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IMPORTANCE Propofol or a combination of a synthetic opioid and muscle relaxant are both
recommended for premedication before neonatal intubation but have yet to be compared.

OBJECTIVE To compare prolonged desaturation during neonatal nasotracheal intubation after
premedication with atropine-propofol vs atropine-atracurium-sufentanil treatment.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, double-blind, randomized clinical trial
(2012-2016) in 6 NICUs in France that included 173 neonates requiring nonemergency
intubation. The study was interrupted due to expired study kits and lack of funding.

INTERVENTIONS Eighty-nine participants were randomly assigned to the atropine-propofol
group and 82 to the atropine-atracurium-sufentanil group before nasotracheal intubation.

MAIN OUTCOMES AND MEASURES The primary outcome was prolonged desaturation
(Spo, .80% lasting > 60 seconds), using intention-to-treat analysis using mixed models.
Secondary outcomes assessed the characteristics of the procedure and its tolerance.

RESULTS Of 173 neonates randomized (mean gestational age, 30.6 weeks; mean birth weight,
1502 g; 71 girls), 171 (99%) completed the trial. Of 89 infants, 53 (59.6%) in the atropine-
propofol group vs 54 of 82 (65.9%) in the atropine-atracurium-sufentanil group achieved the
primary outcome (adjusted RD, -6.4; 95% Cl, -21.0 to 8.1; P = .38). The atropine-propofol
group had a longer mean procedure duration than did the atropine-atracurium-sufentanil
group (adjusted RD, 1.7 minutes; 95% Cl, 0.1-3.3 minutes; P = .04); a less frequent excellent
quality of sedation rate, 51.7% (45 of 87) vs 92.6% (75 of 81; P < .001); a shorter median time
to respiratory recovery, 14 minutes (IQR, 8-34 minutes) vs 33 minutes (IQR, 15-56 minutes;

P =.002), and shorter median time to limb movement recovery, 18 minutes (IQR, 10-43
minutes) vs 36 minutes (IQR, 19-65 minutes; P = .003). In the 60 minutes after inclusion,
Spo, was preserved significantly better in the atropine-propofol group (time x treatment
interaction P = .02). Of the atropine-propofol group 20.6% had head ultrasound scans that
showed worsening intracranial hemorrhaging (any or increased intraventricular hemorrhage)
in the 7 days after randomization vs 17.6% in the atropine-atracurium-sufentanil group
(adjusted RD, 1.2; 95% Cl, -13.1t0 15.5, P = .87). Severe adverse events occurred in 11% of the
atropine-propofol group and in 20% of the atropine-atracurium-sufentanil group.

CONCLUSIONS AND RELEVANCE Among neonates undergoing nonemergency nasotracheal
intubation, the frequency of prolonged desaturation did not differ significantly between
atropine used with propofol or atropine used with atracurium and sufentanil. However, the
study may have been underpowered to detect a clinically important difference, and further
research may be warranted.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCTO1490580, EudraCT number:
2009-014885-25
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Effect of Atropine-Propofol vs Atracurium-Sufentanil on Oxygen Desaturation in Neonates Requiring Intubation

cademic societies consider that all neonates re-

quiring endotracheal intubation should receive pre-

medication, except in life-threatening situations.!-?
In practice, awake intubation was common in years
2005 and 2006 in some units,* and inadequate data about
candidate drugs is a barrier to premedication use.* The
American Academy of Pediatrics has proposed several
drugs, but no consensus exists.! In 2011, the Canadian
Paediatric Society considered the most suitable option was
a combination of a rapid-onset, short-acting analgesic and a
short-duration muscle relaxant, preceded by a vagolytic.?
Consistent with this approach, a pilot study was conducted
to evaluate a protocol combining atropine, sufentanil, and
atracurium in premature infants born before 32 weeks of
gestation’; their intubation conditions and hemodynamics
were good, but 51% experienced prolonged desaturation as
measured by pulse oximetry (Spo, <80% for more than
60 seconds).

Propofol is considered an acceptable alternative option!
by the American Academy of Pediatrics and is used by many
neonatologists.®® A previous randomized clinical trial com-
paring propofol alone to atropine, suxamethonium, and mor-
phine together as premedication for nonemergency neonatal
intubation found significantly higher intraprocedure oxygen
saturation in the propofol group.® The slow onset of mor-
phine’s maximal effect makes it unsuitable for tracheal intu-
bation, however.!

Thus a double-blind randomized clinical trial was
designed to compare the effectiveness against prolonged
desaturation of a combination of a vagolytic and propofol vs
a combination of a vagolytic, a rapid-onset, short-acting
opioid, and a short-acting muscle relaxant.

Methods

Study Design and Setting

This multicenter, double-blind, randomized clinical trial
with parallel groups took place in 6 French academic peri-
natal centers (see the Protocol in Supplement 1). Enrollment
occurred between 2012 and 2016, with 2 interruptions for
logistic issues related to the investigational drug production
process (between February and April 2013, and between
August 2014 and March 2016, see eMethods in Supplement
2). An appropriate ethics committee (Paris Ile de France 3)
and the French Medicinal Products Agency (ANSM) both
approved this study. Parents of all infants provided written
informed consent.

Participants

Infants were eligible if they were hospitalized in the neona-
tal intensive care unit (NICU), had a corrected postmen-
strual age younger than 45 weeks and intravenous access,
and required nonemergency (defined by an acceptable delay
of 30 minutes from decision to intubation) or planned intu-
bation. Exclusion criteria were sedative or anesthetic
administration in the previous 24 hours, hemodynamic fail-
ure, defined as mean arterial blood pressure less than cor-

jama.com

Original Investigation Research

Key Points

Question Does premedication with propofol reduce the
frequency of prolonged desaturation during nasotracheal
intubation in neonates compared with the combination of
arapid-onset short-acting opioid and a muscle relaxant?

Findings In this randomized clinical trial involving 173 neonates
undergoing nonemergency nasotracheal intubation, the frequency
of a pulse oximetry value less than 80% for at least 60
consecutive seconds for atropine with propofol was 60% vs 66%
for atropine with atracurium and sufentanil. Although this
difference was not statistically significant, the confidence interval
included a clinically important difference.

Meaning Although this study did not find a statistically significant
difference between interventions, it may have been
underpowered, and further research may be warranted.

rected gestational age or capillary refill time exceeding
3 seconds, upper airway malformation, life-threatening
situation requiring immediate intubation, inclusion in
another trial, any contraindication to any study drug, and
previous inclusion in this trial.

Randomization, Concealment, and Masking

The data manager used 4D statistical software (4D SAS,
Clichy, France) to create the randomization sequence, with a
1:1 allocation ratio, a fixed block size of 4, and stratification
by center and weight (<1000 g or >1000 g). To ensure alloca-
tion concealment, randomization was centralized through a
dedicated website and only the pharmacists from the manu-
facturing organizations had access to the randomization list.
Trialists were not informed of the block size throughout the
trial. A double-dummy approach was used with intralipids
(white emulsion) as a placebo for propofol and normal saline
as a placebo for atracurium and sufentanil so that treatments
contained in the masked vials in both groups appeared iden-
tical (eFigure 1 in Supplement 2). Parents, physicians,
nurses, and external statisticians were unaware of treat-
ment allocation.

Interventions

The interventions and the double-dummy approach are de-
picted in eFigure 1 (Supplement 2). Briefly, 6 syringes
were prepared for all participants. The first 4 syringes con-
tained a series of active drugs and placebo according to
the treatment group: atropine, then placebo, then placebo,
and then propofol in the atropine-propofol group or atro-
pine, then atracurium, then sufentanil, and then placebo in the
atropine-atracurium-sufentanil group. These 4 syringes had
to be injected successively. If anesthesia was not adequate 2
minutes after the last injection, the 2 additional syringes
were injected: placebo then propofol in the atropine-
propofol group or atracurium then placebo in the atropine-
atracurium-sufentanil group. If adequate anesthesia was
still not obtained 2 minutes after the sixth syringe injection,
open-label drugs could be used at the operator’s request,
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and the participant remained in the study. Adequate anes-
thesia was defined as no facial expression, spontaneous
movement, or reaction to light tactile stimulation before
attempting laryngoscopy.

Atropine was administered at 15 pg/kg in both groups.
In the atropine-propofol group, the first propofol dose was
2.5 mg/kg in infants more than 1000 g, as previously
reported.® Because of concerns about this dose in the small-
est infants,”1%1! we used 1 mg/kg as a first dose in infants
1000 g or less. The additional propofol dose was 1 mg/kg for
all infants. In the atropine-atracurium-sufentanil group, the
first atracurium dose was 0.3 mg/kg and the additional dose
0.1 mg/kg.>!'? Results from the pilot study” led us to use a
lower sufentanil dose of 0.1 pg/kg in infants 1000 g or less to
prevent thoracic rigidity. We used 0.2 pg/kg of sufentanil for
those more than 1000 g, as previously reported.”

Intubation was performed according to the center’s
local standard practice, usually through the nasotracheal
route. No level of experience for the first operator was
required, but a senior physician familiar with airway man-
agement in neonates had to attend all intubations and be
ready to take over if required. Preoxygenation was recom-
mended to obtain an Spo, of at least 95% before the first
attempt and at least 90% for subsequent attempts (see Pro-
tocol in Supplement 1).

Primary Outcome

The primary outcome was prolonged desaturation, defined
as Spo, of less than 80% for 60 consecutive seconds between
the first drug injection and completion of the intubation. This
threshold of 80% has been considered clinically significant in
other studies.’®'* The duration of 60 seconds was arbitrarily
chosen as clinically relevant and suggestive of a decrease in
functional residual capacity.!® This outcome was assessed by
a blinded independent observer equipped with a stopwatch
to record the exact duration of each desaturation. The proto-
col required that all infants have an oximetry sensor (LNOP
Neo-Pt L or Newborn, Masimo Inc) placed on their right hand
for the Spo, signal; the same monitors were used with a stan-
dardized acquisition algorithm (Viridia, Philips MedicalSys-
tems) in all participating units.

Secondary Outcomes Included

Intubation Conditions

The independent observer collected the number of intuba-
tion attempts, the duration of the procedure, and times to re-
covery of spontaneous respiratory and limb movements. The
operator scored the quality of sedation with a standardized
scale (Supplement 2).

Vital Signs

The independent observer collected heart rate, Spo,, mean ar-
terial blood pressure, transcutaneous partial carbon dioxide
pressure (wWhen available) at predefined time points (1 minute
before the first injection, at the first injection, and at 3, 6, 9, 12,
15, 30, 45, and 60 minutes after it), and the lowest heart rate
and Spo, values during intubation. All these values were then
compared with the monitor recordings for confirmation.
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Worsening of Head Ultrasound Scans
In the 7 days after intubation from the preinclusion evalua-
tion, ultrasounds of the neonates’ heads were defined as a nor-
mal scan before inclusion and any grade intraventricular hem-
orrhage afterward or as a preinclusion grade 1 or 2 scan
deteriorating to grade 3 or 4 according to the Papile
classification.'® This analysis was not centralized but was per-
formed in each center according to its usual protocols.
Long-term follow-up is planned with evaluation of neu-
rodevelopmental outcomes at a corrected age of 2 years."”

Adverse Events

Predefined stopping rules were set and approved by the
French authorities (see Supplement 2); an independent data
and safety monitoring board examined adverse events and
severe adverse events every 6 months to determine applica-
tion of these rules. Adverse events were collected within 60
minutes of the first drug injection and severe adverse events
were collected up to 7 days after inclusion. A certified com-
pany (For Drug Consulting) collected, analyzed, and graded
all severe adverse events and directed the sponsor to report
suspected unexpected serious adverse reactions to the
French and European authorities. The development safety
update report was sent annually to the French authorities.

Statistical Analysis

Because a previous study” suggested that the primary out-
come (prolonged desaturation) would decrease from 50% in
the atropine-atracurium-sufentanil group to 30% in the
atropine-propofol group, the required sample size was esti-
mated to be 186 patients, with a 2-sided a error of .05 and a
power of 0.8. To compensate for dropouts (randomized
patients not undergoing intubation), the number of planned
inclusions was rounded up to 200 to enroll around 100
infants per group.

Baseline characteristics were described by percentages for
qualitative variables and mean (SDs) or median (interquartile
ranges [IQRs]), as appropriate, for quantitative variables.

The primary outcome was analyzed according to the
intent-to-treat principle with a generalized mixed model
adjusted for weight at inclusion (<1000 g, >1000 g) and
treating center as a random effect (exchangeable within-
center correlation structure). We used a log-binomial distri-
bution to obtain absolute risk differences.

Worsening of head ultrasound scans was analyzed with a
model similar to that used for the primary outcome, duration
of intubation with a generalized mixed-linear model, and the
number of intubation attempts with a generalized mixed-
model and log-Poisson distribution that accounted for the
possibility of several attempts per child. Median number of
intubation attempts, median duration of intubation, quality
of sedation, and the times to recovery of respiratory and limb
movements were compared with the Kruskal-Wallis test. Dif-
ferences between groups for the median number of intuba-
tion attempts, the median duration of intubation, and the
median time to recovery of respiratory and limb movements
were calculated using the Hodges-Lehmann estimation of
location shift with associated 95% Cls. Variations of the
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Figure 1. Population Flowchart of Premedication Prior to Neonatal Intubation

755 Neonates assessed for eligibility

: 173 Randomized patients :

582 Excluded
333 Did not meet inclusion criteria
246 Emergency intubation
34 Hemodynamic failure
26 Received anesthetics or
analgesics <24 h prior
27 Other
53 Declined to participate
196 Other reasons
160 Parents not approached
34 Observer not available at
time of intubation
2 Parents did not speak French

91 Randomized to receive atropine + propofol
83 Received intervention as randomized
6 Did not receive intervention as
randomized
2 Never intubated
4 Received another premedication
2 Excluded (lack of consent)

82 Randomized to receive atropine +
atracurium + sufentanil
80 Received intervention as randomized
2 Did not receive intervention as
randomized
1 Never intubated
1 Received another premedication

|

|

89 Included in the primary analysis

82 Included in the primary analysis
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physiological parameters recorded at the predefined time
points were analyzed with a generalized linear model for
repeated data, including treatment group, time, time x treat-
ment interaction, baseline parameter value, weight at inclu-
sion (<1000 g, >1000 g), and treating center as a random
effect (exchangeable within-center correlation structure).
Several predefined time points of interest, chosen for their
clinical relevance, were considered for the physiological
parameters to limit the multiplicity of tests: for heart rate and
Spo,, early changes (6 and 9 minutes after the first injection)
were considered, and for mean arterial blood pressure and
transcutaneous partial carbon dioxide pressure, later time
points (15 and 30 minutes after the first injection).

A prespecified subgroup analysis was performed for in-
fants weighing 1000 g or less or more than 1000 g at inclu-
sion, and interaction between weight and treatment effect was
tested within the generalized mixed model used for the pri-
mary outcome.

Analysis of adverse events and severe adverse events was
descriptive only and included all infants who actually re-
ceived the allocated drug.

Post hoc analyses of oxygen desaturation time were per-
formed after imputation of 3 different values (0, 30, or 59 sec-
onds) for the duration of Spo, less than 80% in infants who
did not experience a prolonged desaturation for more than 60
seconds. Exact duration was collected for infants who achieved
the primary outcome (prolonged desaturation).

To examine the possibility of bias due to the 19-month in-
terruption in the study, we described baseline characteristics
of participants and analyzed the primary outcome before and
after the interruption post hoc.

jama.com

Imputation was not used for missing data for secondary
outcomes, except for the desaturation time analysis (no data
were missing for the primary outcome). Statistical analyses
were performed with SAS version 9.4 (SAS Institute Inc). P < .05
(2-sided) was considered statistically significant; because there
was no adjustment for multiple comparisons, analyses of sec-
ondary end points should be interpreted as exploratory.

. |
Results

Study Population

The trial was prematurely interrupted for logistic reasons in
July 2016: a fourth drug manufacturing run was necessary
because the intralipids had passed their expiration date and
funding had run out. Intralipids have a relatively short valid-
ity (12 months), and serial production was required because
the placebo for propofol expires rapidly. During the study
period, 755 patients were screened for eligibility, and 173
were randomized (Figure 1). Subsequent exclusion of 2 ran-
domized patients for missing or withdrawn parental consent
left 89 patients in the atropine-propofol group and 82 in the
atropine-atracurium-sufentanil group. Table 1 summarizes
patients’ characteristics by group. The groups were well bal-
anced, except that the atropine-atracurium-sufentanil group
had a higher proportion of boys and the atropine-propofol
group a higher median weight at intubation.

Interventions Received
The proportion of patients who required additional doses

differed significantly between the 2 groups with 48 of 89
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Table 1. Baseline Characteristics

No. (%)*

Atropine-Propofol

Characteristics Group (n = 89)

Atropine-Atracurium-Sufentanil
Group (n = 82)

Gestational age at birth,
median (IQR), wk

Birth weight, median (IQR), g
Boys

30 (28-34)

1310 (815-2285)
44 (49.4)

Postnatal age at inclusion, 1 (0-9)

median (IQR), d
Weight at inclusion,
median (IQR), g

Weight categories
atinclusion, g

1400 (950-2315)

<1000 27 (30.3)
1000-1500 21 (23.6)
>1500 41 (46.1)
Previous intubation 32 (36.0)
Reason for intubation
Respiratory distress 60 (67.4)
syndrome
Apnea 3(3.4)
Surgery 20 (22.5)
Other 6 (6.7)
Ventilatory mode
before intubation
Invasive ventilation® 10 (11.2)
Noninvasive ventilation 59 (66.3)
Nasal 0, low flow 1(1.1)
Room air spontaneous 15 (16.9)
ventilation
Unknown 4 (4.5)
Initial Fi0, median (IQR), % 48 (25-99)

Initial Spo,, median (IQR), % 98 (94-100)°

First operator’s previous
experience

<10 intubations 35(39.3)
10-50 intubations 42 (47.2)
>50 intubations 10 (11.2)
Unknown 2(2.2)

29 (26-32)

1130 (850-1685)
57 (69.5)
1 (0-10)

1273 (960-1805)

25 (30.5)
30 (36.6)
27 (32.9)
33 (40.2)
50 (61.0)
9 (11.0)
16 (19.5) 'Abblreviation: Fio,, fraFtion of .
inspired oxygen; IQR, interquartile
7(8.5) range; Spo,, oxygen saturation
measured by pulse oximetry.
2 Percentages may not sum to 100
11 (13.4) due to rounding.
61 (74.4) ®|ntubated patients who received no

0 analgesic or anestheticinthe 24 h
preceding randomization. These

8(9.8) patients had their endotracheal
2(2.4) tube changed.
= € Fio, before intubation was
50 (30-100) missing for 7 patients.
f
97 (94-99) 9Fio, before intubation was
missing for 5 patients.
€ Spo, before intubation was
35(42.7) missing for 3 patients.
32 (39.0) f Spo, before intubation was
13 (15.9) missing for 2 patients in the
2(2.4) atropine-atracurium-sufentanil

group.

patients (53.9%) in the atropine-propofol group and 8 of 82
(9.8%) in the atropine-atracurium-sufentanil group receiving
6 syringes or more (P < .001) (Table 2). All intubations were
performed through the nasotracheal route.

Outcome Assessment

Primary Outcome

Prolonged desaturation did not differ significantly between the
groups: 53 of 89 infants (59.6%) in the atropine-propofol group
and 54 of 82 infants (65.9%) in the atropine-atracurium-
sufentanil group (adjusted risk difference, -6.4; 95% CI, -21.0
to 8.1; P = .38) (Table 2).

Secondary Outcomes

In the atropine-propofol group, the mean (SD) duration of the
intubation procedure was significantly longer (6.6 [5.3] min-
utes vs 4.9 [5.7] minutes), for an adjusted difference of 1.7
minutes (95% CI, 0.1 to 3.3 minutes; P = .04) and the quality
of sedation poorer (Table 2), but the median times to sponta-
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neous respiration recovery were 14 minutes (IQR, 8-34 min-
utes) in the atropine-propofol group vs 33 minutes (IQR,
15-56 minutes) in the atropine-atracurium-sufentanil group
(P =.002) and the median times for limb movement recovery
were 18 minutes (IQR, 10-43 minutes) for the atropine-
propofol group vs 36 minutes (IQR, 19-65 minutes) for the
atropine-propofol-atracurium group (P = .003) (Table 2).
Changes over time in heart rate, mean arterial blood
pressure, Sp0,, and transcutaneous partial carbon dioxide
pressure within each group are illustrated in Figure 2. Signifi-
cant time x treatment interactions suggested different pat-
terns for heart rate (P < .001), mean arterial blood pressure
(P =.009), and Spo, (P = .02) between the 2 groups but not
for transcutaneous partial carbon dioxide pressure (P = .48).
In the atropine-atracurium-sufentanil group, heart rate
showed a persistent increase from baseline (Figure 2A), and
Spo, decreased more profoundly over time (Figure 2C),
whereas in the atropine-propofol group, the mean arterial
blood pressure decrease was deeper over time (Figure 2B).
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Table 2. Primary Outcome, Intervention Received, and Secondary Exploratory Outcomes

No. (%)?
Atropine-Propofol Atropine-Atracurium- Adjusted

Group Sufentanil Group Absolute Differences
Outcomes (n = 89) (n=82) (95% CI)® P Value®
Primary outcome
Spo, <80% for >60 s 53 (59.6) 54 (65.9) -6.4 (-21.0to0 8.1) .38
No. of allocated syringes injected
None 6 (6.7) 2(2.4)
4 35(39.3) 72 (87.8)
6 32 (36.0) 6 (7.3) <001
6 plus open-label drug(s) 16 (18.0) 2(2.4)
Secondary Exploratory Outcomes
No. of intubation attempts
No. with data available 87 (97.8) 81 (98.8)
1 41 (47.1) 47 (58.0)
2 25 (28.7) 23 (28.4) 1.7 (1.4 to 2.0) .37
>2 21 (24.1) 11 (13.6)
Median (IQR) 2 (1-2) 1(1-2) 0 .10¢
Duration of intubation
No. with data available 84 (94.4) 80 (97.6)
Median (IQR), min 6.0 (2.8t09.1) 3.5 (1.3 t0 6.0) 1.7 (0.6 to 3.0) .003¢
Mean (SD), min 6.6 (5.3) 4.9 (5.7) 1.7 (0.1 to 3.3) .04
Duration of intubation according
to the number of intubation attempts,
mean (SD), min
1 Attempt 3.1 (3.6) 2.3 (1.9) 0.7 (-0.3t01.7) 17
2 Attempts 8.5 (4.7) 5.4 (2.2) 3.2 (0.9to0 5.4) .006
>2 Attempts 10.8 (4.4) 14.4 (10.1) -3.8 (-8.4t00.8) .10
Quality of sedation®
No. with data available 87 (97.8) 81 (98.8)
Excellent 45 (51.7) 75 (92.6)
Good 29 (33.3) 5(6.2)
Acceptable 9(10.3) 1(1.2) <001
Poor 4 (4.6) 0
Time to respiratory movement
recovery
No. with data available 68 (76.4) 66 (80.5)
Median (IQR), min 14 (8-34) 33 (15-56) -10.8 (-19.4t0 -3.8)  .002°
Time to spontaneous limb movement
recovery
No. with data available 67 (75.3) 66 (80.5)
Median (IQR), min 18 (10-43) 36 (19-65) -12.8 (-21.7 to -3.6)  .003¢

Change From Baseline in Physiologic Parameters Before and After Injection, Adjusted Mean (SD)
Heart rate
1 Min before to 6 min after

No. with data available 86 (96.6) 80 (97.6)

Difference, beats/min 3.3(19.5) 11.5 (19.6) -8.2(-13.5t0-2.9) .003
1 Min before to 9 min after

No. with data available 86 (96.6) 80 (97.6)

Difference, beats/min 1.6 (25.2) 11.7 (25.3) -10.1(-17.3t0-2.9) .007

Mean arterial blood pressure

1 Min before to 15 min after

No. with data available 80 (89.9) 77 (93.9)

Difference, mm Hg -6.8 (12.7) 0.2 (12.7) -7.0(-11.1t0 -3.0) <.001
1 Min before to 30 min after

No. with data available 76 (85.4) 74 (90.2)

Difference, mm Hg -9.1(9.3) -3.3(9.4) -5.8(-8.8t0-2.8) <.001

(continued)
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Table 2. Primary Outcome, Intervention Received, and Secondary Exploratory Outcomes (continued)

No. (%)?
Atropine-Propofol Atropine-Atracurium- Adjusted
Group Sufentanil Group Absolute Differences
Outcomes (n = 89) (n =82) (95% ClI)® P Value®
Spo,
1 Min before to 6 min after
No. with data available 85 (95.5) 80 (97.6)
Difference, % -6.0 (20.1) -12.0 (20.1) 6.0 (-0.1to 12.1) .05
1 Min before to 9 min after Abbreviation: IQR, interquartile
No. with data available 84 (94.4) 80 (97.6) range; SZOE' OXYT:’E" saturation
measure ulse oximetry.
Difference, % -8.7 (22.3) -15.9 22.2) 72(05t014.0) .04 P y
TR 2 Percentages may not sum to 100
i B
carbon dioxide pressure due to rounding.
1 Min before to 15 min after ® Absolute risk differences and mean
; . differences were calculated with a
No. with data available 32 (36.0) 29 (35.4) generalized mixed model adjusted
Difference, mm Hg 8.0 (14.4) 14.1 (14.4) -6.1(-13.5t0 1.3) .10 for weight at inclusion (<1000 g,
1 Min before to 30 min after >1000 g) taking into account
No. with data available 30 (33.7) 29 (35.4) within-center correlation; median
. difference, Hodges-Lehmann
Difference, mm Hg 5.1 (19.1) 16.2 (19.3) -11.1(-21.1to-1.0) .03 estimation and represents
Worsening of Head Ultrasound® atropine-propofol group minus
No. with data available 68 (76.4) 68 (82.9) atropine-atracurium-sufentanil
No. of cases 14 (20.6) 12 (17.6) 12(-13.1t0155) .87 group.
Preintubati € P values were obtained from
reintubation scan adjusted generalized mixed models
tChange:' ftrom ”Tf“a{ scan unless otherwise stated.
0 any intraventricular
hemo):'rhage grade 9 Kruskal-Wallis test.
No. with data available 49 49 ¢ See Supplement 2 for standardized
No. of cases 11 (22.4) 5(10.2) 11.0 (-55t027.6) .19 scale.
Change from grade 1 or 2 f Defined as either a normal scan
intraventricular hemorrhage before inclusion and any grade
tograde 3 or 4 intraventricular hemorrhage
No. with data available 19 19 afterward .or a preintubation grade 1
No. of cases 3 (15.8) 7 (36.8) -24.0 (-50.9 to 3.0) 08 or 2 changing to grade 3 or 4

afterward.

These differences were confirmed by the significant
adjusted differences observed at all predefined time points
for heart rate, mean arterial blood pressure, and Spo,,
except for change in Spo, from 1 minute before to 6 minutes
after injection (P = .053) (Table 2). The lowest median heart
rates were 136 beats/min (IQR, 115-152 beats/min) in the
atropine-propofol group and 148 beats/min (IQR 104-160
beats/min) in the atropine-atracurium-sufentanil group and
the lowest median Spo, values were 61% (IQR, 35%-78%)
in the atropine-propofol group and 56% (IQR, 24%-69%) in
the atropine-atracurium-sufentanil group.

Preintubation and postintubation head ultrasounds were
obtained for 78% of the infants: 68 in each group. Findings
worsened in 14 of 68 infants (20.6%) of the atropine-propofol
group and 12 of 68 (17.6%) of the atropine-atracurium-
sufentanil group (adjusted risk difference, 1.2; 95% CI, -13.1
to15.5; P = .87) (Table 2).

Tolerance and Adverse Events

Adverse events were reported for 25 of 83 infants (30.1%) and
28 of 80 infants (35%) and severe adverse events for 9 of 83
infants (10.8%) and 16 of 80 infant (20.0%) in the atropine-
propofol group and atropine-atracurium-sufentanil group,
respectively (Table 3). In the atropine-propofol group, the
most frequently reported adverse event was hypotension,

JAMA May1,2018 Volume 319, Number 17

in 11 of 83 infants (13.3%). Nine infants recovered without
intervention, 1 received two 10 mL/kg normal saline fluid
boluses, and 1, dopamine (10 pg/kg/min), started 19 hours
after the first syringe injection. In the atropine-atracurium-
sufentanil group, chest rigidity was the most frequently
reported adverse event, in 11 of 80 infants (13.8%); all were
managed by increasing peak inspiratory pressure. Four of
these events were accompanied by bradycardia less than 100
beats/min and lasting for more than 60 seconds. Five infants
died in the 7 days after inclusion, 2 in the atropine-propofol
group and 3 in the atropine-atracurium-sufentanil group; no
deaths were attributed to the study products (Table 3).

Subgroup Analysis

The primary outcome did not differ by weight at inclusion
(<1000 g or >1000 g) (interaction test, P = .90) (eFigure 2 in
Supplement 2).

Post Hoc Analysis

The median desaturation time did not differ significantly
between the atropine-propofol and the atropine-atracurium-
sufentanil groups after imputing 0, 30, or 59 seconds for
infants without the primary outcome (P = .16 for O seconds,
P = .15 for 30 seconds, and P = .15 for 59 seconds) (eTable 1
in Supplement 2).
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Figure 2. Changes From Baseline Over Time

@ Heart rate - - -
® Atropine + atracurium + sufentanil

80+ Atropine + propofol

60 T

40+
20

:23 NN I l I

-60- 7T T T T T T T T 1
;10 3 6 9 12 15 30 45 60

Time, min
No. of neonates
Atropine + atracurium 80 80 79 80 80 80 80 77 76 75
+ sufentanil
Atropine + propofol 8686 86 86 86 86 85 82 80 77

Mean (2SD) Change From
Baseline, Beats/min

Mean arterial blood pressure

40+
£
2
's 2 20 . . _
2
S E
o o B =
gt
= & -20- 4 A Al
3
=
-40- T T T T T T T T 1
-10 3 6 9 12 15 30 45 60
No. of neonates Time, min
Atropine + atracurium 77 75 75 77 76 77 77 74 73 72
+ sufentanil
Atropine + propofol 8171 77 78 80 80 80 76 75 72

Oxygen saturation as measured by pulse oximetry

40+
5
Fkdl I 1
2% T
55 ot
28 204 - -
Q&
5 -40-
L7
=
60+ T T T T T T T T 1
-10 3 6 9 12 15 30 45 60
No. of neonates Time, min
Atropine + atracurium 8080 79 80 80 79 80 77 76 75
+ sufentanil
Atropine + propofol 8685 85 85 84 85 84 81 80 77

@ Transcutaneous partial carbon dioxide pressure

60+ —
£ _
£ g, 404 T
% T
O g L
a 5 0,
a3 iy [
5% 20 L A
L7 A
40 The x-axis includes the time before
Y 3 6 9 12 15 30 45 60  and after first drug injection
No. of Time, min (denoted as “0") in minutes. The
0. of neonates ! . .
Atropine + atracurium 3131 31 30 30 30 29 29 29 29  Y-axisshowsdifference from the

+ sufentanil baseline value. Each point represents
Atropine + propofol 3534 34 33 34 33 32 30 30 30 the mean value and the error bars,
2 standard deviations.

jama.com JAMA May1,2018 Volume 319, Number17 1797

© 2018 American Medical Association. All rights reserved.

Downloaded From: by a University Paris5 Descartes User on 05/01/2018


http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.3708

Research Original Investigation

Effect of Atropine-Propofol vs Atracurium-Sufentanil on Oxygen Desaturation in Neonates Requiring Intubation

Table 3. Adverse Events and Severe Adverse Events

No. (%)
Atropine-Propofol Group Atropine-Atracurium-
Events (n=83) Sufentanil Group (n = 80)
No. of infants with adverse events 25 (30.1) 28 (35)
Type of adverse events
Hypotension (untreated) 9 (10.8) 1(1.3) a No standardized definition for
Hypertension 7 (8.4) 7 (8.8) prolonged hypoxia. These events
Bradycardia <100/min >60 s 1(1.2) 6 (7.5) did not fulfill any of the criteria for
. being considered severe, namely,
Prolonged hypoxia 224 5(6.3) causing death, threatening life,
Upper airway trauma 4(4.8) 3(3.8) causing temporary or permanent
Hypercapnia 3(3.6) 5(6.3) disability or incapacity, requiring
. or extending the hospitalization
Myoclonia 3(3.6) 0 of a patient.
Hypocapnia 0 1(1.3) ® One patient was included on day 7
Hypothermia 1(1.2) 0 of life and died on day 9 due to
Laryngospasm 1(1.2) 0 multiple organ failure with
- - suspected sepsis; 1 patient was
No. of infants with severe adverse events 9 (10.8) 16 (20.0) included on day 1 of life and died on
Type of severe adverse events day 3 due to pulmonary
Death 2 (2.4)° 3 (3.8)° hemorrhage. None of these deaths
: : was attributed to the study drugs.
Thoracic rigidity 3(3.6) 11 (13.8) ) )
€ One patient was included on day O
Pneumothorax 2(2.4) 4(5.0) of life and died on day 2 due to
Sepsis 4(4.8) 1(1.3) multiple organ failure without
Digestive tract perforation? 3(3.6) 1(1.3) sepmrs; 1 patient was |ncIudeq on day
- 6 of life before surgery and died on
Hypotension (treated) 2(2.4) 0 day 7 due to postoperative multiple
Pulmonary hemorrhage 1(1.2) 2 (2.5) organ failure; 1 patient was included
ol e 1(1.2) 1(1.3) on day 7 of life and died on day 9
- - due to pulmonary hemorrhage.
Supraventricular tachycardia 1(1.2) 0 None of these deaths was attributed
Pulmonary hypertension 0 1(1.3) to the study drugs.
Aspiration syndrome 0 1(1.3) 9 All perforations occurred in the
TENEE 1312 0 small bowel; none were in the

esophagus.

As in the main analysis, some imbalance was observed
between the treatment groups both before and after the
19-month interruption (eTable 2 in Supplement 2). The pri-
mary outcome did not differ before and after this interrup-
tion and was consistent with the main analysis (eTable 3
in Supplement 2).

|
Discussion

This trial found no significant difference in the prolonged de-
saturation rate during nonemergency intubation in the NICU
between atropine-propofol and atropine-atracurium-
sufentanil. This study also provided information about the tol-
erance of these 2 regimens. In the atropine-propofol group,
Spo, appeared to be better preserved and both spontaneous
respiration and limb movements recovered faster than in the
atropine-atracurium-sufentanil group, but reinjections were
required much more often. In the atropine-atracurium-
sufentanil group, however, mean arterial blood pressure was
better, the duration of intubation shorter, and the quality of
sedation higher, although thoracic rigidity and severe ad-
verse events were more frequent than in the atropine-
propofol group.

1798 JAMA May1,2018 Volume 319, Number 17

To our knowledge, this was the first double-blind,
multicenter, randomized clinical trial to compare 2 pre-
medication regimens for neonatal intubation. This de-
sign reflects daily practice in many NICUs, with intubation
usually performed by operators with limited experience®!®
and a number of attempts consistent with observational
studies.>181°

Although the results showed no statistical difference
in terms of desaturation, they confirm the risk of adverse
events associated with neonatal intubation, even when pre-
medication is used.!® They also show that these adverse
events can be safely managed. The goal of premedication
is to prevent pain, because multiple painful experiences in
the neonatal period are associated with poor neurodevelop-
mental outcome.?°-?! The use of a muscle relaxant (atracu-
rium) in one of the treatment groups precluded the clinical
assessment of pain in this study. Nevertheless, multiple
injections were required much more frequently in the
atropine-propofol group, in more than half the cases com-
pared with less than 10% in the atropine-atracurium-
sufentanil group. This finding is consistent with the wide
interindividual variability in the neonatal pharmacodynam-
ics of propofol.?2 It also suggests that a higher dose might
have provided better sedation, but a design that mimicked
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titration?® while maintaining double-blinding was preferred,
to limit potential adverse events. The prolonged increase in
heart rate observed in the atropine-atracurium-sufentanil
suggests that infants in this group might not have received
adequate pain relief during paralysis. This study thus raises
questions about the use of a muscle relaxant in a premedi-
cation regimen, because, unlike propofol, it prevents opioid
titration.?® The better quality of sedation in the atropine-
atracurium-sufentanil group again underlines that the
operator’s likelihood of successfully completing the proce-
dure does not necessarily correlate with the patient’s com-
fort (pain relief and stress) when paralysis is used.?*

In the largest previously published randomized clin-
ical trial comparing propofol with atropine-morphine-
suxamethonium, the authors found that propofol was signifi-
cantly associated with faster intubation and higher Spo,
during intubation.® In this present study, the time x treat-
ment interaction was significant for Spo, with values consis-
tent with those from a previous study.® Absolute difference
between groups for Spo, at 6 minutes after induction was
clinically significant, and both statistically and clinically sig-
nificant at 9 minutes after induction. The possibility that the
present study was underpowered to detect a difference in
the primary outcome is thus plausible.

Intubation in this study lasted longer than others have
reported.!*1® Despite different definitions of intubation
time, many factors influence the duration of the procedure,
including the operator’s experience!®2° and the type of
premedication.2® One factor likely to be important is the
intubation route. This study used the nasotracheal route
because it was standard practice at all participating centers.
Nevertheless, it presents problems in intubating the nostrils
of the smallest infants?” and the orotracheal route may be
faster. Intubation routes have been insufficiently studied in
neonates and deserve further research.?®

The most frequent adverse effect in the atropine-
propofol group was hypotension, as previously reported in
some studies®® but not others.®?° Most of these episodes of
hypotension recovered spontaneously. No currently available
data provide certainty about whether the low blood pressure
value following propofol administration reflects a drop in tis-
sue oxygenation,??-3°:31 but additional studies are required to
assess its safety, especially if higher doses are used. Adverse
respiratory events were frequent in the atropine-atracurium-
sufentanil group, as the pilot study showed.> Although atra-
curium was injected before sufentanil in this trial, thoracic
rigidity, a known adverse effect of synthetic opioids, was still
observed sometimes.323
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Limitations

This study has several limitations. First, the trial was stopped
for logistic reasons before the full planned inclusion of pa-
tients, and the observed rate of desaturation in both groups was
higher than expected, which may have affected its power.
The 95% CI of the absolute risk difference between groups for
the primary outcome included the prespecified clinically im-
portant difference of 20 percentage points and thus supports
the possibility that the study was underpowered. Second, this
study might have been biased by the imbalance between groups
at baseline for some variables, including weight and sex, and
by its premature discontinuation. Third, there may be disagree-
ment about the definition of the primary outcome, but no sound
evidence is currently available to set a precise threshold, dura-
tion, or both that define an episode of desaturation as severe.
Nevertheless, desaturation less than 80% during intubation
in the pediatric intensive care unit has been associated with
prolonged mechanical ventilation.>* Fourth, the opioid and
muscle relaxant used can be debated. Sufentanil was used be-
cause it is the most popular synthetic opioid in France for
neonatal intubation,?3> although premedication with fen-
tanyl has been studied more extensively.!*:14:26:33.36 There-
fore, it may not be possible to extrapolate these results to fen-
tanyl or other synthetic opioids. Atracurium has a good safety
profile in neonates,3” but suxamethonium is also frequently
used.®:33:36:38:39 Agqin extrapolation of these results to other
muscle relaxants may not be possible. Fifth, the nasotracheal
route was always used in this study. The results may not be ex-
trapolated to orotracheal intubation, which differs in tech-
nique and timing from the nasotracheal route. Sixth a sub-
group analysis was planned based on weight at inclusion. Testing
for a weight x treatment effect interaction was null, but inter-
action tests generally lack power. Nevertheless, this analysis is
difficult to interpret because there was no statistical differ-
ence for the primary outcome. Seventh, because analyses of sec-
ondary end points were not adjusted for multiple compari-
sons, there is the potential for type I error. Significant secondary
end point findings should be interpreted as exploratory.

. |
Conclusions

Among neonates undergoing nonemergency tracheal intuba-
tion, the frequency of prolonged desaturation did not differ
significantly when atropine was used with propofol or with
atracurium and sufentanil. However, the study may have been
underpowered to detect a clinically important difference, and
further research may be warranted.
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