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Rationale: Our previous studies in children with acute lung injury/
acute respiratory distress syndrome demonstrated improved out-
comes with exogenous surfactant (calfactant) administration. Sample 
sizes in those studies were small, however, and the subject popula-
tions heterogeneous, thus making recommendations tenuous.

Objective: To investigate the efficacy of surfactant administration 
in a larger, more homogenous population of children with lung 
injury/acute respiratory distress syndrome due to direct lung injury.
Design and Setting: Masked, randomized, placebo-controlled trial 
in 24 children’s hospitals in six different countries.
Patients and Methods: Children 37 weeks postconception to 18 
years old with lung injury/acute respiratory distress syndrome due 
to direct lung injury were randomized to receive up to three doses 
of 30 mg/cm height of surfactant (calfactant) versus placebo (air) 
within 48 hours of intubation and initiation of mechanical ventilation. 
The primary outcome was mortality at 90 days. Ventilator-free days, 
changes in oxygenation, and adverse events were also assessed.
Results: The study was stopped at the sponsor’s request after 
the second interim analysis for presumed futility. A total of 
110 subjects were enrolled, with consent withdrawn from one 
whose data are unavailable. There were no significant differ-
ences between groups except in hospital-free days (10.4 ± 7.8 
placebo vs 6.4 ± 7.8 surfactant; p = 0.01). Overall 90-day mor-
tality was 11% (seven surfactant, five placebo). No immediate 
improvement in oxygenation was associated with surfactant 
administration.
Conclusions: Surfactant did not improve outcomes relative to pla-
cebo in this trial of children with direct lung injury/acute respi-
ratory distress syndrome. Differences in concentration of the 
surfactant, failure to recruit the lung during surfactant administra-
tion, or using two rather than four position changes during admin-
istration are possible explanations for the difference from previous 
studies. Exogenous surfactant cannot be recommended at this 
time for children with direct lung injury/acute respiratory distress 
syndrome. (Pediatr Crit Care Med 2013; 14:657–665)
Key Words: acute lung injury; acute respiratory distress syndrome; 
calfactant; direct lung injury; hypoxemia index; oxygen saturation 
index; recruitment maneuver; respiratory failure; surfactant

Surfactant plays an essential role in lung physiology, 
reducing overall surface tension at the lung air:fluid 
interface and varying surface tension during the 

respiratory cycle. As a consequence, the work of breathing is 
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minimized, the distribution of ventilation is equalized during 
inspiration, and surface tension–induced alveolar collapse at 
end expiration is prevented. The loss of lung aeration leading 
to respiratory failure in acute lung injury/acute respiratory 
distress syndrome (ALI/ARDS) is caused by both edema and 
atelectasis that may, in large part, be related to surfactant 
dysfunction. Multiple lines of evidence demonstrate that lung 
surfactant is dysfunctional in ALI/ARDS (1–8). Given the 
unequivocal success of exogenous surfactant administration 
in premature infants with respiratory failure due to lung 
surfactant deficiency (9), it has seemed plausible that surfactant 
replacement in ALI/ARDS might be therapeutic.

In three previous studies in children, we demonstrated that 
the administration of bovine natural surfactant, calfactant 
(Infasurf; ONY Pharmaceuticals, Amherst, NY), was associ-
ated with immediate improvement in oxygenation and, in the 
two studies with controls, better long-term outcomes, including 
decreased mortality (10–12). In our most recent study (12), the 
post hoc analysis demonstrated that improvement with surfac-
tant administration was confined to the subjects with direct lung 
injury (lung injury that originates on the alveolar side of the 
alveolar-capillary membrane, such as pneumonia, aspiration, or 
near drowning). Consequently, the investigators elected to focus 
this investigation on that patient population. In view of the suc-
cess of these earlier pediatric trials and the need to investigate 
possible efficacy in a larger but more homogeneous population, 
the investigators embarked on a multi-institutional trial of cal-
factant in both adults and children with direct ALI/ARDS. This 
article presents the results of the pediatric arm of the trial.

METHODS
Subjects were recruited from July 2008 to July 2010 from 
the ICUs of 24 children’s hospitals in six countries (Appen-
dix 1). The study, registered with clinicaltrials.gov (identifier 
NCT00682500), was performed in accordance with the Dec-
laration of Helsinki (1996) and the rules of the International 
Conference on Harmonization of Technical Requirements for 
the Registration of Pharmaceuticals for Human Use—Good 
Clinical Practice Consolidated Guideline. All patients or their 
legal representatives provided written informed consent and 
independent ethics committees or institutional review boards at 
each participating center approved the study protocol. An inde-
pendent Data and Safety Monitoring Board (DSMB) monitored 
the study throughout. The study was stopped at the request of 
the sponsor, Pneuma Pharmaceuticals (Amherst, NY) after the 
planned second interim analysis at 400 subjects (combined adult 
and pediatric subjects) because of presumed futility.

Patient Population
Study coordinators at each site screened all ICU admissions. 
Children were eligible for the study if they were 37 weeks post-
conception to 18 years old, they met the American-European 
Consensus Conference definition of ALI/ARDS (13), they had 
direct lung injury (injury originating on the alveolar side of 
the alveolar capillary membrane), they were within 48 hours 
of the initiation of mechanical ventilation, they did not have 

significant other organ failure or chronic lung disease, and/or 
the scope and duration of their care were not limited by nonres-
piratory disease. In the event of a question regarding eligibility, 
participating investigators were encouraged to contact the study 
primary investigator or study coordinator on call. All enrolled 
subjects were also subsequently reviewed by the study DSMB to 
ascertain suitability. If arterial blood gases were not obtained, 
oxygen saturation (Spo

2
) could be substituted for Pao

2
 in the 

entry criteria but an Spo
2
/Fio

2
 less than 250 (when Spo

2
 < 97%) 

was necessary to qualify. A log of intubated patients with ALI/
ARDS was maintained at all institutions and the primary rea-
son for not enrolling a potentially eligible patient recorded.

This study was a part of a combined adult and pediatric 
trial. Many of the participating hospitals admitted both adult 
and pediatric patients. A single research assistant commonly 
performed screening in those hospitals, but each hospital had 
separate adult and pediatric ICUs and appropriate subspecial-
ists supervising the study in their respective areas.

Pediatric Study Arm
After initial demographic and qualifying data were entered on the 
study website, the participating site’s pharmacy was automatically 
notified, and the pharmacist alone was provided the subject’s 
assignment. The pharmacist then prepared the study drug, plac-
ing either air or calfactant in equal aliquots in two appropriately 
sized syringes, and the drug was delivered in an opaque container 
directly to the respiratory therapist and/or nurse for adminis-
tration. Randomization was performed via the study website in 
blocks of four, and investigators were naïve to the randomization 
scheme. Subjects with an initial Pao

2
/Fio

2
 or Spo

2
/Fio

2
 less than 

100, an oxygenation index (OI) > 30 (OI = Fio
2
 • Paw • 100 / Pao

2
, 

where Paw represents the mean airway pressure), or who were 
immune compromised were considered higher risk and were 
independently randomized in order to assure an even distribu-
tion of more severely ill subjects in both groups.

The study intervention consisted of direct instillation of up 
to three doses of calfactant 12 hours apart versus sham treat-
ment with air placebo. The dose was 30 mg calfactant (phos-
pholipid concentration of 60 mg/mL) per centimeter of height 
or 100 mg/kg for infants weighing less than 10 kg. The treat-
ment was delivered in two equally divided aliquots instilled 
directly into the airway using a small catheter placed down 
the endotracheal tube. Subjects were sequentially turned right 
side down and then left side down during drug or placebo 
administration. The investigators elected to use two position 
changes rather than the four used in our previous studies in 
consideration of the greater difficulty incurred positioning the 
larger adults and concurrent with the desire to use the same 
protocol for the adult and pediatric arms of the trial. The Fio

2
 

was increased to 1.0 during instillation, and ventilator set-
tings were otherwise unchanged unless there were difficulties 
during the intervention, in the event of which the caregiver 
was allowed to hand ventilate the subject with 100% oxygen 
at whatever pressure was necessary to achieve adequate oxy-
genation. In previous studies, subjects were “hand ventilated” 
during administration, but the investigators elected in this 
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study to perform the intervention while on the ventilator in 
the interest of minimizing variability in administration tech-
nique. Masking was accomplished by having the intervention 
performed by a nurse and/or respiratory therapist who was not 
otherwise involved in the care of the subject and who agreed to 
not divulge treatment assignment. Blood pressure, heart rate, 
and Spo

2
 were continuously monitored and recorded every 5 

minutes for 30 minutes after the intervention. Placebo subjects 
were treated identically with the exception that air was instilled 
rather than surfactant. To qualify for a subsequent dose, the 
subject had to demonstrate a 25% improvement in the Pao

2
/

Fio
2
 ratio (or Spo

2
/Fio

2
) anytime in the 12 hours following the 

previous dose with no significant adverse effects attributable to 
the intervention. All subsequent interventions were delivered 
and masked using the same protocol.

Additional Protocols
As a precondition of trial participation, all investigators and 
their colleagues agreed in principle to follow guidelines mod-
eled after the ARDS Network ventilator (14) and fluid guide-
lines (15) (Figs. 1 and 2). Investigators and study coordinators 
were instructed in both guidelines at the initial study visit and 
were given a supply of laminated cards with the fluid manage-
ment and ventilator guidelines to distribute to colleagues caring 
for Calfactant in Acute Respiratory Distress Syndrome subjects 
in their institution. Since subjects were not required to have a 
central venous pressure (CVP) catheter for study entry, investi-
gators were instructed to make judgments regarding fluid and/
or diuretic administration based on daily fluid balance if CVP 
measurements were not available. No attempt was made by 
the principal investigators to direct the fluid management of 
specific patients during the trial, but daily fluid balances (total 
fluid in minus total fluid out over 24 hr without consideration 

of insensible losses) were collected over the first 7 days after 
subject enrollment as a means of ascertaining comparability of 
fluid management in placebo and surfactant subjects. Similarly, 
no attempt was made to regulate the ventilator management of 
individual subjects. Ventilator settings were collected during the 
first 7 days of the enrollment to ascertain any significant differ-
ences in ventilator management between the study populations. 
Since the investigators postulated that avoidance of lung over-
distention was the most vital aspect of the protocol, this was 
assessed by tracking the incidence of a peak ventilator pressure 
greater than 30 cm H

2
O and/or the use of a tidal volume greater 

than 8 cc/kg over the first 7 days after the study intervention.
All other aspects of care were left to the judgment of the 

attending physicians. Subjects discharged prior to 90 days were 
contacted by phone at 90 days to determine their health status.

Study Outcomes
The primary study outcome was all-cause mortality at 90 days 
after study entry. Secondary outcomes included ventilator-free 
days (VFDs) at 28 days, durations of ICU and hospital stay, and 
changes in oxygenation after the study intervention. Adverse 
events were followed throughout the period of hospitalization 
and assigned a relationship to the study intervention by the 
primary investigator at each site.

Data Collection
Ventilator settings, arterial blood gas results (if performed), 
and Spo

2
 and end-tidal CO

2
 (Etco

2
) values were recorded 

at 1, 2, 4, 8, and 12 hours after each intervention and daily 
at approximately 08:00 hours for the first 7 days after study 
enrollment. Daily fluid balance was collected for the first 7 
days as previously described. Demographics, as well as dates 
and times of intubation and extubation, and PICU and 

hospital admission and dis-
charge were also collected. 
The duration of ventilation 
was calculated with success-
ful extubation defined as 24 
hours off mechanical venti-
lation and was computed as 
“VFDs at 28 days”. Subjects 
dying before separation from 
mechanical ventilation were 
designated as having 0 VFDs. 
Subjects were followed daily 
until hospital discharge.

Adult Study Arm
Eligible patients older than 
18 years were entered into 
the adult study with identical 
inclusion/exclusion criteria 
and using the same protocol. 
Although most of the par-
ticipating hospitals included 
both adult and pediatric 
patients, all pediatric subjects 

Clinical Shock or Mean Arterial Pressure (MAP) < 60 mmHg:  Fluid resuscitation and/or inotropes as per clinician 
discretion

MAP > 60 mmHg and no vasopressors

CVP > 8 mmHg CVP 4-8 mmHg CVP 4-8 mmHg          CVP < 4mmHg CVP < 4mmHg
Urine output (UO)        U.O.< 0.5 cc/Kg/hr U.O.> 0.5 cc/Kg/hr             U.O.> 0.5 cc/Kg /hr U.O.< 0.5 cc/Kg/hr
.< 0.5 cc/Kg/hr     

Furosemide & Fluid & Furosemide & Observe & Fluid & 
reassess in 1 hr reassess in 1 hr       reassess in 4 hrs         reassess in 4 hrs       reassess in 1 hr

Notes: 
1. Fluid bolus = 15 ml/Kg isotonic crystalloid or 10 ml/Kg PRBCs (one unit in adults) or 0.5 gm/Kg albumin
2. Furosemide dosing = begin with 0.3 mg/Kg or 0.1 mg/Kg/hr infusion or last known effective dose.  Double 

each subsequent dose until goal achieved (oliguria reversal or intravascular pressure target) or maximal 
infusion rate of 0.3 mg/Kg/hr or bolus dose of 2 mg/Kg (adult doses maximum of 24 mg/hr or 160 mg 
bolus).  Do not exceed 12 mg/Kg/day.  Hold furosemide if creatinine > 3 mg/dl, acute tubular necrosis
present, or continuous renal replacement to be provided.

3. Consider inotrope treatment for patients with evidence of cardiac failure.
4. Daily total �luid input and output should be recorded on study database for �irst 7 days.

Figure 1. Simplified Fluid and Catheter Trial algorithm for fluid management. CVP = central venous pressure, 
PRBC = packed RBC.
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were cared for in PICUs and all adult subjects in adult ICUs. 
These results will be reported in a separate article.

Statistical Methods
Sample size was calculated for the adult subject population. 
Assuming a 90-day mortality of 25% in the placebo group and 
18% mortality in the calfactant group, enrolling 540 subjects in 
each group would give us an 80% power using an alpha (two 
sided) of 0.05. The pediatric arm was not powered for mortal-
ity because the required sample size was not considered attain-
able. However, the investigators assumed that approximately 
300 pediatric subjects would be enrolled over the course of 
the projected 3 years of adult study. Using the results of our 
previous study with VFDs as our primary outcome, 300 sub-
jects would yield 80% power for a 30% increase in VFDs; the 

attained sample size of 109 
subjects would yield 80% 
power for a 50% increase in 
VFDs.

For comparing the placebo 
and surfactant groups, the 
chi-square test was used for 
categorical variables, and the 
Mann-Whitney nonparamet-
ric test was used for continu-
ous variables. Linear regression 
was used to compare hospital 
days between groups, adjust-
ing for age, gender, risk strata, 
immune status, fluid balance, 
and Pediatric Risk of Mortality 
(PRISM) score. Repeated 
measures models were used 
to compare the groups with 
respect to oxygenation mea-
sures taken 0, 1, 2, 4, 8, and 12 
hours postintervention.

RESULTS
A total of 34,971 ventilated 
adult and pediatric subjects 
were screened, 2,949 of whom 
were identified as having direct  
ALI/ARDS. Of eligible subjects, 
431 (15%) were entered into the 
trial, 110 children (< 18 years 
old) and 321 adults (Fig. 3). The 
reasons for study exclusion are 
displayed in Figure 3. One pedi-
atric subject was randomized 
but not treated; consequently, 
these data are not available and 
are not included in this analy-
sis. Fifty-three subjects received 
placebo and 56 were treated 

with calfactant surfactant. There were no significant differences 
in receiving a second or third intervention between groups; a sec-
ond intervention was performed in 35% of surfactant subjects 
and 38% of placebo; only 5% of surfactant subjects received a 
third intervention compared with 13% in the placebo group.

Demographic data are found in Table 1. There were no 
significant differences between surfactant and placebo groups 
with respect to age, gender, diagnoses, or severity of illness as 
estimated by PRISM III, risk level, or initial oxygenation dis-
turbance (Pao

2
/Fio

2
 or Spo

2
/Fio

2
). Pneumonia (viral, bacte-

rial, and aspiration) was the most common etiology of ALI/
ARDS. Twenty subjects were diagnosed with influenza; 14 had 
the H1N1 strain. A diagnosis of influenza was associated with 
25% mortality (5/20) and H1N1 disease 21% (3/14) somewhat 
higher although not statistically different than the overall study 
mortality of 11% (12/109).

Oxygenation Ventilation
PaO2 50-80 mmHg pH 7.25-7.45
&/or O2 Sats 85-92%

PaO2 < 50 mmHg PaO2 > 80 mmHg pH < 7.25 pH > 7.45 
and/or sat < 85% and/or O2 sats > 92%

In tandem, increase In tandem, decrease Increase ventilator rate Decrease ventilator rate
PEEP/FiO2 by chart PEEP/FiO2 by chart by 2-4 bpm until pH > 7.25         by 2 -4 bpm to a minimal

bpm while maintaining 
respiratory rate goal.

Respiratory Rate Goal
< 6 mos: 20-60 bpm

FiO2     .30     .40     .40     .50     .60     .70 6 mos – 2 years: 15 - 45
PEEP 5       6        8       10      10      10     2-5 yrs: 15 – 40 

5-13 yrs: 10 - 35
FiO2     .70     .80     .90     .90     1.0     1.0     1.0 > 13 yrs: 10-25
PEEP     12     14      14      14      16      18      20

If PaO2/FiO2 < 150 Volume Recruitment Maneuver Accept lower pH range Switch to straight PS
and decreasing with suctioning or disconnects: Or if  HCO3 < 32 may          (Minimal PS + 2 cmH2O)
consider HFOV Sustained inflation (30-40 secs) Give NaHCO3 to buffer             to maintain Vt at 6 ml/Kg

At higher pressure (30-40 cmH2O) pH > 7.25 or may increase
Vt to 8ml/kg if Vd/Vt > 0.7

An FiO2 of 1.0 may be used briefly (< 10 mins) to 
manage transient desaturation

Additional Notes
1. Weaning should be considered as soon as the patient is improving as evidenced by 

decreasing FiO2 requirements and decreasing ventilator pressures.  Keys to weaning 
include daily evaluation to decrease pressure and/or FiO2 as well as assessment of
sedation level.  

2. In light of the fact that many patients are ready to extubate by the time they are
evaluated for weaning, consider a daily “drug holiday” to allow sedation to lighten and a
daily “spontaneous breathing trial” to evaluate suitability for weaning and/or extubation 
when and if appropriate.

3. Successful weaning and extubation requires 48 hours off positive pressure ventilatory 
support.  CPAP alone does not constitute ventilatory support but cycled non-invasive
positive pressure does (e.g., BIPAP)

Figure 2. Ventilator guidelines (adapted from Acute Respiratory Distress Syndrome Network guidelines) (14). 
PEEP = positive end-expiratory pressure, HFOV = high-frequency oscillatory ventilation, PS = pressure support, 
CPAP = continuous positive airway pressure, BIPAP = bilevel positive airway pressure.
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The administration of surfactant was not associated with 
improvement in oxygenation relative to placebo, irrespective 
of whether Pao

2
/Fio

2
 or Spo

2
/Fio

2
 ratios were analyzed (Fig. 4, 

A and B).

As with our previous studies, surfactant administration 
was associated with few adverse effects. There were 22 adverse 
events believed possibly or probably related to the study inter-
vention: four episodes of transient hypoxia (three surfac-
tants, one placebo); bradycardia in two surfactant subjects; 
and one episode of leukopenia in a surfactant subject. The 
only serious adverse events were one pneumothorax and one 
pneumomediastinum, both in surfactant subjects. The pneu-
mothorax required chest tube placement, but no intervention 
was required for the pneumomediastinum. All subjects with 
adverse events believed possibly or probably related to the 
study intervention recovered without sequelae.

Study outcomes are found in Table 2. The primary study 
outcome was survival at 90 days, which was not different 
between the two groups. Overall mortality was 11%. Seven sur-
factant subjects died (12%) and five placebo subjects (9%), two 
after hospital discharge but before 90 days. VFDs and ICU-free 
days at 28 days were not statistically different, but surfactant 
subjects had significantly fewer hospital-free days (10.5 ± 7.7 
vs 7.0 ± 7; p = 0.01). Multivariable regression adjusting for age, 
gender, risk strata, immune status, fluid balance, and PRISM 
score did not explain this difference (adjusted difference 3.5 d,  
p = 0.017). PICU categorical outcomes were not different. 
Neither ventilator nor fluid management differed between 
placebo and surfactant groups. Despite the conservative fluid 
management protocol, on average subjects accumulated nearly 
2 L/M2 over the first 7 days of the trial, and there was no dif-
ference between surfactant and placebo groups. Ventilator 
management was also comparable. Ventilator tidal volumes 
exceeded 8 mL/kg at least once in 58% of surfactant sub-
jects and 57% of placebo subjects; ventilator peak pressures 

TAbLE 1. Demographic Comparisons between Surfactant and Placeboa

Demographic Data All (n = 109) Placebo (n = 53) Surfactant (n = 56)

Average age, yr 6.2 ± 5.9 6.0 ± 5.8 6.3 ± 6.0

Male gender (%) 56 (51) 28 (53) 28 (50)

Primary diagnosis (%)

 Viral pneumonia 52 (47) 25 (47) 27 (48)

 Bacterial pneumonia 23 (22) 10 (19) 13 (23)

 Aspiration pneumonia 17 (15) 9 (17) 8 (14)

 Near drowning 6 (5) 2 (4) 4 (7)

 Other 11 (10) 7 (13) 4 (7)

Pediatric Risk of Mortality 
scores

10.9 ± 7.1 10.6 ± 6.3 11.3 ± 7.8

Risk level (%)

 High 35 (32) 16 (30) 19 (34)

 Low 74 (68) 37 (70) 37 (66)

Immune compromised (%) 11 (11) 4 (8.0) 7 (12)

Influenza A (%) 20 (18.3) 11 (20.7) 9 (16)

 H1N1 strain (%) 14 (12.8) 9 (17) 5 (9)
a±sd, as appropriate.

97,135 Total Admissions to All ICUs

34,971 Intubated & Ventilated Patients

5807 ALI/ARDS

2949 Direct ALI/ARDS

556 intubated > 48 hours
498 pre-existing lung disease
383 other organ failure
302 care limited/DNR 
184 patient/surrogate refusal 
126 Glasgow Coma Score <8 
37 congestive heart failure

432 unknown/no reason 
431 Subjects Entered

Figure 3. Flow chart for subject entry into Calfactant in Acute Respiratory 
Distress Syndrome (ARDS) trial. ALI = acute lung injury.
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exceeded 30 cm H
2
O in 52% of surfactant subjects and 55% of 

placebo subjects.

DISCUSSION
Unlike our previous studies, there appeared to be no ben-
efit from surfactant administration. The lack of immediate 
improvement in oxygenation after surfactant administration 
was unexpected since this was a consistent finding in each of 
our three previous studies (10–12). Although hospital-free 
days was the only statistically significant difference, the data 
also suggest that duration of ventilation and the need for PICU 
care may have been prolonged by surfactant treatment. The 
lack of acute benefit was particularly surprising because only 
a subgroup of ALI/ARDS subjects, those with “direct” lung 
injury, were included in this trial. This is the subgroup from 
our previous study that on post hoc analysis appeared to ben-
efit most from calfactant (12).

Our results of our calfactant trials in children have fol-
lowed a path similar to that of the adult trials. After an initial 

negative trial of nebulized artificial surfactant (colfosceril 
palmitate, Exosurf) by Anzueto et al (17), Gregory et al (18) 
reported improved oxygenation in a subgroup of adults with 
sepsis-induced ALI/ARDS using a natural surfactant (berac-
tant, Survanta). A larger randomized controlled trial (RCT) 
using a recombinant surfactant containing surfactant protein 
C (Venticute) demonstrated improved oxygenation but no 
overall improvement in outcomes (19). However, on post hoc 
analysis, the subgroup of subjects with direct lung injury had 
improved mortality. This prompted the investigators to pro-
ceed with a similar RCT focused on subjects with direct lung 
injury, but this study was stopped for futility (20). The authors 
commented that their surfactant may have been inactivated by 
their preparation method, but no subsequent trials are cur-
rently planned. Finally, again after initial success in a smaller 
pilot study, the trial by Kesecioglu et al (21) using a porcine 
surfactant (HL-10) was stopped after the first interim analysis 
due to significant peridosing hypoxia and hypotension.

In this current trial with calfactant, there were three changes 
which, in retrospect, could have diminished the effectiveness 
of the treatment: 1) 60 mg phospholipid/mL rather than 35 mg 
phospholipid/mL calfactant preparation was used; 2) the instil-
lation protocol did not include a lung recruitment maneuver; 
and 3) the instillation was performed in two rather than four 
aliquots with only two position changes rather than the four 
previous position changes (right side, head up, and head down; 
left side, head up, and head down). Each of these changes may 
have affected the distribution of the administered surfactant.

A more concentrated surfactant (60 mg/cc phospholipid vs 
35 mg/cc) was used in this trial to decrease the liquid load on 
the lung from surfactant instillation. This was a concern for 
the adult study where the previous more dilute concentration 
would have necessitated as much as 200 cc of fluid surfactant 
which we feared might be associated with significant destabili-
zation. In the interest of using a consistent protocol, this con-
centration was adopted for the pediatric arm as well. A lower 
liquid volume, however, may compromise surfactant distribu-
tion; larger surfactant volumes have been shown to have better 
distribution in experimental studies (22–24).

The administration of the drug without a “recruitment 
maneuver” was another difference in this study protocol. 
Given the lack of experience with surfactant administration 
in adults, this was thought to be a simpler, more consistent, 
and safer approach than taking the subject off the ventilator 
and “hand ventilating” using higher pressures to deliver the 
surfactant, as we had in previous studies (10–12). The inves-
tigators adopted this for the pediatric protocol in the interest 
of, again, having a uniform approach for both children and 
adults. Recruitment maneuvers alone have been reported 
to transiently improve oxygenation but with little sustained 
effect (25–27). In our previous study, when subjects were hand 
ventilated at 10 cm H

2
O pressure above their ventilator peak 

pressure during instillation, both surfactant and placebo sub-
jects demonstrated improved oxygenation, but the improve-
ment was sustained only in the surfactant group (11). It is not 
established whether surfactant distribution is affected by a 

Figure 4. Change in oxygenation after intervention: A, change in Pao2/Fio2 
ratio when Pao2 is estimated from Spo2 (using Pao2/Fio2 ratio = [0.443 × 
Spo2/Fio2 ratio] / [1 − 0.00232 × Spo2/Fio2 ratio] when Spo2 > 80% but 
< 97% [16]) (n = 45 for both groups); b, change in Pao2/Fio2 when the 
Pao2 value was available (n = 33 placebo, n = 36 surfactant).

A

B
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recruitment maneuver, but Lu et al (28) reported that instil-
lation of porcine surfactant (HL-10) produced increased lung 
aeration relative to placebo as demonstrated by CT scan 7 days 
after surfactant administration. During their administration, 
they performed a recruitment maneuver by increasing tidal 
volume to 12 mL/kg predicted body weight and positive end-
expiratory pressure by 5 cm H

2
O for 30 minutes after instil-

lation. In future studies, it would be of interest to investigate 
surfactant distribution when instilled with and without such 
a recruitment maneuver.

The final difference involved positioning during surfactant 
administration. Positioning theoretically enables gravity to 
assist in the distribution of the administered surfactant. This 
study included both children and adults, and the investigators 
were concerned that maneuvering larger adult subjects into 
four different positions might be technically difficult, would 
require more time, and might incur some risk. These have gen-
erally not been concerns in pediatric studies. All three of these 
changes may have resulted in poorer surfactant distribution. 
Exogenous surfactant is not likely to have an effect if it does 
not reach areas of the lung in which it is deficient or inhibited.

Entities, such as ALI/ARDS, which have multiple etiologies 
and a wide spectrum of concurrent medical issues are difficult 
targets for drug therapy. Improvements in supportive care have 
significantly improved patient outcomes, leaving fewer patients 
at risk for the efficacy endpoint of death. The unprecedented 
low mortality of the children in the placebo group in this trial 
made identification of a mortality benefit from lung surfactant 
unlikely. The lack of improvement in oxygenation observed in 
our previous studies may indicate that continuing advance-
ments in supportive care for respiratory failure patients have 
made potential benefits of exogenous surfactant therapy moot.

We were heartened by the low mortality (11%) in the study 
population despite the relative severity of lung injury. This is 
considerably better than the 27% mortality in our previous 
study although the population of this study had somewhat 
lower average PRISM scores and Pao

2
/Fio

2
 ratios at entry com-

pared with the previous population (12).

CONCLUSIONS
Calfactant instillation in pediatric patients with direct ALI did 
not improve oxygenation or longer term outcomes and was 
associated with prolonged hospital stay. Lack of benefit in this 
study relative to our previous studies may reflect differences in 
the study protocol which affected surfactant distribution. Future 
investigation should evaluate the effect of surfactant concentra-
tion and volume, patient positioning during administration, 
and recruitment maneuvers on surfactant distribution. Based on 
the results of this study, we cannot recommend administration 
of exogenous surfactant in patients with ALI/ARDS.
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