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Abstract

Objective—Initial management strategies of chronic subdural hematoma (cSDH) are 

controversial, and range from bedside twist-drill or burr hole drainage, to craniotomy with 

membranectomy (CWM). We aim to (1) perform a meta-analysis of the available data on the 

outcomes of CWM for treatment of cSDH in published English-language literature, and (2) 

evaluate collective outcomes of CWM with respect to morbidity, mortality, and recurrence rates.

Methods—A search of English-language literature performed in PubMed, Ovid, and Cochrane 

databases using keywords (“subdural hematoma” or “chronic subdural hematoma”) and 

(“membrane” or “membranectomy”) from inception to December 2016 was conducted. Studies 

reporting outcomes of CWM in cSDH were included. Mortality, morbidity, follow-up duration, 

and recurrence rate data were extracted and analyzed. Pooled estimates and confidence-intervals 

(CIs) were calculated for all outcomes using a random-effects model.

Results—Of 301 articles found, 17 articles containing 5369 patients met our eligibility criteria. 

Mean follow-up duration ranged from 1–30.8 months. Collective mean mortality and morbidity 

rates were 3.7% and 6.9%, respectively (95% CI 2–5.4% and 2.1–11.6%; p<.001 and p=.004). The 

collective mean recurrence rate was 7.6% (95% CI: 5%–10.2%; p<.001).

Conclusions—Clinical data on outcomes of CWM in cSDH are limited to single institutional 

analyses, with considerable variation in recurrence rates and follow-up time. The rates we reported 
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are comparable to the 5% mortality and 3–12% morbidity rates, and lower than the 10–21% 

recurrence rate in the literature for burr holes or craniotomy without membranectomy. This meta-

analysis provides an in-depth analysis of available data and reviews reported outcomes.
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Introduction

Initial management strategies of chronic subdural hematoma (cSDH) are controversial, and 

range from medical to surgical interventions. Surgical interventions vary from bedside twist-

drill (TD) or burr-hole (BH) drainage, to craniotomy with drain insertion, irrigation, and/or 

membranectomy (i.e. resection or fenestration of the subdural inner and/or outer 

membranes).1 Putnam and Cushing, in 1926, championed craniotomy with outer membrane 

(CWM) removal in cSDH treatment, despite up to 30% craniotomy mortality.2 However, 

CWM is currently only used under conditions of subdural re-accumulation, solid 

hematomas, or following suboptimal postoperative cortical re-expansion.3 In its place, BH 

drainage 4 has become the primary treatment for cSDH, and has been suggested to be 

superior to CWM due to lower reoperation rates and better postoperative outcomes.5 The 

adjunctive use of continuous catheter drainage following BH or TF craniotomy further 

improved cSDH outcomes 6, particularly when compared to craniotomy alone.78910,11

At present, the surgical management of encapsulated subdural hematoma remains unclear as 

to whether or not the inner membrane should be removed. Arutyunov12, Gorbatsevich and 

Shustin 13, Gomez 14, and Umbach 15 recommended that all capsular membrane components 

(i.e. both the outer and inner membrane) be resected, as this may allow for brain re-

expansion and reduce the post-operative potential subdural space. However, others 16171819 

have recommended simple burr hole evacuation without the need for a craniotomy. To date, 

a meta-analysis investigating the outcomes associated with CWM has not been published. In 

this study, we aim to perform a meta-analysis of the available data and evaluate the 

collective outcomes of craniotomy with membranectomy for treatment of cSDH in the 

published English-language literature with respect to morbidity, mortality, and recurrence 

rates.

Material and Methods

A thorough search of published English-language literature was performed in PubMed, 

Ovid, and Cochrane databases using the keywords (“subdural hematoma” or “chronic 

subdural hematoma”) and (“membrane” or “membranectomy”) from database inception to 

December 2016. Each manuscript was reviewed independently by two authors for relevance. 

The senior author acted as the final mediator if disagreements for inclusion occurred. This 

study was exempt from Institutional Review Board evaluation due to its investigations of 

published literature and non-involvement of human subjects. This study was conducted in 

agreement with the PRISMA guidelines (Preferred Reporting Items for Systematic Reviews 

and Meta-analyses) statement.20
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A total of 301 articles were identified and reviewed (Figure 1). Abstracts were screened and 

case reports, review papers, and studies that didn’t specify which patients underwent 

craniotomy with membranectomy were excluded. 17 articles remained and the full text of 

each article was independently assessed by two of the authors. Articles were included if they 

reported treatment outcomes of craniotomy with membranectomy in cSDH patients. 

Demographic, lesion characteristics and grading, mortality, morbidity, follow-up duration, 

and recurrence rate data were extracted and analyzed.

The primary outcome variables investigated were morbidity, mortality, and recurrence rates. 

In each study, morbidity was defined as a major complication, disability, or poor health 

following surgical intervention, and mortality was defined as death secondary to cSDH or its 

sequelae. Recurrence was defined as new blood visualized on brain imaging following 

surgical intervention.

cSDH grading was based on the scheme proposed by Markwalder 3, which defined grade 0 

as no neurological deficits; grade 1 as patient alert and oriented with mild symptoms and no 

neurological deficits; grade 2 as drowsiness or disorientation with variable neurological 

deficits; grade 3 as stupor with response to noxious stimuli and severe focal neurological 

signs; grade 4 as coma with no motor response or decerebrate or decorticate posturing. Good 

pre- and postoperative results were considered grades 0–2 and poor pre- and post-operative 

results were grades 3–4. Statistical analyses were performed using OpenMeta[Analyst] 

(Brown University, Rhode Island, USA) using the random effect model. The pooled 

estimates and 95% confidence intervals (CI) were calculated for primary outcome variables.

Results

After careful examination of the published articles, 17 met our eligibility criteria and were 

used for qualitative and quantitative analyses containing 5369 patients studied during 1964–

2016. A tabulation of the included studies with demographic information and sample size is 

presented in Table 1. The mean sample size was 568 (range: 34–2275), age ranged from 6–

100 years, and the reported mean follow-up duration ranged from 1–30.8 months. Table 1 

also presents data on study length, intervention type, number of patients being reoperated 

on, Glasgow coma score, and presenting symptoms.

Table 2 presents the outcomes of cSDH resection via CWM. The reported mean time from 

injury to operation was 1–4.4 months, and the post-operative hospital stay ranged from 1–71 

days. cSDH grade ranged from one to four. In all studies, the type of membranectomy (e.g. 

outer vs. inner membranectomy) was extracted when possible. Additionally, the specific 

surgical intervention was documented. Of note, in 16 of the 17 studies examined, all patients 

who underwent CWM also had placement of a postoperative drain (as noted in Table 2). In 

all studies reviewed, no mention of attrition rate was found. The meta-analysis revealed the 

collective mean mortality rate to be 3.7% (95% CI 2–5.4%; p<.001) (Figure 2). The 

collective mean morbidity rate was 6.9% (95% CI 2.1–11.6%; p=.004) (Figure 3). The 

collective mean recurrence rate was 7.6% (95% CI: 5%–10.2%; p<.001) (Figure 4).
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Discussion

In this study, we analyzed the outcomes of CWM treatment of cSDH on 5369 patients 

between 1964 and 2016. The ultimate treatment goals for cSDH is complete evacuation with 

no recurrence following surgical evacuation, while mitigating mortality and morbidity 

related to the natural history of cSDH and complications secondary to surgical intervention. 

CWM met these benchmarks for treating cSDH, with lower recurrence rates and similar 

mortality and morbidity rates to minimally invasive methods over a broad follow-up duration 

ranging from 1–30.8 months and similar treatment side effects to minimally invasive 

interventions (i.e. burr hole evacuation). Similar or higher morbidity and mortality rates, and 

uniformly higher recurrence rates have been reported for burr hole evacuation of cSDH.21221 

The mortality following cSDH evacuation ranged from 0% to 20% in the studies included in 

this meta-analysis, with a collective mortality rate of 3.7% (95% CI 2–5.4%; p<.001). 

Morbidity rates were generally higher in the included studies, which corresponds with the 

6.9% collective morbidity rate we found (95% CI 2.1–11.6%; p=.004). The majority of 

studies did not report breakdowns of outcome based on cSDH grade, or standard deviations 

for age and hospital stay and a meta-analysis of these variables could not be conducted. 

Furthermore, some studies solely investigated craniotomy with membranectomy or mini-

craniotomy with membranectomy while others included burr-hole drainage, and therefore all 

data extracted had to be broken down by intervention type.

Chronic subdural hematomas are a complex neurosurgical entity with increasing prevalence 

given the increase in the population at risk. In addition, the use of newer anticoagulant 

therapy for cardiac and cerebrovascular issues increases the likelihood of the development of 

a cSDH from minor TBI. The optimal treatment for this has been debated for many years 

and there are many series describing the main treatment modalities of burr holes and 

craniotomies.23242526 Although specific clinical parameters dictate the unique surgical 

intervention for each individual patient, we recommend the establishment of refined 

decision-making criteria to guide surgical intervention in cSDH patients. At our institution, 

the decision-tree used to stratify patients to BH drainage or cSDH is depicted in Figure 5, 

and is based on surgical paradigms proposed in the cSDH literature.1359112330 We have 

focused in this meta-analysis on the experience with CWM, and our analysis was restricted 

to papers that described CWM. One of the limitations is that this was frequently poorly 

defined as to whether the membranectomy was of the outer subdural membrane or the inner 

subdural membrane.

These are different pathologically. The outer membrane is adherent to the dura and vascular 

in nature with ample amounts of vEGF.272829 “Stripping” these membranes has been 

frowned upon in the recent literature because of the tendency for bleeding to occur at the 

edges from the dura that is exposed.30 The inner membrane is usually thin and translucent 

and avascular. This can be adherent to the underlying arachnoid over the cortical surface. 

When this is microdissected off of the arachnoid it may be fenestrated. This allows the 

underlying brain to re-expand. Also, there are frequently blood break-down products 

sequestered between the arachnoid and this membrane. Where possible, in our analysis we 

identified whether membranectomy referred to the outer or inner subdural membranes. The 

outer cSDH membrane is highly vascularized and exudation from macrocapillaries is critical 
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in cSDH enlargement.31 Fenestration or complete resection of the outer membrane may 

mitigate rebleeding following cSDH resection, and may facilitate intracranial fluid efflux via 

the recently elucidated dural lymphatics.3233 Furthermore, fluid flux through the 

glymphatic3435 pathway has been implicated in a variety of intracranial homeostatic and 

pathological mechanisms, and membranectomy may facilitate the egress and reabsorption of 

cSDH contents by cortical glymphatic and dural lymphatic pathways.

With an aging population in the United States, the incidence of cSDH is expected to 

increase. As such, procedures which result in low recurrence rates can positively influence 

the overall outcomes of cSDH patients. One meta-analyses of 34,829 patients reported 3.5–

4% mortality, 7–11% morbidity, and 10.7–11% recurrence rates overall.36 We demonstrate 

that CWM results in lower recurrence rates on average, than alternative interventions 

including craniotomy or BH drainage without membranectomy. Furthermore, the morbidity 

and mortality rates of CWM are comparable to those reported in the literature for cSDH 

drainage regardless of intervention type. As such, CWM may decrease the likelihood of 

cSDH recurrence and secondary intervention, while exhibiting similar morbidity and 

mortality profiles as other interventions reported in the literature.

There were a number of limitations in this study. The heterogeneous methodology of the 

published papers in reporting their outcomes limited the ability to perform meta-analysis on 

all variables. Despite this heterogeneity, each study’s methodology was evaluated to 

determine if differences exist. Heterogeneity of the type of membranectomy (i.e. fenestration 

or complete resection), and variability of the surgical intervention is a limitation, as studies 

which utilized a craniotomy or a mini-craniotomy with a membranectomy (regardless of the 

extent of the membranectomy) were included in the meta-analysis. Several studies had a 

small sample size, and breakdown of data per patient type was not available. Furthermore, in 

16 of the 17 papers included in this meta-analysis, all CWM patients received a 

postoperative drain. As such, the exact contribution of the membranectomy compared to the 

postoperative drain in cSDH recurrence remains unclear, and requires further inquiry. This 

meta-analysis can lay a foundation for future studies to recruit more patients and evaluate 

differences in surgical intervention with respect to different patient demographics and 

disease characteristics. In addition, all studies evaluated were case series that did not have 

control groups. This is an inherent limitation that constrains the conclusions that can be 

drawn regarding CWM treatment for cSDH. Nonetheless, analysis of the available data in 

the literature on CWM treatment of cSDH undoubtedly supports the efficacy of this surgical 

intervention, and offers patients with clinically significant resolution of symptoms while 

minimizing morbidity, mortality, and recurrence rates. This is the first study to perform a 

meta-analysis of CWM treatment outcomes for cSDH.

Conclusions

We present data on the outcomes of cSDH resection via CWM in 5369 patients studied 

during 1964–2016. The meta-analysis revealed the collective mean mortality, morbidity, and 

recurrence rates to be 3.7%, 6.9%, and 7.6%, respectively. The mortality and morbidity rates 

we report are comparable to the 3.5–5% mortality and 3–12% morbidity rates for burr holes 

or craniotomy without membranectomy reported in the literature. However, the 7.6% 
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recurrence rate we report is lower than the 10–21% recurrence rate reported in the literature 

for burr holes or craniotomy without membranectomy. This suggests that CWM yields a 

lower likelihood of cSDH recurrence and secondary intervention, while exhibiting similar 

morbidity and mortality profiles as other interventions reported in the literature.
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Figure 1. 
Flow diagram of study selection.

*12 studies were included in the quantitative analysis of recurrence rates, 8 studies were 

included in the quantitative analysis of morbidity rates, and 14 studies were included in the 

quantitative analysis of mortality rates.
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Figure 2. 
Forest plot demonstrating a 3.7% overall mortality rate with each line representing the 95% 

confidence interval. Boxes represent mortality rates in that study with its size correlating to 

the study’s effect size.
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Figure 3. 
Forest plot demonstrating a 6.9% overall morbidity rate with each line representing the 95% 

confidence interval. Boxes represent morbidity rates in that study with its size correlating to 

the study’s effect size.
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Figure 4. 
Forest plot demonstrating a 7.6% overall recurrence rate with each line representing the 95% 

confidence interval. Boxes represent recurrence rates in that study with its size correlating to 

the study’s effect size.
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Figure 5. 
Decision tree for the type of chronic subdural hematoma (cSDH) evacuation once surgical 

treatment has been deemed necessary.

Sahyouni et al. Page 13

World Neurosurg. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sahyouni et al. Page 14

Ta
b

le
 1

D
et

ai
ls

 o
f 

pu
bl

is
he

d 
st

ud
ie

s 
on

 o
ut

co
m

es
 o

f 
cr

an
io

to
m

y 
w

ith
 m

em
br

an
ec

to
m

y 
fo

r 
ch

ro
ni

c 
su

bd
ur

al
 h

em
at

om
a.

F
ir

st
 A

ut
ho

r,
 P

ub
lis

he
d 

Y
ea

r
In

st
it

ut
io

n
L

en
gt

h 
of

 
St

ud
y 

(y
ea

rs
)

To
ta

l S
am

pl
e 

Si
ze

In
te

rv
en

ti
on

 T
yp

e 
(n

)
M

ea
n 

ag
e 

in
 

ye
ar

s 
(r

an
ge

)
F

em
al

e 
(%

)
N

um
be

r 
of

 
pa

ti
en

ts
 w

it
h 

re
op

er
at

io
n 

(%
)

G
la

sg
ow

 C
om

a 
Sc

or
e 

(n
)

P
re

se
nt

in
g 

sy
m

pt
om

s 
(n

)
C

om
m

en
ts

K
ay

ac
i e

t a
l.,

 2
01

437
R

ec
ep

 T
ay

yi
p 

E
rd

og
an

 U
ni

ve
rs

ity
7

25
2

C
T

IM
 (

14
4)

B
C

O
M

I 
(1

08
)

68
.8

 ±
 1

.5
67

.6
 ±

 1
.4

27
/1

44
 (

19
%

)
30

/1
08

 (
28

%
)

N
/A

>
12

(1
14

)
<

 1
2 

(3
0)

>
 1

2 
(9

0)
<

12
(1

8)

M
ild

-m
od

er
at

e 
he

ad
 tr

au
m

a 
(1

02
/1

44
)

Pr
ee

xi
st

in
g 

m
ed

ic
al

 c
on

di
tio

ns
 (

51
/1

44
)

M
ild

-m
od

er
at

e 
he

ad
 tr

au
m

a 
(8

4/
10

8)
Pr

ee
xi

st
in

g 
m

ed
ic

al
 c

on
di

tio
ns

 (
39

/1
08

)

Pr
ee

xi
st

in
g 

co
nd

iti
on

s 
in

cl
ud

e 
H

T
N

, D
M

, a
nd

 is
ch

em
ic

 h
ea

rt
 

di
se

as
e 

(n
 =

 6
0,

 5
4,

 a
nd

 4
2 

in
 b

ot
h 

gr
ou

ps
 r

es
pe

ct
iv

el
y)

.
M

os
t c

om
m

on
 s

ym
pt

om
s 

ov
er

al
l 

w
er

e 
co

gn
iti

ve
 d

ef
ic

its
 (

64
%

),
 

he
m

ip
ar

es
is

 (
46

%
),

 a
nd

 m
ot

or
 

dy
sp

ha
si

a 
(2

4%
).

C
al

lo
vi

ni
 e

t a
l.,

 2
01

438
Sa

nt
o 

Sp
ir

ito
 H

os
pi

ta
l

8
34

C
R

 (
34

)
71

 (
17

-8
9)

13
/3

4 
(3

8%
)

2/
34

 (
6%

)
N

/A

H
ea

da
ch

e 
(1

4)
A

lte
re

d 
co

ns
ci

ou
sn

es
s 

(9
)

H
em

is
yn

dr
om

e 
(1

5)
A

ph
as

ia
 (

6)
G

ai
t d

is
tu

rb
an

ce
 (

9)
Se

iz
ur

e 
(1

)

N
/A

L
ee

 e
t a

l.,
 2

00
430

U
ni

ve
rs

ity
 o

f 
C

ol
og

ne
, G

er
m

an
y

4
17

2
C

R
 (

13
4)

B
H

 (
38

)
69

 (
27

-9
2)

54
/1

34
 (

40
%

)
13

/3
8 

(3
4%

)
25

/1
34

 (
19

%
)

6/
38

 (
16

%
)

N
/A

H
ea

da
ch

e 
(6

7)
H

em
ip

ar
es

is
 (

61
)

A
lte

re
d 

co
ns

ci
ou

sn
es

s 
(5

0)

B
H

 g
ro

up
 u

se
d 

tw
o 

di
ff

er
en

t B
H

s 
w

ith
ou

t m
em

br
an

ee
ct

om
y 

(n
=

38
)

Sv
ie

n 
an

d 
G

el
et

y,
 1

96
439

M
ay

o 
C

lin
ic

5
69

C
R

 (
19

)
50

 (
6-

75
)

18
/6

9 
(2

6%
)

7/
19

 (
37

%
)

N
/A

H
ea

da
ch

e,
 P

ap
ill

ed
em

a,
 b

ila
te

ra
l c

SD
H

B
H

 p
at

ie
nt

s 
ha

d 
no

 
m

em
br

an
ec

to
m

y

Ty
so

n 
et

 a
l.,

 1
98

040
U

ni
ve

rs
ity

 o
f 

V
ir

gi
ni

a 
Sc

ho
ol

 o
f 

M
ed

ic
in

e
6

48
C

R
 (

7)
† 2

0–
86

N
/A

N
/A

N
/A

N
/A

R
eo

pe
ra

tio
n 

oc
cu

rr
ed

 4
–8

 d
ay

s 
po

st
op

er
at

iv
el

y 
in

 f
ou

r 
pa

tie
nt

s 
w

ith
 

B
H

s,
 w

hi
ch

 w
er

e 
re

op
en

ed
 a

nd
 5

0–
10

0 
m

l o
f 

fl
ui

d 
w

as
 e

va
cu

at
ed

. I
n 

tw
o 

ca
se

s,
 a

 c
ra

ni
ot

om
y 

w
as

 th
en

 
pe

rf
or

m
ed

.

Sa
m

ba
si

va
n,

 1
99

741
M

ed
ic

al
 C

ol
le

ge
 H

os
pi

ta
l

30
22

75
C

R
 (

22
15

)
B

H
 (

60
)

N
/A

40
7/

22
75

 (
18

%
)

11
/6

0 
(1

8%
)

N
/A

C
on

sc
io

us
 w

/p
ai

n 
(3

38
)

B
eh

av
io

ra
l d

is
tu

rb
an

ce
 (

40
4)

Se
iz

ur
es

 (
27

5)
St

ro
ke

 (
67

0)
C

om
a 

(3
43

22
15

 p
at

ie
nt

s 
un

de
rw

en
t a

 
su

bt
em

po
ra

lis
 m

ar
su

pi
al

iz
at

io
n.

M
on

do
rf

 e
t a

l.,
 2

00
942

H
an

no
ve

r 
N

or
ds

ta
dt

 H
os

pi
ta

l, 
K

lin
ik

um
 H

an
no

ve
r

5
19

3
C

R
 (

15
1)

B
H

 (
42

)
72

.5
 (

26
-9

7)
80

/1
93

 (
41

%
3/

19
3 

(2
%

)
N

/A
H

em
ip

ar
es

is
 (

11
2)

A
lte

re
d 

co
ns

ci
ou

sn
es

s 
(7

0)
A

ph
as

ia
 (

46
)

14
 d

ea
th

s 
du

e 
to

 n
on

-c
SD

H
 r

el
at

ed
 

pa
th

ol
og

y

K
im

 e
t a

l.,
 2

01
143

Se
ou

l M
ed

ic
al

 C
en

te
r, 

Se
ou

l, 
K

or
ea

8
31

7
C

R
 (

58
)

B
H

 (
25

9)
59

.4
63

.7
 ±

 1
6.

9
12

/5
8 

(2
1%

)
68

/2
59

 (
26

%
)

12
/5

8 
(2

1%
)

23
/2

59
 (

9%
)

N
/A

H
ea

da
ch

e(
13

3)
D

is
tu

rb
an

ce
 o

f 
co

ns
ci

ou
sn

es
s 

(8
9)

M
ot

or
 w

ea
kn

es
s 

(6
8)

G
ai

t d
is

tu
rb

an
ce

 (
37

)
D

is
tu

rb
an

ce
 o

f 
co

ns
ci

ou
sn

es
s 

(4
6)

H
ea

da
ch

e 
(3

4)
M

ot
or

 d
ef

ic
its

 (
25

)
D

ys
ph

as
ia

 (
13

)

N
/A

Ta
ni

ka
w

a 
et

 a
l.,

 2
00

144
N

ag
oy

a 
C

ity
 U

ni
ve

rs
ity

 S
ch

oo
l o

f 
M

ed
ic

in
e,

 J
ap

an
3

49
C

R
 (

16
)

B
H

 (
33

)
70

.3
 ±

 9
.3

69
.3

 ±
 1

4.
9

N
/A

0/
16

 (
0%

)
4/

33
 (

12
%

)
N

/A
H

ea
da

ch
e 

or
 h

em
ip

ar
es

is
N

/A

R
oc

ch
i e

t a
l.,

 2
00

745
U

ni
ve

rs
ity

 o
f 

R
om

e 
L

a 
Sa

pi
en

za
, 

It
al

y
8

24
3

C
R

 (
14

)
62

.1
 (

41
-7

6)
7/

14
 (

50
%

)
9/

14
 (

64
%

)

10
 (

7)
11

 (
2)

12
 (

2)
13

 (
3)

H
em

ip
ar

es
is

 (
12

)
A

ph
as

ia
 (

6)
H

yp
os

th
en

ia
 (

2)
N

/A

World Neurosurg. Author manuscript; available in PMC 2018 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sahyouni et al. Page 15

F
ir

st
 A

ut
ho

r,
 P

ub
lis

he
d 

Y
ea

r
In

st
it

ut
io

n
L

en
gt

h 
of

 
St

ud
y 

(y
ea

rs
)

To
ta

l S
am

pl
e 

Si
ze

In
te

rv
en

ti
on

 T
yp

e 
(n

)
M

ea
n 

ag
e 

in
 

ye
ar

s 
(r

an
ge

)
F

em
al

e 
(%

)
N

um
be

r 
of

 
pa

ti
en

ts
 w

it
h 

re
op

er
at

io
n 

(%
)

G
la

sg
ow

 C
om

a 
Sc

or
e 

(n
)

P
re

se
nt

in
g 

sy
m

pt
om

s 
(n

)
C

om
m

en
ts

G
el

ab
er

t-
G

on
za

le
z 

et
 a

l.,
 2

0 
05

46
U

nv
er

si
ty

 o
f 

Sa
nt

ia
go

 d
e 

C
om

po
st

el
a,

 
Sp

ai
n

22
10

00
C

R
 (

10
00

)
72

.7
 ±

 1
1.

4 
(1

2-
10

0)
37

2/
10

00
 (

37
%

)
61

/1
00

0 
(1

%
)

N
/A

B
eh

av
io

ur
al

 D
is

tr
ub

an
ce

 (
28

5)
H

ea
da

ch
e 

(2
51

)
H

em
is

yn
dr

om
e 

(2
48

)
Se

iz
ur

es
 (

12
6)

A
ph

as
ia

 (
73

)
C

om
a 

(3
7)

In
ci

de
nt

al
 (

1)

N
/A

M
oh

am
e 

d,
 2

00
947

G
ez

er
a 

H
os

pi
ta

l, 
E

gy
pt

12
39

C
R

 (
39

)
61

 (
51

-7
3)

14
/3

9 
(3

6%
)

0/
39

 (
0%

)
>

 1
3 

(3
9)

C
on

tr
al

at
er

al
 h

em
ip

ar
es

is
 (

35
)

Se
iz

ur
e 

(1
)

H
ea

da
ch

e 
an

d 
fl

uc
tu

at
in

g 
co

ns
ci

ou
sn

es
s 

(3
9)

D
ia

be
te

s 
(3

)
H

yp
er

te
ns

iv
e 

(2
)

N
/A

U
nt

er
ho

f 
er

 e
t a

l.,
 2

01
648

M
ed

ic
al

 U
ni

ve
rs

ity
 o

f 
In

ns
br

uc
k,

 
A

us
tr

ia
2

52
C

R
 (

52
)

72
 (

48
-8

9)
13

/5
2 

(2
5%

)
14

/5
2 

(2
7%

)
N

/A
H

ea
da

ch
e 

(2
9)

52
 p

at
ie

nt
s 

bu
t 5

7 
cS

D
H

s

R
eg

an
 e

t a
l.,

 2
0 

1 
549

3
12

3
C

R
 (

58
)

B
H

 (
61

)
68 72

19
/5

8 
(3

3%
)

25
/6

1 
(4

1%
)

14
/5

8 
(2

4%
)

4/
61

 (
7%

)

§ 1
3.

6
§ 1

4.
5

N
/A

N
/A

V
an

 D
er

 V
ek

en
 e

t a
l.,

 2
01

450
U

ni
ve

rs
ity

 H
os

pi
ta

l U
Z

 B
ru

ss
el

, 
B

el
gi

um
6

13
1

C
R

 (
12

6)
73

.4
40

/1
26

 (
32

%
)

11
/1

26
 (

9%
)

N
/A

M
ot

or
 d

ef
ic

it 
(3

6)
A

lte
re

d 
co

ns
ci

ou
sn

es
s 

(3
3)

H
ea

da
ch

e(
23

)
D

ys
ph

as
ia

 (
15

)
G

ai
t d

is
tu

rb
an

ce
 (

14
)

Se
iz

ur
e 

(5
)

N
/A

W
hi

te
 e

t a
l.,

 2
0 

1 
051

In
st

itu
te

 o
f 

N
eu

ro
lo

gi
ca

l S
ci

en
ce

s,
 

So
ut

he
rn

 G
en

er
al

 H
os

pi
ta

l-
G

la
sg

ow
, 

U
ni

te
d 

K
in

gd
om

3
26

8
C

R
 (

11
6)

B
H

 (
13

0)
73 63

N
/A

N
/A

50
/1

16
 s

ho
w

 
im

pr
ov

em
en

t
56

/1
30

 s
ho

w
 

im
pr

ov
em

en
t

N
/A

N
/A

E
rn

es
tu

s 
et

 a
l.,

 1
99

752
D

ep
ar

tm
en

t o
f 

N
eu

ro
su

rg
er

y,
 

U
ni

ve
rs

ity
 o

f 
C

ol
og

ne
-C

ol
og

ne
, 

G
er

m
an

y
3

10
4

C
R

 (
10

)
B

H
 (

94
)

* 6
9 

(2
2-

94
)

35
/1

04
 (

34
%

)
1/

8 
(1

3%
)

17
/9

2 
(1

8%
)

N
/A

H
ea

da
ch

e(
39

)
Ps

yc
ho

m
ot

or
 d

is
tu

rb
an

ce
 (

21
)

Se
iz

ur
e 

(6
)

H
em

is
yn

dr
om

e 
(3

9)
A

ph
as

ia
 (

21
)

A
ni

so
co

ri
a 

(1
0)

B
H

 =
 B

ur
r 

H
ol

e 
C

ra
ni

os
to

m
y

A
bb

re
vi

at
io

ns
: B

C
O

M
I 

=
 b

ur
r 

ho
le

 w
ith

 c
ra

ni
ot

om
y 

an
d 

m
em

br
an

e 
in

ci
si

on
; B

H
 =

 b
ur

r 
ho

le
; C

R
 =

 c
ra

ni
ot

om
y;

 C
T

IM
 =

 c
at

he
te

ri
za

tio
n 

an
d 

te
ar

in
g 

of
 in

ne
r 

m
em

br
an

e;
 N

A
 =

 n
ot

 a
va

ila
bl

e;
 H

T
N

 =
 h

yp
er

te
ns

io
n;

 D
M

 =
 d

ia
be

te
s 

m
el

lit
us

.

* M
ed

ia
n 

w
as

 r
ep

or
te

d 
in

st
ea

d 
of

 m
ea

n

† R
an

ge
 r

ep
or

te
d 

in
st

ea
d 

of
 m

ea
n

§ A
ve

ra
ge

 G
C

S 
re

po
rt

ed

World Neurosurg. Author manuscript; available in PMC 2018 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sahyouni et al. Page 16

Ta
b

le
 2

T
re

at
m

en
t o

ut
co

m
es

 o
f 

cr
an

io
to

m
y 

w
ith

 m
em

br
an

ec
to

m
y 

fo
r 

ch
ro

ni
c 

su
bd

ur
al

 h
em

at
om

a.

F
ir

st
 A

ut
ho

r,
 P

ub
lis

he
d 

Y
ea

r
In

te
rv

en
ti

on
 T

yp
e 

(n
)

A
ve

ra
ge

 t
im

e 
fr

om
 in

ju
ry

 t
o 

op
er

at
io

n
C

SD
H

 G
ra

de
 (

n)
O

ut
er

 v
s.

 I
nn

er
 

m
em

br
an

ec
to

m
y

D
ra

in
ag

e
A

ve
ra

ge
 fo

llo
w

 
up

 in
 m

on
th

s
M

or
ta

lit
y 

(%
)

M
or

bi
di

ty
 (

%
)

R
ec

ur
re

nc
e 

(%
)

P
os

t-
op

 d
ur

at
io

n 
in

 
da

ys
M

aj
or

 C
om

pl
ic

at
io

ns
 (

n)

K
ay

ac
i e

t a
l.,

 2
01

437
C

T
IM

 (
14

4)
B

C
O

M
I 

(1
08

)
N

/A

1 
(8

4)
2 

(4
2)

3 
(1

2)
4 

(6
)

1 
(6

0)
2 

(3
0)

3 
(1

2)
4 

(6
)

In
ne

r
O

ut
er

C
SD

 (
14

4)
C

SD
 (

10
8)

12
N

/A
N

/A
0/

14
4 

(0
%

)
9/

10
8 

(8
%

)
7 

±
 0

.1
8.

8 
±

 0
.2

N
/A

C
al

lo
vi

ni
 e

t a
l.,

 2
01

438
C

R
 (

34
)

N
/A

0 
(1

9)
1 

(5
)

2 
(7

)
3 

(3
)

O
ut

er
C

SD
 (

34
)

N
/A

1/
34

 (
3%

)
6/

34
 (

18
%

)
2/

34
 (

6%
)

N
/A

Su
ba

ra
ch

no
id

 h
em

or
rh

ag
e 

(1
)

St
ro

ke
 (

2)
H

yg
ro

m
a 

(1
)

C
ar

di
op

ul
m

on
ar

y 
(2

)

L
ee

 e
t a

l.,
 2

00
430

C
R

 (
13

4)
B

H
 (

38
)

N
/A

0 
(4

1)
1 

(7
7)

2 
(4

3)
3 

(2
)

4 
(9

)

N
/A

C
SD

 (
13

4)
C

SD
 (

38
)

N
/A

8/
17

2 
(5

%
)

0/
17

2 
(0

%
)

N
/A

N
/A

Su
bd

ur
al

 e
m

py
em

a 
(2

)

Sv
ie

n 
an

d 
G

el
et

y,
 1

96
439

C
R

 (
19

)
4–

7 
w

ee
ks

(*
10

 d
ay

s 
– 

1 
ye

ar
)

N
/A

N
/A

Pe
nr

os
e 

dr
ai

n 
(1

9)
3

5/
69

 (
7%

)
3/

69
 (

4%
)

0 
(0

%
)

N
/A

N
/A

Ty
so

n 
et

 a
l.,

 1
98

040
C

R
 (

7)
4.

4 
m

on
th

s
N

/A
N

/A
C

SD
 (

7)
22

.5
0 

(0
%

)
1/

7 
(1

4%
)

N
/A

N
/A

Se
ve

re
ly

 d
is

ab
ili

ty
 (

1)

Sa
m

ba
si

v 
an

, 1
99

741
C

R
 (

22
15

) 
B

H
 (

60
)

N
/A

N
/A

In
ne

r
N

/A
C

SD
 (

22
15

)
C

SD
 (

60
)

18
11

/2
21

5 
(.

5%
)

2/
60

 (
3%

)
N

/A
8/

22
15

 (
.4

%
)

11
/6

0 
(1

8%
)

N
/A

N
/A

M
on

do
rf

 e
t a

l.,
 2

00
942

C
R

 (
15

1)
B

H
 (

42
)

N
/A

N
/A

In
ne

r
C

SD
 (

15
1)

C
SD

 (
42

)
N

/A
7/

15
1 

(5
%

)
1/

42
 (

2%
)

0/
19

3 
(0

%
)

42
/1

51
 (

28
%

)
6/

42
 (

14
%

)
N

/A
Se

iz
ur

es
 (

14
)

K
im

 e
t a

l.,
 2

01
143

C
R

 (
58

)
B

H
 (

25
9)

N
/A

0 
(2

4)
1 

(2
8)

2 
(4

)
3 

(0
)

4 
(2

)
0 

(2
02

)
1 

(2
6)

2 
(5

)
3 

(5
)

4 
(2

1)

O
ut

er
 a

nd
 in

ne
r

N
/A

su
bd

ur
al

 C
SD

 (
58

)
C

SD
 (

25
9)

6
2/

58
 (

3%
)

21
/2

59
 (

8%
)

6/
58

 (
10

%
)

38
/2

59
 (

15
%

)
12

/5
8 

(2
1%

)
23

/2
59

 (
9%

)

Sm
al

l C
R

: 3
5.

6 
±

 1
6.

5
L

ar
ge

 C
R

: 3
3.

1 
±

 1
4.

5
B

H
: 3

5.
2 

±
 2

1.
9

IC
H

 (
1)

Se
iz

ur
es

 (
2)

Pn
eu

m
on

ia
 (

3)
In

fe
ct

io
n,

 p
ne

um
oc

ep
ha

lu
s,

 e
pi

du
ra

l 
he

m
at

om
a,

 &
 s

ei
zu

re
 (

9)
Pn

eu
m

on
ia

 &
 s

ep
si

s 
(2

9)

Ta
ni

ka
w

a 
et

 a
l.,

 2
00

144
C

R
 (

16
)

B
H

 (
33

)
N

/A

0 
(1

2)
1 

(3
)

2 
(1

)
0 

(2
1)

1 
(6

)
2 

(4
)

3 
(1

)

O
ut

er
 a

nd
 in

tr
ah

em
at

om
al

N
/A

C
SD

 (
16

)
C

SD
 (

33
)

6
0/

16
 (

0%
)

1/
33

 (
3%

)
N

/A
0/

16
 (

0%
)

4/
33

 1
2%

)
16

.8
 ±

 3
.6

22
.4

 ±
 1

5.
1

N
/A

R
oc

ch
i e

t a
l.,

 2
00

745
C

R
 (

14
)

3.
5 

w
ee

ks
N

/A
N

/A
C

SD
 (

14
)

30
.6

0/
14

 (
0%

)
0/

14
 (

0%
)

0/
14

 (
0%

)
12

0

G
el

ab
er

t-
G

on
za

le
z 

et
 a

l.,
 

20
05

46
C

R
 (

10
00

)
N

/A
N

/A
N

/A
C

SD
 (

10
00

)
N

/A
21

/1
00

0 
(2

%
)

19
6/

10
00

 (
20

%
)

61
/1

00
0 

(6
%

)
7.

9 
(r

an
ge

: 3
–5

1)
E

pi
le

ps
y 

(6
2)

In
tr

ac
ra

ni
al

 h
yp

ot
en

si
on

 (
9)

Su
bd

ur
al

 e
m

py
em

a 
(7

)

World Neurosurg. Author manuscript; available in PMC 2018 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sahyouni et al. Page 17

F
ir

st
 A

ut
ho

r,
 P

ub
lis

he
d 

Y
ea

r
In

te
rv

en
ti

on
 T

yp
e 

(n
)

A
ve

ra
ge

 t
im

e 
fr

om
 in

ju
ry

 t
o 

op
er

at
io

n
C

SD
H

 G
ra

de
 (

n)
O

ut
er

 v
s.

 I
nn

er
 

m
em

br
an

ec
to

m
y

D
ra

in
ag

e
A

ve
ra

ge
 fo

llo
w

 
up

 in
 m

on
th

s
M

or
ta

lit
y 

(%
)

M
or

bi
di

ty
 (

%
)

R
ec

ur
re

nc
e 

(%
)

P
os

t-
op

 d
ur

at
io

n 
in

 
da

ys
M

aj
or

 C
om

pl
ic

at
io

ns
 (

n)

IC
H

 (
4)

Pe
ne

um
oc

ep
ha

lu
s 

(2
)

Pn
eu

m
on

ia
 (

22
)

T
hr

om
bo

em
bo

lic
 c

om
pl

ic
at

io
ns

 (
8)

C
ar

di
ac

 is
su

es
 (

11
)

Se
ps

is
 (

10
)

M
oh

am
ed

, 2
00

947
C

R
 (

39
)

N
/A

N
/A

O
ut

er
Su

bg
al

ea
l s

uc
tio

n 
dr

ai
na

ge
 

(3
9)

3
0 

(0
%

)
0 

(0
%

)
N

/A
N

/A
A

gi
ta

tio
n 

an
d 

de
lir

iu
m

 (
5)

 4
7S

ei
zu

re
 (

2)
 

47
C

he
st

 in
fe

ct
io

n 
(3

)

U
nt

er
ho

fe
 r

 e
t a

l.,
 2

01
648

C
R

 (
52

)
6.

5 
w

ee
ks

(*
1–

20
 w

ee
ks

)

0 
(1

2)
1 

(2
9)

2 
(1

5)
In

ne
r 

(2
8)

Su
bd

ur
al

 J
ac

ks
on

-P
ra

tt 
(5

2)
3–

6 
w

ee
ks

0 
(0

%
)

N
/A

17
/5

7 
(3

0%
)

N
/A

A
cu

te
 s

ub
du

ra
l b

le
ed

in
g 

(2
)

A
cu

te
 s

ub
du

ra
l h

em
at

om
a 

(1
)

Se
iz

ur
e 

(1
)

R
eg

an
 e

t a
l.,

 2
01

549
C

R
 (

58
)

B
H

 (
61

)
N

/A
N

/A
O

ut
er

Su
bd

ur
al

 C
SD

 (
58

)
Su

bd
ur

al
 C

SD
 (

61
)

N
o 

lo
ng

 te
rm

 
fo

llo
w

-u
p

4/
58

 (
7%

)
2/

61
 (

3%
)

N
/A

N
/A

10
.3

7.
3

C
R

 (
32

/5
8)

Se
iz

ur
e 

(3
)

A
cu

te
 s

tr
ok

e 
(4

)
N

ew
 o

ns
et

 a
rr

hy
th

m
ia

 (
1)

A
cu

te
 in

tr
ac

ra
ni

al
 h

em
or

rh
ag

e 
(1

0)
D

ee
p 

ve
in

 th
ro

m
bo

si
s/

pu
lm

on
ar

y 
em

bo
lis

m
 (

1)
M

yo
ca

rd
ia

l i
nf

ar
ct

io
n 

(1
)

R
es

pi
ra

to
ry

 f
ai

lu
re

 (
3)

Pn
eu

m
on

ia
 (

4)
U

nc
om

pl
ic

at
ed

 U
T

I 
(3

)
Su

pe
rf

ic
ia

l w
ou

nd
 in

fe
ct

io
n 

(1
)

B
H

 (
13

/6
1)

Se
iz

ur
e 

(1
)

A
cu

te
 s

tr
ok

e 
(2

)
N

ew
 o

ns
et

 a
rr

hy
th

m
ia

 (
1)

A
cu

te
 in

tr
ac

ra
ni

al
 h

em
or

rh
ag

e 
(2

)
D

ee
p 

ve
in

 th
ro

m
bo

si
s/

pu
lm

on
ar

y 
em

bo
lis

m
 (

2)
M

yo
ca

rd
ia

l i
nf

ar
ct

io
n 

(1
)

R
es

pi
ra

to
ry

 f
ai

lu
re

 (
1)

U
nc

om
pl

ic
at

ed
 U

T
I 

(2
)

C
el

lu
lit

is
 (

1)

V
an

 D
er

 V
ek

en
 e

t a
l.,

 
20

14
50

C
R

 (
12

6)
N

/A

0 
(7

2)
1 

(2
9)

2 
(5

)
3 

(3
)

4 
(0

)

O
ut

er
Su

bd
ur

al
 J

ac
ks

on
 P

ra
tt 

(1
26

)
12

3.
5 

w
ee

ks
(2

.6
–4

40
 w

ee
ks

)
17

/1
26

 (
13

%
)

N
/A

11
/1

26
 (

9%
)

15
.4

 ±
 1

2.
5

43
/1

26
 P

ul
m

on
ar

y 
in

fe
ct

io
n 

(2
4)

U
T

I 
(9

)
D

ec
ub

itu
s 

w
ou

nd
 (

1)
D

ee
p 

ve
no

us
 th

ro
m

bo
si

s 
(1

)
W

ou
nd

 in
fe

ct
io

n 
(2

)
Se

iz
ur

e 
(4

)
Pn

eu
m

oc
ep

ha
lu

s 
(1

)
In

tr
ac

er
eb

ra
l h

em
or

rh
ag

e 
(1

)

W
hi

te
 e

t a
l.,

 2
01

051
C

R
 (

11
6)

B
H

 (
13

0)
N

/A
N

/A
N

/A
C

SD
 (

11
6)

C
SD

 (
13

0)
3

20
/1

16
 (

17
%

)
10

/1
30

 (
8%

)
N

/A
23

/1
16

 (
20

%
)

23
/1

30
 (

18
%

)
N

/A

C
R

Se
iz

ur
e 

(1
0)

Su
bd

ur
al

 e
m

py
em

a 
(3

)
B

H
Se

iz
ur

e 
(1

2)
Su

bd
ur

al
 e

m
py

em
a 

(2
)

E
rn

es
tu

s 
et

 a
l.,

 1
99

752
C

R
 (

10
)

B
H

 (
94

)
N

/A

0 
(5

)
1 

(2
)

2 
(1

)
0 

(3
8)

1 
(3

0)
2 

(1
5)

3 
(9

)

N
/A

C
SD

 (
10

)
C

SD
 (

94
)

N
/A

2/
10

 (
20

%
)

2/
94

 (
2%

)
N

/A
N

/A
M

ed
ia

n:
 1

4 
da

ys
 

ra
ng

e:
1–

71
 d

ay
s

N
/A

A
bb

re
vi

at
io

ns
: B

C
O

M
I 

=
 b

ur
r 

ho
le

 w
ith

 c
ra

ni
ot

om
y 

an
d 

m
em

br
an

e 
in

ci
si

on
; C

R
 =

 c
ra

ni
ot

om
y;

 I
C

H
 =

 in
tr

ac
er

eb
ra

l h
em

at
om

a;
 N

A
 =

 n
ot

 a
va

ila
bl

e;
 C

SD
 =

 c
lo

se
d 

sy
st

em
 d

ra
in

ag
e.

World Neurosurg. Author manuscript; available in PMC 2018 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sahyouni et al. Page 18
* R

an
ge

 r
ep

or
te

d

World Neurosurg. Author manuscript; available in PMC 2018 August 01.


	Abstract
	Introduction
	Material and Methods
	Results
	Discussion
	Conclusions
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2

