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DIRECT 

OPHTHALMOSCOPE



Examination of 
the ocular fundus



Examination of 
the ocular fundus

Hypertension Diabetes

Leukemia Brain tumor

Biousse V, Newman NJ. Neuro-Ophthalmology Illustrated. Thieme New York, NY. 3rd Ed, 2019



Swollen Optic 
Nerve



 Optic nerve disease

 Blindness

 Brain disease

 Disability, death

 Elevated intracranial 
pressure

 Brain tumor, bleed, clot

 Blindness from chronic optic 
nerve swelling (papilledema)

The eye is a window to the brain

Swollen Optic 
Nerve



Direct Ophthalmoscopes are Everywhere!



Ophthalmoscopy       = Standard of care



 Ophthalmoscopes mandatory in 
most clinical settings!

 Learning how to use an ophthalmoscope 
is part of the basic curriculum in most 
medical schools



Direct ophthalmoscope = an old tool…

 1850: German 
physician Hermann 
von Helmholtz, who 
devoted much of his 
career to studying the 
eye and the physics of 
vision and perception, 
demonstrates his 
ophthalmoscope to 
the Berlin Physical 
Society. This invention 
revolutionizes 
ophthalmology.



 1881: French 
neurologist Jean-
Martin Charcot adopts 
the ophthalmoscope 
to diagnose neurologic 
disorders: “Now in this 
difficulty, the 
ophthalmoscopic art 
came to give us its 
decisive aid”.  

 The eye officially 
becomes a “window to 
the brain”.



1850 2021 

 Modern direct 
ophthalmoscope not 
much better than the 
old one…

 Modern non-
ophthalmology 
trained doctors not 
comfortable with the  
direct 
ophthalmoscope

 Modern doctors 
prefer more modern 
ways of looking at 
the brain

1850

2021



From Post-mortem Autopsy To Modern Neuroimaging

Autopsy Ophthalmoscopy
1850

X-Ray
1885

1918
Pneumo
encephalography

Computed 
tomography
1971

Magnetic 
resonance 
imaging
1977-1984

1949
Cerebral 
angiography



Normal brain imaging does not rule out brain disease, 
especially elevated intracranial pressure

 Cerebral venous thrombosis

 Meningitis

 Idiopathic intracranial 
hypertension



A tale too often told

 28 year old obese woman goes 
to an Emergency Department 
with severe headaches, nausea 
and vomiting

o Normal examination

 Sent home with a diagnosis of 
“migraine”



 2 weeks later: decreased vision in 
both eyes - Goes back to same 
Emergency Department

 Head CT normal

 Sent home with an outpatient 
Neurology appointment

 3 weeks from onset: vision and 
headaches worse

 Neurologist: “Normal examination”

 Sent to Ophthalmologist…



Bilateral optic nerve edema with headaches = 
Elevated intracranial pressure (papilledema)

No Light Perception           Light Perception

FUNDUSCOPIC 
EXAMINATION SHOULD 

HAVE BEEN DONE ON DAY 1!



Missed papilledema

 Devastating outcome 
(blindness)

 Enormous cost to society

 Law suit (medical malpractice)

Settled for $850,000

Stunkel L, Sharma RA, Mackay DD, Wilson B, Van Stavern GP, Newman NJ, Biousse V. Patient Harm Due to 
Diagnostic Error of Neuro Ophthalmologic Conditions. Ophthalmology. 2021 Mar 11:S0161-6420(21)00193-7



Why is ophthalmoscopy rarely performed in the ED 
and Neurology Clinics ? 

 Limited training

 Difficult without pupillary dilation

 Direct ophthalmoscope difficult to use and limited view

 Inability to recognize the findings

3
0

 m
in



Non-mydriatic 
fundus photographyDirect ophthalmoscopy is difficult



Fundus photography
vs. 

Ophthalmoscopy 
Trial Outcomes 

in the Emergency Department
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 Non-mydriatic fundus cameras

 Easy for non-ophthalmic trained 
individuals to use

 No pupillary dilation

 Able to take quality photographs of 
the posterior pole

 Reveals unrecognized findings in ED 

Bruce BB, Lamirel C, Wright DW, Ward A, Heilpern KL, Biousse V, Newman NJ Biousse V, Newman NJ. 
Nonmydriatic ocular fundus photography in the emergency department. N Engl J Med 2011; 364: 387–9



“Relevant” Findings

 Patients with:

 Headaches

 Severe hypertension

 Focal neurologic symptoms

 Visual loss

 Compare ED providers’ detection rate 
for relevant findings

 Should change patients’ care in 
the ED 

Optic disc 
edema

Isolated 
heme

Optic disc 
pallor

Retinal vasc. 
occlusion

Grade 
III/IV HTN



“Relevant” Findings

 Patients with:

 Headaches

 Severe hypertension

 Focal neurologic symptoms

 Visual loss

 Compare ED providers’ detection rate 
for relevant findings

 Should change patients’ care in 
the ED 

Optic disc 
edema

Isolated 
heme

Optic disc 
pallor

Retinal vasc. 
occlusion

Grade 
III/IV HTN

Cerebral venous 
thrombosis

Stroke

Systemic 
disease

Tumor

End organ damage
High rate of readmission 

within 30 days



General Methods

Ophthalmoscopy alone

1734 photos
350 patients

Photograhs

1503 photos
354 patients

Phase 1 Phase 2

ED

Neuro-
Ophthalmologist

Fundus Photography Readings
within 24 Hours

Photographs + 
Education

2347 photos
587 patients

Phase 3



Relevant Findings in 11.8%

1/9 patients in ED with headache, 
severe hypertension, focal neurology 

deficit, or visual loss has ocular 
fundus findings that should change 

acute management/disposition

Biousse V, Bruce BB, Newman NJ. Ophthalmoscopy in the 21st century: 
The 2017 H. Houston Merritt Lecture. Neurology 2018; 90: 167–75



Phase I Phase II

ED Examination 
Method

Direct
ophthalmoscopy

Non-mydriatic 
photography

# of patients’ fundi
viewed by ED-MD

# of abnormalities 
detected by ED-MD

Non-Mydriatic Fundus Camera in ED

Bruce BB, Lamirel C, Wright DW, Ward A, Heilpern KL, Biousse V, Newman NJ Biousse V, Newman NJ. 
Nonmydriatic ocular fundus photography in the emergency department. N Engl J Med 2011; 364: 387–9



Phase I Phase II

ED Examination 
Method

Direct
ophthalmoscopy

Non-mydriatic 
photography

# of patients’ fundi
viewed by ED-MD

48/350 (14%)

# of abnormalities 
detected by ED-MD

Non-Mydriatic Fundus Camera in ED

Bruce BB, Lamirel C, Wright DW, Ward A, Heilpern KL, Biousse V, Newman NJ Biousse V, Newman NJ. 
Nonmydriatic ocular fundus photography in the emergency department. N Engl J Med 2011; 364: 387–9



Phase I Phase II

ED Examination 
Method

Direct
ophthalmoscopy

Non-mydriatic 
photography

# of patients’ fundi
viewed by ED-MD

48/350 (14%)

# of abnormalities 
detected by ED-MD

0/44 (0%)

Non-Mydriatic Fundus Camera in ED

Bruce BB, Lamirel C, Wright DW, Ward A, Heilpern KL, Biousse V, Newman NJ Biousse V, Newman NJ. 
Nonmydriatic ocular fundus photography in the emergency department. N Engl J Med 2011; 364: 387–9





Phase I Phase II

ED Examination 
Method

Direct
ophthalmoscopy

Non-mydriatic 
photography

# of patients’ fundi
viewed by ED-MD

48/350 (14%) 239/355 (68%)

# of abnormalities 
detected by ED-MD

0/44 (0%) 16/35 (46%)

Non-Mydriatic Fundus Camera in ED

ED providers correctly identified 86% of normal fundi as normal on fundus photos

Bruce BB, Thulasi P, Fraser CL, Keadey MT, Ward A, Heilpern KL, Wright DW, Newman NJ, Biousse V. Diagnostic accuracy and use of 
nonmydriatic ocular fundus photography by emergency physicians: phase II of the FOTO-ED study. Ann Emerg Med 2013; 62: 28–33



STOP TEACHING 

OPHTHALMOSCOPY TO 

MEDICAL STUDENTS?

Mackay DD, Garza PS, Bruce BB, Newman NJ, Biousse V. The demise of direct 
ophthalmoscopy: A modern clinical challenge. Neurol Clin Pract 2015; 5: 150–7 



STOP TEACHING 

OPHTHALMOSCOPY TO 

MEDICAL STUDENTS?

OPHTHALMOSCOPY  
SHOULD HAVE BEEN DONE ON 
DAY 1!

No Light Perception Light Perception



STOP TEACHING 

OPHTHALMOSCOPY TO 

MEDICAL STUDENTS?

OCULAR FUNDUSCOPIC 
EXAMINATION 
SHOULD HAVE BEEN DONE ON DAY 1!

No Light Perception Light Perception



Teaching Ophthalmoscopy to Medical Students:
TOTEMS

 Medical students: Year 1 (n=138)

 Direct ophthalmoscope vs 
photograph interpretation

 On humans and simulators

Kelly LP, Garza PS, Bruce BB, Graubart EB, Newman NJ, Biousse V. Teaching ophthalmoscopy 
to medical students (the TOTeMS study). Am J Ophthalmol 2013; 156: 1056–61



 M1s performed significantly better identifying fundus 
features with photographs (p<0.001) than on simulator

 85% correct answers on photographs

 Fundus photographs: easiest and least frustrating

 70% preferred photographs to simulators for ocular 
fundus assessment

 49% said they would attempt direct ophthalmoscopy 
during clinical rotations over the next year

Teaching Ophthalmoscopy to Medical Students:
TOTEMS – Am J. Ophthalmol 2013



 M2s again more accurate interpreting ocular fundus 
photographs than simulators (p<0.001)

 Self-reported median frequency of ophthalmoscopy over 
previous year: < 10%

1 Year Retention Study (Medical Students Year 2):

TOTEMS II

77% 
uncomfortable with 

ophthalmoscopy

42% would not 
perform 

ophthalmoscopy 
during general exam

38%

20%
15%
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Discomfort Discouraged by

preceptor

Insufficient Time

%
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ts Primary Reasons Fundus 

Exam Not Performed

Mackay DD, Garza PS, Bruce BB, Bidot S, Graubart EB, Newman NJ, Biousse V. Teaching ophthalmoscopy to medical students 
(TOTeMS) II: A one-year retention study. Am J Ophthalmol. 2014; 157: 747-8



Fundus Examination Is More Important 
Than The Method Used

-45 minutes online 

tutorial with pre-

and post self 

assessment

-Traditional 

ophthalmoscopy 

workshop coupled 

with fundus 

photographs 

interpretation



ED/Neurology

Onsite interpretation 
by ED provider 
(Phase II)

Bruce BB, Biousse V, Newman NJ. Nonmydriatic ocular fundus photography in neurologic emergencies. 
JAMA Neurol 2015; 72: 455–9 

Non-Mydriatic Fundus Camera in ED

Onsite interpretation 
by ED provider after 
training (Phase III)



ED/Neurology

Onsite interpretation 
by ED provider 
(Phase II)

Bruce BB, Biousse V, Newman NJ. Nonmydriatic ocular fundus photography in neurologic emergencies. 
JAMA Neurol 2015; 72: 455–9 

Non-Mydriatic Fundus Camera in ED

Onsite interpretation 
by ED provider after 
training (Phase III)

Phase III FOTO-ED: No improvement of 
ED providers’ performance after training



Non-Mydriatic Fundus Camera in ED

ED/Neurology

Onsite interpretation 
by ED provider / 
neurologist with 
ophthalmology 
consultation if 
abnormal or unsure

Remote 
interpretation by 
ophthalmologist 
(tele-ophthalmology/ 
teleconsultation) Liability: 

 ED and neurologists do not know how to interpret photos

 Ophthalmologists need clinical information

 Billing



Non-Mydriatic Fundus Camera in ED

Onsite interpretation 
by ED provider / 
neurologist with 
ophthalmology 
consultation if 
abnormal or unsure

Remote 
interpretation by 
ophthalmologist 
(tele-ophthalmology/ 
teleconsultation)A

I

ED/Neurology



Non-Mydriatic Fundus Camera in ED

Onsite interpretation 
by ED provider / 
neurologist with 
ophthalmology 
consultation if 
abnormal or unsure

Remote 
interpretation by 
ophthalmologist 
(tele-ophthalmology/ 
teleconsultation)A

I

ED/Neurology



Artificial Intelligence 
and Digital Technology 

in Ophthalmology

[VERY] Basic Overview



Br J Ophthalmol 2018

Deep Learning is already 
changing everything in 

ophthalmology!



Artificial Intelligence And Deep Learning

Image
Output 

(Yes/No)

AI/DL
+

Question



Artificial Intelligence And Deep Learning: 
Many applications in ophthalmology

Image No

AI/DL
Diabetic 

retinopathy
?

Imag
e

Yes

AI/DL
Diabetic 

retinopathy
?



Female or
Male Gender?



Nature Biomedical Eng| (2018) 2: 158 



Five Important Rules in AI (Daniel Ting, MD PhD)

 1-Right question

 2-Right data

 3-Right partners

 4-Right concepts and methods

 5-Right enabler



Artificial Intelligence and Deep Learning

 Large data sets of images associated with definite 
diagnosis (made by humans) – reference standard (ground truth)

 Training data set (tell the machine what is what; then 
the machine will teach itself): train until machine 
performant enough – randomly presented batches

 Validation data set (confirm that the machine can 
answer the question reliably) – parameter selection/tuning

 External validation (test the machine on different data 
sets) – different centers/cameras/populations (generalization of findings)



Artificial Intelligence to 
Replace 

Ophthalmoscopy

Possible?



Optic nerve photographs and AI 

Onsite 
interpretation by 
non-
ophthalmology 
trained provider

A

I



The Brain and Optic Nerve Study 
with Artificial Intelligence (BONSAI)

Dan Milea MD PhD, Valérie Biousse MD, Nancy J Newman MD,  
Raymond P Najjar PhD, Caroline Vasseneix MD,               
Jiang Zhubo MSc, Yong Liu PhD, Daniel Ting MD PhD,        
Tien Yin Wong MD PhD, for the BONSAI Group

Funding:
MOH CS-IRG 2015



Five Important Rules in AI (Daniel Ting, MD PhD)

 1-Right question: papilledema or not?

 2-Right data: fundus photographs from 25 
international centers (large number, diverse data)

 3-Right partners: expert neuro-ophthalmologists 
(international group) and AI team (Singapore)

 4-Right concepts and methods: excellent clinical 
and digital operational flow

 5-Right enabler: implementation, outcome, 
commercialization (pending @Singapore)



BONSAI Group:
25 Centers, 70 investigators, 19 Countries

France
UK
Germany
Switzerland
Denmark
Italy
Portugal

Iran
India

China
Thailand
Singapore
Philippines

Australia

USA

France
UK

Germany
Switzerland
Netherlands

Denmark
Italy

Portugal

China
Hong Kong
Thailand
Korea
Singapore
Philippines

Iran
India

Australia

Russia



BONSAI Deep Learning System
Automatic classification of optic discs

 1) Quality check

 2) Is the disc normal vs abnormal?

 3) Is the abnormal disc papilledema (raised ICP) vs other?

Segmentation task Classification task Heat Map Generation

Other 
abnormalities

Normal

Papilledema



BONSAI Deep Learning System
Automatic classification of optic discs

 15,846 ocular fundus photographs

 9769 normal

 2508 papilledema

 3569 other disc abnormalities

Training and validation: 
14,341 photographs 

(80/20%)
from 19 centers

External validation:
1505 photographs

from 3 centers



 Fundus Photography with AI as diagnostic aid in 

non-ophthalmic settings (no clinical information):

ED/Neurology

BONSAI Deep Learning System
Automatic classification of optic discs



 Fundus Photography with AI as diagnostic aid in 
non-ophthalmic settings:

ED/Neurology

BONSAI Deep Learning System
Automatic classification of optic discs



Discrimination of:
Normal Discs vs. Discs With Papilledema

 Area under curve (AUC) 
for the detection of 
papilledema of 0.96 
(95% CI, 0.95 to 0.97)

 Sensitivity of 96.4% 
(95% CI, 93.9 to 98.3)

 Specificity of 84.7% 
(95% CI, 82.3 to 87.1)



Photograph

Quality check

Cropping

Disc centered

Heat map 
generation

Analysis

Probability







BONSAI Deep Learning System

 1) Quality check

 2) Is the disc normal vs abnormal?

 3) Is the abnormal disc papilledema (raised ICP) vs other?

Segmentation task Classification task Heat Map Generation

Other 
abnormalities

Normal

Papilledema

Can the BONSAI deep learning system 
perform as well [or better]                  

than expert neuro-ophthalmologists?



Human vs Machine



Human vs Machine



Human vs Machine

N-OP 1 vsN-OP 2

 New dataset of 800 standard digital fundus photographs

 Randomly selected from 3 neuro-ophthalmology centers 
(Copenhagen, Mayo Clinic Rochester, Seoul)



Human vs Machine

 800 fundus photographs

 400 normal

 201 papilledema

 199 other disc abnormalities

 One eye only

 No demographic or 
clinical information

 Independent review

N-OP

Standard conditions

Randomly 
presented



Human vs Machine

 800 fundus photographs

 400 normal

 201 papilledema

 199 other disc abnormalities

N-OP1

 One eye only

 No demographic or 
clinical information

 Independent review

Standard conditions

N-OP2



Human vs Machine

 800 fundus photographs

 400 normal

 201 papilledema

 199 other disc abnormalities

N-OP1

 One eye only

 No demographic or 
clinical information

 Independent review

Standard conditions

N-OP2



Human vs Machine

 800 fundus photographs

 400 normal

 201 papilledema

 199 other disc abnormalities

N-OP1

 One eye only

 No demographic or 
clinical information

 Independent review

Standard conditions

N-OP2



Time to classify 800 photographs– Human vs Machine

Grader Time

N-Op1 61 minutes

N-Op2 74 minutes2

1



Time to classify 800 photographs– Human vs Machine

Grader Time

N-Op1 61 minutes

N-Op2 74 minutes

Machine 25 seconds

2

1
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Conclusions – BONSAI - Human vs Machine

 Classification of optic nerve appearance (normal vs 
papilledema vs other optic disc abnormalities) by the 
BONSAI Deep Learning System:

 Very fast (25 seconds vs >1 hour by humans)

 At least as good as two expert neuro-ophthalmologists (>25 y 
experience) without clinical information and at the eye level 
(therefore, still helpful even if only one eye photograph of 
good quality)

Biousse V, Newman NJ, Najjar RP, Vasseneix C, Xu X, Ting DS, Milea LB, Hwang JM, Kim DH, Yang HK, Hamann S, Chen JJ, Liu Y, Wong TY, 
Milea D; BONSAI (Brain and Optic Nerve Study with Artificial Intelligence) Study Group. Optic Disc Classification by Deep Learning versus 

Expert Neuro-Ophthalmologists. Ann Neurol. 2020; 88: 785-95



BONSAI DLS vs non neuro-ophthalmologists
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BONSAI DLS for Optic Nerve Interpretation

 Trained deep learning system with direct application 
as diagnostic aid:

 => likely better than ophthalmoscopy or self-interpretation of 
fundus photographs in ED settings and Neurology clinics

 Next step: test in real-life settings [non-ophthalmologists]

ED/Neurology



Five Important Rules in AI (Daniel Ting, MD PhD)

 1-Right question: papilledema or not?

 2-Right data: fundus photographs from 25 
international centers (large number, diverse data)

 3-Right partners: expert neuro-ophthalmologists 
(international group) and AI team (Singapore)

 4-Right concepts and methods: excellent clinical 
and digital operational flow

 5-Right enabler: implementation, outcome, 
commercialization (pending @Singapore)



The IDx-DR system uses the Topcon NW400 robotic retinal 

camera (Topcon Medical Systems, Oakland, New Jersey)



BONSAI DLS for Optic Nerve Interpretation

ED/Neurology

ANY nonmydriatic camera BONSAI DLS as 
webtool or software 
installed on any camera 
for onsite immediate 
results

Probability 
optic nerve:
-normal
-papilledema
-other



Thank You!


