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Review article

Airway management pharmacology: a narrative review

Abstract

Background and purpose: The selection of anaesthetics and their cor-
rect dosage when securing the airway by endotracheal intubation are crucial
Jfor patient safety. In this context, different classes of drugs play an essential
role. Intravenous anaesthetics, such as propofol, are often used to induce
anaesthesia. Knowledge of the pharmacokinetic and pharmacodynamic
characteristics of intravenous anaesthetics is extremely important due to the
possibility of adequate drug selection in relation to the patient’s condition
and the side effects produced by these drugs. Ketamine is an anaesthetic that
provides dissociative anaesthesia, analgesia and amnesia, and is often used
in emergency situations because of its favourable hemodynamic effects. In
recent years, the use of ketamine has undergone significant expansion, as has
the study of its anaesthetic effects. Muscle relaxants that facilitate intubation
and ventilation during anaesthesia are an essential part of the complex
process of establishing the airway. These drugs, in combination with hypnot-
ics and opioid analgesics, facilitate endotracheal intubation. Opioid anal-
gesics, such as fentanyl, are necessary drugs to establish an airway, given that
endotracheal intubation is one of the most painful interventions in anaes-
thesia. for analgesia during procedures and immediate postoperative treat-
ment of acute pain. Benzodiazepines are used in elective airway manage-
ment with the aim of sedation and anxiety reduction.

Conclusions: The correct application of drugs and intubation techniques
is directly related to the safety and efficiency of establishing the airway; thus,
the quality of healthcare is significantly improved.

INTRODUCTION
A irway establishment and endotracheal intubation (ETI) are life-

aving interventions frequently performed in emergency medicine,
intensive care, and prehospital medicine. Despite its prevalence, ETT is
associated with significant patient morbidity and mortality and is con-
sidered the riskiest procedure frequently performed in emergency set-
tings (1,2). Airway manipulation in emergency situations can cause
life-threatening hemodynamic changes in patients, and arterial hypo-
tension usually prompts aggressive resuscitation efforts (3).

Critically ill patients usually require endotracheal intubation (ETT)
to improve oxygenation and ventilation (3). However, the need to pro-
vide an airway poses a challenge for patients who are often hemody-
namically unstable and cannot compensate for this procedure (4).

According to several guidelines, difficult intubation is defined as
when an experienced resuscitation physician anticipates or encounters
difficulties with ventilation using a face mask, direct or video laryngos-
copy, identifying anatomical structures, utilising supraglottic devices,
or requiring urgent surgical airway establishment (5). Objective signs of
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difficult intubation can be represented by objective clas-
sifications, such as the Mallampati classification, which
assigns a severity score of 3 or 4. A patient in respiratory
distress due to low oxygen reserve, as well as anatomical
malformations of the mandible, palate, tongue, uvula,
and aryepiglottic folds, is also a predictor of diflicult in-
tubation (6,7,8).

Difficult or unsuccessful airway establishment under
anaesthesia is a significant cause of patient morbidity and
mortality, including potentially preventing adverse out-
comes such as airway trauma, brain damage, or patient
death (3,4). Difficult or unsuccessful intubation is a re-
sponsibility and challenge for anaesthesiologists. Updated
airway guidelines and the implementation of new airway
devices in practice may affect patient safety (9).

Difficult intubation can occur due to various anatom-
ical, physiological, or pathological factors and represents
a crucial step in treatment. In such circumstances, the
correct choice of drugs and their administration become
crucial to ensure successful intubation and reduce poten-
tial complications. Understanding the pharmacology and
mechanisms of action of drugs used in difficult intubation
can contribute to patient safety and the efficiency of the
intubation procedure (9). Training for providing an air-
way is a continuous process that should begin with theo-
retical training, followed by training on phantom man-
nequins, and later in the operating room under controlled
conditions under the supervision of an experienced an-
aesthesiologist, culminating in emergency care in the field

itself (10).

Inadequate planning of airway management and errors
in judgment contribute to the harm suffered by the pa-
tient. The results of several studies emphasise the need to
improve practical skills and establish protocols for han-
dling difficult or failed tracheal intubation (9). Although
standard laryngoscopy is the most common emergency
intubation technique, flexible endoscopy is a valuable skill
within a physician's procedural capabilities. This has long
been the gold standard method for patients considered
too risky for neuromuscular blockade. Although video
laryngoscopes have largely replaced direct laryngoscopy,
according to guidelines, the use of flexible endoscopy has
remained fairly constant, serving as the gold standard in

difficult intubation (6,7).

ANAESTHETICS AND HYPNOTICS

The most commonly used drugs for hypnosis before
patient intubation are propofol, ketamine (a racemic mix-
ture of R and S forms of ketamine), etomidate and thio-

pentone (7).

Ketamine is a phenylcyclidine derivative that causes
dissociation of the thalamus from the limbic cortex. It
belongs to NMDA (N-methyl-D-aspartate) receptor an-

tagonists. It has an effect on opioid, noradrenergic, sero-
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tonin, dopamine and muscarinic effects. In addition to
the hypnotic effect, it also shows effects on amnesia and
an antidepressant effect. Due to its high solubility in lip-
ids, it readily crosses the blood-brain and placental barri-
ers (7). A dissociative dose of ketamine through the
NMDA receptor desensitises the patient to ETT (or any
other painful stimulus) while inducing amnesia, while
airway reflexes, breathing, and arterial blood pressure are
usually maintained, albeit at moderately elevated levels
compared to the initial state (6,7). When ketamine is ad-
ministered intravenously (IV) as a rapid bolus dose of 0.5
to 1 mg for the S form and 2 to 2.2 mg for the racemic
mixture of R and S forms of ketamine. Fast application
of ketamine may cause a brief period of apnoea that usu-
ally resolves quickly but is undesirable and can often be
avoided by slowly administering ketamine over 30-60
seconds. This may require dilution of the drug or the
creation of a combination with propofol, known as Keto-
fol (6,7,8). Ketamine can antagonise the effects of hista-
mine and is used in the treatment of status asthmaticus
(7). Ketamine causes dissociation of the cortex from
brainstem functions; the eyes can remain open, but the
patient is anesthetised. Because many brainstem reflexes
remain intact, vomiting can occur when upper airway
structures are stimulated. Vomiting occurs in approxi-
mately 5-15% of cases of ketamine administration in
adults (5). Due to the muscarinic effects, lacrimation and
salivation are increased, and pupil dilation and nystagmus
may occur. Involuntary movements of arms, legs, head
and trunk are characteristic (7). Contraindications for the
use of ketamine are cardiac dysfunction, unregulated hy-
pertension and threatening aneurysmal ruptures. Addi-
tionally, due to the muscarinic effect and hypersalivation,
the prior administration of atropine or glycopyrrolate
intramuscularly is required as premedication for the pa-
tient if the operative field is in the oral cavity. The benefi-
cial effects of ketamine are bronchodilatory in asthma and
chronic obstructive pulmonary disease, primarily due to
its potent bronchodilator effect on the smooth muscles of
the tracheobronchial tree (7). As a weak sympathomi-
metic, ketamine is more likely to maintain tissue perfu-
sion during and after rapid intubation, compared to fen-
tanyl, midazolam, thiopental, and especially propofol
(11). The increasing interest in the independent use of
ketamine during the induction of general anaesthesia re-
quires the existence of experience. This induction allows
ETI to be performed while the patient continues to
breathe, often referred to as awake intubation; however,
the term "awake' refers to a conscious but dissociated pa-

tient (9).

Propofol (2,6-di-isopropyl-phenol) is an intravenous
anaesthetic used for procedural sedation, for maintenance
of anaesthesia, or as an induction agent for general anaes-
thesia. It can be administered as a bolus or infusion or in
combination with other hypnotics. Propofol is prepared
in a lipid emulsion, which gives it its characteristic milky-
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white appearance and the colloquial name "milk of am-
nesia" The formula contains soybean oil, glycerol, egg
lecithin and a small amount of the preservative EDTA
(ethylenediaminetetraacetic acid). A strict aseptic tech-
nique must be employed when preparing propofol be-
cause the emulsion provides a favourable environment for
bacterial growth (12,13,14). EDTA (ethylenediaminetet-
raacetic acid) is used as an emulsifier to inhibit bacterial
growth. There is a 1% emulsion, and another formulation
is 2%. Commercial formulations are stable at room tem-
perature and can be diluted with 0.9% NaCl or 5% glu-
cose solution. In contact with air, propofol oxidises in 6
hours and turns yellow. After opening, it can only be used
once (7). Propofol exerts sedative and general anaesthetic
effects by reducing excitation and increasing the activity
of the GABA (y-aminobutyric acid subtype a) neurotrans-
mitter (5,16). Due to its high liposolubility, it quickly
crosses the blood-brain barrier. It is distributed rapidly in
the tissues and quickly eliminated. Propofol is metabo-
lised in the liver with the help of oxidases, and the me-
tabolite is 1,4-diisopropyl quinol (7). Intravenous admin-
istration of propofol creates a euphoric mood and
long-term relaxation; the increase in dopamine levels in
the nucleus accumbens is responsible for the pleasant feel-
ing (17). Propofol can cause hemodynamic instability
through vasodilation and reduced myocardial contractil-
ity (18). The induction dose for intubation is 2 to 2.5 mg/
kg/tm. It results in a decrease in arterial blood pressure of
24% to 40% compared to the initial values. A decrease in
heart rate can explain a decrease in cardiac output. Due
to the inhibition of the baroreceptor effect, there is no
compensatory tachycardia after hypotension. The re-
sponse to atropine after propofol administration was also
reduced. The distribution time is 2 to 4 minutes, and the
half-elimination time is 1 to 3 hours. Duration of hypno-
sis after iv bolus is 5 to 10 minutes. Since even short-term
hypotension is associated with mortality, impaired hemo-
dynamics may contribute to increased mortality (7,19,20).
There are several beneficial effects of propofol, including
antioxidant properties, suppression of apoptosis, and an
anti-inflammatory effect, all of which may have a protec-
tive role on organs (21,22).

Etomidate is a non-barbiturate intravenous anaesthet-
ic. This drug is a hydrolysed imidazole salt that achieves
its sedative and anaesthetic effects mainly by binding to
y-aminobutyric acid subtype receptors in the central ner-
vous system (23). This anaesthetic is suitable for the in-
duction of general anaesthesia in critically ill patients
because it maintains hemodynamic stability (21,22). Cor-
tisol levels return to baseline by the third postoperative
day following an etomidate infusion. Cortisol recovery
occurs within 24 hours after a single dose of etomidate.
Therefore, continuous administration of etomidate is not
recommended (24). There is no evidence that adding cor-
ticosteroids after etomidate improves outcomes, including
28-day mortality, duration of mechanical ventilation, or
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length of stay in the intensive care unit (25). A meta-
analysis of 14 studies found increased mortality in pa-
tients with an ASA (American Standards Association)
score of 4 who received a single dose of etomidate, but no
differences in outcome were observed between etomidate
and propofol in the ASA 3 subgroup (26). Etomidate has
several significant side effects, such as adrenal suppression,
muscle spasm, pain after drug application, nausea and
vomiting, which limit its clinical use (26,27,28,29). In-
duction of general anaesthesia with etomidate (as opposed
to propofol) results in mild hypertension intraoperatively.
Improved hemodynamic stability was observed with
etomidate compared to propofol, especially in patients
with a high risk of mortality, including those who are
hemodynamically unstable, e.g. septic or bleeding (30,31).
A meta-analysis revealed no significant difference in
emergency intubation success rates between using etomi-
date and ketamine as induction agents. This result poten-
tially suggests that both hypnotics provide similar and
appropriate conditions for intubation and enable the
timely establishment of a definitive airway in acutely ill
patients (32).

Thiopental sodium is an intravenous anaesthetic and
is the standard against which other anaesthetics are com-
pared. The specificities of thiopental include its long
elimination half-life. Indications are allergies to other
hypnotics as well as neurosurgical patients where the goal
is to lower elevated intracranial pressure. It has weak an-
algesic and muscle relaxant effects. The intubation dose
applied during induction of anaesthesia is 5 mg per kilo-
gram of body weight. The duration of action is about 6 to
8 minutes (33). Loss of consciousness after administration
of an intravenous dose (3 to 4 mg/kg of body weight) is
usually achieved within 10 seconds, and anaesthesia lasts
for 3 to 5 minutes, which is slightly shorter than with
propofol. Caution is required in patients with chronic
obstructive pulmonary disease, hypovolemia, cardiac,
renal, and hepatic dysfunction, as well as in children (7).

BENZODIAZEPINES

Midazolam is a short-acting benzodiazepine with an
elimination halflife of 1.5 to 2.5 hours (34). It is used to
induce sedation, hypnosis, anxiolysis, amnesia and reduc-
tion of muscle tension. The place of application is con-
scious sedation, premedication, co-induction or as a co-
anaesthetic for induction of anaesthesia as well as
long-term sedation in intensive care units. Doses for pre-
medication are 0.05 mg/kg of body weight (7). It is a
general rule to avoid deep sedation with complete respira-
tory paralysis during intubations outside the operating
room. Analgesia with midazolam can be used for this
purpose. Excessive sedation can reduce reflexes and air-
way patency. Then intubation is resorted to on an awake
patient or with the use of sedatives from the group of
short-acting benzodiazepines such as midazolam or a
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combination of midazolam 0.05 to 2 mg/kg body weight
and opioids, usually fentanyl in small doses of 0.05-1p/
kg body weight (35).

LIDOCAINE

Careful upper airway anaesthesia is critical for success-
ful awake intubation. When attention is paid to this pro-
cedure, we find that additional sedation drugs are often
not even necessary. As lidocaine 4% contains 40 mg of
lidocaine per ml of liquid, for a 70 kg adult, the safe dose
is approximately 15 ml of solution. It is important to
monitor and recognise the rare occurrence of local anaes-
thetic toxicity (7). Rapid crash intubation uses anaesthe-
sia induction and neuromuscular blockers for rapid induc-
tion with sedation and paralysis, facilitating placement of
an endotracheal tube. Emergency and intensive care phy-
sicians should consider awake intubation in patients with
a difficult airway or challenging physiologic characteris-
tics to avoid the inability to oxygenate and ventilate (24).

DEXMEDETOMIDINE

Dexmedetomidine is a very useful drug for intubation
in an awake patient who retains the ability to breathe with
an agonist effect on o-adrenoreceptors with a markedly
increased affinity for 02 receptors. The effect on 02-
adrenoreceptors within the pons mediates its sedative ef-
fects, while the action on spinal a2-adrenoreceptors pro-
duces analgesia. Its ability to produce sedation and
analgesia without respiratory depression means it is in-
creasingly being used for procedural sedation. Inhibition
of noradrenaline release and bradycardia decrease cardiac
output and result in hypotension. Direct effects on the
vascular wall after IV bolus injections of 1mg per kg may
result in the development of transient hypertension, caus-

ing further reflex bradycardia (37).

MUSCLE RELAXANTS

Two large groups of muscle relaxants are used for re-
calcification during intubation. The only representative of
depolarising relaxants is suxamethonium chloride, also
known as succinylcholine. It is a depolarising muscle re-
laxant that acts within 30 seconds and has an average
effect duration of three to five minutes (7). Hyperkalae-
mia can cause heart rhythm disturbances due to its con-
nection with the modulation of the acetylcholine receptor,
which serves as the basic molecular mechanism. Activa-
tion of the acetylcholine receptor by succinylcholine, ace-
tylcholine, or choline causes hyperkalaemia in the extra-
cellular space. However, certain pathological conditions
cause the proliferation of acetylcholine receptors and the
appearance of immature receptors that are capable of a
more significant efflux of potassium into the bloodstream.
Pathological conditions include upper and lower neuron
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injuries, significant burns, trauma, immobility, muscle
tumours, and muscular dystrophy (38). Pseudocholines-
terase is a serine hydrolase enzyme primarily produced in
the liver that catalyses the hydrolysis of choline esters,
most notably succinylcholine and mivacurium. The key
is to distinguish this enzyme from "true" cholinesterase,
also known as acetylcholinesterase. It occurs in higher
concentrations within conductive tissues such as the cen-
tral or peripheral nervous system and neuromuscular
synapses. Due to its diverse functions and tissue distribu-
tion within the human body, pseudocholinesterase is of-
ten referred to by various names, including plasma cho-
linesterase, serum cholinesterase, acetylcholine acetyl
hydrolase, and butyrylcholinesterase. A deficiency of
cholinesterase can lead to prolonged relaxation after the
administration of succinylcholine (39).

Rocuronium bromide is one of the most important
non-depolarizing muscle relaxants. Used to induce mus-
cle relaxation during intubation, surgical procedures and
lung ventilation in severe forms of acute respiratory dis-
tress ARDS (acute respiratory distress). Recognised for its
rapid onset and reversibility within its drug class, ro-
curonium offers distinct advantages over other nondepo-
larizing relaxants (40). The standard dose for intubation
during anaesthesia is 0.6 mg/kg rocuronium bromide,
after which conditions for intubation are established
within 60 seconds in almost all patients. A dose of 1.0
mg/kg rocuronium bromide is recommended to facilitate
tracheal intubation during rapid induction of anaesthesia.
If a dose of 0.6 mg/kg rocuronium bromide is used for
rapid induction of anaesthesia, it is recommended that the
patient be intubated 90 seconds after administration of
rocuronium bromide (7). The maintenance dose is 0.15
mg/kg rocuronium bromide. In the case of long-term in-
halation anaesthesia, it is necessary to reduce the dose to

0.075-0.1 mg/kg (40).

Cisatracurium is also a non-depolarizing muscle relax-
ant that does not cause histamine release, and therefore,
it does not produce cardiovascular effects or affect brady-
cardia caused by other anaesthetics or vagal stimulation
during surgery (41). The recommended dose of the drug
for intubation in adults is 0.15 mg/kg body weight. The
given dose provides good conditions for tracheal intuba-
tion after 120 seconds of drug administration. During
opioid or propofol anaesthesia, the median recovery time
from 25% to 75% and from 5% to 95% is approximately
13 minutes and 30 minutes, respectively (42).

CONCLUSION

Proper selection, knowledge of the mechanism of ac-
tion, method of administration, and dosage of drugs are
key to creating optimal conditions for patient intubation.
Understanding the pharmacological properties of anaes-
thetics and muscle relaxants is crucial for minimising the
risk of complications associated with this procedure. Staff

Period biol, Vol 127, No 1-2, 2025.



Airway Pharmacology

D. Krizanovié et al.

education and work on improvement, as well as the ap-
plication of new methods and drugs, can significantly
influence the outcome of patient treatment. Further re-
search on the application of new drugs can contribute to
the safety and efficacy of these medications, making it
necessary to document experiences and publications re-
lated to this area to gain new knowledge and apply more
effective protocols. The correct application of drugs and
intubation techniques is directly related to the safety and
efficiency of establishing the airway, and thus, the quality
of healthcare is significantly improved.
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