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outcomes of adult patients in acute
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Abstract

Introduction: Surfactant is usually deficiency in adult acute respiratory distress syndrome(ARDS) patients and
surfactant administration may be a useful therapy. The aim of this study was to perform a meta-analysis of the
effect of surfactant administration on outcomes of adult patients with acute respiratory distress syndrome.

Methods: PubMed, EMBASE, Medline, Cochrane database, Elsevier, Web of Science and http://clinicaltrials.gov were
searched and investigated until December 2017. Randomized controlled trials(RCTs) comparing surfactant
administration with general therapy in adult patients with ARDS were enrolled. The primary outcome was mortality
(7–10-day, 28–30-day and 90–180-day). Secondary outcome included oxygenation (PaO2/FiO2 ratio). Demographic
variables, surfactant administration, and outcomes were retrieved. Sensitivity analyses were used to evaluate the
impact of study quality issues on the overall effect. Funnel plot inspection, Egger’s and Begger’s test were applied
to investigate the publication bias. Internal validity was assessed with the risk of bias tool. Random errors were
evaluated with trial sequential analysis(TSA). Quality levels were assessed by Grading of Recommendations
Assessment, Development, and Evaluation methodology(GRADE).

Results: Eleven RCTs with 3038 patients were identified. Surfactant administration could not improve mortality of
adult patients [Risk ratio (RR) (95%CI)) = 1.02(0.93–1.12), p = 0.65]. Subgroup analysis revealed no difference of 7–10-
day mortality [RR(95%CI)) = 0.89(0.54–1.49), p = 0.66], 28–30-day mortality[RR(95%CI) = 1.00(0.89–1.12), p = 0.98] and
90–180-day mortality [RR(95%CI) = 1.11(0.94–1.32), p = 0.22] between surfactant group and control group. The
change of the PaO2/FiO2 ratio in adult ARDS patients had no difference [MD(95%CI) = 0.06(− 0.12–0.24), p = 0.5] after
surfactant administration. Finally, TSA and GRADE indicated lack of firm evidence for a beneficial effect.

Conclusions: Surfactant administration has not been shown to improve mortality and improve oxygenation for
adult ARDS patients. Large rigorous randomized trials are needed to explore the effect of surfactant to adult ARDS
patients.
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Background
Acute respiratory distress syndrome (ARDS) is characterized
with diffuse lesions of pulmonary endothelial and alveolar
epithelium cells, resulting in alveolar and interstitial tissue
flooding and edema, reduced lung compliance, imbalanced
lung ventilation flow ratio, decreased lung volume, and re-
fractory dyspnea [1]. In recent years, mechanical ventilation
is regarded as the main therapeutic management for ARDS.
The mortality rate of ARDS is decreasing whereas as high as
30–50% with the continuous optimization of mechanical
ventilation strategy [2]. Given the high mortality rate of
ARDS patients, other effective therapies are still needed.
In the early stage of ARDS, surfactant deficiency and

dysfunction may be a result of the loss in alveolar epithe-
lium, which impairs surface-tension-lowering and results
in bad gas exchange and lung injury. Pulmonary surfactant
is produced by type II pulmonary epithelial cells and
mainly consists of three components: phospholipids, neu-
tral fat and surfactant-specific proteins (including SP-A,
SP-B and SP-C et al). Surfactant can reduce alveolar sur-
face tension, thereby preventing alveolar collapse. Further-
more, pulmonary surfactant can enhance phagocytes
function and maintain immune response in the patients of
ARDS [3]. The mechanisms of action for surfactant in
ARDS were detailed in Table 1. In view of above proper-
ties, administration of pulmonary surfactant can be con-
sidered as a potential therapy for ARDS patients.
Currently, pulmonary surfactant is regarded as stand-

ard treatment for children with acute respiratory failure
[4, 5]. Considering the impact of pulmonary surfactant
on adult ARDS patients, a number of studies have ex-
plored the clinical benefits of administering pulmonary
surfactant to adult patients with ARDS. However, indi-
vidual studies have yielded inconsistent or conflicting
findings. To shed light on these contradictory results
and more precisely evaluate pulmonary surfactant on
adult ARDS patients, we performed a meta-analysis of
randomized controlled trials (RCTs) of pulmonary sur-
factant administration therapy on adult ARDS patients.

Methods
Data sources and searches
Databases (PubMed,EMBASE, Medline, Cochrane data-
base, Elsevier, Web of Science and ClinicalTrials.gov)

were searched until December 2017. Searches strategies
were used with medical key words:<‘adult respiratory
distress syndrome’, ‘acute respiratory distress syndrome’,
or ‘ARDS’>; <‘pulmonary surfactant’ or‘lung surfactant’>;
and < ‘adult’>. We conducted manual searching tech-
niques to identify appropriate studies and applied no
language restrictions. Randomized controlled clinical tri-
als using adult participants (older than 18 years) were in-
cluded in this meta analysis.

Data extraction and study selection
Two reviewers (S-S.M., W.C.) independently screened
and extracted titles, abstracts, and citations to evaluate
each study and any disagreements were resolved by third
reviewer (F-M.G.). The investigators selected and deter-
mined the enrolled studies depending on the inclusion
and exclusion criteria.

Inclusion and exclusion criteria
Trials with following features were included: 1) Type of
study: Randomized controlled clinical trials; 2) Population:
Adult patients (older than 18 years) who were diagnosed
with acute respiratory distress syndrome; 3) Intervention:
pulmonary surfactant administration; 4) Control: ARDS
standard treatment; 5) The following outcomes were
included. a) Primary outcomes: mortality at short term
(7–10-day), mid-term (28–30-day) and long term (90–
180-day); b) Secondary outcomes: PaO2/FiO2 (mmHg).
Exclusion criteria were as follows: 1) The age of partic-

ipants were lower than 18 years old; 2) Trial with insuffi-
cient information; 3) The study was a review, case
report, letter, or other type of publication and animal
trial; 4) The study was non-randomized controlled trial;
5) the study did not include mortality or PaO2/FiO2

data; and 6) the full text was unavailable.

Quality assessment
According to the Cochrane Handbook, random sequence
generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment, in-
complete outcome data and selective reporting were
assessed to research the internal validity of included trials.

Assessment of bias risk
Trial sequential analysis (TSA; TSA software version 0.9
Beta; Copenhagen Trial Unit, Copenhagen, Denmark) was
applied to help to clarify whether additional trials are
needed in the cumulative meta-analysis. TSA also controls
the risks of type I and type II errors for meta-analysis [6, 7].
Grading of Recommendations Assessment, Develop-

ment, and Evaluation methodology (GRADE) pro Guide-
line Development Tool were conducted to evaluate
design, quality, consistency, precision, directness and
possible publication bias of the included trials. GRADE

Table 1 The mechanism of action for surfactant in ARDS

The mechanism of action for surfactant

The capacity to maintain lower alveolar tension and stability of
alveolar volume

Promotion of gas exchange and distribution

Anti-action of edema in alveoli and interstitium

Modulation of systemic inflammatory reactions in ARDS

Reduction of local mechanical forces in ARDS
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was assessed in three levels (high, moderate, low, and
very low).

Data synthesis and analysis
We conducted a meta-analysis on the effect of pulmon-
ary surfactant to adult ARDS patients using the methods
recommended by the Cochrane Collaboration software
RevMan 5.3 (The Nordic Cochrane Centre, Rigshospita-
let, Copenhagen, Denmark). Risk ratio (RR) was reported
with 95% confidence interval (CI) for the dichotomous
data and weighted mean differences(MD) with 95% CIs
for the continuous data. A Z-test was performed to sta-
tistically evaluate the treatment effects in different
groups (13). We measured and quantified the statistical
heterogeneity and inconsistency by the Mantel-Haenszel
(M-H) chi-square test and the I2 test in RevMan 5.3 [8].

The statistically significant heterogeneity was evaluated
as p < 0.10 with the M-H chi-square test. In addition, we
assess I2 index as heterogeneity. Higgins and colleagues
proposed 25, 50 and 75% of I2 values would indicate
low, medium and high heterogeneity, respectively [8]. A
fixed-effect model was used unless there was significant
heterogeneity, in which case we applied a random effects
model. In cases of obvious heterogeneity (p < 0.10 with
M-H test; I2 > 50%), the meta-analysis employed the
random-effects model; otherwise, the meta-analysis used
the fixed-effects model.

Subgroup meta-analysis
A subgroup meta-analysis was performed to determine
the effect of surfactant administration on outcomes of
acute respiratory distress syndrome patients. The

Fig. 1 Flow diagram of the study selection

Meng et al. BMC Pulmonary Medicine            (2019) 19:9 Page 3 of 11



Ta
b
le

2
Ba
se
lin
e
ch
ar
ac
te
ris
tic
s
of

th
e
RC

Ts

st
ud

y,
ye
ar

N
um

be
rs
of

pa
tie
nt
s

D
el
iv
er
y
m
et
ho

d
Ty
pe

of
su
rfa
ct
an
t

Su
rfa
ct
an
t
do

si
ng

(T
ot
al
)

Tr
ea
tm

en
t
du

ra
tio

n
Pr
ed

is
po

si
ng

ev
en

t

W
eg

19
94

[9
]

51
(S
,3
4;
C
,1
7)

A
er
os
ol
iz
ed

ex
os
ur
f(n

o
su
rfa
ct
an
t

pr
ot
ei
n)

21
.9
or

43
.5
m
g
D
PP
C
/K
g/

da
y

12
0
h

se
ps
is

A
nz
ue
to

19
96

[1
0]

72
5(
S,
36
4;
C
,3
61
)

A
er
os
ol
iz
ed

ex
os
ur
f(n

o
su
rfa
ct
an
t

pr
ot
ei
n)

11
2
m
g
D
PP
C
/K
g/
da
y

5
da
ys

se
ps
is

G
re
go

ry
19
97

[1
1]

59
(S
,4
3;
C
,1
6)

In
tr
at
ra
ch
ea
l

bo
vi
ne

lu
ng

ex
tr
ac
t(
co
nt
ai
ni
ng

SP
-B
.C
)

15
0
or

21
00

or
31
00

m
g/
kg

96
h

tr
au
m
a,
as
pi
ra
tio

n,
tr
an
sf
us
io
ns
,se

ps
is

Sp
ra
gg

20
03

[1
2]

40
(S
,2
7;
C
,1
3)

In
tr
at
ra
ch
ea
l

Ve
nt
ic
ut
e(
rS
P-
C-
ba
se
d

su
rfa
ct
an
t)

11
or

20
.5
m
l/k
g

24
h

bu
rn
,a
sp
ira
tio

n,
se
ps
is,
pn

eu
m
on

ia
,tr
au
m
a,

pa
nc
re
at
iti
s

Sp
ra
gg

20
04
(E
S)

[1
3]

22
7(
S,
11
8;
C
,1
09
)

In
tr
at
ra
ch
ea
l

rS
P-
C
-b
as
ed

su
rfa
ct
an
t

1
m
l/k
g

24
h

tr
au
m
a,
as
pi
ra
tio

n,
tr
an
sf
us
io
ns
,se
ps
is,
bu

rn
,

to
xi
c
in
ju
ry

Sp
ra
gg

20
04
(N
A
)[
13
]

22
1(
S,
10
6;
C
,1
15
)

In
tr
at
ra
ch
ea
l

rS
P-
C
-b
as
ed

su
rfa
ct
an
t

1
m
l/k
g

24
h

tr
au
m
a,
as
pi
ra
tio

n,
tr
an
sf
us
io
ns
,se
ps
is,
bu

rn
,

to
xi
c
in
ju
ry

Ts
an
ga
ris

20
07

[1
4]

16
(S
,8
;C
,8
)

In
tr
at
ra
ch
ea
l

na
tu
ra
lb

ov
in
e
su
rfa
ct
an
t

20
0
m
g/
kg

72
h

bl
un

t
ch
es
t
tr
au
m
a

Ke
se
ci
og

lu
20
09

[1
5]

41
8(
S,
20
8;
C
,2
10
)

In
tr
at
ra
ch
ea
l

na
tu
ra
l(p

or
ci
ne

)(c
on

ta
in
in
g

SP
-B
.C
)

60
0
m
g/
kg

36
h

se
ps
is,
tr
au
m
a,
as
pi
ra
tio

n,
sh
oc
k,
pn

eu
m
on

ia

Sp
ra
gg

20
11

[1
6]

84
3(
S,
41
9;
C
,4
24
)

In
tr
at
ra
ch
ea
l

rS
P-
C
-b
as
ed

su
rfa
ct
an
t

1
m
l/k
g

96
h

as
pi
ra
tio

n,
pn

eu
m
on

ia

Lu
20
10

[1
7]

20
(S
,1
0;
C
,1
0)

In
tr
at
ra
ch
ea
l

H
L-
10
(c
on

ta
in
in
g
SP
-B
.C
)

60
0
m
g/
kg

36
h

br
on

ch
op

ne
um

on
ia
,a
sp
ira
tio

n
pn

eu
m
on

ia
,lu
ng

co
nt
us
io
n,
se
ps
is

W
ill
so
n
20
15

[1
8]

30
8(
S,
15
1;
C
,1
57
)

In
tr
at
ra
ch
ea
l

Pn
eu
m
as
ur
f(c
on

ta
in
in
g
SP
-

B.
C
)

30
m
g
pe

r
ce
nt
im

et
er

of
he

ig
ht

12
h

vi
ra
l,b
ac
te
ria
la
nd

as
pi
ra
tio

n
pn

eu
m
on

ia
,e
t
al

st
ud

y,
ye
ar

In
iti
al
A
PA

C
H
E
II
Sc
or
e

In
iti
al
Pa
O
2/
Fi
O
2

En
ro
lle
d
ho

sp
ita
ls

Th
e
lim

ita
tio

n
of

en
ro
lle
d
st
ud

y

W
eg

19
94

[9
]

C
:1
4.
2(
6.
4)

S1
:1
6.
5(
6.
7)

S2
:1
5.
7(
6.
6)

C
:1
46
.5
(2
0.
4)

S1
:1
24
.2
(1
1.
8)

S2
:1
61
.5
(1
6.
2)

20
te
rt
ia
ry

ca
re

m
ed

ic
al

ce
nt
er
s
th
ro
ug

ho
ut

th
e
U
ni
te
d

St
at
es

Sm
al
ls
am

pl
e

A
nz
ue
to

19
96

[1
0]

N
ot

av
ai
la
bl
e

C
:1
40
(6
4)

S:
14
5(
82
)

M
ed

ic
al
–s
ur
gi
ca
li
nt
en

si
ve

ca
re

un
its

of
63

ho
sp
ita
ls
in

ni
ne

co
un

tr
ie
s

C
om

pl
ex

ca
us
es

of
A
RD

S;
In
ad
eq

ua
te

ef
fic
ie
nc
y
of

su
rfa
ct
an
tr
ea
ch
ed

th
e
lu
ng

s;
In
co
m
pl
et
e
su
rfa
ct
an
tp

re
pa
ra
tio
n

G
re
go

ry
19
97

[1
1]

N
ot

av
ai
la
bl
e

C
:1
28
(7
1–
28
6)

S1
:9
8(
84
–

40
2)
;S
2:
12
4(
40
–2
34
)S

3:
13
3(
77
–4
01
)

Fi
ve

cl
in
ic
al
ce
nt
er
s:
Th
e
O
hi
o

St
at
e
U
ni
ve
rs
ity

H
os
pi
ta
l

(C
ol
um

bu
s,
O
H
);
St
.L
ou

is
U
ni
ve
rs
ity

H
ea
lth

Sc
ie
nc
es

C
en

te
r
(S
t.
Lo
ui
s,
M
O
);

H
ar
bo

rv
ie
w

M
ed

ic
al
C
en

te
r

(S
ea
tt
le
,W

A
);U

ni
ve
rs
ity

of
C
al
ifo
rn
ia
,S
an

D
ie
go

;a
nd

U
C
LA

M
ed

ic
al
C
en

te
r(L
os

A
ng

el
es
,C

A
)

C
om

pl
ex

ca
us
es

of
A
RD

S;
In
ad
eq

ua
te

ef
fic
ie
nc
y
of

su
rfa
ct
an
t
re
ac
he
d
th
e
lu
ng

s

Sp
ra
gg

20
03

[1
2]

C
:1
0.
9(
1.
1)

S1
:1
0.
2(
1.
2)

S2
:1
0.
1(
1.
7)

C
:1
33
.6
(8
.9
)
S:
11
3.
9(
8.
3)

H
os
pi
ta
ls
in

N
or
th

A
m
er
ic
a

Sm
al
ls
am

pl
e;
In
ad
eq

ua
te

ef
fic
ie
nc
y
of

su
rfa
ct
an
t
re
ac
he

d
th
e
lu
ng

s

Sp
ra
gg

20
04
(E
S)

[1
3]

C
:1
6.
6(
5.
8)

S:
17
.4
(7
.5
)

C
:1
36
(3
9)

S:
13
7(
40
)

55
ce
nt
er
s
in

A
us
tr
ia
,B
el
gi
um

,
Fr
an
ce
,G

er
m
an
y,
th
e

N
ar
ro
w

tr
ea
tm

en
t
w
in
do

w

Meng et al. BMC Pulmonary Medicine            (2019) 19:9 Page 4 of 11



Ta
b
le

2
Ba
se
lin
e
ch
ar
ac
te
ris
tic
s
of

th
e
RC

Ts
(C
on

tin
ue
d)

N
et
he

rla
nd

s,
So
ut
h
A
fri
ca
,

Sp
ai
n,
Sw

itz
er
la
nd

,a
nd

th
e

U
ni
te
d
Ki
ng

do
m
.

Sp
ra
gg

20
04
(N
A
)[
13
]

C
:1
7.
9(
6.
6)

S:
18
.6
(6
.1
)

C
:1
30
(3
9)

S:
13
2(
40
)

54
ce
nt
er
s
in

C
an
ad
a
an
d
th
e

U
ni
te
d
St
at
es

N
ar
ro
w

tr
ea
tm

en
t
w
in
do

w

Ts
an
ga
ris

20
07

[1
4]

C
:1
6(
4)

S:
15
(3
)

C
:1
03
(1
4)

S:
10
0(
20
)

14
-b
ed

IC
U
in

G
re
ec
e

Sm
al
ls
am

pl
e;
a
si
ng

le
an
d
re
du

ce
d

su
rfa
ct
an
t
do

se

Ke
se
ci
og

lu
20
09

[1
5]

C
:2
5.
2(
7.
3)

S:
25
.7
(8
.2
)

C
:1
61
.4
(5
5.
2)

S:
15
6.
7(
54
.8
)

67
m
ed

ic
al
ce
nt
er
s
in

A
us
tr
ia
,

Be
lg
iu
m
,C

an
ad
a,
D
en

m
ar
k,

Fi
nl
an
d,

Fr
an
ce
,G

er
m
an
y,
th
e

N
et
he

rla
nd

s,
N
or
w
ay
,S
pa
in
,

Sw
ed

en
,a
nd

th
e
U
ni
te
d

Ki
ng

do
m

D
iff
er
en

t
co
nf
ou

nd
in
g
fa
ct
or
s;

H
et
er
og

en
eo

us
na
tu
re

of
A
LI
/A
RD

S
po

pu
la
tio

n;
D
ef
in
iti
on

of
A
LI
/A
RD

S

Sp
ra
gg

20
11

[1
6]

C
:1
7.
8(
0.
32
)
S:
18
(0
.3
3)

C
:1
24
.1
(1
.3
2)

S:
12
3.
8(
1.
3)

In
te
ns
iv
e
ca
re

un
its

of
16
1

m
ed

ic
al
ce
nt
er
s
in

22
co
un

tr
ie
s.

C
om

pl
ex

ca
us
es

of
A
RD

S

Lu
20
10

[1
7]

N
ot

av
ai
la
bl
e

C
:2
00
(6
3)

S:
20
1(
64
)

m
ul
tid

is
ci
pl
in
ar
y
IC
U
of

La
Pi
tié
-S
al
pê

tr
iè
re

H
os
pi
ta
l,

U
ni
ve
rs
ity

Pi
er
re

et
M
ar
ie

C
ur
ie
,P
ar
is
,F
ra
nc
e,

Sm
al
ls
am

pl
e

W
ill
so
n
20
15

[1
8]

C
:6
0(
28
)S

:6
3(
31
)

C
1:
14
7,
S1
:1
35

C
2:
14
3,

S2
:1
36

In
te
ns
iv
e
ca
re

un
its

of
34

m
ed

ic
al
ce
nt
er
s
in

6
co
un

tr
ie
s

C
om

pl
ex

ca
us
es

of
A
RD

S

C
co
nt
ro
l,
S
su
rf
ac
ta
nt

Meng et al. BMC Pulmonary Medicine            (2019) 19:9 Page 5 of 11



primary outcome of the surfactant effect was selected as
mortality. Mortality of ARDS patients were classified
into short term mortality (7–10-day), mid-term mortal-
ity(28–30-day) and long term mortality (90–180-day).
Thus, we performed three subgroups meta-analysis of
different terms of ARDS mortality. Acute physiology and
chronic health evaluation II (APACHE II) is positive cor-
relation of illness severity. The patients of mean

APACHE II > 15 were regarded as more severe ARDS
and also investigated to analysis 28–30-day mortality.

Sensitivity analyses
Sensitivity analyses were used to assess the impact of
study quality issues on the overall effect estimate and
the effect size of all identified trials when neglecting het-
erogeneity and publication status. Sensitivity analyses

Fig. 2 Trial sequential analysis for outcomes in adult ARDS patients after surfactant therapy. a mortality of ARDS. b value of PaO2/FiO2(Fig. 2b)
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were conducted by STATA11.0 (Stata Corporation, Col-
lege Station, TX, USA). A statistical test for funnel plot
asymmetry was used to investigate the publication bias.
Egger’s test and Begger ‘s inspection were also used to
assess bias of meta-analysis conducted by STATA11.0
(Stata Corporation).

Results
Literature search
The process of study selection was presented as flow
diagram in Fig. 1. We initially identified 1762 papers and
excluded 421 duplicates references and 1730 references
after screening the titles and abstracts for the terms
“surfactant”, “acute respiratory distress syndrome” and
“randomized control trial”. We assessed 32 articles for
eligibility and excluded 6 non-randomized references, 9
studies without control, 3 reports, 2 inconformity study

design references and 2 incomplete data references. Fi-
nally, 10 were included in this meta-analysis [9–18]. The
RCT by Spragg 2004 [13] was conducted including re-
sults from both a North American trial (NA) and a
European–South African trial (ES). The data from the
two trials in this manuscript were assessed independ-
ently. Thus, 11 RCTs were enrolled in our meta-analysis.
Eleven trials included 3038 patients. 1545 ARDS patients
who received surfactant administration were regarded as
experiment group, whereas control group (only received
ARDS general therapy). The baseline characteristics of
the included RCTs were shown in Table 2.

Random errors
Trial sequential analysis was calculated for mortality of
ARDS patients and the value of PaO2/FiO2 after surfac-
tant therapy. TSA was calculated with α = 0.05 and β =

Fig. 3 Forest plots of subgroup analyses on the effect of surfactant based on mortality. CI Confidence interval, M-H Mantel-Haenszel
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0.20 (power 80%) and a required diversity-adjusted infor-
mation size based on the intervention effect suggested
by the included trials using fixed-effects models. The cu-
mulated Z-curve (blue) doesn’t crosses the traditional
boundary and trial sequential monitoring boundary, in-
dicating that lack of reliable and conclusive evidence for
beneficial effects of pulmonary surfactant for both mor-
tality (Fig. 2a) and PaO2/FiO2 outcome (Fig. 2b). There
is insufficient information to assess the effect of surfac-
tant for ARDS patients.

Surfactant administration can not improve mortality of
acute respiratory distress syndrome patients
Among the included studies, eleven RCTs reported the
mortality and were included in the primary analysis. We
detected no evidence of a publication bias after a funnel
plot analysis (Additional file 1: Figure S1a). Egger’s test
and Begger’s inspection (p > 0.01) also implied no publi-
cation bias in mortality. In Fig. 3, there was not statisti-
cally insignificant heterogeneity (p = 0.76) and medium
heterogeneity (I2 = 0%) among all mortality in our
meta-analysis. Test for overall effect of mortality be-
tween surfactant group and control group has no differ-
ences[RR(95%CI) =1.02(0.93–1.12), p = 0.65]. Moreover,
a subgroup analysis showed that 7–10-day, 28–30-day
and 90–180-day mortality between surfactant group and
control group also showed no statistical significance. In
analysis of 28–30-day mortality, test for overall effect of
28–30-day mortality (APACHE II > 15) between surfac-
tant group and control group has also no differences
[RR(95%CI) =1.02(0.88–1.18), p = 0.77](Fig. 4). Three
studies included 7–10-mortality (RR(95%CI)=)0.89(0.54–
1.49), p = 0.66), nine studies included 28–30-mortali-
ty(RR(95%CI) =1.00(0.89–1.12), p = 0.98) and two

studies included 90–180-day mortality(RR(95%CI)
=1.11(0.94–1.32), p = 0.22) (Fig. 3). Sensitive analysis of
comparison between surfactant and placebo group
showed the result is stable (Additional file 1: Figure S2).
Overall, we concluded that surfactant administration
could not improve mortality of adult acute respiratory
distress syndrome patients.

Surfactant administration has no significant improvement
in PaO2/FiO2 ratio of acute respiratory distress syndrome
patients
We further made the meta-analysis of the result of PaO2/
FiO2 ratio and three RCTs were included. In Fig. 5, there
was not statistically insignificant heterogeneity (p = 0.3)
and medium heterogeneity (I2 = 16%) among PaO2/FiO2
ratio. Test for overall effect of PaO2/FiO2 ratio between
surfactant group and control group had no obvious differ-
ences[MD(95%CI) =0.06(− 0.12–0.24), p = 0.5]. Taken to-
gether, these suggested that surfactant administration
could not improve PaO2/FiO2 ratio of adult acute respira-
tory distress syndrome patients.

Evaluation of publication bias
We assessed each enrolled RCT by the mode of
randomization, allocation concealment, level of blinding,
incomplete outcome data, selective reporting and other
bias (Fig. 6).

Summary of evidence according to grade
RCTs are often rated high on the GRADE scale. Variable
risks of bias in all the trials lead us to downgrade the
quality of the evidence. Allocation concealment was not
reported totally, and the sample sizes were all small. Our
application of GRADE methodology led us to conclude

Fig. 4 Forest plots of analyses on the effect of surfactant based on 28–30-day mortality(APACHE II > 15). CI Confidence interval,
M-H Mantel-Haenszel
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that the accumulated evidence is of low quality for mor-
tality and PaO2/FiO2 ratio. For a GRADE profile see
Additional file 1: Table S1.

Discussion
Many researches have exhibited it plays an important
role in pediatric patients [4], and it seems sensible that
surfactant would be a useful therapy in adult patients.
Thus,our meta-analysis selected 11 randomized con-
trolled trials. It demonstrated that there was no overall
improvement in mortality (RR 1.02; 95% CI 0.93, 1.12).
Furthermore, subgroup analysis of short, middle and
long term mortality did not demonstrate improved out-
comes. In three of the studies we were not able to assess

the impact of surfactant on oxygenation (PaO2/FiO2 ra-
tio). There was no improved oxygenation after surfactant
administration (MD 0.06; 95% CI -0.12, 0.24). APACHE
II > 15 was not considered as a factor effecting 28–
30-day mortality with surfactant administration (RR
1.02; 95%CI 0.88, 1.18).
The trials we selected were all randomized controlled

trials. Unlike the most recent published meta–analysis,
we updated the meta-analysis with Lu [16] and Willson
[17] research. Depending on clinical practice, we defined
mortality as primary outcome, and PaO2/FiO2 ratio as
secondary outcome. We firstly classified mortality as
three different subgroups, short term mortality(7–
10-day), mid-term mortality(28–30-day) and long term

Fig. 6 Risk bias analysis for enrolled studies. a Risk of bias graph: review authors’ judgments about each risk of bias item presented as
percentages across all included studies. b Risk of bias summary: review authors’ judgments about each risk of bias item for each included study

Fig. 5 Forest plots of the effect of surfactant based on PaO2/FiO2. CI Confidence interval, M-H Mantel-Haenszel
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mortality(90–180-day). Moreover, we applied trial se-
quential analysis to help to clarify whether additional tri-
als are needed in the cumulative meta-analysis and
control the risks of type I and type II errors. We used
GRADE to evaluate design, quality, consistency, preci-
sion, directness and possible publication bias of the in-
cluded trials and levels of trials.
Unfortunately, the quality of the studies varied in our

meta-analysis. The sample sizes were all small. Alloca-
tion concealment was not reported totally, and three tri-
als did not have unequivocal blinding method. It is
possible that we may have missed some important infor-
mation and get an inadequate result.
Adult ARDS patient usually exhibit the surfactant

change of amount and function. Although, surfactant is
useful in children patients and has a clear effect, there are
inadequate evidence of doses and administration methods
due to the change of surfactant ingredients in adult
patients. Pediatric patients usually have etiology of surfac-
tant lack and meconium aspiration, which is unlike in
adult patients of trauma, aspiration, transfusions, sepsis,
burn and toxic injury etiology. Surfactant has been
researched and regarded as immune regulator in patients.
However, children’ immune characteristics are not same
as adult. Recommended dose of surfactant to children
patients is 100–200mg/kg, and higher dose has not obvi-
ous effect. However, the doses to adult patients are not
clear with various doses. Intratracheal administration with
mechanical ventilation is a better method for surfactant
administration [19]. Exogenous surfactant therapy has
many administration methods. Thus, the reasons we dem-
onstrated above give surfactant diffident effects to children
and adult.
We further discovered that there was no improved

oxygenation after surfactant supply. However, Lu et al.
[16] reported increased lung aeration relative to placebo
on CT scan when instillation was accompanied by a re-
cruitment maneuver, increasing tidal volume to 12ml/
Kg PBW and PEEP by 5 cm H2O for 30 min after instil-
lation. Recruitment maneuver may have transitory effect.
Adult ARDS usually is characterized by loss of pulmon-
ary endothelium and epithelium cells, sophisticated eti-
ology, and disordered immune system; simple surfactant
supply was not enough for adult ARDS patients. ARDS
patients usually die of multi-organ system failure from
their underlying disease process (for example sepsis) ra-
ther than from respiratory failure.
Although ARDS patients have deficiency of surfactant,

the mechanisms of ARDS are complex. Surfactant ad-
ministration may help improve the ARDS, but it is sim-
ply not sufficient for changing the outcome of adult
ARDS patients. Varied factors including causes, severity,
immune responses of patients and medical level of doc-
tors influenced the results.

There were some limitations in our meta-analysis.
Firstly, we applied different ingredients of surfactant.
Details can be seen in Table 1. SP-A, SP-B, SP-C, and
SP-D surfactant proteins have been previously identified.
SP-B and SP-C are hydrophobic proteins that enhance
the lowering of surface tension, and SP-A and SP-D are
hydrophilic proteins whose role appears to center
around host defense [20]. It is possible that the presence
or absence of these proteins could change the effective-
ness of therapy. Secondly, the different treatment dur-
ation used may have resulted in varying effects. Different
treatment duration may have different pesticide effect
and pharmacokinetics. Thirdly, different ventilation
strategies were used resulting in different distribution
concentration. High volume strategy of mechanical ven-
tilation could facilitate surfactant distribution. In future
studies, it would be interesting to explore the detailed
mechanisms and relationships between surfactant distri-
bution and different mechanical ventilation strategies.

Conclusions
We found in our meta-analysis that administration of
surfactant was not associated with improved mortality of
adult ARDS patients. Surfactant instillation has no ef-
fects of oxygenation (PaO2/FiO2 ratio) improvement.
Further RCTs of surfactant administration should be
performed to explore the effect of surfactant to adult
ARDS patients.

Additional file

Additional file 1: Figure S1. Analysis of funnel plot for mortality
outcomes in adult ARDS patients after surfactant therapy. Figure S2.
Sensitive analysis for mortality outcomes of adult ARDS patients with
surfactant therapy. Table S1. GRADE profile for quality assessment of
evidence. (DOCX 148 kb)
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