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Exogenous Surfactant May Improve Oxygenation but Not Mortality in Adult
Patients with Acute Lung Injury/Acute Respiratory Distress Syndrome:
A Meta-Analysis of 9 Clinical Trials

Haoyu Meng, MD,*t Ying Sun, MD,t Jun Lu, MD,* Shukun Fu, MD,* Zhaoyi Meng, MD,
Melanie Scott, MD, PhD,§ and Quan Li, MD, PhD*

Objective: To evaluate whether exogenous surfactant
therapy may be useful in adult patients with acute lung
injury or acute respiratory distress syndrome, using a meta-
analysis of published clinical trials.

Design: A comprehensive literature search was performed
to identify all randomized clinical trials examining the ef-
fects of the treatment of acute lung injury/acute respiratory
distress syndrome with exogenous surfactant in adults. The
primary outcome measurement was mortality 28 or 30 days
after randomization. Secondary outcome measurements in-
cluded a change in the ratio of the partial pressure of arterial
oxygen to the fraction of inspired oxygen in the first 24
hours or after 120 hours, the number of ventilation-free
days, and any adverse effects. The meta-analysis was per-
formed using the Review Manager 5.0.0 system.

Participants: Randomized clinical trials.

Intervention: Meta-analysis of 9 trials.

Measurements and Main Results: Nine trials involving
2,575 patients were included in the meta-analysis. The anal-
ysis showed that treatment with exogenous pulmonary sur-

CUTE LUNG INJURY (ALI) and acute respiratory dis-

tress syndrome (ARDS) usually are associated with de-
creased surfactant production and function, which may lead to
an increased alveolar surface tension, alveolar collapse, and
decreased parenchymal compliance.!* Airway pressures
needed to open alveoli that have low surfactant are exceedingly
high. Some case-control studies have shown that treatment with
exogenous surfactant can improve oxygenation and decrease
mortality in ALI/ARDS.>® Theoretically, the exogenous sur-
factant can decrease surface tension, increase parenchymal
compliance, and make ventilation easier, which would lead to
a better clinical outcome. Furthermore, the surfactant has im-
portant roles in the host immune defense through specific and
nonspecific mechanisms, and it should have the ability to
protect against ventilator-associated pneumonia.” However,
other research has shown no significant improvement in mor-
tality or oxygenation with exogenous surfactant treatment in
patients with ALI/ARDS.”® The different findings may be
caused by the differences in the techniques of surfactant ad-
ministration and the formulation of the surfactant used. Work
continues on improving surfactant delivery techniques, but it
remains unclear whether the pulmonary effects of surfactant
treatment are sufficient to alter the clinical outcome.

A meta-analysis performed >4 years previously investigated
the effectiveness of an exogenous pulmonary surfactant in the
treatment of adult patients with ALI or ARDS and reported that
an exogenous surfactant may improve oxygenation but not
mortality.” In the subsequent 4 years, several more clinical
randomized controlled trials (RCTs) assessing the effectiveness
of a surfactant in ALI/ARDS have been reported, and this has
increased the overall sample. The present meta-analysis used
this new larger sample and extra data from the recent trials to
further evaluate the effectiveness of surfactant administration
to adult patients with ALI/ARDS.

factant does not decrease mortality significantly. There was
a significant effect of exogenous surfactant treatment on the
change in the partial pressure of arterial oxygen/fraction of
inspired oxygen ratio in the first 24 hours but this was lost
by 120 hours. The duration of ventilation trended lower in
surfactant-treated patients but this was not significant. In
addition, surfactant-treated patients had a significantly
higher risk of adverse effects.

Conclusions: An exogenous surfactant may improve oxy-
genation over the first 24 hours after administration. How-
ever, treatment does not improve mortality and oxygen-
ation over =120 hours after administration and results in a
high rate of adverse effects. Therefore, the present data
suggest that an exogenous surfactant cannot be considered
an effective adjunctive therapy in patients with acute lung
injury/acute respiratory distress syndrome.
© 2012 Elsevier Inc. All rights reserved.

KEY WORDS: randomized control trial, PaO,:F/O,, exoge-
nous surfactant, pulmonary surfactant, adverse effects

METHODS
Eligibility and Search Strategy

A comprehensive literature search was performed to identify trials
that compared pulmonary surfactant treatment with standard-of-care
therapy in adults diagnosed with ALI or ARDS. The literature was
scanned by computerized searches of PubMed, Embase, Cochrane
Library, and Chinese Medical Journal Network databases from estab-
lishment through March 2011. The search strategy, including the com-
bination of exploded Medical Subject Headings and text words, are
provided in the Appendix. The reference literatures of the appropriate
trials were hand searched. No language restrictions were enforced.

Study Selection and Data Extraction

Trials included in the meta-analysis were selected for the following
inclusion criteria: (1) random allocation to a pulmonary surfactant
treatment compared with standard-of-care therapy; (2) exclusively
adult patients (>18 years old) diagnosed with ALI or ARDS; and (3)
clinical outcomes that evaluated mortality and/or a change in the ratio
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182 articles excluded
- 2 articles were meta-analysis

- 180 articles were not clinical trails

566 articles excluded

-566 articles were not relevant, nonhuman,
and non-randomized clinical trails.

2 potential relevant trails were included
through hand search.

850
755 articles identified from computerized
search
A J
573 potential relevant articles left
A J
7 potential relevant trails included in the meta-
analysis
I 9 relevant trails included in the meta-analysis |
Fig 1.
analysis.

of partial pressure of arterial oxygen (PaO,) to the fraction of inspired
oxygen (FO,). The methodologic quality was assessed using Review
Manager 5.0.0 (Cochrane Collaboration, Oxford, England), which con-
sists of items describing randomization, allocation concealment, blind-
ing, and dropouts. If the number of “no” was =1 or the number of
“unclear” was =2, then the methodologic quality of the study was
judged acceptable. Two authors (H.M. and Y.S.) independently re-
viewed the trials according to the inclusion criteria. If the inclusion or
exclusion was uncertain, discussions with coworkers, teachers, or spe-
cialists (J.L. and Q.L.) confirmed the choice. The examiners were not
blinded to institutions, authors, or journal names. The information was
extracted on the type of surfactant; the dose, duration, and delivery
method of treatment; the mean age or age range of patients; the sex
ratio; the basic PaO,:F;0, ratio; the Acute Physiology and Chronic
Health Evaluation (APACHE) score; and the etiologies of ALI/ARDS.
In cases of incomplete or unclear data, authors of the publications were
contacted when possible. Data were managed according to the inten-
tion-to-treat principle.

Clinical Outcomes

The primary outcome measurement was mortality 28 to 30 days after
randomization. The secondary outcome measurements included a
change in the PaO,:F,0; ratio in the first 24 and 120 hours, the number
of ventilation-free days, the mean duration of ventilation, and the rate
of adverse effects.

Statistical Analysis

Statistical analysis was performed using Review Manager 5.0.0. The
odds ratio (OR) and 95% confidence interval (CI) for categoric vari-
ables were calculated using a fixed-effect model with the Mantel-
Haenszel method. The DerSimonian-Laird random-effect model also
was applied to the calculated OR for a significant heterogeneity across
studies. The mean difference (MD) and 95% CI were used for contin-
uous variables using the inverse variance method. Statistical heteroge-

Trial selection flowchart indicates the process used for selecting relevant randomized clinical trials included in the present meta-

neity was evaluated using the Q statistic with p < 0.1. Statistical
significance was considered as p < 0.05.

RESULTS
Eligible Studies

The initial screening identified 757 potentially relevant arti-
cles, including 2 from supplemental manual searches of
PubMed. After reading the summary or abstract, 2 meta-anal-
yses, 110 reviews, and 547 unrelated, nonhuman, nonadult,
non-RCT studies were excluded. Abstracts of 70 non-English-
language articles were read and none met the inclusion criteria.
Nine of the remaining 28 studies were identified. Searches of
the Embase, Cochrane Library, and Chinese Medical Journal
Network databases did not identify additional articles (Fig 1).

Study Characteristics

In total, 2,574 patients were included in the 9 trials-%: 759
patients were given a surfactant containing no protein or con-
trol treatments,®® 1,350 patients were given a surfactant con-
taining protein C or control treatments,'!"1>16 and 465 patients
were given a surfactant containing proteins B and C or control
treatments.!®!415 In total, 1,168 patients had direct lung in-
jury!>1516 (Table 1).

There were no significant differences between the experi-
mental and control groups in age, sex, basic PaO,:F,0, ratio, or
APACHE score (Table 2).

The results of the methodologic quality assessment sug-
gested that all 9 trials met the present criteria (Table 3).

Primary Outcome (Mortality at 28 or 30 Days)

All 9 articles contained 28 or 30-day mortality data.’10
Heterogeneity testing showed no bias among the different
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Intratracheal Protein C
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Multicenter: North
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Spragg et al'®

doses

America, Europe

Abbreviations: C, control group; DPPC, dipalmitoyl phosphatidylcholine; E, experimental group; HL10, exogenous natural porcine surfactant HL 10 as large boluses; LBW, lead body weight; PL,

phospholipids; rSP-C, recombinant surfactant protein C-based surfactant.
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Table 2. Baseline Characteristics of Trials Included in the
Meta-Analysis

Pulmonary Surfactant Usual Therapy

Variables (n = 1,285) (n = 1,289)
Mean age (y) 51.6 51.1
Men/total 812/1,277 819/1,281
Mean basic PaO,:

F,0, ratio 128.9 (n = 1,285) 121.6 (n = 1,289)

Mean APACHE

score 23.25 (n = 1,269) 23.35(n = 1,273)

Abbreviations: APACHE, Acute Physiology and Chronic Health Eval-
uation; Pa0,:FO,, ratio of partial pressure of arterial oxygen to frac-
tion of inspired oxygen.

studies for this outcome (p = 0.62), so a “fixed model” was
accepted and used. Meta-analysis showed that treatment with a
pulmonary surfactant did not decrease mortality significantly
compared with the control-treated groups (OR, 1.02; 95% CI,
0.86-1.20; p = 0.85; Fig 2). Subgroup analysis showed no
differences in mortality among the different delivery methods
or between treatments with or without a surfactant-containing
protein (OR, 1.03; 95% CI, 0.84-1.27; p = 0.76, for trials using
a surface protein and an intratracheal delivery method; OR,
0.99; 95% (1, 0.74-1.32; p = 0.93; for trials without a surface
protein and an aerosolized delivery method; Fig 3). Subgroup
analysis also showed no significant differences in outcome
among groups with different ARDS etiologies (eg, direct lung
injury; OR, 0.92; 95% CI, 0.71-1.20; p = 0.54; Fig 3). Also
assessed were the potential differences in mortality between
patients given a surfactant containing protein C (OR, 1.01; 95%
CI, 0.79-1.29; p = 0.93; Fig 3) and those given proteins B and
C (OR, 1.10; 95% CI, 0.73-1.66; p = 0.65).

Secondary Outcomes

Mean difference in change in PaO,:F,0, ratio for initial 24
hours

Six articles provided data for this analysis.>!!-1%14-16 Three
trials did not provide the standard deviation at 24 hours; if the
data could not be obtained from the authors of these trials, then
the standard deviation at baseline was used to replace it ap-
proximately.>!>1® Heterogeneity testing was positive for this
analysis and could not be eliminated statistically. The hetero-
geneity may be associated with the different times of data
collection up to 24 hours, so only analysis using the “random
model” was acceptable to use. Meta-analysis showed that the
MD in the change in the PaO,:F,O, ratio during the initial 24
hours of the experimental groups was improved significantly
compared with the control groups (MD, 11.68; 95% CI, 0.13-
23.22; p = 0.05; Fig 4).

Mean difference in change in PaO,:F,0, ratio up to 120
hours

Four articles supplied data for this analysis.®%!41° Two trials
did not provide the standard deviation over 120 hours; if the
data could not be obtained from the authors of these trials, then
the standard deviation at baseline was used to replace it ap-
proximately.>'® Heterogeneity testing was positive and could
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Table 3. Risk of Publication Bias Graph

Was Allocation

Was Knowledge-Allocated

Was Allocation Sequence Adequately Intervention Adequately Were Incomplete Outcome
Study Adequately Generated? Concealed? Prevented During the Study? Data Adequately Addressed?
Weg et al,® 1994 Yes Yes Yes Yes
Anzueto et al,® 1996 Yes Yes Yes Yes
Gregory et al,’© 1997 Unclear* Unclear* Yes Yes
Spragg et al,’" 2003 Yes Yes Yes No
Spragg et al,'? 2004 Yes Unclear* Yes Yes
Markart et al,’ 2007 Unclear* Unclear* Yes Yes
Tsangaris et al,’ 2007 Yes Unclear* Yes Yes
Kesecioglu et al,’s 2009 Yes Yes Yes Yes
Spragg et al,'® 2010 Yes yes Yes Yes

*Insufficient information from one article about the process to permit a judgment of “yes” or “no.”

not be eliminated statistically. The heterogeneity may be asso-
ciated with different times of data collection and the methods of
calculation across the studies, so only analysis using the “ran-
dom model” was acceptable. Meta-analysis showed that the
MD in the change in the PaO,:F,O, ratio up to 120 hours was
not significant between the 2 groups (MD, 2.80; 95% CI,
—10.01 to 15.60; p = 0.67).

Mean duration of ventilation

Two articles provided data for this analysis.”!* As for the
other analyses, heterogeneity testing was positive and could not
be eliminated statistically. In this case, the heterogeneity may
be associated with different treatment delivery methods and
types of treatment. Only analyses using the “random model”
were acceptable. Meta-analysis showed a trend for a shorter
mean duration of ventilation in the surfactant-treated group
(MD, —1.08; 95% CI, —3.00 to 0.85; p = 0.27).

There was only one article supplying sufficient data for the
analysis of the number of ventilation-free days, so meta-anal-
ysis could not be performed.'?

Number of adverse effects

Adverse effects can include treatment-related and other se-
rious adverse events, such as temporary hypoxia, hypotension,

and bradyarrhythmia. There were 3 articles that provided data
for treatment-related adverse events.®%16 For these studies,
there was no heterogeneity according to the present statistical
test, so the “fixed model” was accepted for analysis. Treatment
with a pulmonary surfactant was associated with an overall
higher rate of treatment-related adverse events (OR, 4.62; 95%
CI, 2.27-9.42; p < 0.00001; Fig 5).

Three articles also provided data about other serious adverse
events.!>!1516 Heterogeneity testing was positive and could not
be eliminated statistically. The heterogeneity may be associated
with different kinds of events recorded, and only analysis using
the “random model” was acceptable. Experimental-treatment
groups had higher rates of other serious adverse events com-
pared with control-treated groups (OR, 3.12; 95% ClI, 2.15-
4.52; p < 0.000 01), which is similar to the treatment-related
adverse effects noted earlier (Fig 5).

DISCUSSION

Exogenous surfactant treatment has been shown to be useful
in infants with established respiratory distress syndrome. Seger
and Soll'” showed in their meta-analysis that infants who
receive exogenous surfactant have a decreased risk of pneumo-
thorax, pulmonary interstitial emphysema, bronchopulmonary
dysplasia, or death. Another meta-analysis by Duffett et al'® of

Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H, Fixed. 95% CI

Anzueto 1996 (9) 145 364 143 361 325% 1.01 [0.75, 1.36) -

Gregory 1997 [10] 3 16 7 16  21% 0.30 [0.06, 1.47] —

Kesecioglu 2009 [15] 60 208 5 209 13.6% 1.26 (0.81, 1.94) ™

Philipp 2007 [13] 4 14 4 17 1.0% 1.30[0.26, B.52) - 1

Spragg 2003 [11] 3 15 5 13 1.6% 0.40[0.07, 2.16) - = [

Spragg 2004 [12] a0 224 72 224 17.4% 117079, 1.73 ™

Spragg 2010 [16] 95 419 101 424 29.2% 0.94[0.68, 1.29) -

Tsangaris 2007 [14) 0 8 1 g8 05% 0.29(0.01, 8.37]

Vyeqg 1994 [8] B 17 g 17 1.9% 0.61[0.15, 2.43 R

Total (95% CI) 1285 1289 100.0% 1.02 [0.86, 1.20] ]

Total events 396 392

Heterogeneity: ChF = 6.25, df= 8 (P = 0.62); 1¥= 0% ; i 1 |
0.01 0.1 1 10 100

Test for overall effect. Z= 0.19 (P = 0.89) Favors experimental  Favors control

Fig 2. Pulmonary surfactant and mortality at 28 or 30 days with odds ratios and 95% confidence intervals. The size of the data markers
(squares) is approximately proportional to the statistical weight of each trial. Cl, confidence interval; M-H, Mantel-Haenszel.
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Gregory 1987 [10] 3 16 7 16  3.3% 0.30([0.08,1.47) —
Kesecioglu 2009 [15) 60 208 51 209 208% 1.26 (0.81, 1.94) T
Philipp 2007 [13] 4 14 4 17 1.5% 1.30[0.26, 6.52) A
Spragg 2003 [11) 3 15 5 13 25% 0.40(0.07, 2.16) G [
Spragg 2004 [12] 80 224 72 224 266% 1.17[0.79,1.73) I‘
Spragg 2010 [16) 95 418 101 424 445% 0.94 [0.68, 1.30]
Tsangaris 2007 [14]) 0 8 1 8 08% 0.29[0.01, 8.37)
Total (95% ClI) 903 911 100.0%  1.03[0.84, 1.27] L
Total events 245 241
Heterogeneity: Chi*= 5.68, df= 6 (P = 0.46); F= 0% E.m 0?1 ] 1%0 100{
Testfor overall effect: Z=0.31 (P = 0.76) Favors experimental Favors control
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events _ Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kesecioglu 2009 [15]) 30 101 29 108 17.3% 1.15(0.63, 2.10] =
Spragg 2004 [12) 16 60 22 56 146% 0.56 (0.26, 1.23) I
Spragg 2010 [16) 85 419 101 424 68.1%  0.94[0.68,1.29]
Total (95% Cl) 580 588 100.0%  0.92[0.71,1.20]
Total events 141 152
Heterogeneity: Chi*= 2.06, df= 2 (P = 0.36); F= 3% 50'01 0 ] 1 1%0 1001
Testfor overall effect: Z= 0.62 (P = 0.54) Favars experimental Favors control
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Philipp 2007 [13) 4 14 4 17 20% 1.30[0.26, 6.52)
Spragg 2003 [11] 3 15 5 13 33% 0.40[0.07, 2.186) I
Spragg 2004 [12) 80 224 72 224 354% 1.17([0.79,1.73)
Spragg 2010 [16) 95 419 101 424 59.4% 0.94 [0.68, 1.29)
Total (95% Cl) 672 678 100.0%  1.01[0.79, 1.29]
Total events 182 182

1

Heterogeneity: Chi*= 2.02, df= 3 (P=0.57); F= 0% t t - t -
Test for overall effect: Z=0.08 (P = 0.93) 0.01 0.1 L 10 100

Favors experimental Favors control
Fig 3. Pulmonary surfactant and mortality at 28 or 30 days with odds ratios and 95% confidence intervals for mortality and surface protein

with intratracheal delivery methods (top), direct lung injury (middle), and protein C (bottom). The size of the data markers (squares) is
approximately proportional to the statistical weight of each trial. Cl, confidence interval; M-H, Mantel-Haenszel.

studies in infants and children also suggested that treatment
with exogenous surfactant is associated with decreased mortal-
ity, more ventilator-free days, and a shorter duration of venti-
lation, all without serious adverse events. However, the efficacy
of exogenous surfactant treatment in adults is still uncertain.
The previous meta-analysis published in 2006 did not show
any significant alterations in outcome through the use of exog-
enous surfactant.'® Since 2006, 2 large clinical randomized
trials also have shown no improvement in mortality, but rather,
a possible increase in mortality with no improvement in oxy-
genation.'>'® However, some “subgroups” of patients seemed
to suggest a more favorable outcome in the surfactant group,
such as those in the “protein C-based surfactant-mobility”
group and “change in PaO,:F,0, ratio in the first 24-hour
oxygenation™ group.”!° Given these trends and differences, the
authors judged that a new updated meta-analysis, including
these subgroups, might provide a new insight into the topic.

The present meta-analysis concentrated on assessing the
efficacy of exogenous surfactant treatment in adults with ALI/
ARDS. Patients treated with exogenous surfactant had more
obvious improvement in the PaO,:F,0, ratio compared with
controls in the first 24 hours after treatment, which was not
found to be significant in the previous meta-analysis. However,
this improvement in ventilation was no longer apparent in the
longer term up to 120 hours. The reason for the early improve-
ments that were negated at later time points may be associated
with the half-life and metabolism of the exogenous surfactant.
Indeed, the article by Spragg et al'® emphasized that a step in
the resuspension process likely resulted in a partial inactivation
of the surfactant, and this was cited as a potential reason they
determined no improvement in oxygenation. These data also
may have a negative impact on this meta-analysis. Therefore,
the real effect of exogenous surfactant treatment on the change
in oxygenation likely is more significant than can be deter-
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Experimental Control Mean Difference Mean Difference

Studyor Subgroup  Mean SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Anzueto 1996 [9] 29 164 364 4515 2064 361 18.4% -16.15[18.87,-13.43) -

Kesecioglu2009(15] 304 548 208 229 552 209 164%  7.50(-3.06,18.06) T

Spragg 2003 [11) 359 124 15 315 101 13 17.0%  4.40[3.94,12.74) -

Spragg 2004 [12) 35 202 224 24 277 224 179%  11.00(5.73,16.27) =

Spraga 2010 [16] 264 13 419 219 132 424 186% 4,50 [4.32, 4.68) =

Tsangaris 2007 [14) 87 255 8 5 126 8 121% 8200(6229,101.71) 4

Total (95% CI) 1238 1239 100.0%  11.68[0.13,23.22) -

Heterogeneity: Tau®= 186.71; Chi*= 287.10, df= 5 (P < 0.00001); F= 98% T : " T

Test for overall effect: Z=1.98 (P = 0.05)

Favors control  Favors experimenta

Fig4. Pulmonary surfactant and mean difference in the change of the ratio of the partial pressure of arterial oxygen to the fraction of inspired
oxygen during 24 hours with mean differences and 95% confidence intervals. The size of the data markers (squares) is approximately
proportional to the statistical weight of each trial. Cl, confidence interval; IV, inverse variance; SD, standard deviation.

mined at this time. Moreover, another included study by Tsan-
garis et al'* may have biased the present meta-analysis because
of the small sample. In addition, some data in these studies
reported alveolar surface tension at time points after the sur-
factant treatment. Looking further at these changes in alveolar
surface tension and airway pressures may provide more useful
insight into the functional activity of the surfactant treatment
and its half-life in vivo.'3!® Unfortunately, oxygenation data
could not be obtained from all the studies, even after contacting
the primary investigator for this information. Better assess-
ments could be made in the future if these data become avail-
able.

Improvements in drug development and in the ability to
analyze data using meta-analysis tools have allowed research-
ers to concentrate on assessing the roles of etiology of ALI/
ARDS on outcome and the effects of different formulations of
surfactants on outcome. For example, Spragg et al'® and Taut et

al'? carried out RCTs using a protein C-based surfactant for the
treatment of ALI/ARDS and used these data in a pooled anal-
ysis to assess the impact of etiology on outcome. Theoretically,
exogenous surfactant treatment can decrease surface tension,
increase parenchymal compliance, and make ventilation easier,
which would lead to a better clinical outcome in patients with
direct lung injury, such as pneumonia. However, these 2 anal-
yses'®!? and the present analysis agree that no significant
difference in mortality is associated with etiology. In the pres-
ent meta-analysis, studies using protein C were separated from
those using proteins B and C, and no differences were found in
the outcome of using a protein- compared with a nonprotein-
associated surfactant and the control treatment. Further clinical
trials assessing these parameters may help to identify any
specific benefits.

Three main methods have been described in the literature for
the delivery of an exogenous surfactant: aerosolized, intratra-

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Spragg 2004 [12] 10 224 4 224 43.0% 25710.79,8.32] T
Spragg 2010 [16] 30 419 5 424 51.9% 6.46(2.48,16.82) ——
Weg 1994 (9] 1 17 1] 17 52% 3.18(0.12,83.76)
Total (95% Cly 660 665 100.0%  4.62[2.27,9.42] S
Total events 41 9
Heterogeneity: Chi*=1.48, df= 2 (P = 0.48); F= 0% ; t t i
L 0.01 0.1 1 10 100
Test for overall effect: Z=4.21 (P < 0.0001) Favors experimental  Favors control
Experimental Control Odds Ratio Odds Ratio
Study or Subgrou Events __ Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Kesecioglu 2009 [15) 157 208 116 209 34.8% 2.47[1.63,3.79) -
Spragg 2004 [12) 51 224 11 224 201% 5.71[2.89,11.29] =
Spragg 2010 [16) 207 419 108 424 451% 2.86(2.14,3.82) =
Total (95% Cl) 851 857 100.0% 3.12[2.15, 4.52] L 4
Total events 415 235
. 2 . = - i R = I t t d
Heterogeneity: Tau*= 0.06; Chi*= 4,37, df=2 (P=0.11); F=54% 0.01 01 . 10 100

Testfor overall effect Z=6.01 (P < 0.00001) Favors experimental

Favors control

Fig 5. Pulmonary surfactant and rate of adverse effect with odds ratios and 95% confidence intervals. Rates of adverse effects related to
treatment (top) and severe complications (bottom) are presented. The size of the data markers (squares) is approximately proportional to the
statistical weight of each trial. Cl, confidence interval; M-H, Mantel-Haenszel.
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cheal, and bronchoalveolar lavage fluid. The efficiency of treat-
ment by the aerosolized method is low because the drug does
not reach the alveoli effectively. Intratracheal treatment has the
advantages of being easy to perform and the ability to admin-
ister larger doses, but the surfactant cannot distribute equally
within or between the lungs.?® It also has been shown that an
exogenous surfactant has difficulty reaching some regions of
the lung, where serious injury tends to occur, unless given in
larger doses that can counteract the inhibition by plasma and
tissue proteins. However, the present meta-analysis showed
that neither aerosolized nor intratracheal delivery methods pro-
duced significantly different results compared with control
groups, and there was no significant difference between the
delivery methods. Another delivery method has succeeded in
animal tests using bronchoalveolar lavage fluids. This method
has the advantage of distributing exogenous surfactant well in
the lungs and has been shown to decrease inflammation, in-
crease lung compliance, and increase oxygenation.”’ These
studies need to be extended and confirmed in humans. In
addition to new methods of delivery, more studies should be
undertaken to assess the effect of treatment with surfactants
combined with other drugs, such as lidocaine, ketamine, anti-
trypsin, dexamethasone, and phosphodiesterase inhibitors.
Early data have suggested that combined treatment may im-
prove the curative effect.?

The new information disclosed by the present meta-analysis
compared with previous analyses showed that exogenous sur-
factant treatment can lead to increased treatment-related and
-unrelated adverse events. Further studies are necessary to
explore the potential reasons for these adverse effects and to
understand the differences seen between adults and infants.
One possibility is that intratracheal delivery itself may exacer-
bate the extent and frequency of adverse effects recorded. More
research is required to address these questions before further
clinical trials are carried out.

LIMITATIONS

As with any meta-analysis, the present study had limitations.
Complete data often could not be obtained from the original
investigators despite the authors’ best efforts, and this very
likely affected the final results discussed in this article. In
addition, it is difficult to analyze the potential effects of differ-
ent surfactant preparations, which quite conceivably may have
different properties. The authors tried to analyze these different
treatments separately within the present study, but this also
inevitably reduced the sample size available for analysis in
each subgroup. The authors found it difficult to group results
from studies together as “one therapy” and they look forward to
being able to better analyze groups separately in the future.
Other complex analyses existed within the datasets examined,
including the timing of treatment; the mode of ventilation
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before, during, and after treatment; the delivery method; and
the dosing schedule used for treatments. In addition, the out-
come in patients with ALI/ARDS is governed by many other
variables, such as ventilation mode and variables, hemody-
namic management, and infectious problems. All these are
typical interfering factors in intensive-care patients, which pro-
duce a significant impact on the outcome. Although each
APACHE score was recorded and no significant difference was
found between the 2 groups, some bias owing to the variables
listed in the Results could not be avoided. For the present
meta-analysis of exogenous surfactant trials, the authors had to
make generalizations of some of these factors, and this inevi-
tably oversimplified the disease and the therapy. Subgroup
analysis can help to identify possible significant variations, but
it decreases the sample number and often cannot be performed.

CONCLUSIONS

The present meta-analysis of RCTs shows that exogenous sur-
factant treatment may improve oxygenation in patients with ALI/
ARDS during the first 24 hours after administration and that
treatment trends toward a shorter mean duration of ventilation.
However, there is no good evidence to suggest that exogenous
surfactant treatment improves mortality or longer-term oxygen-
ation over =120 hours after administration. Of concern is that
exogenous surfactant administration has a high rate of adverse
effects from treatment-related complications and other serious
events. With these data in mind, exogenous pulmonary surfactant
treatment currently cannot be considered an effective adjunctive
therapy in adult patients with ALI or ARDS.
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APPENDIX

The search strategy, including the combination of exploded
Medical Subject Headings and text words, follows: ((random-
ized controlled trial) OR (controlled clinical trial) OR (random-
ized OR (placebo) OR (drug therapy) OR (randomly) OR (trial)
OR (groups)) NOT (animals NOT humans) NOT infants NOT
newborn NOT neonate) AND ((ARDS) OR (adult respiratory
distress syndrome) OR (acute respiratory distress syndrome)
OR (non-cardiogenic pulmonary edema) OR (respiratory insuf-
ficiency) OR (systemic inflammatory response syndrome) OR
(shock lung) OR (respiratory failure) OR (lung injury) OR
(septic shock) OR (sepsis) OR (acute lung injur*) OR (ALI))
AND (((agent) OR (drug)OR (agents) OR (drugs)) AND((Pul-
monary Surfactants) OR (Pulmonary Surfactant) OR (Surface-
Active Agents) OR (PS))) AND ((treatment) OR (therapy)).
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