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Premedication for neonatal intubations: an
unrecognized area for improvement

Abstract

Objective: Several academic societies have recommended premedication in neonatal
intubation, but concerns have also been raised about associated adverse events. This
study examined the rate of premedication, performance outcomes, and adverse events
for non-urgent intubations in a Level 3 neonatal intensive care unit (NICU).

Method: The author reviewed all non-urgent intubations performed in a single Level 3
NICU from April 2011 through December 2012. The primary outcome was frequency
of premedication use; secondary outcomes were intubation performance and adverse
events.

Result: Of 103 non-urgent intubations, about half (n = 52, 51%) used premedication.
The most frequently used medications were: atropine (92%), fentanyl (85%),
and rocuronium (61%). Infants receiving any premedication were larger and more
mature. Intubation performance outcome and severe adverse events did not differ for
intubations with or without premedication, except for higher incidence of hypercarbia
in intubations with premedication (37% vs 11%, p<0.03).

Conclusion: Recommendations regarding premedication in neonatal intubation were
not consistently implemented, as is the case with many evidence-based practices.
Further research is needed to evaluate the safety and medical need of premedication
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Introduction

Non-urgent endotracheal intubation is common in the neonatal
intensive care unit (NICU). Previous studies have shown that conscious
and awake intubations in neonates are painful and associated with
adverse physiologic responses.' Several trials have demonstrated that
premedication significantly improves intubation conditions, decreases
the time and number of attempts needed to complete the intubation
procedure, and minimizes the potential for intubation related airway
trauma.®'* The Fetus and Newborn Committee of the American
Academy of Pediatrics (2010) and Canadian Pediatric Society (2011)
recommend premedication of infants before intubation when time
permits.*'? In addition, the International Evidence-Based Group for
Neonatal Pain conclude that “tracheal intubation without the use of
analgesia or sedation should be performed only for resuscitation in
the delivery room or for life-threatening situations associated with the
unavailability of intravenous access”.'* Nevertheless, concerns have
also been raised regarding adverse effects related to premedication for
neonatal intubation.'®

The purpose of this study was to examine the premedication
practices in neonatal intubation and to compare intubation
performance outcomes and incidence of adverse events with and
without premedication in a Level 3 neonatal intensive care nursery
(NICU). The primary outcome was the percent of non-urgent neonatal
intubations receiving premedication (one or more of the following

drugs for premedication: atropine (vagolytic), fentanyl (analgesic) and
rocuronium (muscle relaxant)). Secondary outcomes were intubation
performance and associated adverse events.

This retrospective cohort study in a single Level 3 NICU at the
Dartmouth Hitchcock Medical Center, Lebanon, New Hampshire,
USA, assessed the rate of premedication for non-urgent neonatal
intubations, and compared performance and adverse effects
of intubation with and without premedication. The Dartmouth
Committee for Protection of Human Subjects approved the study.
During the study period, the hospital did not have a written policy on
premedication use for non-urgent intubations during this timeframe.
Instead, an electronic order entry set for premedication, available to
the medical providers, included atropine (0.02mg/kg), fentanyl (2mcg/
kg) and rocuronium (0.25mg/kg). This procedure gave providers the
option to choose one, two, or all three drugs listed or not give any
premedication based on their individual preference.

Participants were infants admitted to the Dartmouth-Hitchcock
NICU with a documented intubation procedure code obtained from
the hospital data reporting system from April 1%, 2011 to Dec 31",
2012. The study excluded intubations performed in the resuscitation
room, delivery room, during transport, in the operating room and
those performed in emergent or urgent situations in the NICU. Chart
reviews provided detailed information on each participant and each
intubation encounter, which was defined as a non-emergent intubation
of an infant in the NICU, regardless of the number of providers
attempting intubation, until declared successful based on documented
color change on colorimeter and presence of bilateral breath sound.
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The number of attempts required for successful intubation per
intubation encounter was recorded as per the documentation in the
medical record.

Measures included baseline patient characteristics (gestational
age and birth weight, and age at intubation) intubation performance
outcome (success with first attempt, median number of attempts
for successful intubation and need for more than two attempts),
and adverse events (minor events included bradycardia and oxygen
desaturation and serious events included chest wall rigidity,
difficult bag and mask ventilation, and need for chest compression)
documented for each intubation encounter. Finally, pre-intubation and
post-intubation blood gases (capillary or arterial) for each intubation
encounter was also recorded to examine the incidence of hypercarbia
(PaC0O2>65 mmHg) with intubation.

The author collected data from individual chart review from
the EMR, reviewing each intubation procedure note to collect
information on date of intubation, person performing intubation, use
of premedication and type of medications ordered, number of attempts
and the adverse events documented. The pre- and post-intubation
blood gas values were obtained from review of laboratory results.

Statistical analysis

Mean or median with ranges and frequencies on demographic
variables, intubation performance, and use of premedication
summarized the study sample. Intubation performance and adverse
events were compared for intubations with any premedication
(any combination of atropine, atropine with fentanyl, atropine
with morphine or atropine with fentanyl and rocuronium) to no
premedication. To assess the effect of including a muscle relaxant
(rocuronium) for premedication, a sub-group analysis compared
intubation performance and adverse outcomes for premedication
including rocuronium to those with premedication not including
rocuronium. Statistical Student’s t-test (or by Mann-Whitney U test
for skewed data), ANOVA for the continuous variables, and Fisher’s
exact or Pearson’s chi square test for binomial variables compared
infants who received or did not receive any premedication. For all
analyses, the p-value was set at p<0.05. Analysis used STATA12.

Results

Hospital records during the study period indicated that 59 infants
received 103 non-urgent intubation encounters. The infants ranged
from 25 weeks to 42 weeks gestational age at birth and had median
birth weight of 1700gm (range 450-4140gm). The most frequent
reason for intubation was respiratory distress (72%), followed by
apnea (14%), tube replacement for air leak (6%), accidental extubation
(2%) and others (6%).

Table 1 shows infant and intubator characteristics. Premedication
occurred in 51% of 103 non-urgent intubation encounters. The mean
gestational age and birth weight of the infants were significantly higher
in the intubations with any premedication compared to intubations
with no premedication. Medications used for premedication were:
atropine, (92%), fentanyl (85%), and rocuronium (61%). In one
instance morphine was used instead of fentanyl. Residents were most
likely to perform intubation with premedication (76%), followed by
nurse practitioners (46%) and neonatologists (20%).
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The incidence of success on the first attempt did not differ
for intubation with any premedication (46%) compared to no
premedication (44%) [p = 0.69]. The median number of attempts for
successful intubation and incidence of multiple attempts (>2) was also
comparable in the two groups (Table 2). Table 3 shows that intubation
performance (success with first attempt, median number of attempts
and need for multiple attempts) was unrelated to type of medication
(rocuronium versus other). Minor intubation complications, such
as bradycardia and desaturations were reported in less than 20% of
the procedures. The incidence of serious adverse effects, including
need for chest compression and difficult bag and mask ventilation,
was also unrelated to use of any premedication (Table 4). Further, the
incidences of the adverse effects were not increased in intubations
with premedication using rocuronium compared to those not using
rocuronium.

Only two-thirds of intubation encounters had both pre-intubation
and post-intubation blood gases available for evaluation of hypercarbia
(PCO,>65mmHg). Intubations with any premedication were
associated with a higher incidence of post-intubation hypercarbia [37
% vs 11%, p=0.03] and had a larger difference between pre-intubation
and post-intubation PaCO, compared to those with no premedication
[mean difference between the groups -12.3mmHg (95% CI: -21.2,
-3.4) p=0.007] (Table 4). The incidence of post-intubation hypercarbia
as well mean difference between pre-intubation and post-intubation
PaCO, was not significantly higher with premedication including
rocuronium compared to premedication not including rocuronium.

Table | Infant and intubator characteristics

Any No p
Premedication Premedication value
N (intubation episodes) 52 51

BW (gm)

Median, range 1935 (683, 3710) 1280 (450, 4140)

Mean (SD)* 2026 (826) 1569 (925) 0.02
GA at birth (weeks)
Median, range 34 (25, 42) 29 (25,41)
Mean (SD)* 32.6 (4.7) 30.4 (4.4) 0.04
Age at intubation, days 3 (1, 120) 2 (1, 105)
Premedication use based on Level of training of intubator, N
RT 0 2
Resident 13 4
Fellow 9 7
NNP 29 34
Neonatologist 1 4
Table 2 Intubation performance
Any premedication No N p
N=52 premedication value
N=51
L’::;‘:f:tio“ on first 46% 44% 0.82
Il:/elji(ilrelitn attempts per 2(1,4) 2(1,4)
Multiple attempts (>2) 31% 34.60% 0.72
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Table 3 Intubation performance with premedication including rocuronium or no rocuronium

Premedication

Premedication not including

including rocuronium rocuronium N=20 p value
N=32
Intubation on first attempt 53% 35% 0.2
Median attempts per patient 1(1,4) 2(1,4)
Multiple attempts (>2) 26% 40% 0.28
Table 4 Adverse effects of intubation with any premedication and no premedication
Any premedication No premedication P value
Bradycardia (%) 10% 10% NS
Desaturation (%) 17% 10% NS
Chest Compression (n) 0 0 NS
Difficult Bag and mask ventilation (n) 2 2 NS
Post-intubation hypercarbia (PaCO2>65 379 1% 0.03
mmHg) (%)
Mean difference (SD) between pre-intubation 2.6 (19) -9.7 (17.65) 0.007

and post-intubation PaCO2

*Statistically significant [Fisher Exact or Pearson’s Chi square test for binomial variable and t-test or Mann-Whitney rank sum test for continuous variable]

Discussion

This study found inconsistent utilization of premedication for
neonatal intubation in a level 3 NICU. Premedication was given in
half of all non-urgent intubations, only two-thirds of whom received a
muscle relaxant. Both patient characteristics (weight) and practitioner
characteristics (level of training and profession) predicted variation in
practice. Infants who were larger and more mature were more likely
to receive premedication. Residents and nurse practitioners were
more likely to use premedication than neonatologists. Neither the
intubation performance nor the incidence of serious adverse events
differed for intubations with or without premedication. Hypercarbia
was, however, more likely after intubations using premedication.

One interpretation of this study is that professionals, especially
neonatologists, are reluctant to accept expert recommendations
regarding an evidence-based practice. This reluctance could be due
to unanswered concerns regarding the practice of premedication in
newborns, such as the ideal pharmaceutical drug for sedation and
muscle relaxation, the dose of these medications to be used in preterm
infants, and the long-term benefits or adverse effects. Professionals’
discomfort with premedication may be more pronounced for very
small, extremely preterm infants because of the lack of data for this
special population. The unexpected finding of increased incidence of
post-intubation hypercarbia with premedication needs further study.
Multiple factors could cause post-intubation hypercarbia: the loss
of spontaneous respiratory drive and functional residual capacity
following muscle paralysis and sedation from the drugs, inadequate
ventilation during the intubation procedure itself, or insufficient
ventilator support after intubation.

The results of this study resonate with other studies in the U.S.:
less than half of teaching hospitals consistently use premedication for
non-urgent intubations,'® only one-third of neonatologists frequently
use premedication, and less than half of the institutions have written
protocols on the use of premedication.!” The U.S. practices contrast
with data from the UK., Canada, Australia and New Zealand, which
report amuch higher usage of premedication (93% -100%) in neonates,
and in particular, the use of muscle relaxant for premedication (78-
939).18-20

Fear of adverse events has been proposed as the main barrier to
universal use of premedication in neonates.'” Similar to this study,
however, neither randomized control trials nor observational studies
have reported any significant increase in serious adverse events
with the use of premedication.”'*! An incidence of 4.3% for chest
wall rigidity and one case of morphine overdose was reported in a
prospective study of premedication in neonates.'> Another prospective
study reported an incidence of 3.3% for difficult bag and mask
ventilation associated with fentanyl use, which was often reversed
with administration of muscle relaxant.> Serious adverse events
associated with premedication appear to be preventable or at least
reversible.

The high incidence of post-intubation hypercarbia with
premedication in this study has not been reported previously. If
validated, it may have significant implications for extremely preterm
infants because of the increased risk of intraventricular hemorrhage
with severe hypercarbia and its associated neurodevelopmental
squelae.”?® This adverse event could be prevented with appropriate
attention to adequate ventilation before, during and after intubation.
Also, using a short-acting muscle relaxant such as succinylcholine
may also prevent such adverse effects by reducing the time to the
onset of spontaneous breathing after paralysis.

Several limitations of the current study, mostly inherent in the
retrospective study design in a single center, deserve mention. First,
the data were collected by chart review, with potential for inaccurate
documentation (such as inconsistency in defining an intubation attempt,
lack of documentation of minor adverse events such as bradycardia
and desaturation). Second, effect of premedication may have been
underestimated because the measure of intubation performance did
not include factors such as degree of cord visualization, decrease in
pain and patient discomfort, and hemodynamic stability. Third, the
results of hypercarbia with premedication should be interpreted with
caution because blood gases were not obtained promptly before and
after intubation procedure (but often within an hour of intubation, as
per unit protocol). Also, data on the initial ventilator support following
intubation were not included in the analysis. A final limitation was
the small sample size and sole use of univariate analyses to compare
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groups, which might not detect confounding variables.

In conclusion, the current study shows inconsistent utilization of
premedication during non-urgent neonatal intubations, particularly
for very small infants, despite expert recommendations. Delay in
acceptance of evidence-based practices is common in general medicine
and appears to occur in the NICU setting also. Perhaps further research
could allay professionals’ concerns regarding the potential adverse
effects of premedication, particularly in the small preterm infants.
The finding of higher incidence of post-intubation hypercarbia with
premedication has not been reported previously and needs further
study. It may represent inadequate maintenance of functional residual
capacity after sedation and paralysis with premedication, particularly
with use of long-acting muscle relaxants, and emphasizes the need for
adequate ventilation during the intubation procedure and use of short
acting muscle relaxant.
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