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Abstract

Obijectives To compare rapid sequence intubation (RSI) premedication with morphine.

Study design Preterm infants needing semi-urgent intubation were enrolled to either RSI
(glycopyrrolate, thiopental, suxamethonium and remifentanil, n=17) or atropine and morphine (n=17)
in a randomized trial. Main outcome was “good intubation conditions” (score <10 assessed with
intubation scoring), and secondary outcome were procedural duration, physiological and biochemical
parameters, amplitude-integrated EEG and pain scores.

Results RSI infants had superior intubation conditions,(16/17 vs 1/17, P<.001) median (IQR)
intubation score was 5 (5-6) vs 12 (10-13.5, P<.001) and a shorter procedure duration, 45 (35-154) s
vs 97 (49-365, P=.031). The morphine group had prolonged heart rate decrease (AUC, P<.009) and
mean arterial blood pressure (MABP) increase (AUC P<.005 and %change: mean+SD 21423 % vs -
2422%, P<.007) during the intubation, and a subsequent lower MABP at 3 h after the intubation
compared to baseline (P=.033), concomitant with neurophysiologic depression (P<.001) for 6 h
afterwards. Plasma cortisol and stress/pain scores were similar.

Conclusion RSI with the drugs used can be implemented as premedication for semi-urgent intubation
in preterm infants. Because of circulatory changes and neurophysiological depression found during

and after the intubation in infants given morphine, premedication with morphine should be avoided.

Introduction

Endotracheal intubation without preceding analgosedation, is painful and associated with acute
increases in blood pressure and intracranial pressure, bradycardia and hypoxia'"?, and may cause
neurological complications.® Current recommendations indicate that elective and semi-urgent
intubations in infants should be performed after premedication.*>.However, no evidence-based
consensus is available and treatment strategies vary.

Morphine is used as analgetic before intubation despite the slow onset and long duration of action”.

The benefits of muscle relaxants were reported in 1989° and later verified in a randomized controlled



trial (RCT)." In placebo controlled trials, superior intubation conditions were found with the sedative
thiopental” and a combination with morphine and suxamethonium,® but not with morphine alone.’

Optimal premedication should eliminate pain, discomfort and physiological instability, and provide
conditions for rapid and safe intubation without adverse effects. This can be achieved with a
combination of drugs administered as a “rapid sequence induction/intubation” (RSI) which includes a
vagolytic agent to prevent bradycardia and airway secretion, sedative and analgesic drugs to assure
depressed consciousness and pain control and a muscle relaxant to suppress muscular activity.” ' With
increasing use of nasal continuous positive airway pressure (nCPAP) in preterm infants, instillation of
surfactant should preferably be given by the INSURE (INtubate, Surfactant, Extubate) procedure,'' for
which a short-acting RSI would be optimal. A RSI regimen is also useful when prolonged mechanical
ventilation is needed.

Sick preterm infants need intensive care during a period of a rapidly developing and highly
vulnerable central nervous system and an immature hemodynamic state. Most analgesic and sedative
drugs cause arterial hypotension and have potentially compromising cerebral side-effects.'”"* These
drug effects can be detected using bedside monitoring technologies, such as near-infrared spectroscopy
(NIRS)'® and amplitude-integrated electroencephalogram (aEEG).'"'®

Our aim was to develop a RSI premedication for preterm infants, and compare this to traditional
morphine use in a RCT with special focus on the intubation procedure, stress/pain and need for
additional analgesics, and potential short-term adverse events. The RSI was designed when very few
premedication RCTs had been published,"” and the selected drugs were all short-acting and
previously used in newborns. Glycopyrrolate is a synthetic anticholinergic agent."” Thiopental is a
potent short-acting sedative, used for induction of anesthesia.” Suxamethonium is a depolarizing
neuromuscular blockage agent and remifentanil a synthetic opioid, both with a rapid onset and short

- 6,819
offset of action.”

Patients and Methods



The study was carried out from July 2005 to October 2009 at Lund University Hospital with a tertiary
level neonatal intensive care unit (NICU). The Competence Centre for Clinical Research, Lund
University Hospital was responsible for monitoring, and a safety committee surveyed adverse events.
The Regional Ethics Committee in Southern Sweden and the Medical Products Agency in Sweden
approved the research protocol. The trial was registered as EUDRACT no 2004-001583-52 and at

www.clinicaltrials.gov . Written informed consent was obtained from both parents.

Design

The randomization (Figure 1A) was performed using blocks of 4 (2:2 allocation ratio), with
stratification for gestational age (GA) and postnatal age (PNA). Group allocation with drug dilution
and administration regimen was provided in sealed envelopes. All investigators, medical and nursing

staff, and the parents were masked as to the study group assignment.

Patients
Inclusion criteria were GA less than 37 weeks (wk) and no administration of analgesics or sedative
drugs during the previous 24 h. Exclusion criteria were asphyxia (10-min Apgar score <4 or an

umbilical cord pH< 7.0), serum potassium > 6 mmol/L, major malformations and postoperative care.

Study protocol

The infants were randomized to receive intravenously atropine and morphine, or the combination of
glycopyrrolate, thiopental, suxamethonium and remifentanil. To counteract a blood pressure drop
following drug administration, a saline infusion of 5 ml/kg was given to infants who had never
received a transfusion. The dosage of the drugs was calculated in relation to body weight and listed in
precalculated tables with weight increment steps of 50 g. Only two nurses who prepared and
administered the drugs, were aware of group allocation. To maintain blinding, similar amount of
solutions (using saline as placebo) were administered with identical clear syringes numbered 1-5 in
both groups (Figure 1B). On clinical indication, decided by the intubating clinician, additional drugs

could be given 5 min after the initiation of intubation.



Mean arterial blood pressure (MABP), heart rate (HR) and oxygen saturation (SpO,) were recorded
with HEWLETT-PACKARD Monitor M1094A/ M1166A (HP Sweden, Kista) and Nellcor N395
PulseOximeter (Nellcor Puritan Bennett Inc, Pleasanton, USA) and connected for concomitant data
sampling to a Nervus Monitor 1.3 (Taugagreining HF, Reykjavik, Iceland) with a time-synchronized
two-channel EEG/aEEG. The electrodes were placed at F3, F4, Cz, P3 and P4 according to the
International 10-20 system for continuous recording. Regional cerebral oxygenation/perfusion (rScO,)
was monitored with NIRS (INVOS® 5100C, Somanetics Corp, Troy, Michigan, USA) during the
intubation and the next 20 min.

All intubations were performed nasally by experienced neonatologists. The total intubation time
(TIT) was measured from the insertion of the endotracheal tube into the nostril until the intubator
considered it in the correct position. Number of attempts and time of last attempt were registered.
Possible suction and bag-ventilation during the procedure were included in the TIT. The intubation
conditions were scored by the intubator (Figure 1C).*

Blood samples were repeatedly obtained (before, 20 min, 6 h and 24 h after termination of
intubation) for blood gases and plasma cortisol. Pain/stress were scored with Astrid Lindgren and
Lund Childrens Hospital Pain Scale for preterm infants (ALPS-0, validated, unpublished, score range
0-10) every 30 min and EDIN scale? every 4 h. All procedures were scored with PIPP.* Non-
pharmacological and pharmacological pain treatment (morphine bolus, 0.15 mg/kg) was offered
according to an algorithm based on pain scoring. A cerebral ultrasound was performed during the

postintubation 24 h.

Outcome measures

The primary outcome measure was “good intubation conditions”, defined as a total intubation score of
10 or less, with all subitems scored 2 or less (Figure 1C).° Duration of the procedure, biochemical
(plasma cortisol), physiological (MABP, SpO,, HR and rScO,), behavioral (pain/stress assessment),
and neurophysiological (aEEG) changes during the procedure and the subsequent 24 h were secondary

outcomes.



Analyzes

We estimated achieving a 30% improvement in number of infants with “good intubation condition®
using RSI. To show this difference with a significance of 5% and power of 80%, 38 infants were
needed. To compensate for a 5% dropout, 40 infants should be recruited.

Physiological data were recorded at a sampling rate of 1Hz, and artifacts were manually excluded
before data analysis. Median values of individual MABP, SpO, HR and rScO, were obtained from 1-
min epochs at 5 time-points: before (baseline) and after drug administration; before starting intubation,
directly after and 20 min after completed intubation. Median MABP and SpO, values were further
calculated from 10-min epochs at 1, 2, 3 and 6 h after completed intubation. Individual changes in
MABP, HR, SpO, and rScO, during the intubation procedure are expressed as median relative change
(% change from baseline), and as the 90" percentile relative increase or decrease, representing the
largest differences from baseline with exclusion of extreme values. Group data are expressed as mean
(£SD). The duration of the respective increases and decreases in MABP, HR, SpO, and rScO, was
taken into account by calculating the area under the curve (AUC; time x % change) for each variable.
Median (IQR) values are given for non-normalized distributed parameters.

The aEEG trends were scored (EN and LHW) for continuity, sleep wake cycling, lower border of
amplitude, bandwidth and the total sum of all subitems.” The classification was aided by inspection of
the two-channel original EEG and performed in 1-h epochs for the first 6 h and for 3-h epochs
thereafter.

Plasma cortisol concentrations were analyzed with a LC-MS/MS system equipped with an API
4000 triple quadrupole mass spectrometer (AB Sciex).”*. Data were acquired and processed with the
Analyst Software (Ver 1.4; AB Sciex).

Using SPSS 18.0 for Windows, Mann-Whitney, Fisher’s exact test, t-test and ANOVA were

applied for statistic analyzes, as appropriate. A P-value <.05 was considered significant.

Results



In total 39 infants were randomized and 34 infants were included in the analysis, 17 in each study arm
(Figure 1A). Of the 4 RSI infants who did not receive the allocated intervention, one infant received
an accidental 10-fold overdose of thiopental® and was excluded from the study. Artifact-free aEEG-
data were obtained for 14 infants in each group. No group differences were found at inclusion
(Tablel).

The primary outcome, “good intubation conditions”, was significantly different between the RSI
and morphine groups, 16/17 and 1/17 (P<.001), respectively. The median (IQR) intubation scores
were 5 (5-6) vs 12 (10-13.5, P<.001). The total duration of the intubation procedure was shorter in the
RSI group; 45 (35-154) vs 97 (49-365) s, (P=.031), as also the last intubation attempt; 40 (32-80) vs
60 (46-94) s, (P=.034) compared to the morphine group. However, the number of attempts needed 1
(1-1.5) and 1 (1- 2), did not differ. Additional drugs for intubation were given to 4 infants in the
morphine group and none in the RSI group (P=.103, Fisher’s 2-sided exact test).

At baseline MABP, SpO, HR and rScO, values did not differ between the two allocation
groups. During intubation, MABP increased and HR decreased significantly in the morphine group as
compared to the RSI group, and a subsequent decrease in MABP occurred in the morphine group
(Figure 2A and D). In the morphine group, the median (IQR) AUC increase in MABP was seven times
larger; 690 (325-1180) vs 90 (0-270) in the RSI group (P=.005, Mann-Whitney), and the AUC of the
HR decrease was five times larger; 3400 (1000-7700) vs 650 (480-1600), (P=.009). The MABP
relative change during the intubation procedure from baseline was (mean+SD) a 21423 % increase in
the morphine and a 2 £22% decrease in the RSI group (P=.007). There were no difference in median
relative change, 90™ percentile change or AUC decrease of SpO, and rScO, during the procedure.
Volume expanders (saline, blood or plasma) were given within 2 hours prior to premedication,
including three (one morphine and two RSI) infants who received a bolus saline infusion of 5 ml/kg
before intubation. In total, 9 morphine and 11 RSI infants received a mean (SD) volume of 5.9 (6.0)
and 7.0 (5.9) ml/kg, respectively, a non-significant difference. In ANOVA analyzes the following
covariates did not change the significances in MABP and HR differences: the duration between
termination of drug administration and intubation start, duration of intubation (total and for last

attempt), number of attempts, volume expanders given two h before and extra doses of morphine after



the intubation. The RSI and morphine groups differed regarding MABP longitudinal changes
calculated from the 1 min- and 10-min epochs from baseline to completed intubation, mean (SD) -2.48
(5.26) and 5.11 (7.35) (P=.002), and from completed intubation until 20 min -1.0 (5.41) and -9.16
(5.32), (P=.001), 1 h -1.87 (5.90) and -9.87 (9.02) (P=.008), 2 h -0.38 (7.02) and -11.65 (9.86)
(P=.001),3h 1.7 (4.72) and -11.55 (10.97) (P<.001) and 6 h -2.23 (3.21) and -12.63 (9.26) (P=.001)
later for the RSI and morphine groups, respectively. Compared to baseline, the postintubational
decrease in MABP was significantly (P=.033) larger in the morphine group at 3 h; -6.44 (8.49)
compared to -0.62 (5.92).

Plasma median (IQR) cortisol concentrations were similar in the RSI and morphine groups: 168
(37-324) and 183 (93-286) nmol/L at baseline, 185 (114-380) and 275 (152-357) at 20 min, 172 (79-
299) and 240 (60-283) at 6 h and 142 (26-223) and 72 (46-187) at 24 h after the intubation. The pain
scores were similar in RST and morphine groups during the 6 h period post intubation; EDIN in all 1
vs 3, ALPS-0 ranged 1-2 vs 1-3, and PIPP 5-7 vs 2.5-7.5. Morphine boluses were given to five RSI
infants (one received two doses and additional continuous infusion because of pneumothorax) at 1-6 h
after the intubation. Six infants in the morphine group received bolus doses (one of them two doses)
and additional infusions were administered to two other infants.

The neurophysiologic results differed significantly between the two interventions, with faster
normalization in the RSI group and a prolonged central nervous depression in the morphine group up
to 6 h after the intubation (Figure 3). One RSI infant had a pneumothorax and IVH after the intubation,

with deterioration in EEG background activity.

Discussion

. . . . . . . . . 8.9 15
There has been increasing research interest in neonatal intubation premedication in recent years.” >

2633 Since our study start in 2005 several RCTs have been conducted,””" but to our knowledge none
has been performed on a balanced approach including sedatives, analgesics and muscle relaxants in
newborns. Neither have the pharmacodynamic effects of short-acting drug combinations been

investigated in this vulnerable population.
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When using a combination of several drugs, it may be difficult to separate the effects of each drug.
We consider possible differences between atropine and glycopyrrolate to be subtle or masked by the
other drugs, since no previous publications indicate a difference and we did not find any HR
differences after administration of the premedication. The significant group difference in procedural
HR was most likely a result of optimal sedation and analgesia in RSI. However, individualized care of
the infants resulted in similar rScO, and SpO, despite blood pressure decreases (Figure 2 B and C).

Using the traditional morphine premedication, a significant increase in MABP occurred during the
intubation, which might be a sign of a pain/stress reaction. This was followed by a progressive
decrease in MABP for 6 h. This morphine related MAPB decrease is in agreement with recently
published data.’” In placebo controlled RCT on newborn infants, thiopental was superior with shorter
procedure duration and more stable hemodynamics.” We have studied postnatal pharmacokinetics and
pharmacodynamics of thiopental, and found it suitable even for extremely preterm infants.*>**
Recently propofol, a short-acting sedative, has been suggested for newborns, since it provided good
intubation conditions without muscle relaxants in a RCT.” However, in preterm infants, significant
cerebral and systemic hypotensive effects may occur.'>**

Remifentanil provided good intubation conditions and facilitated early extubation when used as
monotherapy for INSURE,** **and was superior to morphine in a RCT.* No bradycardia or
hypotension occurred with a dose less than 3 microg/kg.”® As remifentanil is eliminated by nonspecific
blood and tissue esterases into non-active metabolites independent of liver and renal function, it would
theoretically be advantageous in preterm infants.*® Fentanyl has a more rapid onset and a shorter
duration of action than morphine, but longer duration than remifentanil.'’ Optimal premedication was
reported with fentanyl in combination with muscle relaxants.”® *”3%3! There is a risk of chest wall
rigidity after both fentanyl and remifentanil (3 microg/kg®”) and a muscle relaxant must be added.
Many new alternative relaxants are available’’ but the rapid onset, ultra-short acting suxamethonium
without side effects, still justifies its role in RSI.*®

Premedication with morphine was associated with a prolonged aEEG depression throughout the

follow-up period, including more delayed onset of sleep wake cycling than in the RSI group. This

should be interpreted as a considerable adverse effect. Observational studies have noted that both
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opioids and phenobarbitone are associated with electrocortical background depression,'” '™ * but no
previous RCT has compared cerebral effects of morphine with those of the combination of thiopental
and remifentanil.

Overall plasma cortisol levels were high in this preterm cohort ** and the lack of significant
changes in cortisol concentration to intubation can be explained by a high stress level at baseline
without capacity to respond to further procedural stress/pain. The similar behavioral pain responses in
both groups are probably a result of the individualized pain relief strategy, based on pain scores.

The major advantages of the RSI must be balanced against possible disadvantages of challenging
drug prescription, preparation and administration with several drugs in a semi-urgent situation,
recently high-lighted by Venkatesh et al.”>. Medication errors are frequent, especially with drugs
needing dilution,” and some could be avoided with neonatal formulations.

We aimed, in this RCT, to compare the traditional single-drug premedication with morphine to a
more balanced approach with RSI. Difficulties in maintaining adequate mask ventilation in preterm
patients during the required 10-15 min until peak-concentration and full effect of the morphine is of
great importance and a major issue for creating other premedication strategies with short-onset drugs.
Semi-urgent intubations of preterm infants in the NICU differ from non-urgent oral intubations before
neonatal surgery, as they are predominately needed for respiratory failure in stressed and even
exhausted infants with immature and restrictive lung parenchyma. Intubations may be complicated and
interrupted by need for suctioning and mask-ventilation. Most intubation data are based on studies
conducted with oral intubations, whereas we studied nasal intubations, the routine procedure in many
NICUs. The time point of morphine administration at a minimum of 5.5 minutes prior to intubation
was chosen with regard to this clinical problem, but can be considered a predictable shortcoming in
addition to the case variability. The intubators, experienced neonatologists, were eight different
persons that may be considered another study weakness.

An additional fluid bolus was administered to counteract a blood pressure drop, a well-known side-
effect following administration of sedatives and analgesics in other populations. Though relevant for
clinical purpose, this might have altered the impact of our results, but calculations showed a non-

significant difference in administered volume between the groups.
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Experimental data suggest that anesthetic drugs might have neurodegenerative effects on the
developing rodent brain, and that combinations of drugs might generate more apoptosis than single
drug therapy, however thiopental is considered safe as monotherapy in mice.”’ As all RSI drugs used
are short-acting, the potential risks are probably small. Current trends in neonatal pain treatment
recommend a “balanced approach” > ' i.e. using appropriate amounts of drugs for adequate analgesia,
but never more drugs than needed.

In conclusion, this RCT showed that RSI with rapid-onset short-acting thiopental and remifentanil
provides clear benefits compared to morphine premedication: better intubation conditions and shorter
procedure duration with less deviation in HR and MABP. The prolonged MABP decrease and aEEG
depression after morphine premedication warrant us to recommend avoiding morphine for this
indication. Given the modern gentle respiratory care, routine postintubation sedation and analgesia are
not needed. Thus premedication drugs should have a rapid onset, short duration and be effective with
few side-effects. Our RSI combination fulfilled these requirements and can be implemented in the
clinic for preterm infants. However, a multidrug regimen always carries risks, and future research

should aim at RCTs investigating new drugs with both sedative and analgesic effects.
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Figures legends

Figure 1. Design of the study. Consort flow chart (A), intervention protocol (B) and intubation scoring (C)
Morphine/saline placebo (syringe 1) was administered five min before the intubation, and the RSI
drugs/saline placebo (syringes 2-5) during a one-min period, terminated minimum 30 s before the

initiation of intubation (B). The Intubation score according to Viby-Mogensen was used ©)."

Figure 2. Results of physiological parameters.

Physiological data expressed as group mean (+SD) of individual median values from 1 min epochs at
baseline (I), after premedication (II), before (III) and during the intubation (in green), as well as from
10 min epochs after (0-6 h) the intubation, in RSI (o) and morphine (®) groups.

During the intubation, the morphine group (m) had a larger heart rate (HR) increase” (26 % vs 8 %,
P=.013) and decrease” (35% vs 18%, P =.012, panel A), and larger mean arterial blood pressure
(MABP) increase® (38% vs 5%, P<.001, panel D) than the RSI group (o), mean (SD) of the 90"
percentile values. Responses to intubation procedure were similar in rScO; (panel B) and SpO, (panel
C). After the intubation MABP decreased in morphine infants and the group differences were

significant at 2 and 3 hours, respectively (panel D).

Figure 3. aEEG total background score
The aEEG total background score (range 0-13, high score indicates normal cerebral activity) showed a

continuous cerebral depression over the study period in the morphine group.



Table 1. Demographic and baseline clinical characteristics

RSI Morphine Sign (P)
(n=17) (n=17)
Stratification groups, n
<72 hand <31 gw 7(6)" 7(6)" ns
<72 hand > 31 gw 2(1)° 2(1)*
>72hand <31 gw 8(8)" 8(8)"
>72 hand > 31 gw 0 0
Male/female, n/n 11/6 9/8 ns
Gestational age at birth, wk 27.0 (25.6 —28.5) 26.6 (25.1 —28.7) ns
Birth weight, g 925 (743 — 1220) 924 (721 — 1240) ns
Postmenstrual age at intubation, wk 28.0 (26.9 —29.8) 27.9 (26.1 —29.0) ns
Postnatal age at intubation, h 51 (26.5-281) 136 (17.5—322.5) ns
Indication for intubation
Respiratory distress syndrome 9 8 ns
Apnea 7 6 ns
Hemodynamically significant 1 3 ns
persistent ductus arteriosus
Hemoglobin, g/L 144 (133 — 158) 145 (136 — 160) ns
PCO,, kPa 8.3 (7.3 -10.0) 8.6 (7.9-10.0) ns
CRP, mg/L 0.5(0-2.9) 1.1 (0-4) ns
Saline infusion or transfusion 10 (0-12) 6(0-12) ns
< 2h before intubation, ml/kg
Plasma cortisol, nmol/L 168 (36.5 — 324.0) 183 (92.5 —285.5) ns
ALPS-0 3(1-5) 4(1.5-5.5) ns
Intraventricular hemorrhage, n 3 3 ns

Numbers for cases with artefact-free aEEG (14 in each group) are given in brackets °.

All values are in median and IQR.



Assessed for eligibility (n=104)

Excluded (n=65)
» Not meeting inclusion criteria (n=39)
« Declined to participate (n=10)

« Other reasons (n=16)

Randomized (n=39)

RSI (n=21)

* Received allocated intervention (n=17)

« Did not receive allocated intervention (n=4)
because of administration problems (n=2)
and need for urgent intubation (n=2)

l

Analyzed (n=17, 14 for EEG-data )

Morphine (n=18)

* Received allocated intervention (n=17)

« Did not receive allocated intervention (n=1)
because of need for urgent intubation

B

RSI Time Morphine
1. Saline - 5min 1. Morphine 0.3 mg/kg
2. Glycopyrrolate 5 microg/kg -1 min 2. Atropine 0.01 mg/kg
3. Thiopental 2 mg/kg < 1000g -45s 3. Saline

3 mg/kg = 1000g
4. Suxamethonium 2 mg/kg -30s 4. Saline
5. Remifentanil 1 microg/kg -15s 5. Saline

0

INTUBATION 230s INTUBATION

l

Analyzed (n=17, 14 for EEG-data)

1 2 3 4 Total
Laryngoscopy Easy Fair Difficult Impossible
Vocal cords Open Moving Closing Closed
Coughing None Slight Moderate Severe
Jaw relaxation Complete Slight Stiff Rigid
Limb movement None Slight Moderate Severe

TOTAL
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