LUND UNIVERSITY

Aspects of intravenous anaesthesia

Gelberg, Jan

2019

Document Version:
Publisher's PDF, also known as Version of record

Link to publication

Citation for published version (APA):
Gelberg, J. (2019). Aspects of intravenous anaesthesia. [Doctoral Thesis (compilation), Department of Clinical
Sciences, Lund]. Lund University, Faculty of Medicine.

Total number of authors:
1

General rights

Unless other specific re-use rights are stated the following general rights apply:

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.

* You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00


https://portal.research.lu.se/en/publications/7a3e36c4-6a52-4573-8cc5-b216fe20ac20

Download date: 04. May. 2026



Aspects of intravenous
anaesthesia

JAN GELBERG
DEPARTMENT OF ANESTHESIOLOGY AND INTENSIVE CARE | LUND UNIVERSITY







Aspects of intravenous anaesthesia






Aspects of intravenous anaesthesia

Jan Gelberg

LUND

UNIVERSITY

DOCTORAL DISSERTATION
by due permission of the Faculty of Medicine, Lund University, Sweden.
To be defended at Lecture hall 1, C-blocket, Skanes Universitetssjukhus, Lund
on the 25™ of January 2019 at 01:00 pm.

Faculty opponent
Docent Peter Sackey
Department of Physiology and Pharmacology
Section of Anesthesiology and Intensive Care
Karolinska Institutet, Stockholm



Organization: Document name:
LUND UNIVERSITY Doctoral Dissertation
Institution of Clinical Sciences Lund
Department of Anesthesiology and Date of issue: January 25" 2019
Intensive Care
Author: Sponsoring organization
Jan Gelberg

Title

Aspects of intravenous anaesthesia
Abstract

Background:

Developments in anaesthesia during the recent decades include new drugs with limited unwanted side effects
and the need for anaesthesia in new interventions, together with new groups of patients that in the past were
considered to be beyond help.

Aims:

Study I: To determine the bolus dose of remifentanil that depresses the ventilatory drive as deeply as 1 pg/kg of
fentanyl.

Study II: To test the hypothesis that the combination of rocuronium (0.2 mg/kg) with modest doses of propofol
and remifentanil during anaesthesia induction always achieves good or excellent intubation conditions in infants.
Study Ill: To compare the safety of propofol in a large cohort of patients with a known sensitization to soy and/or
peanuts to that of non-propofol hypnotic use in a control group.

Study IV: To assess muscular endurance from subparalyzing doses of rocuronium on awake subjects.
Methods:

Study I: A randomised, double-blinded, placebo-controlled study in healthy subjects comparing the effect on
ventilation of three different doses of remifentanil and one dose of fentanyl.

Study II: A randomised, double-blinded, placebo-controlled clinical trial investigating intubation conditions with
and without a low-dose of rocuronium in combination with propofol and remifentanil.

Study III: A retrospective observational cohort study in patients sensitised to peanut and/or soy anaesthetized
with either propofol or another anaesthetic agent.

Study IV: A randomised, double-blinded, placebo-controlled study where the effect on muscular endurance of
subparalyzing doses of rocuronium was studied in healthy subjects.

Results:

A remifentanil bolus of 0.5 ug/kg give similar ventilatory depression as a fentanyl bolus of 1 ug/kg.

Intubation conditions were classified as ‘poor’ in 14 of 34 (41%) patients given placebo and in 10 of 36 (28%)
patients given rocuronium.

There were no identifiable allergic reactions in either the propofol or in the non-propofol group in patients
sensitised to soy and/or peanuts.

The sustained handgrip strength after rocuronium (0.08 mg/kg) was one third compared to placebo.
Conclusions:

Remifentanil bolus is twice as potent as fentanyl bolus in producing ventilatory depression.

Adding a low-dose rocuronium did not significantly improve intubation conditions compared to placebo.

Propofol was safe to use in a cohort of patients sensitised to soy and/or peanut. Recommendations to withhold
propofol because of soy or peanut allergy should be questioned.

Low doses of rocuronium may partly exert its effect by reducing muscular endurance.
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Abbreviations

AMG Acceleromyography

CL Clearance

CO; Carbon dioxide

Ccv Coefficient of variation

EDos Effective dose of NMBA to reduce twitch height by 95 %
EMG Electromyography

FGF Fresh gas flow

FiO, Fraction of inspired oxygen

MMG Mechanomyography

NMBA Non-depolarizing muscle blocking agent
n.s. not significant

PaCoO, Arterial partial pressure of carbon dioxide
PE'CO; End-tidal partial pressure of carbon dioxide
RR Respiratory rate

SpO, Peripheral saturation

ST Single twitch

tin Terminal half-life time

TOF Train of four stimulation

\% Minute ventilation

VDss Volume of distribution at steady state

Vit Tidal volume

Definition of age:

Neonate 0-1 month
Infant 1-12 months
Child 1-18 years
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Introduction

Background

Developments in anaesthesia during the recent decades include new drugs with
limited unwanted side effects and the need for anaesthesia in new interventions,
together with new groups of patients that in the past were considered to be beyond
help.

Recommendations of how to use new drugs are initially based on research involving
healthy volunteers and later on patients with or without any significant organ
dysfunction. Sometimes, but not always, studies are conducted on the paediatric
population. If not, conclusions are drawn from studies on adults after adjusting for
differences in physiology.

With increasing experience using different drugs, new properties can be identified
and refined.

At the same time as we are exploring the field and moving the limits, we always
have to remember to care for and not to harm the patient.

Balanced anaesthesia

The concept of balanced anaesthesia dates back to 1910 when George W. Crile
introduced his theory of anociassociation. He stated that “In conscious individuals,
all noxious stimuli reach the brain. During general anesthesia only the traumatic
stimuli are perceived centrally while with complete anociassociation all stimuli are
blocked” [1]. Crile taught that psychic stimuli associated with surgery could be
prevented by light general anaesthesia, while painful stimuli could be blocked by
local anaesthesia. The idea of anociassociation became the basis of the intravenous
use of opioids. The term “balanced anaesthesia” was later introduced in 1926 by
John S. Lundy, who began to supplement inhalation anaesthesia with pentobarbital
intravenously and suggested the need for a balance of agents and techniques (e.g.,
premedication, regional anaesthesia and general anaesthesia with one or more
agents) be used to produce the different components of anaesthesia (i.e., analgesia,
amnesia, muscle relaxation, and abolition of autonomic reflexes with maintenance
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of homeostasis) [2]. The method of providing sleep, pain relief and muscle
relaxation, i.e. balanced anaesthesia, with relatively small doses of each separate
drug was introduced by Gray and Halton in 1946 [3], whose work opened up
possibilities for open heart surgery, new surgical techniques and in a longer
perspective, reduced anaesthesia-related morbidity and mortality.

Remifentanil

Remifentanil hydrochloride is a potent synthetic pl-opioid agonist with an ultrashort
action. The drug became commercially available in the United States in 1997 and
was launched in Sweden 1 year later. Remifentanil is a 4-anilidopiperidine analogue
of fentanyl and undergoes rapid metabolism by blood and tissue esterases. In adult
patients remifentanil has a fast clearance (CL; 3 1/min), a small volume of
distribution at steady state (VDss; 25 1), a short time-to-peak effect (1.5 min), and a
short elimination half-life time (tip) that is independent of dose and hepatic and
renal function [4, 5]. The primary metabolite of remifentanil is the remifentanil acid,
GR90291, which is eliminated to a large extent in the urine. Because of a relatively
low potency (1:300-1:1000) compared to remifentanil, the metabolite contributes
very little to an opioid effect in animals [6].

Remifentanil provides profound analgesia and suppresses airway reflexes, which
makes it an attractive drug for sedation and airway procedures [7].

The context-sensitive half-time, the time necessary to achieve a 50 % reduction in
the concentration of a drug after termination of a continuous infusion, is very short
(approximately 3 min) and independent of the duration of infusion [8]. This in
contrast to other opioids, in which the context-sensitive half-time increases with the
duration of infusion.

Concomitant administration of propofol decreases the central volume of distribution
and CL by 41 % [9]. Consequently, the bolus dose to achieve the target
concentration should be reduced, but the infusion rate to maintain the target
concentration should be unchanged in the presence of propofol compared to
remifentanil alone.

Remifentanil is the first ultrashort-acting opioid that can rapidly be titrated for
various levels of surgical stimuli. With predictable pharmacokinetic properties,
remifentanil can be useful when rapid onset and offset of opioid effects are
desirable, as with short procedures or as in outpatient centres.

The potency of remifentanil has been suggested to be similar to that of fentanyl [10]
and approximately 20 times more potent than alfentanil [5].
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Remifentanil in infants and children

Remifentanil has age-related changes in kinetics that differ from other opioids. The
age-related changes in the VDss are similar to the changes that occur with other
opioids (i.e., the largest values observed in the youngest age groups), but an inverse
relationship between age and CL resulting in no age-related changes in the tis of
remifentanil. The largest VDss occurs in infants <2 months of age (453 ml/kg)
compared to 249 ml/kg in children 7-12 years of age. The CL is more rapid in infants
<2 months of age (90.5 ml/min/kg) than in children 7-12 years of age (59.7
ml/min/kg), and the tip is 5.4 and 5.3 min, respectively [11].

The remifentanil infusion rate needed to suppress the somatic response to a skin
incision in children is twice as high as the corresponding dose in adults in
combination with propofol [12]. As in adult patients, remifentanil has been shown
to have hemodynamic effects in the paediatric population. Chanavaz et al. [13]
found that during sevoflurane anaesthesia in children, remifentanil caused a
significant drop in the blood pressure and cardiac index, which was due to a fall in
heart rate with no significant change in stroke volume. Pre-treatment with
glycopyrrolate or atropine limits the effect on the heart rate.

As with other opioids, remifentanil is a potent respiratory depressant. Children <3
years of age are more tolerant to the effect of remifentanil on the respiratory rate
and 50 % of patients receiving a dose of 0.192 pg/kg/min maintain spontaneous
ventilation [14] compared to adults in whom equipotent doses are 0.05-0.075
png/kg/min [15]. This finding could represent the effect of a larger volume of
distribution; however, there is an inter-individual variability to consider, despite the
predictable plasma half-life time. This variation may be due to a difference in
receptor sensitivity [16].

Rocuronium

In 1942, the muscle relaxant drug, d-tubocurarine (dTc), was reported safe for use
in a clinical anaesthesia setting by Griffith and Johnson [17]. Previously, dTc had
been used over a number of years to prevent traumatic injuries during
electroconvulsive therapy. In the first era of investigating the effects of muscle
relaxants, the authors also acted as volunteers. The parameters that were assessed
were leg lifting, hand strength as a percentage of normal, abdominal tone and ability
to stand. More than a decade later, a six-fold increase in mortality was reported in
patients receiving dTc compared to patients who had not received a muscle relaxant
[18]. This finding was first ascribed to intrinsic drug toxicity but was later partly
explained by a lack of understanding of the pharmacology, residual post-operative
muscle paralysis with associated unrecognized respiratory insufficiency and non-
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existing guidelines for monitoring muscle strength. The question of how to improve
monitoring and safety was raised.

The first report of combining nerve stimulation with the use of muscle relaxant
appeared in 1952, when Stephen Thesleff studied the effect of increasing doses of
succinylcholine in anaesthetized humans [19].

In 1958, the first commercial neuromuscular monitor (St. Thomas’ Hospital Nerve
Stimulator) became available. It was claimed that the monitor could distinguish
apnoea following succinylcholine from residual anaesthesia.

In 1968, Roberts and Wilson [20] reported the “fade in twitch height” phenomenon
after applying four twitches to patients with myasthenia gravis, but it was Ali et al.
[21] who first described the use of train-of-four monitoring (TOF) in 1970, for a
quantitative assessment of the degree of muscle relaxation after non-depolarizing
muscular block in humans.

The first non-depolarizing muscle relaxant agents (NMBAs) were purified from the
chondrodendron and other species, which are found in the South American jungle,
but newer NMBAs are entirely synthetic.

The potency of an NMBA is commonly expressed by a dose-response relationship,
i.e., the dose required to produce an effect. In this case, depression of the twitch
height to 50 %, 90 %, or 95 %, is usually expressed as the EDso, EDgy, and EDos,
respectively. This dose-response relationship is sigmoidal.

The first clinical reports involving rocuronium, a steroidal NMBA classified as an
intermediate-acting drug, appeared in 1990 [22]. Most of the drug is taken up by the
liver and eliminated via the bile (>70 %), and to a lesser extent by the kidneys. The
EDys dose in adults is 0.32 mg/kg [23].

As with other muscle relaxants, the onset and offset time is faster at the laryngeal
adductor muscles (the effect site) than at the adductor pollicis muscle in the hand,
which is commonly used for monitoring the effect, but the dose required to produce
the same degree of muscular block is higher in the larynx, i.e., the laryngeal muscles
are less sensitive to NMBAs [24, 25].

Rocuronium in infants and children

Trying to understand results from pharmacodynamic studies with rocuronium in
children can be confusing. An essential fact is that the ED doses vary between age
groups. Potency of rocuronium during balanced anaesthesia is greater in infants than
in children and adults with ED¢s doses of 0.25, 0.41, and 0.35 mg/kg, respectively
[26]. Children require more rocuronium to achieve the same level of neuromuscular
block as infants and adults. This finding may be due to the growing muscle
compartment with a greater number of acetylcholine receptors compared to infants
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and adults. The time-to-recovery from equipotent doses are similar between children
and adults following one EDys dose of rocuronium; however, other authors claim
that recovery from a 1 mg/kg dose is faster in children than in adults [27].

Giving the same dos per kilogram to different groups of patients means that you
give different EDos doses, which do have significant impact on the results. Wierda
[28] reported a similar time-to-onset after equipotent doses to infants and children,
while onset after 0.3 mg/kg is faster in the youngest infants (0-6 months) compared
to older infants and children [29].

Propofol

John B. Glen, a British veterinarian, joined the Imperial Chemistry Industries (ICI)
in 1972 to help develop new, short-acting, intravenous anaesthetics.

The standard induction agent at the time was thiopental, which induces anaesthesia
quickly, but has limitations. Most prominent among the limitations is accumulation
of thiopental. Following intravenous administration, the highly perfused, relatively
low-volume tissues, such as the brain, equilibrate rapidly with high-early
concentrations of thiopental in the arterial blood, resulting in the induction of
anaesthesia. Thiopental concentrations in the blood and highly-perfused tissues then
rapidly decrease as the drug redistributes to the large reservoir of less well-perfused
lean tissues, such as muscle. When thiopental is administered in large doses,
multiple doses or as a continuous infusion, the capacity of the lean tissue to dilute
the drug progressively decreases as the tissue concentration approaches equilibrium
with the blood. This, together with a long elimination half-life time (tinp; 11.6
hours), sometimes results in an unwanted long recovery [30, 31]. The aim of Glens
work was to identify a drug with the anaesthetic potency of thiopental, but with a
rapid recovery and characteristics suitable for a continuous infusion to maintain
sedation without common unpleasant side-effects, such as nausea and vomiting.

In 1973, Glen demonstrated that one of the tested chemicals, propofol (2, 6-
diisopropylphenol), was a promising anaesthetic based on animal tests. Propofol had
a rapid onset and could be combined safely with other drugs typically used for
sedation. Most importantly, propofol did not accumulate in the body, not even after
multiple doses [32].

ICI launched clinical trials, but despite promising results regarding the anaesthetic
effects, the ICI experienced a setback with the delivery substance, Cremofor EL
(polyethoxylated castor oil), which triggered a life-threatening anaphylactic reaction
in several individuals.

Designing an emulsion, a suspension of tiny droplets dispersed in a liquid to carry
propofol, was a challenge. This project successfully ended up with a formulation
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based on a soybean oil-based emulsion in which propofol retained its useful
properties without serious side-effects.

In 1986, the drug received regulatory approval in the UK. The U.S. FDA approval
followed in 1989, and it is now approved in more than 90 countries. In 2016, the
World Health Organization deemed propofol an “essential medicine” and at that
time more than 190 million people had received the drug. John B. Glen was in 2018
awarded the Lasker-DeBakey Clinical Medicine Research Award for his work with
propofol.

Propofol exerts a dose-dependent effect by enhancing y-aminobutyric acid (GABA)
induced chloride currents through its binding to the B-subunit of the GABAA
receptor [33]. The pharmacokinetics of the highly protein-bound propofol is best
described with a three-compartment model, consisting of a rapidly equilibrating
central compartment, a second larger compartment, and a third even larger slowly
equilibrating compartment.

The liver is the main site of propofol metabolism and is where the majority of
propofol is conjugated and a smaller proportion is hydroxylated. The metabolic
clearance of propofol is 1.7 I/min, i.e. ten times as fast as metabolic clearance of
thiopental. A number of different cytochrome P450 isoforms are involved in this
process. Extrahepatic metabolism in the kidneys and the small intestine accounts for
40 % of propofol clearance [34].

Besides soybean oil, the current propofol formulation consists of glycerol and egg
lecithin [35]. Although this drug formulation is considered safe [36], there have
since been numerous reports of hypersensitivity reactions [37-43]. In spite of this,
the incidence of hypersensitivity reactions to the propofol formulation is estimated
to be as low as 1:60 000 exposures, which is half of the estimated incidence of
hypersensitivities caused by thiopental (1:30 000) [44]. More recently, a debate has
emerged regarding whether patients with food allergies to egg, soy, and peanuts
should avoid propofol. This reasoning, however, is only supported by six published
case reports with inherent methodological flaws [45-49]. The refined soy oil is
unlikely to contain any significant quantities of allergenic particles. The main
triggers for egg anaphylaxis are either ovoalbumin, ovomucoid or conalbumin found
in the egg white, not the purified egg phosphatide lecithin found in the egg yolk [50,
51]. Peanut allergy is included because of the possibility of cross-reactivity within
the legume family [50].

The current level of knowledge results in a frustrating situation because the
recommendations, guidelines and product leaflets are not in agreement. Some
authors suggest that there are no reasons to avoid propofol in patients allergic to soy
and peanuts [44, 51], whereas the product leaflets often warn of propofol use in
these patients [52].
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Moreover, adding to the confusion, product leaflets differ between countries. In the
USA and Australia, egg and soy allergies constitute contraindications, whereas an
egg allergy is not a contraindication unlike soy and peanut allergies in UK,
Denmark, and Sweden [53, 54]. Nevertheless, the British guidelines advise a
”cautious approach” [55].

Propofol in infants and children

The pharmacokinetics of propofol in neonates is variable. Specifically, there is an
increased risk for accumulation of propofol due to a markedly reduced clearance
during the first weeks of life following a bolus dose or continuous infusion [56].
Clearance of propofol approaches and exceeds adult values between 3 and 12
months of age as the liver and hepatic enzyme systems mature. Because of the
increased clearance and larger volumes of distribution, especially the central
compartment, higher induction and maintenance doses are required in children <3
years of age to achieve the same blood concentration as adults [57].

The peak effect after a bolus injection occurs later in children (3-11 years of age)
than in adults (132 and 80 seconds, respectively). This could be explained by the
slower decline in plasma concentrations seen in children which leads to a slower
increase of effect site concentration [58].

Pharmacodynamic studies of neuromuscular blocking
agents

There are a large number of reports from clinical trials involving NMBAs. Many of
these studies present unique set-ups and designs, making comparisons between
studies difficult and sometimes impossible. The results can vary with different
patterns of stimulation, frequency and duration of nerve stimulation, recording
method and other factors.

During the first decades of muscle relaxant in clinical use, before any neuromuscular
monitors were available, hand-grip strength was one of many variables together
with head- and leglift and tongue depressor test that were assessed. There are a
number of devices to measure hand-grip strength. Hydraulic dynamometers are
widely used but a limitation is that they do not provide any information about the
endurance and fatigue of hand-grip strength. In addition to measuring peak force,
electronic dynamometers also provide you with information such as average grip
strength over a set time period and they are also more sensitive to abnormal values
such as low grip-strength [59].
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Because new muscle relaxants were expected to reach clinical trials in the
forthcoming years, an international consensus conference took place in Copenhagen
in 1994. As a result of this need, a set of guidelines for Good Clinical Research
Practice (GCRP) was published in 1996 [60]. The aim of the guideline process was
to achieve a standardisation in research with neuromuscular drugs. These guidelines
were updated in 2007 [61].

Standards common to all types of neuromuscular monitoring

There are usually no problems using surface electrodes as long as the electrodes are
placed 3-6 cm apart, but the conducting area should be small (7-11 mm in diameter)
to obtain efficient stimulation of the underlying nerve.

The duration of impulses should be 300 us or less (usually 200 us) to avoid
repetitive nerve firing and direct muscle stimulation.

Because an increased stimulus frequency will shorten the onset time of NMBAs and
prolong the duration of action, the same stimulus pattern should be used when
measuring onset and duration. Single twitch (ST) stimulation with 0.1 Hz and TOF
stimulation have been shown to produce different pharmacodynamic data and are
not interchangeable.

Before administration of the muscle relaxant, the response to stimulation should be
stable with a variation of not more than 5 % for at least 2 min.

Equipment

Mechanomyography (MMG) has for many years been considered the “gold
standard” for quantification of neuromuscular block. Today, electromyography
(EMG) and acceleromyography (AMG) have replaced MMG in everyday practice.
AMG was originally designed as an alternative to MMG because of an easier set-up
procedure. It is based on Newton’s second law of motion, as follows: force = mass
x acceleration. With a constant mass (the thumb for example) the acceleration is
directly proportional to the force. The acceleration is measured using a small piezo-
electric ceramic wafer. Not all AMG devices are recommended for clinical studies.
For example, TOF Watch® and TOF Watch® S from Organon have algorithms
making them less useful in this particular setting. TOF Watch® SX, however, does
not have this built-in algorithm and can be used in research.

Stimulation pattern

In the first set of guidelines, the recommendation when studying onset was to use a
0.1 Hz ST stimulation. This recommendation has in the latest guidelines been
revised to use either 0.1 Hz ST or TOF stimulation.
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Endotracheal intubation studies

There are various scoring systems for evaluating intubation conditions in
anaesthetized patients. In a number of scoring systems, numerical values have been
assigned to qualitative variables, which initially seems appropriate, but the
subjective assessments in many situations result in inaccuracies. Instead, a scoring
system without numerical values should be used where the frequency distribution
of various qualities can be analysed.

In the first guidelines, the following variables were assessed:

Ease of laryngoscopy

Position and movement of the vocal cords
The airway reaction

Movement of the limbs

In the latest guidelines, the two latter variables have been replaced with “Reaction
to intubation,” in which only diaphragmatic movement and/or coughing are
assessed. For “Excellent intubation conditions,” all variables have to be “Excellent.”
For “Good intubation conditions,” all variables have to be either “Excellent” or
“Good.” The presence of a single “Poor” variable ends up with a clinically
unacceptable intubation.

Intubation without muscle relaxant

Arguments to avoid NMBAs includes short procedures with residual paralysis
causing impaired ventilation with decreased hypoxic drive due to inhibition of the
carotid body’s response to hypoxia [62], risk of anaphylaxis and risk of awareness
during general anaesthesia. Reasons not to avoid NMBAs are risks of poor
intubation conditions with coughing, oxygen desaturation, increased risk of
pulmonary aspiration, and most important, laryngeal injuries [63, 64]. Several
studies have shown that using a combination of an intravenous or inhaled hypnotic
and an opioid, tracheal intubation can be performed without an NMBA; however,
to determine which combination gives the most optimal conditions is difficult. First,
there are several possibilities to combine different drugs with different dosages, and
the timing and speed of infusion/injection is also of great concern. Second, there is
a large variation in the individuals to study.

Generous doses of propofol and remifentanil, when administered consecutively in a
short time period during the induction of general anaesthesia, allow technically
uncomplicated tracheal intubation to be performed in the majority of adults [65] and
children [66-71] (Table 1). Of these studies, there is only one study including infants
[68]. Although the two drugs potentiate each other [72], the doses need to be
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relatively large. In the majority of cases, an anticholinergic was given. Even though
there often were a significant decrease in heart rate and blood pressure no one
reported any significant hemodynamic instability, even if an anticholinergic drug
was not administered.
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Allergy 1n anaesthesia

An anaphylactic reaction typically occurs through an Ig-E dependent immunologic
mechanism with mast cell degranulation and release of mediators, including
histamine, tryptase, leukotrienes, and prostaglandin. These reactions are most
commonly triggered by foods, stinging insects venoms or medications. Medications
can also trigger anaphylaxis through an Ig-E independent immunologic mechanism
(immune complexes activating complements) and through direct mast cell
activation [75]. The frequency of life-threatening anaphylactic reactions during
anaesthesia has been estimated to range between 1:10 000 and 1:20 000 [76, 77],
with a mortality rate of 3-9 % [78]. The severity of perioperative anaphylaxis is
greater than anaphylaxis in general. The explanation for the increase in risk is not
known but could be a result of a more rapid exposure to culprit medications owing
to frequent intravenous medication administration and a delay in recognition and
treatment of anaphylaxis. Probably, there is also an increased vulnerability of the
affected patient owing to physiologic changes of surgery.

In a multi-centre report from the UK, an Ig E-mediated cause was identified in 64
% of the patients. NMBA constituted the leading cause (38 %) followed by
antibiotics (8 %), patent blue dye (6 %), chlorhexidine (5 %) and other agents (7 %).
A non-Ig-E mediated cause was attributed in 6 % and no cause could be ascertained
in 30 % of the cases [79].

Neuromuscular blocking agents can cause both an IgE-dependent and an IgE-
independent anaphylaxis. The tertiary or quaternary ammonium structure is likely
responsible for the cross-reactivity among agents and the occurrence of reactions at
the first administration. The cross- reactivity also could result in falsely positive skin
test results for IgE to neuromuscular blocking agents, resulting in the incorrect
attribution of the anaphylaxis to the neuromuscular blocking agent, which is usually
not confirmed by challenge [80] .

Induction agents are responsible for no more than 2% of anaphylaxis episodes
related to anaesthesia. Induction agents responsible for anaphylaxis are generally
barbiturates such as phenobarbital or methohexital. Barbiturates generally cause
IgE-dependent reactions. There is some cross-reactivity among the different
barbiturates. The nonbarbiturate induction agents, such as benzodiazepines,
propofol, etomidate and ketamine, do not generally cause reactions [80].
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Aim

Study I

The pharmacokinetics of remifentanil, when given as an infusion, is well-
documented. Following a long-term infusion with remifentanil, similar plasma
concentrations of fentanyl and remifentanil give rise to similar effects [10];
however, situations exist in which an intravenous bolus injection can be useful in
spontaneously breathing patients for minor interventions that are associated with
intense, but short-lasting pain. Changing the way the drug is administered results in
more prominent side effects that must be ascertained.

The aim of the current study was to determine the bolus dose of remifentanil that
depresses the ventilatory drive as deeply as 1 ng/kg of fentanyl.

Study 11

By combining propofol and remifentanil with a small dose of a NMBA for
intubation, the dose of each drug can be kept low, thus decreasing the risk of
hemodynamic depression, yet enabling an early recovery.

The primary hypothesis was that the combination of rocuronium (0.2 mg/kg) with
modest doses of propofol and remifentanil during anaesthesia induction always
achieves good or excellent intubation conditions in infants. The secondary
hypothesis was that the addition of rocuronium to propofol/remifentanil reduced the
proportion of poor scores with respect to the individual variables on which the
assessment was based. Furthermore, the three-drug combination was expected to
ensure intubation at the first attempt.

We also examined the time course of neuromuscular function after rocuronium (0.2
mg/kg).
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Study I1I

There is a paucity of systematic studies investigating the safety of propofol use in
patients with soy and peanut allergies. The previous studies involved a limited
number of patients, as well as no control group or confirmatory allergy testing [53,
54, 81-83]. The purpose of this retrospective, observational study was to compare
the safety of propofol in a large cohort of patients with a known sensitization to soy
and/or peanuts to that of non-propofol hypnotic use in a control group.

Study IV

Adding low-dose rocuronium (0.1-0.3 mg/kg) to modest doses of propofol and
remifentanil has been shown to be a method for successful intubation in some
studies [84-86]. It is not clear, however, how low-dose rocuronium exerts its effect
because rocuronium does not rely on complete muscle paralysis. We hypothesized
that low-dose rocuronium primarily acts by reducing muscular endurance rather
than the instantaneous force. The primary objective of this study was to assess
muscular endurance from subparalyzing doses of rocuronium on awake subjects.
The secondary objective of this study was to calculate the effect of a 0.2 mg/kg dose
of rocuronium from the data obtained.
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Material and methods

Ethical consideration

Ethical approval for all four studies was provided by the Ethical Review Board
(EPN) of Lund University, Sweden.

Written informed consent was obtained from participants for Study 1 and 4.
Written informed consent was obtained from parents for Study 2.

Approval was provided by the Swedish Medical Products Agency for Study 1, 2 and
4.

Participating subjects in Study 1 were screened for alcohol and drug abuse with the
Drug Use Disorders Identification Test (DUDIT) [87] and Alcohol Use Disorders
Identification Test (AUDIT) [88].

Study 1, 2 and 4 were conducted according to the Declaration of Helsinki.

Study conditions

Study I
Twelve healthy subjects were studied.

The measurement system (Fig. 1) was designed so that the CO, stimulus during the
peak effect would be similar to remifentanil and fentanyl. To verify that this was
achieved, we measured the end-tidal PCO, (PE'CO,), which is used as a proxy for
arterial PCO, (PaCO,) [89, 90]. The main features of the system are analogous to
that of a Mapleson D system [91], but there is no excess valve and instead of an
anaesthesia bag, the reservoir consists of a 490 cm long, 30 mm wide open-ended
tube with an internal volume of 3.5 litres. The apparatus dead-space (95 ml) between
the patient and the fresh gas inlet contains a mouth piece, a heat-moisture exchanger,
a flowmeter and a sampling port for CO, measurement. Signals representing airway
flow and airway PCO; were generated with the S/5 modular monitoring system (GE
Healthcare, Helsinki, Finland). Flow was obtained by side-stream spirometry based
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on an augmented Pitot methodology [92]. Airway PCO; was analysed with a side-
stream infrared gas analyser with a 95 % response time of 360 ms. The two signals
were digitally converted at a rate of 25 Hz. The PCO, signal was calibrated with 5.0
% CO; in oxygen and the airway flow signal with an air-filled super-syringe, the
plunger of which was moved back and forth to generate known ‘tidal’ volumes. Zero
calibration of both signals was automatically renewed during the recordings.

490 cm, 3.5 litres CO»

Figure 1.

The subject breathed through a mouthpiece, a heat-moisture exchanger (HME) and a resistance connected to a
differential pressure transducer (DPT), which measured airway flow. Airway PCO2 was obtained via a sampling line.
An open-ended 30 mm internal diameter flexible tube served as reservoir. The apparatus deadspace between the
point of entry of the fresh gas flow (FGF) and the patient was 95 ml. FGF was initially 225 ml/kg/min and in order to
induce CO: rebreathing it was then reduced to 75 mi/kg/min before injection of opioid.

The subject visited the laboratory on two study days, 1-3 d apart. On a study day,
the effect of fentanyl (1 pg/kg) and placebo or three doses of remifentanil (0.25, 0.5,
and 1.0 pg/kg) and placebo were recorded. The fentanyl/placebo day and the
remifentanil/placebo day were randomly sequenced. The investigator knew whether
or not it was a fentanyl or remifentanil day, but the order between injections on any
given day was random and double-blind. Drugs were prepared in coded syringes by
a nurse otherwise not involved in the study with 5 ml of placebo solution (saline) or
the same volume of opioid solution. The subject, who had fasted for at least 6 h, was
placed in a semi-recumbent position. A catheter was inserted in a cubital vein and a
small dose of glycopyrrolate (0.5 ug/kg) was injected to reduce salivation. Pulse-
oximetric saturation was continuously monitored via a finger probe. After providing
the subject with a blindfold, ear plugs, and a nose clip, he/she was asked to breathe
through the mouthpiece . The oxygen fraction (FiO.) of the air/oxygen fresh gas was
initially set at 0.3 and the fresh gas flow (FGF) at 225 ml/kg/min (high FGF). After
10 min, without notifying the subject, the FGF was changed to 75 ml/kg/min and
the FiO, was increased to 0.4 to avoid hypoxia at the time the opioid was going to
be injected [93]. Fifteen minutes later, opioid or placebo, followed by a saline flush,
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was injected through an extension tubing. The ventilatory effects were measured
over the next 15 min. Once a measurement sequence was finished, at least 1.5 h was
allowed to pass before starting the next recording.

Because fentanyl can have long-lasting effects, the placebo recordings obtained on
fentanyl days were not used. Hence, there were five recordings to analyse for each
volunteer (one with fentanyl, three with remifentanil, and the recording with placebo
obtained on remifentanil days). Minute ventilation (V) was measured over the
smallest number of whole breaths that spanned a 30-s interval, as one-half the sum
of the mean expiratory and mean inspiratory flow. The time for the measurement
was recorded as the midpoint of the interval, and V was obtained as a continuous
curve by sliding the interval forward in 1-s intervals. Respiratory rate (RR) and
PE'CO; were also measured continuously and the tidal volume (Vt) was obtained as
V /RR. To obtain reference levels with a minimal random variation V was measured
over two time periods, as follows:

1. V at high FGF was defined as the mean of V between 6 and 9 min after
starting the recording.

2. V at preinjection (Vpreinj) was defined as the mean of V between 5 and 1
min before the injection of opioid or placebo, i.e., 10—14 min after the FGF
had been reduced to 75 ml/kg/min.

The five recordings were obtained under identical conditions up to the point of
opioid or placebo injection, which allowed the coefficient of variation (CV) at
preinjection to be used as a measure of reproducibility. In each subject, the mean
value of the five recordings was determined and used when calculating group
medians at high FGF and at preinjection. The nadir of the ventilation curve (Vnadir)
after injection of opioid was determined by plotting V/Vpreinj against time (Fig. 2).
Minute ventilation at the nadir of the curve (expressed in percent Vpreinj) and the
time for the nadir were noted.
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Figure 2.

Minute ventilation (V), expressed as percentage of pre-injection ventilation (Vpreinj), was plotted against time after
injection. A smoothing algorithm was applied, and the value and time Vnadir (1) were determined from the smoothed
curve. The effect of remifentanil, 0.5 pg/kg, in subject no. 5 is shown. In this case, Vnadir was 48 % of Vpreinj and
occurred 2.5 min after injection.

To determine which remifentanil bolus caused the same degree of respiratory
depression as 1 ug/kg of fentanyl, we marked the remifentanil dose on a logarithmic
scale and Vnadir/Vpreinj on a probit scale, and plotted the two measures, thus the
two measures were transformed against each other (Fig. 3). The line-of-best-fit was
determined by the method of least squares. The Vnadir/Vpreinj after fentanyl was
marked on the line and the equivalent depressant dose of remifentanil was
determined. The second, third, and fourth recordings on remifentanil days were
analysed to determine whether or not the preceding remifentanil dose had an effect
on Vpreinj of the current recording, thus whether or not there was a cross-over effect
between recordings.
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Figure 3.

Method for finding the remifentanil dose that gave the same maximum ventilatory depression as 1 pg/kg of fentanyl. In
this example (subject no. 5), fentanyl injection resulted in a Vnadir /Vpreinj of 45%. The equidepressant remifentanil
dose was 0.48 ug/kg.

Study I

Seventy infants American Society of Anesthesiologists (ASA) classification 1-2, 3
weeks to 4 months of age, were included in a study assessing intubation conditions.

Eight infants were included in the study of the neuromuscular response to 0.2 mg/kg
of rocuronium.

Intubation with and without rocuronium

Randomisation to the rocuronium or placebo group was stratified by age and body
weight. After enrolment, a nurse otherwise not involved in administering the
anaesthesia, prepared a 1-ml syringe marked “placebo/rocuronium” with placebo
(saline) or rocuronium (0.2 mg/kg). If the infant was randomised to receive
rocuronium, the syringe was diluted with 0.9 % saline to a total volume of 1 ml.
Therefore, all syringes were filled to 1 ml. The group assignment was not known to
any of the other participants.

A majority of the infants were administered rectal premedication with midazolam
(0.3 mg/kg) 15-20 min before an intravenous catheter was placed in the hand or
foot after application of EMLA® (AstraZeneca AB, Sodertilje, Sweden). At start
of the induction sequence, 0.3 pg/kg of remifentanil was given to decrease the
child’s reaction while the anaesthetist was positioning the anaesthesia mask. In
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infants who did not accept the mask with only remifentanil, 1 mg/kg of Propofol-
Lipuro® 10 mg/ml (B. Braun, Melsungen, Germany) was injected, with additional
doses of 0.5 mg/kg administered as needed until the mask was accepted. To reduce
injection pain from propofol immediately before the first dose of the hypnotic, 1
mg/kg of lidocaine was injected with venous occlusion achieved by a hand-grip
around the limb [94]. After 60 s of pre-oxygenation, a concluding dose of propofol
was administered. Those infants who had previously received the drug were now
given 2 mg/kg; the other infants were given 3 mg/kg. Hence, the total propofol dose
was at least 3 mg/kg. Immediately after the concluding propofol dose, 0.2 mg/kg of
rocuronium or placebo was injected, followed 15 s later by 2 pug/kg of remifentanil,
for a total remifentanil dose of 2.3 ug/kg. The intravenous line was flushed with 5
ml of saline after each injection. The mask was held tightly over the face without
ventilating the patient until a laryngoscope was inserted 45 s after the last
remifentanil injection, i.e. 1 min after the rocuronium. A 3.0-3.5 orotracheal tube
(Sheridan/CF®; Hudson RCI, Temecula, CA, USA) was inserted. All intubations
were carried out by the same anaesthetist, who scored intubation conditions
according to the guidelines for GCRP (Table 2) [60].

Time course of neuromuscular blockade

The procedure for anaesthesia induction was the same as for patients in the main
study, except that no relaxant with rocuronium was administered, and the
remifentanil dose given during induction was higher (0.3 + 4 ug/kg instead of 0.3 +
2 ug/kg). After tracheal intubation, anaesthesia was maintained with continuous
infusions of propofol (10 mg/kg/h) and remifentanil (0.2 pg/kg/min). A
neuromuscular function monitor (TOF-Watch® SX; Organon, Ltd., Dublin,
Ireland) that analyses the thumb twitch height by AMG during TOF stimulation of
the ulnar nerve was connected to skin surface electrodes (Soft-E; Tyco Healthcare,
Mansfield, MA, USA). The negative electrode was placed over the nerve on the
volar side of one of the wrists and the positive electrode was placed 3 cm proximal
to the negative electrode, i.e. on the forearm. The acceleromyography transducer
was placed with its largest flat side against the thumb. The other four fingers were
immobilised. TOF stimulation was carried out every 15 s. After 2 min with stable
measurements, the control twitch height was set to 100 %, and the patient was given
0.2 mg/kg of rocuronium. Twitch heights were recorded until the ratio between the
fourth (Tw4) and first (Tw1) twitch heights had surpassed the nadir and recovered
to 0.9. Values for Twl, second-by-second, were obtained through interpolation. In
each infant, the time at which Tw4/Tw1 had recovered to 0.9, the time at which Tw1
reached its nadir and the depth of the Tw1 nadir were measured.
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Study I1I

By searching two analytical databases stored in the Department of Immunology at
Skéne University Hospital (FlexLab/mikro; Tieto Sweden AB, Stockholm, Sweden;
and wwLab; Autonik AB, Skoldinge, Sweden) between 1995 and 2015 (Fig. 4),
patients sensitised to soy and/or peanuts were identified. The serum-specific
immunoglobulin E (IgE) levels against soy and peanuts were measured using the
ImmunoCAP method (Thermo Fisher Scientific, Uppsala, Sweden) and
Radioallergosorbent Test (Pharma Diagnostics AB, Uppsala, Sweden). A patient
was defined as sensitised if the specific serum IgE level was >0.35 kU/L for soy
and/or peanuts [95]. The date of the diagnosis of sensitisation was defined as the
date of the analysis.

The sensitised patients were cross-referenced in two surgical management databases
(Proviso; Tieto Sweden AB, Stockholm, Sweden and Orbit; EVRY Healthcare
Systems AB, Kristianstad, Sweden) stored at Region Skane, Sweden. A match for
a sensitised patient in the surgical management databases was included in the study
if the date of the surgical procedure was within 1 year of the date of diagnosis (Fig.
4). The surgical procedures were performed at eight different hospitals throughout
Region Skéne.

The anaesthetic charts and the recovery notes of the matching surgical procedures
were retrieved and reviewed. All of the drugs given during the anaesthesia and in
the recovery room, with the exception for crystalloid fluids, were recorded. Cases
were excluded from the study if no intravenous hypnotics were administered. The
anaesthetics containing propofol were pooled in the “propofol group” and the
anaesthetics completely devoid of propofol were pooled in the “non-propofol
group”, which served as the control group (Fig. 4).

Whether or not the patient or next-of-kin reported that the patient was allergic to
peanuts and/or soy prior to the anaesthesia was also recorded.

Potential allergic reactions were defined as the presence of at least one of the
following criteria: a written comment in the anaesthetic chart or recovery notes of a
suspected allergic reaction; a written comment of a typical allergic symptom
(cutaneous, respiratory, or cardiovascular manifestations); or the administration of
anti-allergic drugs (epinephrine, theophylline, corticosteroids, histamine
antagonists, or inhaled bronchodilators) in the presence of hemodynamic and/or
respiratory compromise.

The potential allergic reactions were then evaluated by thoroughly scrutinizing the
medical record of the anaesthetized patient with special emphasis on allergic follow-
up and earlier or later anaesthetics.
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Figure 4.
Flow diagram of data acquisition. IgE = Immunoglobulin E.
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Study IV
Eight healthy volunteers were studied.

All subjects visited the laboratory on three different days where the first day was
used to acquaint the subjects with the equipment. On the study days, the subjects
had fasted for at least six hours before drug administration. Laboratory personnel
were fully prepared to take care of any untoward effects of NMBA. The subjects
were placed in a modified supine position and blindfolded so that ptosis would not
be revealed to the observer. All of the subjects were breathing room air and
haemoglobin oxygen saturation was measured using a finger probe. An intravenous
catheter was placed in a cubital vein in the non-dominant arm. Syringes were
prepared by an assistant nurse not otherwise involved in the study. The syringes
contained rocuronium (Esmeron®, 0.04 mg/kg or 0.08 mg/kg; Organon AB,
Gothenburg, Sweden) diluted with 0.9 % sodium chloride to a volume of 10 ml or
10 ml 0f 0.9 % sodium chloride (placebo). The order between injections on the study
days was randomized and blinded to the observer and subject. The time between
different measurements on both days was at least 90 min to allow for complete
recovery of muscular strength.

Day 2 included three measurements of sustained muscular force with an electronic
handgrip dynamometer (GRIPPIT; AB Detektor, Gothenburg, Sweden) after
administration of placebo, rocuronium 0.04 mg/kg and rocuronium 0.08 mg/kg. The
device was automatically calibrated with every set-up. Three minutes after injection,
the subject was asked to make a sustained maximum effort with the dominant hand
for 80 s while squeezing the dynamometer that had been placed on a table next to
the bed. The time interval was based on a reported time to maximum effect of 2.3-
3 min after rocuronium doses of 0.15-0.25 mg/kg [24, 26]. The subjects were
continuously encouraged by the observer to maintain maximum strength.

Day 3 included two measurements with electric stimulations of the ulnar nerve using
surface electrodes (Soft E-Kendall; Tyco Healthcare, Mansfield, MA, USA) after
injection of placebo and rocuronium 0.08 mg/kg. The neuromuscular function of the
adductor pollicis muscle was monitored with TOF-Watch® SX (Organon AB;
Gothenburg, Sweden). ST stimulations were started at a frequency of 0.1 Hz, a
duration of 200 ps, and a current of 5 mA. The current was then increased stepwise
until the first muscle twitch appeared. Thereafter, the current was further increased
by 10 mA. Calibration was performed to set the existing twitch height to 100 %
(baseline). After calibration, stimulation was continued for five minutes before
injection of placebo and rocuronium. After injection, ST stimulations continued
until returning to >90 % of baseline. The stimulations lasted for at least 10 min, but
not longer than 30 min after the injection.
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Data analysis

Data from the handgrip force tests were acquired from the dynamometer using a
software program (GrippitDA; AB Detektor, Gothenburg, Sweden) with a sampling
rate of 10 Hz. The handgrip force of each subject at every tenth second was
calculated as the mean from the 10 data points obtained during 0.5 s before to 0.5 s
after every tenth second. For construction of curve profiles over time, the maximum
force for each individual reached within the first three seconds during the placebo
measurement was set to 100 % and was used as the baseline for calculation of the
predicted muscular force at hypothetical 0.2 mg/kg dose of rocuronium.

Data from the ST stimulations were collected from the TOF-Watch® SX Monitor
(version 2.2.INT; Organon Ltd., Dublin, Ireland). The evoked muscle response of
each subject at every minute was calculated as the mean from the seven data points
obtained during 30 s before to 30 s after every minute.

Statistics

Study I

Overall differences between recordings were assessed by repeated-measures
analysis of variance on ranks. In the case of statistical significance, Dunnett’s
method was applied post hoc to assess pair-wise differences. The method states
whether p <0.05, that is, it does not give exact p-values. Wilcoxon’s test was used
for the placebo recordings to compare values obtained preinjection with those
obtained 15 min postinjection. P-values <0.05 were considered to indicate
significance.

Study II

Between-group differences with respect to proportions were assessed by Fisher’s
exact test, or when that was not applicable, a y>-test. We considered a probability of
less than 0.05 to be significant, except when analysing the five individual variables
(Table 2). For these variables, the Bonferroni correction was applied, and a p-value
of 0.05/5 = 0.01 was considered significant.
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Study IIT

Because the ages within groups were not normally distributed, Wilcoxon signed-
rank test was used to test for differences in age between groups. The other variables
were compared using the y’-test. No adjustments for multiple comparisons were
made. P-values <0.05 indicated statistical significance.

Study IV

Statistical comparisons between groups of handgrip force (N) and twitch height (%)
were made using Wilcoxon signed-rank test. No adjustments for multiple
comparisons were done. The predicted muscular force after a hypothetical 0.2
mg/kg dose of rocuronium at every second from 3 until 60 s was calculated using a
generalized linear mixed model in which the logarithmic % force was explained by
the dose, time, and an interaction term between dose and time. Only dose levels of
0.04 and 0.08 mg/kg were included in the model. The average curve slope between
3 and 60 s and the p-values between curve slopes were generated from the same
model with the exception that all dose levels were included and dose was set as a
categorical variable. P-values <0.05 indicated statistical significance.
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Results

Study I

Baseline measurements obtained before opioid/placebo

Data are presented using median (interquartile range) if not otherwise stated. The
measurements were highly reproducible with CV for preinjection values for
PE'CO,, V, and RR of 2.0 (1.6-2.4), 9 (6-12), and 8 (5-10) %, respectively. As
expected, changing the FGF from high to low (preinjection) settings had a marked
effect; specifically, the PE'CO; increased by 1.0 (0.8—1.2) to a value of 6.1 (6.0—
6.3) kPa, and V increased by 6 (4—7) to a value of 14 (13—15) I/min. RR, however,
changed by only 0.4 (-0.5 — +2.4) to a value of 13 (10-13) breaths/min. No cross-
over effect was discerned with regard to remifentanil. Thus, the dose given during
the preceding recording had no effect on current Vpreinj (p = 0.39).

Effects of injection of opioid or placebo

After each opioid injection, the minute ventilation decreased to a nadir level. The
median time for V to decrease half-way to the nadir was 1 min after remifentanil
and 2 min after fentanyl (Table 3). The Vnadir occurred 4, 3, and 3 min (medians)
after remifentanil 0.25, 0.5, and 1 pg/kg, respectively, and 5 min after fentanyl. The
median Vnadir/ Vpreinj was 51 % after fentanyl 1 ug/kg, which was similar to the
value recorded after 0.5 pg/kg of remifentanil (50 %). After the nadir, the V curves
obtained with 0.25 and 0.5 pg/kg of remifentanil rapidly re-approached the placebo
curve (Fig. 5) and at the end of the recording, 15 min after injection, no significant
difference versus placebo remained nor was there any significant difference in
PE'CO;. In contrast, minute ventilation 15 min after 1 pug/kg of fentanyl (Fig. 5)
remained less than the placebo value and also less than values after 0.25 and 0.5
ug/kg of remifentanil (p <0.05; Fig. 5). At that time, the PE'CO; after fentanyl was
6.5 (6.4—7.0) kPa, significantly greater (p <0.05) than the value after placebo, which
was 6.2 (5.8-6.6) kPa.

There was a slow upward trend after placebo, and the V at 15 min was 1.6 (1.0-2.9)
litres/min greater than at preinjection (p = 0.007). The simultaneous change in
PE'CO; was 0.03 (-0.01 to +0.25) kPa (n.s.).
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Table 3.
Summary of ventilatory effects of bolus injections.
Ventilation nadir is given in percent of the preinjection value. Values are median (interquartile range).

Vnadir/Vpreinj Time from injection Time from PETCO: at nadir
(%) until halfway to nadir injection until (kPa)
(min) nadir (min)
Fentanyl, 1 pg/ kg 51 (38-64) 1.9 (1.5-2.3) 5.0 (4.4-7.0) 6.26 (5.98-6.62)
Remifentanil
0.25 pg/kg 70 (61-77)* 1.3 (0.8-1.5)* 3.8 (2.7-4.6)* 6.18 (6.12-6.50)
0.5 ug/kg 50 (46-56) 1.1 (1.0-1.5)* 2.9 (2.7-3.2)* 6.11 (5.91-6.45)
1 pglkg 29 (24-38)* 1.2 (1.1-1.4)* 3.0 (2.7-3.2)* 6.11 (5.93-6.45)

*Significant difference in relation to fentanyl (p <0.05).

Changes in RR after injection of opioid were small, and with respect to individual
recordings, difficult to distinguish from random variation. The mean RR decreased
by 1-2 breaths/min to a minima of circa 11/min soon after fentanyl and remifentanil
0.5 and 1 ug/kg, respectively. The minima occurred 2, 2, and 1 min after the
injections, respectively. The decrease in RR after remifentanil 0.25 pug/kg was even
less pronounced. At 15 min, the median RR was within 0.5 min breaths/min of the
placebo value after all four opioid injections. Because of the small changes in RR,
Vt and V varied essentially in parallel.

The equal respiratory depressant dose of remifentanil was 0.47 (0.42—0.62) ug/kg
when compared with 1 pg/kg of fentanyl. The 95% confidence interval of the mean
was 0.44-0.55 ng/kg.
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Figure 5.
Mean minute ventilation (V) curves obtained after injection of fentanyl, 1.0 pg/kg (F 1.0), placebo (saline) and
remifentanil, 0.25, 0.5 and 1.0 pg/kg (R 0.25, R 0.5, and R 1.0, respectively).

40



Study II

Intubation with and without rocuronium

Thirty-four and 36 infants were randomised to receive placebo and rocuronium,
respectively. There was no difference in age, weight or pre-medication rate between
the groups. The total doses of propofol were 3.0, 3.1-4.0 and 4.1-5.5 mg/kg in 20,
12 and 2 patients, respectively, in the placebo group and in 24, 11 and 1 patient,
respectively, in the rocuronium group (p = 0.71). The intubation conditions were
poor in 14 of 34 infants (41%) in the placebo group compared with 10 of 36 (28 %)
in the rocuronium group (p = 0.32; Table 4). There was no significant between-
group difference with respect to any individual variable (Table 4); however, seven
infants in the placebo group but only one infant given rocuronium had two or more
variables scored as “poor” (p = 0.03; Table 5). Four first attempts at intubation were
abandoned in the placebo group compared with none in the rocuronium group (p =
0.051).

Table 4. Scores in respect of the five individual variables and overall assessment.

Placebo, n =34 Rocuronium, n = 36

Variable Excellent Good Poor Excellent Good Poor p
Laryngoscopy 27 4 3 31 4 1 0.35
Vocal cords position 21 6 7 27 7 2 0.08
Vocal cords movement 20 3 11 30 3 3 0.02
Movement of the limbs 23 8 3 27 8 1 0.35
Coughing 14 13 7 24 8 4 0.34
Overall assessment of

intubation conditions 12 8 14 17 9 10 0.32

P = p-value for between-group difference in proportion of “poor” scores. P-values regarding individual variables were
considered significant if <0.01, see Statistics.

;Ir-'natgtl)eat?c;n conditions in infants allocated to rocuronium 0.2 mg/kg or placebo.
No. of variables scored “poor” No. of infants
Placebo Rocuronium

None 20 26
One 7 9
Two 1 1
Three 3 0
Four 2 0
Al five 1 0
Total 34 36
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Time course of neuromuscular blockade after 0.2 mg/kg of rocuronium

The time course of the height of the first thumb twitch is shown in Fig. 6. The
maximum depression of Twl occurred 4.3 (2.7-7.7) min after the rocuronium
injection and was 82 (47-100) % . Neuromuscular recovery to a Tw4/Tw]1 ratio of
0.9 was observed 23 (12—-34) min after injection.
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Figure 6.

Time course of height of first thumb twitch (Tw1) during train of four ulnar nerve stimulation after injection of
rocuronium, 0.2 mg/kg. Tw1 is given in per cent of the preinjection value. Minimum, median (bold) and maximum Tw1
are shown. Dotted line: the curve was interpolated, in order to bridge a probable artefact.

Study I1I

The databases stored in the Department of Immunology contained 12 902 positive
analyses for peanuts and 5 280 positive analyses for soy in 9 196 individuals
between 1995 and 2015 (Fig. 4).

Cross-referencing the sensitised individuals in two databases of surgical procedures
yielded 1 109 matches of a surgical procedure within 1 year of diagnosis. In 134
cases, no anaesthetic chart was found. Another 250 cases were excluded because no
intravenous hypnotics were administered. Finally, 725 unique anaesthetics of 544
sensitised individuals were included in the study (Fig. 4).
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The propofol group consisted of 518 anaesthetics in 401 individuals; 380 (95 %) of
these individuals were sensitised to peanuts, 138 (34 %) to soy and 117 (29 %) to
both peanuts and soy. The non-propofol group consisted of 207 anaesthetics in 175
individuals; 164 (93 %) of these individuals were sensitised to peanuts, 63 (36 %)
to soy and 52 (30 %) to both peanuts and soy (Fig. 4). Thirty-two individuals were
present both in the propofol (62 anaesthetics) and in the non-propofol (40
anaesthetics) group.

There were three incidents in the propofol group and two incidents in the non-
propofol group that met our criteria for a possible allergic reaction. One incident
(propofol group) required administration of epinephrine, but subsequent follow-up
and later uneventful propofol-based anaesthesia did not support a drug allergy as a
cause. None of the other four possible allergic reactions were followed up with
allergen testing. These incidents were judged not to be caused by a drug allergy
because the organ manifestations were not treated or were treated with common
anaesthesia measures only. The organ manifestations were also either temporally
unrelated to a putative drug or more likely explained by a non-allergic untoward
effect such as a transient decrease in blood pressure following the administration of
a hypnotic drug.

There were no significant differences in the use of anti-allergic drugs, circulatory
support drugs and colloid fluids between the groups (Table 6).

Table 6.
Miscellaneous peroperative drugs.

Peroperative drugs — no. (%) Propofol (n = 518) Non-propofol (n = 207)

Any antiallergic drug 157 (0.30) 79 (0.38) n.s.
Corticosteroids 146 (28.2) 76 (36.7)
Histamine blockers 3(0.6) 1(0.5)
Epinephrine 1(0.2) 0(0)

Inhaled bronchodilators 3(0.6) 1(0.5)
Theophylline 4 (0.8) 1(0.5)

Any circulatory support drug 71 (0.14) 37 (0.18) n.s.
Atropine 37 (7.1) 20 (9.7)
Ephedrine 23 (4.4) 11(5.3)
Norepinephrine 9(1.7) 5(2.4)
Phenylephrine 1(0.2) 1(0.5)
Dobutamine 1(0.2) 0 (0)

Colloid fluids 30 (5.8) 12 (5.8) n.s.

no. = numbers; n.s. = not significant
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There was a significant difference in reported allergies to peanuts and soy between
the groups suggesting a tendency to avoid propofol if a peanut or soy allergy was

reported (Table 7).

Table 7.

Basic data and reported allergies.
Basic data Propofol
Anaesthesias - no. 518
Individuals - no. 401
Women — no. (%) 173 (43)
Median age (IQR) - yr 18 (10 - 31)

Reported allergies — no. (%)

Nuts 80 (15)
Peanuts 67 (13)
Soy 20 (4)

Nonpropofol
207

175

75 (43)

13 (6 — 22)***

66 (32)"*
71 (34)*
48 (23)"*

no. = numbers, IQR = interquartile range, yr = years, *** = p < 0.001

There were significant differences in the total use of inhalational anaesthetics and
neuromuscular blockers, but no difference in the use of opioids or local anaesthetics

between the groups (Table 8).

Table 8.

The most common anaesthetic drugs.

Anaesthetic drugs — no. (%) Propofol (n = 518)
Propofol 518 (100)
Thiopental 22 (4.2)
Midazolam 8 (1.5)
Ketamine/esketamine 1(0.2)
Inhalational anaesthetics 321 (62.0)
Muscle relaxants 180 (34.7)
Opioids 445 (85.9)
Local anaesthetics 226 (43.6)

Non-propofol (n = 207)
0(0)

194 (93.7)

16 (7.7)

3(1.4)

190 (91.8)**

119 (57.5)**

184 (88.9) n.s.

85 (41.1) n.s.

no. = numbers; *** = p < 0.001; n.s. = not significant
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Study IV

Data are presented using median (range) if not otherwise stated. The maximum
handgrip force was similar in the placebo and 0.04 mg/kg rocuronium group (360
N (198-483) vs. 352 (257-405); p = 0.945) and a trend of a lower force was observed
in the 0.08 mg/kg rocuronium group compared with placebo (317 N (199-364); p =
0.055) (Table 9). Even though the subjects attempted to maintain maximum force,
the force gradually decreased to 214 N (120-278) in the placebo group and a slightly
lower force in the 0.04 mg/kg rocuronium group (187 N (124-256); p = 0.016) at 60
s. In the 0.08 mg/kg rocuronium group, the sustained grip force decreased to
approximately one-third compared with placebo (69 N (30-166); p = 0.008) (Table
9).

Table 9.
Effect of placebo and different doses of rocuronium on sustained force, median (range).

Time (s) Placebo (N) Rocuronium 0.04 mg/kg (N) Rocuronium 0.08 mg/kg (N)
Max force 360 (198-483) 352 (257-405) n.s. 317 (199-364) n.s.

10 260 (154-363) 256 (210-316) 240 (200-342)

20 246 (153-298)) 222 (141-314) 194 (168-285)

30 234 (126-282) 222 (157-257) 149 (125-247)

40 222 (129-310) 217 (145-269) 126 (80-215)

50 203 (138-290) 216 (155-248) 92 (54-159)

60 214 (120-278) 187 (124-256)* 69 (30-166)**

70 208 (120-254) 175 (127-218) 47 (33-127)

n.s.= not significant; * = p < 0.05; ** = p < 0.01 as compared with placebo.

The average curve slope was steeper in the 0.08 mg/kg rocuronium group compared
with placebo (2.45 % reduction/s, 95 % CI [2.00, 2.90] vs. 0.81 [0.33, 1.29]; p
<0.001) but not in the 0.04 mg/kg group (0.76 [0.28-1.24]; p = 0.873), indicating a
reduced ability to sustain muscular force over time in the 0.08 mg/kg group (Fig. 7).
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Figure 7.

Average handgrip force over time from eight subjects after placebo, rocuronium 0.04 mg/kg and 0.08 mg/kg was
given. Subjects started to squeeze the dynamometer three minutes after placebo/rocuronium was given. A predicted
curve between three and 60 sec with 95 % confidence interval after a hypothetical dose of rocuronium 0.2 mg/kg is
inserted. P-values denote comparisons of average slope with placebo. Placebo curve does not reach 100 % because
subjects did not reach maximum at the exact same time point.

Curve modelling generated a predicted muscular force at 60 s of 1.27 %, (95% CI
[0.40, 4.03]) after a hypothetical rocuronium dose of 0.2 mg/kg (Figure 7).

Twitch height at the time of injection was similar in the placebo and in the
rocuronium group (106 % (95-114) vs. 108 % (92-132); p = 0.641). Four min later,
there was still no significant difference between groups (105 % (94-119) vs. 100
(85-106); p = 0.055; Table 10).
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Table 10.
Effect of placebo and rocuronium 0.08 mg/kg on twitch height, median (range)

Time (min) Placebo (%) Rocuronium 0.08 mg/kg (%)
0 106 (95-114) 108 (92-132) n.s.

1 105 (94-113) 103(92-125)

2 107 (96-114) 102 (89-115)

3 107 (97-115) 102 (86-111)

4 105 (94-119) 100 (85-106) n.s.

5 106 (92-121) 100 (85-103)

The currents used for ST stimulation were 22.5 (19-26) mA in the placebo and 23.5
(20-27) mA in the rocuronium group (p = 0.999).
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Discussion

Study I

Half as large a bolus dose of remifentanil was needed to achieve the same maximum
respiratory depression as with fentanyl. This finding can be contrasted to the reports
by Lang et al. [10] and McEwan and colleagues [96] in which similar plasma
concentrations, in ng/ml, of remifentanil and fentanyl gave similar effects. The
apparent contrast between the two assessments of equipotency - the first relating the
bolus doses of different drugs to each other and the second relating plasma
concentrations - can be explained by known differences between the drugs with
respect to pharmacokinetics and pharmacodynamics. Thus, it may be predicted that
a remifentanil bolus injection will have an earlier and more distinct peak effect than
fentanyl [9], which is indeed what we observed (Table 3 and Fig. 5). The difference
in onset of remifentanil when comparing the effect on ventilation and the effect on
EEG may be related to the fact that ventilatory drive and EEG effect depend on
different neural pathways and that local blood flows also may differ, as well as
blood-brain barrier characteristics and neural responsiveness to opioids [90, 97, 98].
The respiratory effects of bolus injection of the two drugs have not been directly
compared previously.

The mean ventilation started to decrease 1530 s after opioid injection (Fig. 5). This
finding may correspond to a brief interval during which the opioid bolus travelled
from the cubital vein to the brain. Babenco and colleagues [89] measured ventilation
every 30 s after a 0.5 ug/kg bolus dose of remifentanil. The curve which was
generated showed no obvious delay, perhaps due to a coarser time resolution. As
judged from their mean data, the midway response occurred between 30 s and 1 min
after injection. The onset was nearly as fast as in the present study, with the midway
response reached 1 min after the injection, i.e. a minute earlier than with fentanyl
(Table 3). In the study by Babenco the nadir of the ventilation curve occurred 2—4
min after injection and the recovery was virtually complete at 15 min (Fig. 6 in
[89]), which is consistent with our findings (Table 3 and Fig. 5).

Egan and colleagues [5] administered a fast infusion of remifentanil and found the
equilibration half-time between the central compartment and the effect compartment
to be 1.6 min. The peak effect occurred after 1.2 min on a simulated curve depicting
the anticipated effects of a bolus injection. In the present study, the ventilation nadir
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occurred after approximately 3 min. The discrepancy might be explained by the
different methods of administering remifentanil, and by the fact that Egan et al.
based their assessment on EEG findings and gave total doses >30 pug/kg; i.e. much
greater doses than our maximal bolus of 1 ug/kg. Glass and colleagues [99] found
that analgesia, assessed as tolerance to tibial pressure, peaked between 1 and 3 min
after a short (60 s) remifentanil infusion. The analgesic peak occurred slightly earlier
than the ventilation nadir in the present study. In the study by Glass et al., the rate
of decline with respect to the analgesic effect (Fig. 2 in [99]) was approximately the
same as what we found with respect to the ventilatory effect, and analgesia from
remifentanil was no longer present 20 min after 1 and 2 pug/kg.

Our study has several potential limitations. First, the minute ventilation increased
by approximately 10 % during the recording after placebo (Fig. 5). This was not due
to a significant increase in PE'CO,; the median change in PE'CO; was only +0.03
kPa. Although we do not have a good explanation for the V increase, we do not
believe that the V increase had an important effect on our findings. Also, several
injections were given on remifentanil days, but because subjects rested more than
90 min between recordings and the context-sensitive half-time is <5 min for the drug
[100], it is unlikely that residual opioid effects influenced the next recording. In fact,
the remifentanil dose given during a recording had no effect on Vpreinj of the next
recording (p = 0.39). It is also unlikely that acute opioid tolerance was a source of
error. Gustorff and colleagues [101] administered a 4.8 pg/kg/h infusion for 3 h (14
ng/kg) and found no alteration in the pain threshold . We only administered 1 + 0.5
+0.25 ug/kg (1.75 ug/kg).

Opioids depress chemosensitive and rhythm-generating centres in the brainstem,
thus leading to slowing and irregularity of the respiratory rhythm [102]. A method
to avoid this opioid effect when studying effects on ventilation is to apply isocapnic
hyperventilation with a constant level of PCO». This can be arranged by including a
rebreathing device into the breathing circuit. The method has also been used to
provide a more rapid return of responsiveness after anaesthesia with volatile drugs,
both in experimental and clinical settings [103-106].

We chose the present method for CO; rebreathing because the simplicity should
allow for stable and reproducible measurements, which was indeed accomplished,
as attested to by the low coefficients of variation for PE'CO,, V, and RR. The method
differs from previous measurement techniques. Babenco and colleagues [89] and
Blouin and colleagues [107] used variable CO, absorption to keep the PE'CO,
constant in spite of a changing minute ventilation, while we relied on the properties
of the Mapleson D system to minimize fluctuations in PaCO; due to variations in
ventilation. Therefore, different respiratory stimulation from CO, was not a
confounding factor when we assessed the equivalent depressant dose of remifentanil
in relation to fentanyl.
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At the end of the 15 min recording, however, the median PE'CO, was 0.3 kPa higher
after fentanyl than after placebo injection. Thus, the V recorded at that time (Fig. 5)
did not quite reveal the full degree of respiratory depression after fentanyl. During
the present experiment, rebreathing gave a continuous respiratory stimulus, whereas
the inspired carbon dioxide concentration will be close to zero in most clinical
settings. If the respiratory depression has a relatively slow onset, such as is the case
after a fentanyl bolus (Fig. 4), the gradual decrease in ventilation may allow PaCO,
time to increase, partly off-setting the ventilatory depressant effect of the opioid
itself [108, 109]. With remifentanil, the anaesthetist, who wants the patient’s
spontaneous breathing to be retained, must assure that the onset of respiratory
depression is not too abrupt, for example, by injecting remifentanil in fractionated
doses.

We conclude that remifentanil 0.5 pg/kg depressed the ventilatory drive similar to
that of fentanyl 1 pg/kg, in awake volunteers. As expected, onset and recovery were
faster with remifentanil.

Study II

The addition of 0.2 mg/kg rocuronium did not significantly ensure good or excellent
intubation conditions as compared with no rocuronium, and the primary hypothesis
was therefore not confirmed. In addition, the rocuronium did not significantly
improve the score with respect to any of the five individual variables that we
evaluated when assessing intubation conditions (Table 4). Hence, the secondary
hypothesis also remained unconfirmed. The fact that all infants in the rocuronium
group were intubated with the first attempt, whereas intubation failed with the first
attempt in four infants from the placebo group (p = 0.051) suggests that rocuronium
had a positive effect. Furthermore, two or more individual variables were scored as
poor in only one patient given relaxant compared to seven in the placebo group (p
= 0.03; Table 5). The combination of propofol, rocuronium and remifentanil used
in the study was chosen for a number of reasons. First, we wished to minimize the
duration of action of the rocuronium so that pharmacologic reversal would not be
needed. Second, Barclay et al. [84] achieved optimal intubation conditions in adults
by adding 0.3 mg/kg of rocuronium to a propofol-alfentanil combination that, by
itself, produced poor results. In the that study, even 0.1 mg/kg improved intubation
conditions, suggesting that an intermediate rocuronium dose might be sufficient in
infants; the EDos is approximately 70 % of that in adults [26]. The present findings
were therefore unexpected. The most important reason why our expectations and
the findings diverged is most likely, that the timing between the three different drugs
was not optimal. The thumb twitch response depicted in Fig. 6 suggests that we
should have allowed more time for the rocuronium to reach an optimal effect before
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attempting intubation; the nadir for Twl occurred 4 min (3—8) after the injection,
but we waited only 1 min before performing the laryngoscopy. In contrast, the onset
time for rocuronium in the laryngeal muscles is faster than the adductor pollicis
muscle [110]. The time from bolus injection of the hypnotic and opioid until
laryngoscopy was 60—70 s for propofol and 45 s for remifentanil. In adults, the time
to peak effect after injection is approximately 80 s for propofol [58] and 1 min for
remifentanil [5] when assessed with electroencephalogram. The corresponding
times for infants are not known, but the onset time for propofol in children (3-11
years of age) is 132 s [58]. It is therefore likely that the intubation conditions would
have been better in both groups if we had waited longer after the injections.

In three studies with older infants and children [66, 68, 69], larger doses of
remifentanil (3—4 ug/kg) added to propofol (3—4 mg/kg) resulted in excellent
intubation conditions in nearly all of the patients; however, Blair et al. [67] could
not achieve intubation with the first attempt in four of 27 children (3—12 years of
age) receiving such doses and encountered at least one child who had closed vocal
cords (Fig. 4 in [67]). In the present study, the cords were closed in a number of
infants in the placebo group (Table 4). This finding could be due to an insufficient
propofol or remifentanil dosage but could also be a problem specific to this age
group. In fact, it is still not known whether or not the intubation of young infants
can be consistently performed without relaxants or inhalational agents unless topical
anaesthesia is applied.

Given these results, we now think it would have been worthwhile to have studied
slightly higher doses of rocuronium than the 0.2 mg/kg used in the present study;
however, that would also have prolonged the time for neuromuscular recovery,
which was already non-negligible with the abovementioned dose. Thus, the time
from injection until the Tw4/Twl ratio had reached 0.9 was 23 min. Even though
the number of patients was small in our time-course study, it seems necessary with
proper neuromuscular monitoring and adequate reversal at the end of anaesthesia,
even after a low dose of rocuronium in infants.

It would also have been interesting to titrate the dose of remifentanil, but from an
open trial, we were convinced that 2 pg/kg would be sufficient. Crawford et al. [68]
determined the EDog value to 2.88 + 0.5 ug/kg for acceptable intubations by using
logistic regression analysis in infants. Hume-Smith et al. [111] found the EDos value
for remifentanil to be as high as 5.0 ug/kg for infants 0—-3 months of age together
with propofol 5 mg/kg. These doses probably necessitate use of glycopyrrolate to
avoid significant bradycardia.
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Study I1I

The main finding of this study involving 518 propofol anaesthetics in 401
individuals sensitised to peanuts and soy was that there were no incidents of allergic
reactions.

In the first reports of allergic reactions to propofol there was no mention of a
connection to food allergies [37-43]. Instead, it was believed that the reactions were
IgE-mediated with the isopropyl and phenol groups of the propofol molecule acting
as the epitopes [37, 38]. Later, it was suggested that because the drug emulsion
contains egg lecithin and soy oil, propofol may be unsafe to use in patients allergic
to egg, soy and peanuts. This has caused a reluctance amongst anaesthesiologists to
use propofol in food-allergic patients, despite that guideline advice not to avoid
propofol in these patients [82]. Also, product leaflets frequently list food allergies
as contraindications to propofol use.

Our finding that propofol is safe to use in patients sensitised to peanuts and soy is
consistent with previous studies that have investigated propofol in food-allergic
patients [53, 81-83]. All of the studies concluded that propofol is safe to use, but the
investigated food allergens and patient cohorts differed between the studies (Table
11). The explanation for the apparent absence of hyperreactivity in food-allergic
patients is believed to be that refined egg lecithin and soy oil do not contain a
sufficient amount of the allergenic proteins to trigger an allergic reaction [50, 51].

The relative strengths of the current study are the inclusion of both paediatric and
adult patients, the number of patients and anaesthetics, the use of a control group
and the defined time interval between diagnosis of sensitisation and anaesthesia.

The use of a control group enabled us to assess surrogate signs of allergy causing
instability such as the frequency of administered anti-allergic drugs, circulatory
support drugs and colloid fluids (Table 6). We found no differences between the
groups in this regard. The vast majority of the anti-allergic drug class consisted of
steroids in both groups. It is reasonable to believe that steroids were given more
often as an anti-emetic than as an anti-allergic drug.

There was a higher incidence of reported soy and peanut allergies in the control
group, suggesting a tendency to avoid propofol when allergy was reported prior to
anaesthesia (Table 7). Indeed, avoiding propofol in these patients is consistent with
the manufacturers’ recommendations in Sweden. The tendency to avoid propofol in
food-allergic patients has also been reported in other studies [54, 83]. It is
acknowledged that this tendency may have introduced a selection bias in previous
and present studies.

All patients in the study were diagnosed with sensitisation within 1 year of the
anaesthesia. This minimised the possibility that the patients did not exhibit specific
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IgE antibodies against peanuts and soy at the time of anaesthesia. Allergic
sensitisation, however, does not equate to clinical allergy. Allergologic follow-up
typically includes a clinical history and ideally, food provocation [112]. Because it
was not possible to clinically evaluate the allergic status of the patients, self-reported
allergies against peanuts and soy prior to anaesthesia were included in the study as
a complement to allergic sensitisation.

The retrospective design of the current study is a limitation; however, given the
apparent low incidence of allergic reactions to propofol in sensitised patients, it is
doubtful whether a prospective study, designed and powered to detect differences
in relevant outcome measures, ever will be undertaken.
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Study IV

The main finding of the present study was that rocuronium at a dose of 0.08 mg/kg
reduced the handgrip strength at 60 s to approximately one-third compared to
placebo, whereas the effect was minimally discernible after 0.04 mg/kg of
rocuronium. The dose-dependent effect of rocuronium at these doses enabled the
calculation of the effect corresponding to a therapeutic dose given for anaesthetic
purposes. Thus, 0.2 mg/kg of rocuronium (67 % of the EDos) was predicted to
decrease the baseline handgrip strength to approximately 1 % at 60 s.

The EDys of a NMBA denotes the dose required to reduce twitch height by 95 %,
which corresponds to 0.3 mg/kg for rocuronium [23]. While the standard intubating
dose is 0.6 mg/kg, lower doses (0.1-0.3 mg/kg) have been suggested to avoid the
inherent long recovery time for 0.6 mg/kg of rocuronium [29, 84, 113, 114]. We
chose to predict the effect of 0.2 mg/kg of rocuronium because the recovery time to
TOF =>0.8 at a dose of 0.22 mg/kg in children 2-7 years has been found to be 16-24
min [113, 114], which should be acceptable, even for a short surgical procedure.
Due to individual variability of sensitivity to NMBA, it is difficult to foresee what
NMBA doses are safe and at the same time produce measurable effects. Previous
studies on awake subjects have shown variable effects of different NMBAs on
various parameters at 13-35 % of the EDos [115-118]. Therefore, rocuronium doses
at 13 and 27 % of the EDos were used in this study.

The reduction in maximum grip strength after a NMBA has previously been studied.
Isono et al. [119] reported a 12 % reduction after 0.02 mg of pancuronium (29 % of
the EDys) and Kopman et al. [120] reported a 43 % mean reduction after mivacurium
titration to TOF = 0.7; however, the effect on sustained handgrip strength of a
NMBA measured with an electronic dynamometer has not been studied.

The finding that subparalyzing doses of rocuronium reduced the ability to maintain
muscle force in the hand may explain how a low NMBA dose can facilitate
intubation by reducing the ability to maintain the adduction force of the larynx.
However, for several reasons it is difficult to generalize muscular effects in the hand
to laryngeal muscles. In general, the neuromuscular blockade at the laryngeal
muscles is less intense and with a more rapid onset and offset compared to the
adductor pollicis muscle [24, 25]. This finding means that to achieve the same effect
on the laryngeal muscles as in the hand, a larger dose must be given. These results
do not necessarily apply to muscle endurance. Laryngeal muscles may be
exquisitely susceptible to the fatigability effect of a NMBA considering that the
intrinsic muscles of the larynx consist mostly of fast-twitch type II fibres in contrast
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to the adductor pollicis muscle [121] and type II fibres show less endurance to work.
Certainly, this reasoning needs to be corroborated in other studies.

While the effect of 0.08 mg/kg of rocuronium (27 % of the EDos) on sustained
muscle force was apparent, no effect on muscle function, as measured by twitch
height of the thumb, was detected. Previous studies on twitch height by ulnar nerve
stimulation after subparalyzing doses of a NMBA have shown some effect. Aziz et
al. [115] found a decrease in the mean TOF ratio to 0.89 after 0.06 mg/kg of
rocuronium (20 % of the EDys) and Howardy-Hansen et al. [118] demonstrated a
decrease in the median TOF ratio from 0.96 to 0.89 after 0.015 mg/kg of
pancuronium (21 % of the EDos). Although these results suggest TOF measurements
to be a more sensitive method, a 0.1 Hz ST measurement was chosen because during
the onset of NMBAs, which represents the time phase of the intubation manoeuvre,
the decrease in twitch height is faster than the development of fade in TOF
measurements [122-126].

A frequency of 0.1 Hz and a stabilization period of five minutes before drug
injection were applied to avoid the gradual decrease seen in evoked response with
frequencies >0.15 Hz [127] and a drift in twitch height, which is described during
the first two to three minutes after calibration [128].

Perhaps the most plausible explanation for the lack of effect on single twitch height
was the use of relatively low median currents (22.5 and 23.5 mA) in each group.
Although TOF monitoring has been shown to be stable in the range of 20-30 mA in
previous studies, amperage was recommended to be set 10-25 mA above threshold
current [129-132]. Despite this uncertainty, it was important to keep the current as
low as possible because of reported discomfort at current intensities of
approximately 50 mA and sometimes even at lower currents [129, 133, 134].

Three subjects, including one subject in the placebo group, never returned to >90 %
of the baseline twitch height. This fact, in addition to the absence of any significant
NMBA effect, implies that the single twitch model used in the present study needs
refinement.

The strengths of this study include the randomized double-blinded design; however,
there were also several limitations. The low number of subjects increased the
uncertainty of the results, especially the calculated data. In addition, the small size
of the study means that the study may have been underpowered to detect differences
in twitch height between groups. Furthermore, the study population may not be
representative of sick, old and very young patient groups.

In conclusion, sustained handgrip strength is a more sensitive method of measuring
low degrees of muscular blockade than a ST height. The findings suggest that low
doses of rocuronium exert an effect partly by reducing muscular endurance in
addition to a reduction in maximal strength.
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Conclusions

Study I

The key findings of the present study were that remifentanil 0.5 pg/kg produced
similar maximum depression of ventilatory drive as 1 pg/kg of fentanyl. The rapid
effect on ventilation has to be considered when administering bolus doses of
remifentanil to a spontaneously breathing patient.

Study II

In conclusion, 0.2 mg/kg of rocuronium neither satisfactorily nor significantly
improved intubation conditions above the conditions achieved with 3 mg/kg of
propofol and 2 pg/kg of remifentanil. It is still not clear if intubation in infants can
be achieved without a NMBA and without causing any harm to the vocal folds.
Moreover, recovery data after neuromuscular blockade in infants with low-dose
rocuronium needs further investigation.

Study I

Our study on propofol administered to patients sensitized to peanuts and/or soy did
not provide any data suggesting that it is unsafe to use propofol in this population.
This adds to a slowly growing body of evidence to support the use of propofol in
food-allergic patients. Despite the mainly unsubstantiated product leaflet warnings,
it is reasonable to believe that propofol anaesthesia is safer than to choose less
suitable alternatives on the basis of food allergies.

Study IV

Sustained handgrip strength is a more sensitive method of measuring low degrees
of muscular blockade than ST height. The findings suggest that low doses of
rocuronium may exert an effect partly by reducing muscle endurance.
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Popularvetenskaplig sammanfattning

En narkos baseras i manga fall pd en kombination av olika likemedel som tillfors
via blodbanan dér varje drog har olika effekt. Ett ladkemedel ges for att inducera
sOmn, ett annat dr smadrtstillande och ett tredje ges for att dstadkomma en
muskelrelaxation som framfor allt behdvs for att placera en plasttub i luftstrupen
(intubation) for att sdkra ventilationen av patienten under narkosen. Ibland &r ocksa
muskelavslappningen nodvéndig for det kirurgiska ingreppet. Nar nya likemedel
kommer i bruk har detta foregatts av manga och langa tester pad bade friska
forsokspersoner och pa patienter dar bl a preparatets effekter pa individen
(farmakodynamik) och hur individen omsétter preparatet (farmakokinetik) noggrant
har utvérderats.

Denna avhandling baseras pa fyra studier med olika fragestéllningar kring tre
narkosldkemedels funktioner.

Remifentanil &r ett kraftigt smaértstillande morfinliknande preparat. Effekten &r
extremt kortvarig och det behdver dérfor vanligtvis ges som en kontinuerlig
tillforsel. Den storsta fordelen &r att behandlingen dr extremt styrbar och att effekten
snabbt forsvinner nér tillforseln stoppas. Nackdelen &r att man behover planera for
annan smaértstillande behandling efter ingreppet om detta &r forknippat med
kvarvarande smirta. Det finns dock tillfallen dir patienter utsétts for smartsamma
men kortvariga procedurer som inte &r forknippat med nagon kvarvarande smarta.

Den smartstillande effekten av remifentanil jamfort med andra liknande lakemedel
har tidigare studerats men samtliga morfinliknande ldkemedel har dven andra
effekter, som att exempelvis ddmpa andningsfunktionen. Den effekten dr inte lika
vil undersokt. I artikel I studerade vi den andningsddmpande effekten av tre olika
doser remifentanil och jamférde med en “standarddos” fentanyl péd frivilliga
forsokspersoner. Fentanyl &r ett annat vanligt forekommande morfinliknande
preparat men med langre effekt. For smartstillande effekt &r samma dos remifentanil
och fentanyl jamforbara men resultatet av studien visar att remifentanil &r dubbelt
sé potent som fentanyl nir man tittar pa den andningsddmpande effekten.

Nackdelen med att ge en full dos muskelrelaxerande likemedel &r att man vid ett
kortvarigt ingrepp fortfarande kan ha en kvarvarande effekt vid operationens slut.
Detta kan dé paverka patientens formaga att andas. Det dr visat att man kan intubera
utan att ge muskelrelaxerande likemedel men da behéver man kombinera tdmligen
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hoga doser av narkosmedel och smértstillande 1dkemedel vilket kan ge ogynnsamma
effekter pa puls och blodtryck, framfor allt hos de minsta barnen, dldre patienter och
personer med hjért-kérlsjukdomar.

I artikel II testade vi hypotesen att ett tilligg av en lag dos muskelrelaxerande
lakemedel (rocuronium) i kombination med mattliga doser propofol och
remifentanil skulle ge battre intubationsférhallande pa 70 spadbarn jamfort med om
rocuronium uteldmnades. Vi fann ingen signifikant skillnad i forhallanden vid
intubationen mellan grupperna.

Propofol ér det vanligaste forekommande likemedlet for att inducera sémn vid
narkos. Det har en gynnsam profil med fé biverkningar vilket gor det till ett mycket
anvindbart narkosmedel i manga situationer. Propofol &r 16st i bl a sojaolja. I
Sverige och i ménga andra ldnder anges dérfor allergi mot soja och jordnot (pga risk
for korsreaktion med sojabdnor) som en kontraindikation till att anvinda propofol.
Dock finns det bara sporadiska, anekdotiska fallbeskrivningar som skulle kunna
styrka detta samband.

Artikel III &r en retrospektiv registerstudie dédr vi samkorde patienter med kénd
allergi mot soja och/eller jordnét med data fréan operationsplaneringssystem. Vi fann
544 personer som genomgatt 725 narkoser. 518 av dessa narkoser genomfordes med
propofol och vid 207 tillfallen anvidndes ett annat narkosldkemedel. Tre fall bland
dem som sévdes med propofol och tva fall i gruppen som sovdes med ett annat
lakemedel uppfyllde kriterier for allvarlig allergisk reaktion. Ett av fallen i
propfolgruppen behovde akut behandling som vid misstinkt allergi. Senare
uppfoljning kunde dock inte bekrafta ndgon allergi och patienten kunde vid ett annat
tillfélle, utan problem, sévas med propofol. Inget av de andra fallen f6ljdes upp men
vid granskning av journalerna gjordes bedomningen att organpaverkan troligtvis
inte berodde pé propofol eftersom ingen behandling mot allergisk reaktion gavs och
att symtomen snarare orsakades av en overgdende blodtryckssidnkning som ibland
ses efter givet narkosldkemedel.

Nér man ger ett muskelrelaxerande ldkemedel péverkas signalsystemet mellan
nervindan och muskeln och muskelkontraktionen paverkas. Hur uttalad
muskelrelaxationen blir beror pad hur ménga nerv/muskelenheter som paverkas som
i sin tur avgors av hur stor dos ldkemedel som givits. Syftet med muskelrelaxation i
samband med intubation ar att relaxera muskulaturen kring stimbandsplanet for att
lattare kunna fora ner en plasttub forbi 6ppna stimband.

Det finns sedan tidigare omfattande dokumentation kring den muskelavslappande
effekten av olika doser muskelrelaxantia och dess péverkan pé skilda
muskelgrupper. Det finns ocksé studier som visar att redan vid tillforsel av en liten
dos muskelrelaxantia skulle man kunna fa lika bra intubationsfoérhallanden som vid
en storre dos. Effekten av denna ldga dos kan inte enbart forklaras av en
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muskelparalys. 1 artikel IV testade vi hypotesen att effekten av en lag dos
muskelrelaxerande liakemedel (rocuronium) dven skulle kunna forklaras av en 6kad
uttrottbarhet i muskulaturen. Friska forsokspersoner fick vid tre olika tillfdllen tva
extremt ldga doser rocuronium samt koksalt (placebo) samtidigt som statisk
muskelkraft over tid méttes med en handdynamometer. Det blev en knappt mérkbar
skillnad mellan den ldgsta dosen och koksalt. Efter den nagot hogre dosen (som
fortfarande var extremt lag) minskade ddremot uthalligheten patagligt och var
endast en tredjedel jamfort med placebo vid samma tidpunkt. Trots denna patagliga
skillnad i uthéllighet kunde vi inte notera nidgon grad av muskelparalys med
konventionell dvervakningsmetod.

63






Acknowledgements

There have been so many times I’ve been doubtful about whether this thesis would
ever reach completion. Without support from colleagues, friends and family I would
never have accomplished this.

First of all, my first supervisor Olof Werner. In addition to being a role model as a
passionate paediatric anaesthetist, you always cared for the children, their parents
and your team.

My second supervisor, Peter Bentzer. I appreciate your courage to jump into this
project with a relentless optimism.

David Grubb, my colleague and co-supervisor. When we shared the on-call
weekends, you as a junior and I as a more senior colleague, you provided me with
the best take away food Lund could offer. Now, in this perspective, you have been
the senior, not only pushing me towards the edge of the cliff but also providing me
with good advice how to get through with this, hopefully in a decent way.

Per Westin, head of the unit of Paediatric Anaesthesia and Intensive Care, for
unlimited patience for my lengthy scientific education.

Elisabeth Olhager, head of the Department of Paediatric Surgery and Neonatal Care,
for your supporting and encouraging words.

Ann-Kristin Olsson, my mentor in paediatric cardiac anaesthesia. You taught me
everything and a little bit more how to survive with these patients. At the same time
there has been time to talk about dogs, food and life in general. I’'m grateful for
being given the opportunity to take part in the Sarajevo and Addis Ababa projects.

All my colleagues at the unit of Paediatric Anaesthesia and Intensive Care Unit. At
first sight we might be a sprawling group but together our competence is unique and
I’m thankful and humble for being a part of this successful team.

My co-workers at the Paediatric Intensive Care Unit and the Paediatric Operation
Theatre for years of excellent work together during all hours of the day. You all
make a difference.

65



My parents, Ulla and Sam, and my brothers, Bjorn and Ulf, for the time we had
together during our childhood and later for support and sensible talks during ups
and downs. Dad, I still think of you every day.

Our sons, Jakob, Johan and Olle. Our best investments with highest yield. I admire
your guts to make your own choices, truly based on your personal values. Thanks
for all long-distance technical support. You keep me young.

Finally, my wife and love, Mia. I still clearly remember the first day I met you, a
sunny day at the sea. At that time you were a sullen teenager. From many
perspectives you are still a teenager, though not so sullen anymore, and the sun is
still shining.

Financial support

Generous financial support was provided from the Southern Health Care Region to
complete this thesis.

66



References

10.

11.

12.

Crile GW. Phylogenetic Association in Relation to Certain Medical
Problems. The Boston Medical and Surgical Journal. 1910;163(24):893-
904.

Lundy JS. Balanced anesthesia. Minn Med. 1926;9:399-404.

Gray TC, Halton J. Technique for the use of d-tubocurarine chloride with
balanced anaesthesia. Br Med J. 1946;2:293-5.

Minto CF, Schnider TW, Egan TD, Youngs E, Lemmens HJ, Gambus PL,
et al. Influence of age and gender on the pharmacokinetics and
pharmacodynamics of remifentanil. I. Model development.
Anesthesiology. 1997;86(1):10-23.

Egan TD, Minto CF, Hermann DJ, Barr J, Muir KT, Shafer SL.
Remifentanil versus alfentanil: comparative pharmacokinetics and
pharmacodynamics in healthy adult male volunteers. Anesthesiology.
1996;84(4):821-33.

Egan TD. Remifentanil pharmacokinetics and pharmacodynamics. A
preliminary appraisal. Clin Pharmacokinet. 1995;29(2):80-94.

Mingo OH, Ashpole KJ, Irving CJ, Rucklidge MW. Remifentanil sedation
for awake fibreoptic intubation with limited application of local
anaesthetic in patients for elective head and neck surgery. Anaesthesia.
2008;63(10):1065-9.

Kapila A, Glass PS, Jacobs JR, Muir KT, Hermann DJ, Shiraishi M, et al.
Measured context-sensitive half-times of remifentanil and alfentanil.
Anesthesiology. 1995;83(5):968-75.

Servin FS, Billard V. Remifentanil and other opioids. Handb Exp
Pharmacol. 2008(182):283-311.

Lang E, Kapila A, Shlugman D, Hoke JF, Sebel PS, Glass PS. Reduction
of isoflurane minimal alveolar concentration by remifentanil.
Anesthesiology. 1996;85(4):721-8.

Ross AK, Davis PJ, Dear Gd GL, Ginsberg B, McGowan FX, Stiller RD,
et al. Pharmacokinetics of remifentanil in anesthetized pediatric patients
undergoing elective surgery or diagnostic procedures. Anesthesia and
analgesia. 2001;93(6):1393-401, table of contents.

Munoz HR, Cortinez LI, Ibacache ME, Altermatt FR. Remifentanil
requirements during propofol administration to block the somatic response

67



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

68

to skin incision in children and adults. Anesthesia and analgesia.
2007;104(1):77-80.

Chanavaz C, Tirel O, Wodey E, Bansard JY, Senhadji L, Robert JC, et al.
Haemodynamic effects of remifentanil in children with and without
intravenous atropine. An echocardiographic study. British journal of
anaesthesia. 2005;94(1):74-9.

Barker N, Lim J, Amari E, Malherbe S, Ansermino JM. Relationship
between age and spontaneous ventilation during intravenous anesthesia in
children. Paediatric anaesthesia. 2007;17(10):948-55.

Peacock JE, Luntley JB, O'Connor B, Reilly CS, Ogg TW, Watson BJ, et
al. Remifentanil in combination with propofol for spontaneous ventilation
anaesthesia. British journal of anaesthesia. 1998;80(4):509-11.
Ansermino JM, Magruder W, Dosani M. Spontaneous respiration during
intravenous anesthesia in children. Curr Opin Anaesthesiol.
2009;22(3):383-7.

Griffith HR, Johnson GE. The use of curare in general anesthesia.
Anesthesiology. 1942;3:418-20.

Beecher HK, Todd DP. A study of deaths with anesthesia and surgery.
Ann Surg. 1954;140:2-34.

Thesleff S. An investigation of succinyl-choline-iodide in man. Acta
Physiol Scand. 1952;25(4):368-76.

Roberts DV, Wilson A. Electromyography in the diagnosis and treatment
of myasthenia gravis. Br J Pharmacol. 1968;34(1):229P-30P.

Ali HH, Utting JE, Gray C. Stimulus frequency in the detection of
neuromuscular block in humans. British journal of anaesthesia.
1970;42(11):967-78.

Wierda JM, de Wit AP, Kuizenga K, Agoston S. Clinical observations on
the neuromuscular blocking action of Org 9426, a new steroidal non-
depolarizing agent. British journal of anaesthesia. 1990;64(4):521-3.
Naguib M, Samarkandi AH, Bakhamees HS, Magboul MA, el-Bakry AK.
Comparative potency of steroidal neuromuscular blocking drugs and
isobolographic analysis of the interaction between rocuronium and other
aminosteroids. British journal of anaesthesia. 1995;75(1):37-42.
Meistelman C, Plaud B, Donati F. Rocuronium (ORG 9426)
neuromuscular blockade at the adductor muscles of the larynx and
adductor pollicis in humans. Canadian journal of anaesthesia = Journal
canadien d'anesthesie. 1992;39(7):665-9.

Hemmerling TM, Donati F. Neuromuscular blockade at the larynx, the
diaphragm and the corrugator supercilii muscle: a review. Canadian
journal of anaesthesia = Journal canadien d'anesthesie. 2003;50(8):779-94.
Taivainen T, Meretoja OA, Erkola O, Rautoma P, Juvakoski M.
Rocuronium in infants, children and adults during balanced anaesthesia.
Paediatric anaesthesia. 1996;6(4):271-5.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Baykara N, Woelfel S, Fine GF, Solak M, Toker K, Brandom BW.
Predicting recovery from deep neuromuscular block by rocuronium in
children and adults. Journal of clinical anesthesia. 2002;14(3):214-7.
Wierda JM, Meretoja OA, Taivainen T, Proost JH. Pharmacokinetics and
pharmacokinetic-dynamic modelling of rocuronium in infants and
children. British journal of anaesthesia. 1997;78(6):690-5.

Driessen JJ, Robertson EN, Van Egmond J, Booij LH. The time-course of
action and recovery of rocuronium 0.3 mg x kg(-1) in infants and children
during halothane anaesthesia measured with acceleromyography.
Paediatric anaesthesia. 2000;10(5):493-7.

Price HL. A dynamic concept of the distribution of thiopental in the
human body. Anesthesiology. 1960;21:40-5.

Bischoff KB, Dedrick RL. Thiopental pharmacokinetics. J Pharm Sci.
1968;57(8):1346-51.

James R, Glen JB. Synthesis, biological evaluation, and preliminary
structure-activity considerations of a series of alkylphenols as intravenous
anesthetic agents. ] Med Chem. 1980;23(12):1350-7.

Krasowski MD, Nishikawa K, Nikolaeva N, Lin A, Harrison NL.
Methionine 286 in transmembrane domain 3 of the GABAA receptor beta
subunit controls a binding cavity for propofol and other alkylphenol
general anesthetics. Neuropharmacology. 2001;41(8):952-64.

Shafer SL. Advances in propofol pharmacokinetics and
pharmacodynamics. Journal of clinical anesthesia. 1993;5(6 Suppl 1):14S-
218.

Baker MT, Naguib M. Propofol: the challenges of formulation.
Anesthesiology. 2005;103(4):860-76.

Glen JB, Hunter SC. Pharmacology of an emulsion formulation of ICI 35
868. British journal of anaesthesia. 1984;56(6):617-26.

Laxenaire MC, Mata-Bermejo E, Moneret-Vautrin DA, Gueant JL. Life-
threatening anaphylactoid reactions to propofol (Diprivan).
Anesthesiology. 1992;77(2):275-80.

de Leon-Casasola OA, Weiss A, Lema MJ. Anaphylaxis due to propofol.
Anesthesiology. 1992;77(2):384-6.

Laxenaire MC, Gueant JL, Bermejo E, Mouton C, Navez MT.
Anaphylactic shock due to propofol. Lancet. 1988;2(8613):739-40.
McHale SP, Konieczko K. Anaphylactoid reaction to propofol.
Anaesthesia. 1992;47(10):864-5.

Ducart AR, Watremez C, Louagie YA, Collard EL, Broka SM, Joucken
KL. Propofol-induced anaphylactoid reaction during anesthesia for cardiac
surgery. J Cardiothorac Vasc Anesth. 2000;14(2):200-1.

Tsai MH, Kuo PH, Hong RL, Yang PC. Anaphylaxis after propofol
infusion for Port-A-Cath insertion in a 35-year old man. J Formos Med
Assoc. 2001;100(6):424-6.

69



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

70

Koul A, Jain R, Sood J. A critical incident report: Propofol triggered
anaphylaxis. Indian J Anaesth. 2011;55(5):530-3.

Hepner DL, Castells MC. Anaphylaxis during the perioperative period.
Anesthesia and analgesia. 2003;97(5):1381-95.

Tashkandi J. My patient is allergic to eggs, can i use propofol? A case
report and review. Saudi J Anaesth. 2010;4(3):207-8.

Hofer KN, McCarthy MW, Buck ML, Hendrick AE. Possible anaphylaxis
after propofol in a child with food allergy. Ann Pharmacother.
2003;37(3):398-401.

Nishiyama T, Hanaoka K. Propofol-induced bronchoconstriction: two case
reports. Anesthesia and analgesia. 2001;93(3):645-6.

Basset CW T-CE, Holtzin L, et al. Case report: an adverse reaction to
propofol in a patient with egg hypersensitivity. J Allergy Clin Immunol.
1994;93:242.

Fontaine M, Dubost J, Bienvenu F, Ferrenq Dubost R, Proton G, Piriou V.
[Severe bronchospasm using Diprivan(R) in a patient allergic to peanut
and birch]. Ann Fr Anesth Reanim. 2011;30(2):147-9.

Bradley AE, Tober KE, Brown RE. Use of propofol in patients with food
allergies. Anaesthesia. 2008;63(4):439.

Dewachter P, Mouton-Faivre C, Castells MC, Hepner DL. Anesthesia in
the patient with multiple drug allergies: are all allergies the same? Curr
Opin Anaesthesiol. 2011;24(3):320-5.

Gangineni K, Scase AE, Fearn J. Propofol and peanut allergy.
Anaesthesia. 2007;62(11):1191.

Murphy A, Campbell DE, Baines D, Mehr S. Allergic reactions to
propofol in egg-allergic children. Anesthesia and analgesia.
2011;113(1):140-4.

Asserhoj LL, Mosbech H, Kroigaard M, Garvey LH. No evidence for
contraindications to the use of propofol in adults allergic to egg, soy or
peanutdagger. British journal of anaesthesia. 2016;116(1):77-82.

Harper NJ, Dixon T, Dugue P, Edgar DM, Fay A, Gooi HC, et al.
Suspected anaphylactic reactions associated with anaesthesia.
Anaesthesia. 2009;64(2):199-211.

Allegaert K, Peeters MY, Verbesselt R, Tibboel D, Naulaers G, de Hoon
JN, et al. Inter-individual variability in propofol pharmacokinetics in
preterm and term neonates. British journal of anaesthesia. 2007;99(6):864-
70.

Rigby-Jones AE, Sneyd JR. Propofol and children--what we know and
what we do not know. Paediatric anaesthesia. 2011;21(3):247-54.

Munoz HR, Cortinez LI, Ibacache ME, Altermatt FR. Estimation of the
plasma effect site equilibration rate constant (ke0) of propofol in children
using the time to peak effect: comparison with adults. Anesthesiology.
2004;101(6):1269-74.



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Massy-Westropp N, Rankin W, Ahern M, Krishnan J, Hearn TC.
Measuring grip strength in normal adults: reference ranges and a
comparison of electronic and hydraulic instruments. J Hand Surg Am.
2004;29(3):514-9.

Viby-Mogensen J, Engbaek J, Eriksson LI, Gramstad L, Jensen E, Jensen
FS, et al. Good clinical research practice (GCRP) in pharmacodynamic
studies of neuromuscular blocking agents. Acta anaesthesiologica
Scandinavica. 1996;40(1):59-74.

Fuchs-Buder T, Claudius C, Skovgaard LT, Eriksson LI, Mirakhur RK,
Viby-Mogensen J. Good clinical research practice in pharmacodynamic
studies of neuromuscular blocking agents II: the Stockholm revision. Acta
anaesthesiologica Scandinavica. 2007;51(7):789-808.

Igarashi A, Amagasa S, Horikawa H, Shirahata M. Vecuronium directly
inhibits hypoxic neurotransmission of the rat carotid body. Anesthesia and
analgesia. 2002;94(1):117-22, table of contents.

Mencke T, Echternach M, Kleinschmidt S, Lux P, Barth V, Plinkert PK, et
al. Laryngeal morbidity and quality of tracheal intubation: a randomized
controlled trial. Anesthesiology. 2003;98(5):1049-56.

Combes X, Andriamifidy L, Dufresne E, Suen P, Sauvat S, Scherrer E, et
al. Comparison of two induction regimens using or not using muscle
relaxant: impact on postoperative upper airway discomfort. British journal
of anaesthesia. 2007;99(2):276-81.

Stevens JB, Wheatley L. Tracheal intubation in ambulatory surgery
patients: using remifentanil and propofol without muscle relaxants.
Anesthesia and analgesia. 1998;86(1):45-9.

Batra YK, Al Qattan AR, Ali SS, Qureshi MI, Kuriakose D, Migahed A.
Assessment of tracheal intubating conditions in children using
remifentanil and propofol without muscle relaxant. Paediatric anaesthesia.
2004;14(6):452-6.

Blair JM, Hill DA, Wilson CM, Fee JP. Assessment of tracheal intubation
in children after induction with propofol and different doses of
remifentanil. Anaesthesia. 2004;59(1):27-33.

Crawford MW, Hayes J, Tan JM. Dose-response of remifentanil for
tracheal intubation in infants. Anesthesia and analgesia.
2005;100(6):1599-604.

Klemola UM, Hiller A. Tracheal intubation after induction of anesthesia
in children with propofol--remifentanil or propofol-rocuronium. Canadian
journal of anaesthesia = Journal canadien d'anesthesie. 2000;47(9):854-9.
Morgan JM, Barker I, Peacock JE, Eissa A. A comparison of intubating
conditions in children following induction of anaesthesia with propofol
and suxamethonium or propofol and remifentanil. Anaesthesia.
2007;62(2):135-9.

71



71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

72

Robinson DN, O'Brien K, Kumar R, Morton NS. Tracheal intubation
without neuromuscular blockade in children: a comparison of propofol
combined either with alfentanil or remifentanil. Paediatric anaesthesia.
1998;8(6):467-71.

Kern SE, Xie G, White JL, Egan TD. A response surface analysis of
propofol-remifentanil pharmacodynamic interaction in volunteers.
Anesthesiology. 2004;100(6):1373-81.

Helbo-Hansen S, Ravlo O, Trap-Andersen S. The influence of alfentanil
on the intubating conditions after priming with vecuronium. Acta
anaesthesiologica Scandinavica. 1988;32(1):41-4.

Steyn MP, Quinn AM, Gillespie JA, Miller DC, Best CJ, Morton NS.
Tracheal intubation without neuromuscular block in children. British
journal of anaesthesia. 1994;72(4):403-6.

Simons FER, Ardusso LR, Bilo MB, Cardona V, Ebisawa M, El-Gamal
YM, et al. International consensus on (ICON) anaphylaxis. World Allergy
Organization Journal. 2014;7(1):1-19.

Mertes PM, De Blay F, Dong S. [Allergic risk in anaesthesia]. Presse
Med. 2013;42(3):269-79.

Antunes J, Kochuyt AM, Ceuppens JL. Perioperative allergic reactions:
experience in a Flemish referral centre. Allergol Immunopathol (Madr).
2014;42(4):348-54.

Caimmi S, Caimmi D, Bernardini R, Caffarelli C, Crisafulli G, Pingitore
G, et al. Perioperative anaphylaxis: epidemiology. Int J Immunopathol
Pharmacol. 2011;24(3 Suppl):S21-6.

Krishna MT, York M, Chin T, Gnanakumaran G, Heslegrave J, Derbridge
C, et al. Multi-centre retrospective analysis of anaphylaxis during general
anaesthesia in the United Kingdom: aetiology and diagnostic performance
of acute serum tryptase. Clin Exp Immunol. 2014;178(2):399-404.
Lieberman P, Nicklas RA, Randolph C, Oppenheimer J, Bernstein D,
Bernstein J, et al. Anaphylaxis--a practice parameter update 2015. Ann
Allergy Asthma Immunol. 2015;115(5):341-84.

Molina-Infante J, Arias A, Vara-Brenes D, Prados-Manzano R, Gonzalez-
Cervera J, Alvarado-Arenas M, et al. Propofol administration is safe in
adult eosinophilic esophagitis patients sensitized to egg, soy, or peanut.
Allergy. 2014;69(3):388-94.

Wiskin AE, Smith J, Wan SK, Nally MW, Shah N. Propofol anaesthesia is
safe in children with food allergy undergoing endoscopy. British journal
of anaesthesia. 2015;115(1):145-6.

Mehta P, Sundaram SS, Furuta GT, Pan Z, Atkins D, Markowitz S.
Propofol Use in Pediatric Patients With Food Allergy and Eosinophilic
Esophagitis. J Pediatr Gastroenterol Nutr. 2017;64(4):546-9.



&4.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Barclay K, Eggers K, Asai T. Low-dose rocuronium improves conditions
for tracheal intubation after induction of anaesthesia with propofol and
alfentanil. British journal of anaesthesia. 1997;78(1):92-4.

Schlaich N, Mertzlufft F, Soltesz S, Fuchs-Buder T. Remifentanil and
propofol without muscle relaxants or with different doses of rocuronium
for tracheal intubation in outpatient anaesthesia. Acta anaesthesiologica
Scandinavica. 2000;44(6):720-6.

Sastry SG, Lemmens HJ. The intubating laryngeal mask airway:
rocuronium improves endotracheal intubating conditions and success rate.
Journal of clinical anesthesia. 2005;17(3):163-6.

Berman AH, Bergman H, Palmstierna T, Schlyter F. Evaluation of the
Drug Use Disorders Identification Test (DUDIT) in criminal justice and
detoxification settings and in a Swedish population sample. Eur Addict
Res. 2005;11(1):22-31.

Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant M.
Development of the Alcohol Use Disorders Identification Test (AUDIT):
WHO Collaborative Project on Early Detection of Persons with Harmful
Alcohol Consumption--1I. Addiction. 1993;88(6):791-804.

Babenco HD, Conard PF, Gross JB. The pharmacodynamic effect of a
remifentanil bolus on ventilatory control. Anesthesiology.
2000;92(2):393-8.

Bouillon T, Bruhn J, Radu-Radulescu L, Andresen C, Cohane C, Shafer
SL. A model of the ventilatory depressant potency of remifentanil in the
non-steady state. Anesthesiology. 2003;99(4):779-87.

Mapleson WW. The elimination of rebreathing in various semi-closed
anaesthetic systems. British journal of anaesthesia. 1954;26(5):323-32.
Merilainen P, Hanninen H, Tuomaala L. A novel sensor for routine
continuous spirometry of intubated patients. J Clin Monit. 1993;9(5):374-
80.

Drummond GB, Lafferty B. Oxygen saturation decreases acutely when
opioids are given during anaesthesia. British journal of anaesthesia.
2010;104(5):661-3.

Picard P, Tramer MR. Prevention of pain on injection with propofol: a
quantitative systematic review. Anesthesia and analgesia. 2000;90(4):963-
9.

Siles RI, Hsieh FH. Allergy blood testing: A practical guide for clinicians.
Cleve Clin J Med. 2011;78(9):585-92.

McEwan Al, Smith C, Dyar O, Goodman D, Smith LR, Glass PS.
Isoflurane minimum alveolar concentration reduction by fentanyl.
Anesthesiology. 1993;78(5):864-9.

Karan S, Voter W, Palmer L, Ward DS. Effects of pain and audiovisual
stimulation on the opioid-induced depression of the hypoxic ventilatory
response. Anesthesiology. 2005;103(2):384-90.

73



98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

74

Hsu YW, Cortinez LI, Robertson KM, Keifer JC, Sum-Ping ST, Moretti
EW, et al. Dexmedetomidine pharmacodynamics: part I: crossover
comparison of the respiratory effects of dexmedetomidine and
remifentanil in healthy volunteers. Anesthesiology. 2004;101(5):1066-76.
Glass PS, Hardman D, Kamiyama Y, Quill TJ, Marton G, Donn KH, et al.
Preliminary pharmacokinetics and pharmacodynamics of an ultra-short-
acting opioid: remifentanil (GI87084B). Anesthesia and analgesia.
1993;77(5):1031-40.

Glass PS, Gan TJ, Howell S. A review of the pharmacokinetics and
pharmacodynamics of remifentanil. Anesthesia and analgesia. 1999;89(4
Suppl):S7-14.

Gustorff B, Nahlik G, Hoerauf KH, Kress HG. The absence of acute
tolerance during remifentanil infusion in volunteers. Anesthesia and
analgesia. 2002;94(5):1223-8, table of contents.

Feldman JL, Del Negro CA. Looking for inspiration: new perspectives on
respiratory rhythm. Nat Rev Neurosci. 2006;7(3):232-42.

Sasano H, Vesely AE, Iscoe S, Tesler JC, Fisher JA. A simple apparatus
for accelerating recovery from inhaled volatile anesthetics. Anesthesia and
analgesia. 2001;93(5):1188-91.

Sakata DJ, Gopalakrishnan NA, Orr JA, White JL, Westenskow DR.
Rapid recovery from sevoflurane and desflurane with hypercapnia and
hyperventilation. Anesthesia and analgesia. 2007;105(1):79-82.

Sakata DJ, Gopalakrishnan NA, Orr JA, White JL, Westenskow DR.
Hypercapnic hyperventilation shortens emergence time from isoflurane
anesthesia. Anesthesia and analgesia. 2007;104(3):587-91.

Vesely A, Fisher JA, Sasano N, Preiss D, Somogyi R, El-Beheiry H, et al.
Isocapnic hyperpnoea accelerates recovery from isoflurane anaesthesia.
British journal of anaesthesia. 2003;91(6):787-92.

Blouin RT, Conard PF, Gross JB. Time course of ventilatory depression
following induction doses of propofol and thiopental. Anesthesiology.
1991;75(6):940-4.

Gross JB. When you breathe IN you inspire, when you DON'T breathe,
you...expire: new insights regarding opioid-induced ventilatory
depression. Anesthesiology. 2003;99(4):767-70.

Pattinson KT. Opioids and the control of respiration. British journal of
anaesthesia. 2008;100(6):747-58.

Bragg P, Fisher DM, Shi J, Donati F, Meistelman C, Lau M, et al.
Comparison of twitch depression of the adductor pollicis and the
respiratory muscles. Pharmacodynamic modeling without plasma
concentrations. Anesthesiology. 1994;80(2):310-9.

Hume-Smith H, McCormack J, Montgomery C, Brant R, Malherbe S,
Mehta D, et al. The effect of age on the dose of remifentanil for tracheal



112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

intubation in infants and children. Paediatric anaesthesia. 2010;20(1):19-
27.

Lieberman JA, Sicherer SH. The diagnosis of food allergy. Am J Rhinol
Allergy. 2010;24(6):439-43.

Eikermann M, Renzing-Kohler K, Peters J. Probability of acceptable
intubation conditions with low dose rocuronium during light sevoflurane
anaesthesia in children. Acta anaesthesiologica Scandinavica.
2001;45(8):1036-41.

Eikermann M, Hunkemoller I, Peine L, Armbruster W, Stegen B, Husing
J, et al. Optimal rocuronium dose for intubation during inhalation
induction with sevoflurane in children. British journal of anaesthesia.
2002;89(2):277-81.

Aziz L, Jahangir SM, Choudhury SN, Rahman K, Ohta Y, Hirakawa M.
The effect of priming with vecuronium and rocuronium on young and
elderly patients. Anesthesia and analgesia. 1997;85(3):663-6.

Engbaek J, Howardy-Hansen P, Ording H, Viby-Mogensen J.
Precurarization with vecuronium and pancuronium in awake, healthy
volunteers: the influence on neuromuscular transmission and pulmonary
function. Acta anaesthesiologica Scandinavica. 1985;29(1):117-20.
Gerber HR, Johansen SH, Mortimer JT, Yodlowski E. Frequency sweep
electromyogram and voluntary effort in volunteers after d-tubocurarine.
Anesthesiology. 1977;46(1):35-9.

Howardy-Hansen P, Jorgensen BC, Ording H, Viby-Mogensen J.
Pretreatment with non-depolarizing muscle relaxants: the influence on
neuromuscular transmission and pulmonary function. Acta
anaesthesiologica Scandinavica. 1980;24(5):419-22.

Isono S, Ide T, Kochi T, Mizuguchi T, Nishino T. Effects of partial
paralysis on the swallowing reflex in conscious humans. Anesthesiology.
1991;75(6):980-4.

Kopman AF, Yee PS, Neuman GG. Relationship of the train-of-four fade
ratio to clinical signs and symptoms of residual paralysis in awake
volunteers. Anesthesiology. 1997;86(4):765-71.

Sanders I, Aviv J, Kraus WM, Racenstein MM, Biller HF. Transcutaneous
electrical stimulation of the recurrent laryngeal nerve in monkeys. Ann
Otol Rhinol Laryngol. 1987;96(1 Pt 1):38-42.

Turner GA, Williams JD, Baker DJ. Train-of-four fade during onset and
recovery of neuromuscular block: a study in non-anaesthetized subjects.
British journal of anaesthesia. 1989;62(3):279-86.

McCoy EP, Connolly FM, Mirakhur RK, Loan PB, Paxton LD.
Nondepolarizing neuromuscular blocking drugs and train-of-four fade.
Canadian journal of anaesthesia = Journal canadien d'anesthesie.
1995;42(3):213-6.

75



124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

76

Pearce AC, Casson WR, Jones RM. Factors affecting train-of-four fade.
British journal of anaesthesia. 1985;57(6):602-6.

Graham GG, Morris R, Pybus DA, Torda TA, Woodey R. Relationship of
train-of-four ratio to twitch depression during pancuronium-induced
neuromuscular blockade. Anesthesiology. 1986;65(6):579-83.

Bhatt SB, Amann A, Nigrovic V. Modeling of twitch fade based on slow
interaction of nondepolarizing muscle relaxants with the presynaptic
receptors. J Pharmacokinet Pharmacodyn. 2006;33(4):461-83.

Lee CM. Train-of-4 quantitation of competitive neuromuscular block.
Anesthesia and analgesia. 1975;54(5):649-53.

Girling KJ, Mahajan RP. The effect of stabilization on the onset of
neuromuscular block when assessed using accelerometry. Anesthesia and
analgesia. 1996;82(6):1257-60.

Brull SJ, Ehrenwerth J, Silverman DG. Stimulation with submaximal
current for train-of-four monitoring. Anesthesiology. 1990;72(4):629-32.
Silverman DG, Connelly NR, O'Connor TZ, Garcia R, Brull SJ.
Accelographic train-of-four at near-threshold currents. Anesthesiology.
1992;76(1):34-8.

Brull SJ, Ehrenwerth J, Connelly NR, Silverman DG. Assessment of
residual curarization using low-current stimulation. Canadian journal of
anaesthesia = Journal canadien d'anesthesie. 1991;38(2):164-8.
Helbo-Hansen HS, Bang U, Nielsen HK, Skovgaard LT. The accuracy of
train-of-four monitoring at varying stimulating currents. Anesthesiology.
1992;76(2):199-203.

Connelly NR, Silverman DG, O'Connor TZ, Brull SJ. Subjective
responses to train-of-four and double burst stimulation in awake patients.
Anesthesia and analgesia. 1990;70(6):650-3.

Brull SJ, Silverman DG. Pulse width, stimulus intensity, electrode
placement, and polarity during assessment of neuromuscular block.
Anesthesiology. 1995;83(4):702-9.






UNIVERSITY

Aspects of intravenous
anaesthesia

FACULTY OF
MEDICINE

Jan Gelberg holds a position as a consultant
at the Department of Paediatric Anaesthesia
and Intensive Care, Skdne University
Hospital, Lund, Sweden.

He has special interest in paediatric cardiac
anaesthesia, paediatric emergencies and
cardiopulmonary resuscitation.

Department of Anesthesiology and Intensive Care
Insitution of Clinical Sciences Lund

Lund University, Faculty of Medicine
Doctoral Dissertation Series 2019:12
ISBN 978-91-7619-741-7

ISSN 1652-8220

Printed by Media-Tryck, Lund 2019 % NORDIC SWAN ECOLABEL 3041 0903

17"

—
=

="

—_—
—
—
—

e )
=

|



