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Introduction: The intensive care unit (ICU) physician should have the skill to successfully
manage patients requiring airway insulation on account of their poor ventilatory condition.
The purpose of this article is to review the current knowledge regarding rapid sequence
intubation in the ICU patients and to summarize the procedure to maximally reduce the
risks of intubating a critical patient.
Methods: Theme Review. An e-search of databases was performed, including PubMed, Sci-
enceDirect, EBSCOhost, OvidSP and Scielo, without limiting the search by date, in English
and Spanish. These include clinical trials, meta-analysis, practicing guidelines, randomized
controlled trials, reviews, case reports, classical articles, comparative studies, consensus
conferences and keynote speeches. Published articles on intubation, rapid sequence intu-
bation and ICU intubation were included, all focusing on orotracheal intubation of the critical
patient and strategies for optimization of the maneuver.
Results: The search yielded 1144 studies. The abstracts were reviewed and those referring
to the key review criteria were chosen: intubation protocols for ICU patients. Fifty mono-
graphs met the selection criteria. A summarized presentation of the results is made and
an approach to a modified rapid sequence intubation is suggested, based on the review
accomplished.
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Espaia, S.L. All rights reserved.

Secuencia rapida de intubacién en cuidados intensivos

RESUMEN
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Introduccién: El médico que trabaja en cuidados intensivos debe tener la habilidad para
enfrentarse con éxito a los pacientes que necesitan aislamiento de la via aérea debido a
su pobre condicién ventilatoria. El objetivo del presente articulo es revisar el estado actual
del conocimiento en torno a la intubacién de secuencia rdpida en pacientes de la unidad de

* Please cite this article as: Quintero IF, et al. Sindrome de hipotensién endocraneana: juna cefalea pospuncién dural? Rev Colomb

Anestesiol. 2013;41:24-33.

* Corresponding author at: Oficina de Postgrados, Sede Zaragocilla-Campus de la Salud, Universidad de Cartagena, Cartagena, Colombia.
E-mail address: ricardopovedamd@yahoo.com (R. Poveda Jaramillo).

2256-2087/$ - see front matter © 2012 Sociedad Colombiana de Anestesiologia y Reanimacién. Published by Elsevier Espafia, S.L. All rights reserved.


dx.doi.org/10.1016/j.rcae.2012.09.001
http://www.revcolanest.com.co
mailto:ricardopovedamd@yahoo.com

REV COLOMB ANESTESIOL.2013;41(1):24-33 25

cuidados intensivos (UCI) y resumir lo que se debe hacer para reducir al maximo los riesgos
durante la intubacién de un paciente critico.

Meétodos: Revision temadtica. Se realizdé una busqueda electrénica en las bases de datos
PubMed, ScienceDirect, EBSCOhost, OvidSP y Scielo, sin limitar la busqueda por fecha en
inglés y espanol. Se incluyeron ensayos clinicos, metaandlisis, guias parala practica, ensayos
controlados aleatorizados, revisiones, reportes de casos, articulos clasicos, estudios com-
parativos, conferencias de consenso y clases magistrales. Se incluyeron articulos publicados
sobre intubacién, intubacién de secuencia rapida e intubacién en UCI cuyo tema central
fuese el abordaje de la via aérea con tubo orotraqueal del paciente critico, y las estrategias
para optimizar la maniobra.

Resultados: La bisqueda arrojé 1.144 estudios. Se revisaron los resiimenes y se seleccionaron
los que trataban sobre los criterios centrales de la revisiéon: protocolos de intubacién para
los pacientes de la UCI. Cincuenta monografias cumplieron los criterios de seleccién. Se
hace una presentacién resumida de los resultados y se propone una versién de intubacién

de secuencia rapida modificada a partir de la revisién hecha.
© 2012 Sociedad Colombiana de Anestesiologia y Reanimacién. Publicado por Elsevier

Espana, S.L. Todos los derechos reservados.

Introduction

The first records about airway approach were found in Egyp-
tian tablets dating back to 3600 b.c. illustrating sketches of
what seemed to be a tracheostomy. Over three thousand
years later, Alexander the Great saved one of his soldiers from
asphyxia by making a small tracheal incision with the tip of
his spade. In 1858, Eugene Bouchut, a French pediatrician,
developed a non-surgical blind orotracheal intubation tech-
nique: he developed a metal tube to enable breathing and
prevent the obstruction of the pseudomembranes caused by
diphtheria in the larynx. His technique was introduced at the
Conference of the French Academy of Sciences in September
18, 1858 and was strongly opposed by the French surgeon
Armand Trousseau, who promoted tracheostomy for airway
obstruction. Trousseau was the first surgeon to perform
tracheostomies in Paris and who wrote a treaty encouraging
its use.!

The goal of this paper is to review the current status of
knowledge related to rapid sequence intubation in patients
in the Intensive Care Unit, and to summarize what needs to
be done in order to reduce risks during intubation of a crit-
ically ill patient to the greatest extent possible. A thematic
review was done in the PubMed, ScienceDirect, EBSCOhost,
OvidSP and Scielo databases, without limiting the search by
date, either in English or Spanish. The search included clinical
trials, meta-analyses, practice guidelines, randomized clinical
trials, reviews, case reports, classic articles, comparative stud-
ies, consensus conferences and lectures. Published articles on
intubation, rapid sequence intubation and ICU intubation that
focused on the approach to the airway with orotracheal tube
in critically ill patients and the strategies for optimizing the
maneuver, were included. The search resulted in 1,144 stud-
ies (Fig. 1). The abstracts were reviewed and the core criteria of
the review were used for the final selection, namely, intubation
protocols for ICU patients. Fifty essays fulfilled the selection
criteria (Table 1). The results are summarized, and a modified
rapid sequence intubation sequence is proposed on the basis
of the review.

Prior to the advent of the modern laryngoscope, the only
way to visualize the larynx was through indirect techniques:

the Spanish singing professor Manuel Garcia (1805-1868)
used mirrors to observe his glottis and the glottis of his
students during vocalization.? Around 1877, Friedrich von
Esmarch popularized the mandibular subluxation maneuver
for patency of the airway, as we actually know it.3 In 1895
Alfred Kirstein suggested that the larynx could be visualized
through instruments similar to the esophagoscope?; three
years later, Gustav Killian developed a laryngoscope similar to
those currently used,” and it became widely used to met the
need of ensuring patency for the inflow of air into the lungs
due to the increasing use of muscle relaxants.

The rapid sequence intubation (RSI) is a technique devel-
oped to rapidly secure the airway, maximally reducing the
time interval between the loss of the airway protective reflexes
and the oro/nasotracheal intubation. Its importance lies in
providing a safe intubation in patients at high risk of bron-
choaspiration.

In 2010 Jaber et al.® published a study using a “before-after”
model to compare the results of implementing an intubation
protocol for ICU patients. The main complications of intu-
bation - cardiovascular collapse and hypoxemia — were cut
in half in the intervention group. According to the research
it can be concluded that the protocols, conceived as orderly
and sequential actions, as is the case in cardiovascular resus-
citation, also improve morbi-mortality of the critical patient
requiring intubation. Its protocol includes 10 steps (Table 2).

We shall now review the levels of evidence for each one of
these recommendations.

Two operators present

The short time available in the ICU and the critical scenario
make it difficult to properly assess the airway. The presence
of a senior physician next to the person doing the intubation
has proven to reduce the complications associated with the
procedure: esophageal intubation (0.9% vs. 3.4%), traumatic
intubation (1.7% vs. 6.8%), bronchoaspiration (0.9% vs. 5.8%),
teeth damage (0% vs. 1.0%) and selective intubation (2.6% vs.
7.2%). The global rate of complications also decreased signifi-
cantly (6.1% vs. 21.7%, p <0.0001).”



Table 1 - Summary of articles selected for review.

Trial Design Year Results

1. Trousseau A: Du tubage de la glotte et de la tracheotomie, Case Report 1858 NA
par M Bouchut.

2. Garcia M: Observations on the human voice. Proc R Soc Lond Case Report 1854 NA
1854; 7:399-410.

3. von Esmarch F: Handbuch der Kriegschirurgischen Technik. Case Report 1877 NA
Hannover, Germany, Carl Rumpler, 1877.

4. Kirstein A: Autoskopie des Larynx und der Trachea. Berl Klin Case Report 1895 NA
Wochenschr 1895; 32:476-478.

S. Killian G: Ueber directe Brochoskopie. Munch Med Case Report 1898 NA
Wochenschr 1898; 45:844-847.

6. Jaber. An intervention to decrease complications related to Prospective, multicenter 2009 The implementation of management protocols may limit the
endotracheal intubation in the intensive care unit. complications associated with intubation in the ICU

7. Schmidt. Effects of supervision by attending Prospective, cohort trial 2008 Trainer surveillance significantly reduced the complications
anesthesiologists on complications of emergency tracheal during intubation
intubation.

8. Vincent JL. Yearbook of Intensive Care and Emergency Textbook 2009 Volume expansion prevents the collapse of the critical patient
Medicine. during intubation

9. Miller R. Miller's Anesthesia. 7th ed. United States of Textbook 2010 Pre-oxygenation is required prior to the laryngoscopy
America: Elsevier; 2010 maneuver

10. Weiler N. Assessment of pulmonary mechanics and gastric Series of cases 1995 Inspiratory pressure should be limited to 20 cm H20
inflation pressure during mask ventilation.

11. Clements P. Should patients be manually ventilated during Review 2009 Experienced practitioners may ventilate the patient with
rapid sequence induction of anaesthesia? positive pressure during rapid sequence intubation

12. Henderson JJ. Difficult Airway Society guidelines for Review 2004 Positive pressure ventilation should be considered in difficult
management of the unanticipated difficult intubation. airway patients

13. El-Orbany M. Rapid sequence induction and intubation: Review 2010 There is some controversy regarding the ideal strategy for
current controversy. rapid sequence intubation — induction

14. Baillard. Noninvasive ventilation improves preoxygenation Randomized, prospective 2006 Facial mask pre-oxygenation was superior to conventional
before intubation of hypoxic patients. pre-oxygenation

15. Stept WJ. Rapid induction-intubation for prevention of Series of Cases 1970 The rapid sequence induction - intubation protocol prevents
gastric-content aspiration. gastric aspiration

16. Dobson AP. Effective time to satisfactory intubation Randomized, prospective 1999 Rocuronium used in propofol induction is an alternative to
conditions after administration of rocuronium in adults. succinylcholine in rapid sequence induction - intubation
Comparison of propofol and thiopentone for rapid sequence
induction of anaesthesia.

17. White PF. Comparative evaluation of intravenous agents for Randomized, prospective 1982 Midazolam or midazolam-ketamine are safe and effective for
rapid sequence induction - thiopental, ketamine, and induction
midazolam.

18. Yeung. A review of etomidate for rapid sequence intubation Review 2002 Of all the available induction agents, etomidate provides the
in the emergency department. most favorable safety profile

19. Dean P. Should etomidate be used for rapid-sequence Review 2008 Etomidate may lead to adrenal failure in the septic patient
intubation induction in critically ill septic patients? Probably
not.

20. Werther JR. Ketamine anesthesia. Review 1985 Ketamine rises the intracranial pressure

21. Barr. Thiopentone and suxamethonium crash induction. Case Series 1976 Cricoid pressure was effective in preventing regurgitation

An assessment of the potential hazards.
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Table 1 - (Continued)

Trial Design Year Results

22. El-Orbany. The neuromuscular effects and tracheal Randomized, prospective 2004 A dose of 0.6mg/kg of succinylcholine resulted in identical
intubation conditions after small doses of succinylcholine. intubation conditions to a 1 mg/kg

23. Seupaul. Evidence-based emergency medicine. Does Systematic review 2011 Succinylcholine is superior to rocuronium in terms of
succinylcholine maximize intubating conditions better than providing excellent intubation conditions
rocuronium for rapid sequence intubation?

24. Martyn. Succinylcholine-induced hyperkalemia in acquired Review 2006 Succinylcholine may induce fatal hyperkalemia in certain
pathologic states: etiologic factors and molecular pathological conditions
mechanisms.

25. Dodson. Changes in acetylcholine receptor number in Prospective trial 1995 Denervated patients may require higher doses of muscle
muscle from critically ill patients receiving muscle relaxants: relaxants due to a stronger presence of cholinergic receptors
An investigation of the molecular mechanism of prolonged
paralysis.

26. Walz. Airway management in critical illness. Review 2007 The airway approach may be complicated due to multiple

factors limiting the physiological reserve

27. Jones. Anaesthesia and demyelinating disease. Review 1980 In demyelinating disease, succinylcholine induces

considerable hyperkalemia

28. Cooperman. Succinylcholine-induced hyperkalemia in Review 1970 Succinylcholine causes hyperkalemia in neuromuscular
neuromuscular disease. disease

29. Leiman. Mechanisms of succinylcholine-induced Review 1987 Succinylcholine induces arrhythmia due to sympathetic
arrhythmias in hypoxic or hypoxic: hypercarbic dogs. stimulation

30. Sluga. Rocuronium versus succinylcholine for rapid Randomized, prospective 2005 Succinylcholine creates better intubation conditions and more
sequence induction of anesthesia and endotracheal expeditiously
intubation: a prospective, randomized trial in emergent
cases.

31. Andrews. A large simple randomized trial of rocuronium Randomized, prospective 1999 Rocuronium at 1mg/kg is equivalent to succinylcholine in the
versus succinylcholine in rapid-sequence induction of rapid induction - intubation sequence
anaesthesia along with propofol.

32. Patanwala. Comparison of succinylcholine and rocuronium Randomized, prospective 2011 Succinylcholine and rocuronium are equivalent in
for first-attempt intubation success in the emergency first-attempt intubation success
department.

33. Harris. Effects of thiopentone, etomidate and propofol on Randomized, prospective 1988 Propofol caused a significant blood pressure when used as a
the hemodynamic response to tracheal intubation. hypnotic agent, while etomidate caused an opposite response

34. Miller. Effects of alfentanil on the hemodynamic and Randomized, placebo 1993 Alfentanil controls the systolic pressure response, pulse and
catecholamine response to tracheal intubation. controlled, double blind systemic vascular resistance to intubation

35. O’Hare. Bolus dose remifentanil for control of Randomized, placebo 1999 A dose of 1 and 1.25 p.g/kg of remifentanyl prior to intubation
haemodynamic response to tracheal intubation during rapid controlled, double blind effectively controlled the blood pressure and pulse elevation
sequence induction of anaesthesia.

36. Palencia-Herrejon; Grupo de Trabajo de Analgesia y Review 2008 Fentanyl provides hemodynamic stability during induction —
Sedacién de la SEMICYUC. [Intubation of the critical patient]. intubation

37. Vanner. Safe use of cricoid pressure. Review 1999 The correct use of cricoid pressure reduces the incidence of

pulmonary aspiration without hindering the tracheal
intubation

38. Robinson. Fatal aspiration (Mendelson’s) syndrome despite Case series 1979 Pulmonary aspiration may occur despite the correct
antacids and cricoid pressure. implementation of Sellick’s maneuver

39. Williamson. Cricoid pressure. Editorial 1989 The idea that Sellick’s maneuver is simple should not be

encouraged
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40. Haslam. Effect of cricoid pressure on the view at
laryngoscopy.

41. Grmec. Comparison of three different methods to confirm
tracheal tube placement in emergency intubation.

42. Silvestri. The effectiveness of out-of-hospital use of
continuous end-tidal carbon dioxide monitoring on the rate
of unrecognized misplaced intubation within a regional
emergency medical services system.

43. Neumar. Part 8: adult advanced cardiovascular life support:
2010 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care.

44. Nolan. Part 1: executive summary: 2010 International
Consensus on Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science with Treatment
Recommendations.

45. Havel. Vasopressors for hypotensive shock.

46. De Backer. Comparison of dopamine and norepinephrine in
the treatment of shock.

47. Petrucci. Lung protective ventilation strategy for the acute
respiratory distress syndrome.

48. Amato. Effect of a protective-ventilation strategy on
mortality in the acute respiratory distress syndrome.

49. Ranieri. Effect of mechanical ventilation on inflammatory
mediators in patients with acute respiratory distress
syndrome: a randomized controlled trial.

50. Brower. Prospective, randomized controlled clinical trial
comparing traditional versus reduced tidal volume
ventilation in acute respiratory distress syndrome patients.

Case series

Prospective

Prospective, observational

Systematic review

Systematic review

Systematic review
Randomized, prospective
Systematic review
Randomized, prospective
Randomized, prospective
controlled

Randomized, prospective
controlled

2005

2002

2005

2010

2010

2011

2010

2007

1998

1999

1999

Applying a 30N force on the throat may obscure the vision of
the laryngoscopist

Capnography is the most reliable method in the pre hospital
environment to confirm the adequate placement of the
endotracheal tube

Continuous capnography monitoring was not associated with
unrecognized misplaced intubation

Capnography should be used to confirm a successful
intubation

Capnography should be used to confirm a successful
intubation

There are no long term differences among vasopressors for
correcting the hypertensive shock
Dopamine was associated to more adverse events

Mortality was lower at 28 d with the protective pulmonary
ventilation techniques

The protective strategy was associated to lower 28 d mortality,
higher extubation success and lower barotrauma in adult
respiratory distress patients

Cytokines response to mechanical ventilation is minimized
with pulmonary over-distention

There were no significant differences among patients using
low tidal volumes as compared to those using the traditional
volumes
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Science direct EBSCOhost PubMed OvidSP Scielo
155 64 738 208 1
| Duplicates
22
Total
1144
Excluded
—  because of title
500
842
Incomplete
— available text
594
50
I
[ | | |
Case reports Reviews Editorials Clinical trials
10 20 1 19

Fig. 1 - Search strategy flowchart.

Volume expansion

There is no evidence to date of the administration of a fluid
bolus prior to intubation; however, it is logical to think that
this could be beneficial for the critical patient pre-intubation —
except for patients with cardiogenic pulmonary edema - due
to the following reasons: (1) usually the patient is hypovolemic
and (2) anesthetic agents block the sympathetic response that
maintains the hemodynamic variables against hypotensive
stimuli; and (3) mechanical ventilation reduces the cardiac
output when compromising the preload.?

Pre-oxygenation

During pre-oxygenation, the nitrogen contained in the pul-
monary alveoli is exchanged by oxygen, providing the patient
with an additional oxygen reserve; hence, maneuvers such
as laryngoscopy and intubation may be done avoiding deoxy-
genation. 100% oxygen is supplied through the face mask: if
the patient’s awareness permits, he/she is asked to breath

deeply for ninety seconds or, oxygen is passively supplied for
three minutes.?

It has been usually argued that during RSI positive pressure
ventilation (PPV) should be avoided because gastric insuf-
flation favors bronchoaspiration.’® However, after August 19,
1961 when Sellick published his famous cricoid pressure
maneuver to avoid regurgitation of the gastric contents dur-
ing the induction of anesthesia, the recommendations state
in a footnote that experienced practitioners may administer
PPV, if the inspiratory pressure does not exceed 20 cm H,0.1%12
Moreover, there are certain cases in which PPV prior to intu-
bation, within the context of RSI, is strongly recommended:
obese patient, pregnant women, pediatric patient and crit-
ically ill patients.* A recent clinical study in 53 patients
showed that pressure-supported non-invasive ventilation, as
a pre-oxygenation method, was more effective than non-
inhalation ventilation mask and reserve bag.1*

Induction and rapid sequence intubation

Stept and Safar published in July 1970 the iconic protocol for
induction - intubation to prevent gastric aspiration.’® The key
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Table 2 - Suggested steps for rapid sequential intubation
of the critical patient.

Pre-intubation
1. Two operators present
2. Fluid load: 500 cc of crystalloids or 250 cc starch in the absence of
cardiogenic pulmonary edema
3. Prepare sedation for an extended period of time
4. Minute pre-oxygenation with non invasive positive pressure
ventilation in case of acute respiratory failure

During intubation
5. Induction and rapid sequence intubation:
- Etomidate 0.2-0.3mg/kg or ketamine 1.5-3mg/kg +
- Succinylcholine 1-1.5 mg/kg (avoid its use in allergic,
hyperkalemic or severely acidotic patients, in patients with
acute or chronic neuromuscular disease or in burned
patients with over 48 hours of evolution or spinal trauma)
6. Sellick’s Maneuver

Post-intubation

7. Immediate confirmation of tube placement using capnography

8. Norepinephrine when blood systolic pressure remains below
35mmHg

9. Start long term sedation

10. Start protective ventilation: tidal volume 6-8 ml/kg of ideal weight,
PEEP <5 cm H,0 and respiratory rate between 12 and
20 cycles/min, FIO, 100% and plateau pressure 30 cm H,0

objective of the rapid sequence intubation technique is to
reduce the period of time between loosing the airway pro-
tective reflexes and the intubation with an oro/nasotracheal
tube with pneumatic plugging sleeve.'® The technique was
intended for patients at high risk of aspiration.

The original algorithm considers the administration of
a predetermined intravenous dose of sodium thiopental
(150 pg), followed by the immediate administration of suc-
cinylcholine (100mg), establishing intubation conditions in
less than one minute.'®> Sodium thiopental acts as a hypnotic
agent, while succinylcholine relaxes the adductor laryngeal
muscles.

There has been considerable controversy about the best
hypnotic agent for RSI. Two aspects should then be considered:
(1) intubation conditions and (2) hemodynamic variability.
Dobson et al.’® compared thiopental and rocuronium vs.
propofol and rocuronium, and found better intubation con-
ditions with propofol, apparently due to propofol’s enhanced
effectiveness to inhibit the pharyngeal and laryngeal reflexes.

It should be kept in mind that the ideal hypnotic agent
for an ICU patient is one that leads to minimum change
in the hemodynamic parameters; however, contrary to our
objectives, thiopental and propofol, cause marked hypoten-
sion. Etomidate and ketamine are effective hypnotic agents
in patients hemodynamically compromised,'’-*® and hence
are the agents of choice in ICU patients. Please keep in mind
that etomidete’s ability to induce adrenal failure and thus its
use is contraindicated in septic patients.!® Likewise, ketamine
should not be used in patients with elevated intraocular pres-
sure or in patients with space occupying lesions due to its
known effect of raising the intracranial pressure.?°

Should you administer a predetermined fixed dose of the
hypnotic agent (as suggested by Stept and Safar in their origi-
nal paper) or, on the contrary should the agent be titrated until
loss of consciousness is obtained? With the former approach

there is a risk of under or over-dosing the patient allowing
the patient to be conscious or inducing drastic hemodynamic
changes with the latter.’® In both cases, the muscle relaxant
is administered upon loss of consciousness. Those who are
against of the titration technique claim that the induction last
longer as compared to the classic technique; however, some
authors like Barr and Thornley?! have shown that while total
induction time is longer, the period of time between loss of
consciousness and intubation remains unchanged.

In the RSI puzzle, succinylcholine is the key player:
why? What makes succinylcholine so special? Studies show
that when succinylcholine is used in RSI protocols, iden-
tical intubation conditions are achieved, regardless of the
hypnotic agent selected.?? A recent systematic review by
Cochrane evidences that succinylcholine is superior to rocuro-
nium to create excellent intubation conditions and should
be the first choice in rapid sequence intubation for the
normal patient.? While the proposal of Stept and Safar
included a standard 100mg dose for an average 70kg indi-
vidual, later studies established that the dose should be
1mg/kg.

Up to this point, we have explained in detail why succinyl-
choline is the muscle relaxant of choice for rapid sequence
intubation in the standard patient. However, ICU patients
are not candidates for receiving succinylcholine, due to the
extended periods of immobility these patients endure; already
after 6-12hours of immobilization, patients up-regulate the
nicotinic acetylcholine receptors, both within and outside
the neuromuscular plate and start the expression of the
a7AChR isoform.?4?> In view of the depolarization by suc-
cinylcholine, the normal receptors and the new isoforms start
releasing intracellular potassium?®; this is compounded by the
fact that isoform a7AChR strongly and persistently depolar-
izes, not just in response to endogenous succinylcholine and
acetylcholine, but also on account of its choline metabolite.
Additionally, the absolute rise in the number of receptors leads
to an overproduction of potassium.?® Following the adminis-
tration of 1mg/kg of succinylcholine, the serum potassium
elevation in a normal individual usually does not exceed
0.5mmol/l, while in an immobile individual may raise to
3 mmol/1.27%8

Leiman showed that in addition to the raise in potas-
sium following a succinylcholine injection, the automaticity
of the cardiac cells increases and the threshold for ven-
tricular fibrillation decreases as a result of the rise in
catecholamines. Succinylcholine briefly raises the levels of
norepinephrine and epinephrine due to its impact on the
presynaptic nicotinic receptors of the postganglionic sympa-
thetic nerve endings.?®

Then, what is the option to relax patients in the ICU?
Rocuronium is a non-depolarizing muscle relaxant with the
fastest onset of action. At a 0.8-1.2mg/kg dose it provides
excellent intubation conditions in 60 seconds.?® Three clinical
trials showed that in emergency situations, rocuronium was
equivalent to succinylcholine in developing acceptable intu-
bation conditions.3%32 In view of the available evidence and
considering the unjustified risks when administering depo-
larizing muscle relaxants, we walk away from Jaber’s protocol
to recommend the use of rocuronium over succinylcholine in
ICU patients.
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Should opioids be used in RSI?

Opioids were initially excluded from RSI due to their slow
onset of action and extended effect.’® With the introduction
of the modern opioids (fentanyl, alfentanyl and remifen-
tanyl), several studies have shown an adequate profile of an
almost total attenuation of the cardiovascular response,33-3°
and improved intubation conditions. Though Jaber failed to
consider the use of opioids in his protocol, in view of the avail-
able evidence we suggest the inclusion of one of the fast-acting
opioids in the RSI protocols for ICU patients. Whichever the
choice, it should be administered before the hypnotic agent.
Fentanyl is widely used at a 1-2 ng/kg dose because it is more
liposoluble than morphine, releases less histamine and pro-
vides hemodynamic stability.3¢

Sellick’s maneuver

By applying pressure over the cricoid cartilage against the cer-
vical vertebrae of a corpse, Sellick realized that regurgitation
of the gastric contents in the pharynx could be prevented.
Then he applied the technique in 26 patients with high risk
of aspiration during anesthetic induction, and none of them
experienced regurgitation or vomiting. Since then, Sellick’s
maneuver (SM) is a must when intubating patients at high
risk of aspiration. The current recommendation is to apply a
pressure of 10 Newton (N) (1kg) in the patient when awake and
30N (3kg)* in the unconscious patient. There have been how-
ever several reports about fatal aspiration and regurgitation,
despite the use of the SM.383% Other studies report wors-
ening of the intubation conditions.*® Inappropriate timing
for administering the SM, excessive strength or compression
of the thyroid instead of the cricoid cartilage, would be the
reasons for the SM associated issues.’® However, when the
maneuver is adequately performed - as shown by Sellick - it
contributes to prevent the passage of gastric contents into the
airway.

Immediate confirmation of tube placement
with capnography

Two studies showed that capnography has a 100% sensitivity
and specificity to confirm the correct placement of the tube
in the trachea, in patients with cardiorespiratory arrest.*142
The American Heart Association (AHA), the European Resus-
citation Council and the International Liaison Committee of
Resuscitation (ILCOR) recommend that, in addition to aus-
cultation and to the direct visual examination, capnography
should be used to confirm a successful intubation.*34

Norepinephrine if the diastolic pressure
remains under 35 mmHg

The most recent Cochrane review on hypotensive shock*
23 clinical controlled, randomized studies including 3212
patients with hypotensive shock were analyzed. The authors
concluded that there is no difference among the six vasopres-
sors (norepinephrine, dopamine, epinephrine, vasopressin,

Table 3 - Steps suggested by the authors for rapid
sequence intubation in intensive care patients.

Pre-intubation
1. Two operators available
2. Fluid load: 500 cc of crystalloids or 250 cc starch if no cardiogenic
pulmonary edema is present
3. Prepare the sedation for an extended period of time
4. Pre oxygenation for 3 minutes with non-invasive positive pressure
ventilation in case of acute respiratory failure

During intubation
5. Induction and rapid sequence intubation
- Fentanyl 2 u/kg +
- Etomidate 0.2-0.3 mg/kg (avoid in the septic patient) or
ketamine 1.5-3mg/kg +
- Rocuronium 1.2 mg/kg
6. Sellick’s Maneuver

Post-intubation
7. Immediate confirmation of tube placement with capnography
8. Dopamine or norepinephrine if the diastolic blood pressure remains
below 35 mmHg
9. Start long term sedation
10. Start protective ventilation: tidal volume 6-8 ml/kg of ideal weight
and plateau pressure 30 cm H,O

Source: The authors based on Jaber et al.® and on literature review.

terlipressin, dobutamine) analyzed in terms of mortality and
that probably, the choice of vasopressor does not affect the
final result. However, in one of the largest studies compar-
ing norepinephrine versus dopamine,*® the subgroup analysis
according to the type of shock, showed a beneficial effect
on the 28-day mortality in patients with cardiogenic shock
treated with norepinephrine; the drawback was that the ran-
domization was not stratified and hence the differences could
have been random. Until additional information is made avail-
able, it is impossible to determine which is the vasopressor of
choice for the management of persistent hypotension.

Protective ventilation

What is protective ventilation? According to Cochrane,*
protective ventilation is the ventilator strategy using tidal vol-
umes below or equal to 7 ml/kg, and plateau pressures below
31mm H,0. Amato et al.,*8 among several authors, showed
the benefits of using low tidal volumes: patients under protec-
tive ventilation die less (38% vs. 71%), mechanical ventilation
weaning is easier and faster (66% vs. 29%) and barotrauma is
lower (7% vs. 42%). In an independent study, Ranieri showed
that protective ventilation decreases the cellular inflamma-
tory response.*® The same Cochrane group found that those
patients exhibited a lower mortality at 28 days, as compared to
patients ventilated with high tidal volumes (9.4-9.9 ml/kg) and
plateau pressure above (31-37 mm H,0). On the other hand,
and contrary to Jaber’s recommendations, the ALVEOLI*® trial
failed to evidence discrepancies in mortality of the patients in
response to PEEP variations, regardless of a high or low PEEP.
A major requirement is to preserve a low tidal volume.
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Recommendation

Based on the scrutiny of the available medical literature on
RSI in the ICU, we would like to suggest a modified sequence
(Table 3), convinced that only a rigorous follow-up of our will
show the benefit of the technique.

Conclusion

The adoption of protocols is a strategy that has proven to be of
lower mortality in medical practice, for reasons including the
fact that our reasoning may get blurred under highly stressing
situations. Protocols are a tool to regain control of the situation
and provide us with valuable time to analyze the circum-
stances surrounding the event. This modified Jaber’s protocol
for rapid sequence induction - intubation in the intensive
care unit is intended as a handy therapeutic tool for critical
patients; we hope that, just as with the original protocol, the
modified algorithm will contribute to reduce the morbidity
and mortality in our patients.

Financing sources

None.

Conflicts of interest

The authors have no conflicts of interest to declare.

REFERENCES

1. Trousseau A. Du tubage de la glotte et de la tracheotomie, par
M Bouchut. Bull Acad Med. 1858;24:99.

2. Garcia M. Observations on the human voice. Proc R Soc Lond.
1854;7:399-410.

3. von Esmarch F. Handbuch der Kriegschirurgischen Technik.
Hannover, Germany: Carl Rumpler; 1877.

4. Kirstein A. Autoskopie des Larynx und der Trachea. Berl Klin
Wochenschr. 1895;32:476-8.

5. Killian G. Ueber directe Brochoskopie. Munch Med
Wochenschr. 1898;45:844-7.

6. Jaber S, Jung B, Corne P, Sebbane M, Muller L, Chanques G,
et al. An intervention to decrease complications related to
endotracheal intubation in the intensive care unit: a
prospective, multiple-center study. Intensive Care Med.
2010;36:248-55.

7. Schmidt UH, Kumwilaisak K, Bittner E, George E, Hess D.
Effects of supervision by attending anesthesiologists on
complications of emergency tracheal intubation.
Anesthesiology. 2008;109:973-7.

8. Vincent JL. Yearbook of intensive care and emergency
medicine. Annual, volume 2009. Germany: Springer; 2009.

9. Miller R. Miller’s anesthesia. 7th ed. United States of America:
Elsevier; 2010.

10. Weiler N, Heinrichs W, Dick W. Assessment of pulmonary
mechanics and gastric inflation pressure during mask
ventilation. Prehosp Disaster Med. 1995;10:101-5. PubMed
PMID: 10155411.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Clements P, Washington SJ, McCluskey A. Should patients be
manually ventilated during rapid sequence induction of
anaesthesia? Br ] Hosp Med (Lond). 2009;70:424.

Henderson Jj, Popat MT, Latto IP, Pearce AC. Difficult Airway
Society guidelines for management of the unanticipated
difficult intubation. Anaesthesia. 2004;59:675-94.

El-Orbany M, Connolly LA. Rapid sequence induction and
intubation: current controversy. Anesth Analg.
2010;110:1318-25. Review. PubMed PMID: 20237045.

Baillard C, Fosse JP, Sebbane M, Chanques G, Vincent F,
Courouble P, et al. Noninvasive ventilation improves
preoxygenation before intubation of hypoxic patients. Am J
Respir Crit Care Med. 2006;174:171-7. PubMed PMID: 16627862.
Stept WJ, Safar P. Rapid induction-intubation for prevention
of gastric-content aspiration. Anesth Analg. 1970;49:633-6.
PubMed PMID: 5534675.

Dobson AP, McCluskey A, Meakin G, Baker RD. Effective time
to satisfactory intubation conditions after administration of
rocuronium in adults. Comparison of propofol and
thiopentone for rapid sequence induction of anaesthesia.
Anaesthesia. 1999;54:172-6. PubMed PMID: 10215713.

White PF. Comparative evaluation of intravenous agents for
rapid sequence induction - thiopental, ketamine, and
midazolam. Anesthesiology. 1982;57:279-84. PubMed PMID:
7125264.

Yeung JK, Zed PJ. A review of etomidate for rapid sequence
intubation in the emergency department. CJEM. 2002;4:194-8.
PubMed PMID: 17609005.

Dean P. Should etomidate be used for rapid-sequence
intubation induction in critically ill septic patients? Probably
not. Am J Emerg Med. 2008;26:728-9, author reply 729-30.
Werther JR. Ketamine anesthesia. Anesth Prog. 1985;32:185-8.
Barr AM, Thornley BA. Thiopentone and suxamethonium
crash induction. An assessment of the potential hazards.
Anaesthesia. 1976;31:23-9.

El-Orbany MI, Joseph NJ, Salem MR, Klowden AJ. The
neuromuscular effects and tracheal intubation conditions
after small doses of succinylcholine. Anesth Analg.
2004;98:1680-5. PubMed PMID: 15155328.

Seupaul RA, Jones JH. Evidence-based emergency medicine.
Does succinylcholine maximize intubating conditions better
than rocuronium for rapid sequence intubation? Ann Emerg
Med. 2011;57:301-2. PubMed PMID: 20869137.

Martyn JA, Richtsfeld M. Succinylcholine-induced
hyperkalemia in acquired pathologic states: etiologic factors
and molecular mechanisms. Anesthesiology. 2006;104:158-69.
Review.

Dodson BA, Kelly BJ], Braswell LM, Cohen NH. Changes in
acetylcholine receptor number in muscle from critically ill
patients receiving muscle relaxants: an investigation of the
molecular mechanism of prolonged paralysis. Crit Care Med.
1995;23:815-21.

Walz JM, Zayaruzny M, Heard SO. Airway management in
critical illness. Chest. 2007;131:608-20. Review. PubMed PMID:
17296669.

Jones RM, Healy TE. Anaesthesia and demyelinating disease.
Anaesthesia. 1980;35:879-84. Review. PubMed PMID: 7004260.
Cooperman LH. Succinylcholine-induced hyperkalemia in
neuromuscular disease. JAMA. 1970;213:1867-71. PubMed
PMID: 5468914.

Leiman BC, Katz J, Butler BD. Mechanisms of
succinylcholine-induced arrhythmias in hypoxic or hypoxic:
hypercarbic dogs. Anesth Analg. 1987;66:1292-7.

Sluga M, Ummenhofer W, Studer W, Siegemund M, Marsch
SC. Rocuronium versus succinylcholine for rapid sequence
induction of anesthesia and endotracheal intubation: a
prospective, randomized trial in emergent cases. Anesth
Analg. 2005;101:1356-61. PubMed PMID: 16243994.



REV COLOMB ANESTESIOL.2013;41(1):24-33

33

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Andrews JI, Kumar N, van den Brom RH, Olkkola KT, Roest GJ,
Wright PM. A large simple randomized trial of rocuronium
versus succinylcholine in rapid-sequence induction of
anaesthesia along with propofol. Acta Anaesthesiol Scand.
1999;43:4-8. PubMed PMID: 9926179.

Patanwala AE, Stahle SA, Sakles JC, Erstad BL. Comparison of
succinylcholine and rocuronium for first-attempt intubation
success in the emergency department. Acad Emerg Med.
2011;18:10-4,
http://dx.doi.org/10.1111/j.1553-2712.2010.00954.x.

Harris CE, Murray AM, Anderson JM, Grounds RM, Morgan M.
Effects of thiopentone, etomidate and propofol on the
hemodynamic response to tracheal intubation. Anaesthesia.
1988;43 Suppl.:32-6. PubMed PMID: 3259093.

Miller DR, Martineau RJ, O’Brien H, Hull KA, Oliveras L,
Hindmarsh T, et al. Effects of alfentanil on the hemodynamic
and catecholamine response to tracheal intubation. Anesth
Analg. 1993;76:1040-6. PubMed PMID: 8484505.

O’Hare R, McAtamney D, Mirakhur RK, Hughes D, Carabine U.
Bolus dose remifentanil for control of haemodynamic
response to tracheal intubation during rapid sequence
induction of anaesthesia. Br ] Anaesth. 1999;82:283-5.
PubMed PMID: 10365011.

Palencia-Herrején E, Borrallo-Pérez JM, Pardo-Rey C, Grupo de
Trabajo de Analgesia y Sedacién de la SEMICYUC. Intubation

of the critical patient. Med Intensiva. 2008;32(Spec No. 1):3-11.

Vanner RG, Asai T. Safe use of cricoid pressure. Anaesthesia.
1999;54:1-3. PubMed PMID: 10209362.

Robinson JS, Thompson JM. Fatal aspiration (Mendelson’s)
syndrome despite antacids and cricoid pressure. Lancet.
1979;2:228-30. PubMed PMID: 89335.

Williamson R. Cricoid pressure. Can J Anaesth. 1989;36:601.
PubMed PMID: 2791184.

Haslam N, Parker L, Duggan JE. Effect of cricoid pressure on
the view at laryngoscopy. Anaesthesia. 2005;60:41-7. PubMed
PMID: 15601271.

Grmec S. Comparison of three different methods to confirm
tracheal tube placement in emergency intubation. Intensive
Care Med. 2002;28:701-4. PubMed PMID: 12107674.

Silvestri S, Ralls GA, Krauss B, Thundiyil ], Rothrock SG, Senn
A, et al. The effectiveness of out-of-hospital use of

43.

44,

45.

46.

47.

48.

49.

50.

continuous end-tidal carbon dioxide monitoring on the rate
of unrecognized misplaced intubation within a regional
emergency medical services system. Ann Emerg Med.
2005;45:497-503. PubMed PMID: 15855946.

Neumar RW, Otto CW, Link MS, Kronick SL, Shuster M,
Callaway CW, et al. Part 8: adult advanced cardiovascular life
support: 2010 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care. Circulation. 2010; 122 18 Suppl
3:5729-67. Review. Erratum in: Circulation. 2011 Feb 15;
123(6):e236. PubMed PMID: 20956224.

Nolan JP, Hazinski MF, Billi JE, Boettiger BW, Bossaert L, De
Caen AR, et al. Part 1: executive summary: 2010 International
Consensus on Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science with Treatment
Recommendations. Resuscitation. 2010;81:e1-25.

Havel C, Arrich J, Losert H, Gamper G, Miillner M, Herkner H.
Vasopressors for hypotensive shock. Cochrane Database Syst
Rev. 2011;5:CD003709. Review. PubMed PMID: 21563137.

De Backer D, Biston P, Devriendt J, Madl C, Chochrad D,
Aldecoa C, et al. SOAP II Investigators. Comparison of
dopamine and norepinephrine in the treatment of shock. N
Engl ] Med. 2010;362:779-89.

Petrucci N, Iacovelli W. Lung protective ventilation strategy
for the acute respiratory distress syndrome. Cochrane
Database Syst Rev. 2007. CD003844. Review.

Amato MB, Barbas CS, Medeiros DM, Magaldi RB, Schettino
GP, Lorenzi-Filho G, et al. Effect of a protective-ventilation
strategy on mortality in the acute respiratory distress
syndrome. N Engl ] Med. 1998;338:347-54. PubMed PMID:
9449727.

Ranieri VM, Suter PM, Tortorella C, De Tullio R, Dayer JM,
Brienza A, et al. Effect of mechanical ventilation on
inflammatory mediators in patients with acute respiratory
distress syndrome: a randomized controlled trial. JAMA.
1999;282:54-61.

Brower RG, Shanholtz CB, Fessler HE, Shade DM, White Jr P,
Wiener CM, et al. Prospective, randomized controlled clinical
trial comparing traditional versus reduced tidal volume
ventilation in acute respiratory distress syndrome patients.
Crit Care Med. 1999;27:1492-8.


dx.doi.org/10.1111/j.1553-2712.2010.00954.x

	Rapid sequence intubation in the intensive care unit
	Introduction
	Two operators present
	Volume expansion
	Pre-oxygenation
	Induction and rapid sequence intubation
	Should opioids be used in RSI?

	Sellick's maneuver
	Immediate confirmation of tube placement with capnography
	Norepinephrine if the diastolic pressure remains under 35mmHg
	Protective ventilation
	Recommendation
	Conclusion
	Financing sources
	Conflicts of interest
	References


