
The FDA has stated that it is the responsibility of the physician to determine the FDA clearance status of each drug or medical 
device he or she wishes to use in clinical practice.
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Operative Treatment of Rib Fractures in Flail Chest Injuries: 
A Meta-Analysis and Cost-Effectiveness Analysis  
Eric Swart, MD1; Joseph Laratta, MD2; Gerard Slobogean, MD3; Samir Mehta, MD4

1Carolinas Medical Center, Charlotte, North Carolina, USA; 
2Columbia University, New York, New York, USA; 
3University of Maryland, Baltimore, Maryland, USA;
4Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania, USA
 
Background/Purpose: Flail chest is a common injury sustained by patients who suffer 
from high-energy blunt chest trauma, and results in severe respiratory compromise due 
to altered mechanics or respiration with paradoxical chest wall motion. Historically treat-
ment has been supportive, with patients treated with pain control and respiratory assis-
tance, usually in the form of mechanical ventilation. However, there has been increased 
interest in operative fixation of these injuries with the intention of restoring the mechanical 
integrity of the chest wall and several studies have shown that ventilation requirements 
and pulmonary complications may be decreased with operative intervention. The purpose 
of this study was to conduct a cost-effectiveness analysis, supported by systematic review 
and meta-analysis, to evaluate if the respiratory benefits and decreased ventilator support 
after fixation is enough to justify the additional cost requirements of operative fixation and 
perioperative complications.
 
Methods: This was a two-part study in which we initially conducted a systematic review 
and meta-analysis of the current literature evaluating outcomes after operative fixation 
of flail chest injuries. Major outcome measures investigated included ICU stay/ventilator 
requirements, total hospital length of stay, perioperative complications, pneumonia, tra-
cheostomy, and mortality. The results from that analysis were then applied to a decision-
analysis model comparing the costs and outcomes of operative fixation versus nonopera-
tive treatment of flail chest injuries. Clinical outcome measures were determined from our 
meta-analysis, and health utility states and costs were derived from existing literature and 
Medicare costs. The validity of the results were tested using multiway sensitivity analysis 
within literature-reported ranges.
 
Results: Operative treatment decreased mortality, pneumonia, and tracheotomy (risk ra-
tios of 0.41, 0.45, and 0.37 respectively), as well as time in ICU and total length of stay (3.2 
and 2.9 days, respectively). For the base case in the economic model (a polytrauma patient 
suffering a flail chest injury), operative fixation was the dominant strategy (decreased total 
cost and increased quality of life), decreasing total cost by $801 and improving quality-
adjusted life years by 5.82 per case. These results were maintained for all ranges tested in 
sensitivity analysis, as long as overall surgical complication rate stayed below 27%.
 
Conclusion: Surgical fixation of rib fractures sustained from flail chest injuries decreases 
ICU time, mortality, pulmonary complications, and hospital length of stay, and results in 
improved health care-related outcomes at a net decreased cost. These results are sensitive 
to overall complication rates, and operations should be conducted by surgeons or com-
bined surgical teams comfortable with both thoracic anatomy and exposures as well as 
with the principles and techniques of internal fixation. 
 
 



See pages 49 - 106 for financial disclosure information.

592

PO
ST

ER
 A

BS
TR

A
CT

S

Ta
bl
e 
1 
– 
Re

su
lts

 o
f L
ite

ra
tu
re
 R
ev

ie
w
 a
nd

 M
et
a‐
An

al
ys
is
 

  
  

  
N
um

be
r o

f p
at
ie
nt
s 

  
Ve

nt
ila
to
r T

im
e 
[d
ay
s]
 

  
IC
U
 L
O
S 
[d
ay
s]
 

  
Ho

sp
ita

l L
O
S 
[d
ay
s]
 

  
M
or
ta
lit
y 

  
Pn

eu
m
on

ia
 

  
Tr
ac
he

os
to
m
y 

  
O
RI
F 

N
on

‐O
p 

O
RI
F 

N
on

‐O
p 

O
RI
F 

N
on

‐O
p 

O
RI
F 

N
on

‐O
p 

O
p 

N
on

‐O
p 

O
p 

N
on

‐O
p 

O
p 

N
on

‐O
p 

St
ud

y 
Lo
E 

  
  

  
  

Av
g 

SD
 

Av
g 

SD
 

  
Av

g 
SD

 
Av

g 
SD

 
  

Av
g 

SD
 

Av
g 

SD
 

  
In
c 

In
c 

  
In
c 

In
c 

  
In
c 

In
c 

Ah
m
ed

 e
t a

l.2
9  

3 
26

 
38

 
3.
9 

4.
3 

15
.0
 

6.
4 

9.
0 

3.
9 

21
.0
 

5.
3 

0.
08

 
0.
29

 
0.
15

 
0.
50

 
0.
12

 
0.
37

 

Al
th
au

se
n 
et
 a
l30
. 

3 
22

 
28

 
4.
1 

4.
7 

9.
7 

7.
4 

7.
3 

4.
2 

9.
7 

6.
1 

11
.9
 

6.
5 

19
.0
 

8.
8 

0.
05

 
0.
25

 
0.
14

 
0.
39

 

Ba
lc
i e
t a

l.3
1  

3 
27

 
37

 
3.
1 

1.
8 

7.
2 

5.
8 

18
.3
 

7.
6 

19
.3
 

6.
9 

0.
11

 
0.
27

 
0.
00

 
0.
19

 

de
 M

oy
a 
et
 a
l.3

2  
3 

16
 

32
 

7.
0 

8.
0 

6.
0 

10
.0
 

9.
0 

8.
0 

7.
0 

10
.0
 

18
.0
 

12
.0
 

16
.0
 

11
.0
 

0.
31

 
0.
38

 
  

Do
be

n 
et
 a
l.1

3  
3 

10
 

11
 

8.
2 

6.
9 

18
.0
 

11
.9
 

12
.5
 

6.
2 

15
.3
 

9.
8 

21
.6
 

9.
6 

28
.5
 

14
.1
 

0.
00

 
  

G
ra
ne

tz
ny
 e
t a

l.2
8  

1 
20

 
20

 
2.
0 

4.
9 

12
.0
 

8.
8 

9.
6 

4.
4 

14
.6
 

7.
3 

11
.7
 

6.
8 

23
.1
 

10
.4
 

0.
10

 
0.
15

 
0.
10

 
0.
50

 
  

G
ra
nh

ed
 e
t a

l.g
ra
n1

0  
3 

60
 

15
3 

2.
7 

2.
8 

9.
0 

3.
2 

0.
03

 
0.
00

 
  

Ja
yl
e 
et
 a
l.9
 

3 
10

 
10

 
3.
1 

5.
2 

5.
9 

9.
4 

9.
0 

4.
3 

12
.3
 

8.
5 

21
.7
 

7.
8 

32
.3
 

19
.3
 

0.
40

 
0.
30

 
  

Ka
re
v 
et
 a
l.3

3  
3 

40
 

93
 

2.
3 

0.
6 

6.
3 

1.
2 

0.
23

 
0.
46

 
0.
15

 
0.
34

 
  

Ki
m
 e
t a

l.3
4  

3 
18

 
45

 
0.
06

 
0.
22

 
  

M
ar
as
co
 e
t a

l.1
1  

1 
23

 
23

 
6.
3 

3.
5 

7.
5 

5.
4 

13
.5
 

3.
0 

18
.7
 

4.
1 

0.
00

 
0.
04

 
0.
48

 
0.
74

 
0.
39

 
0.
70

 

N
iru

la
 e
t a

l.3
5  

3 
30

 
30

 
6.
5 

1.
3 

11
.2
 

2.
6 

12
.1
 

1.
2 

14
.1
 

2.
7 

18
.8
 

1.
8 

21
.1
 

3.
9 

  

Ta
na

ka
 e
t a

l.3
6  

1 
18

 
19

 
10

.8
 

3.
4 

18
.3
 

7.
4 

16
.5
 

7.
4 

26
.8
 

13
.2
 

0.
22

 
0.
89

 
0.
28

 
0.
79

 

Te
ng

 e
t a

l.3
7  

3 
32

 
28

 
14

.0
 

3.
9 

20
.0
 

7.
4 

8.
7 

3.
5 

15
.2
 

6.
1 

17
.1
 

5.
4 

22
.4
 

8.
8 

0.
13

 
0.
43

 
  

Vo
gg
en

re
ite

r e
t a

l.3
8  

3 
20

 
22

 
18

.8
 

20
.3
 

27
.2
 

27
.8
 

0.
15

 
0.
36

 
0.
25

 
0.
32

 
  

Xu
 e
t a

l.3
9  

3 
  

17
 

15
 

  
10

.5
 

3.
7 

13
.7
 

4.
4 

  
15

.9
 

5.
0 

19
.6
 

5.
0 

  
  

  
  

  
  

0.
00

 
0.
07

 
  

0.
59

 
0.
93

 
  

0.
12

 
0.
40

 

H
et
er
og

en
ei
ty
 (I

2 )
 

  
  

  
  

81
%
 

  
63

%
 

  
44

%
 

  
0%

 
  

40
%
 

  
0%

 

M
et
a‐
an

al
ys
is
 e
ff
ec
t s
iz
e 
(S
D
) 

5.
26

 d
ay
s (
± 
0.
92

 d
ay
s)
 

3.
81

 d
ay
s (
± 
0.
82

 d
ay
s)
 

2.
88

 d
ay
s (
± 
0.
61

da
ys
) 

RR
 0
.4
1 
(±
 0
.0
9)
 

RR
 0
.4
5 
(±
 0
.0
6)
 

RR
 0
.3
7 
(±
 0
.0
8)
 

Ef
fe
ct
 si
ze
 u
si
ng

 o
nl
y 
le
ve

l 1
 st
ud

ie
s 

  
6.
03

 d
ay
s (
± 
2.
74

 d
ay
s)
 

  
6.
84

 d
ay
s (
± 
2.
48

 d
ay
s)
 

  
3.
01

 d
ay
s (
± 
0.
73

 d
ay
s)
 

  
RR

 0
.5
6 
(±
 0
.5
7)
 

  
RR

 0
.3
9 
(±
 0
.0
9)
 

  
RR

 0
.4
6 
(±
 0
.1
1)
 

O
RI
F 
= 
op

en
 re

du
ct
io
n 
in
te
rn
al
 fi
xa
tio

n.
 N
on

‐O
p 
= 
pa

tie
nt
s t
re
at
ed

 n
on

‐o
pe

ra
tiv

el
y 
w
ith

 st
an

da
rd
 o
f c
ar
e.
 L
oE

 =
 L
ev
el
 o
f E

vi
de

nc
e.
 A
vg
 =
 A
ve
ra
ge
 v
al
ue

. S
D 
= 
St
an

da
rd
 D
ev
ia
tio

n.
 In

c 
= 
In
ci
de

nc
e 
ra
te
. R

R 
= 
ris
k 
ra
tio

 


	_GoBack
	_GoBack
	IDX
	_GoBack
	_GoBack

