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Exogenous surfactant administration is currently being
tested in patients with the acute respiratory distress syn-
drome (ARDS). The results of the studies have varied be-
cause several factors may influence the host’s response to
this therapy. This clinical pilot study was designed to evalu-
ate the safety and efficacy of exogenous surfactant admini-
stration in pediatric patients with ARDS. Surfactant was
administered to 13 patients with severe lung dysfunction,
and eight of these patients experienced a significant im-
provement in oxygenation after the first dose of surfactant.
In these patients the exogenous surfactant was administered
within 48 h of the diagnosis of ARDS, whereas in the five
patients who did not respond, surfactant was administered
several days after the onset of ARDS. Responders also spent
fewer days on a mechanical ventilator and less time in
intensive care compared with nonresponders. Based on the
results of this pilot study, a more appropriate multicentre
clinical trial should be designed to evaluate this treatment
strategy.
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Thérapie par surfactant exogène chez les pa-
tients pédiatriques atteints du syndrome de
détresse respiratoire aiguë

RÉSUMÉ : L’administration de surfactant exogène pour

traiter les patients atteints du syndrome de détresse respiratoire

aiguë (SDRA) est actuellement à l’étude. Les résultats des

études varient du fait que plusieurs facteurs peuvent influencer

la réponse de l’hôte à cette thérapie. La présente étude clinique

pilote a été conçue pour évaluer la sûreté et l’efficacité de

l’administration de surfactant exogène chez les patients pédia-

triques souffrant du SDRA. On a administré du surfactant à 13

patients accusant une dysfonction pulmonaire grave, et 8 de ces

patients ont pu améliorer leur oxygénation de façon significa-

tive après avoir reçu la première dose de surfactant. Chez ces

patients, le surfactant avait été administré dans les 48 heures

suivant le diagnostic de SDRA, tandis que chez les 5 patients

qui n’ont pas répondu au traitement, le surfactant avait été

administré plusieurs jours après le déclenchement du SDRA.

Les patients qui ont répondu au traitement ont passé moins de

jours sous ventilation mécanique et moins de temps aux soins

intensifs que les patients n’ayant pas répondu à la thérapie.

D’après les résultats de cette étude pilote, on devrait mener un

essai clinique multicentrique plus approprié pour évaluer cette

stratégie thérapeutique.
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Acute respiratory distress syndrome (ARDS) in pediatric

patients is associated with a high mortality, despite

advances in tertiary critical care support and an improved

understanding of disease pathophysiology (1-3). Although

the etiology and clinical presentation of neonates with the

infant respiratory distress syndrome (RDS) and older chil-

dren with ARDS differs, both conditions are associated with

either primary surfactant deficiency or secondary alterations

of the surfactant system (4-7). In both clinical settings, sur-

factant abnormalities result in lung dysfunction that mani-

fests as hypoxemia and decreased pulmonary compliance.

Successful treatment of neonatal RDS with exogenous sur-

factant (4) has prompted some investigators to suggest that

this therapy may also benefit patients with ARDS (4,5,7).

Studies examining both bronchoalveolar lavage isolated

from patients with ARDS (6-9) and alveolar lavage samples

obtained from animals with acute lung injury (10-12) have

demonstrated altered biochemical composition and func-

tional abnormalities of the recovered surfactant. Together

these findings indicate that surfactant alterations contribute

to the lung dysfunction associated with ARDS and support

the hypothesis that exogenous surfactant may improve lung

function in these patients.

Clinical experience with exogenous surfactant replace-

ment as a treatment modality for ARDS is limited. Most case

studies have reported efficacy in severely ill patients, and

these data suggest that improvement in oxygenation and

pulmonary compliance are possible following surfactant ad-

ministration (13-18). Two recent multicentre clinical trials

evaluating exogenous surfactant treatment for adults with

established ARDS have yielded conflicting results. In one

study, aerosolization of a synthetic surfactant resulted in no

improvement in either oxygenation or pulmonary compli-

ance, nor in 28-day mortality (17). A second study showed

that instillation of a modified natural bovine surfactant led to

both short term benefits in oxygenation and a significant

reduction in mortality (16).

Experience using exogenous surfactant administered to

pediatric patients with ARDS is even more limited. Bohn and

colleagues (15) reported that exogenous surfactant instilled

into the lungs of eight children with severe respiratory failure

due to ARDS resulted in immediate improvements in oxy-

genation. Despite these promising results, animal studies

suggest that earlier administration of exogenous surfactant

over the course of the injury may result in superior outcomes

(7,19,20). To date, there are few clinical data to support this

hypothesis, and clinical trials are currently designed to ad-

minister the surfactant at relatively late stages of the patient’s

disease (16,17). Because of the limited data available evalu-

ating this therapy in pediatric patients, an uncontrolled pilot

study in 13 pediatric patients with ARDS was conducted to

assess the safety and physiological efficacy of surfactant

administration in this patient population. The goals were to

develop experience with this treatment modality in this pa-

tient population and gain insight from the results so that

larger, controlled clinical trials could be more appropriately

designed.

PATIENTS AND METHODS
This clinical pilot study was conducted at two Canadian

pediatric intensive care units using the same protocol ap-

proved by each university’s Institutional Review Boards. The

children received treatment with bovine lipid extract surfac-

tant (bLES) (BLES Biochemicals) after informed parental

consent was obtained.

Study design: This study was a pilot investigation evaluating

the safety and efficacy of exogenous surfactant administra-

tion in pediatric patients with severe ARDS. Patients were

entered into the study if they had a clinical history and chest

radiograph compatible with the diagnosis of ARDS (2,3).

They were required to meet the following inclusion criteria:

age between two weeks and 16 years; acute respiratory fail-

ure necessitating assisted positive pressure ventilation:

PaO2:fraction of inspired oxygen (FiO2) ratio less than 150

and positive end-expiratory pressure (PEEP) 6 cm H2O or

greater. Patients were excluded from the study if they had

evidence of cardiogenic pulmonary edema as demonstrated

by a pulmonary capillary wedge pressure 18 mmHg or

greater, or clinical features of congestive cardiac failure, such

as gallop rhythm, hepatomegaly, etc. Patients with signifi-

cant asymmetric chronic lung disease or evidence of con-

genital lobar emphysema were also excluded.

All eligible patients were treated with an initial dose of

exogenous surfactant during continuous monitoring of arte-

rial blood pressure and oxygen saturation by pulse oximetry.

In addition all patients underwent pulmonary artery

catheterization to measure the pulmonary artery pressure.

Data collected on these patients included hemodynamic

monitoring, ventilation parameters, oxygen saturation moni-

toring and arterial blood gases.

The recorded hemodynamic parameters included systolic

arterial pressure (SAP), systolic mean arterial pressure

(SMAP), systolic pulmonary arterial pressure (PAP) and

mean pulmonary artery pressure (PMAP). In addition to the

above monitoring these patients underwent cardiac output

(CO) measurements in duplicate using the thermodilution

technique with an injectate volume of 5 mL normal saline at

an injectate temperature of 0 to 5°C. The cardiac index (CI)

was calculated as CI = CO/body surface area. The ventilation

parameters recorded included respiratory peak inspiratory

pressure (PIP), mean airway pressure (Paw) and PEEP as

well as the FiO2. These data were obtained before surfactant

administration and at 15 min intervals after surfactant instil-

lation for the first hour. Subsequent measurements were

obtained at hourly intervals up to 6 h after surfactant instilla-

tion. Of note, all patients included in this study were venti-

lated in a relatively similar manner and according to the

accepted standard of care in these institutions. During the

study no specific mode of ventilation had been proven supe-

rior to another in large multicentre clinical trials, so no

particular ventilation settings for this study were specified.

As a result, the ventilation parameters varied somewhat be-

tween both patients and at times within patients. The goal of

all ventilation strategies was to optimize oxygenation and

PaCO2 values both before and after surfactant administra-
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tion, and to minimize ventilatory changes immediately before

and after surfactant therapy so that this variable had minimal

effect on acute clinical responses.

The total number of doses of bLES administered was also

reported, as were the duration of assisted ventilation and

intensive care stay in days before and after bLES administra-

tion. In addition to patient outcome, ie, survival or death, the

incidence of respiratory complications, such as endotracheal

tube obstruction, pulmonary hemorrhage or pneumothorax,

was also documented.

Surfactant administration: bLES was used to treat patients

enrolled in this study. This preparation is a natural bovine

lung lavage extract and has been used extensively for treat-

ment of neonatal RDS in Canada. Patients received a dose of

100 mg/kg (4 mL/kg) intratracheally using the following

technique. A syringe with a treatment dose of surfactant was

connected to the endotracheal tube via a luer lock connector

and surfactant was instilled in three separate aliquots while

the head of the bed was maintained at a 45° elevation. The

first aliquot of the dose was instilled in the midline position

over 5 to 10 mins during the inspiratory cycle of the ventila-

tor. The second and third aliquots of each dose were instilled

in a similar manner with the patient in the left and right lateral

positions respectively. The patient was returned to the supine

position after the surfactant was administered. A beneficial

response was arbitrarily predetermined to be an increase in

the PaO2:FiO2 ratio of at least 20% from the pretreatment

value in response to the first dose of bLES. Subsequent doses

of bLES were administered only if a beneficial response to

the first dose of bLES occurred.

Statistical analysis: Statistical analysis was performed using

ANOVA for SAP, SMAP, PAP, PMAP, PIP, Paw, CI,

PaO2:FiO2 ratio and PaCO2 values reported for each patient

before the first dose of bLES compared with their values

post-bLES administration at the above time intervals. These

values for individual patients who received subsequent doses

of surfactant were also compared with their immediate pre-

treatment values using ANOVA. A statistically significant

difference in the pre- and postsurfactant values was consid-

ered present when P<0.05.

TABLE 1
Patient characteristics of 13 patients with acute resipratory distress syndrome before exogenous surfactant
administration

Patient Age Diagnosis PaO2:FiO2 PIP PEEP
1 3 weeks Aspiration 62 42 12
2 7 months Liver failure/sepsis 47 32 10
3 13 months Aspiration 29 44 10
4 4 months Bronchiolitis/immunodeficiency 73 34 8
5 30 months Congenital heart disease, pneumonia 16 28 7
6 16 years Burns, sepsis 74 48 12
7 8 years Neuroblastoma 80 44 7
8 10 years Brain tumour, pneumonia 120 52 8
9 13 years Pneumonia/sepsis 67 43 8
10 11 months Aspiration 77 29 8
11 6 months Respiratory syncytial virus, sepsis 57 45 6
12 10 months Congenital heart disease, pneumonia 70 36 9
13 2 years Aspiration 81 52 10

FiO2 Fraction of inspired oxygen; PEEP Positive end-expiratory pressure; PIP Peak inspiratory pressure

Figure 1) Individual PaO2:FiO2 values over time for patients that
responded to exogenous surfactant (A top) and patients that did not
respond to surfactant (B bottom). A Patient 1 � ; Patient 2 l;

Patient 3 G; Patient 7 t ; Patient 8 ∇; Patient 9 �; Patient 10 s;
Patient 13 s. B Patient 4 m ; Patient 5 l; Patient 6 ∇; Patient 11
t; Patient 12�
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RESULTS
Patient characteristics before treatment: A total of 13

patients were enrolled in this pilot study (Table 1). Ages

ranged from three weeks to 16 years with a mean age of four

years and four months. All of these children had severe

respiratory failure before surfactant administration as indi-

cated by FiO2 requirements exceeding 0.6, with a mean

PaO2:FiO2 value of 65±7, a mean PIP value of 40±2 cm H2O

and a mean PEEP value of 8±1 cm H2O.

Response to treatment: Eight of the 13 patients treated with

exogenous surfactant demonstrated a significant improve-

ment in the PaO2:FiO2 ratio following the first dose of

instilled bLES (responders) (Figure 1A). In five of the 13

patients (Figure 1B) there were no improvements whatsoever

in the PaO2:FiO2 values (nonresponders). The two groups of

patients were separated retrospectively according to their

oxygenation response to bLES. Patient 5 did not exhibit an

increase in PaO2:FiO2 in response to surfactant but had a

decrease in PIP and PaCO2 values reflecting an isolated

ventilatory response (data not shown). Lack of improvement

in oxygenation in this patient may have been caused by the

presence of a persistent intracardiac shunt from a patent

foramen ovale due to the presence of a pre-existing cyanotic

congenital heart disease confirmed postmortem.

Among the 13 patients who received at least one dose of

bLES, four patients received three subsequent doses, two

patients received one more dose, and one patient received

two subsequent doses. The oxygenation response to all doses

of exogenous surfactant for all patients is shown in Figure 2.

In response to the first dose of bLES the mean PaO2:FiO2

ratio improved from a baseline value of 65±7 to 114±25 over

15 mins with a peak value of 129±32 occurring 45 mins after

bLES instillation (Figure 2A). There was subsequently a

decline in the PaO2:FiO2 ratio to 107±20 by 2 h post-treat-

ment. Statistically significant improvements in PaO2:FiO2

values were noted only after the first dose of bLES, and

values remained significantly higher than pretreatment val-

ues for up 2 h post-bLES administration. In response to the

second dose of bLES, the mean PaO2:FiO2 ratio improved

from a baseline value of 80±16 to 107±18 at 30 mins, and

increased further to 141±22 by 2 h post-treatment (Figure

2B). The peak value of 152±39 occurred at 5 h post-treatment

with a decline to 130±21 at 6 h. The third and the fourth doses

of bLES failed to show any significant improvements in the

PaO2:FiO2 ratio compared with pretreatment values (Figure

2C,2D).

Mean PaCO2 values showed no significant changes in

response to any of the individual doses of bLES. Interest-

ingly, the mean pretreatment PaCO2 values before receiving

the first dose of bLES in the eight patients who had signifi-

cant improvements in oxygenation in response to bLES

(42±6 mmHg) were significantly lower than the pretreatment

PaCO2 values in nonresponders (63±8 mmHg) (Figure 3).

A detailed analysis of data collected from patients given

exogenous bLES demonstrated that there were no significant

changes in ventilatory parameters after treatment (PIP, PEEP

and Paw) or in hemodynamic parameters (SAP, SMAP, PAP,

PMAP and CI) after bLES administration compared with

their respective pretreatment values.

In all patients, surfactant instillation was tolerated without

complications, such as endotracheal tube obstruction, pulmo-

Figure 2) Mean ± SEM PaO2:Fraction of inspired oxygen (FiO2)

values after each dose of exogenous surfactant administered to
patients with acute respiratory distress syndrome. There were sig-
nificant improvements in PaO2:FiO2 only in response to the first
dose of bovine lipid extract surfactant

Figure 3) Mean ± SEM PaCO2 values before surfactant admini-
stration in patients that eventually responded to exogenous surfac-
tant (increased PaO2:Fraction of inspired oxygen values) compared
with patients who did not respond to the surfactant
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nary hemorrhage or pneumothorax, during and to 6 h follow-

ing surfactant administration.

The final outcome of all 13 patients treated with exoge-

nous surfactant is shown in Table 2. Seven of the 13 patients

treated with surfactant died. Three of the deaths occurred in

the group of eight patients who showed improvement in

PaO2:FiO2 values in response to the first dose of bLES. In

these three patients, mortality was attributed to brain death in

patient 7, fulminant liver failure in patient 2 and multisystem

organ dysfunction (MSOD) in patient 13. On the other hand,

four of the five patients who did not respond to bLES died. In

these patients mortality was due to cardiac dysfunction and

MSOD in patient 5 and MSOD with severe respiratory failure

in patients 4, 6 and 12.

Mean length of stay in the pediatric intensive care unit was

10±2 days for the eight patients who responded to the first

dose of bLES and 22±6 days for the five patients who did not

respond. Similarly, responders spent a mean of 7.5±1.8 days

on a mechanical ventilator while nonresponders spent 20±6

days on a ventilator. Interestingly, the responders received

bLES within 24 h of the initial diagnosis of ARDS whereas

four of the five nonresponders received bLES at least six days

after diagnosis of ARDS (Table 2). Only a single nonrespon-

der (patient 5 – a patient with ARDS following postoperative

cardiac shunt surgery for cyanotic congenital heart disease)

received surfactant within 48 h of the diagnosis of ARDS. In

this patient ventilatory parameters improved despite no sig-

nificant change in PaO2:FiO2 values as noted previously.

DISCUSSION
Studies involving animal models of acute lung injury

(10-12,18-20) and assays performed on lavage samples ob-

tained from patients with ARDS (6,8,9) suggest that altera-

tions of the endogenous surfactant system contribute, in part,

to the lung dysfunction associated with ARDS. Although the

limited clinical experience using exogenous surfactant in

patients with ARDS is encouraging, recent multicentre clini-

cal trials have reported variable results (16,17). Further un-

derstanding of the potential factors that may influence an

individual’s response to exogenous surfactant will lead to

more optimal design of multicentre clinical trials that will

evaluate both physiological response to the exogenous sur-

factant and overall mortality. The data suggest that in future

clinical trials exogenous surfactant should be administered

relatively early after the injury and that there may be a limit

to the number of doses of surfactant required.

It was clear from this study that patients given exogenous

surfactant fell into two relatively distinct groups. Patients

referred to as responders had at least a 20% increase in

PaO2:FiO2 after the first dose of surfactant, whereas nonre-

sponders demonstrated no changes in oxygenation. Compari-

son of patient characteristics in these two groups before

surfactant treatment revealed no obvious differences in the

etiology of ARDS, age of onset of disease or degree of

hypoxemia at the time of treatment. Although the recorded

airway pressures of both patient groups were similar before

treatment, the PaCO2 values of responders were significantly

lower than those of nonresponders. This observation was

made retrospectively and suggests that patients with very

poor ventilation efficiencies before treatment may not re-

spond as well to exogenous surfactant. However, because we

did not formally measure tidal volumes and did not specify the

particular modes of ventilation used in this study (ie, respira-

tory rates, inspiratory times, etc), we cannot conclude that

ventilation efficiency predicts response to exogenous surfac-

tant in patients with ARDS. On the other hand, until data are

available demonstrating that a specific mode of ventilation in

these patients significantly decreases mortality, it is likely that

surfactant will continue to be administered to patients under-

going various ventilation strategies before treatment.

It is possible that the nonresponders had more severe lung

injury before treatment compared with the responders, de-

spite similar oxygenation values in the two groups. This is

supported by our subsequent finding that nonresponders had

been ventilated for a significantly longer period of time after

the diagnosis of ARDS was made (at least six days with

mechanical ventilation before bLES administration) com-

pared with the responder group. In fact, all eight patients who

responded received bLES within 24 to 36 h of the diagnosis

of ARDS. This finding suggests that future controlled clinical

trials may result in more optimal outcomes if exogenous

surfactant is administered earlier in the course of the disease.

Indeed, the timing of surfactant administration in acute lung

injury has been shown to be an important factor influencing

the response to exogenous surfactant in patients with neona-

tal RDS (4) and in animal models of hyperoxia exposure

(7,20) and repetitive saline lung lavage (18,19). Our study

supports the conclusion that the timing of surfactant treat-

ment more accurately predicts a patient’s response to this

therapy rather than the oxygenation status of the patient.

Another interesting observation was that no further im-

provements in oxygenation were observed after the second

dose of surfactant was administered to responders. Gregory

and colleagues (16) found that four doses of instilled surfac-

tant resulted in a superior response in adults with ARDS

compared with a similar group of patients who received eight

doses. Further studies are required to determine optimal dos-

ing intervals in such patients to make this therapeutic strategy

more cost effective. For example, it is possible in our study

that patients not responding to the first dose of exogenous

surfactant may have responded to subsequent doses, had they

TABLE 2
Individual patient responses

Responders Nonresponders

Number of patients 8 5

Total PICU days (± SEM) 10±2 22±6

Total days of ventilation (± SEM) 7.5±1.8 20±6

Days of ventilation pretreatment
(± SEM)

1.0±0 7.6±2.1

Outcome (mortality) 3/8 4/5

PICU Pediatric intensive care unit

Surfactant therapy in ARDS
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been administered. Although review of the literature report-

ing clinical experiences with this treatment modality does not

support this hypothesis, it is possible that in some ARDSpa-

tients multiple doses may be necessary.

A final observation from this study was that exogenously

instilled bLES was tolerated by all patients, with no evidence

of endotracheal tube obstruction or other complications de-

spite the relatively large volumes of surfactant delivered to

these patients compared with volumes used in the neonatal

population. It is also interesting that despite the severity of

respiratory failure in these patients, none of the responders to

bLES died of respiratory failure, whereas three of the five

nonresponders had severe respiratory insufficiency at death.

Respiratory failure in these nonresponders was not related to

surfactant instillation because the surfactant instillation had

been well tolerated acutely and these deaths occurred several

days later. One could conclude from these observations that

this particular treatment strategy was safe in this critically ill

patient population, although because this was not a controlled

trial, conclusions about the effects of exogenous surfactant

on long term outcomes cannot be made.

In summary, we found that instilled exogenous surfactant

could be given safely to critically ill pediatric patients with

severe ARDS. Optimal responses in oxygenation were ob-

tained when the surfactant was given within 24 to 48 h of the

diagnosis of ARDS. Patients who responded to the exoge-

nous surfactant had no further improvements in gas ex-

change after the second dose and spent less time on a

mechanical ventilator and fewer days in the intensive care

unit compared with patients who did not respond to the first

dose of surfactant. We believe that an appropriately de-

signed, prospective, randomized, multicentre clinical trial

evaluating exogenous surfactant in pediatric patients with

ARDS is warranted.
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