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Abstract

The use of cricoid pressure (CP) to
prevent aspiration during rapid
sequence induction (RSI) has become
controversial, although CP is consid-
ered central to the practice of RSI.
There is insufficient research to sup-
port its efficacy in reducing aspira-
tion, and emerging concerns it
reduces the first-pass success (FPS) of
intubation. This systematic review
aims to assess the safety and efficacy
of CP during RSI in EDs by investi-
gating its effect on FPS and the inci-
dence of complications, including
gastric regurgitation and aspiration.
A systematic review of four databases
was performed for all primary
research investigating CP during
RSI in EDs. The primary outcome
was FPS; secondary outcomes
included complications such as gastric

regurgitation, aspiration, hypoxia,
hypotension and oesophageal intuba-
tion. After screening 4208 citations,
three studies were included: one ran-
domised controlled trial (z = 54)
investigating the incidence of aspira-
tion during the application of CP and
two registry studies (n = 3710) com-
paring the rate of FPS of RSI with
and without CP. The results of these
individual studies are not sufficient to
draw concrete conclusions but do
suggest that aspiration occurs regard-
less of the application of CP, and that
FPS is not reduced by the application
of CP. There is insufficient evidence
to conclude whether applying CP
during RSI in EDs affects the rate of
FPS or the incidence of complications
such as aspiration. Further research
in the ED, including introducing CP
usage into other existing airway regis-
tries, is needed.
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Key findings

e This systematic review of the
literature explored the effec-
tiveness and risks of applying
cricoid pressure during rapid
sequence induction in the ED.

e There is currently limited evi-
dence to conclude whether
applying cricoid pressure dur-
ing airway management in the
ED affects first-pass success at
endotracheal intubation or
reduces the rate of complica-
tions such as gastric regurgita-
tion and aspiration.

® Further research into the
effectiveness of cricoid pres-
sure during rapid sequence
induction and the minimum
effective force is needed to
guide clinical practice.

Key words: airway management, air-
way maneuvers, cricoid pressure, emer-
gency department, sellick manoeuvre.

Introduction

Rapid sequence induction (RSI)
involves the administration of an
induction agent and a muscle relax-
ant in rapid succession to facilitate
endotracheal intubation." By omit-
ting masked ventilation, RSI enables
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the airway to be secured rapidly and
minimises air entry into the stomach,
which can increase the risk of gastric
regurgitation and aspiration of stom-
ach contents.'

RSI in the ED is a high-risk proce-
dure with increased risk of complica-
tions such as oxygen desaturation,
oesophageal intubation, pneumotho-
rax, hypotension and cardiac arrest.”
Patients presenting to the ED are
often unfasted, which increases the
risk of regurgitation and aspiration
of gastric contents.” The incidence of
regurgitation and aspiration has been
found to be between 3 and 13% of
ED intubations, and the risk
increases with repeated intubation
attempts and prolonged time to
intubation.*® Successful intubation
on the first attempt, known as first-
pass success (FPS), is thus an impor-
tant goal of RSL.>*

Cricoid pressure (CP) is a manoeu-
vre used during RSI to further reduce
the risk of gastric regurgitation and
aspiration. First described in 1961,
CP involves the operator applying a
downwards force to the cricoid carti-
lage with the aim of occluding the
oesophagus between the cricoid ring
and cervical vertebrae.* Sellick per-
formed an observational study and
reported the incidence of gastric
regurgitation following the immedi-
ate release of CP in 3 out of
26 patients. Despite the limitations
in the present study, CP was readily
introduced into the practice of RSI
and has remained central to its prac-
tice since.”™’

Since its introduction, the use of CP
has become controversial.! First, the
anatomical and physiological basis of
the manoeuvre has been challenged.
MRI studies have shown that the
oesophagus often lies laterally to the
cricoid cartilage, leading to concerns
that applying CP does not occlude the
oesophagus.® This finding has since
been refuted by more recent studies,
which have shown that the postcricoid
hypopharynx, part of the upper
oesophageal sphincter, is attached to
the cricoid cartilage and causes occlu-
sion of the oesophagus during CP
regardless of its position.”'” The ana-
tomical basis for CP conflicts with the
physiological  evidence for  the
manoeuvre, which suggests that it

may paradoxically favour aspiration.
Balloon catheterisation of the oesoph-
agus during CP has shown that apply-
ing pressure to the upper oesophageal
sphincter reduces pressure at the lower
oesophageal sphincter, increasing the
likelihood of gastric regurgitation.'!
The definitive effects of CP on
oesophageal anatomy and physiology
are still yet to be established and
remain a source of controversy for the
manoeuvre.

The efficacy of CP in preventing
gastric regurgitation has also come
under scrutiny. While there have been
attempts to determine the occurrence
of aspiration with intubations involv-
ing CP, there is no standardised defini-
tion of aspiration; thus, it is difficult to
compare studies in this area.'? It is
also important to note that the detec-
tion of aspiration is difficult to cali-
brate, and that aspiration may occur
unwitnessed prior to RSI, which may
impact the validity of these studies.'
Of the available data, case series and
staff surveys have reported regurgita-
tion and aspiration of gastric contents
despite the application of CP."* A pro-
spective study of emergency airway
management reported new or unex-
pected radiographic pulmonary infil-
trates  following 12 out of
297 intubations, nine of which
involved the application of CP; how-
ever, while the use of pulmonary infil-
trates has traditionally been used as a
surrogate marker for aspiration, this
may not be clinically valid. More
recent randomised controlled trials
and systematic reviews investigating
CP in elective anaesthesia have dem-
onstrated that CP does not signifi-
cantly reduce the risk of gastric
regurgitation and aspiration.'*" The
true effect of CP on regurgitation is
difficult to extrapolate from the avail-
able data and remains to be deter-
mined for populations undergoing RSI
in the ED.

In addition to suggestions that CP
does not effectively prevent gastric
regurgitation as intended, there are
concerns it may increase the difficulty
of intubation and adversely affect
patient outcomes. CP has been shown
to worsen Cormack and Lehane’s
views during intubation in the operat-
ing theatre, likely because of the down-
ward force of CP opposing the upward

force of the laryngoscope and
distorting the normal anatomy of the
airway.">'® Poor laryngoscopic view
has been associated with prolonged
time to intubation and reduced FPS,
which increases the risk of complica-
tions such as hypoxia, oesophageal
intubation, regurgitation, aspiration,
airway  trauma  and  cardiac
arrest.'*'%17 However, it is likely that
the effects of difficult intubation as a
result of CP are overstated, as CP has
equally been shown to not affect FPS,
and in practice, it is recommended that
CP is removed in the case of difficult
intubation.'>'®

Despite the controversy surrounding
the use of CP during RSI, the current
literature has not been able to provide
definitive insights into intubation out-
comes using this manoeuvre. A 2015
Cochrane review'® did not identify
any completed randomised controlled
trials addressing the use of CP during
RSL, and two systematic reviews inves-
tigating CP during elective surgeries
yielded conflicting results; White
et al.® found that FPS was signifi-
cantly reduced, whereas Hung et al.'*
found no significant difference in FPS
when CP was applied. There have
been no systematic reviews to date
investigating the use of CP during RSI
in the ED.

Patients requiring intubation in the
ED represent a unique demographic;
they are often unfasted, comorbid,
may be at imminent risk of cardio-
vascular or respiratory compromise,
and may have airway trauma or the
presence of blood, secretions and
vomitus in the airway.'” As a result
of these factors, intubations in the
ED have a higher risk of complica-
tions, including regurgitation, hyp-
oxia, oesophageal intubation and
cardiac arrest.”"*?

The aim of this systematic review
is to assess the safety and efficacy of
CP during RSI in EDs by investigat-
ing its effect on FPS and the inci-
dence of complications, including
gastric regurgitation and aspiration.

Methods
Search strategy

The Cochrane database of systematic
reviews, PubMed, Embase and
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MEDLINE databases were searched
from 2014 to May 2021 to supple-
ment the data search from a 2015
Cochrane review.'® Five authors (ET,
HA, NL, PS, SM) independently
searched the databases using the fol-
lowing search strategy; (cricoid OR
‘rapid sequence’ OR Sellick OR ‘air-
way management’) AND intubation.
Searches were limited to studies in
English and involving human partici-
pants. Reference lists of included stud-
ies were reviewed for other potentially
relevant studies (Fig. 1).

Study eligibility

All primary research investigating
CP during RSI in the ED was
included. Studies performed on
models, animals or cadavers were
excluded. Included studies had to
report on either FPS or complica-
tions such as aspiration (Table 1).
Three reviewers (ET, HA and NL)
assessed studies eligible for inclusion.

Data extraction
Three reviewers (ET, HA and NL)

independently extracted data from eli-
gible studies. Data from each study
were entered under the following
headings: study design, setting, popu-
lation, patients, outcomes, results and

limitations. The quality of studies was
assessed by three reviewers (ET, HA
and NL) using the Mixed Methods
Appraisal Tool (MMAT)** and the
Cochrane Collaboration’s tool for
assessing the risk of bias.”> Disagree-
ments were resolved by discussion of
full article content with the remaining
reviewers.

Outcomes

The primary outcome of this study
was the rate of FPS in intubations
where CP was applied compared
to when it was not. Secondary out-
comes involved the incidence of

complications, including gastric
regurgitation, aspiration, oxygen
desaturation,  hypotension and

oesophageal intubation.

Data analysis

Because of the heterogeneity of the
three studies identified, statistical
analysis could not be performed on
this cohort.

Reporting

The present study was reported in
accordance with the PRISMA
guidelines.”®

Records identified from:

Records removed before screening:

Databases (n = 7108)

Duplicate records (n = 2900)

Records screened

Records excluded

(n = 4208)

(n = 4036)

Reports assessed for eligibility

Reports excluded:
CP not investigated (n = 74)

(n=172)

New studies included in review
(n=3)

Figure 1.

Not primary research (n = 57)
Not set in the ED (n = 37)
Full text unavailable (n = 1)

PRISMA literature search summary. CP, cricoid pressure.

Results
Literature search

The systematic literature search of
four databases yielded 7108 studies,
which was reduced to 4208 follow-
ing the removal of duplicates. No
further studies were identified
through searching reference lists of
relevant citations. After screening
titles and abstracts, 172 studies
remained for full-text screening.
Four studies were identified as meet-
ing the inclusion criteria; however,
one was excluded after the authors
were contacted and confirmed there
was no full-text report available.?’
Three studies were included for data
extraction; one randomised con-
trolled trial (n = 54) investigating
the incidence of aspiration during
the application of CP, and two reg-
istry studies (# = 3710) comparing
the rate of FPS of RSI with and
without CP. The quality of these
studies was assessed using the
MMAT?** and the Cochrane Collab-
oration’s risk of bias tool** (Fig. 2).
The registry by Alkhouri et al.” was
identified as a high-quality observa-
tional study, and the registry by
Ghedina et al.?” and randomised
controlled trial by Trethewy et al.*®
were identified as intermediate qual-
ity studies with a moderate risk
of bias.

Primary outcome: FPS

Two registry studies (n = 3710)
reported the rate of FPS of RSI in
patients who were intubated with
and without the use of CP.**’ Both
studies analysed patient data col-
lected through the Australia and
New Zealand ED Airway Registry
(ANZEDAR), with Alkhouri et al.’
(n = 3710) reporting on adult and
paediatric populations, and Ghedina
et al.*’ (n = 256) reporting on the
paediatric population only. In the
combined adult and paediatric popu-
lation, CP did not have a significant
effect on FPS (84.7% FPS if CP used
vs 83.3% FPS without CP,
P = 0.7460) or successful intubation
after three or more attempts (59.8%
success if CP used, 55.0% without
CP, P = 0.7387). The authors
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Figure 2. Risk of bias summary of included studies. Developed using the Mixed
Methods Appraisal Tool and Cochrane risk of bias tool.

applied y’-test or Fisher’s exact test,
as appropriate, to compare groups
of categorical data related to CP. In
the paediatric population, the rate of
FPS with CP was 86.7%, compared
to 78.6% without CP. Statistical sig-
nificance was not reported because
of the small sample size.

Secondary outcomes:
complications

One randomised controlled trial
(n = 54) investigated the incidence
of aspiration when CP operators
could measure and aim to apply the
target force of CP in comparison to
when operators were blinded to the
force of CP they were delivering.?®
In the pilot study, only 25% of oper-
ators applied the target force of CP;
hence, this was deemed an appropri-
ate control in the ED setting.’® The
study was  abandoned  after
54 patients as the delivery of CP fell
below the therapeutic force in both
groups during laryngoscopy. In the
54 patients, 11 had evidence of gas-
tric contents in the oropharynx,
three in the trachea, and seven out of
54 were treated for clinical
aspiration.

Discussion

RSI in the ED is a high-risk proce-
dure, posing significant risks to
already critically ill patients. To date,
there has not been strong evidence to
conclude whether the use of CP in
this population increases FPS or
reduces the risks of complications,

including gastric regurgitation and
aspiration. This is the first systematic
review investigating the outcomes of
CP during RSI in the ED setting to
yield results. Three studies were
included in this review, consisting of
two separate patient cohorts across
43 Australian and New Zealand
EDs. Intubations on 3508 adults and
256 paediatric patients were avail-
able for analysis; 3710 reporting
rates of FPS, and 54 investigated the
incidence of gastric regurgitation and
aspiration. The results of these stud-
ies suggest that CP does not affect
the rate of FPS during RSI in the ED
and does not prevent the occurrence
of regurgitation and aspiration in
this setting. However, as most of the
results have arisen from observa-
tional data, reported by a multitude
of health professionals and with no
control over the method of CP appli-
cation, this data is at a high risk of
clinical bias. Additionally, it has
been shown that the force of CP
applied even among trained physi-
cians varies greatly in practice and
have not measured the force applied
by each operator, it is unknown
whether the results obtained were
taken from cases where CP was
appropriately applied, and what the
effect of applying too little or too
great force may be.’® Therefore, the
clinical significance of these results
should be interpreted with caution.
An interesting conclusion made by
Trethewy et al.*® was that the rec-
ommended force of CP could not be
maintained during laryngoscopy. It
has been demonstrated that 30 N of

force applied to the cricoid carti-
lage is sufficient to occlude the
oesophagus at pressures above
those reached in stomach of supine
anaesthetised patients.>’ Trethewy
et al. are the first to report the use
of scales to investigate the force of

CP applied during RSI in human

participants. The authors found

that while the target force of CP
was reached during the initiation of

RSIL, it could not be maintained at

the commencement of laryngos-

copy. As this is a novel method of

investigation, it is uncertain if the

observed change in force applied

during CP is a common occurrence

and how a reduction in force
applied affects the risk of aspiration.
A 1992 study of 10 cadavers
suggested that a force of 20 N may
be sufficient to occlude the oesopha-
gus, but this has not been investi-
gated during laryngoscopy in clinical
practice.’

There have been previous system-
atic reviews investigating the out-
comes of CP during endotracheal
intubation in other settings. A 2015
Cochrane review investigating the
outcomes of CP during RSI in any
setting did not identify any com-
pleted randomised controlled trials
for analysis.'® In 2020, White
et al.” investigated the effect of CP
on the incidence of aspiration and
intubating conditions. They identi-
fied 12 studies; nine involving non-
RSI intubations in the operating
room, two involving RSI in the oper-
ating room and the study by
Trethewy et al”® included in this
review involving RSI performed in
the ED. The results demonstrated
that CP did not significantly affect
the incidence of aspiration but did
significantly reduce the risk of FPS.
However, as subgroup analysis for RSI
intubations could not be performed for
FPS, the effect of CP on FPS during
RSI could not be established in this
review. A similar systematic review
performed in 2021 by Hung et al.'*
identified five studies involving intuba-
tion performed in the operating the-
atre, one of which involving RSI in
approximately a third of intubations.
This review reported no significant
effect on FPS or laryngoscopic view
when CP was applied and did not
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investigate the risk of aspiration. The
discrepancy in the results of these simi-
lar systematic reviews may be attrib-
uted to the heterogeneity of the
randomised controlled trials included
for analysis. Hung et al.'* found sev-
eral sources of heterogeneity in the
available literature, including the intu-
bation approach and devices used,
level of operator skill, patient
populations and discrepancies in the
definitions of study parameters. As the
available studies are so varied, it is dif-
ficult to appreciate the true effect of
CP on intubation outcomes in the gen-
eral population.

Limitations

There are some limitations to this
review, the most notable being the
lack of quality studies available for
inclusion. The effect of CP on FPS was
determined only from observational
data; although this dataset involved a
significant patient cohort and included
statistical analysis, the lack of a cali-
brated definition of CP and method of
its application in this cohort means this
data has the potential for clinical bias
and is best interpreted as a qualitative
outcome. While the study investigating
CP and the incidence of aspiration did
control for the force of CP applied, it
was found that in practice, this varied
greatly and the proposed ideal force of
CP could not be maintained during
intubation; hence, the study was aban-
doned after 54 patients. Furthermore,
as only one dataset was available for
each outcome, statistical analysis was
not possible for this review. The lack
of studies in this area, and the absence
of controlled variables and small
patient cohorts of the included studies,
make it difficult to determine the true
effect of CP on FPS and the risk of
aspiration.

A critical flaw of CP is that its prac-
tice is variable and unstandardised,
making it difficult to analyse the true
effect of CP in even the most robust
studies. Clark et al. found that only
25% of emergency healthcare pro-
viders delivered the target force of
CP,*° and further survey responses by
anaesthetic and ED staff have shown
variations in the understanding of the
location and force required for CP, as
well as variation in the expertise of the

operator.”>*™3° The effect of these var-
iables on the efficacy of CP in
preventing aspiration and on the FPS
of intubations involving CP is not con-
trolled for in registry studies, which
constitute a large portion of this sys-
tematic review, and therefore these
studies have low internal validity. The
true effect of CP may be over or
underestimated by data that has not
been calibrated for the difference in
forces or placement of the manoeuvre,
or for the experience of the operator;
hence, the results of such data should
be interpreted with discretion.

There are many challenges that may
be hindering the progress of research into
CP. After its initial description in 1961,
CP has remained standard in the practice
of RSL. A common principle of medical
research suggests that when an interven-
tion is so ingrained in common practice,
investigation into the intervention is not
necessary.'® This principle has likely
prevented research into CP until only
recently, with the first randomised con-
trolled trial in elective surgeries published
in 2001, and in RSI intubations in
2018.233¢ However, because of the risks
associated with CP and uncertainty sur-
rounding its efficacy, it is important that
further research is conducted to deter-
mine its safety and efficacy in current
practice.

Another reason for the lack of
available evidence, particularly in the
setting of RSI and in the ED, is the
feasibility of research in this area.
While a large randomised controlled
trial comparing CP to a control such
as a sham CP in ED patients at risk
of aspiration would be of the highest
clinical value, it would be unethical
to randomly allocate patients to have
CP withheld when it is central to the
practice of RSL

Physician  scepticism may be
impeding the progression of research
into CP. A survey of Australian and
New Zealand anaesthetists revealed
that 23% of physicians did not rou-
tinely use CP in patients at risk of
aspiration for reasons including a
lack of evidence proving its efficacy,
research demonstrating difficulty or
adverse events using CP, and per-
sonal experience of CP causing diffi-
cult intubation or adverse events.®
Of all respondents, 39.8% believed
that CP reduced the risk of

aspiration, 23.8% believed it did not
and 36.3% were unsure. While more
robust studies into CP may alleviate
these concerns, the current contro-
versy and lack of research may deter
physicians from participating in
research, which presents a significant
obstacle for guiding practice.

Another limitation of the present
study and the available data is that
outcomes in high-risk populations
were not investigated. Patients with
altered airway anatomy, difficulty
with jaw and/or neck mobility, obstet-
ric patients and obese patients may be
at greater risk of intubation related
complications and may warrant closer
investigation.”” While these groups
were not excluded from the available
studies, subgroup analysis was not
performed, possibly because there is a
low prevalence of these patients
requiring intubation in EDs.

It is possible that there are additional
relevant citations in languages other
than English, which were not included
in this review. There is also a possibil-
ity that there are relevant citations
beyond the 2014-2021 time frame
searched for this review; however, a
Cochrane review in 2015 yielded no
relevant randomised controlled trials,
and manual review of reference lists of
citations did not identify any other rel-
evant studies, the existence of addi-
tional citations is unlikely.

Future directions

Additional primary research into the
outcomes of CP during RSI in EDs is
needed to determine its safety and effi-
cacy in this setting. As randomised con-
trolled trials pose many ethical and
logistical challenges, large scale obser-
vational data would be more appropri-
ate in this population. This systematic
review is a precursor to a targeted anal-
ysis including an adjusted statistical
model to investigate the outcomes of
CP collated through the ANZEDAR,
which has over 5500 data entries of
RSI performed in EDs. Many interna-
tional ED airway registries were identi-
fied by this review but were excluded
as they did not include CP as an inves-
tigation parameter. Inclusion of CP in
these registries would easily increase
the data available on the manoeuvre
and its outcomes. Further
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considerations into the force of CP able
to be maintained during intubation
and the minimum force effective at
reducing the risk of gastric regurgita-
tion would also help guide clinical
practice.

Conclusion

Emergency RSI is a high-risk proce-
dure where FPS without adverse
events is essential for optimising
intubation outcomes in critically ill
patients. There is currently inade-
quate evidence to conclude whether
CP during RSI in the ED affects FPS
at intubation or reduces complica-
tions such as gastric regurgitation
and aspiration. Further primary
research into the outcomes of CP in
EDs and investigation into the mini-
mum effective force of CP are needed
to guide clinical decision making in
this area.
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