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Adjunctive Therapies for Treatment of Severe Respiratory Failure in Neonates

Ergänzende Therapien bei Neugeborenen mit schwerem respiratorischen Versagen

monary interstitial emphysema and other forms 
of neonatal air leaks [10]. Pulmonary air leaks 
have been reported to overall complicate me-
chanical ventilation in late preterm and term 
neonates [19]. As pulmonary surfactant replace-
ment therapy is standard in the treatment of 
classical neonatal respiratory distress syndrome 
[23], it may be considered in specific pre-ECMO 
conditions.

Nitric oxide in persistent pulmonary 
hypertension of the neonate
▼
The usage of inhaled nitric oxide in term and 
near-term neonates had been addressed in a me-
ta-analysis published by 2006 with 14 trials, 
which were eligible [12]. Oxygenation was im-
proved after introduction of inhaled nitric oxide 
by about one half, and correspondingly, the oxy-
genation index decreased at least in infants with 
neonatal RDS suffering from coexisting persis-
tent pulmonary hypertension of the neonate 
(PPHN) significantly. However, in the subgroup of 
babies with congenital diaphragmatic hernia, no 
significant improvement was observed. This sub-
group of neonates presenting often with severe 
neonatal respiratory failure has been reported to 
differ considerably from other subgroups with 
respect to different response to interventions for 
treating severe neonatal respiratory failure [22].
As a conclusion from the trials on nitric oxide, it 
does seem reasonable to analyze term neonates 
or late preterms not only on the basis of need of 
adjunctive therapies, but also to select carefully 
underlying disorders leading to severe neonatal 
respiratory failure. Different pathophysiologies 
of severe respiratory failure in this distinct age 
group yield various therapeutic responses de-
pending on the underlying disorder.
In the group of preterm neonates, a meta-analy-
sis was published in 2011 reporting on about 
2 300 preterms in 11 trials. There was no effect of 
the routine use of inhaled nitric oxide in these 
cohorts of preterm neonates with respect to typ-
ical neonatal outcome variables: mortality, bron-
chopulmonary dysplasia (BPD) or severe neuro-
logic disorders including intracranial hemor-
rhage and periventricular leukomalacia [1].
It thus can be concluded for the use of inhaled nitric 
oxide that in term neonates with severe respiratory 
failure excluding congenital  diaphragmatic hernia 
the use of nitric oxide as an adjunctive therapy can 
be recommended.  However, this does not hold true 
in preterm neonates, mostly suffering from classi-
cal neonatal RDS.

Severe neonatal pulmonary failure in late pre-
term or term neonates still represents a major 
challenge in neonatology. In contrary with a con-
siderable number of controlled clinical trials fac-
ing classical neonatal respiratory distress syn-
drome (RDS), e. g. primary surfactant deficiency 
syndrome in an immature lung, only a limited 
number of studies have been published to ad-
dress this problem in near term or term neo-
nates. Since the beginning 90 s, extracorporeal 
membrane oxygenation (ECMO) had been get-
ting standard in neonatal intensive care. This 
trend had been intensified since the publication 
of a clinical controlled trial and follow-up data 
from the UK, testing ECMO in term neonates with 
severe respiratory failure [3].
In parallel with this trend, adjunctive therapies in 
severe neonatal respiratory failure have been de-
veloped facing surfactant administration, e. g. for 
meconium aspiration syndrome [11], administra-
tion of nitric oxide in persistent pulmonary hy-
pertension [4] and high-frequency oscillation 
ventilation in hypoxic respiratory failure [8]. The 
data of these studies were convincing with respect 
to improving gas exchange acutely after introduc-
tion of either therapy, however, upon analyses of 
survival without oxygen requirements or other 
major clinical outcome variables, only few studies 
did show efficacy in term neonates suffering from 
either pathophysiology of respiratory failure.

Surfactant in meconium aspiration 
syndrome
▼
Meconium aspiration syndrome is caused by as-
piration of meconium before and during birth a 
leads to obstruction of small airways, inflamma-
tion and inactivation of surfactant. The frequen-
cy of this severe perinatal complication leading 
potentially to a terminal respiratory failure with 
the need for ECMO has been decreasing over the 
last decades [15]. During the 90 s, several studies 
have been published, investigation the effects of 
surfactant administration either for lung lavage 
or after lavage just for replacement.The usage of 
surfactant in neonatal meconium aspiration syn-
drome in term or preterm infants had been ana-
lyzed in Cochrane analysis lately, with only 2 
clinical controlled trials: The results indicate a 
relative risk for the need of ECMO of 0.64, confi-
dence interval 0.46–0.91. However, there were 
no further significant reductions in other neona-
tal outcome variables including mortality, dura-
tion of mechanical ventilation, oxygen supple-
ment as well as the rate of pneumothorax, pul-
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data indicating the usefulness for ECMO in most clinical settings 
applied to neonates with intractable cardiopulmonary failure, 
further steps include the evaluation of adjunctive therapies.
Given these facts, the authors of a recently published paper [18] 
use the instrument of “Erhebungseinheit für seltene pädia-
trische Erkrankungen” (ESPED), where somewhat less than 400 
near term or term neonates over a 2-year-period are enrolled, 
who were given ECMO or considered to be in a pre-ECMO condi-
tion. Underlying disorders were reported to be respiratory dis-
tress syndrome in somewhat more than one third of the pa-
tients, followed by pneumonia and sepsis (16 %), further meco-
nium aspiration syndrome and congenital diaphragmatic hernia. 
The latter group seems to be overrepresented due to the fact 
that most reports were given from the Mannheim ECMO center. 
The authors clearly show that most patients (77 %) were given 
surfactant with a success rate of somewhat more than 70 %. 
Somewhat more than 40 % of all patients were treated with in-
haled nitric oxide, which led to a success rate of about 50 % and 
about one third was treated with high-frequency ventilation, 
where a response was noted in about 60 %.
Thus, these data should be interpreted on the background of the 
meta-analyses, which had been given before. Given the fact, that 
only limited data are available on the basis of rigorously con-
trolled clinical trials, the results should be interpreted at least 
with some caution. A major problem with interpretation of the 
data is represented by the fact that a group of patients enrolled 
in the ESPED trial on adjunctive therapies for treatment for se-
vere respiratory failure is influenced of cause of respiratory fail-
ure present in various subgroups.
Thus, surfactant administration in a baby judged to suffer from 
neonatal respiratory distress syndrome of course is expected to 
respond to surfactant therapy.
On the other hand, neonates with congenital diaphragmatic her-
nia seem to represent a group, in which there seems to be a 
poor response either to surfactant, inhaled nitric oxide and 
high-frequency ventilation [20]. For this specific group, a proto-
col for the postnatal management has been established. The data 
of the controlled clinical trial based on this protocol still is 
awaited. First analyses were presented during a national meet-
ing (Reiss I, personal communication; GNPI Meeting, Bonn Ger-
many; 2014) give a first impression of the complexity of this 
problem. There seems to be a heterogeneity even in the group of 
neonates with need for ECMO with respect to the distribution of 
single components of pathophysiology, e. g. pulmonary hyper-
tension, pulmonary hypoplasia and myocardial failure.
Nevertheless, given these limitations, the study does provide a 
deep insight into the actual practices in the management of this 
heterogeneous group of near-term and term babies with severe 
respiratory failure in a pre-ECMO condition. Furthermore, the 
authors do address the question, if a transfer in time to ECMO 
center when babies  >  34 + 0 weeks of gestational age does offer 
an advantage in terms of improved survival. This critical ques-
tion can only be addressed on the basis of availability of net-
works, offering a clear cut algorithm in the treatment of respira-
tory failure in this inhomogeneous group of patients as well as 
logistics for transfer of severely sick near-term and preterm 
 neonates.
Data from Florida [7] indicate that the mortality can be reduced, 
given such a setting is established, whereas the authors of the 
ESPED study nicely show that a poor response to adjunctive 
therapy also was a strong predictor for mortality whether or not 
these near term preterm or term neonates received ECMO. These 

High frequency oscillation ventilation in neonatal 
respiratory failure
▼
As the third major adjunctive therapy, high-frequency ventila-
tion in preterm neonates with RDS has been studied in a number 
of clinical controlled trials, which were summarized in a meta-
analysis published in 2009 enrolling about 3 700 neonates [9]. 
This very carefully conducted meta-analysis did not show any 
evidence for the superiority of high-frequency ventilation on 
neonatal mortality, e. g. 28 days mortality in this study; the au-
thors further performed the analyses of subgroups showing a 
significant reduction in the rate of BPD when high-frequency 
oscillation was used with surfactant or when piston oscillators 
were applied or when lung protective strategies for conventional 
ventilation was not used. Thus, the authors conclude that there 
is no convincing evidence to indicate priority of high-frequency 
oscillation in neonatal RDS in preterm neonates.
Only scarce studies are available for the effect of high-frequency 
ventilation in term neonates: the actual meta-analysis of high-
frequency oscillation in this group only enrolls 2 trials [14] 
where HFOV was either compared with conventional ventilation 
with or without a rescue cross over design. In this study, neo-
nates with severe respiratory failure were started either on con-
ventional ventilation or rescue high-frequency oscillation. There 
was no evidence that either as rescue therapy or as a primary 
mode of ventilation, high-frequency oscillation improves major 
neonatal outcome variables, e. g. mortality or survival without 
oxygen requirements at day 28, the number of air leaks, time on 
mechanical ventilation and long term oxygen dependency. The 
same holds true for a study reviewing data in post-neonatal res-
piratory failure during childhood. Thus no clear evidence could 
be found for the usage of high-frequency oscillation reducing 
mortality or duration of ventilation or chronic lung disease in 
term neonates or older children with severe respiratory failure.
The evidence of the effects of HFOV is highest in preterm neo-
nates, whereas in term neonates there is a gross lack of data in-
dicated by a low number of individuals enrolled in the afore-
mentioned meta-analysis [14].

ECMO in the treatment of severe respiratory failure 
in neonates
▼
After establishing ECMO as a lifesaving therapy in neonates in 
the 90 s of the past century [2] there had been a spreading of this 
technique, not only being administered to neonates with severe 
respiratory failure, but also in the postsurgical treatment of neo-
nates with congenital heart disease. This group of neonates ac-
tually may represent the largest group receiving ECMO during 
the neonatal period, but also for neonates or young infants for 
further cardiac failure due to myocarditis and other infectious 
disorders [21]. Thus, establishing ECMO did offer a substantial 
improvement in neonates with severe cardiac as well as pulmo-
nary failure regardless of the underlying disorders. Data from 
Germany [21] as well as from the United States [13] indicate that 
ECMO overall is a very successful method. However, the data 
from US indicate that prolonged ECMO therapy, e. g. administra-
tion  >  28 days in neonates with pulmonary or cardiac end stage 
failure is not overall successfully [14]. Thus, there seems to be a 
broad consensus that neonates with otherwise not treatable res-
piratory failure including those with septic shock [5] should be 
considered as candidates for ECMO. Thus, given a robust set of 
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data, which were based on subjective judgments, which may 
limit the value of the statement, indicate highly significantly 
that a poor response to the adjunctive therapies should be a 
definite signal to discuss transfer of affected neonates to an 
ECMO center. It further should be used a strong argument for the 
centralization of neonates with prenatally diagnosed congenital 
diaphragmatic hernia with anticipated need for ECMO based on 
prenatal measurement of lung volumes, either by ultrasound or 
MRI techniques.
A further subgroup of patients needs to be mentioned on inter-
pretation of the data: Intractable respiratory failure due to ge-
netic disorders of surfactant production or metabolism [17]. 
Among others, inherited disorders of surfactant production 
(mutations of the surfactant protein B gene in most cases) as 
well as those regulating intra- and extracellular surfactant me-
tabolism (ABCA3 gene and GMCSF receptor gene) have been 
demonstrated to be the cause for severe neonatal respiratory 
failure, which up to now cannot be treated successfully. Thus, 
before putting a neonate to ECMO, these rare causes of neonatal 
respiratory failure should be excluded, since successful therapy 
up to now has not been established [24]. The search for lifesav-
ing new therapies either by gene manipulation or stem cells still 
is waiting for a solution.
A second point should be mentioned in the context preterm or 
term neonates with severe respiratory failure: There seems to be 
lack of long-term outcome studies, which are crucial to judge on 
the effects of new therapies or combination of established thera-
pies for neonatal severe respiratory failure. Some centers did ad-
dress this issue in neonates, e. g. with congenital diaphragmatic 
hernia and other well defined entities. In a review, Chiu and He-
drick [6] could demonstrate that the increase in survival in pa-
tients with congenital diaphragmatic hernia treated by ECMO or 
adjunctive therapies in pre-ECMO conditions is associated with 
an increase in long-term morbidity, especially in terms of neuro-
logic, nutritional and musculoskeletal disorders. There is a need 
for carefully controlled follow-up trials in neonates treated with 
ECMO either for primary pulmonary or hemodynamic disorders 
(postsurgical cardiac ECMO). Also in this group, a substantial 
long term follow-up morbidity e. g. working speed, spatial abili-
ty competence and memory has been demonstrated in a Cana-
dian study [16]. These data further underline the need for long 
term follow-up in near term or term neonates who were given 
neonatal ECMO.
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