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Abstract
There is no firm consensus about the optimal technique for the administration of exogenous surfactant in preterm neonates, and 
different techniques may be equally effective. The intubation-surfactant-extubation (INSURE) procedure has not been fully 
described, and important details, such as duration and mode of ventilation, remain unclear, leading to significant clinical prac-
tice variations and influencing its suitability and feasibility. Since the first INSURE description, our knowledge in respiratory 
care has largely progressed, but the technique has not been updated according to current evidence-based practice. Thus, our 
aim is to formally describe a modern way to perform INSURE, based on the current knowledge and technology, to increase its 
feasibility and patients’ safety. We offer ENSURE (Enhanced INSURE) as an updated and standardised technique for surfactant 
administration, clarifying crucial issues of the original method by applying current state-of-the-art concepts of respiratory care. 
We performed a cross-sectional observational study enrolling 57 preterm neonates describing ENSURE feasibility and safety. 
  Conclusion: ENSURE can be used as a reference technique in clinical practice, teaching and research.

What is Known:
• There is no consensus about the optimal methodfor surfactant administration. INSURE technique has been originally described many years 

ago without considering modern principles of neonatal respiratory care and the available state-of-the-art technology.
What is New:
• We here describe a modern way to perform INSURE, based on the current knowledge and technology. We called it ENSURE (Enhanced 

INSURE) and clarified crucial points of the original technique, in light of the current knowledge. We verified feasibility and safety of 
ENSURE in a cross-sectional observational study enrolling 57 preterm neonates.

Keywords  Surfactant · RDS · Preterm · Neonate · Intubation · LISA

Abbreviations
ENSURE	� Enhanced INSURE
ESTHER	� Echography-guided surfactant therapy

Communicated by Piet Leroy

Feriel Fortas and Barbara Loi equally contributed (shared first 
authorship)

 *	 Daniele De Luca 
	 dm.deluca@icloud.com

	 Feriel Fortas 
	 feriel.fortas@aphp.fr

	 Barbara Loi 
	 barbara.loi@aphp.fr

	 Roberta Centorrino 
	 roberta.centorrino@aphp.fr

	 Giulia Regiroli 
	 giulia.regiroli@aphp.fr

	 Rafik Ben‑Ammar 
	 rafik.ben-ammar@aphp.fr

	 Shivani Shankar‑Aguilera 
	 shankaraguilera.shivani@gmail.com

	 Nadya Yousef 
	 nadya.yousef@aphp.fr

1	 Division of Paediatrics and Neonatal Critical Care, 
“A.Béclère” Medical Centre, Paris Saclay University 
Hospitals, APHP, 157 rue de la Porte de Trivaux, 
92140 Clamart, Paris‑IDF, France

2	 Physiopathology and Therapeutic Innovation Unit‑INSERM 
U999, Paris Saclay University, Paris, France

/ Published online: 4 November 2021

European Journal of Pediatrics (2022) 181:1269–1275

http://orcid.org/0000-0002-3846-4834
http://crossmark.crossref.org/dialog/?doi=10.1007/s00431-021-04301-x&domain=pdf


1 3

EtCO2	� End-tidal CO2
ETT	� Endotracheal tube
INSURE	� Intubation-surfactant-extubation
IT	� Inspiratory time
IV	� Intravenous
LISA	� Less invasive surfactant administration
LUS	� Lung ultrasound score
NICU	� Neonatal intensive care
NIPPV	� Non-invasive positive pressure ventilation
PEEP	� Positive end-expiratory pressure
RDS	� Respiratory distress syndrome
RR	� Respiratory rate
rSatO2	� Regional (cerebral) oxygen saturation
SatO2	� Peripheral oxygen saturation
SGA	� Small for gestational age
VG	� Volume guarantee

Introduction

The intubation-surfactant-extubation (INSURE) technique 
and the placement of narrow catheters into the trachea (also 
known as “less invasive surfactant administration” (LISA)) 
are two common methods for surfactant administration 
and both have been described together in 1992 by Verder 
et al. [1]. After more than 30 years, there is no firm consen-
sus about the optimal technique for the administration of 
exogenous surfactant in preterm neonates with respiratory 
distress syndrome (RDS). There is a wide variation in clini-
cal practices [2], and different techniques could be equally 
effective. LISA has been widely studied and recently gained 
some popularity [3], but it has been criticised as not being 
actually less invasive than INSURE, as it may be associated 
with relevant side effects, lacks clear physiopathological 
reasons justifying alleged benefits and, finally, as LISA tri-
als are affected by relevant biases [4, 5]. INSURE can also 
be considered problematic, because the technique has not 
been fully described, and many important details, such as 
duration and mode of ventilation to be applied during the 
procedure, remain unstandardised. Differences in a number 
of other factors (e.g. intubation techniques and sedation poli-
cies) result in significant clinical practice variations between 
centres performing INSURE [2]. Moreover, INSURE, as 
however practiced, should be better characterised within 
each NICU and clinicians should scrutinise each parameter 
in an effort to better align with current evidence-based prac-
tices. In fact, the lack of standardization is a concern as it 
prevents objective and fair comparisons amongst INSURE 
studies and between them and those on LISA. Also, a better-
defined technique would reduce the risk of unpredictable 
side effects. Thus, there is a need to standardise INSURE 
and align it with current state-of-the-art knowledge.

The uncertainty about the best method for surfactant 
administration is also undoubtedly due to several obstacles 
that prevent the realization of large, meaningful and well-
designed randomised controlled trials in this field. However, 
our knowledge in neonatal respiratory critical care has pro-
gressed and, moreover, techniques and drugs previously used 
only in older patients have since become available for pre-
term neonates. Thus, our aim is to formally describe a mod-
ern way to perform INSURE, updated to the more advanced 
respiratory care knowledge and technology. Although it is 
currently impossible to clear up all the uncertainty about 
surfactant administration, we hope at least to provide a refer-
ence to perform INSURE in a standardised fashion, to help 
teaching the technique and eventually to increase its suit-
ability and feasibility.

Enhanced INSURE (ENSURE)

We designed an updated way to perform INSURE, and 
we called it: ENSURE (Enhanced INSURE — listed 
by the French Institute of intellectual property amongst 
the inventions free to be used without any copyright — 
n.DSO2020003859, since 7 March 2020). ENSURE inte-
grates state-of-the-art respiratory care principles and stand-
ardises crucial points from the original INSURE technique. 
Currently, in the context of modern neonatal critical care, 
INSURE presents 4 crucial issues:

1)	 Duration: The original INSURE did not have a clear 
duration, although it should be as short as possible [4, 
5].

2)	 Monitoring: Modern monitoring to verify intubation and 
ensure patients’ safety was not formally included in the 
INSURE technique and need to be considered.

3)	 Sedation/analgesia: Clear guidance for sedation and 
analgesia was not given, and too heavy or too light 
sedation may cause prolonged ventilation or significant 
discomfort and its harmful consequences, respectively.

4)	 Ventilatory technique: The original INSURE did not 
consider modern principles of gentle ventilation, which 
avoids the delivery of large tidal volumes and high peak 
pressures.

ENSURE addresses all these points considering the more 
recent knowledge as explained below and in Fig. 1.

Duration

ENSURE is a teamwork procedure and should be as short as 
possible [4, 5] (Fig. 1; online video): the physician intubates 
the patient, while a nurse helps in the preparation and injects 
the sedative drugs. It is also important to have a nurse or 
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an assistant timing the procedure from the confirmation of 
intubation to the extubation. This highlights the importance 
of short ventilation and raises consciousness on the amount 
of time passing by. Chronometers are often integrated in the 
neonatal intensive care (NICU) monitoring system, but a 
simple watch can also be used. It is important to have a short 
meeting before the procedure to decide the role of every par-
ticipant. It is advisable to have a protocol for difficult airway 
management and good communication in case of emergen-
cies [6]. As for several NICU procedures, appropriate simu-
lation team training may be needed [6]. This latter does not 
need to be in high-fidelity, as our personal experience dur-
ing 18 months shows that simple simulations repeated 2–3 
times/year are effective [7]. With the use of timers, simula-
tion training and good communication, ENSURE can have 
a maximal duration of 20′ (see below).

Monitoring

During ENSURE, electrocardiogram, respiratory rate and 
peripheral oxygen saturation (at least on a pre-ductal site) 
monitoring are provided. If available, cerebral saturation 
using near-infrared spectroscopy might also be added to 
estimate cerebral perfusion and oxygenation, and this may 
be useful to increase patients’ safety, although it is not man-
datory. During such a short procedure, there is usually no 
need to measure mean arterial pressure (unless continuous 
measurement through an umbilical arterial line was deemed 
useful and was already available), as this is known to be 
unrelated to actual cerebral blood flow. Furthermore, it is 
crucial to confirm intubation quickly and safely: this shall be 
done with exhaled CO2 monitoring, which is the gold stand-
ard in critical care [8]. Low-dead space, accurate exhaled 
CO2 detectors are commercially available and should be 
used to confirm the intubation also in very preterm neo-
nates and do not need to stay in place for the whole duration 
of ENSURE (Fig. 1; online video). Common tube inser-
tion formulas should be used, and the symmetric thoracic 
expansion can be quickly verified by auscultation or point-
of-care lung ultrasound. These techniques together avoid the 
need for chest X-rays and unnecessary delays prolonging 
the procedure.

Sedation/analgesia

All surfactant administration techniques require laryngos-
copy which is associated with acute cardiovascular effects, 
such as catecholamine release, systemic and pulmonary 
hypertension, tachycardia, arrhythmias and, in some cases, 
increased intracranial and intraocular pressures, which are 
particularly harmful in preterm neonates during the first 
week of life. The stimulation by the laryngoscope blade 
causes these physiologic responses since the supraglottic 

region is highly reflexogenic [4, 5]. Non-pharmacological 
sedation and patient positioning are useful to decrease dis-
comfort but need to be coupled with pharmacological seda-
tion to obtain blunted physiologic effects. During ENSURE, 
discomfort is reduced as much as possible, albeit sponta-
neous breathing is preserved (or avoided only for a short 
period), allowing a short invasive ventilation and a quick 
shift to non-invasive respiratory support. During ENSURE, 
this is achieved by using drugs such as propofol or remifen-
tanil. While the perfect premedication for neonatal intuba-
tion still needs to be determined, these drugs currently seem 
to have a favourable profile. In fact, they allow spontaneous 
breathing or can be antagonised, and they have quick onset 
and reversal. We generally prefer to use propofol, because, 
according to our experience and pharmacokinetic data, a 
low dose (1 mg/kg) [9] is usually sufficient to reach adequate 
sedation with a good safety (Fig. 1; online video). In fact, at 
least one physiological study suggests that cerebral satura-
tion and local vascular autoregulation remain intact even if 
hypotension might occur [10]. Our personal experience is 
also consistent with these data. If arterial pressure measure-
ments after ENSURE indicate hypotension, it is important 
to integrate this with the data coming from cerebral oxy-
genation and point-of-care echocardiography [11]. When it 
occurs, hypotension is usually mild and transient and needs 
no treatment. We do not use propofol in patients with high 
intrathoracic pressure, and we prefer remifentanil or keta-
mine. Oral intubation is usually preferred as this may allow 
the use of larger tubes with less leaks and seems associated 
with less post-extubation atelectasis [12].

Ventilatory technique

Large tidal volume and/or high peak pressure without posi-
tive end-expiratory pressure (PEEP), particularly if delivered 
for a long time, trigger significant lung injury in several ani-
mal models [4, 5]. Therefore, a tidal volume of about 5 mL/
kg is currently recommended with adequate PEEP of at least 
5–6 cmH2O [13]. Thus, ENSURE includes a short and gentle 
ventilation provided with volume-targeted (i.e. volume guar-
antee (VG)), pressure-regulated mode, which allows clini-
cians to ventilate with less variable tidal volumes. This tech-
nique is available in all modern ventilators and is superior 
to conventional modalities without volume targeting [14]. 
Surfactant is injected directly into the endotracheal tube 
without inserting a feeding catheter into it (Fig. 1; online 
video). VG operates real-time pressure weaning while lung 
compliance quickly improves thanks to surfactant. Bag ven-
tilation must be strictly avoided if not applied with devices 
providing PEEP and in-line control of delivered volume and 
pressure. Immediately after extubation, very preterm neo-
nates are switched to non-invasive positive pressure ven-
tilation (NIPPV) as this technique allows the delivery of 
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Fig. 1   Enhanced INSURE (ENSURE) flow chart for preterm neo-
nates born at ≤ 32  weeks’ gestation. The diagram depicts the steps 
and peculiarities of ENSURE. Preparation occurs few minutes before 
the procedure, but every NICU should have appropriate simulation 
team training and a clear procedure for difficult airway management, 
independently of ENSURE procedure. The neonate is positioned, and 
non-pharmacological measures are used before the induction of phar-
macological sedation, which is usually done with propofol injected 
either through peripheral vein or through an umbilical venous cath-
eter. When oral intubation is confirmed by the EtCO2 signal, the timer 
is started, and this is communicated to everyone participating to the 
procedure. Communication should follow “situation-background-
assessment-response” (SBAR) principles. Duration should be visible 
to everyone and/or serially announced. VG ventilation is used  (par-
ticularly for extremely preterm neonates): IT and flow are regulated 
by looking at flow and volume waves to produce the best possible 
patient-ventilator interaction. Rescue mechanical rate is set between 
40 and 50 breaths/min. Surfactant can be administered directly 
through a Y-piece mounted on top of the endotracheal tube or through 

a narrow channel within the tube wall, while ventilation immediately 
helps spreading it. It is not advisable to insert a feeding catheter into 
the endotracheal tube, as this will reduce the cross-sectional area 
available for ventilation and increase the risk of selective unilateral 
administration. Patients are extubated to NIPPV (with flow or neural 
synchronization, if available). The timer is stopped at the extubation. 
More mature neonates can be directly extubated to CPAP. At least 
two healthcare professionals are needed to perform ENSURE: the 
physician who intubates and a nurse who takes care of preparation, 
patients positioning, drug injection and time measurement. Regional 
(cerebral) oxygen saturation monitoring through near-infrared spec-
troscopy might be used but is not mandatorily needed. Abbreviations: 
CPAP, continuous positive airway pressure; EtCO2, end-tidal CO2; 
ETT, endotracheal tube; IT, inspiratory time; IV, intravenous; NICU, 
neonatal intensive care unit; NIPPV, non-invasive intermittent posi-
tive pressure ventilation; PEEP, positive end-expiratory pressure; RR, 
respiratory rate; rSatO2, regional (cerebral) oxygen saturation; SatO2, 
peripheral oxygen saturation; VG, volume guarantee
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higher mean airway pressure, facilitating surfactant spread 
and reducing extubation failure [15]. If available, flow or 
neural synchronization are also used, since they can improve 
patient-ventilator synchrony and ventilation efficiency, as 
compared to unsynchronised NIPPV. More mature neonates 
can be extubated on continuous positive airway pressure as 
they have a lower risk of extubation failure.

Methods

The aforementioned details allowed us to standardise the 
technique and implement it in our protocols since 2019. We 
aimed to describe an illustrative cohort of patients treated 
with ENSURE to verify its feasibility. Thus, a cross-sectional 
observational study, performed on several weeks during the 
first half of 2021, surveyed the ENSURE data of 57 preterm 
neonates. The study protocol was approved by local ethi-
cal committee (SRLF-n.21/33), and informed consent was 
obtained from parents upon admission. Data distribution 
was analysed with Shapiro–Wilk test, and descriptive sta-
tistics was applied. Data were expressed with number (%), 
mean (standard deviation), or median (25th–75th percentile), 
according to their distribution.

Experience with ENSURE

Basic data of the analysed population are shown in Table 1; 
no problem was noticed during ENSURE procedure. An 
example of ENSURE can be seen in real life in the online 
supplementary video (recorded with specific parental con-
sent). Results show that the median duration of the procedure 
was 8′ [interquartile range: 5-12']  with a minimum of 2′ and 
a maximum of 20′ (Fig. 2). During these periods, VG ven-
tilation was provided with 5–6 cmH2O of PEEP and 5 mL/
kg tidal volume. Significant lung injury has been triggered 
in animal models only using zero end-expiratory pressure 

and/or much larger volumes and/or much longer ventilation 
times [4, 5]. Therefore, in the absence of specific animal data 
demonstrating that this gentle and short ventilation would 
be significantly harmful, the risk of ventilator-induced lung 
injury should  be considered very low; further data are needed 
to estimate it and understand what are the best ventilatory 
modes and boundaries to be used. As per our respiratory care 
protocol, we do not guide surfactant administration according 
to inspired oxygen fraction thresholds: instead, we strive to 
provide a personalised surfactant therapy. To do so, we use 
an ultrasound-guided surfactant administration (the so-called 
ESTHER (echography-guided surfactant therapy)) policy 
[16]: thus, surfactant was given via ENSURE when lung 
ultrasound score was > 8 in neonates of less than 32 weeks’ 
gestation. ENSURE was performed by attending neonatolo-
gists or neonatal fellows (with at least 1 year of experience) 
or residents under the supervision of the former [17]. Resi-
dents received at least one low fidelity simulation and were 
previously briefed on the procedure. ENSURE introduction 
consisted of the aforementioned standardization and training 
procedures: the intubation technique itself did not change,  
nor did the rate of residents’ success rate.

Future improvements, limitations 
and conclusions

ENSURE represents a formalised way to perform INSURE 
by updating it to the current respiratory care practice. 
ENSURE is a peculiar approach to surfactant administration 
but other techniques might be also effectively used. Nonethe-
less, ENSURE answers the need to align the technique with 
current state-of-the-art knowledge and represents an exam-
ple to standardise INSURE regardless of how it is practiced. 

Table 1   Basic population details of neonates treated with enhanced 
INSURE (ENSURE). Data are expressed as mean (standard devia-
tion), median [25th–75th percentile], or number (%). Apgar and LUS 
are dimensionless scores. Abbreviations: LUS, lung ultrasound score; 
SGA, small for gestational age

Neonates 57

Gestational age (weeks) 29 (2.9)
Birth weight (grams) 1349 (593)
SGA neonates 1 (1.8%)
Caesarean section 37 (64.9%)
5′ Apgar score 9  [8-10]
Male sex 29 (50.9%)
LUS 10 [10-12]

Fig. 2   Duration of enhanced INSURE (ENSURE) procedure in 57 
preterm neonates. Horizontal lines indicate median and 25th–75th 
percentiles
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Thus, ENSURE might reduce variability between teams per-
forming it. In fact, having a poorly defined clinical practice 
like INSURE can be associated with several drawbacks. First 
of all, the incertitude about how to perform the technique has 
somehow led to consider INSURE less suitable and more 
difficult to realise, compared to other techniques. Second, a 
poorly defined technique can generate unnoticed and unpre-
dictable effects on clinical outcome and, third, can lower the 
quality of data when participating to multi-centre studies.

There are still open questions, whose answers would be 
useful to improve ENSURE further. For instance, the refine-
ment of sedation policy in terms of drug, dose, or timing 
might be beneficial, as we do not know yet the ideal drug 
and dose and we cannot recommend the generalised use of  
one drug over the others. The ideal duration and mode of 
ventilation should be determined and could be different than 
those here described. Moreover, the alveolar recruitment  
before surfactant administration could improve its distri-
bution and  biophysical activity, but it is not clear how 
recruitment should be performed. ENSURE could also be 
performed with videolaryngoscopy rather than with classi-
cal direct laryngoscopy, if specific tools and expertise are 
available, but this requires dedicated quality improvement 
projects. Nonetheless, ENSURE yet represents a step for-
ward, as it formally describes an updated technique and can 
be useful for clinical practice and teaching purposes. It can 
be applied in all units where expertise, monitoring devices 
and simulation/teaching facilities would be available. None-
theless, the feasibility of ENSURE in settings with reduced 
resource availability might be decreased; however, some 
tools (such as cerebral saturation or end-tidal CO2 monitor-
ing) are not mandatorily needed or might be replaced by 
other simpler devices: the feasibility of ENSURE in low-
resources setting remains to be determined, and so, it is the 
best surfactant administration technique.

In conclusion, we offer an updated technique to perform 
INSURE, clarifying crucial issues of the original technique 
by applying current state-of-the-art concepts of neonatal 
respiratory care. ENSURE can be used as a reference tech-
nique in clinical practice, simulation teaching and for future 
studies in the field.
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