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Abstract

Background: Premedication for neonatal intubation facili-
tates the procedure and reduces stress and physiological
disturbances. However, no validated scoring system to as-
sess the effect of premedication prior to intubation is avail-
able. Objective: To evaluate the usefulness of an Intubation
Readiness Score (IRS) to assess the effect of premedication
prior to intubation in newborn infants. Methods: Two-center
prospective study in neonates who needed endotracheal in-
tubation. Intubation was performed using a standardized
procedure with propofol 1-2 mg/kg as premedication. The
level of sedation was assessed with the IRS by evaluating the
motor response to a firm stimulus (1 = spontaneous move-
ment; 2 = movement on slight touch; 3 = movement on firm
stimulus; 4 = no movement). Intubation was proceeded if an
adequate effect, defined as an IRS of 3 or 4, was reached. IRS
was compared to the quality of intubation measured with
the Viby-Mogensen intubation score. Results: A total of 115
patients, with a median gestational age of 27.7 weeks (inter-

quartile range 5.3) and a median birth weight of 1,005 g (in-
terquartile range 940), were included. An adequate IRS was
achieved in 105 patients, 89 (85%) of whom also had a good
Viby-Mogensen intubation score and 16 (15%) had an inad-
equate Viby-Mogensen intubation score. The positive pre-
dictive value of the IRS was 85%. Conclusions: Preintubation
sedation assessment using the IRS can adequately predict
optimal conditions during intubation in the majority of neo-
nates. We suggest using the IRS in routine clinical care. Fur-
ther research combining the IRS with other parameters
could further improve the predictability of adequate seda-
tion during intubation. ©2018 S. Karger AG, Basel

Introduction

Endotracheal intubation is a frequently performed
distressing procedure in the Neonatal Intensive Care
Unit (NICU), and potentially complicated by a number
of serious adverse physiological events [1-7]. Adequate
sedation by the use of premedication before intubation
may prevent these adverse events, reduces the duration
and number of attempts needed for successful intubation,
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and prevents traumatic injury to the airway [3, 6-11].
Routine use of premedication before (semi-)elective intu-
bation has increased over the past decades [12-18].

The main goal of premedication is to achieve an ade-
quate level of sedation to facilitate the intubation proce-
dure. Therefore, intubation should not be started until this
level of sedation is achieved. However, there is no clear
definition about the target level of sedation, and the assess-
ment of sedation is often subjective and may vary between
clinicians. The literature does not provide validated tools
to assess the preintubation level of sedation [19].

In their study to evaluate the effect of methohexital as
premedication in neonatal intubation, Naulaers et al. [20]
described the effect of methohexital on sedation, relax-
ation, and sleep. The level of sedation was assessed as the
motor response to a firm stimulus (heel-rubbing) and 4
degrees of reactions were defined: “moves spontaneous-
ly,” “moves when touched,” “moves when stimulated,”
and “no reaction to stimulus.” Relaxation was assessed by
evaluating muscle tone in arms and legs, using 4 catego-
ries: “hypotonic,” “mildly hypotonic,” “normal tone,”
and “hypertonic.” The degree of sleep was noted as
“awake,” “easily woken,” and “deep asleep.” The results of
this study show that the level of sedation, degree of mus-
cle relaxation, and degree of sleep correlate very well [20].
Therefore, we judged the motor reaction to a firm stimu-
lus to be a very useful and easy-to-perform score to assess
the preintubation level of sedation and named this score
the Intubation Readiness Score (IRS). The aim of our
study was to evaluate the suitability of this IRS in ade-
quately indicating the preintubation sedation level by
correlating the IRS to the quality of intubation. We hy-
pothesized that the IRS performed after the administra-
tion of premedication would adequately predict Viby-
Mogensen intubation scores during intubation.

» <«

Methods

Study Population

This prospective two-center study was performed in the level
III NICUs of the Erasmus MC - Sophia Children’s Hospital, Rot-
terdam and the Méxima Medical Center, Veldhoven, both in the
Netherlands, between June 2015 and January 2017. Patients admit-
ted to one of these NICUs were eligible for participation in this
study if they needed (semi-)elective endotracheal intubation. The
exclusion criterion was participation in other premedication stud-
ies at the same time. We used the NEAR4KIDS registry definitions
regarding intubation encounters and attempts. An encounter is
defined as one attempt of completed advanced airway manage-
ment intervention including tracheal intubation. An attempt is de-
fined as a single advanced airway maneuver beginning with the
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Table 1. Intubation readiness score

Score Motor reaction to firm stimulus

1 Spontaneous movement

2 Movement in reaction to slight touch
3 Movement in reaction to firm stimulus
4 No movement

insertion of the laryngoscope into the patient’s mouth and ending
when the device is removed [21]. Because we allowed patients to
be included in the analysis only once, we only included every first
intubation attempt of every first intubation encounter per patient.

Procedure

Intubation was performed according to a standardized proce-
dure. Propofol 1.0-2.0 mg/kg body weight was administered intra-
venously followed by a saline flush in 30 s. Immediately after pro-
pofol administration, IRS was assessed every 30 s by firmly rubbing
the heel of the patients’ feet and grading the motor reaction to this
stimulus (Table 1). Applying this stimulus and judging the reac-
tion was always done by one of the team members performing the
intubation procedure. Both scores 3 and 4 were presumed to indi-
cate adequate sedation for the intubation procedure. Therefore,
when a score of 3 or 4 was reached, intubation was proceeded. If
the IRS was still 1 or 2 after 3 min, an additional dose of propofol
was administered, and again IRS was assessed every 30 s. This pro-
cedure was repeated until IRS 3 or 4 was reached. The time frame
of 3 min before administering a new dose of medication was based
on the known fast onset of action of propofol. Intubation was per-
formed by pediatric residents, neonatal nurse specialists, fellows in
neonatology, and neonatologists.

Outcome Measures

The primary outcome of this study was the positive predictive
value of IRS 3 and 4 in predicting good quality of intubation. The
quality of the intubation was assessed with the standardized intu-
bation score of Viby-Mogensen et al. [22]. Scoring included rating
of laryngoscopy, vocal cords, coughing, jaw relaxation, and limb
movements. Each item was assigned a score of 1-4 (Table 2). Good
quality of intubation was defined as a score <2 on each item. A
score on one or more items of >3 implied inacceptable quality of
intubation.

Data Collection

Background characteristics as well as all IRS scores, data about
all propofol doses, intubation conditions, and intubation attempts
were collected on standardized intubation registration forms.

Statistical Analysis

SPSS (IBM SPSS Statistics for Windows, version 22.0. Armonk,
NY, USA) was used to analyze the data. Relevant patient data were
reported as numbers with percentages for nominal variables and
median and interquartile ranges for continuous variables. Positive
predictive values of IRS scores 3 and 4 combined as well as scores
3 and 4 separately, in predicting good quality of intubation, were
determined (criterion validity). Univariate analysis was performed
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Table 2. Viby-Mogensen intubation score®

Score Laryngoscopy Vocal cords Coughing Jaw relaxation Limb movements
1 Easy Open None Complete None

2 Fair Moving Slight Slight Slight

3 Difficult Closing Moderate Stiff Moderate

4 Impossible Closed Severe Rigid Severe

* Adequate intubation conditions were defined as a score <2 on each item.

Eligible patients

{

Sufficient sedation
during intubation

n=115
[
IRS 3-4 IRS 1-2
n =105 (91%) n =10 (9%)
I l I y
Insufficient sedation frcfr):wcgjrflaclmsis
during intubation y

|

Good Inadequate
quality of intubation quality of intubation
n =89 (85%) n =16 (15%)
IRS 3 IRS 4 IRS 3 IRS 4
n =56 (63%) n =33 (37%) n =6 (38%) n =10 (62%)

Fig. 1. Flowchart of study patients.

with Fisher’s exact tests for categorical variables and the Mann-
Whitney test for continuous variables. Two-tailed p < 0.05 was
considered statistically significant.

Ethical Approval

The IRS and Viby-Mogensen intubation score were imple-
mented into daily practice as standard of care in both units because
they potentially improved patient care. The study was judged as a
prospective observational cohort study that did not incorporate
extra risks or burden for the patients. Formal ethical approval to
conduct the observational trial, according to the Dutch Law of Re-
search with Humans, was not required (Medical Ethics Commit-
tee, Erasmus Medical Center, Rotterdam, the Netherlands, No.
MEC-2017-240).

Results
Study Population

During the study period, 195 intubation encounters
were performed in 164 patients. Only every first intuba-
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tion attempt of every first intubation encounter was in-
cluded, and therefore 164 intubation attempts were eli-
gible for inclusion. Of these, 49 attempts (30%) were ex-
cluded because data regarding IRS and/or intubation
scores were lacking or incomplete, leaving 115 intubation
attempts eligible for analysis.

IRS and Intubation Conditions

IRS and intubation scores of the 115 patients that were
eligible for analysis are shown in the flowchart in Figure
1. In 10 patients (9%), intubation was started despite an
IRS of 1 or 2, thereby violating the standardized protocol.
These patients were excluded from further analysis. IRS
3 or 4 was achieved in 105 patients (91%). Eighty-nine
patients with IRS 3 or 4 had good quality of intubation,
leading to a positive predictive value of 85%. IRS was 3 in
62 patients, of whom 56 patients had good quality of in-
tubation, leading to a positive predictive value of 90%. IRS
4 was reached in 43 patients. Of these, 33 patients had
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Table 3. Comparison of patient characteristics in patients with good and with inacceptable Viby-Mogensen intubation score after ade-

quate IRS

Good Viby-Mogensen

Inacceptable Viby-Mogensen  p

intubation score (n = 89) intubation score (1 = 16) value
Male gender, n (%) 51 (57) 10 (63) 0.79
Median gestational age, weeks 27.7 (6.8) 27.5(5.2) 0.51
Median birth weight, g 995 (810) 1,110 (1,238) 0.71
Median postnatal age, days 1(4) 0.5(1) 0.07
Median body weight, g at intubation 1,032 (783) 1,100 (1,238) 0.80
Median cumulative dose propofol, mg/kg body weight 2.0(1.0) 2.0(1.3) 0.29
Median amount of propofol doses 2(1) 1.5(1) 0.87
IRS 3, 1 (%) 56 (63) 6 (37.5) 0.10
Median time between reaching good IRS and starting 0.57
intubation, min 1(2) 1(2)

Figures in parentheses indicate interquartile ranges unless indicated otherwise.

good quality of intubation, leading to a positive predictive
value of 77%.

We performed a univariate analysis to search for fac-
tors that could explain why the IRS did not adequately
predict the sedation level during intubation in 15% of our
study population. The results of these analyses are shown
in Table 3. This table shows that gender, gestational age,
birth weight, postnatal age, weight at intubation, cumula-
tive dose of propofol, amount of propofol doses, IRS be-
ing 3 or 4, and time in minutes between reaching good
IRS and starting the intubation did not differ significant-
ly between patients who had good Viby-Mogensen intu-
bation scores and patients who had inacceptable Viby-
Mogensen intubation scores. In 55 of the patients with
good Viby-Mogensen intubation scores and in 6 patients
with inacceptable Viby-Mogensen intubation scores, the
function of the person who performed the intubation was
registered. In patients with good Viby-Mogensen intuba-
tion scores, the intubation was performed by a pediatric
resident in 13 patients (24%), a nurse specialist in 20
(36%), a neonatal fellow in 5 (9%), and a neonatologist in
17 patients (31%). In patients with inacceptable Viby-
Morgensen intubation scores, intubation was performed
by a pediatric resident in 3 patients (50%), a nurse special-
ist in 1 (17%), and a neonatologist in 2 patients (33%).
These differences were not statistically significant (p =
0.28). The reason for intubation was reported for 87 pa-
tients with good Viby-Mogensen intubation scores and
for 15 patients with inacceptable Viby-Mogensen intuba-
tion scores. Respiratory distress syndrome was the reason
in 39 (45%) and 11 (73%) patients, respectively, and re-
spiratory insufficiency was the reason in 45 (52%) and 4
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(27%) patients, respectively. Three patients with good Vi-
by-Mogensen intubation scores were intubated for elec-
tive reasons versus none of the patients with inacceptable
Viby-Mogensen intubation scores. Differences in reasons
for intubation between both groups were not statistically
significant (p = 0.116).

Discussion

Premedication should be used for intubation in neo-
nates whenever possible to minimize adverse physiologi-
cal events, to reduce duration and number of attempts, to
prevent traumatic injury to the airway, and to provide
comfort. Accordingly, the intubation procedure should
onlybestarted when the given premedication hasachieved
a sufficient degree of sedation. However, validated objec-
tive scoring systems to assess the readiness for intubation
are lacking [19]. This study aimed to evaluate the suitabil-
ity of an IRS to assess if a newborn is ready for intubation
after administration of premedication. We show that this
IRS can predict good quality of intubation in 85% of pa-
tients.

In the literature, no previous studies can be found that
investigated the readiness for intubation. A recent sys-
tematic review shows only 3 potentially suitable scoring
systems, all of them not validated [19]. One of these scores
is the sedation score described by Naulaers et al. [20] that
we used to develop our IRS. Another score to assess the
level of sedation prior to intubation in neonates is the
“good sedation state” from Thall et al. [23]. This score is
based on the Neonatal Pain, Agitation and Sedation Scale

de Kort/Andriessen/Reiss/van Dijk/
Simons




developed by Hummel et al. [24] and consists of 5 vari-
ables: crying/irritability, behavior state, facial expression,
extremity tone, and vital parameters. Each item is scored
on a 5-point scale from -2, corresponding to highest se-
dation, to +2, corresponding to highest infant discomfort.
According to Thall et al. [23], good sedation for endotra-
cheal intubation is defined as a total score between -7 and
-3. To the best of our knowledge, further evaluation of
this score has not been performed. Though this score
might reflect the degree of sedation very accurately, it is
an extensive and time-consuming score that makes it less
suitable to perform in a semi-acute situation. We have
therefore chosen to further evaluate the sedation score of
Naulaers et al. [20].

Adequate prediction of the quality of intubation in
85% of patients also means that in 15% of patients the IRS
did not adequately predict the level of sedation during the
intubation procedure. This might be explained by the fact
that heel rubbing is a weaker stimulus than the introduc-
tion of the endotracheal tube into the nose or laryngos-
copy. In this case, a stronger stimulus that better reflects
the pain and stress of laryngoscopy and/or introducing
the endotracheal tube into the nose should be used. How-
ever, introducing a stronger, repetitive stimulus, to evalu-
ate the level of sedation, thereby repeatedly exposing neo-
nates to painful stimuli, is considered unethical. Another
explanation for inadequate prediction of the level of seda-
tion by IRS could be the short period of action of propo-
fol. This pharmacological characteristic can cause the
medication effect to be already expired at the moment the
intubation is started, despite an IRS of 3 or 4 just before.
This would mainly be the case in patients in whom a long
period of time elapsed between reaching IRS 3 or 4 and
starting the intubation attempt. However, statistical anal-
ysis revealed no significant difference in this time be-
tween patients with good and with inacceptable intuba-
tion conditions. We included only patients who received
propofol as premedication. Future studies that use other
sedative drugs are needed to further evaluate the IRS,
which would increase the generalizability of our findings.

In our study, IRS 3 and IRS 4 were both hypothesized
to predict sufficient sedation for the intubation proce-
dure. Therefore, we combined both scores in our evalua-
tion. Taking both scores apart, we expected that IRS 4
would better predict sufficient sedation during intuba-
tion than IRS 3. However, the results of our study show a
nonsignificant higher positive predictive value of IRS 3
compared to IRS 4 (90% compared to 71%, respectively,
p = 0.10). This could possibly be explained by the differ-
ence in patient numbers in both groups (56 vs. 33) or by
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the hypothesis that in patients with IRS 4 propofol has
already reached its peak effect and by the time intubation
is started, the effect is expired.

Though we belief that a positive predictive value of
85% makes the IRS certainly suitable for clinical practice,
we should seek for methods to further improve this posi-
tive predictive value. It might be valuable to combine the
motor reaction to heel rubbing with the degree of muscle
relaxation. In the original report of Naulaers et al. [20],
the level of muscle relaxation was also scored on a 4-point
scale (1 = hypertonia, 2 = normal muscle tone, 3 = mild
hypotonia, 4 = profound hypotonia). Adding this relax-
ation score to our IRS could possibly increase the number
of patients in whom effective sedation can adequately be
predicted before the intubation is started. Using both the
sedation and the relaxation score was already done by
Smits et al. [25] studying propofol dosing in neonates.
They defined sufficient relaxation as mild or profound
hypotonia. However, no conclusions about the usability
of both scores can be drawn from their results.

In this study, we did not determine interrater variabil-
ity of the IRS. This is an important limitation of this study.
Where “spontaneous movements” and “no movement at
all” are obvious scores and will most certainly not lead to
much disagreement between clinicians, more disagree-
ment could arise with the items “movement in reaction to
touch” and “movement in reaction to a firm stimulus.”
Besides this, there could be variation in the meaning of
the term “firm stimulus.” Thus, interrater variability in
IRS should be determined.

In conclusion, our study shows that by using the IRS,
85% of patients are adequately sedated for the procedure.
Our protocol also enables the standardization of a highly
complex procedure in vulnerable patients. We therefore
advocate that the IRS should be used in every neonate
who receives premedication prior to intubation. Further
research combining the IRS with other parameters such
as degree of muscle relaxation could increase the predict-
ability of adequate intubation conditions even further.
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