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Summary
Cricoid force is widely applied to decrease the risk of pulmonary aspiration and gastric antral insufflation of air
during positive-pressure ventilation, yet its efficacy remains controversial. We compared manual oesophageal
compression at the low left paratracheal and cricoid levels for the prevention of gastric antral air insufflation
during positive-pressure ventilation by facemask in patients scheduled for elective surgery under general
anaesthesia. After gaining written consent, participants were randomly allocated by sealed envelope to one of
three groups: oesophageal compression by 30 N paratracheal force (paratracheal group); oesophageal
compression by 30 N cricoid force (cricoid group); or no oesophageal compression (control group). Gastric
insufflation of air was assessed before and after positive-pressure ventilation by ultrasoundmeasurement of the
antral cross-sectional area and/or presence of air artefacts in the antrum. The primary outcomemeasure was the
proportion of participants with ultrasound evidence of gastric insufflation. We recruited 30 patients into each
group. Before facemask ventilation, no air artefacts were visible in the antrum in any of the participants. After
facemask ventilation of the participant’s lungs, no air artefacts were seen in the paratracheal group, compared
with six subjects in the cricoid group and eight subjects in the control group (p = 0.012). Our results suggest
that oesophageal compression can be achieved by the application of manual force at the low left paratracheal
level and that this is more effective than cricoid force in preventing air entry into the gastric antrum during
positive-pressure ventilation by facemask.
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Introduction
Cricoid force is used to decrease the risk of pulmonary

aspiration of regurgitated stomach contents and to avoid

gastric insufflation during positive-pressure ventilation

under general anaesthesia [1–3]. Themanoeuvre consists of

manual force applied at the cricoid level to collapse the

upper oesophageal sphincter against the vertebral bodies

of the cervical spine [1]. Reported cases of failure to protect

the airway suggest that cricoid force may not be

consistently applied due to: operator factors (hand position

or amount of force applied); patient factors (neck

circumference); and/or anatomical factors (location of the

oesophagus) [4,5]. Indeed, oesophageal closure may not

be complete because the oesophagus lies on the left side in

up to 50% of patients [6] and may be further displaced to

the left when cricoid force is applied [7–9].

Using an ultrasound transducer, Andruszkievicz et al.

recently demonstrated that the oesophagus can be

compressed on the left paralaryngeal side at the cricoid

level. However, at this level, the oesophagus could not be

visualised by ultrasound in 13% of the subjects studied [10].

We hypothesised that a more distal paratracheal approach

may allow the oesophagus to be identified on ultrasound

more consistently, and that force applied at this level would

be more effective than cricoid force in the prevention of

gastric air insufflation during positive-pressure ventilation

by facemask.

In this study, we aimed to: evaluate the ability to

visualise the oesophagus at the low left paratracheal level

using ultrasound; investigate whether the application of

force at the low left paratracheal level using an ultrasound

transducer would result in oesophageal compression as

assessed by a decrease in anteroposterior diameter; and to

compare the effectiveness of digital compression (using the

thumb in place of the ultrasound transducer) at the low left

paratracheal and cricoid levels in preventing air entry into

the gastric antrum during positive-pressure ventilation by

facemask.

Methods
The study was approved by the local ethics committee.

Patients were eligible for inclusion if they were: ASA

physical status 1–2; aged 18–65 years; scheduled for

elective surgery under general anaesthesia; and at minimal

risk of pulmonary aspiration from gastro-oesophageal

reflux. Patients were not studied if they met any of the

following criteria: body mass index (BMI) > 35 kg.m�2;

suspected difficult facemask ventilation and/or tracheal

intubation; and/or previous gastric surgery. All participants

had been fasted for at least 6 h for solids and 2 h for clear

liquids before their surgery. No premedication was given

before the study interventions.

Oesophageal examinations were conducted with the

subject supine and their head in a neutral position (elevated

on an 8 cm headrest, without rotation or extension). A linear

ultrasound transducer (Applio XG iStyle Toshibawith a 14–7

MHz probe; ToshibaMedical Systems Corporation, Tochigi,

Japan) was positioned in a transverse (axial) orientation

over the left paratracheal area, just above the clavicle. The

presence of the oesophagus on the left side of the trachea

was recorded as seen or not seen. When the oesophagus

was identified, the anteroposterior diameter was measured

and compared before and after application of a 30 � 5 N

force (Fig. 1a). Oesophageal compression was assessed in

the paramedian sagittal plane between the trachea and

sternocleidomastoid muscle with the oesophagus in the

sagittal plane (Fig. 1b). Anteroposterior diameter

measurements were repeated before and after applying

force with the transducer. Three consecutivemeasurements

for each transducer positionwere recorded.

Subjects in whom the oesophagus could be visualised

at the low left paratracheal level were randomly allocated

(1:1:1) by sealed envelopes to oesophageal compression

by 30 N paratracheal force (paratracheal group);

oesophageal compression by 30 N cricoid force (cricoid

group); or no oesophageal compression (control group).

With the subject in the supine position, a curvilinear

transducer (Applio XG iStyle Toshiba with a 8–5 MHz

probe; Toshiba Medical Systems Corporation) was placed

on the epigastrium in a paramedian sagittal orientation to

identify the gastric antrum [11]. The cross-sectional area of

the antrum was measured at the level where both the aorta

and upper mesenteric artery were visible [11, 12]. Three

consecutive measures were taken before induction of

general anaesthesia. Standard monitoring was then

applied, and anaesthesia induced with propofol 2.5 mg.kg�1

administered over 45 s and remifentanil (1 lg.kg�1 over

60 s during induction, followed by continuous infusion

0.05 lg�kg�1.min�1). No neuromuscular blockade was

used. Oesophageal compression was then instituted in the

paratracheal and cricoid groups. Two anaesthetic trainees,

not informed of the study outcome measurements, were

trained to apply sustained force of 30 � 5 N using an

electronic dynamometer (MicroFET2; Hoogan Industries,

West Jordan, UT, USA). This method has been described

previously for training operators to apply a consistent

amount of force to a measurement device such as a weight

scale. The trainees had practised the paratracheal and

cricoid manoeuvres until 10 consecutive manoeuvres were

measured successfully (30 � 5 N). To apply paratracheal
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force, the thumb was placed over the left side of the

trachea cephalad to the clavicle and medial to the

sternocleidomastoid muscle (Fig. 2), and for cricoid force,

the cartilage was compressed with a single-handed three-

finger manoeuvre towards the vertebral bodies [1]. The

participant’s lungs were then ventilated using positive-

pressure ventilation via a facemask with an inspiratory

pressure of 25 cmH2O (Zeus ventilator, Dr€ager, L€ubeck,

Germany), which has been shown to produce gastric

distension and an increase in antral cross-sectional area

[11]. The initial ventilator settings were: FIO2 1.0;

inspiration:expiration ratio 1:2; 15 breaths.min�1; and no

positive end-expiratory pressure. Adequacy of ventilation

was ensured by: chest rise; square, regular capnograph

trace; end-tidal carbon dioxide 3.9–5.3 kPa; and tidal

volume 6–10 ml.kg�1.

After 3 min of ventilation, the gastric ultrasound

examination was repeated in an identical manner to that

described earlier. The presence of gastric air insufflation

was defined as an increase in antral cross-sectional area

and/or presence of air artefacts in the antrum (comet tail,

posterior acoustic shadow) [11]. These assessments were

performed by a sonographer blinded to group allocation by

a surgical drape placed between the subject’s thorax and

abdomen.

The sample size calculation for this study was estimated

on the Bouvet et al. study that examined gastric insufflation

at inspiratory pressures of 10, 15, 20 and 25 cmH2O [11].

The proportion of subjects with gastric insufflation ranged

from 20% to 60% at these inspiratory pressures. In order to

detect a similar difference, 25 subjects per group were

required (a < 0.05, b 0.85). This was increased to 30 to

ensure sufficient numbers after evaluating oesophageal

visualisation and compressibility. Differences in antral cross-

sectional area were compared using paired t-tests and one-

way ANOVA, with Bonferroni correction as appropriate. The

proportion of subjects showing the presence of air artefacts

was compared using the chi-square test. A p value < 0.05

Figure 1 Axial (a) and sagittal (b) views of the oesophagus before and after low left paratracheal compressionwith an
ultrasound transducer. ES, oesophagus; Thy, thyroid; VB, vertebral body.
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was deemed significant. The Statistical Package for the

Social Sciences (IBM SPSS Statistics for Windows (v22.0);

IBM Corporation, Armonk, NY, USA) was used for the

analyses.

Results
Study recruitment is shown in Figure 3; 90 subjects

completed the study (30 in each group). Baseline

characteristics were similar in all three groups (Table 1). The

oesophagus was identified at the left paratracheal level in

all 90 patients. The anteroposterior diameter of the

oesophagus was reduced by applying a force of 30 � 5 N

with the ultrasound transducer. Mean overall reduction was

29% in the axial (mean (SD) diameter 9.3 (1.8) mm before

and 6.6 (1.4) mm after compression; p < 0.001) and 37% in

the sagittal view (mean (SD) diameter 8.7 (1.5) mm before

and 5.5 (1.5) mm after compression; p < 0.001).

Proportional reduction in oesophageal diameter with the

application of 30 N force did not differ between men and

women in the axial (mean (SD) percentage decrease 28.1

(9.9)% vs. 28.7 (8.3)%, respectively) or sagittal (mean (SD)

percentage decrease 32.9 (11.2)% vs. 37.8 (12.8)%,

respectively) views. Percentage reduction in oesophageal

diameter was not related to neck circumference (r = �0.135

axial view; r = �0.020 sagittal view).

At baseline, no air artefacts were found in the gastric

antrum of any subject. After positive-pressure ventilation of

the lungs for 3 min, no subject in the paratracheal group

had gastric antral air artefacts, but these were found in six

and eight patients in the cricoid and control groups,

respectively (p = 0.012). Moreover, in patients in whom air

artefacts were present, there was a significant increase in

antral cross-sectional area compared with those subjects in

whom air artefacts were absent (Table 2). Antral cross-

sectional area was unchanged in the paratracheal and

cricoid groups after ventilation of the lungs, but did

increase in the control group (Table 2).

Discussion
We have demonstrated that the oesophagus can be

identified using ultrasound at the low left paratracheal level,

and that compression of the oesophagus by the ultrasound

transducer at this level reduces its anteroposterior diameter

by about one-third. In contrast, Andruszkievicz et al.

reported that the oesophagus can be visualised

‘paralaryngeally’ at the cricoid level in only 87% of study

subjects [10]. One possible explanation for the lower rate of

visualisation is that the oesophagus deviates from the

midline towards the left in its descent [13], making it more

visible and accessible for compression distally at the

paratracheal level.

Digital paratracheal force applied to the oesophagus

was effective at preventing air insufflation into the gastric

antrum during positive-pressure ventilation of the lungs

via a facemask. Several methods have been used to study

the ability of cricoid compression to occlude the

oesophagus. Most of the evidence supporting its

effectiveness in preventing aspiration of regurgitated

contents comes from studies demonstrating its efficacy in

preventing gastric insufflation during facemask ventilation

in children and adults [3, 14]. However, previous studies

used less sensitive air detection methods than ultrasound,

such as auscultation by a stethoscope over the

epigastrium. Bouvet et al. showed that ultrasonography

was more sensitive than auscultation in the detection of

gastric air insufflation at different inspiratory pressures

[11]. Cricoid compression is an indirect manoeuvre that

aims to occlude the upper oesophagus or hypopharynx

against the vertebral bodies [15], assuming that the

relevant structures are adequately aligned for an effective

manoeuvre. In contrast, paratracheal compression is a

direct manoeuvre on the oesophagus against the

vertebral bodies and prevertebral muscles that can be

applied with the ultrasound transducer under direct view

or applied blindly by pressing with the thumb.

There are some limitations to our study. First, although

the research staff were trained on mannikins before the

procedures in subjects, improper application of

paratracheal and cricoid force cannot be ruled out. Second,

since obese patients and those with potentially difficult

airways were not studied, the efficacy of low left

paratracheal compression is uncertain in these patient

Figure 2 For paratracheal compression appliedmanually,
the thumb is positioned just cephalad to the clavicle
between the trachea and the sternocleidomastoidmuscle.
A force of 30 N is applied to compress the oesophagus
against the vertebral body.
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Lost to follow up (n = 0)
Discontinued intervention (n = 0)

Analysed (n = 30)
Excluded from analysis (n = 0)

Assessed for eligibility (n = 93)

Excluded (n = 3)
Not meeting inclusion criteria (n = 2)
Declined to participate (n = 1)

Paratracheal group (n = 30)
Received allocated 
intervention (n = 30)

Control group (n = 30)
Received allocated 
intervention (n = 30)

Allocation

Analysis

Follow-Up

Randomised (n = 90)

Enrollment

Oesophagus visualised and 
compressed at paratracheal level 
with ultrasound transducer (n = 90) 

Cricoid group (n = 30)
Received allocated 
intervention (n = 30)

Lost to follow up (n = 0)
Discontinued intervention (n = 0)

Lost to follow up (n = 0)
Discontinued intervention (n = 0)

Analysed (n = 30)
Excluded from analysis (n = 0)

Analysed (n = 30)
Excluded from analysis (n = 0)

Figure 3 CONSORT flowdiagram.

Table 1 Baseline characteristics of participants undergoing oesophageal compression at the low left paratracheal level
(paratracheal group) or cricoid level (cricoid group). Participants in the control group had no oesophageal compression
applied. Values aremean (SD) or number.

Paratracheal group Cricoidgroup Control group
(n = 30) (n = 30) (n = 30)

Age; years 46.0 (18.6) 42.3 (14.6) 45.7 (20.6)

Sex; female 20 18 21

BMI; kg.m�2 24.3 (3.8) 26.0 (4.7) 26.5 (5.9)

Neck circumference; cm 37.9 (4.3) 39.6 (4.5) 40.3 (5.6)
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populations. Third, we only studied a single inspiratory

pressure (25 cmH2O); the effect on gastric insufflation at

higher and lower inspiratory pressures is not known.

Moreover, since neuromuscular blocking drugs were not

used, their potential effect is unknown. Fourth, although

antral cross-sectional area appears to correlate with the

volume of aspirated stomach contents [16], our data cannot

be used to predict the actual volume of air that enters the

antrum and the consequent risk for aspiration. The

effectiveness of paratracheal compression in preventing the

passage of air into the stomach during positive-pressure

ventilation does not translate into the same efficacy in the

prevention of oesophageal contents from reaching the

pharynx. Finally, the use of cricoid force has been

questioned due to potential impairment of facemask

ventilation [17], supraglottic airway device placement [18]

and laryngoscopy [19]. In the present study, we did not

assess the ease of facemask ventilation or tracheal

intubation during the compressionmanoeuvres.

Our results suggest that oesophagal compression can

be achieved by the application of manual force at the low

left paratracheal level and that this is more effective than

cricoid force in preventing air entry into the gastric antrum

during positive-pressure ventilation by facemask. Future

studies are needed to address the potential benefits of

applying pressure more distally at the paratracheal level as

opposed to at the cricoid level, and to substantiate the

clinical utility of paratracheal compression in airway

management.
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