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s u m m a r y

Cricoid pressure (CP) was introduced into anaesthetic practice in the 1960s and has become the standard
of care for patients at risk of aspiration during induction. However, the evidence supporting the wide-
spread use of CP to prevent aspiration remains unconvincing. Equally, there is no robust evidence to
suggest that CP causes harm, and as such, CP has become an established technique because of a mixture
of anecdotal evidence and expert opinion. The future of CP lies in the answer to the question as to
whether it is actually effective in preventing regurgitation or whether it is an unnecessary hazard.

© 2015 Published by Elsevier Ltd.
1. Introduction

Cricoid pressure (CP), as a means of preventing gastric disten-
sion, was first reported by Monro in 1774 during inflation with
bellows of the lungs of persons “drowned and seemingly dead” and
it was recognised that during resuscitation of near-drowning vic-
tims pressure should be applied on the cricoid ring to prevent air
from entering the stomach.1

There was no further mention of CP until Sellick, in 1961, re-
ported using “occlusion of the upper oesophagus by backwards
pressure on the cricoid ring against the bodies of the cervical
vertebrae to prevent gastric contents from reaching the pharynx”
and thus subsequent aspiration into the lungs during induction of
anaesthesia in patients at high risk of aspiration.2 This came fifteen
years afterMendelson, who in 1946, reported the risk of pulmonary
aspiration of gastric contents during mask anaesthesia.3

Cricoid pressure, or Sellick's manoeuvre, is the application of
sustained digital pressure to the cricoid cartilage pushing it back-
wards and thus compressing the oesophagus between the posterior
aspect of the cricoid and the body of C5e6. Sellick's conclusionwas
based on evidence from lateral neck X-rays. The cricoid cartilage is
used because it forms the only complete ring of the larynx and
trachea. It has traditionally been considered an integral part of
patient safety in rapid sequence tracheal intubation and emergency
airway management due to it being intuitively helpful in prevent-
ing regurgitation of gastric contents.4
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Before the routine use of CP, maternal death from inhalation of
stomach contents was a leading cause of death from anaesthesia in
England and Wales. Although CP was first described in 1961, it was
not in widespread use until about 1970. In the Confidential En-
quiries into Maternal Death in England and Wales from 1964 to
1969 therewere 52 deaths from aspiration.5 In the last five triennial
reports of the Confidential Enquiries into Maternal Death in the UK
from 1994 to 2005 there have been only three deaths from aspi-
ration pneumonitis.5e8 One patient did not have CP applied,7 and
the other aspirated after failed intubation and may have had CP
released at that time.7 There was one death in the Centre for
Maternal and Children Enquiries (CMACE) 2011 report, attributed
to aspiration of gastric contents.9 However, in that case aspiration
occurred at extubation post caesarean section.9
2. The current practice

The goal of CP is prevention of regurgitation of gastric contents,
with subsequent aspiration into the lungs. Some authors have
described CP as the “lynchpin of physical prevention of aspiration”
and a minimum standard of care, implying any clinical trials to
‘prove’ its worth could be unethical.10 Its continued use during
rapid sequence induction (RSI) is based on anecdotal evidence and
expert opinion.11 It has become the standard of care and it is un-
likely that a large randomised controlled trial (RCT) will be done to
assess its role in high-risk patients as it would be unethical for half
of the subjects at risk to be denied a technique that is regarded as a
standard of care. Equally, there is no robust evidence to suggest that
CP causes harm, and perhaps this aspect has made it an established
technique.11,12,13
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However, in recent years it has come under considerable
scrutiny and some criticism, with some authors even arguing for
its abandonment.14 There have been two systemic reviews in the
past that concluded that there was no evidence for or against the
application of CP.15 Three reviews on rapid sequence induction
and CP have all pointed out that there are no published ran-
domized controlled trials comparing the incidence of regurgita-
tion on induction, with and without CP in patients at high risk of
regurgitation.14,16,17 Cook et al. found that 11% of anaesthetic
assistants surveyed had experienced regurgitation in their pa-
tients despite application of CP.18 Fenton and Reynolds (2009) in
their study of the application of CP and maternal outcome in
patients undergoing caesarean sections in Malawi argue that its
efficacy in saving lives is difficult to establish. They concluded
that there was no evidence that CP prevented regurgitation and
saved lives.19 However, Vanner, in an editorial, gave a more
balanced view. He argued that CP has led to the reduction of
deaths from regurgitation and aspiration in the UK.20 There are
often anecdotal arguments that French anaesthetists do not
apply CP; however, a survey of French anaesthetists in 1998
showed that the overwhelming majority do routinely apply CP.21

Moreover, a French RCT comparing the effectiveness of CP in the
incidence of regurgitation in high-risk patients showed no
regurgitation in the CP group compared with three patients in
the non CP group.22

Advocates of CP contend that its incorrect application is the
main reason for the reported problems rather than any funda-
mental deficiency of the method.1,15 Incorrect timing, the use of
excessive force, and compressing the thyroid cartilage instead of
the cricoid cartilage are examples of misuse of CP. Advocates also
stress the added benefit of the ability of CP to prevent gastric
insufflation when mask ventilation is needed before tracheal
intubation.23 Vanner and Asai noted that especially the force used
in CP was a relevant factor in its success in preventing regurgitation
of gastric contents.24

3. How big is the problem of aspiration?

Since the initial comprehensive review of the incidence of pul-
monary aspiration, in obstetric patients, by Mendelson in 1946,25

several large retrospective observational studies have been pub-
lished.25e29 Most of these reports concentrated on either the pae-
diatric population25,26 or mixed populations28,29 and only one
study focused on the adult surgical/obstetric population.27

The incidence of aspiration in the general surgical population
has been reported in three large studies. Olsson et al. found an
aspiration incidence of 1:2131 during anaesthesia in 185,385 pa-
tients, with a mortality rate of 1:45,454. Forty-seven per cent of the
patients who aspirated developed pneumonitis and 17% required
lung ventilation.28 In a study of 85,594 adult surgical patients by
Mellin-Olsen et al. calculated the incidence of pulmonary aspiration
being 2.9:10,000, all in patients undergoing general anaesthesia.
The incidence was four times greater in emergency cases.29 A
retrospective review of >200,000 patients in the Mayo Clinic
revealed an aspiration rate of 1:3,216, with a mortality rate of
1:71,829.27

In children, the risk of regurgitation and pulmonary aspiration
may be greater but it is rarely associated with pneumonitis.30,31

With regards to obstetric anaesthesia, patients undergoing
Caesarean section under general anaesthesia have at least twice
the risk of pulmonary aspirationwhen compared with the general
population. An Italian study quoted an incidence of aspiration
between 1:1431 and 1:1,547, whereas a more recent study re-
ported aspiration in 1:900 patients undergoing Caesarean
section.32,33
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4. The key questions

To decide whether or not the practice of CP should be continued
or not we need to be able to answer two questions: 1) Does CP
prevent stomach inflation during manual lung ventilation? and 2)
Does CP prevent regurgitation and aspiration?

4.1. The evidence for CP preventing stomach inflation

The initial supporting evidence for CP came from relatively
small cadaveric studies. Yet, the difference between a cadaveric
response to regurgitation and the response of an anaesthetised
human is poorly defined.34 The interplay between the upper
oesophageal sphincter, lower oesophageal sphincter, and intra-
gastric pressure is a complicated dynamic process that cannot be
replicated in non-responsive tissue. The tone of the sphincters and
the degree of intragastric pressure varies significantly between
cadavers, patients in cardiac arrest, obtunded emergency patients
and elective patients.35e38

The application and success of CP involves many variables,
including the operator and patient. The effectiveness of CP in pre-
venting regurgitation is likely to vary on the method of application,
as well as the ventilation technique and other patient-specific
variables. Imaging studies suggest that the differing results of CP
may be due to variability in the anatomic relationships between the
cricoid ring, the oesophagus, and the vertebral body. On CTandMRI
imaging the application of CP increased the lateral displacement of
the oesophagus.39,40 Considering the mobility of the larynx relative
to the oesophagus, coupled with operator variability, CP is unlikely
to provide uniformly effective oesophageal compression. There is
solid evidence that cricoid pressure is applied inconsistently.41,42 In
other words, the argument as to whether CP is effective or not
should revolve around whether it is employed correctly or not (i.e,
without excessive force, at the correct location, at the appropriate
time). CP should be highly patient-dependent and the focus should
be taken away from the prescriptive application of force on the
cricoid ring.

There are at least two aspects to ‘success’ of CP. First, is the
extent to which a certain applied force demonstrably occludes the
oesophagus without causing other forms of anatomical disruption
to neighbouring tissues. Second is whether this anatomically
optimal result yields a beneficial functional result in preventing
gastric distension or regurgitation.

Sellick, in his original description, suggested that correct
application of CP would prevent gastric insufflation during bag-
valve-mask ventilation. He found that gastric inflation was un-
likely to occur if inflation pressure did not exceed 15e20 cm H2O.2

There is a relationship between the pressure required to venti-
late the lungs and that forcing air in the stomach. Airway pressures
below 16 cm H2O, even without CP, rarely lead to insufflation of air
in the stomach.43,44 Application of CP increases the applied airway
pressure that is needed before air enters the stomach.

Studies have shown that CP prevented gastric insufflation in
adults and children being ventilated with high tidal volumes and
inspiratory pressures.43e45 Provided peak inspiratory pressure does
not exceed 35 cmH2O, ventilation with bag-valve-mask should not
lead to gastric insufflation. CP applied during facemask ventilation
prior to laparoscopic cholecystectomy was shown to prevent
gastric insufflation.

4.2. The evidence for CP preventing regurgitation and aspiration

Cadaveric studies showed that CP consistently prevented saline
or water leakage into the pharynx from the oesophagus at oeso-
phageal pressures from 50 cm H2O of up to 100 cm H2O.35,36
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Sellick in 1962 conducted another observational study where a
patient undergoing oesophagectomy under general anaesthesia,
had his oesophagus distended with saline up to pressure of 100 cm
H2O.46 CP was being applied and no regurgitation was observed.46

Neelakanta documented in an elective patient that on release of CP
gastric fluid appeared in the patient's mouth.38

There have not been any clinical trials looking into whether CP
protects against aspiration. However, there are case reports and
surveys that indicate that aspiration occurred despite CP being
applied.44e48 However, it is impossible to determine whether
aspiration occurred due to the technique itself or the incorrect
application of the technique as there are numerous anatomic
studies showing how the oesophagus is displaced when CP is
applied and thus is incompletely occluded.39,40 The potential for
lateral positioning and displacement of the oesophagus relative to
the cricoid cartilage possibly explains a number of case reports,
where despite seemingly appropriate application of CP during RSI,
regurgitation and aspiration, occurred nevertheless.

In the UK all maternity units surveyed in 1994 routinely applied
CP during induction of general anaesthesia in the last trimester of
pregnancy.49,50 The anaesthetic Activity Survey of the 5th National
Audit Project (NAP5) estimated 8-9000 caesarean sections under
general anaesthesia in England.51 If one assumes approximately the
same denominator each year, then according to the results from the
CMACE reports failure of CP has not resulted in a maternal death in
many tens or hundreds of thousands of caesarean sections under
general anaesthesia.20

5. Lessons from NAP4

In NAP4, aspiration was shown to be the single commonest
cause of death in anaesthesia events.52 NAP4 identified a total of 42
aspiration events (out of 114,904 general anaesthetics). Of these 34
occurred during anaesthesia, six on the intensive care unit and two
in the emergency department. There were 11 adverse events in
total, of which there were 9 deaths and two cases of brain damage
all in anaesthesia cases. The majority of cases occurred during
maintenance of anaesthesia (14 of the 42); however, one event
occurred even before induction of anaesthesia (after tracheal tube
was placed by fibreoptic intubation), two events before (during
induction of anaesthesia) and seven during airway management. It
is also important to mention that nine cases of primary aspiration
occurred before induction as well as before and during airway
management emphasising the need for consideration of a quick
method of induction of anaesthesia to minimise the time the
airway is unprotected.

NAP4 identified several cases where the omission of RSI was
responsible for patient harm and death from aspiration of gastric
contents or blood. The investigators concluded that: “Rapid
sequence induction with cricoid force does not provide 100% pro-
tection against regurgitation and aspiration of gastric contents, but
remains the standard for those patients at risk.”

The finding that a majority of cases (13 cases) of primary aspi-
ration occurred in patients during maintenance of anaesthesia with
supraglottic airway devices is relevant to arguments concerning CP.
The data suggest that (a) tracheal intubation should better have
been employed and (b) aspiration is an ever-present risk.

NAP4 found no cases where CP was reported to lead to major
complications. The experts conceded that RSI with CP does not
provide 100% protection from regurgitation and aspiration, but felt
it should remain the standard of care for high risk patients. In other
words, the experts who reported for NAP4 accepted the problems
with CP, but did not recommend avoiding it. Only when intubation
fails did they recommend that CP should be reduced or removed to
facilitate oxygenation.
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6. Medicolegal

Adverse effects in anaesthesia clearly have medicoloegal im-
plications for all those involved. According to Lerman guidelines in
anaesthesia endorse CP and its omission legally represents poor
practice.15

The case of M. v East Hertfordshire Health Authority 1991
probably settled the medicolegal status of CP, at least in the UK
(anaesthetics.ukzn.ac.za/Libraries/.../A_Dunpaths_fmm_booklet.sfl-
b.ashx).53 Mr M, a 68 year old man, presented for emergency
correction of an irreductable inguinal hernia. The anaesthetist,
although aware of the history of vomiting, failed to apply cricoid
pressure during induction. M regurgitated the contents of his
stomach which entered his lungs and pneumonitis resulted. M
recovered after a prolonged period in intensive care, but was left
symptomatic with breathlessness and had to give up work. The
lawsuit was settled in his favour for £42,500. The judge argued that
“We cannot assert that CP is not effective until trials have been
performed, especially as it is an integral part of anaesthetic tech-
nique that has been associated with a reduced maternal death rate
from aspiration since the 1960's.”

Marcus has reported that lawsuits on behalf of patients who
aspirate their stomach contents during or shortly after surgery are
nearly twice as likely to involve the death of the patient as other
malpractice claims related to anaesthesia http://www.
anesthesiologynews.com/ViewArticle.aspx?d_id¼1&a_
id¼15888&ses¼ogst). A publication from the American Society of
Anesthesiologists closed claims practice group reported that CP
was ‘used’ in half of claims relating to aspiration.54 Claims for
aspiration in which CP was applied were settled for lower amounts
than those in which it was omitted. This clearly indicates that the
majority of anaesthetists as well as hospitals, lawyers and patients
still accept it as the standard of care during RSI and its use is still
considered mandatory in patients at high risk of regurgitation.
7. Summary

This article was written as a pro- and con-debate, with us tasked
to take the side of pro- CP. Readers will easily see that we have in
fact taken a balanced stance.

Aspiration remains an important risk and cause of mortality. CP
was designed to prevent aspiration during induction: yet is it not
100% effective and it is often administered suboptimally. Further
research should define the components of an RSI (e.g. should mask
ventilation be used whilst awaiting full muscle relaxation, etc) and
also the degree to which administered a 40N pressure has the same
effect in all patients. It is unlikely that an RCT can be conducted, but
large datasets like NAP4 may be useful is ascertaining benefit.
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