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Prognostic value of the immediate response to

surfactant

J Kuint, B Reichman, L Neumann, E S Shinwell

Abstract
Aim-To evaluate the association between
the immediate response to surfactant
treatment and morbidity and mortality in
infants with severe respiratory distress
syndrome.
Methods-The response to surfactant was
defined as the difference in the
arterial:alveolar (5 a:A) ratio before and
one hour after the first surfactant dose.
Measurements were obtained from 253
Israeli infants participating in the multi-
centre Curosurf 4 trial of surfactant
replacement therapy.
Results-Delta a:A ratios ranged from
-0.115 to 0-8 and were significantly
related to both birth weight and gesta-
tional age. Among infints weighing
1001-1500 g mortality decreased from 40%
among very bad responders to zero

among good responders. The incidence of
pneumothorax decreased with better
response. Logistic regression analysis
showed a hierarchy of predictive power
for mortality: birth weight or gestational
age; immediate response to surfactant;
severity of initial disease.
Conclusion-The immediate response to
surfactant treatment is a significant
prognostic indicator for mortality and
morbidity.
(Arch Dis Child 1994; 71: F170-F173)
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Numerous clinical trials have shown that
surfactant replacement therapy is highly effec-
tive for neonatal respiratory distress syndrome
(RDS).1 A dramatic improvement in oxygena-
tion occurred in infants treated with surfac-
tant.2-4 Mortality decreased by about 40% in
most of the reported studies.2-4 The incidence
of pneumothorax fell to less than 10% and
length of hospital stay was shortened.2-4
However, the incidence of bronchopulmonary
dysplasia has remained unchanged despite the
use of surfactant, although the number of
survivors without has steadily increased during
recent years.5

According to various reports of several
different surfactant preparations, 6-24% of
infants respond poorly to surfactant.610 We
hypothesised that poor response to surfactant
may be an indicator of poor prognosis in terms
of morbidity and mortality. The aim of this
study was to evaluate the association between
the initial response to surfactant and neonatal
morbidity and mortality and to compare poor
response with other recognised prognostic
indicators, such as birth weight, gestational

age, and severity of initial disease as reflected
in Apgar score, highest FiO2, and lowest pH in
the first 12 hours of life.

Methods
The infants studied were enrolled in a multi-
centre, prospective, randomised clinical trial of
surfactant replacement therapy (Curosurf 4). 11

We compared two different dose protocols
of porcine surfactant (Curosurf; Chiesi
Farmaceutici, Parma, Italy). Curosurf is a
natural surfactant isolated from minced pig
lungs by a combination of washing, chloro-
form-methanol extraction, and liquid-gel
chromatography.'2 The high dose protocol
consisted of a loading dose of 200 mg/kg,
followed by up to four subsequent doses of
100 mg/kg; the low dose protocol comprised
three doses of 100 mg/kg. Eighty one centres
throughout Europe contributed to the study.
This analysis relates to the infants from the
eight Israeli centres in the study.

DATA COLLECTION
The baseline data collected on each infant
included maternal medical and obstetric his-
tory, antenatal steroid treatment, mode of
delivery, duration of rupture of membranes,
single or multiple pregnancy, fetal presenta-
tion, Apgar score and sex. Data relating to
RDS included ventilator settings before and
after treatment and blood gases for all surfac-
tant doses. Outcome was assessed by days of
mechanical ventilation, days in 02 (above and
below FiO2=0-4), major morbidity, such as air
leak complications, sepsis, intraventricular
haemorrhage, periventricular leucomalacia,
patent ductus arteriosus, necrotising entero-
colitis, and retinopathy of prematurity.

Immediate response was defined as the
difference between the arterial:alveolar (a:A)
ratio immediately before and one hour after
the first Curosurf dose (8 a:A ratio). The a:A
ratio was calculated according to the following
formula:

Pa/AO2=PaO2/(7 13 xFio2)-Paco2.
The 8 a:A ratio was calculated for all 253

infants and arranged in ascending order (figure).
The range of 8 a:A ratio was from -0-115 to
0-8. The values obtained were divided into four
quartiles, arbitrarily termed very bad, bad, fair
and good response for analysis (figure).

DATA ANALYSIS
The influence of the factors described on
response type, major morbidity, and mortality
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Responses
Response to the first dose ofsurfactant treatment as measured by the 6 a.A ratio in 253
infants. Each column represents a single infant. Response was arbitrarily divided into
quartiles and the range of values in each quartile is shown under the assigned name.

was assessed using x2 and Fisher's exact tests
for qualitative variables. Pearson's correlation
coefficients were computed to assess the
association between continuous variables. The
independent effect of response type and birth
weight on mortality was assessed by trend
analysis. Multiple logistic regression analysis
was used to assess the relative predictive power
of each of the following independent variables
(birth weight; gestational age; highest FiO2 and
lowest pH in the first 12 hours; Apgar
score at five minutes; dose assignment and
response type) on dependent variables, includ-
ing mortality, days of mechanical ventilation,
days in 02, length of stay, pneumothorax,
other air leak, intraventricular haemorrhage
and periventricular leucomalacia.

Preliminary analysis failed to demonstrate
any significant differences in response type or
outcome in terms of morbidity and mortality
between the two dose protocols and therefore,
for the purposes of subsequent analysis, the
entire population was studied as a whole.

Results
Two hundred and fifty three infants were
included in the analysis. Mean (SD) birth
weight was 1380 (507) g and mean gestational
age was 29 (3-6) weeks. Male:female ratio was
133:1. Mean Apgar score was 5-7 at one
minute and 8-2 at five minutes. Twenty one
point four per cent were treated with antenatal
steroids and prolonged rupture of membranes
was present in 18%. Fifty per cent of the
infants had been delivered by caesarean
section.

Table I Mortality in relation to birth weight and response type as defined by 8 a.A ratio
(as shown in figure)

Response

Birth weight Very bad Bad Fair Good Totul
(g) n (%/0) n (%Yo) n (%No) n (%Y.) n (%/o)
<750 10/10 (100) 8/12 (67) 6/7 (86) 7/8 (88) 31/37 (84)
751-1000 15/25 (60) 8/14 (57) 4/11 (36) 4/10 (40) 31/60 (52)
1001-1500 8/20 (40) 3/15 (20) 2/23 (9) 0/15 (0) 13/73 (18)

>1500 2/9 (22) 3/22 (14) 0/22 (0) 1/30 (3) 6/83 (7)
Total 35/64 (53) 22/63 (34) 12/63 (19) 12/63 (18) 81/253 (32)

Table 2 Patient characteristics according to response type*

Mean Apgar
score (minutes)

Gestational Birth weight
Response 1 5 age (weeks) (g)

Very bad 4-4 7-2 27-8 (2-6) 1073 (380)
Bad 5-4 8-1 28-1 (3-1) 1247 (532)
Fair 6-3 8-3 28-8 (3-2) 1441 (880)
Good 5-8 8-3 30-1 (3-2) 1484 (616)

*Results expressed as mean (SD).

FACTORS INFLUENCING MORTALITY
Mortality in the 'very bad' response group was
53%, 34% in the bad group, 19% in the fair
group, and 18% in the good group. Mortality
was 84%, 52%, 18%, and 7% in the birth
weight groups at <751 g, 751-1000 g,
1001-1500 g, and >1500 g, respectively.
Analysis of mortality by response type for each
weight group is shown in table 1. A significant
correlation between mortality and response
type was seen in the 1001-1500 g groups
(p=0 006). A similar though not significant
trend was seen in the other weight groups.

FACTORS INFLUENCING RESPONSE TYPE
Mean (SD) birth weight in the 'very bad'
responders was 1073 (380) g compared with
1247 (532) g, 1441 (880) g, and 1484 (616) g
in the 'bad', 'fair', and 'good' response
groups, respectively (p<001). Mean (SD)
gestational age was 27-8 (2-6) weeks in the
'very bad' responders compared with 29 1
(3X1), 29X9 (3 2), and 30-1 (3.2) weeks in.the
'bad', 'fair', and 'good' groups, respectively
(p<0-01). Apgar scores at one and five
minutes did not differ significantly between
the groups.

RELATION BETWEEN RESPONSE TYPE AND
MORBIDITY PAT-TERNS
The incidence of pneumothorax according to
response type was 20%, 16%, 5%, and 3% in
the 'very bad', 'bad', 'fair', and 'good' groups,
respectively (p=0 023). No significant correla-
tion was found between response type and
pulmonary haemorrhage, intraventricular
haemorrhage, periventricular leucomalacia,
retinopathy of prematurity, necrotising entero-
colitis, sepsis, apnoea, pneumonia, and
seizures.

ANALYSIS OF RELATIVE PREDICTIVE POWER OF
FACTORS INFLUENCING MORTALITY
Stepwise multiple logistic regression analysis of
the above mentioned independent variables
showed that birth weight had the most
profound effect on mortality (p=0 00001). As
the correlation between birth weight and gesta-
tional age was extremely high (r=0-88) only
birth weight was included in the analysis.
Similarly, highest FIO2 and lowest pH were
inversely correlated and therefore only highest
FIO2 was included. Response type was the
second most powerful indicator (p=0 0047)
and highest FIo2 in the first 12 hours was of
borderline significance (p=0 065).
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Discussion
In this study the initial response to surfactant
administration, as measured by 8 a:A ratio, was
a predictor of mortality. A higher 8 a:A ratio
was clearly associated with a decrease in
mortality, adding this early parameter to other,
already established prognostic factors such as
birth weight, gestational age, and severity of
initial disease, as reflected by initial pH and
supplemental oxygen requirement. 13

Previous studies suggest that almost a third
of all infants treated with surfactant are
'poor' responders.610 Different definitions of
response and different surfactant agents may,
in part, explain the wide range of reported
incidence of poor response. Segerer et al
defined three types of response to Curosurf
using the rate and duration of the reduction in
oxygen requirement within the first 60 hours
after treatment.6 Fourteen per cent of their
infants responded poorly. Charon et al, using
Surfactant TA, defined three types of response
according to the a:APo2 over the first
48 hours of treatment and found that 24%
had an 'absent' response.7 The Collabora-
tive European Multicenter Study Group
(Curosurf) found a 24% poor response using a
combination of change in a:A ratio and
mortality.8 Fujiwara et al reported 6% of poor
response9 and Hallman reported 8% using
other definitions.10 Recently, Hamvas et al,
using Exosurf, defined unresponsiveness as a
decline in oxygen index of less than 25%
within six hours of surfactant administration. 14
This broad definition resulted in a 50% poor
response.
We have shown that an absent or poor

response to the first dose of surfactant has
significant prognostic value. Most of the
studies reported used definitions based on
parameters measured a few hours or even days
after surfactant administration and most
demonstrated a significant prognostic value for
poor response on mortality. The only report
evaluating short term response, 30 minutes
after surfactant administration, was the
Collaborative European Multicenter Study
Group which was unable to demonstrate an
influence of the response type on mortality.
The difference in rate of response to natural
and synthetic surfactants (minutes with natural
and hours with synthetic) is relevant when
defining response criteria. Using Curosurf, we
preferred a rapid response (one hour) to
minimise the influence of any other therapeutic
interventions which may mask the effect of
surfactant.

Patterson and Halliday used a statistical
model consisting of gestational age, Apgar
score at five minutes, and the presence or
absence of respiratory distress for prediction of
outcome.'5 They correctly predicted outcome
for 94% of survivors but for only 53% of
deaths. Adding 8 a:A ratio to their model
might improve the predictive value, particu-
larly for mortality.
The prognostic value of response was also

evaluated in relation to morbidity. We found
that a low 8 a:A ratio was associated with
an increased incidence of pneumothorax.

Bronchopulmonary dysplasia, represented as
days with FiO2 of B0 4, or all days in supple-
mental oxygen, was more common in infants
with a poor response, although this did
not reach significance (p=0058). Response
type did not influence the incidence of
intraventricular haemorrhage, periventricular
leucomalacia, retinopathy of prematurity,
necrotising enterocolitis or apnoea of prema-
turity. Hamvas similarly reported a higher
incidence of pneumothorax and pulmonary
interstitial emphysema in the 'non-response'
group.14 Bronchopulmonary dysplasia was
more common in the 'response' group, but this
did not reach significance. Charon in his study
and the Collaborative European Multicenter
Study Group found the same effect ofresponse
on pneumothorax and pulmonary interstitial
emphysema but could not demonstrate an
influence on bronchopulmonary dysplasia.
These studies support our findings which show
poor response as an important predictor for
mortality and early pulmonary morbidity.

Birth asphyxia and perinatal infection can
interfere with surfactant production and
action.16 Unlike Segerer, we could not show
that low Apgar score or infection were related
to response type. Segerer suggested that infec-
tion has a negative impact on response.6 It
must be emphasised that only confirmed sepsis
(positive bacterial blood culture) was taken
into consideration, though many infants had
important clinical signs of sepsis such as
hypotension, poor perfusion, leucopenia, and
thrombocytopenia but negative blood cultures.
Others had been partially treated because of
prenatal maternal antibiotic treatment and
hence the number of infants with any kind
of infection (bacterial, viral, chlamydial,
mycoplasmal or fungal) acquired perinatally is
unknown. Prevention of infection may be
extremely important in increasing response
rate and thus improving survival.

Appreciation of the prognostic importance
of the immediate response to surfactant may
help us identify a high risk group of premature
infants in whom new or more aggressive treat-
ment may improve outcome and conversely
may reduce the necessity for potentially harm-
ful interventions in those infants who respond
appropriately.
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