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Abstract
Cricoid pressure is used to reduce the risk of aspiration during rapid sequence induction. The recommended force applied to the
cricoid is 10-20 newtons (N; 1.020-1.040 kg) on awake patients and 30-40N (3.060-4.080 kg) on anaesthetised patients. However
clinically, it is difficult to estimate the required force. We assessed the effectiveness of 3 recommended teaching methods on the
ability to apply the correct force using an airway model that simulated “awake” and “anaesthetised” patients. Thirty nurses and
doctors from two hospitals and with clinical experience applying cricoid pressure were included. Measurements of baseline force
for “awake” and “anaesthetised” patients were obtained from all participants using measuring scales. Participants were blinded
to the force applied. Participants were taught one of three different techniques: biofeedback, nose and syringe. Post-teaching,
blinded force measurements were repeated. Data analysis was performed using a linear mixed model and marginal prediction
models of applied force reported. For “awake” patients, nose method forces were within the recommended range (mean 14.6N,
95%CI 9.7-19.4). The biofeedback method led to predicted forces at the upper limit of recommended (21.6N, 95%CI 16.7-26.4)
and the syringe method forces were greater than recommended (29.0N, 95%CI 23.9-34.0). For “anaesthetised” patients, nose
method forces were less than recommended (26.3N, 95%CI 21.6-31.1), the biofeedback method led to predicted forces within
range (33.4N, 28.4-38.3) and syringe method forces were above those recommended (40.8N, 95%CI 35.8-45.8). The biofeedback
technique is the most effective method for teaching the application of recommended cricoid pressure force for both awake and
anaesthetised patients.
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SUMMARY
Cricoid pressure is used to reduce the risk of aspiration during rapid sequence induction. The recommended
force applied to the cricoid is 10-20 newtons (N; 1.020-1.040 kg) on awake patients and 30-40N (3.060-4.080
kg) on anaesthetised patients. However clinically, it is difficult to estimate the required force. We assessed
the effectiveness of 3 recommended teaching methods on the ability to apply the correct force using an airway
model that simulated “awake” and “anaesthetised” patients.
Thirty nurses and doctors from two hospitals and with clinical experience applying cricoid pressure were
included. Measurements of baseline force for “awake” and “anaesthetised” patients were obtained from all
participants using measuring scales. Participants were blinded to the force applied. Participants were taught
one of three different techniques: biofeedback, nose and syringe. Post-teaching, blinded force measurements
were repeated. Data analysis was performed using a linear mixed model and marginal prediction models of
applied force reported.
For “awake” patients, nose method forces were within the recommended range (mean 14.6N, 95%CI 9.719.4). The biofeedback method led to predicted forces at the upper limit of recommended (21.6N, 95%CI
16.7-26.4) and the syringe method forces were greater than recommended (29.0N, 95%CI 23.9-34.0). For
“anaesthetised” patients, nose method forces were less than recommended (26.3N, 95%CI 21.6-31.1), the
biofeedback method led to predicted forces within range (33.4N, 28.4-38.3) and syringe method forces were
above those recommended (40.8N, 95%CI 35.8-45.8).
The biofeedback technique is the most effective method for teaching the application of recommended cricoid
pressure force for both awake and anaesthetised patients.
Cricoid pressure, first described by Sellick in 1961, is used to reduce the risk of aspiration during induction
by posterior displacement of the cricoid cartilage ring and compressing the oesophagus. Sellick recommended
that cricoid pressure should be applied “lightly” whilst a patient is awake and “firm” when they are unconscious[1].
Several caveats are relevant to the application of cricoid pressure; one must be able to locate the cricoid
cartilage correctly, know when to apply the pressure, know the direction that the pressure is applied and
apply the correct force when the patient is awake and anaesthetised[2]. This study focuses on the cricoid
pressure force and does not discuss these other aspects further.
Recommended force applied during cricoid pressure varies amongst the literature but is generally 10-20N
(1.020-1.040kg) on awake patients and 30-40N (3.060-4.080kg) on anaesthetised patients[3–10]; however, it
is difficult for staff to estimate this required force accurately in clinical practice[9,11].
For awake patients, a force greater than 10N is required to prevent aspiration, whilst a force greater than
20N can cause pain and retching. For anaesthetised patients, a force greater than 30N is required to prevent
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aspiration, whereas a force greater than 40N can cause trauma to the larynx[9]. Studies suggest that most
assistants apply less cricoid pressure than is required during intubation[4,12–14].
Multiple methods have been described in the literature to teach the required cricoid pressure force. The most
common methods include biofeedback[2,10,15–19], nose[7], and syringe[8,20]. In brief, biofeedback methods
include an airway model connected to measuring scales and participants use real-time feedback to apply
the recommended force to the model[2,10,15–19]. For the nose method, participants are instructed to use
sufficient pressure to cause pain if applied to the bridge of the nose for anaesthetised patients[7]. The syringe
method involves pressing the plunger of a 50ml closed syringe to specified depths, which are equivalent to
the recommended forces for awake and anaesthetised patients[8,20].
Whilst most studies have reported the biofeedback and syringe methods to be effective in teaching the
required force of cricoid pressure[8,17,20], there is limited research evaluating the nose method; albeit Escott
et a l.[7] reported that the nose method did not appear useful in teaching cricoid pressure force.
The aim of our study was to evaluate the comparative effectiveness of the biofeedback, nose and syringe
methods of teaching the recommended cricoid pressure force on “awake” and “anaesthetised” patients using
an airway model.
METHODS
Population
The study was conducted over one working day at the City and Sandwell Hospitals in the West Midlands
region of the United Kingdom. Thirty Intensive Care Unit (ICU) and operating theatre (OT) doctors and
nurses who assist or carry out rapid sequence induction (RSI) as part of their job role were eligible to participate and recruitment was according to convenience sampling and direct approach (Figure 4). Information on
job roles and previous experience of applying cricoid pressure was collected. All participants were required
to have previously carried out cricoid pressure on a patient.
Baseline force measurement
Baseline measurements of cricoid pressure force were obtained using a pharyngeal modelTM (Laerdal, Sentrum, Stavanger, Norway) attached to measuring scales (Salter Colorweigh Electronic Kitchen Scale, China)
(Figure 1). The maximum recording value of the scales was 6.0kg. Participants were instructed to press
down on the airway model and indicate to the study researcher (JW) when the intended force was reached
and maintained. Participants were blinded as to the applied force and measurement to the nearest 100g was
recorded by the study researcher (JW). Participants were blinded as to the applied force. Force measurements were recorded for all participants on “awake” and “anaesthetised” patients, with 3 attempts for each.
Participants were required to remove their hand from the model between measurements of applied force.
Intervention
Thirty participants were sequentially allocated in blocks of 3 to the biofeedback (n=10), nose analogy (n=10)
and syringe (n=10) teaching methods. Participants were provided with written instructions for their allocated
method (Figure 2) and afforded as much time as they deemed necessary to practise the method.
For the biofeedback method, participants were able to directly read the force values on the measuring scales
when pressing on the airway model and therefore used real-time feedback to apply the recommended cricoid
pressure force for “awake” and “anaesthetised” patients. For the nose method, participants were not given
access to the airway model. They were given written instructions which advised that for “anaesthetised”
patients a pressure on the nose to cause significant pain should be applied. Participants then practised
pressing on their own nose to feel the force required. There were no teaching instructions given for “awake”
patients, since this is not provided in the literature[7]. The syringe method consisted of a 50ml closed
syringe enclosed in a wooden box with a 50ml syringe attached to the plunger (Figure 3). Compression of
the enclosed syringe to 38ml is reported to be equivalent to the recommended pressure for “awake” patients
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and compression of enclosed syringe to 30ml is reported to be equivalent to the recommended pressure for
“anaesthetised” patients[8].
Post-teaching force measurement
Participants were asked to repeat the blinded cricoid pressure force assessment using the same pharyngeal
model and measuring scales 3 times in both “awake” and “anaesthetised” patients .
Ethical considerations
Participation in the study was voluntary. Informed verbal consent was obtained from participants prior
to study commencement. Ethical approval was deemed not to be required by the Clinical Effectiveness
Department of Sandwell and West Birmingham Hospitals NHS Trust. There were no additional risks or
benefits for participants in the study.
Confidentiality, data storage, security
Measurements were recorded on paper forms which were stored securely in the City Hospital ICU, a restricted
security access area. After data collection, the information on the paper forms was collated onto an Excel
spreadsheet with each participant allocated a unique de-identified number; paper copies were then shredded.
The electronic spreadsheet was stored securely on a National Health Service (NHS) computer and was file
and folder password protected. Data was only accessible to, and used by, the study investigators in this
study.
Statistical analysis
An overall model to assess differences in force according to the method of teaching was used. The dependent
variable was the “post-teaching measurements”, categorical variables indicated patient status (“awake” and
“anaesthetised”) and teaching method (“biofeedback”, “nose” and “syringe”), and their interaction, and “baseline measurements” were considered as a continuous covariate. This model is conventionally formulated as
an analysis of covariance (ANCOVA) and in Stata can be estimated using the “anova” (analysis of variance),
“regress” (linear regression) or “mixed” (linear mixed [random effects] model, LMM)[21]. For the LMM, a
random coefficient model was formulated with participants considered as random intercepts and baseline
measurements as random effect slopes (for each participant). The incorporation of both “anaesthetised” and
“awake” tests into the overall model allowed the parts of the model to borrow strength from each other.
Model predictions were calculated using the “margins” command of Stata[22]. Model adequacy for the ANCOVA, linear regression and LMM models was adjudged according to the information criteria; lower scalar
values preferred (AIC, assessing best model prediction), Bayesian information criterion (BIC, best overall
model) and the likelihood ratio test[23]. Model estimates for each “method” and “status” are displayed in
graph format using the Stata “marginsplot” command.
Exact P-values are reported for parameter estimates; P-values <0.05 were deemed to be significant. Statistical analysis was performed using Stata (V 15.1) software.
RESULTS
Participant characteristics
Thirty participants were recruited; 9 (30%) anaesthetic/ICU junior and senior medical staff, 20 (67%)
Operating Department Practitioners, Assistant Theatre Practitioners and ICU nurses and 1 (3%) student
Operating Department Practitioner (Table 1). Seven (23%) participants had experience in applying cricoid
pressure 1-10 times, 11 (37%) 10-100 times and 12 (40%) over 100 times.
Force measurement
At baseline, the required force was applied in 9 (30%) and 8 (27%) participants for “awake” and “anaesthetised” patients respectively. Eight (27%) participants applied less than the force required to prevent
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aspiration for “awake” patients and 18 (60%) applied less than the required force for “anaesthetised” patients. Thirteen (43%) participants applied forces greater than recommended for “awake” patients and 4
(13%) participants applied greater than recommended force for “anaesthetised” patients (Figure 5).
The LMM (random coefficient) had the best model fit as adjudged by the information criteria for evaluating
the difference in applied force according to the 3 different teaching methods (Table 3). Baseline cricoid
pressure forces was a weak determinant of post-teaching cricoid pressure forces (P= =0.053). LMM coefficient and difference in predicted force estimates for the biofeedback, nose and syringe methods in “awake”
and “anaesthetised” patients are shown in Tables 3 and 4.
Model estimates and marginal predictions of post-teaching forces between the 3 teaching methods and in
“awake” vs “anaesthetised” patients yielded considerable differences in applied cricoid pressure. Importantly,
the biofeedback method led to predicted forces within the recommended limit for both “awake” and “anaesthetised” patients. Graphical representation of predicted force is displayed in Figure 6.
DISCUSSION
Comparison with current literature
The correct application of cricoid pressure is used to reduce the risk of aspiration during induction by
compressing the oesophagus[1]. Importantly, despite all the study participants being clinically experienced
in the application of cricoid pressure, 70% did not apply the correct pressure at baseline for either “awake”
or “anaesthetised” patients. In particular, nearly half of all participants applied excessive force on the
simulated “awake” patients which, clinically, can lead to pain and retching[9]. Moreover, the force applied to
“anaesthetised” patients was less than recommended in the majority of participants. Ineffective pressure can
increase the risk of aspiration[9]. Our results differ from previous studies which suggest that most assistants
apply less cricoid pressure than is required during intubation[4,12–14]. There are several potential reasons
for this including some studies using greater recommended force values for “anaesthetised” patients (>40 N
versus >30 N in our study) [4,12], and differences in simulation airway models[13] and study populations
(e.g. anaesthetic assistants versus medical specialists )[4,12–14].
Following teaching, the biofeedback and syringe teaching methods resulted in similar applied pressure (syringe
method ~5N higher) in “anaesthetised” patients. This finding is not surprising since the model estimates
for both methods fell very close to, if not inside, the recommended range of 30-40N. However, in “awake’
patients, the biofeedback method was more effective than the syringe method for teaching participants the
required cricoid pressure force. The force applied using the syringe method was ~9N higher than the force
applied using the biofeedback method. More importantly, the predicted syringe method force was higher
than recommended for “awake” patients which, as noted above, can induce adverse clinical sequelae. Our
findings differ to those of other studies which have reported that the syringe method leads to forces within
the recommended range[8,20]; however, Flucker et al. trained and tested participants over a 1 month period
which may contribute to the dissimilar findings [8]. Nonetheless, the results of our study confirm earlier
reports that the biofeedback method is easy to teach and is the most effective technique for teaching the
correct cricoid pressure[2,10,15–19].
Using the nose method to teach recommended pressure in “anaesthetised” patients yielded predicted cricoid
pressure forces that were significantly lower (~9N) than those obtained using the biofeedback method. More
importantly, the force applied was less than recommended which can lead to aspiration in patients undergoing
intubation. [9]. Our findings are similar to the only other study that has assessed the nose method. The
authors also reported this technique to be ineffective; albeit different force measurements were taken and
target cricoid pressure forces for “anaesthetised” patients were 25-35 N, not the 30-40 N target pressure used
in our study[7].
Strengths
Whilst comparison of the effectiveness of the common methods have been tested in other studies, most
studies have only compared 2 methods [2,7,10,15,17–19]. Our study compares 3 different teaching methods
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with appropriate statistical contrasts. Furthermore, despite being widely recognised and used as a teaching
method in clinical practice, only one study has tested the effectiveness of the nose method[7]. Our study
sample was a good representation of staff routinely involved with cricoid pressure application from theatres
and ICU and included a range of doctors and nursing anaesthetic assistants of different experiences and
backgrounds across 2 different hospitals. Although the sample was opportunistic rather than random, we
believe it is representative of those routinely performing cricoid pressure.
Limitations
First, the data was only collected at two sites on a single study day and a larger sample across more
sites and over a longer period of time would increase the external validity and generalisability of the study
results. Nonetheless, other investigators have reported that performance is variably maintained up to 3
months after teaching[4, 8,13]. Second, the participants were sequentially allocated to the different teaching
methods and random allocation would have improved the internal validity of the study. Third, the method
of measuring applied pressure relied on the study investigators reading the unblinded real-time values on the
measuring scales which may have contributed to bias in the study results. Fourth, the airway model is not
a true representation of a patient and whilst the general anatomy and size are similar, the different texture,
resistance and lack of overlying soft tissue and other attached structures (i.e. head and torso) limit real-life
applicability. Of note, some investigators have used cadavers instead of airway models for assessing cricoid
pressure[24]. Fifth, the height of the table on which the cricoid model was placed may not be the same
as the height of an intubation table. Sixth, the varying experience of the participants was not accounted
for. Finally, study conditions, such as the position of the participant when applying the force, were not
protocolised.
The results of our study confirm earlier reports that the biofeedback method is easy to teach and is the most
effective technique for teaching the correct cricoid pressure[2,10,15–19]. Whilst we did not assess performance
over time, other investigators have reported that performance is variably between one week and 3 months[4,
8,13]
Conclusion
Most participants that undertake cricoid pressure in their usual clinical practice did not apply forces within
the recommended ranges in simulated awake and anaesthetised patients. However, recommended force can
be achieved following biofeedback teaching. We recommend that formal teaching using this method be
provided to all staff performing cricoid pressure to ensure the recommended pressure is applied.
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Figure 2 Written instructions describing each method, which were provided to participants.
Figure 3 Syringe model used in study.
Figure 4 Overview of the study design.
Figure 5 Boxplot graph illustrating cricoid pressure force (N, mean) with 95% confidence intervals, applied
at baseline (blue) and post-teaching (red) on “awake” and “anaesthetised” patients. Target ranges are shaded
green.
Figure 6 Graph showing the model estimates (N, mean) with 95% confidence intervals of cricoid pressure
post-teaching forces for each “method” and “status”. Target ranges are shaded green.
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