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Abstract

INTRODUCTION—Acute disseminated encephalomyelitis (ADEM) is a rare demyelinating 

disease of the central nervous system (CNS) that classically occurs in children and adolescents. It 
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characteristically presents with acute inflammation, resulting in demyelination, often following an 

infectious disease. ADEM has been described in adult patients, but the incidence in the adult and 

especially elderly population is low.

CASES—We describe five older adults (age 57 to 85) who presented with acute neurological 

symptoms. Three patients presented with an infectious illness preceding the event, 4 patients were 

encephalopathic, and oligoclonal bands (OCBs) were negative in all tested cases. The clinical 

scenario and imaging studies suggested alternative diagnoses, such as metastasis, primary CNS 

tumor, or stroke. Two patients had contrast enhancing lesions, two other patients had lesions with 

restricted diffusion on diffusion-weighted imaging. Neuropathologic diagnostic from biopsy or 

autopsy was eventually conclusive, showing perivascular zones of myelin loss with relative axonal 

sparing in all five cases.

CONCLUSION—Each of these patients was found to have pathological findings of acute 

demyelination on tissue diagnosis, suggesting ADEM or ADEM-like disease. The initial 

presentation and imaging was pointing toward other diagnoses. Broad differential diagnosis is 

important, especially for older patients, and pathological proof might be warranted for a 

conclusive diagnosis.
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Introduction

Acute disseminated encephalomyelitis (ADEM) is characterized by an acute inflammatory 

process, involving the brain and spinal cord, causing demyelination. Symptoms usually 

begin 1 to 3 weeks after viral or bacterial infection, vaccination, or can occur without any 

preceding cause.1–4 The highest incidence of ADEM is reported in children (.8/100,000/

year).5 Symptoms appear rapidly, beginning with encephalitis-like symptoms such as fever, 

headache, and nausea, and can lead to focal neurological abnormalities and seizures. 

Fulminant cases can progress to coma. Mortality rate reaches 5%, but full recovery is seen in 

up to 50% to 75% of cases.6 The course is classically monophasic7 but a conversion to 

multiple sclerosis (MS) has been described up to 20%.2

ADEM is rarely seen in the elderly.8 We describe five older adults, who presented with rapid 

neurological decline. A wide range of differential diagnoses was considered, and 

neuropathology eventually confirmed acute demyelination, suggesting ADEM or an ADEM-

like picture.

Case Reports

Case 1

An 85-year-old woman with history of atrial fibrillation, hypertension, and breast cancer was 

admitted for abrupt cognitive decline and diffuse weakness. On neurological exam, she was 

lethargic with diffuse weakness. Lab work was unremarkable. Brain Magnetic Resonance 

Imaging (MRI) showed small T2/fluid-attenuated inversion recovery (FLAIR) hyperintense 
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lesions in both hemispheres (Fig 1A), corresponding to areas of restricted diffusion on 

diffusion-weighed images (DWI, Fig 2). T2 hyperintensities were also noted in the 

brainstem (Fig 1B) as well as in the thoracic spine (Fig 2). Cerebrospinal fluid (CSF) 

showed 680 white blood cells (WBCs) (100% lymphocytic pre-dominance) and normal 

protein and glucose. Carcinomatosis or ischemia were considered, and the patient rapidly 

progressed to coma and died 12 days after admission.

Pathological diagnosis: On autopsy, the lesions were distributed diffusely in the white matter 

of cerebral hemi-spheres and spinal cord, associated with prominent perivenular 

lymphocytic infiltration. Neurofilament stain showed relative preservation of axons, 

suggesting primary demyelination. Myelin loss was documented by Luxol fast blue (LFB) 

myelin stain (Fig 1C).

Case 2

A previously healthy 57-year-old woman with a few days of nausea, vomiting and generalize 

fatigue was admitted for evaluation of ascending weakness, leading to tetraplegia and 

respiratory failure. MRI of the brain showed diffuse, extensive FLAIR hyperintensities with 

corresponding restricted diffusion and contrast enhancement. CSF revealed 500 WBCs with 

a poly-morphonuclear predominance. The patient received plasmapheresis, 

methylprednisolone, and was started on acyclovir and doxycycline, but deteriorated with 

perseverance of pupillary reflexes. A head CT (Figs 1D and E) showed hypodensities in the 

brainstem and periventricular white matter. Repeat CSF showed 20,750 red blood cell 

(RBC), 5 WBCs, protein of 318 mg/dL, and glucose of 109 mg/dL, and viral polymerase 

chain reactions (PCRs) were negative. Oligoclonal bands (OCBs) were not detected. The 

patient worsened with death 6 days after onset of symptoms.

Pathological diagnosis: Autopsy showed demyelinating and hemorrhagic inflammatory 

lesions of the white matter of the cerebrum, brainstem, and spinal cord. White matter 

demonstrated hemorrhagic, demyelinating inflammatory lesions in the brainstem (Fig 1F).

Case 3

A 69-year-old man with a history of hypertension was admit-ted with left leg weakness. One 

week prior to admission, he was dizzy and irritable with a temperature of 37.8 °C (100.3 F). 

Shortly after admission, the patient developed left hemiparesis, confusion, and dysarthria. 

He started having seizures, required intubation, and progressed to coma. Laboratory studies 

and CSF were unremarkable. MRI showed nonenhancing, T2 hyperintensities in the white 

matter of both cerebral hemispheres and left cerebellar peduncle (Figs 1G and H) 

corresponding to areas of restricted diffusion on DWI. These findings were interpreted as 

embolic ischemic events, and anticoagulation was started. Differential diagnosis included 

posterior reversible encephalopathy syndrome (PRES), ADEM, encephalitis, and vasculitis. 

Methylprednisolone and acyclovir were also initiated. Brain biopsy diagnosed ADEM. The 

patient received a course of immunoglobulin, another course of methylprednisolone and 

clinically stabilized. The patient was lost to long-term follow-up.
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Pathological diagnosis: A white matter section stained with hematoxylin and eosin (H&E) 

and LFB exhibited areas of perivenular demyelination and scant perivascular mononuclear 

inflammatory infiltration typical of ADEM (Fig 1I).

Case 4

A 77-year-old man with a history of hypertension and smoking presented with 6 weeks of 

headache, personality changes, and 1 day of fever. CSF showed 40 WBCs (no differential), 

and the patient was treated with acyclovir, until viral infection was ruled out. A brain MRI 

showed multiple round, contrast-enhancing lesions in both hemispheres. Metastases were 

suspected but malignancy workup was negative. The patient was started on dexamethasone 

and levetiracetam. Repeat CSF evaluation showed 4 WBCs, 2 RBCs, protein of 43 mg/dL 

and glucose 53 mg/dL, and OCB, myelin basic protein, and CSF cytology were negative. A 

repeat MRI showed unchanged lesions (Figs 1J and K), and a body Positron Emission 

Tomography (PET) scan was negative. After brain biopsy, he was diagnosed with ADEM 

and started on methylprednisolone. MRI 6 months after onset of symptoms shows ongoing 

FLAIR changes without contrast enhancement, and the patient has returned to baseline (Figs 

3A and B).

Pathological diagnosis: Histopathology revealed infiltration by histiocytes with granular and 

foamy cytoplasmic changes. H&E stain demonstrated perivascular lymphocytic cuffing and 

florid infiltration of rarefield white matter (Figs 1L and 4).

Case 5

A healthy 81-year-old woman was brought to the emergency department by her family for 

subacute aphasia and disorientation. MRI of the brain showed a left hemispheric 

hyperintense FLAIR signal, associated with contrast enhancement. A PET scan of the brain 

demonstrated Fludeoxyglucose (FDG) avidity correlating with the enhancing white matter 

lesion. CSF-OCB were negative, but an elevated CSF-MBP of 7.3 mcg/L (range .0 to 4.0 

mcg/L) was detected. An autoimmune panel for anti-dsDNA, anti-RO, and anti-LA 

antibodies was negative. She worsened clinically and the contrast-enhancing lesion 

increased in size on a repeat MRI scan (Figs 1M and N). The brain biopsy, obtained because 

of concern about lymphoma, showed demyelination. After a course of methylprednisolone, 

the MRI contrast enhancement resolved at 6 weeks and the patient showed clinical 

improvement. Two years after the episode, the patient continues having some mild cognitive 

deficits and depressed mood, and imaging shows continued FLAIR changes without 

enhancement (Figs 3C and D).

Pathological diagnosis: H&E stain demonstrated perivascular lymphocytic cuffing and florid 

infiltration of rarefield white matter (Fig 1O). Brisk reactive gliosis was also present.

Discussion

ADEM is an uncommon inflammatory demyelinating disease of the central nervous system 

(CNS) rarely presenting in adult-hood. We report the first case series of ADEM in the 

elderly with confirmatory neuropathological diagnosis.
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Diagnosis of ADEM based on imaging is difficult, since there are no defining MRI criteria.9 

Described imaging patterns include extensive FLAIR lesions, often located in the deep gray 

matter,8,10–12 which is in contrast to corpus callosal perpendicular and periventricular 

lesions, characteristic of MS.3,6 Lesions can be contrast enhancing, and restricted diffusion 

has been described,13 making the diagnosis of an acute demyelinating event difficult, 

especially in older patients.

Brain biopsy is usually performed when a clinical diagnosis is inconclusive. 

Histopathological findings in ADEM consist of perivascular zones of myelin loss and 

relative axonal sparing, associated with cuffing lymphohistiocytic and, to a lesser extent, 

neutrophilic infiltrates. Perivascular edema, endothelial swelling, and vascular endothelial 

infiltration may be found.14 CSF reveals a mild lymphomonocytic pleocytosis and elevated 

albumin; transient OCBs are seen in only 12.5%.2,3,8,15

In our patients, imaging findings were highly variable, ranging from small scattered to 

singular, confluent lesions. Two patients demonstrated contrast-enhancing lesions, two other 

patients had lesions with restricted diffusion on DWI (see Table 1). Diffusion restriction had 

been associated with a poor prognosis in ADEM,13 and the patients with positive DWI died 

from their diagnosis. Three patients were tested for CSF-OCB, with negative results (see 

Table 1), correlating with the previously described low incidence of CSF-OCB in ADEM.
2,3,8

Despite above described findings, the diagnostic uncertainty necessitated brain biopsy, and a 

pathological confirmation was sought at autopsy in 2 patients. Demyelination was found in 

all cases (see Table 1). One patient had hemorrhagic inflammation, indicating hemorrhagic 

ADEM, or Weston Hurst disease (case 3). The histopathological picture of all 5 patients 

corresponded with findings known from the pediatric population, suggesting that acute 

demyelination presents in a similar pattern to childhood ADEM. Demyelination might also 

have occurred secondary to a different inflammatory etiology. However, the following 

aspects supported the diagnosis of ADEM: all events were monophasic, 3 patients had an 

infectious illness preceding the event, 4 patients were encephalopathic, and OCBs were 

negative, all findings are indicative of ADEM rather than other demyelinating diseases, such 

as tumefactive MS. Given the rarity of inflammatory diseases in the elderly and the unknown 

pathophysiology, the term ADEM-like disease could be suggested. Moreover, the 

immunologic course in adults versus children remains speculative, but the disease was 

fulminant in our patients, and repair mechanisms and oligodendrocyte response of the adult 

brain might not be as potent as it is in a pediatric brain.

Once ADEM is diagnosed, treatment should be initiated rapidly, using high-dose steroids, 

Intravenous Immunoglobulin (IVIG), or plasmapheresis.16,17 Immunosuppressive drugs 

represent an alternative treatment.16–18 Three of our patients were started on 

methylprednisolone, one on additional IVIG, and these patients improved clinically and 

radiographically. Importantly, those elderly patients who improved did not have relapses, 

indicating recurrent or multiphasic ADEM, neuromyelitis optica (NMO) spectrum disorder 

(NMOSD) or transformation to MS. A recent publication of a big cohort of ADEM patients 

describes recurrent ADEM especially in children, but also in adults, with a median follow-up 
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of 24 months.19 Patients with increased age, as well as male gender and encephalopathy at 

initial presentation, were associated with a longer time interval until a recurrent 

demyelinating event occurred. Interestingly, within this cohort, the presence of OCB was not 

associated with recurrence. The relapse rate of this cohort is contrary to other publications. 

A publication from Murthy et al analyzed a cohort of 18 pediatric ADEM patients, mean 

follow-up time was 22 months, and only 1 patient had a recurrence.20

The diagnosis of ADEM can be challenging; however, an infectious prodrome, 

encephalopathy, involvement of deep gray matter, and absence of OCB can point toward 

ADEM or ADEM-like disease.4,14 Our cases demonstrate the difficulty in making the 

correct diagnosis in older patients. This difficulty is most likely due to the reported rarity of 

acute inflammation in older patients, and the higher incidence of CNS malignancy or 

ischemia. A good clinical outcome depends upon rapid diagnosis and brain biopsy is 

warranted in elderly patients to ascertain a correct diagnosis.
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Fig 1. 
Neuroimaging and neuropathology comparisons of the individual cases. Fluid-attenuated 

inversion recovery (FLAIR) sequence with scattered hyperintense lesions in both 

hemispheres (A) and the brain stem (B). Immune staining with hematoxylin and eosin 

(H&E) and Luxol fast blue (LFB) demonstrating a demyelinating lesion surrounding a 

perivascular lymphocytic infiltration (C). Head CT with hyperdense lesions in the brainstem, 

bilateral thalami, and superior frontal lobe (D and E). Immune staining with H&E and LFB 

demonstrating a demyelinating lesion (F). MRI-FLAIR sequence with hyperintensities in 
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both cerebral hemispheres and left cerebellar peduncle (G and H). H&E and LFB stain 

showing perivenular demyelination and scant perivascular mononuclear inflammatory 

infiltration (I). MRI-FLAIR sequence with hyperintensities in both cerebral hemispheres (J), 

MRI brain with gadolinium showing bilateral contrast enhancement (K). 

Immunohistochemistry (IHC) for myelin basic protein (MBP) with hematoxylin counterstain 

demonstrating profound loss of MBP, indicative of myelin phagocytosis (L). MRI-FLAIR 

sequence with white matter changes (M) and MRI brain with gadolinium showing contrast 

enhancement (N). IHC for MBP with hematoxylin counterstain demonstrating profound loss 

of MBP, indicating myelin phagocytosis (O).
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Fig 2. 
MRI with diffusion-weighted imaging (DWI) sequences and spinal cord findings for case 1. 

Positive DWI signal corresponding to fluid-attenuated inversion recovery signal change in 

the right cerebral hemisphere of patient 1 (A and B), and positive T2 hyperintense signal 

(arrow) in the spinal cord of patient 1 (C).
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Fig 3. 
Follow-up MRI imaging for cases 4 and 5. MRI brain obtained 6 months after initial 

presentation of patient 4, indicating decreased fluid-attenuated inversion recovery (FLAIR) 

signal (A) and complete resolution of contrast enhancement (B). MRI obtained 2 years after 

initial presentation for patient 5 with decreased FLAIR signal (C) and no residual contrast 

enhancement (D).
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Fig 4. 
Exemplary visualization of all immunohistochemistry (IHC) obtained for case 4 

hematoxylin and eosin stain with perivascular lymphocytic cuffing and florid infiltration of 

rarefield white matter (A), IHC for myelin basic protein (MBP) with hematoxylin 

counterstain demonstrating profound loss of MBP in this area with some punctate labeling 

(arrows) in the cytoplasma of histiocytes, indicative of myelin phagocytosis (B), and IHC for 

neurofilament protein demonstrating axonal preservation in this region despite myelin 

devastation (C).

Kaunzner et al. Page 12

J Neuroimaging. Author manuscript; available in PMC 2018 June 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kaunzner et al. Page 13

Ta
b

le
 1

V
is

ua
liz

at
io

n 
of

 C
lin

ic
al

, R
ad

io
lo

gi
ca

l, 
an

d 
Pa

th
ol

og
ic

al
 F

in
di

ng
s

P
t

P
re

ce
di

ng
 I

nf
ec

ti
on

/D
is

ea
se

C
lin

ic
al

 F
in

di
ng

s
Im

ag
in

g 
F

in
di

ng
s

O
C

B
P

at
ho

lo
gy

 R
es

ul
ts

1
N

au
se

a
•

L
et

ha
rg

ic

•
C

on
fu

se
d

•
U

na
bl

e 
to

 a
m

bu
la

te

•
D

if
fu

se
 w

ea
kn

es
s

•
B

ra
in

 M
R

I:
 S

m
al

l T
2/

FL
A

IR
 

hy
pe

ri
nt

en
se

 le
si

on
s 

in
 b

ot
h 

he
m

is
ph

er
es

, b
ra

in
st

em
 a

nd
 

th
or

ac
ic

 s
pi

ne

•
Po

si
tiv

e 
D

W
I 

si
gn

al
 

co
rr

es
po

nd
in

g 
w

ith
 F

L
A

IR
 

ch
an

ge
s 

in
 b

ot
h 

he
m

is
ph

er
es

N
ot

 te
st

ed
•

Pe
ri

ve
nu

la
r 

ly
m

ph
oc

yt
ic

 
in

fi
ltr

at
io

n

•
N

eu
ro

fi
la

m
en

t s
ta

in
 w

ith
 

pr
es

er
va

tio
n 

of
 a

xo
ns

•
M

ye
lin

 lo
ss

 o
n 

L
FB

 s
ta

in

2
N

au
se

a/
V

om
iti

ng
•

A
sc

en
di

ng
 w

ea
kn

es
s

•
Po

si
tiv

e 
hy

pe
rd

en
si

tie
s 

on
 

he
ad

 C
T

•
C

on
fl

ue
nt

 T
2 

si
gn

al
 o

n 
br

ai
n 

M
R

I 
w

ith
 c

on
tr

as
t 

en
ha

nc
em

en
t

•
Po

si
tiv

e 
D

W
I 

si
gn

al

N
eg

at
iv

e 
O

C
B

•
A

re
as

 o
f 

de
m

ye
lin

at
io

n 
an

d 
he

m
or

rh
ag

ic
 in

fl
am

m
at

io
n

3
E

le
va

te
d 

te
m

pe
ra

tu
re

 d
iz

zi
ne

ss
•

L
ef

t h
em

ip
ar

es
is

•
C

on
fu

si
on

•
D

ys
ar

th
ri

a

•
C

on
fl

ue
nt

 T
2 

ch
an

ge
s 

in
 b

ot
h 

ce
re

br
al

 h
em

is
ph

er
es

•
C

or
re

sp
on

di
ng

 p
os

iti
ve

 D
W

I 
fi

nd
in

gs

N
ot

 te
st

ed
•

H
&

E
 a

nd
 L

FB
 s

ta
in

in
g 

sh
ow

 
pe

ri
ve

nu
la

r 
de

m
ye

lin
at

io
n 

an
d 

pe
ri

va
sc

ul
ar

 m
on

on
uc

le
ar

 
in

fl
am

m
at

io
n

4
Fe

ve
r

•
H

ea
da

ch
e

•
Pe

rs
on

al
ity

 c
ha

ng
es

/c
on

fu
si

on

•
M

ul
tip

le
 r

ou
nd

 F
L

A
IR

/T
2 

le
si

on
s,

 c
on

tr
as

t e
nh

an
ci

ng
 in

 
bo

th
 h

em
is

ph
er

es

N
eg

at
iv

e 
O

C
B

•
H

&
E

 s
ta

in
 w

ith
 p

er
iv

as
cu

la
r 

ly
m

ph
oc

yt
ic

 c
uf

fi
ng

•
H

is
tio

cy
te

 in
fi

ltr
at

io
n 

w
ith

 
gr

an
ul

ar
 a

nd
 f

oa
m

y 
cy

to
pl

as
m

ic
 

ch
an

ge
s

•
L

os
s 

of
 M

ye
lin

 o
n 

M
B

P 
st

ai
ni

ng
 •

 S
ta

in
in

g 
fo

r 
N

eu
ro

fi
la

m
en

t s
ho

w
s 

pr
es

er
ve

d 
ax

on
s

5
N

on
e

•
A

ph
as

ia

•
D

is
or

ie
nt

at
io

n

•
C

on
fu

si
on

•
O

ne
 c

on
fl

ue
nt

 F
L

A
IR

/T
2 

le
si

on
, c

on
tr

as
t e

nh
an

ci
ng

 
in

vo
lv

in
g 

bo
th

 h
em

is
ph

er
es

N
eg

at
iv

e 
O

C
B

•
H

&
E

 s
ta

in
 w

ith
 p

er
iv

as
cu

la
r 

ly
m

ph
oc

yt
ic

 c
uf

fi
ng

•
B

ri
sk

 r
ea

ct
iv

e 
gl

io
si

s

•
M

ye
lin

 lo
ss

 o
n 

M
B

P 
st

ai
ni

ng

•
St

ai
ni

ng
 f

or
 N

eu
ro

fi
la

m
en

t 
sh

ow
s 

pr
es

er
ve

d 
ax

on
s

D
es

cr
ip

tio
n 

of
 p

re
ce

di
ng

 in
fe

ct
io

n,
 c

lin
ic

al
, r

ad
io

lo
gi

ca
l, 

ol
ig

oc
lo

na
l b

an
ds

, a
nd

 p
at

ho
lo

gi
ca

l f
in

di
ng

s 
fo

r 
al

l 5
 in

di
vi

du
al

 p
at

ie
nt

s.
 P

t =
 p

at
ie

nt
; O

C
B

 =
 o

lig
oc

lo
na

l b
an

ds
; H

&
E

 =
 h

em
at

ox
yl

in
e 

an
d 

eo
si

n;
 

L
FB

 =
 L

ux
ol

 f
as

t b
lu

e;
 M

B
P 

=
 m

ye
lin

 b
as

ic
 p

ro
te

in
; F

L
A

IR
/T

2 
=

 f
lu

id
-a

tte
nu

at
ed

 in
ve

rs
io

n 
re

co
ve

ry
/T

2 
hy

pe
ri

nt
en

se
 s

ig
na

l; 
D

W
I 

=
 d

if
fu

si
on

-w
ei

gh
te

d 
im

ag
in

g.

J Neuroimaging. Author manuscript; available in PMC 2018 June 18.


	Abstract
	Introduction
	Case Reports
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	Discussion
	References
	Fig 1
	Fig 2
	Fig 3
	Fig 4
	Table 1

