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A B S T R A C T

Background: Recently, many studies have suggested that timely surgery to treat proximal femoral fractures can
benefit patients in many respects. However, both the short- and long-term outcomes, and the perioperative
complications, of early surgery remain controversial. In addition, the optimal cut-off time for early surgery
remains unclear. Thus, we performed a meta-analysis to compare and evaluate the benefits of early versus
delayed surgery in terms of the clinical outcomes of patients with proximal femoral fractures.
Methods: We searched the Cochrane Library, PubMed, EMBASE, and Web of Science databases to February 1,
2018 and retrieved original studies comparing the efficacy of early versus delayed surgery for proximal femoral
fractures. We calculated risk ratios (RRs) and odds ratios (ORs) with 95% confidence intervals (CIs) and com-
pared the outcomes of early and delayed surgery. We performed subgroup analyses to explore mortality and
perioperative complications associated with different cut-off times for surgery, for various periods. Two re-
viewers assessed the quality of the included studies and independently extracted the data. We followed the
suggestions of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement. All
statistical analyses were performed using the standard statistical procedures of Review Manager 5.2.
Results: A total of 27 studies (N=33,727 participants) were included in the present analysis. Compared to
delayed surgery, early surgery significantly reduced mortality and complications. The mortality rates of patients
who underwent surgery within 48 and 24 h of fracture were 28 and 23% less than those of patients operated
upon after 48 h (RR=0.72; 95% CI: 0.71–0.73) and 24 h (RR=0.77; 95% CI: 0.65–0.93). In addition, early
surgery was associated with fewer perioperative complications than delayed surgery (OR=0.52; 95% CI:
0.35–0.76), especially in terms of postoperative pressure ulcers (OR=0.55; 95% CI: 0.45–0.68), urinary tract
infections (OR=0.57; 95% CI: 0.49–0.67), and thromboembolic events (OR=0.61; 95% CI: 0.39–0.96).
Conclusions: Early surgery reduces mortality associated with proximal femoral fractures and the frequency of
serious perioperative complications when comparing with delayed surgery.

1. Introduction

Femoral fractures are a major public health concern in many
countries [1]. Maalouf et al. evaluated 1199 patients and found that
femoral fractures increased exponentially with age; initially, they were
more common in females but the gender difference tended to diminish
over time. The crude annual incidence rate of the patients aged>50
years was 147 per 100,000 (132 per 100,000 males and 160 per
100,000 females) and the female-to-male ratio was 1.2 [2]. In the el-
derly, fractures cause immobility and permanent dependence, nega-
tively impacting the quality of life and placing a financial burden on
healthcare systems [3,4]. Femoral fractures are associated with a high

mortality rate in the elderly, of 14–36% within 1 year [5–7]. Delays in
surgery are associated with complications, increasing healthcare costs
and hospital stays [7]. Pincus et al. found that patients who underwent
surgery later than 24 h post-fracture incurred average direct 1-year
medical costs that were $2638 higher (95% CI: 1595–3,680,
p < 0.0001), and hospital stays 0.610 days longer (95% CI:
0.1749–1.0331, p=0.0058), than those of patients who underwent
surgery within 24 h [7]. Many factors affect clinical outcomes after
femoral fracture, including age, gender, comorbidities, anticoagulation
therapy status, and general physical health [8]. The timing of surgery
may be critical to prognosis. Many studies have suggested that early
surgery can increase the risk of perioperative complications, including
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pneumonia, deep-vein thrombosis, bleeding, pulmonary embolism, ur-
inary tract infection, and decubital ulceration; clinicians lack the time
to optimise preoperative medical status [8,9]. However, many recent
studies have shown that early surgery affords major benefits, in terms of
lower mortality and incidence of perioperative complications (pressure
ulcers, pneumonia, urinary tract infections, and thrombotic events
[9–35]). However, the short- and long-term outcomes, and the perio-
perative complications, of early surgery remain controversial. In addi-
tion, the optimal cut-off time for early surgery remains unclear. Thus,
we performed a meta-analysis comparing and evaluating the efficacy
and safety of early versus delayed surgery in terms of clinical outcomes.
We performed extensive subgroup analyses to explore this issue in great
detail.

2. Materials and methods

2.1. Inclusion and exclusion criteria

The inclusion criteria were: (1) randomised controlled trials (RCTs),
non-RCTs, and prospective and retrospective observational studies; (2)
the use of surgery to treat acute femoral fractures; (3) comparison of the
outcomes of early and delayed surgery; and, (4) data on mortality and
perioperative complications (either reported or obtained on request
from corresponding authors). The exclusion criteria were: (1) animal
studies; (2) abstracts, letters, editorials, expert opinions, reviews, and
case reports; (3) other fractures; (4) studies lacking adequate data; and,
(5) duplicate articles.

2.2. Searches

We searched the PubMed, Embase, Cochrane Library, and Web of
Science databases to February 1, 2018. The search terms were: (1)
“femoral fracture*” OR “femur fracture*” OR “hip fracture*” OR “per-
trochanteric fracture*” OR “subtrochanteric fracture*” OR “inter-
trochanteric fracture*” OR “intracapsular fracture*” OR “extracapsular
fracture*”; (2) “operation” OR “surgery” OR “surgical” OR “operative”;
and (3) “early” OR “time” OR “timely” OR “timing” OR “earlier” OR
“delay” OR “delayed”. The search strategy was: (1) AND (2) AND (3).
Two assessors independently screened all titles and abstracts and then
evaluated the full texts.

2.3. Quality assessment

Two reviewers independently assessed the quality of all studies
using the nine-star Newcastle-Ottawa Scale (NOS) (Table 1); differences
of opinion were resolved by a third reviewer. The scores reflected the
quality of patient selection, comparability, and methods for outcome
evaluation; a score ≥6 reflected high quality [36].

2.4. Data extraction

Data were independently extracted by two reviewers and differ-
ences were usually resolved via discussion, or by a third reviewer. We
used a standardised form to extract sample size, year of publication,
country, trial design, mean patient age, proportion of females, follow-
up time, and outcome data. The work has been reported in line with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [37] and assessing the methodological quality of systematic
reviews (AMSTAR) Guidelines. Data were analysed using RevMan ver.
5.2 software [38].

2.5. Statistical analysis

The outcomes of early and delayed surgery were statistically ana-
lysed [38]. We present the risk ratios (RRs) and odds ratios (ORs) of
mortality and complications with 95% confidence intervals (CIs).

Between-study heterogeneity was evaluated using the chi-squared Q
test [39], and p-values and I2 statistics (range: 0–100%) were generated.
A pheterogeneity (ph)≤ 0.10 was deemed to indicate significant hetero-
geneity [40]. Combined effects were estimated using a random-effects
model (DerSimonian and Laird [41]). If statistical heterogeneity was
not evident (ph > 0.10), we employed the fixed-effects Man-
tel–Haenszel model [42]. Outcomes were considered statistically sig-
nificant if the pooled effects (with 95% CIs) did not contain the unit (1).
To further explore the benefits of early surgery, subgroup analyses of
outcomes at different times were performed, using different cut-offs.

3. Results

3.1. Characteristics and quality of the included studies

Fig. 1 shows that after removal of duplicates from the initial 1430
records, 1320 remained. Title/abstract screening excluded a further
1279 studies; 41 were subjected to full-text evaluation, among which
14 more studies were then excluded. Finally, 27 studies [9–35]
(N=33,727 participants) were included. The sample size ranged from
74 to 6638. All included studies were observational studies; 4 had a
NOS score of 8, 9 had a score of 7, 10 had a score of 6, and 4 had a score
of 5; about 85.2% of these studies were of good quality. The search and
summarisation steps are shown in Fig. 1; study characteristics are listed
in Table 1.

3.2. Early surgery reduces perioperative complications

We also compared the incidence rates of pressure ulcers, pneu-
monia, urinary tract infections, and thromboses between those under-
going early and delayed surgery (Fig. 2‒5). With the exception of
pneumonia, the complication rates were significantly reduced in those
undergoing early surgery for pressure ulcers [pooled OR=0.55; 95%
CI: 0.45–0.68; p < 0.00001; OR=0.57; 95% CI: 0.49–0.67;
p < 0.00001 for urinary tract infections; and OR=0.61; 95% CI:
0.39–0.96; p=0.03 for thromboses]. The between-group pneumonia
incidence did not differ (OR=0.65; 95% CI: 0.38–1.11; p=0.11). We
compared the complication rate between patients who underwent early
and delayed surgery. Analysis of nine studies showed that early (com-
pared to delayed) surgery reduced the incidence of perioperative
complications [pooled OR=0.52, 95% CI: 0.35–0.76; p=0.0008]
(Fig. 6). We used a random-effects model because significant hetero-
geneity was evident (ph < 0.00001, I2= 84%). Thus, compared to
delayed surgery, patients undergoing early surgery experienced 50%
fewer complications.

3.3. Subgroup analyses of perioperative complications

We compared the incidence of complications between those un-
dergoing early and delayed surgery. The pooled results showed that
patients who underwent surgery within 72, 48, and 24 h experienced
fewer complications than those who underwent later surgery; the
pooled ORs were 0.57 (95% CI: 0.35–0.95; p=0.03), 0.39 (95% CI:
0.19–0.79; p=0.009), and 0.59 (95% CI: 0.44–0.78; p=0.0005), re-
spectively. However, surgery within (vs. not within) 6 h did not sig-
nificantly reduce the incidence of complications (OR=1.50; 95% CI:
0.58–3.88; p=0.41). We used fixed-effect models because no sig-
nificant heterogeneity was evident (ph > 0.10), except in subgroup
analysis of the 48-h data (ph < 0.00001, I2= 93%), for which we
employed a random-effects model (Table 2).

3.4. Early surgery reduces mortality

Figs. 7 and 8 show that, compared to delayed surgery, early surgery
(within 24 or 48 h) significantly reduced mortality (by 28% if surgery
was performed within 48 h) (pooled RR=0.72; 95% CI: 0.71–0.73;

P. Chen, et al. International Journal of Surgery 68 (2019) 63–71

64



Ta
bl
e
1

Th
e
ch

ar
ac
te
ri
st
ic
s
of

in
cl
ud

ed
st
ud

ie
s
fo
r
m
et
a-
an

al
ys
is
.

St
ud

y/
Y
ea
r

C
ou

nt
ry

St
ud

y
de

si
gn

Sa
m
pl
e
si
ze

M
ea
n
ag

e
(y
ea
r)

Pr
op

or
ti
on

of
fe
m
al
e

Fo
llo

w
-u
p
ti
m
e

O
ut
co

m
es

N
O
S

sc
or
e

A
l-A

ni
A
N

et
al
.,
20

08
Sw

ed
en

Pr
os
pe

ct
iv
e
st
ud

y
85

0
81

73
%

4
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
4
m
on

th
s
(a
dj
us
te
d
fo
r
ag

e,
se
x,

pr
ef
ra
ct
ur
e
w
al
ki
ng

ab
ili
ty
,

de
m
en

ti
a,

A
SA

sc
or
e)
;p

re
ss
ur
e
ul
ce
r
(a
dj
us
te
d
fo
r
ag

e,
pr
ef
ra
ct
ur
e
w
al
ki
ng

ab
ili
ty
,

de
m
en

ti
a,

A
SA

sc
or
e,

du
ra
ti
on

of
su
rg
er
y)
.

8

Br
et
he

rt
on

C
P
et

al
.,
20

15
U
K

Pr
os
pe

ct
iv
e
ob

se
rv
at
io
na

l
66

38
82

78
%

12
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
1
m
on

th
(a
dj
us
te
d
fo
r
ag

e,
ge

nd
er
,p

re
-f
ra
ct
ur
e
m
ob

ili
ty
,
M
in
i-

M
en

ta
l
Te

st
Sc
or
e,

fr
ac
tu
re

ty
pe

,A
SA

gr
ad

e,
pr
ef
ra
ct
ur
e
re
si
de

nc
e)
.

7

C
re
go

-V
it
a
D

et
al
.,
20

17
Sp

ai
n

Pr
os
pe

ct
iv
e

49
9

83
(6
5–

10
5)

61
%

24
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
6,

12
an

d
24

m
on

th
s;

fu
nc

ti
on

al
ca
pa

ci
ty

(F
A
C
le
ve

l,
M
BI
);
al
l

ou
tc
om

es
:u

na
dj
us
te
d.

5

D
ai
lia

na
Z
et

al
.,
20

13
G
re
ec
e

R
et
ro
sp
ec
ti
ve

21
8

79
64

%
12

m
on

th
s

M
or
ta
lit
y
w
it
hi
n
1
m
on

th
(a
dj
us
te
d
fo
r
ag

e,
se
x,

C
ha

rl
so
n
in
de

x)
;m

or
ta
lit
y
w
it
hi
n
12

m
on

th
s;

(a
dj
us
te
d
fo
r
ag

e,
se
x,

C
ha

rl
so
n
in
de

x)
.

6

D
or
ot
ka

R
H

et
al
.,
20

03
A
us
tr
ia

O
bs
er
va

ti
on

al
18

2
77

76
%

6
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
6
m
on

th
s
pe

ri
op

er
at
iv
e
co

m
pl
ic
at
io
ns

(p
ne

um
on

ia
);
fu
nc

ti
on

al
ca
pa

ci
ty

(m
ob

ili
ty
);
al
l
ou

tc
om

es
:u

na
dj
us
te
d.

8

El
lio

tt
J
et

al
.,
20

03
U
K

Pr
os
pe

ct
iv
e
ob

se
rv
at
io
na

l
17

80
77

%
12

m
on

th
s

M
or
ta
lit
y
w
it
hi
n
12

m
on

th
s
(u
na

dj
us
te
d)
.

7
H
ap

ua
ra
ch

ch
i
et

al
.,
20

14
U
K

Pr
os
pe

ct
iv
e
ob

se
rv
at
io
na

l
14

6
93

84
%

12
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
1
m
on

th
s;

Pe
ri
op

er
at
iv
e
co

m
pl
ic
at
io
ns
;
al
l
ou

tc
om

es
:
un

ad
ju
st
ed

7
K
el
ly
-P
et
te
rs
so
n
P
et

al
.,

20
17

Sw
ed

en
O
bs
er
va

ti
on

al
si
ng

le
co

ho
rt

57
6

82
72

.4
%

12
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
12

m
on

th
s;

Pe
ri
op

er
at
iv
e
co

m
pl
ic
at
io
ns

(p
re
ss
ur
e
ul
ce
r,

pn
eu

m
on

ia
,p

ul
m
on

ar
y
em

bo
lu
s,

ur
in
ar
y
tr
ac
t
in
fe
ct
io
n)
;a

ll
ou

tc
om

es
:u

na
dj
us
te
d.

6

Li
za
ur
-U

tr
ill
a
A

et
al
.,

20
16

Sp
ai
n

Pr
os
pe

ct
iv
e
co

ho
rt

62
8

84
74

%
12

m
on

th
s

m
or
ta
lit
y
w
it
hi
n
12

m
on

th
s
(a
dj
us
te
d
fo
r
ag

e,
ge

nd
er
,
A
SA

,C
ha

rl
so
n
in
de

x,
an

ti
co

ag
ul
at
io
n
th
er
ap

y,
fr
ac
tu
re

ty
pe

,p
ro
st
he

ti
c
im

pl
an

t,
co

m
pl
ic
at
io
n,

re
ad

m
is
si
on

,d
em

en
ti
a,

A
D
L,

m
ob

ili
ty
,p

re
-n
ur
si
ng

re
si
de

nc
e,

nu
rs
in
g
di
sc
ha

rg
e)
.

6

Li
za
ur
-U

tr
ill
a
A

et
al
.,

20
18

Sp
ai
n

Pr
os
pe

ct
iv
e
ob

se
rv
at
io
na

l
12

34
83

.1
(6
5–

92
)

69
.7
%

12
m
on

th
s

R
ea
so
ns

of
de

la
ye

d
su
rg
er
y;

on
e
ye

ar
m
or
ta
lit
y;

m
ai
n
po

st
-o
pe

ra
ti
ve

co
m
pl
ic
at
io
ns
.

7

M
ag

gi
S
et

al
.,
20

10
It
al
y

Pr
os
pe

ct
iv
e

M
ul
ti
ce
nt
er

37
07

82
79

%
6
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
6
m
on

th
s
(u
na

dj
us
te
d,

ba
se
d
on

ly
on

co
m
pl
et
e
fo
llo

w
up

)
6

M
ar
ic
on

da
M

et
al
.,
20

15
It
al
y

Pr
os
pe

ct
iv
e

M
ul
ti
ce
nt
er

56
8

78
(5
0–

10
5)

77
%

12
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
1
m
on

th
(u
na

dj
us
te
d)

m
or
ta
lit
y
w
it
hi
n
12

m
on

th
s;

pe
ri
op

er
at
iv
e

co
m
pl
ic
at
io
ns

w
it
hi
n
4
m
on

th
s.

6

M
or
an

C
G

et
al
.,
20

05
U
K

Pr
os
pe

ct
iv
e
ob

se
rv
at
io
na

l
26

60
80

(1
7–

10
3)

76
%

12
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
1
m
on

th
s;

pe
ri
op

er
at
iv
e
co

m
pl
ic
at
io
ns

(e
m
bo

lis
m
).

6
M
uh

m
M

et
al
.,
20

13
G
er
m
an

y
Pr
os
pe

ct
iv
e

13
8

84
86

%
12

m
on

th
s

M
or
ta
lit
y
w
it
hi
n
12

m
on

th
s
(u
na

dj
us
te
d)

8
O
ro
sz

G
M

et
al
.,
20

04
U
S

Pr
os
pe

ct
iv
e

M
ul
ti
ce
nt
er

12
06

82
80

.6
%

6
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
6
m
on

th
s;

pe
ri
op

er
at
iv
e
co

m
pl
ic
at
io
ns
;
fu
nc

ti
on

al
ca
pa

ci
ty

(F
IM

)
(p
ro
pe

ns
it
y
sc
or
e
m
at
ch

ed
).

5

O
zt
ur
k
A

et
al
.,
20

10
Tu

rk
ey

Pr
os
pe

ct
iv
e

74
78

70
%

12
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
12

m
on

th
s
(u
na

dj
us
te
d)
.

7
Pa

ju
la
m
m
i
H
M

et
al
.,

20
16

Fi
nl
an

d
Pr
os
pe

ct
iv
e

14
25

84
75

%
12

m
on

th
s

M
or
ta
lit
y
w
it
hi
n
12

m
on

th
s;

fu
nc

ti
on

al
ca
pa

ci
ty

(m
ob

ili
ty
);
al
l
ou

tc
om

es
:

un
ad

ju
st
ed

.
6

Pi
ol
i
G

et
al
.,
20

12
It
al
y

Pr
os
pe

ct
iv
e
m
ul
ti
ce
nt
er

co
ho

rt
st
ud

y
80

6
86

76
%

12
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
12

m
on

th
s
(a
dj
us
te
d
fo
r
ag

e,
se
x,

A
D
L,

C
ha

rl
so
n
in
de

x)
;f
un

ct
io
na

l
ca
pa

ci
ty

(m
ob

ili
ty
,A

D
L;

un
ad

ju
st
ed

).
5

Po
h
K
S
et

al
.,
20

13
Si
ng

ap
or
e

Pr
os
pe

ct
iv
e

29
4

78
.1

70
%

N
R

Pe
ri
op

er
at
iv
e
co

m
pl
ic
at
io
ns

(u
na

dj
us
te
d)

6
R
ae

H
C
et

al
.,
20

07
A
us
tr
al
ia

O
bs
er
va

ti
on

al
st
ud

y
22

2
79

(5
1–

95
)

72
%

18
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
1
m
on

th
s
(a
dj
us
te
d
fo
r
pr
eo

pe
ra
ti
ve

le
ng

th
of

st
ay

,A
SA

sc
or
e,

pr
oc

ed
ur
e,

ag
e,

th
ea
tr
e
ca
nc

el
la
ti
on

s,
se
x)
.

6

Si
eg

m
et
h
A
W

et
al
.,
20

05
U
K

Pr
os
pe

ct
iv
e

36
28

81
81

%
12

m
on

th
s

M
or
ta
lit
y
w
it
hi
n
12

m
on

th
s
(u
na

dj
us
te
d)

5
Sm

ek
ta
la

R
et

al
.,
20

00
G
er
m
an

y
Pr
os
pe

ct
iv
e

16
1

84
93

%
12

m
on

th
s

M
or
ta
lit
y
du

ri
ng

ho
sp
it
al

st
ay

(u
na

dj
us
te
d)

7
Sm

ek
ta
la

R
et

al
.,
20

08
G
er
m
an

y
Pr
os
pe

ct
iv
e
ob

se
rv
at
io
na

l
st
ud

y
29

16
82

80
%

12
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
12

m
on

th
s
(a
dj
us
te
d
fo
r
ag

e,
se
x,

ti
m
e
fr
om

fr
ac
tu
re

to
su
rg
er
y,
A
SA

,
M
BI
,c

om
or
bi
di
ti
es
,
po

st
op

er
at
iv
e
co

m
pl
ic
at
io
ns
)
-
pe

ri
op

er
at
iv
e
co

m
pl
ic
at
io
ns

(p
ne

um
on

ia
,
em

bo
lis
m
,U

TI
,p

re
ss
ur
e
ul
ce
r;

un
ad

ju
st
ed

).

6

Tr
pe

sk
i
S
et

al
.,
20

13
M
ac
ed

on
ia

Pr
os
pe

ct
iv
e

12
0

74
78

%
6
m
on

th
s

M
or
ta
lit
y
w
it
hi
n
1
m
on

th
s;

m
or
ta
lit
y
w
it
hi
n
6
m
on

th
s
al
l
ou

tc
om

es
:u

na
dj
us
te
d.

7
V
er
te
lis

A
et

al
.,
20

09
Li
th
ua

ni
a

Pr
os
pe

ct
iv
e

26
5

74
68

%
12

m
on

th
s

M
or
ta
lit
y
w
it
hi
n
12

m
on

th
s
(a
dj
us
te
d
fo
r
se
x,

ag
e,

os
te
os
yn

th
es
is
,
ar
ri
va

l
to

ho
sp
it
al
).

7

V
id
an

M
T
et

al
.,
20

11
Sp

ai
n

Pr
os
pe

ct
iv
e
co

ho
rt

22
50

84
82

%
m
ed

ia
n
10

da
ys

M
or
ta
lit
y
du

ri
ng

ho
sp
it
al

st
ay

(a
dj
us
te
d
fo
r
ag

e,
de

m
en

ti
a,

co
m
or
bi
di
ti
es
,
A
D
L)

-
pe

ri
op

er
at
iv
e
co

m
pl
ic
at
io
ns

(u
na

dj
us
te
d)

8

Y
on

ez
aw

a
T
et

al
.,
20

09
Ja
pa

n
Pr
os
pe

ct
iv
e

53
6

83
83

%
A
ve

ra
ge

39
.1

da
ys

M
or
ta
lit
y
du

ri
ng

ho
sp
it
al

st
ay

;f
un

ct
io
na

l
ca
pa

ci
ty

(m
ob

ili
ty
);
al
l
ou

tc
om

es
:

un
ad

ju
st
ed

.
7

P. Chen, et al. International Journal of Surgery 68 (2019) 63–71

65



p < 0.00001). We used a fixed-effects model because no significant
between-study heterogeneity (ph < 0.30 and I2= 14%) was evident.
Patients who underwent surgery within 24 h showed a reduction in
mortality rate of 23% (RR=0.77; 95% CI: 0.65–0.93) compared to
patients operated upon later. We used a random-effects model because
significant between-study heterogeneity (ph=0.0005 and I=64%)
was apparent.

3.5. Subgroup analyses of mortality

We performed seven analyses on 15 subgroups (Table 3). Surgery
within (vs. not within) 72 h of fracture did not increase overall mor-
tality (RR=0.81; 95% CI: 0.59–1.11), or mortality within 1 month
(RR=0.78; 95% CI: 0.36–1.71) or 12 months (RR=0.81; 95% CI:
0.57–1.15). Surgery within (vs. not within) 48 h significantly reduced
overall mortality and mortality within 1 month (RR=0.79; 95% CI:
0.66–0.95) and 12 months (RR=0.72; 95% CI: 0.70–0.73). Surgery
within (vs. not within) 36 h did not increase overall or 1-, 4-, or 12-

month mortality. Surgery within 24 h significantly reduced overall and
12- month mortality (RR=0.68; 95% CI: 0.56–0.84), but not 1-month
mortality (RR=1.05; 95% CI: 0.90–1.22). Surgery within 18 h sig-
nificantly reduced only 6-month mortality (RR=0.49; 95% CI:
0.25–0.96). Surgery within 12 h reduced only 1-month mortality
(RR=0.64; 95% CI: 0.45–0.91). Surgery within 6 h did not reduce 1- or
12-month mortality.

4. Discussion and conclusion

Recently, many researchers have reported that patients with prox-
imal femoral fractures who received early surgical treatment benefitted
in many aspects. Surgery for such patients is often delayed. Lizaur-
Utrilla et al. found that the principal medical reasons for delayed sur-
gery were chronic chest conditions (23.8%) and the need to reverse
antiplatelet therapy (23.1%). The principal logistical reasons were the
unavailability of operating theatres (23.0%) and pending medical
consultations (20.0%) [18]. The effects of surgical timing remain

Fig. 1. Flow diagram showing the search strategy for studies included in this systematic review and Meta-analysis.

Fig. 2. Forest plot showing the comparison between early and delayed surgery for proximal femoral fractures regarding postoperative pressure ulcers.
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controversial. Some authors have reported that early surgery (within
48 h) reduced complications and mortality [43,44], but others found
otherwise [45,46]. In some studies, no negative effects were apparent if
surgery proceeded within 4 days of admission [47,48]. Rodriguez-Fer-
nandez retrospectively analysed patients experiencing average surgical
delays of more than 1 week and prospectively evaluated patients op-
erated upon within 48 h of fracture, or as soon as their medical con-
ditions permitted [48]. More complications (pressure ulcers, urinary
infections, deep vein thromboses, and extended postoperative hospital
stays) were evident in those for whom treatment was delayed, but no
differences in mortality were evident at 3 months or 1 year [48]. De-
layed surgery will be reverse anti-platelet therapy or anticoagulation
because our result indicated that the incidence of deep vein thrombosis
was higher that early surgery. A 1-week treatment delay did not in-
crease the mortality rate or prolong recovery, but did increase the in-
cidence of postoperative complications; it was suggested that elderly
patients should undergo surgery as soon as their medical conditions
permitted [48]. Thus, the effects of early/delayed surgery on short-/
long-term outcomes and perioperative complications remain unclear. In
addition, the optimal surgical timing is also unclear. Thus, we com-
pared efficacy and safety between early and delayed surgery in this
context. and found that early surgery reduced mortality and compli-
cations. The mortality of those who underwent surgery within 48 h was
28% less than that of patients operated upon after 48 h (Table 2),
consistent with the data of Klestil et al., who found that the absolute
rate of mortality within 12 months was 17% and 21% in patients who
underwent surgery before and after 48 h; the long-term mortality rate
was thus 20% less in the former patients [49]. Further, our subgroup
analysis newly revealed a significant reduction in 1-month mortality in
patients who underwent early surgery. In addition, the mortality rate of
patients who underwent surgery within 24 h fell by 23% compared to
that of patients undergoing later surgery, attributable principally to a
reduction in 12-month (not 1-month) mortality, unlike the study of

Klestil [49]. In addition, patients operated upon within 18 and 12 h
experienced reduced 6- and 1-month mortality rates, respectively
(Table 2). It was unexpected that surgeries with the longest and shortest
cut-offs (72 and 6 h) were not associated with significant differences in
mortality. Surgery within either 24 or 48 h significantly reduced mor-
tality; surgery within shorter or longer times did not. Also, patients
operated upon within 24, 48, or 72 h experienced significantly fewer
complications than those operated upon later; surgery within 6 h did
not affect either mortality or the rate of complications. However, Dor-
otka et al. found that patients operated upon within 6 h of fracture had
significantly lower mortality [14], and those operated upon within 24 h
exhibited better outcomes than those for whom surgery was delayed. It
was concluded that surgery should proceed even after pre-clinical de-
lays of more than 6 h [14]. One early systematic review and meta-
analysis assessed the impact of timing of surgery in elderly patients
with acute hip fracture on morbidity and mortality [49]. Their results
showed that patients operated on within 48 h had a 20% lower risk of
dying within 12 months. They found that no statistical significant dif-
ferent mortality risk was observed when comparing patients operated
on within or after 24 h. Our pooled analysis results concur with the
result that patients operated on within 48 h had a 20% lower risk of
dying within 12 months. However, the difference was that we found
significant reduction of mortality in patients operated on within 24 h.
This inconsistence should be cleared if early surgery has different effect
on hip and proximal femoral fractures.

Our paper has several limitations, the most significant being the
wide variation in sample size of included studies. Although we analysed
33,727 patients, sample size ranged from 74 to 6.638 among studies,
which may have created bias [11,24]. Also, although all included stu-
dies were prospective, none was an RCT. Thus, many factors that might
affect the results were poorly controlled. Given the limitations of non-
RCTs, future well designed, high quality RCTs are desirable but would
be difficult to justify given the outcomes already known. In addition,

Fig. 3. Forest plot showing the comparison between early and delayed surgery for proximal femoral fractures regarding postoperative pneumonia.

Fig. 4. Forest plot showing the comparison between early and delayed surgery for proximal femoral fractures regarding postoperative urinary tract infection.
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the ages of included patients ranged from 74 to 93 years [16,32],
possibly leading to heterogeneity and inconsistent outcomes. For ex-
ample, Hapuarachchi found a significant reduction in the mortality of
patients of mean age 93 years when they were operated upon within
48 h [16], but the opposite was reported by Trpeski et al. for patients of
mean age 74 years [32]. In addition, mortality and complications may
have been influenced by fracture site or type; we did not subject these
variables to subgroup analysis because there were insufficient data.
Finally, other studies have reported that medical conditions and gender
were more important in terms of mortality than was a delay in surgery
[50]. One study reported that early surgery was associated with higher
mortality in patients who were unwell at the time of injury [35]. We did
not include comorbidities in our evaluation; further research is thus
required. Randomised trials controlling for various possible biases are
needed. Also, the optimal timing of early surgery should be further

explored.
In conclusion, our meta-analysis indicates that early surgery reduces

the mortality of patients with proximal femoral fractures and minimises
perioperative complications. Stable patients should undergo surgery as
soon as possible.
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Table 2
The pooled results of subgroup analysis according to cut-off values of operative time for the perioperative complications of proximal femoral fractures patients.

Subgroups Pooled results Heterogeneity

OR 95% CI P value I2 Ph value Analytical effect model

Pressure ulcers 0.55 0.45, 0.68 <0.00001 0% 0.68 Fixed-effect model
Pneumonia 0.65 0.38, 1.11 0.11 70% 0.005 Random-effect model
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Overall complications
Cut-off value of 72 h 0.57 0.35, 0.95 0.03 0% 0.43 Fixed-effect model
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