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A
b
stra

c
t:
O
ne

of
the

challenges
of

throm
boangiitis

obliterans
(T
A
O
)
m
anagem

ent
is

in

the
patients

w
hose

other
vascular

beds
are

involved
and

it
rem

ains
a
challenge

to
know

w
hether

to
pursue

invasive
procedures

or
to

continue
m
edical

treatm
ent

for
such

T
A
O

patients.
T
he

aim
of

this
review

w
as

to
investigate

reports
of

the
involvem

ent
of

the

visceral
vessels

in
T
A
O

and
the

related
clinical

m
anifestations,

m
anagem

ent
approaches

and
outcom

es.
A
ccording

to
our

system
atic

review
,
the

frequency
of

published
articles,

the
organs

m
ost

com
m
only

involved
w
ere

the
gastrointestinal

tract,
the

heart,
the

central
nervous

system
,
the

eye,
the

kidneys,
the

urogenital
system

,
the

m
ucocutaneous

zones,
joints,

lym
phohem

atopoietic
system

and
the

ear.
N
otably,

reports
of

the
involve-

m
ent

of
alm

ost
all

organs
have

been
m
ade

in
relation

to
T
A
O
.
T
here

w
ere

several

reports
of

T
A
O

presentation
in

other
organs

before
disease

diagnosis,
in

w
hich

the

involvem
ent

of
the

extrem
ities

presented
after

visceral
involvem

ent.
T
he

characteristics

of
the

visceral
arteries

looked
like

the
arteries

of
the

extrem
ities

according
to

angio-

graphy
or

aortography.
A
lso,

in
autopsies

of
T
A
O

patients,
the

vascular
involvem

ent
of

m
ultiple

organs
has

been
noted.

M
oreover,

system
ic

m
edical

treatm
ent

could
lead

to
the

recovery
of

the
patient

from
the

onset
of

visceral
T
A
O
.
T
his

study
reveals

that
T
A
O

m
ay

be
a
system

ic
disease

and
patients

should
be

aw
are

of
the

possible
involvem

ent
of

other
organs

along
w
ith

the
attendant

w
arning

signs.
A
lso,

early
system

ic
m
edical

treatm
ent

of
such

patients
m
ay

lead
to

better
outcom

es
and

reduce
the

overall
m
ortality

rate.

K
e
y
w
o
rd

s:
throm

boangiitis
obliterans,

B
uerger

’s
disease,

visceral
vascular

bed,
ischem

ia

In
tro

d
u
c
tio

n
U
ntil

recently,
throm

boangiitis
obliterans

(T
A
O
)
had

been
know

n
as

a
recurrent,

non-atherosclerotic
segm

ental
in
fl
am

m
atory

and
occlusive

peripheral
vascular

disease
w
ith

unknow
n

etiology
that

is
typically

seen
only

in
young,

m
ale

sm
okers. 1

T
he

dom
inant

clinical
m
anifestation

of
T
A
O

is
in

the
extrem

ities
and

usually
in

the
m
edium

-
to

sm
all-sized

vessels
of

the
low

er
and

upper
lim

bs,w
hich

can
lead

to
lim

b
loss. 1

B
ecause

of
the

disease
’s

unknow
n
etiology,

no
treatm

ent

protocol
is

available
for

T
A
O
,
and

m
anagem

ent
of

T
A
O

rem
ains

a
m
edical

challenge.

A
lthough

sm
oking

cessation
is

know
n

to
be

an
im

portant
part

of
any

suggested
treatm

ent,
m
erely

stopping
sm

oking
cannot

prevent
am

putation
and

lim
b

loss
during

disease
fl
are-ups. 2

N
otably,

one
of

the
challenges

of
T
A
O

m
anagem

ent
is

in
the

patients
w
hose

other
vascular

beds
are

involved.
F
or

instance,
in

a
T
A
O

patient
w
ith

coronary
artery

involvem
ent,

it
rem

ains
a
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challenge
to

know
w
hether

to
pursue

invasive
proce-

dures
or

to
continue

m
edical

treatm
ent.

In
addition,

the

prevalence
of

T
A
O

is
low

in
com

parison
to

other
per-

ipheral
arterial

diseases
(PA

D
s),

even
in

countries
in

w
hich

T
A
O

is
com

m
on.

M
oreover,

involvem
ent

of
the

visceral
vessels

is
occasionally

seen
in

T
A
O
,
w
hich

m
eans

that
the

involvem
ent

of
other

vascular
beds

is

quite
rare.

F
or

these
reasons,

our
understating

of
the

involvem
ent

of
other

organs
and

their
clinical

m
anifestations

and
out-

com
es

is
poor.

A
s
a
result,

the
aim

of
this

review
w
as

to

investigate
reports

of
the

involvem
ent

of
the

visceral
ves-

sels
in

T
A
O

and
the

related
clinical

m
anifestations,

m
an-

agem
ent

approaches
and

outcom
es

from
January

1947

through
D
ecem

ber
2018.

L
ite

ra
tu
re

se
a
rc
h

A
system

atic
search

for
relevant

literature
published

betw
een

January
1,1947

and
D
ecem

ber31,2018
w
as
perform

ed
on

the

P
ubM

ed,
S
cience

D
irect

databases
and

G
oogle

S
cholar.

T
he

search
w
as

done
in

the
E
nglish

language.
T
he

reference
lists

from
the

retrieved
studies

w
ere

then
hand-searched.

S
earch

term
s
included

“throm
boangiitis

obliterans
”,

“B
uerger

’s
dis-

ease
”,
“A

rthritis
”,
“S
kin

”,
“C

utaneous
”,
“N

odular
erythem

a
”,

“L
ivedo

reticularis
”,
“E

rythrom
elalgia

”,
“P
urpura

”,
“R

enal”,

“K
idney

”,
“C

ardiac
”,

“C
oronary

”,
“H

eart”,
“L

ung
”,

“P
ulm

onary
”,

“T
estis

”,
“G

enital”,
“P
enis

”,
“
N
ervous

sys-

tem
”,

“C
erebral”,

“O
phthalm

ic
”,

“E
ye
”,

“M
uscle

”,

“M
uscular”

“H
earing

”,
“E

ar”,
“C

arotid
”,

“H
em

atology
”,

“A
nem

ia
”,

“L
ym

phadenopathy
”,

“B
one

”,
“S
keleton

”,

“S
tom

ach
”,

“L
iver”,

“S
pleen

”,
“P
ancreas

”,
“B

ow
el”,

“Intestine
”,

“M
esenteric

”,
“C

eliac
”
w
ith

com
binations

being

searched
via

B
oolean

operator.

F
or

data
extraction,the

indices
for

the
diagnosis

of
T
A
O

from
each

article
w
ere

evaluated.
A
rticles

w
hose

angiogra-

phy
characteristics

or
pathology

reports
did

not
quite

m
atch

T
A
O
diagnosis

w
ere

excluded
from

our
study.W

e
excluded

articles
for

w
hich

the
full-text

w
as

not
in

E
nglish

or
for

w
hich

the
full-text

w
as

inaccessible.
T
he

prim
ary

data

extraction
form

included
the

year
of

publication,
author

nam
e(s),

num
ber

of
patients,

age,
chief

com
plaint,

duration

of
disease,

sm
oking

status,
disease

diagnosis,
suggested

treatm
ent

and
treatm

ent
outcom

e,
all

of
w
hich

w
ere

assessed
by

the
tw
o
independent

review
ers

(F.F.
and

B
.F.).

O
ur

search
initially

identifi
ed

210
studies.W

e
checked

for

duplicates
betw

een
databases.

T
he

rem
aining

studies
w
ere

further
reduced

to
173

after
screening

of
the

titles
and

abstracts.
F
inally,

after
applying

the
exclusion

criteria,
the

total
num

ber
of

relevant
studies

w
as

reduced
to

83.

R
e
su

lt
A
ccording

to
our

system
atic

review
,83

articles
w
ere

included,

78
of

w
hich

w
ere

case
reports

and
2
of

w
hich

w
ere

case
series

papers,
w
ith

the
fi
nal

3
being

original
papers.

F
ifteen

articles

w
ere

published
prior

to
the

1980s,
and

68
articles

w
ere

pub-

lished
after

1980.

A
ccording

to
the

frequency
of

published
articles,

the

organs
m
ostcom

m
only

involved
w
ere

(1)
the

gastrointestinal

(G
I)
tract,(2)

the
heart,(3)

the
centralnervous

system
,(4)

the

eye,(5)
the

kidneys,(6)
the

urogenital
system

,(7)
the

m
uco-

cutaneous
zones,

(8)
joints,

(9)
lym

phohem
atopoietic

system

and
(10)

the
ear.

T
he

search
results

for
each

organ
are

sum
-

m
arized

in
the

follow
ing

10
tables.

G
astro

in
testin

al
tract

T
he

system
atic

search
returned

45
articles

related
to

the
gastrointestinal

tract.
W
e
w
ere

not
able

to
access

the
full

text
of

nine
articles

published
prior

to
1985,

and
four

articles
w
ere

not
in

E
nglish.

T
herefore,

these

13
articles

w
ere

excluded
from

our
study.

In
total,

w
e

review
ed

32
articles

com
prising

41
patients

that
w
ere

published
betw

een
1947

and
2016

(T
able

1).
T
he

m
ean

age
of

the
patients

w
as

41±
8
years.

T
he

m
ean

num
ber

of
cigarettes

sm
oked

daily
w
as

32±
12,

and
the

dura-

tion
of

sm
oking

before
m
esenteric

ischem
ia

w
as

22±
8

years.
O
nly

one
case

w
as

fem
ale.

In
65%

of
these

cases,
T
A
O

diagnosis
had

occurred
approxim

ately
8

years
before

the
m
esenteric

ischem
ia.

In
the

rem
aining

cases,
T
A
O

w
as

diagnosed
at

the
acute

abdom
en,

and

the
histology

exam
ination

of
the

ischem
ic

bow
el

con-

fi
rm

ed
T
A
O

diagnosis.
T
he

clinical
m
anifestations

of

the
patients

consisted
of

the
onset

of
diffuse

abdom
-

inal
pain

in
44%

of
the

cases,
w
eight

loss
in

20%

of
the

cases,
pain

in
the

right
low

er
abdom

inal
quad-

rant
in

12%
of

the
cases,

bloody
stool

in
10%

of
the

cases,
postprandial

pain
in

8%
of

the
cases

and
epi-

gastric
pain

resistant
to

antiulcer
treatm

ent
in

6%
of

the
cases.

A
m
ongst

the
included

articles,
occlusion

of
the

super-

ior
m
esenteric

artery
occurred

in
53%

of
the

cases,
of

the

inferior
m
esenteric

artery
in

12.5%
of

the
cases,

of
both

the
superior

and
inferior

m
esenteric

arteries
in

22%
of

the

cases
and

of
the

celiac
artery

and
its

branches
in

12.5%
of
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the
cases.

N
otably,

the
involvem

ent
of

the
bow

els
w
as

alm
ost

segm
ental.

H
ow

ever,
as

observed
through

aortography,
cork-

screw
collaterals

and
skip

lesions
w
ere

less
prom

inent

than
those

observed
in

the
low

er
extrem

ities.
T
he

histology
study

of
the

visceral
vessels

and
m
icroves-

sels
revealed

the
sam

e
characteristics

as
the

peripheral

vessels
in

T
A
O
.
T
he

m
ortality

rate
of

the
patients

due

to
m
esenteric

ischem
ia

w
as

16%
.
A
pproxim

ately
12%

of
the

patients
w
ithout

signs
of

peritonitis
underw

ent

conservative
m
edical

treatm
ent,

all
of

w
hom

im
proved,

although
one

developed
onset

of
m
ortal

m
esenteric

ischem
ia

tw
o
m
onths

after
receiving

a
high

dosage
of

corticosteroids.
E
ndovascular

treatm
ent

failed
in

50%

of
the

four
patients

in
w
hom

it
w
as

attem
pted.

T
he

outcom
e

of
12%

of
the

patients
has

not
been

reported.

H
eart

an
d
co
ro
n
ary

arteries
A
ccording

to
a
system

ic
search,

w
e
found

20
related

articles.
W
e
could

not
have

access
to

the
full

text
of

an

article
in

1986
and

four
articles

w
ere

not
in

E
nglish.

In

one
article

published
in

1977,
the

diagnosis
of

T
A
O

w
as

very
uncertain

according
to

the
clinical

m
anifesta-

tions
and

histology
report,

and
there

w
as

no
angiogra-

phy
report

for
that

case
to

support
T
A
O

diagnosis.
A
s
a

result,
the

article
w
as

excluded
from

our
study.

In
total,

14
articles

related
to

the
heart

or
coronary

arteries

published
betw

een
1985

and
2018

w
ere

included,
com

-

prising
14

patients
(T
able

2).
T
he

m
ean

age
of

the

patients
w
as

39±
10

years.
T
he

m
ean

num
ber

of
cigar-

ettes
sm

oked
daily

w
as

27±
13

and
the

duration
of

sm
oking

before
m
esenteric

ischem
ia

w
as

21±
14

years.

O
nly

one
patient

w
as

fem
ale.

In
66%

of
the

cases,

T
A
O

diagnosis
w
as

m
ade

approxim
ately

12
years

before
cardiac

event,
and

in
34%

of
the

cases,
T
A
O

diagnosis
occurred

soon
after

hospitalization
due

to

cardiac
event.

T
he

occlusion
of

the
left

anterior
descending

artery

(L
A
D
)
and

its
branches,

including
the

diagonal
and

circum
fl
ex

arteries,
in

addition
to

right
coronary

artery

(R
C
A
),

w
as

observed
in

35%
of

the
cases.

T
he

invol-

vem
ent

of
only

the
L
A
D

occurred
in

41%
of

the
cases,

of
only

the
R
C
A

in
18%

of
the

cases,
and

of
the

circum
fl
ex

artery
in

6%
of

the
cases.

In
71%

of
the

cases,
coronary

artery
stenosis

w
as

observed,
w
hilst

in

the
rem

aining
cases,

com
plete

segm
ental

occlusion
and

corkscrew
collaterals

w
ere

noted.
A
pproxim

ately
38%

of
the

patients
underw

ent
bypass

surgery,
38%

under-

w
ent

m
edical

treatm
ent,

including
intravenous

throm
-

bolysis,
and

24%
underw

ent
endovascular

stenting
or

balloon
angioplasty.

T
he

saphenous
vein

w
as

m
ost

com
patible

for
bypass

surgery
in

com
parison

to
the

internal
m
am

m
illary

artery
due

to
the

involvem
ent

of

that
artery.

O
f

the
patients

w
ho

underw
ent

bypass

surgery,
80%

recovered
w
ithout

bypass
graft

occlusion

due
to

follow
-up

occurring
approxim

ately
1
year

after

surgery.
A
bout

67%
of

the
vascular

stents
becam

e

occluded
betw

een
surgery

and
the

5-m
onth

follow
-up.

A
ll

of
the

patients
w
ho

received
only

conservative

treatm
ent,

including
vasodilators,

show
ed

im
prove-

m
ent,

and
67%

of
the

patients
w
ho

received
throm

bo-

lytic
treatm

ents
recovered.

N
one

of
the

patients
died

as
a
result

of
a
cardiac

event.

C
en
tral

n
ervo

u
s
system

T
he

system
atic

review
revealed

15
articles

related
to

the
central

nervous
system

.
F
our

of
the

articles
had

been
published

in
a
language

other
than

E
nglish

and

w
ere

excluded
from

our
study.

In
total,

12
articles

w
ere

included
that

com
prised

12
patients

and
w
ere

published
betw

een
1952

and
2016

(T
able

3).
T
he

m
ean

age
of

the
patients

w
as

35±
11

years
and

81%

of
the

patients
w
ere

m
ale.

T
he

m
ean

num
ber

of
cigar-

ettes
sm

oked
daily

w
as

30±
11

and
the

duration
of

sm
oking

before
m
esenteric

ischem
ia

w
as

24±
18

years.
In

54%
of

the
cases,

T
A
O

diagnosis
had

been

m
ade

approxim
ately

5
years

before
neurological

com
-

plications.
In

the
rem

aining
cases,

diagnosis
occurred

during
or

after
neurological

sym
ptom

s
had

developed.

T
he

clinical
m
anifestations

of
the

patients
consisted

of

hem
iparesis

in
27%

of
the

cases,
aphasia

in
18%

of
the

cases,
hem

ianopia
in

13.5%
of

the
cases,

behavioral

and
cognitive

im
pairm

ent
in

13.5%
of

the
cases,

sei-

zure
in

13.5%
of

the
cases,

hem
iplegia

in
10%

of
the

cases,
and

severe
localized

headache
in

4.5%
of

the

cases.
A
ll
fi
ve

patients
w
ho

com
pletely

stopped
sm

ok-

ing
im

proved.
V
asodilators

and
anticoagulants

did
also

result
in

im
provem

ent.
H
ow

ever,
50%

of
the

patients

w
ho

received
only

anticoagulants
and

anti-platelets
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show
ed

im
provem

ent.
T
he

m
ortality

rate
due

to
cere-

bral
ischem

ia
w
as

8.3%
.

E
ye

W
e
located

six
articles

related
to

the
eye

as
a
result

of

the
system

atic
review

.
O
ne

article,
published

in
1988,

reported
on

three
cases

of
tem

poral
arteritis

for
w
hich

T
A
O

diagnosis
w
as

m
ade

after
histology

of
the

tem
poral

artery.
H
ow

ever,
in

the
histology

exam
,
the

prom
inent

in
fi
ltrating

cells
w
ere

eosinophils.
A
lso,

no
additional

data
w
ere

available
about

the
clinical

m
anifestation

of

T
A
O

in
the

extrem
ities

or
any

angiography
exam

ination.

T
herefore,

due
to

its
doubtful

diagnosis
of

T
A
O
,
this

study
w
as

excluded
from

our
review

.
In

total,
w
e

included
fi
ve

articles
covering

fi
ve

patients
that

w
ere

published
betw

een
2006

and
2018

(T
able

4).
T
he

m
ean

age
of

the
patients

w
as

57±
10

years.
A
ll

cases
w
ere

m
ale.

T
he

m
ean

num
ber

of
cigarettes

sm
oked

daily

w
as

15±
7

and
the

duration
of

sm
oking

before
m
esen-

teric
ischem

ia
w
as

31±
11

years.
In

all
cases,

eye
invol-

vem
ent

w
as

observed
after

T
A
O

diagnosis,
w
hich

had

occurred
approxim

ately
18

years
earlier.

T
he

retinal

artery
w
as

the
m
ost

com
m
only

involved
artery.

R
eceiving

anti-platelets,
either

w
ith

or
w
ithout

corticos-

teroids,
led

to
partial

im
provem

ent.
H
ow

ever,
the

treat-

m
ent

strategies
and

outcom
es

for
40%

of
the

studies
are

unknow
n.

G
en
italia

A
ccording

to
a

system
ic

search,
w
e

found
six

related

articles.
O
ne

article
w
as

not
in

E
nglish;

therefore,
it
w
as

excluded
from

our
study.

T
otally,

fi
ve

articles
w
ere

included
w
hich

consisted
of

fi
ve

patients
in

total
and

published
betw

een
1968

and
2016

(T
able

5).
T
he

m
ean

age
of

the
patients

w
as

44±
20

years
and,

in
60%

of
the

cases,
T
A
O

diagnosis
had

occurred
approxim

ately
13

years
before

the
urogenital

events.
N
o

pharm
aceutical

treatm
ent

had
been

pursued
for

these
patients.

K
id
n
eys

A
ccording

to
a
system

ic
search,

w
e
found

seven
related

articles.
W
e
could

not
have

access
to

the
full-text

of
tw

o

articles
and

one
article

w
as

not
in

E
nglish.

T
herefore,

they
w
ere

excluded
from

our
study.

T
otally,

4
articles

included
w
hich

consisted
of

19
patients

in
total

and

published
betw

een
1959

and
2015

(T
able

6).
T
he

m
ean

age
of

the
patients

w
as

46±
8
and

all
patients

w
ere

m
ale.

In
all

cases,
renal

events
had

occurred
approxim

ately
8

years
after

T
A
O

diagnosis.
T
he

pharm
aceutical

treatm
ent

for
these

patients
is

unknow
n.

H
ow

ever,
hepato-renal

bypass
grafting

led
to

the
im

provem
ent

of
renal

function

in
one

patient.

M
u
co
cu
tan

eo
u
s
zo
n
es

A
ccording

to
a
system

ic
search,

w
e
found

four
related

articles
w
hich

consisted
of

fi
ve

patients
in

total
and

published
betw

een
1980

and
2013

(T
able

7).
T
he

m
ean

age
of

the
patients

w
as

39±
12

years
and,

in
40%

of
the

cases,
skin

events
had

occurred
approxim

ately
1.5

years

before
T
A
O

diagnosis.
In

60%
of

the
cases,

skin
events

had
occurred

approxim
ately

5
years

after
T
A
O

diagno-

sis.
S
topping

sm
oking

and
im

m
unosuppressants,

includ-

ing
m
ethotrexate

and
corticosteroids

but
not

vasodilators

or
anticoagulants,

im
proved

the
skin

lesions.

Lym
p
h
o
h
em

ato
p
o
ietic

system
A
ccording

to
a
system

ic
search,

w
e
found

six
related

articles.
T
hree

articles
w
ere

not
in

E
nglish;

therefore,

they
w
ere

excluded
from

our
study.

T
otally,

3
articles

w
ere

included
w
hich

consisted
of

28
patients

in
total

and
published

betw
een

1971
and

2016
(T
able

8).

Jo
in
ts

T
he

system
atic

review
revealed

four
articles

related
to

arthritis.
W
e
w
ere

not
able

to
access

the
full

text
of

one

article
and

one
article

had
been

published
in

a
language

other
than

E
nglish.

In
total,

w
e

included
3

articles

covering
13

patients
that

had
been

published
betw

een

1981
and

2003
(T
able

9).
T
he

m
ean

age
of

the
patients

w
as

45
years

and,
for

one
patient,

T
A
O

diagnosis
w
as

m
ade

after
the

experience
of

arthralgia.
T
he

m
edical

treatm
ent

for
the

patients
w
ith

arthralgia
is

unknow
n.

H
ow

ever,
one

patient
w
ho

received
corticosteroids

show
ed

progression
in

the
digital

ischem
ia,

despite

joint
im

provem
ent.

E
ar

A
ccording

to
a
system

ic
search,

w
e
found

one
related

article
w
hich

consisted
of

one
patient

in
total

and
pub-

lished
in

1962
(T
able

10).
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Table 1 Data summary of patients with TAO and gastrointestinal tract involvement

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome

of treatment

1 2016 Enshaei et al

(Iran)3
1 39 years Acute abdominal pain Below-knee (BK)

amputation 5 years earlier

1.5 packs of

cigarette for

25 years

Previous diagnosis of TAO

Abdominal X-ray

laboratory tests

Angiographic and

histhopathological

examinations

Resection the

gangrenous part

of ileum (25 cm)

following

ileostomy

Two more

laparotomy

after the initial

one because of

the bilious

discharge.

2 2016 Bouomrani

et al (Tunisia)4
1 42 years Recurrent duodenal

ulcer lasting for 5 years

which did not improve

by the well- anti-ulcer

treatment

Disease diagnosis 15 years

earlier and two toe

amputations during this

time

Two packs of

cigarettes for

more than 15

years

Previous diagnosis of TAO

according to clinical

features, angiography and

laboratory tests

Endoscopy and histological

examination of the ulcer

Anti-ulcer

treatment in

addition to

anticoagulant and

vasodilation

treatment

Ulcer healing

after two

months

confirmed by

endoscopy

No ulcer

recurrence

after four years

follow-up

3 2016 Shastri et al

(India)5
1 53 years Diffuse abdominal pain

with distention and

constipation for 5 days

following episodes of

bloody stool, and

bilious vomiting due to

segmental ileum

ischemia

Calf claudication 2 months

earlier and gangrene of right

2nd and 5th toes 10 days

earlier

One pack of

cigarette for

20 years

TAO diagnosis according to

clinical examination and

laboratory tests

Histological examination of

ileum

Resection of 167

cm of ileum

following

anticoagulant

treatment.

Recovery

(Continued)
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Table 1 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome

of treatment

4 2014 Kamiya et al

(Japan)6
1 48 years

(woman)

Acute severe and

persisted abdominal

pain

TAO diagnosis three years

earlier

She underwent below-knee

amputation 3 years earlier

and the diagnosis of TAO

was confirmed by

histological examination

Smoking one

pack of

cigarette

daily before

the disease

diagnosis

Acute mesenteric artery

occlusion in addition to

multiple small infarctions in

the kidneys was observed in

the abdominal computed

tomography

Spleen infarction 1 day after

the laparotomy

The histological

examination was not typical

for TAO but more likely

emboli. The source for

emboli was thoracic aorta.

However, the underlying

cause of thrombus

formation inside thoracic

aorta remained elusive

according to laboratory

tests and intensive heart

examination.

Resection of

entire small

intestine and the

right side of the

colon.

Anti-coagulation

therapy

Transient liver

dysfunction

after the

surgery.

(Continued)
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Table 1 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome

of treatment

5 2010 Lee et al

(Korea)7
2 Case 1:

65 years

Case 2:

39 years

Case 1: Periumbilical

and right lower

quadrant pain with

bloody diarrhea for 2

months. Pain

worsening following

constipation and

abdominal distention in

the last 3 days

Case 2: Right lower

quadrant pain and

bloody stool for 5 days.

Intermittent abdominal

pain several months

earlier.

Case 1: TAO diagnosis 16

years earlier and right BK

amputation 11 years before

colon ischemia

Case 2: TAO diagnosis 5

years earlier according to

clinical manifestation and

angiography. He underwent

toe amputation during this

time

Case 1:

smoking one

pack of

cigarette for

20 years but

stopped

smoking 3

years before

colon

ischemia.

Case 2: one

pack of

cigarettes for

16 years

Case 1: Abdominal

computed tomography

Histological examination

Case 2: Abdominal

computed tomography

Mesenteric angiography

Case 1:

Rectosigmoid

resection

Case 2:

Conservative

treatment

Case 1-

Recovery

Case 2-

Recovery

6 2009 Çakmak et al

(Turkey)8
1 48 years Postprandial abdominal

pain and 25 kg weight

loss within a year.

TAO diagnosis 14 years

earlier and toe amputations

during this time

(Angiography confirmation)

Two packs of

cigarette for

25 years

CT angiography of celiac

trunk and superior and

inferior mesenteric arteries

Histophatological

confirmation after

hemicolcetomy and ileum

resection

First approach

was angioplasty

and stenting

After 2 years,

right

hemicolectomy

and partial ileum

resection

because of

revascularization

failure

Recovery

7 2009 Turkbey et al

(Turkey)9
1 35 years Increase in abdominal

pain that was ongoing

for 4 months

TAO diagnosis 20 years

earlier and history of two

BK amputation

Unknown Abdominal CT angiography Resection 200

cm of jejunum

Recovery

(Continued)
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Table 1 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome

of treatment

8 2006 Leung et al

(NewYork,

USA)10

1 34 years Abdominal pain, nausea

and vomiting with

weight loss about 10 kg

over 6 months.

TAO diagnosis according to

clinical manifestation and

angiography several weeks

before mesenteric ischemia

The patient was under

treatment with

anticoagulants and calcium

channel blocker

Lengthy

history of

smoking

According to Magnetic

resonance imaging and

abdominal CT scan

Small splenic and renal

infarction was also

observed

Histological examination of

small intestine and superior

mesenteric artery

confirmed the diagnosis of

TAO

Resection of the

of almost all of

the small and

large bowels

Discharged

from hospital

with hospice

care at home.

9 2005 Cho et al

(Korea)11
1 37 years 2-day history of diffuse

abdominal pain and a 2-

month

history of claudication

of his left hand

TAO diagnosis according to

angiography and histological

examination of small bowel

One pack of

cigarette for

20 years

Abdominal CT scan

Histological examination of

small intestine confirmed

the diagnosis of TAO

Resection of

small bowel (40

cm)

Recovery

10 2003 Kobayashi

et al (Japan)12
1 42 years Abdominal pain with

muscle guarding

TAO diagnosis according to

Shionoya’s criteria and

excluding other types of

vasculitis 8 months earlier

and he had one BK

amputation during this time.

He was under treatment of

warfarin and ticlopidine.

Two packs of

cigarettes for

20 years

Angiography

According to autopsy and

histological examination

including posterior tibialis

artery the diagnosis of TAO

was confirmed

The ileum end,

cecum and

proximal side of

the ascending

colon and

sigmoid colon

were necrotic

and resected

Death

(Continued)
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Table 1 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome

of treatment

11 2003 Cho et al

(Korea)13
1 38 years Obstipation and diffuse

abdominal pain with 5

days duration

TAO diagnosis according to

clinical manifestation and

histological confirmation of

minor amputation 14 years

earlier

The patient also underwent

BK amputation during this

time

One pack of

cigarette for

18 days

Physical examination and

emergency laparotomy

Histology confirmed TAO

diagnosis

Resection of 100

cm of small

bowel

Unknown

12 2003 Kurata et al

(Japan)14
1 35 years Sudden onset of

abdominal pain

TAO diagnosis 10 months

earlier and lumbar

sympathectomy during this

time

(Angiography chractristics

for TAO)

One pack of

cigarette for

15 years

Abdominal X-Ray and

emergency laparotomy

Histology confirmed TAO

diagnosis

Resection of

small bowel

including

ileocecal (54 cm)

Recovery

13 2001 Sidiqqui et al

(NewYork,

USA)15

1 51 years 7-month history of

abdominal pain and

under corticosteroid

treatment by the

diagnosis of Crohn’s

disease

Acute abdominal pain

in the hospital due to

non-healing ulcer of

ingrown toenail

TAO diagnosis

at the onset of acute

abdomen by lower limb

angiography

The diagnosis was

confirmed by histological

exam after autopsy

Smoking for

26 years

Abdominal CT scan

-Aortogram

-Angiography

Histology confirmed TAO

diagnosis

Plasmapheresis

and high-dose

steroids

temporary

improvement but

small bowel

resection (36

cm) 2 months

later

Death due to

recurrent

intestinal

ischemic

perforations,

and sepsis

14 2001 Hassoun et al

(Belgium)16
1 50 years 3-month history of

postprandial epigastric

pain, vomiting, and

diarrhea and weight

loss around 15 kg over

the past 5 months

TAO diagnosis 30 years

earlier and one BK and

several minor amputations

during this time

One pack of

cigarette for

32 years

Abdominal CT scan

Angiography

Conservative

treatment

Recovery

(Continued)
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Table 1 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome

of treatment

15 1998 Iwai

(Japan)17
3 Case 1:

51 years

Case 2:

43 years

Case 3:

43 years

(identical

twin of

case 2)

Case 1: Epigastric pain

Case 2: Postprandial

abdominal pain for 2

years following 15 kg

weight loss in one year

Case 3: abdominal

angina

Case 1: TAO diagnosis

according to clinical

manifestation and

angiography 10 years earlier

Case 2: TAO diagnosis

according at the time of

abdominal pain according to

clinical manifestation and

lower limb angiography

Case 3: TAO diagnosis at

the time of abdominal

angina according to clinical

manifestation of lower limbs

and angiography and

aortography

Case 1: one

pack of

cigarettes for

30 years

Case 2:

unknown

Case 3:

unknown

Case 1: Upper GI series

showed deformity of the

duodenal bulbus and ulcer

formation. Histology of

right gastric artery was

compatible with diagnosis of

TAO

Case 2: Aortography

Case 3: Aortography

Histology of splenic artery

was compatible with TAO

diagnosis

Case 1:

Gastrectomy

Case 2: bypass

revascularization

and

sympathectomy

of mesentric and

celiac ganglia

Case 3: Bypass

surgery

Case 1-

Recovery

Case 2- Failure

of vascular

reconstruction

two years after

bypass surgery

Case 3-

Recovery

16 1998 Michail et al

(Greece)18
1 42 years History of chronic

abdominal pain

Reported with

acute abdominal pain

and vomiting

TAO diagnosis according to

clinical manifestation and

angiography at the time of

hospital admission

Heavy

smoker for

24 years

Abdominal X-rays

Angiography

Histology confirmed TAO

diagnosis

Partial

enterectomy

Recovery

17 1998 Lie

(California,

USA)19

4 Range

from 35

to 41

years

Unknown Duration of the disease is

unknown but all the cases

had at least one leg

amputations

Unknown Unknown

But Ileum, ascending colon,

jejunum and sigmoid colon

were infarcted or

gangrenous in the four

cases

Resection of

ileum and

ascending colon

in two cases

Other two cases

died before

surgical

intervention

50% Death

(Continued)
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Table 1 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome

of treatment

18 1996 Sauvaget et al

(France)20
1 36 years Dysentery associated

with a weight loss of 12

kg following acute

abdomen

TAO diagnosis at the

workup for the cause of

dysentery

Angiography of the lower

limbs were characteristics

for TAO

17 pack-year Colonoscopy which

showed diffuse superficial

ulcerations, with a deep

ulceration of the sigmoid

colon.

Unresponsive to amebicides

Histology exam confirmed

TAO diagnosis

Resection of

sigmoid 17 cm

Intravenous

heparin and

prostacyclin

Recovery

19 1995 Burke et al

(Washington,

USA)21

2 Case 1:

39 years

Case 2:

48 years

Unknown Unknown Heavy

smokers

Unknown

Histology exam confirmed

TAO diagnosis

Unknown Case 1-

Recovery

Case 2-

recurrecnt

strictures at

bowel

anastomosis

during 4 years

follow-up

20 1994 Schellong et al

(Germany)22
1 23 years 9-month history of

postprandial abdominal

pain and weight loss

about 15 kg

Referred from another

hospital by diagnosis of

mesenteric ischemia

confirmed by

angiography

TAO diagnosis at the

workup for the acute

abdominal pain

20–30

cigarettes for

5 years

Abdominal examination

Angiography

Raising liver enzymes

-Histologic examination was

compatible with TAO

Thrombectomy

and short vein

bypass from the

aorta to the

common hepatic

artery

Recovery

21 1994 Saboya et al

(Brasil)23
1 34 years Because of 8 hrs

intestine pain in the

lower abdomen and

obstipation

Two BK amputations 2

years earlier

Unknown

but give up

smoking for

2 years

Laparotomy due to

abdominal examination and

laboratory tests

Histology was supportive

for TAO

Resection of

sigmoid colon

(28 cm was

necrotic) and

rectum

Discharged

with colostomy

(Continued)
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Table 1 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome

of treatment

22 1993 Ito et al

(Japan)24
1 42 years Acute right lower

quadrant pain and with

severe

tenderness and slight

muscle guarding

previous history of

abdominal colicky pain

and vomiting

TAO diagnosis 14 years

earlier and two BK

amputations during this

time and several toe

amputations

30 cigarettes

daily for 20

years

Laparotomy by primary

diagnosis of diverticulitis

(The patient had

appendectomy before)

Postoperative aortography

and histology of cecum and

small mesenteric vessels

confirmed TAO diagnosis

Ileocecal

resection

Recovery

23 1993 Broide et al

(Israeal)25
1 20 years Severe abdominal pain

and vomiting of 3 days

duration

TAO diagnosis 2 years after

acute abdomen according

to clinical manifestations,

laboratory investigation and

angiography

Two to three

packs of

cigarette for

5 years

Retrograde diagnosis of

TAO for mesenteric

ischemia

Resection of

jejunum

Histology

demonstrated

well-organized

thrombi in

branches of

superior

mesenteric

artery

Recovery

24 1983 Soo et al

(Australia)26
1 48 years Abdominal pain in right

iliac fossa with rebound

and tenderness

TAO diagnosis 7 years

earlier according to clinical

manifestation

The patient underwent one

BK amputation and several

toe amputations

Histology examination

confirmed the diagnosis of

TAO

Three packs

of cigarette a

day

The pre-operative diagnosis

was appendicitis

During the surgery 8 cm

infarcted sigmoid colon was

observed.

Histology study confirmed

the diagnosis of TAO in the

colon.

Appendix was macroscopic

and microscopic normal.

Resection of

sigmoid colon

Recovery

(Continued)
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Table 1 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome

of treatment

25 1979 Borlaza et al

(Michigan,

USA)27

1 36 years 2-week history of

abdominal pain with

nausea and vomiting

and weight loss

TAO diagnosis after

abdominal pain according to

clinical manifestation,

angiography of lower limbs

Two packs of

cigarettes

per day for

21 years

Laparotomy by initial

diagnosis of intussusception

and resection if ileum

Histology findings was

suggestive for BD

Aortography was also

supportive for visceral TAO

Resection of

ileum (30 cm)

Recovery

26 1979 Sobel et al

(California,

USA)28

1 35 years During hospital

admission for non-

healing wound of

amputation stump, the

patient developed

abdominal pain

following decreased

consciousness and

generalized seizure

TAO diagnosis 10 years

earlier and one BK

amputation

Histology had confirmed

TAO

One to two

packs of

cigarette for

25 years

In autopsy necrotic

pancreas and infarcted

spleen due to occlusion of

celiac and splenic artery and

hemorrhagic bilateral

adrenal necrosis and

hemorrhagic infarction of

pituitary and cerebral

cortices

Histology of celiac artery

was supportive for TAO

diagnosis

Nothing for the

abdominal pain

due to acute

renal failure

Death

27 1977 Sachs et al

(Texas,

USA)29

1 45 years Constant left upper

quadrant abdominal

pain

History of 1 year

anorexia and weight

loss

TAO diagnosis at the time

of admission for abdominal

pain

Two packs of

cigarettes for

30 years

Barium enema and

aortography

Histology was supportive

for TAO diagnosis

Resection of

transverse colon

Unknown

(Continued)
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Table 1 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome

of treatment

28 1972 Wolf et al

(Washington,

USA)30

2 Case 1:

53

Case 2:

43

Case 1: Obstipation

and persistent

abdominal pain with

vomiting

Case 2: Reporting with

gastrointestinal

hemorrhage and shock

Nausea and cramping

abdominal pain 5 days

before admission.

Case 1: BD diagnosis 18

years earlier and one BK

amputation during this time

Case 2: BD diagnosis 2

years earlier and one BK

amputation

Histology confirmed the

diagnosis of TAO

Case 1: 30

cigarettes

per day for

38 years

Case 2: 20 to

40 cigarettes

per day for

30 years

Case 1: Abdominal

examination and exploring

laparotomy which showed

two small abdominal wall

abscesses

Since the abscesses could

not explain the pain of the

patient, biopsy from jejunal

mesenteric arcade was

obtained

The histological findings

were supportive for visceral

BD

Case 2: At autopsy,

thrombosis of portal vein,

which extended

into the superior

mesenteric vein and the

infarction of jejunum

histology demonstrated

neutrophilic infiltration of

vein wall

Case 1:

Unknown

Case 2:

Intravenous

infusion of saline

Case 1:

Unknown

Case 2: Death

(Continued)
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Table 1 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome

of treatment

29 1968 Herrington

et al

(Tennessee,

USA)31

2 Case 1:

33 years

Case 2:

42 years

Case 1: Several days of

cramping, left lower

quadrant abdominal

pain following severe

tenderness

Case 2: 8 months

cramping abdominal

pain, anorexia, and

weight loss of 20

pounds following

severe abdominal pain

Case 1: TAO diagnosis at

the onset of acute abdomen

according to past medical

history and clinical

manifestation and histology

exam of the sigmoid colon

Case 2: TAO diagnosis at

the onset of acute

abdomen. Angiography of

upper and lower limbs

confirmed the diagnosis of

TAO

Case 1:

Smoking for

years

Case 2:

Smoking 60

cigarettes

per day for

24 years

Case 1: Laparotomy by the

suspicious of sigmoid

diverticulitis

Histology confirmed TAO

diagnosis

Case 2: laparotomy by the

primary diagnosis of

appendicitis. However,

appendices was normal but

jejunum was ischemic.

Case 1:

Resection of

sigmoid colon

Case 2 Resection

of jejunum (60

cm)

Case 1:

Recovery

Case 2:

Recovery after

resection of

jejunum but 1

month later he

had massive

melena and

then death

30 1966 Rob et al

(New York,

USA)32

1 46 years Cramping and

spasmodic, central

abdominal pain

associated with

diarrhea and weight

loss

TAO diagnosis many years

earlier and two BK

amputations during this

time

Unknown Abdominal X-ray

Aortography was normal

however the histological

exam of the resected bowel

confirmed the diagnosis of

TAO in the thrombotic

occluded vessels in the

mesentery

Resection the

ischemic part of

small bowel

Unknown

(Continued)
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Table 1 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome

of treatment

31 1953 Kilbourne

et al (Chicago,

USA)33

1 35 years Epigastric pain,

vomiting and blood loss

in stool

TAO diagnosis 1 year

earlier and one BK

amputation

Heavy

smokers

Laparotomy by primary

diagnosis of superimposed

polyps or Carcinoma.

During the surgery stomach

was found to be 3 to 4

times

normal thickness and

somewhat spongy from

cardia to antrum, where

there was an abrupt change

to normal consistency and

thickness.

perigastric nodes were

enlarged up to 4 by 2 cm

Histology demonstrated no

malignancy but perivascular

inflammation without

thrombotic occlusion.

The involved

portion of the

stomach was

resected

Recovery

32 1947 Garvin

(Pennsylvania,

USA)34

1 33 years Abdominal pain,

distention and vomiting

History of same

presentation 8 years

earlier

TAO diagnosis 8 months

earlier

Unknown Laparotomy by diagnosis of

mesenteric ischemia

The histology was

supportive for TAO

diagnosis

Resection 45 cm

of gangrenous

proximal ilium

Unknown
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Table 2 Data summary of patients with TAO and coronary arteries involvement

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the current

disease

Suggested

treatment

The outcome

of treatment

1 2018 Tekin et al

(Turkey)35
1 45 years Acute chest pain TAO diagnosis 2 years

earlier

25 pack/

year

Angiography coronary dissection

in LAD

Bypass surgery using

saphenous vein

Recovery no

data about

further follow-

up

2 2016 Atay et al

(Turkey)36
1 26 years Chest pain

and myocardial

infarction two times

in 1 year

TAO diagnosis before

the chest pain

confirmed by

angiography

Unknown Coronary angiography 70%

stenosis of LAD

Angioplasty with drug-

induced stent

Balloon angioplasty for

in-stent thrombosis

and thrombolytic

therapy

Cilostazol

Stent

thrombosis 5

months later

No more data

about the

condition of the

patient after

balloon

angioplasty and

receiving

Cilostazol

3 2013 Mitropoulos

et al

(Greece)37

1 52 years Myocardial

infarction

TAO diagnosis 25 years

earlier

One BK and several

minor amputations

Heavy

smoker

CT angiography 80–90% stenosis

of LAD

Bypass surgery Recovery and

improved

ejection

fraction after

one year

follow-up

(Continued)
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Table 2 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the current

disease

Suggested

treatment

The outcome

of treatment

4 2013 Akyuz et al

(Turkey)38
1 43 years Onset of severe

chest pain and loss

of consciousness

due to inferior and

right myocardial

infarction

TAO diagnosis 5 years

earlier

Unknown Coronary angiography showed

total occlusion of mid-portion

LAD and proximal RCA without

any flow

Unsuccessful

endovascular

procedure and

because of unstable

hemodynamic could

not be candidate for

bypass surgery

Tissue plasminogen

activator (tPA) and

glycoprotein IIb/IIIa

inhibitor

Recovery

No data about

further follow-

up

5 2007 Hsu et al

(Taiwan)39
1 32 years Acute chest tingling

for 2 hrs with V1-V6

ST elevation which

recovered

spontaneously.

Also frequent

episodes of

accelerated

idioventricular

rhythm

Previous TAO

diagnosis with

angiography

confirmation

Unknown Coronary angiography 90%

stenosis of proximal LAD

Stent implantation Recovery

No data about

further follow-

up

6 2007 Abe et al

(Japan)40
1 38 years Unknown but

coronary

angiography was

performed during

the hospital

admission of the

patient for ischemic

leg pain at rest

TAO diagnosis 13 years

earlier

Unknown Coronary angiography complete

occlusion of the middle segment of

LAD and corkscrew collaterals

and intact right coronary artery

supplied blood stream distally

Unknown Unknown

(Continued)
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Table 2 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the current

disease

Suggested

treatment

The outcome

of treatment

7 2006 Miranda

(Lebanon)41
1 60 years Non–ST-elevation

myocardial

infarction and

dyspnea after left

upper lobe lung

resection for non-

small-cell lung

cancer.

A known case of TAO Unknown Coronary angiography showed a

90% stenosis of the distal RCA

with distal flow via collaterals

Chest CT scan showed

thrombosis in the left upper

pulmonary vein

RCA stenting

Oral anticoagulation

Recovery and

complication

after 3 months

follow-up

8 2005 Hong et al

(Chicago,

USA)42

1 61 years Referred for a

positive stress test

TAO diagnosis 32 years

earlier

One BK, one above

elbow and several

minor amputations

50 pack/

year

Coronary angiography

No significant narrowing of LAD,

the first diagonal artery, there

were multiple, sequential,

intraluminal filling defects in a

beaded pattern. The left

circumflex artery had a 40%

stenosis in its proximal portion

with 2 filling defects at the onset

of the first obtuse marginal artery.

The right coronary artery had a

focal 60% stenosis in its mid

portion with an overlying filling

defect resulting in a 90% stenosis

Asprin and Warfarin No change in

the angiography

after 2 months

follow-up

9 2002 Becit et al

(Turkey)43
1 36 years Acute chest pain,

palpitation and

sweating due to

acute anteroapical

myocardial

infarction

TAO diagnosis 12 years

earlier

One pack

of

cigarette

per day for

8 years

previous

to TAO

diagnosis

Coronary angiography revealed

total occlusion of the proximal

segment of LAD and plaque at

RCA.

Histology examination of an

endarterectomy specimen showed

specific feature of TAO

Closed endartrectomy

and bypass surgery

using saphenous vein

and left internal

mammary artery

Symptoms free

up to 7 months

after bypass

surgery

because of the

occlusion of

distal bypass

graft.

(Continued)
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Table 2 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the current

disease

Suggested

treatment

The outcome

of treatment

10 2002 Hoppe et al

(California,

USA)44

1 39 years

(woman)

Three-hour of

retrosternal chest

pain.

History of similar

episode of chest

pain, which resolved

spontaneously, 2

weeks earlier

History of TAO

diagnosis

Unknown

(Smoker)

Coronary angiography a

proximally occluded LAD that

filled distally via right to left

collaterals, a 50% proximal left

circumflex coronary and a

dominant right coronary artery

that had proximal to mid-vessel

beaded irregularities

The histology examination of the

left internal mammary artery

confirmed TAO diagnosis

Bypass surgery Recovery

No data about

follow-up

11 1997 Francesco

Donatelli

et al (Italy)45

1 39 years

(woman)

Unstable angina

History of 2 years

epigastric pain of

unknown origin and

sporadic episodes of

typical angina for the

past 8 months

TAO diagnosis

according to histology

examination of internal

thoracic artery and

excluding other types

of vasculitis

No more information

about the extremities

She had

never

smoked

Coronary angiography, stenosis of

LAD artery and RCA.

Histology examination of

dissected internal thoracic arteries

was compatible with TAO

diagnosis.

Bypass surgery of

three vessels with

saphenous veins

Internal thoracic

arteries were not

suitable for grafting

because of diffuse

narrowing at the

proximal end and

occlusion at the distal

end.

Note: satellite lymph

nodes were enlarged.

Recovery and

no onset of any

angina during 8

months follow-

up

(Continued)
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Table 2 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the current

disease

Suggested

treatment

The outcome

of treatment

12 1993 Mautner

et al (New

York, USA)46

1 37 years Prolonged chest pain

with T-wave

inversion in leads I,

aVL, and V4 to V6

TAO diagnosis is

unknown because the

histology report of

coronary arteries

during autopsy is more

supportive for diffuse

atherosclerosis

5 years earlier history

of acute femoral artery

occlusion and above

knee amputation of

both legs with one year

intervals

One pack

of

cigarettes

for 15

years

Coronary angiography

About 75% stenosis of left

circumflex coronary artery

Intravenous

streptokinase

Death due to

mesenteric

ischemia

13 1987 Kim et al

(Korea)47
1 29 years Continuous

substernal chest pain

for 3 days due to

anterior myocardial

infarction

TAO diagnosis at the

time of admission for

chest pain confirmed

by upper and lower

limbs angiography

Unknown Coronary angiography

Segmental occlusion of proximal

LAD

Complete occlusion of the first

diagonal branch of LAD in the

distal portion, irregular and

tortous contour of RCA without

obvious luminal narrowing

Conservative

treatment with nitrate,

beta blocker and

calcium channel

blocker

Recovery

No data about

the duration of

follow-up

14 1985 Ohno et al

(Japan)48
1 32 years Severe chest pain at

rest for 3 hrs due to

acute myocardial

infarction

TAO diagnosis 6 years

earlier and one BK and

one toe amputation

during this time

41–60

cigarettes

per day for

12 years

Coronary angiography revealed

70% stenosis of RCA and the

proximal LAD

Urokinase

Discharged with

vasodilator and

anticoagulant therapy

Recovery

(About 1

month follow-

up)

D
o
v
e
p
re

ss
Fako

u
r
an
d
Fazeli

V
ascu

lar
H
ealth

an
d
R
isk

M
an
agem

en
t
2
0
1
9
:1
5

su
b
m
it

y
o
u
r
m
a
n
u
sc
rip

t
|
w
w
w
.d
o
vep

ress.co
m

D
o
v
e
P
re

ss
3
3
7

P
o

w
e

re
d

 b
y
 T

C
P

D
F

 (w
w

w
.tc

p
d

f.o
rg

)

http://www.dovepress.com
http://www.dovepress.com


Table 3 Data summary of patients with TAO and cerebral arteries involvement

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome of

treatment

1 2016 Aydin et al

(Turkey)49
1 30 years Acute onset left hemiparesis TAO diagnosis 8 years

earlier

Angiography of upper and

lower limbs were

compatible with TAO

diagnosis

Unknown MRI demonstrated

showed infarct of right

basal ganglia

MRA and MIP of

cerebral artery

demonstrated

segmental occlusions

bypassed by collaterals

Unknown Unknown

2 2013 Akyuz et al

(Turkey)38
1 43 years Blurred consciousness and

right hemiplegia and right

hemianopsia during

hospitalization for

myocardial infarction

TAO diagnosis 5 years

earlier

Unknown Cranial CT scan

demonstrated left

posterior cerebral

artery territory infarct

Tissue

plasminogen

activator (tPA)

and

glycoprotein

IIb/IIIa inhibitor

Fully recovered from

hemiplegia and

partially recovered

from hemianopsia

3 2012 Hurelbrink

et al

(Australia)51

1 56 years

(woman)

Cognitive decline over 18

months started with global

aphasia and gradually

became dependent for the

basic self-care activities.

After then her memory and

mood were also affected

TAO diagnosis according

to the pathology report of

white leptomeningeal

vessels and excluding

other types of vasculitis or

hyper- coagulable state

responsible for

neurological manifestation

25–30

cigarettes

per day for

more than

30 years

MRI and cerebral

angiography

demonstrated terminal

vessel occlusions

associated with

widespread

proliferation of new

vessels

Smoking

cessation

Improvement

4 2007 Huang et al

(Taiwan)50
1 57 years Sudden onset right limb

numbness and crossed

sensory deficit over the left

side of his face and right

side of his trunk and

extremities, a left

homonymous hemianopsia

and limitation in eye

movements.

TAO diagnosis during

hospitalization for

neurological complaints by

excluding other types of

vasculitis or hyper-

coagulable state and

angiography of upper limb

One pack

of

cigarettes

for 42

years

According to

neurological exam,

diagnosis of left pontine

infarct and right

occipital infarct was

made

Smoking

cessation and

vasodilators

and anti-

platelets

Improvement in

acrocyanosis but

unknown about

neurological

manifestation

(Continued)
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Table 3 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome of

treatment

5 2005 No et al

(Korea)51
1 29 years Sudden onset of 20-min

episodes of a

tingling sensation in his left

face, arm and leg during a

week.

History of hemiparesis 6

years earlier which

improved within a week

TAO diagnosis at the time

of admission according to

clinical manifestation, CT

angiography and excluding

other types of vasculitis

vasculitis or hyper-

coagulable state

More than

40

cigarettes

a day for

11 years

Brain MRI

angiography

demonstrated multiple

tandem arterial

occlusions in the middle

cerebral arteries with

fine collaterals around

the occluded segments

Intravenous

prostaglandin

E1 following

aspirin and

Clopidogrel

And smoking

cessation

Recovery and no

recurrence of the

symptoms in 1 year

follow-up

6 1998 Bischof et al

(Germany)52
1 26 years 10-day history of severe

left-sided headache and

episodes of transient

sensorimotor right sided

hemiparesis and aphasia

which lasted for 20 mins

and resolved completely.

TAO diagnosis 2 years

earlier according to clinical

manifestation,

capillaroscopy and

ultrasound examination

Other types of vasculitis

vasculitis or hyper-

coagulable state were also

excluded.

20

cigarettes

a day

Brain MRI

demonstrated

thrombosis of superior

sagittal sinus

Intravenous

heparin which

changed into

oral

anticoagulation

Recovery and no

relapse within 2

weeks follow-up

(Continued)
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Table 3 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome of

treatment

7 1995 Dotti et al

(Italy)53
1 30 years Behavioral disturbances

with severe cognitive

impairment.

History of grand-mal-type

epileptic seizure at age 17

TAO diagnosis 6 years

earlier according to clinical

manifestation and

angiography and one BK

amputation and two finger

amputations

Heavy

smoker

for many

years

Digital angiography of

the aortic arch and

cerebral arteries

showed occlusion of the

left subclavian

meningism and the

presence of a

corresponding collateral

circulation

Brain MRI showed mild

atrophy of the corpus

callosum, diffuse white

matter signal alterations

suggesting a process of

gliosis and a small

ischemic lesion of the

thalamus

Unknown Unknown

(Continued)
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Table 3 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome of

treatment

8 1984 Kessler et al

(Germany)54
1 26 years Right optic neuritis

History of major epileptic

seizure with left spastic

hemiparesis, left

hyperesthesia, left hyper-

reflexia with a left positive

Babinski response 2 months

earlier

History of left hemiparesis 9

months earlier

History of

reeling gait and dizziness 1

year earlier

History of blured vision of

left eye for a few days 2

years earlier

Unknown 40

cigarettes

per day

from his

early

youth

Brain CT scan showed

small areas of

hypodensity

CSF examination

Corticosteroid

therapy

Improvement

9 1982 Drake(Ohio,

USA)55
1 27 years Onset of right hemipharesis

and sensory loss

TAO diagnosis 5 years

later according to clinical

manifestation, angiography

characteristics and normal

laboratory tests

50

cigarettes

per day for

12 years

Brain CT scan, CSF

examination

Angiography showed

occlusion of posterior

cerebral artery

Aspirin

Dipyridamole

Some resolution of

neurological deficit

but relapses as

dysarthria and new

left-sided weakness 8

months later

(Continued)
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Table 3 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The outcome of

treatment

10 1981 Biller et al

(North

Carolina,

USA)56

1 33 years

(Woman)

Sudden inability to talk and

swallow

History of left hemiparesis 7

years earlier

TAO diagnosis 6 years

earlier confirmed by upper

and lower limbs

angiography and histology

examination of toes and

fingers amputations

10

cigarettes

a day for

many

years

Radionuclide brain scan

and CT scan showed an

area of infarction in the

left fronto-opercular

area

aortocranial

arteriography showed

exaggerated tapering of

the proximal segments

of both middle cerebral

artery branches,

predominantly at the

level of the frontal

opercula

Unknown Partial improvement

11 1958 Wolman

(UK)57
1 26 years Pseudobulbar palsy after a

severe seizure with gross

emotional liability

History of

series of left sided seizures

despite being on

anticonvulsant treatment

from 1 year earlier.

TAO diagnosis by

histology study after

autopsy

Unknown Histology examination

of cerebral arteries

following autopsy

demonstrated TAO

characteristics in the

right and left middle

cerebral arteries and

their branches

Anticonvulsant

drugs

Death

12 1952 Lippmann

(New York,

USA)58

1 34 years Right spastic hemiplegia,

motor aphasia, right

hemianestlhesia, right

central facial palsy and right

hyper-reflexia

History of right hemiplegia

and aphasia for 2 days

History of a few days

speech deterioration

TAO diagnosis 2 years

earlier and one BK

amputation

Heavy

smoker

since early

adulthood

According to clinical

examination, diagnosis

of left middle cerebral

artery occlusion

Smoking

cessation

No progression in the

disease, not in the

limbs nor any

neurological onset

was observed during

31 years follow-up

and the patient

completely stopped

smoking
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Table 4 Data summary of patients with TAO and eye involvement

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The

outcome of

treatment

1 2018 Korkmaz

et al

(Turkey)59

1 43 years Onset of low vision in the

left eye due to nonarteritic

anterior ischemic optic

neuropathy

TAO diagnosis 7 years earlier

according to clinical Shionoya’s

criteria, CT angiography and

excluding other types of vasculitis

or hyper-coagulable state

He was under treatment of

Cilostazol

One pack

of

cigarette a

day for 20

years

Eye examination

including fluorescein

angiography brain/orbits

MRI and MR venography

with and without

contrast

Aspirin (300

mg/daily) and

oral steroid

(prednisone, 1

mg/kg/daily, 14

days

Partial

improvement

at the 4th day

of treatment

2 2017 Eris et al

(Turkey)60
1 64 years Onset of acute painless

vision loss in his left eye due

to central retinal artery

occlusion

TAO diagnosis from 32 years

earlier and one BK amputation

during this time

Smoking

for 43

years

Eye examination

including fluorescein

angiography

Hyperbaric

oxygen therapy

for 20 sessions

Partially

improvement

3 2015 Marques

et al

(Portugal)61

1 64 years Progressive bilateral visual

acuity decrease and

nyctalopia due to extensive

chorioretinal atrophy

TAO diagnosis about 30 years

earlier and several minor

amputations during this time

Previous

smoker

(15 pack/

year)

Eye examination

including fluorescein

angiography

Aspirin (150

mg/daily)

Partially

improvement

during 1 year

follow-up

4 2014 Koban et al

(Turkey)62
1 48 years Acute vision loss in the left

eye due to acute inferonasal

branch retinal artery

occlusion and bilateral

normal tension glaucoma

TAO diagnosis 12 years earlier and

two BK amputations during this

time

Unknown Eye examination

including fluorescein

angiography

Cranial MRI

Unknown Unknown

5 2006 Ohguro

et al

(Japan)63

1 66 years Progressive visual field

disturbance in the left eye

due to normal tension

glaucoma with branch retinal

artery occlusion

TAO diagnosis 10 years earlier and

history of myocardial infarction

during this time

Unknown Eye examination

including fluorescein

angiography

Cranial MRI

Unknown Unknown

D
o
v
e
p
re

ss
Fako

u
r
an
d
Fazeli

V
ascu

lar
H
ealth

an
d
R
isk

M
an
agem

en
t
2
0
1
9
:1
5

su
b
m
it

y
o
u
r
m
a
n
u
sc
rip

t
|
w
w
w
.d
o
vep

ress.co
m

D
o
v
e
P
re

ss
3
4
3

P
o

w
e

re
d

 b
y
 T

C
P

D
F

 (w
w

w
.tc

p
d

f.o
rg

)

http://www.dovepress.com
http://www.dovepress.com


Table 5 Data summary of patients with TAO and genitalia involvement

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The

outcome

of

treatment

1 2016 Pham et al

(Massachusetts,

USA)64

1 56 years Gangrenous glans penis

history of recurrent penile

and scrotal ulcers during 1

year

TAO diagnosis 4 years

earlier

80 pack-

year from

his earlier

teens

Physical examination Partial

penectomy

with urethral

reconstruction

Histology

confirmed

TAO diagnosis

Unknown

2 2016 Roberts et al

(Australia)65
1 17 years 3 weeks history of testicular

mass and a painless swelling in

the left hemiscrotum

TAO diagnosis according to

testicular histology

examination

Tobacco

and

cannabis

smoker

Physical exam,

ultrasonography and

laboratory tests

Histology showed multiple

infarcts of the testicular

parenchyma with an

obliterated artery adjacent to

each infarct. The histology of

occlusions was compatible

with TAO diagnosis

Left inguinal

orchiectomy

by

No further

follow-up

3 2008 Aktoz et al

(Turkey)66
1 47 years Scrotal and penile necrosis TAO diagnosis 1 year earlier

according to clinical

manifestation and MRA

imaging of the lower limbs

and one AK amputation

Two packs

of

cigarettes

for 30

years

Physical exam

Histology examination of

scrotal tissues was compatible

with TAO diagnosis

Partial

penectomy,

scrotal

debridement

and urethra-

cutaneous

anastomosis

Unknown

4 2004 Orhan et al

(Turkey)67
1 70 years Painful gangrene half of the

penile shaft and the glans

TAO diagnosis 34 years

earlier and two AK and

several minor amputations

during this time

Smoking

for 55

years

Physical examination

Pathology examination

confirmed TAO diagnosis

Partial

penectomy

Unknown

(Continued)
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Table 6 Data summary of patients with TAO and renal involvement

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(Amputation)

Smoking

status

How to diagnose the current disease Suggested

treatment

The

outcome of

treatment

1 2015 Yun et al

(Korea)68
1 51

years

Severe left flank pain,

hematuria, and oliguria

for 3 days

And history of 1 year

hypertension

TAO diagnosis 10 years

earlier

confirmed by extremity

angiography and Two big

toes amputations under

treatment with beraprost

One pack

of

cigarettes

for 30

years

Abdominal CT scan

Aortography which demonstrated occlusion

of superior and inferior mesenteric artery,

both renal arteries and left common iliac

artery with well-developed collaterals

Peritoneal

dialysis with

warfarin

Postprandial

pain and

ischemic

transverse

colon

Dialysis

changed into

hemodialysis

2 2006 Goktas

et al

(Turkey)69

1 37

years

Fever, right flank pain

and weakness due to

right kidney infarction

TAO diagnosis 7 years

earlier

Heavy

smoker

Abdominal CT scan

Angiography showed stenosis in the intra-

renal branches of right renal artery

Unknown Unknown

(Continued)

Table 5 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The

outcome

of

treatment

5 1968 Herrington

et al

(Tennessee,

USA)31

1 33 years Suddenly thrombosis of the

dorsal vein of the penis and

gangrene of the distal two

thirds of that organ with

perforation of the urethra

during hospitalization for

mesenteric ischemia

TAO diagnosis at the onset

of acute abdomen according

to past medical history and

clinical manifestation and

histology exam of the

sigmoid colon before penile

gangrene

Smoking

for years

Physical examination Extensive

plastic and

urologic

procedures.

No more

relapses

during 5

years

follow-up
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Table 6 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(Amputation)

Smoking

status

How to diagnose the current disease Suggested

treatment

The

outcome of

treatment

3 2003 Stillaert

et al

(Belgium)70

1 51

years

Uncontrollable

hypertension and

episodes of oligo-

anuria which

developed during 2

weeks

Previous TAO diagnosis

and two AK-amputations

8 years earlier

20

cigarettes

per day

MRA showed a severe stenosis of the right

renal artery and an occluded left renal

artery.

Right

hepato-

renal bypass

grafting

Normal right

renal function

was maintained

at 1-year

follow-up.

4 1959 Fida et al

(Italy)71
16 (16

out of 52

TAO

cases)

Ranged

from 23

to 49

years

Disturbed renal

function

TAO diagnosis confirmed

by angiography

Unknown Urine analysis

GFR, RPF, RBF, Maximal rate of tubular

excretion

Renal biopsies

Unknown Unknown

Table 7 Data summary of patients with TAO and involvement of mucoucutaneous zones

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(Amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The

outcome of

treatment

1 2013 Li et al

(China)72
2

brothers

Case1:

33 years

Case2:

27 years

1: Erythema nodosum in

the bilateral lower leg

extensors and the dorsum

of the right foot, without

evident causes

2: Erythema nodosum on

the left shank and the top

of the left foot

accompanied by

numbness and pain in the

feet, without evident

reason

Case 1: 8 years earlier

Case 2: 3 years earlier

Case 1: 5–

8

cigarettes

per day for

10 years

Case 2: 3–

5

cigarettes

per day for

4 years

Case 1: Skin biopsy

confirmed erythema

nodosum diagnosis

Case 2: Physical exam

Case 1: Immune

suppression treatment

with methotrexate,

triptriolide,

cyclophosphamide,

prednisolone and

methylprednisolone

Case 2: Hormonal and

microcirculation

therapy (no more

details)

Case 1:

Improvement

with leaving a

small level of

pigmentation

on the skin

Case 2:

Improvment

(Continued)
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Table 7 (Continued).

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(Amputation)

Smoking

status

How to diagnose the

current disease

Suggested

treatment

The

outcome of

treatment

2 2007 Takanashi

et al (Japan)73
1 33 years Painful nodular erythema

with livedo reticularis in

both lower extremities

TAO diagnosis 2 years

later according to clinical

manifestation,

angiography

characteristics and

histology examination of

toe amputation

30

cigarettes

per day for

15 years

Skin biopsy Oral prednisolone (20

mg daily) and NSAIDs

Recovery of

skin

symptoms

3 1981 Queneville

et al

(Canada)74

1 44 years Painful subcutaneous

indurations, some

nodular others string like,

over the forearms and

feet, and minute

periungueal infarcts

2 days later multiple

inflammatory cords on

the forearms, hands and

feet and subungueal-

splinter hemorrhage

TAO diagnosis 1 year

later according to clinical

manifestation and

excluding other types of

vasculitis

40

cigarettes

per day

Ruling out vasculitis and

cancer but there was no

idea about the underlying

cause of subungueal-

splinter hemorrhage until

the diagnosis of TAO

Heparin, steroids and

vasodilators

No

improvement

during

medical

treatment but

resolved later

4 1980 Rye et al

(Washington,

USA)75

1 57 years Painful swallowing and an

ulcer in the mucosa of left

posterior hard plate or

due to Necrotizing

sialometaplasia

TAO diagnosis 6 years

earlier and minor

amputations

One pack

cigarette

daily

Mucosal biopsy and

histology examination

confirmed necrotizing

sialometaplasia and

showed arterial organized

thrombus

Smoking cessation Recovery
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Table 8 Data summary of patients with TAO and lymphohematopoietic system involvement

No Year Authors The

number

of

patients

Age Chief complaint Duration of

disease

(amputation)

Smoking status How to diagnose the current

disease

Suggested

treatment

The

outcome

of

treatment

1 2016 Akbarin

et al

(Iran)76

26

(26 CBC

and serum

samples

out of 37

documents

and banked

samples)

27–49

years

40±7 years Unknown Mean cigarette

consumption was

397.77 packs per

year (minimum 60

packs and

maximum1110

packs per year

Anemia defined as Hgb <13.5 g/dL

for males which could not be

explained by anemia of chronic

disease or iron deficiency

according to several indices

including MCV, MCH, LDH, ALT,

AST

Unknown Unknown

2 2010 Takaoka

et al

(Japan)77

1 46 years One month history of sharp

rest pain in right calf and

ischemic ulcer between the

third and fourth toes of his

right foot and

lymphadenopathy in bilateral

inguinal region

TAO diagnosis

according to

clinical

manifestation

and

angiography

pattern of

lower limbs

About 10

cigarettes per day

for 25 years

Excision biopsy of left inguinal

nodule

Histology examination

demonstrated hyperplasia of

lymphoid follicles with massive

infiltration of eosinophil without

malignancy

CBC demonstrated eosinophilia

Prednisolon

40 mg per

day

The

eosinophilia,

the ulcer and

rest pain of

right foot

improved

quickly

3 1971 Ward et al

(Colorado,

USA)78

1

(1 out of 31

cases of

anemia

suffering

from

chronic

disease)

Unknown Unknown Unknown Unknown Laboratory tests

Low hematocrit, normal iron level,

high iron saturation, increased

bone marrow iron with normal

erythropoietin

Unknown Unknown
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Table 9 Data summary of patients with TAO and arthralgia or arthritis

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease

(Amputation)

Smoking

status

How to diagnose the

disease

Suggested

treatment

The

outcome

of

treatment

1 2003 Johnson

et al

(Texas,

USA)79

1 46 years 3-week history of acute

polyarthritis

TAO diagnosis was made at the

time of admission for working up

arthritis according to clinical

manifestation of the extremities,

excluding other types of vascultiis

and angiography

Three

packs per

day for

over 30

years

Physical exam

Laboratory tests

Corticosteroid

therapy

Improved

arthritis but

progressive

digital

ischemia

after 1

month

2 1999 Puéchal

et al

(France)80

11 (11

out of 83

TAO

patients)

Unknown Recurrent episodes of

transient and migratory

Arthralgia of large joints

TAO diagnosis 2–13 years earlier Unknown Physical examination

Laboratory tests

Osteoarticular radiographs

Unknown Unknown

3 1981 Queneville

et al

(Canada)75

1 44 years 4-week history of severe

acute articular and

periarticular pain which was

initially located to the MTP

joints and rapidly spread to

the small and large joints

TAO diagnosis one year later

according to clinical manifestation

and excluding other types of

vasculitis

40

cigarettes

per day

Ruling out vasculitis as

underlying cause but there

was no idea about the

underlying cause of

subungueal-splinter

hemorrhage until the

diagnosis of TAO

Unknown Unknown
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D
isc

u
ssio

n
T
he

m
ost

challenging
aspect

of
T
A
O

m
anagem

ent
is

its

unknow
n
etiology.

E
ven

its
classifi

cation
is

challenging:

it
is
usually

view
ed

as
a
peripheral

arterial
disease

rather

than
a
type

of
vasculitis,

and
T
A
O

patients
are

typically

referred
to

angiologists
or

vascular
surgeons

as
opposed

to
rheum

atologists.
T
his

m
ay

be
because

of
the

unfavor-

able
response

of
T
A
O

to
im

m
unosuppressant

m
edication

and
its

favorable
response

to
sm

oking
cessation.

A
lso,

T
A
O

is
not

know
n

as
a

system
ic

disease
and,

in
its

diagnostic
criteria,

only
the

involvem
ent

of
the

sm
all-

and
m
edium

-sized
arteries

of
the

extrem
ities

is
consid-

ered.
A
lthough

L
eo

B
uerger

w
as

the
fi
rst

to
notice

visceral
arterial

involvem
ent

in
T
A
O

in
the

fi
rst

series

of
patients

he
evaluated,

clinical
m
anifestation

of
T
A
O

in
other

organs
is

nonetheless
know

n
as

an
unusual

or

progressive
form

of
T
A
O
.

H
ow

ever,
according

to
our

system
atic

search,
reports

of

the
involvem

ent
of

alm
ost

all
organs

have
been

m
ade

in

relation
to

TA
O
.
W
e
also

located
several

reports
of

TA
O

presentation
in

other
organs

before
disease

diagnosis,
in

w
hich

the
involvem

entof
the

extrem
ities

presented
after

visc-

eral
involvem

ent.
N
otably,

the
characteristics

of
the

visceral

arteries
in

several
cases

looked
like

the
arteries

of
the

extre-

m
ities

according
to

coronary
angiography

or
aortography,

including
skip

lesions
and

corkscrew
collaterals.

A
lso,

in

autopsies
of

TA
O
patients,the

vascular
involvem

entof
m
ulti-

ple
organs

has
been

noted.
In

addition,
in

som
e
studies,

con-

servative,
system

ic
m
edical

treatm
ent

and
sm

oking
cessation

have
led

to
the

recovery
of

the
patient

from
the

onset
of

visceral
TA

O
.

O
n
the

other
hand,

T
A
O

m
ight

be
a
system

ic
disease

w
ith

a
m
ain

clinical
presentation

in
the

extrem
ities.

F
or

instance,
approxim

ately
30%

of
the

T
A
O

patients
in

the

F
ida

et
al

study
had

abnorm
al

urine
analysis,

although
the

patients
w
ere

sym
ptom

-free. 7
1

M
oreover,

reports
of

visceral
involvem

ent
in

T
A
O

m
ight

be
m
uch

m
ore

num
erous

than
w
hat

w
e
uncov-

ered
in

the
literature

due
to

several
reasons.

O
ne

reason

is
that

T
A
O

is
not

of
particular

interest
to

m
any

jour-

nals
in

the
fi
elds

of
angiology

and
rheum

atology,
and

such
case

reports
are

not
pursued

for
publication.

A
nother

reason
m
ay

relate
to

the
poor

follow
-up

of

T
A
O

patients.
A
ccording

to
our

ow
n

experience,
the

m
ain

obstacle
to

follow
-up

is
the

m
andatory

adm
oni-

tion
of

sm
oking

cessation.
F
or

this
reason,

T
A
O

Table 10 Data summary of a patient with TAO and ear involvement

No Year Authors The

number

of

patients

Age Chief complaint Duration of disease (amputation) Smoking

status

How to

diagnose

the disease

Suggested

treatment

The

outcome

of

treatment

1 1962 Kirikae

et al

(Japan)81

1 40

years

Suddenly fullness, roaring tinnitus,

and hearing impairment and

distortion of sound in the right ear

due to basilar artery occlusion

History of suboccipital pain

TAO diagnosis one year earlier according to

clinical manifestation, angiography of upper and

lower limbs and the diagnosis confirmed by

histology examination of radial artery

He is a

moderate

smoker

Audiography

Basiverterbal

angiography

Unknown Unknown
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patients
m
ay

prefer
to

ignore
the

bearable
sym

ptom
s
or

to
change

health
care

providers.
In

m
any

cases,
T
A
O

patients
do

not
know

that
other

organs
can

be
affected

by
T
A
O
,
as

w
as

seen
in

som
e

studies
in

w
hich

the

patients
experienced

years
of

postprandial
pain

or

w
eight

loss
w
ithout

any
follow

-up.
In

som
e

T
A
O

cases,
w
hen

w
e
called

the
patient

for
follow

-up,
the

fam
ily

reported
that

the
patient

had
died

after
experi-

encing
abdom

inal
or

chest
pain

at
younger

than
50

years
of

age.
W
hilst

there
w
ere

no
autopsies,

w
e
can-

not
prove

that
they

died
of

visceral
T
A
O
,
but

it
rem

ains

a
possibility.

U
nfortunately,

our
search

did
not

reveal
any

treatm
ent

m
odality

for
visceralT

A
O
because

m
ostof

the
cases

did
not

have
long-term

follow
-up

to
evaluate

further
visceral

epi-

sodes
of

the
disease.H

ow
ever,according

to
the

currentdata,

sm
oking

cessation
seem

s
to

be
very

helpful
in

patients
’

recovery
from

visceral
T
A
O
.
A
lso,

m
ore

than
65%

of
the

patients
w
ho

received
only

m
edicaltreatm

entin
the

form
ofa

com
bination

of
a
vasodilator

w
ith

anticoagulants
show

ed

im
provem

ent.
A
nticoagulants

and
anti-platelets

w
ithout

vasodilators
led

to
an

im
provem

ent
in

about
50%

of
the

patients.
M
oreover,

corticosteroids
and

im
m
unosuppres-

sants,
but

not
anti-throm

botic
or

vasodilator
treatm

ents,
did

im
prove

the
skin

and
joint

m
anifestations

of
the

disease

w
hilstaggravating

the
lim

b
ischem

ia
and,in

a
case

of
m
esen-

teric
ischem

ia,
led

to
perforation

of
the

bow
el,

follow
ed

by

death. 1
5
,7
2
,7
3
,7
9
In

term
s
of

invasive
treatm

ents,
bypass

sur-

gery
had

m
ore

acceptable
outcom

es
in

com
parison

to
endo-

vascular
procedures,

including
stenting.

H
ow

ever,
m
ore

clinical
evidence

and
clinical

trials
are

needed
to

determ
ine

better
m
anagem

ent
of

patients
w
ith

visceral
T
A
O
.

C
o
n
c
lu
sio

n
A
ll
in

all,this
study

reveals
fi
ve

m
ain

points
that

should
be

noted:

1.
If

w
e
m
aintain

the
belief

that
visceral

involvem
ent

is
an

unusual
m
anifestation

of
T
A
O

and
insist

on

localizing
it
to

the
extrem

ities,
w
e
m
ay

be
pursuing

the
w
rong

path
in

determ
ining

the
etiopathology

of

the
disease

and
appropriate

treatm
ent.

2.
A
ll

patients
w
ith

a
diagnosis

of
T
A
O

should
be

aw
are

of
the

possible
involvem

ent
of

other
organs

along
w
ith

the
attendant

w
arning

signs,
such

as

postprandial
pain,

unexplained
w
eight

loss,
chest

pain,
any

episodes
of

transient
hem

iparesis
and

cog-

nitive
and

behavioral
changes.

3.
E
arly,

system
ic

m
edical

treatm
ent

of
patients

suffer-

ing
from

visceral
T
A
O

m
ay

lead
to

better
outcom

es

and
reduce

the
overall

m
ortality

rate.

4.
C
orticosteroid

therapy
and

endovascular
stenting

are
not

recom
m
ended

for
m
anaging

visceral
T
A
O
.

5.
M
ore

clinical
evidence

w
ith

long-term
follow

-up
is

needed
to

determ
ine

a
treatm

ent
m
odality

for
visceral

TA
O
.

D
isc

lo
su

re
T
he

authors
declare

that
there

are
no

con
fl
icts
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interest

in

this
w
ork.

R
e
fe
re
n
c
e
s

1.
F
azeli

B
,
R
ezaee

S
A
.
A

review
on

throm
boangiitis

obliterans
patho-

physiology:
throm

bosis
and

angiitis,
w
hich

is
to

blam
e?

V
a
scu

la
r.

2011;19(3):141
–153.

doi:10.1258/vasc.2010.ra0045
2.

F
azeli

B
,D

adgar
M
oghadam

M
,N

iroum
and

S
.H

ow
to

treat
a
patient

w
ith

throm
boangiitis

obliterans:
a
system

atic
review

.
A
n
n
V
a
sc

S
u
rg.

2018;49:219
–228.

doi:10.1016/j.avsg.2017.10.022
3.

E
nshaei

A
,
H
ajipour

B
,
M
asoudi

N
.
R
epeated

sm
all

bow
el

resection
in

a
patient

w
ith

B
uerger

’s
disease

and
intestinal

involvem
ent.

J
P
a
k

M
ed

A
sso

c.
2016;66(4):467

–469.
4.

B
ouom

rani
S
,
B
elgacem

N
,
L
assoued

N
,
et

al.
R
ecurrent

and
resistant

duodenal
ulcer

revealing
T
hrom

boangiitis
obliterans.

JM
R
.
2016;2

(5):139
–140.

5.
S
hastri

R
K
.
S
egm

ental
sm

all
bow

el
ischem

ia
in

a
patient

of
buergers

disease
of

low
er

extrem
ity,

a
rare

case
report.

O
S
R
-JD

M
S.

2016;15
(4):94

–97.
6.

K
am

iya
C
,
D
eguchi

J,
K
itaoka

K
T
,
et

al.
O
bstruction

of
the

superior
m
esenteric

artery
due

to
em

boli
from

the
thoracic

aorta
in

a
patient

w
ith

throm
boangiitis

obliterans.
A
n
n
V
a
sc

D
is.

2014;7(3):320
–324.

doi:10.3400/avd.cr.14-00035
7.

L
ee

K
S
,
P
aik

C
N
,
C
hung

W
C
,
et

al.
C
olon

ischem
ia

associated
w
ith

buerger
’s
disease:

case
report

and
review

of
the

literature.
G
u
t
L
iver.

2010;4(2):287
–291.

doi:10.5009/gnl.2010.4.2.287
8.

C
akm

ak
A
,
G
yedu

A
,
A
kyol

C
,
et

al.
O
cclusion

of
the

celiac
trunk,

the
inferior

m
esenteric

artery
and

stenosis
of

the
superior

m
esenteric

artery
in

peripheral
throm

bangiitis
obliterans.

V
A
S
A
.
2009;38:394

–

396.
doi:10.1024/0301-1526.38.4.394

9.
T
urkbey

B
,
E
ldem

G
,
A
kpinar

E
.
M
esenteric

ischem
ia

in
a
patient

w
ith

B
uerger

’s
disease:

M
D
C
T
fi
ndings.

JB
R
-B
T
R
.
2009;92(4):211

–

212.
10.

L
eung

D
K
,
H
askal

Z
JS
IR

.
F
ilm

panel
case:

m
esenteric

involve-
m
ent

and
bow

el
infarction

due
to

buerger
disease.

J
V
a
sc

In
te
rv

R
a
d
io
l.

2006;17:1087
–1089.

doi:10.1097/01.R
V
I.0000240426.

53079.46
11.

C
ho

Y
P,K

ang
G
H
,H

an
M
S
,et

al.M
esenteric

involvem
ent

of
acute-

stage
buerger

’s
disease

as
the

initial
clinical

m
anifestation:

report
of

a
case.

S
u
rg

T
o
d
a
y.

2005;35:499
–501.

doi:10.1007/s00595-004-
2955-6

12.
K
obayashi

M
,K

urose
K
,
K
obata

T
,et

al.Ischem
ic

intestinal
involve-

m
ent

in
a
patient

w
ith

B
uerger

disease:
case

report
and

literature
review

.
J
V
a
sc

S
u
rg.

2003;38(1):170
–174.

13.
C
ho

Y
P,

K
w
on

Y
M
,
K
w
on

T
W
,
et

al.
M
esenteric

B
uerger

’s
disease.

A
n
n
V
a
sc

S
u
rg.

2003;17:221
–223.

doi:10.1007/s10016-001-0220-7
14.

K
urata

A
,
N
onaka

T
,
A
rim

ura
Y
,
et

al.
C
ase

reports
m
ultiple

ulcers
w
ith

perforation
of

the
sm

all
intestine

in
buerger

’s
disease:

a
case

report.
G
a
stro

en
tero

lo
g
y.

2003;125(3):911
–916.

doi:10.1016/s0016-
5085(03)01065-5

D
o
v
e
p
re

ss
Fako

u
r
an
d
Fazeli

V
ascu

lar
H
ealth

an
d
R
isk

M
an
agem

en
t
2
0
1
9
:1
5

su
b
m
it

y
o
u
r
m
a
n
u
sc
rip

t
|
w
w
w
.d
o
vep

ress.co
m

D
o
v
e
P
re

ss
3
5
1

P
o

w
e

re
d

 b
y
 T

C
P

D
F

 (w
w

w
.tc

p
d

f.o
rg

)

https://doi.org/10.1258/vasc.2010.ra0045
https://doi.org/10.1016/j.avsg.2017.10.022
https://doi.org/10.3400/avd.cr.14-00035
https://doi.org/10.5009/gnl.2010.4.2.287
https://doi.org/10.1024/0301-1526.38.4.394
https://doi.org/10.1097/01.RVI.0000240426.53079.46
https://doi.org/10.1097/01.RVI.0000240426.53079.46
https://doi.org/10.1007/s00595-004-2955-6
https://doi.org/10.1007/s00595-004-2955-6
https://doi.org/10.1007/s10016-001-0220-7
https://doi.org/10.1016/s0016-5085(03)01065-5
https://doi.org/10.1016/s0016-5085(03)01065-5
http://www.dovepress.com
http://www.dovepress.com


15.
S
iddiqui

M
Z
,
R
eis

E
D
,
S
oundararajan

K
,
et

al.
B
uerger

’s
disease

affecting
m
esenteric

arteries:
a
rare

cause
of

intestinal
ischem

ia
a

case
report.

V
a
sc

S
u
rg.

2001;35(3):235
–238.

16.
H
assoun

Z
,
L
acrosse

M
,
D
e
R
onde

T
.
Intestinal

involvem
ent

in
buerger

’s
disease.

J
C
lin

G
a
stro

en
tero

l.
2001;32(1):85

–89.
17.

Iw
ai

T
.
B
uerger

’s
disease

w
ith

intestinal
involvem

ent.
In
t
J
C
a
rd
io
l.

1998;66(S
uppl

1):S
257-63;

discussion
S
265.

18.
M
ichail

P
O
,
F
ilis

K
A
,
D
elladetsim

a
JK

,
et

al.
T
hrom

boangiitis
oblit-

erans
(B
uerger

’s
disease)

in
visceral

vessels
con

fi
rm

ed
by

angio-
graphic

and
histological

fi
ndings.

E
u
r

J
V
a
sc

E
n
d
o
va
sc

S
u
rg.

1998;16(5):445
–448.

19.
L
ie

JT
.
V
isceral

intestinal
B
uerger

’s
disease.

In
t
J
C
a
rd
io
l.
1998;66

S
uppl

1(S
uppl

1):S
249

–56.
20.

S
auvaget

F,
D
ebray

M
,
H
ervé

de
S
igalony

JP,
et

al.
C
oloni

ischem
ia

reveals
throm

boangiitis
obliterans

(B
uerger

’s
disease).

G
a
stro

en
tero

lo
g
y.

1996;110(3):900
–903.doi:10.1053/gast.1996.v110.pm

8608901
21.

B
urke

A
P,

S
obin

L
H
,
V
irm

ani
R
.
L
ocalized

vasculitis
of

the
gastro-

intestinal
tract.

A
m

J
S
u
rg

P
a
th
o
l.
1995;19(3):338

–349.
22.

S
chellong

S
M
,
B
ernhards

J,
E
nsslen

F,
et

al.
Intestinal

type
of

throm
boangiitis

obliterans
(B
uerger

’s
disease).

J
In
tern

M
ed.

1994;235(1):69
–73.

23.
S
aboya

C
S
,
S
im

ardi
L
H
.
S
egm

ented
colon

ischem
ia

associated
w
ith

throm
boangiitis

oblitrans.
S
a
o
P
a
u
lo

M
ed

J.
1994;112(2):566

–

568.
24.

Ito
M
,
N
ihei

Z
,
Ichikaw

a
W
,
et

al.
Intestinal

ischem
ia

resulting
from

buerger
’s

disease:
report

of
a

case.
S
u
rg

T
o
d
a
y.

1993;23
(11):988

–992.
25.

B
roide

E
,
S
capa

E
,
P
eer

A
,
et

al.
B
uerger

’s
disease

presenting
as

acute
sm

all
bow

el
lschem

ia.
G
a
stro

en
tero

lo
g
y.

1993;104(4):1192
–

1195.
doi:10.1016/0016-5085(93)90292-k

26.
S
oo

K
C
,
H
ollinger-V

ernea
S
,
M
iller

G
,
et
al.

B
uerger

’s
disease

of
the

slgm
old

colon.
A
u
st

N
Z
J
S
u
rg.

1983;53(2):111
–112.

27.
B
orlaza

G
S
,
R
app

R
,
W
eatherbee

L
,
et

al.
V
isceral

angiographic
m
anifestation

of
throm

boangiitis
obliterans.

S
o
u
th

M
ed

J.
1979;72

(12):1609
–1611.

doi:10.1097/00007611-197912000-00037
28.

S
obel

R
A
,R

uebner
B
H
.B

uerger
’s
disease

involving
the

celiac
artery.

H
u
m

P
a
th
o
l.
1979;10(1):112

–115.
29.

S
achs

IL
,
K
lim

a
T
,
F
rankel

N
B
.
T
hrom

boangiitis
obliterans

of
the

transverse
colon.

JA
M
A
.
1977;238(4):336

–337.
30.

W
olf

E
A
Jr,S

um
ner

D
S
,
S
trandness

D
E
Jr.D

isease
of

the
m
esenteric

circulation
in

patients
w
ith

throm
boangiitis

obliterans.
V
a
sc

S
u
rg.

1972;6(5):218
–223.

31.
H
errington

JL
Jr,

G
rossm

an
L
A
G
.
S
urgical

lesions
of

the
sm

all
and

large
intestine

resulting
from

buerger
’s

disease.
A
n
n
S
u
rg.

1968;168
(6):1079

–1087.
doi:10.1097/00000658-196812000-00019

32.
R
ob

C
.S

urgicaldiseases
of

the
celiac

and
m
esenteric

arteries.
A
rch

S
u
rg.

1966;93(1):21
–32.doi:10.1001/archsurg.1966.01330010023004

33.
K
ilbourne

B
C
.
C
oexisting

buerger
’s

disease
and

giant
hypertrophic

gastritis
report

of
a
case.

Q
B
u
ll
N
o
rth

w
est

U
n
iv

M
ed

S
ch.

1953;27
(3):194

–200.
34.

G
arvin

E
J.

M
esenteric

vascular
occlusion

com
plicating

throm
boan-

giitis
obliterans.

A
m

J
S
u
rg.

1947;74(2):211
–215.

doi:10.1016/0002-
9610(47)90166-9

35.
T
ekin

A
İ,

A
rslan

Ü
.
C
oronary

artery
dissection

in
a
patient

w
ith

buerger
’s

disease.
B
ra
z

J
C
a
rd
io
va
sc

S
u
rg.

2019;34(1):114
–117.

doi:10.21470/1678-9741-2018-0136
36.

A
tay

M
,
S
aydam

O
,
Işıklı

O
Y
,
et

al.
B
uerger

disease
w
ith

cardiac
involvem

ent
in

a
young

patient.
C
u
ku
ro
va

M
ed

J.
2016;41(2):408

–

410.
doi:10.17826/cutf.203781

37.
M
itropoulos

F,
E
forakopoulos

F,
K
anakis

M
A
,
et

al.
D
iagnostic

and
therapeutic

approach
in

a
patient

w
ith

buerger
’s

and
coronary

artery
disease.

C
a
se

R
ep

M
ed.

2013;2013:974184.
doi:10.1155/2013/

974184
38.

A
kyuz

S
,
S
ungur

M
A
,
D
onm

ez
C
.
R
escue

throm
bolysis

in
the

treat-
m
ent

of
cardiac

shock
and

acute
stroke.

A
m

J
E
m
erg

M
ed.

2013;31
(5):891.

doi:10.1016/j.ajem
.2012.12.039

39.H
su

P
-C
,L

in
T-H

,S
u
H
-M

,V
oon

W
-C
,L

ai
W
-T
,S

heu
S
-H

.F
requent

accelerated
idioventricular

rhythm
in

a
young

m
ale

of
B
uerger

’s
disease

w
ith

acute
m
yocardial

infarction.
In
t
J
C
a
rd
io
l.

2008;127
(2):e64

–e66.
doi:10.1016/j.ijcard.2007.04.037

40.A
be

M
,
K
im

ura
T
,
F
urukaw

a
Y
,
et

al.
C
oronary

B
uerger

’s
disease

w
ith

a
peripheral

arterial
aneurysm

.
E
u
r
H
ea
rt

J.
2007;28(8):928.

doi:10.1093/eurheartj/ehl314
41.M

iranda
JA

.
P
ulm

onary
vein

throm
bosis

presenting
as

m
yocar-

dial
infarction.

C
h
e
st.

2
006

;130(4):344.
doi:10.1378/chest.

130
.4_M

eetingA
bstracts.344S

-a
42.H

ong
T
E
,
F
axon

D
P.

C
oronary

artery
disease

in
patients

w
ith

buer-
ger

’s
disease.

R
ev

C
a
rd
io
va
sc

M
ed.

2005;6(4):222
–226.

43.B
ecit

N
,
U
nlü

Y
,
K
oçak

H
,
et

al.
Involvem

ent
of

the
coronary

artery
in

a
patient

w
ith

throm
boangiitis

obliterans.
A

C
ase

R
eport.

H
ea
rt

V
essels

2002;16(5):201
–203.

doi:10.1007/s003800200023
44.H

oppe
B
,
L
u
JT
,
T
histlew

aite
P,

et
al.

B
eyond

peripheral
arteries

in
B
uerger

’s
disease:

angiographic
considerations

in
throm

boangiitiso-
bliterans.

C
a
th
eter

C
a
rd
io
va
sc

In
terv.

2002;57(3):363
–366.

doi:10.1002/ccd.10330
45.D

onatelli
F,

T
riggiani

M
,
N
ascim

bene
S
,
et

al.
T
hrom

boangiitis
obliterans

of
coronary

and
internal

thoracic
arteries

in
a

young
w
om

an.
J

T
h
o
ra
c

C
a
rd
io
va
sc

S
u
rg.

1997;113(4):800
–802.

doi:10.1016/S
0022-5223(97)70243-5

46.M
autner

G
C
,
M
autner

S
L
,
L
in

F,
et

al.
A
m
ounts

of
coronary

arterial
lum

inal
narrow

ing
and

com
position

of
the

m
aterial

causing
the

nar-
row

ing
in

buerger
’s

disease.
A
m

J
C
a
rd
io
l.

1993;71(5):486
–490.

doi:10.1016/0002-9149(93)90467-q
47.K

im
K
S
,
K
im

Y
N
,
K
im

K
B
,
et

al.
A
cute

m
yocardial

infarction
in

a
patient

w
ith

B
uerger

’s
disease.

A
case

report
and

a
review

of
the

literature.
K
o
rea

n
J
In
tern

M
ed.

1987;2(2):278
–281.

doi:10.3904/
kjim

.1987.2.2.278
48.O

hno
H
,
M
atsuda

Y
,
T
akashiba

K
,
et

al.
A
cute

m
yocardial

infarction
in

B
uerger

’s
disease.

A
m

J
C
a
rd
io
l.

1986;57(8):690
–691.

doi:10.1016/0002-9149(86)90863-5
49.A

ydın
E
,
Ç
ınar

C
,
B
ozkaya

H
,
et

al.
B
rain

infarction
in

a
young

patient
w
ith

B
uerger

’s
disease

-
a
case

of
cerebral

throm
boangiitis

obliterans.
N
eu
ro
l
A
sia.

2016;21(4):391
–393.

50.H
uang

W
W
,
W
u
C
H
,
L
i
C
F.

L
ate

onset
buerger

’s
disease

w
ith

m
ulti-

ple
cerebral

infarcts.
T
zu

C
h
i
M
ed

J.
2007;19:28

–31.
51.N

o
Y
J,
L
ee

E
M
,
L
ee

D
H
,
K
im

JS
.
C
erebral

angiographic
fi
ndings

in
throm

boangiitis
obliterans.

N
eu
ro
ra
d
io
lo
g
y.

2005;47(12):912
–915.

doi:10.1007/s00234-005-1445-x
52.B

ischof
F,

K
untz

R
,
M
elm

s
A
,
F
etter

M
.
M
ichael.

cerebral
vein

throm
bosis

in
a
case

w
ith

throm
boangiitis

obliterans.
C
ereb

ro
va
sc

D
is.

1999;9(5):295
–297.

doi:10.1159/000015981
53.D

otti
M
T
,
D
e
S
tefano

N
,
V
ecchione

V
,
C
orrera

G
,
F
ederico

A
.

C
erebral

throm
boangiitis

obliterans:
clinical

and
M
R
I
fi
ndings

in
a

case.
E
u
r
N
eu
ro
l.
1995;35(4):246

–248.
doi:10.1159/000117142

54.K
essler

C
,
R
euther

R
,
B
erlit

P,
C
arls

C
,
H
ofm

ann
W
.
C
A
T
scan

and
im

m
unohistochem

ical
fi
ndings

in
a
case

of
cerebral

throm
boangiitis

obliterans(B
uerger

’s
disease).

E
u
r

N
eu
ro
l.

1984;23(1):7
–11.

doi:10.1159/000115670
55.D

rake
M
E

Jr.
W
iniw

arter-buerger
disease

(
‘T
hrom

boangiitis
oblit-

erans
’)

w
ith

cerebral
involvem

ent.
J
A
M
A
.
1982;248(15):1870

–

1872.
56.B

iller
J,
A
sconapé

J,
C
halla

V
R
,
T
oole

JF,
M
cL

ean
W
T
.
A

case
for

cerebral
throm

boangiitis
obliterans.

S
tro

ke.
1981;12(5):686

–689.
57.W

olm
an

L
.
C
erebral

throm
boangiitis

obliterans.
J

C
lin

P
a
th
o
l.

1958;11(2):133
–138.

doi:10.1136/jcp.11.2.133
58.L

ippm
ann

H
I.

C
erebrovascular

throm
bosis

in
patients

w
ith

buer-
ger

’s
disease.

C
irc

u
la
tio

n.
1952;5(5):680

–692.
doi:10.1161/01.

cir.5.5.680
59.K

orkm
az

A
,K

arti
O
,T

op
K
arti

D
,Y

üksel
B
,Z

engin
M
O
,K

usbeci
T
.

C
ould

B
uerger

’s
disease

cause
nonarteritic

anterior
ischem

ic
optic

neuropathy?:
a
rare

case
report.

N
eu
ro
l
S
ci.

2018;39(7):1309
–1312.

doi:10.1007/s10072-018-3325-2

Fako
u
r
an
d
Fazeli

D
o
v
e
p
re

ss

su
b
m
it
y
o
u
r
m
a
n
u
sc
rip

t
|
w
w
w
.d
o
vep

ress.co
m

D
o
v
e
P
re

ss

V
ascu

lar
H
ealth

an
d
R
isk

M
an
agem

en
t
2
0
1
9
:1
5

3
5
2

P
o

w
e

re
d

 b
y
 T

C
P

D
F

 (w
w

w
.tc

p
d

f.o
rg

)

https://doi.org/10.1053/gast.1996.v110.pm8608901
https://doi.org/10.1016/0016-5085(93)90292-k
https://doi.org/10.1097/00007611-197912000-00037
https://doi.org/10.1097/00000658-196812000-00019
https://doi.org/10.1001/archsurg.1966.01330010023004
https://doi.org/10.1016/0002-9610(47)90166-9
https://doi.org/10.1016/0002-9610(47)90166-9
https://doi.org/10.21470/1678-9741-2018-0136
https://doi.org/10.17826/cutf.203781
https://doi.org/10.1155/2013/974184
https://doi.org/10.1155/2013/974184
https://doi.org/10.1016/j.ajem.2012.12.039
https://doi.org/10.1016/j.ijcard.2007.04.037
https://doi.org/10.1093/eurheartj/ehl314
https://doi.org/10.1378/chest.130.4_MeetingAbstracts.344S-a
https://doi.org/10.1378/chest.130.4_MeetingAbstracts.344S-a
https://doi.org/10.1007/s003800200023
https://doi.org/10.1002/ccd.10330
https://doi.org/10.1016/S0022-5223(97)70243-5
https://doi.org/10.1016/0002-9149(93)90467-q
https://doi.org/10.3904/kjim.1987.2.2.278
https://doi.org/10.3904/kjim.1987.2.2.278
https://doi.org/10.1016/0002-9149(86)90863-5
https://doi.org/10.1007/s00234-005-1445-x
https://doi.org/10.1159/000015981
https://doi.org/10.1159/000117142
https://doi.org/10.1159/000115670
https://doi.org/10.1136/jcp.11.2.133
https://doi.org/10.1161/01.cir.5.5.680
https://doi.org/10.1161/01.cir.5.5.680
https://doi.org/10.1007/s10072-018-3325-2
http://www.dovepress.com
http://www.dovepress.com


60.E
ris

E
,
S
ucu

M
E
,
P
erente

I,
et

al.
R
etinal

artery
occlusion

secondary
to

B
uerger

’s
disease

(T
hrom

boangiitis
obliterans).

C
a
se

R
ep

O
p
h
th
a
lm
o
l
M
ed.

2017;2017:3637207.
61.

M
arques

A
S
,
P
ortelinha

J,
A
lm

eida
A
,
et

al.
C
horioretinal

atrophy
in

a
patient

w
ith

B
uerger

’s
disease.

O
p
h
ta
lm
o
lo
g
ia.

2015;38:139
–143.

62.K
oban

Y
,
B
ilgin

G
,
C
agatay

H
,
et

al.
T
he

association
of

norm
al

tension
glaucom

a
w
ith

B
uerger

’s
disease:

a
case

report.
B
M
C

O
p
h
th
a
lm
o
l.
2014;14:130.

doi:10.1186/1471-2415-14-130
63.O

hguro
I,O

hguro
H
,
O
hta

T
,N

akazaw
a
M
.
A
case

of
norm

al
tension

glaucom
a
associated

w
ith

B
uerger

’s
disease.

T
o
h
o
ku

J
E
xp

M
ed.

2006;209(1):49
–52.

64.P
ham

K
N
,
S
okoloff

M
H
,
S
teiger

C
A
.
S
evere

gangrene
at

the
glans

penis
requiring

penectom
y

as
the

frst
m
ajor

com
plication

of
B
uerger

’s
disease.

A
m

J
C
lin

E
xp

U
ro
l.
2016;4(1):9

–11.
65.R

oberts
JA

,
M
eyer

JP.
B
uerger

’s
disease

presenting
as

a
testicular

m
ass:

A
rare

presentation
of

an
uncom

m
on

disease.
U
ro
l
A
n
n.2016;8

(2):249
–251.

doi:10.4103/0974-7796.179238
66.A

ktoz
T
,K

aplan
M
,Y

alcın
O
,et

al.P
enile

and
scrotal

involvem
ent

in
B
uerger

’s
disease.

A
n
d
ro
lo
g
ia. 2008;40:401

–403.doi:10.1111/j.1439-
0272.2008.00859.x

67.O
rhan

I,
O
nur

R
,
A
kpolat

N
,
et

al.
P
enile

am
putation

in
B
uerger

’s
disease

an
unusual

cause
of

organ
loss.

S
ca
n
d

J
U
ro
l
N
ep
h
ro
l.

2004;38:188
–189.

doi:10.1080/00365590410029745
68.Y

un
H
J,

K
im

D
I,
L
ee

K
H
,
et

al.
E
nd

stage
renal

disease
caused

by
throm

boangiitis
obliterans:

a
case

report.
J

M
ed

C
a
se

R
ep.

2015;9:174.
doi:10.1186/s13256-015-0659-8

69.G
oktas

S
,
B
edir

S
,
B
ozlar

U
,
Ilica

A
T
,
S
eckin

B
.
Intrarenal

arterial
stenosis

in
a
patient

w
ith

throm
boangiitis

obliterans.
In
t
J
U
ro
l.

2006;13(9):1243
–1244.

doi:10.1111/j.1442-2042.2006.01546.x
70.S

tillaert
P,

L
ouagie

Y
,
D
onckier

J.
E
m
ergency

hepato-renal
artery

bypass
using

a
P
T
F
E
graft.

A
cta

C
h
ir
B
elg.

2003;103:524
–527.

71.
F
ida

B
,T

izianello
A
,R

ubertiU
.F

unctionaland
histologicalfeatures

of
the

kidney
in

throm
boangiitis

obliterans.
C
a
rd
io
lo
g
ia.

1959;35:63
–83.

72.
L
i
Q
L
,
H
e
D
H
,
H
uang

Y
H
,
et

al.
T
hrom

boangiitis
obliterans

in
tw
o

brothers.
E
xp

T
h
er

M
ed.

2013;6(2):317
–320.

doi:10.3892/
etm

.2013.1160
73.

T
akanashi

T
,
H
origom

e
R
,
O
kuda

Y
,
et

al.
B
uerger

’s
disease

m
ani-

festing
nodular

erythem
a
w
ith

livedo
reticularis.

In
tern

M
ed.2007;46

(21):1815
–1819.

doi:10.2169/internalm
edicine.46.0143

74.
Q
uenneville

JG
,
G
ossard

D
.
S
ubungueal-splinter

hem
orrhage

an
early

sign
of

throm
boangiitis

obliterans.
A
n
g
io
lo
g
y.

1981;32
(6):424

–432.
doi:10.1177/000331978103200609

75.
R
ye

L
A
,
C
alhoun

N
R
,
R
edm

an
R
S
.
N
ecrotizing

sialom
etaplasia

in
a

patient
w
ith

B
uerger

’s
disease

and
R
aynaud

’s
phenom

enon.
O
ra
l

S
u
rg

O
ra
l
M
ed

O
ra
l
P
a
th
o
l.

1980;49(3):233
–236.

doi:10.1016/
0030-4220(80)90054-7

76.
A
kbarin

M
M
,
R
avari

H
,
R
ajabnejad

A
,
V
alizadeh

N
,
F
azeli

B
.

Investigation
of

the
etiology

of
anem

ia
in

throm
boangiitis

obliter-
ans.

In
t

J
A
n
g
io
l.

2016;25(3):153
–158.

doi:10.1055/s-0035-
1571190

77.
T
akaoka

H
,
T
akano

H
,
N
akagaw

a
K
,
K
obayashi

Y
,
H
iroshim

a
K
,

K
om

uro
I.
B
uerger

’s
disease-like

vasculitis
associated

w
ith

K
im

ura
’s

disease.
In
t

J
C
a
rd
io
l.

2010;140(2):e23
–e26.

doi:10.1016/j.
ijcard.2008.11.072

78.
W
ard

H
P,

K
urnick

JE
,
P
isarczyk

M
J.

P
isarczyk.

S
erum

level
of

erythropoietin
in

anem
ias

associated
w
ith

chronic
infection,

m
alig-

nancy
and

prim
ary

hem
atopoietic

disease.
J
C
lin

In
vest.

1971;50
(2):332

–335.
doi:10.1172/JC

I106500
79.

Johnson
JA

,
E
nzenauer

R
J.

E
nzenauer.

In
fl
am

m
atory

arthritis
asso-

ciated
w
ith

throm
boangiitis

obliterans.
J
C
lin

R
h
eu
m
a
to
l.

2003;9
(1):37

–40.
doi:10.1097/01.R

H
U
.0000049712.74443.70

80.
P
uéchal

X
,
F
iessinger

JN
,
K
ahan

A
,
M
enkès

C
J.

R
heum

atic
m
ani-

festations
in

patients
w
ith

throm
boangiitis

obliterans
(B
uerger

’s
dis-

ease).
J
R
h
eu
m
a
to
l.
1999;26(8):1764

–1768.
81.

K
irikae

I,N
om

ura
Y
,S

hitara
T
,K

obayashi
T
.S

udden
deafness

due
to

B
uerger

’s
disease.

A
rch

O
to
la
ryn

g
o
l.
1962;75:502

–505.

V
a
sc

u
la
r
H
e
a
lth

a
n
d
R
isk

M
a
n
a
g
e
m
e
n
t

D
o
v
e
p
re

ss

P
u
b
lish

y
o
u
r
w
o
rk

in
th
is

jo
u
rn

a
l

V
ascular

H
ealth

and
R
isk

M
anagem

ent
is

an
international,

peer-
review

ed
journal

of
therapeutics

and
risk

m
anagem

ent,
focusing

on
concise

rapid
reporting

of
clinical

studies
on

the
processes

involved
in

the
m
aintenance

of
vascular

health;
the

m
onitoring,

prevention
and

treatm
ent

of
vascular

disease
and

its
sequelae;

and
the

involvem
ent

o
f
m
etab

o
lic

d
iso

rd
ers,

p
articu

larly
d
iab

etes.
T
h
is
jo
u
rn
al

is
in
d
ex
ed

o
n

P
u
b
M
ed

C
en
tral

an
d

M
ed
L
in
e.

T
h
e

m
an
u
scrip

t
m
an
ag
em

en
t

sy
stem

is
co
m
p
letely

o
n
lin

e
an
d
in
clu

d
es

a
v
ery

q
u
ick

an
d
fair

p
eer-

rev
iew

sy
stem

,
w
h
ich

is
all

easy
to

u
se.

V
isit

h
ttp

://w
w
w
.d
o
v
ep
ress.

co
m
/testim

o
n
ials.p

h
p
to

read
real

q
u
o
tes

fro
m

p
u
b
lish

ed
au
th
o
rs.

S
u
b
m
it
y
o
u
r
m
a
n
u
sc
rip

t
h
e
re
:
h
ttp

s://w
w
w
.d
o
vep

ress.co
m
/vascu

lar-h
ealth

-an
d
-risk-m

an
agem

en
t-jo

u
rn
al

D
o
v
e
p
re

ss
Fako

u
r
an
d
Fazeli

V
ascu

lar
H
ealth

an
d
R
isk

M
an
agem

en
t
2
0
1
9
:1
5

su
b
m
it

y
o
u
r
m
a
n
u
sc
rip

t
|
w
w
w
.d
o
vep

ress.co
m

D
o
v
e
P
re

ss
3
5
3

P
o

w
e

re
d

 b
y
 T

C
P

D
F

 (w
w

w
.tc

p
d

f.o
rg

)

https://doi.org/10.1186/1471-2415-14-130
https://doi.org/10.4103/0974-7796.179238
https://doi.org/10.1111/j.1439-0272.2008.00859.x
https://doi.org/10.1111/j.1439-0272.2008.00859.x
https://doi.org/10.1080/00365590410029745
https://doi.org/10.1186/s13256-015-0659-8
https://doi.org/10.1111/j.1442-2042.2006.01546.x
https://doi.org/10.3892/etm.2013.1160
https://doi.org/10.3892/etm.2013.1160
https://doi.org/10.2169/internalmedicine.46.0143
https://doi.org/10.1177/000331978103200609
https://doi.org/10.1016/0030-4220(80)90054-7
https://doi.org/10.1016/0030-4220(80)90054-7
https://doi.org/10.1055/s-0035-1571190
https://doi.org/10.1055/s-0035-1571190
https://doi.org/10.1016/j.ijcard.2008.11.072
https://doi.org/10.1016/j.ijcard.2008.11.072
https://doi.org/10.1172/JCI106500
https://doi.org/10.1097/01.RHU.0000049712.74443.70
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

