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A
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al Path
w
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•
94-99%

 of m
ultiple sclerosis 

(M
S) patients exhibit optic nerve 

lesions postm
ortem

 
•

R
etrograde neurodegeneration 

of retinal nerve fiber layer 
(R

N
FL) fibers �

 ganglion 
cell + inner plexiform

 (G
C

IP) 
layer atrophy 

 

O
ptical C

oh
eren

ce Tom
ograph

y (O
C

T) 

•
O

C
T is a sensitive m

easure of retinal 
neurodegeneration, w

hich reflects 
global atrophy 

R
etinal N

erve Fiber Layer 
(R

N
FL) 

G
anglion C

ell + Inner P
lexiform

 
Layer (G

C
IP

) 



C
om

m
on N

europsychological Tests/S
urveys  

D
om

ains Tested  
M

ultiple S
clerosis Functional C

om
posite (M

S
FC

) 
  

W
orking m

em
ory, concentration, 

speed of inform
ational processing, 

low
er extrem

ity and fine m
otor skills  

S
ym

bol D
igit M

odalities Test (S
D

M
T) 

 

A
ttention, concentration, speed of 
inform

ational processing, and 
w

orking m
em

ory  
B

rief Visuospatial M
em

ory Test-R
evised (B

V
M

T-R
)  

Total R
ecall  

Visuospatial and w
orking m

em
ory  

B
rief Visuospatial M

em
ory Test-R

evised (B
V

M
T-R

)  
D

elayed R
ecall  

Visuospatial and short-term
 m

em
ory  

B
enton Judgm

ent of Line O
rientation (JLO

)  
Visuospatial functioning  

C
ontrolled O

ral W
ord A

ssociation Test (C
O

W
AT)  

Language, abstract thought, and 
executive functioning  

D
elis-K

aplan E
xecutive Functioning S

ystem
 (D

K
E

FS
)  

A
bstract thought, executive 

functioning  
B

eck D
epression Inventory-II (B

D
I-II)  

S
elf-analyzed depression severity  

M
odified Fatigue Im

pact S
cale (M

FIS
)  

S
elf-analyzed fatigue im

pact  

•
43-70%

 of M
S patients are affected by cognitive im

pairm
ent 

•
A

n established battery of tests is used to m
easure cognitive function 

C
ognition in M

S 

   The prim
ary objective of this study w

as to determ
ine the 

relationships betw
een anterior visual pathw

ay 
neurodegeneration in M

S and global cognitive function 

G
oal 



M
ethods 

•M
S patients w

ere recruited by convenience sam
pling in a single 

academ
ic M

S center 
•Study participants w

ere clinically diagnosed w
ith relapsing 

rem
itting M

S (R
R

M
S), secondary progressive M

S (SPM
S), or 

prim
ary progressive M

S (PPM
S) 

•
SPM

S and PPM
S together w

ere designated as progressive M
S (PM

S) 

•H
istory of optic neuritis (O

N
) w

as determ
ined 

•Patients underw
ent 100%

-, 2.5%
-, and 1.25%

-contrast visual 
acuity (VA

) testing using Sloan letter charts and cognitive 
testing w

ithin 6 m
onths of O

C
T scans 

•M
ultilevel m

ixed-effects linear regression m
odels, accounting 

for age, sex, disease duration, race, years of education, history 
of O

N
, and w

ithin-subject inter-eye correlations w
ere utilized  

 

D
em

ographics and B
aseline C

haracteristics 

 O
verall 

 n=131 
 R

R
M

S 
 n=95 

 Progressive M
S 

 n=36 

p-value 

R
R

M
S vs PM

S 

 M
ean age, years (SD

) 
 45 (12.3) 

 41 (11.5) 
 55 (8.1) 

< 0.001 
 M

ean disease duration, 
years (SD

) 
 11 (8.8)  

 8.6 (6.6) 
 18.3 (9.9) 

< 0.001 

 Fem
ales (%

) 
66 

  65 
 67 

0.8317 

 R
ace 

•
C

aucasian 
•

A
frican A

m
erican 

•
O

ther 
 

  
 112 
 11 
 8  

  79 
 9 
 7   

     
  33 

 2 
 1  

 
0.1260 

   

 E
yes w

ith O
N

 H
istory 

  
 56 

 47 
 9 

0.0311 



Scores 
A

nterior V
isual Pathw

ay M
easures 

Average G
C

IP 
Thickness 

100%
-VA

 
2.5%

-VA
 

1.25%
-VA

 
p-value 

R
2 

p-value 
R

2 
p-value 

R
2 

p-value 
R

2 
M

SFC
 (n=131) a 

0.263 
0.1045 

0.797 
0.0314 

0.047 
0.0624 

0.14 
0.066 

SD
M

T (n=99) b 
0.369 

0.1479 
0.408 

0.1649 
0.047 

0.1905 
0.004 

0.1408 
B

V
M

T-R
  

Total recall  (n=92) c 
0.877 

0.1701 
0.002 

0.3077 
0.025 

0.1371 
0.001 

0.1889 
B

V
M

T-R
 

D
elayed recall (n=92) c 

0.469 
0.1739 

0.215 
0.264 

0.47 
0.0967 

0.068 
0.1278 

JLO
 (n=56) a 

0.975 
0.0626 

0.19 
0.3384 

0.975 
0.3157 

0.143 
0.1881 

D
K

EFS (n=39) a 
0.681 

0.0651 
0.458 

0.3738 
0.454 

0.454 
0.365 

0.4149 

C
O

W
AT (n=55) b 

0.784 
0.0616 

0.212 
0.3529 

0.31 
0.1603 

0.152 
0.1186 

B
D

I (n=48) d 
0.628 

0.0398 
0.459 

0.2579 
0.162 

0.3856 
0.487 

0.2573 

M
FIS (n=91) d 

0.026 
0.1467 

0.029 
0.1513 

0.163 
0.0403 

0.467 
0.0712 

p-values and coefficients of determ
ination w

ere adjusted for:  
    a age, sex, disease duration, years of education, and O

N
 history 

     b sex, disease duration, and O
N

 history 
     c sex, disease duration, years of education, and O

N
 history 

     d age, sex, disease duration, and O
N

 history
 

A
V

P m
easu

res are associated w
ith

 cogn
itive &

 
fatigu

e scores across th
e coh

ort 

Scores 
A

nterior V
isual Pathw

ay M
easures 

Average G
C

IP 
Thickness 

100%
-VA

 
2.5%

-VA
 

1.25%
-VA

 
p-value 

R
2 

p-value 
R

2 
p-value 

R
2 

p-value 
R

2 
M

SFC
 (n=95) a 

0.616 
0.114 

0.511 
0.114 

0.048 
0.056 

0.107 
0.052 

SD
M

T (n=76) b 
0.47 

0.237 
0.689 

0.287 
0.055 

0.118 
0.002 

0.161 
B

V
M

T-R
  

Total R
ecall (n=71) c 

0.978 
0.244 

0.025 
0.348 

0.092 
0.125 

0.001 
0.205 

B
V

M
T-R

  
D

elayed R
ecall (n=71) c 

0.206 
0.259 

0.364 
0.318 

0.361 
0.098 

0.024 
0.149 

JLO
 (n=30) a 

0.277 
0.232 

0.097 
0.387 

0.47 
0.306 

0.166 
0.209 

D
K

EFS (n=24) a 
0.386 

0.217 
0.964 

0.449 
0.004 

0.617 
0.02 

0.572 
C

O
W

AT (n=45) b 
0.706 

0.154 
0.689 

0.249 
0.027 

0.368 
0.139 

0.201 

B
D

I (n=39) d 
0.446 

0.149 
0.325 

0.372 
0.015 

0.480 
0.12 

0.295 

M
FIS (n=68) d 

0.06 
0.187  

0.016 
0.262 

0.305 
0.037 

0.811 
0.021 

p-values and coefficients of determ
ination w

ere adjusted for:  
    a age, sex, disease duration, years of education, and O

N
 history 

     b sex, disease duration, and O
N

 history 
     c sex, disease duration, years of education, and O

N
 history 

     d age, sex, disease duration, and O
N

 history
 

A
V

P m
easu

res are associated w
ith

 cogn
itive &

 
fatigu

e scores in
 R

R
M

S
 



Low
 con

trast V
A

 is m
ore closely associated w

ith
  

cogn
itive scores th

an
 h

igh
 con

trast V
A
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D
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p=0.964 

p=0.004 
p=0.02 

Scores 
A

nterior V
isual Pathw

ay M
easures 

Average G
C

IP 
Thickness 

100%
-VA

 
2.5%

-VA
 

1.25%
-VA

 
p-value 

R
2 

p-value 
R

2 
p-value 

R
2 

p-value 
R

2 
M

SFC
 (n=36) a 

0.226 
0.1702 

0.238 
0.0956 

0.552 
0.0908 

0.732 
0.0929 

SD
M

T (n=23) b 
0.638 

0.1048 
0.893 

0.1152 
0.765 

0.0919 
0.908 

0.1438 

B
V

M
T-R

  
Total R

ecall  (n=21) c 
0.889 

0.1877 
0.049 

0.2136 
0.483 

0.1248 
0.558 

0.1438 

B
V

M
T-R

  
D

elayed R
ecall (n=21) c 

0.45 
0.2046 

0.541 
0.1428 

0.471 
0.1225 

0.754 
0.1347 

JLO
 (n=11) a 

0.213 
0.8159 

0.807 
0.2156 

0.545 
0.4576 

0.151 
0.3157 

D
K

EFS (n=8) a 
0.728 

0.9253 
0.398 

0.8933 
0.399 

0.6916 
0.205 

0.5733 

C
O

W
AT (n=10) b 

0.369 
0.6859 

0.349 
0.4469 

0.99 
0.4745 

0.054 
0.3444 

B
D

I (n=9) d 
0.54 

0.7364 
0.111 

0.5802 
0.033 

0.5736 
0.747 

0.1961 

M
FIS (n=22) d 

0.143 
0.1349 

0.999 
0.1298 

0.134 
0.2433 

0.119 
0.2804 

p-values and coefficients of determ
ination w

ere adjusted for:  
    a age, sex, disease duration, years of education, and O

N
 history 

     b sex, disease duration, and O
N

 history 
     c sex, disease duration, years of education, and O

N
 history 

     d age, sex, disease duration, and O
N

 history
 

A
V

P m
easu

res are w
eakly associated w

ith
 

cogn
itive scores in

 PM
S

 



Su
m

m
ary 

 •A
nterior visual function reflects cognitive function in M

S 
particularly in R

R
M

S 
 •G

C
IP thickness w

as associated w
ith fatigue scores across the 

cohort 
 •AV

P m
easures w

ere w
eakly associated w

ith cognition in PM
S 

 •AV
P m

easures m
irror global aspects of the M

S disease process 
 •Future directions 

Johns H
opkins N

eurology: 
Shiv Saidha 
Peter C

alabresi 
A

lissa R
othm

an 
Pavan B

hargava 
Scott N

ew
som

e 
 Johns H

opkins Electrical Engineering:  
Jerry Prince 
 Johns H

opkins B
iostatistics: 

C
iprian C

rainiceanu 
  

C
ollaborators and Funding 

 N
Y

U
 N

eurology / U
 Penn: 

Laura B
alcer 

     Funding 
R

ace to Erase M
S 

 N
ational Institute of H

ealth 
(5R

01N
S082347-02)  

 N
ational M

ultiple Sclerosis 
Society (TR

 3760-A
3 &

 R
G

 
4212-A

-4) 
 N

ational Eye Institute (R
01 EY

 
014933 &

 R
01 EY

 019473) 
 B

raxton D
ebbie A

ngela D
illon 

&
 Skip (D

A
D

S) D
onor 

A
dvisor Fund  

 

 U
T Southw

estern N
eurology:  

Elliot Frohm
an 

A
m

y C
onger 

D
arrell C

onger  
Teresa Frohm

an 



Thank you
. 

Q
uestions? 


