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ABSTRACT

Background

Rapid sequence induction (RSI) for endotracheal intubation is a technique widely used in anaesthesia, emergency and intensive care
medicine to secure an airway in patients deemed at risk of pulmonary aspiration. Cricoid pressure is conceptually used to reduce the risk
of aspiration by compressing the oesophagus.

Objectives

To identify and evaluate all randomized controlled trials (RCTs) involving participants undergoing elective or emergency airway
management via RSl and compare participants who have cricoid pressure administered with participants who do not have cricoid pressure
administered.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL 2015, Issue 4), MEDLINE via OvidSP (1946 to May 2015), EMBASE
via OvidSP (1980 to May 2015), ISI Web of Science (from 1940 to May 2015) and CINAHL via EBSCOhost (1982 to May 2015).

Selection criteria

We included all RCTs comparing people undergoing RSl who have cricoid pressure applied, either intermittently or continuously, with
people undergoing RSI who do not have cricoid pressure applied in the context of endotracheal intubation using a direct laryngoscopic
technique. We included both elective and emergency cases. We included studies of blinded and unblinded participants. Participants (male
or female) were involved in any type of procedure where general anaesthetic utilizing RSI or emergency airway management utilizing RSI
and endotracheal intubation was undertaken. We expected the control arm to be the absence of cricoid pressure at any stage during RSI.
The primary outcome of interest was the reported event rate or prevalence of aspiration determined by a) documented gastric aspiration
determined by visual inspection of aspirated stomach contents on laryngoscopy; b) pepsin detection in tracheal aspirate using the Ufberg
method; c) post-anaesthetic radiographic changes suggestive of aspiration pneumonitis or d) any combination of a to c. Secondary
outcomes of interest included documented impaired visualization of the airway by a treating laryngoscopist, force applied during cricoid
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pressure, the direction of application of force of applied cricoid pressure, independent risk factors for aspiration and whether the person
applying cricoid pressure had previously done so in an emergency airway context.

Data collection and analysis

Two review authors independently screened the titles and abstracts of all the studies obtained from the search using recognition of words
such as 'cricoid pressure’, 'rapid sequence intubation', 'emergency airway management' and 'aspiration’. Two authors independently
determined the study inclusion by using a study eligibility form that we developed for the purpose of this review. We also reported the
decisions regarding inclusion and exclusion in accordance with the preferred reporting items for systematic reviews and meta-analyses
(PRISMA) statement. We assumed that studies that did not describe the use of RSl in their title, abstract or methodology used an alternative
method of anaesthetic induction or emergency airway management and thus we excluded them. Data extracted from included studies
comprised study characteristics, participant demographics, intervention and comparison details plus outcome measures and results. We
contacted primary authors of studies with missing or unreported but potentially relevant data to obtain missing data.

Main results

Of 493 records that we identified from databases as a result of the search (excluding duplicates), we regarded 70 abstracts/titles as
potentially relevant studies. Independent scrutiny of these 70 titles and abstracts identified 29 potentially relevant studies. Of the 29
potentially relevant studies, one study met the criteria for inclusion. This study was a RCT that compared participants undergoing RSl and
endotracheal intubation in the context of elective surgery requiring a general anaesthetic. Forty participants were recruited, 20 of whom
had cricoid pressure applied and 20 of whom had cricoid pressure simulated. The main outcomes reported were systolic arterial pressure
and heart rate after laryngoscopy and tracheal intubation. We did not consider these outcomes relevant for the purposes of this systematic
review. The search also identified one study that could potentially be included in an updated systematic review in the future, but was at
the time of the search a proposal for a trial only and had no reported outcomes at this time.

Authors' conclusions

There is currently no information available from published RCTs on clinically relevant outcome measures with respect to the application
of cricoid pressure during RSI in the context of endotracheal intubation. On the basis of the findings of non-RCT literature, however,
cricoid pressure may not be necessary to undertake RSl safely, and therefore well-designed and conducted RCTs should nonetheless be
encouraged to properly assess the safety and effectiveness of cricoid pressure.

PLAIN LANGUAGE SUMMARY

Effect of applying cricoid pressure during rapid sequence induction of general anaesthesia
Background

Rapid sequence induction (RSI) is a technique used by critical care clinicians, mainly anaesthetists, intensive care physicians and
emergency physicians, when setting out to secure a clear airway for a general anaesthetic and the patient is thought to be at risk of
vomiting their stomach contents into their airway and down into their lungs. Stomach contents in the lungs can cause infection of the lung
and, in severe cases, death. Cricoid pressure is a technique where pressure is placed on an area of bone-like tissue in the neck to flatten
the oesophagus (tube that connects the mouth to the stomach). This is intended to prevent vomiting up of the stomach contents. The
application of cricoid pressure for this purpose is very common. It is, however, a controversial practice as some clinicians and researchers
believe it to be ineffective. It may also interfere with the clinician's view of the patient's airway.

Study characteristics

Our search strategy was designed to identify randomized controlled trials (RCTs) where RSl was undertaken to secure an artificial airway for
a general anaesthetic with or without the application of cricoid pressure. Vomiting or regurgitation of stomach contents during anaesthesia
was to be assessed either by looking directly down the airway or by various laboratory and imaging (radiological) methods. We also set
out to determine whether applying cricoid pressure caused any harm.

Key findings

We searched the databases until May 2015. Only one RCT met our inclusion criteria but unfortunately this trial did not report on any
clinically relevant results. We classified one other trial as ongoing. The researchers have reported on their planned protocol for the clinical
trial, where cricoid pressure applied using a measured force will be compared with cricoid pressure without measuring the force applied.
The number of patients who vomit is to be monitored.

Quality of evidence

This systematic review shows an absence of evidence regarding the effectiveness and risks of cricoid pressure during RSl for intubation.
Little can be said therefore about whether this technique should be continued in clinical practice. One current ongoing study shows
promise that it will provide useful information in the future.
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BACKGROUND

Description of the condition
Consequences of aspiration

Aspiration is a major contributor to morbidity and mortality in
emergency airway management and anaesthetic practice (Cook
2011). Cricoid pressure is a manoeuvre often used in emergency
situations during the course of rapid sequence induction (RSI) in
the context of endotracheal intubation with the aim of preventing
aspiration.

Rapid sequence induction

Traditionally, RSl is a technique of endotracheal intubation widely
used in anaesthesia, emergency and intensive care medicine
to secure an airway in patients deemed at risk of pulmonary
aspiration. It usually involves pre-oxygenation with 100% oxygen
to maximize oxygen content of the patient's functional residual
capacity. This is generally administered for one to five minutes (or
eight breaths in a time-critical emergency) or until the patient's
fraction of expired oxygen is over 80%. When an acceptable level
of oxygenation is achieved, whether it be for the purposes of
undertaking a procedure or in the context of a critically unwell
person, then an intravenous anaesthetic induction agent and
fast onset neuromuscular blocker are administered rapidly, in
succession, at a predetermined dose. Opioid drugs are often
co-administered. Cricoid pressure is placed at the point of loss
of consciousness (or sometimes before) and the trachea is
intubated once muscle relaxation is achieved. Only once adequate
endotracheal tube placement is confirmed by chest auscultation
and chest wall movement, is the cricoid pressure released.
Assisted ventilation is avoided until endotracheal tube placement
is confirmed, to reduce gastric insufflation and minimize the risk of
aspiration (El-Orbany 2010; Mace 2008; Morgan 2006).

Description of the intervention

Cricoid pressure is classically defined as digital pressure (10 to 30
Newtons (N)) against the cricoid cartilage pushing it backwards,
occluding the oesophagus by compressingit against the body of the
fifth cervical vertebrae (Ewart 2007; Sellick 1961).

In 1961, Sellick proposed cricoid pressure as a method of
preventing gastro-oesophageal regurgitation and subsequent
aspiration. He conducted an observational study on 26 high-
risk participants, all of whom received cricoid pressure. Of these
participants, there were three cases of immediate regurgitation of
gastrointestinal contents after release of pressure, suggesting that
the procedure was effective at preventing regurgitation during the
time force was applied (Sellick 1961).

This study had numerous limitations; it was not blinded nor
randomized; the sample size was small and it did not quantify the
magnitude of force required for successful application of cricoid
pressure.

Despite these limitations the application of cricoid pressure
has since become an ingrained method in anaesthetic practice,
ostensibly because it is a non-invasive, logical and simple
technique with the potential to increase patient safety without
adding significant risk. Applying cricoid pressure is often the only
perceived active measure clinicians can take in an emergency to
safeguard a patient's airway from gastric contents.

Prospective studies within the literature frequently take novel
approachesto determine the benefit, or lack thereof, when it comes
to the use of cricoid pressure (Garrard 2004; Smith 2002; Smith
2003a; Tournadre 1997). The use of cricoid pressure has come under
scrutiny, however, over recent years and remains a controversial
topic with respect to its utility in RSI (El-Orbany 2010).

How the intervention might work

The benefit of cricoid pressure in RSl lies in preventing regurgitation
and aspiration of gastric contents. However, potential risks
include vocal cord closure or obstruction and impairment of
visualization of the larynx. All of these can be contributing factors
to the circumstances behind repeated intubation attempts, failed
intubation or the need for a surgical airway.

Why it is important to do this review

Patients with a full stomach requiring urgent intubation
pose a challenge to anaesthetists, intensivists and emergency
physicians alike. Recent observational studies challenge the
theory behind cricoid pressure by asserting that force applied
at the upper oesophageal sphincter decreases pressure at the
lower oesophageal sphincter and subsequently decreases the
oesophageal barrier pressure (OBP), that being the pressure
gradient between the lower oesophageal pressure and gastric
pressure (Garrard 2004; Tournadre 1997). A decreased OBP
therefore favours gastric regurgitation, producing the converse
result that the application of cricoid pressure aims to achieve.
Magnetic resonance imaging (MRI) studies have found that the
oesophagus is frequently displaced laterally relative to the midline
of the cricoid ring, whether as a normal anatomical variant, or
secondary to pathological processes (Smith 2002).

In addition, observational studies using case series or reports have
observed gastric aspiration despite the use of cricoid pressure
(Schwartz 1995). In particular, Kluger and colleagues reported
four cases of aspiration despite cricoid pressure when reviewing
133 cases for the Australian Anaesthetic Incident Monitoring
Study (AIMS) (Kluger 1999). More recently, the same author noted
13 participants reporting regurgitation, vomiting and aspiration
among the 4000 reports given to AIMS (Kluger 2005).

The application of cricoid pressure remains one of the most
heated areas of controversy in the context of RSI where it may
impede visualization of the larynx resulting in multiple intubation
attempts, airway trauma and failed intubation (El-Orbany 2010;
Georgescu 1992; Shorten 1991). Outside of an RSI context, it has
been suggested that the application of cricoid pressure can prevent
optimal positioning of adjuvant airway devices (Asai 1995), and
impair the ability to intubate through adjuvantintubating laryngeal
masks (Harry 1999).

The method used and the magnitude of force required for effective
cricoid pressure is also a crucial consideration in its application.
In theory, too weak a force will effectively fail to compress the
oesophagus whilst excessive force may obstruct the airway (Palmer
2000). A variety of forces and techniques have been historically
used with mixed results, with a frequently cited acceptable range
between 30 to 44 Newtons (N) (Hartsilver 2000). Despite this,
anaesthetic assistants frequently apply forces observed outside of
this recommended range, and in some cases apply forces exceeding
65 N (Walton 2000).

Effectiveness and risks of cricoid pressure during rapid sequence induction for endotracheal intubation (Review) 3
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The application of cricoid pressure continues to be a source of
ongoing academic and clinical debate. It has been recognized
that incorrectly applied cricoid pressure can have potentially
catastrophic complications. In addition to impeding laryngoscopic
view and occluding the airway it can make bag-mask ventilation
impossible, interfere with insertion and function of supraglottic
airway devices (such as laryngeal mask airways) and impede
fibreoptic laryngoscopy. It is also recognized that for the technique
to be successful an assistant needs to be trained in the application
of cricoid pressure and use the skill regularly (Vanner 1999).

OBJECTIVES

To identify and evaluate all randomized controlled trials (RCTs)
involving participants undergoing elective or emergency airway
management via rapid sequence induction (RSI) and compare
participants who have cricoid pressure administered with
participants who do not have cricoid pressure administered.

METHODS

Criteria for considering studies for this review
Types of studies

We included all RCTs comparing participants undergoing RSI who
have cricoid pressure applied with participants undergoing RSl who
do not have cricoid pressure applied in the context of endotracheal
intubation using a direct laryngoscopic technique. We included
trials of blinded and unblinded participants, although given that
participants are likely to be within the induction phase of a general
anaesthetic, unless they are told which intervention arm they are
in beforehand, it is unlikely that they would be aware that they are
having cricoid pressure applied or not. We did not limit trials based
on language of publication or publication status. We assumed that
trials that did not describe the use of RSI in their title, abstract or
methodology used an alternative method of anaesthetic induction
or emergency airway management and thus we excluded them.

Types of participants

We included participants (male or female) involved in any type of
procedure where general anaesthetic utilizing RSI or emergency
airway management utilizing RSl is undertaken.

Types of interventions

We included trials where cricoid pressure was applied during the
RSI phase of a relevant general anaesthetic or emergency airway
management utilizing RSI. Where cricoid pressure was applied and
subsequently removed, we considered this as being part of the
intervention arm rather than the control arm. We expected the
control arm to be the absence of cricoid pressure at any stage
during RSI.

Types of outcome measures
Primary outcomes

« Reported event rate or prevalence of aspiration determined by:

o documented gastric aspiration determined by visual
inspection of aspirated stomach contents on laryngoscopy;

o pepsin detection in tracheal aspirate using the Ufberg
method (Ufberg 2004);

o post-anaesthetic radiographic
aspiration pneumonitis;

o any combination of the above.

changes suggestive of

Secondary outcomes

« Documented impaired visualization of the airway/larynx by a
treating laryngoscopist (including cases of videolaryngoscopy)
only if the primary outcome was reported. We would have
collected the following additional information from included
studies to be presented in tabular form, but not as part of a meta-
analysis:

o documented assessment of force applied during cricoid
pressure (measured in Newtons);

o document assessment of the direction of application of force
of applied cricoid pressure;

o whether participants would otherwise have one or more
independent risk factors for aspiration (pregnant women and
people with acute intra-abdominal pathology, gastric stasis,
altered conscious state, neurological disorder impairing
protective reflexes or recent ingestion of food);

o documented assessment of whether the person applying
cricoid pressure has previously done so in an emergency
airway context.

Search methods for identification of studies
Electronic searches

We searched the Cochrane Central Register of Controlled Trials
(CENTRAL 2015, Issue 4), MEDLINE via OvidSP (1946 to May 2015),
EMBASE via OvidSP (1980 to May 2015), ISI Web of Science (from
1940 to May 2015) and CINAHL via EBSCOhost (1982 to May 2015).

We used a highly sensitive search strategy provided by Cochrane
for identification of RCTs published in MEDLINE (Higgins 2011).
In addition, Karen Hovhannisyan (Trials Search Co-ordinator,
Cochrane Anaesthesia, Critical and Emergency Care Group)
provided assistance with adapting the list of search terms used in
the MEDLINE search strategy to other databases (see Appendix 1;
Appendix 2; Appendix 3; Appendix 4; Appendix 5 for detailed search
strategies).

In addition, we included any publication, regardless of study
design, that reported on randomized study data. We imposed no
language restrictions.

Searching other resources
We conducted a grey literature search in May 2015 that included
electronic searches of the following clinical trial registry websites:

« World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP);

« ClinicalTrials.gov.

Effectiveness and risks of cricoid pressure during rapid sequence induction for endotracheal intubation (Review) 4
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We contacted authors of all ongoing trials for any unreported data,
and also handsearched the bibliographies of all relevant retrieved
articles identified in the search above for any missed studies.

Data collection and analysis
Selection of studies

Two review authors (JW, HBT) independently screened the titles
and abstracts of all the studies obtained from the search. We used
recognition of words such as 'cricoid pressure', 'rapid sequence
intubation', 'emergency airway management' and 'aspiration' as
prompts to aid in the screening process. Two authors (JW, HBT)
retrieved and reviewed full-text studies for study inclusion, with
any differences resolved by discussion with a third author (CMA).
In addition, three authors (PDM, HBT, CMA) also independently
determined the study inclusion by using a study eligibility form
that was developed for the purpose of this review (Appendix 6).
We also reported the decisions regarding inclusion and exclusion
in accordance with the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) statement (Moher 2009).

We assumed that studies that did not describe the use of RSl in
their title, abstract or methodology used an alternative method of
anaesthetic induction or emergency airway management and thus
we excluded those studies.

Data extraction and management

Data extracted from included studies comprised study
characteristics, participant demographics, intervention and
comparison details plus outcome measures and results. We
contacted primary authors of studies with missing or unreported
but potentially relevant data to provide missing data. In all
instances, we would have resolved differences of opinion by
discussion among the review authors.

Assessment of risk of bias in included studies

We planned that two review authors would independently assess
the risk of bias in included studies, with discrepancies resolved by
discussion. However, we included only one study, which reported
no outcomes relevant to this review. 'Risk of bias' assessment
was therefore not relevant. For future eligible studies, we plan to
perform a 'Risk of bias' assessment using the 'Risk of bias' tool as
described in Chapter 8 of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011). We plan to assess each
study according to the quality domains of random sequence
generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome
data, selective reporting and any other potential threats to validity.

Measures of treatment effect

In the event of sufficient studies in the future that satisfy our
inclusion criteria, we plan to calculate the risk ratio (RR) and 95%
confidence interval (Cl) for every categorical outcome measured in
two or more studies evaluating the same treatment. For continuous
outcomes, we plan to calculate the mean difference (MD). We aim
to report the 95% Cl for each measure of effect. Where identified
studies are not comparable we plan to present the findings in a
tabular form for narrative synthesis.

Unit of analysis issues

In the event of sufficient studies that satisfy our inclusion criteria,
we plan to take note of comparisons that are randomized or
allocated as clusters, independent of review analysis, with the
potential to have a unit of analysis error. These errors can result
in artificially low P values and overly narrow confidence intervals
(Ukoumunne 1999). Therefore, we plan to consider reanalysis
for potential unit of analysis error. Underpinning its success will
be the size/number of clusters known and the value of the
intracluster correlation co-efficient if reported. When reporting and
documenting the re-analysis, we plan to annotate the P value with
the term, 'reanalysed".

Dealing with missing data

In the event of sufficient studies that meet our inclusion criteria, we
plan to contact study authors to obtain any missing information.
Where appropriate, we plan, with future studies, to impute missing
data based on the information available. For continuous measures
we will impute missing standard deviation (SD) values from other
measures such as standard error (SE). Where appropriate, we will
report on P values and the 95% confidence interval (95% Cl). For
dichotomous outcomes, we will use proportions or percentages to
estimate the number of events or the number of people assessed
for an outcome. We will note all data imputations within the 'Notes'
section of the Characteristics of included studies table.

Assessment of heterogeneity

In the event of sufficient published studies in future, we will
consider clinical heterogeneity prior to pooling results and examine
this statistically before carrying out any meta-analysis. We will
use the 12 statistic to estimate the impact of heterogeneity on the
potential meta-analysis. We will analyse the data in the following
way: a statistical summary of treatment effects will proceed only
in the absence of significant clinical or statistical heterogeneity. We
will test heterogeneity using the 12 statistic. Values of the |2 statistic
greater than 50% will represent substantial heterogeneity. In the
presence of heterogeneity, we will use a random-effects model
(DerSimonian 1986). In the absence of heterogeneity, we will report
using a fixed-effect model of analysis (Greenland 1985).

Assessment of reporting biases

We planned to test publication bias using funnel plots or other
corrective analytical methods, where 10 or more studies were
included in the systematic review (Egger 1997). As we only included
onetrial, which did not report our outcomes, we did notincorporate
funnel plots but we will do so if enough studies are included in
future updates.

In future, if sufficient studies that report our outcomes are included,
we will also include a subgroup analysis where appropriate by
calculation of RR or MD in each subgroup and examination of the
95% confidence intervals. We will take non-overlap in confidence
intervals to indicate a statistically significant difference between
subgroups. We will carry out all analyses on an intention-to-treat
basis where possible and where not possible we will state this
clearly.

Data synthesis

Should future included trials be clinically and statistically
homogenous, we plan to conduct a meta-analysis to produce an
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overall effect. We plan to pool the data for both dichotomous
and continuous outcomes using a fixed-effect model and generic
inverse-variance methods. We plan to interpret smaller meta-
analysis P values as stronger evidence of an effect. We plan to use
a random-effects model in the event of substantial heterogeneity.
Thisis described in the above section Assessment of heterogeneity.

Subgroup analysis and investigation of heterogeneity

We had planned to consider whether the risk, or event rate,
of aspiration using cricoid pressure differed for documented
assessment of force (measured in Newtons) and the direction of
the application of such a force. We expected that studies that
presented data on force would typically present average values for
all participants rather than individual patient values, and thus be
reported as such. In the event of sufficient studies satisfying our
inclusion criteria in future, we will consider the presence of certain
participant populations who would otherwise be considered
at higher risk for aspiration (such as pregnant participants,
participants with acute intra-abdominal pathology, gastric stasis,
altered conscious state, neurological disorder impairing protecting
reflexes or recentingestion of food) (Cook 2011; Morgan 2006; Smith
2001) and report these in tabular form.

Sensitivity analysis

Inthe event of sufficient trials satisfying ourinclusion criteria, but at
a high risk of bias, we would have undertaken a sensitivity analysis
in order to determine the effect of excluding trials at a high risk
of bias. We would also have undertaken a sensitivity analysis to
determine whether the impact of imputed standard deviations,
should this have occurred, altered the overall outcome of any
subsequent meta-analysis.

'Summary of findings' table

In the event of further trials satisfying our inclusion criteria, we
will use the principles of the GRADE system to give an overall
assessment of the evidence relating to the primary outcomes, that
being the risk of aspiration, as well as the secondary outcome, that
being the documented impaired visualization of the airway/larynx

by a treating laryngoscopist (including cases of videolaryngoscopy)
(Guyatt 2008). The GRADE approach takes into account risk of bias,
directness of evidence, heterogeneity of the data, precision of effect
estimates and risk of publication bias to provide an overarching
measure of how confident we are that our estimate of effect is
correct. JWand RKM would have independently used the GRADEpro
software to create 'Summary of findings' tables for relevant
outcome(s). Any disagreement on results would be referred to CMA
for further analysis and determination of the summary of findings
for the respective outcome that is subject to disagreement. We
would have listed additional information to be presented in tabular
form as follows: documented assessment of force applied during
cricoid pressure (measured in Newtons); documented assessment
of direction of application of force of applied cricoid pressure;
whether patients would otherwise have one or more independent
risk factors for aspiration (pregnant participants, participants with
acute intra-abdominal pathology, gastric stasis, altered conscious
state, neurological disorder impairing protecting reflexes or recent
ingestion of food); documented assessment of whether the person
applying cricoid pressure has previously done so in an emergency
airway context.

RESULTS

Description of studies

See: Characteristics of included studies; Characteristics of excluded
studies; Characteristics of ongoing studies.

Results of the search

Of the 493 records that we identified from databases as a result of
the search (excluding duplicates), we selected 70 abstracts/titles
as potentially relevant studies. Independent scrutiny of these 70
titles and abstracts identified 29 potentially relevant studies. Of
the 29 potentially relevant studies, only one trial met the criteria
for inclusion (Mills 1988). There is one ongoing study (Trethewy
2012)). We excluded all other studies for the reasons listed below
(see Excluded studies). These findings are further illustrated in the
study flow diagram (Figure 1).
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Included studies

See: Characteristics of included studies.

Of the 29 potentially relevant articles, one trial met our inclusion
criteria (Mills 1988), however it did not contain any clinical
outcomes relevant to this review on the basis of the primary or
secondary outcomes described in our protocol (Algie 2015).

Excluded studies

See: Characteristics of excluded studies.

Of the 29 potentially relevant studies, we excluded 28 either
because they were not conducted during RSI (Allman 1995;
Ansermino 1992; Aoyama 1996; Arenkiel 2013; Asai 1994; Asai 1995;
Asai 1996; Asai 2000; Asai 2002; Asai 2007; Harry 1999; Hodgson
2001; Khan 2000; Kumar 2011; Lawes 1986; McNelis 2007; Noguchi
2003; Petito 1988; Saghaei 2001; Shulman 2001; Smith 2002; Snider
2005; Turgeon 2005), or did not involve endotracheal intubation, or
both (Ansermino 1992; Aoyama 1996; Asai 1994; Asai 1995; Petito
1988; Zeidan 2014). We excluded two studies on review of the
full texts as they were case reports only (Dickinson 2014; Hamel
2014). We excluded one study as it was not a RCT but a prospective
observational study (Harris 2010).

Ongoing studies
See Characteristics of ongoing studies.

The final relevant study, Trethewy 2012, may be a potential for
future inclusion in an updated version of this systematic review.
This citation describes the proposed aim and methodology of a
trial purporting to measure the effect of cricoid pressure during
RSI. The study, which at the time of the search was a proposal for
a trial only, is currently still ongoing; its methodology has been
published and no results have been reported, despite us contacting
the corresponding author (no response was returned).

Studies awaiting classification

There are no studies awaiting classification.

Risk of bias in included studies

One trial met the inclusion criteria for this review (Mills 1988).
There were no relevant reported clinical outcomes and therefore
the risk of bias inherent in the study has little bearing on this
systematic review. Nonetheless, the risk of bias in the included
study is reported in the Risk of bias in included studies.

No other trials with clinically relevant reported outcome measures
met the eligibility criteria.

Allocation

Not relevant.
Blinding
Not relevant.

Incomplete outcome data

Not relevant.

Selective reporting

Not relevant.

Other potential sources of bias

Not relevant.

Effects of interventions

One study did meet the inclusion criteria for this review (Mills
1988), however the only reported outcomes were the systolic
arterial pressure and heart rate of participants after laryngoscopy
and tracheal intubation. These outcomes were not relevant in the
context of this systematic review and therefore no relevant effects
of the intervention were reported.

No other trials with clinically relevant reported outcome measures
met the eligibility criteria.

DISCUSSION

Summary of main results

We found no results from RCTs investigating the use of cricoid
pressure duringRS| in our systematic review. However, one
registered trial, presumably still active, has proposed their aims
and methodology (Trethewy 2012). RCTs investigating the use of
cricoid pressure during RSI are far more common in the elective
anaesthesia population, which is unsurprising given that the
elective population is likely far more easy to organize and control
from an administrative and clinical perspective, and also avoids the
risk inherentin a RCT involving RSI.

This systematic review revealed a number of studies undertaken
in elective participants (Asai 2002; Harry 1999; Lawes 1986;
Turgeon 2005). These should prompt anaesthetists, as well as other
clinicians who undertake RSI, to consider very seriously the value
and potential risk of the application of cricoid pressure; particularly
how much of their practice in this area is based on evidence and
how much is based on training custom and cultural paradigms.
Consideringthat RSl is one of the situations where patients are at
the highest risk of aspiration, and therefore one of the situations
where the application of cricoid pressure is mainly used, further
RCTs, if they can be well designed such that the risks are minimized
as much as possible, should be undertaken in the context of RSI if
possible.

Many RCTs investigating elective anaesthetic cases comparing the
application of cricoid pressure against non-application support
a non-cricoid pressure approach (Arenkiel 2013; Asai 1994; Asai
2000; Smith 2002). These RCTs have been conducted in a variety
of different clinical situations. Most recently Arenkiel et al found
in their randomized, double-blind study that cricoid pressure
prolongs the duration of fibreoptic intubation in elective patients
with Mallampati grades 1 to 2 (Arenkiel 2013).

Looking back further, in 2001, in a randomized study, 60 adult
female participants presenting for abdominal hysterectomy were
allocated to investigative arms using lightwand intubation with or
without cricoid pressure. All 30 participants allocated to intubation
without cricoid pressure were intubated successfully at the first
attempt, as opposed to 26 of the participants where cricoid
pressure was applied. The median time to successful intubation
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in the cricoid pressure arm was also significantly longer (Hodgson
2001).

Also in that same year, Shulman et al undertook a RCT comparing
the Bullard laryngoscope with the flexible fibreoptic bronchoscope
in a RCT of 50 adult participants undergoing elective general
anaesthetic. They reported that there was a significantly lower
success rate of laryngoscopic view in the flexible fibreoptic
bronchoscope when cricoid pressure was applied compared to the
flexible fibreoptic bronchoscope arm without cricoid pressure, or
the Bullard laryngoscope arm (Shulman 2001).

In terms of cricoid pressure and direction, in 2004 Snider et al
undertook a double-blind, prospective RCT of 43 participants,
which showed that the combination of the BURP (back-upwards-
right-sided pressure) manoeuvre in combination with cricoid
pressure worsened the view obtained at laryngoscopy in 30% of
cases (Snider 2005).

Some studies, however, do not support the non-cricoid approach.
Kumar et al in 2011 undertook a RCT of 50 participants scheduled
for elective surgery, which showed that whilst using the Truview
Evo2™ laryngoscope with the patient's head in the neutral
position, the application of 40 N cricoid pressure improved the
glottis view. The incidence of aspiration in this study, however, was
not discussed at length (Kumar 2011).

Arguably one of the strongest articles in support of the use of
cricoid pressure came from Turgeon et al in 2005. A relatively
large sample size (in this population, for a RCT) of 700 adult
participants undergoing general anaesthetics for elective surgery
were randomly assigned to have standardized cricoid pressure
or sham cricoid pressure during laryngoscopy and intubation.
The authors concluded that cricoid pressure applied by trained
personnel does not increase the rate of failed intubation, hence
cricoid pressure should not be avoided for fear of increasing the
difficulty of intubation when its use is indicated (Turgeon 2005).

It is clear from the non-RSI studies regarding the application of
cricoid pressure that its use is still controversial. The aim of this
current systematic review was, however, to explore the efficacy
and risks, and particularly that of aspiration as well as laryngeal
obstruction (the latter of which, rather than the former, seems to be
the complication that many of the above quoted studies focused on
when they considered potential complications of applying cricoid
pressure during intubation).

Whilst further precautions may be necessary in order to ensure the
safety of participants recruited to trials involving RSI, such trials
are not impossible. The conflicting evidence in the elective group
(who often do not require cricoid pressure as a matter of course, as
the aspirationriskis generally considered lower than those patients
requiring RSI), should serve as a catalyst for RCTs investigating the
efficacy and risk of the same intervention in RSI patients (Cook
2011; El-Orbany 2010; Mace 2008).

Overall completeness and applicability of evidence

It is not appropriate to comment on the overall completeness and
applicability of the evidence as only one RCT met our inclusion
criteria (Mills 1988), and did not report on any clinically relevant
outcomes for the purposes of this systematic review.

Quality of the evidence

It is not appropriate to comment on the quality of the evidence as
again only one RCT met the inclusion criteria (Mills 1988), and did
not report on any clinically relevant outcomes.

Potential biases in the review process

This review is potentially at risk of publication bias, in which
negative studies have not gone to publication, or have been
rejected during the peer review process during journal submission,
particularly where they may oppose pre-existing clinical dogma
(Easterbrook 1991). This is not easily quantified, but does represent
a potential bias in the review process.

Agreements and disagreements with other studies or
reviews

Another recent 'short cut' systematic review that has explored
similar research questions found similar results, in that no RCTs
exist at present that specifically evaluate the efficacy or risks of
cricoid pressure in the context of RSI (Butler 2013); notwithstanding
the one RCT that was identified in this review, which did not
report on any clinically relevant outcomes for the purposes of this
systematic review (Mills 1988).

AUTHORS' CONCLUSIONS

Implications for practice

No information is available from published RCTs on clinically
relevant outcome measures with respect to the application
of cricoid pressure during RSI in the context of endotracheal
intubation. Therefore, from an evidence-based perspective, current
clinical evidence is subject to the weaknesses of case series
and reports. This review cannot diverge from the current status
quo regarding the use of cricoid pressure in this setting without
randomized, well-designed and conducted clinical trials to indicate
otherwise, notwithstanding the one RCT that did not report on any
clinically relevant outcomes for the purposes of this systematic
review (Mills 1988).

Implications for research

The use of cricoid pressure is so ingrained as part of the process of
RSI that considered RCTs have yet to be undertaken on this topic.
Thereis a well-known principle in the medical literature that where
an intervention is so inherently obvious, undertaking a RCT of that
intervention serves no sincere purpose (Smith 2003b). Applying
that same principle, some may say that the use of cricoid pressure
in the context of RSl is so dogmatic that there is no strong argument
for undertaking RCTs in this area (Smith 2003b), and perhaps,
given the level of risk involved in aspiration during RSI, doing
so might even be considered unethical. We respectfully disagree
with this approach. Given that the concept behind the application
of cricoid pressure originates from a small observational study
of 26 participants in 1961 (Sellick 1961), and that the non-RSI
literature has continued to show that cricoid pressure in elective
RCTs involving a range of non-RSI circumstances may put patients
at greater risk of adverse consequences when being intubated
(Arenkiel 2013; Hodgson 2001; Kumar 2011; Shulman 2001; Snider
2005), we cannot say that the literature would not benefit from well-
designed randomized trials to determine the risks and benefits of
applied cricoid pressure during RSI. This is even more important
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when recent well-designed non-RSI RCTs of relatively large sample
size have refuted the risk of cricoid pressure, indicating that
clinicians should not avoid its use when indicated for fear of
increasing the difficulty of intubation (Turgeon 2005). In any case,
RCTs should be encouraged, but only when undertaken in an ethical
and safe manner, given the risks of RSI. In this regard we welcome
the results of the ongoing study whose aim and methodology have
been described (Trethewy 2012), and encourage other authors to
further consider undertaking similar trials. It is quite likely that as
this systematic review is updated in future revisions, there will be
included RCTs from which to draw meaningful results to influence
practice and pursue further research.
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Mills 1988 (continued)

Participants

40 healthy adults (31 of which were female) who underwent elective surgery under general anaesthetic

Interventions

In the experimental arm of the study, cricoid pressure, in the form of a 4.5 kg cricoid yoke applicator,
was applied by an assistant to the participant's cricoid cartilage as the participant lost consciousness.
In the control arm, simulated cricoid pressure was achieved by holding the weight just above this point
with the assistant's hands in the same posture as for application

Outcomes Systolic arterial pressure and heart rate after laryngoscopy and tracheal intubation were recorded
Notes The RSI method was implemented notwithstanding participants were presenting for elective surgery
Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk No information beyond the statement that participants were randomly allo-
tion (selection bias) cated

Allocation concealment Low risk Neither the treating clinician nor the recording technician knew whether
(selection bias) cricoid pressure was applied or stimulated

Blinding of participants Unclear risk Given the study design participants would be blinded by virtue of the nature
and personnel (perfor- of the experiment (all participants were under general anaesthesia); assistants
mance bias) implementing cricoid pressure or simulated cricoid pressure were not blinded
All outcomes to the relevant arms

Blinding of outcome as- High risk The recording technician did not know whether cricoid pressure was applied
sessment (detection bias) or stimulated

All outcomes

Incomplete outcome data  Unclear risk No reporting of missing data

(attrition bias)

All outcomes

Selective reporting (re- Low risk Main outcomes are measured

porting bias)

Other bias Low risk Outcomes are highly objective

RSI: rapid sequence induction

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Allman 1995

Not RSI

Ansermino 1992

Not RSI, not ETT

Aoyama 1996

Not RSI, not ETT

Arenkiel 2013

Not RSI

Asai 1994

Not RSI, not ETT
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Study Reason for exclusion

Asai 1995 Not RSI, not ETT

Asai 1996 Not RSI

Asai 2000 Not RSI

Asai 2002 Not RSI

Asai 2007 Not RSI, not RCT (randomized cross-over study)

Dickinson 2014

Not RCT (case report only)

Hamel 2014 Not RCT (case report only)

Harris 2010 Not RCT (prospective observational study)
Harry 1999 Not RSI

Hodgson 2001 Not RSI

Khan 2000 Not RSI

Kumar 2011 Not RSI

Lawes 1986 Not RSI

McNelis 2007 Not RSI

Noguchi 2003 Not RSI

Petito 1988 Not RSI, not ETT
Saghaei 2001 Not RSI
Shulman 2001 Not RSI
Smith 2002 Not RSI
Snider 2005 Not RSI
Turgeon 2005 Not RSI

Zeidan 2014

Insertion of gastric tubes, not ETT

ETT: endotracheal tube

RSI: rapid sequence induction

Characteristics of ongoing studies [ordered by study ID]

Trethewy 2012

Trial name or title

Effectiveness of cricoid pressure in preventing gastric aspiration during rapid sequence intubation
in the emergency department: study protocol for a randomized controlled trial
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Trethewy 2012 (continued)
Methods

Prospective, randomized, blinded, controlled trial

Participants

212 patients requiring emergency intubation

Interventions

Application of unmeasured cricoid pressure (control) or application of 30 to 40 Newtons of cricoid
pressure (intervention)

Outcomes

Primary outcome: rate of aspiration of gastric contents (determined by pepsin detection in the
oropharyngeal/tracheal aspirates or treatment of aspiration pneumonitis up to 28 days post-intu-
bation)

Secondary outcomes: correlation between aspiration and lowest pre-intubation Glasgow Coma
Score, relationship between detection of pepsin in trachea and development of aspiration syn-
dromes, complications associated with intubation and grade of the view on direct laryngoscopy

Starting date

9 February 2011 (as per Australian New Zealand Clinical Trials Registry)

Contact information

christopher.trethewy@hnehealth.nsw.gov.au

Notes

Trial registration: Australian New Zealand Clinical Trials Registry (ANZCTR): ACTRN12611000587909

ANZCTR: Australian New Zealand Clinical Trials Registry

APPENDICES

Appendix 1. CENTRAL (The Cochrane Library) search strategy

#1 (cricoid* near pressur®)

Appendix 2. MEDLINE search strategy

1 (cricoid* adj5 pressur*).af.

2 ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or drug therapy.fs. or randomly.ab. or
trial.ab. or groups.ab.) not (animals not (humans and animals)).sh.

3land2

Appendix 3. EMBASE (Ovid SP) search strategy

1. (cricoid* adj5 pressur*).af.

2. (randomized-controlled-trial/ or randomization/ or controlled-study/ or multicenter-study/ or phase-3-clinical-trial/ or phase-4-clinical-
trial/ or double-blind-procedure/ or single-blind-procedure/ or (random* or cross?over* or multicenter* or factorial* or placebo* or
volunteer*).mp. or ((singl* or doubl* or trebl* or tripl*) adj3 (blind* or mask*)).ti,ab. or (latin adj square).mp.) not (animals not (humans

and animals)).sh.
3.1and2

Appendix 4. ISI Web of Science search strategy

#1 TS=(cricoid* SAME pressur*)

Appendix 5. CINAHL (EBSCOhost) search strategy

S1 TX (cricoid* N5 pressur*)

Appendix 6. Study eligibility form

Citation:

Effectiveness and risks of cricoid pressure during rapid sequence induction for endotracheal intubation (Review) 16
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

(Continued)
TYPE OF STUDY ASSESSMENT
1. Is the study described as randomized? Yes
NB. Answer "No" if the study is a cross-over or quasi-randomized trial. No

Unclear
PARTICIPANTS
2. Were participants diagnosed as people undergoing an RSl anaesthetic? Yes

No

Unclear

INTERVENTIONS

4. Were comparison groups treated with cricoid pressure in one group and a control interventionin  Yes
other group?

No
Unclear
OUTCOMES
5. Did the study report the pre-specified outcomes? Yes
No
Unclear
INCLUDE OR EXCLUDE - Do not proceed to data extraction form if study is excluded from review Include
Exclude
Appendix 7. Data extraction form
I- General information
Date form completed (dd/mm/yyyy)
Name/ID of person extracting data
Title (title of paper/abstract/report that data are extracted from)
Citation (citation for this paper/abstract/report)
Author ID (surname of first author and year first full report of study was published, e.g. Smith 2001)
Report IDs of other reports of this study (e.g. duplicate publications, follow-up studies)
Corresponding author contact details
Publication type (e.g. full report, abstract, letter)
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(Continued)

Study funding sources (including role of manufacturers in study report)

Possible conflicts of interest (for study authors)

1I- Methods

Descriptions as stated in
manuscript

Aim of study

Unit of allocation (i.e. individuals, cluster/groups)

Start date

End date

Total duration of study

Ethical approval obtained if relevant

1lI- Participants

Total number randomized

Baseline imbalances

Withdrawals and exclusions

(if not provided below by outcome)

Age

Sex

Subgroups measured and reported

Significant co-morbidities

IV- Intervention and control groups

Intervention arm as stated in manuscript (application of cricoid pressure)
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(Continued)

Group name

Number randomized to group

Control arm as stated in manuscript (absence of cricoid pressure)

Group name

Number randomized to group

V- Outcomes/additional information

Description as stated in man-
uscript

Outcome/additional information name (see primary and secondary outcomes as well as additional
information from protocol)

Outcome/additional information definition

Number of participants for whom outcome/additional information is reported

Imputation of missing data (i.e. assumptions made for ITT analysis)

Imputation of missing data (i.e. assumptions made for ITT analysis)

Note: If multiple outcomes (see primary and secondary outcomes of protocol) are reported, fill out this table for each outcome.

VI- Results

Description in manuscript

Intervention/control

Outcome

Subgroup (i.e. severe co-morbidities indicating higher than usual risk, direction of force applied)

Intervention

Number of events

Number of participants

Number of missing participants and reason(s) why

Number of participants moved from other group and reason(s) why
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(Continued)

Any other results reported (i.e. HR, RRs)

Statistical methods used and appropriateness of these methods

Re-analysis required?

Re-analysis possible?

Re-analysed results

Control

Number of events

Number of participants

Number of missing participants and reason(s) why

Number of participants moved from other group and reason(s) why

Any other results reported (i.e. HR, RRs)

Statistical methods used and appropriateness of these methods

Re-analysis required?

Re-analysis possible?
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
We made the following changes to the protocol (Algie 2015):

« One of the original authors of the protocol, Dr Chamath Arayasinghe, was not involved with the subsequent review process.

« With the transition of the Cochrane Anaesthesia Review Group (CARG) to the Cochrane Anaesthesia, Critical and Emergency Care Group
(ACE), Dr Greer Wilson, emergency clinician, was recruited to the further diversified author team.

« To improve the ability of potential readers to determine the subject matter of our systematic review in line with the objectives of
our protocol, we made the title more specific and changed it from 'Effectiveness and risks of cricoid pressure during rapid sequence
intubation', to 'Effectiveness and risks of cricoid pressure during rapid sequence induction for endotracheal intubation".

INDEX TERMS

Medical Subject Headings (MeSH)

*Cricoid Cartilage; Intubation, Intratracheal [*methods]; Pneumonia, Aspiration [prevention & control]; Pressure [*adverse effects];
Randomized Controlled Trials as Topic

MeSH check words

Humans
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