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Overarching Research Goals

• Improve our understanding of the complex 
relationship between structural and functional 
change over time in the aging and glaucoma eye

• Develop computational, machine learning and 
statistical techniques to improve glaucomatous 
change detection 



Images courtesy of the National Eye Institute

Glaucoma Background

Normal Vision Glaucoma
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Background: Glaucoma is a disease associated 

with progressive retinal ganglion cell loss with 

characteristic optic disc and visual field damage

Visual Field Test 

Showing  Peripheral Vision Loss 

in Black

Photograph of the back of the eye

Mean Deviation (MD) 

-10.8 dB 

reflects severe 

glaucoma
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SDOCT Optic Nerve Head Scan

Cup Information
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Rim Information

RNFL Information

Disc Information
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Progression Detection Example: 
Spectral Domain Optical Coherence 

Tomograph
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Outline:  Use of Research IT
1. Clinical Research IT Infrastructure (4 NIH/Fdn/Industry studies)

– EPIC for scheduling patients
– ACTRI supported RedCAP for data entry/management
– Servers for document sharing

2. Reading Center IT Infrastructure (7 NIH/Fdn/Industry studies) 
– Supports numerous multicenter NIH, industry and foundation studies.
– FileMakerPro databases
– Image review stations and servers for image QC and data distribution
– ACTRI supported RedCAP and Vellos for data entry and management;
– Servers for curated data sharing among staff, investigators and trainees
– Software 

3. Computational Ophthalmology Core
– Custom segmentation software
– Artificial intelligence/ Deep learning strategies to detect glaucoma
– Triton Shared Computing Cluster (TSCC) GPU and CPU  



Hamilton Glaucoma Center Clinical 
Research Team

Clinical Research Coordinators:

Eunice Williams-Steppe MS 
(supervisor) 
Tess Acera

Veronica Rubio
Walter Siqueiros Garcia
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Why is knowing the rate of glaucomatous 
change important?

Stage of Disease

Vision 
Impairment

early late

Adapted from Garway-Heath



Miki et al  Ophthalmol 2014

Ophthalmol 2014: 121:1350-1358

OCT to measure rate of RNFL loss
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Case. Developed VF damage

0.96 dB

0.03 dB

SDOCT Visual Field

2009

2010

2011

2012

?

?

1.18 dB

MD
0.98 dB



2009 2010 2011 2012

84 μm

Case 1. RNFL slope -1.70μm/year
Developed VF damage

81 μm

79 μm
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Outline:  Use of Research IT
1. Clinical Research IT Infrastructure (4 NIH/Fdn/Industry studies)

– EPIC for scheduling research patients
– ACTRI supported RedCAP for data entry/management 
– Servers for document sharing

2. Reading Center IT Infrastructure (7 NIH/Fdn/Industry studies) 
– Supports numerous multicenter NIH, industry and foundation studies.
– FileMakerPro databases
– Image review stations and servers for image QC and data distribution
– ACTRI supported RedCAP and Vellos for data entry and management;
– Servers for curated data sharing among staff, investigators and trainees
– Software 

3. Computational Ophthalmology Core
– Custom segmentation software
– Artificial intelligence/ Deep learning strategies to detect glaucoma
– Triton Shared Computing Cluster (TSCC) GPU and CPU
– AWS / Servers
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1. Clinical Research IT Infrastructure (4 NIH/Fdn/Industry studies)

– EPIC for scheduling research patients
– ACTRI supported RedCAP for data entry/management
– Servers for document sharing

2. Reading Center IT Infrastructure (7 NIH/Fdn/Industry studies) 
– Supports numerous multicenter NIH, industry and foundation studies.
– FileMakerPro databases
– Image review stations and servers for image QC and data distribution
– ACTRI supported RedCAP and Vellos for data entry and management;
– Servers for distributed data sharing among staff, investigators and trainees
– Software 

3. Computational Ophthalmology Core
– Custom segmentation software
– Artificial intelligence/ Deep learning strategies to detect glaucoma
– Triton Shared Computing Cluster (TSCC) GPU and CPU
– AWS / Servers
–



Hamilton Glaucoma Center Imaging Data 
Evaluation and Analysis (IDEA) Reading 

Center Team
Coordinators:

Keri Dirkes MPH
(supervisor) 

Maria Hunsicker
Suzanne Vega MPH



IDEA Center Role: Imaging Instruments

• Perform centralized data processing and analysis for study 
sponsors

• Certify image acquisition operators
• Monitor quality
• Provide feedback to study center personnel
• Determine diagnostic classification (if required by study 

protocol)
• Identify progression



National Eye Institute Funding:
Diagnostic Innovations in Glaucoma Study (DIGS): Myopia

---

African Descent in Glaucoma Evaluation Study (ADAGES IV): Lamina
----

Ocular Hypertension Treatment Study (OHTS) 20 yr follow-up
----

Diagnosis and Monitoring of Glaucoma with OCTA
=-----

Machine Learning methods for Detecting Disease-Related Functional and       
Structural Change in Glaucoma

Brightfocus Foundation Funding
“Role of Microvasculature in the Pathophysiology of Glaucoma”

Industry Funding 
-Heidelberg Engineering: ANTERION Imaging Agreement Study
-Pfizer

Reading Centers for NIH and 
Industry Studies (2019)



Receive monthly Spectralis Examlist data spreadsheet 
and logs from sites.

Is Data Accurate?
(DOB Pt IDs, gender)

Create Examlist Report and 
email to sites.

Receive corrected 
Examlist from sites

Reading Center requests 
images to be sent.

• Review Images 
• Fix segmentation failures 
• Change BMO etc.

2nd review any questionable images

Create and send Quality Control Reports to sites.

Data Management: 
• Export scan data from RC review station and quality control information from RC FMP database. 
• RNFL data files are then run through python script to separate data by study. 
• Manually join all other data files to QC files, if available.  
• Place reviewed and unreviewed data files on the Glaucoma Research public.

Reading Center Pipeline

Yes No



Over 200,000 OCT Images reviewed!

Over 100,000 visual fields reviewed!

Curated data sharing on secure servers for analysis



Outline:  Use of Research IT
1. Clinical Research IT Infrastructure (4 NIH/Fdn/Industry studies)

– EPIC for scheduling research patients
– ACTRI supported RedCAP for data entry/management
– Servers for document sharing

2. Reading Center IT Infrastructure (7 NIH/Fdn/Industry studies) 
– Supports numerous multicenter NIH, industry and foundation studies.
– FileMakerPro databases
– Image review stations and servers for image QC and data distribution
– ACTRI supported RedCAP and Vellos for data entry and management;
– Servers for curated data sharing among staff, investigators and trainees
– Software 

3. Computational Ophthalmology Core
– Custom segmentation software
– Artificial intelligence/ Deep learning strategies to detect glaucoma
– Triton Shared Computing Cluster (TSCC) GPU and CPU 
– AWS / Servers
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– Image review stations and servers for image QC and data distribution
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3. Computational Ophthalmology Core
– Custom segmentation software
– Artificial intelligence/ Deep learning strategies to detect glaucoma
– Triton Shared Computing Cluster (TSCC) GPU and CPU  
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Area Under Receiver Operating Characteristic Curves

AUC (95% CI) Visual Field MD (dB)

Any Glaucoma 0.91 (0.89 - 0.93) -4.1 + 6.0 

Moderate to serve glaucoma 0.98 (0.96 – 0.99) Worse than -6 

:/2#&,+&")$:/"='=&7&+&2*$>?@'8372*A



!"#$%$&'()#'*+,-.'*/01'
2#,$'!--+34%/$'2,"4'5)/6%$&'2/4('5%&$%7%-,$('8#&%/$4'94#:'

;#,+()<'=<# >+,3-/?,'=<#

@A%&)('"%$.'A#&%/$41
+,A&#'%?",-('/$'
?/:#+'"A#:%-(%/$4



!"#$%&'()*+,%-'.)/,/01
23%4'56/7%'5)/%)89%:9)'5+



!"#$%&'"()*+,+-".,%&/%0"1-+2(3
4,.&5-$0"&/*+"(,+$6&7,8$1&4$0($.+,+-".&

/.,%83-3&94/74/:
! "#$%&'()*+&,,-.%'(-/&0-.&



!"#$%&'(#)*%+,-./'0#%.*'1./*'/*,"/'
()23)"%)1'45'(,"'6.)20'7$%03,%)1'()23)"%,%.0"'7-20+.%83'

9(7:(7;

Healthy RNFL 
thickness maps

Glaucoma RNFL 
thickness maps

<+,."5'
=,-.1,%.0"'

/)%&'

>?@A'/*,"/'
9AB?')C)/;

DAE>'/*,"/'
9@DF')C)/;

<)/%'()%& ABG'/*,"/'
9FF@ )C)/;

@DF'/*,"/'
9?A )C)/;

6))#':),+"."2'0H'IJK:'L"H,*)'MN<'(*,"/'
!3#+0O)/'P+)1.*%.0"'0H'=K'6,3,2)'N03#,+)1''

%0'IKJ:'<8.*Q")//
9N8+./%0#8)+'R')%',-ST'U,"24.--':R&'7I=M'EVF?;



! "#$%&'(#)*($#%+%,)-./$,(0(12

! 3($%)405*)16+78%(&&)9&(:)$&)7;/<$#+&;%

!"#$%&$'()*$%+'",-(.+'",-)/$.012"

Healthy RNFL 
thickness maps

Glaucoma RNFL 
thickness maps

3.+*%4"
5+'*6+)*$%"

1-)2"

!789"1:+%1"
;9<7"-=-1>

?9@!"1:+%1"
;8?A"-=-1>

3-1)"B-)2 9<C"1:+%1"
;AA8 -=-1>

8?A"1:+%1"
;79 -=-1>

D--E"F-+.%*%G"$H"I,JF"K%H+:-"L#3"B:+%1"
MNE.$&-1"O.-6*:)*$%"$H"5J"D+N+G-"
#$NE+.-6"")$"IJ,F"3P*:0%-11

;#P.*1)$EP-."Q"-)"+'RS"T+%G/*''"FQ2"UI5L"@VA7>

M%E()2"BE-:).+'*1"$E)*:"6*1:"1:+%1"
B-GN-%)-6"/4"B+%"D*-G$"U()$N+)-6"B-GN-%)+)*$%"U'G$.*)PN"

;BUFBU>



! "#$%&'(#)*($#%+%,)-./$,(0(12

! 3($%)405*)16+78%(&&)9&(:)$&)7;/<$#+&;%

!"#$%&$'()*$%+'",-(.+'",-)/$.012"3()4()2"5.-6*7)*$%"$8"9*1(+'":*-'6"

;+<+=-

=> ?@$97;/$1;9&)A5):$/$,(B)C(&D0;
E> F9$%1+1$1+G()H$#$/(1(#&B)3IJ)HKI

;--4">-+.%*%="$8"?,:>"@%8+7-"3#A"B7+%1"

C<4.$&-1"5.-6*7)*$%"$8"9:";+<+=-"

#$<4+.-6"")$"?:,>"AD*70%-11
E#D.*1)$4D-."F"-)"+'GH"I+%=/*''">F2"J?93"KLMNO



!"#$%&$'()*$%+'",-(.+'",-)/$.012"3()4()2"5.-6*7)*$%"$8"9*1(+'":*-'6"

;+<+=-

!" #$%&'()%*(&+,-.,/%)%012,31+45(

>?#@ABCC>?#@ABCD >?#@ABCE

;--4"F-+.%*%="$8"G,:F"H%8+7-"3#I"J7+%1"

K<4.$&-1"5.-6*7)*$%"$8"9:";+<+=-"

#$<4+.-6"")$"G:,F"IL*70%-11
M#L.*1)$4L-."N"-)"+'OB"P+%=/*''"FN2">G93"DAECQ



!"#$"#%&'()*+,#+-.&-/&0+1"23&4+)3*&

52627)

!" #$%&'()%*(&+,-.,/%)%012,31+45(
6" 7&%8*9*%*9:1,;%<%)1*1<+2,=>

5))$&8)2(.+.7&-/&9:48&;./2,)&!<=&>,2.1&

?6$(-@)1&'()*+,#+-.&-/&04&52627)&

<-6$2()*&&#-&94:8&=A+,B.)11
C<A(+1#-$A)(&D&)#&23EF&G2.7H+33&8D%&I90!&JKLMN

D)2.&5)@+2#+-.&CD5N&

OLKFM&*P&

()/3),#1&1)@)()&

732",-62



TSCC Triton Shared Computing Cluster (TSCC)
CPU and GPU Clusters

Amazon Web Services 

20+ TB servers

Software licenses etc.

Research IT used 



Outline:  Use of Research IT
1. Clinical Research IT Infrastructure (4 NIH/Fdn/Industry studies)

– EPIC for scheduling research patients
– ACTRI supported RedCAP for data entry/management
– Servers for document sharing

2. Reading Center IT Infrastructure (7 NIH/Fdn/Industry studies) 
– Supports numerous multicenter NIH, industry and foundation studies
– FileMakerPro databases
– Image review stations and servers for image QC and data distribution
– ACTRI supported RedCAP and Vellos for data entry and management
– Servers for distributed data sharing among staff, investigators and trainees
– Software 

3. Computational Ophthalmology Core
– Custom segmentation software
– Artificial intelligence/ Deep learning strategies to detect glaucoma
– Triton Shared Computing Cluster (TSCC) GPU and CPU 
– AWS / Servers



Hamilton Glaucoma Center Investigators 
welcome new students, postdocs, and 

collaborators
Akram Belghith, PhD

Christopher Bowd, PhD
Andrew Camp, MD

Mark Christopher, PhD 
Huiyuan Hou, MD

Elham Ghahari, MD
Michael Goldbaum, MD

Haksu Kyung, MD
John Liu, PhD

Patricia Manalastas, MD
Sasan Moghimi, MD

Rafaela Penteado, MD
Robert N. Weinreb, MD
Derek Welsbie, MD PhD

Diya Yang, MD
Adeleh Yarmohammadi, MD

Linda M. Zangwill, PhD



Thank you!

UC San Diego Hamilton Glaucoma Center
Shiley Eye Institute

Viterbi Family Department of Ophthlamology



Outline:  Use of Research IT (Servers +)
1. Clinical Research IT Infrastructure (4 NIH/Fdn/Industry studies)

– EPIC for scheduling patients
– ACTRI supported RedCAP for data entry/management
– Servers for document sharing

2. Reading Center IT Infrastructure (7 NIH/Fdn/Industry studies) 

– Supports numerous multicenter NIH, industry and foundation studies.
– FileMakerPro databases
– Image review stations and servers for image QC and data distribution
– ACTRI supported RedCAP and Vellos for data entry and management;
– Servers for distributed data sharing among staff, investigators and trainees
– Software 

3. Computational Ophthalmology Core
– Custom segmentation software
– Artificial intelligence/ Deep learning strategies to detect glaucoma
– Triton Shared Computing Cluster (TSCC) GPU and CPU  



111,884 Spectralis Scans Acquired
(AL, NY and SD received through Dec  2018)

GMPE ONH-RC Posterior Pole OCTA
From August 2014

All All
Macula ONH

# scans 3202 3283 648 703

# Participants (# eyes) 701 (1354) 688 (1211) ~314
Years of follow-up, 

median (IQR) 0.5 (2.9) 25% 3+ 
years f-up 0.5 (2.9) 25% 3+ 

years f-up

# of visits, median (IQR) 4.0 (4.0) 4.0 (5.0)

Pre-GMPE RNFL Circle ONH Cube Macula Cube ONH EDI

All
Healthy/ 
Suspect Glaucoma All

Healthy/ 
Suspect Glaucoma All

Healthy/ 
Suspect

Glaucom
a All

Healthy/ 
Suspect Glaucoma

# scans 29309 7032 22150 8230 1870 6360 9864 1985 7637 5475 1259 4216
# Participants (# eyes) 771 (1499) 282 (558) 473 (910) 732 (1418) 272 (537) 460 (881) 726 (1402) 255 (501) 455 (870) 651 (1250) 226 (444) 425 (806)

Years of follow-up, 
median (IQR) 3.2 (6.1) 0.0 (3.9) 4.8 (4.3) 2.8 (4.7) 0.1 (3.4) 3.9 (3.1) 2.9 (5.3) 0.0 (2.5) 4.2 (3.7) 2.1 (3.4) 0.0 (2.2) 2.8 (2.4)

# of visits, median (IQR) 5.0 (9.0) 2.0 (4.0) 8.0 (8.0) 5.0 (8.0) 2.0 (4.0) 6.0 (7.0) 5.0 (8.0) 1.0 (4.0) 7.0 (7.0) 4.0 (6.0) 1.0 (4.0) 5.0 (5.0)



111,884 Spectralis Scans Acquired
(AL, NY and SD received through Dec  2018)

Pre-GMPE RNFL Circle ONH Cube Macula Cube ONH EDI

All
Healthy/ 
Suspect Glaucoma All

Healthy/ 
Suspect Glaucoma All

Healthy/ 
Suspect

Glaucom
a All

Healthy/ 
Suspect Glaucoma

# scans 29309 7032 22150 8230 1870 6360 9864 1985 7637 5475 1259 4216

# Participants (# eyes) 771 (1499) 282 (558) 473 (910) 732 (1418) 272 (537) 460 (881) 726 (1402) 255 (501) 455 (870) 651 (1250) 226 (444) 425 (806)

Years of follow-up, 
median (IQR)

3.2 (6.1) 0.0 (3.9) 4.8 (4.3) 2.8 (4.7) 0.1 (3.4) 3.9 (3.1) 2.9 (5.3) 0.0 (2.5) 4.2 (3.7) 2.1 (3.4) 0.0 (2.2) 2.8 (2.4)

# of visits, median (IQR) 5.0 (9.0) 2.0 (4.0) 8.0 (8.0) 5.0 (8.0) 2.0 (4.0) 6.0 (7.0) 5.0 (8.0) 1.0 (4.0) 7.0 (7.0) 4.0 (6.0) 1.0 (4.0) 5.0 (5.0)

GET PICTURES OF 
SCANS HERE



Virtual Histology of the Retina

85

SD-OCT Spectralis circular 
scan centered on the ONH

SD-OCT Spectralis volume 
scan centered on the fovea




