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Establishing an airway is a stressful, high-risk maneuver for a physician. The rapid
sequence intubation procedure is used to minimize complications, achieve a high
success rate, and reduce stress. The sequence involves the following 7 steps: 1) planning
and preparation, 2) preoxygenation, 3) pretreatment, 4) sedation and neuromuscular
relaxation, 5) protection and positioning, 6) tube placement inside the trachea with
proof, and 7) postintubation management. This review describes the steps and explains
how to carry them out. [Emergencias 2012;24:397-409]
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Introduction

Rapid sequence intubation (RSI) involves the ad-
ministration of an induction agent immediately fol-
lowed by a neuromuscular blocking agent (virtually
simultaneously) as well as other procedures in or-
der to facilitate intubation in critically ill patients
and to minimize the risk of vomiting and aspira-
tion'?. RSl is indicated in serious cases requiring im-
mediate isolation of the airway (severe multiple in-
jury with compromised airway, decreased level of
consciousness, severe dyspnea, etc.) where it has
been shown to have a high success rate in final in-
tubation®. Furthermore, the use of RSI reduces the
level of operator stress and uncertainty*.

It is often applied in surgery, especially emer-
gency interventions, and when orotracheal intu-
bation is required in both pre-hospital and hospi-
tal emergencies. The emergency physician must
therefore master this procedure to gain access
and isolate the airway with minimal risk of com-
plications®”.

Process of rapid sequence intubation

RSI usually consists of seven steps: 1) planning
and preparation, 2) pre-oxygenation, 3) pre-treat-

ment, 4) sedation (induction) with neuromuscular
block, 5) protection and patient position, 6)
checking the endotracheal tube and 7) post-intu-
bation management. These steps can be modified
according to the characteristics of the emergency
and the peculiarities of each case'’.

1. Planning and Preparation

Once the indication for RSl has been estab-
lished (Table 1), the physician responsible should
ensure he/she has all the necessary equipment in
working order: source of oxygen, suction system,
auto-inflatable bag, laryngoscope, endotracheal
tubes, equipment for difficult intubation (laryn-
geal mask, cricothyrotomy device, etc.), resuscita-
tion kit, pharmacological drugs and patient moni-
toring equipment (oxygen saturation, heart rate,
blood pressure and ECG recording). The
mnemonic "SOAPME" is used to help remember
all the necessary equipment for intubation: Suc-
tion, Oxygen, Airway, Pharmacology, Monitoring,
Equipment'.

At this stage, a quick anatomical examination
is required to gauge whether intubation and/or
ventilation is likely to be difficult or not’. There
are three very useful methods, known in the
medical literature by mnemonics that help as-
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Table 1. Indications for rapid sequence intubation

- Recent or unknown food intake.

- Intestinal obstruction, lower esophageal sphincter incompetence,
ileus obstruction.

- Pregnancy.

- Obesity.

- Central nervous system depression (low level of consciousness/coma).

- Multiple trauma with compromised airway.

- Severe respiratory failure.

- Major burns.

sess potentially difficult intubation: MOANS,
LEMON (described below) and TMD (thyromen-
tal distance). The latter seems to be the least ef-
fective predictor of difficult intubation®. There
are another two for predicting cricothyrotomy
(SHORT) and for positioning supraglottic devices
(RODS)?, but these are not discussed in this re-
view since they only refer to handling difficult
intubation.

LEMON Method

1. Look externally: a brief look at the neck,
mouth and internal airway. This should identify
anatomical features suggesting difficult intubation
such as morbid obesity, or macro- or micrognath-
ic jaw, macroglossia, very large teeth, beard and
facial or cervical trauma'".

2. Evaluate: using the 3-3-2 rule, evaluate the
degree of mouth opening by introducing three
fingers between the upper and the lower teeth, 3
fingers between the chin and the start of the
neck, and two fingers between the thyroid carti-
lage and floor of the jaw (dimensions suitable for
intubation)'#'* (Figure 1).

3. Mallampati: viewing the hypopharynx. This
is performed with the patient sitting upright;
he/she is asked to open the mouth and extend
the tongue. A torch or light is used to visualize
the hypopharynx. Upon observation, the airway is
classified as one of 4 grades, with grades Ill and
IV indicating difficult airway (Figure 2). In critically
ill patients, sometimes supine and with a low level
of consciousness, the hypopharynx may be dis-

Figure 2. Mallampati classification.

played by manual mouth opening and extraction
of the tongue, which makes the Mallampati ma-
neuver more difficult and questionable in the criti-
cally ill'™.

4. Obstruction of the airway: presence of infec-
tion in the upper airway (peritonsillar abscess,
epiglottitis, etc.), laryngeal masses or tumors, ex-
trinsic compression, direct neck trauma, etc. that
hinder or impede visualizing the lower airway.

5. Neck mobility: limited flexion and extension
complicating head-neck alignment makes for diffi-
cult intubation: cervical arthritis, whiplash, etc.

Figure 1. 3-3-2 evaluation.
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For a patient who does not present external
anomalies of the face or neck, the 3-3-2 rule ap-
plies, and for those with Mallampati grade I-ll, no
upper airway abnormalities or problems of cervi-
cal mobility, a priori, easy access for intubation is
predicted’.

MOANS

Difficult bag-mask ventilation may be predict-
ed by the presence of certain features', identified
by the mnemonic MOANS. The M represents
“mask” to indicate difficult mask seal; O refers to
“obesity” and “obstruction”; the A refers to aged
patients (older than 55 years); the N refers to “no
teeth,” and S refers to “stiff lungs or stiff chest
wall.” In general, these predictive methods are
highly accurate, with a sensitivity of 86.6% and
specificity 96.0%". After completing the examina-
tion, if difficult intubation is predicted, the neces-
sary resources must be prepared in addition to
standard intubation material.

2. Pre-oxygenation

This must be performed simultaneously with
the planning and preparation steps. It involves ad-
ministering oxygen via a reservoir mask (FiO, = 1)
for 5 minutes to replace functional residual capac-
ity nitrogen with oxygen (washing-out); this al-
lows maintaining apnea in a patient for 3-8 min-
utes without hypoxemia'’'®. Desaturation time is
directly related with weight: a healthy 70 kg pa-
tient will maintain oxygen saturation (SatO,) over
90% for 8 minutes, an obese patient weighing
127 kg for 3 minutes and a healthy child of 10 kg
less than 4 minutes”.

There are measures such as raising the head
25° during pre-oxygenation which can lengthen
saturation time in obese patients, or the use of
CPAP at 7.5-10 cm H,0O, which increases satura-
tion time by 1 minute*#.

Importantly, ventilation should not be per-
formed manually with a mask and self-inflatable
bag, since it increases gastric pressure and the
possibility of regurgitation and/or vomiting. How-
ever, it is sometimes necessary to pre-oxygenate
with manual ventilation in patients with SatO, less
than 90% and not yet intubated when it is neces-
sary to apply high oxygen flow and the cricoids
or Sellick technique to prevent regurgitation®.

3. Pretreatment

This involves administering drugs before the
induction-relaxation stage in order to mitigate the

adverse adverse effects of orotracheal intubation
(hypotension, bradycardia or tachycardia, in-
creased intracranial pressure and airway resist-
ance). Pretreatment has its benefits and risks asso-
ciated with the drug used. Only those drugs with
proven benefit are currently used. Those unsup-
ported by clear evidence are avoided, such as de-
polarizing neuromuscular blockers used previously.

The drugs used in RSI pre-treatment are at-
ropine, lidocaine and short-acting opiates (the
most widely used is fentanyl). They are generally
not always used. The current consensus* suggests
the use of these drugs in the following clinical sit-
uations:

— Severe head injury with signs of intracranial
hypertension: lidocaine® and fentanyl**®.

— Dissection vascular, ischemic heart disease
and with hypertension and increased heart rate:
fentanyl***2

— Acute asthma or severe bronchospasm: lido-
caine* (although some recent studies have ques-
tioned this**?3%).

— Children under 1 year of age, under-5 years
receiving succinylcholine, those older than 5 years
who need a second dose of succinylcholine, and
bradycardia patients going to receive succinyl-
choline: atropine®:.

Pre-treatment, to be most effective, should be
applied 3 minutes before induction. In an emer-
gency that does not allow intubation delay, pre-
treatment may be applied sooner or skipped®.

The characteristics of the drugs used in pre-
treatment are shown in Table 2.

4. Sedation with neuromuscular paralysis

In RSI, sedation and neuromuscular relaxation
are induced simultaneously to produce uncon-
sciousness and muscle relaxation to facilitate intu-
bation and minimize the risk of aspiration. Cur-
rently the most widely used sedatives are:
etomidate, ketamine, midazolam and propofol
(Table 3), the choice depending on the specific
clinical circumstance*'.

— Etomidate: This is a derivative of imidazole.
It binds to GABA receptors and inhibits neuronal
excitation causing sedation. It is the most widely
used agent for RSl in the ED** due to its hemody-
namic stability (it does not produce hypotension
and histamine release) and the absence of ab-
solute contraindications**. It is rapidly metabo-
lized in the liver with neutral hemodynamic ef-
fects. Renal elimination is less than 2% of the
active drug. Repeated boluses or continuous infu-
sion are not recommended to maintain sedation®.
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Table 2. Characteristics of the drugs used in pre-treatment

Lidocaine:

- Presentation: lidocaine hydrochloride injection solution 1%/10 ml = 100 mg, 2%/10 ml = 200 mg, 5%/10 ml = 500 mg, 5%/50 ml = 2500 mg.

- Mechanism of action: anti-arrhythmic class Ib.
- RSI pretreatment dose: 1.5 mg/kg IV**.

— Onset of effect: iv bolus: 45-90 seconds. Duration: 10-20 minutes. Metabolism: 90% liver. Elimination (urine): 1-2 hours (increased in renal failure,

congestive heart failure, shock).

- Effect-indication as pretreatment in RSI: decreases airway resistance and decreases intracranial pressure, so it is indicated in patients with
bronchospasm and disease with intracranial hypertension (epidural hematoma, cerebral hemorrhage, etc.)**.

- Adbverse effects: mainly arrhythmia.

- Precautions: Epilepsy. Sinus bradycardia. Heart failure. Hepatic and renal failure.
- Absolute contraindications: Allergy. 2™ or 3 degree AV block (without pacemaker).

Fentanyl:
- Presentation: Blister 0.150 mg/3 ml.
- Mechanism of action: opioid derivative. Mu receptor agonist.

histamine release: hemodynamic stability*'.

Dose RSI pre-treatment: 3 mcg/kg iv. slow bolus (30-60 seconds). In patients with moderate hemodynamic instability 1 ug/kg*.
Onset of effect: less than 1 minute (highly liposoluble). Duration: 1-2 h. Metabolism: Hepatic. Elimination: Renal (no active metabolites). No

- Effect-indication RSI pre-treatment: pain control attenuating neurovegetative responses to laryngoscopy, which increases pressure and heart rate.
Associated with muscle relaxants, decreases intracranial pressure in patients with head injury and signs of intracranial hypertension®.
- Adverse effects: bradycardia, mild hypotension, respiratory depression and stiff chest, which is produced by the administration of rapid boluses

and high doses (> 500 mg), resolved by administering succinylcholine®.

- Contraindications: Allergy. Shock.

Atropine:

- Presentation: Blister 1 mg/1 ml.

- Mechanism of action: anti-cholinergic agent.

- RSI pretreatment dose: 0.02 mg/kg iv. rapid bolus (minimum total dose: 0.1 mg-dose and maximum: 0.5 mg. Less than 0.1 mg associated with

paradoxical bradycardia)®.

- Onset: 1 min. Maximum effect 2-4 minutes. Duration: infants < 2 years: 4-9 h. > 2 years: 2-4 h. Metabolism: liver. Elimination: Renal.

respiratory secretions, atropine reduces these effects®.
- Adverse effects: rare, very high doses may produce arrhythmia.
Contraindications: Allergy. Glaucoma.

Effect-indication RSI pre-treatment: laryngoscopy in children produces bradycardia by vagal stimulation and use of succinylcholine increases

The most important adverse effects are: 1) "tran-
sient myoclonus" (not seizure) that some authors
claim to prevent by prior administration of benzo-
diazepines®, although in the context of RSI this is
not necessary because of simultaneous administra-
tion of a muscle relaxant, 2) a priori, a pro-epilep-
togenic effect so it should be used with caution in
epileptics, which should be controlled with the
use of propofol or midazolam* for sedation main-
tenance and 3) corticoadrenal suppression, which
lowers cortisol and aldosterone levels in the
blood, especially in continuous infusion”. The cur-
rent debate centers on the use of etomidate in
septic shock, where corticoadrenal suppression in
continuous infusion is associated with increased
mortality. In patients with severe sepsis adminis-
tered a single dose of etomidate to induce anes-
thesia there are sufficient data to affirm that it
does not increase mortality, so it can be used in
RSI patients with sepsis grave*=2. On empirical
grounds, some authors recommend the adminis-
tration of corticosteroids (hydrocortisone 100 mg
intravenously) in the first 24 h in patients with se-
vere sepsis and refractory hypotension when eto-
midate was used to induce anesthesia®. If in
doubt about etomidate, an acceptable alternative
is ketamine*.

With respect to the use of etomidate in pedi-
atric patients and corticoadrenal suppression,
there are studies supporting its safety>> and it has
no absolute contraindications.

- Ketamine: along with etomidate, consid-
ered by some authors to be the main hypnotics
for RSI in adults and pediatric patients®**. Keta-
mine is a liposoluble derivative of phencyclidine
with high hypnotic and analgesic potency: it acts
on GABA and opioid receptors. It produces disso-
ciative anesthesia characterized by catalepsy and
amnesia, as well as being a powerful painkiller,
while preserving spontaneous breathing and la-
ryngeal reflexes. The patient after induction is
rigid, with no voluntary mobility, no pain, open
eyes (nystagmus) and amnesia of what hap-
pened. Ketamine acts on the cholinergic recep-
tors. It releases catecholamines that trigger in-
creased heart rate, increased cardiac contractility,
increased mean blood pressure, increased cere-
bral blood flow, intracranial hypertension and
bronchial smooth muscle relaxation producing
bronchodilation. Ketamine also reduces the pro-
duction of vascular nitric oxide which decreases
its vasodilator effect. These characteristics make
ketamine ideal for RSI induction in hypotensive
patients or those in shock (excluding cardiogenic)

400

Emergencias 2012; 24: 397-409



RAPID SEQUENCE INTUBATION

Table 3. Hypnotics used in rapid sequence intubation

Drug Presentation Dose Time Duration  Indications Adverse Precautions Contraindications

to onset effects

Etomidate 20 mg/10ml 0,3 mg/kg 15-45sg 3-12min.  Hemodynamic Transient Epilepsy. None.
instability. Myoclonus. Sepsis.

Cortical suppression.

Ketamine 500 mg/10 ml 1-2mg/kg 30-60sg 10-15 min. Shock and Tachycardia. Schizophrenia.  Hypertension.
severe Hypertension. Ischemic Intracranial
hypotension. Intracranial cardiopathy. hypertension.
Severe asthma. hypertension. Intracranial Cardiogenic shock

hypertension. Cerebral
hemorrhage.

Midazolam 15mg/3ml  0,2mg/kg 30-60sg 15-30 min. Status epilepticus. Hypotension. Elderly. Hypertension.
(STABLE) Decreased Kidney or Shock.

cardiac output. liver failure.
Tachyphylaxis.
Propofol 200 mg/20 ml 1,5-2,5 15-45sg 5-10 min.  Epilepsy. Hypotension. Aseptic Hypotension.
mg/kg Intracranial Bradycardia. manipulation. Bradycardia.
hypertension. Low output. Shock.
Asthma. Anaphylaxis.
Emergency arterial
hypertension
(STABLE)
Thiopental 500 mg/1000 3-5mg/kg 30-60sg 5-30 min  Intracranial Hypotension Hypotension Porphyria
mg powder hypertension. Bradycardia Kidney or Shock.
Status epilepticus  Bronchospasm liver failure. Bronchial asthma.
(STABLE) Laryngospasm Severe ischemic
Anaphylaxis cardiopathy.

and severe asthma“*5. Its metabolism is hepatic
and renal elimination of the active drug is below
4%>.

Ketamine is indicated for anesthetic induc-
tion. It has some important considerations: First,
awakening from anesthesia there may be deliri-
um, agitation, visual, auditory and propriocep-
tive hallucinations and possible progression to
delirium. It must therefore be used with caution
in patients with psychiatric history as it may in-
duce acute psychotic episodes. These effects are
reduced significantly when used as a single dose
and in combination with midazolam®. Second,
ketamine improves myocardial contractility and
cardiac output, resulting in increased oxygen
demand which mean it should be used with
caution in patients with coronary artery disease
and the risk/benefit balance should be assessed
due to the probability of ischemic myocardial
events. Third, as mentioned, ketamine increases
intracranial pressure and therefore should a pri-
ori not be used in patients with suspected brain
injury and intracranial hypertension. Current evi-
dence shows that ketamine mildly increases in-
tracranial pressure in patients with TBI and espe-
cially if associated with fentanyl and/or
midazolam. Ketamine can used with caution in
patients with brain damage and intracranial hy-
pertension with arterial hypo-or normotension,
but is contraindicated if there is arterial hyper-
tension®.

Absolute contraindications of ketamine include
cardiogenic shock, hypertensive emergencies and
cerebral hemorrhage with intracranial hyperten-
sion and arterial hypertension®*®'.

— Midazolam: The best of the benzodiazepines
for RSI'. It acts on GABA receptors causing seda-
tion and amnesia, and no analgesic effect*.

Midazolam acts at different levels*¢?: 1) central
nervous system (CNS), with anticonvulsant activi-
ty, and is an ideal agent for epileptic status®®* and
does not modify intracranial pressure (ICP)%*, 2) it
acts on bronchial smooth muscle, causing bron-
chodilation, so it is optimal for patients with se-
vere asthma®; 3) at the cardiovascular level, upon
intravenous bolus administration, it produces
moderate hemodynamic alteration and cardiac
output and mean arterial pressure by 10 to 25%
secondary to vasodilation, which limits its use in
hypotensive patients and/or shock®, but if admin-
istered by continuous infusion these effects are
mitigated and it is considered an optimal agent
(as discussed below) for the maintenance of seda-
tion and 4) it acts on the respiratory apparatus; at
does higher than 0.1 mg/kg, respiratory depres-
sion occurs.

If midazolam is used, some precautions apply
to hypovolemic patients, where blood volume
should be restored and the induction dose re-
duced to 0.1 mg/kg. When used simultaneously
with an opiate, synergism occurs so the dose
should be reduced to the lower limit allowed in
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both drugs to reduce adverse effects and maintain
the same effect.

In elderly patients with renal and liver failure
(which decreases the elimination of midazolam),
reduced doses are recommended to avoid major
adverse effects and tachyphylaxis (after 72 h of
sedation it is necessary to increase the dose). Its
hemodynamic effects and inter-individual variabili-
ty limits its use as a single agent for induction in
RSI with critical patients®*.

— Propofol: This is an alkylphenol which acts
on CNS and GABA receptors, causing sedation
and amnesia. It comes in a highly lipid emulsion
which gives it great power and speed of diffusion
to the brain (rapid unconsciousness when admin-
istered in intravenous bolus form), and its distri-
bution is high which explains the rapid recovery
from its effects. These characteristics make propo-
fol the ideal sedative in the ED for emergency di-
agnostic and short-term therapeutic processes®.

Propofol acts at multiple levels on the cardio-
vascular system; when administered in bolus form,
it reduces systemic vascular resistance and pro-
duces myocardial depression causing hypotension
(10% decrease in mean blood pressure), decreased
cardiac output and bradycardia. It also reduces the
sympathetic response to the act of intubation and
aggravates its hemodynamic effects. So, a priori,
propofol is an ideal agent for RSI in critically ill pa-
tients. If continuously infused, hemodynamic
changes are minimal®>. One study reported achiev-
ing similar intubation conditions and minimal he-
modynamic changes with low-dose propofol in-
duction (0.5 mg/kg) associated with rocuronium¢.
At the CNS level, it reduces blood flow and cere-
bral oxygen consumption with a decrease in ICP,
and it is an acceptable agent in hemodynamically
stable patients with severe head injuries®®. Fur-
thermore, it has anticonvulsant and antiemetic ef-
fects’. Propofol also acts on the respiratory sys-
tem, causing bronchial smooth muscle relaxation
and hence bronchodilation, and should be consid-
ered for induction in patients with severe asthma.
It improves intubation conditions and facilitates di-
rect laryngoscopy since it inhibits reaction to pha-
ryngeal and laryngeal stimulation. This means that
a muscle relaxant can be omitted if necessary”'. Fi-
nally, it also lowers intraocular pressure’.

The most common adverse effects of propofol
are pain at the site of injection (reduced if the in-
jection site is in the forearm and with 40 mg of
2% lidocaine added)”; the need for safe aseptic
precautions since it is presented as a lipid emul-
sion and there is a risk of bacteria and fungi pro-
liferation which has led to cases of sepsis™.

— Propofol may induce anaphylaxis, hyper-
triglyceridemia, acute pancreatitis, lactic acidosis
(if used in continuous infusion, etc.)”.

— Despite its anticonvulsant effect’, there have
been cases of seizure’ although not clinically sig-
nificant in the context of RSI due to the simulta-
neous use of a neuromuscular blocking agent”.

Propofol is not authorized for use in children
under 3 years of age and in obstetrics, although it
has been used with caution in real clinical prac-
tice*. If administered to adult patients by continu-
ous infusion (due to the need for neurological re-
assessment and/or short sedation) at doses higher
than 5 mg/kg/hr and during more than 48 hours,
it can produce propofol infusion syndrome con-
sisting of heart failure, metabolic acidosis, rhab-
domyolysis and renal failure”®. Continuous infusion
is contraindicated in patients under 17 years of
age*.

— Thiopental: A barbiturate with great liposol-
ubility that acts on GABA and CNS receptors
causing sedation and hypnosis. At high doses it
also has anticonvulsant properties*.

In the cardiovascular system, it causes vasodila-
tion and myocardial depression which results in
severe hypotension at anesthetic induction doses,
and is more pronounced in patients with unstable
hemodynamics, so its use is discouraged in unsta-
ble or potentially unstable patients*. In the CNS,
it produces a reduction of cerebral blood flow and
metabolic demand and decreases ICP, so it is an
ideal agent for patients with suspected or con-
firmed raised ICP as long as they are hemody-
namically stable. Moreover, high doses suppress
neuronal activity which means it has anticonvul-
sant properties. In the respiratory system, thiopen-
tal liberates histamine and can induce and/or ex-
acerbate bronchospasm (so it is contraindicated in
asthma patients) as well as laryngospasm’.
Thiopental can suppress the recruitment, activa-
tion and activity of leukocytes responsible for im-
munosuppression, so it should not used in cases
of sepsis.

The most common adverse effects are hy-
potension, bradycardia, bronchospasm, laryn-
gospasm and local dermal necrosis if not injected
intravenously. Contraindications are porphyria,
asthma, shock and severe heart disease*.

Due to its hemodynamic effects and the exis-
tence of other safer hypnotics, thiopental is cur-
rently less used than in the past>'®. The choice of
hypnotic for induction in RSI depends on the clin-
ical situation, the most common being:

— 1% scenario: severe head injury or suspected
hemorrhagic stroke vs signs of intracranial hy-
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pertension. Etomidate is recommended. If the
patient presents severe hypotension, ketamine
can be used but not when there is spontaneous
cerebral hemorrhage. Midazolam and propofol
are acceptable alternatives, but due to hypoten-
sion secondary to brain injury the clinical condi-
tion could worsen so low doses are recommend-
ed.

— 2" scenario: status epilepticus. The first
choice is midazolam. If the patient is hemody-
namically unstable, etomidate is preferable, or al-
ternatively propofol.

— 3" scenario: severe bronchospasm. Ketamine
or propofol are preferred in hemodynamically sta-
ble patients. Other valid options are midazolam
and etomidate. If the patient is hemodynamically
unstable, ketamine or etomidate are recommend-
ed.

— 4™ scenario: cardiovascular disease (ischemic
heart failure, aortic dissection, etc.). The first
choice is etomidate, for its great hemodynamic
stability.

— 5" scenario: shock (except cardiogenic
shock). Etomidate and ketamine are recommend-
ed.

— Neuromuscular blockers (Table 3): These
drugs act on the nerves and muscles, blocking
cholinergic transmission and inhibiting body mo-
tions, resulting in muscle paralysis. Together with
sedatives, they improve intubation conditions.
Note that the inclusion of these drugs in RSI must
be preceded by a pre-assessment of the airway 5
(LEMON and MOANS) and, if possible, direct vi-
sualization of the glottis (Cormack-Lehane grading
system, Figure 3), although the latter can skipped
by skilled and experienced staff. If the assessment
indicates difficult intubation, the risk/benefit must
be weighed before using these agents®.

They are classified as:

— Depolarizing neuromuscular blockers (DPN-
MB) which are agonists of postsynaptic receptors
of acetylcholine with prolonged action. They act
by inhibiting acetylcholinesterase and cause high-
er concentrations of acetylcholine. This initial hy-

perstimulation occurs (which explains transient
fasciculations) until it reaches a point where the
phenomenon of desensitization occurs, resulting
in muscle paralysis. The main agent representing
this group is succinylcholine.

— Non-depolarizing neuromuscular blockers
(NDPNMB) which are competitive antagonists
(without extrinsic activity) of postsynaptic recep-
tors. They occupy these receptors preventing
acetylcholine binding and inhibiting contraction,
resulting in muscular paralysis. The most widely
used NDPNMB are atracurium, vecuronium,
cisatracurium and rocuronium’.

The ideal neuromuscular blocker for RSI must
meet four requirements: a) rapid onset of action,
b) brief recovery time, c) minimal hemodynamic
effects d) absence of significant adverse effects6.
There is no neuromuscular blocker that meets
these criteria, but succinylcholine and rocuronium
come closest®.

1. Succinylcholine: an agent used over a cen-
tury ago. In 1906 it was used in animals and until
1951 was not applied to humans® (Table 3). It is
rapidly hydrolyzed in plasma by acetyl-
cholinesterase. It virtually bypasses the liver, and
less than 10% of the drug is excreted unchanged
via the kidney. The effect is prolonged in patients
with low levels of acetylcholinesterase: pregnancy,
hypothyroidism, liver cirrhosis, malnutrition, burns
and cancer”. The advantages of succinylcholine
over NDPNMB is rapidity of onset, higher the de-
gree of relaxation and very short action time,
which makes an ideal agent for RSI. However, an
important disadvantage with respect to NDPNMB
is its adverse effects and contraindications®? (see
Table 4),

Low doses of succinylcholine (0.3-0.6 mg/kg)
for induction have been shown to achieve optimal
conditions for intubation, with reduced fascicula-
tions and apnea time. There is always the option
of a repeat dose if intubation is unsuccessful,
without hemodynamic implications and almost no
serious adverse effects. But further studies are
needed to confirm the optimal dose®.

Figure 3. Cormack-Lehane grading system.
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Relative contraindications:

a) Severe head injury, although fasciculations
increase mild and transient ICP, some studies have
observed that it does not affect cerebral perfusion
and some authors recommend premedication
with small doses of rocuronium (0.06 mg/kg) to
mitigate fasciculations®; b) glaucoma and ocular
surgery, where propofol can mitigate the decrease
in intraocular pressure®; c) hypotension, d) acute
or chronic renal failure®* and e) in patients treated
with statins for hypercholesterolemia, succinyl-
choline produces more fasciculations and higher
concentrations of myoglobin, although still below
renal toxicity threshold®*.

Absolute contraindications are: a) personal or
family history of malignant hyperthermia; b) pa-
tients with severe hyperkalemia (changes in the
ECG) and/or potentially high risk of severe hyper-
kalemia (more than 72 hours after a spinal cord
injury or stroke or multiple trauma or severe burn,
multiple sclerosis or any other disease with dener-
vation injury, congenital myopathy, prolonged im-
mobilization and sepsis); ¢) severe muscle trauma
d) extreme bradycardia; e) allergy to succinyl-
choline>#84,

2. Rocuronium: A NDPNMB formulated in
rocuronium bromide. It is characterized by being
dose-time dependent: the higher the dose the
faster and longer its action. It is the fastest of all
NDPNMB, which allows its use in RSI of critically
ill patients™. It is eliminated by liver metabolism
(it does not produce active metabolites) and fe-

Table 4. Neuromuscular blockers

ces (its effect is prolonged in renal failure) and
10% via the kidney in unchanged form (not pro-
longed in renal failure patients)®. It has no rele-
vant adverse hemodynamic effects due to low di-
rect release of histamine, mild vagolisis and
sympathetic activation’®. Its adverse effects are
rare and not significant (mild hypotension, tachy-
cardia, and urticaria) except that there are some
reported cases of anaphylactic shock. It has no
absolute contraindications, except for known al-
lergy”. The advantages of rocuronium over suc-
cinylcholine for RSI are: similar intubation condi-
tions, hemodynamic stability, infrequent adverse
effects and lack of contraindications. The disad-
vantage is the effect lasts over 45 minutes, which
a priori limits its use for expected difficult intuba-
tion”'.

Currently the agent of choice for RSI is suc-
cinylcholine®*®' due to its speed of action, short
duration and excellent intubation conditions, but
it has important adverse effects and contraindica-
tions which have made some authors doubt
whether it is optimal for critically ill patients, espe-
cially after the appearance of rocuronium in 1994
(currently 2™ choice, if succinylcholine is con-
traindicated). These authors argue that critical pa-
tients who need RSI are often hemodynamically
unstable or potentially unstable, and suggest that
severity worsens with the use of succinylcholine.
They recommend the use of rocuronium as the
NMB of choice for RSl since, at high doses,
rocuronium acts just as rapidly, intubation condi-

Drug Presentation Dose Time Duration

to onset

Adverse effects  Precautions

Contraindications

Succinylcholine 100 mg/2 ml 1,5 mg/kg
or
200 mg/10 ml

30-60 sg  5-10 min.

Bradycardia.
Hypotension.
Cardiorespiratory  Liver cirrhosis.

Pregnancy. Relative:
Hypothyroidism.  Severe TBI, glaucoma, eye surgery,
acute/chronic kidney failure

arrest. Malnutrition. treatment with statins.
Severe hyperka-  Cancer. Absolute:
lemia (arrhythmia). Severe/probable hyperkalemia,
Fasciculations. Patients > 72 h with: CVA
Trismus. severe multiple trauma,
Malignant hypothermia. prolonged immobilization,
Rhabdomyolysis major burns, sepsis.
(acute renal failure). Multiple sclerosis.
Hypersalivation. Congenital myopathy.
Increase of
intracranial,
intraocular
or gastric
Anaphylaxis.
Rocuronium 50 mg/5ml  0,9-1,2 mg/kg 45-60 sg 45-60 min. Mild hypotension. Liver failure. None

. Tachycardia.

Anaphylactic

shock (very rare).

TBI: traumatic brain injury, CVA: cerebrovascular accident.
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tions are similar and, most importantly, it has vir-
tually no hemodynamic effect, no significant ad-
verse effects and no relative or absolute con-
traindications®®2.

Other authors defend succinylcholine as a first-
choice NMB, claiming that its adverse effects are
controllable. Furthermore the RSI induction dose
of the alternative, rocuronium, has effects lasting
more than 45 minutes which limits its use in pa-
tients with a high probability of difficult intuba-
tion since failure to achieve successful intubation
means the patient is relaxed and the airway can-
not be definitively isolated over 45 minutes with
the attendant risks involved®. Since the advent of
sugammadex (Table 5)*** this situation is resolv-
able. It reverses the effects of rocuronium in 1-2
minutes after administration, faster than the spon-
taneous reversion of succinylcholine®*®. In conclu-
sion, both options are safe and effective for RSI in
the ED, but rocuronium would probably be pre-
ferred in most circumstances®'®.

5. Patient positioning, protection using Sellick's
maneuver and optimal visualization of the
airway using the BURP maneuver

In this phase the patient is positioned to facili-
tate intubation. Cricoid pressure may be applied
(the Sellick maneuver) to prevent regurgitation
during endotracheal intubation and optimal dis-
play of the airway may be achieved with the
BURP maneuver.

The ideal position for intubation is called
“sniffing the morning air” or “sipping English
tea”’, in which the neck is flexed and there is ex-
tension at the cranio-cervical (atlanto-axial) junc-
tion (except in the patient with suspected cervical
spinal cord injury).This aligns the structures of the
upper airway in the optimum position for laryn-
goscopy and provides the best view of the larynx
and facilitates intubation'. This is facilitated by
slightly raising the head of the bed or by use of a
small pillow*. This position ensures correct align-
ment of the three axes (oral, pharynx and larynx)
for optimal viewing of the glottis and facilitates
intubation'. During direct laryngoscopy and visu-
alization of the glottis, the operator can assess the
probability of difficult intubation using the Cor-
mack-Lehane classification, where grades I-Il pre-
dict easy intubation and grades IlI-IV predict diffi-
cult intubation. In grades IlI-1V, the BURP
maneuver (backward, upward, rightward, pres-
sure) is recommended®. The maneuver was
termed BURP as an acronym for “backward, up-
ward, rightward, pressure”. This procedure dis-

Table 5. Characteristics of sugammadex

- Presentation: 200 mg/2 ml, 500 mg/5 ml.

- Mechanism of action: binds to rocuronium-vecuronium forming a
complex and decreases NDPNMB concentration in plasma without
causing hemodynamic changes.

- RSI Dose: 16 mg/kg.

- Onset of action: immediate.

- Duration: 1.8 hours on average.

- Metabolism: no active metabolites.

- Elimination: Renal, < 5% unchanged.

- Indication: immediate reversal of neuromuscular blockade by
rocuronium, vecuronium (16 mg/kg administered 3 minutes after
administration of rocuronium at 1.2 mg/kg achieves reversal in 1.5
min).

- Adverse effects: urticaria and dysgeusia.

- Precautions: Not recommended in severe renal failure or in children
< 2 years.

- Contraindications: None.

NDPNMB: non-depolarizing neuromuscular blocker, RSI: rapid
sequence intubation.

places the thyroid cartilage dorsally in such a way
that the larynx is pressed against cervical verte-
brae, two centimeters in cephalic direction, until
resistance appears. Subsequently, it should be dis-
placed 0.5 cm -2.0 cm to the right. This allows
better viewing and possible modification of the
Cormack-Lehane grades. This technique is incom-
patible with the Sellick maneuver'™ exclusively
used to prevent gastric reflux'®.

First described in 1961 by Sellick, the maneuver
decreases the risk of pulmonary aspiration of gas-
tric contents during induction of anesthesia'®. The
technique involves the application of backward
thumb and middle or forefinger pressure on the
cricoid cartilage to compress the esophagus be-
tween the cricoid cartilage and the anterior verte-
bral body, resulting in occlusion of the esophageal
lumen and thus prevent gastric reflux®. There is
controversy about its usefulness. Some studies
show it does not completely prevent aspiration,
that if not correctly performed it may hinder visu-
alization of the glottis. Studies are inconclusive. It
is recommended, a priori, in RSI from the time of
induction until definitive intubation but subject to
operator judgement. It may be used with caution,
if ventilation (positive pressure) with a self-inflating
bag is necessary, to prevent passage of air into the
stomach and the adverse effects of excessive venti-
lation'". So both the Sellick technique and BURP
should be performed by another physician with
expertise, and subject to the judgement of the op-
erator responsible for the RSP.

6. Checking for correct placement of the
endotracheal tube

Verification of correct endotracheal tube place-
ment is performed immediately after intubation.

Emergencias 2012; 24: 397-409
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Accidental intubation of the esophagus or a
bronchus can result in serious injuries. There are
various methods to verify correct endotracheal
tube placement:

1. Direct visualization of the introduction of
the endotracheal tube through the vocal cords.

2. Inspection, palpation and auscultation (5
points: both mid-infra-clavicular areas, bilateral ax-
illary area, axillary midline at the level of the 5"
intercostal space and the epigastrium).

3. Measurement of ET depth from the incisors.

4. Capnography.

5. Chest x-ray.

6. Fiberoptic bronchoscopy'®.

No single method alone guarantees correct ET
placement. Direct visualization of the ET passing
through the vocal cords confirms its entry into
the upper airway, but does not rule out subse-
quent displacement. Lung auscultation is the most
common method but has low sensitivity due to
the noise of air passing other structures and envi-
ronmental noise. Measuring the depth of ET inser-
tion is unreliable and it depends on whether the
patient has a long or short neck. Capnography is
a very reliable method, measuring the elimination
of CO, via the airway. The presence of CO, rules
out esophageal intubation, but is not viable in sit-
uations of hypoperfusion.

Chest radiography is performed routinely to
check for ET placement in the trachea or main
bronchus, not does not rule out esophageal loca-
tion. Fiberoptic bronchoscopy is very reliable, al-
most 100%, but is not always available in emer-
gency situations*'*2'%, In short, it is recommended
that all available resources be used immediately
after ET placement'®.

7. Post-intubation management

This last phase, in addition to treating the un-
derlying disease, involves adequate sedation, with
analgesic and relaxation maintenance, adjustment
of mechanical ventilation parameters and exhaus-
tive monitoring (oxygen saturation, capnography,
heart rate and blood pressure) and chest x-ray to
quickly detect the most common complications in
RSI.

All patients connected to mechanical ventila-
tion experience pain and anxiety. Inadequate se-
dation and analgesia inherently produces choliner-
gic release in the patient, resulting in tachycardia,
hypertension and tachypnea, as well as body
movement and maladjustment to mechanical ven-
tilation. Hence the importance of correct analge-
sia and sedation. Fentanyl is the analgesic of

choice due to its rapid action, slight release of his-
tamine (which favors hemodynamic stability) and
the absence of active metabolites. Patients attend-
ed in the ED or by out-of-hospital EMS who need
emergency intubation are going to stay for a rela-
tively short period of time; after the initial dose of
intravenous fentanyl (2-3 ug/Kg) it is preferable to
continue with repeated intravenous boluses until
the desired effect is achieved, since continuous in-
fusion favors build-up of the drug and increases
elimination time.

After good analgesia, adequate sedation is re-
quired to reduce anxiety and produce amnesia.
The sedatives used for maintenance are midazo-
lam, lorazepam (not marketed in Spain) and
propofol. The latter is increasingly used because
of its speed of action and short duration. In addi-
tion, infused propofol decreases mechanical venti-
lation time compared with lorazepam. In the ED,
it is safe because the undesirable “propofol infu-
sion syndrome” only appears after 48 hours.

Neuromuscular blockers are known to favor
adaptation to mechanical ventilation, but their
use in continuous perfusion increases the develop-
ment of poly-neuromyopathy in critical patients,
which extends their time on mechanical ventila-
tion and intensive care unit (ICU) stay, and is
therefore associated with increased mortality (so
only short periods are recommended). For main-
tenance, the most generally used NMB are
cisatracurium and rocuronium because of their
optimal stability characteristics. The choice of
NMB depends on the induction drug. If succinyl-
choline was used initially, it is preferable to con-
tinue with cisatracurium. If rocuronium was used
initially, it is preferable to continue with the same
agent'”. Cisatracurium is ideal for maintenance of
anesthesia in the ICU and in the transport of criti-
cal patients in mobile ICU units, due to its hemo-
dynamic stability effect, and the absence of hista-
mine release. It does not affect cerebral perfusion,
can be used in patients with renal and liver failure
(because its metabolism is organ-independent, by
Hofmann degradation, i.e. pH and physiological
temperature hydrolysis), does not produce active
metabolites and has no significant adverse effects.
In the ED it is recommended for intravenous bo-
luses at doses of 0.1-0.15 mg/kg (presentation:
10 mg/5 ml). It lasts 45-60 minutes, and the dose
can be repeated if necessary during transfer to the
UC|90,108,109.

Precise adjustment of mechanical ventilation
parameters is necessary to prevent ventilator in-
duced lung injury due to the combined effects of
volutrauma, atelectrauma, barotrauma and bio-
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trauma. These complications typically occur with
the use of high tidal volumes, high pressure and
high oxygen concentrations. The most character-
istic signs are hypotension and increased airway
resistance. To avoid these complications, lung-pro-
tective strategies are recommended, involving the
use of low volumes to avoid volume/barotrauma,
positive end expiratory pressure (PEEP) and alveo-
lar recruitment maneuvers to prevent atelectrau-
ma, and reduced inspired oxygen concentration
to decrease biotrauma'”.
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RAPID SEQUENCE INTUBATION

Secuencia de intubacion rapida

Parrilla Ruiz FM, Aguilar Cruz I, Cardenas Cruz D, L6pez Pérez L, Cardenas Cruz A

El aislamiento de la via aérea de emergencia es una técnica de alto riesgo y estresante para el facultativo. Para minimi-
zar las complicaciones, tener alto porcentaje de éxito de intubacién y disminuir el estrés del responsable de la intuba-
cion se utiliza la secuencia de intubacién rapida (SIR). Consta de 7 pasos: planificacion y preparacion, preoxigenacion,
pretratamiento, sedacion y relajacién neuromuscular, posiciéon y proteccién, comprobaciéon del tubo endotraqueal y
manejo postintubacién. En esta revisién realizamos una descripcién y actualizaciéon de las fases de SIR. [Emergencias
2012;24:397-409]

Palabras clave: Secuencia de intubacién rapida. Intubacién endotraqueal. Opioide. Hipndtico. Relajante neuromuscu-
lar.
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