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Abstract
Background The majority of extremely low gestational age neonates undergo intubation for surfactant therapy. Less
invasive surfactant administration (LISA) uses a thin catheter inserted into the trachea to deliver the surfactant. During the
procedure, the infant is breathing spontaneously while supported with continuous positive airway pressure. Although LISA
is widely adapted in Europe and Australia, the rate of LISA use in the United States is unknown.
Study design The aim of this study is to evaluate the use of LISA in the US. A web-based survey was distributed via
SurveyMonkey to 2550 neonatologists from AAP’s SoNPM mailing list.
Results Of the 472 neonatologists who answered the survey, 15% used LISA either as a part of routine care (8%) or as part
of research (7%).
Conclusion Unlike several regions of Europe, LISA is not widely used in the US. Future studies should address ambiguities
regarding infant selection, procedure training and “roadblocks” to its broader application.

Introduction

The majority of extremely low gestational age neonates
(ELGAN) admitted to neonatal intensive care unit (NICU)
on continuous positive expiratory pressure (CPAP) require
intubation for surfactant therapy. The harmful effect of
mechanical ventilation (MV) on premature lungs with
respiratory distress syndrome (RDS) has been well descri-
bed. Even a brief exposure to large volume breaths could
initiate an inflammatory cascade leading to broncho-
pulmonary dysplasia (BPD) [1–3]. Avoiding negative
effects of longer term MV led to the development of the
INSURE technique (INtubation–SURfactant administra-
tion–Extubation) [4]. This technique has been extensively
accepted in NICUs around the world. Still, INSURE
requires intubation with variable duration of MV after
surfactant administration. In order to further decrease the

exposure to intubation and MV, several methods of less
invasive surfactant delivery have been evaluated.

There are four different techniques for less invasive sur-
factant delivery: surfactant administration via a thin catheter
[4–22], aerosolized surfactant administration [23–27], phar-
yngeal surfactant administration [28–30] and laryngeal mask
airway (LMA)-guided surfactant administration [31–36]. The
most studied method has been surfactant instillation via thin
catheter.

The terminology relating to the overall use of a thin
catheter in surfactant delivery as well as the type of catheter
have been inconsistent. The most commonly used term is
LISA (less invasive surfactant administration), followed by
MIST (minimally invasive surfactant therapy). The use of a
feeding tube to instill surfactant in the airway has been the
most prevalent technique (Cologne method, Take Care
method, SONSURE method, etc.) [8, 12, 15]. Another well-
studied technique is the Hobart method, which uses a 16-G
angiocatheter for surfactant delivery [7, 9]. Table 1 depicts a
comparison of all LISA techniques studied to date. We
prefer the term LISA over MIST since the word “minimal”
in MIST may appear ambiguous as the procedure still
involves placing a catheter in neonate’s airway.

Written in Danish, Verder et al. published the first study
describing the use of a thin catheter to administer surfactant
to premature infants with RDS who were managed with
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CPAP only [12]. Several years later, Kribs et al. published a
feasibility study showing decreased mortality in the LISA
study group compared to historical controls [4]. Other pilot
studies from NICUs around the world have shown LISA to
be a feasible option in their respective settings [7, 10, 22].

Encouraging results from the initial small feasibility
studies were followed by larger randomized controlled trials
(RCT). The first RCT, Avoidance of Mechanical Ventila-
tion (AVM), included 12 German NICUs. This study found
that surfactant administration via a thin catheter reduces the
need for intubation and MV [6]. Kanmaz et al. compared
the LISA technique to INSURE in their Take Care Study
and reported lower rates of both MV and BPD [13]. A large
multicenter RCT conducted in Germany included over 200
ELGANs born at 23–26 weeks gestational age (GA)

(NINSAP trial). Although there was no difference in the
primary outcome of composite death or BPD, important
secondary outcomes such as pneumothorax, severe intra-
ventricular hemorrhage (IVH) were lower while survival
without major complications was higher in the LISA group.
OPTIMIST-A is a large multicenter RCT that is currently
underway. This study is powered to evaluate the composite
outcome of BPD or death in a group of infants that had
surfactant delivered with the Hobart method [37]. Several
other smaller RCTs have also shown very encouraging
results in favor of LISA [14, 17, 18].

To date four meta-analyses have been completed. Rigo
et al. evaluated six RCTs. They found that LISA resulted in
decreased risk of BPD, composite outcome death or BPD
and the need for MV [38]. Another study pooled 30 RCTs

Table 1 Comparison of different
LISA techniques

Reference study Method name Gestational
age (weeks)

Type of thin
catheter

Premedication
used

Forceps
used

Surfactant
type, dose
and
delivery
duration

Kribs et al. [5] Cologne 23–27 Feeding tube
(4F)

Yes (atropine) Yes Survanta
100 mg/kg
1–3 min

Dargaville et al. [9] Hobart 25–32 Angiocatheter
(16G)

Yes (sucrose) No Curosurf
100–200
mg/kg
15–30 s

Aguar et al. [15] SONSURE 24–35 Feeding tube
(3.5–4F)

Yes (atropine) Yes Curosurf
100 mg/kg
1–3 min

Krajewski et al.
[19]

– 29 (only
median
reported)

Feeding tube No Yes Curosurf
100–200
mg/kg
10–20 s

Kanmaz et al. [13] Take care 25–32 Feeding tube
(5F)

No No Curosurf
100 mg/kg
30–60 s

Mohammadizadeh
et al. [17]

– 29–33 Feeding tube
(4F)

Yes (atropine) Yes Curosurf
100 mg/kg
1–3 min

Klebermans-
Schrehof et al. [11]

– 23–27 Feeding tube
(4F)

No Yes Curosurf
200 mg/kg
2–5 min

Bao et al. [18] – 28–32 Angiocatheter
(16G)

No No Curosurf
200 mg/kg
3–5 min

Heidarzadeh et al.
[14]

– 28–32 Feeding tube
(5F)

No No Curosurf
200 mg/kg
–

Mehler et al. [10] – 22–26 Feeding tube
(unknown
size)

No No Survanta
100 mg/kg
–

Canals Candela
et al. [21]

– 25–35 Angiocatheter
(16G)

No No Curosurf
200 mg/kg
1–2 min

SONSURE Sonda Nasogástica Surfactante Extubación, F French, G gauge
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(5598 neonates) to examine seven ventilation strategies:
nasal CPAP alone, INSURE, LISA, nasal intermittent
positive pressure ventilation (NIPPV), nebulized surfactant
administration, surfactant administration via LMA, and
MV. The use of LISA was associated with lower odds of the
composite outcome of death or BPD and severe IVH.
Calculation of the ranking possibilities found LISA to be
the best strategy in this group of infants [39]. Similarly, a
meta-analysis of three RCTs that compared LISA to
INSURE found that LISA significantly reduced the need for
MV, duration of MV, duration of CPAP, duration of oxy-
gen supplementation and a trend toward reduction of BPD
[40]. Finally, the most recent systematic review involving
six RCTs and 895 neonates with RDS confirmed that LISA
significantly reduces BPD, composite outcome of BPD or
death and the need for MV [41].

Several other studies looked at different aspects of LISA
application. An animal study using preterm lambs found better
oxygenation in lambs treated with LISA and CPAP vs. CPAP
alone while PaO2 values were similar in the LISA and intu-
bated lambs. This study, however, reported that lambs treated
with LISA had slightly less surfactant distributed to the left
upper lobe of the lung [42]. A recent study used near-infrared
spectroscopy (NIRS) to examine cerebral autoregulation in
neonates treated with LISA compared to INSURE. It described
that autoregulation was affected for a shorter period of time in
LISA patients [43]. Dargaville et al. analyzed the impact of
surfactant administration via catheter on CPAP failure. They
showed that CPAP failure was avoided in 14% of infants
treated with LISA compared to 7% that were treated with
CPAP alone [44]. A novel study used LMA (connected to
T-piece resuscitator) to guide the catheter during surfactant
delivery in mannequins (CALMEST—Catheter And LMA
Endotracheal Surfactant Therapy). Researchers concluded that
this approach was quick, effective and well tolerated where it
may be an alternative approach for medical staff that lack
expertise in laryngoscopy and intubation [45]. Another pro-
spective observational study noted changes in tidal volumes
(TV) and end-expiratory lung volumes (EELV) before and
after LISA by using electrical impedance tomography. They
recorded rapid and sustained increase in EELV that correlated
positively with an increase in oxygenation [46].

Studies regarding sedation and procedural side effects of
LISA have also been published. A retrospective study from
the Netherlands demonstrated that COMFORTneo scores
were lower indicating a higher comfort level in neonates
sedated during LISA although the duration of bradycardia
and hypotension was similar in both groups. Conversely,
the use of sedation resulted in more frequent desaturations
and the need for positive pressure ventilation (PPV) [47].
Common short-term side effects such as cough, apnea,
bradycardia and desaturations were relieved with slower
surfactant delivery [6]. Challenging catheter placement,

need for PPV via facial mask, unilateral surfactant deposi-
tion and gastric instillation may occur as well [16]. A fairly
recent manuscript described a LISA simulation that exam-
ined catheter preferences from 20 neonatologists. Sub-
jectively, the majority of physicians preferred a slightly
more rigid catheter, such as an umbilical venous catheter
with a stylet [48].

Finally, two studies reported long-term outcomes data.
Follow-up information on LISA infants from Germany at 3
years corrected age compared long-term data during two
periods, 18 months before and 18 months after LISA
introduction. Both Mental and Physical Developmental
Indices improved following LISA introduction (89 vs. 98,
p= 0.16, 83 vs. 91, p= 0.03, respectively) [49]. Another
study from Europe observed historical controls and sur-
factant without intubation group (SWI). They found no
statistically significant differences regarding neurodevelop-
mental outcomes at school age [50].

Methods

In March and April 2018, we conducted a web-based survey
designed to assess the current use of LISA in NICUs across
the United States. The survey was structured as a ques-
tionnaire and distributed using SurveyMonkey (San Mateo,
CA). This study was approved by the Institutional Review
Board (Northwell Health, Great Neck, NY). Our survey
consisted of 15 questions. The first six questions (Table 2)
focused on general information regarding participants’
demographic data, knowledge and interest in LISA. Sub-
sequently, participants were asked to select whether they
used LISA in their units. Only those participants who used
LISA were routed to additional usage-specific questions
about LISA (Table 3). Our survey was disseminated to the
members of the American Academy of Pediatrics (AAP)
Section on Neonatal-Perinatal Medicine (SoNPM) via an e-
mail link. Respondents were anonymous and limited to one
response per individual.

Results

Of the 2550 neonatologists who were included in the AAP
SoNPM mailing list, 472 (18%) responded to the survey.

General answers

Sixty-six percent of the responding neonatologists worked
in an academic setting (Table 2). The vast majority (97%)
worked at level 3–4 NICUs with 66% of the respondents
administering surfactant at least 50 times per year. In
regards to the question concerning introduction of LISA in
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the NICU, 27% of physicians had a formal literature review
on the topic, 49% had an informal conversation about it and
24% had no discussion at all. Ten percent of the respon-
dents believed that the current literature on LISA is strong
enough to recommend it as standard of care, 13% of
respondents felt that the literature is not strong enough, 42%
believed more evidence is needed and the remaining 34%
were not sure. Currently, 15% of physicians are using LISA
in their NICU either all the time (4%), sometimes (4%), or
only as part of a research study (7%).

LISA-usage specific answers

Among those who were using LISA, 56% had a guideline
or protocol for its use (Table 3). With respect to the lowest
GA at which LISA was used, 24% of physicians considered
it safe in neonates <26 weeks GA, 14% thought it was safe
in 26–28 weeks GA neonates and 18% believed it was only

safe for a GA >28 weeks. Most neonatologists (45%),
however, were unsure about the lowest GA LISA could be
used safely. About 2/3 (72%) of physicians who use LISA
did not have any prior formal training on a mannequin while
94% did not routinely use any form of sedation. Further-
more, 46% of physicians used feeding tubes for surfactant
administration, 20% used angiocatheters (Hobart method),
4% used umbilical catheters and 30% used other methods
that were not specified. Most physicians (86%) did not use
Magill forceps when placing a catheter into the trachea
during LISA. In a situation where a repeat surfactant dose
was needed, 77% of respondents tended to use LISA again.
Approximately 1/3 (38%) of physicians allowed 1–2 min
for surfactant delivery, about 1/3 (29%) allowed more than
3 min and the remainder either allow <1 min or between 2
and 3 min (19% and 13%, respectively). Based on their
experiences with LISA, 63% of the respondents believe it is
a safe procedure.

Discussion

In the past 10 years, intensive studying on LISA technique
has shown very promising results in the optimization of non-
invasive ventilator support of infants with RDS. Most of the
initial studies as well as subsequent long-term outcome data
originated in Europe and Australia. Therefore, it is not sur-
prising that many European countries have accepted LISA as
standard of care in a selected group of premature infants on
CPAP. However, there is still a wide variation regarding
many aspects of the LISA method. Major questions include
the use of feeding tube vs. angiocatheter for surfactant
instillation, the exact patient population that may benefit from
this approach (GA, oxygen requirement or RDS severity) and
procedure training process. Furthermore, standardization of
sedation use is lacking as about half of the physicians (52%)
premedicate their neonates [51]. Surfactant dosing has also
been inconsistent with a suggestion that higher doses may be
needed for a prolonged effect. Likewise, duration of surfactant
delivery varies from 30 s to 5 min [6, 7, 13, 16]. The latter two
facts may be directly proportional to the incidence of side
effects encountered with LISA. Even though there are several
studies about each of the LISA techniques, there is no study
directly comparing the various methods. At the same time,
these studies should involve experienced clinicians to assure
low failure rate when examining each method. Thus, making
recommendations on which technique to use may be
challenging.

Although previous studies among neonatologists in
Europe and Australia showed increased interest in LISA,
no studies reported the current practice trend in the US
[51, 52]. We aimed to investigate the neonatologists’
knowledge, attitude and practices regarding the LISA

Table 2 General questions and answers

General questions and answers Number (%) of
respondents
n= 472

In what setting do you practice neonatology?

Academic NICU 311 (65.89)

Non-academic NICU 161 (34.11)

Please indicate the highest level of NICU care available in your center.

Level II 16 (3.39)

Level III 194 (41.10)

Level IV 262 (55.51)

How many times per year is surfactant administered in your NICU?

Very rarely 6 (1.28)

<20 40 (8.50)

20–50 114 (24.26)

50–100 126 (26.81)

>100 184 (39.15)

Has your NICU ever discussed introduction of LISA?

Yes, formally through a ‘review of the
literature’ session or lecture

128 (27.23)

Not at all 112 (23.83)

Only in informal conversations 230 (48.94)

Do you believe that the current literature on LISA is strong enough to
recommend it as a standard of care?

Yes 47 (9.96)

No 63 (13.35)

More evidence is needed 200 (42.37)

Not sure 162 (34.32)

Do you use LISA in your NICU?

Yes 19 (4.04)

No 397 (84.47)

Sometimes 20 (4.26)

Only as a part of research study 34 (7.23)
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approach. Our survey was cautiously structured to examine
the general knowledge on this topic as well as LISA-usage-
specific questions only offered to those physicians that have
been using LISA already.

Two-thirds of the respondents came from academic
NICUs with the vast majority practicing in level 3 and 4
NICUs centers that commonly use surfactant in their prac-
tice. Only 24% of the respondents never discussed the use
of LISA in their institutions, where the remainder reviewed
it either formally or informally. These percentages clearly
show that there is a distinct interest in LISA in the United
States. On the other hand, only 10% of the neonatologists
believe that the literature on LISA is strong enough to be
recommended as standard of care. Most are either not sure
or need more data before they would consider it as standard
practice. Consequently, LISA usage in the United States has
been found to be 15%, whether it be consistent or in con-
stant practice or as part of research. We also believe that
another reason for the low rate of LISA use in the US is the
lack of structured training in the LISA method. This method
may or may not involve the use of Magill forceps that
requires sizeable manual dexterity.

LISA-usage-specific questions revealed that few neona-
tologists practice the technique on a mannequin before
applying the procedure to their patients. It is unclear if this
relatively low number may be due to the fact that most of
the users may be more experienced neonatologists who are
more than comfortable with the intubation process.
Approximately half of the neonatologists have written
guidelines or policies for LISA use. Unexpectedly, very few
babies received sedation prior to the procedure despite its
popularity across European countries. Refrainment from
sedative use may be due to the above-mentioned compli-
cations. Most physicians seem to use a feeding tube or an
angiocatheter, 46% and 20% respectively. Only a minority
of neonatologists use Magill forceps to facilitate endo-
tracheal placement of the catheter. This fact may indicate
either comfort with the procedure itself or reluctance to the
use of the forceps. Major discrepancies were seen for the
time allotted for surfactant delivery. Overall, the majority of
neonatologists will distribute the surfactant fairly slowly,
over 1 min or more. We speculate that rapid administration
of surfactant was reserved for more mature neonates who
are less prone to the side effects. Lastly, only a marginal
number of respondents believed that LISA is an unsafe
procedure, with majority accepting it as being benign.
Surprisingly, almost 1/4 of neonatologists feel it is safe to
use the LISA even in neonates <26 weeks GA.

Our survey response rate (18%) was above average (10–
15%) for usual surveys conducted through the AAP
SoNPM mailing list [53]. While our survey adds more data
to the overall trends in LISA technique use, it is limited
by the fact that we report individual neonatologists’

preferences and practices rather than NICU-specific data.
Even though the number of respondents is robust, it may not
completely describe the general data on LISA approach in
the United States since we contacted only the members of
AAP SoNPM. In addition, we could not confirm that all the
members received and had the opportunity to answer the
survey.

Table 3 LISA usage-specific questions and answers

LISA usage-specific questions and
answers

Number (%) of respondents
n= 73

If you use LISA do you have a guideline or protocol for its use?

Yes 36 (56.25)

No 28 (43.75)

In your opinion, what is the lowest gestational age at which LISA can
be used safely and effectively?

<26 weeks GA 16 (24.24)

26–28 weeks GA 9 (13.64)

>28 weeks GA 12 (18.18)

Not sure 29 (43.94)

Do you provide a formal LISA training on a mannequin at your
institution?

Yes 18 (27.69)

No 47 (72.31)

Do you use any sedation when using
LISA?

Yes 4 (6.35)

No 59 (93.65)

What LISA method is used in your NICU?

Feeding tube 25 (46.30)

Angiocatheter (Hobart method) 11 (20.37)

Umbilical catheter 2 (3.70)

Other 16 (29.63)

Do you use Magill forceps when placing a catheter in trachea during
LISA procedure?

Yes 8 (14.29)

No 48 (85.71)

Would you consider LISA again in an infant that needs a repeat dose
of surfactant after 12 h?

Yes 43 (76.79)

No 13 (23.21)

Approximately how much time do you allow for surfactant delivery
when using LISA?

<1 min 10 (19.23)

1–2 min 20 (38.46)

2–3 min 7 (13.46)

>3 min 15 (28.85)

Based on your experience with LISA, do you believe it is a safe
procedure?

Yes 36 (63.16)

No 2 (3.51)

Not sure 19 (33.33)
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Conclusion

Current evidence suggests that the LISA method in general
may advance non-invasive respiratory support in premature
neonates with RDS. The use of this method in the US is not
as vigorous as in Europe but it has been present clinically
and in research. Future studies are expected to further
clarify lingering questions regarding patient selection,
the type of thin catheter use, the procedural efficacy and
safety of LISA. Therefore, more data from the US and other
countries is strongly encouraged. Data from studies
exploring other methods of less invasive surfactant delivery
should also be closely monitored.
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