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Chapter 8

ABSTRACT

BACKGROUND

There is no data available whether sedation should be given during minimally invasive
surfactant therapy (MIST). The aim of this study was to compare the level of comfort of
preterm infants receiving sedation vs no sedation for MIST.

METHODS

A retrospective study of preterm infants receiving MIST was performed in the Leiden
University Medical Center in 2014. Sedation (propofol 1 mg/kg) was optional and left
to the discretion of the caregiver. Standardized COMFORTneo scores were compared
and COMFORTneo < 14 was considered comfortable. Basic characteristics and
complications were noted.

RESULTS

In 38 infants receiving MIST, 23 received propofol and 15 were not sedated. Mean + SD
gestational age (29 + 2 weeks vs 29 + 3 weeks) and birth weight (1312 + 483 grams
vs 1469 + 588 grams) were not different. Median (IQR) COMFORTneo was not different
between the groups before (11 (9 - 15) vs 10 (8 - 12)) and after MIST (10 (8 - 12) vs
9 (8 - 10)), but lower in the sedated group during MIST (12 (9 - 17) vs 20 (15 - 23),
p=0.002) with more often COMFORTneo < 14 (56% vs 11%, p=0.04). Duration of MIST
(2 (2 - 4) minutes vs 3 (2 - 7) minutes) and occurrence of bradycardia (13% vs 33%)
and hypotension (21% vs 18%) were not different. Although not significant, intubation
occurred more often in the sedated group (during MIST. 9% vs 0%, < 24 hours after
MIST: 26% vs 13%). During MIST, oxygen saturation < 80% lasted longer in the sedated
group (8 (2 - 4) minutes vs 1 (0 - 2) minutes, p=0.001) and nasal intermittent positive
pressure ventilation (nIPPV) was applied more (100% vs 33%, p<0.001).

CONCLUSION

Preterm infants receiving MIST were more comfortable when sedation was given, but
needed ventilation more often. A randomized controlled trial is warranted to test whether
the benefit of sedation outweighs the risks of complications.
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Sedation during minimal invasive surfactant therapy in preterm infants

INTRODUCTION AND RATIONALE

Many preterm infants need surfactant therapy to diminish alveolar surface tension
and work of breathing caused by respiratory distress syndrome (RDS), so as to
avoid the occurrence of atelectasis.(1) While intubation and mechanical ventilation is
increasingly being avoided(2, 3), infants are still being intubated and mechanically
ventilated for surfactant therapy.(4) Mechanical ventilation can, however, lead to lung
injury and ultimately to bronchopulmonary dysplasia (BPD).(5) The incidence of BPD
decreases when non-invasive ventilation increases.(6) In this context, minimal invasive
surfactant therapy (MIST) techniques are promising, in which surfactant is administered
to a spontaneously breathing infant who then remains on continuous positive airway
pressure (CPAP).(7, 8) During MIST, the vocal cords are visualized by the use of a
laryngoscope and the trachea is catheterized using a semirigid catheter, and then the
surfactant is instilled.(4) To date, most Neonatal Intensive Care Unit (NICU) centers in
the Netherlands have adopted this procedure.

There is consensus that an endotracheal intubation procedure should be performed
while the infant is adequately sedated.(9, 10) However, there is an ongoing debate
whether or not sedation should be used during MIST as the presence of spontaneous
breathing is a pre-requisite for the procedure. So far, there are no studies concerning
sedation during this procedure. In the recent published studies and current trials on
MIST, no sedation is given before MIST.(4)

By using a laryngoscope during MIST, pharyngeal stretching triggers sympathic and
parasympathic reflexes, which could lead to cardiovascular responses.(10) Also, when
the infant is not sedated, efforts to resist the laryngoscope and attempts to cry can
cause an increase in intracranial pressure, which could result in impairment of the
venous return of the brain and intracranial venous hypertension.(9, 11, 12) This can
then contribute to the risk of intraventricular hemorrhage.(9) In addition, laryngoscopy
is associated with apnea, increased blood pressure, decreased heart rate and
decreased transcutaneous PO,.(13-15) These differences in vital signs were greater in
infants who did not receive any premedication.(15) However, many analgesic agents
used for neonatal intubation have been studied, and side effects such as respiratory
depression, hypotension, muscle rigidity, increased intracranial blood pressure and
decreased cerebral blood flow have been reported.(16, 17)

Propofol is routinely used as premedication for endotracheal intubation at our center.
Although the maintenance of spontaneous breathing is described as an advantage of

propofol, hypotension and respiratory depression have been reported.(17)
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The use of propofol during MIST is currently left to the discretion of the attending
neonatologist when discomfort is anticipated. Propofol may then contribute to
more comfort and less resistance from the infant during the procedure, which can
increase the success of the procedure. However, administering propofol could also
cause respiratory depression and increase the chance for non-invasive intermittent
positive pressure ventilation or, when respiratory depression persists, intubation and
mechanical ventilation. There is no data available whether the use of propofol for more
comfort during MIST outweighs the risk for failure of the procedure and the occurrence
of complications.

We performed a cohort study to compare the level of comfort and the occurrence of
complications of infants receiving sedation with infants receiving no premedication
during MIST.

METHODS

A retrospective cohort study was conducted at the neonatal department of the Leiden
University Medical Center. All admitted infants receiving surfactant by MIST in the year
2014 were included in this study. We only included the first MIST, repeated surfactant
doses by MIST were excluded. The criteria receiving surfactant by MIST were: GA 25+
— 36*6 weeks of gestation, no need for imminent intubation, adequate respiratory drive,
CPAP level > 8 cm H,0 and FiO, > 0.3.

According to the local protocol the decision whether to give sedation for MIST was
left to the discretion of the attending neonatologist. For endotracheal intubation,
intravenous propofol 2.5 mg/kg is standardly used for sedation in our unit. However, to
maintain spontaneous breathing and reduce the risk of side effects, a reduced dose
of intravenous propofol (1 mg/kg) was administered before MIST. In each infant, non-
pharmacological techniques for comfort were also performed, which consisted of the
administration of oral sucrose 24% in the cheek pouch of the infant along with a pacifier
at least 2 minutes before the procedure, and swaddling the infant in a swaddling cloth
to keep the infant contained.

MIST was performed using the method as described earlier by Dargaville et al.(8), in

which the vocal cords are visualized using a laryngoscope, where after a semi-rigid
angiocatheter is orally introduced to catheterize the trachea.

140



Sedation during minimal invasive surfactant therapy in preterm infants

The infants receiving propofol (sedated group) were compared with the infants without
premedication (non-sedated group). Nurses in our unit routinely score the comfort of
the infants using the COMFORTneo score, which is validated for measuring objectively
the (dis)comfort of a preterm infant.(18) Interrater reliability was assessed by Caljouw
et al.(18), who found that the COMFORTneo score is reliable to measure distress in
preterm infants. With a score < 14, the infant’s comfort is considered to be acceptable.
The COMFORTneo score before, during and after MIST of both groups were retrieved
and noted. In our unit, interrater reliability between nurses of the COMFORTneo
research group (Caljouw et al.(18)) and other NICU nurses was assessed in ten clinical
situations, and nurses could measure comfort using the COMFORTneo score if they
had achieved a Cohen’s k > 0.6. Cohen’s k measures the interrater agreement, where 0
means no agreement and 1 means total agreement.(19)

Both COMFORTneo scores and basic characteristics (gestational age, gender and
birth weight) were gathered, as well as complications of MIST and the administration of
propofol. These complications included the need for nIPPV, intubation, the occurrence
of desaturation (oxygen saturation < 80 %), hypotension (mean mmHg < gestational
age) or bradycardia (heart rate < 80 bpm). The differences in heart rate between the
interval before the MIST and during the MIST were also compared for the sedated and
the non-sedated groups.

All study data were retrieved from the digital medical charts (PDMS, MetaVision iMD-
soft, Leiden, The Netherlands), a clinical information system designed especially for
use in NICUs. In this system, each parameter is noted every minute.

This was a retrospective study and did not need to comply with the Dutch law on
Medical Research in Humans; the Research Ethics Committee issued a statement of
no objection.

Statistical analysis

Because of the retrospective nature of this study, a convenience sample was used.
No power calculation was performed because there was no data regarding sedation
during MIST. Statistical analysis was performed using SPSS 22 (IBM SPSS Statistics).
The parameters of both groups were tested for normality using Kolmogorov-Smirnov
and Shapiro-Wilkinson. The groups were compared using Student’s t-test for parametric
variables and the Mann-Whitney U test for non-parametric comparisons for continuous
variables, and the X2 test for categorical variables. Results are presented as mean + SD
for normally distributed values or median (IQR) for non-normally distributed values. P
<0.05 was considered statistically significant. Reported p-values are two-sided.
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RESULTS

During the one-year period, 310 infants with a gestational age between 26+*° and
36+¢ weeks were admitted to the NICU. In 38 infants, surfactant was given by MIST,
of which 23 infants received propofol (supplemental video 1; www.karger.com/
doi/10.1159/000443823) and 15 infants were not sedated (supplemental video 2)
based on the discretion of the attending neonatologist. Reasons given for prescribing
propofol were expected discomfort. There were no significant differences in mean + SD
gestational age (sedation vs no sedation: 29 + 2 weeks vs 29 + 3 weeks), birth weight
(1312 + 483 grams vs 1469 + 588 grams) and the percentage of males (61% (14/23)
vs 73% (11/15)). The median (IQR) duration of the procedure did not significantly differ
between the groups (2 (2 - 4) minutes vs 3 (2 - 7) minutes).

Comfort

Surfactant was administered by MIST 38 times, in which comfort was scored before,
during and after the procedure in 76% (29/38), 71% (27/38) and 71% (27/38) of the
procedures, respectively. Both before and after MIST the median (IQR) COMFORTNneo
score did not differ between the study groups, but the COMFORTneo score during the
procedure was significantly lower in the sedated group when compared to the non-
sedated group (Table 1). The COMFORTneo score was significantly more often < 14 in
the sedated group during MIST (56% vs 11%, p<0.05). There was a significant positive
correlation between both gestational age (r=0.419, p<0.05) as postnatal age (r=0.435,
p<0.05) and COMFORTneo score during the procedure. However, as previously
mentioned the gestational age did not differ between the sedated and the not sedated

group.

Table 1 | Results: comfort

Sedated group Non-sedated group p-value
n=23 n=15

COMFORTneo score before MIST 11(9-15) 10(8-12) ns
n=18 n=11

COMFORTRneo score during MIST 12(9-17) 20 (15 -23) 0.002
n=17 n=10

% COMFORTneo score < 14 during MIST 9/16 (56%) 1/9 (11%) 0.04

COMFORTnNeo score after MIST 10 (8-12) 9(8-10) ns
n=23 n=9

Data is presented as median (IQR) for non-parametric data, and n (%) for categorical data.
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Complications

The occurrence of complications could be retrieved from the digital medical chart for
all patients. Bradycardia and hypotension occurred in a few infants, but these were not
significantly different between the groups (Table 2). There was no significant increase or
decrease in heart rate during the procedure in both groups. The median (IQR) duration
of oxygen desaturation of all infants (< 80 %) was longer in the sedated group (3 (2 - 4)
minutes vs 1 (0 - 2) minutes, p <0.01). All patients in the sedated group needed nIPPV
temporarily due to apnea and saturation < 80 % during MIST as compared to 33 % in
the non-sedated group (p<0.001) (Table 2). 2 infants (8%) in the sedated group were
intubated during MIST due to failure of the procedure because the trachea could not
be catheterized, while this did not occur in the non-sedated group (ns). There was
no significant difference in occurrence of intubations in the first 24 hours after MIST
between the two groups (Table 2). The intubated infants had a mean + SD gestational
age of 28 + 2 weeks and a birth weight of 1109 + 454 grams. Reasons to intubate in
the first 24 hours after MIST were apneas in 3 cases, no improvement or an increase
in FiO, need in 3 cases, and no adequate respiratory drive before the procedure with
persistent apnea after the procedure in 2 cases (Table 3).

Table 2 | Results: complications

Sedated group Non-sedated group p-value

n=23 n=15
nIPPV during MIST? 23/23 (100%) 5/15 (33%) < 0.001
Intubation in the first 24 hours after MIST? 6/23 (26%) 2/15 (13%) ns
Intubation during MIST® 2/23 (9%) 0/15 (0%) ns
Duration of SpO, < 80% during MIST (minutes)° 3(2-4) 1(0-2) 0.001
Hypotension during MIST? 3/14 (21%) 2/11(18%) ns
Bradycardia during MIST2 3/23 (13%) 5/15 (33%) ns
Heartrate before — during MIST (bpm)® -4 (-10--1) -2(-7-23) ns

Data is presented as n (%) for categorical data (a) and median (IQR) for non-parametric data (b).

Table 3 | Reasons for intubation

Sedated group Non-sedated group  p-value
n=38 n=2
Trachea could not be catheterized 2/8 (25%) 0/2 (0%) ns
Infant did not meet MIST criteria before procedure 2/8 (25%) 0/2 (0%) ns
Apnea 2/8 (25%) 1/2 (50%) ns
No improvement/increase FiO, needed 2/8 (25%) 1/2 (50%) ns

Data is presented as n (%) for categorical data.
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DISCUSSION

In this retrospective cohort study, we observed that infants receiving propofol had a
higher level of comfort compared to the infants receiving no sedation before MIST.
However, infants receiving propofol desaturated for a longer period, needed temporarily
nIPPV more frequently during the procedure and, although this did not reach
significance, more often infants were intubated during or within 24 hours after MIST.
All other complications (hypotension and bradycardia) were not different between the
groups.

Administration of surfactant without intubation and mechanical ventilation, using
procedures such as MIST, has recently received increased attention and many neonatal
units have adopted the method.(4, 7, 20, 21) There is however no consensus on whether
the procedure should be performed with or without the use of premedication, which has
been a hot topic for debate. This is the first study describing the comfort of preterm
infants receiving MIST using objective measurements and the effect of sedation vs
no sedation. It is argued by Dargaville et al(4) that MIST can generally be performed
without creating discomfort in the infants, however, this was not objectively evaluated.
There is consensus that an intubation procedure should be performed while the infant is
adequately sedated.(9, 10) Laryngoscopy can be painful and is associated with crying
and increased changes in intracranial pressure when infants are awake.(9, 11, 12) It
could be reasoned that this also accounts for MIST as laryngoscopy is also performed.

Although propofol has been used for the intubation-surfactant-extubation (INSURE)
method, its usage for MIST has not been described before.(17) Propofol is used
because of its short acting character and it is also used in our unit as sedation for
endotracheal intubation. We have chosen to use a low dose of propofol for MIST to
minimize the risk of apnea and hypotension. Propofol has an anxiolytic effect in low
dosages, but it is not known whether propofol has analgesic effects or not.(22) Propofol
is effective for obtaining hypnosis and muscle relaxation in endotracheal intubation.(16,
17) One of the complications of propofol is respiratory depression.(17) This study has
shown that all infants receiving propofol needed nlIPPV temporarily, compared to 33 %
of infants receiving no propofol. However, respiratory drive might be depressed by the
use of propofol; of all sedated infants, 2/23 infants (9 %) needed to be intubated during
the procedure due to other reasons than respiratory depression, as the trachea could
not be catheterized. To make solid conclusions about respiratory depression caused by
propofol for MIST, a randomized controlled trial is warranted.
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When high doses of propofol were used (3 and 6 mg/kg), hypotension was considered
a significant complication during and within 1 hour after intubation.(23, 24) In contrast,
other studies reported that hypotension did not occur when propofol 2.5 mg/kg was
used.(16, 25) Interestingly, Welzing et al.(17) also noted a high incidence of hypotension
even when a dosage of 1 mg/kg was used. However, our study does not confirm this
as we did not observe more hypotension when we used this low dose compared to no
sedation.

The MIST procedure has been recently introduced in our unitand itis possible that infants
would be more comfortable in a center with extensive experience in the procedure.
However, the MIST procedures in our study were performed by neonatologists who
were well trained in endotracheal intubation and laryngoscopy. Also, there were no
significant differences in duration of the procedure and the frequency of complications
in the non-sedated group appeared to be low.

The decision for the use of propofol as premedication for MIST was left to the discretion
of the attending neonatologist, and a selection bias could have occurred. The reason
given by the caregivers for the decision to use propofol was expected discomfort.
However, gestational age, birth weight and COMFORT score before the procedure were
not different between the groups, which makes it less likely that these items influenced
the decision of the caregiver to give sedation or not.

This was a small retrospective cohort study with a convenience sample. We already
reached a large difference in COMFORTneo score in this small group, but it is possible
that differences in complications would have reached significance in a larger group.
Although we could not retrieve the COMFORTneo score in all infants, this was equally
distributed among the study groups. In addition, comfort was scored by nurses who
were not blinded to the treatment given, which could influence the COMFORTneo
scores and cause observer bias.

CONCLUSION

In summary, we observed more comfort in preterm infants when they received a low
dose of propofol (1 mg/kg) as premedication for MIST, but an increase in respiratory
complications and non-significantly more intubations. However, we do not consider this
study to be conclusive and a randomized controlled trial is warranted to determine
whether the benefit of sedation in comfort outweighs the risks for complications.
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