N

N

Propofol as an induction agent for endotracheal
intubation can cause significant arterial hypotension in
preterm neonates
Lars Welzing, Angela Kribs, Frank Eifinger, Christoph Huenseler, Andre
Oberthuer, Bernhard Roth

» To cite this version:

Lars Welzing, Angela Kribs, Frank Eifinger, Christoph Huenseler, Andre Oberthuer, et al.. Propo-
fol as an induction agent for endotracheal intubation can cause significant arterial hypotension in
preterm neonates. Pediatric Anesthesia, 2010, 20 (7), pp.605. 10.1111/j.1460-9592.2010.03330.x .
hal-00552645

HAL Id: hal-00552645
https://hal.science/hal-00552645

Submitted on 6 Jan 2011

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00552645
https://hal.archives-ouvertes.fr

Pediatric Anesthesia

Propofol as an induction agent for endotracheal intubation
can cause significant arterial hypotension in preterm

neonates

Journal:

Pediatric Anesthesia

Manuscript ID:

PAN-2009-0342.R4

Manuscript Type:

Original Paper

Date Submitted by the
Author:

07-Apr-2010

Complete List of Authors:

Welzing, Lars; University Hospital of Cologne, Children "s Hospital,
Department of Neonatology and Paediatric Intensive Care

Kribs, Angela; University Hospital of Cologne, Children s Hospital,
Department of Neonatology and Paediatric Intensive Care

Eifinger, Frank; University Hospital of Cologne, Children’s Hospital,
Department of Neonatology and Paediatric Intensive Care
Huenseler, Christoph; University Hospital of Cologne, Children’s
Hospital, Department of Neonatology and Paediatric Intensive Care
Oberthuer, Andre; University Hospital of Cologne, Children s
Hospital, Department of Neonatology and Paediatric Intensive Care
Roth, Bernhard; University Hospital of Cologne, Children s Hospital,
Department of Neonatology and Paediatric Intensive Care

Key Words:

preterm infants, propofol, induction agent, intubation, arterial
hypotension

& scholarone"

Manuscript Central




Page 1 of 19 Pediatric Anesthesia

Propofol in Preterm Neonates

Propofol as an induction agent for endotracheal
intubation can cause significant arterial hypotension
in preterm neonates

©CoO~NOUTA,WNPE

15 Lars Welzing MD, Angela Kribs MD, Frank Eifinger MD, Christoph Huenseler MD,

18 Andre Oberthuer MD, Bernhard Roth MD

22 University Hospital of Cologne, Children’s Hospital, Department of Neonatology and Paediatric

24 Intensive Care, Germany

50 Corresponding author:

Lars Welzing

55 University of Cologne, Children’s Hospital,

57 Department of Neonatology and Paediatric Intensive Care,
Kerpener Str. 62, 50937 Cologne, Germany,

e-mail: lars.welzing @uk-koeln.de



mailto:lars.welzing@uk-koeln.de

©CoO~NOUTA,WNPE

Pediatric Anesthesia

Propofol in Preterm Neonates

Abstract

Backround: Propofol is gaining increasing popularity as induction agent for paediatric
endotracheal intubation. Recently propofol has been described for the first time as induction
agent for endotracheal intubation in preterm neonates. Propofol seemed to be efficient, safe
and ideally suited for the INSURE (Intubation SURfactant Extubation) procedure in preterm
neonates. The purpose of this study was to document intubating conditions, vital signs,
extubation times and outcome in preterm neonates receiving propofol as induction agent for
the INSURE procedure.

Patients and Methods: Preterm neonates with a gestational age of 29 to 32 weeks and
respiratory distress were eligible for INSURE with propofol if their postnatal age was less
than 8 hours. Exclusion criteria were any kind of disease not allowing early extubation.
Results: There were 13 inborn neonates enrolled for INSURE, mean gestational age was 30
weeks + 3 days and mean birth weight was 1428 g (range 1170-1780 g). We stopped our
observational study ahead of time due to significant cardiovascular side effects. Propofol
generally offered good intubating conditions, but we encountered severe problems with
arterial hypotension. A low propofol bolus of 1 mg/kg caused a distinctive decline of mean
arterial blood pressure from 38 mmHg (range 29-42 mmHg) prior premedication to 24 mmHg
(22—40 mmHg) 10 minutes after propofol application.

Conclusions: Our experience with propofol as induction agent for endotracheal intubation in
preterm neonates reveals distinctive cardiovascular effects which represent an important risk
factor for serious complications of prematurity like intraventricular haemorrhage or
periventricular leucomalacia. Propofol should be used with caution in very preterm neonates

with respiratory distress during the first hours of life.
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Introduction

Endotracheal intubation with subsequent surfactant application is a well established therapy
for infant respiratory distress syndrome (1,2). Recent evidence shows that premedication for
nonemergency neonatal intubation is safer and more effective than awake intubation (3,4).
Various drugs like morphine, fentanyl, diazepam, midazolam or ketamine have been used as
induction agent, although none these substances is ideal for preterm neonates (5,6). An ideal
drug should provide rapid induction, good intubating conditions, cardiopulmonary stability
and rapid recovery, as preterm neonates are an especially vulnerable subgroup of patients.
Typical complications associated with cardiopulmonary instability are for example
intraventricular haemorrhage (IVH) or periventricular leucomalacia (PVL) (7).

Recently Ghanta et al (8) reported about the use of propofol as induction agent for
endotracheal intubation in preterm neonates with a gestational age of 25 to 30 weeks.
Propofol did not cause significant adverse effects and induced satisfactory hypnosis while
spontaneous respiration was maintained throughout the intubation procedure at a dose of 2.5
mg/kg. Further studies were recommended to assess the safety of propofol.

Based on these results we conducted a prospective observational study with propofol for the
INSURE (Intubation SURfactant Extubation) procedure, as in preterm neonates the period of
mechanical ventilation should be kept as short as possible. Even a few days of mechanical
ventilation are associated with an increased inflammatory response in the lungs, a weaker
respiratory drive, peribronchiolar alveoloar wall thickening and a higher risk for cerebral
injury (9,10). INSURE was first described in 1990 by Victorin et al. and combines
endotracheal intubation with surfactant application and early extubation (11). Subsequently
many studies have proven the positive effect of INSURE on neonatal outcome (12,13).
Neonates are usually anaesthetized with morphine followed by naloxone application to
reverse respiratory depression (13). However, morphine provides insufficient analgesia for

intubation purposes in preterm neonates, and repeated doses of naloxone may be necessary to
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reverse respiratory depression as morphine has a long half-life of 9 hours in preterm neonates
(14,15). Furthermore, naloxone has been reported as associated with cardiac arrest in one
preterm neonate (16).

The purpose of this study was to document intubating conditions, vital signs, extubation times
and outcome in preterm neonates receiving propofol as induction agent for the INSURE

procedure.

Patients and Methods

We conducted this observational study at the Department of Neonatology and Paediatric
Intensive Care at the University Hospital of Cologne in an eight month period between
September 2008 and April 2009. The study was approved by the Ethical Review Board of the
Medical Faculty of the University of Cologne.

All preterm neonates with a gestational age of 29 to 32 weeks were eligible if their postnatal
age was less than 8 hours and they exhibited moderate to severe respiratory distress at a
postnatal age of at least 30 min. Respiratory distress was defined by FiO2 > 0.3 during CPAP
to reach a postductal oxygen saturation > 88 % or by a Silverman Score > 6. The Silverman
Score evaluates chest movements, intercostal retractions, xiphoid retractions, nasal flaring and
expiratory grunting (17). Each parameter is allocated a score of 0-2, total score is minimum 0
and maximum 10. A high score indicates severe respiratory distress. Exclusion criteria were
any kind of disease not allowing early extubation (e.g. severe sepsis).

All included neonates were treated, according to our standard procedure, with CPAP > 6cm
H20 immediately after birth based on Benvenistes paediatric gas-jet valve (Dameca,
Copenhagen, Denmark). The Benveniste valve generates positive airway pressures of 6 to 10
cm H20 by creating a narrow stream of humidified air mixed with oxygen at a flow rate of 12

to 16 liters per minute (18). FiO2 was started at 0.5 and adjusted to reach an oxygen saturation
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between 88 to 96 %. An intravenous line was placed at the age of 10 minutes and we infused
a glucose containing balanced salt solution at a rate of 3-4 ml/h.

At a postnatal age of at least 30 minutes we decided, according to the inclusion and exclusion
criteria mentioned before, whether INSURE should be performed or not. Premedication for
the INSURE procedure included atropine 10 pg/kg followed by propofol (Propofol 1%,
Fresenius Kabi, Sweden) within one minute. In our own experience with propofol 2.5 mg/kg
we observed severe arterial hypotension refractory to correction with intravenous fluid
administration. Therefore we used a propofol dose of 1 mg/kg. As a bolus dose of 1 mg/kg
caused significant arterial hypotension in the first six patients, defined as mean arterial blood
pressure < 25 mmHg, we finally infused propofol 1 mg/kg over 60 seconds.

Vital parameters were taken both one minute prior and one minute after atropine and propofol
application. Subsequently nasal intubation was performed around 75 seconds after the
propofol application by physicians of varying experience (resident, neonatal fellow or
consultant neonatologist). Each intubation was supervised by a consultant neonatologist, who
took over the intubation process in case the first attempt by a resident or neonatal fellow
failed. The children were in supine position with the head slightly elevated. We used a
straight-blade laryngoscope (Miller0O, Heine Optotechnik, Herrsching, Germany) and an
uncuffed, nasotracheal tube without stylette (Vygon, 2.5 mm inner diameter, Ecouen, France).
After intubation tube position was evaluated by auscultation of the chest and subsequently
surfactant 100 mg/kg was administered over 1-2 minutes. Afterwards the neonate was
mechanically ventilated until respiratory drive was judged to be satisfactory for continuing
CPAP therapy.

Intubating conditions were classified by our own scoring system rating limb movements,
coughing and breathing. In our opinion established scoring systems describing variables like
jaw relaxation or vocal cords position are not very useful in preterm neonates (19). Limb

movements, coughing and breathing were allocated a score of 0-2 (table 1). Intubating
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conditions were judged excellent when total score was < 1 and good when total score was 2-3.
Any assessment score > 3, distinct limb movements or distinct coughing were taken as
indicative of unacceptable conditions.

A clinically uninvolved member of the team was designated as an observer, data recorder and
timekeeper. Heart rate, oscillometric blood pressure and postductal oxygen saturation were
recorded 1 minute prior propofol application as well as 1, 5, 10, 20 and 30 minutes afterwards
(Philips, Sure Signs VM6). Based on our clinical experience and the gestational age of our
study population, we defined arterial hypotension as mean arterial blood pressure < 25
mmHg. In our opinion 25 mmHg represents a treshold for preterm infants of 29 — 32
gestational weeks, as arterial hypotension is a known risk factor for serious complications like
IVH and PVL, especially on the first day of life. Treatment included an intravenous sodium
chloride bolus of 10 ml/kg, which was repeated in case mean arterial blood pressure remained
below 25 mmHg.

After discharge we analysed pulmonary outcome by documentation of days on mechanical
ventilation, days on CPAP, duration of supplemental oxygen, incidence of pneumothorax and
incidence of BPD defined as FiO2 > 0.21 with 36 weeks of gestation. For general neonatal
outcome all infants were evaluated for survival, intraventricular haemorrhage (IVH),
periventricular leucomalacia (PVL), necrotizing enterocolitis (NEC) and retinopathy of

prematurity (ROP).

Statistical Analysis

There was no predefined formal stopping rule concerning adverse events. Facing an
unexpected high number of cases with severe arterial hypotension, defined as mean arterial
blood pressure < 25 mmHg, we performed a post hoc explorative analysis as an alias for a
stopping rule by realizing the following procedure: based on the null-hypothesis that the rate

of arterial hypotension does not exceed 10%, we computed an exact binomial confidence
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interval (CLOPPER-PEARSON, 1934) and an associated p-value for the one-sided test
alternative that w will exceed 10% using AddPlan® (Adaptive Designs-Plans and Analyses

Software, AddPlan GmbH, Cologne 2009).

Results

A total of 43 preterm neonates with a gestational age of 29 to 32 weeks were assessed for
eligibility. Thereof 13 inborn neonates revealed moderate to severe respiratory distress and
were enrolled for INSURE, mean gestational age was 30 weeks + 3 days and mean birth
weight was 1428 g (range 1170-1780 g).

Our pilot study was supposed to continue for 1 year, but we stopped it ahead of time due to
clinically significant problems with arterial hypotension. In the first six patients a single
propofol bolus of 1 mg/kg caused severe arterial hypotension with mean arterial blood
pressure decreasing from 38 mmHg (range 29-42 mmHg) prior premedication to 24 mmHg
(22-40 mmHg) 10 min after propofol administration (Fig 1). Three of six patients revealed
mean arterial blood pressures below 25 mmHg. As an attempt to minimise cardiovascular
adverse effects, propofol 1 mg/kg was infused over 60 seconds in the final seven patients.
However, again two patients exhibited clinically significant arterial hypotension and mean
arterial blood pressure decreased from 37 mmHg (31-46 mmHg) prior premedication to 28
mmHg (18-39 mmHg) 5 min after propofol administration (Fig 2). Corresponding systolic
blood pressures are demonstrated in Figure 3 and 4.

In total 5 of 13 patients (38%) revealed severe arterial hypotension, defined as mean arterial
blood pressure below 25mmHg. An explorative post hoc stopping rule analysis using a one-
sample one-sided exact (binomial) test for rates resulted in a rejection of the null-hypothesis
that the rate does not exceed 10% (p=0.007). The observed rate is statistically significant and
clinically unacceptable exceeding the threshold of 10%: the exact test based 95%-confidence

interval due to CLOPPER-PEARSON for this rate is 14% - 68%.
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Heart rate (Fig 5) and oxygen saturation remained stable throughout the entire INSURE
procedure, irrespective whether propofol was administered as a bolus or over 60 seconds.
Intubation was successful in all 13 patients without the need for further intervention. Nine
patients (69 %) were intubated at the first attempt, four patients (31 %) at the second. Failed
intubations were due to residents in training and not due to insufficient analgesia or sedation.
Overall, assessment of intubating conditions revealed excellent or good conditions in eleven
(85 %) patients. Five of these patients had a score < 1 and six a score 2-3. In two patients (15
%) intubating conditions were inadequate due to distinct coughing and total score of these
children was > 3. The scores obtained for each assessment category are shown in Table 1.
Propofol caused only a short period of respiratory depression and CPAP, which was applied
in all patients, could be started 25 min (2-120 min) after surfactant administration. One child
needed reintubation after completed INSURE procedure due to insufficient spontaneous
breathing with subsequent mechanical ventilation for two days.

All preterm neonates survived, none developed IVH, PVL, NEC, ROP, BPD or
pneumothorax. Average time of nCPAP therapy was 4.6 days (2-9 days) and the average time

with supplemental oxygen therapy was 1.8 days (0-6 days).

Discussion

Propofol is gaining increasing popularity as induction agent for paediatric endotracheal
intubation, however there are only limited experiences in neonates. Propofol produces rapid
induction, obtunds the hypertensive response to tracheal intubation, reduces airway reactivity
and has a short recovery time (5,6,20,21). Recently Ghanta et al. (8) reported for the first time
about the use of propofol as induction agent for endotracheal intubation in preterm neonates.
Propofol induced satisfactory hypnosis while spontaneous respiration was maintained

throughout the intubation procedure. Ghanta et al. observed no significant adverse effects.
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Based on these promising results propofol seemed to be ideally suited as induction agent for
the INSURE procedure.

Our study population was comparable to the patients of Ghanta et al., respectively slightly
more mature (30 versus 27 weeks of gestation). Due to our own experience with propofol 2.5
mg/kg causing severe arterial hypotension, we decided to perform our study with as decreased
propofol dose of 1 mg/kg as arterial hypotension is an important risk factor for complications
of preterm neonates like intraventricular haemorrhage (IVH) or periventricular leucomalacia
(PVL) (7). However, also with a small dose of 1mg/kg propofol there was a high incidence of
arterial hypotension, irrespective whether propofol was applied as bolus or short infusion over
60 seconds. In total 5 of our 13 patients (38 %) suffered from significant arterial hypotension,
fortunately none of these cases was associated with persistent foetal circulation as described
by Veyckemans (22). In particular as we administered a decreased propofol dose compared to
Ghanta et al, we did not expect to encounter so distinctive problems with arterial hypotension,
although it is a known adverse effect of propofol (22-24). A possible explanation could be the
fact that our patients were intubated within the first hours of life, while the patients of Ghanta
et al were intubated at a postnatal age of 4 days. Mean arterial blood pressure of preterm
infants rises significantly from day 1 to day 7 after birth, which seems to be a normal
adaptation of preterm neonates (25,26). However, it might also reflect how fragile the
cardiovascular system of preterm neonates is in the first hours after delivery. Therefore, the
fact that all our patients received propofol within eight hours after birth, could explain our
repeated problems with arterial hypotension.

Common adverse effects of propofol like hypotension, bradycardia and apnea may be
exacerbated when propofol is administered in the presence of sepsis, hypovolemia or
congenital heart disease. Propofol is a sedative agent and doses given when wrongly used to

manage pain are greater than required for sedation. Higher doses are associated with increased
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adverse effects. Monitoring of vital signs and active management of adverse effects during
administration is essential (27-29).

Propofol revealed excellent or good intubating conditions in 11 of 13 (85%) patients.
However, in two patients (15%) the decreased propofol dose of 1 mg/kg was insufficient and
provided inadequate intubating conditions. It seems that more mature preterm neonates
sometimes require a propofol dose > 1 mg/kg for attaining good intubating conditions.
Propofol caused only a short period of respiratory depression in our preterm neonates,
although it has a reduced clearance in neonates compared to toddlers and older children. This
can be explained by the fact that reduction of propofol concentrations after induction is
attributable to redistribution rather than clearance (30). On average CPAP could be continued
25 min after surfactant administration.

Fortunately none of our patients revealed serious complications of prematurity like IVH,
PVL, NEC, BPD or ROP. However, although we investigated only a small sample size of 13
patients, in our opinion the repeated problems with significant arterial hypotension forbade
continuation of the study and therefore we stopped it ahead of time.

In conclusion our experiences with propofol as induction agent for endotracheal intubation in
preterm neonates of 29 to 32 gestational weeks with infant respiratory distress syndrome are
alarming. The distinctive cardiovascular adverse effects of propofol represent an important
risk factor for serious complications of prematurity like intraventricular haemorrhage or
periventricular leucomalacia. Propofol should be used with caution in very preterm neonates
with respiratory distress during the first hours of life. Further research is necessary concerning
the use of propofol a few days after delivery and particular attention should be paid on

cardiovascular adverse effects.
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Figure 1:

A propofol bolus dose of 1 mg/kg caused significant arterial hypotension with mean arterial
blood pressure decreasing from 38 mmHg to 24 mmHg within ten minutes after propofol
administration. Even after thirty minutes the blood pressure had still not returned to initial
values (n = 6).
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Figure 2:

38 A propofol dose of 1 mg/kg applied over 60 seconds also caused significant arterial
39 hypotension with mean arterial blood pressure decreasing from 37 mmHg to 28 mmHg within
40 five minutes after propofol administration (n = 7).
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36 Systolic arterial blood pressure following a propofol dose of 1 mg/kg applied over 60 seconds (n =
37 7). Again systolic arterial blood pressure remained stable in some infants, while there was a
38 pronounced decrease to 28 mmHg in the most severe case of arterial hypotension.
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time point prior and after propofol application

In all patients heart rate remained stable after propofol application (n = 13).
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Table 1

Assessment of intubating conditions (n = 13)

Pediatric Anesthesia

variable none mild distinct
score =0 score = 1 score = 2
(n) (n) (n)
limb movements 6 7 0
coughing/retching 9 2 2
breathing 3 10 0

Intubating conditions were judged excellent when total score was < 1 and good when total
score was 2-3. Any assessment score > 3, distinct limb movements or distinct coughing were

taken as indicative of inadequate conditions.




