisted cataract surgery 
(FLACS) is highly reproducible, uniformly more circular and 
has more precise diameter. However much higher capital is 
needed for it with huge recurring or procedural cost and work 
flow	challenges	with	increased	procedural	time	make	it	difficult	
in common scenarios.
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2. Aperture CTC- it should be available for human use in couple 
of years.

3. Capsulaser- it uses new formulation of trypan blue to stain 
anterior capsule and laser device is attached to operating 
microscope to make capsular opening from 4.5 mm to 6.5 mm.

4. miLoop- is actually endocapsular nitinol ring that acts like 
snare and bisects the nucleus from equator to equator and 
chops the cataract into small pieces. Though much cheaper 
than	FLACS,	it	has	significant	disposable	cost.

The name Zepto was chosen because in metric scale Zepto is one 
million	time	smaller	than	Femto.	Both	the	small	size	of	instrument	
and the several millisecond speed of capsulotomy creation inspired 
this name. The PPC technology mechanically and simultaneously 
cut	all	360	degree	of	the	apposed	capsule	without	cauterizing	it.	So	
ocular tissue safety is achieved by extremely small and brief amount 
of energy applied and that too at the microscopic edges of nitinol 
ring. Secondly this nitinol ring is completely covered by silicone 
suction cup which again in turn covered by OVD.

As per the study carried out in human cadeveric eyes, the capsulotomy 
edge strength of PPC is much higher than manual CCC or FLACS 
and is likely due to its unique morphology. 

PPC	can	be	used	in	challenging	cases	like	small	pupil,	calcified	anterior	
capsule as it has very fast learning curve. As actual capsulotomy 
creation is automated, surgeon has to learn only insertion and removal 
of device from AC with centration and placement of the nitinol ring 
on anterior capsule surface.

CONCLUSION

The Zepto PPC technology creates a precise, well centered, circular 
capsulotomy used as part of normal surgical sequence. The technique 
holds promise for complicated eyes also. Few more improvements 
in system like elimination of third party operator, a more accurate 
suction system, automation of manual release system and potential 
incorporation	into	phacoemulsification	system	might	help	in	making	
capsulorhexis a complication free step of cataract surgery. 

REFERENCES 
1.	 Chang	DF,	Mamalis	N,	Werner	L	PRECISION	PULSE	CAPSULOTOMY-

preclinical safety and performance  Am  J Opththal 2015
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In Vitro Activity Of Moxifloxacin Against 
Conjunctival Flora
Dr Sreeni Edakhlon, Dr Ronnie George, Dr M Prabhushankar, 
Dr Gopal S Pillai, Dr Prakash V S

PURPOSE

To	study	the	in	vitro	activity	of	Moxifloxacin	against	conjunctival	
flora	in	patients	undergoing	cataract	surgery.

DESIGN

Descriptive study 

MATERIALS AND METHOD

Conjunctival swabs were taken from 480 patients who were posted 
for	cataract	surgery	between	November	2016	and	February	2018.	
Culture and sensitivity tests were done using these samples. 
Moxifloxacin	resistance	was	studied	in	the	samples	which	grew	
bacteria. 

Dr Sreeni Edakhlon, Chief Surgeon and Medical Director Comtrust 
Charitable Trust Eye Hospitals Thalassery, Kanhangad

This Paper was judged as the BEST PAPER of CATARACT II  
Session.
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RESULTS

181 samples grew Staphylococcus epidermidis (coagulase negative 
staphylococcus)	of	which	52	(28.72%)	were	resistant	to	Moxifloxacin,	
39 samples grew Staphylococcus aureus of which 18 (46.15%) were 
resistant	to	Moxifloxacin.	12	samples	grew	Klebsiella	pneumoniae.	
50%	 (6/12)	were	 resistant	 to	Moxifloxacin.	Two	 samples	grew	
Pseudomonas Aeruginosa, of which 50% (1/2) were resistant to 
Moxifloxacin.

CONCLUSION 

There	is	a	high	incidence	of	resistance	to	moxifloxacin	in	organisms	
cultured from conjunctival sac. With such a high incidence of 
resistance,	Moxifloxacin	may	not	be	a	good	choice	antibiotic	for	
cataract surgery either as preoperative topical prophylaxis or as 
routine intracameral injection to prevent postoperative endophthalmitis.

Endophthalmitis is one of the most dreaded complications of cataract 
surgery. Jury is still out on what is the best intervention to reduce 
the risk of post operative endophthalmitis.

A		prospective,	randomized	European	Society	of	Cataract	and	Refractive	
Surgeons (ESCRS) study published in year 2007, reported  
that intracameral (IC) cefuroxime at the conclusion of cataract  
surgery	 significantly	 decreased	 rate	 of	 acute-onset	 postoperative	
endophthalmitis.1	The	efficacy	of	IC	cefuroxime	for	endophthalmitis	
prophylaxis	has	been	confirmed	by	multiple	studies.2-14 In a 2013 
follow-up to the 2006 ESCRS study (A series of 15, 689 eyes undergoing 
cataract surgery by nine surgeons before and after institution  
of prophylactic intracameral antibiotics) not a single  case  of 
endophthalmitis was reported in 13, 390 cataract surgeries in which  
intracameral cefuroxime was used.15 Still there was no consensus on 
the use of intracameral antibiotics for cataract surgery, and even in 
Europe the ESCRS guidelines were not universally followed.16

Survey done by American Society of Cataract and Refractive Surgery 
(ASCRS) in 2014 among its members  found that from 1147 global 
respondents 36% were injecting an IC antibiotic at the conclusion of 
surgery compared with 14% in the  survey done in year  2007. Among 
the 2014 respondents in addition to the 36% already giving  IC antibiotics 
another 11%  planned to initiate IC injections within 6 months.17,18 
The  2014 ASCRS survey found that cefuroxime (26%), vancomycin 
(37%),	and	moxifloxacin	(33%)	were	comparable	preferences	among	
those using IC antibiotic prophylaxis.17
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The choice of intra cameral antibiotic vary from center to center and 
favorable results have been reported with the use of intracameral 
moxifloxacin.19-25 Haripriya et al compared the postoperative 
endophthalmitis rate before and after initiation of intracameral 
moxifloxacin	prophylaxis	for	cataract	sugery.	It	was	seen	that	routine	
IC	moxifloxacin	prophylaxis	reduced	the	overall	endophthalmitis	
rate by 3.5-fold.26

Studies	have	suggested	that	patient’s	own	ocular	surface	flora	is	the	
major source of organisms causing endophthalmitis.27,28 In the present 
study, we evaluated the sensitivity of bacteria grown from swabs 
taken	from	conjunctival	sac	to	the	fourth	generation	fluoroquinolone	
antibiotic	Moxifloxacin.

MATERIALS & METHODS

Conjunctival swabs were taken from 480 patients who were posted 
for	cataract	 surgery	between	November	2016	and	February	2018.	
The swabs were taken before instillation of any ophthalmic solution 
in	the	eye.	Culture	and	antibiotic	susceptibility	profiles	were	done		
through standard microbiological techniques.

RESULT

181 samples grew Staphylococcus epidermidis (coagulase negative 
staphylococcus)	of	which	52	(28.72%)	were	resistant	to	Moxifloxacin,	
39 samples grew Staphylococcus aureus of which 18 (46.15%) were 
resistant	to	Moxifloxacin.	12	samples	grew	Klebsiella	pneumonia,	of	
which	50%	(6/12)	were	resistant	to	Moxifloxacin	.	Two	samples	grew	
Pseudomonas Aeruginosa, of which 50% (1/2) were resistant to 
Moxifloxacin.	(Table1	&	Table	2)

Table 1. Microbial isolates from the conjunctival  swabs  of patients 
posted for Cataract surgery

Conjunctival	isolates	 Total	Number		 Percentage
 (n=235)  (48.95%) out of  
  480 swabs 
Conjunctival	isolates	 Number	(n=235)	 Percentage	(%)
Gram-positive bacteria 220 93.61
Staphylococcus epidermidis 181 77.02
S. aureus 39 16.59
Gram-negative bacteria 14 5.95
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Klebsiella	Pneumoniae	 12	 5.10
Pseudomonas aeruginosa 2 0.85
Fungus 1  0.42
Yeast-like	 1	 0.42

Table	2.	Comparison	of	Moxifloxacin	susceptibilities	

 Total    Resistant
 number Sensitive Resistant  %

Gram Positive 
organisms 220   

Staphylococcus 
epidermidis 181 129 52 28.72

S.aureus 39 21 18 46.15

Gram negative 
organisms 14   

Klebsiella	
Pneumoniae 12 6 6 50

Pseudomonas 
aeruginosa 2 1 1 50

DISCUSSION

Antibiotic prophylaxis is a common preventive measure to prevent 
endophthalmitis .Topical antibiotic prophylaxis is given preoperatively 
to reduce the conjunctival bacterial load, thus lowering the risk of 
intraocular contamination either intraoperatively or postoperatively. 
Studies	have	given	conflicting	results	on	efficacy	of	topical	antibiotic	
prophylaxis to prevent endophthalmitis.29-31 Some studies support 
use of topical antibiotics.29 Another study says that there is no extra 
benefit	in	the	use	of	topical	antibiotics	in	addition	to	topical	povidone	
Iodine when compared to povidone iodine alone.30	Bhavsar	AR	et	
al, demonstrated that cases that used topical antibiotics in addition 
to topical povidone iodine had a higher risk for endophthalmitis.31 
But	vast	majority	of	respondents	in	the	2014	American	Society	of	
Cataract and Refractive Surgery (ASCRS) survey (90%) used topical 
perioperative antibiotics and virtually all surgeons used it postoperatively 
(97%).	Topical	antibiotics	are	frequently	used	for	up	to	1–2	weeks	
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postoperatively until the incision fully heals and should not be tapered 
as this would encourage emergence of resistant organisms.17,18

Though	efficacy	of	 IC	antibiotic	prophylaxis	 continues	 to	 remain	
controversial due to paucity of level 1 evidence,  many studies strongly 
support	it.The	large	prospective,	randomized	clinical	trial	that	has	
been completed on IC antibiotic use, the 2006 ESCRS study 1 and 
majority	of	the	multiple	clinical	studies	in	which	the	efficacy	of	IC	
antibiotic prophylaxis has been evaluated 2 - 14 have reported a 
reduction in endophthalmitis rates with routine IC cefuroxime injection. 

52%	of	US	2014	ASCRS	survey	respondents	using	IC	antibiotics	were	
administering vancomycin, compared with 14% using cefuroxime 
and	31%	using	moxifloxacin.17

With	a	3.5	fold	reduction	seen	with	the	use	of	IC	Moxifloxacin	in	a	
study group of 600000, the study by Haripriya et al provides the 
strongest	evidence	in	support	of	IC	Moxifloxacin	to	prevent	postoperative	
endophthalmitis after cataract surgery.26 Haripriya et al, compared 
the postoperative endophthalmitis rate before and after initiation of 
intracameral	moxifloxacin	prophylaxis	for	cataract	sugery.	Overall,	
302	815	eyes	did	not	receive	IC	moxifloxacin	and	314	638	eyes	did,	
and	there	was	a	significant	decline	in	the	endophthalmitis	rate,	from	
0.07%	to	0.02%,with	moxifloxacin.	It	was	seen	that	routine	IC	moxifloxacin	
prophylaxis reduced the overall endophthalmitis rate by 3.5 - fold 
26.		But	there	were	some	lacunae	in	this	study.	The	antibiotic	used	
(this	was	given	as	topical	drops)	in	the	control	group	was	Ofloxacin.	
So	one	group	received	just	Ofloxacin	as	perioperative	antibiotic	and	
the	other	i.e.	the	IC	group	received	both	Ofloxacin	and	Moxifloxacin.	
In this study there was no mention as  on when the topical antibiotics 
were started  postoperatively. 

Starting topical antibiotics preoperatively and within 1-2 hours of 
surgery could help in achieving MIC concentrations of topically 
applied antibiotics.32	Topical	antibiotic,	even	if	it	was	Ofloxacin	alone,	
could have been effective in reducing chance of endophthalmitis in 
the	control	group,	if	it	was	given	sufficiently	early.	Considering	that	
bacterial	sensitivity	to	Moxifloxacin	in	the	area	where	the	study	was	
done was high, its protective effect as topical antibiotic could have 
been	better	than	Ofloxacin.	If	topical	Moxifloxacin	had	been	given	
pre operatively and in the immediate post operative period in high 
concentration	of	Moxifloxacin,well	above	MIC	could	have	been	reached	
in	the	IC	group	without	IC	Moxifloxacin.



37

Best Free Papers

Study	by	Sharma	et	al	32	have	shown	Moxifloxacin	to	have	good	
anterior	chamber	penetration.	Topical	Moxifloxacin,	given	as		one	
drop	of	0.5%	 topical	moxifloxacin	 four	 times,	at	15	min	 intervals	
starting 75 min before the surgery  or a single tablet of 400 mg of 
moxifloxacin	administered		12	h	before	the	surgery	achieved	levels	
in aqeous which exceeded the MIC90 levels for most of the organisms 
causing	endophthalmitis.	Mean	aqueous	concentration	of	moxifloxacin	
attained	in	the	oral	group	(n=21)	was	0.504	±	0.30	μg/mL	while	that	
in	the	topical	group	(n=21)	was	2.04	±	0.72	μg/mL	

Use	of	topical	Moxifloxacin	pre	operatively	and	started	early	in	the	
postoperative period could have achieved therapeutic concentration 
of	Moxifloxacin	in	aqueous	in	the	Non	IC	group.	If	topical	Moxifloxacin	
was	given	in		Non	IC	group,	then	endophthalmitis	rate	in	Non	IC	
group could have been similar to IC group in Haripriya’s study.

But	in	a	study	by	David	PR	et	al,	the	bacteria	cultured	from	aqueous	
taken from the anterior chamber (AC) lacked concordance with 
vitreous	findings	in	cases	of	endophthalmitis.It	was	concluded	that	
use of broad spectrum antibiotics to the ocular surface to provide 
therapeutic levels in the AC may not prevent endophthalmitis. In 
this	study,	the	finding	of	a	sterile	AC	did	not	rule	out	vitreous	infection.33 
Going by this argument, directly providing therapeutic levels of 
antibiotic in AC even through intracameral antibiotics might also 
not	be	beneficial.

In the 2014 online survey of the American Society of Cataract and 
Refractive Surgery members it was seen that for topical perioperative 
antibiotic prophylaxis, there was a declining trend toward use of 
fourth	generation	fluoroquinolones	(60%,	down	from	81%	in	2007)	
and	greater	use	of	topical	ofloxacin	and	ciprofloxacin	(21%,	up	from	
9% in 2007) 17

Coagulase negative Staphylococcus is the most common cause of 
post cataract surgery endophthalmitis.33,34	 But	 the	microbial	flora	
and resistance patterns may vary in different parts of the world. 
Before	recommending	routine	use	of		topical	and	IC	Moxifloxacin,	
one	 should	 consider	 the	 antimicrobial	 efficacy	 of	 Moxifloxacin.	
Fluoroquinolone	 (including	moxifloxacin)	 resistance	 rates	 among	
coagulase-negative Staphylococcus endophthalmitis isolates have 
been reported as high as 40% to 60%.34 Studies have suggested that 
patient’s	own	ocular	surface	flora	is	the	major	source	of	organisms	
causing endophthalmitis.27,28 A very high percentage of cultures taken 
from samples from normal eyes have grown Staphylococcus epidermidis 
(Coagulase	Negative	Staphylococcus)	and	Staphylococcus	aureus.35,36 
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Study by Ravee Ratnumnoi et al, showed that coagulase negative 
Staphylococcus  was the commonest isolate from conjunctival swab 
and	there	was	a	100%	sensitivity	to	Moxifloxacin	35.	Another	study	
by	Keshav	 BR	 et	 al	 in	 eyes	 of	Omanis,	 demonstrated	Coagulase	
Negative	Staphylococcus	to	be	the	most	common	bacteria	isolated	
from conjunctival swab. In their study Vancomycin followed by 
gentamycin	 and	 ciprofloxacin	were	 the	most	 effective	 antibiotics	
against	 normal	 conjunctival	 flora,	 and	 fusidic	 acid	was	 the	most	
ineffective of all the antibiotics tested.36

The	results	of	these	studies	on	bacterial	flora	from	ocular	surface	is	
similar to culture results from of post cataract surgery endophthalmitis 
33, 34. Speaker et al have shown that in 17 cases of Staphylococcus 
epidermidis endophthalmitis the organisms grown from intraocular 
sources were genetically similar to organisms isolated from ocular 
surface	of	the	eye	in	82%	of	the	cases	27.	In	another	study	by	Bannerman	
et	al	using	pulse	field	gel	electrophoresis,	it	was	shown	that	in	cases	
of endophthalmitis, 67.7% of eyelid and intraocular specimens were 
identical 28. These studies prove that for post operative endophthalmitis, 
conjunctival and eyelid micro organisms serve as the most common 
source. 

We took Conjunctival swabs from 480 patients posted for cataract 
surgery before instillation of any ophthalmic solutions. Culture and 
antibiotic	 susceptibility	 profiles	 were	 done	 through	 standard	
microbiological techniques. 232 samples grew bacteria (48.33%). The 
most common isolate (78%) was Staphylococcus epidermidis (coagulase 
negative staphylococcus). 181 samples grew Staphylococcus epidermidis 
(coagulase negative staphylococcus).  39 samples grew Staphylococcus 
aureus	(16.8%).	12	samples	grew	Klebsiella	(5.17%).	Two	samples	
grew Pseudomonas aerogenosa (0.85%).

Of the 181 samples that grew Staphylococcus epidermidis (coagulase 
negative	staphylococcus),	52	(28.72%)	were	resistant	to	Moxifloxacin.	
Of the 39 samples that grew Staphylococcus aureus 18 (46.15%) were 
resistant	 to	Moxifloxacin.	Of	 the	12	 samples	 that	grew	Klebsiella	
pneumoniae		50%	(6/12)	were	resistant	to	Moxifloxacin	.	Of	the	two	
samples that grew Pseudomonas Aeruginosa, of which 50% (1/2) 
was	resistant	to	Moxifloxacin.

A	significant	degree	of	bacterial	resistance	to	Moxifloxacin	was	noticed	
in our study.

Gatifloxacin	and	moxifloxacin	demonstrated	an	in	vitro	efficacy	of	
less than 80% for coagulase negative staphylococci endophthalmitis 
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in a study by Miller D et al.37	Increasing	resistance	to	fluoroquinolones	
was reported in a review of microbiological records of 111 coagulase-
negative staphylococci isolates recovered over 15 years in a single 
center.	Susceptibility	to	gatifloxacin	and	moxifloxacin	declined	from	
96.6% to 65.4% during this time frame.34

The risk of post cataract surgery endophthalmitis in the study by 
Haripriya et al, without the use of intracameral antibiotics is about 
0.07% (reduced to  0.02% with IC) 26. If we use a 0.1% incidence rate 
for calculations, to prevent one case of endophthalmitis, 999 cases 
have	to	be	needlessly	exposed	to	intracameral	injection	of	Moxifloxacin.	
The number of needlessly exposed looks even worse when you 
consider	the	fact	Moxifloxacin	is	going	to	be	ineffective	in	a	significant	
number of patients considering the high incidence of bacterial resistance 
to	Moxifloxacin.		

CONCLUSION

With	a	very	high	incidence	of	resistance	developing	to	Moxifloxacin,	
it	might	not	be	a	good	idea	to	use	IC	Moxifloxacin	routinely	in	all	
cases. Patients should not be needlessly exposed to the inherent risk 
of	IC	injection	including	contamination	of	Moxifloxacin	by	pathogenic	
organisms.	It	would	be	best	to	restrict	the	use	of	IC	Moxifloxacin	to	
cases in which there were complications like vitreous loss since these 
cases have a higher risk of endophthalmitis unlike uncomplicated 
cases. 38-40 Even in these cases it would be better to use an antibiotic 
with	a	much	better	sensitivity	profile.	
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Accidental Viral Markers Positivity In The Patients 
Undergoing For Cataract Surgery
Dr Deepak Mishra, Dr Tanmay Srivatav, Dr Smriti Gaur, Dr Shivani 
Srivastava

ABSTRACT

AIM

To	find	the	prevalence	of	accidental	viral	markers	positivity	in	the	
patients undergoing cataract surgery.

MATERIALS AND METHODS

It was a retrospective cross sectional hospital based study. Total 
700 cataract patients were studied and their data was collected 
from Hospital record system. All patients who had denied any 
infection	from	HBV,	HCV	and	HIV	nucleic	acids	were	included	
in the study. All patients were made to sign informed consent for 
serological	evaluation	for	HBV,	HCV	and	HIV.	Post	test	counselling	
was given to viral markers positive cases and referred to ART 
centre for registration, further investigations and treatment.

OBSERVATIONS AND RESULTS

During the study period, out of 700 patients, 417 were males and 
283	were	females.	93	patients	were	accidentally	diagnosed	HBV	
positive. In these 93 patients 59 were males and 34 were females. 
In case of HIV screening, 35 patients were found seropositive 
accidentally out of which 24 were males and rest females. AntiHCV 
antibody was positive in 7 males and one female patient accidentally.

CONCLUSION

We recommend that screening for viral markers should be made 
compulsory and also a part of normal pre-operative protocol before 
ocular surgery.

Dr Deepak Mishra, Regional Institute of Ophthalmology, Institute of 
Medical	Sciences,	BHU,	Varanasi,	UP-221005

This Paper was judged as the BEST PAPER of CATARACT III 
Session.
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INTRODUCTION

Cataract surgery is the most common operation performed across 
entire world. Last year greater than 5.9 million cataract extraction 
were done in our country.1 Peribulbar anaesthesia is frequent mode 
of administration of anaesthesia in our country.2,3 Peribulbar anaesthesia 
inhabits the perforation risk accidentally. Also, sharp instruments 
used during cataract extraction may also become a potent source of 
haematologic infections.

The	most	frequently	reported	blood-borne	infection	is	hepatitits	B,	
followed	by	hepatitis	C	and	human	immuno	deficiency	virus	(HIV).4,5 
The incidence of needle prick injury in ophthalmological practice is 
0.06 - 0.08 per 1000 surgeries in our country.6 WHO reports HIV 
infection in 36.8 million people worldwide.7 The similar numbers 
for	hepatitis	B	and	C	infection	are	251	million	and	70	million	respectively.8 
Majority of seropositive people tend to be asymptomatic.5 Every 
fluid	in	human	body	including	aqueous	is	prone	to	viral	infection.9,10

The infected hepatitis and retropositive cases with eye disease can 
transmit their infection to ophthalmic practitioners.11 The hospital 
staff carries risk of infection transmission during surgery as well as 
during handling sharp instruments.11 In India, most of the patients 
who undergo ocular operations do not routinely undergo blood 
investigations for viral infections. Since, most of them are asymptomatic12-14, 
the	infection	can	also	spread	horizontally	to	surgeons,	staff	and	other	
patients. Since only few studies are reported in our country which 
demonstrates essence of viral infection screening in ocular surgery 
patient, we carried this survey to ascertain the prevalence of viral 
markerpositivity in patients planned for elective cataract extraction.

MATERIALS AND METHODS

This was a retrospective, cross sectional hospital based study done 
in	Department	of	Ophthalmology,	IMS,	BHU	Varanasiin	which	all	
patients who underwent cataract surgery with in a span of one year 
from July 2017 to December 2017 were included from Hospital 
Information System. Total 700 cataract patients were studied and 
their data was collected from Hospital record system. Approval was 
granted by the Institutional Ethical Committee and we strictly adhered 
to Declaration of Helsinki. Preoperatively detailed ocular examination 
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was done in all selected cataract patients and accordingly laboratory 
investigations were ordered. All patients who had denied any infection 
from	HBV,	HCV	and	HIV	nucleic	acids	were	included	in	the	study.	
All patients were made to sign informed consent for serological 
evaluation	for	HBV,	HCV	and	HIV.	Other	laboratory	investigations	
included	hemogram	(CBC)	and	blood	sugarrandom	(RBS).	HBV	and	
HCV were tested with ELISA test kit. HIV was labelled as positive 
only when both the tests were reported positive in accordance with 
NACO	guidelines.15

All positive cases who were newly diagnosed and came to know 
accidentally about their seropositivity with our investigations  
were included in the study. Post test counselling was given to viral 
markers positive cases and referred to ART centre for registration 
and	baseline	investigations.	In	order	to	find	the	risk	factor	of	infection,	
a questionnaire was given to all seropositive cases. The elicited risk 
factors included history of blood transfusion, unprotected sex with 
multiple	partners,	receiving	injections	from	unqualified	local	practitioners,	
history of previous surgery, tooth extraction and having shaving 
done routinely from barber. The information recorded was kept 
confidential.

All cases with any of the above viral infection were considered as 
high risk for surgical supportive staff and surgeons. All high risk 
subjects underwent minor outpatient procedure like wise lacrimal 
sac	syringing	at	last	using	disposable	syringing	cannulas.	Biometry	
was done with help of ultra thin paper made of transparent polythene 
as an interface and after disinfection of tip. Disinfection of tonometry 
was done after every case. OT procedures followed universal health 
precautions as advocated by WHO. Sharp instruments were handled 
with proper care to avoid cuts. Reusable items like scissors, blade 
handles etc. were kept separate and glutaraldehyde disinfection was 
done for appropriate time period.Thereafter proper cleaning and 
double	 autoclaving	was	 done.	 Biomedical	wastes	were	 disposed	
according to accepted standards. The details were recorded on proforma 
and	data	was	compiled	and	analyzed	for	age	and	sex	mean	values.	
Occupation	of	the	subject	was	also	emphasized	upon.	All	patients	
who were selected for elective operation were included in the study.

RESULTS

During the study period, out of 700 patients 417 were males and 283 
were	females.	93	patients	were	accidentally	diagnosed	HBV	positive.	
In these 93 patients 59 were males and 34 were females. In case of 
HIV screening, 35 patients were found seropositive accidentally out 
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of which 24 were males and rest females. Anti HCV antibody was 
positive in 7 males and one female patient accidentally.

 Total 
Viral Seropositive 
Infection Patients Males Females

HBV	 93	(13.28%)	 59	(8.42%)	 34	(4.85%)

HIV 35 (5.00%) 24 (3.42%) 11 (1.57%)

HCV 7 (1.00%) 5 (0.71%) 2 (0.28%)

Frequency Of Positive Viral Marker Patients In Different Age Groups

  Age
Viral Group  31-40 41-50 51-60 61-70 71-80
infection 20-30 yrs yrs yrs yrs yrs yrs

HBV	 6	 9	 35	 22	 15	 6

HIV 2 5 15 11 2 0

HCV 0 1 3 2 1 0
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DISCUSSION

India	is	having	a	lot	of	HIV,	HBV	and	HCV	infected	patients.16-18 The 
symptomless carriers with positive serology forms the major pool 
of infection and increased transmission is because of lack of routine 
screening prior to surgery.12,14,19 Ophthalmologists are at risk of infection 
due to accidental needle prick and because they also come in contact 
with tears and aqueous humour of patients.11,20	Temel	et	al.	and	Koksal	
et	al.	noted	that	71%	and	84%	HBsAg	positive	patients	in	serum	also	
tested	positive	 for	HBsAg	in	ocular	fluid	samples	by	Polymerase	
chain reaction (PCR) respectively.21,22	Ching-Yao	Tsai	detected	HBV	
in	aqueous	humour	of	symptom	free	Taiwanese	Hepatitis	B	patient	
by PCR20	A	study	by	Kobayakawa	et	al.	reported	HCV	in	aqueous23 
Even	HIV	virus,	has	been	reported	in	ocular	fluids	like	tears,	aqueous	
humour,	cornea,	conjunctiva	and	retinal	vascular	endothelium.	Yang	
HanM et al. detected HIV 1 virus in tears of patients even in patients 
who had been taking HIV treatment for long time.24

We	found	overall	prevalence	of	triple	H	(Hepatitis	B,	Hepatitis	C	
and HIV) viral infection 3% among cataract patients. Viral seropositivity 
studies in cataract patients from India and Pakistan ranged between 
4% and 16%22,23,25,26.	Average	 estimated	prevalence	of	HBV	DNA,	
HCV	DNA	and	HIV	in	general	Indian	population	is	3%	-	4%,	0.094%	
- 15% and 0.3% respectively, although regional variations are seen.27,28

The age group between 40 - 60 years is found to be affected in major 
number with these viral infections as compared to others. It may be 
due to the fact that most of our patients in this study belong to the 
same age group who are being planned for senile cataract surgery. 
Similarly	Iftikhar	et	al.	and	Naeem	et	al.	reported	highest	number	
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of seropositive cases in 50 - 85 years and 55 - 64 years respectively26,29 
We	found	males	suffered	more	than	females.	This	could	be	a	reflection	
of	more	males	coming	for	treatment	in	our	centre.	This	can	also	reflect	
that males are more mobile socially and thus have greater chances 
of getting infected.30,31 Similarly Sayeedul Hasan et al. reported more 
number of males who were seropositive in comparison to female 
patients.32

Most of these seropositive cases were not aware of the infection and 
its source.Through this study we also tried to highlight the possible 
origin of infection. The risk factor commonly associated with HCV 
epidemiology in India are blood transfusions and use of reusable 
glass syringes.27 The blood transfusion was not a common risk factor 
as there is improvement in transfusion practices and awareness among 
blood	donors.	Seropositivity	of	HBV,	HCV	and	HIV	among	blood	
donors was 1.7%, 1.0% and 0.3% respectively.33,34 Other important 
risk factors were history of tooth extraction, shaving at saloon and 
history of taking injections from local practitioner. According to Verma 
et al., history of injection from local practitioner and history of dental 
extraction were two risk factors for HCV infection.35 It is reported 
that 60 - 90% of total injections administered in India are unsafe.27 
Approximately 70% of health care contributor in rural India receives 
no formal training for practicing medicine.36 Same way shaving at 
saloon is a possible potential origin of infection as awareness level 
among them is low and poor practice pattern.37-40

The limitation of our study was that it was a single centre study. It 
included patients from local geographical area therefore seroprevalence 
and its pattern may not be representative. Large multicentre study 
would be needed to know distribution of type of seropositive cases 
in different regions. Also, only cataract patients were taken for the 
study. Patients undergoing other ocular surgeries like trabeculectomy, 
strabismus, extraocular sugeries should have also been included.

CONCLUSION

As	we	found	in	our	study	significant	number	of	viral	markers	positive	
patients who were diagnosed accidentally when they underwent 
investigation for ophthalmic surgical procedure,we recommendthat 
screening for viral markers should be made compulsory and also a 
part of normal pre-operative protocol before ocular surgery. It is 
helpful not only in protecting the health care providers but also the 
other patients. This can also help in early diagnosis and treatment 
of patients.
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Pseudoexfoliation Study: 5 Year Post-Operative 
Results
Dr Haripriya Aravind, Dr Manas Nath, Dr Madhu Shekhar,  
Dr Shivkumar Chandrashekharan

INTRODUCTION

Pseudoexfoliation	(PEX)	has	a	strong	association	with	zonular	weakness,	
lens	instability	and	insufficient	pupil	dilation,	all	of	which	increases	
the risk of complications during and after cataract surgery.1,2 Surgeons 
who	are	aware	of	the	presence	of	PEX	in	a	subject	undergoing	cataract	
surgery must often use maneuvers or devices that manage poor pupil 
dilation	(e.g.	iris	hooks)	and	prevent	complications	due	to	zonular	
instability (e.g. capsular tension rings) during surgery.2 

The risk of intraoperative and postoperative complications of cataract 
surgery in eyes with pseudoexfoliation has been studied by various 
investigators	with	 conflicting	 results.	 Some	 studies	 reported	 that	
eyes	with	PEX	were	at	an	increased	risk	for	complications	during	
and	after	cataract	surgery	as	compared	to	eyes	without	PEX,3,4  while 
others found no such association.5,6 Limitations of prior studies on 
this topic include retrospective design, lack of formal criteria for 
judging	the	presence	of	PEX,	small	sample	sizes,	and/or	review	of	
surgeries done over several years, during which time surgical techniques 
may have changed. There is also a lack of conclusive evidence whether 
use	of	a	specific	IOL	design	or	 the	use	of	a	capsular	 tension	ring	
might reduce the chance of late IOL dislocation in eyes with apparently 
good	zonular	integrity.7,8

The	Aravind	Pseudoexfoliation	(APEX)	study	is	a	large,	prospective,	
longitudinal study designed to compare both the intraoperative and 
long-term	postoperative	outcomes	 in	eyes	with	and	without	PEX	
undergoing	cataract	surgery.	The	PEX	and	control	eyes	were	randomized	
to receive a single or 3 - piece acrylic IOL. Herein, we compare 

Dr Haripriya Aravind, Dr. Haripriya Aravind Head of the Department, 
Cataract and IOL Services Aravind eye hospital, Chennai

This Paper was judged as the BEST PAPER of CATARACT IV  
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postoperative	complication	rates	at	five	years,	and	visual	acuities	at	
five	years	in	PEX	and	control	eyes.	Additionally,	we	compare	results	
for	control	and	PEX	eyes	randomized	to	one	-	piece	vs.	3	-	piece	IOLs.	

METHODS 

The	 Aravind	 Pseudoexfoliation	 study	 (APEX)	 is	 a	 prospective,	
multicenter study. The primary goal was of the study was to compare 
outcomes	in	PEX	and	control	eyes	undergoing	cataract	surgery;	a	
randomized	controlled	clinical	trial	randomizing	subjects	to	various	
lens/capsular tension ring (CTR) implants was embedded within 
the study. All subjects were recruited from four Aravind eye hospitals 
between January 2011 and March 2012. 

Both	PEX	and	control	eyes	were	randomized	to	receive	either	a	single	
or	three	-	piece	acrylic	IOL	and	PEX	eyes	were	further	randomized	
to either receive a capsule tension ring (CTR) (Aurolab, Madurai, 
India) or not. The study was designed for 10 year follow up to determine 
the	association	between	PEX,	lens	type	and	CTR	use	with	the	rate	
of IOL dislocation and incident glaucoma, and the association of 
PEX	with	ocular	comorbidity,	systemic	disease,	and	mortality.

The study was approved by the Aravind Eye Hospital’s institutional 
review board and ethics committee and written informed consent 
was obtained from all participants. All study procedures adhered 
to the principles outlined in the Declaration of Helsinki for research 
involving human subjects. The study was registered with clinical 
trials.gov	(Clinical	Trials.gov	identifier:		NCT01255995	).

SUBJECT RECRUITMENT

Subjects	 with	 cataract	 and	 PEX	 were	 screened	 and	 information	
regarding	anterior	segment	findings	were	documented.	Those	who	
were eligible and willing to participate based on the inclusion criteria 
presented	below	were	recruited	as	cases.	Eyes	with	PEX	were	randomized	
into	 four	groups	using	 computer	generated	 randomization	 table:	
Single	piece	acrylic	IOL	(SA60AT,	Alcon	Labs,	USA)	with	and	without	
use of a capsule tension ring (CTR) (Aurolab, Madurai, India) and 
3	piece	acrylic	IOL	(MA60AC,	Alcon	labs,	USA)	with	and	without	
use	of	a	CTR.	Control	eyes	were	randomized	to	receive	either	a	single	
or 3 piece acrylic IOL but with no CTR. 

INCLUSION CRITERIA

Patients aged 40 to 75 years with at least one eye demonstrating a 
nuclear opalescence grade of 3 or greater on the Lens Opacities 
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Classification	System	(LOCS)	III,	a	pupil	size	>	4	mm	after	dilation,	
an axial length between 20.5 mm to 25 mm and a willingness to 
undergo	phacoemulsification	with	IOL	were	eligible	for	the	study.	
Patients	in	the	PEX	group	were	also	required	to	demonstrate	clinically	
apparent	PEX	(diagnosed	by	the	presence	of	typical	white	deposits	
on the anterior lens surface with or without such deposits on the 
cornea, iris, and anterior chamber angle) with or without open angle 
glaucoma in at least one eye also meeting the above criteria. 

EXCLUSION CRITERIA

Eyes were ineligible for inclusion if they had an IOP more than 21mm 
Hg with IOP lowering medications, angle closure glaucoma, any 
preexisting	 clinical	 zonular	 dialysis	 or	 phacodonesis,	 suspected	
traumatic etiology for cataract, posterior polar cataract, shallow 
anterior chamber depth (< 2.5 mm), concomitant corneal/retinal 
pathology	which	could	impact	visual	outcomes,	severe	visual	field	
defects	(defined	as	a	Mean	Deviation	>	12.0	dB	on	Humphrey	automated	
testing) or requirement of a combined glaucoma-cataract surgical 
procedure. We also excluded monocular subjects (fellow eye visual 
potential felt to be 3/60 or less) as well as subjects with advanced 
cardiac pathology, uncontrolled diabetes, hypertension, severe asthma 
or other disability likely to interfere with long-term follow up. Persons 
with	evidence	of	PEX,	glaucomatous	optic	disc	changes	in	either	eye,	
or other intraocular abnormalities were not eligible for the control 
group. 

PREOPERATIVE EXAMINATION

Preoperative systemic evaluation and patient history were performed 
to determine diabetes, hypertension, ischemic heart disease and 
dyslipidemia.	PEX	 status,	 slit	 lamp	examination,	 and	a	 complete	
ocular exam, including dilated fundus exam, was performed to rule 
out other ocular disease. Visual acuity was measured using projected 
Snellen charts, with lines graded as read if subjects read half or more 
of the letters correctly. Refraction was done pre operative and at each 
visit postoperative except post op day 1. Intraocular pressure was 
measured by applanation tonometry and specular microscopy with 
KSS	version	417	machine	 (Konan	Medical	USA	 Inc.,	 Irvine,	CA).	
Cataracts were graded after dilation at the slit lamp with respect to 
nuclear	opalescence	(NO:	range	0.1	-	6.9),	nuclear	color	(NC:	range	
0.1	-	6.9),	cortical	opacities	(C:	range	0.1	-	5.9)	and	posterior	subcapsular	
changes	 (P:	 range	 0.1	 -	 5.9)	 using	 LOCS	 the	 III	 system	 (Chylack	
Incorporated,	Duxbury,	MA).	Eyes	with	NO	scores	of	>	3	were	eligible	
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for	inclusion.	Glaucoma	was	defined	by	the	presence	of	corresponding	
optic	disc	and	visual	field	changes,	independent	of	intraocular	pressure	
(IOP), and we assessed angle status prior to dilation using the Shaffer 
system	of	 gonioscopic	 classification.	Visual	 fields	were	 obtained,	
when necessary, using the Humphrey automated perimeter, Model 
No	750i,	(Carl	Zeiss	Meditec	AG	Jena,	Germany)	Central	24	-	2	full	
testing strategy for all subjects. 

SURGICAL APPROACH 

At each recruiting center, 4 - 5 experienced surgeons who have 
performed	a	minimum	of	 10,000	phacoemulsification	procedures	
performed	 the	 phacoemulsification	 surgeries.	 The	 basic	 surgical	
technique	for	phacoemulsification	and	intraocular	lens	(IOL)	implantation	
was similar among all surgeons and in both study groups. Subjects 
received either topical anesthesia or a retrobulbar block based on 
surgeon’s preference. A temporal 2.8 mm clear corneal incision was 
made along with a limbal paracentesis 60 to 90 degrees away from 
the	main	wound.	Pupil	size	after	maximum	dilation,	before	injection	
of viscoelastic, was measured with calipers. A continuous curvilinear 
capsulorhexis	of	approximately	5	–	5.5	mm	diameter	was	created.	
Cortical hydrodissection was performed followed by nucleus 
phacoemulsification	using	either	the	“stop	and	chop”	or	“phaco	chop”	
technique or automated irrigation/aspiration of cortical material. 
The uses of iris retractors, or iris expansion device if used were 
recorded.	Capsule	tension	rings	were	inserted	in	the	PEX	CTR	group	
and	as	needed	in	other	study	groups	if	zonulopathy	was	noted	during	
surgery.	The	specified	IOL	based	on	randomization	was	implanted	
in the capsular bag. Viscoelastic was evacuated from the eye and 
wounds	hydrated.	Major	intraoperative	complications	were	defined	
as	 posterior	 capsule	 rupture,	 zonular	 dialysis,	 vitreous	 loss,	 and	
capsulorhexis extension. Any reoperation done within 90 days of 
surgery was documented.

POSTOPERATIVE PROTOCOL

Subjects were examined per protocol post operatively on day 1, month 
1, 3 months, 1 year, 2 years, 3 years, 4 years and 5 years after surgery, 
and continue to be followed-up annually. Any unscheduled visits 
requiring a new medication, laser treatment or reoperation from the 
primary surgery were also documented.

The	following	were	classified	as	late	postoperative	complications:	
IOL	decentration	 (>	0.8	mm)	and	posterior	capsule	opacification.	
Subjects	who	developed	posterior	capsule	opacification	which	caused	



53

Best Free Papers

reduction in vision of one line or more, underwent neodymium-
doped	yttrium	aluminium	garnet	(Nd:YAG)	laser	posterior	capsulotomy.	

SAMPLE SIZE AND POWER CALCULATION

	We	required	a	sample	of	876	PEX	eyes	and	438	control	eyes	to	find	
the	estimated	difference	between	the	two	groups.	The	sample	size	
was calculated based on an assumed intraoperative complication 
rate in two groups to be 7.7% and 5.2%, 85% power, and a type I 
error	rate	of	5%.	9	We	recruited	1000	PEX	subjects	and	500	control	
subjects	 in	the	trial.	Further	randomization	of	subjects	within	the	
PEX	and	control	groups	was	performed	using	a	computer	generated	
randomization	list.	We	used	chi-square	test	and	Fisher’s	exact	test	
to assess the differences between categorical variables. P-values less 
than	 0.05	 were	 considered	 statistically	 significant.	 Analysis	 was	
performed using Stata software (version 11.0, Stata Corp LP, Texas, 
USA).	

Primary Outcome Variables

• IOL decentration

•	 Nd:YAG	capsulotomy	rates	for	posterior	capsule	opacification

Secondary Outcome Variables

•	 New	glaucomas,	diagnosed	between	1	year	and	5	years	post	
op

• Endothelial cell loss at 5 years post op

RESULTS

Follow	up	at	5	years	was	74.8%	(748/1000)	in	PEX	and	79.8%	(399/500)	
in control group. 
Table	1.	Comparison	of	IOL	decentration	in	PEX	and	control	groups

 Pex Control 

Sub  1 piece 1 piece 3 piece 3 piece  1 piece 3 piece
Group  Acrylic  Acrylic Acrylic Acrylic  Acrylic Acrylic
 with  without with without  without without
 CTR CTR CTR CTR Total CTR  CTR Total

n 179 190 197 182 748 196 203 399

Decen-
tration 
(%) 3(1.7%) 15(7.9%) 13(6.6%) 4(2.2%) 35(4.7%) 3(1.5%) 13(6.4%) 16(4%)

p=0.58
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PEX-	pseudoexfoliation

IOL- intraocular lens

CTR- capsule tension ring

Table	1A.	Comparison	of	IOL	decentration	in	PEX	eyes	which		 			
received three piece and single piece IOLs

 1 piece Acrylic  3 piece Acrylic 

 369 379

 18(4.9%) 17(4.5%)

 p value 0.799

PEX-	pseudoexfoliation

IOL- intraocular lens

Table	 1B.	Comparison	of	 IOL	decentration	 in	PEX	eyes	which	
received and did not receive a CTR

 With CTR Without CTR TOTAL

 376 372 748

 16(4.25%) 19(5.1%) 35(4.7%)

 p value 0.581 

PEX-	pseudoexfoliation,	IOL-	intraocular	lens

CTR- capsule tension ring

Table-2:	Nd:YAG	posterior	capsulotomy	rates	in	PEX	and	control	groups
 Pex Control 

Sub  1 piece 1 piece 3 piece 3 piece  1 piece 3 piece
Group Acrylic  Acrylic Acrylic Acrylic  Acrylic Acrylic
 with without with  without  without without
 CTR CTR CTR CTR Total CTR CTR Total

n 179 190 197 182 748 196 203 399

YAG	(%)	16(8.9%)	 16(8.4%)	 16(8.1%)	 11(6%)	 59(7.9%)	 13(6.6%)	 5(2.5%)	 18(4.5%)

p=0.029

PEX-	pseudoexfoliation,	CTR-	capsule	tension	ring

Nd:	YAG-	neodymium-doped	yttrium	aluminium	garnet
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Table	2A.	Nd:YAG	posterior	capsulotomy	rates	in	PEX	and	control	groups	
comparing single piece and three piece acrylic IOLs

 Pex Control
Sub  1 piece 3 piece  1 piece 3 piece
Group Acrylic Acrylic  Total Acrylic  Acrylic  Total
n 369 379 748 196 203 399
YAG	(%)	 32(8.7%)	 16(4.2%)	 59(7.9%)	 13(6.6%)	 5(2.5%)	 18(4.5%)
 p value 0.013 p value 0.045

Table	3.	Newly	diagnosed	glaucoma	in	PEX	and	control	groups
 Pex  Control 

Sub  1 piece 1 piece 3 piece 3 piece  1 piece 3 piece
Group Acrylic Acrylic Acrylic Acrylic   Acrylic Acrylic
 with  without with without  without without
 CTR CTR CTR CTR Total CTR  CTR Total

n 179 190 197 182 748 196 203 399

New	
glauco-
ma(%) 14(7.8%) 14(7.4%) 10(5%) 17(9.3%) 55(7.4%) 0 7(3.4%) 7(1.8%)

p<0.0001

PEX-	pseudoexfoliation,	CTR-	capsule	tension	ring
Table	4.	 Endothelial	cell	density	at	first	and	fifth	year	post	op	in	PEX	and	

control groups
Visit	 PEX		 Control
 (mean, SD)  (mean, SD) p-value
Pre-op ECD 2144.43
(349.38) 2241.86
(330.66) < 0.001*
1 year ECD 1827.59
(399.65) 1955.78
(402.21) < 0.001*
% reduced from pre op 14.67 12.52 0.018#
5 year ECD 1973.50
(462.80) 2085.80
(442.30) 0.0004*
% reduced  from pre op 6.9 6.34 0.427#
p value pre-op to 5th year < 0.001 <0.001  
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PEX-	pseudoexfoliation
ECD- endothelial cell density
Pre-op- preoperative
*t-test
#Mann-Whitney	U	test	

DISCUSSION

The	prevalence	of	PXF	was	reported	to	be	3%	and	3.8%	among	those	
above the age of 40 in two studies from south India, while in the 
2003	study	in	the	southern	state	of	Tamil	Nadu	the	prevalence	in	the	
same age group was reported to be 6%.9,10,11 The association of  
Pseudoexfoliation with an increased risk of intraoperative and 
postoperative complications has been studied by various investigators, 
and	the	results	have	been	conflicting.12,13,14	This	is	the	first	long	term	
large prospective study evaluation surgical outcomes of subjects 
with and without pseudoexfoliation requiring cataract surgery. Prior 
studies	had	far	smaller	sample	sizes.15,16

We recruited relatively younger subjects and only those subjects 
with mild to moderate disease, as we wanted to study the clinical 
course of the disease over 10 years and better understand the role of 
IOL design and CTR in early and mid-stage disease. At 5 years post 
op	IOL	decentration	was	similar	in	PEX	(4.7%)	and	control	(4%)	eyes.	
Inclusion	of	cases	of	PEX	with	phacodonesis	would	most	likely	have	
increased the risk of IOL decentration. Also IOL design and use of 
a capsule tension ring had no role in reducing decentration. There 
are	numerous	reports	of	IOL	decentration	in	PEX	eyes	in	the	literature	
with or without CTR and capsular bag complex. These eyes had 
weak	zonules	noted	preoperatively	or	during	surgery.17-20 

ND	YAG	posterior	capsulotomy	rates	for	posterior	capsule	opacification	
was	significantly	higher	in	the	PEX	group	(8.1%)	compared	to	controls	
(4.5%) although both groups received the IOLs with the same material 
and	design.	One	study	reported	PCO	rates	of	31%	in	PEX	eyes	at	1	
year post op.21 The authors believe that incomplete cortical removal 
and absence of capsule polish in these eyes could have contributed 
to	higher	PCO	in	these	eyes.	Another	study	however	reported	ND-
YAG	posterior	capsulotomy	rates	of	16%	with	both	PEX	and	age	
matched control eyes, 6 to 7 years after cataract surgery.22 

At the time of recruitment only 23 (2.3%) eyes were diagnosed with 
glaucoma	in	the	PEX	group	however	5	years	after	cataract	surgery	
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an additional 7.4% (55 eyes) were newly diagnosed with glaucoma. 
1.8%	(7	eyes)	of	controls	were	diagnosed	with	glaucoma.	Kristianslund	
et	al	reported	a	low	incidence	of	PEX	glaucoma	compared	to	age	and	
gender matched controls 6 years after surgery.23	Both	groups	had	a	
similar	incidence	and	the	authors	propose	that	indicates	that	PEX	
eyes	benefit	particularly	from	cataract	surgery	in	terms	of	IOP	and	
glaucoma development. Results from the Chennai glaucoma study 
shows	that	baseline	ocular	hypertension	is	a	significant	factor	for	
conversion to glaucoma.24	Endothelial	cell	density	was	significantly	
lower	at	5	years	post	op	compared	to	pre	op	in	both	the	PEX	and	
control	groups.	However	it	had	increased	compared	to	the	first	year	
follow up.

Long-term	follow-up	data	from	the	Blue	Mountains	eye	study	suggest	
that	the	presence	of	PEX	is	associated	with	an	increased	risk	of	nuclear	
cataract and cataract surgery.25 Our study is unique because we were 
able to recruit a large number of subjects for the study and track 
them	5	years	post	operatively.	Based	on	our	results	we	conclude	that	
in	PEX	eyes	without	preoperative	zonular	weakness,	capsule	tension	
ring is not required as risk of IOL decentration is comparable to the 
control group. Likewise immaterial of whether a 3 piece or single 
piece IOL is used, the rate of IOL decentration is low. However, IOL 
design	does	have	a	 significant	 role	 in	 reducing	posterior	 capsule	
opacification	in	both	PEX	and	control	eyes.	Longer	term	follow	up	
will give us further information regarding how the disease progresses 
in relation to the use of CTR and IOL design.
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Smartphone Based Bedside Screening In 
Retinopathy Of Prematurity
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ABSTRACT

PURPOSE

To design a low cost, non-contact smartphone based screening 
system in retinopathy of prematurity and to illustrate its potential 
clinical application as a  teleophthalmology system. 

METHOD

Neonatal	intensive	care	unit	based	bed-side	ROP	documentation	
done between January 2018 and May 2018. Images captured by 
using a smartphone and non-contact +40 D, +28 D or +20 D indirect 
condensing lenses. Coaxial light source of the phone was used to 
acquire digital image of the fundus. With our usual smartphone 
based camera we extracted highquality, still images from the video 
clip. 

RESULTS

Total of 220 eyes of 110 infants were screened for ROP. 50 out of 
220 eyes were diagnosed as ROP and only 20 eyes were diagnosed 
to Type 1 ROP showing an incidence of 9.09%.We used smartphone 
imaging in 22 out of total 50 eyes diagnosed to have ROP. It is a 
light weight, user-friendly, high quality smartphone based fundus 
imaging	with	field	of	view	varying	from	30	degree,	55	degree	and	
90 degree with +20 D, +28 D and +40 D indirect condensing lenses 
respectively, which gives excellent images for ROP documentation. 
It can also be used as telescreening device. 

Dr Anubhav Goyal,	MS,	Department	of	Vitreo-Retina,	Giridhar	Eye	
Institute,	Ponnath	Temple	Road,	Kadavanthra,	Cochin	682020,	Kerala,	
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CONCLUSION

The currently described system was able to take consistently high 
quality fundus photographs for bed-side documentation of ROP 
in	 neonatal	 ICUs	 using	 readily	 available	 instruments	 that	 are	
portable with simple power sources.

KEYWORDS

Neonatal	intensive	care	unit,	retinopathy	of	prematurity,condensing	
lens-smartphone-MIIRETCAM (CSM) device assembly

INTRODUCTION

Retinopathy of prematurity (ROP) is a leading cause of childhood 
blindness worldwide. The incidence of ROP in India is reported 
between 38 - 51.9% in low birth weight infants.1 Incidence of ROP in 
India is increasing because of advancing neonatal care and improved 
neonatal survival rate. According to Early Treatment for Retinopathy 
of Prematurity early detection and prompt treatment can reduce 
unfavourable outcomes secondary to high-risk prethreshold ROP.2

The current gold standard method for ROP screening requires indirect 
ophthalmoscope with the condensing lens.3	But	this	method	is	subjective	
and correct diagnosis can be missed if Ophthalmologist is inexperienced 
or when the infant is too sick to allow adequate fundus examination. 
Nowadays,	digital	fundus	photography	is	used	in	ROP	screening	to	
facilitate	consultation	in	difficult	cases	and	also	contribute	to	medicolegal	
issues. However, it is not easy to take a fundus photograph of a 
newborn without professional equipment such as the RetCam system,4 
which is costly and unaffordable in most of the local medical healthcare 
systems. The ease of use, portability, and cost effectiveness of smartphone 
fundoscopy can share the advantages of telemedicine, either to 
document the fundus status or to consult experienced senior 
Ophthalmologists and also helps in medicolegal issues.5	Besides	the	
light source of smartphones is safe for human eyes. Retinal irradiance 
from a smartphone (iPhone) is less than that from an indirect 
ophthalmoscope.8

The smartphone has become the basic necessity in today’s world. 
Due to advanced technology, cost-effectivity and ease of handling 
for capturing images, smartphones are commonly used as the clinical 
imaging device in ophthalmology.3 Modern smartphone camera is 
already equipped with a high-quality optical system and a coaxial 
light source which can be used to capture high-quality retinal images. 
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In this study we used condensing lens with smartphone to capture 
widefield,	bedside	fundus	images	of	ROP	infants	in	an	Indian	population.

METHODS

It	is	an	observational	study.	Bedside	fundus	images	of	preterm	infants	
with	ROP	were	 captured	 in	 neonatal	 intensive	 care	 unit	 (NICU)	
between January 2018 to May 2018. All infants were awake during 
fundus examination and smartphone imaging. Pupils were well 
dilated and only topical anaesthesia was administered for applying 
a paediatric wire speculum and performing globe rotation. One nurse 
assisted in holding infant’s head stable.

Images were captured with a smartphone, iPhone 5S (Apple Inc., 
Cupertino,	CA,	USA)	and	either	20	D,	28	D	or	40	D	lens	(Volk	Optical	
Inc.,	Mentor,	OH,	USA).	20	D,	28	D,	and	40	D	lenses	give	a	field	of	
view of 30 degrees, 55 degrees and 90 degrees respectively. Condensing 
lens and a smartphone (iPhone 5S) under original camera settings 
is used to record a video. The constant coaxial inbuilt light source 
and capturing snapshots out of the video help us in documenting 
retinopathy of prematurity. MIIRetCam10 was used to hold lens and 
smartphone	at	a	fixed	working	distance.	Smartphone	was	aligned	
in	a	straight	axis	at	a	particular	distance	and	stabilized	with	a	supporting	
handle.The infant’s forehead was supported by one hand and the 
another hand can be used occasionally to rotate the globe for better 
periphery	visualization.

The eyelids were widely opened by the use of pediatric wire speculum 
and pupil should be fully dilated to minimise glare during fundoscopy 
with the nurse monitoring the infant during the course of examination. 
Hazy	vitreous	and	vasculosalentis	were	other	reasons	which	hampered	
good quality image acquisition. The recording was done by video 
mode of approximately one-minute duration and the video was kept 
on during the whole examination. Video mode automatically focuses 
to	give	clear	imaging.	If	the	light	reflection	is	too	severe,	the	light	
intensity	can	be	reduced	by	covering	the	flash	with	a	layer	of	Micropore	
tape	(3M,	St.cPaul,	MN,	USA).7 Once the recording was completed, 
still images were captured from the video sequence by taking a 
screenshot (by pressing and holding Home and Sleep/Wake button 
simultaneously). Images captured were transferred and read by 
specialists	(Ophthalmologist	and	Neonatologists)	elsewhere	by	internet	
guided inbuilt softwares in smartphone, customising telemedicine 
in ROP screening.  
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Single Ophthalmologist (AG) trained in ROP screening captured all 
images. Image quality was graded as good and poor based on ability 
of grader to determine the dilatation and tortuosity of vessels or 
presence	of	different	stages	of	ROP	in	the	images.	“Good”	was	defined	
as an image in which there was a clear view of optic nerve and vessels 
and the grader could easily discern the dilatation and tortuosity of 
vessels or presence of various ROP stages with or without glare 
artefact, and “poor” image in which the grader was unable to clearly 
determine the characteristics of the vessels.

Telemedicine refers to the use of telecommunication and information 
technologies in order to provide clinical health care at a distance. It 
involves capturing and transporting patient data for subsequent 
interpretation by a remote expert. 

Table 1. highlights the comparison of different imaging modalities 
used for fundoscopy in infants with ROP.
Table 1. Comparison of different imaging modalities used for fundoscopy in infants 

with ROP.

Imaging		 Field	 Setting	 Staffing
modality of view for use requirement Advantages Disadvantages

Smartphone	 	 •	Special		 •Ophthalmologist	 •	Non-contact	 •	High	resolution
ROP-   care baby  based images 
Condensing  unit  • Portable • Only colour 
lens	 	 	 	 •	Wide	field	of	 imaging
• +20D 30° • OPD  view available
• +28D 55° • Theatre  • Cost effective
• +40D 90°   • Able to image 
    till oraserrata 
    through sclera 
    depression

NIDEK	 30°	 •	Special	 •Ophthalmologist	 •	Non-contact		 •	Low	resolution
Camera3  care  based images
	 	 baby	unit	 	 •	Portable	 •	Narrow	field
  •Out-   of view
  patient   • Only colour
  depart-   imaging available
	 	 ment	 	 	 •	Unable	to	image
  • Theatre   till oraserrata

3	Netra	Neo		 120°	 •	Special	 •Ophthalmologist	 •	Portable	 •	Contact	based
widefield		 	 care	baby	 •	Nursing	staff	 •	Wide	fundal	 •	Heavy	weight
camera13  unit	 to-monitor	vital	 field	of	view	 camera
	 	 •	OPD	 signs	 •	Fast	image	 •	Unable	to	image
  • Theatre  acquisition till oraserrata

     • Costly
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RetCam 130° • Special •Ophthalmologist • Portable • Contact based
Widefield		 	 care	baby	 •	Nursing	staff	 •	Wide	field	of	 •	Heavy	weight
camera14,15  unit to-monitor vital view camera 
  • OPD signs • Fast image • Sedation essential
  • Theatre  acquisition for high quality
    • Colour and angiograms 
	 	 	 	 FFA	imaging	 •	Unable	to	image
    available out to oraserrata
     • Costly

Optos	 200°	 •	OPD	 •Ophthalmologist	 •	Non-contact	 •	Non-portable
ultrawide-field	 	 	 •	Nursing	staff	to	 •	Fast	image	 •	Unable	to	image
camera17   monitor vital signs acquisition out to oraserrata
   • Ophthalmic • High • Costly
   photographer resolution
	 	 	 	 •	Wide	field	of	
    view
    • Colour imag-
    ing available. 

RESULTS

A total of 220 eyes of 110 preterms infants were screened for ROP in 
neonatal	intensive	care	unit	(NICUs)	of	17	referral	hospitals	in	Kochi,	
Kerala	between	January	2018	to	May	2018.	All	infants	less	than	1700	
g birth weight and less than 35 weeks gestational age were screened 
according to latest Indian screening guidelines.12 ROP was observed 
in 50 eyes  with an incidence of 22.72% out of which type 1 high-risk 
prethreshold ROP was seen in 20 eyes with an incidence of 9.09%. 
Smartphone based fundoscopy was used to document ROP in 22 
out of 50 eyes diagnosed as ROP. Image quality was "good" in 20 
out of 22 (90.90%) eyes undergone smartphone imaging. 2 eyes showing 
poor vessel and retinal differentiation were graded as “bad”. 6 eyes 
with	zone	1	ROP	were	documented	without	globe	contact	or	rotation.	
Glare and artefacts were seen in 16 out of these 22 eyes (72.72%) but 
did	not	hamper	in	image	clarity	in	most	of	the	eyes.	Using	different	
condensing lenses varying from +20 D, +28 D and +40 D give us the 
advantage	of	wide	field	visualization	with	a	view	of	30	degrees,	55	
degrees and 90 degrees respectively. Peripheral retinal fundoscopy 
till ora serrata was possible in all eyes. Figure 1 showing the technique 
of Smart ROP image capture and comparison of various images taken 
from different condensing lenses. Various presentations of ROP are 
seen	in	figure	2.
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DISCUSSION

Use	of	smartphone	to	capture	retinal	images	has	several	advantages.		
First, a smartphone has an almost coaxial and constant light source 
that can directly photograph the retina. Second, the smartphone 
camera can adjust focus automatically on the retina. Third, fundoscopy 

Fig. 1:	Technique	of	Smart	ROP	and	filed	of	view	from	different	condensing	lenses	
- (a) showing technique to hold condensing lens-smartphone while ROP screening. 
(b)	shows	field	of	view	of	30	degrees	from	+20	D	lens.	(c)	field	of	view	of	5.5	degrees	
from	-28	D	lens.	(d)	field	of	view	of	90	degrees	from	+40	D	lens.

Fig. 2:	Various	ROP	presentations.	(a)	plus	disease	(arrow),	(b)	wide	field	view	of	a	
normal	retina.	(c)	plus	disease	with	ridge	(arrow)	in	zone	1,	(d)	laser	marks	(arrow)	
with glare due to mid-dilated pupil. (e) laser scar marks in periphery, (f) demarcation 
between	vascular	and	avascular	retina	(arrow),	(g)	ridge	(arrow)	in	zone	2,	(h)	state	
3	fibrovascular	proliferation	(arrow)	and	ora	serrata	nicely	seen	with	scleral	depression.
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with a smartphone is an inexpensive, non-contact and portable way 
to image the retinal in patients with ROP. Fourth, the smartphone 
and MIIRETCAM being a light weight gadget, the condensing lens-
smartphone-MIIRETCAM assembly can be supported with a single 
hand to capture retina pictures. This is probably the best and the 
only way for a single Ophthalmologist who has to visit multiple 
NICU	setups	on	the	same	day	to	achieve	good	documentation.		Fifth,	
easy availability and quick data transfer facility make it useful and 
effectivetele screening tool to discuss ROP even in remote places. 
Use	of	+28	D	and	+40	D	in	addition	to	+20	D	condensing	lenses	have	
an	advantage	of	wide	field	visualization	of	retina.	It	can	also	help	in	
visualization	 till	 far	 periphery	 with	 minimal	 scleral	 depression.	
Although the quality of the picture is not equivalent to those taken 
by professional equipment like RetCam, the cost performance has 
more value in developing countries like India. In addition, availability 
of a smartphone in local and remote hospitals or relatively poor 
medical healthcare environments is easy nowadays. This technique 
is also helpful in general patient consultation by experienced 
Ophthalmologists, and the ease of sharing images makes smartphone 
fundoscopy an extremely useful technique for ROP screening and 
telemedicine.7

Using	only	one	hand	to	hold	smartphone	assembly	and	other	hand	
for eyeball rotation ease us to capture retinal periphery images 
equivalent	to	professional	wide	field	fundus	imaging	systems.	Lin	
SJ et al explained manual adjustment of lens and smartphone light 
but our device assembly facilitates automatically adjusted coaxial 
image with minimum effort.7 On an average, the time taken by an 
experienced Ophthalmologist for a full examination is approximately 
1 minute which is slightly longer than that required by a professional 
widefield	retinal	imaging	system.	Cost-affectivity,	ease	of	handling	
and telescreening facility makes smartphone imaging more useful 
than any other imaging modality.

KIDROP	composed	of	3	-	4	trained	Ophthalmic	staff,	RETCAM	shuttle	
and a laptop equipped with additional special software to record 
ROP images which are assessed by Ophthalmologist elsewhere.13 

While Smartphone ROP needs single trained person (mainly 
Ophthalmologist) and a mobile light weight device to hold smartphone 
and condensing lens using inbuilt video settings of phone to record 
ROP.	Smartphone	based	fundus	camera	have	reasonably	good	field	
of view of 55 degree with +28 D and 90 degree with +40 D condensing 
lens, which is only minimally less than 3 netraneo (120 degree),13 
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RetCam (130 degree) 14 or Optos imaging system (200 degree).3,17.
Probe weight of contact imaging devices like 3 netra neo is 340 gms 
and that of Ret Cam shuttle is still heavier exerting undue pressure 
over eyeball during examination, a problem that would not be expected 
of a non-contact system.17 Moreover the cost of condensing lens (easily 
available in clinic and personal smartphone) is far less than price of 
3 netra neo, Ret Cam shuttle or Optos fundus camera, which makes 
it affordable even for beginners. Smart ROP screening is possible 
with all the smartphones available in market.

Smartphone based fundus camera was able to obtain clear images 
of	the	retina	with	wide	field	of	view	to	grade	the	presence	of	ROP	
in premature infants. We found good quality image in 89.28% eyes 
captured for ROP which is comparable with 90% to 99% good quality 
image seen in Pictor non-contact camera,16 RetCam.14,15 3 netra neo13 
and Optosdual wave-length scanning laser Ophthalmoscope.17 It is 
anticipated that newer smartphone based cameras with better image 
acquisition will aid in increasing this percentage even further.

Smartphone fundoscopy has certain limitations. Light emitted by 
the	flash	is	much	strong	than	the	light	source	of	binocular	indirect	
Ophthalmoscope	or	professional	wide	field	imaging	systems.	It	is	
used only for documentation of ROP in infants already diagnosed 
after ROP screening by indirect Ophthalmoscopy. It is an initial 
experience with this novel technique of mobile smartphone ROP 
imaging, capturing images with single hand. Presence of single 
examiner for capturing and accessing ROP images warrants more 
studies to test image accuracy. Strength of this study is using single 
hand for stabilising mobile smartphone over the infant’s eye, use  
of non-contact technique, utilising second hand for visualising  
retinal periphery and without the use of bulky and costly imaging 
cameras	we	were	able	to	capture	wide	field	fundus	images	for	ROP	
documentation. Our initial experience using portable, high data 
storage capacity, cost-effective mobile smartphone can suggest that 
a mobile phone based retinal camera can play an important role in 
infants presenting with ROP. Smartphone fundoscopy can serves as 
an	effective	educational	tool	for	educating	NICU	staff	and	parents	
which may help with compliance. It also provides reliable, defensible 
medico-legal documentation. Smartphone based fundoscopy can be 
used to visualise fundus till ora serrata. Digital fundus photographs 
can be sent immediately and conveniently through Whatsapp or 
emails. This technique can take advantage of expanding smartphone 
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fundoscopy for telemedicine in developing country like India where 
cost and availability is a considerable problem.
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METHODS

This study included 68 normal, 74 subclinical keratoconic, and 71 
keratoconic	eyes	seen	in	a	tertiary	eye	care	institute.	Keratoconus	
screening indices were evaluated using the Pentacam (Oculus, 
Wetzlar,	Germany),	Galilei	(Ziemer,	Biel,	Switzerland),	and	Sirius	
(Costruzione	 Strumenti	 Oftalmici,	 Florence,	 Italy).	 Sensitivity,	
specificity,	and	area	under	receiver	operating	characteristic	curve	
(AUC)	were	calculated.

RESULTS

Highest sensitivity (100%) to diagnose keratoconus was seen for 
6	parameters	on	Pentacam	and	1	on	Galilei.	None	of	the	indices	
in Sirius reached 100% sensitivity. For subclinical keratoconus, 
the highest sensitivity (100%) was seen for 2 parameters on Pentacam 
but for none of them on Galilei and Sirius. All parameters were 
strong	enough	to	differentiate	keratoconus	(AUC	>	0.9).	On	comparing	
the	best	parameters	of	all	3	machines,	the	AUC	of	the	Belin/Ambrosio	
enhanced	ectasia	total	derivation	(BAD-D)	and	the	inferior-	superior	
value (ISV) of Pentacam were statistically similar to that of the 
keratoconus	prediction	index	(KPI)	and	keratoconus	probability	
(Kprob)	of	Galilei	(P	[.27)	and	4.5	mm	root	mean	square	per	unit	
area (RMS/A) back of Sirius (P [.55). When differentiating subclinical 
from	normal	corneas,	BAD-D	was	similar	to	the	surface	regularity	
index	(SRI)	of	Galilei	(P	[.78)	but	was	significantly	greater	than	
the 8 mm RMS/A back of Sirius (P [.002).

CONCLUSION

Keratoconus	indices	measured	by	all	3	machines	can	effectively	
differentiate keratoconus from normal corneas. However, new 
cutoff values might be needed to differentiate subclinical from 
normal corneas.

Keratoconus	 is	 a	 disease	 characterised	 by	 thinning	 and	 anterior	
protrusion of the cornea.1 Prevalence of keratoconus varies from 4 
to	60	per	100,000	owing	to	several	definitions	and	diagnostic	criteria.2 
Routine	screening	before	myopic	refractive	surgery	detects	1%	–	6%	
cases of subclinical and clinical keratoconus.3 Early diagnosis of these 
cases is of utmost importance, as surgery on an undiagnosed keratoconic 
cornea may cause unsatisfactory postoperative outcome and complications.4 
Besides,	the	economic	burden	of	keratoconus	treatment	is	high	to	
the patients and their care takers.5 Hence, it is important to identify 
those with the disease timely and accurately.
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Clinical diagnosis of keratoconus in eyes with biomicroscopic, 
keratometric,	and	retinoscopic	signs	is	not	difficult.6 Corneal topography 
represents a true revolution in the diagnosis and management of 
keratoconus, as it can detect subtle changes in the anterior corneal 
surface that occur before the loss of corrected distance visual acuity 
and	 the	 development	 of	 typical	 slit-lamp	 microscopy	 findings.7 
Scheimpflug-	based	cameras,	such	as	the	Pentacam	rotating	Scheimpflug	
camera	(Oculus,	Wetzlar,	Germany),	Galilei	(Ziemer,	Biel,	Switzerland),	
and	Sirius	(Costruzione	Strumenti	Oftalmici,	Florence,	Italy),	have	
shown promise in early detection of keratoconus.2	As	the	Scheimpflug	
principle works with maximal possible depth of focus and minimal 
image distortion, it provides valuable information from the anterior 
corneal surface to the posterior lens surface.8 Further advances have 
led	to	the	generation	of	a	variety	of	indices	that	allow	quantification	
of the severity of corneal irregularity.9,10	The	sensitivity	and	specificity	
of keratoconus screening indices for Pentacam and Galilei have been 
reported earlier, but these were done as 2 separate studies in different 
population groups.7,11

The purpose of this study was to determine the diagnostic ability of 
the	indices	of	these	3	Scheimpflug	machines	in	distinguishing	between	
keratoconus, subclinical keratoconus, and normal corneas and as 
certain the strongest parameter of each device. Study subjects underwent 
scans using all 3 machines, so that we could compare the keratoconus 
screening indices of each of them.

METHODS

PATIENT INCLUSION

This study of diagnostic instrument accuracy was carried out at a 
tertiary	eye	care	center	in	Bangalore,	India,	with	the	approval	of	the	
institutional ethics committee. The study was carried out in accordance 
with the guidelines laid down by the Declaration of Helsinki. 68 
keratoconic eyes, 74 subclinical keratoconus cases, and 71 volunteers 
with normal corneas were included in this study. A diagnosis of 
keratoconus was made6 if there was (1) an irregular cornea, determined 
by distorted keratometry mires or distortion of the retinoscopic or 
ophthalmoscopic	red	reflex	(or	a	combination	of	the	two)	and	(2)	at	
least	1	of	the	following	biomicroscopic	signs:	Vogt	striae;	a	2	mm	 
arc of Fleischer ring; or corneal scarring consistent with keratoconus. 
Only 1 eye was included if both eyes had frank ectasia. Subclinical 
keratoconus12 was labeled if it was the fellow eye of a patient  
with	keratoconus	or	showed	all	the	following	features:	(1)	normal-
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appearing cornea on slit-lamp biomicroscopy, keratometry, retinoscopy, 
and	ophthalmoscopy;	(2)	inferior–superior	asymmetry	and/or	bow-
tie pattern with skewed radial axes on the tangential map of the 
Pentacam; and (3) no history of contact lens use, ocular surgery, or 
trauma. Volunteers with normal corneas were also scanned on all 3 
machines,	and	only	1	eye,	selected	by	randomization,	was	included	
in the study.

Exclusion criteria were previous ocular surgery, corneal scarring, 
trauma, pregnancy or lactation, glaucoma, and noncorneal causes 
of	ocular	astigmatism.	Contact	lens–wearing	patients	were	asked	to	
stop wearing contact lenses for 3 weeks, in case of rigid contact lenses, 
and 1 week, for soft contact lenses, before assessment.

TOPOGRAPHY AND DATA COLLECTION

All patients underwent topographic examinations using the Pentacam, 
Galilei, and Sirius, in random order.

The Pentacam system uses a monochromatic blue light-emitting diode 
(LED)	at	475	nm	and	a	Scheimpflug	camera	(180	degrees)	that	rotates	
around	the	optical	axes	of	the	eye	to	analyze	the	anterior	segment.	
Whereas the Pentacam has the option of 25 or 50 3 dimensional scans, 
the Sirius has only a 25 scan setting with 1 Placido image option. 
Hence, for better comparability, a scan setting of 25 was chosen in 
the Pentacam as well. A total of 25 images are captured within 2 
seconds, with each slit image composed of 25 000 points, including 
500	true	elevation	points.	Keratoconus	indices	from	the	refractive	
and	Belin/Ambrosio	displays	(BAD)	of	the	Pentacam	included	the	
index of surface variance (ISV), index of height asymmetry (IHA), 
index of vertical asymmetry (IVA), index of height decentration (IHD), 
keratoconus	index	(KI),	minimum	sagittal	curvature	(Rmin),	central	
keratoconus	 index	 (CKI),	 average	pachymetric	progression	 index	
(RPIavg), maximum Ambrosio relation thickness (ARTmax), and 
Belin/Ambrosio	enhanced	ectasia	total	derivation	value	(BAD-D).

The	Galilei	G6	has	a	dual	Scheimpflug	rotating	camera	and	an	integrated	
Placido disc. It uses a monochromatic slit-light source (blue LED at 
470 nm). The whole scan usually takes less than 1 minute to complete 
and gives information of more than 122 000 data points. Placido and 
Scheimpflug	images	of	the	cornea	are	simultaneously	obtained	in	a	
single scan and used for anterior corneal measurements. Parameters 
used	for	our	analyses	were	the	keratoconus	prediction	index	(KPI),	
keratoconus	probability	(Kprob),	cone	location	and	magnitude	index	
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(CLMI),	percentage	probability	of	keratoconus	(PPK),	inferior-	superior	
index (IS), differential sector index (DSI), surface asymmetry index 
(SAI), opposite sector index (OSI), surface regularity index (SRI), 
center/surround index (CSI), irregular astigmatism index (IAI), and 
standard deviation of corneal power (SDP).

The	Sirius	has	a	single	Scheimpflug	rotating	camera	combined	with	
a Placido disc. The 22 rings additionally provide height, slope, and 
curvature data, which are obtained by an arc-step method with conic 
curves.	The	camera	acquires	a	series	of	25	Scheimpflug	images,	which	
provide data about the anterior cornea, posterior cornea, anterior 
lens,	and	iris.	Using	a	proprietary	method,	the	Sirius	collates	information	
of the anterior cornea using data from both the Placido disc and 
Scheimpflug	images.	Data	for	the	posterior	cornea,	anterior	lens,	and	
iris	are	obtained	from	the	Scheimpflug	images.	Parameters	studied	
were	symmetry	index	front	(SIf);	symmetry	index	back	(SIb);	Baiocchi-
Calossi-Versaci	index	(BCV)	front,	back,	and	total;	and	4.5	and	8	mm	
zone	root	mean	square	values	per	unit	area	(RMS/A)	front	and	back.

A standard methodology was used to obtain measurements on each 
device	with	the	eye	aligned	to	the	visual	axis	by	a	central	fixation	
light of the machine. Patients were asked to blink before each scan 
was	taken.	Scans	with	a	quality	specification	of	‘‘OK’’	were	taken	
for the analysis; low-quality or unacceptable scans were deleted and 
the measurements retaken.

STATISTICAL ANALYSES

Statistical analyses were performed using Stata version 13.1 (StataCorp, 
College	 Station,	 Texas,	USA)	 statistical	 software.	As	most	 of	 the	
continuous variables were non-normally distributed, quantitative 
data	were	expressed	as	medians	and	quartiles	and	Kruskal-Wallis	
test was used to compare the variables between the groups. Receiver 
operating characteristics (ROC) curves were used to distinguish 
clinical and subclinical keratoconus from normal corneas. These 
curves	 are	 obtained	 by	 plotting	 sensitivity	 against	 1	 specificity,	
calculated for each value observed. The area under the ROC curves 
(AUC)	measures	discrimination,	which	is	the	ability	of	the	test	to	
accurately classify eyes with and without disease. An area of 1.0 
represents a perfect test, whereas an area of 0.5 represents a worthless 
test.13 The superiority of one parameter over the other was tested by 
comparing	the	AUCs	using	the	Z	test.14  In order to determine sensitivity, 
specificity,	positive	likelihood	ratio	(sensitivity/[1	specificity]),	negative	
likelihood	ratio	([1	sensitivity]/specificity),	positive	predictive	value,	
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and negative predictive value for all keratoconus screening indices, 
the cutoff values provided by previous studies and company based 
parameters were used.7,11

RESULTS

The	mean	patient	age	was	24.25	6	6.18	years	(range	12	–	37	years;	30	
male, 22 female) in patients with keratoconus, 26.02 6 7.01 years 
(range	14	–	60	years;	8	male,	29	female)	in	subclinical	keratoconus,	
and	25.5	6	4.9	years	(range	19	–	44	years;	14	male,	28	female)	in	the	
controls. There were 78 right eyes and 59 left eyes. Table 1 gives the 
median and quartiles of all the parameters used for the analysis.

Tables	2	and	3	demonstrate	the	sensitivity,	specificity,	positive	and	
negative likelihood ratios, and positive and negative predictive values 
of different parameter sets to differentiate eyes with keratoconus 
and subclinical keratoconus from normal corneas based on the cutoffs 
provided in earlier published studies and company based cutoffs. 
In order to distinguish keratoconus from controls, the highest sensitivity 
(100%)	was	seen	for	ISV,	IHA,	IHD,	KI,	ARTmax,	and	BAD-D	on	
Pentacam,	PPK	on	Galilei	(100%),	and	SIf,	BCVf,	and	4.5	mm	RMS/A	
back	(84.6%)	on	Sirius.	The	highest	specificity	was	seen	for	IHA	(80%)	
on	Pentacam,	SRI	and	AAI	on	Galilei	(100%	each),	and	SIb,	BCV,	and	
8 mm RMS/A back (100% each) on Sirius.
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To distinguish subclinical keratoconus from controls, the highest 
sensitivity was seen for ISV and IHA (100%) on Pentacam, CSI (97.3%) 
on	Galilei,	and	SIf	(29.7%)	on	Sirius,	with	the	highest	specificity	seen	
for IHA and curvature radius (100%) on Pentacam, OSI on Galilei 
(95.3%), and SIb (100%) on Sirius.

Table	4	shows	the	AUCs.	As	indicated,	all	parameters	were	strong	
enough	 to	differentiate	keratoconus	 (AUC	>	0.9)	and	 the	highest	
strength	was	 seen	 for	 ISV	 and	BAD-D	on	Pentacam	 (0.972),	KPI	 
and	Kprob	on	Galilei	(0.993),	and	4.5	mm	RMS/A	back	(0.983)	on	
Sirius.	The	parameters	with	the	best	AUC	to	differentiate	subclinical	
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keratoconus	from	normal	corneas	were	BAD-D	on	Pentacam	(0.887),	
SRI on Galilei (0.875), and 8 mm RMS/A back on Sirius (0.730).

Figure	 1	 compares	 the	 parameters	 that	 showed	 the	 best	AUC	 to	
differentiate	keratoconus	from	normal	corneas.	AUC	of	BAD-D	and	
ISV	of	Pentacam	was	statistically	similar	to	that	of	KPI	of	Galilei	(P	
1⁄4	.27)	and	4.5	mm	RMS/A	back	of	Sirius	(P	1⁄4	.55).	When	subclinical	
corneas	were	differentiated	from	normal	corneas,	BAD-D	was	similar	
to	SRI	of	Galilei	(P	1⁄4.78)	but	was	significantly	greater	than	8	mm	
RMS/A	back	of	Sirius	(P	1⁄4	.002).	AUC	of	SRI	of	Galilei	was	also	
significantly	greater	than	8	mm	RMS/A	back	of	Sirius	(P	1⁄4	.026,	
Figure 2.
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DISCUSSION

Several technologies have been introduced to evaluate features of 
the corneal surface in normal and keratoconic corneas including 
Placido disc based topography, slit scanning topography (Orbscan), 
and	Scheimpflug	system	analyzer	(Pentacam,	Sirius,	and	Galilei).	
The	Scheimpflug	placido	imaging	technology	has	been	reported	to	
be highly reproducible and repeatable.8 The range and normal values 
of corneal tomographic parameters obtained by the Pentacam and 
Galilei have previously been reported.7,11 Our study reports the 
characteristics of keratoconus indices measured with Pentacam, 
Galilei, and Sirius corneal topographers in eyes with keratoconus, 
eyes with subclinical keratoconus, and controls to determine their 
predictive ability to differentiate normal corneas from ectatic ones. 
As each of these machines use different indices for keratoconus 
screening, direct comparison is not possible.

Sensitivity	and	specificity	vary	with	the	cutoff	chosen	for	each	diagnostic	
test and are not intrinsic to the test but are critically dependent upon 
the clinical context.15 The ROC curve graphically displays the trade-
off	between	sensitivity	and	specificity.	The	overall	accuracy	can	be	
expressed	as	the	AUC	and	provides	a	useful	parameter	for	comparing	
the test performance.15

The	majority	of	parameters	had	sufficient	strength	(AUC	>	0.90)	to	
differentiate keratoconus from normal corneas (Table 4). The same 
was not true when distinguishing subclinical keratoconus from 
controls.	An	earlier	study	by	Feizi	and	associates	7	showed	similar	
findings	 while	 determining	 the	 predictive	 ability	 of	 Galilei	 in	
distinguishing subclinical keratoconus and keratoconus from normal 
corneas.	These	screening	indices	had	sufficient	strength	(AUC	>	0.8)	
in distinguishing keratoconus from normal corneas but could not 
differentiate	between	subclinical	keratoconus	and	controls	(AUC	<	
0.8). Hashemi and associates11	found	that	BAD-D	on	Pentacam	was	
the strongest indicator to detect both subclinical and clinical keratoconus. 
They found ISV and IVA to be strong indicators as well, but the same 
was not true in our study, probably owing to differing diagnostic 
criteria for subclinical keratoconus. A literature search did not reveal 
any previous studies comparing keratoconus screening indices of 
the Sirius topographer.

Pentacam’s	BAD-D	was	found	to	be	a	strong	parameter	to	differentiate	
both keratoconus and subclinical keratoconus from normal corneas 
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(Figures	 1	 and	 2).	 A	 possible	 reason	 for	 this	 is	 that	 BAD-D	 is	 a	
combination of anterior elevation at the minimum thickness point, 
posterior elevation at the minimum thickness point, change in anterior 
elevation, change in posterior elevation, corneal thickness at the 
minimum thickness point, location of thinnest point, pachymetric 
progression,	Ambrosio	relational	thickness,	and	Kmax.16 Each parameter 
is	displayed	individually	as	a	standard	deviation	and	then	a	final	
overall	reading	is	obtained	based	on	a	regression	analysis	to	maximize	
the separation of normal corneas from those with keratoconus.17

Inferior-superior value on Pentacam is the power difference between 
5 points of the inferior hemisphere and 5 points of the superior 
hemisphere of the corneal region located at 3 mm from the corneal 
apex at spatial intervals of 30 degrees.16 A positive value indicates 
higher inferior curvature, whereas a negative value indicates higher 
superior curvature. This index also showed a good strength in 
diagnosing keratoconus.

Galilei’s	KPI	is	also	a	multivariate	index	like	BAD-D	of	Pentacam	
and is calculated by a combination of 8 topographic indices using a 
linear	discriminant	function.	These	indices	are	Sim	K1,	Sim	K2,	SAI,	
DSI,	OSI,	CSI,	IAI,	and	AA.	K	prob	is	the	probability	that	a	keratoconic	
pattern was detected based on the anterior surface axial curvature. 
The SRI on the Galilei is an index of regularity in the central 4.5 mm 
diameter of the cornea (it comprises the central 10 rings of the Placido 
disc)	and	quantifies	power	gradient	the	area	delimited	by	the	given	
diameter is very regular; the higher the RMS, the more irregular the 
corneal surface is (RMS/A indicates root mean square per unit of 
area).

For all machines, the multivariate indices (ie, those that were a 
combination of different topographic indices) were found to have 
the best diagnostic capability. The main deterrent to the direct 
comparison of these topographic indices is the fact that each index 
has	a	high	degree	of	specificity	for	the	corneal	topographer	for	which	
it has been developed and cannot be directly extrapolated to other 
corneal topographers.16

Therefore	we	compared	the	AUC	for	the	best	parameters	of	each	
machine.	For	keratoconus	screening,	BAD-D	and	ISV	of	Pentacam	
were	similar	to	KPI	and	Kprob	of	Galilei	and	4.5	mm	RMS/A	back	
of	Sirius,	whereas	for	subclinical	keratoconus	screening	BAD-D	was	
similar in strength to SRI and both were stronger than 8 mm RMS/A 
back.
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Topographic screening tests help reduce to a minimum the number 
of	incorrectly	classified	corneal	anomalies.	Conditions	like	corneal	
warpage can have topographic changes similar to ectasia, and some 
healthy	 corneas	 can	 present	 with	 isolated	 topographic	 findings	
mimicking early keratoconus. The need of the hour is an objective 
method that can accurately differentiate normal from abnormal. 
Therefore, determining the predictive ability of these indices is of 
importance. In the current study, we have not compared the instruments 
across different grades of keratoconus, and only those parameters 
of each machine that can be used as keratoconus screening indices 
have been included.

In	conclusion,	screening	indices	from	all	3	Scheimpflug	devices	can	
be used for the diagnosis of keratoconus with good strength, but the 
cutoffs provided in earlier studies and by companies are not adequate 
to differentiate subclinical keratoconus from normal corneas. A 
combination of various indices may help to distinguish and diagnose 
subclinical keratoconus. differences between successive pairs of rings 
in 256 equidistant semi-meridians. SDP is the value of the standard 
deviation of the total corneal power.

Root mean square on the Sirius represents the deviation of the surface 
being	examined	from	the	aspherotoric	best-fit	surface	characterized	
by	a	flat	radius,	steep	radius,	asphericity,	and	axis.
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Evaluation of a Training Programme on Primary 
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ABSTRACT

BACKGROUND

ASHAs available in community could be potential PEC workers. 
ASHA Training programme on PEC undertaken & evaluated in 
a district of Delhi

METHODS

ASHAs selected randomly from a district imparted one day training 
on PEC and expected to refer patients to nearby Vision Centres 
(VC). Their knowledge and skill was assessed and after training 
and reevaluated at 1 year. ASHAs asked to conduct vision screening 
of 40 + population in their areas. ASHA referral noted by Optometrist 
in	VC.	Focus	Group	Discussions	(FGD)	of	ASHAs	held	to	find	
barriers and facilitating factors in engaging ASHAs in PEC. Training 
evaluated	using	Kirkpatrick’s	 evaluation	model	 for	measuring	
reactions, learning, behaviour and results.

RESULTS

Mean knowledge score increased from 14.96 (+4.34) to 25.38 (+3.48) 
and sustained at 21.75 (+4.16) at 1yr. Increase in quarterly total 
OPD	of	>	200%	which	was	sustained	at	18.6%	even	after	6	months.	
ASHA FGDs conveyed ASHAs are willing to work for eye  
care for awareness generation and patient facilitation but were 
hesitant in vision screening.

Dr Pallavi Shukla, Dr Pallavi Shukla, MBBS, MD (PSM), DHM, (PhD)
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CONCLUSIONS

ASHAs can be trained as PEC workers provided they have adequate 
support.

KEY WORDS

ASHA,	Primary	eye	care,	Training,	Kirkpatrick

INTRODUCTION

As per the WHO estimates of 2010, there were 8 million blind in 
India and 63 million visually impaired.1 Nearly	80%	of	this	visual	
impairment	is	avoidable.	Universal	Eye	Health:	Global	Action	Plan	
(2014 - 19) sets itself a Global Target of 25% reduction in prevalence 
of avoidable visual impairment by 2019 compared to the baseline 
prevalence of 2010.2 The most important barrier in eliminating the 
avoidable blindness from India is unavailability and inaccessibility 
to	eye	care	services.	Mechanisms	need	to	be	identified	to	supplement	
eye care services at primary level by task shifting approaches wherein 
the non-serious ophthalmic condition are managed at primary level 
by trained para medical ophthalmic assistants and non-specialist 
Medical	Officers	and	only	a	smaller	proportion	of	patients	requiring	
operative or specialist services are referred to ophthalmic surgeons. 
In urban areas however, despite the supposed proximity of the urban 
poor to urban health facilities their access to them is severely restricted. 
Ineffective outreach and weak referral system also limits the access 
of urban poor to health care services.

In order to bridge this gap between community and services there 
is requirement of an educated work force who are among the masses. 
They should be able to understand the felt and unfelt needs of the 
community and also aware about the accessibility of services and 
referral mechanism. Government of India made provisioning of one 
such	worker,	ASHA	(Accredited	Social	Health	Activist)	in	National	
Health Mission for every 1000 rural population and every 2000 urban 
vulnerable population.3	This	work	force	has	been	underutilized	only	
as Maternal and Child Health worker, though they were put in place 
for all healthcare needs of the community. 

The present study was conducted to engage ASHAs in primary  
eye care for awareness generation, identifying people with visual 
impairment, facilitating patients in seeking eye care services and 
keeping	a	record	of	visually	impaired	in	their	community.	Kirkpatrick	
model was used to evaluate the training programme.4



Best Free Papers

84

METHODS

Delhi city with a population of around 16.7 million is divided into 
11 districts which are served by a tiered public health system.5 The 
lowest level of public health facility includes dispensaries, MCH 
centres.	Each	dispensary/MCH	centre	has	a	Medical	Officer	and	
Auxiliary	Nurse	Midwives	(ANMs).	In	areas	populated	by	vulnerable	
populations, ASHAs are attached to these centres and they are named 
ASHA units. Each ASHA caters to a population of 2000 - 3000.

The study was conducted in district of South Delhi.There were 18 
such ASHA units in South Delhi district, out of which 12 centres had 
the provision of vision centres where once a week optometrist used 
to provide refraction, eye screening and referral services.

This cross sectional interventional study was undertaken as a part 
of an operational study of engaging ASHAs in primary eye care. 

For	sample	size	calculation,	it	was	assumed	that	there	would	be	75%	
(p) increase in knowledge of ASHAs after training, absolute error 
margin	of	15%	(d),	Design	effect	of	3	and	95%	Confidence	Level.	
Sample of 100 ASHAs was thus required. For recruiting 100 ASHAs, 
7 ASHA units were selected randomly from those 12 centres which 
had provision of vision centre. All ASHAs from those centres were 
included in the study.Written informed consent was taken from 
eligible ASHAs. 

ASHAs were trained incommunity based Primary Eye Care using a 
Standardized	Training	Module.6	The	training	module	for	volunteers	
which was developed during WHO-SEARO workshop was used.
One day training was conducted for each centre using the module, 
movie on primary eye care and role plays.

ASHAs were given hands on training in screening vision of individuals 
aged 40 years and above using two “E” charts of 6/60 and 6/18 
optotypes. ASHAs were provided a training kit comprising of measuring 
ribbon, screening cards, referral slips and training module.

Knowledge	assessment	on	Primary	eye	care	of	ASHAs	was	done	
using pre-tested questionnaire thrice, prior to training, immediately 
after training and a year after training. Their skill in vision screening 
was assessed immediately after training and a year later in their 
respective	field	practice	areas.	Vision	screening	skill	of	ASHAs	was	
labelled	as	satisfactory/	unsatisfactory	based	on	four	essential	criteria:	
accurate distance estimation, correct card positioning and tumbling, 
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measuring each eye at least four times and recording the vision. If 
at least three out of four times person responded correctly the direction 
of “E”, his vision for that cut off in that eye was assumed to be 
“normal”. After training ASHAs were given 3 -  4 months to conduct 
vision screening of all 40 plus population of their area using 6/60 
and 6/18 cut offs. Apart from vision screening, ASHAs could indicate 
in referral slips if the person was having Diabetes, diagnosed Glaucoma, 
symptoms	of	Presbyopia	(near	vision	difficulties	after	40	years	of	
age) or any other eye condition. ASHAs were at the liberty of referring 
anyone to the dispensary with eye trouble or vision problems irrespective 
of their age or gender. 

In the vision centres, optometrist examined patients and kept a record 
of those who came with ASHA referral slip. 

Focus group discussions (FGD) were held with ASHAs of all these 
7 centres. Total of 5 FGDs were held. Each FGD lasted for 40 - 50 
minutes and had 10 - 12 participants. FGDs were held after 6 months 
of primary eye care training. The FGD were tape-recorded and content 
was transcribed.

DATA ANALYSIS

Pre and post comparisons in knowledge scores were done using 
paired t-test. For qualitative analysis of FGDs, the transcripts were 
coded.	The	codes	were	merged	and	patterns	identified	to	generate	
themes. From the themes, a theory was framed. The analysis of 
qualitative data was done using Atlas.ti (version 7)

Using	Kirkpatricks	model	the	entire	training	programme	was	evaluated	
into	4	segments:

1.	 Reaction:	Measures	how	trainees	reacted	to	training	and	what	
were the shortcomings.

2.	 Learning:	Measures	objectively	the	effect	of	training	on	their	
knowledge.

3.	 Behaviour:	Measures	the	change	in	behaviour	of	trainee	because	
of training.

4. Measurable outcomes of training (Result).

RESULTS

Total 102 ASHAs were recruited for the study from 7 centres. Mean 
age of ASHA was 37.5 years ranging from 22 to 56 years. Majority 
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(77.5%) of them had completed education above class 10th.  Mostly 
were currently married (95.1%) and lived in a nuclear family (66.7%). 
[Table	1]
Table	1.	Demographic	profile	of	recruited	ASHAs

	 	 	 	 	 N=102

Demographic    Demographic
Variables Frequency Percentage Variables Frequency Percentage

Education Of ASHA   Type of family of ASHA

>=10th		 77	 77.5	 Joint	 34	 33.3

<10th	 25	 24.5	 Nuclear	 68	 66.7

Marital Status of ASHA  Distance of ASHA area from Centre

Currently 
Married 97 95.1 < 1 km 45 44.1

Divorced/
widow/
separated 5 4.9 1-5 km 56 54.9

No.	of	children	of	ASHAs	 	 >5	km	 1	 1.0

<=2 50 49   

>2	 52	 51   

REACTION

Reaction of ASHA towards this training programme was assessed 
through	FGD.	ASHAs	were	quite	satisfied	with	the	training	provided	
to them in eye care. They said it enhanced their knowledge. It made 
them	more	 confident	 in	 talking	 about	 eye	 care	 in	 community.	 It	
helped in enhancing their image in community beyond just “Maternal 
and Child Health” worker. They were able to counsel patients better 
and bring them to dispensary for check-up. ASHAs gained knowledge 
about diseases like Cataract, Glaucoma, effect of Diabetes on eyes, 
Presbyopia and Conjunctivitis. Regarding vision screening, they were 
happy	to	learn	about	it	but	found	it	difficult	to	do	it	all	by	themselves	
without	support	and	said	that	they	were	benefitted	by	the	supportive	
supervision provided to them in this programme. ASHAs also 
recommended that this training should be repeated at frequent intervals 
of say 6 - 12 months.

LEARNING

In order to assess the learning achieved by ASHAs through  
this training, knowledge assessment was done using a pretested 
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questionnaire. The sustained increase in knowledge was seen after 
1	year	using	the	same	questionnaire.	[Table	2]
Table	2.	Knowledge	assessment	on	primary	eye	care

Questions	on	knowledge	assessment	of	 Number	of	ASHAs	conforming
ASHAs regarding primary eye care the right choice

 Score Pre training Post trai- One year
  n % ning n % later n %

I. Blindness

Definition	of	Blindness	as	per	NPCB		 1	 28	(27.5)	 66	(64.7)	 56	(54.9)

Which glass is removed while taking 
distance vision? 1 1 (1.0) 47 (46.1) 22 (21.6)

In which age blindness is common? 1 85 (83.3) 95 (93.1) 85 (83.3)

Most	important	cause	of	Blindness	in	India	 1	 43	(42.2)	 91	(89.2)	 62	(60.8)

Other important causes  1 69 (67.7) 89 (87.3) 91 (89.2)

II. Cataract

Type	of	vision	deficit	in	cataract	 1	 55	(53.9)	 85	(83.3)	 81	(79.4)

Part of the eye affected by cataract  1 10 (9.8) 84 (82.4) 29 (28.4)

Is there any medical management for 
cataract? 1 87 (85.3) 95 (93.1) 94 (92.2)

When should cataract be operated? 1 70 (68.6) 99 (97.1) 81 (79.4)

Best	season	for	cataract	surgery	 1	 70	(68.6)	 98	(96.1)	 95	(93.1)

Post	op	care:	cleaning	eyes	regularly	 1	 78	(76.5)	 97	(95.1)	 95	(93.1)

Post	op	care:	correct	method	of	lying	down	 1	 47	(46.1)	 71	(69.6)	 76	(74.5)

Post	op	care:	lifting	weights	 1	 66	(64.7)	 73	(71.6)	 79	(77.5)

Post	op	care:	follow	ups	 1	 86	(84.3)	 96	(94.1)	 95	(93.1)

Post	op	care:	taking	bath	 1	 36	(35.3)	 60	(58.8)	 57	(55.9)

III. Glaucoma

Advice	to	known	Glaucoma	cases:	regular	
and long term use of glaucoma medication 1 39 (38.2) 68 (66.7) 61 (59.8)

Advice	to	known	Glaucoma:	screening	of	
family members 1 46 (45.1) 92 (90.2) 56 (54.9)

Regular Glaucoma medication prevents
further deterioration of vision 1 69 (67.7) 86 (84.3) 83 (81.4)

IV. Refractive Error

Correct Diagnosis of the patient in case 
scenario 1 42 (41.2) 83 (81.4) 76 (74.5)
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RE	treatment:	Spectacles	 1	 71	(69.6)	 88	(86.3)	 86	(84.3)

RE	treatment:	Surgery/Lasik	 1	 14	(13.7)	 19	(18.6)	 6	(5.9)

RE	Treatment:	Contact	lens	 1	 11	(10.8)	 26	(25.5)	 9	(8.8)

Types of Refractive Errors 1 22 (21.6) 79 (77.5) 59 (57.8)

Can	Near/Far	Sightedness	occur	together	
in one eye? 1 28 (27.5) 80 (78.4) 67 (65.7)

V. Diabetic Retinopathy

Part of eye mostly affected in diabetes 1 16 (15.7) 89 (87.3) 78 (76.5)

Can Diabetes lead to blindness? 1 62 (60.8) 81 (79.4) 87 (85.3)

Frequency of retinal examination in 
known diabetics 1 3 (2.9) 80 (78.4) 7 (6.9)

VI. General Eye Care

Can conjunctivitis spread from one person 
to another by looking into each other’s eyes? 1 26 (25.5) 88 (86.3) 23 (22.6)

Three important symptoms of conjunctivitis?  1 61 (59.8) 90 (88.2) 94 (92.2)

Which among the following can keep eyes 
healthy? 1 85 (83.3) 100 (98.0) 99 (97.1)

An open eye vial can be used within 
15-30 days 1 40 (39.2) 95 (93.1) 74 (72.6)

At what distance will you check for 
blindness? 1 60 (58.8) 99 (97.1) 96 (94.1)

Immediately after training, there was improvement in knowledge 
related to all sections. It was only after training that many of them 
became aware about certain aspects and retained this knowledge 
even after an year like blindness causes (42.2%, 89.2% and 60.8%), 
type of vision loss in cataract (53.9%, 83.3% and 79.4%), when should 
cataract be operated (68.6%, 97.1% and 79.4%), post-operative care 
of eyes (35.3 - 84.3%, 58.8 - 95.1 and 55.9-93.1%), long term medication 
in Glaucoma and its advantage 67.7%, 84.3% and 81.4%), symptoms 
of refractive error and its management (41.2%, 81.4% and 74.5%), 
part of eye which got affected by DR (15.7%, 87.3% and 76.5%) and 
led to blindness (60.8%, 79.4% and 85.%) symptoms of conjunctivitis 
(59.8%, 88.2% and 92.2%), its mode of transmission (85.3%, 98.0 and 
97.1%) and using an open eye vial for not more than 15 - 30 days 
(39.2%, 93.1% and 72.6%).

There were however certain points which ASHAs forgot after an 
year like the part of eye getting affected with cataract (9.8%, 82.4% 
and 28.4%), frequency of retinal examination required for diabetics 



89

Best Free Papers

(2.9%, 78.4% and 6.9%). Surprisingly one myth was strongly impinged 
on ASHAs mind that conjunctivitis could be transmitted by looking 
into	each	other’s	eyes	(25.5%,	86.3%	and	22.6%).	[Table	2]

There	was	significant	change	in	knowledge	(69.7%)	in	all	sections	
immediately after training. When scores after one year were compared 
with	the	pretraining	scores,	again	there	was	a	significant	increase	
(45.4%).	[Table	3]
Table	3:	Change	in	knowledge	immediately	after	training	and	an	year	later.

 Section Max Pre Training Post Training P-  After one year P-
  Mean (SD) Mean (SD) value of Training value
     Mean (SD) 

Section	I:	Blindness	 5	 2.22	(0.90)	 3.80	(1.04)	 <	0.001	 3.10	(1.22)	 <	0.001

Section	II:	Cataract	 10	 5.93	(1.92)	 8.41	(1.56)	 <	0.001	 7.67	(1.37)	 <	0.001

Section	III:	
Glaucoma 3 1.51 (0.84) 2.41 (0.68) < 0.001 1.96 (0.86) < 0.001

Section	IV:	
Refractive Error 6 1.84 (1.36) 3.68 (1.05) < 0.001 3.56 (1.74) < 0.001

Section	V:	Diabetic	
Retinopathy 3 0.79 (0.72) 2.45 (0.78) < 0.001 1.69 (0.66) < 0.001

Section	VI:	General	
Eye Care  5 2.67 (1.23) 4.63 (0.64) < 0.001 3.78 (0.82) < 0.001

Total Score 32 14.96 (4.34) 25.38 (3.48) < 0.001 21.75 (4.16) < 0.001

Their skill in vision screening was assessed immediately after training 
and	after	one	year	in	their	field	practice	area.	Immediately	after	training	
45 (44.1%) ASHAs could conduct vision screening and recording 
satisfactorily while after one year only 36 (35.3%) could do it satisfactorily. 
Most of them committed error in recording, but were able to correctly 
measure distance, position and four times tumble the card and made 
the person cover one eye correctly.

BEHAVIOUR

Behaviour	of	ASHA	towards	this	programme	was	assessed	through	
FGD. ASHAs were enquired about vision screening and their contribution 
to primary eye care. ASHA reported following hurdles while conducting 
vision screening in community like they were unable to screen males 
on account of purdah, inability to screen vision of working community 
as they were unavailable most of the time, urban localities were so 
crowded that adequate distance for screening was not available at 
many places. Another major problem they encountered was that 
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they were engaged in multiple activities and were forced to do the 
work	which	was	considered	important	by	ANMs	and	MOICs.	ASHAs	
being incentive based, they requested for incentive for vision screening. 
They had willingness to work for eye care but hesitated in conducting 
vision screening. They had developed a good rapport with the 
community and were able to spread awareness about common eye 
diseases and eye care facilities available. They also assisted patients 
in facilitating them in availing eye care services.

MEASURABLE OUTCOME (RESULT)

Last	aspect	of	Kirkpatrick	model	was	to	find	out	measurable	output	
of training programme. 

Secondary data was taken from vision centre records. Output before 
training was compared with that afterwards. There was more than 
200% increase in quarterly OPD immediately after training and even 
after 6 months this increase was sustained at 18.6%. Among males 
there was 336% increase in quarterly OPD after training which was 
retained at 7% after 6 months. Among females there was 211% increase 
in quarterly OPD immediately after training and even after 6 months 
this	increase	was	sustained	at	20.8%.	[Figure	1]	

DISCUSSION

Reaction of ASHA towards this training is positive. They showed 
interest in training programme. This is also obvious from the fact 

Fig. 1. Trend in patients visiting vision centres who are referred by ASHA

*1st:	3	months	Before	training	 2nd:	within	3	months	of	training		
3rd:	3-6	months	after	training		 4th:	after	an	year
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Fig. 2. Evaluation of ASHA training programme on 
Primary Eye Care

that almost all the ASHAs of the designated centres attended training 
and undertook evaluation tests even at one year. There were minimum 
dropouts even when there was no incentive given to them for training.

ASHAs	showed	a	 significant	 increase	 in	knowledge	 immediately	
after training which was sustained even after an year. There is another 
study conducted on ASHA training though on a different concept, 
newborn care. It was seen in that study that knowledge increased 
more after three months and not immediately, signifying that people 
learn more by doing.7

Another study from South India a similar study was conducted to 
evaluate the training of hypertension for ASHAs showed that there 
was an increase from baseline after training which further increased 
after 3 months.8

ASHAs felt that one day training was not enough for them and that 
they required refresher training at frequent intervals because they 
are engaged in multiple activities, so their attention diverts. Till date 
there are not many studies conducted to understand the role of ASHA 
workers in eye care. In one study conducted in Ranpur taluka of 
Ahmedabad district, 40 ASHAs were able to identify 434 people with 
vision less than 6/60.9

There are many examples from across globe where primary level 
workers	are	utilized	for	primary	eye	care	as	well.	This	is	perhaps	the	
best system where there is integration of eye care services at all levels 

of public health 
system. There is 
a study from 
Tanzania	in	which	
eye health is 
integrated into 
primary care 
services.10

In Malawi primary 
health care 
workers were used 
to detect childhood 
blindness.11

Through	Kirkpa-
trick model we are 
able to say that 
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ASHAs can be trained effectively in community based primary  
eye care which predominantly takes care of awareness generation 
in community and facilitating patients to seek eye care services.  
[Figure	2]
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ABSTRACT

OBJECTIVE

To study the causes of severe visual impairment and blindness in 
students attending schools for the blind and to identify those whose 
vision could be improved by optical aids.On dispensing such aids, 
to study the improvement in function.

METHODS

Students in special schools for the blind underwent a comprehensive 
ophthalmic examination by a team of 4 ophthalmologists and 4 
optometrists.	World	Health	Organization-Prevention	of	Blindness	
forms were used to record history and examination details. Spectacles 
and low vision aids (LVA) were dispensed to those whose vision 
could be improved. The L.V. Prasad Vision Function Questionnaire 
(LVP-VFQ) was used to compare vision function before and after 
the intervention.

RESULTS

The study group consisted of 428 students from four schools for 
the blind, aged 4 - 36 years, of which 213 (49.5%) were girls. The 
causes of blindness in 370 children (< 18 years) with vision < 6/60 
were whole globe involvement in 31.6% students (This included 
anophthalmos (12.7%) and microphthalmos (16.4%), nystagmus 
(7.8%), optic atrophy (5.9%), retinal causes (11.3%), phthisis bulbi 
(6.4%) and corneal scarring in 10.8% students. 54 (12.6%) were 
dispensed spectacles and 41 (9.57%) LVA. There was a statistically 
significant	difference	in	7	of	21	questions	(P	<	0.001)	of	LVP-VFQ.

Dr Parikshit Gogate, Gogate Parikshit, Community Eye Care 
Foundation,	Dr.	Gogate’s	Eye	Clinic,	102,	Kumar	Garima,	Tadiwala	
Road,	Pune,	India.	411001	
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CONCLUSION

Significant	proportion	of	students	in	schools	for	the	blind	can	be	
helped to improving vision function using optical aids. Students 
in schools for the blind need regular ocular examination and 
ophthalmic care.

INTRODUCTION

Causes of blindness and severe visual impairment have changed 
over past decades.1,2,3,4	Blind	children	are	usually	educated	in	special	
schools for the blind. Children from this school for blind are considered 
completely blind, unable to see anything at all and deserving only 
for	rehabilitation	and	aid.	They	are	taught	Braille,	a	touch	feel	based	
language.	But	knowledge	and	literature	in	Braille	is	limited,	that	too	
mostly in European languages. The literature in Hindi, Marathi and 
other	Indian	languages	in	Braille	is	meager.

But	studies	from	34	schools	for	the	blind	in	Maharashtra	from	2002	
to	2004,	24	schools	for	the	blind	in	Karnataka	and	across	four	North	
Eastern Indian States showed that around 25 - 30% of legally blind 
children	had	some	residual	vision	which	can	be	utilized.5,6,7 Another 
study from Pune, India4 had showed that giving spectacles and low 
vision aids to children could help them read print.8 Seeing print and 
learning a written language improves the chances of getting on in 
the world to learn better in schools, write exams, get degrees, to 
recognize	and	count	money,	do	office	jobs	and	even	start	and	run	a	
business.

While numerous studies from India, Middle East, Asian and African 
countries have shown that many children in school for the blind 
have residual vision.5,6,7,8,9,10,11,12 Some even have treatable causes and 
blindness.	 But	 there	 are	 few	 publications	 on	 how	 these	 visually	
impaired children were helped.8,10 And literature research showed 
that there were none about how much students improved their vision 
function.

This	study	aimed	to	find	the	causes	of	blindness	in	students	attending	
schools for the blind, identify those with residual useful vision, treat 
them with optical aids and compare their vision function after and 
before dispensing such devices or aids.

A blind child is not just an individual affected but it affects the entire 
family and the community. There is a lot of opportunity not just in 
seeing and learning from the world but also a potential loss of 
educational, personal, social and economic advancement.
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METHODS

We have chosen all the four schools for the blind in Pune city and 
district.	They	were	chosen	as	they	have	children	who	are	certified	
as blind and visually impaired in one place.

All the children have been examined in detail by a team of four 
doctors and four optometrists over two weeks. Each child was examined 
using a pen torch, a hand-held slit lamp, direct & indirect ophthalmoscopy 
(if possible), I-kare tonometer and visual acuity examination by 
Landolt	C	chart,	if	vision	was	>	1/60.		They	were	dispensed	spectacles,	
magnifiers	and	telescopes	for	both	near	and	distance	vision	aid.	The	
near vision devices would help the children to read, write answer 
mobiles, make calls, thread a needle, clean vice, identify coins and 
look at small paintings. The distance devices would help then cross 
roads, identify bus numbers, road signs people from same distance 
and	more	easily	and	safety.	World	Health	Organization-Prevention	
of	Blindness	 forms	were	used	 to	 record	history	and	examination	
details.14

The students were again revisited and reexamined to observe what 
difference the intervention had made to their vision function after 6 
months.	Few	students	who	were	having	potential	 to	utilize	 their	
residual vision among them were given spectacles and low vision 
aids along with required training and advices. They were reevaluated 
after six months of time period. Their functional vision and were 
assessed through a longitudinal study process.

The	students	were	properly	trained	on	how	to	use	those	devices.	By	
asking them the L V Prasad eye institute Functional vision questionnaire, 
a base line idea about their functional vision were made.15 After 6 
months, the same questionnaire was asked to them by trained 
optometrists.	On	the	basis	of	their	personal	realizations	and	feelings,	
how	 they	 rate	 (No	difficulty,	 little	difficulty,	Moderate	difficulty,	
Tough and Impossible), their performance, the difference between 
their functional vision performance prior to using low vision aids 
and after using low vision aids.

Screening of blind school children for causes of low vision:

1. A detailed history including age of onset, incidence of family 
history, which family member is similarly affected history of 
Consanguinity, history of previously done treatments.
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2. Vision was taken separately for both the eyes either with habitual 
correction or unaided. ‘Snellen’s Distance Acuity charts’ were 
used from three meter distance and vision was documented as 
per the code described in work up sheet

3. Gross functional Vision was estimated by asking the students 
about	their	ability	on	walking	alone,	face	reorganization,	print	
reorganization	and	using	residual	vision	in	daily	life	activity	with	
both eyes open.

4.	 Visual	field	was	tested	very	roughly	in	few	students	monocular	
with simple confrontation tests. The main binder for performing 
this	test	was	their	habitual	fixation	pattern.	They	won’t	fix	their	
head	while	performing	visual	field	test.

5. Then anterior and posterior (dilated) segment examination was 
done. Causes of low vision were derived from the under lying 
pathology.

6. A general systemic association was also considered while examining 
a student.

7.	 All	these	findings	were	used	to	plan	the	future	steps	like	surgical	
intervention or providing optical correction and low vision aids 
and predict prognosis rate after intervention or academic consequences 
as well as.

ASSESSMENT OF VISION FUNCTION

1.	 The	first	step	of	this	portion	was	reassessing	the	students	having	
potential to improve their visual status with optical correction.

2.	 Through	refraction	was	done.	Uniocular	as	well	as	binocular	vision	
was taken with the correcting lens on the trial frame.

3. The selection of the students for low vision trail was a multi 
factorial consideration. Ability to use the residual vision, daily 
life activities, need, enthusiasm and ability to handle and take 
care of the device properly were the few important factors.

4.	 (2.75	X	and	4	X)	Galilean	Telescopes	for	distance	whereas	Hand	
Held	 LED/Non-LED	 Magnifier,	 Dome	 Magnifier,	 Spectacle	
Magnifier,	Bar	Magnifier	were	used	for	near	trail.

5. Device which is providing optimal visual performance with suitable 
posture was selected to prescribe. After assessing their vision 
with those devices both at near and distance as well.
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6. The students who would be received Low vision aids (either of 
near or distance or for the both) were verbally asked L V Prasad 
Eye Institute Functional vision questionnaire containing 21 questions. 
A base line idea about their functional vision was made by how 
they rate their ability to perform a particular task.

7. Along with the optometrist a bilingual (Marathi and English) 
person was always there with a questionnaire in Marathi (translated 
and back validated) to help the students to understand the questions 
or	specifically	what	were	they	being	asked.

8. Then the spectacles and Low vision aids were distributed. Students 
were thoroughly given training and advices on how to use those 
devices.

9.	 Using	non	optical	devices	like	cap,	umbrella	etc.	was	also	encouraged.

10. After 6 months of giving those devices a follow up was made.

11. Again that questionnaire was asked to every individual student.

12.	Pre	and	post	rating	then	compared	and	analyzed	by	SPSS	(version).	
P	value	of	less	than	(0.001)	was	taken	as	significant.

RESULTS

A total of 428 children enrolled in four schools for the blind underwent 
comprehensive eye examination in 2015 - 16 with a follow up after 
six months. 215 (50.2%) were boys and 213 (49.8%) were girls. Their 
ages ranged from 4 to 36 years.  While calculating causes of blindness 
data of age group between 4 to 18 years of was taken in to consideration 
Visual acuity was assessed separately for each eye.  For the right eye, 
159 (37.1%) had no perception of light (PL) while 222 (51.9%) had 
vision < 3/60 to PL and/or projection of rays (PR) while 15 (3.5%) 
had visual acuity of 6/18 - 6/60.6/60 -3/60 was recorded in 37 (8.6%) 
of children, 6/18 - 6/6 in 1(0.2%). For the left eye 153 (35.7%) had no 
PL while 221 (51.6%) had vision < 3/60 to PLPR. 6/18 - 6/60 was 
recorded in 15 (3.5%) students and 6/60 - 3/60 in 37 (8.6%) students. 
6/6-6/18 was observed in 1 student (0.2%).

135 (31.5%) had been blind since birth, 184 (43.0 %) became blind in 
the	first	year	of	life	while	82	(19.2%)	became	blind	after	infancy.	95	
(22.2%) had another blind member in the immediate family, while 
29 (6.7%) reported a consanguineous marriage of their parents. Out 
of 428 students, 219 (51.1%) reported they saw enough to walk around, 
183	 (42.7%)	 reported	 they	 could	 recognize	 faces	 and	 149	 (34.8%)	
reported could read print.
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Additional disability was not noted in 405 (94.62%) children. Only 
4 (0.9%) had hearing loss and learning disabilitywasseen in 5 (1.2%) 
students. Out of all 428 students, 370 were bilaterally blind, with 
vision < 6/60, aged < 18 yrs. The causes of blindness in these 370 
children were congenital whole globe anomalies 117 (31.6%) (This 
included anophthalmos in 47, 12.7%; microphthalmos 61, 16.4%; both 
in 9 (2.4%) students), nystagmus in 29 (7.8%), optic atrophy in  
22 (5.9%), retinal causes in 42 (11.3%), phthisis bulbi in 24 (6.4%) and 
corneal scarring in 40 (10.8%) students. Cataract was responsible for 
blindness in 18 (4.86%) of students. ROP is noted as cause of blindness 
in 4 (1.1%)students.

There were 15 (3.5%) students who had undergone cataract surgery 
but nonetheless had poor vision after the surgery in them due to 
posterior segment pathology (high myopia) in 2 (13.3%) and /or 
amblyopia in 9 (60%). Two (13.3%) had nystagmus, one had corneal 
scar (6.6%), one (6.6%) had anterior staphyloma. While 5 (18%) had 
very high astigmatism which is the cause of visual impairment in 
these students.

Seven (1.8%) children were recommended a change of schooling 
while 6 (3.7%) children were recommended cataract surgery.9 (2.10%) 
were recommended corneal transplant. 54 out of 428 children were 
dispensed spectacles and/or low vision aids, aged 7 - 23 years out 
of which 27 (50%) were girls. Only spectacles were given to 15 students, 
low vision aids for distance to 11 students (8 of whom also received 
spectacles), low vision aids for near to 17 students (of whom 13 also 
received spectacles) and low vision aids for distance and near to 11 
students (6 of whom also received spectacles). The spectacles given 
to students had refractive power ranging +10.0 to -22.0 D sph and 
from	-7.0	to	+1.75	cyl.	out	of	which	23/42	(54.7%)	attained	N6-N12	
acuity. After dispensing low vision aids, 10 students could identify 
font	of	N6,	5	students	of	N8,	1	of	N10,	7	of	N12,	2	of	N18	and	1	on	
N36,	26	in	all	could	identify	letters	or	numbers.	With	spectacles	and	
low vision aids, 1 improved to 6/6, 3 to 6/9, 2 to 6/12, 6 to 6/18, 5 
to 6/24, 5 to 6/36 and 2 to 6/60. Three more students had their vision 
improved from 3/60 to <6/60.

The selection of the students for low vision trail was a multi factorial 
consideration. Ability to use the residual vision, daily life activities, 
need, enthusiasm and ability to handle and take care of the device 
properly were the few important factors.
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The	distribution	of	the	devices	were	as	follows:	For	distance	vision,	
9	children	(16.6%)	were	given	2.75	Xg	telescope	and	12	(22.22%)	were	
given	4	x	Gtelescope.	For	near	vision,	2.5	X	dome	magnifier	was	
given	to	8	(15%)	students,	4	x	stand	magnifier	is	given	to	1	(1.85%),	
a	hand	magnifier	10x	in	1(1.85%)	case	while	a	3	x	hand	magnifier	
with LED was given to 4 students (7.40%).

The students who would be received spectacles and/or low vision 
aids (either of near or distance or for the both) were verbally asked 
L V Prasad Eye Institute Functional Vision Questionnaire  containing 
21 questions by the same team of optometrists. A base line data about 
their functional vision was recorded before they were dispensed 
spectacles and LVAs.

After	six	months	of	dispensing	all	54	students	were	made	to	fill	up	
the	questionnaire.	Their	reply	was	analyzed	significant	p	value	readings	
are	observed.	Pre	and	post	rating	then	compared	and	analyzed	by	
SPSS	(version).	P	value	of	<	0.01	was	taken	as	significant.	The	details	
are given in 1. 

Table 1

 Pre-intervention Post-intervention p-value

  Min Max Median Min Max Median 

Q1	 Do	you	have	any	difficulty	
 in making out whether the 
 person you are seeing across 
 the read is a boy or a girl, 
 during the day? 0 4 1 0 1 0 < 0.001

Q2	 Do	you	have	any	difficulty	
 in seeing whether somebody 
 is calling you by waving his 
 or her hand from across the 
 road? 0 3 0.5 0 1 0 < 0.001

Q3	 Do	you	have	difficulty	in	
 walking alone in the 
 corridor at school without 
 bumping into objects or 
 people? 0 3 0 0 0 0 0.006

Q4	 Do	you	have	any	difficulty	
 in walking home at night 
 (from tuition or a friend’s 
 house) without assistance 
 when there are streetlights? 0 3 2 0 3 1 < 0.001
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Q5	 Do	you	have	any	difficulty	
 in copying from the 
 blackboard while sitting on 
	 the	first	bench	in	your	class?	 1	 4	 2	 0	 4	 1	 0.001

Q6	 Do	you	have	difficulty	in	
 reading the bus numbers? 1 4 2 0 4 1 < 0.001

Q7	 Do	you	have	any	difficulty	
 in reading the other details 
 on the bus (such as its 
 destination)? 1 4 3 0 4 1 < 0.001

Q8	 Do	you	have	any	difficulty	
 in reading your textbooks 
 at an arm’s length? 0 4 2 0 4 1 < 0.001

Q9	 Do	you	have	any	difficulty	
 in writing along a 
 straight-line? 0 3 1 0 2 0 < 0.001

Q10	Do	you	have	any	difficulty	
	 in	finding	the	next	line	while	
 reading when you take a 
 break and then resume 
 reading? 0 2 1 0 4 0 0.006

Q11	Do	you	have	any	difficulty	
 in locating dropped objects 
 (pen, pencil, and eraser) 
 within the classroom? 0 3 0 0 3 0 0.016

Q12	Do	you	have	any	difficulty	
 in threading a needle? 0 4 2.5 0 4 1 0.026

Q13	How	much	difficulty	do	
 you have indistinguishing 
 between 1 rupee and 2 rupee
 coins (without touching)? 0 4 0 0 1 0 0.002

Q14	Do	you	have	difficulty	in	
 climbing up or down stairs? 0 3 0 0 2 0 0.041

Q15	Do	you	have	difficulty	in	
 lacing your shoes? 0 4 0 0 1 0 0.010

Q16	Do	have	difficulty	in	
 locating a ball while playing 
 in the daylight? 0 4 1 0 3 1 < 0.001

Q17	Do	you	have	difficulty	in	
 applying paste on your 
 toothbrush? 0 2 0 0 0 0 0.034

Q18	Do	you	have	difficulty	in	
 locating food on your plate 
 while eating? 0 2 0 0 0 0 0.011
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Q19	Do	you	difficulty	in	
 identifying colors (e.g., 
 while coloring)? 0 4 0 0 3 0 0.006

Q20	Do	you	have	difficulty	
 watching television 
 properly 0 3 0 0 3 0 0.007

Q21 How do you think your 
 vision is compared with 
 that of your normal-sighted 
 friend? 1 3 2 1 3 1 0.007

All	of	these	students	showed	significant	improvement	in	their	vision	
function	for	all	the	21	questions,	but	there	was	a	significant	difference	
was	noted	in	following	questions:	Differentiating	whether	a	person	
across the street was a boy or girl, if someone was waving across the 
road,	difficulty	of	walking	home	at	night,	reading	the	bus	number,	
reading other details on the bus, locating a ball while playing, writing 
in a straight line and reading the text book at an arm’s length.

DISCUSSION

A large number of students in school for blind were congenitally 
blind due to abnormality of the globe. So many students had no 
perception	of	light.	But	some	students	could	use	their	residual	vision	
for functional purposes. Some of the students could see to walk 
around,	recognize	faces	and	prints.	The	purpose	of	the	prescribing	
LVAs was to improve their residual vision for functional use. Regular 
examination of students for refraction, fundus and anterior segment 
with	low	vision	assessment	could	result	in	significant	improvement	
in vision function of the students. With improvement in visual functions, 
they	 can	have	a	better	 and	more	 integrated	education,	 recognize	
numbers, perform simple mathematics, read regional languages and/
or English, all of which would result in better opportunities, in work 
and social life. The students who were dispensed optical aids reported 
significant	improvements	in	distant	vision	activities	like	recognizing	
far of things and near vision ones like writing in a straight line. There 
was	no	significant	improvement	for	activities	like	walking	down	the	
corridor, applying toothpaste on the tooth brush or tying of shoe 
laces as the children would have adapted to and mastered these 
activities	of	daily	living	even	without	significant	vision.

While numerous studies across the globe have reported students of 
schools for the blind having residual useful vision and recommending 
correction,	 we	 believe	 this	 is	 the	 first	 study	 to	 report	 the	 actual	
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improvement in vision function after provision of low vision aids 
after 6 months follow-up.8,10

The earlier in life a special child was examined and dispensed low 
vison aids and spectacles, the greater would be the chances of their 
learning better and developing diverse set of skills.

Like results of some African and Asian studies, there were 12 students 
with operable congenital or developmental cataracts in the students 
of the schools for the blind.9,16 There were 15 (3.5%) who had undergone 
cataract surgery but nonetheless that poor vision after the surgerydue 
to	coexisting	ocular	morbidity.	But	9	out	of	15	(60%)	had	amblyopia.	
This again underlined the fact that mere cataract surgery in blind 
children is not enough. A regular, active long term follow up with 
optical correction and anti-amblyopia treatment was needed otherwise 
the	gains	of	a	good	surgical	intervention	would	be	nullified.17

Whole globe anomalies, anophthalmos and microphthalmos were 
the commonest causes of blindness in children, like the studies 
published from these schools for the blind earlier.5,6,7,18,19 While their 
exact cause is a matter of conjecture, a genetic and environmental 
interaction has been proposed.20,21 More research is needed in this 
important	field,	as	these	relatively	common	conditions	can	be	so	far	
managed only by rehabilitation and low vision aids.8,10,22

Retinopathy of prematurity, as a cause of blindness that was not 
observed in these schools 2002 - 2004 series and seen in only one 
child in 2011 - 12 was now an established cause of blindness in children 
in school for the blind. Children blind with retinopathy of prematurity 
lose their vision in early infancy, but most children join a special 
school for blind when they are 5 to 8 years of age. Thus, there is a 
time lag of half a decade between such children losing their vision 
and	being	seen	in	special	schools	for	the	blind.	But	India’s	burgeoning	
population, vast increase in neonatal care coverage, its uneven quality 
and relatively poor awareness and opportunities for early screening 
of neonates at risk make retinopathy of prematurity an avoidable 
and iatrogenic cause of childhood blindness that would need enormous 
effort and co-ordination between the numerous public, private and 
not	for	profit	stake	holders	to	eliminate	retinopathy	of	prematurity	
as a cause of blindness in children. And to ensure that not many 
need special education in schools for the blind.

Most residential schools for the blind offer not just free schooling 
but also free lodging, boarding, food, books and other educational 
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aids. The parents pay practically nothing as governments and 
philanthropists pick up the tab. This may be a vicarious incentive 
for many parents to keep the children in such special schools, even 
if they can see enough to attend normal schools. Also from parents’ 
viewpoint,	such	schools	offer	a	modicum	of	safety,	allow	socializing	
with similar peers and take complete responsibility of the child. So 
while some stakeholders may not be enthusiastic about integrated 
education, all schools for the blind children should undergo a 
comprehensive eye examination that is repeated every other year 
and	are	prescribed	and	dispensed	optical	devices	to	maximize	their	
limited	visual	potential	and	are	taught	to	recognize	and	read	print.

A limitation of our study was the outcome was assessed subjectively 
in	 the	 form	of	a	questionnaire.	There	may	have	been	a	floor	and	
ceiling effect.
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Comparative Analysis Of Outcomes Following 
Customized Topoguided Corneal Collagen 
Crosslinking (CXL) Versus Conventional CXL 
For Progressive Keratoconus
Dr. Shreyas Ramamurthy, Dr. Umesh Sharma, Dr. Gitansha Sachdev

ABSTRACT

AIM

To compare the outcomes of Customised versus conventional cross 
linking	in	the	management	of	Progressive	Keratoconus.

METHODS

Prospective interventional study of consecutive patients with 
documented	 progression	 of	 Keratoconus	 were	 included.	 An	
accelerated 9 mw/cm2 for 10 mins protocol was used in the 
conventional	group	(Group	A).	In	the	customized	group	(Group	
B),	 3	 concentric	 zones	 received	15,	 10	 and	5.4	 J/cm2 of energy 
centered	on	the	highest	point	on	the	posterior	float.	

RESULTS

60 eyes (30 in each group) were included in the study. At 6 months 
follow	up	a	mean	maximal	flattening	of		2.9	D	was	achieved	in	
Group	B	as	compared	to	1.1	D	in	Group	A	(p	=	0.02).	The	I-S	index,	
which	was	 the	ratio	of	 inferior	 to	superior	flattening,	was	also	
better	in	Group	B	(p	=	0.032).	Significant	improvement	in	BDVA	
was	achieved	in	Group	B	(p	=	0.03).	Depth	of	demarcation	line	
was	182u	in	Group	A	and	268u	in	Group	B	(p	=	0.021).

CONCLUSION

Customised cross linking provided superior visual and topographic 
outcomes.

Dr. Shreyas Ramamurthy, 	Consultant	-		Cornea	,	Cataract	&	Refractive	
Services, The Eye Foundation, Coimbatore.
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INTRODUCTION

Roughly	two	decades	ago,	corneal	collagen	crosslinking	(CXL)	was	
first	proposed	as	a	treatment	modality	to	stabilize	the	ectatic	cornea.1 
Apart	from	disease	stabilization,	an	increase	in	the	corneal	biomechanical	
rigidity	was	associated	with	keratometric	flattening	in	a	high	proportion	
of eyes.2	Recent	understanding	with	finite	element	analysis	model	
demonstrates greater reduction in keratometry and corneal aberrations 
following	cone	localized	smaller	diameter	treatments	in	comparison	
to	the	conventional	broad	beam	profile	in	keratoconic	eyes.3 Clinical 
application	of	this	principle	entails	ultraviolet	irradiation	in	customized	
patterns	localized	on	specific	corneal	zones,	using	the	Mosaic	delivery	
system	 (KXL	 II,	 AvedroInc,	Waltham,	MA,	USA)	 or	 customized	
crosslinking.

We	 compared	 the	 outcomes	 following	 customized	 CXL	 versus	
conventional treatment in eyes with progressive keratoconus in an 
Indian population.

PATIENTS AND METHODS

STUDY POPULATION AND DESIGN

This prospective interventional study was conducted at The Eye 
Foundation, a tertiary eye care hospital in South India. Written informed 
consent was obtained from all participants in accordance with the 
tenets of Declaration of Helsinki and approval was obtained from 
the Ethics Committee of The Eye Foundation, Coimbatore - Registration 
Number:	ECR/934/Inst/TN/2017).

The study included patients with documented progression of keratoconus 
(increase in maximum keratometry by1 dioptre (or) decrease in 
thinnest pachymetry by greater than 20 microns). Soft and rigid gas 
permeable contact lens use was discontinued one to two weeks prior 
to screening respectively.

Eyes	with	 prior	 ocular	 surgery,	 concurrent	 ocular	 inflammation,	
endothelial cell count less than 2,500 cells/mm2, thinnest pachmetry 
lower	than	400	microns	and	conditions	precluding	steady	fixation	
such as squint and nystagmus were excluded from the study. Other 
exclusion	criteria	included	known	sensitivity	or	allergy	to	riboflavin	
or ultraviolet-A irradiation.
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PREOPERATIVE AND POSTOPERATIVE ASSESSMENTS

All eyes underwent a detailed slit-lamp bio-microscopic and dilated 
fundus evaluation. Following parameters were measured at preoperative 
and	 at	 1,	 3	 and	 6	 and	 12	months’	 postoperative	 visits:	CDVA	 in	
logarithm of the minimal angle of resolution (logMAR), log MAR 
uncorrected	distance	visual	acuity	(UDVA),	mean	refractive	spherical	
equivalent,	 keratometry	 (Scheimpflung	 Pentacam	 HR,	 Oculus	
Optikgerate), endothelial cell density (Topcon SP-1P specular microscope). 
Stromal	demarcation	line	was	measured	at	first	postoperative	month	
using anterior segment optical coherence tomography (Optovue, 
Heidelberg	engineering,	Fremont,	USA).	

SAFETY AND EFFICACY ENDPOINTS

The primary outcome parameter include improvement in the anterior 
corneal asymmetry (inferior-superior asymmetry). The secondary 
outcome	parameters	 included	flattening	of	Max	keratometry	and	
Mean keratometry, improvement in best corrected visual acuity and 
depth of demarcation line. 

Safety endpoints included were endothelial cell count and extent of 
haze	formation.	

SURGICAL PROCEDURE

A written informed consent was obtained from all patients, after 
explaining	the	risks	and	benefits	of	the	procedure.	Topical	anesthesia	
(proparacine hydrochloride 0.5%, Aurolab, India) was applied prior 
to the procedure to improve patient comfort. An epithelium off 
approach was used and the epithelium was debrided mechanically 
using a 15 number blade after the central cornea was soaked for 1 
minute	in	a	well	using	propracaine	eye	drops.	Two	drops	of	riboflavin	
(Vibex	 Rapid	 0.1%	 riboflavin	with	HPMC)	was	 instilled	 every	 2	
minutes for 10 minutes. For the conventional approach ultraviolet-A 
irradiation was delivered in an accelerated protocol of 9mw/cm2 for 
10	minutes	delivering	a	total	fluence	of	5.4	J/cm2 in the central 9 mm 
zone.	In	the	customized	CXL	group	ultraviolet-A	irradiation	of	365	
nm was delivered using the Mosaic system (Avedro Inc.) in 3 concentric 
zones	(3,	5	and	7	mm	diameter)	receiving	15,	10	and	5.4	J/cm2 of 
energy	respectively,	centered	on	the	highest	point	of	posterior	float	
elevation. 

Postoperative treatment regimen included steroids (L-Pred, loteprednol 
0.5%,	Allergan)	in	tapering	doses,	antibiotic	drops	(Vigamox,	Moxifloxacin	
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ophthalmic	solution	0.5%,	Alcon,	Novartis	AG)	and	lubricant	eye	
drops	(Systane	Ultra,	Polyethylene	Glycol	0.4%	and	propylene	Glycol	
0.3%,	Alcon,	Novartis	AG).

STATISTICAL ANALYSIS

IBM	SPSS	version	22	was	used	for	statistical	analysis.	Snellen	best	
corrected visual acuity measurements were converted to logarithm 
of the minimum angle of resolution (logMAR) equivalents for the 
purpose of data analysis. Data was checked for normal distribution 
within each category of study group by using visual inspection of 
histograms and normality Q-Q plots. Shapiro-Wilk test was also 
conducted to assess normal distribution, wherein a test p value of  
>	0.05	was	considered	as	normal	distribution.	Categorical	outcomes	
were compared between study groups using paired t-test. Association 
between quantitative explanatory and outcome variables was assessed 
by	calculating	person	correlation	coefficient	and	the	data	was	represented	
in a scatter diagram. P value < 0.05 was considered statistically 
significant.

RESULTS

60 eyes of 42 were included with 30 eyes in each group. The baseline 
characteristics including Age, preoperative spherical equivalent, pre 
operative	 Maximum	 keratometry,	 Mean	 Keratometry,	 thinnest	
pachymetry	and	best	corrected	visual	acuity	(BCVA)	were	similar	
in both groups as shown in Table 1. 

Table	1.	Baseline	demographics

	 		 Customized
	 CXL:	 CXL:	
 Mean (SD) Mean (SD) P Value

Age (years) 21.9 (3.82) 23.86 (5.47) 0.23

Spherical 
Equivalent (D) -2.51 (1.92) -2.85 (2.30) 0.66

BCVA	(Log	Mar)	 0.10	(0.13)	 0.12	(0.12)	 0.85

K-mean	(D)	 46.39	(2.49)	 47.36	(2.43)	 0.30

K-max	(D)	 51.73	(3.99)	 52.25	(3.73)	 0.35

Pachymetry Thinnest
(microns) 468.08 (30.77) 453.36 (23.96) 0.19
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The	customized	cross	linking	had	a	statistically	significant	improvement	
in inferior superior asymmetry, mean keratometry, maximum 
keratometry	 (Table	2).	 Improvement	was	noted	 in	BCVA	as	well	
although	it	did	not	achieve	statistical	significiance.	

Table 2. Customised CXL	–	pre	and	post	op	comparison	

Customised Cxl Pre-Op Post Op P Value

I-S Asymmetry 5.41 (3.08) 2.18 (3.25) 0.0014

K-mean	 47.322	(2.46)	 45.21	(2.52)	 <	0.00001

K-max	 53.25	(3.73)	 50.92	(3.39)	 <	0.0001

BCVA	 0.12	(0.12)	 0.08	(0.07)	 0.06

In the standard cross linking improvement there was no improvement 
in any of the above parameters as denoted in Table 3. 

Table 3. Standard CXL	–	pre	and	post	op	comparison

Standard Cxl Pre-Op Post Op P Value

I-S Asymmetry 3.75 (2.94) 3.66 (3.62) 0.78

K-mean	 46.39	(2.49)	 46.12	(2.78)	 0.755

K-Max	 51.72	(3.98)	 51.12	(4.26)	 0.3

BCVA	 0.1	(0.13)	 0.083	(0.08)	 0.38

An inter group comparison was also done which show statistical 
difference between the two groups in the extent of improvement in 
I-S	Asymmetry,	mean	flattening	of	K	max	and	K	mean.	(Table	4).	

Table	4.	Inter	group	comparison	–	standard	CXL vs customised CXL

 Standard CXL Custom CXL P Value

∆	I-S	 0.09	(1.56)	 3.56	(0.42)	 0.005

∆	K-MAX	 0.21	(0.9)	 1.95	(0.34)	 0.0001

∆	K-MEAN	 0.03	(0.45)	 1.02	(0.22)	 <	0.001

On	anterior	segment	OCT,	the	demarcation	line	in	the	customized	
cross linking group was seen in varying levels with deepest line in 
the area of maximum energy delivery and becoming progressively 
shallower moving out to the periphery. The deepest demarcation 
line	was	measured	and	the	mean	depth	was	268u	which	was	significantly	
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deeper than mean depth of demarcation line in the standard cross 
linking group which was 182u (p = 0.021).

The safety parameters included endothelial cell count and the extent 
of	haze	formation	which	was	comparable	between	both	groups.	

Table 5. Endothelial Cell Count Comparison
	 Baseline	 6	months	post
 (cells/cm2) op (cells/cm2) P value

CXL	 2459		 2398	 0.46

Custom	CXL	 2562	 2439	 0.39

DISCUSSION

Over	the	last	decade	collagen	cross	linking	in	Keratoconus	has	seen	
rapid	advancements	which	have	tried	to	improve	efficacy	and	safety	
of	the	procedure.	By	using	Bunsen	Roscoe	law	of	reciprocity,	Accelerated	
cross linking has become the mainstay in various forms. Although 
there is no accepted single format for cross linking, each method has 
been	proven	efficacious	in	arresting	Keratoconus.	

By	using	 accelerated	 cross	 linking	 and	 the	 advent	 of	 the	Mosaic	
Avedro cross linking system, which has a built in eye tracker, has 
paved	the	way	for	customized	cross	linking.	The	need	of	an	active	
eye tracker is an integral part as it actively controls the location of 
the energy delivery in relation to the cone. 

The	concept	of	customized	cross	linking	has	come	into	vogue	based	
on	Brilliouin	microscopy	studies	which	have	shown	the	corneal	tissue	
outside the location of cone in keratoconic corneas behave similarly 
to that of normal corneas. Additionally computational models have 
also	shown	that	selective	stiffening	and	flattening	of	the	cone	can	
improve visual function. 

Customised	cross	linking	can	be	delivered	in	various	customizable	
patterns, from arcuate patterns, sector patterns or concentric circles. 
There is yet no consensus on which pattern works best. A study 
comparing	different	beam	profiles	for	customized	cross	linking	showed	
that the concentric circle based on tangential map gave best results. 
However the limitation of this study was that they did not compare 
results	based	on	centration	of	treatment	on	posterior	float.9

In our study we based the treatment by identifying cone location on 
the	posterior	float.	The	reason	is	the	posterior	float	is	unaffected	by	
variations in epithelial thickness which can affect treatment patterns 
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  Pre OP Post OP

Examples of pre and post op topography of eyes undergoing customised 
cross	linking:	showing		anterior	curvature	regularisation

based on curvature maps or pachymetry maps. A study by Seiler et 
al	also	showed	good	efficacy	by	using	customized	patterns	based	on	
posterior elevation maps.6

Additionally	in	our	study	we	standardized	the	size	of	circles	and	
only altered the location of treatment based on cones. These gave 
standardized	 and	 superior	 outcomes	 than	 in	 previous	 published	
literature.4-7

An important area of concern was that we are delivering maximum 
energy in the area of cone which is also the thinnest part of the cornea. 
So	concerns	of	safety	in	terms	of	endothelial	count	and	haze	formation	
were addressed in our study and were found to be comparable to 
that of standard cross linking. 
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A confocal microscopy study has also shown that the corneal nerve 
regeneration was better and extent of keratocyte apoptosis was lesser 
in	the	customized	cross	linking	as	compared	to	standard	cross	linking.8 

CONCLUSION

Customised	cross	linking	using	standardized	size	of	concentric	circles	
based	on	posterior	float	provided	anterior	 corneal	 regularization	
and gave superior refractive and keratometric outcomes with excellent 
safety	profile.	Future	studies	are	required	to	look	at	combination	of	
customized	cross	linking	with	topography	guided	ablation	to	further	
augment topographic and refractive outcomes. 
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Descemet Membrane Endothelial Keratoplasty 
For Failed Penetrating Keratoplasty: Visual 
Outcomes And Graft Survival
Dr. Anand Pasari, Dr. Marianne O. Price, Dr. Matthew T. Feng, 
Dr. Francis W. Price

PURPOSE

To evaluate outcomes and graft survival of Descemet membrane 
endothelial	keratoplasty	(DMEK)	for	failed	penetrating	keratoplasty	
(PK).

METHODS

Ninety-three	DMEK	procedures	performed	in	84	eyes	of	77	patients	
with	failed	PK	were	retrospectively	reviewed.	The	main	outcomes	
were corrected distance visual acuity and graft survival assessed 
with	Kaplan–Meier	survival	analysis	and	proportional	hazards	
modeling taking follow-up into consideration.

RESULTS

Sixty-nine	eyes	had	1	previous	failed	PK,	13	had	2,	1	had	3,	and	1	
had 4. Ten eyes had failed Descemet stripping endothelial keratoplasty 
(DSEK)	performed	under	 failed	PK.	 Fourteen	 cases	 (15%)	had	
previous	glaucoma	filtration	surgery	(9	trabeculectomy	alone;	5	
trabeculectomy and aqueous shunt). Median follow-up was 21 
months (range, 1 month to 7 years). Median Snellen corrected 
distance visual acuity improved from 20/100 preoperatively (range, 
20/30	to	count	fingers)	to	20/30	at	6	months	postoperatively	(n	=	
73;	range,	20/20–20/200).	Rebubbling	rates	were	53%	when	the	
diameter	of	the	DMEK	graft	was	oversized,	27%	when	same	sized,	
and	33%	when	undersized	relative	to	that	of	the	previous	PK	graft.	
Two grafts (2%) experienced an immunologic rejection episode, 

Dr Anand Pasari,	MD,	Consultant,	Haag-Streit.	
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and 15 (16%) failed, including 5 primary/early failures and 10 late 
failures.	Previous	glaucoma	surgery	was	the	only	significant	risk	
factor	for	failure	(relative	risk,	7.1;	95%	confidence	interval,	2.1	–	
37.0). The 1, 2, and 3 year graft survival rates were 96%, 89%, and 
89% without versus 78%, 53%, and 39% with previous glaucoma 
surgery. 

CONCLUSIONS

Treatment	of	failed	PK	with	DMEK	produced	similar	4	year	survival	
(76%) and better visual outcomes than previously reported with 
Descemet	stripping	endothelial	keratoplasty	or	an	initial	PK	regraft	

KEYWORDS

DSEK,	DMEK,	penetrating	keratoplasty,	graft	survival,	endothelial	
cell loss

With	penetrating	keratoplasty	(PK),	graft	failure	from	late	endothelial	
decompensation	becomes	increasingly	likely	over	time.	Until	about	
a	decade	ago,	repeating	fullthickness	PK	and	implanting	a	keratoprosthesis	
were	the	only	options	to	manage	failed	PK.	However,	both	of	these	
options have complications, including scarring and thinning of the 
recipient cornea from sutures, risk of infections from loose sutures 
and suture removal, increased risk of ocular surface disease from an 
anesthetic	cornea,	slow	visual	recovery	with	PK,	and	complications	
from the external junction of a keratoprosthesis with the epithelium 
and stroma.1,2

We pioneered the use of Descemet stripping endothelial keratoplasty 
(DSEK)	to	restore	clarity	to	a	failed	PK	graft	in	2006	and	subsequently	
reported the long-term visual and survival outcomes of this approach 
in a larger series.3,4 Other centers substantiated favorable outcomes 
of	DSEK	to	treat	failed	PK,	making	this	a	widely	accepted	approach	
to provide more rapid improvement in visual acuity and avoid the 
suture-related complications, delayed wound healing, high postoperative 
astigmatism, and prolonged visual recovery associated with repeat 
PK.5,6

Compared	with	DSEK,	Descemet	membrane	endothelial	keratoplasty	
(DMEK)	provides	even	more	selective	replacement	of	the	dysfunctional	
corneal endothelium resulting in smaller incisions, better visual 
outcomes, and lower risk of allograft rejection.7 We and others have 
described	favorable	short-term	outcomes	in	case	series	using	DMEK	
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for	management	of	failed	PK	grafts.8-12 The purpose of this study was 
to assess the longer term graft survival rate and to identify the principal 
risk factors for graft failure.

METHODS

This was a retrospective review of data collected prospectively on 
an	initial	consecutive	series	of	DMEK	cases	performed	at	Price	Vision	
Group,	Indianapolis,	IN.	A	total	of	93	cases	met	the	study	inclusion	
criterion	of	DMEK	performed	in	an	eye	with	failed	PK.	Four	surgeons	
performed the cases between May 2010 and February 2018. An 
independent	review	board	(IRBCo,	Inc,	Buena	Park,	CA)	approved	
the study. Participants completed an informed consent process. The 
study was consistent with the Declaration of Helsinki and complied 
with the Health Insurance Portability and Accountability Act of 1996.

SURGICAL TECHNIQUE

The	 surgical	 technique	 for	DMEK	was	previously	described.13 In 
brief,	the	DMEK	surgery	involved	donor	graft	preparation	using	the	
submerged	cornea	using	backgrounds	away	(SCUBA)	technique.13 
To facilitate graft attachment, Descemet membrane from the failed 
PK	was	stripped	irrespective	of	the	presence	or	absence	of	visually	
significant	scarring,	except	in	a	few	early	cases	in	the	series	done	
before	the	surgeons	appreciated	that	DMEK	did	not	adhere	as	well	
to residual Descemet membrane and the endothelium. Stripping was 
performed carefully, avoiding the graft/host junction and staying 
within	the	edge	of	the	PK	wound.	In	cases	of	failed	DSEK	under	
failed	 PK,	 the	 edematous	 DSEK	 donor	 graft	 was	 separated	 and	
removed.	In	10	cases,	DMEK	was	combined	with	phacoemulsification	
and intraocular lens implantation, as previously described.14

When selecting the diameter of the donor graft, the surgeon considered 
the	diameter	of	the	failed	PK	graft,	the	recipient	horizontal	corneal	
white-to-white diameter, and the anterior chamber depth, assessed 
intraoperatively. The donor graft was inserted into the recipient’s 
eye through a 2.2 to 2.8 mm incision (either corneal or scleral) using 
an	intraocular	lens	inserter	(off-label	use;	Viscoject	2.2:	Medicel	AG,	
Wolfhalden,	Switzerland;	or	Carl	Zeiss	Meditec,	Jena,	Germany)	or	
glass cannula (Geuder; CorneaGen, Seattle, WA). We routinely 
performed inferior peripheral iridotomy before inserting the graft 
and left a near-complete air bubble in the eye at the end of the case. 
Patients were checked between 1 and 2 hours postoperatively for 
possible iridotomy block by air.15
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In most cases, the prescribed topical corticosteroid regimen to prevent 
graft rejection was prednisolone acetate 1% ophthalmic solution dosed 
4 times daily for 3 months, tapered by 1 drop per month to once 
daily,	and	continued	indefinitely	(off-label	use).	When	necessary	to	
manage steroid responsive intraocular pressure elevation, patients 
were	 switched	 to	 lower	potency	 steroids,	 either	fluorometholone	
0.1% (n = 23, off-label use) or loteprednol etabonate 0.5% (n = 8).

OUTCOMES AND EXAMINATION PROCEDURES

All patients underwent full ophthalmic examination before endothelial 
keratoplasty	 (EK)	 to	 assess	 the	 PK	 wound,	 presence	 of	 corneal	
neovascularization,	corneal	scarring,	peripheral	anterior	synechiae	
(PAS),	presence	of	glaucoma	filtration	surgery	(trabeculectomy	or	
aqueous shunt procedure), and visual potential. Postoperative 
examinations were typically scheduled 1 day, 2 days, 1 week, 1, 3, 
6, and 12 months, and annually thereafter. In some cases, patients 
followed up with a referral physician, and we requested copies of 
the medical records. At the postoperative examinations, we measured 
corrected distance visual acuity (CDVA) with Snellen projector charts, 
intraocular pressure with Goldmann applanation tonometry, and 
central corneal thickness with ultrasonic pachymetry. The provider 
eye banks assessed baseline donor endothelial cell density with 
specular microscopy. We measured postoperative endothelial cell 
density	with	specular	microscopy	(Noncon	Robo;	Konan	Medical	
Inc, Hyogo, Japan), using the center method and the manufacturers’ 
calibration and software.16 Complications and subsequent interventions 
were documented.

Consistent with the Cornea Preservation Time Study,17 graft failure 
was	defined	as	the	occurrence	of	a	regraft	for	any	reason	or,	in	the	
absence	of	a	regraft,	a	cornea	that	was	cloudy	on	the	first	postoperative	
day and did not clear within 8 weeks (early failure), or a cornea that 
initially cleared and subsequently became cloudy for 3 months (late 
failure). Also consistent with the Cornea Preservation Time Study,17 

a	graft	rejection	episode	was	defined	as	either	presence	of	an	endothelial	
rejection	line	or	inflammation	(keratic	precipitates,	cells	in	the	stroma,	
or an increase in aqueous cells from a previous visit, with or without 
any clinically apparentchange in recipient stromal thickness or clarity) 
without an endothelial rejection line in a previously clear graft.    

STATISTICAL ANALYSIS

Descriptive statistics were reported as median and interquartile range 
because the data did not follow a normal distribution. Visual acuity 
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measurements were converted to the logarithm of the minimum 
angle of resolution for statistical analysis. The differences between 
preoperative and postoperative visual acuity and central corneal 
pachymetry	were	 assessed	using	 the	paired	 t	 test.	Kaplan–Meier	
survival analysis and the log-rank test were used to estimate the 
probability of graft survival and the probability of experiencing an 
initial	immunologic	rejection	episode.	Univariate	and	multivariable	
proportional	hazards	modeling	were	performedto	identify	risk	factors	
that	influenced	graft	survival.	Cluster	effects	were	incorporated	into	
the model as independent and identically distributed random variables 
to account for potential correlations between fellow eyes and regrafts. 
These analytical methods took loss to follow-up into consideration. 
Analyses were 2 sided and performed with SAS version 9.4 (SAS 
Inc,	Cary,	NC)	with	a	5%	significance	level.	

RESULTS

DEMOGRAPHICS

Ninety-three	consecutive	DMEK	cases	performed	in	84	eyes	of	77	
patients	were	included	in	the	study;	7	patients	had	bilateral	DMEK	
for	previous	failed	PK.	The	median	followup	time	was	21	months	
(range	1	month–7	years).	The	number	of	clear	grafts	followed	through	
1,	2,	3,	and	4	years	was	69,	41,	26,	and	12,	respectively.	The	Kaplan–
Meier	 and	 proportional	 hazards	modeling	 took	 into	 account	 the	
variable length of follow-up in the series.

Table	1	summarizes	the	patient	demographics,	indications	for	surgery,	
preexisting anterior segment conditions, and graft diameters. The 
primary	indication	for	DMEK	was	optical	rehabilitation	in	80	eyes	
and pain relief from bullous keratopathy in 4 eyes. Those treated for 
optical	rehabilitation	were	considered	candidates	for	DMEK	only	if	
the surgeon judged refraction and topography achieved with previous 
PK	to	be	acceptable	relative	to	visual	potential.

Table	1.	Baseline	Patient	Demographics,	Ocular	Conditions,	and	
Graft Diameters in 93 Descemet Membrane Endothelial 
Keratoplasty	(DMEK)	Cases	Performed	for	Failed	Penetrating	
Keratoplasty	(PK)	in	84	Eyes	of	77	Patients

Demographics	 N	=	77	patients

Age,	yr		 Median,	67;	range,	32	–	94

Sex,	male:	female,	number	 41:36
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Indication	for	original	PK	 N	(%	of	84	eyes)

Fuchs dystrophy 36 (43)

Keratoconus	 27	(32)

Pseudophakic corneal edema 5 (6)

Corneal scar 6 (7)

Herpetic 5 (6)

Endothelial failure secondary
to glaucoma surgery 1 (1)

Post-radial keratotomy 3 (4)

Therapeutic 1 (1)

Number	of	previous	PKs	 N	(%	of	84	eyes)

1  69 (82)

2  13 (15)

3  1 (1)

4  1 (1)

Previous	DSEK	for	failed	PK	 10	(12)

DMEK	graft	diameter,	mm	 N	(%	of	93	cases)

8  64 (69)

8.25  2 (2)

8.5  9 (10)

9  18 (19)

DMEK	graft	diameter	relative
to	previous	PK	diameter	 N	(%	of	93	cases)

Oversized		 33	(35)

Same	size		 26	(28)

Undersized		 34	(37)

Preexisting	anterior	segment	 N	eyes;	N	cases
conditions (% of 93 cases)

Trabeculectomy  10; 14 (15)
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Glaucoma tube shunt
(the shunts were in eyes that also
had previous trabeculectomy) 2; 5 (6)

PAS  10; 13 (14)

Corneal	neovascularization	 13;	13	(14)

The	principal	causes	of	failure	of	original	PK	were	late	endothelial	
decompensation (n = 61 eyes, 73%) or immunologicrejection (n = 15 
eyes, 18%). In 8 eyes, the cause of failure was not documented because 
previous	PK	and	followup	were	performed	elsewhere.	Ten	DMEK	
procedures were combined with cataract surgery. 

The	diameter	of	the	DMEK	graft	exceeded	the	diameter	of	the	previous	
failed	PK	graft	in	33	cases	(35%);	the	median	size	difference	was	0.5	
mm	(range,	0.25	–	1	mm).	In	26	cases	(28%),	the	diameter	of	the	DMEK	
graft	matched	that	of	the	previous	failed	PK	graft.	In	34	cases	(37%),	
the	diameter	of	the	DMEK	graft	was	undersized	relative	to	that	of	
the	previous	PK	graft;	the	median	diameter	difference	was	20.25	mm	
(range 20.25 to 21.5 mm). 

VISUAL ACUITY

Median preoperative CDVA was 0.7 logarithm of the minimum angle 
of resolution (Snellen equivalent 20/100, range 20/30 to hand motion, 
N	=	93).	Median	postoperative	CDVA	was	0.3	(Snellen	equivalent	
20/40,	range	20/20	to	count	fingers,	N	=	82,	P	,	0.0001	relative	to	
baseline) at 3 months and 0.18 (Snellen equivalent 20/30, range 
20/20–20/	200)	at	6	months	(n	=	73)	and	1	year	(n	=	67).	CDVA	of	
20/40 or better was achieved in 38 of 91 cases at 1 month (42%), 52 
of 82 cases (63%) at 3 months, 52 of 73 cases at 6 months (71%), and 
51	of	69	cases	at	12	months	(74%).	Consistent	with	most	PK	studies,	
we included all eyes in the CDVA analysis even if visually limiting 
ocular comorbidity was present.

AIR REINJECTION

Air was reinjected in 36 cases (39%) to treat partial graft detachment. 
Thirteen cases (14%) had 1 air reinjection, 10 cases (11%) had 2, 4 
cases (4%) had 3, 7 cases (8%) had 4, 1 case (1%) had 6, and 1 case 
(1%) had 7. The rate of air reinjection was 53% when the diameter 
of	the	DMEK	graft	was	oversized	relative	to	that	of	the	previous	PK	
graft,	27%	when	the	diameter	of	the	DMEK	graft	matched	that	of	the	
previous	PK	graft,	and	33%	when	the	diameter	of	the	DMEK	graft	
was	undersized	relative	to	that	of	the	previous	PK	graft.	The	likelihood	
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of	one	or	more	air	reinjections	was	higher	with	oversized	grafts	(P	
= 0.032).

IMMUNOLOGIC REJECTION

Two eyes experienced a single documented episode of immunologic 
graft rejection, one at 15 months and the other at 44 months of follow-
up.	Both	progressed	to	endothelial	decompensation	despite	topical	
corticosteroid	therapy.	Both	had	also	experienced	rejection	of	 the	
previous	PK	graft.	The	cumulative	3	year	probability	of	experiencing	
an	immunologic	rejection	episode	with	DMEK	under	failed	PK	was	
1.7%. 

CENTRAL CORNEAL THICKNESS

Ten	cases	with	failed	DSEK	under	failed	PK	were	excluded	from	the	
pachymetry	analysis	because	the	failed	DSEK	graft	was	removed	
before	DMEK	without	attempting	to	document	the	thickness	removed.	
Seven cases did not have preoperative central pachymetry recorded, 
possibly because ultrasonic pachymetry did not register a reading 
if	the	thickness	exceeded	1	mm.	Nine	cases	in	which	photorefractive	
keratectomy	was	performed	on	the	PK	graft	before	decompensation	
were included in the analysis. 

Median preoperative central corneal thickness was 668 mm (range, 
544	–	908	mm,	N	=	76)	 in	cases	with	valid	pachymetry	readings.	
Median	postoperative	corneal	thickness	was	549	mm	(range,	437	–	
708	mm;	N	=	64;	P	,	0.0001	relative	to	baseline)	at	1	month	and	520	
mm	(range,	436	–	651	mm;	N	=	59;	P	=	0.0011	relative	to	1	month)	at	
3	months	of	 follow-up,	with	no	 significant	 change	at	 subsequent	
visits thereafter. 

ENDOTHELIAL CELL LOSS

Median baseline donor endothelial cell density was 2870 cells/mm2 
(interquartile	range	[IQR],	2740	–	3030	cells/mm2).	Postoperatively,	
median endothelial cell loss at 6 months, 1 year, and 2 years was 31% 
(IQR,	24%	–	46%;	n	=	42),	44%	(IQR,	32%	–	64%;	n	=	44),	and	47%	
(IQR,	34%	–		76%;	n	=	33),	respectively,	relative	to	baseline	donor	
endothelial cell density recorded by the provider eye bank.

GRAFT SURVIVAL AND RISK FACTOR ANALYSIS

Five grafts that failed to clear were considered early failures and 
treated	with	repeat	EK	(2	with	DMEK	and	3	with	DSEK).	Ten	grafts	
performed in 7 eyes experienced late graft failure and were managed 
with	repeat	EK,	as	described	in	Table	2.
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The	 overall	 Kaplan–Meier	
estimated probability of graft 
survival was 93%, 82%, 80%, 
and 76% at 1, 2, 3, and 4 years, 
respectively (Fig. 1). The graft 
survival rate was not 
significantly	associated	with	
the steroid regimen used 
(standard vs. reduced potency 
to manage intraocular pressure 
elevation, P = 0.31). We 
assessed the potential 
influence	 of	 baseline	 risk	
factors for graft failure that 
were	identified	in	previous	
DMEK	or	PK	regraft	studies.	
Preexisting PAS (P = 0.41), 
preexisting corneal neo-
vascularization	 (P	 =	 0.99),	
and more than 1 previous 
PK	 (P	 =	 0.20)	 were	 not	
significant	independent	risk	
factors	 for	 DMEK	 failure.	
Previous	glaucoma	filtration	
surgery was the only 
significant	 risk	 factor	 for	
failure in univariate or 
multivariable analysis. The 
estimated probability of graft 
survival at 1, 2, and 3 years 
was 96%, 89%, and 89%, 
respectively, in eyes without 
previous glaucoma surgery 
versus 78%, 53%, and 39%, 
respectively, in eyes with 
previous glaucoma surgery 
(Fig. 1). The relative risk of 
graft failure in eyes with 
previous glaucoma surgery 
was	 7.1	 (95%	 confidence	
interval,	2.1–37.0;	P	=	0.0027).	
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DISCUSSION

This	study	demonstrates	that	DMEK	is	an	effective	option	in	management	
of	secondary	graft	failure	after	PK	with	good	visual	outcomes	and	
mid-term	graft	survival.	As	compared	with	repeat	PK,	DMEK	offers	
rapid visual recovery, avoids reinduction of ocular surface problems 
associated with a completely neurotrophic corneal graft, and avoids 
the need for multiple sutures, which among other things cause 
degenerative problems in the recipient cornea. Given its better safety 
profile,	DMEK	potentially	can	be	repeated	more	often	than	PK;	within	
the	study,	DMEK	was	repeated	up	to	3	times	in	an	eye	with	previous	
failed	PK	and	failed	DSEK.

Visual	recovery	was	rapid	with	DMEK	for	failed	PK;	median	CDVA	
was 20/30 at 6 months including all treated eyes, whereas in an 

Fig. 1. Graph	showing	the	Kaplan–Meier	estimated	survival	rate	of	DMEK	
for	failed	PK	as	a	function	of	whether	the	eye	had	previous	trabeculectomy	
(trab) or aqueous shunt; the P value was derived from proportional 
hazards	modeling,	which	 took	 into	account	potential	correlations	
between fellow eyes and regrafts.
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earlier	series	of	60	DSEK	under	 failed	PK	cases	performed	at	 the	
same center, median CDVA was 20/50 at 6 months excluding eyes 
with ocular comorbidities.4	The	visual	recovery	with	both	DMEK	
and	DSEK	under	failed	PK	contrasts	sharply	with	delayed	and	often	
unpredictable	visual	rehabilitation	after	repeat	PK.18 The particularly 
rapid	visual	recovery	seen	with	DMEK	under	failed	PK	is	consistent	
with	the	faster	and	better	visual	recovery	that	DMEK	provides	in	
virgin	eyes	as	compared	with	DSEK	or	PK.19

The	4	year	survival	of	DMEK	for	failed	PK	(76%)	was	similar	to	the	
same	center	4	year	survival	rate	with	DSEK	for	failed	PK	(74%)	or	
initial	PK	regrafts	(63%).4,20	Previous	glaucoma	filtration	surgery	was	
the	only	significant	risk	factor	for	failure	of	DMEK	under	failed	PK,	
similar	to	what	has	been	reported	with	DSEK.4,21	Both	trabeculectomy	
and	aqueous	shunts	significantly	alter	the	balance	of	protein	abundance	
levels in the aqueous humor; changes in the microenvironment of 
corneal endothelial cells may accelerate endothelial decompensation.22 
Other	factors	that	affect	the	survival	of	repeat	PK,	such	as	corneal	
neovascularization,	PAS,	and	multiple	previous	PK	grafts,23 were 
not	significant	risk	factors	with	DMEK	for	failed	PK,	nor	were	they	
significant	with	DSEK	for	failed	PK.4	None	of	the	DMEK	grafts	in	
this study failed from ocular surface disease or development of 
persistent epithelial defects or microbial keratitis, which are common 
occurrences	after	PK	regrafts.18

The probability of experiencing an immunologic rejection episode 
was	only	1.7%	through	3	years	in	this	DMEK	for	failed	PK	series.	
This was much lower than the 16.7% rate reported in a large multicenter 
study	of	DSEK	for	failed	PK,5	and	it	is	consistent	with	DMEK	having	
a remarkably lower risk of immunologic rejection when performed 
on	virgin	corneas,	as	compared	with	DSEK	or	PK.7 Steroid-responsive 
intraocular pressure elevation is a common cause of glaucoma after 
any form of corneal transplantation.24 The reduced rejection risk with 
DMEK	allows	early	reduction	of	steroid	strength,	significantly	reducing	
the risk of steroid-responsive intraocular pressure elevation.25

The most common postoperative intervention was air reinjection to 
promote graft attachment. Air was reinjected in 36 of 93 cases (39%), 
and 22 of 93 cases (25%) had more than 1 reinjection to ensure graft 
attachment. These rates of single and multiple air reinjections were 
substantially higher than typically experienced at the same center 
with other indications such as Fuchs dystrophy,26 but within the  
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Fig. 2. Anterior segment OCT images showing the rescue of a pilot’s failed 
8	mm	PK	graft,	which	had	an	 irregular	posterior	 ledge	along	 the	
graft-host	junction,	with	a	9	mm	DMEK	graft.	At	1	month,	the	DMEK	
was almost totally attached and bridged the substantial step-off onto 
the peripheral recipient cornea after 3 air reinjections; CDVA was 
20/20, and endothelial cell density was 2433 cells/mm2. OCT, optical 
coherence tomography.

37%	-	100%	range	reported	in	other	case	series	of	DMEK	for	failed	
PK	(n	=	5–28	cases).10–12,27	When	performing	DSEK	for	failed	PK,	we	
prefer	not	to	strip	PK	Descemet	membrane	unless	 it	 is	scarred	to	
prevent inadvertently opening up the old graft host junction while 
stripping.4	However,	DMEK	does	not	adhere	well	to	residual	Descemet	
membrane,28–30	so	we	carefully	strip	just	within	the	old	PK	wound	
to	facilitate	DMEK	adherence.

The	air	reinjection	rate	was	higher	when	the	diameter	of	the	DMEK	
graft	was	oversized	relative	to	that	of	the	previous	PK	graft.	Currently,	
we	prefer	to	use	the	same	size	or	a	slightly	smaller	size	DMEK	graft	
if	the	PK	graft	was	8	mm	or	more	in	diameter.	If	the	diameter	of	the	
PK	graft	was	≤ 7.5 mm in an eye with a normal corneal diameter  
(≥ 11.5	mm),	we	prefer	to	use	a	9	mm	DMEK	diameter	to	provide	
more healthy donor endothelium that will hopefully help repopulate 
the recipient cornea. The corneal posterior surface is often irregular 
at	the	graft–host	junction,	which	can	impede	attachment,	although	
as	illustrated	by	a	case	in	this	study,	DMEK	grafts	can	ultimately	
conform even to a large posterior step-off at the edge of a previous 
PK	graft	(Fig.	2).	Preoperative	anterior	segment	optical	coherence	
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tomography imaging can show the extent of irregularity to guide 
the	sizing	and	location	of	the	graft.	Selecting	a	smaller	DMEK	diameter	
that	can	attach	entirely	within	the	old	PK	margin	may	be	preferable	
in cases with a large posterior protuberance, although fewer endothelial 
cells are transplanted. If the posterior lip is irregular in 1 area only, 
the graft can be displaced slightly away from that area, adjusting the 
area of stripping accordingly.

Our	median	postoperative	endothelial	cell	loss	with	DMEK	for	failed	
PK	was	31%,	44%,	and	47%	at	6	months,	1	year,	and	2	years,	respectively.	
This	was	similar	to	47%	cell	loss	at	1	year	reported	by	Einan-Lifshitz	
et	al	and	50%	cell	loss	at	2	years	reported	by	Lavy	et	al	with	DMEK	
for	failed	PK,11,27 but it was substantially higher than what we typically 
experience	with	DMEK	in	primary	uncomplicated	cases.31 Cell loss 
may	 be	 higher	 in	 failed	 PK	 eyes	 for	 several	 reasons.	 First,	 extra	
manipulation may be required to center the graft, especially with an 
irregular	PK	wound	margin,	and	this	may	be	aggravated	by	a	poor	
view because of corneal scarring. Second, edge detachments and 
multiple	air	reinjections	are	more	common	in	failed	PK	eyes,	and	
these have been associated with increased cell loss.11,27,32 Postoperative 
increase in intraocular pressure has been associated with accelerated 
chronic	endothelial	cell	loss	after	PK	in	glaucoma	eyes.33 Finally, the 
recipient peripheral endothelium is probably depleted in eyes with 
corneal	decompensation	after	PK,	so	endothelial	cell	migration	from	
the	DMEK	graft	 to	 the	 peripheral	 recipient	 cornea	may	 be	more	
prevalent than it is in eyes with the relatively healthy peripheral 
endothelium.34 

In	conclusion,	our	data	suggest	that	for	treatment	of	failed	PK,	DMEK	
provides faster and better visual recovery with a substantially lower 
risk	of	allograft	rejection	than	a	PK	regraft	or	DSEK.	The	4	year	graft	
survival	with	DMEK	for	failed	PK	matched	the	survival	rates	with	
DSEK	or	an	initial	PK	regraft	at	the	same	center.	Patients	should	be	
adequately counseled about the increased risk of graft failure in eyes 
with	 previous	 glaucoma	 filtration	 surgery	 and	 the	 likelihood	 of	
rebubbling procedures in the early postoperative period. Study 
limitations included the retrospective nature and the surgeons’ 
preference	for	DSEK	or	PK	regraft	in	eyes	with	a	severely	shallow	
anterior chamber, a large iris defect, aphakia, or extensive anterior 
synechiae.	Longer-term	followup	of	DMEK	for	failed	PK	is	warranted.
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Keratoplasty (DMEK)
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ABSTRACT

PURPOSE

To describe a simple technique of Sinsky Assisted descemet membrane 
endothelium Frill formation and Edge lifting (SAFE) for descemet 
membrane	endothelial	keratoplasty	(DMEK)	donor	preparation.

METHODS

This experimental study was conducted with 40 human donor 
corneoscleral	 tissues.	 25	 tissues	 were	 used	 to	 standardize	 the	
technique	and	remaining	15	for	establishing	the	final	technique.	
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A partial thickness trephination was done followed by sinsky-
assisted 360 degree separation of the DM from the underlying 
stroma. The separation was further extended by 3 - 4 mm from 
the edge for 4 - 5 clock hours followed by peeling of the DM. The 
outcome measures were complete success (8 mm roll without 
peripheral edge tears) and partial success (8 mm roll with peripheral 
edge tears). 

RESULTS

DMEK	roll	was	successfully	peeled	in	86.6%	tissues	(n	=	13/15).
Complete success was obtained in 66.6% tissues while partial 
success was obtained in 20% tissues. 

CONCLUSION

SAFE	is	a	simple	technique	of	DMEK	that	does	not	require	any	
sophisticated instruments.

INTRODUCTION

Introduced by Melles in 2006, descemet membrane endothelial 
keratoplasty	(DMEK)	has	gained	increasing	popularity	and	interest	
as a method for posterior lamellar transplantation.1 In this procedure 
the recipient’s diseased descemet endothelium is replaced with the 
donor’s healthy descemet endothelium complex. The major advantages 
of	DMEK	over	other	methods	of	endothelial	keratoplasty	is	early	
visual rehabilitation with better visual outcomes, and a low risk of 
graft rejection.2–6 The other less discussed but often the most important 
advantage from the perspective of developing countries is its cost-
effectiveness. It does not require sophisticated instruments like 
microkeratome.

Despite	these	advantages,	DMEK	is	not	a	widely	practiced	surgery.	
The	major	limitations	even	in	suitable	cases	are	difficult	graft	preparation,	
increased surgical manipulation and higher rates of early post- operative 
graft detachment. In addition, a steep learning curve leading to wastage 
of good quality donor tissues is a major concern in developing countries 
which may be a reason for lesser preference of this surgical technique 
among corneal surgeons. 

Several techniques that have been described in the past require some 
specialized	 instruments	 such	 as	Muraine	 punch,	 Barron	 vacuum	
block,	artificial	anterior	chamber,	curvilinear	forceps	with	half	moon	
shaped	non-toothed	anterior	segment,	Y-hook	instrument,	etc.4–6 In 
this experimental study, we describe a simple technique of Sinsky 
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Assisted descemet endothelium Frill formation and Edge lifting 
(SAFE)	for	preparation	of	DMEK	graft.

METHODS 

A	total	of	40	donor	corneal	tissues	were	obtained	from	the	National	
Eye	Bank	of	which	25	were	used	to	standardize	our	technique.	The	
remaining	15	tissues	[nine	in	McCarey	Kaufman	medium	(MK)	media	
and	six	in	Cornisol]	were	used	for	establishing	the	final	technique.

All	cases	were	performed	by	a	single	surgeon	[PKM]	well	versed	
with	endothelial	keratoplasty.	In	the	initial	25	tissues,	different	size	
of	trephines	(9	mm,	9.5	mm,	10	mm,	and	11	mm)	were	used	to	find	
the	most	appropriate	 size	 that	would	give	us	best	 results.	 It	was	
observed	that	with	the	trephine	size	of	>	9.5	mm,	it	was	difficult	to	
initiate the plane of dissection between the descemet and posterior 
stroma. Dense adhesion was noted which often resulted in peripheral 
tears of DM roll. So we concluded that 9 - 9.5 mm is the most appropriate 
size	for	initial	trephination.	Several	observations	were	made	in	the	
standardization	which	has	been	elaborated	in	the	discussion	section.	

The	corneoscleral	rim	is	first	placed	on	a	Teflon	block	partially	filled	
with tissue preservation media. An initial partial thickness trephination 
is done with a 9.5 mm manual trephine (Madhu trephines, India). 
At this step, it is essential not to apply undue force in order to avoid 
a full thickness punching. A useful sign for adequate depth of 
trephination is a ring formation, observed within the inner edge of 
trephine during this step. A broad ring is seen in the case of deep 
punching	of	the	tissue	while	a	narrow	ring	suggests	a	superficial	
trephination. Alternatively a guarded trephine can also be used as 
it would be both precise and safe. However, in our experience, manual 
trephine also works well, especially if the ring sign is appreciated 
carefully. The tissue is then stained with Trypan blue 0.06% for 3 
minutes,	followed	by	a	gentle	wash	with	tissue	fluid.	A	360	degree	
separation of the descemet endothelium complex from the posterior 
stroma was obtained using a sinsky hook. The separation plane 
extended 2 mm inside the edge of the partial thickness trephination. 
The angulation of sinsky hook with reference to the tissue plane was 
kept at around 30 - 45 degree for best results. Inside out slicing 
movements were made with the sinsky hook for separating the 
descemet endothelium complex. While making this slicing movement, 
it is essential to apply pressure only at stroma rather than the descemet 
membrane	(DM).	In	case,	there	is	difficulty	in	separating	the	DM	roll	
from the underlying stroma, the stroma can be held with limbs or 
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plain forceps at the site of partial thickness trephination and pulled 
outwards while proceeding with the Sinsky assisted dissection of 
the descemet endothelium complex. This step makes the underlying 
tissue taut and the edge of DM roll more prominent leading to an 
ease in tissue dissection at the appropriate plane. Also, depressing 
the peripheral tissue (beyond the edge of partial thickness trephination) 
makes the edge of DM roll more prominent leading to ease in tissue 
dissection. After obtaining a 360 degree frill, the separation plane is 
further extended 3 - 4 mm from the edge to an extent of around 4 - 5 
clock hours. This site is now placed diagonally opposite to the surgeon. 
The	assistant	supports	the	Teflon	block	and	holds	the	tissue	firmly	
with a toothed forceps. At every step it is essential to have a good 
assistance	for	holding	the	corneoscleral	button	in	position.	Bimanual	
peeling of the descemet endothelium complex is initiated from the 
same site by holding the edge of the frill with two McPherson forceps 
2 to 3 clock hours apart. Alternately a suture tying forceps can also 
be used. The tissue is then gently lifted up and pulled towards the 
surgeon leaving it attached for around 1 - 2 mm at the opposite end. 
The DM roll is then reposited back. The tissue is now trephined with 
an 8 mm trephine. At this step, it is essential to note that if there are 
any peripheral micro tears or ripped off area, then the placement of 
trephine should be such that these areas are avoided as far as possible 
in	the	final	graft.		However,	if	there	are	no	peripheral	tears,	then	a	
well centred trephination should be attempted. It is important to 
keep the tissue wet throughout the procedure by intermittent use of 
tissue media. The marking of the DM roll can be performed by any 
of	the	currently	available	techniques	of	DMEK	preparation.4–9

RESULTS

DMEK	 roll	 was	 successfully	 peeled	 in	 86.6%	 tissues	 (n=13/15).	
Complete	success	(8	mm	DMEK	roll	with	no	peripheral	edge	tears)	
was	obtained	in	66.6%	tissues.	While,	partial	success	(8	mm	DMEK	
roll with peripheral edge tears/ripped off area) was obtained in 20% 
tissues. The medianage of the donor tissue was 45 years. The donor 
age	of	 the	 tissues,	 from	which	DMEK	roll	 could	not	be	obtained	
(n=2/15) was 15 days and 18 years. The three tissues which had 
peripheral edgetear/rip off, the extent of the defect was less than 
1x1mm	after	final	trephination	with	an	8	mm	trephine.	Nine	tissues	
were	preserved	 in	MK	medium	while,	 six	were	 in	Cornisol.	The	
details of the donor tissues have been described in Table 1. Regression 
analysis was attempted to know the impact of individual factors 
such as age, sex, DET and preservation media on the success rate of 
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donor tissue preparation, however due to the relatively small number 
of tissues in the failure group, it could not be done.

Table 1. Details of the Donor tissues used for the Sinsky Assisted descemet 
Endothelium Roll Preparation Technique

Sl Age in  Preservation Pre-op Spe- DET in
no years Media cular count hours Outcome 

1	 55	 MK	 NA	 13	 Complete	success*
2	 54	 MK	 NA	 7	 Complete	success
3	 45	 MK	 1669	 3	 Partial	success**
4 18 Optisol 2506 12 Complete success
5 18 Optisol 2435 6 Partial success
6	 65	 MK	 NA	 5	 Complete	success
7	 46	 MK	 NA	 4	 Complete	success
8 32 Optisol 2257 6 Complete success
9 37 Optisol 2033 12 Complete success
10	 37	 MK	 1828	 1	 Partial	success
11	 40	 MK	 2024	 8	 Complete	success
12	 60	 MK	 1742	 1	 Complete	success
13	 64	 MK	 NA	 5	 Complete	success
14	 64	 MK	 1975	 3	 Failure	
15 15 days	 Optisol	 NA	 6		 Failure

DISCUSSION

We describe a technique that can be easily mastered and performed 
with the use of routinely used keratoplasty instruments without the 
need	for	any	specialized	or	expensive	instruments.	The	initial	attempts	
for	 standardization	 of	 the	 technique	 provided	 us	 some	 valuable	
observations.	Some	of	our	observations	reinforce	the	earlier	findings	
by	Kruse	et	al,5,10 Tenkman et al6	and	Schlotzer-Schrehardt	et	al.11

• The adhesion between descemet and stroma is apparently 
more towards the periphery which increases the chances of 
rip	off	of	DM	in	the	periphery.	Thus	the	use	of	a	trephine	size	
of 9 - 9.5 mm may reduce the chances of DM tear while peeling 
it off.
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• The chances of tear are high at the edges of trephination. When 
360 degree edge of DM was made free with the assistance of 
a sinsky hook, the instance of DM tear was almost negligible. 
Thus creating a 360 degree frill of free DM to the extent of 1 
- 2 mm is an important step in achieving successful DM roll.

• While creating the frill with sinsky hook, it is important to 
apply a pushing down force at the DM-stroma junction at an 
angle of 30 - 45 degree. However, at this step it is important 
to remember not to apply direct force to the DM as it would 
lead to DM tear.

• Additionally, it is better to restain the DM after partial trephination 
so that the edge of trephination becomes clearly visible, thereby 
facilitating the step of frill formation and edge lifting.

•	 It	is	important	to	do	an	initial	superficial	trephination	only,	
as	deep	trephination	would	lead	to	difficulty	in	initiating	the	
process of DM separation. The “ring sign” as described in 
result section is extremely helpful in this regard. A thin ring 
suggests shallow while a broad ring suggests a deeper plane 
of trephination.

• After a 360 degree frill separation, the DM roll was separated 
for 3 - 4 mm towards the centre for an extent of 4 - 5 clock hours.

• We recommend the beginners to go for peeling at a slow speed. 
As	per	Newton’s	rule	F	=	ma	(f=force,	m=	mass,	a=	acceleration).	
Assuming that the mass of DM remains constant, the force (or 
in other words the traction at DM stroma junction) is directly 
proportional to the acceleration (which is the speed of peeling 
in this scenario). Thus the surgeon must always remember 
“Go steady, Go slow”. Any sudden jerky movement or too 
fast peeling can lead to excessive traction at the stroma-DM 
junction with consequent DM tear and hence must be avoided.

•	 Keeping	a	safe	margin	of	around	1.5	mm	(initial	trephine	9.5	
mm,	final	trephination	8	mm)	allows	for	exclusion	of	any	torn	
or	ripped	off	areas	of	DM	at	the	time	of	final	trephination.

The success rate of our technique is relatively less compared to other 
studies reporting success rate as high as 99%.6 This is largely due to 
the inclusion of young donors. If young donors are excluded then 
our success rate would be nearly 100%. Most experts recommend 
donor	age	to	be	>	55	years.5	During	the	course	of	standardization	of	
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our	technique,	we	realized	that	though	it	is	not	impossible	to	peel	a	
young	donor,	the	primary	difficulty	with	young	donors	is	a	tight	
DM	roll.	A	tight	roll	will	be	extremely	difficult,	at	least	for	the	beginners,	
to unroll inside the eye. It is better for the beginners to select a donor 
corneal tissue of age between 55 - 70 years initially.

To	conclude,	the	SAFE	technique	for	DMEK	donor	preparation	is	a	
simple, easy to learn and a cost effective technique that can be performed 
with the help of few commonly used keratoplasty instruments. It 
combines the different lessons that have been learned over the decades 
by different researchers.

Performing an electron microscopy on the peeled DM could have 
provided us with useful information, but it couldn’t be performed 
due to lack of facilities for the same. In addition, we couldn’t evaluate 
the	endothelial	cell	loss	since	it	was	an	experimental	study	and	DMEK	
rolls were not used in any patients of endothelial dysfunction. It may 
be	argued	that	the	usefulness	of	this	technique	can	be	verified	only	
after	its	use	in	human	subjects,	however,	we	believe	that	the	DMEK	
roll	preparation	is	the	most	challenging	step	of	DMEK	surgery	and	
our work describes this in a simple technique with the help of common 
but often ignored concepts of physics.
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FOOTNOTES
	 MK-	Mc	Carey	Kaufman;	DET:	Death	enucleation	time
	 *Complete	success	-	DMEK	scroll	with	no	peripheral	edge	tears;	Partial	

success	(8	mm	DMEK	scroll	with	peripheral	edge	tears/ripped	of	area)
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has been shown in variousocular conditions like DME, AMD. The 
present	study	is	to	identify	PCV	specific	miRNA	and	lncRNAs	as	
potential	biomarkers	for	anti-VEGF	response.	NGS	(Next	generation	
sequencing)	based	RNA	sequencing	was	used	to	profile	miRNA	
from blood samples of 1 control and 3 cases (treatment naive, on 
treatment with active PCV, and on maintenance treatment). We 
identified	 differentially	 expressed	 known	 miRNAs	 and	 novel	
miRNA	specific	to	each	group.	We	are	the	first	to	profile	miRNA	
of	PCV	patients	using	RNA	sequencing	strategy	to	identify	potential	
disease	and	drug	response	specific	small	RNA	transcripts.	We	are	
expanding this to identify differentially expressing gene signatures 
as biomarkers.

NONE OF THE AUTHORS HAVE ANY FINANCIAL INTEREST 

Polypoidal choroidal vasculopathy (PCV) is considered a subset of 
neovascular age related macular degeneration (AMD) and classically 
presents with recurrent serosanguineous pigment epithelial detachments 
and orange nodules. The clinical picture however varies from that 
of	chronic	central	serous	chorioretinopathy	(CSCR)	to	occult	CNV	
to massive subretinal hemorrhage. The response to therapy too is 
often unpredictable. Various studies using genetic and imaging 
biomarkers	have	attempted	to	answer	these	issues.	The	role	of	miRNA	
as a biomarker and regulator of disease causing genes has been shown 
in	various	ocular	conditions	(1	-	7).	miRNA	has	gained	light	in	present	
and future research as a prognostic and diagnostic  medical application 
in health science  

This	study	attempted	to	identify	PCV	specific	miRNA	and	lncRNAs	
as potential biomarkers for anti-VEGF response. The questions we 
attempted	to	answer	were:	1.	Is	it	possible	to	identify	PCV	disease	
specific	and	drug	(anti-VEGF)	responder	and	non-responder	specific	
miRNAs	and	LncRNAs	in	cases?		2.	Could	these	non-coding	RNAs	
(miRNAs	and	LncRNA)	be	used	as	biomarkers	for	screening	and	
eventually 3. Whether we could identify targets to enhance the drug 
response in PCV. 

METHODOLOGY

Informed	consent	was	 taken	 from	all	patients.	 IRB	approval	was	
obtained for the study. 4 ml blood was collected from three different 
cohorts of PCV cases, treatment naive, active PCV on treatment (non 
responder) and PCV on maintainance treatment (responder). One 
normal control (non diabetic with no systemic diseases) was included. 
The procedure is described in Fig 1.
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TOTAL RNA EXTRACTION

Total	RNA	was	extracted	 from	blood	using	 the	 trizol	chloroform	
method	with	a	final	ethanol	wash	step	to	avoid	air	dry	contamination.	
Compared	to	DNA,	RNA	is	fragile;	hence	it	is	performed	in	sterile	
condition. The protocol was carried out in sterile conditions at 4 deg 
C	to	maintain	RNA	integrity	and	RNA	was	stored	at	–	80	deg	C	to	
remain	stabilized.

LIBRARY PREPARATION KIT

NEB	Next®	Multiplex	Small	RNA	Library	Prep	kit	was	used	to	prepare	
the	 libraries	 for	miRNA	sequencing,	 libraries	were	sequenced	on	
Illumina	HiSeq	2500	(outsourced).	The	final	indexed	libraries	were	
size	selected	on	a	gel	to	yield	a	size	specific	(140bp	to	160bp)	small	
RNA	library.

DATA ANALYSIS

• Adapter trimming was performed using cutadapt version 1.8 
dev. 

•	 Contamination	removal	was	done	using	Bowtie	2	.

• The pre-processed reads were aligned to the reference human 
genome	(hg19	version)	and	miRBase	version	21.	The	known	
and	novel	miRNA	prediction	and	their	abundance	was	estimated	
using	miRCat	UEA	Small	RNA	Workbench	v3.2.

• The aligned reads were used for estimating expression of the 
miRNA	genes	using	Samtoolsidxstats.	Depth	of	read	coverage	
was	assessed	based	on	known	miRNA	gene	loci.	The	locus	
specific	read	counts	were	normalized	to	total	mapped	reads.	

• The Differential expression analysis was performed DESeq 2. 
If DESeq failed to identify any differentially expressed genes 
(due to high levels of noise and lack of replicates), we performed 
a test to identify the possible differentially expressed genes. 
Normalized	value	of	the	read	count	with	threshold	greater	
than 1 was taken for differential expression analysis, by calculating 
the	 ratios	of	normalized	 read	counts	 for	 each	gene	 (Test	/	
Control ratio), and Log conversion to the base 2. 

•	 The	target	genes	for	differentially	expressed	miRNA	transcripts	
were taken to mirWalk 2.0 tool to pick out the experimentally 
validated	miRNA	–	target	interaction.
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Fig. 1.

RESULTS

MicroRNA	sequencing	technology	
was	used	to	identify	miRNA	in	1	of	
each of the 4 categories- control, 
treatment naive, active PCV on 
treatment ( non responder) and PCV 
on maintenance treatment ( responder). 
We	identified	significantly	expressing	
known	miRNAs	specific	to	each	group	
and	housekeeping	miRNA.		Novel	
miRNAs	were	also	identified	in	on	
and	off	treatment	groups	for	the	first	
time in PCV patient drug responders 
and non-responders (Fig. 2).     

Housekeeping	miRNA	are	the	most	
predominant	 miRNAs	 which	 are	
expressed in all homo sapiens as a 
regulating factor for the major genes 
involved	in	cell	development.	miRNA	 Fig. 2a, 2b, 2c.
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Fig. 3.

let 7 which is a common housekeeping gene expressed in all homo 
sapiens.Significantly	expressed	miRNA	451a	has	a	higher	tag	count	
which is quite surprising as it is been determined as a potential 
biomarker in colorectal cancer. 

In	fig	3	we	can	see	that	miRNA	548j	-	5p	and	miRNA	1908	5p	are	
highly expressed in naive 
cases. From this we can infer 
that fresh  PCV cases have a 
higher expression of these two 
regulating factors which are 
involved in cell migration and 
proliferation. These can be 
called upregulated biomarkers 
in normal non drug induced 
naive cases.

In	fig	4	miRNA	203	a	3p	and	miRNA	
4433 a 3p are seen to be highly 
expressed in  the treated inactive 
case, this suggests that as in tumors 
it acts as a down regulator which 
indirectly controls interleukins , this 
elevation in a treated eye suggests 
that it may control the abnormal 
angiogenesis as well.8

DISCUSSION

The clinical presentation in PCV ranges from that of chronic central 
serous	chorioretinopathy	(CSCR)	to	occult	CNV	to	massive	subretinal	
hemorrhage. Genetic associations in PCV are notable for ARMS2, 
HTRA1 and CFH which have commonalities with AMD and CSCR.  
Indocyanine green angiography (ICGA) is the current recommended 
gold standard for diagnosis though with recent advances in OCT 
and OCT angiography, it is likely that this may change in future. 
Recommended treatment modalities include focal laser, photodynamic 
therapy and intravitreal anti VEGF injections either alone or in 
combination. However treatment response to these agents is quite 
unpredictable and often frustrating. Associations with response to 
treatment	 have	 been	 found	 based	 on	 genetic	 profile,	 choroidal	
morphology and vascularity however these are inconsistent and the 
search for reliable biomarkers continues. 

Fig. 4.
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(miRNAs),	a	class	of	non-coding	RNAs	are	important	in	controlling	
gene expression via regulation of protein coding genes . Alterations 
in	miRNAs	may	 represent	 changes	 in	 host	 gene	 expression	 and	
promote	understanding	of	an	altered	response	to	treatment.	MicroRNA	
(miRNA),	were	originally	discovered	in	Caenorhabditis	elegans,	and	
have been found in most eukaryotes, including humans.1 It is predicted 
that	miRNA	accounts	for	about	1-5%	of	the	human	genome	and	it	
regulate at least 30% of protein-coding genes.2  The degree and nature 
of	the	complimentarity	between	the	microRNA	and	target	determines	
the	 gene	 silencing	 mechanism;	 (i).	 mRNA	 degradation	 and	 (ii).	
Translation inhibition.3	 	 Long	non	 coding	RNA	 (LncRNAs)	have	
been shown to regulate disease in number of tissue malignancy related 
diseases.

It	has	been	shown	in	AMD	and	many	other	diseases	that	miRNA	
plays a major role as biomarkers and also in regulation of disease 
causing	genes.	Similarly,	Long	non-coding	RNA	its	role	on	disease	
regulation has also been established.  To the best of our knowledge, 
a	systematic	approach	to	discover	miRNAs	and	LncRNAs	in	disease	
regulation and drug responsiveness in PCV has not been reported.

Our	pilot	study	included	RNA	samples	from	4	patients	–	control,	
treatment naive PCV, active PCV on treatment and PCV on maintenance 
treatment. All 4 samples were from females, with no major systemic 
co morbidities and no possibly confounding ocular lesions. We found 
that	known	miRNAs	were	expressed	differently	in	each	of	the	patients.	
In	addition	we	noted	novel	miRNAs	not	noted	previously	 in	 the	
human	miRNA	database.	However	to	establish	the	significance	of	
our	finding	and	validate	the	results	,	more	numbers	in	each	category	
will	 be	 studied.	Our	final	 aim	 is	 to	 lead	 to	discovery	 of	miRNA	
signatures	and	novel	miRNAs	as	biomarkers	for		PCV	(specific	for	
the	disease	as	well	as	drug	response)	and	also	the	identification	of		
LncRNA	biosensors	for	a	similar	purpose		.
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INTRODUCTION

Central	serous	chorioretinopathy	(CSC)	is	a	disorder	characterized	
by	episodes	of	macular	serous	retinal	detachment	(SRD),	first	described	
and	characterized	as	a	clinical	entity	with	fluorescein	angiography	
(FA).1–3	Several	risk	factors	have	been	identified,	such	as	glucocorticoid	
levels, type A personality, pregnancy, uncontrolled systemic hypertension, 
use of antibiotics, bone marrow or organ transplantation, infection 
of the respiratory tract, and infection by Helicobacter pylori.4–11 The 
disease	may	present	with	different	patterns:	acute	CSC,	persisting,	
recurrent, and chronic CSC.12 It usually occurs in young males but 
may	be	observed	in	older	subjects	of	both	genders.	CSC	is	characterized	
by retinal pigment epithelium (RPE) changes that are easily observed 
on	fundus	autofluorescence	(FAF)	pictures,	serous	retinal	pigment	
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epithelium detachment (PED) and episodes of SRD.12 FA usually 
shows	areas	of	fluorescein	leakage,	often	focal,	with	a	smokestack	
or inkblot pattern in acute CSC,1–3 and more widespread in chronic 
stages, also called diffuse retinal pigment epitheliopathy.1,3 Indocyanine 
green angiography (ICGA) may show a hyperpermeability of the 
choroidal vessels, and sometimes diffuse dye leakage.13 Optical 
coherence tomography (OCT) and especially enhanced-depth imaging 
(EDI) or swept source (SS) OCT shows a thick choroid and may allow 
better	characterizing	the	areas	of	PED	and	SRD.14, 5 FA however, has 
certain limitations as the dye is masked by retinal pigment epithelium 
(RPE) and gets leaked from choriocapillaris. ICG is also considered 
but being an invasive procedure it carries certain risks like bronchospasm, 
laryngospasm, anaphylaxis, cardiac arrest and is contraindicated in 
iodine allergy, hepatic disease, chronic renal failure patients on 
hemodialysis.

OCT angiography (OCTA) is a non-invasive tool that works on the 
principle of ‘decorrelation’ and results in the formation of enface 
images of retinal capillary network and choroidal vasculature without 
requiring dye.  Angio Scan OCT Angiography software on the RS-
3000	Advance	OCT	(Nidek)	provides	‘panoramic	images’	with	larger	
fields	of	view	(Figure	1).	Panoramic	OCTA	(P-OCTA)	images	allow	
3-D analysis, are repeatable on follow-up examinations and to a 
certain extent are comparable to FA and ICGA in terms of resolution. 
This	study	aims	to	describe	a	novel	technique	of	finding	leakage	in	
Central Serous Chorioretinopathy (CSR) by novel Panoramic imaging 
(P-OCTA)	and	to	compare	these	findings	with	Fluorescein	angiography	
(FA) and Indocyanine green angiography (ICGA).16

MATERIAL AND METHODS

STUDY DESIGN AND PATIENT ENROLMENT 

This is a single-center, prospective, cross-sectional, observational 
study	approved	by	the	Institutional	Review	Board.	All	cases	provided	
informed consent to be enrolled in the study and data was collected 
from patients diagnosed as CSR at retina clinic from January 2018 
to June 2018.

ELIGIBILITY CRITERIA AND DATA COLLECTION

Data	was	collected	under	the	following	headings:	demographic	details,	
history of presenting illness, eye laterality, history of associated 
systemic co-morbidities, clinical examination details including visual 
acuity at presentation and follow-up with multimodal imaging features, 
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treatment details, complications (if any) and treatment given for that 
complication.	Inclusion	criteria	were:	clinical	findings	consistent	with	
acute, chronic, pre-treatment and post-treatment features of CSR 
and complete availability of documentation. If any one of the above 
mentioned inclusion criteria was not met, patients were excluded 
from the study. 

TREATMENT REGIME

Patients were either observed or treated with focal laser depending 
upon the location of leakage (on P-OCTA and FA). 

CHARACTERISTIC FEATURES OF LESION

The acute lesions (pre-treatment) of CSR on P-OCTA appeared dilated, 
raised, well demarcated exactly at the same topographic location as 
of	FA.	Whereas	the	lasered	ones	and	chronic	lesions	appeared	flat,	
smooth also exactly at the same topographic location as of FA. 

STUDY PARAMETERS

All cases underwent a complete eye examination at presentation and 
also at every follow-up visit. The examination protocol included best 
corrected	 visual	 acuity	 (BCVA)	with	 the	 help	 of	 Snellen’s	Chart,	
dilated fundoscopic examination, color fundus images (Topcon 50 
Dx,	Medical	Systems	Inc,	Oakland,	NJ,	USA),	fundus	autofluorescence	
(FAF),	 fundus	fluorescein	angiography	 (FFA),	 indocyanine	green	
angiography (ICGA) (Spectralis, Heidelberg Engineering Inc, Heidelberg, 
Germany), and spectral domain-optical coherence tomography (SD-
OCT) (Spectralis, Heidelberg Engineering Inc, Heidelberg, Germany). 
Panoramic optical coherence tomography angiography (P-OCTA) 
(RS-3000	Advance	OCT,	Nidek)	was	performed	in	all	eyes	centered	
on	the	fovea	covering	12	x	9	mm	area	(40°	x	30°	field	of	view).	AngioScan	
RS-3000 Advance software was used to segment the outer retinal 
layers and choriocapillaris. 

PANORAMIC OPTICAL COHERENCE TOMOGRAPHY 
ANGIOGRAPHY

For all cases, at presentation and follow-up, P-OCTA images were 
obtained by Panorama feature of AngioScan OCT Angiography 
software	on	the	RS-3000	Advance	OCT	(Nidek,	Japan).	This	feature	
enables scanning a wide area—12 x 9 mm,  9 x 9 mm, 6 x 6 mm, and 
4.5	x	4.5	mm	thus	providing	large	fields	of	view,	40°	x	30°,	30°	x	30°,	
20°	x	20°,	and	15°	x	15°	respectively.	In	each	of	these	sizes	of	fields	
of view, the software splits the entire selected scanning area into 
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small	fixed	3	x	3	mm	cubes.	The	resolution	obtained	with	a	generated	
panoramic image is therefore the same as that of an individual  3 x 
3	mm	cube	provided	by	other	software,	but	a	larger	field	is	simultaneously	
scanned at the same time. The enface images obtained with panorama 
OCTA	allowed	to	visualize	individual	retinal	vascular	plexuses	and	
choriocapillaris. For all cases, P-OCTA scan covering an area of 12x9 
mm	equivalent	to	40°	x	30°	field	of	view,	was	used	at	presentation	
and also on each follow-up.  

FLUORESCEIN ANGIOGRAPHY AND INDOCYANINE GREEN 
ANGIOGRAPHY 

Corresponding to panoramic area (12 x 9 mm) imaged on OCTA 
with fovea as the very center, simultaneous and corresponding FA 
and ICGA images were obtained once adequate pupillary dilation 
(minimum of 7 mm) was achieved, at baseline (prior to initiating 
therapy) and at subsequent follow-up visits (on the discretion of the 
treating clinician). Sequential fundus images were obtained from 
early	to	late	frames	in	all	cases.	Heidelberg	Spectralis®	(Heidelberg	
Engineering, Heidelberg, Germany) was used to acquire the angiography 
images. 

COLOR FUNDUS PHOTOGRAPHY, ENHANCED-DEPTH IMAGING 
OPTICAL COHERENCE TOMOGRAPHY AND FUNDUS AUTO-
FLUORESCENCE 

All cases at presentation and at each follow-up visit underwent a) 
Color fundus photography (Topcon 50 Dx, Medical Systems Inc, 
Oakland,	NJ,	USA)	and	a	fundus	mosaic	was	made	in	cases	where	
lesions	extended	beyond	arcades,	b)	SD-OCT	(Spectralis®,	Heidelberg	
Engineering, Germany) using the dense line-scan protocol with the 
EDI function activated. The minimum averaged number of frames 
per	B-scan	was	100,	c)	FAF	imaging	prior	to	FA/ICGA	using	Heidelberg	
Spectralis®.	

IMAGE ANALYSIS

For all cases, images were examined by two independent masked 
examiners. These examiners were ophthalmologists with subspecialty 
training	in	retina	and	uveitis	(MN	and	NM).	P-OCTA	images	were	
analyzed	 using	 the	 Angioscan	 software	 (RS-3000Advance).	 The	
software	divided	the	retinal	and	choriodal	vasculature	into	pre-defined	
slabs	for	segmentation	(superficial	and	deep	retinal	vascular	plexus,	
outer retina and choriocapillaris), however, manual segmentation 
was	used	to	confirm	the	findings	on	P-OCTA.	Images	of	only	the	
choroidal vasculature generated on P-OCTA were compared, correlated 
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and analysed with ICGA and FA images of corresponding region. 
This helped to assess whether P-OCTA scan can non-invasively help 
in detection of similar features as provided by invasive ICGA and 
FA. 

STATISTICAL ANALYSIS

Descriptive analysis was used to compare the appearance of the 
panoramic OCTA imaging with FA & ICGA

RESULTS

18 eyes of 18 patients were studied. The mean age at presentation 
was	35.8	±	11.6	years	(range	13	–	62	years).	All	cases	were	males.	All	
subjects included in the study were Asian Indians. Out of all cases 
included, 10 had acute, 8 had chronic presentation, 10 were pre-
treatment and were 4 post-treatment cases. Few eyes included had 
lesions inside FAZ and few outside. All eyes had unilateral presentation. 
(Table 1)

Table	1:	Demographic	features	of	patients	with	SLC	included	in	study

S.   Age   Type of
No	 Sex		 (in	years)	 Laterality	 Eye	 			CSR	leakage	 					BCVA

1	 M	 23	 UL	 OD	 INK	BLOT	 6/12

2	 M	 28	 UL	 OS	 INK	BLOT	 6/9

3	 M	 34	 UL	 OD	 INK	BLOT	 6/12

4	 M	 32	 UL	 OS	 INK	BLOT	 6/9

5	 M	 20	 UL	 OD	 INK	BLOT	 6/18

6	 M	 38	 UL	 OD	 INK	BLOT	 6/12

7	 M	 21	 UL	 OS	 INK	BLOT	 6/9

8	 M	 50	 UL	 OD	 INK	BLOT	 6/18

9	 M	 39	 UL	 OD	 INK	BLOT	 6/12

10	 M	 28	 UL	 OS	 INK	BLOT	 6/9

11	 M	 60	 UL	 OD	 INK	BLOT	 6/12

12	 M	 24	 UL	 OS	 INK	BLOT	 6/12

13	 M	 15	 UL	 OD	 SMOKE	STACK	 6/9

14	 M	 45	 UL	 OD	 SMOKE	STACK	 6/18
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15	 M	 35	 UL	 OD	 SMOKE	STACK	 6/9

16	 M	 30	 UL	 OSO	 SMOKE	STACK	 6/12

17	 M	 35	 UL	 SOS	 SMOKE	STACK	 6/12

18	 M	 38	 UL	 	 SMOKE	STACK	 6/9

Comparisons between Panoramic 
Optical Coherence Tomography 
Angiography, Indocyanine Green 
Angiography, and Fluorescein 
Angiography 

15 eyes out of 18 patients  with 
the clinical diagnosis of CSC showed 
an image pattern of areas of 
increased decorrelation signals 
(high signal intensity) in the OCT 
angiograms (P-OCTA) (Figures 
2-6). Among the 15 eyes, 10 eyes additionally demonstrated dilated 
capillaries in the OCT angiograms. Among the 18 patients, leakage 

Fig. 1.

Fig. 2.

Fig. 4.

Fig. 3.

Fig. 5.
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Fig. 6.

was observed in 14 eyes, whereas 
transmitted	 fluorescence	 and	 no	
obvious	fluorescein	leakage	were	
observed in 2 eyes and 2 eyes, 
respectively. All eyes with CSC 
showed a choroidal hyperpermeability 
on ICGA. The areas that showed 
high signal intensity or dilated 
choriocapillaris in the OCT 
angiograms demonstrated a leakage 
in	 fluorescein	 angiography	 and	
hyperpermeability in indocyanine 

green angiography.

Comparisons between Panoramic Optical Coherence Tomography 
Angiography and routine 3 x 3 mm Optical Coherence Tomography 
Angiography

The various comparative features and differences between ‘panoramic’ 
OCTA to a routine 3 x 3 mm cube of OCTA have been described in 
Table 2 

Table 2. Comparison between Panoramic OCTA and routine 3x3 
mm OCTA

 Features     Panoramic OCTA        3 x 3mm OCTA

1. Field of view Maximum Maximum 
        40 x 30 degrees 10 x 10 degrees 
           (12 x 9 mm) (3 x 3 mm)

2. Resolution of Image              High               High

3. Stereopsis             Present             Present

4. 3-D             Present             Present

5.	Mydriasis	 						Non-mydriatic	 							Non-mydriatic

6. Time          5-10 minutes     30 seconds-1 minute

DISCUSSION

In our clinical study on patients with CSC, panoramic OCT angiography 
showed to be a valuable noninvasive tool to detect vascular abnormalities 
in choroid of eyes with clinical diagnosis of CSR. OCT-angiography 
revealed a high intensity pattern in the choriocapillaris. The results 
of our study agree with previous investigations. Teussink et al17 
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evaluated	depth	resolved	flow	in	patients	with	chronic	CSC	by	OCT	
angiography	and	compared	the	findings	with	results	obtained	by	
fluorescein	angiography	and	indocyanine	green	angiography.	Examining	
18 eyes with chronic CSC and 6 healthy controls, the authors reported 
that abnormal areas in the choroid were most often found in late-
phase indocyanine green angiography and in OCT angiography of 
the choriocapillaris. Abnormalities in late-phase indocyanine green 
angiography	and	fluorescein	angiography	co-located	with	those	on	
the OCT angiograms.

OCT-angiography is a new imaging technique that allows the detection 
of choroidal vascular abnormalities and the diagnosis of CSC. Although 
OCT-angiography offers the clear advantage of not being invasive 
and	thus	avoiding	the	potential	complications	of	fluorescein	angiography	
and indocyanine angiography such as an anaphylactic reaction, its 
potential disadvantages have also to be taken into account. Some 
focal lesions in patients with CSC and with multifocal lesions may 
not be detected by OCT-angiography because of its relatively small 
scanning	field	with	a	maximum	of	8	mm	x	8	mm.	In	particular,	as	
also	pointed	out	by	Spaide	et	al	[18]	one	has	to	take	into	account	that	
artifacts in OCT angiography are common and can arise from a 
multitude of sources, such as image acquisition, intrinsic characteristics 
of the eye, eye motion, image processing, and display strategies. 
image acquisition for angiography takes more time than simple 
structural	scans	and	is	based	on	compromises	between	flow	resolution,	
scan quality, and speed. To cite an example, an important set of 
artifacts are projection artifacts in which images of blood vessels 
seem at erroneous locations. The vascular appearance can be changed 
by image processing through segmentation defects and image display 
strategies. In addition, movements of the eye can lead to discontinuities 
in the displayed data. 

An advantage of the OCT-angiography is that the vascular systems 
of the retina and choroid can be examined layer by layer. Also, OCT-
angiography	has	the	potential	to	quantify	blood	flow.	Addition	of	
Panorama	feature	overcomes	the	limitation	of	field	of	view	(extending	
upto 12 x 9 mm) simultaneously maintaining high resolution. Projection 
artifact	removal	software	helps	remove	projection	of	superficial	layers	
into deeper ones allowing clear view of choriocapillaris. Hence, it 
can be mentioned that P-OCTA non-invasively not only correlates 
with	the	ICGA	findings	but	also	provides	supplement	information	
on morphology of choroidal vasculature in various stages of disease 
and thus helps to better understand the underlying pathology. 
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OCTA although is a revolutionary imaging modality, it however 
carries major limitations which needs due attention. It is a nascent 
technology which still needs lot of understanding, common vocabulary 
among	interpreters,	and	some	technical	refinement.	Owing	to	the	
presence	of	projection	artifacts	of	superficial	layers	onto	the	deeper	
layers, the lesions at the level of choroid and choriocapillaris needs 
to be studied and evaluated carefully. 

Most important disadvantage as reported by previous studies who 
made an attempt to study the features of CSR during various stages 
with	OCTA,	was	the	small	field	of	view.	The	field	of	study	obtained	
in	a	3	x	3	cube	of	OCTA	is	not	comparable	to	field	offered	by	FA	and	
ICGA.	If	the	interpreter,	increases	the	field	size	it	reduces	the	resolution	
of	images	significantly,	hampering	interpretation	and	correlation	to	
a	major	extent.	The	‘Panorama’	feature	included	for	the	first	time	in	
our	study,	overcomes	this	significant	disadvantage.	It	provides	the	
field	of	view	exactly	similar	to	the	field	offered	by	ICGA	and	OCTA,	
with	identical	resolution	to	the	entire	field	of	12	x	9	mm	as	offered	
by an individual 3 x 3 mm cube. Thus, it allows the examiner to 
correlate	the	invasive	ICGA	findings	with	non-invasive	OCTA	findings	
in the best possible way.16

At present, our knowledge regarding interpretation is also hampered 
with the presence of various artifacts, capacity of software algorithms, 
and desaturation limit, which still needs to be addressed. Hence, 
OCTA	alone	cannot	be	used	to	interpret	the	findings	of	CSR	and	it	
needs multi-modal imaging like FA and ICGA to assess and understand 
the ongoing underlying pathology. Our study has few limitations 
as small learning curve, less number of cohorts, lack of further long-
term follow-up beyond 6 months and non-availability of swept-source 
OCTA that can further provide more insight in context to morphological 
changes of choriocapillaris.  

To conclude, this study describes and establishes correlation among 
features provided by multi-modal imaging techniques during acute 
and chronic stages of CSR. It provides information on morphological 
details of unhealthy choriocapillaris and opens new avenues to be 
explored further. The use of ‘panorama’ feature enabled us to obtain 
large	field	of	view	with	high-resolution	images,	comparable	to	FA	
and	ICGA	images	in	cases	with	CSR	for	the	first	time.	Thus	it	also	
adds clinical implication as its gives anatomical landmarks and makes 
the lesions amenable to be treated or not, based upon their location 
and type. Future longitudinal studies with the ongoing development 



151

Best Free Papers

in	the	field	of	bio-medical	engineering	using	panorama	feature	and	
preferably	swept-source	technology	will	definitely	go	a	long	way	in	
analyzing	and	further	understanding	the	pathologic	alterations	seen	
on	OCTA.	Nonetheless,	panoramic	OCTA	is	certainly	a	promising	
imaging modality that can be used as an alternative and/or complementary 
diagnostic test and is likely to play a part in further exploring this   
entity.  

REFERENCES
1.	 D.	Bujarborua,	P.	N.	Nagpal,	and	M.	Deka,	“Smokestack	leak	in	central	

serous chorioretinopathy,” Graefe’s Archive for Clinical and Experimental 
Ophthalmology,	vol.	248,	no.	3,	pp.	339	–	351,	2010.

2.	 A.	E.	Maumenee,	“Macular	diseases:	clinical	manifestations,”	Transactions	
of the American Academy of Ophthalmology and Otolaryngology, vol. 
69,	pp.	605	–	613,	1965.

3. J. D. Gass, “Pathogenesis of disciform detachment of the neuroepithelium,” 
American Journal of Ophthalmology, vol. 63, no. 3, supplement, pp. 1 
–	139,	1967.

4. R. F. Spaide, L. Campeas, A. Haas et al., “Central serous chorioretinopathy 
in younger and older adults,” Ophthalmology, vol. 103, no. 12, pp. 2070 
–	2080,	1996.

5.	 L.	A.	Yannuzzi,	“Type-A	behavior	and	central	serous	chorioretinopathy,”	
Retina,	vol.	7,	no.	2,	pp.	111	–	131,	1987.

6.	 S.	P.	Garg,	T.	Dada,	D.	Talwar,	and	N.	R.	Biswas,	“Endogenous	cortisol	
profile	in	patients	with	central	serous	chorioretinopathy,”	British	Journal	
of	Ophthalmology,	vol.	81,	no.	11,	pp.	962	–	964,	1997.

7.	 B.	Nicholson,	J.	Noble,	F.	Forooghian,	and	C.	Meyerle,	“Central	serous	
chorioretinopathy:	update	on	pathophysiology	and	treatment,”	Survey	
of	Ophthalmology,	vol.	58,	no.	2,	pp.	103	–	126,	2013.

8.	 M.-H.	Errera,	R.	P.	Kohly,	and	L.	da	Cruz,	“Pregnancy	associated	retinal	
diseases and their management,” Survey of Ophthalmology, vol. 58, no. 
2,	pp.	127	–	142,	2013.

9.	 Y.	Eom,	J.	Oh,	S.-W.	Kim,	and	K.	Huh,	“Systemic	factors	associated	with	
central	 serous	 chorioretinopathy	 in	 Koreans,”	 Korean	 Journal	 of	
Ophthalmology,	vol.	26,	no.	4,	pp.	260	–	264,	2012.

10.	A.	A.	Fawzi,	G.	N.	Holland,	A.	E.	Kreiger,	J.	R.	Heckenlively,	J.	G.	Arroyo,	
and E. T. Cunningham Jr., “Central serous chorioretinopathy after solid 
organ	transplantation,”	Ophthalmology,	vol.	113,	no.	5,	pp.	805	–	813.	
e5, 2006.

11.	A.	M.	B.	Casella,	R.	F.	Berbel,	G.	L.	Bressanim,	M.	R.Malaguido,	and	J.	
A. Cardillo, “Helicobacter pylori as a potential target for the treatment 



Best Free Papers

152

of central serous chorioretinopathy,” Clinics, vol. 67, no. 9, pp.  
1047	–	1052,	2012.

12.	A.	Daruich,	A.	Matet,	A.	Dirani	et	al.,	“Central	serous	chorioretinopathy:	
recent	findings	and	new	physiopathology	hypothesis,”	Progress	in	Retinal	
and	Eye	Research,	vol.	48,	pp.82	–	118,	2015.

13.	M.	Uyama,	H.	Matsunaga,	T.	Matsubara,	 I.	Fukushima,	K.Takahashi,	
and	T.	Nishimura,	“Indocyanine	green	angiography	and	pathophysiology	
of multifocal posterior pigment epitheliopathy,” Retina, vol. 19, no. 1, 
pp.	12	–	21,	1999.

14.	Y.	Imamura,	T.	Fujiwara,	R.	Margolis,	and	R.	F.	Spaide,	“Enhanced	depth	
imaging optical coherence tomography of the choroid in central serous 
chorioretinopathy,”	Retina,	vol.	29,	no.	10,	pp.	1469	–	1473,	2009.

15.	D.	Ferrara,	K.	 J.	Mohler,	N.	Waheed	et	 al.,	 “En	 face	 enhanced	depth	
swept-source optical coherence tomography features of chronic central 
serous	chorioretinopathy,”	Ophthalmology,	vol.	121,	no.	3,	pp.	719	–	726,	
2014.

16.	Nagpal	M,	 Juneja	R.	Panoramic	 Imaging	With	OCTA.	Retina	Today.	
2017 April

17.	Teussink	MM,	Breukink	MB,	van	Grinsven	MJ,	et	al.	OCT	angiography	
compared	to	fluorescein	and	indocyanine	green	angiography	in	chronic	
central	serous	chorioretinopathy.	Invest	Ophthalmol	Vis	Sci	2015;	56:	
5229	–	5237

18.	Spaide	RF,	Fujimoto	JG,	Waheed	NK.	Image	artifacts	in	optical	coherence	
tomography	angiography.	Retina	2015;	35:	2163–2180.

ABBREVIATIONS

OCTA	 :	 optical	coherence	tomography	angiography
ICGA	 :	 indocyanine	green	angiography
FA		 :	 fluorescein	angiography
OCT	 :	 optical	coherence	tomography
CSR	 :	 central	serous	chorioretinopathy
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Novel Intraop Keratoscope-Guided Keratoplasty 
With Real-Time Suture Adjustment To Control 
Astigmatism
Dr Venkata Prabhakar Guduru, Dr J K Reddy, Dr Ameya Ingawale, 
Dr Shadab Khan

INTRODUCTION

Even though achieving a clear graft after a meticulous surgery is 
considered as a successful keratoplasty, if  associated with high 
astigmatism it may delay or prevent good visual recovery. Graft host 
size	disparity,	 suturing	 techniques	and	healing	process	may	give	
rise to unpredictable astigmatism.1 Many techniques have been 
described to reduce postoperative astigmatism mainly based on 
suturing technique and its removal. 

In 1977, Mcneill et al described a method of using double running 
nylon	sutures.	But	removal	of	one	continuous	suture	was	associated	
with unexpected changes in astigmatism.2

In 1982, Stainer described a method to use combination of continuous 
and interrupted sutures. This provides facility for selective interrupted 
suture removal to correct astigmatism3

In	1995,	Serdarevic	et	al	for	the	first	time	showed	that	intraoperative	
adjustment of sutures  facilitated early visual rehabilitation, safety 
and refractive stability.4

In 2007, Vinciguerra et al concluded that a combination of  intraoperative  
topography  based adjustment with single running suture resulted 
in mean refractive astigmatism of 3.53 D in a sample of 165 eyes.5

None	 of	 the	 above	 techniques	 facilitates	 real-time	 intraoperative	
suture adjustment. Though topography is used, it needs to acquire 
multiple images multiple times, and there is always a chance to over 
tighten or loosen the suture as it is done between image acquisition.

Dr Venkata Prabhakar Guduru, Registrar, Department of Cornea 
and Refractive Surgery, Sankara Eye Hospital, Coimbatore 

This Paper was judged as the BEST PAPER of EXTERNAL 
DISEASE I  Session.
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TECHNIQUE

Considering these drawbacks we designed an innovative microscope 
attachable keratoscope which was used while suturing. Cornea was 

moistened with balanced 
salt solution and excess 
fluid	was	removed	with	a	
methyl cellulose sponge 
to obtain a clear undistorted 
reflection	 from	 the	
keratoscope	 ring.	 Based	
on	the	shape	of	reflection,	
suture is loosened or 
tightened to obtain a circular 
reflection.	

MATERIALS AND 
METHODS

100 eyes of hundred patients were included in this retrospective 
study. 50 eyes with intraop keratoscope use (group A) and 50 eyes 
without	 	 intraop	 keratoscope	 use	 (group	 B)	were	 included.	 Post	
operative Mean refraction (MRA),  topographical astigmatism (MTA), 
uncorrected	visual	acuity	(UCVA),	best	corrected	visual	acuity	(BCVA)	
at 1 year followup are recorded and analysed. 

RESULTS

At 12 months postoperative period (suture out) the MRA was 1.38 
D and MTA was 2.46 D in group A. The MRA was 4.34 D and MTA 

Fig. 1. Keratoscope ring can be seen 
attached at the objective of microscope.

Fig. 2. Distortion of reflection as a 
peaking at 5 o clock position.

Fig. 3. By adjusting the tightness of suture 
a circular reflection is obtained.
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was	5.34	 in	group	B.	Mean	UCVA	and	BCVA	was	0.3(6/12)	and	
0.1(6/7.5)	in	group	A,	0.8(6/38)	and	0.3	(6/12)	respectively	in	group	B.	

CONCLUSION

The new intraop keratoscope is an effective device in controlling 
postoperative	astigmatism.	The	mean	BCVA	of	0.1	was	achieved	
immediate postop and maintained. Visual rehabilitation time and 
need for further intervention to correct astigmatism is reduced. 

DISCUSSION

Penetrating keratoplasty has evolved into a highly successful 
transplantation procedure, with graft clarity rates in keratoconus 
patients reaching levels as high as 97% at 4 years postoperatively.8 
However, postkeratoplasty astigmatism remains the major impediment 
for achieving satisfactory visual rehabilitation in these patients.1 Cases 
of astigmatism as high as 20 D have been reported.9,10
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Postoperative	suture	adjustment	is	recognized	as	a	safe	procedure	
with	a	significant	clinical	and	statistical	effect	on	immediate	astigmatism	
correction but can be unpredictable. With this in mind, we reasoned 
that suture adjustment during suturing  using an intraoperative 
keratoscope, may give better post keratoplasty astigmatism results 
than adjustment at a later stage of the follow-up period. The working 
hypothesis was that intraoperative adjustment was preferable to a 
later	adjustment	when	significant	scarring	had	already	taken	place	
and a high astigmatism was already established. Our results show 
that the use of intraoperative keratoscope guided suture adjustment 
is	feasible	and	that	it	enables	a	faster	recovery	of	BCVA	and	good	
astigmatism	results	as	early	as	the	first	postoperative	month.
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Is Weak Corneal Biomechanics A Biomarker 
For Glaucoma In Eyes With Pseudoexfoliation?
Dr Zia Sultan Pradhan, Dr Shivani Dixit, Dr Praveena Gudetti, 
Dr Sathi Devi,  Dr Harsha L Rao

ABSTRACT

PURPOSE

To compare the corneal biomechanical parameters between eyes 
with pseudoexfoliation glaucoma, pseudoexfoliation syndrome 
and normal eyes using Corvis ST.

METHODS

This was a prospective, cross-sectional study of 142 treatment-
naïve eyes which underwent Corvis ST. These included 49 normal 
eyes, 45 eyes with pseudoexfoliation syndrome without glaucoma 
(PXF),	13	eyes	with	pseudoexfoliation	syndrome,	raised	intraocular	
pressure	(IOP	>	21	mm	Hg)	but	no	disc	/	visual	field	changes	
(PXF	+	OHT),	and	35	eyes	with	pseudoexfoliation	glaucoma	(PXG).	
The corneal biomechanical parameters studied included corneal 
velocities, length of corneal applanated surface, deformation 
amplitude (DA), peak distance and radius of curvature. The means 
of	 the	 groups	 were	 compared	 using	 ANOVA	 and	 ANCOVA	
statistics.

RESULTS

The 4 groups were demographically similar. The IOP was lower 
in	the	normal	and	PXF	groups	compared	to	the	other	2	groups.	
The corneal pachymetry was similar across the 4 groups. The 
corneal biomechanical parameters compared between the 4 groups 
using	the	ANOVA	statistic	found	the	DA	and	corneal	velocities	
to be different between the groups. However, after adjusting for 
IOP	using	the	ANCOVA	statistic,	there	was	no	difference	in	any	
of the biomechanical parameters between the 4 groups.

Dr Zia Sultan Pradhan, Narayana Nethralaya, Bengaluru. 

This Paper was judged as the BEST PAPER of GLAUCOMA I  
Session.
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CONCLUSION

Corneal biomechanical parameters measured on Corvis ST are 
not different between eyes with pseudoexfoliation syndrome and 
pseudoexfoliation glaucoma. This suggests that corneal biomechanics 
has	a	less	important	role	in	the	diagnosis	and	pathogenesis	of	PXG	
since it is a high-pressure disease. 

KEYWORDS

Corneal biomechanics, Pseudoexfoliation, pseudoexfoliation 
glaucoma

INTRODUCTION

Pseudoexfoliation syndrome (PXF) is a disease of the extracellular 
matrix,	characterized	by	abnormal	fibrillar	deposits	in	the	anterior	
segment of the eye, including the lens capsule, the iris and trabecular 
meshwork. Deposition of this material in the trabecular meshwork, 
along with accumulation of extracellular matrix and pigment may 
obstruct	the	aqueous	outflow	and	result	in	glaucoma.	Although	it	is	
well established that eyes with PXF have an increased risk of developing 
glaucoma,	there	in	insufficient	data	on	the	factors	which	confer	this	
increased	risk.	We	hypothesized	that	amongst	eyes	with	pseudoexfoliation	
deposits, those with weak corneal biomechanics may be at a higher 
risk for glaucoma.

Therefore, the aim of this study was to compare the corneal  
biomechanical parameters between eyes with pseudoexfoliation 
syndrome	 (PXF),	 pseudoexfoliation	 glaucoma	 (PXG)	 and	normal	
eyes using Corvis ST.

METHODS

This was a prospective, observational study conducted at a tertiary 
eye care centre between August 2015 to January 2019. The methodology 
adhered to the tenets of the Declaration of Helsinki for research 
involving human subjects. Written informed consent was obtained 
from all participants and the study was approved by the Institute’s 
Ethics Committee.

The participants included patients with pseudoexfoliation deposits 
in the anterior segment of the eye (with and without glaucoma)  
and controls.
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FOR THE PURPOSE OF THE STUDY, PSEUDOEXFOLIATION 
DEPOSITS WERE DEFINED AS

•	 the	presence	of	whitish	flakes	on	the	anterior	lens	capsule	in	
a typical distribution of a partial/complete peripheral band 
with or without a central disc, or 

• white material deposited on the pupillary border of the iris, 
or

• uveal stage of pseudoexfoliation (pigments deposited on the 
anterior lens capsule in a distribution corresponding to the 
peripheral band with increased pigment in the anterior chamber 
angle).

Glaucoma	was	defined	as	characteristic	optic	disc	changes	as	determined	
by	glaucoma	experts	(rim	notching,	rim	thinning,	retinal	nerve	fibre	
layer defects, disc haemorrhages) with corresponding changes on 
optical	coherence	tomography	(OCT)	or	visual	fields	(VF).	

BASED ON THESE DEFINITIONS, THE STUDY PARTICIPANTS 
WERE DIVIDED IN THE FOLLOWING COHORTS

1. Controls had normal anterior segment examination apart from 
a cataract, absence of pseudoexfoliation deposits, IOP < 21 
mm Hg and normal posterior segment examination with non-
glaucomatous optic discs, as assessed by glaucoma experts. 

2.	 Pseudoexfoliation	 syndrome	 (PXF)	 cohort	 had	 eyes	 with	
pseudoexfoliation deposits in the anterior segment with IOP 
< 21 mm Hg and normal posterior segment examination with 
non-glaucomatous optic discs, as assessed by glaucoma experts.

3.	 PXF	with	ocular	hypertension	(PXF	+	OHT)	cohort	had	eyes	
with pseudoexfoliation deposits in the anterior segment with 
IOP	>	21	mm	Hg,	normal	posterior	segment	examination	and	
no evidence of glaucoma.

4.	 Pseudoexfoliation	 glaucoma	 (PXG)	 cohort	 had	 eyes	 with	
pseudoexfoliation deposits and glaucoma.

All participants underwent a comprehensive ocular examination, 
which included a detailed medical history, slit-lamp biomicroscopy 
(before and after pupillary dilatation), Goldmann applanation tonometry, 
gonioscopy, and a dilated fundus examination, following which some 
participants were excluded. Exclusion criteria were age less than 40 
years,	eyes	with	a	history	of	trauma	or	inflammation.	Patients	with	
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collagen vascular disorders and neurological diseases were not 
recruited. Eyes with any corneal pathology, angle closure disease or 
retinal pathology were also excluded. Eyes already on IOP-lowering 
drops were excluded. All eyes with history of any ocular surgery 
other than uncomplicated cataract surgery were removed from the 
final	analysis.	

All participants underwent an examination with the Corvis ST (Oculus, 
Wetzlar,	Germany)	which	is	a	noncontract	tonometer	that	records	
the	entire	dynamic	reaction	of	the	cornea	to	a	fixed	air-impulse.	This	
is	done	using	a	high-speed	Scheimpflug	camera	the	details	of	which	
have been described earlier.1 Apart from measuring the intraocular 
pressure and the central corneal thickness, the Corvis ST (CST) provides 
several corneal biomechanical parameters based on the deformation 
response.	The	air	puff	first	causes	the	cornea	to	move	inwards	and	
flatten.	At	this	first	applanation	phase	(A1),	the	length	of	the	applanated	
cornea (A1 Length in mm) and the velocity of the corneal apex (A1 
Velocity in m/s) are measured. The cornea then continues to move 
inwards to reach a point of highest concavity. Three biomechanical 
parameters are measured here. The deformation amplitude (DA in 
mm) is the total displacement of the corneal apex from the start of 
deformation to the point of highest concavity. The peak distance (PD 
in mm) is the distance between the 2 bending points of the concave 
cornea. The radius of curvature (RC) is the curvature of the central 
concave cornea. As the cornea begins to assume its normal, convex 
shape, it passes through the second applanation point (A2) where 
again	the	length	of	the	flattened	cornea	(A2	L	in	mm)	and	velocity	
of the corneal apex (A2 Velocity m/s) are estimated. 

All glaucoma patients and glaucoma suspects underwent VF examination 
using	Humphrey	Field	analyzer	 II,	model	720i	 (Zeiss	Humphrey	
Systems, Dublin, CA), with the Swedish interactive threshold algorithm 
(SITA) standard 24 - 2 program. OCT imaging of the optic disc and 
peripapillary region was performed using Cirrus HD-OCT (Carl Zeiss 
Meditec Inc, Dublin, CA) if media clarity permitted good quality 
scans. 

Statistical analyses were performed using Stata version 13.1 (Stata 
Corp, College Station, Tx) statistical software. Descriptive statistics 
included mean and standard deviation for continuous variables and 
percentages	for	categorical	variables.	Analysis	of	variance	(ANOVA	
statistic) was used to evaluate the difference in means between the 
cohorts.	Analysis	of	co-variance	(ANCOVA)	was	used	to	compare	
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corneal biomechanical parameters between groups after adjusting 
for	 confounders.	A	p	value	of	 ≤	 0.05	was	 considered	 statistically	
significant	for	the	final	analysis.

RESULTS

One hundred and forty-two eyes of 100 participants were included 
in the study. Table 1 shows that the 4 study groups were demographically 
similar. The clinical details are shown in Table 2. The IOP was lower 
in	the	PXF	and	normal	groups	compared	to	the	other	2	groups.	The	
corneal	pachymetry	was	similar	across	the	4	groups.	The	visual	field	
parameters	were	worse	in	the	PXG	group	compared	to	the	other	3	
groups. 

Table 1. Demographic data of study participants

	 Normal	 PXF	 PXF	+	OHT	 PXG	 P	Value

No.	of	eyes	 49	 45	 13	 35	

Mean Age (SD) /
years 64.3 (12) 68.3 (7) 67.2 (7) 67.9 (8) 0.31

No.	of	males	(%)	 23	(67)		 19	(61)	 	5	(50)	 14	(56)	 0.70

No.	of	Diabetics	
12 (35) 11 (35) 3 (30) 7 (28) 0.92

Table 2. Clinical data of study participants

	 Normal	 PXF	 PXF	+	OHT	 PXG	 P	Value

Mean IOP GAT /
mmHg 15.9 (3) 16.5 (3) 24.5 (3) 25.7 (7) 0.0001

Mean IOP Corvis
/mmHg 17.3 (3) 17.7 (3) 22.5 (4) 24.7 (8) 0.0001

Mean CCT 
(SD) /µ 534 (37) 533 (45) 548 (51) 529 (34) 0.53

Mean MD 
(SD)	/dB	 -3.3	(4)	 -1.3	(2)	 -3.0	(3)	 -13.4	(10)	 0.0001

Mean VFI 
(SD) / % 94.5 (9) 97.3 (2) 92.8 (6) 63.5 (34) 0.0003

The Corvis ST measurements (Mean and SD) of the corneal biomechanical 
parameters are shown in Table 3. These were compared between the 
4	groups	using	the	ANOVA	statistic	and	the	DA,	A1	velocity	and	
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A2 velocity were found to be different between the groups. However, 
previous literature has shown that corneal biomechanics is affected 
by age, central corneal thickness and IOP.2,3 Since the IOP was 
significantly	different	between	the	groups,	the	analysis	was	performed	
after	adjusting	for	IOP	using	the	ANCOVA	statistic.	We	then	found	
no difference in any of the biomechanical parameters between the 4 
groups as shown in Table 4.
Table 3. Comparison of corneal biomechanical parameters derived from Corvis ST 
between	the	4	groups	using	ANOVA	statistics

	 Normal	 PXF	 PXF	+	OHT	 PXG	 P	Value

A1 length /mm 1.87 (0.2) 1.82 (0.2) 1.92 (0.2) 1.91 (0.3) 0.33

A1 velocity /ms-1 0.14 (0.02) 0.15 (0.02) 0.13 (0.02) 0.12 (0.03) 0.003

Def Amplitude 
/mm 1.11 (0.14) 1.09 (0.12) 0.93 (0.14) 0.90 (0.19) <0.001

Peak distance /
mm 4.18 (1.3) 3.88 (1.2) 3.73 (1.0) 3.71 (1.1) 0.31

Radius of 
Curvature /mm 7.07 (0.88) 7.01 (0.86) 7.4 (0.88) 7.5 (1.4) 0.16

A2 length /mm 1.81 (0.36) 1.83 (0.36) 1.85 (0.39) 1.92 (0.36) 0.56

A2 Velocity
/ms-1  -0.39 (0.18) -0.37 (0.10) -0.28 (0.08) -0.27 (0.10) 0.0004

Table 4. Comparison of corneal biomechanical parameters derived from 
Corvis ST between the 4 groups after adjusting for the difference in intraocular 
pressure	using	ANCOVA	statistic

	 Normal	 PXF	 PXF	+	OHT	 PXG	 P	Value

A1 length /mm 1.92(0.03) 1.87 (0.03) 1.83 (0.06) 1.80 (0.04) 0.24

A1 velocity /
ms-1 1.13(0.03) 1.14 (0.03) 1.15 (0.06) 1.14 (0.04) 0.23

Def Amplitude 
/mm 1.02 (0.02) 1.02 (0.02) 1.06 (0.02) 1.06 (0.03) 0.54

Peak distance
/mm 3.9 (0.18) 3.7 (0.18) 4.1 (0.3) 4.1 (0.2) 0.48

Radius of 
Curvature /mm 7.2 (0.2) 7.1(0.2) 7.2 (0.2) 7.2 (0.3) 0.98
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A2 length 
/mm 1.90 (0.05) 1.91 (0.05) 1.71 (0.10) 1.74 (0.07) 0.25

A2 Velocity
/ms-1  -0.36 (0.02) -0.34 (0.02) -0.34 (0.03) -0.33 (0.04) 0.91

DISCUSSION
Corneal biomechanics in glaucoma has been studied extensively in-
vivo using the ocular response analyser (ORA) and, more recently, 
the Corvis ST. Apart from using these devises to understand the role 
of corneal biomechanics on IOP measurements, they have also been 
used to understand its association with the disease process in glaucoma. 
These studies have been done predominantly in eyes with primary 
open-angle glaucoma (POAG). Corneal hysteresis (CH) measured 
on ORA has been found to be lower in eyes with POAG compared 
to normal eyes.4 Additionally, low CH has been associated with an 
increased risk of structural and functional progression in glaucoma.5 
Similarly, studies using Corvis ST have shown altered corneal 
biomechanics in POAG compared to normal eyes. 2,3,6,7

There	is	limited	data	on	the	corneal	biomechanics	in	PXG.	The	present	
study found no difference in the corneal biomechanical parameters 
between	PXF,	PXG	and	normal	eyes	using	the	Corvis	ST.	Although	
there are no previous studies examining the corneal biomechanics 
in	PXF	and	PXG	eyes	using	Corvis	ST,	there	are	a	few	studies	that	
have	 evaluated	 CH	 in	 PXG.	 Ozkok	 et	 al.	 showed	 that	 CH	 was	
significantly	lower	in	PXG	(8.8	±	1.4)	compared	to	POAG	(9.9	±	1.2).	
[8]Another	study	also	showed	that	CH	was	lower	in	PXG	compared	
to normal and POAG eyes.9

To conclude, corneal biomechanical parameters measured on Corvis 
ST are not different between eyes with pseudoexfoliation syndrome 
and pseudoexfoliation glaucoma. This suggests that corneal biomechanics 
has	a	less	important	role	in	the	diagnosis	and	pathogenesis	of	PXG	
since it is a high-pressure disease.
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The Advent Of Tablet Perimetry: Is It Time To 
Change Already? Visual Fields Easy App Vs 
Humphrey Visual Field Analyzer
Dr Sahil Thakur, Dr Parul Ichhpujani, Dr Suresh Kumar

Currently, achromatic perimetry using Humphrey Visual Field 
Analyser	(HVFA)	is	the	“gold”	standard	to	assess	the	visual	field	
loss.1 HVFAis an expensive,bulky and non-portable device therefore 
its utility is limited in rural areas.2 Additionally, patients with glaucoma 
who are sick and/or non-ambulatory cannot visit a hospital facility 
frequently	for	getting	their	visual	fields	assessed	using	HVFA.	In	
this digital era, technology has developed to provide solutions for 
almost every problem.

Visual	Fields	Easy	(VFE)	app,	developed	by	George	Kong	software,	
is a free application available on iPad that uses the iPad screen to 

Dr Sahil Thakur, Associate Professor, Department of Ophthalmology, 
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perform	a	fast	screening	test	of	the	visual	fields.2,3,4 This app uses the 
supra	 threshold	 method	 of	 visual	 fields	 testing	 to	 detect	 gross	
abnormalities	in	the	visual	field.	It	is	now	possible	to	perform	visual	
field	screenings	in	remote	areas	of	the	world	where	access	to	bulky	
medical equipment is limited using tablet-based applications like 
VFE.4

The current study attempted to determine the correlation between 
the perimetric outcomes using a free application program of the 
iPad, ‘Visual Fields Easy’ and HVFA, in normal as well as eyes with 
glaucomatous damage of varying severity. 

METHODS

The current study was a prospective, cross sectional, observational 
pilot investigation. We conducted this as a pilot study hence no 
sample	size	was	calculated.	The	subjects	were	recruited	from	the	
Glaucoma Services of the Department of Ophthalmology, Government 
Medical College and Hospital, Sector 32, Chandigarh, India. Written 
informed consent was obtained from all recruited individuals. The 
study conformed to the tenets of declaration of Helsinki.

In this prospective, cross sectional, observational pilot investigation, 
visual	field	testing	was	carried	out	in	210	eyes	of	210	patients	(60	
Normal,	150	Glaucoma),	using	VFE	application	(Version	8)	on	the	
iPad and white-on-white using HVFA. Severity of glaucoma was 
categorized	using	Hodapp-Anderson-Parrish	(HAP)	criteria	for	visual	
field	defects.	

All	statistical	analysis	were	carried	out	using	IBM	Statistical	Package	
for Social Sciences (SPSS Version 21 for Windows). Descriptive statistics 
like mean and standard deviation were calculated for all quantitative 
variables.	Both	methods	were	correlated	using	Spearman’s	correlation	
coefficient.	A	correlation	test	was	carried	out	between	the	number	
of missed test locations for the VFE screening test demonstrated with 
the HVFA MD and PSD values. The area under receiver operating 
curves (AROC) for varying severity of glaucoma were also plotted. 

RESULTS

Data of 210 patients, 100 (47.6%) females and 110 (52.4%) males, age 
ranging	from	42	to	78	years,	Mean	56.64	±	10.67	years,	was	analyzed.	
The	Spearman	correlation	coefficient	showed	a	significant	inverse	
relationship between missed points on the VFE app with MD (S = 
-0.783) and a parabolic relationship with PSD (S = 0.646) values 
obtained with the HVFA. For detection of advanced glaucoma VFE 
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has	a	sensitivity	of	97%	and	specificity	of	70%	for	a	value	of	23	missed	
points.
DISCUSSION
VFE	is	one	of	the	currently	available	tablet	based	visual	field	assessment	
tool that can help clinicians in developing countries to screen patients 
with	increased	efficiency	and	effectiveness.3,4 With more stress on 
the	functional	aspect	of	glaucomatous	field	loss,	applications	 like	
VFE	offer	clinicians	a	cost	effective,	practical	yet	scientifically	robust	
tool.
Our results are also similar to Johnson et al, who have recently 
demonstrated	the	efficiency	of	VFE	in	detection	of	glaucoma	and	
diabetic retinopathy.4

In our experience the need of manual dexterity for accurate dot tracking 
on	the	screen,	duration	of	the	test,	lack	of	monitoring	of	gaze/head	
tracking, inability to retest the spots with bracketing and need of 
manual processing of VFE printouts with a companion program to 
get parametric information seem to be the limiting factors in wide 

spread adoption of this 
particular program as a 
means to screen patients 
with early glaucoma.  The 
app though demonstrates 
ability to accurately predict 
visual	field	loss	in	patients	
with advanced glaucoma. 
We	also	observe	the	floor	
effect of the PSD as the MD 
increases in our study. This 
results in a parabolic 
relationship that has 
previously also been 
described by Johnson et 
al.4,5

The requirement of post 
processing using the parser 
application is a major 
limitation that decreases 
the ease of usability of the 
VFE application by adding 
an additional step. 

Fig. 1. The number of Visual Fields Easy (VFE) 
missed points (MP) for 210 participants are plotted 
as a function of Mean Deviation (MD) for a 
subsequent HVFA 24-2 SITA Standard Program 
(top left). The number of VFE points that were 
missed for 373 participants are plotted as a function 
of PatternStandard Deviation (PSD) for a subsequent 
HVFA 24-2 SITAStandard Program (top right). 
The r values are -0.783 and 0.646 respectively with 
p<0.0001 for both.  

Fig. 2. The Receiver Operating Characteristics 
(ROC) Curves for mild, moderate and severe 
glaucoma.  
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CONCLUSION
Tablet perimetry may be a promising alternative when standard 
perimetry machines are unavailable or unsuitable. VFE application 
may be used as a rapid screening tool for advanced glaucoma but 
cannot be used as a substitute for HVFA in clinic because of its 
inability to detect early glaucoma. 
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To Evaluate Effect Of Mindfulness Based Stress 
Reduction (MBSR) In Primary Open Angle 
Glaucoma (POAG) Patients
Dr Meghal Gagrani, Dr Ramanjit Sihota, Dr Tanuj Dada

ABSTRACT
PURPOSE
To	evaluate	effect	of	Mindfulness	based	stress	reduction	(MBSR)	
in Primary open angle glaucoma (POAG) patients
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METHODS

Sixty	patients	were	randomized	into	two	groups.	Group	1	underwent	
45	minutes	of	MBSR	daily	for	6	weeks	along	with	standard	medical	
treatment while Group 2 received only standard medical treatment. 
Inclusion	criteria	were	patients	with	POAG,	age	>	45	years,	best	
corrected	visual	acuity	>	6/60.	Patients	with	other	ocular	co-morbid	
conditions were excluded. An assessment of IOP, brain oxygenation 
in prefrontal cortex using functional near infrared spectroscopy 
(fNIRS),	QOL	(WHO-BREF	QOL)	and	stress	markers	 in	serum	
was made at baseline and at 6 weeks.

RESULTS

Twenty one female and 39 male patients were enrolled with a 
mean age of 57.28 ± 9.37 years. At 6 weeks mean level of IOP 
decreased	significantly	in	group	1	(15.9	±	1.8	mm	Hg	to	14.4	±	1.21	
mm Hg, p-value 0.0001) as compared to group 2 (15.7 ± 1.4 mm 
Hg	to	15.65	±	1.41,	p-value	0.41).	fNIRS	showed	significant	improvement	
in	oxygenated	hemoglobin	change	(ΔHbO)	in	group	1	(p-value	<	
0.0001)	as	compared	to	group	2	(p-value	0.52).	WHO-BREF	QOL	
score	increased	significantly	in	group	1(p-value	0.0001)	as	compared	
to	group	2	(p-value	0.74).	Biochemical	markers	like	serum	cortisol,	
reactive	oxygen	species	decreased	significantly	(p-value	<	0.5)	and	
brain derived neurotrophic factor, beta endorphin and total 
antioxidant	capacity	increased	significantly	(p-value	<	0.5)	in	the	
group 1 as compared to group 2.

CONCLUSION

A	short	term	course	of	MBSR	was	associated	with	a	significant	
reduction in IOP and stress markers with improvement in brain 
oxygenation and QOL.

KEY WORDS

Glaucoma, intraocular pressure, mindfulness meditation, optic 
nerve	head,	quality	of	life,	relaxation,	stress,	fNIRS,	brain	oxygenation,	
prefrontal cortex

INTRODUCTION 

Glaucoma	is	a	form	of	neuro	degenerative	disorder	characterized	
by selective loss of retinal ganglion cells (RGCs)1 and progressive 
damage to optic nerve. It is the second leading cause of blindness 
after cataract2 and affects approximately 68 million people worldwide, 
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10% of whom are blind.3 Primary open angle glaucoma (POAG) is 
the most common form of all glaucoma types.4 Raised IOP is the 
most	important	modifiable	risk	factor	for	glaucoma.	Decreased	cerebral	
and	optic	nerve	head	 (ONH)	blood	flow	have	been	 shown	 to	be	
associated with glaucoma etiopathogenesis indicating that Glaucoma  
may	be	one	of	the	manifestations	of	a	generalized	vascular	insufficiency.5 
Decreased	cerebral	blood	flow	auto	regulation	has	also	been	shown	
to	be	associated	with	visual	field	loss.

Glaucoma patients require strict compliance to medications and 
lifelong follow-ups. Association between stress and glaucoma has 
been established by some studies 6 suggesting that stress in glaucoma 
patients leads to adverse quality of life (QOL).7 A patient with glaucoma 
lives under psychological stress which may progress to depression 
and the stress may further accelerate glaucoma progression.8 Various 
stress	markers	have	been	identified	which	can	objectively	quantify	
both physiological/psychological and cellular stress like cortisol,  
β-endorphins,	 interleukin-6	 (IL	6),	 reactive	oxygen	 species	 (ROS)	
and , total antioxidant capacity (TAC).9 Studies have found brain 
derived	neurotrophic	factor	(BDNF)	to	have	a	role	in	RGC	escape	
from death in mice with raised IOP. Since glaucoma patients need 
lifelong medications, live under anxiety and constant fear of losing 
sight and consequently poor QOL; this has led to the search of 
complementary forms of treatment which in addition to decreasing 
the progression of glaucoma would address these additional issues.

Mindfulness/meditation refers to a physiological state of reduced 
metabolic activity reported to enhance psychological balance and 
emotional stability.10 It is a set of attention practices leading to an 
altered	state	of	consciousness	characterized	by	improved	awareness,	
greater presence, and a more integrated sense of self. Meditation is 
a well-accepted modality in reducing stress and anxiety and to bring 
a	sense	of	well-being.	Mindfulness	based	stress	reduction	(MBSR)	
is a type of meditation wherein breath is used as an object of awareness.11 
Practice	 of	MBSR	has	 proven	 to	 be	 associated	with	 a	 number	 of	
significant	physiological	changes	in	the	body	including	changes	in	
the balance of sympathetic-parasympathetic activity, heart rate, 
respiratory and pulse rate, blood pressure, oxygen metabolism, skin 
resistance, changes in secretion of endocrine hormones and central 
neuro physiologic changes.12,13 Mindfulness meditation improves 
cerebral	blood	flow5,14 and oxygenation levels of many areas of brain. 
MBSR	has	been	used	as	an	adjunct	in	the	treatment	and	prevention	
of many chronic diseases like depression, diabetes, hypertension, 
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coronary	heart	disease	and	in	cancer	patients.	MBSR	has	also	shown	
to	increase	cerebral	blood	flow,	improve	cognition	in	a	variety	of	
diseases which correlates with improved quality of life and well-
being.12,15

Studies have shown changes in various parts of the brain beyond 
the visual cortex in primary open angle glaucoma (POAG)16,17 including 
various areas of the prefrontal cortex. The anxiety and depression 
associated	with	POAG,	also	affects	the	prefrontal	cortex.	Also,	MBSR	
has been shown to increase activity in visual attention related occipital 
brain centers.18 Although, no direct increase in activity in the visual 
cortex has been studied in literature, we believe that a functional 
connectivity operates between these areas for visual processing and, 
therefore, could lead to an increase in activity in the visual cortex as 
well.

MATERIAL AND METHODS

STUDY DESIGN

The	present	study	is	a	prospective	randomized,	controlled	trial	with	
POAG	patients	aimed	at	 investigating	 the	effect	of	MBSR	on	 the	
blood	flow	and	oxygenation	status	of	the	brain.	The	study	was	approved	
by the Institute Ethics Committee of the All India Institute of Medical 
Sciences,	New	Delhi	(No.	
IECPG-362/29.06.2016, 
Dated:28/10/2016)	 and	
registered with the Clinical 
Trial	Registry	of	India	(Ref:	
CTRI/ 2018/04/013397) 
prior to patient enrolment 
observing the Declaration 
of Helsinki and Good 
Clinical and Laboratory 
Practice Guidelines. This 
study was designed and 
carried in compliance with 
the Consolidated Standards 
of Reporting Trials 
(CONSORT)	and	the	study	
protocol is shown in Figure 1.

Fig.1. Flowchart showing the study framework 
in	compliance	with	the	CONSORT	guidelines



171

Best Free Papers

PARTICIPANTS

Patients from follow up glaucoma clinic (minimum 3 months follow 
up) of Dr. Rajendra Prasad Centre for Ophthalmic Sciences were 
screened for the inclusion/exclusion criteria.

INCLUSION CRITERIA

Patients with moderate and severe POAG with intraocular pressure 
(IOP)	range	15	-	21	mm	Hg,	age	>	45	years,	best	corrected	visual	
acuity	of	the	better	eye	≥	6/60,	conversant	in	Hindi	or	English	and	
consent	to	attend	the	complete	course	of	MBSR.

EXCLUSION CRITERIA

Patients having co-morbid ocular conditions other than glaucoma 
contributing to visual loss, chronic systemic diseases that could affect 
QOL, history of any surgery in previous 3 months, medical therapy 
for any other illnesses, already practicing yoga or meditation in any 
form were excluded from the study. Patients who were deaf or 
communication impaired or with subnormal mentation were also 
excluded. 

SAMPLE SIZE CALCULATION

There	is	no	previous	study	reported	that	evaluated	effect	of	MBSR	
on patients with POAG. A convenient number of 60 patients was 
taken	and	randomized	into	2	groups	–	30	cases	and	30	controls	to	
conduct a pilot study. The primary objective was change in IOP.

RANDOMIZATION

Randomization	 into	 intervention	and	control	group	was	done	by	
computer	based	randomization	using	permuted	blocks.	The	generated	
random sequence was transferred to sealed envelope to conceal the 
randomization	till	the	actual	allocation.	

INTERVENTION

In the intervention group, the patients underwent a 6 weeks course 
of	MBSR	by	a	trained	instructor.	MBSR	was	carried	out	at	the	Integral	
Health Clinic, Department of Physiology,  All India Institute of Medical 
Sciences.	No	 change	was	made	 in	 the	 standard	 treatment	of	 any	
patient. The session was for 45 minutes every day in the morning 9 
am	to	10	am.	Patients	were	asked	 to	 sit	 comfortably	on	 the	floor	
where there was no disturbance and to focus on breathing. Patients 
were instructed to refocus on breathing whenever other thoughts 
enter the mind.11 
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IOP

Morning IOP at 7.00 am was measured by Goldmann applanation 
tonometry for all patients and at all visits.

VISUAL ASSESSMENT

Visual acuity was recorded using Snellen visual acuity chart and 
converted to logMAR.

 Optic disc changes were documented on a 90 D slit lamp biomicroscopy 
and	Humphrey	visual	field	SITA	STD	30	-	2.

BRAIN OXYGENATION

A	16-channel	 continuous	wave	 fNIRS	 imager	 system	 (FNIR1000-	
ACK-W,	BIOPAC	Systems,	Inc.,	U.S.A)	was	employed	to	map	changes	
in HbO over bilateral prefrontal cortex (PFC). After cleaning the 
forehead, the band was applied to the forehead stretched from the 
hairline	to	the	eyebrow	in	a	sagittal	manner	and	was	firmly	held	
with	a	velcro	band	[Figure	2].	The	patient	was	given	a	cognitive	task	
to perform in the form of n-back test which tests visual memory. A 
1-back test was explained to the patient which consisted of 36 test 

images and 36 blank images spanning a duration of 145 seco nds. 
After explaining the test, recording was started and patient was asked 
to	perform	the	task.	COBI	software	was	used	to	analyse	the	waveform	
and	get	values	of	maximum	change	in	oxygenated	hemoglobin	(ΔHbO)	
during the task across all channels.

QUALITY OF LIFE

Quality	of	Life	assessment	was	done	using	the	World	Health	Organization	
Quality	of	Life	 (WHOQOL-BREF)	questionnaire.	The	WHOQOL-

Fig. 2 .fNIRS	head	band	showing	sensor	with	4	light	sources	and	10	detectors	
and the 16 channel measurement locations registered on the sensor(left).
Representative image showing corresponding locations of the 16 
channels on the prefrontal cortex (right)
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BREF	instrument	assesses	the	individual's	perceptions	in	the	context	
of their culture and value systems, and their personal goals, standards 
and	concerns.	The	WHOQOL-BREF	instrument	comprises	26	items,	
which	 measure	 the	 following	 broad	 domains:	 physical	 health,	
psychological health, social relationships, and environment. 

BIOCHEMICAL MARKERS

A	5	ml	Blood	sample	was	taken	from	the	antecubital	vein	at	8.00	am	
in the morning to avoid any effect of diurnal variation. The assessment 
of	 serum	 cortisol,	 β-endorphins,	 BDNF,	 levels	 was	 done	 using	
commercially available kits. Reactive oxygen species (ROS) were 
measured using chemiluminiscence and total antioxidant capacity 
(TAC) was assessed by colorimetric assay. 

STATISTICS

Statistical analysis was done using STATA 11.2 software for windows. 
Paired t-test was used to compare within group parameters and 
independent t-test was used to compare parameters between two 
groups for parametric data. Wilcoxan sign rank test (within group) 
and	Mann-Whitney	test	(intergroup)	was	used	to	analyze	change	in	
oxygenated haemoglobin. A p-value of < 0.05 was considered to be 
statistically	significant.

RESULTS

Sixty patients (21 females, 39 males) were enrolled in the study with 
a mean age of  57.28 ± 9.37 years. The baseline clinical characteristics 
were comparable in both groups. At 6 weeks mean level of IOP 
decreased	significantly	in	intervention	group	(15.9	±	1.8	mm	Hg	to	
14.4 ± 1.21 mm Hg, p-value 0.0001) as compared to controls (15.7 ± 
1.4 mm Hg to 15.65 ± 1.41, p-value 0.41). The percentage reduction 
in IOP was compared between the two groups and 10 - 15% reduction 
in IOP from baseline was seen in 40% of participants who underwent 
MBSR	(Table	1).	

TABLE	1Comparison	of	percentage	reduction	in	IOP

Decrease	in	IOP		 MBSR	 No	MBSR
At	6	weeks	 (N=60)	 (N=60)

< 5 % 25 (41.6%) 56 (93.3%)

5 % to 10 % 0(0) 0(0)

10 % to 15 % 24 (40%) 4(6.66%)
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15% to 20 % 4 (6.66%) 0(0)

>	20%	 7	(11.66%)	 0(0)

The change in oxygenated hemoglobin was comparable in both groups 
at baseline in all channels except channel 5 and 9 as assessed by 
Mann-Whitney test (Table 2). Channels 5 and 9 had artifacts and 
noise,	therefore	were	not	fit	for	statistical	analysis	and	were	excluded	
from	analysis.	All	subjects	had	>	80%	correct	responses	in	the	n-back	
test	at	baseline	and	at	6	weeks.	Data	from	fNIRS	showed	significant	
increase	 in	ΔHbO	 in	 intervention	group	 (as	 compared	 to	 control	
group) in left PFC, right PFC and medial PFC over several channels. 
Significant	changes	over	time	was	observed	in	channels	1,3,4	and	6	
overlying the left PFC in the intervention group but not in control 
group.	The	difference	in	ΔHbO	values	at	6	weeks	was	observed	only	
at channel 1d, 2,4 and 6 among the groups. While there was uniformly 
an	increase	in	ΔHbO	values	observed	among	intervention	group,	
the control group participants had no or slight increase and even a 
reduction	of	ΔHbO	values	over	time.	A	significant	increase	in	ΔHbO	
over time was also seen at right PFC in channels 11, 13 and 15 among 
the intervention group as compared to controls, although difference 
among the groups at 6 weeks was noted only in channel 12, 14 and 
15.	Medial	PFC	(channels	7,8	and	10)	also	showed	a	significant	increase	
in	ΔHbO	in	the	intervention	group	as	compared	to	controls,	although	
the	difference	was	non-significant	among	the	groups	at	6	weeks.	The	
median	values	of	ΔHbO	in	various	channels	are	shown	in	Table	2.
Table	2.	Median	of	change	in	oxygenated	Hb(ΔHBO)	in	prefrontal	cortex

	 	 Baseline	(mM)	 At	6	weeks	(mM)
Cortical  Median (Min,  Median (Min, P value
area  Max) Max) (Intragroup)

Left prefrontal cortex

Channel	1	 MBSR	 0.92	(-54.56,153.6)	 3.13	(.167,7.20)	 0.02
	 No	MBSR	 1.86	(-53.56,15.07)	 2.01	(.12,7.03)	 0.49
 P value (Intergroup) 0.10 0.01 

Channel	2	 MBSR	 1.9	(-48.6,162.12)	 3.01	(.18,7.64)	 0.08
	 No	MBSR	 2.52	(-49.9,14.71)	 2.06	(.22,4.63)	 0.89
 P value (Intergroup) 0.87 0.04 

Channel	3	 MBSR	 1.62	(-50.72,172.73)	 2.82	(-28.7,6.5)	 0.01
	 No	MBSR	 2.46	(-50.72,16.09)	 3.05	(-.38,4.43)	 0.68
 P value (Intergroup) 0.44 0.8 
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Channel	4	 MBSR	 1.43	(-47.02,172.74)	 2.85	(.17,7.62)	 0.05
	 No	MBSR	 2.33	(-57.26,16.58)	 1.9	(-.81,3.63)	 0.23
 P value (Intergroup) 0.4 0.06 

Channel	6	 MBSR	 0.33	(-58.77,11.78)	 4.4	(.06,11.78)	 0.003
	 No	MBSR	 0.46	(-56.6,5.26)	 0.47	(-1.61,9.96)	 0.15
 P value (intergroup) 0.45 0.001 

Right prefrontal cortex

Channel	11	MBSR	 1.33	(-68.54,5.77)	 2.88	(.09,7)	 0.008
	 No	MBSR	 2.37	(-68.54,3.96)	 3.29	(-1.98,3.96)	 0.5
 P value (intergroup) 0.26 0.7 

Channel	12	 MBSR	 0.99	(-54.53,9.31)	 1.97	(.12,6.63)	 0.35
	 No	MBSR	 0.54	(-14.9,4.46)	 0.54	(-1.72,15.2)	 0.17
 P value (intergroup) 0.36 0.002 

Channel	13	 MBSR	 1.85	(-64.5,3.69)	 2.85	(-.15,11.53)	 0.0007
	 No	MBSR	 2.71	(-64.5,4.55)	 2.74	(1.47,5.92)	 0.48
 P value (intergroup) 0.78 0.26 

Channel	14	 MBSR	 1.46	(-51.35,9.3)	 2.27	(-51.35,6.51)	 0.13
	 No	MBSR	 1.04	(-55.1,3.49)	 1.04	(-2.7,9.45)	 0.4
 P value (intergroup) 0.32 0.02 

Channel	15	 MBSR	 1.95	(-65.84,5.33)	 3.96	(.10,5.33)	 0.01
	 No	MBSR	 3.23	(-60.05,6.81)	 3.36	(1.95,7.03)	 0.89
 P value (intergroup) 0.4 0.04 

Channel	16	 MBSR	 1.78	(-55.4,6.36)	 2.87	(-55.4,9.32)	 0.14
	 No	MBSR	 2.61	(-65.5,5.27)	 2.48	(1.06,4.12)	 0.77
 P value (intergroup) 0.69 0.12 

Medial prefrontal cortex

Channel	7	 MBSR	 0.21	(-69.94,5.64)	 1.61	(-1.37,23.5)	 0.001
	 No	MBSR	 1.84	(-39.6,6.91)	 2.53	(-5.39,6.91)	 0.56
 P value (intergroup) 0.09 0.95 

Channel	8	 MBSR	 -0.18	(-64.3,15.95)	 1.66	(-.47,15.95)	 0.01
	 No	MBSR	 1.4	(-48.47,6.08)	 1.4	(-5.39,5.39)	 0.87
 P value (intergroup) 0.08 0.4 

Channel	10	 MBSR	 0.23	(-54.68,13.44)	 1.31	(-.61,13.44)	 0.03
	 No	MBSR	 1.28	(-50.04,4.8)	 1.28	(-5.92,8.84)	 0.58

 P value (intergroup) 0.29 0.43 
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The mean quality of life was comparable in both groups at baseline 
(p-value	0.06).	It	increased	significantly	in	intervention	group	(86.6	
± 6.16 to 93.3 ± 5.66, p-value 0.0001) as compared to controls (89 ± 
7.25	to	89.07	±	3.24,	p-value	0.74].

The mean serum cortisol was comparable at baseline in both groups 
(p-value	0.07).	It	decreased	significantly	in	intervention	group	(497	
± 46.37 ng/ml to 447 ± 53.78 ng/ml, p-value 0.01) as compared to 
control group (519.75 ± 24.5 ng/ml to 522.58 ± 26.63 ng/ml, p-value 
0.64) at 6 weeks.

The mean serum beta endorphin was comparable at baseline in both 
groups	(p-value	0.27).	It	increased	significantly	in	the	intervention	
group (33 ± 5.52 pg/ml to 43.27 pg/ml, p-value < 0.0001) as compared 
to controls (34.78 ± 4.1 pg/ml to 36.33 pg ± 4.07 pg/ml, p-value 0.27) 
at 6 weeks. 

Mean ROS were comparable at baseline in both groups (p-value 
0.74).	ROS	decreased	significantly	in	intervention	group	(1596.19	±	
179.14	to	1261	±	244.31	RLU/min/104	neutrophils	p-value	0.0001)	
as	 compared	 to	 controls	 (1577.5	±	 172.02	 to	 1662.5	±	 84.75	RLU/
min/104 neutrophils p-value 0.16) at 6 weeks. The mean TAC was 
comparable at baseline in both groups (p-value 0.83). It increased 
significantly	in	the	intervention	group	(6.15	mM	to	9.18	mM,	p-value	
< 0.0001) as compared to controls (6.23 mM to 6.02 mM, p-value 0.61) 
at 6 weeks.

Mean	serum	BDNF	was	comparable	in	both	groups	(p-value	0.63).	
It	increased	significantly	in	intervention	group	(52.24	±	6.71	ng/ml	
to 63.25 ± 13.48 ng/ml, p-value 0.004) as compared to control arm 
(53.23 ± 5.82 ng/ml to 54.42 ± 5.66 ng/ml, p-value 0.54). 

DISCUSSIONS

Glaucoma is the second leading cause of blindness in the world and 
is associated with severe compromise in visual faculties19 and cognitive 
decline.20 It leads to a compromise in the QOL consequently ensuing 
stress and anxiety. Stress and glaucoma have a two way relationship 
each	exacerbating	the	effect	of	the	other.	MBSR	is,	in	this	context,	a	
suitable	intervention	aimed	at	breaking	this	reciprocal	amplification	
and provide psychological and physiological relief to the patients 
[Figure	3].

Intraocular	pressure	is	the	only	modifiable	risk	factors	for	POAG.21 
Almost all of the current treatment options available for glaucoma 
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are aimed at lowering IOP by pharmacological (involving lifelong 
use	of	topical	medications	and	a	financial	burden	in	addition	to	various	
side effects and compromise in QOL) and/or surgical means. Evaluation 
of	changes	in	IOP	following	MBSR	was	pivotal	in	evaluating	the	role	
of mindfulness based practices in POAG and assessing its candidature 
as a complementary form of treatment. One mm Hg decrease in IOP 
has been shown to decrease the risk of glaucoma progression by 
10%21,	so	MBSR	may	also	reduce	glaucoma	progression	by	decreasing	
IOP.22 Moreover, mental and psychological stress has been found to 
be associated with elevation in IOP(8), a process mediated by cortisol 
(an	important	stress	marker).	It	is	evident	from	our	results	that	MBSR	
may be a good candidate therapy to decrease IOP in POAG in addition 
to	standard	medical	treatment	with	added	benefits	of	decreasing	the	
psychological stress.

MBSR	has	been	shown	to	enhance	oxygenation	of	the	cerebral	cortex23  
and improve cognitive functioning. Mindfulness increases the global 
cerebral	blood	flow	including	the	occipital	cortex.24 An increase in 
the	regional	blood	flow	and	oxygenated	hemoglobin	is	mediated	by	
changes in neuronal activity in that part of the brain.25 Mindfulness 
improves	cerebral	blood	flow	and	decreases	cerebrovascular	resistance	
suggesting	an	underlying	vascular	mechanism	which	reflects	cerebral	
activation.24	fNIRS	has	been	used	to	show	the	increase	in	oxygenation	
in prefrontal cortex after practicing mindfulness.26 Techniques such 
as fMRI and PET have also been used for functional brain studies 
and have good spatial resolution but they are expensive, highly 
susceptible to motion artifacts and require exposing the subjects to 
foreign substance (PET) or loud noise (fMRI). EEG and magneto 

Fig. 3.	Concept	of	the	study:	various	factors	involved	in	the	pathogenesis	
of	glaucoma	and	the	effects	of	MBSR	on	the	risk	factors
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encephalography	provide	good	temporal	resolution.	But	fNIRS	is	
non-invasive, cost effective, real time functional imaging system with 
good temporal resolution, easy and safe to operate. Regional brain 
communication	 can	be	quantified	using	 similarities	 in	 oscillation	
frequencies	of	hemodynamic	signals	asserted	through	fNIRS.27 The 
frontal	cortex,	and	more	specifically,	the	dorsolateral	prefrontal	cortex	
(DLPFC), is critically involved during working memory processes 
and, therefore, was included in this study.28	Based	on	this	premise,	
we	studied	the	effect	of	MBSR	on	brain	oxygenation	in	the	prefrontal	
cortex	using	fNIRS.

We found an increase in the change in oxygenated hemoglobin while 
performing	an	n-back	test	in	participants	who	underwent	MBSR	as	
compared	to	controls.	An	increase	in	ΔHbO	values	at	all	parts	of	the	
prefrontal cortex was observed in the intervention group as compared 
to	controls	suggesting	a	possible	role	of	the	beneficial	effect	of	MBSR	
on cognitive functioning, in particular working memory. Meta-analysis 
suggests consistent activation at bilateral rostral prefrontal cortex or 
frontal pole, bilateral dorsolateral prefrontal cortex and bilateral mid-
ventrolateral prefrontal cortex during performance of working memory 
tasks such as n-back task.28,46 The current study also reiterates the 
findings	of	these	previous	varied	functional	studies	of	activation	of	
this	cortical	area	while	performing	a	working	memory	task.	MBSR	
possibly enhanced the cortical activation in this region leading to 
significant	changes	after	6	weeks’	duration	which	was	not	observed	
in the control group participants. Literature suggests that even single 
bout of exercise can improve the performance on cognitive tasks.29

The difference among the groups was observable at 6 weeks in channels 
overlying the right and left DLPFC but not in medial PFC although 
there was an increasing trend observed. Consensus in literature 
supports major role of the DLPFC in working memory tasks particularly 
in	those	utilizing	fNIRS.28,30,31 We also observed no change and even 
a	 reduction	of	ΔHbO	values	over	 time	 in	 the	 control	group.	The	
inadequate increase in cerebral oxygenation during cognitive tasks 
may be an indicator of cerebral fatigue or due to the challenge of 
source allocation between the areas responsible for physical and 
cognitive workload.32–34 It can be suggested that the participants 
receiving intervention did not suffer cognitive overload due to the 
performance	of	MBSR	and	thus	had	an	increasing	trend	of	values	
while the control participants were not able to compensate the increasing 
workload and thus a no or negative change was observed.
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Apart from degeneration in the visual pathway, higher prevalence 
of white matter changes and small vessel ischemic changes have 
been found in patients with glaucoma,1	 suggesting	a	generalized	
vascular	insufficiency	and	a	role	of	altered	blood	flow	in	the	pathogenesis	
of glaucoma5	rather	than	just		a	localized	vascular		deficit	of	the	visual	
pathway.	In	the	light	of	these	findings,	MBSR	could	be	used	as	a	
modality to prevent the progression of glaucoma by improving cerebral 
blood	flow	in	different	parts	of	the	brain.	Using	fMRI,	studies	have	
shown bidirectional functional connection between the prefrontal 
cortex and the occipital cortex during tasks like visual search.35 So 
an activation of the prefrontal cortex would cause a functional activation 
of the visual cortex and subsequent increase in the regional blood 
flow.	Exact	characterization	of	these	changes	would	require	studying	
activity of the occipital cortex, which was a limitation of our study.

As already mentioned, POAG has been associated with psychological 
stress, anxiety and a poor QOL. In a parallel context mindfulness 
meditation improves subjective well-being by instilling behavioral 
modification	and	mental	discipline36	and	has	shown	benefits	in	normal	
as well as diseased subjects.37 In our study also POAG patients who 
underwent	MBSR	showed	significant	improvement	in	QOL	as	compared	
to	controls	(as	assessed	by	WHOQOL-BREF	questionnaire).

Cortisol is released in acute stress and is also found elevated in chronic 
stressful conditions. Increased levels of cortisol have been found in 
patients with ocular hypertension and glaucoma.38 Serum cortisol 
has been found to decrease in healthy individuals after a short term 
course of mindfulness meditation.39 In our study a short term course 
of	MBSR	was	associated	with	significant	reduction	in	serum	cortisol	
providing an objective indicator of decrease in stress and also additional 
association	with	a	decrease	in	IOP.	β-endorphins	are	endogenous	
neuropeptides produced by arcuate nucleus and the pituitary gland 
and play a defensive role in stressful situations.40 Studies on rabbit 
have shown that stimulation of arcuate nuclei and consequent release 
of endorphins lead to reduction in IOP.41 Mindfulness meditation 
has	been	demonstrated	to	increase	β-endorphin	level,42 indicating 
that	β-endorphins	may	also	play	a	role	in	the	stress	reduction	mediated	
lowering	of	IOP.	In	our	study,	participants	undergoing	MBSR	had	
a	significant	increase	in	β-endorphin	levels	which	further	bolsters	
our	proposition	of	employing	MBSR	as	an	adjunct	 to	 the	routine	
treatment of POAG.
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Oxidative stress is associated with widespread release of free radicals 
and ROS affects cellularity of human trabecular meshwork (TM) 
(especially its endothelial cells) 47,48 and, hence, plays an important 
role in pathogenesis of POAG. Decreased levels of TAC have been 
found in patients of major depressive disorder.47,49 A negative correlation 
is found between serum TAC and severity of depression. Decrease 
in antioxidant defense and increase in oxidative stress plays a key 
role in pathogenesis of POAG. Oxidative stress will cause mitochondrial 
damage and apoptotic cell death in the trabecular meshwork as well 
as retinal ganglion cell loss. Several studies have documented the 
beneficial	effect	of	mindfulness	and	meditation	on	the	oxidative	status	
of the body.49	This	study	for	the	first	time	documents	the	role	of	short	
term	practice	of	MBSR	in	decreasing	the	oxidative	stress	and	increasing	
total antioxidant capacity in POAG patients.

According to current literature, glaucoma is a neurodegenerative 
disorder with progressive loss of neurons, RGCs in this case. Changes 
are seen all along the visual pathway up to the occipital cortex, which 
is known to occur by means of transynaptic degeneration.50	BDNF,	
a neurotrophic factor, has been seen to play an imperative role in 
RGC	rescue	in	rats	eyes	with	elevated	IOP.	Also	lower	BDNF	levels	
have been found to be present in patients with POAG as compared 
to healthy controls.51	 BDNF	 expression	 has	 also	 	 been	 found	 to	
dramatically decrease in the hippocampus in response to acute stress.52 
In	the	light	of	these	findings,	we	decided	to	evaluate	BDNF	levels	
in	response	to	MBSR	in	patients	with	POAG.	There	is	only	one	study	
published	till	date	showing	increase	in	BDNF	levels	with	MBSR.	In	
our	study,	we	found	a	significant	increase	in	BDNF	levels	in	participants	
who	underwent	MBSR	as	compared	to	controls	suggesting	a	possible	
role	MBSR	in	preventing	glaucoma	progression	by	up	regulating	
BDNF	and	preventing	retinal	ganglion	cell	death.

LIMITATIONS AND RECOMMENDATIONS OF THE STUDY

The present study reports changes after six weeks, but we suggest 
long	term	follow-ups	to	see	if	the	effects	of	MBSR	sustain	for	longer	
periods.	We	analyzed	changes	in	the	prefrontal	cortex	in	the	present	
study, for better correlation, imaging of the occipital cortex would 
be a useful complementing marker and of obvious advantage.
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Aqueous Venting For Aurolab Aqueous 
Drainage Implant (AADI); Is It Effective ?: 
An In Vitro Study
Dr Faisal Thattaruthody, Dr Jurangal, Dr Natasha Gautam, 
Dr Surinder Singh Pandav

PURPOSE

To	 study	 the	 aqueous	 venting	 efficacy	 of	 a	 new	 indigenously	
manufactured non-valved glaucoma drainage device, Aurolab 
Aqueous Drainage Implant (AADI) tube puncture or slit.

METHOD

Multiple AADI tubes were collected (extra length cut off after the 
implantation),	same	was	punctured	to		sizes	like	0.38	mm	(5	-	0	
needle),	double	puncture	(20	G	MVR	blade)	and	slits	of	size	(mm)	
1, 2, 3 and 4. One end of the tube was ligated water tight and other 
end was connected to a pressure gated syringe pump to  measure 
the Opening Pressure (OP) through the puncture or slit. OP was 
measured	in	vitro	with	or	without	breaking	the	fluid	column.

RESULTS

Mean initial Opening pressure (mm Hg) was 87.16, 45.5, 54.16, 
26.33	and	17	for	slit	sizes	of	1mm,	double	puncture	(MVR	blade),	
2,	3	and	4	mm	respectively.	On	subsequent	flow	the	mean	Opening	
pressure	(mm	Hg)	for	same	slit	sizes	was	78.16,	34.00,	25.66,13.33	
and	7.66	respectively	and	difference	was	significant	(P	<	.05).	There	
was	no	flow	through	single	or	multiple	5	-	0	needle	puncture	even	
at 90 mm Hg pressure.

CONCLUSIONS

Needle	puncture,	double	slit	with	MVR	or	single	1	-	2	mm	slit	is	
not likely effective for venting of aqueous to manage initial high 

Dr Faisal Thattaruthody, Assistant Professor, Glaucoma Services, 
Advanced Eye Centre, PGIMER Chandigarh.

This Paper was judged as the BEST PAPER of GLAUCOMA II  
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intraocular pressure (IOP) following a non-valved glaucoma 
drainage	device	 implantation.	A	 slit	 size	 between	 2	 -	 3	mm	 is	
required for venting of aqueous, which may be effective in vivo 
also.

INTRODUCTION

Glaucoma drainage devices have been widely used in the management 
of refractory glaucoma because of a highrisk for failure (e.g., failed 
trabeculectomy, neovascularand uveitic glaucoma, and traumatic 
glaucoma)	with	standard	filtration	surgery.1,2 Glaucoma drainage 
devices (GDD) have now assumed an important role in the treatment 
of refractory glaucomas. They are used either as a primary or a 
secondary procedure where trabeculectomy with or without adjunctive 
antimetabolite therapy has either failed or is known to get poor 
outcomes.3 In the past two decades, several types of glaucoma drainage 
implants have been developed.4 Two of the most commonly implanted 
aqueous drainage devices are the Ahmed glaucoma valve (AGV) 
and	the	Baerveldt	implant.	The	AGV	device	incorporates	a	one-way	
valve to prevent postoperative hypotony and shallow anterior 
chambers.5,6 However, several studies reported that it was associated 
with high rates of encapsulation and inadequate intraocular pressure 
reduction, often requiring postoperative glaucoma medications. The 
Baerveldt	implants	(BGI)	provide	a	greater	surface	area	in	the	end	
plate for aqueous reabsorption, resulting in better IOP control, a 
reduction in glaucoma medication,and less encapsulation in the long 
term.7,8

In	India,	BGI	is	unavailable	and	AGV	is	available	at	an	approximate	
price	of	US$250;	this	 is	not	affordable	to	many	of	our	patients.	A	
prototype	of	the	Baerveldt	350	design,	the	Aurolab	Aqueous	Drainage	
Implant (AADI, Aurolabs, Madurai, India), has been made available 
since 2013 and is being manufactured indigenously at a relatively 
lower	price	of	US$50.	Being	a	low-cost	device,	it	has	the	potential	to	
break the cost barrier in developing countries like ours in the quest 
to	 prevent	 blindness	 in	 glaucomas	 that	 are	 difficult	 to	 treat	 by	
conventional techniques like trabeculectomy.3

Studies have showed that overall outcome in terms of IOP reduction 
and number of antiglaucoma medication was better in AADI as 
compared to AGV.3	The	main	disadvantage	of	BGI/AADI	is	initial	
high IOP following surgery for a period of 4 - 6 weeks, which corresponds 
to spontaneous absorption of absorbable ligature. Therefor patients 
have to continue antiglaucoma medication for a period of initial 4 
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- 6 weeks. In most of refractory glaucoma IOP would be high even 
with medication and a period of 4 - 6 weeks are quiet long especially 
in secondary glaucomas.

To tackle the initial high IOP techniques like needle puncture or 
making of slits in the AADI tubes were tried, but there is no data 
available in literature regarding the effectiveness of tube puncture 
or slit.3 To address these issues,we have studied the effectiveness of 
AADI tube puncture or slit by using highly accurate pressure gated 
syringe pump system in vitro

MATERIALS AND METHODS

This is an in vitro experimental study and was  conducted at Advanced 
Eye Centre, Postgraduate Institute of Medical Education and Research, 
Chandigarh India. Multiple AADI tubes were collected (extra length 
cut off) and preserved after implantation. 

To begin with, patency of lumen were checked by injecting distilled 
water and allowed to dry. Tube puncture or fenestrations were made 
by passing 5 - 0 needle through and through the tubes, and single 
or multiple double puncture were performed in different tubes by 
direct	visualization	through	operating	microscope.	Double	slit	(through	
the lumen) was made by using standard 20 G MVR knife under direct 
visualization.	Likewise	1	mm,	2	mm,	3	mm	and	4	mm	single	slit	or	
double slits (1 mm apart not crossing through lumen) were made 
with	help	of	15	degree	blade	and	caliper	under	direct	visualization	
in different set of AADI tubes.

One end of tube was ligated to occlude lumen completely and other 
end was connected to the tubing of the pressure gated syringe pump 
(PHD	ULTRA	CP	4400	remote	syringe	pump;	Havard	Apparatus	
(http.//www.havardapparatus.com/webapp/wcs/stores/servlet/
haisku2-1001_11051_68273_-1_HAI-Product	detail_N_37295_44353)	
to measure the opening pressure of the puncture or slit. The system 
was	primed	with	balanced	salt	solution	and	flow	rate	and	pressure	
watched on monitor (Fig 1). Initially there would be sharp steep in 
pressure	which	corresponded	 to	filling	of	AADI	 tube	 lumen	and	
reaches to a peak point and then there would be sharp decline of 
pressure. The opening pressure was measured as the point of beginning 
of the decline (Fig 2). The opening pressure was measured for 5 - 0 
needle puncture, MVR double slit and single 1 - 4 mm slits. Opening 
pressure	also	measured	for	double	slit	of	sizes	1	mm,	2	mm,	3	mm	
and	4	mm	which	were	fashioned	on	an	imaginary	horizontal	line	1	
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mm apart. The initial opening 
pressure was measured as 
beginning of decline in pressure 
which could be appreciated on 
viewing system and multiple 
readings were taken by repeating 
the experiment after drying the 
tube. After measuring initial 
opening pressure, the pump system 
was paused for a while and then 
re-started again to measure opening 
pressure	 on	 subsequent	 flow	

(opening	pressure	without	interruption	of	fluid	column).	Multiple	
readings were taken for initial opening pressure and opening pressure 
on	subsequent	flow.		Outcome	measured	was	initial	opening	pressure	
and	opening	pressure	on	subsequent	flow.	

All statistical analysis was done by SPSS version 25.0.0.0 and data 
were presented as mean ± SD. Continuous and quantitative variables 
were	analyzed	using	Mann–Whitney	U	test	and	statistical	significance	
was	defined	as	p	<	0.05.

RESULTS

Multiple AADI tubes were collected (extra cut off) and opening 
pressure recorded from viewing system after connecting the AADI 

Fig. 1.	A.	Experimental	set	up	with	pump	system,	B.	AADI	tube,	C,D	and	
E.	making	slit	of	different	sizes.	F.	Pump	system	and	tubing,	G.	Fluid	
flowing	through	slit,	H.	Pressure	monitor

Fig. 2. Showing pressure recording on 
the viewing system, arrow 
represented opening pressure.
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tube with the pump system. The experiments were repeated multiple 
times to measure average opening pressure for each group.

The	5	-	0	needle	puncture	site	did	not	show	any	flow	of	BSS	even	at	
a high pressure of 80 - 90 mm Hg  at any point of time. There was 
flow	of	fluid	even	with	multiple	punctures.	The	average	initial	opening	
pressure of 1 mm single slit was 87.16 ± 4.33 mm Hg, while on 
subsequent	flow	the	average	opening	pressure	was	79.36	±	5.66	mm	
Hg	and	difference	was	significant	 (p=	0.02)	 (table	1).The	average	
initial opening pressure of two 1 mm slits (1mm apart) was 85.47 ± 
6.55 and the difference between single 1mm slit and two 1mm slits 
was	not	significant	(p=.673)

Table	1:	showing	initial	opening	pressure	and	opening	pressure	on	subsequent	
flow.	P	<	0.05	is	significant

 Average initial Opening pressure
	 opening	pressure	 on	subsequent	flow
 Mean ± SD in  Mean ± SD in
 mm Hg mm Hg P value

5-0	Needle	
puncture		 Not	open		 Not	open		 -

1 mm slit 87.16 ± 4.33 79 ± 5.66 0.020

MVR double 
slit 45.5 ± 6.53 34 ± 4.40 0.0001

2mm slit 54.16 ± 4.91 25.66 ± 4.53 0.0002

3mm slit 26.33 ± 7.13 13.33 ± 4.71 0.027

4 mm Hg 17.26 ± 2.76 7.66 ± 2.25 0.0006

The average initial opening pressure through double slit (crossing 
through the lumen) by standard 20 gauge MVR knife was 45.5 ± 6.53 
mm	Hg	and	on	subsequent	flow	the	opening	pressure	was	34	±	4.40	
mm Hg (p= 0.001). Two double MVR slits (1 mm apart) did not show 
any	significant	difference	in	opening	pressure	as	compared	to	single	
double MVR slit (45.5 ± 6.53 vs 44.36 ± 6.76). Single 2 mm slit showed 
an average initial opening pressure of 54.16 ± 4.91 mm Hg and on 
subsequent	flow	the	average	opening	pressure	was	25.66	±	4.53	mm	
Hg and difference in initial opening pressure and opening pressure 
on	subsequent	flow	was	significant	(p	=	0.0002).	The	initial	opening	
pressure between single and two 2 mm slits (1 mm apart) was not 
significant	(54.16	±	4.91	mm	Hg	Vs	52.32	4.86	mm	Hg).
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The single 3 mm slit showed an average initial opening pressure of 
26.33 ± 7.13 mm Hg and two 3 mm slits 1 mm apart showed an 
average opening pressure of 26.21 ± 6.71 mm Hg, the difference was 
not	 significant	 (p	>	 0.05).	While	 on	 subsequent	flow	 the	 average	
opening pressure through single 3 mm slit was 13.33 ± 4.71 mm Hg 
and	difference	with	average	initial	opening	pressure	was	significant	
(p = 0.027).  Average initial opening pressure of single 4 mm slit was 
17.26		±		2.76	mm	Hg	and	on	subsequent	flow	average	opening	pressure	
was	7.66	±	2.25	mm	Hg	and	difference	was	significant	(p	=	0.0006).	
Two	4	mm	slits	(1	mm	apart)	did	no	show	any	significant	difference	
as compared to single 4 mm slit (17.26 ± 2.76 Vs 16.22 ± 2.22 mm Hg)

DISCUSSION

The	most	commonly	used	GDDs	worldwide	are	AGV	and	BGI.	The	
main difference between the two devices is that the AGV has a one-
way	valve	which	regulates	flow	and	serves	to	prevent	hypotony	in	
the	early	postoperative	period.	BGI	on	the	other	hand	is	a	non-valved	
implant and requires the tube to be temporarily ligated to prevent 
early postoperative hypotony, until there is adequate encapsulation 
around	the	endplate	to	regulate	flow	post	lysis	of	ligature(approximately	
4	–	6	weeks).3 The Aurolab Aqueous Drainage implant is a new low 
cost non valved implant which has been introduced recently and it 
has same plate area of 350 mm2	as	BGI.	The	major	disadvantage	of	
non-valved implant is high IOP following implantation, which extends 
till the autolysis of ligature and patients has to continue antiglaucoma 

Fig. 3.	Bar	diagram	showing	opening	pressure	of	slits	of	various	size.
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medication for a period of 4 - 6 weeks. To tackle this early high  
IOP intraoperative puncturing or making slits on the tubes were 
recommended.	But	there	are	no	data	available	in	literature	regarding	
the	efficacy	of	this	venting	of	aqueous.	

This study is an experimental in vitro study conducted in a tertiary 
eye	care	centerin	North	India.	This	would	be	the	first	study	showing	
how	efficacious	the	AADI	tube	puncture	or	slit	is	in	vitro	and	can	
be extrapolated to in-vivo also.  

This study showed that tube puncture with 5 - 0 needle did not show 
any	flow	of	fluid	even	in	high	pressure	of	80	-	90	mm	Hg	regardless	
the number of punctures. This suggests that needle puncture does 
not seem to be an effective procedure for aqueous venting to tackle 
initial high IOP postoperatively. Single 1 mm slit showed an average 
initial	opening	pressure	of	87.16	±	4.33	mm	Hg,	on	subsequent	flow	
which reduced to 79 ± 5.66 mm Hg. This showed that 1 mm slit could 
function in a very high pressure state like 80 - 90 mm Hg and this 
figure	is	too	high	for	human	eyes.	In	additions	two	1	mm	slit	at	1	
mm	apart	did	not	show	any	significant	decrease	in	opening	pressure	
(79 ± 5.66 vs 85.47 ± 6.55), meaning thereby  that even multiple 1 mm 
slits were not effective for aqueous venting. 

Double slit (passing through lumen) with 20G MVR knife showed 
a high initial opening pressure of 45.5 ± 6.53 mm Hg and on subsequent 
flow	opening	pressure	was	significantly	reduced	to	a	lower	level	of	
34 ± 4.40 mm Hg. Therefore, MVR double puncture can open at a 
pressure about 45 mm Hg and continue to be functioning at around 
a	pressure	of	34	mm	Hg	and	these	figures	also	high	for	human	eyes.		
Where as single 2 mm slit showed a very high initial opening pressure 
of	54.16	±	4.91	mm	Hg,	on	subsequent	flow	slit	showed	flow	of	fluid	
at an average pressure of 25.66 ± 4.53 mm Hg. The opening pressure 
of	two	2	mm	slits	was	not	significantly	different	from	1	mm	slit	(54.16	
± 4.91 mm Hg Vs 52.32 4.86 mm Hg). These suggest that single or 
double 2 mm slit would require a very high pressure to begin the 
function but later on it could function at pressure level of around 25 
mm Hg and these values are also high for a glaucomatous human 
eye. 

This data showed average initial opening pressure of single 3 mm 
slit was 26.33 ± 7.13 mm Hg, a level slightly higher than normal IOP, 
continued to be functioning at pressure around 13.33 ± 4.71mm Hg. 
This showed that a single 3 mm slit could open at pressure which is 
much close to normal IOP and continued to be functioning in a normal 
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IOP range. While a single 4 mm slit showed an initial opening pressure 
within the normal IOP range that is 17.26 ± 2.76 mm Hg, but it would 
remain open in a lower pressure state around 7.66 ± 2.25 mm Hg. 
These data showed that 4 mm slit could open in a desirable IOP level 
and functioned in low pressure state also. There for a 4 mm slit can 
open even at a normal IOP but can cause hypotony also.

To conclude this study double puncture with 5 - 0 needle is not 
adequate for aqueous venting and double slit with MVR knife or 
single slit of 1 - 2 mm is not likely effective for venting of aqueous 
to manage initial high IOP after AADI implantation. Therefore, our 
data	 suggests	 that	 	 any	 slit	 size	between	2	 -	 3	mm	Hg	would	be	
optimal for aqueous venting to tackle initial high IOP after a non-
valved glaucoma drainage device implantation. Limitation of study 
were, 1) experimental in vitro study. 2) manufacturing material and 
experimental setting can affect opening pressure. Therefore, extrapolation 
of these results to in-vivo systems needs more validation.
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Management Of Cyclodialysis: Coming A Full 
Circle
Dr Harathy Selvan, Dr Viney Gupta, Dr Shikha Gupta

INTRODUCTION 

Cyclodialysis	is	the	disinsertion	of	meridional/longitudinal	fibres	
of the ciliary body muscle from the scleral spur, creating an aberrant 
pathway for aqueous drainage resulting in ocular hypotony.1,2  This 
low intraocular pressure (IOP) can be quite resistant to conservative 
management and requires surgical intervention when complications 
such as cataract, disc oedema, hypotonic maculopathy and vision 
loss ensues. Traditionally, the type of surgery planned for repair of 
cyclodialysis is primarily dependent on the extent of cleft and the 
presence of any associated lens or retinal pathologies.2 By	this	review,	
we intend to appraise the established methods and update the novel 
techniques in vogue for the evaluation and management of cyclodialysis 
clefts.  

DIAGNOSIS OF CYCLODIALYSIS

I. Clinical 

Not	all	cyclodialysis	clefts	are	diagnosed,	especially	in	the	setting	of	
a normal IOP. The suspicion of clefts arises when there is low IOP 
post-trauma or post-surgery, without any obvious contributing factor. 

The gold standard for diagnosis of cyclodialysis is by gonioscopy.2 
The	detachment	of	the	ciliary	body	band	leads	to	direct	visualization	
of a deep cleft, showcasing the bare sclera. However, this classic 
appearance is not always straightforward on gonioscopy, due to 
co-existing	hypotony,	resultant	Descemet	folds	and	hazy	media.	To	
circumvent	this	difficulty,	intracameral	viscoelastic	injection	followed	
by	gonioscopy	has	been	followed.	Nevertheless,	it	seldom	helps	in	
pre-operative planning. Also, microclefts and oblique clefts can be 
easily missed by these techniques. 

Dr Harathy Selvan, Services, Dr Rajendra Prasad Centre for Ophthalmic 
Sciences, All India Institute of Medical Sciences, New Delhi, India 
110029.
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In	 order	 to	 enhance	 visualization	 of	 these	 clefts	 pre-operatively,	
various	adjuncts	have	been	suggested.	There	have	been	conflicting	
reports	on	the	use	of	both	miotics	and	mydriatics	to	enhance	visualization	
of	the	cleft.	While	the	former	was	hypothesized	to	open	up	the	angle	
and hence the clefts, the latter, by deepening the anterior chamber 
(AC)	may	facilitate	identification	of	the	clefts.	We	had	earlier	described	
the technique of ‘dynamic gonioscopy’ in which by asking the patient 
to look towards the mirror being examined, the cleft opened up like 
a ‘rising crescent’ exposing its maximum dimensions.3 It could pick 
up even the low-lying and the latent clefts that were prone to be 
missed on routine gonioscopy. Another technique to enhance the 
visibility of the clefts is by ‘retraction gonioscopy’ where the contact 
goniolens along with a viscous interface is given a gentle traction so 
as to deepen the AC by retrograde movement of the lens-iris diaphragm.4 
However, pilocarpine was used prior to this procedure.  Another 
clinical	clue	to	recognize	cyclodialysis	in	the	setting	of	normal	IOP	
is the ‘Shah test’.5 The appearance of corneal folds and hypotony 
post-gonioscopy due to the sudden hypotony caused by transient 
shunting of aqueous into the cleft is the basis of this test. 

II. Imaging 

Ultrasound	 bio-microscopy	 (UBM)	 is	 an	 immersion	 ultrasound	
technique	(35	-	100	MHz)	by	which	cyclodialysis	clefts	can	be	diagnosed	
even in hypotonus globes, and hence are better means to diagnose 
cyclodialysis than gonioscopy.6 Detachment of the ciliary body from 
the	ocular	coats	and	supraciliary	drainage	pathway	can	be	visualized	
and measured objectively. The sensitivity can be further enhanced 
by	‘dynamic	UBM’	where	the	patient	is	asked	to	look	opposite	to	the	
suspected quadrant, opening up a low-lying left.3 It is complimentary 
to gonioscopy and aids in unravelling the true number and maximum 
dimensions of the clefts.  

Anterior segment optical coherence tomography (ASOCT) is a more 
recent	non-contact,	high	resolution	technique	that	also	helps	visualize	
cyclodialysis clefts.7 Magnetic resonance imaging  (MRI) and scleral 
transillumination	detection	are	other	rare	methods	for	identification	
of clefts.2

MANAGEMENT OF CYCLODIALYSIS

Many cyclodialysis clefts seal by themselves due to the associated 
inflammation	and	cycloplegia	obtained.	The	residual	ones	require	
treatment when associated with complications such as cataract, 
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shallow, AC, hypotonic maculopathy, disc edema, permanent retinal 
damage and deteriorating vision. Cyclodialysis clefts are known for 
their refractoriness to treatment. Conservative management is always 
the	first	option,	on	failure	of	which	further	interventions	are	attempted.	
The treatment options have been summarised in table-1. 

Table	1:	Summary	of	treatment	options	available	for	cyclodialysis.	

Sl.	No	 Treatment	options

1 Medical management

2 Laser photocoagulation
  • Ab-interno
   o Argon laser photocoagulation
   o Diode laser endophotocoagulation
  • Ab-externo
   o Transscleral diode laser
	 	 	 o	Transscleral	Nd:YAG	laser

3 Transscleral diathermy

4 Transconjunctival cryotherapy

5 Surgical management
  • Cyclopexy
	 	 	 o	Exocyclopexy	(Ab-externo	suture	fixation)
     Direct
     Indirect (Trans-scleral/Trans-corneal)
	 	 	 o	Endocyclopexy	(Ab-intereno	suture	fixation)
    	 Single	suture,	single	knot	(modified		 	
     sewing machine technique)
     Multiple suture-knots
 • Cyclotamponade
  o Exocyclotamponade (Ab-externo ciliary body   
     apposition)
     Anterior scleral buckling (indirect)
  o Endocyclotamponade(Ab-interno ciliary body   
     apposition)
     Ring/IOL/segment tamponade (direct)
     Gas/oil tamponade

I. Medical management

Cycloplegics form the mainstay of treatment which on relaxation of 
the ciliary muscles leads to uveo-scleral approximation.8 Though 
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steroids have been prescribed to raise the IOP and reduce the choroidal 
effusion,	the	fact	that	they	would	hamper	the	inflammatory	healing	
should be strongly considered, andhence a rapid tapering of steroids 
has been recommended.2,8,9 This self-healing may take up to 6 - 8 
weeks duration and this effect is more pronounced in small clefts.

II. Laser photocoagulation

AB-INTERNO

a. Argon laser photocoagulation

Argon laser photocoagulation has been considered an easy and safe 
procedure for closure of small cyclodialysis clefts, especially those 
less than 1.5 clock hours.10,11 In this technique, laser burns are applied 
within	the	cleft	site	under	direct	visualization	using	a	goniolens.	In	
situations of very shallow AC, pilocarpine and viscoelastic maybe 
used	to	deepen	the	chamber	and	provide	accurate	localization	of	the	
cleft. Ormerod et al recommended this technique to serve as the 
primary treatment approach for closing cyclodialysis clefts.8

b. Diode endophotocoagulation

This 20 gauge endophotocoagulation probe consists of a diode laser 
source coupled with illuminator and endoscopic camera for direct 
visualization	and	treatment	of	the	desired	area	simultaneously.	Both	
the inner scleral lip and the detached ciliary body face inside the 
cleft were lasered, and led to increase in IOP within 3 weeks of 
treatment.12

AB-EXTERNO

a. Transscleral diode laser

Usually	two	rows	of	laser	burns	with	settings	of	1500	Mw	and	1500	
ms are applied directly over the cleft site. In addition to creation of 
local	inflammation,	it	also	ablates	the	ciliary	processes,	thereby	evading	
the post-laser IOP spike. Moro et al recommend this technique to be 
the	best	for	treatment	of	small	medium	sized	clefts	resistant	to	medical	
management.2

b.	Transscleral	Nd-YAG	laser

Brooks	et	al	described	this	technique	wherein	two	rows	of	ten	spots	
per quadrant, each 2 - 3 mm behind the limbus with a power of 6J 
were applied via a non-contact system.13 However, this high power 
delivery to the overlying sclera raises concern.
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III. Transscleral diathermy 

After	raising	a	partial	thickness	scleral	flap	over	the	area	of	the	cleft,	
diathermy	is	applied	so	as	to	induce	local	inflammation.14 However, 
it fell out of practice due to the risk of scleral ectasia and lens damage 
induced.  

IV. Cryotherapy 

It is a transconjunctival technique where the retinal probe (2.8 mm 
diameter) is placed over the site of the cleft and overlapping applications 
of 5 per quadrant, 30 seconds duration and temperature of -85°C 
was used.1,15 It is safe and has been combined with surgical procedures 
also	to	enhance	the	success	rates	by	inducing	local	inflammation.	

V. Surgical management 

Various methods have been explained in the literature for surgical 
management of cyclodialysis. We put forward a comprehensive 
classification	of	the	available	surgical	options	based	on	the	technique	
followed and mechanism of action involved (summarised in table-1). 

CYCLOPEXY

a. Exocyclopexy (External suture fixation)

Cyclopexyis	the	procedure	of	fixation	of	cyclodialysis	clefts.	Traditionally,	
it	has	been	classified	into	two	types,	the	direct	and	indirect	cyclopexy.	
‘Direct cyclopexy’ is the technique in which the ciliary cleft is explored 
ab-externo and the detached ciliary body is sutured onto the scleral 
wall	under	direct	visualization.	It	has	been	considered	as	the	definitive	
treatment approach for cases that have failed conservative management. 
They	can	be	done	by	either	 fashioning	full	 thickness	scleral	flaps	
(Mackensen and Corydon technique)16 or a partial thickness sclera 
flap	followed	by	fill-thickness	scleral	cut-down	(Naumann	technique).17 
Other	few	modifications	include	intra-operative	direct	gonioscopy	
guided18 and probe guided19	identification	of	clefts	followed	by	repair.	
and	One	of	the	earliest	series	by	Kuchle	et	al	reported	closure	of	clefts	
in 28 of 29 eyes operated.17 Ioannidis et al later reported a success 
rate of 50% after one procedure, and suggested that larger clefts may 
require more than one interventions.20 Agrawal et al reported combined 
success of cryopexy and direct cyclopexy to be 94%.21 All these 
techniques employ transscleral sutures and are fraught with complications 
such as haemorrhage, intra-operative hypotony, incomplete suture 
passes, cataract, retinal detachment, vitreous loss, wound dehiscence, 
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conjunctival bleb formation and endophthalmitis.2 It requires profound 
surgical expertise and experience for optimal success outcomes. 

Usage	of	trans-corneal	sutures	to	pass	radially	through	the	limbus,	
iris root and the detached ciliary body, to be tied over the scleral 
surface is known as ‘indirect cyclopexy’,22	 a	 modification	 of	 the	
McCannel retrievable suture technique described for anterior uveal 
problems.23 Though they were safer, pupillary peaking, angle deformation 
and peripheral anterior synechiae were a possibility. Though transient 
IOP spikes have been documented after cleft closure, these permanent 
angle changes may contribute to secondary glaucoma. Feiler et al 
modified	this	technique	to	pass	the	sutures	only	through	the	sclera,	
starting 3.5 mm posterior to limbus, involving the detached ciliary 
body and passing out through the sclera 1.5 mm behind the limbus.24 

Though this appears to spare the pupil and the angle, this is a blind 
technique and needle exit strictly at the marked position would be 
tedious. 

In addition, the cyclopexy procedures require multiple suture passes 
along the entire circumference of the cleft, and hence would exponentially 
increase the chances of short-term and long-term suture-related 
complications. Such a procedure would be demanding in cases of 
large cyclodialysis clefts. 

b. Endocyclopexy (Internal suture fixation)

These techniques approach the cleft in an inside-out manner. Wang 
et al described the technique of ‘internal direct cyclopexy’.25 In this 
technique, routine transconjunctival pars plana ports were made, 
and lensectomy and limited anterior vitrectomy done. Then a 10 - 0 
polypropylene suture was passed from the pars-plana port opposite 
to the cyclodialysis, and guided by a 30 gauge (G) needle, the suture 
was retracted through the sclera overlying the cleft. This was repeated 
with the other end of the polypropylene needle and then both the 
ends tied over the sclera to obliterate the cleft. This was followed by 
completion vitrectomy and addressing of associated retinal problems 
if	present.	The	mean	number	of	sutures	required	were	4.6	±	1.9	(range:	
2 - 9) with an average of average 1.2 per clock hour. 

We	recently	introduced	the	‘modified	sewing	machine	technique’	
that could correct even large cyclodialysis with a single-suture and 
single knot. In this technique, after lifting a partial thickness scleral 
flap	over	the	affected	area,	a	9	-	0	polypropylene	suture	threaded	on	
a 26 G needle is inserted from opposite clear corneal incision to pierce 
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through the detached ciliary body and exit through the scleral bed.  
The suture thread is pulled over the scleral bed to form a loop. Securing 
the loop, the needle is withdrawn and re-inserted at an adjacent site 
to reform a loop. This is repeated in a continuous manner along the 
entire	circumference	of	the	cleft.	After	the	final	loop,	the	second	end	
of the suture is retrieved, passed through all the previous loops, 
titrated	and	tied	with	the	first	end,	thereby	making	it	a	single	suture,	
single knot technique. Another technique to correct both iridodialysis 
and cyclodialysis in a single instance is the ‘single point pivot technique’ 
where a single polypropylene suture is looped through the detached 
iris root and the ciliary cleft to be tied onto the overlying scleral bed, 
thus anchoring both the tissues simultaneously on the same point 
of the sclera.

CYCLOTAMPONADE

a. Exocyclotamponade

Anterior scleral buckling with silicone tubes and sponges have been 
described to provide an outside intamponading effect to the detached 
ciliary body.26,27	However,	they	may	result	in	significant	astigmatism,	
foreign	body	sensation,	dellen	and	cosmetic	disfiguration,	and	therefore,	
they warrant removal after successful closure of the cleft.1,28

b. Endocyclotamponade

This technique acts on the principle of providing an inside-out 
mechanical tamponade to the detached ciliary body by the ‘internal 
cerclage effect’. There are few reports of successful closure of cyclodialysis 
clefts by providing such Endocyclotamponade by means of appropriate 
alignment of the haptics of a sulcus intraocular lens (IOL) or a capsular 
tension ring or a Cionni ring with the eyelet abutting the area of 
maximum detachment.29–31	We had also reported the closure of a 
cyclodialysis cleft by dual endotamponade technique using both a 
3 piece IOL and Cionni ring in the sulcus.32 In addition to the internal 
compression	effect,	they	also	induce	inflammation	which	helps	in	
sealing of the cleft. They are minimally invasive, safe and effective 
as compared to the external cyclopexy procedures. However, the 
risks of ciliary body damage, erosion, pain and haemorrhage do 
remain. The main limitation of this technique is the risk of failure 
when	associated	zonular	dialysis	exists,	a	frequent	accompaniment	
in post-traumatic scenario. In such situations, due to inadequate 
sulcus	 support,	 the	 IOL	 or	 rings	may	 tilt,	 providing	 insufficient	
cyclotamponade. Also, when combined with cataract surgery, the 
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IOL power calculation should be based on the fellow eye to avoid 
post-operative refractive surprise. 

‘Pneumocyclopexy’ is the technique of using cases to provide 
endocyclotamponade. Reports of successful repair of large resistant 
clefts by combination of transconjunctival cryotherapy and intravitreal 
injection of a single bubble of 20% SF6 and 16% C2F6 gas with 
appropriate post-operative positioning are known.33,34 However,  these 
are possible only if the posterior capsule is intact, else the gas in the 
anterior segment may escape through the cleft and resist its closure.1 
Pars plana vitrectomy followed by gas/oil tamponade has also been 
proposed as an effective technique.35,36 They may be combined with 
cataract surgery in that, vitrectomy and endotamponading agents 
may themselves accelerate cataract formation, and augmentation 
with cryotherapy is a viable option to improve success outcomes.37

OUR EXPERIENCE 

We	summarise	our	experience	of	treating	five	eyes	with	extensive	
post-traumatic cyclodialysis and ocular hypotony refractory to 
conservative management. All eyes had coexisting post-traumatic 
cataract and underwent cataract extraction followed by internal 
cyclopexy (summarised in table-2). Two eyes underwent in-the-bag 
IOL and a sulcus Cionni ring ‘endotamponade’. The third eye was 
treated with ‘dual endotamponade’ of Cionni ring and multipiece 
IOL in the sulcus with eyelet and haptics aligned along the cleft.32 

The	forth	eye	had	concurrent	zonular	dialysis	and	iridodialysis	and	
was treated with in the bag capsular tension ring and IOL with haptic 
orientated	along	the	zonular	defect,	CTR	in	the	sulcus	for	cleft	repair	
followed	by	‘stroke	and	dock’	iridodialysis	repair.	The	fifth	eye	having	
iridodialysis and cyclodialysis were both repaired simultaneously 
by the ‘single point pivot technique’. The fourth eye had failed and 
was	re-operated	by	‘modified	sewing	machine	endocyclopexy	technique’.	
Hence, 4/5 eyes showed post-op betterment in IOP and vision after 
the primary internal cyclopexy, offering a success rate of 80%. The 
one eye that failed was due to Cionni ring tilting due to inadequate 
sulcus	support	secondary	to	co-existing	zonular	dialysis.	This	eye	
was reoperated by an endocyclopexy technique, which succeeded, 
collectively offering 100% success rates for the internal cyclopexy 
methods. They also hold the advantage of being a closed globe 
technique,	repair	under	direct	gionioscopic	visualization,	possibility	



201

Best Free Papers

Ta
bl
e	2

:	S
er
ie
s	o

f	c
yc
lo
di
al
ys
is	
ey
es
	tr
ea
te
d	
w
ith
	v
ar
io
us
	a
b-
in
te
rn
o	
te
ch
ni
qu
es
.

 C
as

e n
o 

Pr
e-

op
 

Cl
ef

t  
D

ur
at

io
n 

Co
nc

ur
re

nt
 

Te
ch

ni
qu

e f
ol

lo
w

ed
 

Po
st

 o
p 

IO
P 

Pr
eo

p 
Po

st
 o

p 
Ca

us
e o

f 
D

ur
at

io
n

 
IO

P 
Ex

te
nt

 
of

 
di

se
as

e 
 

IO
P 

ris
e a

fte
r 

CD
VA

 
CD

VA
 

Po
or

 
of

 f/
u 

af
te

r
 

(m
m

H
g)

 
 

di
se

as
e 

 
 

(m
m

H
g)

 
(d

ay
s)

 
 

 
Vi

sio
n 

su
rg

er
y

1 
4 

90
° 

1.
2 

yr
s 

ca
ta

ra
ct

 
In

-th
e-

ba
g 

IO
L 

w
ith

  
14

 
1 

 
H

M
 

6/
12

 
Re

fra
ct

iv
e 

4 
ye

ar
s

 
 

 
 

 
su

lcu
s C

io
nn

ie
nd

o-
 

 
 

 
 

su
rp

ris
e

 
 

 
 

 
ta

m
po

na
de

2 
6 

15
0°

 
11

  
ca

ta
ra

ct
 

In
-th

e-
ba

g 
IO

L 
w

ith
 

14
 

28
 

4/
60

 
6/

12
 

Su
bm

ac
ul

ar
 

3 
ya

rs
	

	
	

m
on
th
s	

	
su
lcu

s	C
io
nn
ie
nd
o-
	

	
	

	
	

fib
ro
sis

 
 

 
 

 
ta

m
po

na
de

 
 

3	
2	

30
0°
	
8	
m
on
th
s	
ca
ta
ra
ct
	

D
ua
l	e
nd
ot
am

po
na
de
:		

12
	

3	
	

H
M
	

6/
9	

-	
5	
ye
ar
s

 
 

 
 

 
Su

lcu
s I

O
L 

ha
pt

ic 
+ 

 
 

 
 

 
Ci

on
ni

en
do

ta
m

po
na

de
 

4	
2	

18
0°
	
3	
m
on
th
s	
Iri
do
di
al
ys
is,
	
CT

R	
+	
IO
L	
in
	b
ag
,		
	

6	
N
ot
	se
en
	

CF
	

3/
60
	

Pe
rs
ist
en
t	

1	
ye
ar

 
 

 
 

Su
bl

ux
at

ed
 

Ci
on

ni
 in

 su
lcu

s, 
 

 
 

 
 

hy
po

to
ny

 
 

 
 

ca
ta

ra
ct

  
‘st

ro
ke

 a
nd

 d
oc

k’
  

 
 

 
 

m
ac

ul
op

at
hy

	
	

	
	

(z
on
ul
ar
		

iri
do
di
al
ys
is	
re
pa
ir

 
 

 
 

di
al

ys
is)

 
  

 

Ca
se
-4
	re
-	

4	
12
0°
	
6	
m
on
th
s	
Fa
ile
d	
du

e	t
o	

M
od
ifi
ed
	se
w
in
g	

22
	

7	
	

3/
60
	

6/
36
	

Fo
ve
al
	

8	
m
on
th
s

su
rg

er
y 

 
 

 
CT

R 
til

tin
g 

m
ac

hi
ne

 te
ch

ni
qu

e 
 

 
 

 
 

at
ro

ph
y

 
 

 
 

(in
ad

eq
ua

te
 

 
 

 
 

su
lcu

s)
 

 
 

5 
6 

90
° 

8 
m

on
th

s 
Iri

do
di

al
ys

is,
 

Si
ng

le
 p

oi
nt

 p
iv

ot
 

 
 

 
 

ca
ta

ra
ct

  
te

ch
ni

qu
e 

14
,1

6 
1 

6/
18

 
6/

6 
- 

10
 m

on
th

s

CF
:	C
ou
nt
in
g	
fin
ge
rs
,	C
TR

:	C
ap
su
la
r	t
en
sio

n	
rin

g,
	H
M
:	H

an
d	
m
ov
em

en
ts
,	I
O
L:
	in
tra

oc
ul
ar
	le
ns
,	I
O
P:
	in
tra

oc
ul
ar
	p
re
ss
ur
e,	
CD

VA
:	c
or
re
ct
ed
	d
ist
an
ce
	v
isu

al
	

ac
ui

ty
 



Best Free Papers

202

of treating concurrent pathologies like cataract and iridodialysis, 
treating almost entire circumference of the eye, and with an easier 
learning curve letting any anterior segment surgeon to proceed with. 

Ormerod et al had put forward an algorithm of management for 
cyclodialysis clefts based on the extent of clock hours involved.8 
Martin-Moro et al updated the algorithm to include the newer techniques 
and proposed the management decision based on associated ocular 
pathologies.2 Though all our cases had associated anterior segment 
abnormalities, nevertheless, we propose that ab-interno techniques 
such as endocyclotamponade and endocyclopexyin general offer 
high success rates and maybe considered a viable alternative to the 
standard external cyclopexy techniques. However, they are preferable 
only in pseudophakic or aphakic eyes in view of the possible lens 
injury that can happen. The literature awaits large numbered long-
term	studies	summarising	the	efficacy	and	safety	outcomes	of	these	
ab-interno techniques. 

In conclusion, cyclodialysis clefts associated with complications 
require active treatment. Conservative management with mydriatics 
and	cycloplegics	always	forms	the	first-line.	Failure	of	medical	therapy	
can be followed by semi-conservative techniques such as the laser 
and cryocyclopexy. In cases of non-response or large extent clefts, 
interventional	surgeries	are	required	which	we	have	classified	based	
on the methodology and mechanism of action. The ab-interno techniques 
in general offer high success rates with better safety outcomes, and 
maybe considered a viable choice to the standard external cyclopexy 
techniques. 
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AIM

To	assess	the	usefulness	of	CBCT	for	DCG,	where	contrast	medium	
is administered in drops in cul-de-sac as compared to Conventional 
DCG,”

METHODOLOGY

100 patients with persistent epiphora were randomly divided in 
two groups-
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GROUP B

Conventional DCG

Dye	administration	in	GROUP	1	was	done	in	drops	in	cul-de-sac	
and	CBCT	scan	was	taken	after	3	minutes	and	in	case	of	obstruction	
scan was repeated after 30 minutes.

Dye	was	injected	in	GROUP	2	and	X-ray	PNS	view	was	taken	at	
zero	time.	Patients	with	patent	nasolacrimal	tree	but	persistent	
epiphora	were	referred	for	CBCT-DCG.

RESULTS

In this group A, a total of 28 (57%) nasolacrimal systems were 
found to be radiologically.Patent. Radiologic Obstruction was 
visualized	in	14	(28%)	nasolacrimal	systems	while	8	(16%)	nasolacrimal	
systems	were	classified	as	Delayed	Patent.	In	group	B,	a	total	of	
37 (74%) nasolacrimal systems were found to be radiologically 
patent	while	obstruction	was	visualized	in	12	(24%)	nasolacrimal	
systems. 

CONCLUSION

1. Mechanical obstruction could be detected in both techniques. 
However,	level	of	obstruction	could	be	well-defined	only	in	
GROUP	1.

2.	 CBCT-DCG	could	detect	Lacrimal	pump	failure	and	thus,	
allowing better treatment in patients with persistent epiphora 
who were not diagnosed with mechanical obstruction.

INTRODUCTION

Epiphora is a relatively common ophthalmologic condition representing 
almost 5% of clinical consultations in ophthalmology and it occurs 
in cases of complete/partial obstruction or structure of nasolacrimal 
duct and inadequate functioning of Lacrimal pump, leading to 
insufficient	drainage	of	tears.1 

A	pre-operative	characterization	of	the	cause	of	Epiphora	is	essential	
for correct treatment planning.2  Dacryocystography (DCG) was the 
first	 radiologic	 technique	 to	visualize	 the	nasolacrimal	 system	 in	
patients with epiphora. It is performed by injecting radio paque 
contrast	medium	to	visualize	the	Naso-Lacrimal	tree.3 However, there 
are	some	inherent	disadvantages	reported	with	this	technique:4 
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1.	 Visualization	of	the	lacrimal	flow	is	not	considered	physiologic	
as the contrast material is introduced manually with some 
pressure into the canaliculi

2. Lack of anatomic details

3. Failure to assess inadequacy of Lacrimal pump

To overcome these disadvantages and with ongoing technological 
development, CT and MRI have been adapted for DCG. Prominent 
disadvantages reported with CT-DCG are the lack of a dynamic 
contrast passage and increased radiation exposure.5 MRI-DCG can 
show the function of the nasolacrimal apparatus under physiologic 
conditions	after	topical	application	of	a	contrast	medium	and	visualizes	
subtle soft-tissue changes, such as early malignancies. Long imaging 
time, poor delineation of bony ductal components, and lack of 
anatomical detail and relative high cost has prevented this imaging 
technique	 from	being	 routinely	 used.	 Both	 the	 above	mentioned	
techniques also have the drawback of being performed only in the 
supine position.3

Cone	Beam	Computed	Tomography	(CBCT)	is	a	variant	of	Computed	
Tomography	and	has	been	specifically	designed	for	imaging	of	jaws,	
teeth and head and neck air sinuses. It has the advantage of being 
performed in standing and sitting posture and exposes the patient 
to	minimal	radiation	dosage.	Natural	head	posture	provides	a	dynamic	
passage to the contrast medium. It was therefore decided to use 
CBCT	for	DCG	Imaging.

The	primary	objective	of	the	present	research	is	to	compare	CBCT-
DCG with the conventional DCG in patients diagnosed with persistent 
epiphora.

METHODS AND METHODOLOGY

Sample	Selection:	This	study	comprised	of	100	patients	who	underwent	
clinical examination by 1 experienced ophthalmologist and were 
diagnosed	with	Unilateral	or	Bilateral	Epiphora	persistent	over	6	
months. Informed consent was obtained from all participants. The 
patients	were	randomly	divided	into	two	groups:

GroupA	(n	=	50):	CBCT	-	DCG

GroupB	(n	=	50):	Conventional	DCG
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CBCT-DCG Procedure

CBCT	Setting-CBCT	 images	were	 obtained	with	 a	 3-dimensional	
Planmeca Promax 3DMid machine (Planmeca Oy, Helsinki, Finland). 
Operating parameters were set at 8 mA and 90 kV, and exposure 
time	was	15	seconds.	For	all	CBCT	images,	a	limited	field	of	view	
(FOV) of 8 × 8 cm was selected. The data were reconstructed with 
slices of 0.5 mm thickness at 0.2 mm intervals. The analyses were 
performed	using	a	specialized	computer	software	(Romexis,	Planmeca	
Oy, Helsinki, Finland).

All patients initially received 1 drop topical anaesthetic (Proparacaine 
HCl 0.5%) into the conjunctival cul-de-sac. Patients received a total 
of	3	drops	of	Non-ionic	aqueous	based	contrast	medium	(Omnipaque)	
into the conjunctival cul-de-sac and they were told not to rub their 
eyes.	Thereafter,	CBCT	was	performed	after	3	minutes.	

CBCT	 Images	were	 assessed	by	 a	 trained	Oral	 and	Maxillofacial	
radiologist	and	an	Ophthalmologist.	In	cases	of	visualization	of	no	
dye	in	the	inferior	meatus,	CBCT	Scan	was	repeated	after	30	minutes.

CBCT	Image	Analysis-CBCT	images	were	analysed	by	an	experienced	
dentomaxillofacial radiologist and an ophthalmologist. 

Patients	were	further	classified	in	3	groups	depending	upon	the	time	
taken	for	radiopaque	dye	to	flow	into	inferior	meatus:

I. PATENT NASOLACRIMAL SYSTEM

Contrast	medium	visualized	in	inferior	meatus	after	3	minutes	

II. DELAYED PATECY

Contrast	medium	visualized	in	inferior	meatus	after	30	minutes.

These cases were further divided in 2 groups depending upon the 
reason	of	delayed	patency:

A)	Lacrimal	Pump	insufficiency

B)	 Anatomical	Structures-	Narrow	lumen	Nasolacrimal	duct

III. MECHANICAL OBSTRUCTION

No	contrast	medium	was	visible	in	the	inferior	meatus	after	30	minutes

CONVENTIONAL DCG PROCEDURE

X-Ray	 Setting-Images	 were	 obtained	 with	 a	 Planmeca	 Promax	
X-Raymachine	(Planmeca	Oy,	Helsinki,	Finland).	Operating	parameters	
were set at 11mA and 80 kV, and exposure time was 8.6 seconds.
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All patients initially received 1 drop topical anaesthetic (Proparacaine 
HCl 0.5%) into the conjunctival cul-de-sac. Thereafter, the inferior 
punctum	was	catheterized	with	a	26-G	microcatheter,	and	1	to	2	ml	
of a nonionic, water-soluble contrast medium (Omnipaque HCl 0.5%) 
was slowly injected manually until the patients reported either feeling 
the solution in their nasal antrum and/or pharynx or when the liquid 
refluxed	out	of	the	lower	or	upper	punctum.	X-ray	PNS	View	was	
taken	at	zero	time.

X-ray	PNS	View	Image	Analysis-X-ray	images	were	analysed	by	an	
experienced dentomaxillofacial radiologist and an ophthalmologist. 
Patients	were	further	classified	in	2	groups	depending	upon	the	flow	
of	contrast	medium	into	nasal	antrum:

i. PATENT NASOLACRIMAL SYSTEM

Contrast	medium	visualized	in	nasal	antrum	

ii. MECHANICAL OBSTRUCTION

No	contrast	medium	was	visible	in	the	nasal	antrum

Patients	classified	in	Group	i	of	Conventional	DCG	(Patent	Nasolacrimal	
system) who presented with epiphora after 1 month of treatment, 
were	subjected	to	CBCT	Scan	to	rule	out	Functional	Epiphora.

DESCRIPTIVE ANALYSIS

Data	were	analyzed	descriptively.Percentage	in	each	group	and	sub-
groups was calculated.

RESULTS

A total of 100 patients with persistent epiphora referred for DCG 
using	CBCT	and	Conventional	technique	were	included	in	the	present	
analysis. They included 58 men and 42 women and had a mean age 
of	48.6	years.	There	was	no	statistically	significant	difference	between	
both groups regarding age (p < 0.5), gender (p < 0.5), and the side 
of obstruction of the nasolacrimal system (p < 0.5).

No	side	effects	were	noted	during	catheterization	or	application	of	
the	contrast	medium	in	both	methods.	Although	the	catheterization	
and syringing was regarded as slightly unpleasant by some patients, 
both methods were well tolerated by all patients.

Descriptive	Analysis	of	the	Radiologic	Findings	in	the	CBCT	-	DCG	
Group (n = 50)
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In this group, a total of 28 (57%) 
nasolacrimal systems were found to 
be radiologically Patent and were 
thus, grouped in Group I (Figure 2). 
Radiologic	Obstruction	was	visualized	
in 14 (28%) nasolacrimal systems and 
were	classified	in	Group	II	 (Figure	
3) while 8 (16%) nasolacrimal systems 
were	classified	as	Delayed	Patent	-	
Group III (Figure 4).

Descriptive Analysis of the Radiologic 
Findings in the Conventional DCG 
Group(n = 50)

In this group, a total of 37 (74%) nasolacrimal systems were found 
to be radiologically patent and were thus, grouped in Group i. 
Radiologic	obstruction	was	visualized	in	12	(24%)	nasolacrimal	systems	
and	were	classified	in	Group	ii.	One	scan	was	labelled	as	not	having	
diagnostic value and was not included in the results. A sample 
radiograph is shown Figure 1.
The	patients	classified	in	Group	I	(n	=	37)	were	treated	for	Epiphora	
for one month. Seven patients (18.9%) reported back with complaint 

Fig. 1. Conventional DCG showing 
contrast medium in Left 
Nasolacrimal	tree

Fig. 2.	 a)	3D	view	showing	contrast	medium	in	NLD	and	Inferior	meatus	
on	both	sides;	b)	Coronal	view	showing	contrast	medium	in	NLD	
and Inferior meatus on both sides; c) Left Saggital view showing 
contrast	medium	in	NLD	and	Inferior	meatus;		d)	Right	Saggital	view	
showing	contrast	medium	 in	NLD	and	 Inferior	meatus;	 	 e)	Axial	
view	showing	contrast	medium	at	junction	of	NLD	and	Inferior	meatus	
on both sides.
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of Epiphora after 1 month 
and	were	referred	for	CBCT	
Scan. Six patients were grouped 
as Delayed Patent. Thus, 12% 
nasolacrimal systems out of 
50 patients in Group A were 
classified	as	Delayed	Patent.

DISCUSSION

The drainage of tears is actively 
supported by a physiologic 
pumping mechanism that 
occurs with the closure and 
opening of eyes. Potential 
causes of epiphora associated 
with	impaired	tear	outflow	may	be	functional,	structural,	or	both.6 
In conventional DCG technique, the contrast material is introduced 
manually with some pressure into the canaliculi; subsequently, the 
visualization	of	the	lacrimal	outflow	is	not	considered	physiologic,	
and hence functional epiphora may not be found.7 Also, syringing 
of the lacrimal system with contrast medium after image acquisition 

Fig. 3.	 a)	3D	view	showing	contrast	medium	in	NLD	and	Inferior	meatus	
on	right	side	and	in	Lacrimal	sac	and	upper	part	of	NLD	on	left	side;		
b)	Coronal	 view	 showing	 contrast	medium	 in	NLD	and	 Inferior	
meatus	on	right	side	and	in	Lacrimal	sac	and	upper	part	of	NLD	on	
left side;  c) Left Saggital view showing contrast medium in Lacrimal 
sac	and	upper	part	of	NLD

Fig. 4. Right Saggital view showing contrast 
medium in Lacrimal sac and narrow 
lumen	NLD
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with the passive method may open functional obstructions and thus, 
does not discriminate between functional and structural obstruction.

According	to	 this	study,	16%	patients	 in	CBCT-DCG	group	were	
classified	as	having	Delayed	patent	nasolacrimal	systems	which	is	
an indication of Inadequacy of Lacrimal Pump. Three patients out 
of	these	were	detected	with	Kinking/Stricture	of	Naso-lacrimal	duct.	
In	CBCT-DCG,	the	contrast	material	is	administered	into	the	conjunctival	
cul-de-sac in a physiologic way using 3 drops of the contrast medium. 
As	CBCT	is	performed	in	an	upright	position,	the	lacrimal	outflow	
is established in a physiologic way. Thus, functional epiphora could 
be detected with this technique, which may offer an alternative to 
dacryoscintigraphy.	Apart	from	Lacrimal	Scintiagraphy,	CBCT-DCG	
is the only technique which can detect Functional Epiphora. In addition, 
CBCT-DCG	is	economical,	readily	available	and	presents	with	accurate	
delineation of bone and other anatomical details which are the major 
disadvantages of Lacrimal Scintiagraphy.8 

Mechanical Obstruction could be detected by both techniques. However, 
patients suffering from Failure of Lacrimal pump could only be 
detected	 by	 CBCT-DCG.	 This	 technique	 thus,	 allows	 for	 correct	
treatment planning in cases of epiphora.

Another	advantage	of	using	CBCT	is	low	radiation	exposure.	In	a	
recent study measuring radiation doses of DCG performed using 
CBCT	and	multislice	CT,	the	radiation	dose	levels	in	mSv	to	lens,	
parotid	gland,	and	thyroid	gland	were	substantially	less	for	CBCT.5

To the best of the authors’ knowledge, only 1 study has described 
CBCT-DCG	in	the	literature.3 That study applied an approach similar 
to the direct syringing method in the present study. In that study, 
of	45	patients,	8	patients	showed	a	normal	filling	with	contrast	medium	
despite severe epiphora. It remained an intriguing question whether 
the passive method would have diagnosed a functional stenosis in 
some of these patients. In our study, we referred these cases for 
CBCT-DCG	and	detected	the	patients	with	Functional	Epiphora.

In	conclusion,	the	present	investigation	demonstrated	that	CBCT-
DCG has potential for evaluating patients with functional epiphora 
and complete obstruction of the nasolacrimal system prior to surgical 
intervention.	Advantages	of	 the	CBCT-DCG	 include	 short	 image	
acquisition time and good delineation of bone and soft tissue at a 
lower	irradiation	dose	than	conventional	CT.	Furthermore,	CBCT-
DCG is performed in an upright position, allowing physiologic 
examination of the lacrimal system.
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Measuring Eye Motility Reliably: Ocular Motility 
Tester
Dr. Jitendra Nenumal Jethani, Dr Rutvij Kotecha

ABSTRACT

Ocular motility is a study of 12 extraocular muscles and how they 
impact eye movement. It is very important for a neuroophthalmological 
examination to know the excursion of the eye in a patient. Currently 
it	is	measured	by	Kestenbaum's	ruler,	Urist	lateral	reflex	test,	and	
projecting	the	image	on	Hess	screen.	We	present	a	refined	ocular	
motility	tester.	It	consists	of	two	visual	display	units	(VDU),	two	
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cameras, and a computing device. The patient will turn the eyes 
in	the	direction	instructed	on	VDU,	the	camera	will	record	the	
motion, and software on the computing device will perform image 
processing to compute the movement in millimeter. The device 
was tested on 20 normal subjects with mean age 20.4 +/- 1.2 years. 
The mean adduction was 9.18 +/- 1.5, mean abduction 8.9 +/- 1.6, 
mean elevation 8.1 +/- 1.1 and mean depression was 9.1 +/- 1.4 
mm. Ocular motility tester can tell us the normal excursions, help 
us in underactions of muscles in neuro-ophthalmological problems 
and recovery.

Ocular motility examination is a part of standard eye examination. 
The amount of eye excursion is important to decide whether a particular 
eye movement is normal or not. The normal values for this needs to 
be	found.	Some	earlier	studies	done	by	Kestebaum	and	Urist	are	
available 1 - 3 but the common practice is to measure it like a grading 
system of -4 where there is no movement of eye and -5 where the 
eye doesn’t even come to the midline and 0 is normal and  +1 shows 
an exaggerated or an overaction of the muscles. We designed a small 
setup which can be used to reliably measure the ocular excursion 

MATERIALS AND METHODS

It	consists	of	visual	display	units	(VDU),	cameras,	and	a	computing	
device. The patient will turn the eyes in the direction instructed on 
VDU.	The	camera	will	record	the	motion	and	software	on	the	computing	
device will perform image processing to compute the movement in 
millimeters.

The device can be mounted on a slitlamp and the target can be moved 
on each side. The device would capture the centre of the eye and the 
limbus and then the extreme movements would be taken as still. The 
device would also try to calculate the speed of the movement of the 
eye. Once the pictures are taken the device via its computing software 
would measure the amount of movement and excursion and would 
give a reading in millimetres.

The device was tested on 20 normal subjects with mean age 20.4 
+/- 1.2 years. All subjects were normal with no refractive error and 
no ocular motility problem.

RESULTS

The device was tested on 20 normal subjects with mean age 20.4 
+/- 1.2 years. The mean adduction was 9.18 +/- 1.5, mean abduction 
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8.9 +/- 1.6, mean elevation 8.1 +/- 1.1 and mean depression was 9.1 
+/- 1.4 mm. This was mainly to establish the normative data.

The device was tested by two independent observers masked to each 
others’	findings.	We	found	a	good	agreement	(p	=	0.91)	between	the	
two observers using the device.

DISCUSSION

Various methods have been used in the past to measure the ocular 
motility.1	Kestenbaum’s	technique	used	a	ruler	to	measure	the	ocular	
motility.2 He established the normal motility at 9 - 10 mm for adduction, 
abduction and depression and the elevation movement was 7 mm. 
A	similar	probably	simpler	method	was	also	devised	by	Urist	et	al.3 

This	was	called	lateral	light	reflex	test.	Each	mm	displacement	from	
the centre was around 7 mm. The test was obviously having a limitation 
that the examiner has to estimate the centration of the light and then 
the amount of movement in terms of degrees.1

Another	 novel	method	was	proposed	by	Kushner	 et	 al,4 here he 
prosposed to use a cervical range of ocular motility tester mainly 
used for orthopaedic surgeon to assess the joint motility. Here, the 
movement	of	eyes	is	measured	by	asking	the	patient	to	fix	on	the	
target and movement of head. He found it to be fairly accurate.

Holmes et al5 devised a photographic method similar to ours. He 
found a good interobserver correlation. Photographs were taken 
when	the	patient	 looked	to	right	and	left	gaze	positions.	Using	a	
ruler	the	examiner	measured	the	deficit	of	abduction	in	millimetres.	
The repeatability of the method was evaluated using a standard 
grading	system	for	documenting	and	grading	abduction	deficit.

Our device is similar to Holmes et al except that the measurements 
would be taken directly by the computer algorithm and this would 
make it less time consuming and more repeatable. A non-technical 
person may also be able to use the device.

CONCLUSION

A new device to accurately measure the ocular excursions has been 
tested. The measurements are reliable between the observers. 

FUTURE RESEARCH

The device has been made also to record the ocular motility. This 
may	help	in	finding	out	the	saccadic	speed	and	the	lag	if	at	all.	We	
may be able to differentiate the type of underaction depending on 
the speed of ocular motility. 
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Association Of Ophthalmic Features With 
Hormonal And Immunohistological Type Of 
Pituitary Adenoma 
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Dr. Anita Jagetia 

AIM

To	find	association	of	ophthalmic	 features	with	hormonal	and	
immune histological type of pituitary adenoma

METHODS

Fifty patients (18 to 67 years) including 31 (62%) males and 19 
(38%) females having pituitary adenomas were enrolled. 

RESULTS

The age range was similar in secretory and non - secretory groups 
while secretory adenomas had a longer duration of symptoms 
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(21.24 ± 26.21 months). In secretory adenomas, serum prolactin, 
growth hormone, insulin growth factor, adeno-corticotrophic 
hormone and thyroid stimulating hormone were raised; and 
diminution of vision (94.6%), headache (89.2%), squint (10.8%), 
amenorrhea	(28.6%),	acromegaly	(21.6%)	vomiting	(2.7%)	and	field	
defects (29.7%) were more common. There was a SS correlation 
(p < 0.001) between raised serum hormonal levels w.r.t. immuno-
histologically detected hormones in resected tumors. 

CONCLUSION

The secretory adenomas have greater ophthalmic impact and 
resection of tumors can cause regression of symptoms.

KEYWORDS

Pituitary adenoma and ophthalmic features; non - functioning 
pituitary adenoma and eye;functioning pituitary adenoma and 
eye;	pituitary	adenoma	and	eye:	 secretory	and	non	 -	 secretory	
adenomas

INTRODUCTION

Pituitary	adenomas	are	associated	with	significant	morbidity.	The	
usual symptoms on presentation are visual and neurological symptoms 
including headache, impairment of consciousness, diminution of 
vision or complete loss of vision, optic nerve dysfunction, binocular 
diplopia,	oculomotor	palsies	and	field	defects;	of	endocrine	dysfunction	
including acromegalic features like coarse facial features, enlarged 
hands and feet, restrictive extraocular myopathy; and hormonal 
manifestations including irregular menstruation; and mass effects. 
Visual dysfunction is one of the most common symptom of pituitary 
adenoma which is caused by direct compression to the optic chiasma 
or disturbance in the optic chiasma’s blood supply system.1,2

The pituitary adenoma is the most common tumor that impairs the 
visual pathway structures followed by craniopharyngioma, posterior 
fossa tumour and meningioma and the common neuro-ophthalmic 
features should be carefully examined for early detection of intracranial 
tumors.3

Ventura et al have stated that secreting pituitary tumors exert both 
secretional and pressure effects and often cause hormonal imbalance 
and a variety of non-visual symptoms.4,5	Non-secreting	 pituitary	
tumors	have	pressure	effect	on	chiasmal	fibres	causing	mechanical	
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and ischemic damage leading to visual symptoms. These are often 
asymptomatic	 until	 relatively	moderate	 stages	when	 visual	 field	
defects typically appear, as the tumors become large enough to 
compress and elevate the chiasma.6

A number of studies on secretory and non - secretory tumors have 
been done in literature but comparison between ocular manifestations 
of these two types of pituitary tumors has rarely been done before.
In this study we found association of ophthalmic features with 
hormonal and immune-histological type of pituitary adenoma

MATERIALS AND METHODS

Fifty patients in age range of 18 to 67 years including 31 males (62%) 
and 19 females (38%) having pituitary adenomas were enrolled into 
this prospective study. The subjects who were previously operated 
cases with recurrence of adenoma; and subjects with other causes of 
vision deterioration like cataract, corneal opacity, glaucoma, retinal 
or optic nerve pathology other than compressive pathology were 
excluded from the study. The study was approved by Institutional 
ethical committee. Informed consent was obtained from all the 
participants. 

The study outcome parameters included adenoma type from 
immunohistology, serum hormonal levels and vision assessment 
(visual	acuity,	visual	field,	fundus).

A	detailed	history	to	rule	out	significant	ocular	disease,	retinal	disease,	
other central nervous system disease or systemic diseases like diabetes, 
hypertension, etc. was taken. History was also taken for symptoms 
like	diminution	of	vision,	headache,	squint,	field	defects,	vomiting,	
amenorrhea (in females) and loss of libido. They were subjected to 
detailed examination including for visual acuity, refraction for best 
corrected	visual	acuity	(BCVA),	fundus	examination	for	optic	nerve	
head	changes,visual	field	defects	on	the	Humphrey's	Field	Analyzer	
using the 24-2 testing protocol/appropriate protocol by SITA - Standard 
strategy, wherever possible; and features of excess secretion of growth 
hormones (acromegaly) like enlarged hand, coarse voice and broad 
forehead. 

The serum hormonal levels of growth hormone (GH), insulin growth 
factor (IGF), prolactin (PRL), adeno - cortico trophic hormone (ACTH), 
thyroid stimulating hormone (TSH), follicle stimulating hormone 
(FSH),	 luteinizing	hormone	 (LH)	 and	 cortisol	were	 assessed.	 For	
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immuno	histochemistry,	resected	tissue	specimen	was	fixed	in	10%	
buffered	formalin	for	48	hours	and	paraffin	embedded.	Paraffin	section	
of each tumor was immune-stained using the primary antibodies 
against	the	following	pituitary	hormones:	GH,	PRL,	ACTH,	TSH,	
FSH,	LH	 (DAKO,	Carpinteria,	California,	USA).	 The	presence	 of	
more than 10% of hormone immunopositive cells was considered 
secretory tumor. 

The subjects were divided into secretory (if any of the serum hormone 
level was raised) and non-secretory category (if none of the serum 
hormone level was raised). 

The patients underwent standard treatment procedure for pituitary 
adenomas. Post-operatively, the serum hormonal level, visual outcome 
was	measured	to	find	the	influence	of	treatment.	

DATA COLLECTION

All the data was collected by the investigator on a predesigned 
proforma.

Statistical	evaluation:	Statistical	Product	and	Service	Solutions	(SPSS)	
17	software	(SPSS	Inc,	USA)	was	used	for	the	statistical	analyses.	
Quantitative data was expressed in mean and standard deviation. 
Chi-square	test	was	used	for	qualitative	data	and	ANNOVA,	TUKEYS	
test, and Student t test for quantitative data.

RESULTS

Fifty patients in age range of 18 to 67 years including 31 males (62%) 
and 19 females (38%) having pituitary adenomas were enrolled into 
this study. The subjects presented with symptoms like diminution 
of vision (n = 47, 94%), headache (n = 44, 88%), squint (n = 4, 8%), 
field	defects	 (n	=	14,	28%),	vomiting	 (n	=	1,	2%),	amenorrhea	 (in	
females) (n = 5,25.2%), loss of libido (n = 2, 4%) and features of excess 
secretion of growth hormones (acromegaly) like enlarged hand, coarse 
voice, broad forehead (n = 10, 20%). 

There were n = 37 (74%) secretory adenomas and n = 13 (26%) non 
- secretory adenomas. The number of males having secretory adenomas 
were n = 19 (51.4%) and the number of males having non - secretory 
adenomas	were	 n	 =	 12(92.3%).	 There	was	 statistically	 significant	
difference between the two groups of males; (p value < 0.01; Fisher 
exact test). The number of females having secretory adenomas were 
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n = 18 (48.6%) and number of females having non-secretory adenomas 
were n = 1 (7.7%). 

The age range was similar in secretory and non-secretory groups 
while secretory adenomas had a longer duration of symptoms (21.24 
± 26.21 months). The age range for secretory adenomas was 18-67 
years (38.14 ± 10.89) and the age range for non-secretory adenomas 
was 20-62 years (40.85 ± 14.26). The duration of symptoms ranged 
from 0 months to 144 months in secretory adenomas (21.24 ± 26.21) 
and the duration of symptoms ranged from 2 months to 36 months 
in non-secretory adenomas (12.08 ± 11.75). 

In secretory adenomas, serum prolactin, growth hormone, insulin 
growth factor, adeno-cortico trophic hormone and thyroid stimulating 
hormone were raised; and diminution of vision (94.6%), headache 
(89.2%), squint (10.8%), amenorrhea (28.6%), acromegaly (21.6%) 
vomiting	(2.7%)	and	field	defects	(29.7%)	were	more	common.	The	
subjects of secretory adenomas had symptoms like diminution of 
vision (n = 35, 94.6%), headache (n = 33, 89.2%), squint (n = 4, 10.8%), 
field	defects	(n = 11, 29.7%), vomiting (n = 1, 2.7%), amenorrhea (in 
females) (n = 5, 28.6%), loss of libido (n = 0, 0.0%) and features of 
excess secretion of growth hormones (acromegaly) like enlarged hand, 
coarse voice, broad forehead (n = 8, 21.6%). The subjects of non-
secretory adenomas had symptoms like diminution of vision (n = 
12, 92.3%), headache (n = 11, 84.6%), squint (n = 0,	0.0%),	field	defects	
(n = 3, 23.1%), vomiting (n = 0, 0.0%), amenorrhea (in females) (n = 
0, 0.0%), loss of libido (n = 2, 15.4%) and features of excess secretion 
of growth hormones (acromegaly) like enlarged hand, coarse voice, 
broad forehead (n = 3, 23.1%).

For the secretory tumors, the number of subjects had raised serum 
levels of pituitary hormones like prolactin (n = 17, 45.9%), [Rise varying 
from	0.24%	to	435%	increase];	growth	hormone	(n = 8, 21.6%), [Rise 
varying	from	0.01%	to	6.75%	increase];	insulin	growth	factor	(n = 9, 
24.3%),	 [Rise	 varying	 from	 0.44%	 to	 3.86%	 increase];	 luteinizing	
hormone (n = 0,	0.0%),	[Rise	varying	from	0.01%	to	0.68%	increase];	
follicle stimulating factor hormone (n = 1, 2.7%), [Rise varying from 
0.01%	to	2.25%	increase];	adeno-cortico	trophic	hormone	(n = 1, 2/7%) 
[Rise	varying	from	0.15%	to	1.38%	increase];	and	thyroid	stimulating	
hormone (n = 2,	5.4%),	[Rise	varying	from	0.14%	to	1.74%	increase].	
There was also found a decrease in serum levels of cortisol in some 
patients (n = 20, 54.1%).
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For the non-secretory tumors, the number of subjects had raised 
serum levels of pituitary hormones like prolactin (n = 0, 0.0%), [Rise 
varying	 from	0.17%	 to	3.33	%	 increase];	growth	hormone	 (n	=	0,	
0.0%),	 [Rise	varying	 from	0.0%	 to	 1.0%	 increase];	 insulin	growth	
factor	 (n	 =	 0,	 0.0%),	 [Rise	 varying	 from	 0.58%	 to	 1.0%	 increase];	
luteinizing	hormone	(n	=	0,	0/0%),	[Rise	varying	from	0.0%	to	0.39%	
increase];	 follicle	 stimulating	 factor	 hormone	 (n	 =	 0,	 0.0%),	 [Rise	
varying	from	0.0%	to	0.83%	increase];	adeno-corticotrophic	hormone	
(n	=	0,	0.0%)	[Rise	varying	from	0.15%	to	0.15	%	increase];	and	thyroid	
stimulating hormone (n = 0, 0.0%), [Rise varying from 0.0% to 0.60% 
increase].	There	was	also	a	decrease	in	serum	levels	of	cortisol	found	
in some patients (n = 0, 0.0%).

The pituitary adenomas were resected and adenoma types were 
determined from immunohistology.The tumors were subjected to 
immune-histochemistry after resection and hormonal levels including 
prolactin,	growth	hormone,	luteinizing	hormone,	follicle	stimulating	
hormone, adeno-cortico-trophic hormone and thyroid stimulating 
hormone were studied in these specimens. The correlation/association 
between raised hormone level w.r.t. one particular hormone were 
studied with presence of that particular hormone in tumor specimen 
and	 it	 was	 that	 there	 was	 a	 statistically	 significant	 correlation/
association between presence of raised serum hormone w.r.t. immune-
histochemistry detected hormone for all hormones studied. 
Table 1 shows the statistical association/correlation between serum and 

immune-histochemistry detected hormone in the tumor

S.		 	 Statistically	significant
No.	 	 correlation/	association
  between presence of 
  raised serum hormone 
  w.r.t. immune-histo- 
  chemistry detected hormone P value

1. Raised Serum Prolactin 0.55 <0.001

2. Raised Serum Growth 
 Hormone 0.61 <0.001

3. Raised Serum Insulin 
 growth factor 0.79 <0.001

4.	 Raised	Serum	luteinizing
 hormone  - -
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5. Raised Serum follicle 
 stimulating hormone  0.10 0.47

6. Raised Serum adeno-
 corticotropic hormone 0.32 0.02

7 Raised Serum thyroid 
 stimulating hormone 0.21 0.13

From the table it is visible that serum levels of hormone can be used 
to predict immune-histo-chemistry test results in a tumor.

The patients underwent standard treatment procedure for pituitary 
adenomas. Post-operatively, the serum hormonal levels fell down 
and visual symptoms got reduced. 

DISCUSSION

Abouaf et al found that incidence of non-functioning pituitary adenomas 
was 28 - 33.2% in pituitary adenoma population and stated that non-
functioning pituitary adenomas may lead to blindness and cause 
visual impairment in 58% cases and more rarely ocular motor disorder. 
Patients are however slow to become aware of their visual dysfunction 
despite bitemporal hemianopia, vision in one eye compensating the 
deficit	in	the	other.	These	authors	emphasized	that	assessment	of	
visual	function,	comprising	visual	acuity,	visual	field	evaluation	and	
fundus examination should be performed regularly in these patients. 
Visual impairment is associated in 75% of cases.7 Diplopia most often 
involves	decompensation	of	heterophoria,	visual	field	fusion	being	
hampered	by	the	visual	field	defect;	such	diplopia	without	ocular	
motor	deficit	is	known	as	"hemifield	slide".	Diplopia	associated	with	
ocular motor palsy is caused by tumoural invasion of the cavernous 
sinus (third, fourth or sixth nerve palsy); in large impairment, restricted 
eye movement is easily observed; milder palsies require neuro-
ophthalmologic assessment and/or Lancaster test.7 Even non-secretory 
tumors have an acute presentation if there is pituitary apoplexy 
wherein there is rapid enlargement of a pituitary adenoma because 
of haemorrhage or infarction and it is a potentially life-threatening 
clinical condition. Then the patients may present with sudden onset 
of headache, ptosis and ophthalmoplegia with diminution of vision.8 
Then degree of neuro-ophthalmologic impairment is one of the main 
criterion guiding treatments and follow-up. Otherwise, non-functioning 
adenomas (non-secretory) are diagnosed later than secretory tumors 
and often with larger tumor volume.7
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The visual impairment, caused by compression of anterior visual 
pathways (optic nerves, chiasma, optic tracts) by the adenoma is 
variable due to variable location of anterior visual pathways with 
respect to pituitary gland.7 Even in chiasmal compression, one or 
both optic nerves anteriorly or optic tracts posteriorly may be 
compressed.7 Though	the	Humphrey	visual	field	analysis	of	24-2	and	
30-2	assesses	only	central	visual	fields,	 it	detects	vast	majority	of	
defects induced by pituitary adenoma.7

Damage to visual pathways includes retrograde degeneration of 
retinal ganglion cell (RGC) axons resulting reduction in retinal nerve 
fibre	layer	thickness	while	RGC	activity	is	restored	by	tumor	reduction.4  

In glaucoma, the presumed insult (elevated IOP and other factors) 
act at retina and optic nerve head whereas with pituitary tumors, 
the presumed insult acts at a retrobulbar location.4

Optical coherence tomography is a non-invasive imaging technique 
without contact, based on infrared light (820 nm) enabling in vivo 
assessment	of	eye	 tissue	structure.	The	RNFL	 (retinal	nerve	fibre	
layer) module quantitatively estimates number of ganglion cell axons 
constituting the optic nerve and this is used to quantify optic nerve 
atrophy though subjective evaluation of fundus optic nerve head is 
non-quantifiable.	Optic	nerve	optical	coherence	tomography	(OCT)	
can quantify optic atrophy reproducibly, and is of prognostic value 
for postoperative visual recovery.7 Jacob et al stated the most reliable 
prognostic	 factor	 for	visual	 recovery	was	RNFL	on	OCT	and	 the	
thinner	the	RNFL	the	greater	is	the	optic	atrophy	and	greater	is	the	
expected	visual	defect	after	treatment.	The	thinner	RNFL	has	worst	
prognosis.	The	inferior	RNFL	showed	very	strong	prognostic	value.9 

Zhang et al concluded that both parameters including - visual	field	
analysis and OCT parameters (ganglion cell complex thickness and 
RNFL	thickness)	as	macular	GCC	thickness	could	rather	 increase	
due	to	swelling	while	simultaneously	papillary	RNFL	could	be	thinner,	
thus	visual	field	analysis	will	show	the	actual	picture.10

The secretory tumors are more aggressive in course as seen in ACTH 
secreting pituitary adenomas which show orbital invasion.11	Young	
et al studied 100 patients of secretory adenomas secreting gonadotrophs 
(follicle	stimulating	hormone	and	luteinizing	hormone)	and	serum	
levels of prolactin were increased (maximum, 110 ng/mL). The patients 
had visual loss (43%), symptoms of hypopituitarism (22%), headache 
(8%),	or	a	combination	of	these	findings	(10%);	visual	field	defects	
(68%) and 17% of the patients were asymptomatic and complete or 
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partial anterior pituitary failure was present in 77%. After a median 
follow-up	of	4.3	years,	69%	of	the	patients	who	had	had	visual	field	
defects	noted	normalization	or	improvement.	Persistent	or	clinically	
recurrent pituitary tumor tissue was present in 42%. A second pituitary 
surgical procedure was required in eight patients.12

In our subjects, in secretory adenomas, serum prolactin, growth 
hormone, insulin growth factor, adeno-corticotrophic hormone and 
thyroid stimulating hormone were raised; and diminution of vision 
(94.6%), headache (89.2%), squint (10.8%), amenorrhea (28.6%), 
acromegaly	(21.6%)	vomiting	(2.7%)	and	field	defects	(29.7%)	were	
more common than the non-secretory tumors. 

Dekkers	et	al	stated	that	improvement	of	visual	field	defects	continues	
even years after the initial surgical treatment. Visual acuity improves 
progressively after surgical treatment for non-functioning pituitary 
macroadenomas,	at	least	within	the	first	year	after	transsphenoidal	
surgery.	Visual	acuity	improved	significantly	within	3	months	after	
transsphenoidal surgery. The mean visual acuity increased from 0.65 
+/- 0.37 to 0.75 +/- 0.36 (P < 0.01) (right eye), and from 0.60 +/- 0.32 
to 0.82 +/- 0.30 (P < 0.01) (left eye). Visual acuity was improved 1 
year after transsphenoidal surgery compared to the 3 months 
postoperative values. The mean visual acuity increased from 0.75 
+/- 0.36 to 0.82 +/- 0.34 (P < 0.05) (right eye), and from 0.82 +/- 0.30 
to 0.88 +/- 0.27 (P < 0.05) (left eye).13

Thomas	et	al	studied	93	patients	of	non-secretory	field	defects	and	
found	that	eighty-eight	(94.6%)	of	the	93	patients	had	a	field	defect.	
Typical	field	defects	were	seen	in	69	(74.2%)	patients	and	a	typical	
in 19 (20.4%). A severe typical defect involving at least 3 quadrants 
in one or both eyes was the most common (24 patients or 25.80%). 
All	31	patients	(33.3%)	with	a	tumour	size	greater	than	20	cc	had	
field	defects.	Severity	of	field	defect	increased	with	tumour	volume	
(Chi-square	test	for	trends	significant	p	=	0.0096).14

Schaardenburg et al stated that non-functioning pituitary adenomas 
were treated medically, that is with bromocriptine, if they are without 
alarming eye symptoms, In their series, 25 patents were treated 
medically while 18 other patients with this condition underwent 
surgery	as	the	first	therapeutic	modality.15

The post-surgical visual recovery period consists of three phases 
according	to	Kerrison	et	al.16 The phase upto one month postoperatively, 
corresponds patho-physiologically to release of conduction block 
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caused by compression. The phase between 1 and 4 months is phase 
of	remyelinization.	The	phase	between	4	months	and	3	years	improvement	
continues due to neuronal plasticity effects within anterior visual 
pathways. Gnanalingham et al followed up 41 patients for 5 years 
with	very	precise	quantitative	study	of	visual	field	defect	and	found	
that more than 50% of the improvement takes place within 6 months.17

In a study of 12 children with giant pituitary adenomas, Sinha et al 
found that functioning adenomas were found in 83% patients, with 
prolactinomas being most common and visual deterioration (73%) 
was most common presentation. These 12 children underwent 16 
microsurgical tumor excision procedures, with two surgeries in 4/12 
patients	(25%).	Despite	a	near	total	excision	(>	90%	tumor	removal)	
in six (50%) patients, visual improvement was observed less than 
50% patients (in 44% patients) and no improvement was possible 
when the eye was negative to perception of light prior to surgery.18

In study by Sinha et al, post-surgical follow-up of secretory versus 
non	-	secretory	tumors	show	that	finally	all	the	patients	with	functioning	
adenomas achieve hormonal remission, and in all the patients with 
non - functioning adenomas, there was no residual/recurrent tumor.18 
The authors additionally stated that functional tumors are more 
aggressive.

Kalini	et	al	studied	changes	in	visual	functions	in	427	patients	with	
pituitary adenomas after endoscopic endonasal transsphenoidal tumor 
removal	and	found	that	not	only	the	specific	features	of	tumor	growth	
and	size	and	the	baseline	function,	but	also	the	efficacy	of	surgery	
and	a	patient's	age	affect	postoperative	changes	in	visual	impairments.19

Wolf et al did endoscopic resection of pituitary adenomas and they 
reported improvement in vision function in up to 80%-90% of patients 
with visual impairment due to these adenomas. The authors prospectively 
collected data from 50 patients who underwent endoscopic resection 
of pituitaryadenomas.This cohort included 32 patients (64%) with 
visual impairment preoperatively. Twenty - seven patients (54%) 
had pituitary dysfunction, including 17 (34%) with secretory adenomas. 
After endoscopic resection of adenomas, both secretory and non-
secretory adenoma patients reported improvement across all these 
categories 6 weeks postoperatively, and this improvement was 
maintained	 by	 6	 months	 postoperatively.	 But	 27	 patients	 with	
preoperative pituitary dysfunction (including secretory adenomas) 
perceived their general health and physical function as poorer, with 
some of these patients reporting improvement in perceived general 
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health after the endoscopic surgery. All patients noted that their 
ability to work or perform activities of daily living was transiently 
reduced	6	weeks	postoperatively,	followed	by	significant	improvement	
by 6 months after the surgery.20

Müslümananalyzed	functioning	and	nonfunctioning	pituitary	adenomas	
(PAs)	>	3	cm,	with	special	emphasis	on	preoperative	and	postoperative	
visual functions in 49 women and 54 men with mean age of 43.2 
years (range 19 - 66 years). They adopted transsphenoidal approach 
in 117 procedures, and the transcranial approach in 8 procedures, 
achieving radical tumor excision in 50 of 103 patients. Preoperative 
and	postoperative	visual	acuity,	visual	field,	and	ocular	fundi	and	
their relationship with the pattern and duration of the symptoms 
and	the	size	of	the	tumor	were	evaluated.	Normalization	of	visual	
acuity was obtained in 71.5% of patients, improvement occurred in 
13.6%, symptoms persisted in 13.6%, and symptoms worsened in 
1%.	Postoperative	improvement	of	visual	field	defects	(VFDs)	was	
observed in 74.1% of patients, and visual impairment score improved 
postoperatively in 92% of patients. Patients operated on < 6 months 
before the onset of vision loss had better and more sustained visual 
improvement. One patient died, and 15.5% of patients experienced 
surgery-related complications. This study shows that patients with 
severe visual impairment may have remarkable improvement if 
surgical decompression is done early. The transsphenoidal approach 
should	be	performed	to	correct	the	patient's	visual	impairment	and	
to relieve the pressure on the optic apparatus caused by macroadenoma 
of	any	size.21

In our subjects also, resection of tumors can cause regression of 
symptoms in both secretory and non - secretory tumors.

Abnormal	ophthalmological	manifestation	was	the	first	diagnostic	
symptom in 26.2%, of pituitary tumors and by fully understanding 
clinical features in the eye with pituitary tumor, it is helpful in early 
diagnosis and timely treatment of tumor.22 The secretory adenomas 
have greater ophthalmic impact and resection of tumors can cause 
regression of symptoms.While long-term tumor control is outstanding 
for nonsecretory tumors (96% at 10 years); there is a major drop in 
the	control	rate	of	secretory	tumors:	10	-	year	clinical	and	biochemical	
control was 62% (SS diff; P < 0.0001 vs. 96%); overadded with this 
is dual impact from secretory tumors.23 Early detection of chiasmal 
dysfunction is under investigation to facilitate timely treatment of 
the condition and to prevent irreversible visual loss. 
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Is Adjuvant Radiotherapy Indicated After 
Orbital Exenteration For Conjunctival Tumors? 
Dr Raksha Rao, Dr Santosh G Honavar, Dr Kaustubh Mulay

PURPOSE

To study the need for adjuvant radiotherapy in patients undergoing 
orbital exenteration for orbital extension of conjunctival tumors.

METHODS

Retrospective chart review of patients undergoing orbital exenteration 
for orbital extension of the conjunctival tumors.

RESULTS

Of 46 patients, 42 (91%) had orbital extension of ocular surface 
squamous	neoplasia	(OSSN),	and	4	(7%)	had	orbital	extension	of	
conjunctival melanoma. The mean age at presentation was 51 years 
(median,	49	years;	range:	7	-	79	years).	There	were	35	(76%)	males	
and 11 females (24%). 5 (11%) patients had xeroderma pigmentosa 
and 1 (2%) had HIV infection. The mean duration of symptoms 
was 9 months (median, 5 months; range, 2-20 months). The most 
common symptom was orbital mass (n = 40, 87%). The most common 
morphology of the conjunctival tumor was nodular (n = 40, 87%), 
followed by diffuse (n = 6, 13%). The tumor in the orbit extended 
upto the anterior orbit in 21 (46%) patients, mid-orbit in 22 (48%), 
and posterior orbit in 3 (7%). All patients underwent eyelid-sparing 
orbital exenteration. Histopathology showed negative surgical 
margins in all 46 patients. 1 (2%) patient with preauricular lymph 
node metastasis underwent lymph node dissection and radiation 
to	the	same	region,	excluding	the	orbit.	No	patient	received	adjuvant	
chemotherapy or orbital radiation in this series. At a mean duration 
of follow-up of 39 months (median, 24 months; range, 13 - 63 
months), none of the patients developed orbital recurrence or 
metastasis. 

Dr Raksha Rao, Consultant in Ocular Oncology, Orbit and Oculoplasty 
in Narayana Nethralaya, Bangalore. 

This Paper was judged as the BEST PAPER of OCULAR PATHOLOGY 
OCULAR ONCOLOGY AND TUMOURS Session.
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CONCLUSION

Adjuvant orbital radiotherapy may not be indicated in patients 
undergoing orbital exenteration for orbital extension of conjunctival 
tumors when the surgical margins are negative. 

Various publications in the literature have reported the clinicopathological 
profile	 and	 outcomes	 of	 orbital	 exenteration	 in	 ocular	 adnexal	
malignancies,	however	none	of	them	clearly	define	the	role	of	adjuvant	
radiotherapy in exenterated orbits for orbital extension of conjunctival 
tumors.	The	purpose	of	this	study	is	to	define	the	need	for	adjuvant	
radiotherapy in patients undergoing orbital exenteration for orbital 
extension of conjunctival tumors.

This is a retrospective interventional case series consisting of all 
patients who underwent orbital exenteration. Of the 86 orbital 
exenteration, ocular surface tumor with orbital extension comprised 
more than half of cases, and these patients were our study group.

The mean age of patients in this study was 51 years, with male 
predominance.  All patients underwent unilateral exenteration. 11% 
of	the	patients	had	Xeroderma	Pigmentosa,	while	only	1	patient	had	
HIV infection. Visual acuity at presentation was better than 20/200 
in one half of the patients. 91% of the ocular surface tumors were 
SCC, while the rest 9% were conjunctival melanoma. On imaging, 
the	tumor	invasion	was	confined	to	the	anterior	orbit	in	46%	of	the	
patients, mid orbit in 48%, and posterior orbit in 7% patients. All 
exenterations were performed by the eyelid sparing technique. 
Conventional total exenteration were used in three-fourths of the 
patients, and the rest underwent sub-total exenteration. Surgical 
marginal positivity was seen in none of the patients. Post exenteration, 
adjuvant therapy was necessary in 1% cases, and this was lymph 
node	dissection	with	radiation	to	the	pre-auricular	area.	None	of	the	
patients received radiation to the orbit. At a mean duration of follow-
up of 39 months, and there was no single case of local recurrence, 
systemic metastasis or death. Of the many studies on the invasiveness 
of conjunctival SCC the one by Miller et al is notable, in which they 
concluded that the SCC of the conjunctiva has a low incidence of 
invasiveness, and the recurrence of conjunctival epithelial malignancies 
depends on the status of surgical margins. In a yet another publication 
by the Shields group from Wills eye hospital, the authors performed 
24 orbital exenterations for invasive conjunctival tumors. Post 
exenteration, none of the orbits received adjuvant radiotherapy and 
only 1 patient with conjunctival melanoma recurred, however, the 
surgical margins of this patient could not assessed. In the study, they 
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concluded that orbital exenteration for conjunctival tumors generally 
achieves	good	tumor	control.	Rathbum	and	Beard	in	their	series	had	
3 patients who underwent exenteration for invasive conjunctival 
SCC, and none of them received adjuvant chemo or radiotherapy, 
and there was no long-term local recurrence or systemic metastasis. 
In a study from the Goldberg group, the authors mention that when 
the involved tissue and the bone is removed completely, the incidence 
of recurrence and tumor-related death in conjunctival tumors is low. 
In conclusion, adjuvant orbital radiotherapy may not be indicated 
in patients undergoing orbital exenteration for orbital extension of 
conjunctival tumors when the surgical margins are negative. 

Effect of Providing Near Glasses on Productivity 
Among Presbyopic Rural Indian Tea Workers: 
the PROSPER (Productivity Study of Presbyopia 
Elimination in Rural-Dwellers) Randomised 
Controlled Trial
Dr Parikshit Gogate

ABSTRACT

BACKGROUND

Presbyopia, age related decline in near vision, is the commonest 
cause of vision impairment globally, but no trials have assessed 
workplace effects. We studied impact of glasses on productivity 
of presbyopic tea-workers.

METHODS

Tea-pickers	aged	≥	40	years	in	Assam,	India,	with	unaided	near	
visual	acuity	(NVA)	<		6/12	in	both	eyes,	correctable	to	6/7•5	

Dr Parikshit Gogate, Gogate Parikshit, Community Eye Care Foundation, 
Dr.	Gogate’s	Eye	Clinic,	102,	Kumar	Garima,	Tadiwala	Road,	Pune,	
India.	411001	

This Paper was judged as the BEST PAPER of OPTICS / REFRACTION 
/ CONTACT LENS Session.
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with	near	glasses;	unaided	distance	vision	≥	6/7•5;	and	no	eye	
disease	were	randomised	(1:1,	stratified	by	age,	sex,productivity)	
to	receive	free	glasses	optimizing	NVA	at	working	distance	(cost	
including	delivery:	US$10.20/person),	either	immediately	(Intervention)	
or at closeout (Control). Main study outcome (investigator-masked, 
intention to treat) was difference between groups in change in 
mean daily weight of tea picked (productivity), between 4 week 
baseline and 11 week evaluation period. Glasses compliance was 
assessed at 7 unannounced visits. 

RESULTS

Among 2,699 permanent workers, 1,297 (48•1%) met age criteria 
and consented for eye examinations (3 - 15 July 2017), and 751 
(57•9%)	met	vision	criteria	and	were	randomized	to	Intervention	
(n	 =	 376,	 50•1%,	mean	 age	 47•2	 [range	 40	 -	 59]	 years,	 77•9%	
women)	or	Control	(n	=	375,	49•9%,	mean	age	47•1	[40	-	61]	years,	
78•1%women). Groups did not differ substantially in baseline 
characteristics.	No	participants	owned	glasses	at	baseline,	94•1%	
(n = 707) received allocated intervention, all were followed up 
and	analyzed.	Mean	Intervention	group	productivity	increased	
from	25•0	to	34•8	kg/day	(9•84	kg/day),	significantly	more	than	
Control (26•0 to 30•6, 4•59 kg/day), a difference of 5•25 kg/day 
[21•7%,	Effect	size	1•01]	(95%	Confidence	Interval	[CI]	4•50,	5•99,	
P < 0•001).Intervention group compliance with study glasses was 
70•9%.Regression model predictors of greater productivity increase 
included Intervention group membership (5•25 kg/day, 95% CI 
4•60, 5•91, P < 0•001) and, among Intervention participants, older 
age (P = 0•039) and better compliance (P < 0•001).

CONCLUSION

A substantial productivity increase was achieved in this rural 
cohort with little costand high intervention uptake. 

INTRODUCTION

The Sustainable Development Goals (SDGs),1	central	to	the	United	
Nations’	global	development	agenda,	call	for	an	end	to	poverty	(SDG	
#1) and the promotion of health for all (SDG #3). It is a basic tenet 
of global health policy that good health and productive work are 
causally linked,2 and yet the effects on labor productivity of very 
few	health	interventions	have	been	evaluated	in	randomized	trials	
in low and middle-income countries (LMICs).3–8 Most such trials 
involve dietary supplementation to improve nutritional status.3,5–8	
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These	interventions	have	generally	shown	uncertain	or	non-significant	
effect	sizes,3,5–8 and require sustainable distribution pathways and 
long-term adherence with daily dosing, both challenging in low-
resource areas.

Low-cost, sustainable and effective health interventions are needed 
to increase work productivity and reduce poverty in LMICs. With 
the global population aging rapidly, and labor participation rates in 
LMICs declining above age 45,9 health strategies which support 
productive employment (SDG #8)1 among older workers are of 
particular interest. Gender equality (SDG #5)1 is also highly-relevant 
to poverty alleviation, as increasing work force participation and 
productivity among women results in faster economic growth.10

Presbyopia is the essentially universal condition in which unaided 
near vision declines with aging. Presbyopia usually becomes functionally 
apparent around age 40 years, and is essentially complete by 55,11 

meaning that presbyopia is highly-prevalent during the working 
years.12 The number of persons affected by presbyopia globally exceeds 
1 billion, making this the world’s most common cause of vision 
impairment.13 Although presbyopia is safely, effectively and in 
expensively treated with glasses, rates of optical correction in LMICs 
are as low as 10%.14,15 The global productivity loss due to un-corrected 
presbyopia	has	been	estimated	at	US$25	billion,16 and presbyopia is 
associated	with	significant	impairment	in	activities	of	daily	living.17 
However, there are no published trials examining whether optical 
correction of presbyopia with glasses improves work productivity.

We	carried	out	a	randomized,	investigator-masked	trial	to	determine	
whether provision of free glasses to presbyopic, mostly-female tea 
workers	in	India	aged	≥	40	years	improved	work	productivity.	Our	
hypothesis was that membership in the Intervention group would 
lead	to	significantly	greater	increases	in	productivity	compared	to	
Controls, measured as the group difference in change in mean daily 
weight of tea picked between a baseline and subsequent evaluation 
period. 

METHODS

STUDY DESIGN

The PROSPER (Productivity Study of Presbyopia Elimination in Rural 
-dwellers) investigator masked, randomised trial was carried out on 
three tea plantations in Assam, India. The protocol was approved 
by	Ethics	Committees	 at	Lions	National	Association	of	 the	Blind	
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(NAB)	Eye	Hospital	(Miraj,	India)	and	Queen’s	University	Belfast	
(Belfast,	UK;	approval	for	data	analysis).	The	tenets	of	the	Declaration	
of Helsinki were followed throughout. 

PARTICIPANTS AND SETTING

Unlike	the	rest	of	the	year,	the	amount	of	tea	picked	during	the	high	
season	in	Assam,	India	(June	–	October)is	generally	limited	by	the	
worker, rather than by the rate of plant growth, and income is thus 
tied to daily productivity as an incentive during this period. All 
permanent	workers	aged	≥	40	years	as	of	31	December	2017	at	three	
tea	 gardens	 in	 Assam	 (Kellyden,	 Nonoi,	 Sagmootea)owned	 by	
Amalgamated Plantation Private Ltd (APPL), and who had worked 
for	APPL	for	at	least	one	year	and	for	≥	10	days	in	the	previous	month,	
were invited to undergo a free eye examination (see below). Study 
personnel obtained oral informed consent from all workers undergoing 
the eye examination. The study inclusion criterion based on this 
examination	was	the	presence	in	both	eyes	of	presbyopia,	defined	
as	habitual	Near	Visual	Acuity	(NVA)	≤	6/12	at	40	cm,	correctable	
with	spherical	(non-astigmatic)	near	glasses	to	≥	6/7•5.	(Astigmatic	
eyes have a non-spherical shape, and require glasses which are more 
expensive	and	time-consuming	to	make).	Exclusion	criteria	were:

•	 Current	ownership	of	near	glasses	capable	of	improving	NVA	
to	≥	6/12	in	either	eye.

• Presence in either eye of refractive error, other than presbyopia, 
associated with unaided distance vision < 6/7.5.

•	 Visually	-	significant	eye	disease	(e.g.:	cataract)	in	either	eye	
detected during the eye examination.

• Low likelihood of completing follow-up in the study.

RANDOMIZATION AND MASKING

Consenting participants eligible for the trial were divided into eight 
strata	according	to	age	(<	50	years,	≥	50	years),	sex	and	baseline	work	
productivity	during	June	2016	(<	median,	≥	median).	Participants	in	
each	stratum	were	randomized	1:1	with	block	size	of	six	to	one	of	
the	following	groups:

INTERVENTION GROUP

Immediately received free, spherical presbyopic glasses providing 
the	best	NVA	in	each	eye	at	the	participant’s	usual	working	distance.
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CONTROL GROUP

Received similar glasses after the 11 week evaluation period.

Allocation	concealment	was	achieved	by	having	the	randomization	
sequence generated by the study statistician, who had no contact 
with	participants	or	study	personnel,	at	the	Clinical	Trials	Unit	of	
the	Zhongshan	Ophthalmic	Center	 (Guangzhou,	China)	using	an	
online	random	number	generator	(www.randomization.com),	and	
concealing it until a worker was determined eligible and agreed to 
participate.	The	field	team	consisted	of	4	experienced	optometrists,	
3 nurses, 2 data assistants and a screening coordinator, all employed 
by	 Vision	 Spring,	 an	 eye	 health	 non-governmental	 organization	
(NGO).	This	team	had	a	list	provided	by	APPL	of	potential	participants	
and their age and productivity in June 2016, and carried out eye 
examinations and distributed glasses to eligible participants in the 
Intervention group from 3 - 15 July 2017. Study personnel accessed 
the random assignment for each participant according to the correct 
age-sex-productivity stratum only at the time of enrolment, to facilitate 
concealment of allocation.

Study personnel carrying out the eye examination and facilitating 
randomisation and distribution of glasses had no further contact 
with participants until glasses were distributed to the Control group 
after the end of the trial. It was not practical to mask participants to 
their study group assignment, as the investigators did not feel that 
providing sham glasses to the Control group was ethical. However, 
APPL staff measuring the weight of tea picked (main study outcome) 
were masked to workers’ group assignments. Intervention participants 
removed their glasses before proceeding to the weighing station. 
One employee received the sack of tea and suspended it on an electrical 
scale (Easyweigh, Applied Data Logix, Chennai, India), while a second, 
also masked to workers’ group assignments, swiped the participant’s 
work	 identification	 card.	 The	 scale	 automatically	 measured	 and	
recorded the weight in the APPL database, without staff input.

PROCEDURES

VISION ASSESSMENT

Consenting workers meeting age and work criteria outlined above, 
first	underwent	measurement	of	distance	visual	acuity,	in	each	eye	
separately, by a study nurse using a log of the minimum angle of 
resolution (logMAR) chart in a well-lit area. Study optometrists next 
measured	unaided	NVA	(without	near	glasses)	in	each	eye	separately	
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using a tumbling E chart based on the “reduced” Early Treatment 
Diabetic	Retinopathy	Study	(ETDRS)	configuration,18 held at a distance 
of 40 cm at the level of the participant’s chin. 

REFRACTION AND DISTRIBUTION OF GLASSES (INTERVENTION)

Workers meeting above criteria for near and distance vision underwent 
measurement of glasses power (refraction) by an optometrist at the 
usual working distance in each eye. They were directed to stand in 
front of a tea bush selected for measurement purposes, and adopt 
their usual stance for picking tea, covering the left and then the right 
eye with the right hand. Working distance (distance from each eye 
to the top of the bush) was measured, and near refraction was carried 
out with a trial frame, the end point being the highest plus sphere 
power in each eye enabling the participant to identify 2 - 3 leaves 
and	a	bud	appropriate	for	picking.	Best	corrected	NVA	was	then	
assessed in each eye separately, using the glasses power obtained at 
the working distance,with the above described near chart at 40 cm. 
This measurement was not assessed at the working distance because 
near vision charts are designed for use at 40 cm, and results are 
inaccurate at other distances. Glasses were provided to the Intervention 
group immediately after the eye examination, with directions to begin 
wearing them on 24 July 2017, when the trial began, participants 
were formally enrolled, and collection of data in the evaluation period 
commenced.

QUESTIONNAIRES

The study team orally administered questionnaires to all workers 
taking part in the screening eye examination. Data were collected 
on potential determinants of productivity and compliance with glasses, 
including age, sex, marital status, baseline glasses ownership, years 
working	as	a	tea	picker,	and	work	attitudes	(importance	of	maximizing	
income by picking as much tea as possible, whether or not tea picking 
was the main source of family income). Participants’ height was also 
measured as a potential determinant of productivity.

SERVICE DELIVERY

Workers with unaided distance visual acuity < 6/18 (not eligible for 
the study) underwent refraction, and later received free distance 
glasses	if	visual	acuity	improved	to	≥	6/12.	Near	glasses	were	also	
later provided to workers requiring astigmatic correction. Those 
whose distance visual acuity did not improve with glasses underwent 
examination	 by	 an	 optometrist,	 using	 a	 flashlight	 and	 direct	
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ophthalmoscope, without dilation of the pupil. Workers with visually 
significant	cataract	were	referred	for	free	surgery	through	the	local	
District	Blindness	Control	Society,	and	those	with	other	conditions	
were referred to a local eye hospital (ERC Eye Care, Jorhat, Assam), 
with medical expenses assumed by APPL.

ASSESSMENT OF OUTCOMES AND COMPLIANCE

Data for daily weight of tea picked by participants in both groups 
was assessed by masked APPL employees as described above during 
an	11	week	evaluation	period	from	24	July	to	7	October	2017.	Baseline	
productivity data was available retrospectively for participants in 
both	groups	for	June	2017	(4	weeks).	(Randomization	was	stratified	
on June 2016 productivity data, as June 2017 data were not yet available). 
The	main	study	outcome	was	the	difference	between	randomized	
groups in change in mean daily weight of tea picked between baseline 
and evaluation periods. Secondary outcomes were visual quality of 
life,	 assessed	 using	 the	 National	 Eye	 Institute	 Visual	 Function	
Questionnaire 25 (VFQ-25)19 on a single occasion for both groups 
during the evaluation period, 2 - 8 August 2017); observed wear of 
glasses in the Intervention group and purchase/wear of glasses in 
the Control group. Glasses wear in both groups was assessed by 
study personnel during 7 unannounced visits, carried out weekly 
during	the	evaluation	period	except	in	the	event	of	holidays	or	flooding,	
and recorded as Glasses Worn, Glasses not Worn or Worker not 
Present.	 APPL	 field	 supervisors	 encouraged	 but	 did	 not	 require	
Intervention group participants to wear study glasses. Daily work 
attendance for both groups was assessed during the evaluation period 
based on APPL records. Subjective usefulness of the study glasses, 
willingness to recommend them to other workers and pay for them 
if lost/broken (5 point Likert scale) and amount willing to pay were 
assessed	for	the	Intervention	group,	but	were	not	pre-specified	study	
outcomes.

STATISTICAL ANALYSIS

With	two	sided	significance	level	of	P=0•05,	power	of	80%,	a	mean	
of	25•0	kg/day	(standard	deviation:	5•0)	of	tea	picked	during	the	
baseline month (based on APPL records), and allowing for 20% loss 
to	follow-up,	a	sample	size	of	160	persons	(80	per	group)	would	be	
sufficient	to	detect	a	10%	greater	increase	in	daily	mean	weight	of	
tea picked in the Intervention group compared to Controls (main 
outcome).	 In	order	 to	 conduct	 adequately-powered	age-stratified	
analyses,we sought to recruit 700 participants.
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• Give details of main comparative analyses

• State which participants were included in primary and compliance 
analyses (e.g., by intention to treat…)

• State statistics program and version number

• List trial registration number and registry

ROLE OF FUNDING SOURCE

The funder of the study had no role in study design, data collection, 
data analysis, data interpretation, or writing of the report. The 
corresponding author had full access to all the data in the study and 
had	final	responsibility	for	the	decision	to	submit	for	publication.

RESULTS

Among 2,699 permanent tea pickers at the three plantations, 1,301 
(48•2%) met age and work criteria and were eligible for the screening 
eye examination (Figure 1). Among these, 1,297 (92•8%) completed 
the examination, while 101 (7•22%) were absent (n = 63, 4•51%) or 
declined	(n	=	38,	2•72%).	Based	on	the	examination,	751	(57•9%)	
workers	were	eligible	for	the	trial	and	underwent	stratification	and	
randomization,	while	546	(42•1%)	were	excluded	(causes	detailed	
in Figure 1). In total, 376 (50•1%) participants were allocated to 
Intervention, and 375 (49•9%) to Control. Among Intervention and 
Control participants, 361 (96•0%) and 346 (92•3%) respectively 
received their allocated treatment, while all completed follow-up 
and	were	analyzed	in	intention-to-treat	fashion.	(Figure	1)

Participants	in	both	groups	were	primarily	(>75%)	women,	with	a	
mean	age	of	47	years	(Table	1).	No	participants	had	glasses	at	baseline,	
and most had modest presbyopia, with <20% in both groups having 
NVA<6/18.	Nearly	all	participants	in	both	groups	had	normal	NVA	
(6/6 at 40 cm) with study glasses (which were given to Controls only 
after the evaluation period). In both groups, mean time working as 
a	tea	picker	was	>25	years,	and	all	who	answered	agreed	or	strongly	
agreed	that	“It	is	important	to	maximize	my	income	by	picking	as	
much tea as possible,” and “Picking tea is the main source of family 
income during the high season.” Two participants (0•027%) had 
missing	data	for	starred	variables	listed	in	Table	1.	Baseline	mean	
daily weight of tea picked (June 2017) differed between Control (26.0 
kg/day) and Intervention participants (25.0 kg/day, P < 0.001), as 
stratification	on	the	most	recent	available	data	(June	2016)	did	not	
fully balance the groups.
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Fig. 1. Enrollment	and	progress	of	participants	through	the	study	(CONSORT		
	 flowchart)
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Table	1.	Baseline	characteristics	of	participants	by	randomization	group 
                Characteristics Control Group Intervention
 n = 375 (49•9 %) Group
  n = 376 (50•1 %)
Age, years   

 40 - 44, n (%) 151 (40•3%) 132 (35•1%)

 45 - 49, n (%) 87 (23•2%) 108 (28•7%)

 50+, n (%) 137 (36•5%) 136 (36•2%)

 Mean age (range) 47•1 (40 - 61) 47•2 (40 - 59)

Female sex, n (%) 293 (78•1%) 293 (77•9%)

*Mean height, cm (SD) 150 (7•79) 150 (8•17)

*Marital	status:	married,	n	(%)	 370	(98•7%)	 371	(98•7%)

Wearing glasses at baseline, n (%) 0 (0) 0 (0)

Uncorrected	near	vision	<	6/18	in	
better-seeing eye, n (%)   73 (19•5%) 69 (18•4%)

Mean power of near correction in 
better-seeing eye, Diopters (SD)  1•62 (0•436) 1•61 (0•418)

Best	corrected	near	vision	=	6/6	
(normal) in better-seeing eye n (%)  362 (96•6%) 355 (94•4%)

Mean working distance, cm (SD)  

 40 - 59 cm, n (%) 40 (10•7%) 52 (13•8%)

 60 cm, n (%) 122 (32•5%) 122 (32•5%)

 61 - 70 cm, n (%) 213 (56•8%) 202 (53•7%)

*Mean time working as a tea picker, 
years (SD)  27•4 (8•06) 26•2 (8•39)

*Agree	or	strongly	agree:	Important	
to	maximize	income	by	picking	as	
much tea as possible, n (%) 374 (99•7%) 375 (99•7%)

*Agree	or	strongly	agree:	Picking	
tea is main source of family income 
during high season, n (%) 374 (99•7%) 375 (99•7%)
SD = Standard deviation   *Two participants had missing values for each 
of these starred variables

Daily weight of tea picked (main study outcome) in the Intervention 
group increased from 25•0 to 34•8 kg/day between the baseline and 
the	evaluation	periods.	This	increase	of	9•84	kg/day	(95%	Confidence	
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Interval	[CI]	9•27,	10•4)	was	greater	than	that	for	Controls	(26•0	to	
30•6	kg/day,	increase:	4•59,	95%	CI	4•10,	5•07).	The	between-group	
difference (5•25 kg/day, 95% CI 4•50, 5•99, P<0•001) was statistically 
significant,	and	equivalent	to	a	21•7%relative	productivity	increase,	
with	an	effect	size	(Cohen’s	d)	of	1.01.	(Table	2).	In	multiple	regression	
models,	variables	significantly	associated	with	greater	productivity	
increase included Intervention group membership (5•25 kg/day, 
95% CI 4•60, 5•91, P<0•001), female sex (4•61 kg/day, 95% CI 3•65, 
5•57, P<0•001) and work attendance during the evaluation period 
(0•367 kg/day for 10% increased attendance, 95% CI 0•098, 0•635P=0•008). 
(Table	3)	Years	working	as	a	tea	picker	(P=0•042)	and	Intervention	
group	glasses	compliance	(P<0•001)	were	significantly	associated	
with greater productivity increase in univariate analyses, but were 
excluded from multivariate models due to collinearity with age and 
group assignment respectively.
Table	2.	Effect	of	randomization	group	on	change	in	productivity	(daily	weight	of	

tea picked) from baseline

Group	 N	 Baseline	mean	 Post-		 Change	in	 Difference	in	
  daily  intervention productivity,  change in
  productivity  mean daily kg/day productivity, 
  over 4 weeks,  productivity (95% CI) Intervention
  kg/day (SD)  over 11 weeks,   group
   kg/day (SD)  compared
     with Control
     group, kg/
     day (95%CI)

Control 375 26•0 (3•48) 30•6 (4•77) 4•59  5•25
    (4•10, 5•07)  (4•50, 5•99)

Intervention 376 25•0 (4•25) 34•8 (5•11) 9•84 (P<0•001)
    (9•27, 10•4 ) 

SD:	Standard	deviation			95%	CI	=	95%	Confidence	Interval

Table 3. Intention to treat analysis for linear regression model of potential predictors 
of change in productivity

																					Characteristics	 Univariate	analysis	
 (n= 751)
	 β	(95%CI)		 P-value
Intervention group (Control 5•25 (4•50, 5•99)
group as reference)  <0•001
Age (years) (Age effect in Control -0•00383 
group) (-0•0841,0•0764) 0•925
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Age (years) (Age effect in Intervention group)
Group × Age Interaction
Female sex 5•44 (4•80, 6•08) <0•001

Height, cm -0•156 (-0•201, 
 -0•112) <0•001

Observed compliance with glasses wear (%)* 0 •0640 
 (0•0473, 0•0807) <0•001

Uncorrected	near	vision	in	better-seeing	
eye < 6/18 1•11 (-0•0934, 2•32) 0•071

Working distance
61-70 cm Reference

60 cm 0•582 (-0•309, 1•47) 0•200

40-59 cm -1•06 (-2•53, 0•409) 0•157

Time working as tea-picker, years 0•0543 (0•00189, 
 0•107) 0•042

Work attendance rate during evaluation
period (%) 0•106 (0•0777, 
 0•134) <0•001

95%	CI:	95%	Confidence	interval
‡Including	variables	associated	with	change	in	productivity	with	significance	of	
p<0•20 in the univariate analysis (time working as tea-picker was excluded because 
of its collinearity with age; compliance with glasses wear was excluded because 
of collinearity with group assignment). Continuous variables were centeredby 
subtracting the mean of the variable.
*Expressed	as	 a	proportion:	Number	of	 times	glasses	were	worn	during	7	un-
announced observations carried out at work over the 11 week evaluation period. 

Presbyopia is strongly age-related, and the proportion of all participants 
with	unaided	NVA	<	6/12	in	the	better-seeing	eye	rose	significantly	
with	age:	51•6%	(146/283)	at	40	-	44	years,	65•6%	(128/195)	at	45	-	49	
years, 75•8% (207/273) at 50 + years (P < 0•001). (Similar trends 
were present in both studygroups, data not shown). In multivariate 
models, the association between age and productivity increase behaved 
differently	between	Intervention	and	Control	groups:	increasing	age	
was	associated	with	significantly	greater	productivity	increase	(0•112	
kg/day per year of age, P = 0•039) in the Intervention group, but 
negatively associated with productivity increase (-0•158 kg/day per 
year of age, P < 0•001) among Controls. Thus, the difference between 
groups	in	change	in	productivity	rose	with	increasing	age:	40	-	44	
years	(4•24	kg/day	[16•4%	of	baseline],	95%	CI	3•19,	5•28);	45	-	49	
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years	(6•00	kg/day	[23•2%],	95%	CI	4•78,	7•25),	50+	years	(7•96	
kg/day	[32•1%],	95%	CI	6•63,	9•92,	P<0•05).

No	Control	group	participants	had	purchased	glasses	during	compliance	
assessments. 

DISCUSSION

We	observed	a	significantly	greater	increase	in	productivity	of	>	20%	
among Intervention group members in this largely-female, rural 
cohort,	 using	 a	 low-cost	 (US$10)	 intervention	which	was	highly-
acceptable	to	participants.	The	effect	size	of	1•01	fell	between	“large”	
(>0•8)	and	“very	large”	(>1•2).20

Presbyopia is strongly associated with aging,11 and we observed a 
significant	interaction	between	age	and	study	group	for	the	main	
study	outcome	(Table	3).	Older	participants	had	significantly	greater	
productivity increase in the Intervention group, while older age was 
associated with smaller productivity rises among Controls. Larger 
proportional gains among older Intervention participants were 
apparently	due	to	their	lower	baseline	productivity	(40	-	44	years:	
25•6	kg/day	[95%	CI	CC,	DD];	50+	years	23•9	kg/day	[95%	CI	BB,	
CC,	P	=	0•021]),	potentiallydue	 to	uncorrected	presbyopia.	Their	
deficit	compared	to	younger	workers	disappeared	during	the	evaluation	
period	(40	-	44	years:	35•4	kg/day	[95%	CI	CC,	DD];	50+	years	35•3	
kg/day	[95%	CI	FF,	GG,	P	=	0•80]),	presumably	due	to	the	effects	
of corrective eyewear.

Regarding	 Controls,	 we	 hypothesize	 that	 observed	 increases	 in	
productivity were due to more rapid growth of tea at the peak of the 
high season during the evaluation period (July - October), compared 
to the baseline period in June. Older, more presbyopic workers were 
apparently less able than their younger colleagues to take advantage 
of higher tea yields to improve their daily harvest, resulting in lower 
productivity increases with age among Controls. This strong interaction 
of age with study group adds to the biological plausibility of our 
results.

We	carried	out	two	systematic	reviews	of	studies	performed	in	LMICs:	
first,on	the	impact	of	presbyopia	and	second	on	health	interventions	
to	improve	work	productivity.	The	former	searched	the	MEDLINE,	
Embase	and	WHO	Library	databases	from	19	-	26	November	2017	
for articles in any language appearing after 1 January 1975, using 
the	following	combinations	of	terms	together	with	a	list	of	LMICs:	
“near	vision”	AND	“impairment”;	“prevalence”	AND	“presbyopia”;	
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“presbyopia”	OR	 “near	 vision”	AND	 “correction”;	 “presbyopia”	
AND	“correction”	AND	“productivity”;	“presbyopia”	AND	“correction”	
AND	“quality	of	life”	AND	“activity”.	Only	publications	reporting	
on actual (not modelled) impacts of presbyopia were included. 
Population	studies	of	cohorts	aged	>	40	years	in	rural	China21	and	
Tanzania	17	reported	two	and	eight-fold	increases	respectively	in	
difficulty	with	near	activities	of	daily	 living	among	persons	with	
presbyopia, though neither study assessed impact of correction with 
glasses (low-quality data). Among 187 mostly presbyopic persons 
aged	≥	40	years	in	Zanzibar,	effect	size	was	substantial	for	various	
work-related activities of daily living (1•6-3•8, all P < 0•001) (moderate-
quality data).22	We	identified	no	randomised	trials	in	this	review.

In	our	second	review,	we	searched	MEDLINE,	Embase	and	Econlit	
databases	on	16	November	2017	for	studies	published	in	any	language	
without date restrictions, using 53 terms (Annex 1) designed to identify 
2	 types	 of	 investigations	 conducted	 in	 LMICs:	 randomised	 trials	
testing impact of health interventions on labour productivity, and 
studies (including non-trials) of the effect of vision care on productivity. 

An iron supplementation trial among 199 anaemic tea workers in 
Sri Lanka3	 reported	a	significant	effect	on	the	main	trial	outcome	
(daily weight of tea picked) for the Intervention group only, but 
found	no	between	group	difference.	No	significant	difference	between	
any groups in labour productivity (weight of tea picked)was reported 
in a factorial-design trial of iron and anthelmintics among 553 
Bangladeshi	tea	workers.8 An Indonesian trial of iron supplementation 
involving	 302	 rubber	plantation	workers	 7	 reported	 a	 significant	
(4•32 kg, 14•5%, P < 0•05) difference between study groups in 
productivity for tappers, but not weeders. Among 80 Chinese mill 
workers receiving iron or placebo for 12 weeks,5	a	significant	(5•2%,	
P < 0•05) increase in productivity was observed in the Intervention 
group, but there was no between-group productivity difference. A 
Kenyan	 trial	of	 two	 levels	of	caloric	 supplementation	among	224	
road construction workers6	reported	a	non-significant	productivity	
gain in the group receiving greater supplementation, but no between-
group comparison was reported. Provision of mosquito netting in a 
cluster-randomised trial involving 516 farmers in a malarial area of 
Zambia4	was	associated	with	an	improved	harvest	value	of	US$76	
(14•7%, P < 0•05) compared to Controls, though Intervention group 
farms were larger and more productive at baseline. In summary, few 
recent trials (one since 2005) have assessed impact of health interventions 
on productivity in LMICs. Existing studies have many methodologic 
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flaws,	 and	 only	 two	have	 significant	 effect	 sizes,	 providing	 low-
moderate quality evidence for a modest effect of iron supplementation, 
and possibly mosquito netting, on work productivity.

Our	 review	 identified	 no	 trials	 of	 vision	 care	 interventions	with	
productivity outcomes in LMICs. However, two prospective, non-
randomised	studies	reported	significant	productivity	improvements	
inparticipants accepting cataract surgery (moderate quality). Among 
294	Indian	participants,	a	significant	(from	44•7	to	77•7%,	P	<	0•001)	
increase was observed in income-generating behavior,23 while a 
controlled, multi-country study24	 reported	significant	 (P	<	0•001)	
increase in productive activities among operated participants in all 
settings compared to Controls. Effects observed in the latter study 
largely persisted at 6 years.25 A recent review on productivity and 
neglected tropical diseases26	 (moderate-quality)	 concluded:	 “The	
largest impact on productivity loss…seems to be due to blindness 
from onchocerciasis and severe schistosomiasis.”

Evidence that eye care, particularly cataract surgery, can have a 
substantial impact on economic well - being is consistent with our 
results. The relative productivity increase in our Intervention group, 
approximately	20%,	was	as	large	or	larger	than	effect	sizes	reported	
for other LMIC health intervention trials.3–8 Compared to correcting 
presbyopia, equipment, consumables and training required for cataract 
surgery are far greater, and achieving optimal visual results in LMIC 
settingsis	more	difficult.27 Presbyopia also has a higher prevalence13 

and earlier onset than age-related cataract, becoming apparent during 
prime working years,12 when economic impact is greatest.

Other	aspects	of	our	findings	also	suggest	that	glasses	delivery	to	
older workers may be an appealing strategy for poverty alleviation. 
Our intervention was inexpensive, and could potentially be sustained 
by	employers	benefitting	from	productivity	increases,	or	by	workers	
themselves. Over 90% of Intervention participants would pay for 
glasses,	consistent	with	reports	from	Zanzibar	that	respondents	would	
pay 34% of monthly income for presbyopic glasses.22 Achieving good 
adherence with presbyopic glasses may be less challenging than 
long-term nutritional supplementation, the best-studied health 
intervention for LMIC productivity improvement,3,5–8	which requires 
un-interrupted distribution and regular compliance. Our observed 
wear rates of study glasses exceeded 80% by closeout, consistent 
with reports of 96% acceptance22 and 94% one year retention28 of 
presbyopic glasses in LMICs. Longer-term follow-up of working 
cohorts is needed to better characterise glasses compliance. 
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Treatment of presbyopia to improve labour productivity among older 
workers is appealing in view of aging of the global population. Age-
related decline in unaided near vision is essentially universal, so the 
pool	of	potential	beneficiaries	is	large.	Our	data	suggest	correction	
of	even	modest	presbyopia,	present	among	>	50%	of	workers	aged	
≥	40	years	in	our	study,	is	associated	with	significant	productivity	
gains. Correction of presbyopia might also promote workforce 
participation	among	older	workers.	A	study	of	Kenyan	tea	workers	
medically	retired	due	to	Acquired	Immune	Deficiency	Syndrome	
(AIDS)29 reported decreased productivity of 16 - 18% in the last 18 
months of work. Productivity increases of the magnitude observed 
in	the	current	trial	might	thus	be	sufficient	to	prevent	presbyopic	
labourers from leaving the workforce.

Inferences about applicability of our results to other work settings 
are limited by incomplete data. It is unclear what proportion of 
economically-productive activity among older persons in LMICs is 
sufficiently	vision	dependent	that	correction	of	presbyopia	would	
be useful. Existing reports21–22 from LMICs suggest uncorrected 
presbyopia affects many activities relevant to economic behaviour, 
including reading, writing, cooking, mobile phone use, sewing, 
weeding, recognising money and utilising tools. Additional trials 
are needed in other work settings to broaden the evidence base for 
glasses delivery programs.

Other limitations include the fact that our study did not assess glasses 
safety. Study glasses were made of polycarbonate, widely used for 
workplace eye protection.So it is unlikely they posed an important 
work	hazard.	For	practical	and	ethical	reasons,	participants	were	
not masked to study group assignment, leaving open the possibility 
of placebo effects. In baseline questionnaires, 100% of participants 
indicated their desire to maximise earnings through greater productivity 
and their dependence on tea picking as a main income source. It thus 
seems likely workers were already making a maximal effort at 
harvesting tea, and were therefore less prone to large placebo effects. 
The	significant	and	biologically-plausible	interaction	between	age	
and	study	groupis	also	difficult	to	explain	as	a	placebo	effect,	though	
thiscannot	be	definitely	excluded.	Due	to	field	team	errors,	44	(5•85%)	
participants did not receive their allocated treatment. Intention-to-
treat analysis reduced observed between-group differences in the 
main	outcome,	but	preserved	benefits	of	randomization.	A	modest	
but	 statistically-significant	 baseline	 difference	 in	 between-group	
productivity resulted from our stratifying on available 2016 rather 
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than 2017 data, though the difference-of-difference analysis reduced 
any impact on results.

Study strengths, besides the randomised, controlled design, included 
completeness of data for the main study outcome and its determinants, 
no losses to follow-up and selection of a rural, low-income population 
highly relevant to assessing poverty alleviation strategies in LMICs.
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Sclerotherapy for Lymphangioma
Dr Bejjanki Kavya Madhuri, Dr Tarjani Vivek Dave

Orbital lymphangiomas are benign unencapsulated vascular 
hamartomatous tumors. Although benign in nature, they tend to 
invade and intertwine with surrounding tissues which makes treatment 
difficult.	Clinically,	lymphangiomas	are	associated	with	decreased	
vision, ocular pain, decreased extraocular motility, proptosis, displaced 
globe, and ptosis. Symptoms typically present in childhood and this 
poses a particular risk of development of amblyopia secondarily.
Ocular emergencies such as spontaneous intraorbital hemorrhages 

Dr Bejjanki Kavya Madhuri,		Long-term	Fellow	in	Ophthalmic	Plastic	
Surgery, Orbit & Ocular Oncology Specialisation: Ophthalmic Plastic 
Surgery & Aesthetics, Ocular Oncology.
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may occur which may result in optic neuropathies and permanent 
visual disturbances.

Orbital lymphangiomas present a treatment challenge and conservative 
approaches are preferred. Radiotherapy is unsuccessful because of 
the slow turnover rate of the tumor. Surgical excision has been reported; 
however,	 the	 procedure	 often	 is	 difficult	 because	 of	 the	 intricate	
architecture of the lesion and the associated risk of hemorrhage.
Complications	such	as	cicatrization,	residual	tumor,and	symptomatic	
recurrence have been reported. Further, multiple surgical resections 
may be needed to obtain a satisfactory result. Alternatives to surgical 
excision include observation, needle decompression, carbon dioxide 
laser debulking, and systemic corticosteroids, all of which have 
displayed varied success. The use of sclerosing agents for the treatment 
of lymphangiomas has been used in previous experiments. The 
purpose	of	the	current	study	was	to		assess	the	safety	and	efficacy	
of bleomycin and sodium tetradecyl sulphate (STS) for treatment of 
orbital and peri-orbital lymphatic malformations.

METHODS

Retrospective study of 13 patients with orbital and periorbital 
lymphangioma treated with bleomycin and sodium tetradecyl sulphate 
(STS) at the ophthalmic plastic surgery services, LV Prasad Eye 
Institute, Hyderabad from March 2013 to December 2018. 

The diagnosis of lymphangioma in these patients was made on the 
basis	of	clinical	examination	and	imaging	findings,	mainly	computed	
tomography (CT), and in some cases magnetic resonance imaging 
(MRI).	The	tumors	were	classified	based	on	the	imaging	appearance	
into	three	different	subtypes:	macrocystic,	mixed	and	microcystic	
lymphangiomas	–	patients	with	predominantly	microcystic	type	of	
lymphangioma where the cysts were less than 1 cm in diameter, 
predominantly macrocystic disease which included cysts greater than 
1	cm	in	diameter,	and	mixed	which	was	a	combination	of	both.	Under	
aseptic precautions, the macrocystic components were aspirated with 
a hypodermic syringe and 18 G needle, while keeping the tip of 
aspiration needle within the cystic lumen. STS was injected as 1/10th 
of the volume of aspirate; for microcystic components, 0.5 mg per 
kg	body	weight	of	bleomycin	aqueous	solution	(1	IU/ml)	was	injected.	
Patients were discharged the same day. This procedure was repeated 
after 6 weeks if the cystic component persisted. The maximum 
cumulative dose of bleomycin allowed was 5 mg/kg body weight.

On follow-up, additional injections were given until the lesion 
completely resolved. The response was graded as complete resolution 
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(total	disappearance),	good	response	(showing	>	50%	reduction	in	
size)	and	poor	response	(showing	<	50%	reduction	or	no	change	in	
size).	Recurrence	was	defined	as	reappearance	of	the	tumour	after	
complete	resolution	or	increase	in	size	after	initial	significant	reduction	
in	size.	Photographs	were	taken	at	follow-up	for	ease	of	comparison.	
When bleomycin sclerotherapy was no longer required or no longer 
feasible, the follow-up period was increased to 3 monthly, then 6 
monthly	until	the	size	of	the	lesion	was	stable,	and	then	yearly.

RESULTS

The 13 patients were aged between 3 and 54 years. A majority of the 
patients had proptosis (n = 11, 85%). Other symptoms included ptosis 
(n = 9, 70%), strabismus (n = 3, 23%), exposure keratopathy (n = 2, 
15%).	No	signs	of	compressive	optic	neuropathy	was	noted	in	any	
patient. Imaging showed 9 patients with microcystic disease, 1 with 
macrocystic disease, and 3 with mixed disease. Out of 13 patients, 9 
had both orbit and palpaebral components, 2 had a purely orbital 
component, and 2 had a purely palpebral component. The number 
of procedures per patient varied from 1 to 3 sittings with an average 
of 2 sittings. Complete resolution was seen in 70% of lesions, 20% 
had good response and the remaining 10% had a poor response. The 
observations were recorded at the end of follow-up or at the time 
the patient was last seen in the clinic. Complications reported include 
inflammatory	 signs	 in	 3	 patients	 in	 the	 immediate	 post-injection	
phase, which were controlled by systemic steroids and periocular 
pigmentation in 4 patients in late post-injection phase. However, no 
life-threatening complications such as respiratory obstruction and 
severe	hypersensitivity	 reaction	 to	bleomycin	were	observed.	No	
patient developed excessive scarring as a result of the procedure.

DISCUSSION

The idea of using sclerotherapy in the treatment of lymphangioma 
occurred when it was noted that lymphatic malformations spontaneously 
involute when they became infected and the infection resolved. The 
first	case	of	lymphangioma	treated	by	sclerotherapy	was	reported	
in 1933, using sodium morrhuate. Complete tumour regression was 
noted in 6 weeks following intralesional injection. Since then various 
sclerosing agents have been used, namely iodine, ethanolamine oleate, 
alcohol,	ethibloc,	tetracycline	and	cyclophosphamide.	Bleomycin	and	
sodium tetradecyl sulphate are currently the most popular sclerosants. 
However,	no	studies	have	been	conducted	to	compare	the	efficacy	
between these two agents.
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Bleomycin	is	an	anti-neoplastic	antibiotic,	produced	by	the	fermentation	
of Streptomyces verticillus. Discovered in 1965, this drug was found 
to	cause	single	and	double	-	strand	DNA	breaks	and	inhibition	of	
DNA	and	RNA	synthesis.	Since	then	it	has	been	used	for	its	anti-
neoplastic property to treat malignancy. In the treatment of malignant 
pleural effusion, it was observed that bleomycin caused marked 
fibrosis	and	scarring.	This	sclerosing	property	was	first	put	into	use	
in the treatment of lymphatic malformations in 1977. In this series, 
12 patients who either had incomplete surgical resection, recurrent 
or non-resectable lymphangiomas were treated with bleomycin. Good 
results were reported in these patients.

Studies using bleomycin have produced promising results. Our study 
indicated that intralesional bleomycin therapy was very effective 
and the results were comparable to these published series. Different 
authors have quoted success rates of between 36 to 63% for complete 
tumor	 regression,	of	up	 to	88%	significant	 lesion	 regression,	 and	
poor	response	of	between	12	to	23%	using	either	bleomycin	or	OK432.

In this study, bleomycin aqueous solution was injected directly into 
a	cyst	after	nil	aspirate	from	the	cyst	content.	Unlike	STS,	most	authors	
advise against injecting bleomycin into the microcystic part component 
of the tumor. This is where STS has an advantage over bleomycin. 
Macrocystic	injection	of	STS	was	performed	without	significant	clinical	
side effects. Thus, this drug can be used to treat macrocystic lymphangioma.

No	recurrences	of	tumor	were	observed	in	this	study.	No	serious	
complications were seen as a result of intralesional bleomycin therapy. 
Most patients complained of mild skin erythema, local swelling and 
mild tenderness. These symptoms lasted for a day or two but did 
not prolong their stay in hospital. 

In patients with complete resolution, there was no undesired excessive 
scarring but periocular pigmentation was noted at the injection site. 

CONCLUSION

Intralesional bleomycin and STS therapy is a safe and effective method 
of treatment for lymphangioma. The results from our series are 
comparable	with	other	published	series.	No	serious	side	effects	from	
intralesional bleomycin therapy were observed. Our results support 
the continued use of sclerotherapy with bleomycin in the treatment 
of lymphangioma. Sclerotherapy is recommended in place of surgery 
as	the	first	line	treatment	modality.	The	latter	must	be	reserved	for	
those lesions where sclerotherapy has failed.
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Aponeurotic Variant of Congenital Ptosis: 
Managed with Levator Re-insertion
Ankit Singh Tomar, Dr Sameeksha Tadepalli, Dr Sumeet Lahane, 
Dr Raksha Rao, Dr Santosh G Honavar

ABSTRACT

PURPOSE

Description of congenital ptosis variant with aponeurosis disinsertion 
or dehiscence and their management with levator re-insertion.

METHODS

Retrospective review of patients with congenital ptosis with clinical 
features of aponeurotic dehiscence or disinsertion. Intra-operatively, 
careful hemostasis was maintained to ensure visualisation and 
identification	of	all	layers.	The	levator	palpebrae	superioris	(LPS)	
aponeurosis	was	identified	before	the	pretarsal	dissection,	and	it	
occasionally had a rolled up margin at it’s distal end. Re-insertion 
or advancement of the LPS aponeurosis was guided by the LPS 
action and amount of ptosis. 

RESULTS

26 patients (mean age 24.6 ± 7.2years) were included. Severity of 
ptosis ranged from mild (18, 69.2%) to moderate (8, 30.8%). Majority 
had	LPS	action	>	8	mm	(22,	 84.6%),	with	 superiorly	displaced	
eyelid crease in 10 (38.5%) and frontalis overaction in 7 (26.9%). 
None	of	 the	patients	 had	 eyelid	 lag	 in	downgaze.	 25	 (96.15%)	
patients had undergone reinsertion and 1 (3.8%) had plication. 
Postoperative suture adjustment was done in 7 (26.9%) and all 
patients had good post-operative results (symmetry between MRD1 
of	both	eyes	was	≤	1	mm)	at	the	final	follow	up	(mean	+	SD:	5.04	
+ 6.53 m). 

Ankit Singh Tomar,

This Paper was judged as the BEST PAPER of ORBIT AND 
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CONCLUSION

Congenital variant of aponeurotic ptosis is less known entity and 
it is essential to differentiate it from congenital ptosis with dysgenetic 
levator. All congenital ptosis cases with clinical signs of levator 
disinsertion deserve surgical exploration of the levator aponeurosis 
and repair of the aponeurotic defect. Meticulous intra-operative 
identification	of	layers	of	eyelid	is	imperative.

INTRODUCTION

Blepharoptosis	is	defined	as	an	abnormally	low-lying	upper	eyelid	
margin	on	primary	gaze.	Upper	eyelid	ptosis	can	be	broadly	classified	
as congenital or acquired. Congenital ptosis is characterised by poor 
levator palpebrae superioris action (LPSA), faint or absent lid crease 
and	lid	lag	in	downgaze,	and	results	from	myogenic	development	
abnormality.1,2 Other etiologies include a defect in the LPS muscle 
with	 fibrosis	 and	 decreased	 skeletal	 muscle	 fibers3 and levator 
disinsertion secondary to birth trauma.4 The aponeurotic acquired 
ptosis, which can be involutional, post-traumatic or associated with 
blepharochalasis, has good LPSA, superiorly displaced lid crease 
and	no	lid	lag	in	downgaze.	These	features	are	also	shared	by	aponeurotic	
variant of congenital ptosis, which is a less known entity discussed 
infrequently in literature.5,6 It represents a mechanical defect of LPS, 
instead of a dystrophy or maldevelopment, and is attributable to 
perinatal events such as trauma by forceps delivery, vacuum extraction 
and fetal rotation.We describe a series of 26 cases with congenital 
ptosis with aponeurosis disinsertion or dehiscence and their management 
with levator reinsertion.

MATERIAL AND METHODS

This retrospective review included all patients with ptosis of congenital 
onset, who had features of aponeurotic dehiscence or disinsertion. 
Preoperative evaluation included measurements of vertical palpebral 
fissure	height,	upper	eyelid	margin	reflex	distance	(MRD1),	levator	
palpebrae	superioris	muscle	action	(LPSA),	severity	of	ptosis	(mild:	
</=	2	mm,	moderate:	>	2	and	<	4	mm,	severe:	>/=	4	mm),	presence	
of lateral droop, assessment of frontalis overaction, ocular motility 
examination, eyelid crease height and nature (including number or 
a	high,	eyelid	crease),	lash	ptosis	and	lid	lag	in	downgaze.All	preoperative	
and postoperative measurements (in units of 0.5 mm) were performed 
using a millimetre ruler. Pre and post-operative photographic 
documentation was done to compare the lid position and contour. 
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The post-operative results were considered as good if the symmetry 
between	MRD1	of	both	eyes	was	≤	1	mm;	fair	if	1.5	to	2.0	mm;	and	
poor	>	2.0	mm.

SURGICAL TECHNIQUE

The anesthesia of choice for children was general anesthesia and 
frontal block (using 2% lidocaine and epinephrine) for adults. All 
patients were counselled for possible need for suture readjustment 
in case of under or over correction, within a week of surgery, on 
resolution of post-operative edema. The skin incision marked at 6 
- 7 mm above the eyelid margin (based on the other eyelid margin 
crease distance to produce symmtery) and it was made with Radio 
frequency ablation cautery. The dissection was carried out in the 
sub-orbicularis plane to expose orbital septum. The most crucial step 
intraoperatively	was	identification	of	disinserted	levator	aponeurosis	
which	often	showed	a	rolled	over	configuration	with	attachment	to	
the orbital septum. Dehiscence or disinsertion of the levator aponeurosis 
was	noted	when	the	Müller	muscle	and	conjunctiva—a	translucent,	
reddish	 layer	of	muscle	fibres	 and	vertical	parallel	 blood	vessels	
—was clearly observed between the attachment site of the orbital 
septum and the upper edge of the tarsal plate.7 The rolled up edge 
of	aponeurosis	is	identified	as	a	white	line	and	gentle	unrolling	was	
carried out. The orbital septum was carefully recessed to completely 
expose levator.The medial horn of levator was often found to be 
laxer than the lateral horn. The levator reinsertion was guided by 
levator action and amount of ptosis. A double armed 6-0 prolene 
suture	is	used	to	take	3	-	4	mm	wide	central	horizontal	lamellar	bite	
of tarsus at midtarsal level and passed through disinserted end with 
similar oblique sutures at medial and lateral end. The sutures are 
tied one by one, while noting eyelid height and contour and suture 
tightness was titrated until adequate eyelid height was obtained.The 
dynamic eyelid crease formation suture (6 - 0 vicryl) incorporated 
levator	and	orbicularis	and	finally	the	skin	was	closed	with	6-0	prolene.	
Post-operative medicine consisted of oral Amoxicillin-Clavulanic 
acid	for	7	days	and	Moxifloxacin	eye	ointment	for	2	weeks.	In	case	
of	significant	post-operative	edema,	systemic	steroids	were	administered	
with rapid taper to aid in early resolution and assessment was carried 
out for need of suture adjustment.

RESULTS

Patients’ data is summarised in Table 1. Twenty four patients had 
unilateral	ptosis	(92%)	and	2	had	asymmetrical	bilateral	ptosis.	Birth	
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history	was	significant	in	2	patients	(history	of	prolonged	labor).	A	
large	majority	of	patients	had	Levator	action	>	8	mm	(22,	84.6%).	A	
superiorly displaced eyelid crease was seen in 10 patients (38.5%) 
and three patients had a prominent lateral droop (11.5%). Intra-
operatively, Twenty one patients were found to have levator disinsertion, 
one had levator dehiscence,  and 4 patients had levator disinsertion 
with	secondary	fatty	changes.	None	of	the	patients	had	eyelid	lag	in	
downgaze.	 Twenty	 five	 (96.15%)	 patients	 underwent	 levator	 re-
insertion and 1 (3.8%) underwent levator plication. Seven patients 
needed postoperative suture adjustment (26.9%). All patients had 
good postoperative results with acceptable symmetry and cosmesis, 
with mean improvement in MRD 1 of 2.67 +/- 0.69 mm (Range- 1- 4 
mm),		at	the	final	follow-up	(mean	+	SD,	range	5.04	+	6.53,	1	–	24	
months).

Table 1 Summary of patient data and measurement results

Patients (number)  26
Male/female (numbers) 8/18
Right/left (numbers) 14/12
Age (range), (years) 24.6 + 7.2 (5-37)
Preoperative	MRD-1	(range),	(mm)	 0.88	±	0.71	(−1	to	2.5)
Levator function (range), (mm) 11.38 ± 2.89 (6 to 16)
Margin crease distance (range), (mm) 7.62 ± 2.02 (4 to 11)

DISCUSSION

We have herein reported the a case series of 26 cases with congenital 
ptosis with aponeurosis disinsertion or dehiscence and their management 
with	levator	re-insertion.	This	entity	was	first	described	by	Anderson	
et al5 in 1979 and subsequently by Martin et al.6 Table 2 summarises 
the salient features in these studies in comparison to our data.
Table 2. Comparison between different studies and their outcome in cases of 

congenital aponeurotic ptosis

 Martin et al6 Anderson et al5 Our Study

Patients 3 unilateral 12 with 2 bilateral 26 with 2 bilateral

Levator 
function Excellent Good- excellent Good- excellent

Lid	crease	 High	 Normal	to	high	 Normal	to	high

Lid lag Absent Absent Absent
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Surgery Exploration and  Exploration and Exploration and Re-
 Re-insertion Re-insertion insertion

Results All- cosmetically  10- good results 26- good results
 acceptable  2- LPS resection with no patient 
   needing re-surgery

Three distinct variants of congenital aponeurotic ptosis could be 
identified	and	their	features	are	summarised	in	table	3.	Careful	pre-
operative evaluation and anticipating the type of mechanical defect 
will aid in the planning of management. Levator function is one of 
the key factors for determining the severity of blepharoptosis and 
selecting appropriate management. It is possibly affected by the 
amount of fatty deposit in the levator aponeurosis/LPS muscle because 
this deposit reduces the tractional force to the upper eyelid.
Table 3. Salient features of different variants of aponeurotic congenital 

ptosis 

Levator Disinsertion Levator Dehiscence Levator Disinsertion   
  with fatty degeneration

Complete	detachment		 Partial	weakening	of	 Fat	infiltration	in
of aponeurosis aponeurosis detached aponeurosis

Vertical	palpebral		 Normal	palpebral
fissure	reduced	in		 fissure	height	in
downgaze	 downgaze	 Lid	lag	maybe	seen

Good LPS action Excellent LPS action Good LPS action

High	Lid	crease	 Normal/	High	lid		 Normal/	High	lid
 crease crease

LevatorRe-insertion/   Levator Re-insertion/
Advancement Levator plication  Plication/ Frontalis Sling

Our study was limited by several factors. 
First, this study had a retrospective design. 
The second limitation was the small sample 
size.	A	larger	sample	size	with	a	prospective	
evaluation would be better suited in 
assessing the exact prevalence of this 
entity.

To conclude, congenital variant of 
aponeurotic ptosis is a less known entity 
and it is essential to identify and differentiate 
it from dysgenetic ptosis clinically.  Such 

Fig. 1. Intraoperative photograph 
showing detached levator 
aponeurosis appearing 
as a white band heralded 
by bare conjunctiva above 
tarsus
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cases deserve careful surgical exploration of the levator aponeurosis 
and repair of the aponeurotic defect.

BIBLIOGRAPHY
1.		 Griepentrog	GJ,	Diehl	NN,	Mohney	BG.	Incidence	and	demographics	

of	childhood	ptosis.	Ophthalmology	2011;	118	(6):	1180	–	3.	
2.		 Hashemi	H,	Khabazkhoob	M,	Emamian	MH,	Yekta	A,	Jafari	A,	Nabovati	

P, et al. The prevalence of ptosis in an Iranian adult population. J 
CurrOphthalmol	2016;	28	(3):	142	–	5.	

Fig. 4. Pre and Post operative pictures of a representative case of OS congenital 
aponeurotic	ptosis.	Note	the	improvement	in	high	lid	crease	post-
operatively.

Fig. 2. Schematic diagram showing detached levator aponeurosis and it’s 
rolled over edge

Fig. 3. Intraoperative photograph showing unrolling of detached levator 
aponeurosis.	Note	the	fatty	infiltration	of	the	levator	muscle
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Intra-Arterial Chemotherapy In Retinoblastoma 
In 23 Eyes
Dr Usha Singh, Dr Vivek Gupta, Dr M R Dogra, Dr Deepak Bansal

ABSTRACT

AIM

To	study	the	safety	and	efficacy	of	intraarterial	chemotherapy	in	
the management of intraocular retinoblastomas at a tertiary care 
institute. 

METHODS

Clinical	data,	international	classification,	treatment	outcomes	and	
complications were studied in patients with the intraocular disease 
who underwent intraarterial chemotherapy. 

RESULTS

There were twenty patients (23 eyes) with an average age of 19.75 
months at presentation. Secondary treatment was given in 14. 
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Each eye received 1 to 5 cycles of IAC, using melphalan, topotecan 
and/or carboplatin. Post IAC response of disease was evaluated 
in	terms	of	tumor	size,	vitreous	seeds,	subretinal	seeds,	subretinal	
fluid	and	retinal	detachment.	Local	complication	included	vascular	
occlusions in 3.  Overall globe salvage rate was 82.6% at a median 
follow	up	of	21.5	months.	Conclusion:	Intraarterial	chemotherapy	
is safe and effective but vascular occlusion can lead to suboptimal 
vision.

INTRODUCTION

Intra-arterial	chemotherapy	(IAC)	for	retinoblastoma	(RB),	was	first	
used in 1958, by administering one injection of triethylenemelamine 
in the carotid artery which showed successful regression of the tumor.
The purpose of IAC is to deliver concentrated chemotherapeutic 
drug into the eye and reduce its systemic toxicity. Later in 1987 the 
Japanese1 delivered melphalan to the retinoblastoma eye via endovascular 
route after balloon occlusion of the distal internal carotid artery. 
With rapid advancement in endovascular techniques, this delivery 
became super selective in 2008 when Abramson et al 2 did selective 
cannulation of the ophthalmic artery. Since then subsequent studies 
came up which concluded that IAC was safe, with globe salvage 
reaching 72-82% after primary IAC.3,4

MATERIAL AND METHODS

This	study	was	a	retrospective,	non	randomized,	interventional	case	
series. The clinical data review of all retinoblastoma patients treated 
with IAC at the Retinoblastoma Clinic, Advanced Eye Center of 
PGIMER	was	done	between	November	2013	and	May	2017	was	done.

IAC	catheterization	procedure	was	performed	by	the	interventional	
neuro-radiologist in the intervention room under general anesthesia. 
Data	was	analysed	for	clinical	findings,	management,	complications,	
and outcomes. All pre and post IAC treatments to the eye and patient 
were recorded. Pre IAC ocular examination under anesthesia was 
performed to the assess patient for laterality, tumor growth pattern, 
number	of	tumors	per	eye,	international	classification	of	RB,	intraocular	
pressure	(Schiotz	tonometer),	and	status	of	anterior	and	posterior	
chamber	 involvement.	Ultrasound	MRI	and	 fundus	 imaging	was	
done for all patients to diagnose, assess and group and or stage the 
disease. Complete blood counts and basic coagulation tests were 
done at baseline and blood counts repeated after every IAC. Informed 
consent was taken after explaining the pros and cons of IAC. Post 
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IAC examination with retinal drawings and imaging was done to 
assess the response of the tumor. Each tumor was measured  
for greatest basal diameter and thickness, associated retinal  
detachment, subretinal seeds, and vitreous seeds. Local treatment 
(photocoagulation, cryotherapy) was applied if indicated. Globe 
salvage	was	defined	as	preservation	of	 the	globe	with	 control	 of	
disease. Loss of eye leading to enucleation was considered a failure. 

RESULTS

There were twenty patients (23 eyes) with average age of 19.75 months 
at	presentation.	There	were	14	males	and	6	females.	Nine	had	unilateral	
disease,	and	none	had	family	history	of	RB.	Chief	presenting	complaint	
was	white	reflex	in	all.	Duration	of	Symptoms	ranged	from	3	to	365	
days	(mean:	77.46	days).	Eight	eyes	had	group	D	disease,	7	had	group	
B,	4	had	group	C,	4	had	group	E	and	none	had	group	A	disease.	
Primary IAC was delivered to 6 eyes. Total 43 catheterisations were 
done of which 2 failed. Direct cannulation of ophthalmic artery ostium 
was done 24 times. Other arterial routes used were internal maxillary 
artery	in	4,	middle	meningeal	artery	in	11	superficial	temporal	artery	
in 1 and by Japanese technique in 1. Each eye received 1 to 5 cycles 
of IAC, using melphalan and/or topotecan. Topotecan was given to 
two eyes in combination with melphalan. Two eyes received a 
combination of Melphalan, Topotecan and Carboplatin. One had 
intra-catheterization	lung	collapse	but	could	be	managed	without	
any	adverse	sequalae.	One	had	a	difficult	cannulation	and	ophthalmic	
artery stenosis was seen in one. Group wise response and reduction 
of the tumour mass, vitreous seeds, subretinal seeds and retinal 
detachment was seen in majority (Table 1). 

Table 1. Response of tumor to Intra-arterial chemotherapy

 Pre IAC Post IAC Globe  % Round
	 	 	 Salvage	 	 	figure

Tumor	size	 13	 12	 12	 92.3	 92%

Vit Seeds 2 1 1 50 50

Subretinal
seeds 9 8 8 88.88% 89

Subretinal
fluid	 9	 8	 8	 88.88%	 89

RD 7 6 6 85.7 86
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Local side effects were seen in the form of choroidal atrophy in 5, 
lid edema in 5, cheek swelling in 1 and development of new tumours 
were seen after IAC in 3 patients. Vascular occlusions were seen in 
3, was complete (CRAO) in one leading to loss of sight. Post IAC 
additional treatment was received by 9 patients, of which 4 were 
enucleation, radiotherapy, laser photocoagulation, and Plaque in 1 
each, Two also received Intravenous chemotherapy. The cause of 
enucleation in these 4 patients were regrowth after IAC in 2 and poor 
response leading to progression in two. Overall globe salvage rate 
was 82.6% at a follow-up of 21.5 (range 7 - 41) months. 

DISCUSSION

Intraarterial chemotherapy is a newer endovascular technique in the 
armamentarium of retinoblastoma treatment modalities for achieving 
high	globe	salvage	rates.	With	the	current	refinement	of	endovascular	
catheterisation, chemotherapeutic drug is directly delivered into the 
ophthalmic artery.2 We retrospectively analysed the safety of this 
procedure and outcome in the treated eyes. 

This study found response of the tumour and seeds when IAC is 
used as both primary and secondary treatment modality. Three eyes 
after IAC had poor response, which ultimately led to enucleation in 
all. Melphalan being the most effective with a short half-life was 
used in all patients. The reduction in tumour mass, subretinal seeds, 
vitreous seeds and retinal detachment rates ranged from 50 - 92% in 
majority (average 81.2%). Over all globe salvage rate in this series 
was high (82.6%). Literature meta-analysis of IAC for retinoblastoma 
in non-duplicative studies in 757 eyes has found a success rate of 
66%.5 In case the catheterisation of ophthalmic artery is inappropriate 
or	difficult	due	to	anatomic	variations,	alternative	retrograde	approach	
has been used.6 We used alternative arterial route via middle meningeal, 
internal	maxillary	and	superficial	temporal	arteries	in	17	of	the	43	
catheterisations. Systemic complications after IAC such as stroke 
and neurological complications have been reported, however they 
were	nil	in	our	study,	Unrelated	complications	were	allergy	to	contrast	
in one and lung collapse in another. Serious local vascular complication 
was seen in 3 with one losing vision. Although literature does not 
address this issue, three eyes developed new lesions after IAC in our 
study.

The selection bias and moderate follow-up in our patient is a limitation. 
In order to study recurrence, metastasis and death longer follow-up 
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is required as they can occur more than 5 years after treatment. Globe 
salvage is valuable after IAC only when it is achieved without major 
systemic complications and risk to life. Intraarterial chemotherapy 
is safe and effective but vascular occlusions can lead to suboptimal 
vision hence until well-established indications are laid down; it should 
be used with caution.
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Comparison Of Posterior Optic Capture Vs 
Endocapsular Implantation In Pediatric Cataract 
Surgery
Dr Jaspreet Sukhija, Dr Savleen Kaur, Dr Jagat Ram    

INTRODUCTION

The most important consideration in modern pediatric cataract surgery 
is keeping the visual axis clear. Even in the hands of the most experienced 
surgeons, with the best available intraocular lenses (IOL) and 
instrumentation,	posterior	capsular	opacification	is	inevitable	in	some	
children.1-3 The search for a better surgical technique and improvisations 
in intraocular lens designs is ongoing.

Anterior vitrectomy in a child poses the problems of cystoid macular 
edema, increased risk of retinal detachment, vitreous strands entering 
the incision and risk of enlargement of posterior capsulotomy.4 
Moreover removing a part of the vitreous in a growing can have 
later consequences which are yet unexplored. The purpose of our 
study was to compare posterior optic capture of IOL without anterior 
vitrectomy and endocapsular IOL implantation with anterior vitrectomy 
in the two eyes of the same patient. 

METHODS

It was a prospective interventional study. Consecutive children with 
bilateral cataract aged less than 5 years undergoing cataract surgery 
were studied prospectively for a period of 1 year. Informed consent 
was taken from the parent /guardian of the child. The study conferred 
to the declaration of the tenets of Helsinki. Eyes with traumatic cataract, 
microphthalmia, microcornea and secondary IOLs along with other 
ocular abnormalities were excluded. 

Data collected included the age at surgery, laterality, sex of the child, 
significant	systemic	history,	type	of	cataract,	axial	length	preoperatively,	
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type and power of intraocular lens, intraoperative and postoperative 
complications	with	any	visual	axis	opacification	or	need	for	resurgery	
and postoperative retinoscopy/refraction. IOL power was calculated 
based on axial length values by A scan and keratometry performed 
by hand held keratometer wherever possible. The target postoperative 
refraction was based on the patient’s age and fellow-eye status. 
Adjustment was made for the IOL power when an optic capture was 
planned. IOL power was implanted with predicted error + 4 D in  
< 6 months, +3 D in 6 months - 1 year, +2 D 1 year - 2 year, +1 D 2 
to 3 year and emmetropia after that. Objective streak retinoscopy 
was	first	done	after	surgery	at	an	interval	of	two	weeks	when	no	
inflammation	was	documented	and	then	repeated	at	six	weeks	by	a	
single optometrist. Spectacles were prescribed based on the retinoscopy 
value with additional +3 D upto 2.5 years beyond which bifocals 
were prescribed. Intraocular pressure was measured with Perkins 
hand held applanation tonometer preoperatively as well postoperatively. 
B	scan	ultrasonography	was	performed	in	eyes	where	a	dense	cataract	
precluded the view of the fundus.

Surgical technique- In one eye we performed anterior vitrectomy 
and placed the IOL in the bag whereas in the other eye of the same 
patient no anterior vitrectomy was performed and the IOL optic was 
prolapsed behind the posterior capsule with the haptics in the bag. 
For descriptive purposes we labelled the eyes undergoing posterior 
optic capture of the IOL as Group 1 and eyes with endocapsular IOL 
implantation as group 2.

At follow up visits’ patients were examined under anaesthesia and 
slit lamp evaluation was done when possible. The posterior optic 
capture	was	confirmed	by	observing	the	‘spindle’	of	the	posterior	
capsule on subsequent examinations under anesthesia. Eyes with 
no/partial capture along with the fellow eyes were excluded. Visual 
axis	opacification	was	defined	as	significant	if	there	was	lens	epithelial	
cell regrowth extending into the pupillary space and interfering with 
vision/inability to perform undilated retinoscopy in that eye. A record 
of	all	post-operative	findings	as	well	as	complications	till	a	follow	
up of one year was noted and compared.

STATISTICAL ANALYSIS

Statistical analyses were performed using SPSS program. P value of 
<	0.05	was	considered	statistically	significant.	Descriptive	analysis	
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was done on all patients and a record of both the eyes was kept. The 
baseline parameters and rates of complications were studied in both 
groups. Chi square test was used to compare these rates in the two 
age groups for categorical data and t - test for continuous data.

RESULTS

Over the study period, we had recruited 16 patients who were 
subsequently planned for posterior optic capture in one eye and bag 
implantation of the IOL in the other eye. IOL could be successfully 
captured	in	fifteen	children.	In	two	children	IOL	was	found	in	sulcus	
on the subsequent post-operative visit in the eye where posterior 
optic capture was attempted. Another was excluded because the eye 
in which bag implantation was planned; the IOL had to be placed 
in sulcus because of extended anterior capsulorhexis. Hence a total 
of	thirteen	children	were	included	for	final	visual	outcome	analysis.	
However we did include them when observing for complications.

The mean age at the time of surgery was 21 ± 14.7 months (median 
12 months; range (5 months to 4 years). The mean follow-up was 
12.69 ± 1.06 months (median 12 months; range 12 to 15 months). The 
preoperative parameters of all the patients are listed in Table 1. 

Table	1.	Baseline	Characteristics	Of	The	Patients

	 N

Total Patients 13

Children	Less	≤	1	Year	 6

Patients With Systemic Associations/Infections* 2

Patients With Strabismus 2

Eyes With PHPV^ 0

Eyes With Total White Cataract 9

Eyes With Zonular Cataract 17

*Both	Patients	Had	Positive	History	Of	Torch	Group	Of	Infections

^PHPV=Persistent Hyperplastic Primary Vitreous

The two eyes were matched in terms of biometry (Table 2). The axial 
length was measured by the A scan in all patients and the keratometry 
by handheld keratometer. 
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Table	2.	Biometric	profile	for	both	groups

 Group 1 Group 2 P value

Mean axial length (mm) 20.74 ± 15.4 20.69 ± 11.7 0.911

Mean keratometry (D) 43.5 ± 1.74 44.1 ± 2.48 0.49

Mean IOL power implanted 27.35 ± 3.4 27.58 ± 3.2 0.86

The	intraoperative		difficulties	are	listed	in	table	3;	which	were	not	
significantly	different	between	the	two	groups.	

Table	3.	Details	of	intraoperative	findings/complications

Intraoperative Complications Group 1 Group 2 P value

Non-dilating	pupil	 1	 1	 1.0

Anterior	capsular	fibrosis	 2	 0	 0.63

Size	of	anterior	capsulorhexis	
(mean in mm) 5.323 ± 1.2 5.41 ± 1.1 0.8

Escaped anterior 
capsulorhexis* 1 0 0.95

Size	of	posterior	
capsulorhexis (mean in mm) 3.83 ± 2.2 3.91 ± 2.1 0.89

Large posterior 
capsulorhexis^ 1 1 1.0

Pre-existing posterior 
capsular defect 1 0 0.956

Iris prolapse 0 1 0.9

*Despite the large capsulorhexis, the IOL could still be captured 
successfully

^Larger than usual but still well centered and optimal.

Table 4 further adverse events occurring postoperatively in all patients. 
No	cases	of	clinically	significant	macular	edema,	retinal	detachment	
or	endophthalmitis	were	observed.	None	of	the	patients	required	
surgery	for	control	of	IOP.	The	posterior	optic	capture	was	confirmed	
by observing the ‘spindle’ of the posterior capsule on subsequent 
examinations under anesthesia. All eyes in both groups maintained 
a clinically centred IOL with clear visual axis. One patient developed 



Best Free Papers

268

anterior capsular phimosis in the right eye (posterior optic capture). 
The	rate	of	fibrinous	complications	 (IOL	deposits	and	synechiae)	
were more in the eyes with IOL in the bag (6/ 13) vs eyes where 
posterior optic capture was done (1/13); p = 0.039. 

Table 4. A record of the postoperative adverse events in both groups

Adverse events Group 1 Group 2 P Value

Visual	axis	opacification		 0	 0	 -

Anterior capsular phimosis 1 0 0.49

Inflammatory	sequalae	
1. Lenticular adhesions and 
    Pigments on IOL 1  5
2. Anterior synechiae/
    side port synechiae 0 1 0.039*

Decentered IOL 0 1* -

Ocular hypertension 0 0 -

Corneal	haze	 1	 0	 0.49

Retinal detachment 0 0 -

*IOL edge was partly visible in the pupillary axis post operatively 
but did not need re-surgery

Mean postoperative IOP at one year was 13.05 ± 2.18 mm Hg in 
group 1 and 13.4 mm ± 2.76 Hg in the group 2 (p = 0.82). The refractive 
error could not be determined preoperatively for any of the cataractous 
eyes. The mean spherical equivalent at 6 weeks after surgery was 
0.46	±	1.14	D	in	group	1	and	was	not	significantly	different	 from	
group 2. (0.48 ± 0.96) (p = 0.89.) 

DISCUSSION

We	compared	the	benefits	and	demerits	of	posterior	optic	capture	
vs in the bag IOL implantation in two eyes of the same patient in 
this	study.	We	did	not	find	any	significant	difference	 in	 terms	of	
visual axis clarity between eyes having a vitrectomy and those not 
having one. Posterior optic capture resulted in a well centred IOL 
and	prevents	visual	axis	opacification	comparable	to	endo-capsular	
implantation	 of	 IOL.	 In	 addition,	 it	 decreases	 the	 inflammatory	
response	in	the	eye.	To	the	best	of	our	knowledge,	this	is	the	first	
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‘prospective study’ of its kind.  The biggest merit of our study was 
that we performed the two procedures in either eye of the same 
patient. The same surgeon implanted similar IOL in both eyes. The 
two groups are obviously matched in terms of age, biometry and 
this also eliminates a lot of patient factors which are responsible for 
bias in other studies. 

Anterior vitrectomy brings its own set of complications in growing 
eye of a child.5 We do not yet know, what are the effects of vitreous 
removal in cases of pediatric cataract. Vitrectomy can increase the 
chances of cystoid macular edema which is often under reported in 
children due to lack of imaging.6 How much vitrectomy is “adequate” 
in	children	is	not	quantifiable	and	hence	may	be	subjective.	Strands	
of	vitreous	in	the	anterior	chamber	may	predispose	to	more	fibrinous	
complications. Enlargement of PPC may also occur at the time of 
vitrectomy making it impossible to implant IOL in the bag.7 Despite 
these disadvantages, we are routinely performing anterior vitrectomy 
due	to	its	biggest	advantage	in	preventing	posterior	capsular	opacification	
in	 congenital	 cataract	 surgery.	 But	 even	 after	 primary	 posterior	
capsulectomy	with	vitrectomy,	many	children's	visual	axes	become	
reoccluded by secondary membranes necessitating repeated 
membranectomy and at the same time breaks the anterior vitreous 
barrier. 

In the hands of a well-trained surgeon, posterior optic capture needs 
minimal manipulation and does away with vitrectomy related 
complications.	It	was	first	advocated	by	Gimbel	and	colleagues	and	
later propagated by others.8-11	The	major	benefit	achieved	with	posterior	
optic capture is optimum centration of IOL and prevention of vitreous 
herniation. It results in fusion of the capsular bag’s anterior and 
posterior	leaflets	for	almost	360	degrees.	Since	most	of	the	circumference	
of the posterior capsule opening is anterior to the lens optic, Elschnig 
pearls do not get deposited on the vitreous face reducing lens epithelial 
cell migration and visual axis obscuration.12 Moreover, it can be carried 
out even if the anterior capsulorhexis is eccentric.13

Raina et al did a prospective study concluding optic capture without 
vitrectomy	as	a	promising	technique	to	prevent	opacification	but	the	
authors did not compare it with the ‘gold standard’ bag implantation 
of IOL with vitrectomy.14 The studies which necessitate the use of 
anterior vitrectomy with capture either use a PMMA IOL with haptics 
in sulcus4,12 or have reported results in different set of patients 
retrospectively with a short follow up.13,15 The latest studies use acrylic 
IOLs but those for optic capture are three piece design.16 
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It	 has	 been	hypothesized	 that	 there	might	 be	 a	 low	 incidence	 of	
glaucoma after IOL optic capture due to the backward movement 
of the optic part of IOL.17 off course a study with longer follow up 
is needed in this regard. A part of the success of the procedure can 
also be attributed to the IOL design and the make of the optic-haptic 
junction.17,18 The Hoya IOL has an optic with diameter of 6 mm with 
angulated haptics and the overall length of the IOL is 12.5 mm, which 
is less than other acrylic single-piece IOLs. The design of the Hoya 
IOL could be an additional factor in low incidence of complications.18 
Posterior optic capture is a technically challenging procedure. Care 
should be taken in cases where we plan posterior optic capture, the 
PPC should be made 1 - 1.5 mm smaller than the IOL optic. It can 
be larger than routine but not large enough to cause spontaneous 
release of the optic. Trypan blue staining of the posterior capsule 
may be done by beginners to achieve an optimum capture.19 For 
surgeons who opt for making a PPC after IOL implantation, posterior 
optic capture can be a viable option. 

A meta-analysis of all published literature on posterior optic capture 
without vitrectomy in children describes the technique to be a helpful 
surgical method in preventing PCO and geometric decentration with 
robust	efficacy	and	safety.20 It is safe to conclude that posterior optic 
capture is a promising technique of IOL implantation and can be 
effectively used even in young children in the absence of an additional 
procedure that is vitrectomy. In conclusion, posterior optic capture 
is a reasonable alternative to endocapsular implantation of IOL with 
significantly	 fewer	 inflammatory	 sequelae	 and	 at	 the	 same	 time	
preserving the vitreous in a growing eye.
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INTRODUCTION

Laser-assisted	 insitu	 keratomileusis	 (LASIK)	 is	 one	 of	 the	 most	
commonly used procedures currently to reduce the dependency or 
need for glasses.1	Newer	LASIK	procedures	attempt	to	correct	the	
refractive error as well as adjust the higher order aberrations (HOA).2 
These procedures may use either the topography of the cornea or 
wavefront of the eye. For topography guided lasik, anterior topography 
of	the	cornea	is	usually	derived	from	Scheimpflug	imaging	systems.	
This can be a viable option for eyes with regular myopia and astigmatism 
too.3

The epithelium covers the true irregularities of the stroma.4,5 We had 
recently introduced a new method, where optical coherence tomography 
(OCT)	was	used	to	map	the	curvature	and	aberrations	of	the	Bowman’s	
layer.4,5	We	hypothesized	that	the	topography	of	the	Bowman’s	layer	
could deliver a better treatment option for patients so that there was 
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a more effective control over the higher order aberrations.4,5 In this 
study,	we	designed	a	prospective	treatment	 in	LASIK	patients	 to	
evaluate	the	effect	of	Bowman’s	topography	in	a	current	method	of	
LASIK.	One	eye	was	chosen	at	random	to	undergo	wavefront	optimized	
LASIK	(conventional)	using	keratometry	from	Scheimpflug	imaging.	
The	fellow	eye	of	the	same	patient	underwent	Bowman	assisted	in-
situ	keratomileusis	(BASIK).	In	BASIK,	the	same	wavefront	optimized	
treatment plan was used except for keratometry, which was obtained 
from	imaging	of	the	Bowman’s	layer	with	OCT.	

METHODS

This was a prospective, interventional, and single-blinded study, 
which	was	approved	by	the	Narayana	Nethralaya	Ethics	committee,	
Bangalore.	Written	informed	consent	was	obtained	from	the	patient	
prior to the procedure. The study adhered to the tenets of declaration 
of Helsinki. Inclusion criteria included stable refraction (less than 
-12 D with astigmatism less than  -3 D) for a one year period (change 
less than 0.25 D). Patients with central corneal thickness (CCT) < 480 
µm or history any known ocular pathology and any prior ocular 
surgery or trauma, pregnancy or breast feeding were excluded from 
the study. In all the eyes, the expected residual stromal thickness 
was	>	250	µm.	

The	baseline	tests	included	the	assessment	of	uncorrected	(UDVA)	
and corrected (CDVA) distance visual acuity. Corneal tomography 
was	assessed	with	Pentacam™	(OCULUS	Optikgerate	Gmbh,	Wetzlar,	
Germany). All eyes underwent OCT imaging with RTVue™ (Optovue 
Inc.,	 CA,	USA).	Keratometry	 (flat	 and	 steep	 axis)	 of	 the	 anterior	
surface was obtained from Pentacam. In addition, keratometry of 
the	anterior	surface	and	Bowman’s	layer	was	calculated	from	OCT	
scans.4,5	One	eye	of	each	patient	underwent	wavefront	optimized	
LASIK	(Alcon	Laboratories,	Ft	Worth,	Texas,	USA)	using	keratometry	
from	Pentacam.	The	other	eye	underwent	BASIK	using	keratometry	
of	the	Bowman’s	layer.	Procedure	(LASIK	or	BASIK)	was	randomized	
to each eye. A single surgeon performed all the surgeries under 
topical anesthesia using 0.5% proparacaine hydrochloride instilled 
in the eye. The WaveLight FS200 femtosecond laser and WaveLight 
EX500	excimer	laser	was	used	for	the	entire	procedure.	The	flap	had	
a	9.0	mm	diameter,	110	µm	thickness,	with	optical	zone	of	6.0	mm.	

Ocular aberrometry was also performed pre and postoperatively 
with	Visual	adaptive	optics	(VAO)	analyzer.	Zernike	polynomials	
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up	to	order	6	were	used	over	a	fixed	analyses	diameter	of	4.5	mm.	
Contrast sensitivity was assessed with VAO. Three different contrasts 
were	tested:	50%,	75%	and	100%	contrast.	At	each	contrast,	the	patient	
reported the maximum cycles per degree, which he or she could 
distinguish clearly. Refractive error, Tomography, contrast sensitivity 
and aberrometry were performed pre and postoperatively (1, 3 and 
6	month).	UDVA	and	CDVA	were	assessed	preoperatively	and	6	
months post operatively.

STATISTICS

All variables were tested for normality of distribution with Shapiro-
Wilk test. Mean ± standard deviation was calculated. The p-value 
was	 adjusted	 with	 Bonferroni	 correction.	 A	 p-value	 <	 0.05	 was	
considered	statistically	significant.	All	statistical	calculations	were	
performed using MedCalc v18.5 software. 

RESULTS

Statistically,	vertical	coma,	horizontal	coma,	oblique	trefoil,	vertical	
trefoil	and	spherical	aberration	(SA)	were	similar	between	the	LASIK	
and	BASIK	eyes.	Preoperative	contrast	sensitivity	(cycles/degree)	
at different luminance were also similar between the two procedures.

On	the	basis	of	mean	curvature	(average	of	K1	and	K2),	Pentacam	
value	was	~1D	and	~1.35D	steeper	than	OCT	anterior	and	Bowman’s	
surface, respectively (p < 0.0001). At 6 months, compared to preoperative, 
54.4%	and	70.2%	of	 the	LASIK	eyes	had	postoperative	UDVA	of	
20/20 or better. Further, 98.3% of the eyes gained or had no change 
in Snellen lines on CDVA.  Compared to preoperative, 54.4% (p = 
1.0)	and	70.2%	(p	=	1.0)	of	the	BASIK	eyes	had	postoperative	UDVA	
of 20/20 or better. Further, 98.2% (p = 1.0) of the eyes gained or had 
no change in Snellen lines on CDVA. Thus, both groups had similar 
outcomes.

Both	groups	had	similar	contrast	sensitivity	preoperatively	(p	>	0.05).	
Further,	 they	had	 significant	 improvement	 in	 contrast	 sensitivity	
after surgery, which was stable up to 6 month follow-up (p < 0.001). 
In both groups, aberrations were relatively unchanged from 1 to 6 
month	follow-up.	In	LASIK,	vertical	coma,	SA	and	root	mean	square	
(RMS)	 of	 higher	 order	 aberrations	 (HOA)	 increased	 significantly	
after surgery (p < 0.05). Particularly, mean SA increased from 0.019 
µm	to	0.057	µm,	a	difference	of	0.038	µm.	In	BASIK	eyes	as	well,	
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vertical	coma,	SA	and	RMS	HOA	increased	significantly	after	surgery	
(p < 0.05). Mean SA increased from 0.004 µm to 0.049 µm, a difference 
of	0.045	µm.	Statistically,	LASIK	and	BASIK	had	similar	change	in	
aberrations as a result of surgery. However, a very interesting trend 
was	noted	in	SA.	The	increase	in	mean	SA	was	18.42%	more	in	BASIK	
eyes	than	in	LASIK	eyes.	Thus,	a	small	adjustment	in	keratometry	
appeared	to	cause	a	differential	change	in	SA	only	between	LASIK	
and	BASIK	eyes.

DISCUSSION

Since epithelium smoothens out the stromal irregularities, planning 
of	 customized	 refractive	 treatments	 can	 benefit	 with	 bowman’s	
topography.4,5	In	LASIK	and	BASIK	eyes,	keratometry	from	Pentacam	
and	OCT	were	used.	Both	LASIK	and	BASIK	had	similar	visual,	
refractive and contrast sensitivity outcomes up to 6 month follow-up. 
However, the trends with ocular aberrations, particularly SA, were 
noteworthy.

An interesting study investigated the correlation between the refractive 
state of the eye and ocular spherical aberration in emmetropic eyes 
using adaptive optics.6 When positive or negative SA was induced, 
emmetropic eyes became myopic or hyperopic, respectively.6 The 
study concluded that controlling the induction of positive spherical 
aberration	after	LASIK	is	important	to	ensure	optical	quality	of	night	
vision and reduce presbyopia symptoms.6 

The	most	notable	effect	of	BASIK	treatment	was	the	relative	change	
in	mean	ocular	SA.	BASIK	eyes	had	a	18.42%	greater	 increase	 in	
mean	ocular	SA	compared	to	LASIK.	Since	keratometry	was	the	only	
modifiable	parameter,	its	potential	use	to	modulate	ocular	SA	was	
a	very	interesting	finding.	Refractive	indices	of	air	and	epithelium	
are really different. This difference is very small between epithelium 
and	stroma.	Hence,	finer	changes	in	ocular	SA	may	be	induced	by	
using	the	topography	of	the	Bowman’s	layer.	Oblique	trefoil	of	LASIK	
eyes	was	significantly	different	from	the	BASIK	eyes	at	6	months.	
This	difference	was	too	small	to	be	clinically	significant.	Visual	acuity	
and refractive outcomes were excellent in both groups. These results 
show	the	selective	effect	of	Bowman’s	keratometry	on	ocular	aberrations	
only.	 LASIK	 leaves	 the	 internal	 aberrations	 to	 their	 preoperative	
levels.7 Thus, these are unlikely to change even in this study.                                                        

Preoperatively,	Bowman’s	keratometry	was	flatter	than	anterior	OCT	
and	Pentacam	keratometry.	Thus,	use	of	lower	keratometry	in	BASIK	
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eyes	compared	to	LASIK	eyes	probably	led	to	the	specific	ocular	SA	
changes.. A limitation of the study was that only 16 meridians from 
OCT (RTVue) were available for topography reconstruction as compared 
to 50 from Pentacam. In conclusion, visual, refractive, contrast and 
most	aberrometric	outcomes	were	comparable	between	LASIK	and	
BASIK	groups.	Only	mean	ocular	SA	tended	to	be	slightly	greater	
in	the	BASIK	group.						
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ABSTRACT

PURPOSE

To compare  the outcomes of hang - back and conventional recession 
of inferior oblique (IO) in V - pattern strabismus with inferior 
oblique overaction (IOOA).

METHODS

A	randomized	control	study	with	50	patients	of	age	6	to	30	years	
having V-pattern strabismus with IOOA, divided equally into  
groups	A	and	B,	underwent	bilateral	10	mm	IO	recession.	Group	
A		by	hang-back	method	and	Group	B	by	conventional		(park’s	)	
method. 

RESULTS

The mean preoperative V pattern was  23.44 ± 5.88 PD in group 
A	and	24	±	5.77	PD	in	group	B.	The	mean	correction	of	V	-	pattern	
at 3 months follow up was  18.32 ± 6.01 PD  in group A and  19.80 
±	5.99	PD		in	group	B.		The	mean	correction	of	IOOA		was	17.64	
±	2.43	PD	in	group	A	and	18.12	±	3.12	PD	in	group	B.Mean	shift	
in	extorsion	was	3.08	±	1.8	in	group	A	and	3.72	±	2.14	in	group	B.

CONCLUSIONS

Both	the	procedures	are	equally	efficacious	however	hang	-	back	
recession being a safe and landmark free surgery,  can be an attractive 
alternative to conventional recession.

Dr. Ankita Bharadwaj, Guru Nanak Eye Centre, MAMC, New Delhi

This Paper was judged as the BEST PAPER of SQUINT Session.
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INTRODUCTION

Pattern	 strabismus	 has	 added	 a	 new	 dimension	 to	 the	 field	 of	
strabismology. It has been a subject of considerable research for the 
last	few	decades	as	it	is	difficult	to	manage	as	compared	to	concomitant	
horizontal	 deviations.	 Pattern	 strabismus	 is	 defined	 as	 vertical	
incomitance	in	horizontal	deviation.1 The etiology of A and V phenomena 
has	evolved	through	various	hypothesis	and	horizontal	recti,	vertical	
recti, the obliques and orbital factors have been held responsible for 
this phenomenon.2 The oblique muscle dysfunction has been the 
most popular theory till date.2,3

As the role of inferior oblique overaction (IOOA) was established in 
the etiopathogenesis of V pattern, the role of inferior oblique muscle 
weakening procedures came into play.4,5,6 Various procedures for 
inferior oblique weakening have been described like myotomy, 
myectomy at origin, denervation - extirpation, recession, pure antero-
positioning and anteronasal transposition.7,8,9,10,11,12,13,14

Recession of the inferior oblique remains the most popular method 
as its superiority was proved by Park’s study in 1972 and has been 
theaccepted surgery worldwide.15 Hang back recession is relatively 
a new, safe and effective entity for inferior oblique weakening, described 
by	Kamlesh	et	al	in	2007.16 It is a landmark free surgery which requires 
minimal manipulation, thus taking a shorter surgical time. There is 
a paucity of study comparing the results of Hangback recession and 
conventional method of recession in V-pattern strabismus.

This study aims to compare the results of conventional and Hang-
back recession of inferior oblique in patients with V pattern strabismus 
with	 inferior	 oblique	 over	 action	 in	 terms	 of	 their	 efficacy	 and	
complications.

MATERIALS AND METHODS

We	conducted	a	prospective	interventional	randomized	comparative	
study at a tertiary eye care centre. The study was approved by 
Institutional Ethics Committee and research adhered to the tenets 
of Declaration of Helsinki.50 patients in age group 6 to 35 yearswith 
significant	V	phenomena	(i.e.	At	least	15	prism	diopter	difference	
between	the	upgaze	and	downgaze	measurements)	with	IOOA	were	
included in the study after taking informed consent. The exclusion 
criteria were, IOOA less than 10 prism diopters, history of any previous 
strabismus surgery, restrictive strabismus, neurological instability 
and presence of nystagmus or any fundal pathology.They were 
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randomly assigned in two groups of 25 patients each. Group A 
underwent	conventional	method	of	recession	while	Group	B	underwent	
inferior oblique recession by Hangback method. 

A detailed history was taken with emphasis on the age of onset of 
strabismus, progression, duration, deviation if constant or intermittent, 
asthenopic symptoms, diplopia, history of any previous treatment, 
amblyopia therapy or surgery and family history of squint. A thorough 
preoperative examination was done including unaided and best 
corrected	visual	acuity	(BCVA)	obtained	after	cycloplegic	refraction,	
anomalous	head	posture,		measurement	of	horizontal	and	vertical	
deviation, Inferior oblique overaction, pattern, torsion and assessment 
of binocularity.

All patients underwent 10 mm Inferior oblique recession in addition 
to	horizontal	muscle	surgery	as	required.	Patients	were	worked	up	
for local or general anaesthesia as needed, The surgeries were performed 
by same surgeon. For local anaesthesia,  peribulbar block was given 
with 2% lignocaine and 0.5 % bupivacaine mixed with hyaluronidase. 
Success	was	 defined	 as	 residual	V	 pattern	 of	 less	 than	 10	 prism	
dioptersat 12 weeks post operative period for both the surgical 
procedures.

SURGICAL TECHNIQUE

Group A underwent conventional recession of Inferior oblique by 
parks	method	while	Group	B	patients	underwent	hangback	recession	
of	 inferior	 oblique.	 Simultaneous	 horizontal	 rectus	 surgery	 was	
performed	according	to	the	amount	of	horizontal	deviation	in	primary	
gaze.

Initial steps of the surgeries remain same in both the procedures. 
Traction sutures were applied. A fornix based conjunctival incision 
is made in the inferolateral quadrant 8 mm from the limbus and 
dissection of tenon’s capsule is performed to identify inferior oblique 
muscle, and the fascial attachments of the muscle are cut under direct 
visualization.

GROUP A

 In the conventional recession by parks method, a double armed 6-0 
vicryl suture was passed 3 mm from the insertion of the inferior 
oblique muscle at the anterior border. The muscle was then severed 
from its insertion 3 mm from the globe in order to ensure that there 
was no damage to the macula. The lateral end of the inferior rectus 
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insertion	was	now	visualized	with	minimum	dissection.	The	anterior	
end of the inferior oblique was now attached 3 mm inferior and 2 
mm	lateral	to	this	end	of	the	inferior	rectus.	Horizontal	muscle	surgery	
was done at this time if needed and then the conjunctival incisions 
closed by 6-0 vicryl or silk.

GROUP B

In hang back recession method, a suture was passed 4 mm from the 
insertion site through the width of the inferior oblique muscle, with 
locking bites on both ends. The same suture was then passed proximally 
2 mm from the insertion site in a loose fashion. In this way loops 
were formed between the proximal and distal suture bites on the 
inferior oblique muscle. The intermediate area between the two suture 
lines was then cut. The proximal part of the severed muscle is then 
suspended from the distal muscle. The amount of recession to be 
performed is then measured on both arms of the polyglactin 910 
suture. While the surgeon holds the suture with the help of smooth 
forceps, the proximal ends of the suture are tied. The proximal portion 
of the muscle is allowed to retract into its sheath and is expected to 
stay recessed according to the amount of recession, preserving the 
normal course of the muscle.

Patients were prescribed steroid and antibiotic eye drops 6 hourly 
along with a lubricant. Post operative follow-up was done at day 1, 
1 week, 1 month and 3 months and results were recorded. The post 
operative	follow	up	included	assessment	of	visual	acuity,	horizontal	
alignment, measurement of V pattern and  IOOA , binocularity, torsion 
and complications if any. 

STATISTICAL ANALYSIS

Quantitative variables were compared using Independent T test/
Mann-Whitney Test (when the data sets were not normally distributed) 
between the two groups. Qualitative variables were compared using 
Chi-Square test/Fisher exact test. A p value of < 0.05 was considered 
statistically	significant.

RESULTS

50 patients divided in two groups of 25 each were operated and 
followed up for a minimum of 3 months. The mean age was 13 ± 
6.12	years	in	group	A	while	the	mean	age	in	group	B	was	12.92	±	
6.62 years with a range of 6 to 30 years. V esotropias presented at an 
earlier age than V exotropias.
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In	Group	A,	the	LogMar	BCVA	was	0.22	±	0.24	in	right	eye		and		0.2	
±	0.25		in	left	eye.	In	Group	B,	the	LogMar	BCVA	in	right	eye	was	
0.12 ± 0.19 and in left eye it was 0.14 ± 0.16. The best corrected visual 
acuity remain unchanged after the squint surgery till three months 
follow up. Refractive error was noted in 31 individuals out of which 
19 (38%) were hyperopes and 12 (24%) were myopes. Rest of the 
patients (38%) were emmetropic. It can be inferred from the results 
of our study that the prevalence of hypermetropia was more in 
esotropes and myopia more in exotropes.  

The prevalence of amblyopia in our study was 16% either unilateral 
or bilateral. 90% of amblyopic patients were esotropic pre-operatively. 
This could be because of early onset of deviation in esotropes leading 
to strabismic amblyopia. Early age of onset of deviation and uncorrected 
refractive error lead to more prevalence of bilateral amlyopia overall 
and in esotropes in our study.

Refractive errors can paly a role in development of misalignment of 
eye because of their effect on accommodation. Hypermetropes because 
of poor near vision put more accommodative effort in order to see 
a near object clearly which leads to convergent squint. Similarly, 
myopes use less than normal accommodative convergence because 
of good near vision. This constant understimulation of convergence 
may cause a divergent squint.

Preoperatively, out of 50 patients 27 (54%) were esotropic and 23 
(46%) were exotropic. Postoperatively  36 (72%)  patients were 
orthotropic	after	the	first	surgery,	17	in	group	A	and	19	in	group	
B.Out	of	these	16	patients	who	remained	esotropic	or	exotropic,	10	
patients were within 10 PD of orthotropia which was considered as 
success criteria. Only 6 patients had residual deviation in primary 
gaze.	There	were	no	cases	of	consecutive	esotropia	or	exotropia.

Preoperative mean V pattern in group A was 24 ± 5.4 PD while in 
group	B	was	23.44	±	6.44	PD.		Postoperative	mean	V	pattern	in	group	
A was 3.32 ± 3.52 PD at 1 week, 3.96 ± 3.35 PD at 1 month and 4.2 ± 
3.51	PD	at	3	months.	The	postoperative	mean	V	pattern	in	group	B	
was 4.24 ± 4.25 PD at 1 week,  5.12 ± 4.08 PD at 1 month and 5.76 ± 
3.8 PD at 3 months. The mean reduction in V pattern in group A was 
20	±	6.78	PD	while	in	group	Bwas	18.2	±	5.48	PD	at	3	months	follow	
up.	The	difference	was	statistically	significant	(p=	0.041)

IOOA was graded on a scale of 1+ to + 4 on the basis of amount of 
overelevation in adduction. 
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The pre operative average IOOA in group A was 19.12 ± 3.29 PD in 
right	eye	and	18.92	±	3.51	PD	in	left	eye,	in	group	B	was	18.28	±	3.17	
PD in right eye and 17.68 ± 2.73 PD in left eye.

The postoperative IOOA in group A was 0.64 ± 2.33 PD at 3 months 
in right eye and 0.8 ± 2.55 PD in left eye.

In	group	B,	the	postoperative	IOOA	was	1.76	±	1.38	PD	at	3	months	
in right eye and 2.08 ± 1.53 PD in left eye. The reduction in IOOA in 
group	A	was	18.48	±	3.13	PD	while	in	group	B	the	reduction	in	IOOA	
was 16 ± 2.93   PD at 3 months follow up which was statistically 
significant.

The	mean	preoperative	deviation	in	primary	gaze	in	group	A	was	
45.6		±	11.67	PD	while	in	group	B	it	was	47.6	±	6.47	PD.	Postoperatively,	
the	mean	deviation	in	primary	gaze	at	1	week	was	3.92	±	6.97	PD	in	
group	A	 and	 3.16	 ±	 4.54	 PD	 in	 group	 B.	At	 3	months	 the	mean	
postoperative	deviation	in	primary	gaze	3.92	±	6.97	PD	in	group	A	
and	3.4	±	4.85	PD	in	group	B.

Preoperatively, 92 % patients had extorsion as measured by their 
fundus	photograph.	No	subject	had	intorsion.	The	average	torsion	
in group A was 18.52 ± 3.95 degrees in right eye and 17.64 ± 3.38 
degrees	in	left	eye.	In	group	B	the	values	were	18.4	±	3.87	degrees	in	
right eye and 18.32 ± 4.63 degrees in left eye. 

The post operative torsion at 3 months in group A was 14.12 ± 2.74 
degrees	in	right	eye	and	13.28	±	2.49	degrees	in	left	eye.		In	group	B	
post operative torsion at 3 months was 13.6 ± 2.36 degrees in right 
eye and 13.8 ± 3.24 degrees in left eye. The reduction in torsion in 
group	A	was	4.0	±	1.47	degrees	while	in	group	B	it	was	3.6	±	1.96	
degrees at 3 months follow up.

10 % (5) patients developed grade 2 binocularity post-operatively, 
2	in	group	A	and	3	in	group	B	while	only	1	patient	showed	stereopsis	
for near after surgery. It was observed that early age at surgery and 
short duration between onset of strabismus and surgery favoured 
the development of binocularity.

There were no cases of consecutive esotropias or exotropias. There 
were no cases of scleral perforation or snaring of tenon’s capsule. 
No	limitation	of	elevation	was	seen	in	any	case	postoperatively.
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DISCUSSION

The pathogenesis , evaluation and management of pattern strabismus 
has developed through various stages and still remains a challenging 
situation. The surgical approach depends on the amount of inferior 
oblique	overaction	which	is	identified	by	over	-	elevation	in	adduction.	
Moderate amount of IOOA can be corrected by recession which has 
been the most preferred method of inferior oblique weakening.
However conventional recession requires extensive dissection for 
identification	of	muscle	insertion	and	the	muscle	is	sutured	to	the	
new insertion point in relation to inferior rectus or lateral rectus. The 
procedure	of	intrascleral	suturing	becomes	difficult	in	children,	high	
myopes and  cases with scleral thinning. The risk of inadvertent 
scleral perforation and snaring of tenon’s capsule becomes higher 
especially	with	inexperienced	surgeons.	Also	it	is	difficult	to	adjust	
the sutures post operatively if required. Hangback recession theoretically 
eliminates	 these	 problems	 but	 the	 efficacy	 of	 this	 relatively	 new	
procedure has been questioned in the past. This study was conducted 
to compare the two methods of inferior oblique recession in terms 
of	their	efficacy	and	complications..

We compared the reduction in V pattern and the post operative drift 
in the two groups. The mean preoperative V pattern was 23.44 ± 5.88 
PD	in	group	A	and	24	±	5.77	PD	in	group	B.	The	correction	of	V-pattern	
with mean follow up of 1 year was  18.32 ± 6.01 PD  in group A and  
19.80	±	5.99	PD		in	group	B.		The	correction	of	IOOA		was	17.64	±	
2.43	PD	in	group	A	and	18.12	±	3.12	PD	in	group	B.

The mean reduction in V pattern by conventional recession as reported 
by	Kamlesh	et	al		was	26.9	PD	.	In	V	exotropes	,	reduction	was	25.83	
PD and in V esotropes reduction was 19.75 PD. The only study available 
on	hangback	recession	by	Kamlesh	et	al	reported	a	correction	of	19	
± 2 PD in V-exotropia group and 22 ± 7 PD in V-esotropia group. 
Other studies on conventional recession have showed similar results. 
Burian	obtained	an	average	correction	of	15.4	PD	in	V-esotropia	and	
11.4 PD in V-exotropia after bilateral inferior oblique recessions.17  
Prem Prakash et al obtained a correction of 11 PD in V-exotropia and 
9 PD in V-esotropia.18	We	obtained	a	satisfactory	outcome	defined	
as V pattern less than 10 PD in 94 % of our cases.

The reduction in V-pattern was also more in esotropes except in 
group	B	 exotropes.	However,	 the	 difference	was	 not	 statistically	
significant	(P	value	:	0.546).	Earlier	studies	by	Kamlesh	et	al	reported		
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more amount of reduction of V-pattern in exotropic patients while 
another	study	by	Kamlesh	et	alon	Hangback	recession	showed	more	
reduction in esotropic patients.16,19

The shift in torsion between the two groups were comparable. Extorsion 
was corrected markedly at 3 months follow up postoperatively in 
both the groups.20

We	also	analyzed	the	post	operative	drift	in	alignment	and	V	pattern	
seen	at	3	months	post-operatively.	No	significant	difference	in	alignment	
was	seen	in	primary	gaze	between	1week	post	and	3	months	post	
operative period between the two groups. The V pattern at 3 months 
post operative was slightly more as compared to 1 week postoperative 
values. Hence, the reduction in V-pattern showed a decreasing trend 
over	3	months	but	the	data	was	not	statistically	significant	(p	=	0.873).	
Study by Park showed that the inferior oblique overaction reoccurred 
over 2 years. The mean V pattern showed an increasing trend from 
1 week to 12 weeks postoperatively however the difference was not 
statistically	significant.	(P	-	value	:	0.98)15

The	difference	between	the	two	groups	was	not	statistically	significant	
The attainment of binocularity was dependent on the age of onset 
of strabismus and the age at the time of surgery.

We conclude that the outcomes of both the procedures are comparable, 
however, hangback recession has some additional advantages being 
a landmark free surgery with minimal manipulation eliminates the 
need for intrascleral suturing, thereby reducing the risk of inadvertent 
scleral perforation and snaring of tenon’s capsule. It is a relatively 
easier method taking shorter surgical time with reduced post operative 
congestion and discomfort. It may be preferred in children where 
the working space is lesser and the scleral rigidity is low. It also offers 
a theoretical advantage of intra or post-operative adjustment of the 
inferior oblique muscle.

Since	the	site	of	attachment	is	not	fixed	in	Hangback	recession,	the	
results can vary in different patients making it a less predictable 
procedure as compared to conventional recession. The width of the 
muscle might not be maintained as bulking of the muscle occurs in 
hangback procedures.

Hang-back recession of inferior oblique may be considered as a method 
of choice in patients of V-pattern strabismus with moderate amount 
of inferior oblique overaction.
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	However,	this	study	has	limitation	of	small	sample	size	and	relatively	
short duration of follow up. Prospective study with longer follow 
up	and	larger	sample	size	may	be	required	for	comparing	the	outcomes	
and complications (including post-operative drift) of hang-back 
recession of inferior oblique with conventional recession.

REFERENCES
1.	 Urist	MJ.	Horizontal	 squint	with	secondary	vertical	deviations.	Arch	

Ophthalmol1951;	46:	245.
2.	 Urist	MJ.	The	 etiology	of	 the	 so-called	“A”	&	“V”	 syndromes.	Am	 J	

Ophthalmol.	1958;	46	(6):	835	-	44.
3.	 Parks	MM.	The	Overacting	Inferior	Oblique	Muscle:	The	XXXVI	Deschweinitz	

Lecture.	American	Journal	of	Ophthalmology.	1974;	77	(6):	787	-	97.
4. Parks MM. Inferior oblique weakening procedures. Int Ophthalmol Clin 

1985;	25:	107́17.
5.	 von	Noorden	GK,	Olson	CL.	Diagnosis	and	surgical	management	of	

vertically	 incomitant	 horizontal	 strabismus.	 American	 journal	 of	
ophthalmology.	1965;	60	(3):	434	-	42.

6.	 Knapp	P.	A	and	V	patterns.	In	Symposium	on	Strabismus.	Transactions	of	
the	New	Orleans	Academy	of	Ophthalmology,	St	Louis.	The	CV	Mosby.	1971

7.	 Gonzalez	C.	Denervation	of	the	inferior	oblique	(as	a	weakening	surgical	
procedure).	Trans	Am	Acad	Ophthalmol	Otolaryngol.	1974;	78:	816	–	23

8. Del Monte MA, Parks MM. Denervation and Extirpation of the Inferior 
Oblique.	Ophthalmology.	90	(10):	1178	-	85.

9. Gobin MH. Anteroposition of the inferior oblique muscle in V-esotropia. 
Ophthalmologica.	1964;	148	(5):	325	-	41.

10.	Stager	DR,	Jr.,	Beauchamp	GR,	Wright	WW,	Felius	J,	Stager	D,	Sr.	Anterior	
and	nasal	transposition	of	the	inferior	oblique	muscles.	Journal	of	AAPOS:	
the	 official	 publication	 of	 the	 American	 Association	 for	 Pediatric	
Ophthalmology	and	Strabismus.	2003;	7	(3):	167	-	73.

11. Fink WH. Oblique muscle surgery from the anatomic viewpoint. American 
journal	of	ophthalmology.	1951;	34	(2):	261	-	81.

12.	Apt	L,	Call	NB.	Inferior	oblique	muscle	recession.	American	journal	of	
ophthalmology.	1978;	85	(1):	95	-	100.

13.	Stager	DR.	Anatomy	and	surgery	of	the	inferior	oblique	muscle:	Recent	
findings.	JAAPOS.	2001;	5	(4):	203	-	8.

14. White JW. Surgery of the inferior oblique at or near the insertion. American 
Journal	of	Ophthalmology.	1943;	26	(6):	586	-	91.

15. Parks MM. The weakening surgical procedures for eliminating overaction 
of the inferior oblique muscle. American journal of ophthalmology. 1972; 
73(1):	107	-	22.



Best Free Papers

286

16.	Kumar	K,	Prasad	HN,	Monga	S,	Bhola	R.	Hang	back	recession	of	inferior	
oblique muscle in V pattern strabismus with inferior oblique overaction. 
JAAPOS	2008;	12:	401	-	4.

17.	Burian	HM,	Cooper	EL,	Costenbader	FD.	Symposium:	The	A	And	V	
Patterns In Strabismus. Treatment. Trans Am Acad Ophthalmol Otolaryngol. 
American Academy of Ophthalmology and Otolaryngology. 1964;  
68:	375	-	84.

18.	Prakash	P,	Menon	V,	Nath	J.	Surgical	management	of	A	&	V	patterns.	
Indian	journal	of	ophthalmology.	1983;	31	(5):	463.

19.	Kamlesh,	Dadeya	S,	Kohli	V,	Fatima	S.	Primary	inferior	oblique	overaction-
management by inferior oblique recession. Ind J Ophthalmol 2002; 
50:	97-101.

20. Sharma P, Halder M, Prakash P. Torsional changes in surgery for AV 
phenomena.	Indian	journal	of	ophthalmology.	1997;	45	(1):	31.

Navigation Guided External Optic Canal 
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ABSTRACT

Traumatic	Optic	Neuropathy	(TON)	is	a	potential	cause	of	visual	
loss following an injury to the optic nerve consequent to a blunt or 
penetrating head or Orbito-adnexal trauma. It has an incidence of 
0.5 - 5.0% after closed head injury.1

Besides	decrease	in	visual	acuity,	associated	visual	field	defect,	color	
vision defect, relative afferent pupillary defect along with changes 
in	Visually	evoked	potential	(VEP),	Changes	in	Retinal	Nerve	fibre	
and Ganglion Cell Layer (GCL) in OCT have also been noted. Though 
the	incidence	of	indirect	TON	is	more,	however	the	outcomes	indirect	
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traumatic optic neuropathy has been found to be more visually 
compromising which usually results from direct trauma to the optic 
nerve from sharp objects, missiles and bony fragments leading to 
anatomical damage to the optic nerve. 

Treatment options include observation, intravenous steroids, surgical 
decompression of optic canal and a combination of both. The management 
remains	controversial,	as	the	exact	efficacy	of	medical	or	surgical	
treatments is debatable. The present study has been undertaken to 
propose	and	establish	an	effective	standard	of	care	in	direct	TON	
cases.

AIM

To	report	the	surgical	outcome	of	Navigation	guided	external	optic	
canal	decompression	(NGEOCD)	in	direct	traumatic	optic	Neuropathy	
(DTON)	and	to	analyze	the	visual	outcome,	VEP,	Retinal	Nerve	Fibre	
(RNFL)and	Ganglion	cell	layer	(GCL)	changes	following	NGEOCD	
in	DTON

MATERIALS AND METHODS

This was a hospital based, prospective interventional case series. 
The study was approved  by the Institutional Ethics Committee  and  
conformed to the  principles  outlined  in  the  Declaration  of  Helsinki 
on	human	study.	All	consecutive	patients	of	>18	years	of	age	presenting	
with	direct	TON	without	brain	trauma	were	included	in	the	study.	

INCLUSION CRITERIA 

• H/O injury within 6 weeks, 

•	 age	>18	years,

• visual acuity< Finger Counting close to face (FCCF) that could  
not  be  explained  by  other  causes 

• the presence of a relative afferent  pupillary  defect and it’s 
grade(with	Neutral	Density	Filter).

EXCLUSION CRITERIA 

H/o head injury with GCS < 15

Thorough history was elaborated in relation to details of trauma, 
time lapsed after trauma, associated ocular injury,primary treatment 
before referral, H/O Intravenous methyl Prednisolone (IVMP), pattern 
of	visual	loss.	Complete	ocular	examination	was	done,	including:-
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• visual acuity, 
• pupil reaction, 
• anterior segment, 
• fundus and disc examination with photographic documentation
• Intraocular Pressure.

Diagnosis	was	made	 based	 on	 clinical	 findings	 along	with	 radio	
imaging	(CT/MRI),	VEP	and	OCT	RNFL	and	OCT	GCL.	Pre-operatively	
High-Resolution Computed Tomography (HRCT) scan of the head 
and the orbit (contiguous slices of 1mm thickness and 1mm slice 
interval, FOV upto 250) was done to localise the fractures. In all cases 
Magnetic Resonance Angiography (MRA) was done to rule out any 
other	pathologies	such	as	low	flow	carotid	cavernous	fistula.	

All patients received IVMP 1 gram daily for 3 days preoperatively 
and  then  patients  whose  Visual Acuity did not show any improvement  
after  intravenous  treatment  were advised for minimally invasive 
transcaruncular external optic canal decompression (TCEOCD). 

Pre-operative CT scans of orbit and optic canal were obtained as per 
navigational guidelines. The data was then uploaded on the Stealth 
Station’s S7 workstation and 3 D model was build using the software. 
The software provides a scope for further planning of the surgery 
by deciding the surgical approach , point  of entry and a target 
localisation (here medial wall of the optic canal), creating a colour 
coded	model	of	the	specific	anatomical	structures	(e.g.	optic	nerve,	
optic canal, blood vessels, extraocular muscles etc.). An accurate 
registration process (variation < 2 mm) is to be followed before starting 
the	surgery	for	Navigation	system.	The	surgery	was	performed	under	
continuous	monitoring	 using	 the	Navigation	 probe	 to	 locate	 the	
specified	anatomical	 landmarks.	The	optic	canal	was	approached	
via medial transcaruncular incision and further dissection was carried 
out to access the medial wall of the orbit. The posterior ethmoid bone 
was localised and further upward and medial dissection  was done 
to approach the optic canal. Once the target point was reached and 
confirmed	using	the	Navigation	stylet,	the	anterior	inferior	part	of	
the	medial	bony	wall	canal	was	punched	out	with	a	1	mm	Kerrison	
punch, and the bone fragment impinging the optic nerve was removed 
thereby decompressing the optic canal into the sphenoid sinus. In 
case of pre-existing bony fractures of optic canal, fractured segments 
were removed whenever found. In cases of intra-canal haematoma 
adequate drainage of haematoma done along with decompression 
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of the medial wall of the canal. The conjunctival incision was closed 
with 6 - 0 polyglactin interrupted sutures. Postoperatively, all patients 
received	 intravenous	 injection	 erythropoietin	 6000	 IU	daily	 for	 3	
days, oral citicoline 500 mg tablets 8 hourly daily for 3 months and 
oral and topical antibiotics for one week. Patients were followed up 
at day 1, day 7, 1 month, 3 months, 6 months, then one yearly after  
surgery.  A patient’s visual acuity (VA) was considered to have 
improved if an improvement was noticed from no light - perception 
to light perception or even better from the preoperative recorded 
vision.

RESULTS 

Stereotactic	NGEOCD	using	CT,	MRI	and	MRA	as	intraoperative	
image - guiding tool were performed in 32 eyes of 32 patients  having 
DTON	with	post	injury	lag	time	of	48	hours	to	6	weeks	and	unresponsive	
to IVMP. Mean follow-up was 12 months. There were 29 male and 
3 females. 28 eyes had fracture of the optic canal with bony impingement 
of optic nerve and 4 eyes had optic nerve sheath haematoma. Of the 
Optic canal fracture 16 eyes had medial wall fracture, 7 had superior 
wall fracture, 1 had combined medial and superior wall fracture and 
4 had lateral wall fracture

Pre-operative vision was < 20/200 in 4 eyes and denial of light 
perception (PL) in 28 eyes.

1	year	post-operative,	vision	was	PL	+ve	(n=4),	≤	20/100	(n=14)	,	≥	
20/80	(n=10)	and	PL	–ve	(n=4).	

Of	 the	 4	patients	with	Post-operative	PL	–ve	 ,	 2	had	 lateral	wall	
fracture, 1 had type three optic nerve and 1 had superior wall fracture.

Pre-operative VEP latency showed a mean P 100 latency of 126 ms 
and the mean post-operative P 100 was 88 ms. Mean VEP amplitude 
was 2.01 ± 1.32 µV preoperative and 4.48 ± 1.44 µV postoperative (p 
=	0.001).	Significant	improvement	recorded	in	GCL	and	RNFL	on	
OCT in the study period with highest improvement noted in the 
superior and nasal quadrant (p < 0.05). Though most patients had 
shown atrophy of Ganglion Cell Layer in the post-operative follow 
up period of 1 year, however 4 patients had shown improvement in 
the differential map.

DISCUSSION

The treatment of traumatic optic neuropathy remains controversial 
due to its multi factorial aetiopathogenesis.5 The use of the high or 
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mega	dose	of	corticosteroids	 for	TON	patients	 in	National	Acute	
Spinal	Cord	Injury	Study	II	(NASCIS	II)	has	shown	improvement	in	
acute	spinal	cord	injury	patients	but	later	Corticosteroid	Randomization	
After	Significant	Head	(CRASH)	injury	study	revealed	that	this	regime	
increased the relative risk of mortality in patients with head injury. 
The	International	Optic	Nerve	Trauma	Study	(IONTS)	concluded	
that neither corticosteroids nor OCD is the standard protocol of care 
for	TON	patients	and	the	treatment	modality	must	be	individualised	
according to every patient. Surgical decompression of the optic nerve 
has	been	debatable	since	long,	however	recently,	benefits	of	surgical	
OCD	in	both	direct	and	indirect	TON	has	been	reported.2 Pre-surgical 
planning and intraoperative localisation under navigation helped 
to prevent accidental optic nerve and ophthalmic artery injury in 
our	cases.	The	recent	introduction	of	Stereotactic	Navigation	technology	
has opened novel avenues of possibilities in ophthalmic surgeries. 
This	technology	has	a	potential	to	provide	better	localization	and	
precision to aid the surgeon in the optic canal decompression surgery, 
and possibly give hope for a better visual outcome.2

The intraoperative use of stylet provides the exact location and can 
confirm	radiological	confirmation	of	the	particular	structure.	This	
external	medial	transcaruncular	approach	with	Navigation	guidance	
provides better surgical access and better intraoperative guidance.

The commonly recognised indications of OCD surgery are radiological 
evidence of OCF(Optic Canal Fracture), impingement of optic nerve 
by fracture fragment, intraneural edema and an optic nerve sheath 
hematoma.6	Wentao	Yan	et	al5 reported the visual improvement was 
78.4% for patients with OCF and 87.6% for patients without OCF in 
a large retrospective comparative case series. They also demonstrated 
that in 20.9% patients, OCF were not detected pre-operatively by 
HRCT, which were noted intraoperatively during endoscopic trans-
ethmoidal OCD. 

In the present study, 75% patients with PL negative vision reported 
an improvement of VA after TCOCD. 61.90% of late presented patients  
had  improved Visual Acuity after OCD, which  emphasises  that  
we	should	never	give	up	on	TON	patients	with	No	Light	Perception	
or with late presentation for treatment.

Medial transcaruncular approach for optic canal decompression in 
TON	patients	who	are	unresponsive	to	steroids	provides	easier	and	
direct access to the optic canal, with good results and can be considered 
a standard treatment alternative for such patients.
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Thus	NGEOCDalong	with	systemic	neuroprotective	drugs	has	provided	
excellent	clinical	and	visual	outcome	in	DTON.	
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INTRODUCTION

Lyme	 disease	 is	 caused	 by	 a	 spirochaete	 Borrelia	 burgdorferi.	 R		
Borrelia	is	transmitted	to	humans	by	the	bite	of	infected	ticks	belonging	
to a species of the genus Ixodes (deer ticks).  R Clinical manifestations 
of Lyme disease are heterogenous and in the early phase mainly 
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include erythema migrans (EM) and musculoskeletal symptoms. R  
In the late stages, neurologic system, heart, joints and eyes become 
affected and chronic skin changes appear.  Different clinical manifestations, 
overlapping symptoms and high antigenic variability of borrelia 
makes	a	reliable	diagnosis	of	Lyme	disease	difficult.	R		If	detected	
early, symptoms are eliminated by antibiotics. Late, delayed or 
inadequate treatment may lead to serious complications.  The standard 
diagnostic	protocol	for	laboratory	confirmation	consists	of	a	2	step	
algorithm	including	enzyme	linked	immunosorbent	assay	(ELISA)	
and	western	blot	(WB)	test	for	confirmation.	R	

In India, Lyme disease is not commonly considered in the differential 
diagnosis of uveitis.  Recently we reported a case of neuroretinitis 
hailing	from	a	forest	region	of	Nagarhole,	Kodagu	district,	Karnataka,	
South India who was diagnosed as a possible Lyme disease on the 
basis of a positive western blot test to borrelia burgdorferi antigen 
and improvement with doxycycline.  However the tick isolated was 
not Ixodes but Haemophysalis.  We have had 2 similar cases after 
this	from	the	forest	areas	of	Nagarhole	in	south	India.		In	addition,	
there has been an outbreak of Lyme borreliosis in Wayanad district 
of kerala. There have also been sporadic reports of Lyme disease in 
Northern	India	from	Shimla	and	Harayana.		Praharaj	et	al	found	that	
13% of populations in north eastern states of India were positive for 
Borrelial	antibodies.		Ixodes	ticks	have	been	reported	in	the	Himalayan	
regions of India and more recently in the Western ghats and thus 
there is a likelihood that Lyme disease may exist in our country.  
Currently we do not have any data on the seroprevalence of this 
disease in our patient population nor do we know if Lyme disease 
is underdiagnosed in India.  The aim of this study is to determine 
the seroprevalence of Lyme disease in a patient population at risk, 
residing	in	and	around	the	forests	of	Nagarhole	and	Bandipur	in	
south India and describe any ocular or systemic manifestations of 
this	disease.		This	study	is	the	first	of	its	kind	in	South	India.	

MATERIALS AND METHODS

The	 study	was	 undertaken	 in	 the	 forest	 areas	 of	Nagarhole	 and	
Bandipur	in	South	India	between	March	2017	–	Feb	2019.		The	study	
population included forest department works and helpers deployed 
in	these	jungles	and	natives	of	the	Nagarhole	and	Bandipur	forest	
ranges.  
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INCLUSION CRITERIA

Subjects	≥	18	years	of	age;	working	or	 living	in	the	forest	area	of	
Nagarhole	or	Bandipur	and	those	patients	capable	of	giving	informed	
consent will be included in the study.  

EXCLUSION CRITERIA

Subjects < 18 years of age and those patients not capable of giving 
informed consent.  

This study had our Institutional ethics committee approval and all 
necessary clearances from the principal conservator of forests.  The 
study on human subjects was conducted as per the declaration of 
Helsinki.  

Forest	workers	and	helpers	were	screened	in	different	areas	of	Bandipur	
and	Nagarhole	ranges	in	South	India.		After	an	informed	consent,	
all participants completed a questionnaire about area of residence, 
age, gender, profession, exposure to tick bites, symptoms involving 
skin, nervous system and joints. A systemic examination was done 
by an infectious disease specialist.  Ocular evaluation was done by 
an ophthalmologist and included best corrected visual acuity, slitlamp, 
dilated fundus and intraocular pressure examinations.  Extraocular 
motility and pupillary examinations were done by means of a torch 
light.

3.5 ml of peripheral venous blood was collected from the antecubital 
vein of the subjects. The blood was allowed to clot and the serum 
was separated by centrifugation.  The sera were then transported on 
dry ice to Vittala International Institute of Ophthalmology and stored 
in	multiple	aliquots	and	frozen	at	-70o C.

All sera samples were screened using an ELISA test for detection of 
specific	IgM	and	IgG	antibodies	against	Borrelia	Burgdorferi	(Novatech,	
Germany), according to manufacturer’s instructions. In order to avoid 
cross reactivity and false positive results, the positive serum samples 
were also tested for rheumatoid factor, antinuclear antibodies and 
Treponema pallidum haemagglutination tests.  

If	the	tests	were	positive	for	ELISA,	confirmation	was	done	by	western	
blot	analysis	for	IgM	and	IgG	antibodies	(Viramed	biotech	Ag,	Borrelia	
B31	Virablot,	Germany)	according	to	the	manufacturer’s	recommendations.	
Antibodies against individual antigenic fractions p100, VlsE, p58, 
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p41, p39, OspA, OspC, p18. The interpretation of the results were 
done according to the scheme proposed by the producer.

Ticks were collected from the forests by the “tick drag” method.  
They were grouped, crushed and subjected to PCR to verify if they 
harbor	the	spirochete	Borrelia	Burgdorferi	in	them.	Statistical	analysis	
including descriptive statistics was done using SPSS package at <5% 
level	of	significance.

RESULTS

518 forest workers and helpers were screened. Out of this, there were 
450 males (86.9%) and 68 females (13.1%).  Only 463 blood samples 
were collected. ELISA was positive for IgM antibodies in 83  
cases (17.6%) and IgG antibodies in 26 cases (5.5%).  Indeterminate 
results were obtained in 61 cases (13%).  Western blot positivity  
was	seen	 in	15	cases	 (14.4%).	 	There	was	a	significant	correlation	
between h/o exposure to tick bite and ELISA positivity (0.023). There 
was	no	correlation	between	arthritis,	skin	rashes,	CNS	symptoms,	
cardiovascular abnormalities with seropositivity. One patient in  
this	study	with	seropositivity	with	western	blot	confirmation	had	
unilateral retinal vasculitis.  

DISCUSSION

Current study shows a high seroprevalence of 14.4% for Lyme disease 
in forest areas of bandipur and nagarhole.  Dermatological and arthritis 
are	seen	in	this	population.	However	there	was	no	significant	correlation	
between the seropositivity and other clinical presentations.  In all 
probabilities, the high seroprevalence indicates an asymptomatic 
disease	in	this	patient	population	and	is	important	to	find	the	vector	
in the ticks.

CONCLUSION

There is a high seroprevalence of Lyme disease in patient population 
of	Nagarhole	and	Bandipur.		Future	studies	including	a	Next	Generation	
Sequencing	Based	Molecular	Approach	to	characterize	a	tick	vector	
in lyme disease.
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INTRODUCTION

Age related macular degeneration (AMD) is one of the leading causes 
of blindness among the older age group.1,2.The disease has two stages, 
dry and wet stage. Formation of drusen, Retinal Pigment Epithelium 
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(RPE) dysfunction, geographical atrophy of RPE and photoreceptors, 
accumulation	of	fluids	in	the	intra-retinal	and/or	sub-retinal	space,	
choroidal	neovascularization	and	sub-retinal	fibrosis	are	the	pathological	
developments in the disease.2  In retina, the outer blood retinal barrier 
function is maintained by the RPE which controls the transport of 
water as well as nutrients between the neurosensory retina and the 
fenestrated choroid.3,4 Dysfunction and atrophy of the RPE layer 
causes the breakdown of this barrier function resulting into the 
accumulation	of	fluids	into	the	sub-retinal	and	intra-retinal	space.	
In the severe stage (wet-AMD), there is development of choroidal 
neovascular	membranes	(CNVM)	which	further	contribute	to	the	
accumulation	of	fluids	into	the	retina.	VEGF	is	one	of	the	most	well	
studied and potent factor driving the pathogenesis in AMD5,6 and 
hence	served	as	the	first	molecular	therapeutic	target.

The more severe stages of the disease are managed by using single 
or multiple therapeutic approaches which include the use of laser 
mediated photocoagulation, intravitreal corticosteroids and intravitreal 
anti-VEGF injections.7-9 Despite multiple and/or targeted molecular 
therapeutic options available, there is a subset of patients (19.6% to 
67.4%	as	per	different	studies	testing	the	efficiency	of	the	different	
anti-VEGF	drugs	and	dosages	like	CATT,	HORIZON,	VISION,	IVAN,	
ANCHOR,	MARINA,	FOCUS)		which	does	not	respond	to	the	therapy	
or develops resistance to it.10-13

Studies suggest the involvement of alternate molecules (FGF, PDGF) 
and pathways involved in the development of resistance to anti-
VEGF or persistence of clinical pathology despite treatment.14-16 Hence, 
identifying additional factors which impacts disease prognosis is 
essential.	Various	body	fluids	such	as	plasma,	tears,	aqueous	humor	
(AH) and vitreous humor (VH) are being studied at various disease 
stages to determine novel factors and their possible role in mediating 
the	choroidal	neovascularization	and	edema	in	AMD	patients.17-19 
The	identification	of	systemically	dysregulated	soluble	factors	such	
as from serum/plasma may not be representatives of the retinal 
conditions in the disease. Vitreous humor being in closest proximity 
to the affected area would serve as more appropriate choice of sample, 
however it may not be available for all the stages of the disease and/
or for multiple sampling and the collection method is more invasive 
and risky.20 However, these studies have not been conclusive and 
there is a need to determine dysregulated molecules in the eye at 
closer proximity to the retina and further study their association 
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with the treatment response. Further, there is still a dearth of knowledge 
as to the list of molecular factors that could possibly impact treatment 
outcomes	in	CNVM.	Hence,	this	study	address	to	fill	this	gap	and	
pave way for potential additional therapeutics in the management 
of	CNVM.

OBJECTIVE

The objective of this study is to determine the association between 
the soluble factors in aqueous humor samples and the treatment 
response	in	CNVM	patients	in	terms	of	edema	resolution.

METHODS

The cross-sectional study following approval by the Institutional 
Review	Board	was	performed	as	per	guidelines	stipulated	by	the	
Indian Council for Medical Research (ICMR). Subjects were recruited 
for the study post informed written consent as per institutional and 
ethics	board	guidelines	and	as	referred	to	our	institute.	CNVM	patients	
receiving	therapy	were	classified	as	persistent	and	resolving	based	
on	the	measurement	of	the	macular	edema	volume.	Resolving:were	
the patients with reduction in macular edema volume in the 2nd visit 
than the 1st	visit/baseline	after	intravitreal	injection.	Persistent:	were	
the patients with increased or no reduction in macular edema volume 
in the 2nd visit than the 1st visit after intravitreal injections.

AQUEOUS HUMOUR (AH) 

Was collected by anterior chamber paracentesis where a syringe with 
30 mm gauge needle was used to access the anterior chamber through 
the	peripheral	cornea	to	aspirate	at	least	50	μL	of	AH.	This	procedure	
was performed in subjects underdoing surgical intervention (as part 
of standard of care) that would require access into anterior chamber 
of the eye. All the samples were stored at -80°C until further processed. 

SOLUBLE FACTORS

The selection of the soluble factors was based on the available literature 
on the involvement of soluble factors in mediating the pathological 
features	such	as	neovascularization	and	edema.The	concentrations	
of the mentioned chemokines in aqueous humor samples were 
measured	with	Cytometric	Bead	Array	 (CBA).	The	acquisition	of	
processed	 samples	was	done	on	FACS	Canto-II	 (BD	Biosciences)	 
and	the	quantification	was	performed	with	FCAP	Array	software	
(Version 3.0). 
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Statistical	analysis:	Relevant	statistical	analysis	(distribution	analysis,	
t-test,	Mann	Whitney	test,	Pearson	correlation	coefficient)	was	performed	
following experiments using GraphPad Prism software. 

CLINICAL PARAMETERS

The clinical parameters such as measurement of edema volume, 
Central	Subfield	Thickness	(CST)	and	retina	volume	were	measured	
from Spectral Domain-Optical Coherence Tomography (SD-OCT). 
Heidelberg OCT software (Spectralis HRA+OCT) was used to measure 
CST and retina volume. The edema volume was calculated using 
MATLAB	8.5,	The	Mathworks,	Inc.,	Massachusetts,	USA	software.

RESULTS

Statistical	significance	was	calculated	for	the	aqueous	humor	soluble	
factor concentrations between the resolving and the persistent group 
of patients. There was a marked reduction in the concentration of 
VEGF in the persistent group than the resolving edema group, which 
can be the result of the anti-VEGF injections administered. sICAM-1, 
sVCAM,	sL-selectin	and	CXCL10	are	soluble	cell	adhesion	molecules	
which	play	a	role	in	the	inflammatory	response	through	aiding	the	
transmigration	of	immune	cells,	were	found	to	be	significantly	higher	
in	the	persistent	group	than	the	resolving	group.	CXCL9	and	IL-8	
was observed to have an inverse relationship with difference in the 
central foveal thickness between the visits. sICAM, sVCAM, sL-selectin 
and IL-2 exhibited positive correlation with difference in the edema 
volume between two visits. The higher levels of these factors indicate 
the possible role of these soluble factors in mediating the pathogenesis 
and/or poor response to the therapy.The reduction in CFT for the 
resolving group correlated with lower levels of soluble factors suggesting 
that a subgroup of soluble immune factors may be responsible for 
poor therapeutic outcomes or preventing the resolution of edema

DISCUSSION

Metabolic dysregulations, hypoxia and oxidative stress drive the 
pathogenesis of AMD.21,22 As a consequence of the stressed retina, 
the	inflammatory	pathways	are	activated,	which	further	contribute	
to the development of AMD.17,21-23 In order to determine the molecular 
factors that are instrumental in the disease pathogenesis and patients 
response to the administered drug, several studies have been directed 
towards	identification	of	dysregulated	soluble	factors	in	the	retina	
having	a	potential	to	contribute	to	the	neovascularization	and	vascular	
permeability or edema.17,18,24-27 The studies have been directed towards 



299

Best Free Papers

identification	of	the	dysregulated	factors	in	the	disease	than	control	
subjects25,26 and/or assessing their associations with the disease severity 
in	AMD24.	Previous	studies	have	also	profiled	AH	soluble	factors	
to assess their potential in mediating macular edema in diabetic 
macular edema patients, however it has not been studied in AMD.28,29 
Cell adhesion molecules such as ICAM, VCAM are known to play 
a	vital	role	in	the	inflammatory	response	by	mediating	the	arrest	and	
transmigration of the activated circulating immune cells to the site 
of injury.30 Higher levels of these factors are seen in retinal diseases 
such as diabetic retinopathy,31AMD, diabetic macular edema.25,32 
Previous studies have shown the higher levels of sICAM-1 are associated 
with	the	sub-retinal	fluid	height	as	well	as	disease	severity	in	diabetic	
macular edema.32-34	Concentrations	of	these	inflammatory	markers	
in aqueous humor and their association with the treatment response 
is studied in diabetic macular edema.28,29 However, the association 
was	not	studied	in	AMD.	Our	current	findings	with	high	levels	of	
certain molecular factors in patient group with lack of edema resolution 
will be explored for its causal role in rending this resistance to therapy. 
Following	which	further	evaluation	of	these	soluble	factors	influencing	
the treatment response needs to be studied for its potential use as 
therapeutic targets.
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Efficacy And Safety Of Povidone Iodine Infusion 
During Vitrectomy For Endophthalmitis
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ABSTRACT

Treatment	of	endophthalmitis	is	difficult	if	caused	by	multi-drug	
resistant bacteria. Povidone Iodine (PI) has wide spectrum anti-
microbial activity. 20 eyes with endophthalmitis not responding 
to intravitreal antibiotics were divided equally into two groups. 
In Group I, 3 port sutureless 25G central vitrectomy was done 
with infusion of 0.025% PI & in Group II, with plain ringer lactate 
solution. Posterior Vitreous Detachment (PVD) was induced in 
all	eyes.	Intravitreal	Vancomycin,	Ceftazidime	&	Dexamethasone	
was given at the end of surgery in both groups. In Group I, all 
eyes	 had	 inflammation	 resolved	 with	 no	 adverse	 events.	 No	
recurrence	was	seen.	Mean	BCVA	improved	to	6/24.	In	Group	II,	
3	eyes	had	recurrence.	Mean	BCVA	improved	to	6/60.	Endothelial	
Cell Count & Electroretinogram at 4 weeks was comparable in 
both groups. One patient in each group required silicon oil injection 
due to retinal detachment. 0.025% Povidone Iodine infusion during 
vitrectomy is safe & effective in preventing recurrent episodes of 
endophthalmitis.

Dr Sangeet Mittal,	Vitreo-Retina	Consultant,	Thind	Eye	Hospital,	
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INTRODUCTION

Endophthalmitis is a vision threatening complication following intra-
ocular surgery or penetrating trauma. Intravitreal injection of vancomycin 
and	ceftazidime	is	the	recommended	treatment	of	endophthalmitis.1  
5.2% cases of multi-drug resistant and vancomycin resistant  
bacteria were isolated from bacterial cultures in 1 report and these 
cases were found to have poor visual outcome after intravitreal 
injections and vitrectomy.2 Moreover there is a rise seen in fungal 
infections especially after frequent use of intravitreal injections.3 
Povidone–iodine	exhibits	diverse	microbicidal	actions	against	multi-
drug resistant bacteria, candida,viruses, acanthamoeba and is also 
active	against	biofilms.4	Povidone–iodine	has	additional	advantages	
of low cost, absence of drug resistance and rapid bactericidal effect.4 
The safe concentration and toxicity for intraocular tissues of Povidone 
Iodine had been studied. Trost et al found no ERG abnormalities 
and toxicity of Povidone Iodine used intravitreally in rabbit eyes 
with concentrations less than 0.027%.5	Use	of	0.025%	Povidone	Iodine	
in irrigating solutions for anterior chamber irrigation had been found 
to be useful.6	We	aim	to	study	efficacy	and	safety	of	Povidone	Iodine	
infusion during vitrectomy for eyes with endophthalmitis not responding 
to conventional treatment.

METHODS

The	design	of	the	study	was	a	randomized	comparative	clinical	trial.	
20 consecutive eyes with endophthalmitis which had not responded 
to conventional treatment given elsewhere (intravitreal antibiotics/
vitrectomy) and presented to our outpatient department from 1/1/2017 
to 31/10/2017 were included in the study and divided equally in 
two groups randomly by draw of chits. In Group I (Study Group), 
10 eyes underwent Vitrectomy with infusion of 0.025% povidone 
iodine in Ringers Lactate solution. In Group II (Control Group), 10 
eyes underwent Vitrectomy with infusion of plain Ringers Lactate 
solution.	Pre-operative	evaluation	included	Best	Corrected	Visual	
Acuity	(BCVA),	Intra-Ocular	Pressure	(IOP),	Slit	Lamp	examination	
(SLE), Fundus Examination, Endothelial Cell Count (ECC) when 
possible and Electro-retinography (ERG). Patients with b/a ratio less 
than one on ERG were not included in the study. All eyes underwent 
standard 3 port Micro-incision Vitrectomy (MIVS) with 25G or 27G 
instruments. A central core vitrectomy was performed and Posterior 
Vitreous Detachment was induced in all eyes. Vitreous was removed 
to the extent possible without causing extra strain on the retinal 
tissues. Endolaser, membrane peeling or silicon oil tamponade was 
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done whenever required. Intravitreal injection of Vancomycin, 
Ceftazidime	and	Dexamethasone	was	given	at	the	end	of	surgery	in	
all eyes. All surgeries were performed by single surgeon (SM). Povidone 
Iodine infusion was prepared by adding 2.5 ml of 5% w/v of Povidone 
Iodine to 500 ml of Ringers Lactate just before the start of surgery. 
Post-operative	BCVA,	IOP,	SLE	and	Fundus	examination	was	done	
in	retina	clinic	by	KM	at	days	1,	3,	7,	14,	30,	90	and	later	if	required.	
ECC and ERG were repeated 1 month after surgery. The person 
performing these tests (AM) was blinded to the pre, intra and 
postoperative status of the patients. During ERG, patient was dark 
adapted	 for	30	minutes	after	pupillary	dilation.	Unipolar	 contact	
lens	was	placed	in	the	eye	to	be	evaluated.	Negative	electrode	was	
placed on the forehead and ground electrodes to the earlobes. Three 
types of responses were evaluated including dark adapted scotopic 
response	(rod	response),	Scotopic	flash	response	(cones	and	rods)	
and Photopic response (cone response). Mean amplitudes of a and 
b wave were calculated for all the responses and the average value 
was	used	for	final	analysis.	Difference	of	a	and	b	(b-a)	waves	was	
calculated for each eye and compared to response 4 weeks after 
surgery. Decrease in post vitrectomy response greater than 30% was 
considered	significant.7

RESULTS

The mean age of patients in Group I was 59.7 ± 15.5 and in group II 
was	63.4	±	14.6	(p>0.5).	Primary	procedure	causing	endophthalmitis	
in Group I was cataract surgery (7 eyes), trabeculectomy (1 eye) and 
penetrating trauma (2 eyes). Primary procedure causing endophthalmitis 
in Group II was cataract surgery (8 eyes), penetrating trauma (1 eye) 
and intravitreal injection of Anti-VEGF (1 eye). Mean pre-operative 
BCVA	was	3/60	in	Group	I	and	2/60	in	Group	II.	5	patients	in	each	
group	 had	 BCVA	 less	 than	 counting	 fingers	 close	 to	 face.	Mean	
postoperative	BCVA	improved	to	6/24	in	Group	I	and	6/60	in	Group	
II.	Increased	IOP	was	seen	in	3	eyes	on	first	post-operative	day	in	
both groups. Late IOP rise was seen in 2 eyes in each group. Hypotony 
was	seen	in	3	eyes	in	Group	I	and	2	eyes	in	Group	II	on	first	postoperative	
day. Hypotony persisted in one eye in Group 2 at 3 months follow 
up. Mean postoperative ECC was 1632 ± 243.3 in Group I and 1520 
±	364.7	in	Group	II	which	was	not	statistically	significant	(p<0.05).	
None	of	the	eyes	in	both	the	groups	showed	a	decrease	of	30%	in	
values of b-a wave on ERG (Table-1 and Table-2). Maximum decrease 
seen in Group I was 14.53% and in Group II was 16.01%. 3 eyes in 
Group II had recurrence of infection which needed a repeat vitrectomy. 
1	out	of	these	3	eyes	in	Group	II	ended	in	Phthisis	Bulbi.
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Table 1. ERG observations (b-a wave amplitudes) for Group I

Group I 
(PI infusion) Pre-operative Post-operative Change (%)

Case 1 90.3 104.57 13.65

Case 2 140.25 126.23 -11.10

Case 3 139.47 185.63 24.87

Case 4 108.24 143.34 24.48

Case 5 165.71 142.64 -16.17

Case 6 174.87 180.14 2.93

Case 7 165.89 150.49 -10.23

Case 8 206.56 204.64 -0.94

Case 9 101.13 151.29 33.15

Case 10 160.42 140.06 -14.53

Table 2. ERG observations (b-a wave amplitudes) for Group II

Group II 
(Plain RL) Pre-operative Post-Operative Change (%)

Case 1 192.14 167.73 -14.55

Case 2 119.25 120.50 1.03

Case 3 177.45 152.96 -16.01

Case 4 94.87 111.53 14.93

Case 5 150.01 175.64 14.59

Case 6 172.48 149.39 -15.39

Case 7 101.32 99.54 -1.79

DISCUSSION

Povidone Iodine has a broad spectrum microbicidal action against 
bacteria (including multi-drug resistant bacteria), viruses, fungi, 
acanthamoeba	and	biofilms.4 Other than its excellent microbicidal 
activity, it also has the advantages of being low cost, no drug resistance 
and rapid bactericidal action. Intraocular use of Povidone Iodine has 
been found to be useful in controlling and treating infections after 
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cataract surgery.4-6 Concentrations of less than 0.027% of Povidone 
Iodine in irrigating solutions had been found to be non-toxic to retina 
in various studies.3,8	However	the	efficacy	and	safety	of	Povidone	
Iodine in the treatment of endophthalmitis needs to be studied in a 
clinical setting. Whitacre et al8 in a series of experiments on rabbit 
eyes injected concentrations of 0.3%, 0.03% and 0.025%. They had 
estimated 0.027% concentration of Povidone Iodine as safe for intravitreal 
use. In our study we used 0.025% Povidone Iodine in Ringers Lactate 
during vitrectomy and compared its safety with plain Ringers lactate 
infusion with help of ERG using analytical methods as described by 
Peyman et al.7 They have suggested that a decrease in 30% of b-a 
wave	on	ERG	to	be	considered	significant	test	for	retinal	toxicity.	In	
our study none of the eyes in both the Groups had more than 30% 
decrease in b-a wave postoperatively. The maximum fall seen in 
Group I (Study Group) was 14.53% (Table 1) and in Group II (control 
group) was 16.01% (table-2) (p<0.05). Thus use of Povidone Iodine 
did not appear to be toxic to retina in our study. Also the difference 
in	postoperative	ECC	was	also	not	significant	in	the	2	groups	indicating	
no toxicity to corneal endothelium with the use of Povidone Iodine.

Brozou	et	al9 performed intravitreal injection of Povidone Iodine in 
rabbit eyes with Staphylococcus epidermidis endophthalmitis (n = 
10) and reported that at an intravitreal PI concentration of 0.013%  
inflammation	regressed	gradually	and	vitreous	culture	after	1	month	
shows	no	S.	epidermidis.	From	these	findings,	the	effective	intravitreal	
PI concentration for controlling endophthalmitis was estimated to 
be 0.013% or above. In our study, all eyes that underwent vitrectomy 
with	Povidone	Iodine	infusion	showed	resolution	of	inflammation	
without any recurrence. Whereas in Group II, eyes that underwent 
Vitrectomy with plain ringers lactate, 3 incidences of recurrence of 
infection was seen and one eye ultimately ended with phthisis bulbi. 
This shows that 0.025% povidone Iodine infusion helps in controlling 
infection and prevents recurrences in eyes with endophthalmitis.

At the end of surgery that takes approximately 30-40, visual inspection 
ofthe 0.025% Povidone Iodine solution shows the beginning of 
discoloration (originally pale yellow), suggesting attenuation of 
bactericidal effect. Marked bactericidal effect occurs when bacteria 
are exposed to 0.01% Povidone Iodine for 15 seconds to 15 minutes.
The bactericidal effect is weakened after 30 minutes or longer.4 
Therefore,	when	using	0.025%	PI–BSS,	the	solution	should	be	prepared	
in the operation room immediately before surgery and used for 
irrigation with in 15 minutes. In our study we prepared the 0.025% 
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Povidone Iodine Infusion in the Operation Theatre immediately before 
starting the infusion by adding 2.5 ml of 5%Povidone Iodine to 500 
ml of Ringers Lactate solution.

At the end of surgery intravitreal injection of Vancomycin and 
Ceftazidime	were	given	in	all	eyes	after	reducing	their	dose	to	50%.	
This was done because of the presence of air/silicon oil tamponade 
in the eyes. 

Limitations	of	the	study	include	small	sample	size,	therefore	complications	
may	have	been	missed	and	significance	could	be	erroneous.	Multifocal	
ERG could be better in evaluating central as well as peripheral toxicity 
of Povidone Iodine. Also toxicity of Povidone Iodine to the retina 
has to be evaluated in eyes other than endophthalmitis because 
endophthalmitis itself could have effected he function of photoreceptors.

Despite these shortcomings, we can safely conclude that 0.025% 
Povidone Iodine did not appear to be toxic to retina or cornea when 
used	during	vitrectomy.	It	may	be	beneficial	in	control	of	infection	
and prevention of recurrences in patients not responding to conventional 
treatment. However its use as a primary treatment needs to be evaluated 
in larger and multicentric trials.
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A Novel Versatile Cannula For Vitreoretinal 
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INTRODUCTION

Vitreoretinal surgery has come a long way since 1971 when Dr.Robert 
Machemer	first	described	pars	plana	vitrectomy	(PPV)	with	17	Gauge	
vitreous infusion suction cutter (VISC). In the last decade small gauge 
vitrectomy	 systems	 have	 revolutionized	 outcomes	 of	 vitrectomy	
surgery in terms of anatomical success rates, reduction in post operative 
morbidity,faster post operative recovery and visual outcomes. In 
initial years small gauge vitrectomy had relatively limited applications 
due	 to	 factors	 like	 less	 rigidity	 of	 instrumentation,	 visualization	
systems etc. However advances in wound construction, instrumentation, 
fluidics,	illumination,	wide	angle	viewing	systems	and	cutter	technology	
have overcome initial challenges greatly thus expanding indications 
of small gauge vitrectomy surgery1. Valved cannulae are being used 
by increasing number of vitreoretinal surgeons as they maintain 
closed	chamber,	reduce	the	amount	of	infusion	fluid	used	and	maintain	
IOP better.1	However	it	is	difficult	to	pass	soft	tip	instruments	like	
soft tip cannulae and Tano’s diamond dusted membrane scraper 
(DDMS) through the valves. 

Dr Maneesh Bapaye, Dr. Bapaye Hospital, Nashik
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Successful separation of posterior hyaloid face (PHF) from retinal 
surface is the single most important step in successful long term 
outcome of vitreoretinal surgery for different indications like 
rhegmatogenous retinal detachment, macular surgery as well as 
vitreoretinal procedures in diabetic patients. This step may pose a 
significant	 challenge	 to	 surgeon	due	 to	 strong	 adhesion	between	
PHF and retina. Various techniques to achieve posterior vitreous 
detachment	(PVD)	intraoperatively	have	been	described.	Use	of	active	
aspiration using vitreous cutter or soft tip cannula as well as non-
aspiration techniques like use of DDMS to create dissection plane 
have been described. Very frequently combination of aspiration and 
non-aspiration techniques might be necessary to achieve successful 
PVD induction. This needs frequent change of instruments which 
prolongs surgical time and propensity for complications. 

We describe a novel instrument which combines aspiration as well 
as	non-aspiration	techniques	for	PVD	induction,	Bapaye’s	aspiration	
scraper	(Epsilon,	Chino,	CA,	USA).	It	is	also	useful	in	various	vitreoretinal	
interface procedures due to its special design.

DESCRIPTION OF INSTRUMENT

The instrument, aspiration scraper, consists of a curved cannula 
attached to an ergonomic handle. The cannula is made of stainless 
steel. It is 32 mm long and has a gentle curve. It has outer diameter 
of 25 gauge. It can easily enter through valved cannulae as it is a 
rigid instrument. Tip of cannula is diamond dusted to achieve scraping 
of vitreous/membranes and is rounded so as to make it atraumatic 
to retina. The cannula has a 0.25 mm aspiration port just behind the 
tip. When introduced into the eye, the cannula can reach the retinal 
surface even in highly myopic eyes.

The	handle	has	serrations	for	firm	grip.	It	can	be	attached	to	aspiration	
tubing of vitrectomy machine as well as to tip of a syringe. It can be 
used for suction as well as for injection of vital dyes. 

CLINICAL APPLICATIONS

Though initial purpose of the aspiration scraper was to induce PVD 
in	difficult	cases,	it	can	be	effectively	used	in	other	clinical	situations	
also. We have used this instrument in various surgical scenarios with 
a successful outcome. 

RHEGMATOGENOUS RETINAL DETACHMENT (RRD)

In RRD it is used for induction of PVD at the posterior pole as well 
as peripheral retina. Dense vitreoretinal adhesions in anterior periphery 
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can be loosened by alternative scraping and suction of the instrument. 
In	phakic	patients	with	RRD,	it	can	be	used	to	drain	subretinal	fluid	
(SRF) from peripheral break close to ora serrata with relatively less 
risk of lens touch due to curvature of instrument. It can also be used 
to aspirate air bubbles trapped in anterior hyaloid face (AHF) without 
traumatizing	posterior	lens	capsule.	We	have	used	gentle	suction	to	
loosen AHF from posterior lens capsule before trimming it with 
vitreous cutter in a few cases.  

In RRD cases where non-valved cannulae are used, blunt rounded 
tip of aspiration scraper can be used to reposit retina if it gets incarcerated 
in cannulae, after turning off infusion. It can be used to engage and 
create	dissection	plane	for	PVR	membranes.	Significant	number	of	
mature PVR membranes can be dissected using aspiration scraper 
alone. 

MACULAR SURGERY

Aspiration scraper is effective in various cases of macular pathology. 
Besides	induction	of	PVD	it	can	be	used	for	injection	of	vital	dyes	
without creating a jet. The instrument can be used to scrape & create 
an edge of epiretinal membrane and then use aspiration to peel it 
off retinal surface without risk of retinal trauma. We could use it in 
many	cases	to	create	flap	of	ILM	as	well.	However	complete	ILM	
peeling could be achieved more effectively using ILM peeling forceps. 

VITRECTOMY FOR COMPLICATIONS OF PROLIFERATIVE 
DIABETIC RETINOPATHY

In diabetic patients undergoing vitrectomy for proliferative diabetic 
retinopathy, aspiration scraper was very useful in clearing blood 
clots	off	retinal	surface.	It	can	also	be	used	to	identify	edge	of	flimsy	
fibrovascular	membranes	densely	adherent	to	retinal	surface.	In	cases	
of	combined	RD,	active	suction	is	used	for	fluid-fluid	exchange	to	
remove thick SRF.

DISCUSSION

Diamond dusted membrane scratcher (DDMS) was described by 
Yasuo	Tano	 in	 late	1990s.2 It consists of 3 parts namely diamond 
dusted	flexible	silicon	tip	which	is	connected	to	a	metallic	rod	which	
inturn	is	attached	to	a	plastic	handle.	The	flexible	and	diamond	dusted	
tip of DDMS is gently moved across retinal surface to try and identify 
the free edge of epiretinal membrane which can be then removed by 
end gripping forceps or with DDMS itself. DDMS is used to initiate 
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PVD induction where it is used to create a break in vitreous in posterior 
precortical vitreous pocket (PPVP) after staining with triamcinolone 
and	then	extended	peripherally.	Ingress	of	irrigation	fluid	helps	in	
progressive separation of PHF and retina.  When introduced, it was 
a 20G instrument but with advent of small gauge vitrectomy systems 
it	is	available	in	23	and	25	gauge	also.	However	due	to	the	flexible	
tip,	it	is	difficult	to	insert	it	through	valved	cannulae	of	vitrectomy	
systems.	Now	retractable	DDMS	is	available	for	such	cases.	However	
reports	 of	 breakage	 of	 flexible	 tip	with	 retention	with	 in	 valved	
cannulae or its loss onto the retinal surface have been described by 
Felcida V et al.3 Gupta and Goldsmith 4 have reported a case of 
retained diamond particle on to retinal surface after use of DDMS. 

Induction of PVD remains a challenge in eyes with dense vitreoretinal 
adhesions like in pediatric and highly myopic eyes.Various methods 
for PVD induction have been described. They include active suction 
with	cutter	at	the	edge	of	optic	nerve	head	(ONH)	or	at	PPVP.	Once	
an edge is created, active suction can be used to pull on vitreous  
till peripheral retina. ‘Hydrodissection’ of vitreous has been  
described as a safer method to reduce possibilities of complications. 
DDMS	has	been	used	as	described	above.	Bimanual	technique	with	
simultaneous use of illuminated pick and active suction with cutter 
has	been	described	as	well.	Liquid	perflurocarbon	has	also	been	used	
for progressive separation where active suction is used to separate 
vitreous and small amounts of LPFC is used to further to complete 
the procedure. Pharmacotherapeutic methods like Ocriplasmin are 
commercially available while anti-integrin agents are under trial. 
PVD induction is associated with complications like retinal break 
formation in peripheral retina and intraoperative hemorrhage. In 
high myopic eyes as well as in diabetic patients failure to notice 
vitreoschisis may lead to PHF remaining attached to retina and leading 
to contraction and causing PVR changes at later date.

For inducing PVD at posterior pole, as with other techniques, PHF 
is stained with triamcinolone. Aspiration scraper is used to gently 
scrape and simultaneously aspirate and engage vitreous in PPVP. 
As the PHF separates from retina, PVD can be extended along the 
vascular arcades. If any area of dense vitreoretinal adhesion is noted, 
vitreous can be scraped off retinal surface before proceeding with 
active	suction.	Once	sufficient	amount	of	PVD	is	achieved,	vitreous	
cutter can be used to trim the vitreous and complete PVD with active 
suction.
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In cases of RRD, adhesions between retina and vitreous are often 
very dense in retinal periphery especially in high myopic patients. 
Attempted separation of vitreous with vitreous cutter is prone to 
develop iatrogenic retinal breaks while incomplete separation can 
lead to anterior proliferative vitreoretinopathy changes post operatively. 
We found that the use of aspiration scraper helped in this step. 
Alternate use of scraping and gentle active suction helps to loosen 
the vitreoretinal adhesions in periphery which can later be trimmed 
by vitreous cutter. Curvature of the instrument makes it safe to use 
in peripheral retina even in phakic eyes as it can reach extreme 
periphery without causing lens touch.

In patients with RRD, presence of peripheral retinal holes close  
to ora serrata necessitates making drainage posterior retinotomy to 
drain	subretinal	fluid	more	completely	especially	in	phakic	eyes	as	
straight	instruments	like	flute	needle	may	not	reach	peripheral	retinal	
break without causing lens touch. Curvature of aspiration scraper 
along with placement of aspiration port along outer curve allows 
access to peripheral retinal holes in all quadrants including superior 
ones. Gentle active suction can be used to drain SRF gradually using 
fluid-fluid	exchange	as	well	as	air-fluid	exchange	techniques	to	achieve	
more	 complete	 flattening	 of	 retina.	 It	 obviates	 need	 of	 posterior	
drainage	retinotomy	in	significant	number	of	cases.

In RRD cases where non valved cannulae are used, highly mobile 
retina can get incarcerated into the sclerotomy. With help of blunt 
rounded tip aspiration scraper can be used to reposit it after turning 
off infusion. When cutter is used for this purpose, chances of creating 
iatrogenic breaks are higher if suction or cutting is activated. It can 
also be used to engage and create dissection plane for PVR membranes. 
Significant	number	of	mature	and	thick	membranes	can	be	dissected	
using aspiration scraper alone. 

The aspiration scraper combines aspiration and non aspiration 
techniques for surgical induction of PVD and also aids in removal 
of thick epimacular membranes with macular pucker. It is also used 
to create an edge in epimacular membranes and active suction can 
be used to it peel of retinal surface in non touch manner. It reduces 
risk of focal retinal haemorrhages, focal retinal edema and eccentric 
retinal hole formation which may be associated with these procedures. 

It can be used for injection of vital dyes without creating a jet. The 
tip of cannula can be placed close to optic disc and brilliant blue dye 
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is	 injected.	 It	flows	over	macular	area	through	posteriorly	placed	
hole.

As	mentioned	before	aspiration	scraper	can	be	used	to	create	a	flap	
for ILM peeling. However we found use of ILM peeling forceps more 
effective and less traumatic to the retina for completion of ILM removal. 
Kuhn	at	a	l5	have	suggested	that	use	of	DDMS	for	enlargement	of	
ILM free area is associated with higher possibility of trauma to nerve 
fibre	layer	and	functional	damage.	Same	would	be	true	with	aspiration	
scraper and we would not encourage enlargement of ILM peeling 
with scraping alone.

During vitrectomy for PDR, intraoperative haemorrhage from 
fibrovascular	proliferations	 is	 commonly	seen.	This	haemorrhage	
can	be	controlled	by	raising	intraocular	pressure,	performing	fluid-
air exchange or use of diathermy. Once active haemorrhage has ceased, 
blood clots formed on retinal surface hinder surgical view. Removal 
of	these	blood	clots	can	be	difficult	due	to	dense	adhesion	of	organized	
clot to retina. Risk of trauma to underlying retina is very high during 
attempted removal of the clots. We found use of non aspiration and 
aspiration methods with aspiration scraper to be safe and effective 
in removal of these clots. In case of active bleeders, using bimanual 
surgery technique, intraocular cautery and aspiration scraper can 
be	simultaneously	used	to	identify	bleeders	and	cauterize	them.	We	
have	used	it	to	identify	edges	of	densely	adherent	flat	fibrovascular	
proliferations as well as to drain thick SRF in cases with combined 
rhegmatogenous and tractional retinal detachments. In cases of SRF 
drainage, aspiration port is held close to retinal hole. As this port is 
not at the tip, it usually does not aspirate the retinal tissue making 
this procedure safer.

Multifunction instruments like aspiration cautery, illuminated picks, 
illuminated laser probes have been used effectively prior to wide 
spread acceptance of small gauge. However in the era of small gauge 
vitrectomy, such instruments are not very common. With aspiration 
scraper, we have attempted to combine aspiration and non aspiration 
for vitreoretinal interface manipulations. Since the instrument has 
25 gauge diameter it is compatible with modern small gauge vitrectomy 
systems.

However we would like to caution surgeons that unlike DDMS, this 
is a rigid instrument. While using non aspiration function it has to 
be	brushed	carefully	and	gingerly	over	retinal	surface.	It	can	traumatize	
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the retina if dragged roughly over it. Iatrogenic breaks can also occur 
if excessive force is used.

CONCLUSION

Bapaye’s	aspiration	scraper	is	a	new	and	effective	device	which	can	
make vitreoretinal surgery safer and faster by making various 
vitreoretinal interface manipulations, hitherto prone for complications, 
easier. It can be potential game changer in small gauge vitrectomy 
surgery.
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Correlation Of OCT And OCT Angiography 
(OCTA) Changes With Axial Elongation And 
Visual Acuity
Dr Ramesh Venkatesh, Dr Ashwin Mohan, Dr Naresh Kumar 
Yadav, Dr Shivani Sinha

BACKGROUND

Myopia is one of the common refractive errors worldwide.1 High 
myopia is characterised by abnormal axial elongation and scleral 
thinning.2 With increase in axial length, the retina shows microstructural 
degenerative changes, especially at the posterior pole. Myopia is a 
risk factor for a number of retinal pathologies such as retinal detachment, 
macular	 holes,	 choroidal	 neovascularization,	 and	 retinoschisis.3,4 
Thus, complications related to myopia are one of the leading causes 
of visual impairment. As a result, early detection of the changes in 
intraretinal structures of a myopic eye is of utmost importance. 
Identifying the abnormal patterns of retinal structures will help in 
assessing early-stage, myopia-related complications. High-resolution 
optical coherence tomography(OCT) has been useful in imaging and 
measurement of retinal thickness in vivo, and to evaluate structural 
change associated with retinal diseases.5,6 Recently, with improvements 
in axial resolution and image processing methods, OCT-based in 
vivo macular thickness measurements of the intraretinal layers have 
been made possible. Automated layer segmentation algorithms have 
been developed to analyse the individual intraretinal layer thicknesses.7-10 

These	studies	have	shown	that	the	thickness	of	specific	retinal	layers	
can help to diagnose and monitor pathologic changes in the macula 
resulting from retinal diseases,11 glaucoma12 and optic neuropathy.13 
Several studies have used OCT to investigate relationships between 
variations in macular thickness and myopia.14-17 The inner retinal 
layer	 thicknesses,	 namely	 of	 the	 retinal	 nerve	 fibre	 layer	 (NFL),	
ganglion cell layer (GCL), and inner plexiform layer (IPL) were 
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reported by some authors to be thinner in myopic eyes compared to 
normal eyes.18 Furthermore, the thickness of the outer retinal 
layers,including	the	outer	plexiform	(OPL),	outer	nuclear	(ONL)and	
photoreceptor layers, vary according to the axial length(AL).19 However, 
the results of the above studies are controversial because the characteristic 
of macular intraretinal layer thickness in myopia remains unclear. 
Additionally,it is important to determine if there is any correlation 
between the retinal structure and visual acuity in myopic patients. 

In myopia-related retinal disorders, in addition to the retinal 
microstructural changes, the retinal microvasculature also contributes 
to the visual function. Hence, much attention has been paid to the 
changes in retinal microvasculature because it serves as a direct source 
of oxygen and nutrients for the neuro retinal layers. Earlier studies 
have found that high myopia is frequently associated with retinal 
vascular alterations, such as decreased retinal vessel density or 
increased vessel resistance, which can be detected by color doppler 
imaging or fundus photography.23 Optical coherence tomography 
angiography (OCTA) is a novel non-invasive technology that provides 
depth-resolved	visualization	of	the	retinal	and	choroidal	microvasculature	
without the need for dye injection by using phase or amplitude 
decorrelation	to	identify	the	motion	contrast	of	blood	flow.24,25  Previous 
studies have shown great intra- and inter-visit repeatability and 
reproducibility of OCTA in the optic nerve head and macular 
microvascular perfusion measurements.26,27 However, contrasting 
results have been reported in studies using this technology. Wang 
et al28 evaluated the parapapillary and parafoveal microvascular 
perfusion using OCTA and found a decreased vessel density in the 
parapapillary area, but not in the parafoveal area, of eyes with high 
myopia in comparisonwith emmetropic eyes. Mo et al29 reported 
similar	results.	Moreover,	they	observed	a	decreased	macular	flow	
density in pathological myopia compared with high myopia and 
emmetropia. Eyes with myopia and glaucoma showed a progressive 
decrease in the peripapillary perfused capillary density on OCTA 
compared to eyes with either myopia or glaucoma.30 On the contrary, 
Yang	et	al31 and Li et al32 showed a decreased parafoveal microvascular 
density in eyes with high myopia when compared to those with mild 
myopia and emmetropia. As far as the authors are aware, there have 
been limited studies on structure-vasculature-function relationship 
in myopic eyes.33,34 The hypothesis for the current study is intra retinal 
structural changes on OCT and retinal microvascular changes on 
OCTA are responsible for the visual function with higher grades of 
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myopia. The purpose of the current study was to analyse the variations 
in the individual macular retinal layer thicknesses using the automated 
layer segmentation algorithm of the high-resolution OCT and retinal 
microvasculature using the OCTA and study its relationship with 
axial length,visual acuity and spherical refraction. 

METHODS

After obtaining the approval from the institutional review board and 
ethics committee, a total of 86 eyes of 45 Indian patients were recruited 
between October 2017 to March 2018 in this prospective cross-sectional 
study. The study was conducted in accordance with the tenets of the 
declaration of Helsinki. A written informed consent was obtained 
from	each	participant.	The	inclusion	criteria	were	as	follows:	age	≥	
18 years, astigmatism within ± 2.00 D, Intraocular pressure (IOP) 
less than 21 mmHg, normal anterior chamber angles, and no optic 
disk	abnormalities.	Participants	with	findings	of	myopic	maculopathy	
like macular hole, epiretinal membrane and foveoschisis were excluded 
from the study. Participants with history of ocular trauma or intraocular 
surgery, and any ocular or systemic disorders (such as glaucoma or 
diabetes mellitus) which might affect the ocular circulation were 
excluded. Participants where either the OCT or OCTA was not possible 
to procure were also excluded from the study. 

All subjects were required to provide a detailed medical history and 
undergo a thorough ophthalmic examination including measurement 
of refractive status, Snellen’s best corrected visual acuity (VA), IOP 
measurement using Goldman applanation tonometry, slit-lamp 
examination, axial length (AL) measurement using optical low-
coherence	reflectometry	(Lenstar	900;	Haag-Streit	Diagnostics,	Koeniz,	
Switzerland).	 Individual	 macular	 retinal	 layer	 thicknesses	 were	
measured using OCT (Heidelberg Spectralis, Germany). Retinal 
microvascular	findings	were	noted	using	the	OCTA	(Avanti,	Optovue).	

RETINAL IMAGING USING OCT

The macular total thickness and individual retinal layer thicknesses 
were measured with spectral-domain OCT (Spectralis, Heidelberg 
Engineering, Heidelberg, Germany). Macular volumetric assessments 
consisting	of	horizontal	axial	scans	with	512	A-scans	per	line	with	
scanning area 6×6 mm, 25 scan patterns centred at the fovea, were 
performed. The automatic real-time function was employed and nine 
images at the same location were captured and averaged automatically 
by the instrument software to decrease image noise-to-signal ratio 
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and improve the image quality. The scan with higher signal and 
image quality was selected for further analysis. 

MEASUREMENTS USING OCT IMAGE

All thickness measurements were made on the SD-OCT using the 
automated layer segmentation software (Figure 1.a). In cases of 
automatic layer misalignment, manual alignment was possible by 
SD-OCT software before automatic measurements. A semiautomated 
approach was incorporated into the algorithm to correct for any 
minor segmentation errors. In addition, all of the boundaries were 
checked by visual inspection performed by 2 of the authors (RV and 
SSH). For evaluation of the macular area, each macular thickness 
map was divided into nine regions suggested by the Early Treatment 
for Diabetic Retinopathy Study37 including a 1 mm diameter central 
disc and an inner and outer ring, each divided into four quadrants, 
with diameters of 3 and 
6 mm, respectively. OCT 
delineates every macular 
layer, and we measured 
the thickness of individual 
retinal	layers	(figure	1.b).	
Neuro-sensory	retina	was	
segmented into 7 
intraretinal	layers,	namely:	
1)	retinal	nerve	fibre	layer	
(NFL)	 2)	 ganglion	 cell	
layer (GCL) 3) inner 
plexiform layer (IPL) 4) 
inner	nuclear	layer	(INL)	
5) outer plexiform 
layer(OPL) 6) outer nuclear 
layer	(ONL)	and	7)	outer	
segment of photoreceptors 
(OS). Average macular 
layer thicknesses were 
calculated by averaging 
the inner and outer 
segments, excluding the 
foveal region in each 
quadrant (superior, 
inferior, temporal, nasal). 

Fig. 1. PRetinal layer segmentation on Heidelberg 
Spectralis	SD-OCT	machine.	Figure	1	a:	
Automated retinal layer segmentation 
using the Heidelberg Spectralis machine. 
Figure	1.b:	Measurement	of	 individual	
retinal layers using the 1 mm, 3 mm and 
6 mm ETDRS grid. 
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For	the	ease	of	understanding,	we	combined	the	superficial	retinal	
layers,	namely	NFL,	GCL,	IPL	and	INL	into	one	group	as	inner	retinal	
layer (IRL). 

MEASUREMENT OF FOVEAL ANGLE

The same OCT scan image was saved in the .jpg/.jpeg format and 
then	exported	to	 image	J	 (http://imagej.nih.gov/ij/;	provided	 in	
the	public	domain	by	 the	NationalInstitutes	of	Health,	Bethesda,	
MD,	USA	-	version	1.51)	to	measure	the	foveal	angle.	The	procedure	
of	measuring	foveal	angle	in	schematically	described	in	the	figure	2.	

RETINAL MICROVASCULATURE IMAGING WITH OCTA

With a built-in AngioVue software, the Avanti spectral domain OCT 
(RTVue-XR	Avanti;	Optovue,	Fremont,	CA,	USA)	was	used	for	retinal	
vessel	imaging.	Specifically,	the	signal	for	kinetic	retinal	blood	was	
obtained using the SSADA algorithm, an amplitude-based OCT 
angiography method, which provided decorrelation values for each 
the vessel so that we could quantitatively evaluate the retinal 
vasculature.25 In	this	context,	microvessel	density	and	flow	index	in	
the	superficial	and	deep	capillary	plexus	in	the	parafoveal	region	
were	calculated.	Vessel	density	is	defined	as	percentage	area	occupied	
by	vessels	in	the	segmented	area.	Flow	index	is	defined	as	the	average	
flow	 signal	 (which	 is	 correlated	with	flow	velocity)	 in	 a	 selected	 
area.	The	parafoveal	region	was	defined	as	a	1.9	mm	wide	annulus	
surrounding the fovea with an inner diameter of 0.6 mm and an 
outer diameter of 2.5 mm. The entire enface microvasculature was 
evaluated in the 3 x 3 mm area of the parafoveal region. The retina 

Fig. 2. Image demonstrating the technique for foveal angle measurement 
using Image J software
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was automatically separated into various layers by the AngioVue 
software. It should be noted that we used the measurements of 
superficial	and	deep	vascular	layers	for	further	analysis.	The	superficial	
capillary plexus (SCP) extended from 3 µm below the internal limiting 
membrane (ILM) to 15 µm below the IPL. The deep capillary plexus 
(DCP) extended from 16 µm below the IPL to 69 µm below the IPL. 
Superficial	retinal	microvascular	density	was	calculated	separately	
in four sectors (superior, inferior, temporal, and nasal) in the parafoveal 
area based on the early treatment diabetic retinopathy study (ETDRS) 
contour. The average density of the parafoveal area was measured. 
The	flow	index	in	the	parafoveal	region	in	the	SCP	was	measured.	
Similarly,	the	flow	index	and	vessel	density	were	calculated	in	the	
deep capillary layer plexus as well. All OCTA scans were performed 
by	one	proficient	examiner	who	was	unaware	of	the	other	ocular	
data of the participants (Figure 3). All OCTA scans with signal strength 

Fig. 3. Segmentation technique on OCT-angiography (OCTA) and measurements 
of	flow	area	index	and	vessel	density	using	the	AngioVue	software	
on	OCTA.		Figure	3	a	and	b:	Automated	segmentation	of	the	superficial	
and deep capillary plexuses using the Avanti spectral domain OCT 
(RTVue-XR	Avanti;	Optovue,	Fremont,	CA,	USA).	Figure	3	c	and	d:	
Images	depicting	the	measurements	of	flow	area	 index	and	vessel	
density on OCTA. 
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index	≥		60,	proper	segmentation	and	with	no	artefacts	were	evaluated	
by one author (RV). 

STATISTICAL ANALYSIS

Normal	distribution	of	quantitative	variables	was	checked	using	the	
D’Agostino and Pearson omnibus normality test. Refraction data 
were converted to spherical equivalent (SE), which were calculated 
as the spherical dioptric power plus one-half of the cylindrical dioptric 
power. Snellen’s VA was converted to approx. ETDRS letters using 
the formula 85 + 50 x log (Snellen fraction).38 Correlations between 
the foveal angle and age were analysed. Associations between macular 
thicknesses,	vessel	densities	and	flow	indices	in	the	superficial	and	
deep capillary plexuses and AL and SE were determined with Pearson’ 
correlation tests. A correlation (r) value of 0 means no correlation 
between the 2 variables while values closer to -1 indicate strong 
negative correlation and values closer to +1 indicate strong positive 
correlation. We used multivariable linear regression analysis to assess 
the relationship between various macular retinal layer thickness, 
vessel	densities	and	flow	indices	as	independent	variables	and	AL,	
SE and VAas dependent variables. All data were analysed with 
GraphPad Prism software (version 7.05). P values < .05 were considered 
statistically	significant.

RESULTS 

Eighty six eyes from 45 healthy subjects with SEs ranging from 1.75 
D	to	-20	D	(mean:	-7.17	±	5.71D)	and	ALs	ranging	from	21.77	mm	to	
32.28	mm	(mean:	25.95	±	2.41	mm)	were	 included	in	the	analysis	
(table 1). Minor automated segmentation misalignment was noted 
in 6 eyes and was corrected manually before the measurements were 
recorded.  

Table	1:	Baseline	Data
Number,	Eyes,	(subjects)	 86	(45)
Age, years (SD) 33.34 ± 14.45 (10 - 44)
Sex (Male/Female) 19 / 26
AL, mm (range) 25.95 ± 2.41 (21.77 - 32.28)
SE, D (range) -7.17 ± 5.71 (1.75 - 20)

Relationship	between	thickness	profile	and	AL,	SE	and	VA

For the study, individual retinal layer thicknesses at the macular 
region were measured using the automated layer segmentation 
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algorithm in Spectralis, Heidelberg spectral domain OCT. The 
correlations between different macular layer thicknesses and AL, SE 
and	VA	are	summarised	in	Table	2	and	figures	4,	5	and	6.	Analysis	

Fig. 4.	Correlation	between	retinal	structure	and	axial	length.	Figure	4	a-f:	
Multivariable linear regression analysis between macular retinal layer 
thicknesses	(in	µm)	[IRL,ONL,	OPL,	OST,	CRT]	and	foveal	angle	(in	º)	
and	AL	(in	mm).	Linear	regressions	are	shown	with	95%	confidence	
intervals for slopes

Fig. 5. Correlation between retinal structure and refractive error. Figure 5 
a-f:	Multivariable	linear	regression	analysis	between	macular	retinal	
layer	thicknesses	(in	µm)	[IRL,ONL,	OPL,	OST,	CRT]	and	foveal	angle	
(in	º)	and	SE	(in	D).	Linear	regressions	are	shown	with	95%	confidence	
intervals for slopes
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of	structures	with	AL	showed	significant	positive	correlations	with	
NFL	(r	=	0.828,	p	<	0.001),	GCL	(r	=	0.772,	p	=	0.001),	IPL	(r	=	0.699,	
p	=	0.004)	INL	(r	=	0.755,	p	=	0.001),	IRL	(r	=	0.764,	p	=	0.001)	and	
OPL	(r	=	0.771,	p	=	0.001)	and	significant	negative	correlations	with	
ONL	(r	=	-0.560,	p	=	0.030)	and	photoreceptor	OS	thickness	(r	=	-0.856,	
p < 0.001). However, there was no correlation between AL and total 
retinal	thickness	at	the	macula	(r	=	0.388,	p	=	0.153).	Significant	positive	
correlations were observed between spherical equivalents and OS 
(r = 0.809, p < 0.001) while negative correlations were noted with 
NFL	(r	=	-0.747,	p	=	0.001),	GCL	(r	=	-0.649,	p	=	0.009),	IPL	(r	=	-0.631,	
p	=	0.012)	INL	(r	=	-0.680,	p	=	0.005),	IRL	(r	=	-0.668,	p	=	0.007)	and	
OPL (r = -0.707, p = 0.003). Table 2 also showed the correlations 
between visual acuity and individual retinal layer thicknesses.  
Higher	number	of	ETDRS	letters	were	associated	with	thinner	NFL	
(r = -0.895, p < 0.001), GCL (r = -0.898, p < 0.001), IPL (r = -0.860, p 
<	0.001)	INL	(r	=	-0.919,	p	<	0.001),	IRL	(r	=	-0.909,	p	<	0.001)	and	
OPL	(r	=	-0.899,	p	<	0.001)	and	thicker	ONL	(r	=	0.615,	p	=	0.015)	and	
OS (r = 0.733, p = 0.002). 

RELATIONSHIP BETWEEN FOVEAL ANGLE AND AL, SE AND 
VA

No	correlation	was	observed	between	foveal	angle	measurements	
with	age	(figure	7).	Foveal	angle	was	more	obtuse	with	increasing	

Fig. 6. Correlation between retinal structure and visualfunction. Figure 6 
a-f:	Multivariable	linear	regression	analysis	between	macular	retinal	
layer	thicknesses	(in	µm)	[IRL,ONL,	OPL,	OST,	CRT]	and	foveal	angle	
(in	º)	and	VA	(in	ETDRS	letters).	Linear	regressions	are	shown	with	
95%	confidence	intervals	for	slopes
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axial length (r = 0.757, p = 0.001) while reduced foveal angle was 
associated with lower spherical equivalents (r = -0.635, p = 0.011) 
and	better	visual	acuities	(r	=	-0.827,	p	<	0.001)	(Table	2	and	figures	
4, 5 and 6). 

Table	2:	Correlations	of	macular	retinal	layers	and	foveal	angle	
with axial length, spherical equivalent and visual acuity. 

  AL (mm) SE VA (letters)
  r value p value r value p value r value p value
NFL	(µm)		 0.828	 <	0.001	 -0.747	 0.001	 -0.895	 <	0.001
GCL (µm) 0.772 0.001 -0.649 0.009 -0.898 < 0.001
IPL (µm) 0.699 0.004 -0.631 0.012 -0.86 < 0.001
INL	(µm)	 0.755	 0.001	 -0.68	 0.005	 -0.919	 <	0.001
IRL (µm) 0.764 0.001 -0.668 0.007 -0.909 < 0.001
OPL (µm) 0.771 0.001 -0.707 0.003 -0.899 < 0.001
ONL	(µm)	 -0.56	 0.03	 0.433	 0.107	 0.615	 0.015
OS (µm) -0.856 < 0.001 0.809 < 0.001 0.733 0.002
CRT (µm) 0.388 0.153 -0.186 0.508 -0.372 0.173
FA (°) 0.757 0.001 -0.635 0.011 -0.827 < 0.001
Abbreviations: AL	–	axial	length,	SE	–	spherical	equivalent,	VA	–	visual	acuity,	
NFL	–	nerve	fibre	layer,	GCL	–	ganglion	cell	layer,	IPL	–	inner	plexiform	layer,	
INL	–	inner	nuclear	layer,	IRL	–	inner	retinal	layer,	OPL	–	outer	plexiform	layer,	
ONL	–	outer	nuclear	layer,	OS	–	outer	segment	layer,	CRT	–	central	retinal	thickness,	
FA	–	foveal	angle.	

Fig. 7. Correlation between foveal anatomy and age. Linear regression analysis 
between	foveal	angle	(in	º)	and	age	(in	years)
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Fig. 8. Correlation between retinal vasculature and axial length, refractive 
error	and	visual	function.	Figure	8	a-f:	Multivariable	linear	regression	
analysis	between	vessel	densities	(in	%)	in	SCP	and	DCP	and	AL(fig	
a,b),	SE	(fig	c,d)	and	VA	(fig	e,f).	Linear	regressions	are	shown	with	
95%	confidence	intervals	for	slopes

RELATIONSHIP BETWEEN OCTA FINDINGS AND AL, SE AND 
VA

Retinal vessel imaging was done using the Avanti spectral domain 
OCT	(RTVue-XR	Avanti;	Optovue,	Fremont,	CA,	USA)	and	measurements	
were	calculated	with	a	built-in	AngioVue	software.	Significantcorrelation	
was observed between vessel densities at the deep capillary plexus 
with	axial	length	and	spherical	equivalent.	The	flow	areas	in	the	SCP	
and DCP and vessel densities in the SCP did not show statistically 
significant	 correlations	 with	 either	 AL,	 SE	 or	 VA	 (Table	 3	 and 
	figure	8).	
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Table	3:	Correlations	between	foveal	avascular	zone	and	vessel	
densities	and	flow	area	indices	in	superficial	and	deep	
vascular plexuses with axial length, spherical equivalent 
and visual acuity using the Pearson’s correlation test. P 
value	<0.05	is	considered	statistically	significant:

 Axial length Spherical  Visual acuity
 (mm)  Equivalent  (letters)

 r value p value r value p value r value p value

Flow 
index SCP 0.187 0.085 -0.146 0.181 0.005 0.964

SCP 
Vessel 
density 
(%) 0.118 0.279 -0.136 0.212 -0.052 0.637

Flow 
index 
DCP 0.142 0.191 -0.093 0.395 -0.041 0.711

DCP 
Vessel 
density 
(%) 0.313 0.003 -0.37 <0.001 -0.178 0.102

Abbreviations:	 SCP	 –	 superficial	 capillary	 plexus,	 DCP	 –	 deep	
capillary plexus

DISCUSSION

Our	study	supported	the	hypothesis	that	with	flattening	of	the	foveal	
contour, inner retinal layer thickening, outer retinal layer thinning 
and changes in the deep vascular plexus, there is reduction in visual 
acuity with higher grades of myopia. In the present study, the retinal 
thicknesses	at	the	macula	were	increased	in	NFL,	GCL,	IPL,	INL	and	
OPL	while	thinning	of	the	ONL	and	OS	layer	were	noted	with	increasing	
AL. The results of our study were in contrast to that reported by Liu 
et al.39 According to the authors, the central outer retinal layers, namely 
the	myoid-ellipsoid	zone	(MEZ)	layer	and	OS	layer	were	found	to	
be thickened with increasing AL. They speculated that the choroidal 
dysfunction with higher grades of myopia to be responsible for the 
outer retinal layer thickening. This choroidal dysfunction may affect 
the function of the retinal pigment epithelium, thus leading to cell 
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apoptosis of the OS and MEZ photoreceptor layers. The disturbed 
renewal of the photoreceptor OS/MEZ may result in OS elongation, 
apoptosis	of	cone	cells,	and	subsequent	thinning	of	the	ONL.40 We 
speculate that the retinal changes seen in our study may result from 
the combined tangential and/or antero-posterior tractional forces 
acting on the inner retina and tangential stretching force on the outer 
retina due to the overall myopic globe expansion. Similar mechanism 
has been described in eyes with myopic tractional maculopathy.41 
However, further longitudinal studies would be required to see 
whether these eyes progress to develop myopic tractional maculopathy.
In the present study, we found no correlation between the total central 
retinal thickness and myopia (r = 0.388, p = 0.153), which is consistent 
with the results reported in previous studies.15,429

We analysed the foveal contour by measuring the foveal angle in 
our	study.	We	found	that	with	increasing	AL,	there	was	flattening	
of the foveal contour making the foveal angle more obtuse. This is 
explained by the same tractional and tangential forces acting on the 
inner	retina.	Similar	findings	of	shallowing	of	foveal	contour	with	
persistent/thickening of IRLs have also been noted in ocular pathologies 
like retinopathy of prematurity and familial exudative vitreo-
retinopathy.41,43 These diseases are associated with secondary high 
myopia	and	the	retinal	findings	could	be	due	to	the	effects	of	high	
myopia rather than the primary disease itself.

Significant	changes	in	retinal	microvasculature	in	myopic	eyes	have	
shown	to	have	its	effects	on	VA.	There	was	a	statistically	significant	
positive correlation between the outer nuclear and outer segment 
layer thicknesses and VA in higher grades of myopia. This is explained 
that the photoreceptors which are primarily responsible for the visual 
function derive their blood supply from the choroidal circulation. 
In myopia, there is choroidal dysfunction leading to reduction in 
choroidal	blood	flow	as	identified	by	increase	in	flow	void	areas	seen	
on OCTA.34,40 As a result, there is reduction in blood supply to the 
photoreceptors causing thinning of the outer segment and outer 
nuclear layers and subsequent reduction in visual acuity. As we had 
included very high myopes in our study, the visual acuity may be 
affected by amblyopia as well. In such case, the correlations of visual 
acuity could have been fallacious. 

Various studies performing retinal vessel imaging on OCTA and 
analysing	the	flow	void	areas	and	vessel	densities	in	myopic	eyes	
have been published in literature.28-34 There is a documented reduction 
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in retinal micro vessel density in macular and peripapillary areas in 
myopic eyes compared to emmetropic eyes.28-32 However, in our study 
we	found	a	positive	correlation	between	the	vessel	density	and	flow	
area index in both the SCP and DCP with increasing AL and myopic 
refraction. This is in contrast to that described by the previous studies. 
The	possible	explanation	for	this	finding	is	as	follows:	The	current	
OCTA nomenclature shows the SCP to be anatomically located within 
the	NFL,	GCL	and	IPL	and	the	DCP	within	the	INL	and	OPL.45 In 
our study, we found persistence and thickening of the IRLs and OPLs 
in eyes with longer AL and high myopic spherical refraction. As a 
result, there is persistence or increase in both the SCP and DCP 
vasculature.	Thus,	higher	vessel	densities	and	flow	area	indices	are	
noted in both SCP and DCP with higher grades of myopia. Falavarjani 
et al reported increased vessel densities and reduction of FAZ area 
on OCTA in eyes of children born preterm compared to controls.43 
They speculated that the increase in inner retinal layer is responsible 
for the increase vessel densities on OCTA in these eyes. It is also 
noted that there was no correlation between the vessel densities on 
OCTA in SCP (r = -0.052, p = 0.637) and DCP (r = -0.178, p = 0.102) 
and	visual	acuity.	Al-Sheikh	et	alfound	significant	reduction	in	vessel	
density	and	increase	in	flow	void	areas	in	choriocapillaris	layer	of	
greater myopic eyes.34 Thus, the reduction in visual acuity in myopic 
eyes is mainly due to the reduction in choroidal circulation with 
almost no contribution from the retinal circulation. 

The major advantage of our study was the simultaneous correlation 
of retinal microstructure, microvasculature and visual function in 
myopic eyes. Also, we analysed the foveal contour with different 
grades	of	myopia.	But	our	study	had	a	few	limitations	as	well.	The	
most important being the OCT scanning protocol used in the study. 
We	evaluated	only	the	thickness	changes	along	the	horizontal	scans.	
Retinal pathology related to myopia may occur in other regions around 
the macula. This scan protocol may limit our understanding of these 
changes.Also, we did not measure the subfoveal choroidal thickness 
in our study. Our study was limited by its transversal design, the 
age range of the subjects, and sample number that was relatively 
small and also by the effects of manual segmentation and high refractive 
errors on the measurements. Other longitudinal studies with a greater 
age spectrum and larger sample and using a 3 - dimensional volume 
scan protocol could be more informative with respect to the retinal 
structure	and	blood	flow	in	myopic	eyes.	In	addition,	our	quantitative	
vascular	density	was	not	confirmed	by	another	evaluation	method,	
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nor	by	other	manufacturer's	instruments,	although	there	is	no	gold	
standard for vascular density measurements that we can compare 
with our quantitative data. If new exploration procedures are developed, 
vascular changes in pathologically myopic eyes are still unclear. 

CONCLUSION

We	found	that	flattening	of	the	foveal	contour,	inner	retinal	layer	
thickening, outer retinal layer thinning and changes in the deep 
vascular plexus were associated with reduction in visual acuity in 
eyes	with	higher	grades	of	myopia.	Ultra-high-resolution	OCT	along	
with OCTA imaging of the retinal microvasculature is a simple, non-
invasive, and practical technique for informative evaluation and 
understanding of the different underlying mechanisms of pathologic 
changes related to myopia, such as lacquer cracks, atrophy, myopic 
choroidal neovascularisation, tractional maculopathy and macular 
holes.
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