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e m
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f b
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m

o
n
g
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h
o
se cau

se o
f d
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is m
alig

n
an

t n
eo

p
lasm

, an
 estim

ated
 3

0
.6

%
 h

av
e sp

in
al 

m
etastases b

ased
 o

n
 m

icro
sco

p
ic ex

am
in

atio
n
. 2

7 C
ertain

 

p
rim
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 tu

m
o
rs, su

ch
 as lu

n
g
, b

reast, an
d
 p

ro
state, h

av
e 

a h
ig

h
er freq

u
en
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 o

f m
etastases to

 th
e sp

in
al co

lu
m

n
. 4
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m
p
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m
m

o
n
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m
p
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n
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o
n
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atien
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a
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u
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l 
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p
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S
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C
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as b
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b
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A
S

IA
 =

 A
m

erican S
pinal Injury A

ssociation; E
C

O
G

 =
 E

astern C
ooperative O

ncology G
roup; E

O
R

T
C

 = E
uropean O

rganisation for R
esearch and Treatm

ent of 

C
ancer; E

O
R

T
C

 Q
LQ

-B
M

22 = E
O

R
T

C
 B

one M
etastases m

odule; E
O

R
T

C
 Q

LQ
-30 = Q

uality of Life questionnaire; K
P

S
 = K

arnofsky P
erform

ance S
tatus; M

E
S

C
C

 = m
etastatic 

epidural spinal cord com
pression; P

R
IS

M
A

 =
 P

referred R
eporting Item

s for S
ystem

atic R
eview

s and M
eta-A

nalyses; P
S

A
 = prostate-specific antigen; R

R
 = risk ratio.
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T
he aim

 of this study w
as to system

atically review
 the literature on reported outcom

es follow
ing decom

-
pression surgery for spinal m

etastases.

M
e

t
h

o
D

s
 

T
he authors conducted M

E
D

LIN
E

, S
copus, and W

eb of S
cience database searches for studies reporting 

clinical outcom
es and com

plications associated w
ith decom

pression surgery for m
etastatic spinal tum

ors. B
oth retro

-
spective and prospective studies w

ere included. A
fter m

eeting inclusion criteria, articles w
ere categorized based on the 

follow
ing reported outcom

es: survival, am
bulation, surgical technique, neurological function, prim

ary tum
or histology, 

and m
iscellaneous outcom

es.

r
e

s
U

lt
s

 
O

f the 4148 articles retrieved from
 databases, 3

6 m
et inclusion criteria. O

f those included, 8 w
ere prospec-

tive studies and 28 w
ere retrospective studies. T

he year of publication ranged from
 19

92 to 2015. S
tudy size ranged 

from
 21 to 711 patients. T

hree studies found that good preoperative K
arnofsky P

erform
ance S

tatus (K
P

S
 ≥

 8
0%

) w
as a 

significant predictor of survival. No study reported a significant effect of time-to-surgery following the onset of spinal cord 
com

pression sym
ptom

s on survival. T
hree studies reported im

provem
ent in neurological function follow

ing surgery. T
he 

m
ost com

m
only cited com

plication w
as w

ound infection or dehiscence (2
2 studies). E

ight studies reported that preop
-

erative ambulatory or preoperative motor status was a significant predictor of postoperative ambulatory status. A wide 
variety of surgical techniques w

ere reported: posterior decom
pression and stabilization, posterior decom

pression w
ithout 

stabilization, and posterior decom
pression w

ith total or subtotal tum
or resection. A

lthough a w
ide range of functional 

scales w
ere used to assess neurological outcom

es, four studies used the A
m

erican S
pinal Injury A

ssociation (A
S

IA
) 

Im
pairm

ent S
cale to assess neurological function. F

our studies reported the effects of radiation therapy and local dis-
ease control for spinal metastases. Two studies reported that the type of treatment was not significantly associated with 
the rate of local control. T

he m
ost com

m
only reported prim

ary tum
or types included lung cancer, prostate cancer, breast 

cancer, renal cancer, and gastrointestinal cancer.
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T

his study reports a system
atic review

 of the literature on decom
pression surgery for spinal m

etasta
-

ses. T
he results of this study can help educate surgeons on the previously published predictors of outcom

es follow
ing 

decompression surgery for metastatic spinal disease. However, the authors also identify significant gaps in the literature 
and the need for future studies investigating the optim

al practice w
ith regard to decom

pression surgery for spinal m
etas-

tases.
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can cause disability and significantly impair quality of 
life. 4

2 A
lth

o
u
g

h
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m
e p

atien
ts w
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in
a
l m
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n
 

b
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 n
o
n
o
p

erativ
ely, p

atien
ts w

h
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resen
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n
a
l co

rd
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m
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u
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 p
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e n
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g
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n
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D
eco

m
p
ressio

n
 su

rg
ery

 is th
e sta

n
d

a
rd

 su
rg
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l tech

-
n

iq
u
e u

sed
 to

 treat m
etastatic d

isease o
f th

e th
o
racic a

n
d
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m

b
a
r sp

in
e. 1

0 L
o

catio
n
 o

f m
etastatic d

isease d
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in
es 

th
e ap

p
ro

ach
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r d
eco

m
p
ressio

n
 su

rg
ery. A

 v
en

tra
l o

r d
o
r-

sa
l ap

p
ro

ach
, o

r b
o
th

, ca
n
 b

e u
sed

 in
 th
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l, th
o
racic, 

a
n
d
 lu

m
b
a
r sp

in
e, d

ep
en

d
in

g
 o

n
 sev

era
l facto

rs. T
h
ese in

-
clu

d
e lo

catio
n
 o

f co
m

p
ressio

n
, g

o
a
ls o

f reco
n
stru

ctio
n
 if 

n
ecessa

ry, ty
p

e o
f tu

m
o
r, su

rg
eo

n
 ex

p
ertise, a

n
d
 p

atien
t-

specific factors (e.g. comorbidities of body habitus). 8
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o
u
g

h
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u
tco

m
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g
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m

p
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h
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e b
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rted
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 th

e literatu
re fo

r 5
 d
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s-
tem

atic 
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o
f 

p
red

icto
rs 

o
f 

o
u
tco

m
e 
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w
in

g
 
d
e
-
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m

p
ressio

n
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rg
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r sp

in
a
l m

etastases h
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o
t b
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p
erfo

rm
ed

. T
h
e p

resen
t stu

d
y
 sy
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atica

lly
 rev

iew
s th

e 
cu

rren
t literatu

re a
n
d
 ex

a
m

in
es rep

o
rted

 o
u
tco

m
es fo

llo
w

-
ing decompression surgery for spinal metastases. Specifi

-
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lly, w
e h

ig
h

lig
h
t p

red
icto

rs o
f su
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iv

a
l a

n
d
 p

red
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rs o
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a
m

b
u
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n
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l tech

n
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u
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g
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n
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u
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m

o
r h
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g
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u
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m
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a
n
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n
eo

u
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u
tco

m
es.
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E
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p
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a
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D
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N
D

 m
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A

N
D

 (su
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R
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i*). T

h
is sea

rch
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ed

 414
8
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n
s (F

ig. 1). T
h
e sea
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 p

erio
d
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d
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n
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n
u
a
ry
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2
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d
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 C
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u
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m
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f d
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m
p
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su
rg

ery
 fo

r sp
in

a
l m

etastases w
ere in

clu
d
ed

 w
ith

in
 th

e 
stu

d
y. A

n
im

a
l, in

 v
itro

, b
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m
ech

a
n

ica
l, n

o
n

–
E

n
g
lish

 la
n
-

guage studies, book chapters, and case reports (defined as 
n
 <

 1
0
) w

ere ex
clu

d
ed

. D
u
e to

 th
e lim

ited
 a

m
o
u

n
t o

f d
ata 

av
a
ilab

le, b
o
th

 retro
sp

ectiv
e a

n
d
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ectiv
e stu

d
ies w

ere 
in

clu
d
ed

.

D
ata C

o
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n

T
w

o
 rev

iew
ers (D

.B
. a

n
d
 K

.P.) in
d
ep

en
d
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tly
 ev

a
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-
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 th
e in

itia
l 414

8
 retriev
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 citatio

n
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fter rem
o
v
in

g
 

1
914

 d
u
p
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e titles a
n
d
 ab

stracts o
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2
3
4
 p

u
b
lica-

tio
n
s 

w
ere 
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en

ed
.
2

4 
O

f 
th
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stu

d
ies, 

211
9
 
citatio

n
s 

d
id

 n
o
t m

e
et th

e in
clu

sio
n
 criteria. T

h
e fu

ll tex
t o

f th
e 

rem
a
in

in
g
 11

5
 a

rticles w
as assessed

. T
h
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lted

 in
 3

6
 

eligible articles included in the final analysis. The follow
-

in
g
 d

ata w
ere co
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m
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rticles: p

u
b
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n
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d
y
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p
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u
m

b
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f p
atien

ts, p
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a
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n
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h
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g

y, a
n
d
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u
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m
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o
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g
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-
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v
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v
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classification system (http://www.cebm.net/ocebm-levels-
of-evidence/). The risk of bias was not assessed because 
m

o
st in

clu
d
ed

 stu
d

ies w
ere retro

sp
ectiv

e case series th
at 

h
av

e stro
n
g
 in

h
eren

t b
ias. F

o
llo

w
in

g
 in
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, stu

d
ies 

w
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o
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 o
n
e o

r m
o
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f th
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w

in
g
 cat-
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o
ries: p

red
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rs o
f su

rv
iv

a
l, p

red
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rs o
f a

m
b
u

latio
n
, 

su
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ica
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n
iq

u
e, n

eu
ro

lo
g
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l fu

n
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n
, p

rim
a
ry

 tu
m

o
r 

h
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g
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n
d
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n
eo

u
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u
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m
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r
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 stu

d
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n
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n
d
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n
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6
 in

clu
d
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 stu
d

ies, 8
 w

ere p
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ectiv

e stu
d
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a
n
d
 2

8
 w
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ectiv
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d
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h
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u
b
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n
g
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9
2
 to
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tu

d
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n
g
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 to
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ts. D
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 p
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r p
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8
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–
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0
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O
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ese, 16
 stu

d
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n
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a
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o
b
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n
a
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d
y
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n
d
o
m

ized
, m

u
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b
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ectiv
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d
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d
ed

 b
o
th

 retro
sp

ectiv
ely

 a
n
d
 p
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d
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u
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n
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d
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 d
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m
p
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d
 w
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u
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m
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n
d
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h
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g
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a
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o
w

ev
er, p
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n
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d
ies), lu

n
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n
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d
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n
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d
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n
d
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a
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n
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d

ies) w
ere co

m
m

o
n
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p
o
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d
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 stu
d
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 a m
u
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a
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n
a
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re-
d
o
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n
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n
g
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n
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e p
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a
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m
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o
n
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n
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p
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a
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atien
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n
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d
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m
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a
n
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n
d
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n
u

m
b

er o
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a
l b

o
n
y
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 <

 0
.01) w
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significantly associated with worse odds of survival. In a 
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n
g

itu
d
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a
l o

b
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n
a
l stu

d
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a
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 et a
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31 u
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 a m
u
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R
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p
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o
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d
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d
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survival time. No study reported a significant effect of 
tim
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-su
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tAble 1. Predictors of survival

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)* Surgery Type Primary Tumor Site Complications Survival Data

Bakker 

et al., 

2014

Retrospec-

tive review 

3 21 Decompres-

sion surgery

Kidney Univariate analysis:

Cervical localization: HR 43.7, 95% CI 2.2–866; p = 0.01; 

curative intent: HR 0.3, 95% CI 0.1–0.9; p = 0.03; Frankel 

Grade C/D vs E: HR 3.2, 95% CI 1.05–9.49; p = 0.04; 

Motzer intermediate: HR 13.46, 95% CI 1.63–111; p = 

0.01 (reference group Motzer favorable risk); high risk: 

HR 38.4, 95% CI 3.42–431; p = 0.003 (reference group 

Motzer favorable risk) 

Multivariable analysis:

Motzer intermediate HR 17.4, 95% CI 1.82–166; p = 0.01; 

high risk HR 39.3, 95% CI 3.10–499; p = 0.005

Chaichana 

et al., 

2009

Retrospec-

tive review

3 114 58 Decompres-

sion surgery

Lung (27); breast (26); 

prostate (20); kidney 

(21); GI (13); mela-

noma (7)

Wound dehiscence 10%; 

post op CSF leaks requiring 

operative intervention 3%; 

epidural hematoma requir-

ing operative intervention 

1%; periop death 3%

Lung vs breast vs prostate vs kidney vs GI vs melanoma me-

dian survival (mos): 4.3 vs 21 vs 3.8 vs 19.8 vs 5.1 vs 40.9

Breast cancer group lived significantly longer after surgery 
than patients w/ primary lung (p = 0.002), prostate (p = 

0.004), or GI (p = 0.01) cancer

Patients w/ primary kidney cancer lived significantly longer 
than patients w/ lung (p = 0.001), prostate (p = 0.006), or 

GI (p = 0.02) cancer

Patients w/ melanoma lived significantly longer than patients 
w/ lung (p = 0.0006), prostate (p = 0.03), or GI cancer (p 

= 0.05)

Chong 

et al., 

2012

Retrospec-

tive obser-

vational 

study

3 105 58.3 Single-stage 

PDS, cor-

pectomy

Lung cancer (43%); 

hepatobiliary cancer 

(25%); CRC (6.7%); 

breast cancer (3.8%); 

stomach cancer 

(3.8%); cervical 

cancer (2.9%); 

esophageal cancer 

(2.9%); kidney (1.9%); 

thyroid cancer (1.9%); 

gingival cancer (1); 

melanoma (1); meso-

thelioma (1); mixed 

germ cell tumor (1); 

osteosarcoma (1); 

prostate cancer (1); 

sarcoma (1); thymic 

cancer (1); undifferen-

tiated carcinoma (1)

Surgical complications (11); 

CSF leakage (4); postop 

epidural hematoma (4); 

wound dehiscence (2); 

pneumothorax (1)

Median OS of patients after surgery: 6 mos

1-yr survival rate: 34%; 2-yr survival rate: 14%

Factors affecting patient’s OS significant in univariate analy-

sis only (p < 0.05):

Age (<60 vs ≥60) yrs: HR 1.64, 95% CI 1.00–2.68; p = 0.05
Primary cancer (rapid vs moderate & slow): HR 0.49, 95% CI 

0.27–0.92; p = 0.03

Visceral metastases (yes vs no): HR 0.58, 95% CI 0.35–

0.96; p = 0.04

Factors affecting patient’s OS significant in both univariate & 
multivariate analyses (p <0.05):

No. of spinal metastases (<3 vs ≥3): HR univariate 2.28, 
95% CI 1.33–3.90; p <0.01. HR multivariate 1.94, 95% CI 

1.10–3.43; p = 0.02

Postop adjuvant therapy (yes vs no): HR univariate 3.69, 

95% CI 2.10–6.49; p <0.01. HR multivariate 3.23, 95% CI 

1.80–5.77; p <0.01
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tAble 1. Predictors of survival

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)* Surgery Type Primary Tumor Site Complications Survival Data

Crnalic 

et al., 

2012

Retrospec-

tive review

3 68 Median 

hormone 

naive: 

77; 

median 

hormone 

refrac-

tory: 71

Posterior 

decompres-

sion (42); 

posterior 

decompres-

sion & 

stabilization 

w/ pedicle 

screws or 

w/ pedicle 

screws & 

hooks (26)

Prostate Systemic complications (11); 

local complications (11); 

systemic & local (2)

HR single regression:

KPS (80–100 vs 50–70): HR 4.66, 95% CI 1.9–11.44; p = 

0.001

Visceral metastases (absent vs present): HR 2.52, 95% CI 

1.35–4.7; p = 0.004

Serum PSA (<200 vs ≥200): HR 2.08, 95% CI 1.13–3.82; p 
= 0.019

Age (<71 vs ≥71 yrs): HR 0.95, 95% CI 0.55–1.65; p = 0.85;
Time to primary Dx (<36 vs ≥36 mos): HR 0.96, 95% CI 

0.55–1.67; p = 0.88

Ambulatory vs nonambulatory: HR 1.5, 95% CI 0.67–3.37; p 

= 0.32

Multiple regression:

KPS (80–100 vs 50–70): HR 3.97, 95% CI 1.57–10.04; p = 

0.004

Visceral metastases (absent vs present): HR 1.8, 95% CI 

0.93–3.46; p = 0.08

Serum PSA (<200 vs ≥200): HR 1.47, 95% CI 0.79–2.75; p 
= 0.22

Age (<71 vs ≥71 yrs): HR 0.89, 95% CI 0.49–1.64; p = 0.72
Time to primary Dx (<36 vs ≥36): HR 1.29, 95% CI 

0.70–2.39; p = 0.41

Ambulatory vs nonambulatory: HR 0.9, 95% CI 0.38–2.17; p 

= 0.82
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tAble 1. Predictors of survival

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)* Surgery Type Primary Tumor Site Complications Survival Data

Ju et al., 

2013

Retrospec-

tive review

3 27 (31 

pro-

ce-

dures)

Median 65 Decompres-

sion surgery

Prostate (27) 16 complications occurred in 

35% (11/31 procedures); 

death w/in 30 days of 

surgery of an unreported 

cause (1); acute inpatient 

rehabilitation after surgery 

(14) 52%

Major complications:

instrumentation failure 

requiring reop; pneumo-

thorax; spinal hematoma; 

small-bowel obstruction; 

deep wound infection; GI 

bleeding necessitating na-

sogastric tube placement; 

pulmonary embolism

Minor complications:

durotomy status after intraop 

closure; wound infection 

responsive to treatment 

w/ antibiotics; UTI; pleural 

effusion; thrombocytopenia 

& anemia requiring multiple 

postop transfusions; tran-

sient lt recurrent laryngeal 

nerve dysfunction; instru-

mentation failure

Significant factors associated 
w/ increased incidence of 

complications

Age <65 yrs: OR 0.3, 95% CI 

0.003–0.4; p = 0.005

Instrumentation spanning ≥7 
spinal levels: OR 7.0, 95% 

CI 1.2-41.4; p = 0.03

Median survival time of all patients after 1st spinal surgery 

was 10.2 mos, 95% CI 5.0–15.8 mos

Significant univariate predictors of survival:
Preop PSA ≥150: HR 3, 95% CI 1–9.4; p = 0.05
Previous prostatectomy: HR 3.0, 95% CI 1.1–8.5; p = 0.04

Significant univariate & multivariate predictor of survival:
Univariate: preop KPS ≥80%: HR 3.3, 95%CI 1.1–9.9; p = 

0.03

Multivariate: preop KPS ≥80%: HR 6.1, 95% CI 1.3–28.5); p 
= 0.02
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tAble 1. Predictors of survival

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)* Surgery Type Primary Tumor Site Complications Survival Data

Laufer 

et al., 

2010

Retrospec-

tive review

3 39 Median 61 Decompres-

sion surgery

Renal (12); prostate 

(7); neuroendocrine 

(4); head & neck (4); 

GI (4); sarcoma (2); 

thyroid (2); breast 

(1); cervical SCC 

(1); lymphoma (1); 

melanoma (1)

Major surgical complication 

rate (5%)

Median time btwn 1st op & 1st reop at same spinal level due 

to tumor recurrence was 8.3 months. 29 patients (74%) 

died by the time study was conducted. Median survival 

time after 1st op performed at level of interest was 21.6 

mos (95% CI 16.5–34.2 mos), & after 2nd op it was 12.4 

mos (95% CI 7.5–20.0 mos). 

The median survival time after last op was 9.1 mos (95% CI 

6.4–13.7 mos).

The median postop survival time did not significantly de-

crease w/ an increasing no. of recurrences.

In patients w/ prostate cancer, median survival after 1st reop 

was 8.2 mos (95% CI 3.8–14.1 mos) & 6.0 mos after last 

operation (lower 95% confidence limit 2.4 mos—upper 
bound after 1st reop could not be estimated since >50% 

of these patients were ambulatory at the conclusion of the 

study (lower 95% confidence limit 5.7 mos). 
In patients w/ renal cancer, outcomes were even more favor-

able. The median survival time after 1st reop was 13.7 

mos (95% CI 6.4–21.8 mos), & after last operation was 9.2 

mos (lower 95% confidence limit 6.3 mos—upper bound 
could not be calculated). 

Lei et al., 

201521

Retrospec-

tive review

3 73 test 

group 

(n = 

37); 

vali-

dation 

group 

(n = 

36)

Median 57 Posterior 

decompres-

sion & spine 

stabilization

Lung cancer Postop wound infections (2); 

death w/in 4 wks (1)

Test group: univariate analysis of preop factors for survival in 

lung cancer patients w/ MSCC at 6 & 12 mos:

Ambulatory vs nonambulatory at 6 mos: 67% vs 33%; at 12 

mos: 31% vs 13% (p = 0.0054)

ECOG performance status (1–2 vs 3–4) at 6 mos: 73% vs 

14%; at 12 mos 35% vs 0% (p = 0.0002)

No. of involved vertebrae (1–2 vs ≥3) at 6 mos: 78% vs 22%; 
at 12 mos: 36% vs 7% (p = 0.0028)

Visceral metastases (no vs yes), at 6 mos: 77% vs 26%; at 

12 mos 36% vs 11% (p = 0.0118)

Time to developing motor deficits (≤14 vs >14 days) at 6 mos 
28% vs 72%; 6% vs 40% at 12 mos (p ≤ 0.0001)

Median OS was 6.2 mos (95% CI, 2.9–8.8 mos) in the test 

group & 6.0 mos (95% CI 4.3–7.9 mos) in the validation 

group.
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tAble 1. Predictors of survival

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)* Surgery Type Primary Tumor Site Complications Survival Data

Lei et al., 

201519

Retrospec-

tive review

3 64 Median 57 Posterior 

decompres-

sion & spine 

stabilization 

Non–small cell lung 

cancer

Univariate analysis for survival (simple Cox regression):

Preop ambulatory status: HR 2.24, 95% CI 1.3–3.86; p = 

0.004

ECOG performance: OR 2.78, 95% CI 1.54–5.02; p < 0.001

No. of involved vertebrae: HR 2.46, 95% CI 1.39–4.35; p = 

0.002

Visceral metastases vs none: HR 2.29, 95% CI 1.33–3.94; 

p = 0.003

Time to develop motor deficits: HR 3.44, 95% CI 1.9–6.22; 
p <0.001

Multivariate analysis for survival (multiple Cox regression):

Preop ambulatory status excluded

ECOG performance: HR 2.18, 95% CI 1.15–4.16; p = 0.017

No. of involved vertebrae: HR 2.05, 95% CI 1.11–3.76; p = 

0.021

Visceral metastases vs none: HR 2, 95% CI 1.10–3.62; p = 

0.022

Time to develop motor deficits: HR 2.7, 95% CI 1.45–5.03; p 
= 0.002

For all patients, the overall median survival time was 6.3 mos 

(95% CI 4.5–7.4 mos), 6-mo & 12-mo survival rates were 

52.6 & 23%, respectively.

Moulding 

et al., 

2010

Retrospec-

tive review

3 21 52.9 Surgical de-

compression 

& instrumen-

tation for 

high-grade, 

epidural, 

spinal cord 

compression 

from tumor, 

followed by 

single-frac-

tion high-

dose spinal 

radiosurgery 

(dose range 

18–24 Gy, 

median 24 

Gy)

Melanoma 5 (23.8%); 

renal cell 4 (19%); 

sarcoma 3 (14.3%); 

1 angiosarcoma 1; 

leiomyosarcomas 2; 

colorectal carcinoma 

2 (9.5%); thyroid 1 

(4.8%); teratoma 1 

(4.8%); hemangio-

pericytoma 1 (4.8%); 

cholangiocarcinoma 

1 (4.8%); adenoid 

cystic carcinoma 1 

(4.8%); hemangioma 

(epithelioid) 1 (4.8%); 

prostate 1 (4.8%) 

Acute Grade 1 skin reactions 

(3); acute neuritic pain im-

mediately after radiosurgi-

cal treatment (1); Grade 

2 esophagitis (dysphagia, 

burning) (3); Grade 4 

esophagitis (1)

Median survival time after adjuvant radiosurgery:

24 Gy: 310 days, 95% CI 169–NR

18 or 21 Gy: 180 days, 95% CI 146–NR

All: 310 days, 95% CI 169–NR 

1-yr risk of local failure according to radiosurgical dose  

 group:

24 Gy: 6.3%, 95% CI (0–18.5%)

18 or 21 Gy: 20.0%, 95% CI (0–59%)

All patients: 9.5%, 95% CI (0–22.3%)
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tAble 1. Predictors of survival

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)* Surgery Type Primary Tumor Site Complications Survival Data

Padalkar 

& Tow, 

2011

Retrospec-

tive review

3 102 Median 

58.5

Decompres-

sion w/ 

instrumen-

tation (in 

some)

Lung, osteosarcoma, 

stomach, blad-

der, esophagus, 

pancreas 20 (19.6%); 

liver, gallbladder, 

unidentified 6 (5.9%); 
others 30 (29.4%); 

kidney, uterus 10 

(9.8%); rectum 3 

(2.9%); thyroid, 

breast, prostate, 

carcinoid tumor 33 

(32.4%) 

Odds of 6-mo survival according to Tomita score:

Score 0–3 OR 36.7, 95% CI 3.9–346.2; p = 0.002

Score 4–6 OR 26.2, 95% CI 2.9–239.5; p = 0.004

Score 7–8 OR 7 95% CI 0.8–61.1; p = 0.078

Median survival:

KPS p < 0.001

Extraspinal bone metastases: p = 0.006

No. of vertebral levels involved: p = 0.08

Metastases to internal organ: p = 0.0002

Presence of spinal cord palsy: p = 0.1

Type of primary tumor: p = 0.9

Park et al., 

2011

Retrospec-

tive review

3 103 54.6 Decompres-

sion & 

fixation

Breast (7); colon (6); 

hepatobiliary (8); 

kidney (11); liver (15); 

lung (23); lymphoma 

(1); multiple myeloma 

(12); prostate (1); 

stomach (6); thymus 

(2); thyroid (2); uterus 

(1); bladder (1); 

unknown origin (7)

Surgical complications requir-

ing 2nd op, such as wound 

infections, extensive 

bleeding, & symptomatic 

recurrence 9.7% (10)

Significant predictors of OS (multivariate Cox proportional 
hazard model):

 Primary origin w/ good prognosis: HR 0.627, 95% CI 

0.479–0.899; p = 0.039)

High Tokuhashi score: HR 0.524, 95% CI 0.335–0.820; p = 

0.005)

Postop ambulation, w/ or w/o aid: HR 1.59, 95% CI 

1.021–2.645; p = 0.048

Park et al., 

201531

Prospective 

obser-

vational 

study

2 50 58 Wide decom-

pression 

surgery 

+ fixation 
procedure

Non–small cell lung 

cancer

Major complications 34.0% 

(17/50), 30-day mortality 

rate 10.0% (5/50)

Median survival after surgery:

Time from neurological deficit ≥72 hrs: 3.1, 95% CI 1.9–4.3; 
p = 0.002

Responsiveness to chemo: progressive disease 2.4, 95% CI 

1.4–3.4; p < 0.001

Chemo postop 9.9, 95% CI 6.8–13; p < 0.001

Preop ambulatory status 9.9 95% CI 6.1–13.7; p = 0.031.

Median OS time after surgery was 5.2 mos, 95% CI 

2.36–5.84. Estimated survival rates at 3, 6, & 12 mos 

were 66.0%, 49.4%, & 22.4%, respectively.
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tAble 1. Predictors of survival

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)* Surgery Type Primary Tumor Site Complications Survival Data

Patchell 

et al., 

200532

Randomized, 

multiinsti-

tutional, 

nonblind-

ed trial

1 101 Median 60 

for both 

groups

Surgery fol-

lowed by 

RT (50); RT 

alone (51)

RT group/surgery 

group:

Lung (13), (13); breast 

(6), (7); prostate (10), 

(9); other genitouri-

nary (6), (5); GI (4), 

(2); melanoma (3), 

(3); head & neck (2), 

(1); unknown (3), (5); 

other (4), (5)

Wound infections (3); 

failure of fixation requiring 
additional surgery (1); 

extended hospital stays 

(>20 days) occurred in 7 

patients in the surgery 

group & 11 in the RT group

Surgical treatment resulted in significant differences in:
Maintenance of continence: RR 0.47, 95% CI 0.25–0.87; p 

= 0.016

Maintenance of ASIA grade: RR 0.28, 95% CI 0.13–0.61; p 

= 0.001

Maintenance of Frankel grade: RR 0.24, 95% CI 0.11–0.54; 

p = 0.0006

Survival time: RR 0.6, 95% CI 0.38–0.96; p = 0.033

30-day mortality rates were 6% in surgery group & 14% 

in RT group (p = 0.32). At Day 30 after treatment, % of 

patients w/ Frankel grades at or above study entry level 

was significantly (p = 0.0008) higher in surgery group than 
in RT group (91% vs 61%).

Quraishi 

et al., 

201335

Semi-pro-

spective 

study

2 201 61 Decompres-

sion & 

stabilization

Breast (29); hemato-

logical (28); renal 

(26); prostate (26); 

lung (23); GI (11); 

sarcoma (9); others 

(49)

Overall complication rate 

19% (39/201); wound in-

fection (15); included chest 

infection (8); neurological 

worsening (4); failure of the 

metal work (4); pulmonary 

embolization (3)

Group 1 vs 2 vs 3 neurological outcomes postop (Frankel 

Grades A–E):

A: 2 vs 6 vs 0, p = 0.34 for 1 vs 2

B: 6 vs 2 vs 1, p = 0.70 for 2 vs 3

C: 20 vs 9 vs 2, p = 0.001 for 1 vs 3

D: 33 vs 35 vs 10

E: 23 vs 31 vs 21

Mean survival days 84 vs 83 vs 34, p = 0.001 

Quraishi 

et al., 

201534

Retrospec-

tive cohort 

review

3 101 64.7 Decompres-

sion w/ & 

w/o stabiliza-

tion

Breast (14); lung (10); 

prostate (21); renal 

(11); myeloma (1); 

GI (8); other (25); 

unknown (11)

Group 1 (low-grade compres-

sion) vs Group 2 (high 

grade)

Overall complication rate 

Group 1 vs 2: 25% vs 

42.6% (p = 0.12)

Postop wound infection 

Group 1 vs 2: 2.5% vs 16%

Group 1 (low-grade compression) vs Group 2 (high grade)

Overall median survival: 326 days

Mean survival Group 1 vs 2: 444 vs 412 days (p = 0.62)

Median survival Group 1 vs 2: 376 vs 326 days

Rades 

et al., 

2012

Retrospec-

tive review

3 126 Surgery+RT 

(42); RT 

alone (84)

Breast cancer (15); 

prostate cancer (30); 

myeloma/lymphoma 

(18); lung cancer 

(24); other tumors 

(39)

Wound infections, extensive 

bleeding, postop pneumo-

nia, & pulmonary embolism 

in 7 patients (14%) of the 

Surgery+RT group

Survival rates for the entire cohort were 55% at 6 mos & 

42% at 12 mos.

Improved survival was associated with the following signifi-

cant variables: female sex (p = 0.012), better ECOG per-

formance status (p <0.001), favorable primary tumor type 

(p <0.001), involvement of only 1–2 vertebrae (p <0.001), 

absence of other bone metastases (p <0.001), absence of 

visceral metastases (p < 0.001), ambulatory status prior to 

therapy (p <0.001), slower development of motor deficits 
(p <0.001) & longer course of RT (p <0.001).
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tAble 1. Predictors of survival

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)* Surgery Type Primary Tumor Site Complications Survival Data

Rades et 

al., 2011

Retrospec-

tive review

3 67 Surgery+RT Non–small cell lung 

cancer (36); CUP 

origin (13); RCC (9); 

CRC (9)

Surgical complications 

such as wound infections 

requiring a 2nd surgery, 

extensive bleeding, post-

operative pneumonia, & 

pulmonary embolism oc-

curred in 9 patients (13%) 

in the Surgery+RT group.

Univariate analysis survival:

Surgery+RT vs RT at 6 mos: 50 vs 46; at 12 mos: 38 vs 24 

(p = 0.2)

≤60 vs >60 yrs at 6 mos: 49 vs 45; at 12 mos: 26 vs 31 (p = 
0.85)

Female vs male at 6 mos: 36 vs 50; at 12 mos: 29 vs 28 (p 

= 0.8)

ECOG 1–2 vs 3–4 at 6 mos: 78 vs 27; at 12 mos: 57 vs 10 

(p <0.001)

NSCLC vs CUP vs RCC vs CRC at 6 mos: 41 vs 56 vs 59 vs 

44; at 12 mos: 27 vs 20 vs 39 vs 34 (p = 0.57)

No. of involved vertebrae 1–2 vs ≥3 at 6 mos: 56 vs 40; at 12 
mos: 40 vs 19 (p = 0.003)

Other bone metastases no vs yes at 6 mos: 62 vs 36; at 12 

mos: 42 vs 17 (p <0.001)

Visceral metastases no vs yes: at 6 mos: 78 vs 17; at 12 

mos: 42 vs 17 (p <0.001)

Not ambulatory vs ambulatory: at 6 mos, 19 vs 63; at 12 

mos, 10 vs 38 (p <0.001)

Time development of motor symptoms 7 vs >7 days: at 6 

mos, 17 vs 68; at 12 mos 5 vs 44 (p <0.001)

Interval btwn surgery & RT ≤2 vs >2 wks: at 6 mos, 53 vs 41; 
at 12 mos, 41 vs 27 (p = 0.36)

The survival rates for the entire cohort were 47% at 6 mos & 

28% at 12 mos. The treatment regimen was not signifi-

cantly associated w/ survival (p = 0.20).

Spencer 

et al., 

2014

Retrospec-

tive review

3 711 Decompres-

sion &/or 

radiation

Prostate Predictor of surgery+RT vs no treatment:

Age 70–74 vs 65–69: OR 0.52 95% CI 0.28–0.96

Age 75–79 vs 65–69: OR 0.68, 95% CI 0.34–1.33

Age 80–84 vs 65–69: OR 0.23, 95% CI 0.10-0.55

Age ≥85 vs 65–69: OR 0.06, 95% CI 0.01–0.27
Unknown tumor grade: OR 2.30, 95% CI 1.15–4.62

≥2 vs 0 comorbidities: OR 0.4, 95% CI 0.20-0.78
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tAble 1. Predictors of survival

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)* Surgery Type Primary Tumor Site Complications Survival Data

Vanek 

et al., 

201543

Retrospec-

tive review

3 166 62 Decompres-

sion 

Kidney (30); lung 

(19); breast (25); 

hemoblastoses (45); 

prostate (20); rectum 

(9); thyroid gland (3); 

thymoma (3); GI (1); 

gynecology (1); carci-

noid (1); others (9)

Overall complication rate: 

20% (34); postop hema-

toma (6); deterioration in 

Frankel grade (4); wound 

healing complication (13); 

failure of instrumentation 

(4); any other medical com-

plication (7); symptomatic 

tumor recurrence 6% (10) 

Age (per unit survival): HR 1.02, 95% CI 1.00–1.04; p = 0.017

Frankel A–C: HR 2.03, 95% CI 1.30–3.15; p = 0.002

Tokuhashi <8: HR 3.49, 95% CI 1.97–6.20; p < 0.001

Tokuhashi 9–11: HR 1.61, 95% CI 0.94–2.76; p = 0.081

chemo = chemotherapy; CRC = colorectal cancer; CUP = cancer of unknown primary; Dx = diagnosis; GI = gastrointestinal; OS = overall survival; MSCC = metastatic spinal cord compression; NSCLC = non–small cell lung 

carcinoma; NR = not reached; PDS = posterior decompression and stabilization; RCC = renal cell carcinoma; RT = radiotherapy; SCC = small cell carcinoma; UTI = urinary tract infection.

* Presented as the mean, unless indicated otherwise.
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tAble 2. Predictors of ambulatory status or motor function

Authors & 

Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)*

Surgery 

Type Primary Histology Complications Ambulation Outcomes

Abel et al., 

2008

Retrospective 

review

3 34 60 PDS Prostate gland carcinoma (7); 

renal carcinoma (4); lung 

carcinoma (6); plasmacy-

toma (5); breast carcinoma 

(3); other (8); unknown (1)

Deep vein thrombosis (2); 

lung embolism (1); upper GI 

bleeding (1); pneumonia as-

sociated w/ lung atelectasis 

(1); deep wound infection 

necessitating revision 

surgery (1)

At admission, 3 patients were able to walk; 31 were 

not ambulatory. 4 patients regained ambulation; in 2 

patients who could walk this function was preserved. 

1 patient lost his ability to walk after surgery due to 

intraspinal hemorrhage.

Chaichana 

et al., 

2009

Retrospective 

review

3 114 58 Decom-

pressive 

surgery

Lung (27); breast (26) pros-

tate (20); kidney (21); GI 

(13); melanoma (7)

Wound dehiscence 10%; 

postop CSF leaks requiring 

operative intervention 3%; 

epidural hematoma requir-

ing operative intervention 

1%; periop death 3%

Ambulatory outcomes (lung vs breast vs prostate vs 

kidney vs GI vs melanoma):

Ambulatory postop (%): 89 vs 81 vs 70 vs 76 vs 85 vs 71

Maintained ambulation (%): 95 vs 90 vs 93 vs 94 vs 92 vs 

80

Regained ambulation (%): 57 vs 0 vs 17 vs 20 vs 0 vs 50

Chaichana 

et al., 

2008

Retrospective 

review

3 78 55.7 am-

bulatory 

preop; 

57.3 

nonam-

bulatory 

preop

Decompres-

sion

Lung (19); breast (13); pros-

tate (15); renal (10); thyroid 

(3); GI (4); sarcoma (6); 

other (8)

Ambulatory, nonambulatory: 

periop mortality 1% (2), 1% 

(4); wound dehiscence 1% 

(2), 3% (13); CSF leak 0% 

(0), 3% (13); retroperitoneal 

hemorrhage 1% (2), 0% (0); 

pseudomeningocele 1% (2), 

0% (0) 

Univariate analysis significant predictors of ambulation:
Preop RT: RR 0.547, 95% CI 0.255–1.017; p = 0.06

Duration of Sx for <48 hrs: RR 2.147, 95% CI 1.103–1.463; 

p = 0.03

Metastatic prostate tumor: RR 0.529, 95% CI 0.275–1.148; 

p = 0.10

Thoracic component: RR 0.003, 95% CI 0.001–0.668; p 

= 0.01

Follow-up RT: RR 1.946, 95% CI 0.966–5.041; p = 0.06

Significant multivariate analysis predictors of ambulation:
Ability to walk: RR 2.320, 95% CI 1.301–4.416; p <0.01

Pathological compression of fracture: RR 0.471, 95% CI 

0.235–0.864; p = 0.01

Ghogawa-

la et al., 

2001

Retrospective 

review

3 85 55, 63, 62 

(RT, RT/

surgery, 

surgery/

RT)

1) RT alone 

(23); 2) 

RT fol-

lowed by 

surgery 

(28); 3) 

early 

surgery 

followed 

by RT 

(34)

Lung; breast; prostate; 

unknown; other

Major wound complications 

(13)

Because the Frankel grade on admission was a strong 

predictor of posttreatment ambulatory status (p = 

0.006, Cochran-Armitage) & continence (p = 0.003), 

all analyses were stratified by Frankel grade. The odds 
for posttreatment ambulation & continence were higher 

when surgery was the initial treatment (ambulation: 

OR 3.8, 95% CI 1.06–14; p = 0.04; continence: OR 

53.9, 95% CI 51.2–13; p = 0.03). The odds for a better 

neurological outcome during treatment also were higher 

when surgery was the initial treatment (OR 5.8, 95% CI 

5 1.9–17; p = 0.0002).
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tAble 2. Predictors of ambulatory status or motor function

Authors & 

Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)*

Surgery 

Type Primary Histology Complications Ambulation Outcomes

Kondo 

et al., 

2008

Retrospective 

review

3 96 Median 64 Posterior 

decom-

pression 

& intraop 

irradiation 

poste-

rior instru-

mentation 

(77)

Radioresistant tumors:

large intestine/rectum (12); 

kidney (10); thyroid (6); 

liver (7)

Radiosensitive tumors:

breast (18); prostate (11); 

malignant lymphoma (4); 

myeloma (3); lung (10); 

esophagus (3); others (12) 

Surgical complications 15% Risk factors for postop ambulatory status:

Kidney vs nonkidney site: p = 0.04

Visceral metastases: p = 0.007 

Frankel A or B vs C: p < 0.0001

Preop performance 4 vs ≤3: p < 0.0001
Bone metastases other than spine: p = 0.3

Multiple spinal metastases ≥3, p = 0.1
Prior external RT, p = 0.97

Landmann 

et al., 

1992

Retrospective 

review

3 127 Median 63 Decompres-

sive lami-

nectomy 

+ postop 

irritation 

(127 

cases); 

RT alone 

(26 

patients) 

17%

Prostate (39); breast (34); 

lung (18); lymphoma (9); 

unknown (8); kidney (7); 

myeloma (7); bladder (3); 

thyroid (3); miscellaneous 

(12)

Recurrence in original treat-

ment 6% (8); recurrences 

w/in the original treatment 

field after irradiation alone 
8% (2); rapid progression of 

pain & neurological deficit 
27% (7/26) in patients who 

started therapy w/ RT

Motor function before & after laminectomy w/ postop 

irradiation (n = 127):

No deficit before treatment: 96% vs 4% (no deficit after 
treatment vs mild deficit/ambulatory after treatment)

Mild deficit (ambulatory) before treatment: 59% vs 39% vs 
2% vs — (no deficit after treatment vs mild deficit/am-

bulatory after treatment vs paraparetic/not ambulatory 

after treatment vs paraplegic after treatment)

Paraparetic (not ambulatory) before treatment: 26% vs 

56% vs 16% vs 2% (no deficit after treatment vs mild 
deficit/ambulatory after treatment vs paraparetic/not 
ambulatory after treatment vs paraplegic after treat-

ment)

Paraplegic (not ambulatory) before treatment: — vs 56% 
vs 22% vs 22% (no deficit after treatment vs mild deficit/
ambulatory after treatment vs paraparetic/not ambula-

tory after treatment vs paraplegic after treatment)
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tAble 2. Predictors of ambulatory status or motor function

Authors & 

Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)*

Surgery 

Type Primary Histology Complications Ambulation Outcomes

Laufer 

et al., 

2010

Retrospective 

review

3 39 Median 61 Decompres-

sion 

surgery

Renal (12); prostate (7); 

neuroendocrine (4); head 

& neck (4); GI (4); sarcoma 

(2); thyroid (2); breast (1); 

cervical SCC (1); lym-

phoma (1); melanoma (1)

Major surgical complication 

rate 5%

5 patients were nonambulatory prior to their last operation, 

& their condition did not improve postop. Among the 

remaining 34 patients, 22 (65%) remained ambulatory 

at the time of death or at the time of last follow-up. 

Within this group, the patients remained ambulatory 

for 85% of the duration btwn the last operation & death 

(median 100%). Fourteen (48%) of the 29 patients who 

died were ambulatory until the time of death. Among 

the patients who lost the ability to ambulate prior to 

death, the median time btwn loss of ambulation & 

death was 1 mo (range 0–3 mos). 10 patients were 

alive at the time of analysis & 8 (80%) of them were 

ambulatory, w/ a median follow-up of 26 mos. Prior to 

the 1st reop, 36 patients had ECOG grades of 0–2, & 

3 patients had ECOG grades of 3 or 4 (Table 3). Prior 

to their last operation, 31 patients (79%) were ASIA 

Grade E & 8 patients were ASIA Grade D. 38 patients 

had the same (30) or improved (8) ECOG grade after 

the last operation. 1 patient had a 2-point decline in his 

ECOG grade, which occurred after the 3rd operation. 

His postop course was complicated by a CSF leak that 

required a rotational flap and a postoperative malignant 
pleural effusion.

Lei et al., 

2015

Retrospective 

review

3 95 Median 57 Posterior 

decom-

pression 

& spine 

stabiliza-

tion

Breast cancer (20); thyroid 

cancer (15); lung cancer 

(40); others (20)

Surgery-related complications 

18.9% (18)

Motor function improvement univariate correlates:

Non–cervical spine metastasis: p = 0.02

Favorable tumor type: p = 0.04

Ambulatory status before surgery: p <0.01

Better ECOG performance status: p <0.01

Absence of visceral metastasis: p <0.01

Longer interval btwn tumor diagnosis & surgery: p <0.01

Slower development of motor deficits: p <0.01
Administration of targeted therapy: p <0.01

Multivariate analysis of motor function:

Analysis of motor function, metastatic location: OR 1.93, 

95% CI 1.12–3.33; p = 0.02

Preop ambulatory status: OR 2.80, 95% CI, 1.17–6.71; p 

= 0.02

Time to motor deficit: OR 5.75, 95% CI 2.22–14.89; p 
<0.01
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tAble 2. Predictors of ambulatory status or motor function

Authors & 

Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)*

Surgery 

Type Primary Histology Complications Ambulation Outcomes

Lei et al., 

2015

Retrospective 

review

3 64 Median 57 Posterior 

decom-

pression 

& spine 

stabiliza-

tion 

Non–small cell lung cancer Univariate analysis of preop variable on survival:

Nonambulatory vs ambulatory at 6 mos: 64% vs 41%; at 

12 mos 32% vs 14% (p = 0.003)

Majeed 

et al., 

2012

Retrospective 

review

3 55 63 Anterior & 

posterior 

stabiliza-

tion

Myeloma (11); breast cancer 

(9); lymphoma (8); lung 

cancer (7); renal cell can-

cer (7); prostate cancer 

(5); bladder cancer (3); 

melanoma (1); pancreatic 

cancer (1); esophageal 

cancer (1); endometrial 

cancer (1); carcinoma of 

the tongue (1)

Superficial wound infections 
(8)

Red group has KPS <50%, yellow group has scores 

50–70%, green group >70%. 8/15 (53%) patients in 

red group achieved independent mobility status at 6 

wks. Yellow group 13/20 (66%) achieved independent 

mobility at 6 wks. 3 deteriorated due to progressive 

tumors, 4 did not improve or deteriorate in green group. 

15/20 (75%) maintained independent mobility status in 

patients <65 yrs. 10/30 had independent mobility status 

at presentation. At 6 wks, 21 improved to independent 

mobility status. Among patients >65 yrs, 11/25 (44%) 

were able to mobilize independently before surgery, 

while 14 (56%) achieved independent mobility at 6 wks 

postsurgery.

Park et al., 

2011

Retrospective 

review

3 103 54.6 Decompres-

sion & 

fixation

Breast (7); colon (6); hepato-

biliary (8); kidney (11); liver 

(15); lung (23); lymphoma 

(1); multiple myeloma (12); 

prostate (1); stomach (2); 

thyroid (2); uterus (1); blad-

der (1); unknown origin (7)

Surgical complications requir-

ing 2nd surgery, such as 

wound infections, extensive 

bleeding, & symptomatic 

recurrence 9.7% (10)

Significant predictors of postop ambulation based on 
multivariate logistic regression:

Postop ambulation w/ or w/o aid: OR 5.35, 95% CI, 

1.57–18.17; p = 0.007

Hip flexion greater than Grade III: OR 6.23, 95% CI 
1.29–7.35; p = 0.039 
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tAble 2. Predictors of ambulatory status or motor function

Authors & 

Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)*

Surgery 

Type Primary Histology Complications Ambulation Outcomes

Park et al., 

2015

Longitudinal 

observa-

tional study

2 50 58 Wide 

decom-

pression 

surgery 

+ fixation 
procedure

Non–small cell lung cancer Major complications: (sepsis, 

pneumonia, lung abscess, 

neurological deteriora-

tion, inoperable wound 

dehiscence, disseminated 

intravascular coagulation, 

thromboembolism, total 

atelectasis, pleural effusion) 

34.0% (17/50)

 Surgical complications: 

paraplegia (1); inoperable 

wound dehiscence (1); deep 

infection (1)

Medical complications: (14) 

28%, 9 (18%) of whom died

30-day mortality rate 10.0% 

(5/50)

Significant factors associated w/ postop nonambulatory 
status:

>72 vs ≤72 hrs: OR 8.69, 95% CI 1.64–46.17; p = 0.011
Nonambulatory preop vs ambulatory: OR 17.7, 95% CI 

1.55–203.10; p = 0.021

Park et al., 

2013

Retrospective 

review

3 102 55 Decompres-

sion w/ 

pedicle 

screws

GI tract (10); hepatobi-

liary system (7); breast 

(19); lung (34); multiple 

myeloma (5); kidney (15); 

other (12)

Reexploration (7); symptom-

atic tumor recurrences (3); 

wound infections (2); postop 

hematoma (1); instrumen-

tation failure (0); intraop 

bleeding (1)

Significant predictors of postop ambulation (multivariate 
logistic regression test):

Preop ambulation: OR 21.1, 95% CI 8.71–72.5; p < 0.001

Preop motor power: OR 49.2, 95% CI 18.43–167.78; p < 

0.001

Putz et al., 

2014

Retrospec-

tive review 

from a pro-

spectively 

gathered 

database

3 43 63.7 Decompres-

sion & 

additional 

poste-

rior or 

postero-

anterior 

stabiliza-

tion

Lung (17); kidney (9); breast 

(10); prostate (7)

Wound infection 9%; gluteal 

pressures sores 5%; pulmo-

nary embolism, thrombosis, 

dural leakage, subileus, 

gastritis, & hemorrhagic 

pleural effusion 14%

Significant preop factors influencing change in ambulation:
Preop mobility: p <0.001

Preop neurological status: p <0.001

Type of operation: p = 0.02

Significant preop factors influencing change in mobility:
Primary tumor: p <0.001

Preop mobility: p <0.001

Rades 

et al., 

2012

Retrospective 

review

3 126 Surgery+RT 

(42); RT 

alone 

(84)

Breast cancer (15); prostate 

cancer (30); myeloma/lym-

phoma (18); lung cancer 

(24); other tumors (39)

Wound infections, extensive 

bleeding, postop pneumo-

nia, & pulmonary embolism 

occurred in 7 patients (14%) 

of the surgery+RT group

Impact of potential prognostic factors on motor function:

Time developing motor deficits before RT was significant 
(estimate 1.81, 95% CI 0.64–2.98; p = 0.002). 

The radiotherapy treatment regimen was not associated 

w/ functional outcome (estimate -0.12; 95% CI −0.97 to 
+0.74; p = 0.79).
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tAble 2. Predictors of ambulatory status or motor function

Authors & 

Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)*

Surgery 

Type Primary Histology Complications Ambulation Outcomes

Schoeggl 

et al., 

2002

Retrospective 

outcome 

measure-

ment study

3 84 60 Decompres-

sive lami-

nectomy 

w/ total or 

subtotal 

tumor 

resection

Lung (19); breast (18); 

prostate (17); hematopoi-

etic tumors (10); hyper-

nephroma (7); melanoma 

(4); colorectal carcinoma 

(3); liver (2); ovarian 

cancer (1); esophagus (1); 

unknown (2) 

Intraop complications 4.7%; 

operative complications 

5.9%: superficial wound in-

fection 4.7 epidural abscess 

w/ repeat surgery 1.2% 

Degree of mobility in the immediate postop phase  

Grade I paraplegia vs Grade II knee bending/toe wig-

gling vs Grade III straight-leg lifting vs Grade IV ambu-

latory w/ walker vs Grade V ambulatory w/o assistance

Postop:

2/5 vs 2/38 vs — vs —vs —
2/5 vs 10/38 vs — vs — vs —
1/5 vs 18/38 vs 11/23 vs — vs —
— vs 8/38 vs 9/23 vs 10/14 vs 1/4
— vs — vs 3/23 vs 4/14 vs 3/4
2 mos:

1/3 vs 2/23 vs — vs — vs —
2/3 vs 6/23 vs 5/17 vs 2/14 vs —
— vs 12/23 vs 6/17 vs 5/14 vs—
— vs 3/23 vs 4/17 vs 5/14 vs 1/4
— vs — vs 2/17 vs 2/14 vs 3/4
4 mos:

1/2 vs 2/11 vs — vs — vs —
1/2 vs 2/11 vs 4/11 vs 3/10 vs —
— vs 6/11 vs 4/11 vs 3/10 vs —
— vs 1/11 vs 3/11 vs 3/10 vs —
— vs — vs — vs 1/10 vs 1/1

Sx = symptoms; — = blank entry in original study.
* Presented as the mean, unless indicated otherwise.
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tAble 3. Description of surgical techniques

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients

Age  

(yrs)* Surgery Type Primary Tumor Site Complications

Outcome 

Scale Outcomes 

Abel et al., 

2008

Retrospec-

tive review

3 34 60 Posterior 

decompres-

sion & 

stabilization

Prostate gland carcinoma (7); renal 

carcinoma (4); lung carcinoma (6); 

plasmacytoma (5); breast carcinoma 

(3); other (8); unknown (1)

Deep vein thrombosis 

(2); lung embolism (1); 

upper GI bleeding (1); 

pneumonia associated 

w/ lung atelectasis (1); 

deep wound infection 

necessitating revision 

surgery (1)

ASIA Average ASIA grade for light touch 

(max value 112) at admission was 

73.32 (SD 20.67) & improved to 

82.82 (SD 21.30) at discharge (p = 

0.07, t-test). Average ASIA grade for 

sensation of pinprick at admission 

was 71.93 (SD 23.11) & 79.90 (SD 

24.32) at discharge. This difference 

was not significant either (t-test). 
There was no significant difference 
btwn the mean ASIA motor score 

(max 100) at admission & discharge 

(72.1 vs 73.5, p > 0.7; t-test).

Fürsten-

berg et 

al., 2009

Retrospec-

tive clini-

cal trial

3 35 Group 

1: 60; 

Group 2: 

63

Decompres-

sion w/ & 

w/o stabili-

zation

Unknown (1); esophagus (1); colon (2); 

liver (2); plasmacytoma (2); kidney 

(3); prostate (4); chondrosarcoma 

(2); testicular carcinoma (1); non-

Hodgkin lymphoma (1); breast (6); 

lung (10)

Wound infection 14.3%; 

embolus 2.9%; sepsis 

2.9%; thrombosis 2.9%

ASIA Group 1 (n = 21) operated on w/in 48 

hrs of the development of symptoms 

vs Group 2 (n = 14) operated on >48 

hrs after the development of Sx:

Decompression w/o stabilization: 19.0% 

vs 21.4%

Decompression w/ dorsal stabilization: 

71.4% vs 78.6%

Decompression w/ dorsoventral: 4.8% 

vs 0.0%

Ventral stabilization: 4.8% vs 0.0%

Improvement in T01 score: 38.1% vs 

7.1% p = 0.021, chi-square test)

Improvement in T02 score: 71.4% vs 

28.6% (p = 0.010 chi-square test)
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tAble 3. Description of surgical techniques

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients

Age  

(yrs)* Surgery Type Primary Tumor Site Complications

Outcome 

Scale Outcomes 

Miscusi et 

al., 2015

Prospective 

group and 

retrospec-

tive study

1 42 Prospec-

tive (58); 

retro-

spective 

(52)

Minimally 

invasive 

laminotomy/

laminec-

tomy & per-

cutaneous 

stabilization 

in prospec-

tive group 

vs posterior 

spinal cord 

decom-

pression & 

stabilization 

through 

tradi-

tional open 

surgery in 

retrospec-

tive group

Lung cancer (15); breast cancer (12); 

myeloma (4); clear cell renal carci-

noma (3); melanoma (3); prostate 

cancer (3); ovarian cancer (1); 

thyroid cancer (1)

UTI in minimally invasive 

group (1)

ASIA, VAS, 

EORTC 

QLQ-

C30, 

EORTC-

QLQ-

BM22

Open surgery vs minimally invasive 

surgery group:

Postop improvement 63% vs 65% (p = 

0.574) 

QLQ-C30 QOL postop 25.8 vs 30.8 (p 

= 0.009)

QLQ-C30 functional scale postop 72.6 

vs 70 (p = 0.03)

QLQ-C30 symptom scales postop. 15.8 

vs 14.8 (p = 0.006)

QLQ-BM22 functional scale postop. 

79.8 vs 54.93 (p = 0.025)

QLQ-BM22 symptom scale 8.2 vs. 6.1 

(p = 0.0007);

Operation time 3.2 vs 2.2 hrs (p < 0.01); 

Blood loss 900 vs 240 ml (p < 0.01)

No. of red blood cell transfusions 12 vs 

0 (p < 0.01)

No. of complications 0 vs 1 (p < 0.01)

Postop bed rest days 4 vs 2 (p < 0.01)

Time to discharge 9.25 vs 7.2 (p < 0.01)

No. of deaths (open surgery vs mini-

mally invasive) 1 vs 0

Postop VAS scores improved 53% vs 

74% (p = 0.007)

Schoeggl 

et al., 

2002

Retrospec-

tive 

outcome 

measure-

ment 

study

3 84 60 Decompres-

sive lami-

nectomy w/ 

total or sub-

total tumor 

resection

Lung (19); breast (18); prostate 

(17); hematopoietic tumors (10); 

hypernephroma (7); melanoma (4); 

colorectal carcinoma (3); liver (2); 

ovarian cancer (1); esophagus (1); 

unknown (2) 

Intraop complications 

4.7%; operative compli-

cations 5.9%; superficial 
wound infection 4.7%; 

epidural abscess w/ 

repeat surgery 1.2% 

Continence disorders pre- vs postop vs 

after 2 mos vs after 4 mos (%):

Mild: 21 vs 10 vs 12 vs 17

Moderate: 19 vs 16 vs 19 vs 13

Urinary catheter: 16 vs 12 vs 15 vs 21

Total: 56 vs 38 vs 46 vs 51

Postop analgesic consumption postop 

decreased vs analgesic idem vs 

consumption increased (%):

Postop: 55 vs 38 vs 7

After 2 mos: 33 vs 49 vs 18

After 4 mos: 21 vs 37 vs 42

Overall median survival (wks): 34
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tAble 3. Description of surgical techniques

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients

Age  

(yrs)* Surgery Type Primary Tumor Site Complications

Outcome 

Scale Outcomes 

Wang et 

al., 2004

Prospec-

tive case 

series

4 140 Median 

60.3

Single-stage 

PTA 

decompres-

sion

Renal cell (29); lung (non–small cell) 

(25); colon (15); sarcoma (14); 

breast (12); prostate (9); multiple 

myeloma (7); hepatocellular (3); 

lymphoma (3); melanoma (3); thy-

roid (3); undifferentiated carcinoma 

(3); adenoid cystic carcinoma of 

palate (2); esophageal (2); pancre-

atic (2); cervical (2); chordoma (1); 

primitive neuroectodermal tumor (1); 

malignant peripheral nerve sheath 

tumor (1); mixed germ cell tumor (1); 

paraganglioma (1); salivary (1) 

Major complications occur-

ring <30 days postop:

Wound infection/dehis-

cence 2.9%; pneumo-

nia 2.1%; pulmonary 

embolism 2.1%; postop 

hematoma 0.7%; ra-

diculopathy 0.7%; stroke 

0.7%; GI bleed 0.7%; 

death 4.3%; total 14.3%

Instrumentation failure 5% 

(median time to failure 

17 mos)

ASIA, 

ECOG

Pain improvement after surgery 96%

1-mo ASIA grades: E 40%; D 50%; 

Grade B or C 9.2%; A 0%

ECOG grades 0 to 2 at presentation 

and remained stable: 62%

ECOG grades 3 to 4 at presentation: 

(51 patients), of these 51, 75% 

improved & became ambulatory

PTA = posterolateral transpedicular approach; T01 = ASIA score compared pre- with postoperatively; T02 = ASIA score compared preoperatively with follow-up; VAS = visual analog scale.

* Presented as the mean, unless indicated otherwise.
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tAble 4. Neurological function

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)* Surgery Type Primary Tumor Site Complications

Functional 

Scale Outcomes

Landmann 

et al., 

1992

Retrospec-

tive review

3 127 Median 63 Decompres-

sive lami-

nectomy + 

postop 

irradiation 

(127 cases); 

RT alone 

(26 patients) 

17%

Prostate (39); breast (34); lung 

(18); lymphoma (9); unknown 

(8); kidney (7); myeloma 

(7); bladder (3); thyroid (3); 

miscellaneous (12)

Recurrence in original treatment 

field 6% (8); recurrences w/
in the original treatment field 
after irradiation alone 8% 

(2); rapid progression of pain 

& neurological deficit 27% 
(7/26) in patients who started 

therapy w/ irradiation

Improvement in sphincter function: 

laminectomy & irradiation 68% vs 

irradiation alone 33%

Improvement in pain relief: laminecto-

my & irradiation: 88% vs irradiation 

alone 72%

Fürsten-

berg et 

al, 2009

Retrospec-

tive clini-

cal trial

3 35 Group 1, 60; 

Group 2, 

63

Decompres-

sion w/ & 

w/o stabili-

zation

Unknown (1); esophagus (1); 

colon (2); liver (2); plasmacy-

toma (2); kidney (3); prostate 

(4); chondrosarcoma (2); 

testicular carcinoma (1); 

non-Hodgkin lymphoma (1); 

breast (6); lung (10)

Wound infection 14.3%; 

embolus 2.9%; sepsis 2.9%; 

thrombosis 2.9%

ASIA Group 1 (n = 21) operated on w/in 48 

hrs of the development of Sx vs 

Group 2 (n = 14) operated on >48 

hrs after the development of Sx:

Improvement in T01 score: 38.1% vs 

7.1% (p = 0.021, chi-square test)

Improvement in T02 score: 71.4% vs. 

28.6% (p = 0.010 chi-square test)

Tancioni 

et al., 

2012

Nonrandom-

ized, 

prospec-

tive study

2 25 Median 68 Minimally in-

vasive per-

cutaneous 

approach

Lung (15); GI (5); breast (2); 

hepatocarcinoma cancer (2); 

ovarian (1) 

None related to surgery; no ma-

jor morbidity or perioperative 

mortality noted; no revision 

surgeries

Asymptomatic leakage of 

cement 1 (4%); wound com-

plication 1 (4%); pneumonia, 

deep vein thrombosis & UTI 2 

(8%); local recurrence 2 (8%)

Frankel 

scale

Improvement in neurological deficit 
in 22 (88%); median survival 10 

mos (range 6–24 mos); no patient 

survived >30 mos

Crnalic 

et al., 

2013

Retrospec-

tive review

3 68 Hormone 

naive: 

median 77; 

hormone 

refractory: 

median 71

Posterior 

decompres-

sion w/ or 

w/o stabili-

zation

Prostate Frankel 

scale; 

KPS

Significant factors associated w/ 
regaining ambulation in patients w/ 

hormone-refractory disease who 

were unable to walk before surgery:

Duration of paresis <48 hrs: p = 0.005

KPS 80–100%: p = 0.036

Preoperative PSA serum level <200 

ng/ml: (p = 0.033)

Surgery w/ posterior decompression & 

stabilization: p = 0.034
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tAble 4. Neurological function

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)* Surgery Type Primary Tumor Site Complications

Functional 

Scale Outcomes

Quraishi 

et al, 

201336

Retrospec-

tive review

3 121 61 Decompres-

sion surgery

Breast (20); lung (12); prostate 

(18); renal (18); myeloma (18); 

GI (9); other (21); unknown 

(5)

Patients were divided into 3 

groups: those who underwent 

surgery w/in 24 hrs (Group 

1, n = 45); btwn 24 & 48 hrs 

(Group 2, n = 23); & after 48 

hrs (Group 3, n = 53) from 

acute presentation of neuro-

logical symptoms.

Overall complication rate: 41% 

(50); overall postop surgical 

site infection: 15% (18/121); 

complication rate Group 1: 

40% (18/45); complication 

rate Group 2: 43% (10/23); 

complication rate Group 3: 

42% (22/53)

Correla-

tion w/ 

LOS, 

Frankel 

grade, 

sur-

vival, & 

compli-

cations

Histology of primary tumor & correla-

tion w/:

LOS: p = 0.54

Change in Frankel grade: p = 0.14

Survival: p = 0.22

Complications: p = 0.07

Levels of spinal metastases & correla-

tion w/:

LOS: p = 0.40

Change in Frankel grade: p = 0.73

Survival: p = 0.40

Complications: p = 0.68

Revised Tokuhashi score and correla-

tion w/: 

LOS: p = 0.37

Change in Frankel grade: p = 0.39

Survival: p = 0.01

Complications: p = 0.26

No. of metastases in the spine & cor-

relation w/:

LOS: p = 0.53

Change in Frankel grade: p = 0.84

Survival: p = 0.96

Complications: p = 0.05

Chong 

et al., 

2012

Retrospec-

tive obser-

vational 

study

3 105 58.3 Single-stage 

PDS, cor-

pectomy

Lung cancer (43%); hepato-

biliary cancer (25%); CRC 

(6.7%); breast cancer (3.8%); 

stomach cancer (3.8%); 

cervical cancer (2.9%); 

esophageal cancer (2.9%); 

kidney (1.9%); thyroid cancer 

(1.9%); gingival cancer (1); 

melanoma(1); mesothelioma 

(1); mixed germ cell tumor (1); 

osteosarcoma (1); prostate 

cancer (1); sarcoma (1); 

thymic cancer (1); undifferen-

tiated carcinoma (1)

Mechanical failure of spinal 

instrumentation (0)

Surgical complications 11 pa-

tients (10%): CSF leakage (4); 

postop epidural hematoma 

(4); wound dehiscence (2); 

pneumothorax (1)

KPS; 

Frankel 

score; 

VAS

Significant preoperative factors affect-
ing functional outcome (p < 0.01):

KPS ≥70 vs <70: p < 0.01)
Ambulatory vs nonambulatory: p < 

0.01)

Significant factors affecting pain 
control measured by VAS

Restoration of anatomy (corpectomy 

and cage vs. others): 3.3 vs. 1.8, p 

= 0.02

No. of fixated segments (<4 vs ≥4): 2.7 
vs 3.7 (p < 0.01)
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tAble 4. Neurological function

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients Age (yrs)* Surgery Type Primary Tumor Site Complications

Functional 

Scale Outcomes

Lei et al., 

201521

Retrospec-

tive review

3 73 Median 57 Posterior 

decompres-

sion & spine 

stabilization

Lung cancer Postop wound infections (2); 

death w/in 4 wks (1)

Frankel 

scale 

Multivariate analysis of preop factors 

for survival: 

Preop ambulatory status: RR 4.51, 

95% CI 1.757–11.578; p = 0.0017

Visceral metastasis: RR 7.913, 95% CI 

2.678–23.382; p = 0.0002

Time to motor deficits: RR 4.828, 95% 
CI 2.005–11.628; p = 0.0004

Ambulatory vs nonambulatory:

Test Group A: 4 vs 11

Test Group B: 17 vs 5 (p = 0.0023)

Validation Group A: 10 vs 6

Validation Group B: 19 vs 1 (p = 

0.0298)

Quraishi et 

al, 2015

Retrospec-

tive cohort 

review

3 101 64.7 Decompres-

sion w/ & 

w/o stabili-

zation

Breast (14); lung (10) 

prostate (21); renal (11); my-

eloma (1); GI (8); other (25); 

unknown (11)

Group 1 (low-grade compres-

sion) vs Group 2 (high grade)

 overall complication rate 

Group 1: 25% vs overall 

complication rate Group 2: 

42.6% (p = 0.12); postop 

wound infection Group 1: 

2.5%; postop wound infection 

Group 2: 16%

Frankel 

score; 

Toku-

hashi 

Score

Mean revised Tokuhashi score Group 

1 vs Group 2 10 vs 9.1 (p = 0.1)

Changes in Frankel scores were not 

statistically significant (p = 0.22). 
Mean Frankel scores were not 

reported btwn Group 1 vs Group 2

LOS = length of stay; — = blank entry in original study.
* Presented as the mean, unless indicated otherwise.
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tAble 5. Primary tumor site

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients

Age* 

(yrs)

Surgery 

Type Primary Tumor Site Complications

Type of 

Outcome Outcomes

Bakker et 

al., 2014

Retrospec-

tive review

3 21 Decom-

pression 

surgery

RCC (21) Survival Univariate analysis:

Cervical localization: HR 43.7, 95% CI 2.2–866; p = 0.01

Curative intent: HR 0.3, 95% CI 0.09–0.90; p = 0.03)

Frankel Grade C/D vs E: HR 3.2, 95% CI 1.05–9.49; p = 

0.04

Motzer intermediate: HR 13.5, 95% CI 1.6–111; p = 0.01 

(reference group Motzer favorable risk)

High risk: HR 38.4, 95% CI 3.4–431; p = 0.003 (reference 

group Motzer favorable risk)

Multivariable analysis:

Motzer intermediate: HR 17.4, 95% CI 1.8–166; p = 0.01;

High risk: HR 39.3, 95% CI 3.1–499; p = 0.005

Chaichana 

et al., 

2009

Retrospec-

tive review

3 114 58 Decom-

pression 

surgery

Lung (27); breast 

(26); prostate (20); 

kidney (21); GI (13); 

melanoma (7)

Wound dehiscence 10%; 

postop CSF leaks 

requiring operative in-

tervention 3%; epidural 

hematoma requiring 

operative intervention 

1%; perioperative death 

3%

Long-term 

surgical 

outcomes

Summary of long-term surgical outcomes in 114 patients 

w/ MESCC:

Lung (17) vs breast (26) vs prostate (20) vs kidney (21) 

vs GI (13) vs melanoma (7) (% based on no. in each 

category)

Periop mortality: 0 vs 4 vs 0 vs 5 vs 8 vs 0

Wound dehiscence: 4 vs 8 vs 10 vs 14 vs 23 vs 0

CSF leak: 11 vs 0 vs 0 vs 0 vs 0 vs  0

Epidural hematoma: 0 vs 4 vs 0 vs 0 vs 0 vs 0

Spinal recurrence: 7 vs 4 vs 20 vs 14 vs 8 vs 29

Postop additional surgery: 0 vs 4 vs 20 vs 29 vs 8 vs 29

Additional RT: 19 vs 46 vs 30 vs 19 vs 23 vs 14

Chemo: 19 vs 42 vs 25 vs 24 vs 8 vs 14

% of patients who underwent additional surgery was lower 

in lung cancer group than prostate (p = 0.02), mela-

noma (p = 0.04), or kidney cancer (p = 0.004) groups.

% of patients who underwent postop RT was higher in the 

group w/ breast cancer than in the patients w/ lung (p = 

0.04) or kidney (p = 0.05) cancer.

% of patients treated w/ chemo postop was lower in the 

group of patients w/ GI cancers than in those w/ breast 

cancer (p = 0.03).

Enkaoua 

et al., 

1997

Retrospec-

tive review

3 71 61 Excisional 

& pal-

liative 

surgery

Thyroid (34); renal 

cancer (28); un-

known (9)

Histology Significant characteristics of patients according to primary 
cancer site:

Sex ratio (M/F): p <0.0001

No. (%) w/ total vertebral body involvement: p = 0.03
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tAble 5. Primary tumor site

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients

Age* 

(yrs)

Surgery 

Type Primary Tumor Site Complications

Type of 

Outcome Outcomes

Laufer et 

al., 2010

Retrospec-

tive review

3 39 Median 

61

Decom-

pression 

surgery

Renal (12); prostate 

(7); neuroendocrine 

(4); head & neck 

(4); GI (4); sarcoma 

(2); thyroid (2); 

breast (1); cervical 

SCC (1); lymphoma 

(1); melanoma (1)

Major surgical complica-

tion rate: 5%

Reopera-

tions

No. of reoperations, No. of patients (%):

1, 29 (75)

2, 6 (15); 

3, 2 (5); 

4, 2 (5)

Quraishi 

et al., 

201336

Retrospec-

tive review

3 121 61 Decom-

pression 

surgery

Breast (20); lung (12); 

prostate (18); renal 

(18); myeloma (18); 

GI (9); other (21); 

unknown (5)

Overall complication rate 

41% (50 patients); Over-

all postop surgical site 

infection 15% (18/121); 

Complication rate 

Group 1: 40% (18/45)

Complication rate Group 

2: 43% (10/23); 

Complication rate Group 

3: 42% (22/53)

Patients were divided into 

3 groups: those who 

underwent surgery w/

in 24 hrs (Group 1, n = 

45), btwn 24 & 48 hrs 

(Group 2, n = 23), & 

after 48 hrs (Group 3, 

n = 53) from acute pre-

sentation of neurologi-

cal symptoms

Correlation 

w/ LOS, 

Frankel 

grade, 

survival, 

& compli-

cations

Histology of primary tumor & correlation w/:

LOS: p = 0.54

Change in Frankel grade: p = 0.14

Survival: p = 0.22

Complications: p = 0.07

Levels of spinal metastases & correlation w/:

LOS: p = 0.40

Change in Frankel grade: p = 0.73

Survival: p = 0.40

Complications: p = 0.68

Revised Tokuhashi score & correlation w/:

LOS: p = 0.37

Change in Frankel grade: p = 0.39

Survival: p = 0.01

Complications: p = 0.26

No. of metastases in the spine & correlation w/:

LOS: p = 0.53; 

Change in Frankel grade: p = 0.84

Survival: p = 0.96

Complications: p = 0.05

* Presented as the mean, unless indicated otherwise.
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tAble 6. Miscellaneous outcomes

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients

Age 

(yrs)* Surgery Type Tumor Histology Complications (no.) or %

Type of 

Outcome Outcomes

Ju et al., 

2013

Retrospective 

review

3 27 Median 

65 

Decompres-

sion 

surgery

Prostate (27) 16 complications occurred 

in 35% (11/31 procedures); 

death w/in 30 days of surgery 

of an unreported cause (1); 

acute inpatient rehabilitation 

after surgery (14) 52%  

Major complications:

Instrumentation failure 

requiring reop; pneumo-

thorax; spinal hematoma; 

small-bowel obstruction; 

deep wound infection; GI 

bleeding necessitating na-

sogastric tube placement; 

pulmonary embolism

Minor complications:

Durotomy status after intraop 

closure; wound infection 

responsive to treatment w/ 

antibiotics; UTI; pleural ef-

fusion; thrombocytopenia 

& anemia requiring mul-

tiple postop transfusions; 

transient left recurrent 

laryngeal nerve dysfunc-

tion; instrumentation failure 

Predictors of 

complica-

tions

Significant factors associated w/ increased inci-
dence of complications:

Age <65 yrs: OR 0.3, 95% CI 0.003-0.4; p = 0.005

Instrumentation spanning ≥7 spinal levels: OR 7.0, 
95% CI 1.2–41.4; p = 0.03

Median length of stay after surgery: 9 days

Landmann 

et al., 

1992

Retrospective 

review

3 127 Median 

63

Decompres-

sive lami-

nectomy + 

postop RT 

(127); RT 

alone (26) 

Prostate (39); breast 

(34); lung (18); 

lymphoma (9); un-

known (8); kidney 

(7); myeloma (7); 

bladder (3); thyroid 

(3); miscellaneous 

(12)

Recurrence in original treat-

ment 6% (8); recurrences 

w/in the original treatment 

field after irradiation alone 
8% (2); rapid progression 

of pain & neurological defi-

cit 27% (7/26) in patients 

who started therapy w/ 

irradiation

Sphincter 

function 

& pain 

relief

Improvement of sphincter function:

Laminectomy & RT: 68% vs RT alone: 33%

Improvement in pain relief:

Laminectomy & RT: 88% vs RT alone 72%
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tAble 6. Miscellaneous outcomes

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients

Age 

(yrs)* Surgery Type Tumor Histology Complications (no.) or %

Type of 

Outcome Outcomes

Patchell 

et al., 

2005

Randomized, 

multiinsti-

tutional, 

nonblinded 

trial

1 101 Median 

60 for 

both 

groups

Surgery fol-

lowed by 

RT (50); RT 

alone (51)

RT group, surgery 

group: lung (13), 

(13); breast (6), (7); 

prostate (10), (9); 

other genitourinary 

(6), (5); GI (4), (2); 

melanoma (3), (3); 

head & neck (2), 

(1); unknown (3), 

(5); other (4), (5)

Wound infection (3); failure of 

fixation requiring additional 
surgery (1)

 Extended hospital stay (>20 

days) occurred in 7 pa-

tients in the surgery group 

& 11 in the RT group.

Surgery vs 

RT

Surgical treatment resulted in significant differ-
ences in: 

Maintenance of continence RR 0.47, 95% CI 

0.25–0.87; p = 0.016)

Maintenance of ASIA score RR 0.28, 95% CI 

0.13–0.61; p = 0.001

Maintenance of Frankel score RR 0.24, 95% CI 

0.11–0.54; p = 0.0006;

Survival time RR 0.6, 95% CI 0.38–0.96; p = 0.033

The 30-day mortality rates were 6% in the surgery 

group and 14% in the RT group (p = 0.32). At 

Day 30 after treatment, the % of patients with 

Frankel scores at or above study entry level was 

significantly (p = 0.0008) higher in the surgery 
group than in the RT group (91% vs 61%).

Rades 

et al., 

2012

Retrospective 

review

3 126 Surgery+RT 

(42); RT 

alone (84)

Breast cancer (15); 

prostate cancer 

(30); myeloma/lym-

phoma (18); lung 

cancer (24);  

other tumors (39)

Wound infections, extensive 

bleeding, postoperative 

pneumonia, & pulmonary 

embolism occurred in 

7 patients (14%) in the 

surgery+RT group.

Local 

control

The local control rates for the entire cohort were 

96% at 6 mos & 91% at 12 mos. Local control 

was defined as absence of neurological pro-

gression w/in the irradiated spine. Treatment 

regimen was not significantly associated w/ local 
control (p = 0.44)

Univariate analysis of local control:

Surgery+RT vs RT alone: p = 0.44)

Age >70 vs <70 yrs: p = 0.19

Male vs female: p = 0.21

ECOG 3–4 vs 1–2: p = 0.99

Primary tumor types: p = 0.14

≥3 vertebrae: p = 0.57
Other bone metastases at the time of RT: p = 0.33

Visceral metastases at the time of RT: p = 0.048

Ambulatory status before RT vs not: p = 0.23

>7 days developing motor deficits before RT vs 1–7 
days: p = 0.39
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tAble 6. Miscellaneous outcomes

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients

Age 

(yrs)* Surgery Type Tumor Histology Complications (no.) or %

Type of 

Outcome Outcomes

Rades et 

al., 2011

Retrospective 

review

3 67 Surgery+RT Non–small cell lung 

cancer (36); CUP 

(13); RCC (9); CRC 

(9)

Surgical complications 

such as wound infections 

requiring a 2nd surgery, 

extensive bleeding, postop 

pneumonia, & pulmonary 

embolism occurred in 

9 patients (13%) in the 

surgery+RT group.

Local 

control

The local control rates for the entire cohort were 

93% at 6 mos and 86% at 12 mos. The treat-

ment regimen was not significantly associated 
w/ local control (p = 0.87).

Univariate analysis of local control: surgery+RT vs 

RT at 6 mos: 93 vs 93; at 12 mos 85 vs 89, p = 

0.87

≤60 vs >60 yrs at 6 mos: 94 vs 93; at 12 mos: 91 
vs 82; p = 0.58

Female vs male at 6 mos: 86 vs 94; at 12 mos 86 

vs 86; p = 0.98

ECOG Grade 1–2 vs 3–4 at 6 mos: 96 vs 89; at 12 

mos: 87 vs 89; p = 0.7

NSCLC vs CUP vs RCC vs CRC at 6 mos: 95 vs 

94 vs 88 vs 92; at 12 mos: 92 vs 94 vs 60 vs 92; 

p = 0.30

No. of involved vertebrae 1–2 vs ≥3 at 6 mos: 95 
vs 91; at 12 mos: 85 vs 91; p = 0.88

Other bone metastases no vs yes at 6 mos: 95 vs 

87; at 12 mos 86 vs 89; p = 0.34

Visceral metastases no vs yes at 6 mos: 95 vs 87; 

at 12 mos: 88 vs 87; p = 0.49

Not ambulatory vs ambulatory at 6 mos: 86 vs 94; 

at 12 mos: 86 vs 87; p = 0.97

Time to development of motor symptoms 1–7 vs >7 

days at 6 mos: 80 vs 96; at 12 mos: 80 vs 88; (p 

= 0.12).

Interval btwn surgery & RT ≤2 vs >2 wks at 6 mos: 
91 vs 100; 81 vs 100; p = 0.31
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tAble 6. Miscellaneous outcomes

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients

Age 

(yrs)* Surgery Type Tumor Histology Complications (no.) or %

Type of 

Outcome Outcomes

Wang 

et al., 

2004

Prospective 

case series

4 140 Median 

60.3 

Single-stage 

PTA de-

compres-

sion

Renal cell (29); 

lung (non–small 

cell) (25); colon 

(15); sarcoma 

(14); breast (12); 

prostate (9); 

multiple myeloma 

(7); hepatocellular 

(3); lymphoma (3); 

melanoma (3); 

thyroid (3); undiffer-

entiated carcinoma 

(3); adenoid cystic 

carcinoma of pal-

ate (2); esophageal 

(2); pancreatic 

(2); cervical (2); 

chordoma (1); 

primitive neuroec-

todermal tumor (1); 

malignant periph-

eral nerve sheath 

tumor (1); mixed 

germ cell tumor (1); 

paraganglioma (1); 

salivary (1) 

Major complications occur-

ring <30 days postop:

Wound infection/dehiscence 

2.9%; pneumonia 2.1%; 

pulmonary embolism 2.1%; 

postop hematoma 0.7%; 

radiculopathy 0.7%; stroke 

0.7%; GI bleed 0.7%; 

death 4.3%; total 14.3%; 

instrumentation failure 5%

The median time to failure 

was 17 mos.

ASIA, 

ECOG

Pain improvement after surgery 96%.

1-mo ASIA outcomes:

Grade E 40%

Grade D 50%

Grade B or C 9.2% 

Grade A 0%

ECOG grades 0–2 at presentation & remained 

stable 62%

ECOG grades 3–4 at presentation: (51 patients); of 

these 51, 75% improved & became ambulatory
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tAble 6. Miscellaneous outcomes

Authors  

& Year Classification
Evidence 

Level

No. of 

Patients

Age 

(yrs)* Surgery Type Tumor Histology Complications (no.) or %

Type of 

Outcome Outcomes

Quraishi 

et al., 

201336

Retrospective 

review

3 121 61 Decompres-

sion 

surgery

Breast (20); lung (12); 

prostate (18); RCC 

(18); myeloma (18); 

GI (9); other (21); 

unknown (5)

Overall complication rate 41% 

(50 patients)

Overall postop surgical site 

infection 15% (18/121) 

Complication rate Group 1: 

40% (18/45)

Complication rate Group 2: 

43% (10/23)

Complication rate Group 3: 

42% (22/53)

Frankel, 

effect of 

surgical 

timing

Group 1 vs 2 vs 3 outcomes:

Postop Frankel grade

Group 1 vs 2, p = 0.09; Group 1 vs 2 vs 3, p = 

0.048

Grade A: 4 vs 1 vs 1 

Grade B: 4 vs 0 vs 0

Grade C: 8 vs 3 vs 11

Grade D: 20 vs 10 vs 27

Grade E 9 vs 9 vs 14

Mean length of stay (days): 20 vs 22 vs 20, p = 0.67

Complications: 40% vs 43% vs 42%, p = 0.97

Infection: 16% vs 9% vs 17%, p = 0.64

Mean survival (days) 573 vs 820 vs 643, p = 0.99

Outcome comparison for patients undergoing 

surgery w/in 48 hrs vs after 48 hrs:

Frankel grade (postop)

Grade A: 3 vs 1, p =0 .048

Grade B: 4 vs 0

Grade C: 11 vs 11

Grade D: 30 vs 27

Grade E: 18 vs 14

Mean length of stay (days): 21 vs 20, p = 0.4

Complications: 41% vs 42%, p = 0.97

Infection 13% vs 17%, p = 0.37

Mean survival (days): 657 vs 643, p = 0.79

* Presented as the mean, unless indicated otherwise.

» CONTINUED FROM PAGE 30

U
nauthenticated | D

ow
nloaded 08/26/22 02:53 AM

 U
TC



D
. b

akar et al.

N
eu

ro
su

rg
 F

o
cu

s Volume 41 • August 2016
3
2

tastases m
o

d
u

le (E
O

R
T

C
 Q

L
Q

-B
M

2
2) (p

 =
 0

.0
3) relativ

e 
to

 p
atien

ts w
h
o
 u

n
d
erw

en
t la

m
in

ecto
m

y
 a

n
d
 stab

ilizatio
n
 

v
ia trad

itio
n
a
l o

p
en

 su
rg

ery. 2
3 S

im
ila

rly
 T

a
n
cio

n
i et a

l. 41 
rep

o
rted

 o
u
tco

m
es in

 2
5
 co

n
secu

tiv
e p

atien
ts treated

 w
ith

 
m

in
im

a
lly

 in
v
asiv

e su
rg

ery
 a

n
d
 n

o
ted

 clin
ica

l rem
issio

n
 

o
f p

a
in

 in
 9

6
%

 o
f p

atien
ts a

n
d
 im

p
ro

v
em

en
t o

f n
eu

ro
lo

g
i-

cal deficit in 88% of patients.
A

b
el 

et 
a
l. 1 

retro
sp

ectiv
ely

 
stu

d
ied

 
3
4
 

p
atien

ts 
w

h
o
 

u
n
d
erw

en
t p

o
sterio

r d
eco

m
p
ressio

n
 a

n
d
 stab

ilizatio
n
 fo

r 
m

etastatic co
m

p
ressio

n
 o

f th
e th

o
racic sp

in
a
l co

rd
 a

n
d
 

found that there was no significant difference between the 
m

ea
n
 A

S
IA

 m
o
to

r sco
re at ad

m
issio

n
 a

n
d
 d

isch
a
rg

e (7
2
.1

 
v
s 7

3.5, resp
ectiv

ely
; p

 =
 0

.7
). F

u
rth

erm
o
re, th

e au
th

o
rs 

fo
u

n
d
 n

o
 ev

id
en

ce th
at a

n
terio

r ap
p
ro

ach
es w

ere su
p

erio
r 

to
 p

o
sterio

r ap
p
ro

ach
es fo

r M
E

S
C

C
 in

 th
e th

o
racic sp

in
e.

N
eu

ro
lo

g
ical F

u
n

ctio
n

E
ig

h
t stu

d
ies rep

o
rted

 o
u
tco

m
es o

n
 n

eu
ro

lo
g

ica
l fu

n
c-

tio
n
 (T

ab
le 4

).
5
,6

,1
2

,17,2
1,3

4
,3

6
,41 S

ev
en

 stu
d

ies w
ere retro

sp
ec-

tiv
e 

a
n
d
 
o
n
e 

w
as 

a 
n
o
n

ra
n
d
o
m

ized
, 

p
ro

sp
ectiv

e 
stu

d
y. 

T
h
e 7

 retro
sp

ectiv
e stu

d
ies u

sed
 d

ifferen
t d

eco
m

p
ressio

n
 

tech
n

iq
u
es, a

n
d
 th

e p
ro

sp
ectiv

e stu
d
y
 u

sed
 a m

in
im

a
lly

 
in

v
asiv

e ap
p
ro

ach
. F

o
u

r stu
d

ies rep
o
rted

 fu
n
ctio

n
a
l statu

s 
u
sin

g
 th

e fo
llo

w
in

g
 m

eth
o

d
s: F

ra
n

k
el sco

re, v
isu

a
l a

n
a-

lo
g
 sca

le (V
A

S
), T

o
k

u
h
ash

i S
co

re, a
n
d
 th

e K
P

S
.
5
,6

,2
1,3

4 T
h
e 

m
o
st p

rev
a
len

t p
rim

a
ry

 tu
m

o
rs rep

o
rted

 w
ere lu

n
g
 (7

 stu
d
-

ies), p
ro

state (6
 stu

d
ies), a

n
d
 b

reast (6
 stu

d
ies).

T
h

ree 
stu

d
ies 

rep
o
rted

 
im

p
ro

v
em

en
t 

in
 
n
eu

ro
lo

g
ica

l 
fu

n
ctio

n
 

fo
llo

w
in

g
 

d
eco

m
p
ressio

n
 

su
rg

ery. 1
2

,17,41 
L

a
n
d
-

m
a
n

n
 et a

l. 17 fo
u

n
d
 th

at sp
h

in
cter fu

n
ctio

n
 reco

v
ered

 in
 

6
8
%

 o
f p

atien
ts w

h
o
 u

n
d
erw

en
t d

eco
m

p
ressiv

e la
m

in
ecto

-
m

y
 a

n
d
 receiv

ed
 p

o
sto

p
erativ

e rad
iatio

n
 th

erap
y
 co

m
p
a
red

 
w

ith
 o

n
ly

 3
3%

 o
f p

atien
ts treated

 b
y
 rad

io
th

erap
y
 a

lo
n
e. 

T
h
e au

th
o
rs a

lso
 rep

o
rted

 th
at p

a
in

 relief w
as ach

iev
ed

 
in

 8
8
%

 o
f cases a

fter co
m

b
in

ed
 treatm

en
t co

m
p
a
red

 w
ith

 
7
2
%

 o
f p

atien
ts a

fter rad
iatio

n
 o

n
ly. 17 F

u
rth

erm
o
re, L

a
n
d
-

m
a
n

n
 et a

l. 17 found that 91% (127/140) of patients that un
-

d
erw

en
t la

m
in

ecto
m

y
 fo

llo
w

ed
 b

y
 ad

ju
v
a
n
t rad

io
th

erap
y
 

h
ad

 
im

p
ro

v
ed

 
p

o
sto

p
erativ

e 
n
eu

ro
lo

g
ica

l 
o
u
tco

m
es. 

In
 

th
eir stu

d
y, 8

2
%

 o
f p

a
rap

a
retic p

atien
ts reg

a
in

ed
 a

m
b
u
-

lato
ry

 ab
ility, 6

8
%

 sh
o
w

ed
 a

n
 im

p
ro

v
em

en
t in

 sp
h

in
cter 

fu
n
ctio

n
, 

a
n
d
 
8
8
%

 
ach

iev
ed

 
p
a
in

 
relief. 

C
o
n
v
ersely, 

in
 

p
atien

ts treated
 w

ith
 rad

iatio
n
 th

erap
y
 a

lo
n
e, o

n
ly

 6
4%

 
o
f 

p
a
rap

a
retic 

p
atien

ts 
b

eca
m

e 
a
m

b
u

lato
ry, 

w
h

ile 
3
3%

 
sh

o
w

ed
 a

n
 im

p
ro

v
em

en
t in

 sp
h

in
cter fu

n
ctio

n
, a

n
d
 7

2
%

 
b

eca
m

e p
a
in

 free.
Q

u
ra

ish
i et a

l. 3
6 stu

d
ied

 th
e effect o

f th
e tim

in
g
 o

f su
r-

g
ery

 
o
n
 
n
eu

ro
lo

g
ica

l 
o
u
tco

m
e 

a
n
d
 
su

rv
iv

a
l 

in
 
p
atien

ts 
w

ith
 M

E
S

C
C

. T
h
e au

th
o
rs fo

u
n
d
 th

at su
rg

ery
 sh

o
u

ld
 b

e 
p

erfo
rm

ed
 ea

rlier rath
er th

a
n
 later relativ

e to
 th

e o
n
set o

f 
co

m
p
ressio

n
 
sy

m
p
to

m
s, 

as 
th

e 
F

ra
n

k
el 

g
rad

e 
im

p
ro

v
e-

ment was significantly better (p = 0.05) in patients that 
u

n
d
erw

en
t su

rg
ery

 w
ith

in
 4

8
 h

o
u

rs o
f acu

te n
eu

ro
lo

g
ica

l 
d
eterio

ratio
n
 relativ

e to
 p

atien
ts w

h
o
 u

n
d
erw

en
t su

rg
ery

 
4
8
 h

o
u

rs o
r m

o
re fo

llo
w

in
g
 p

resen
tatio

n
.
3

6

In
 a sep

a
rate stu

d
y, Q

u
ra

ish
i et a

l. 3
4 were the first to use 

th
e B

ilsk
y
 6

-p
o
in

t sca
le to

 g
ro

u
p
 p

atien
ts acco

rd
in

g
 to

 th
e 

d
eg

ree o
f p

reo
p

erativ
e co

rd
 co

m
p
ressio

n
 p

rio
r to

 u
n
d
erg

o
-

in
g
 d

eco
m

p
ressio

n
 w

ith
 a

n
d
 w

ith
o
u
t stab

ilizatio
n
. T

h
e au

-
th

o
rs fo

u
n
d
 th

at in
creased

 p
reo

p
erativ

e co
m

p
ressio

n
 g

rad
e 

w
as asso

ciated
 w

ith
 g

reater im
p
ro

v
em

en
t in

 p
o
sto

p
erativ

e 

F
ra

n
k
el sco

res. 3
4 Additionally, there were no significant 

d
ifferen

ces b
etw

een
 co

m
p
licatio

n
 rates o

r m
ed

ia
n
 su

rv
iv

a
l 

tim
es acro

ss p
atien

t g
ro

u
p
s (p

 =
 0

.6
). 3

4

r
ad

iatio
n

 t
h

erap
y an

d
 l

o
cal C

o
n

tro
l

F
o
u

r stu
d

ies rep
o
rted

 th
e effects o

f rad
iatio

n
 th

erap
y
 

a
n
d
 

lo
ca

l 
d

isease 
co

n
tro

l 
fo

r 
sp

in
a
l 

m
etastases. 1

3
,2

5
,3

7,3
8 

R
ad

es et a
l. 3

7 stu
d

ied
 lo

ca
l co

n
tro

l rates a
m

o
n
g
 p

atien
ts 

receiv
in

g
 
su

rg
ery

 
a
n
d
 
rad

io
th

erap
y
 
v
ersu

s 
rad

io
th

erap
y
 

a
lo

n
e. T

h
e au

th
o
rs fo

u
n
d
 th

at fo
r 6

7
 p

atien
ts w

h
o
 u

n
d
er-

w
en

t su
rg

ery
 w

ith
 rad

io
th

erap
y, th

e lo
ca

l co
n
tro

l rate w
as 

9
3%

 at 6
 m

o
n
th

s a
n
d
 8

6
%

 at 1
2
 m

o
n
th

s. 3
7 R

ad
es et a

l. 3
7 

in
clu

d
ed

 a m
atch

ed
-p

a
ir a

n
a
ly

sis a
n
d
 fo

u
n
d
 th

at p
atien

ts 
w

ith
 M

E
S

C
C

 fro
m

 a
n
 u

n
fav

o
rab

le p
rim

a
ry

 tu
m

o
r (i.e., 

rad
io

resista
n
t 

tu
m

o
rs 

su
ch

 
as 

ren
a
l 

cell 
ca

rcin
o
m

a 
a
n
d
 

co
lo

recta
l ca

n
cer) h

ad
 im

p
ro

v
ed

 fu
n
ctio

n
a
l o

u
tco

m
e fo

l-
lo

w
in

g
 d

eco
m

p
ressiv

e su
rg

ery
 a

n
d
 stab

ilizatio
n
 in

 ad
d

i-
tio

n
 to

 rad
io

th
erap

y, b
u
t n

o
t a

fter la
m

in
ecto

m
y
 w

ith
 rad

io
-

th
erap

y. T
h
e au

th
o
rs su

g
g
ested

 th
at la

m
in

ecto
m

y
 sh

o
u

ld
 

n
o
t b

e co
n
sid

ered
 a v

iab
le treatm

en
t o

p
tio

n
 b

efo
re rad

io
-

th
erap

y
 in

 p
atien

ts w
ith

 M
E

S
C

C
. 3

7 R
ad

es et a
l. 3

7 fo
u

n
d
 th

at 
the type of treatment was not significantly associated with 
th

e rate o
f lo

ca
l co

n
tro

l (p
 =

 0
.9). In

 a
n
o
th

er stu
d
y, R

ad
es et 

a
l. 3

8 a
n
a
ly

zed
 d

ata fro
m

 4
2
 eld

erly
 (ag

e >
 6

5
 y

ea
rs) p

atien
ts 

w
ith

 M
E

S
C

C
 w

h
o
 u

n
d
erw

en
t su

rg
ery

 a
n
d
 receiv

ed
 rad

io
-

th
erap

y
 a

n
d
 fo

u
n
d
 th

at 9
6
%

 o
f p

atien
ts h

ad
 lo

ca
l co

n
tro

l at 
6
 m

o
n
th

s a
n
d
 91%

 at 1
2
 m

o
n
th

s. R
ad

es et a
l. 3

8 a
lso

 fo
u

n
d
 

that the type of treatment was not significantly associated 
w

ith
 th

e rate o
f lo

ca
l co

n
tro

l (p
 =

 0
.4

).
O

n
e stu

d
y
 fo

u
n
d
 th

at sp
in

a
l rad

iatio
n
 b

efo
re su

rg
ica

l 
d
eco

m
p
ressio

n
 ca

n
 h

av
e a n

eg
ativ

e im
p
act o

n
 su

rg
ica

l o
u
t-

co
m

es fo
r M

E
S

C
C

. G
h
o
g
aw

a
la et a

l. 1
3 rep

o
rted

 th
at th

e 
m

ajo
r w

o
u

n
d
 co

m
p
licatio

n
 rate fo

r p
atien

ts w
h
o
 receiv

ed
 

rad
iatio

n
 b

efo
re su

rg
ica

l d
eco

m
p
ressio

n
 a

n
d
 stab

ilizatio
n
 

was 32%, significantly higher than the 12% seen in pa-
tients who had surgery first (p < 0.05).

C
o

m
p

licatio
n

s

C
o
m

p
licatio

n
s 

rep
o
rted

 
a
m

o
n
g
 

th
e 

in
clu

d
ed

 
stu

d
ies 

w
ere v

a
ried

. H
o
w

ev
er, th

e m
o
st co

m
m

o
n

ly
 cited

 co
m

p
li-

catio
n
 w

as w
o
u

n
d
 in

fectio
n
 o

r d
eh

iscen
ce (2

2
 stu

d
ies), 

w
h

ich
 o

ccu
rred

 in
 2

.5
%

 to
 16

%
 o

f p
atien

ts. 1,3
–

5
, 1

2
,1

3
,1

5
,2

1,2
2

,2
9

–

3
5
,3

7
–

3
9,41,4

3
,4

5 C
h
a
ich

a
n
a et a

l. 3 did not find a statistically sig
-

nificant difference in the incidence rate of complications 
a
m

o
n
g
 sp

in
a
l m

etastases b
ased

 o
n
 p

rim
a
ry

 tu
m

o
r site. 

H
o
w

ev
er, Ju

 et a
l. 1

5 rep
o
rted

 th
at y

o
u

n
g
er ag

e (p
 <

 0
.01) a

n
d
 

in
stru

m
en

tatio
n
 g

reater th
a
n
 7

 sp
in

a
l lev

els (p
 =

 0
.0

3) w
ere 

asso
ciated

 w
ith

 in
creased

 o
d
d
s o

f co
m

p
licatio

n
 in

 p
atien

ts 
w

ith
 M

E
S

C
C

 stem
m

in
g
 fro

m
 p

ro
state ca

n
cer. Q

u
ra

ish
i et 

a
l. 3

6 co
m

p
a
red

 co
m

p
licatio

n
 rates b

ased
 o

n
 tim

in
g
 o

f su
r-

g
ery

 a
n
d
 d

eterm
in

ed
 th

at th
e in

cid
en

ce o
f co

m
p
licatio

n
s 

w
as sim

ila
r a

m
o
n
g
 th

o
se treated

 w
ith

 su
rg

ery
 w

ith
in

 2
4
 

h
o
u

rs (4
0
%

 co
m

p
licatio

n
 rate), b

etw
een

 2
4
 a

n
d
 4

8
 h

o
u

rs 
(4

3%
), a

n
d
 o

v
er 4

8
 h

o
u

rs (4
2
%

) fo
llo

w
in

g
 acu

te p
resen

ta-
tio

n
 o

f n
eu

ro
lo

g
ica

l sy
m

p
to

m
s (p

 =
 1.0

).

P
rim

ary tu
m

o
r s

ite

F
iv

e stu
d

ies rep
o
rted

 o
u
tco

m
es b

ased
 o

n
 site o

f p
rim

a-
ry

 tu
m

o
r (T

ab
le 5

). 2
,3

,11,1
8
,3

6 A
ll 5

 stu
d

ies w
ere retro

sp
ec-

tiv
e. T

h
e m

o
st co

m
m

o
n
 p

rim
a
ry

 tu
m

o
r site in

clu
d
ed

 ren
a
l 
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ca
n
cer (4

 stu
d

ies), b
reast ca

n
cer (3

 stu
d

ies), p
ro

state ca
n
-

cer (3
 stu

d
ies), g

astro
in

testin
a
l ca

n
cer (3

 stu
d

ies), a
n
d
 lu

n
g
 

ca
n
cer (2

 stu
d

ies).
L

au
fer et a

l. 1
8 found that 29/39 (75%) patients who un

-
d
erw

en
t d

eco
m

p
ressio

n
 su

rg
ery

 req
u

ired
 at least 1

 reo
p

-
eratio

n
 reg

a
rd

less o
f tu

m
o
r h

isto
lo

g
y
 (T

ab
le 6

). In
 co

n
trast, 

C
h
a
ich

a
n
a et a

l. 3 co
m

p
a
red

 lo
n
g
-term

 su
rg

ica
l o

u
tco

m
es 

b
ased

 o
n
 p

rim
a
ry

 tu
m

o
r h

isto
lo

g
y
 a

n
d
 fo

u
n
d
 th

at p
atien

ts 
w

ith
 p

rim
a
ry

 p
ro

state ca
n
cers h

ad
 th

e sh
o
rtest m

ea
n
 d

u
ra-

tio
n
 o

f sp
in

a
l co

rd
 co

m
p
ressio

n
 sy

m
p
to

m
s p

rio
r to

 su
rg

ery
 

(p < 0.05), but they presented with motor deficits more fre
-

q
u
en

tly
 co

m
p
a
red

 w
ith

 a
ll o

th
er h

isto
lo

g
y
 ty

p
es (p

 <
 0

.0
5
). 

T
h
e au

th
o
rs a

lso
 fo

u
n
d
 th

at p
atien

ts w
ith

 p
rim

a
ry

 b
reast 

ca
n
cer h

isto
lo

g
y
 w

ere m
o
re lik

ely
 to

 p
resen

t w
ith

 cerv
ica

l 
M

E
S

C
C

 th
a
n
 p

atien
ts w

ith
 p

rim
a
ry

 lu
n
g
 ca

n
cer h

isto
lo

g
y
 

(p
 =

 0
.0

4
) a

n
d
 w

ere m
o
re lik

ely
 to

 p
resen

t w
ith

 co
m

p
res-

sio
n
 fractu

res relativ
e to

 p
atien

ts w
ith

 p
rim

a
ry

 p
ro

state 
ca

n
cers (p

 =
 0

.0
4
). 3

M
iscellan

eo
u

s

S
ev

en
 stu

d
ies rep

o
rted

 o
u
tco

m
es n

o
t related

 to
 th

e p
re-

v
io

u
s to

p
ics (T

ab
le 6

). 1
5
,17,3

2
,3

6
–

3
8
,4

5 T
h
e m

o
st co

m
m

o
n
 p

ri-
m

a
ry

 tu
m

o
r sites in

clu
d
ed

 p
ro

state ca
n
cer (6

 stu
d

ies), lu
n
g
 

ca
n
cer (6

 stu
d

ies), b
reast ca

n
cer (5

 stu
d

ies), a
n
d
 ren

a
l ca

n
-

cer (3
 stu

d
ies). F

iv
e o

f th
e stu

d
ies w

ere retro
sp

ectiv
e a

n
d
 2

 
w

ere p
ro

sp
ectiv

e.
L

au
fer et a

l. 1
8 a

n
a
ly

zed
 th

e fu
n
ctio

n
a
l o

u
tco

m
es a

n
d
 

co
m

p
licatio

n
s 

asso
ciated

 
w

ith
 

reo
p

eratio
n
 

fo
r 

M
E

S
C

C
 

a
n
d
 fo

u
n
d
 th

at reo
p

eratio
n
 ca

n
 im

p
ro

v
e o

u
tco

m
es a

m
o
n
g
 

p
atien

ts w
ith

 h
ig

h
-g

rad
e ep

id
u

ra
l sp

in
a
l co

rd
 co

m
p
ressio

n
 

w
ith

 
p

ersisten
t 

m
etastatic 

tu
m

o
rs 

at 
p
rev

io
u
sly

 
treated

 
spinal levels. Specifically, the authors found that 97% of 
p
atien

ts m
a
in

ta
in

ed
 o

r h
ad

 a
n
 im

p
ro

v
em

en
t in

 fu
n
ctio

n
a
l 

statu
s b

y
 o

n
e E

C
O

G
 g

rad
e.

D
iscu

ssio
n

T
h
e p

resen
t stu

d
y
 co

m
p
reh

en
siv

ely
 rev

iew
s th

e litera-
tu

re o
n
 d

eco
m

p
ressio

n
 su

rg
ery

 fo
r sp

in
a
l m

etastases. In
-

cluded studies were classified according to the outcomes 
reported. Specifically, studies were categorized as report-
in

g
 

su
rv

iv
a
l 

o
u
tco

m
es, 

a
m

b
u

latio
n
 

o
u
tco

m
es, 

su
rg

ica
l 

tech
n

iq
u
e, n

eu
ro

lo
g

ica
l fu

n
ctio

n
 o

u
tco

m
es, p

rim
a
ry

 tu
m

o
r 

h
isto

lo
g

y
 o

u
tco

m
es, a

n
d
 m

iscella
n
eo

u
s o

u
tco

m
es. T

ab
le 1

 
rep

o
rted

 a w
id

e ra
n
g
e o

f p
red

icto
rs o

f su
rv

iv
a
l, in

clu
d
-

in
g
 M

o
tzer sco

re, T
o
k

u
h
ash

i sco
re, F

ra
n

k
el g

rad
e, K

P
S

, 
a
n
d
 E

C
O

G
 p

erfo
rm

a
n
ce statu

s. T
ab

le 2
 rep

o
rted

 sev
era

l 
p
red

icto
rs o

f a
m

b
u

lato
ry

 statu
s o

r m
o
to

r fu
n
ctio

n
 in

clu
d
-

in
g
 F

ra
n

k
el g

rad
e, E

C
O

G
 sco

re, A
S

IA
 g

rad
e, a

n
d
 K

P
S

. 
T

ab
le 3

 rep
o
rted

 d
ifferen

t su
rg

ica
l tech

n
iq

u
es fo

r d
eco

m
-

p
ressio

n
 su

rg
ery

 a
n
d
 m

o
stly

 fo
cu

sed
 o

n
 A

S
IA

 g
rad

e o
u
t-

co
m

es. T
ab

le 4
 rep

o
rted

 n
eu

ro
lo

g
ica

l fu
n
ctio

n
a
l o

u
tco

m
es 

a
n
d
 m

o
stly

 rep
o
rted

 o
u
tco

m
es u

sin
g
 A

S
IA

 g
rad

e, F
ra

n
k
el 

g
rad

e, a
n
d
 K

P
S

. T
ab

le 5
 rep

o
rted

 o
u
tco

m
es b

ased
 o

n
 p

ri-
m

a
ry

 tu
m

o
r site a

n
d
 rep

o
rted

 a v
a
riety

 o
f lo

n
g
-term

 su
r-

g
ica

l o
u
tco

m
es in

clu
d

in
g
 su

rv
iv

a
l o

u
tco

m
es, reo

p
eratio

n
 

rates, a
n
d
 co

rrelatio
n
s o

f p
rim

a
ry

 tu
m

o
r site w

ith
 len

g
th

 
o
f stay, ch

a
n
g
e in

 F
ra

n
k
el g

rad
e, su

rv
iv

a
l, a

n
d
 co

m
p
lica-

tio
n
s. 

L
astly, 

T
ab

le 
6
 
rep

o
rted

 
m

iscella
n
eo

u
s 

o
u
tco

m
es 

in
clu

d
in

g
 p

red
icto

rs o
f co

m
p
licatio

n
s, sp

h
in

cter fu
n
ctio

n
 

a
n
d
 p

a
in

 relief, lo
ca

l co
n
tro

l rates, stereo
tactic rad

io
su

r-

g
ery

 d
o
sag

e, a
n
d
 th

e effect o
f su

rg
ica

l tim
in

g
 o

n
 F

ra
n

k
el 

g
rad

es. A
 rev

iew
 o

f th
ese clin

ica
l p

a
ra

m
eters ca

n
 im

p
ro

v
e 

p
reo

p
erativ

e risk
 co

u
n
selin

g
 a

n
d
 h

elp
 su

rg
eo

n
s o

p
tim

ize 
th

eir ch
o
ice o

f su
rg

ica
l tech

n
iq

u
e to

 d
ecrease th

e o
ccu

r-
ren

ce o
f p

o
sto

p
erativ

e co
m

p
licatio

n
s a

n
d
 im

p
ro

v
e p

atien
t 

q
u
a
lity

 o
f life.

P
red

icto
rs o

f s
u

rvival

S
u

rv
iv

a
l w

as th
e m

o
st co

m
m

o
n

ly
 rep

o
rted

 o
u
tco

m
e. 

D
ifferen

t sco
rin

g
 a

lg
o
rith

m
s h

av
e b

een
 p

ro
p

o
sed

 to
 im

-
p
ro

v
e su

rv
iv

a
l p

red
ictio

n
 a

m
o
n
g
 p

atien
ts w

ith
 sp

in
a
l m

e-
tastases w

h
o
 u

n
d
erg

o
 d

eco
m

p
ressio

n
 su

rg
ery. T

h
ree stu

d
-

ies fo
u

n
d
 th

at K
P

S
 w

as asso
ciated

 w
ith

 su
rv

iv
a
l fo

llo
w

in
g
 

d
eco

m
p
ressio

n
 su

rg
ery. 7,1

5
,2

8 Ju
 et a

l. 1
5 fo

u
n
d
 th

at a b
etter 

preoperative KPS (defined as KPS ≥
 8

0
%

) w
as th

e o
n

ly
 

significant predictor of survival in a multivariable study 
o
f p

atien
ts w

ith
 p

ro
state ca

n
cer m

etastatic to
 th

e sp
in

e 
(H

R
 6

.1
 [9

5
%

 C
I 1.3

–
2
8
.5

], p
 =

 0
.0

2). P
ad

a
lk

a
r et a

l.
2

8 
also found that increased KPS was significantly associ-
ated

 w
ith

 g
reater m

ed
ia

n
 su

rv
iv

a
l tim

es in
 p

atien
ts treated

 
w

ith
 d

eco
m

p
ressio

n
 w

ith
 in

stru
m

en
tatio

n
 fo

r sp
in

a
l m

e-
tastases. C

rn
a
lic et a

l. 7 rep
o
rted

 th
at a K

P
S

 o
f 8

0
%

–
1
0

0
%

 
was significantly associated with prolonged survival, with 
a m

ed
ia

n
 su

rv
iv

a
l o

f 5
 m

o
n
th

s.

P
red

icto
rs o

f A
m

b
u

lato
ry s

tatu
s/M

o
to

r F
u

n
ctio

n

A
 p

rio
r stu

d
y
 fo

u
n
d
 th

at a
m

b
u

lato
ry

 ab
ility

 is th
e sin

g
le 

m
o
st im

p
o
rta

n
t facto

r fo
r su

rg
eo

n
s w

h
en

 d
ecid

in
g
 if su

r-
g

ica
l in

terv
en

tio
n
 is a

n
 ap

p
ro

p
riate treatm

en
t fo

r p
atien

ts 
w

ith
 m

etastatic sp
in

a
l co

rd
 co

m
p
ressio

n
. 2

2 W
e fo

u
n
d
 th

at 
8
 stu

d
ies rep

o
rted

 th
at p

reo
p

erativ
e a

m
b
u

lato
ry

 o
r p

reo
p

-
erative motor status was a significant predictor of postop

-
erativ

e 
a
m

b
u

lato
ry

 
statu

s. 4
,1

3
,1

6
,2

0
,2

9
–

31,3
3 

H
o
w

ev
er, 

w
e 

d
id

 
not find any evidence of a surgical decision-making tool 
th

at u
ses p

o
sto

p
erativ

e a
m

b
u

latio
n
 as a

n
 o

u
tco

m
e fo

llo
w

-
in

g
 d

eco
m

p
ressio

n
 su

rg
ery

 fo
r sp

in
a
l m

etastases. F
u
tu

re 
stu

d
ies a

re w
a
rra

n
ted

 to
 d

ev
elo

p
 ev

id
en

ce-b
ased

 d
ecisio

n
-

m
a
k

in
g
 to

o
ls th

at u
se p

o
sto

p
erativ

e a
m

b
u

lato
ry

 statu
s as 

an outcome. These decision tools may significantly im
-

p
ro

v
e p

reo
p

erativ
e p

atien
t risk

 co
u

n
selin

g
 a

n
d
 p

atien
t se-

lectio
n
 fo

r d
eco

m
p
ressio

n
 su

rg
ery

 fo
r sp

in
a
l m

etastases.

D
escrip

tio
n

 o
f s

u
rg

ical tech
n

iq
u

es

W
e found 5 studies that identified outcomes following 

d
ifferen

t su
rg

ica
l tech

n
iq

u
es fo

r d
eco

m
p
ressio

n
 su

rg
ery

 
a
m

o
n
g
 p

atien
ts w

ith
 sp

in
a
l m

etastases. 1,1
2

,2
3
,3

9,4
5 In

 rev
iew

-
in

g
 th

e a
fo

rem
en

tio
n
ed

 stu
d

ies o
n
 su

rg
ica

l tech
n

iq
u
e, th

e 
o
n

ly
 p

ro
sp

ectiv
e stu

d
ies w

ere th
o
se b

y
 M

iscu
si et a

l.
2

3 
a
n
d
 W

a
n
g
 et a

l. 4
5 F

u
rth

erm
o
re, n

o
 stu

d
ies rep

o
rted

 u
sin

g
 

m
atch

in
g
 tech

n
iq

u
es, su

ch
 as p

ro
p

en
sity

 m
atch

in
g, w

h
ich

 
h
elp

 m
itig

ate b
ias in

 o
b
serv

atio
n
a
l stu

d
ies. T

h
erefo

re, d
e-

spite promising evidence of the benefits of the innovative 
su

rg
ica

l tech
n

iq
u
es d

escrib
ed

 ab
o
v
e, la

rg
er p

ro
sp

ectiv
e, 

ra
n
d
o
m

ized
 
tria

ls 
o
r 

rig
o
ro

u
sly

 
d
esig

n
ed

 
o
b
serv

atio
n
a
l 

stu
d

ies a
re n

eed
ed

 to
 ap

p
ro

p
riately

 ev
a
lu

ate th
e effectiv

e-
n
ess o

f d
ifferen

t su
rg

ica
l ap

p
ro

ach
es fo

r d
eco

m
p
ressio

n
 

su
rg

ery
 a

m
o
n
g
 p

atien
ts w

ith
 sp

in
a
l m

etastases.

N
eu

ro
lo

g
ical F

u
n

ctio
n

T
w

o
 

stu
d

ies 
fo

u
n
d
 

th
at 

n
eu

ro
lo

g
ica

l 
o
u
tco

m
es 

m
ay

 

U
nauthenticated | D

ow
nloaded 08/26/22 02:53 AM

 U
TC



D
. b

akar et al.

N
eu

ro
su

rg
 F

o
cu

s Volume 41 • August 2016
3
4

im
p
ro

v
e 

if 
d
eco

m
p
ressio

n
 
su

rg
ery

 
is 

p
erfo

rm
ed

 
w

ith
in

 
4
8
 h

o
u

rs o
f M

E
S

C
C

 sy
m

p
to

m
 p

resen
tatio

n
. F

ü
rsten

b
erg

 
et a

l. 1
2 stu

d
ied

 3
5
 p

atien
ts w

h
o
 u

n
d
erw

en
t ea

rly
 su

rg
ica

l 
treatm

en
t fo

r M
E

S
C

C
 a

n
d
 fo

u
n
d
 th

at ea
rly

 su
rg

ica
l treat-

m
en

t w
as asso

ciated
 w

ith
 im

p
ro

v
ed

 n
eu

ro
lo

g
ica

l o
u
tco

m
es 

as 
m

easu
red

 
b
y
 
th

e 
A

S
IA

 
g

rad
e 

(p
 
=

 
0
.0

2). 
S

im
ila

rly, 
Q

u
ra

ish
i et a

l. 3
6 fo

u
n
d
 th

at su
rg

ery
 sh

o
u

ld
 b

e p
erfo

rm
ed

 
ea

rlier rath
er th
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