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Abstract

Background: Severely obese parturients have increased ‘cannot intubate, cannot oxygenate’ risk during Caesarean
section under general anaesthesia. Front-of-neck access (FONA) at the cricothyroid membrane (CTM) is definitive
management; however, attempted FONA can fail. Point-of-care ultrasonography may provide useful information about
CTM depth to aid FONA in obesity. This study determined the difference in CTM depth between severely obese and non-
obese parturients, utilising ultrasonography.
Methods: In this prospective observational study, two anaesthetists performed airway ultrasonography on 15 severely
obese (BMI >45 kg m!2) and 15 normal-weight (BMI "25 kg m!2) parturients in the third trimester, using the transverse
and longitudinal planes, sniffing and extended head positions, and nil and firm transducer pressures. The primary
outcome was CTM depth (millimetres) measured in the transverse plane with the head extended and nil transducer
pressure. Secondary outcomes included CTM depth measurements using other factor configurations. Intra-class corre-
lation coefficients assessed the inter-observer reliability.
Results: CTM depth measured in the transverse plane with head extended and nil transducer pressure was significantly
greater inseverely obeseparturients,mean18.0mm(95%confidence interval 16.3e19.8),vs10.6mm(8.81e12.4) innon-obese
(P<0.001); mean difference 7.4 mm (4.9e9.9; P<0.001). CTM depths were increased in the severely obese group regardless of
scanning plane, head and neck position, or transducer pressure (all P<0.001). There was excellent inter-observer reliability.
Conclusions: Cricothyroid membrane depth is significantly increased in severely obese vs normal-weight parturients
independently of scanning plane, head and neck position, or transducer pressure.
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Editor’s key points

# In the situation of ‘cannot intubate, cannot oxygenate’,
front-of-neck accessmay be required, but identification
of the cricothyroid membrane can be difficult in obese
pregnant women.

# Front-of-neck accessmight bemore difficult in severely
obese pregnant women since the cricothyroid mem-
brane is deeper from the skin than in lean pregnant
women.

Front-of-neck access (FONA) to the airway, also known as
surgical airway access, is definitive management for ‘cannot
intubate, cannot oxygenate’ (CICO) events.1 However, success
can be variable, particularly in obese parturients where
percutaneous devices can be inadequate in length or kink.1e3

Airway guidelines of the Obstetric Anaesthetists’ Association
therefore recommend all parturients to undergo assessment
to predict potential FONA difficulty.1 As anaesthetists have
poor accuracy with localisation of the cricothyroid membrane
(CTM) by palpation for this assessment in obesity, ultraso-
nography is useful.1,4,5 Given the overlying soft tissues of the
larynx have varying proportions, ultrasonography could
additionally provide valuable information at the point of care
regarding CTM depth in severely obese parturients.4

Although it is recognised that the CTM is deeper in obese
than non-obese patients, the difference in CTM depth between
severely obese and normal-weight parturients has not been
quantified.4 This further information may be useful to plan
needle or scalpel insertion if emergency FONA is required. We
sought to quantify, using ultrasonography, if CTM depth, the
distance between the skin and the CTM’s airetissue border, is
significantly greater in severely obese compared with normal-
weight parturients, using different scanning planes, head and
neck positions, and transducer pressures.

Methods

Study design

After receiving the University of Tasmania Human Research
Ethics Committee’s approval (H0014787), a prospective obser-
vational study was performed at the Royal Hobart Hospital
between July 2015 and February 2016. Written informed con-
sent was obtained from all participants. The study protocol
and reporting were according to the Strengthening the
Reporting of Observational Studies in Epidemiology
statement.6

Participants

Parturients in their third trimester were recruited at the
Women’s Services Clinic and the Obstetric Ward at the Royal
Hobart Hospital. The inclusion criteria were age over 18 yr,
gestation over 30 weeks, and either severe obesity with BMI
>45 kg m!2 or normal weight with BMI "25 kg m!2. Every
eligible severely obese parturient was approached for recruit-
ment during the study period. The recruitment of every
eligible normal-weight parturient was impractical because of
the high frequency of eligible patients; therefore, they were
recruited by convenience sampling. The exclusion criterion
was abnormal neck anatomy affecting the airway.

Study procedures

The study participants’ height (metres) and weight (kilograms)
were measured immediately before the ultrasound examina-
tions and the BMI (kilograms per metre squared) was calcu-
lated. Whilst the participants were seated, their neck
circumference (centimetres) was measured with a tape mea-
sure by an experienced anaesthetist infraglottically, just below
the level of the larynx, keeping the tape taut with the skin
circumferentially whilst the measurement was performed.

Ultrasonography procedures were standardised for all
women and performed at theWomen’s Services Clinic and the
Obstetric Ward at the Royal Hobart Hospital, using a SonoSite
X-Porte™ (Brookvale, NSW, Australia) ultrasound machine
with a 13e6 MHz (HFL38XP) linear transducer. The same two
anaesthetists performed all scans and ultrasound measure-
ments, and are from here on referred to as ultrasonographers.
To reduce bias, each ultrasonographer had at least 5 yr expe-
rience with ultrasonography in clinical practice and per-
formed a minimum of 20 infraglottic airway ultrasound
examinations on non-study patients before the study
recruitment.

Each participant’s scans were performed using the same
positioning in quick succession on a single day. A small wedge
was placed for the duration of scanning under the right pelvis
to provide left lateral tilt to prevent aortocaval compression.
For scans performed with nil transducer pressure, the ultra-
sound gel had to be visible on the scanning image between the
transducer and the participant’s skin to ensure that the least
amount of pressure possible was applied.

Ultrasonography in the transverse plane

For airway ultrasonography, the participants were initially
positioned supine, in the sniffing position with their head on a
pillow. The ultrasonographers stood to the participants’ left,
with the transducer held in their left hand. Both anaesthetists
were present for initial ultrasound scanning to identify the
CTM in the transverse plane. The presence of a bright hyper-
echoic line indicated the CTM’s airetissue border. The CTM’s
airetissue border was located between the thyroid cartilage
(overlying the vocal cords) proximally and the cricoid cartilage
distally.7,8 The transverse level of the CTM was then marked
on the participant’s skin using ultrasonography.

Each ultrasonographer, blinded to the other’s CTM depth
measurements, then independently performed transverse-
plane scanning at the marked level using both nil and firm
transducer pressures. The order of the ultrasonographers
performing the scans was not randomised, as they took it in
turns to be the first to perform the scans on any given partu-
rient. The CTM depth measurements were captured on the
scans using the inbuilt calipers of the machine. This process
was repeated with the participants’ heads in the extended
position, by removing the pillow from under their heads.
Figure 1 depicts a transverse-plane sonogram using nil trans-
ducer pressure in a severely obese parturient.

Ultrasonography in the longitudinal plane

For scanning in the longitudinal plane, the two ultrasonogra-
phers were no longer blinded to assist each other because of
the increased difficulty of scanning in this plane. The scans
were performed with the head in the extended position only,
using both nil and firm transducer pressures. Using amodified
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‘string of pearls’ technique, the transducer was placed longi-
tudinally directly over the anterior airway in the midline, with
its midpoint near the skin marking of the transverse position
of the CTM, and then the transducer position was adjusted
until the thyroid cartilage, CTM’s airetissue border, and
cricoid cartilage were simultaneously visualised, whilst posi-
tioning the transducer at right angles to the anterior
airway.9,10 The CTM depth measurements were then marked
using the inbuilt callipers of the machine at three locations
along its length: at the proximal endpoint,midpoint, and distal
endpoint of the CTM’s airetissue border. Also, using longitu-
dinal ultrasonography, the CTM length (millimetres) was
measured longitudinally from the proximal to the distal end-
points of the CTM’s airetissue border. Each longitudinal scan
was saved with and without markings. Unmarked scans were
later independently reviewed by a radiologist using Philips
iSite™ (version 4.1, 2011, North Ryde, NSW, Australia) picture
archiving and communications software to measure the same
three CTMdepths and the CTM length for comparison. Figure 2
depicts a sonogram of a longitudinal scan using nil transducer
pressure in a severely obese parturient.

Primary outcome

The CTM depth (millimetres) is defined as the percutaneous
distance between the skin and the CTM’s airetissue border in
the midline. For the primary outcome, the CTM depth was
measured ultrasonographically in the transverse plane with
the head in the extended position and using nil transducer
pressure.

Secondary outcomes

The CTM depth (millimetres) was also measured in the
transverse plane with the head in the extended position and
using firm transducer pressure; in the sniffing position with
both nil and firm transducer pressures; and, lastly, in the
longitudinal plane with the head extended, and using both nil
and firm transducer pressures. The CTM depth in the longi-
tudinal plane was measured at three locations along the CTM

longitudinal midline, at the proximal endpoint, midpoint, and
distal endpoint (see Fig 2). Also, using longitudinal ultraso-
nography, the CTM length wasmeasured from the proximal to
the distal endpoints, and the presence of skinfolds overlying
the airway was recorded (see Fig. 2). Additionally, the rela-
tionship of the CTM depth to the neck circumference was
determined.

Statistical analysis

Sample-size calculation was based on data from an observa-
tional study that reported the mean CTM depth 13.69 mm
(SD 3.46 mm) in cadavers with mixed body habitus, with a
margin of 5 mm between severely obese and normal-weight
parturients assumed to be clinically significant.11 Using a
two-sample t-test (two sided), with b¼0.10 and a¼0.05, 11 pa-
tients were required for each group to detect a difference of
5 mm or more.

Linearmixedmodelswere used to estimate the difference in
CTM depths and lengths between the severely obese and
normal-weight parturients. We compared the CTM depths
measuredusingnil orfirmtransducerpressureby including two
additional fixed effects in the model: pressure (nil or firm) and
an interaction term for the BMI group and pressure to estimate
the difference between the groups. Random intercepts were
specified for subjects to account for dependence in repeated
measurements on the same person by different observers.

Intra-class correlationcoefficients (ICCs)and95%confidence
intervals (95% CIs) were calculated to estimate the agreement
between the observers’ measurements of CTM depth and the

Fig 2. Scan in the longitudinal plane using no transducer pres-
sure, BMI >45 kg m!2. Note skinfold near CTM area. Dark blue
arrow, ultrasound gel (between transducer and skin); red arrow,
caliper marking the CTM depth at the proximal endpoint of the
CTM, measured to the airetissue border of the CTM, with a
depth of 12.9 mm; light blue arrow, caliper marking the CTM
depth at the midpoint of the CTM, measured to the airetissue
border of the CTM, with a depth of 14.3 mm; green arrow,
caliper marking the CTM depth at the distal endpoint of the
CTM, measured to the airetissue border of the CTM, with a
depth of 15.4 mm; purple arrow, caliper marking the CTM
length, measured along the airetissue border of the CTM, with a
length of 9.1 mm; pink arrow, position of a skinfold in the
anterior neck; brown ring, thyroid cartilage; burgundy ring,
cricoid cartilage; and yellow rings, tracheal rings (the ‘string of
pearls’).9,10 CTM, cricothyroid membrane.

Fig 1. Scan in the transverse plane using nil transducer pres-
sure, BMI >45 kg m!2. Red arrow, ultrasound gel (between
transducer and skin); blue arrow, skin; green arrow, caliper
marking the CTM depth, with a depth of 21.5 mm; and purple
arrow, airetissue border of the CTM. CTM, cricothyroid mem-
brane.
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length. ICCs were determined using a two-way mixed effects
model for absolute agreement. This corresponds to the ICC (2,1)
model12 and the ICC (C,1) model.13 All statistical analyses were
performedusing thestatisticalsoftwarepackageStata™version
12, 2011 (StataCorp, College Station, Texas, USA).

The relationship of CTM depth to neck circumference was
determined visually using a scatter plot with a locally
weighted scatter-plot smoothing regression curve. A regres-
sion model was not used for this because of the nature of the
study sample having two discrete BMI groups rather than a
random sample from the population of interest.

Results

Participant characteristics

Figure 3 illustrates the study enrolment and participant flow.
Table 1 presents the characteristics of the study participants.
The mean age and gestation at the time of each participant
booking into the obstetric clinic were similar for women in the
severely obese and normal-weight groups. Table 2 shows
linear mixed model estimates for mean CTM depths and
lengths for severely obese and normal-weight parturients, and
ICCs for the agreement between the observers’
measurements.

Primary outcome

The CTM depth was significantly increased in severely obese
compared with normal-weight parturients using transverse-
plane scanning in the extended head position with nil trans-
ducer pressure (Table 2). The ICC for these measurements
indicated excellent inter-observer reliability.

Secondary outcomes

Table 2 also shows that the CTM depth was significantly
increased in the severely obese group independent of ultra-
sound scanning plane, head and neck positions, transducer
pressure, or the longitudinal position along the CTM midline
where the depth was measured. Ultrasonography using firm
pressure significantly reduced the mean CTM depth for the
normal-weight group by 4.5 mm (95% CI 5.2e3.7; P<0.001), and
by a further 4.0 mm (5.1e2.9; P<0.001) for the severely obese
group, compared with scanning with nil pressure. Even so, the
mean increase in CTM depth in the severely obese group,
whilst using firm transducer pressure, remained significant
(P<0.001). The ICCs for all CTM depthmeasurements indicated
excellent inter-observer reliability.

The CTM depth had a close linear relationship with the
neck circumference, particularly for the normal-weight group

Fig 3. Enrolment and allocation of participants in the study.

Table 1 Baseline characteristics of normal-weight (n¼15) and
severely obese (n¼15) parturients in their third trimester.
Values are mean (SD). SD, standard deviation

Variable Normal weight,
BMI ≤25 kg m¡2

Severe obesity, BMI
>45 kg m¡2

Mean (SD) Range Mean (SD) Range

Age (yr) 29.5 (5.4) 19e25 28.8 (5.5) 20e39
Gestation (weeks) 32.2 (2.3) 30e37 33.8 (2.5) 30e39
Weight (kg) 56.4 (8.1) 44e71 132.8 (17.1) 113e166
BMI (kg m!2) 21.5 (1.8) 19e25 50.8 (3.3) 46e57
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(Fig. 4). Transverse, anterior neck skinfolds overlying the
airway anteriorly at or near the CTM were found on longitu-
dinal scanning in 73% (11/15) of severely obese, but not at all in
normal-weight, parturients.

Discussion

The principal finding of this study was that CTM depth is
significantly increased in severely obese compared with
normal-weight parturients independent of the plane of ultra-
sound scanning, position of the airway, transducer pressure,

or longitudinal position along the CTM where the depth was
measured.

To our knowledge, this is the first study in an obstetric
population to assess the CTM depth using ultrasonography,
and to calculate the difference in this depth between severely
obese and normal-weight parturients. A retrospective study of
18 females of childbearing age, but not pregnant, and of mixed
body habitus, demonstrated that the mean (range) of CTM
depth was 16.2 mm (3e18) when measured with computed
tomography.4 It also found significant correlation between
CTM depth and BMI (P¼0.04).4 Those findings are consistent
with our data that suggest that the CTM is a deep structure in
women of childbearing age with a high BMI.4 Our study addi-
tionally provides useful quantitative information about the
CTM depth in severely obese parturients that could aid airway
planning and management.

Anaesthetists are inaccurate at localisation of the CTM
using landmark palpation, particularly in obese females,
including parturients.5,14e17 Increased CTM depth explains
why its localisation by landmark palpation was less accurate
in obese when compared with normal-weight parturients.5 It
explains why localisation of the CTM by ultrasound guidance
was more accurate in an obese patient when compared with
landmark palpation.18 Substantial subcutaneous fatty tissue
increases the CTM depth in severely obese parturients and
reduces the definition of deeper cartilaginous airway struc-
tures to the clinician’s tactile sense, whereas ultrasound im-
age quality is only minimally affected.4,5,10,16e18 This study
shows that the CTM can be localised and its depth measured
ultrasonographically in severely obese parturients, with
excellent agreement between blinded ultrasonographers.

Severely obese parturients are at higher risk of failed
intubation that could lead to a CICO event during general
anaesthesia for Caesarean section.3,19e22 A brief pre-
procedural ultrasound examination of the anterior airway,
which includes localisation, and assessment of the depth, of

Table 2 Intra-class correlation coefficients with 95% CIs, and estimated means and differences with 95% CIs, for cricothyroid
membrane depths and lengths for severely obese (n¼15) and normal-weight parturients (n¼15)

Inter-rater
reliability

Normal weight,
BMI ≤25 kg m¡2

Severe obesity,
BMI >45 kg m¡2

Difference between BMI groups

ICC (95% CI) Mean
(mm)

(95% CI) Mean
(mm)

(95% CI) Mean
(mm)

(95% CI) P-value

Transverse plane
Nil transducer pressure
Airway in extended position 0.98 (0.95e0.99) 10.6 (8.8e12.4) 18.0 (16.3e19.8) 7.4 (4.9e9.9) <0.001
Airway in sniffing position 0.89 (0.79e0.95) 10.9 (9.4e12.4) 17.7 (16.2e19.2) 6.8 (4.6e9.0) <0.001

Firm transducer pressure
Airway in extended position 0.86 (0.68e0.93) 6.1 (5.2e7.1) 9.6 (8.7e10.5) 3.4 (2.1e4.7) <0.001
Airway in sniffing position 0.92 (0.80e0.96) 6.0 (5.1e6.9) 9.5 (8.7e10.4) 3.5 (2.3e4.8) <0.001

Longitudinal (extended position)
Nil transducer pressure
Proximal point of CTM 0.98 (0.95e0.99) 11.2 (9.6e12.8) 16.4 (14.8e18.0) 5.2 (3.0e7.4) <0.001
Midpoint of CTM 0.99 (0.98e0.995) 10.6 (9.2e12.1) 17.0 (15.5e18.5) 6.4 (4.3e8.4) <0.001
Distal point of CTM 0.99 (0.98e0.995) 10.4 (9.0e11.9) 18.5 (17.0e19.9) 8.1 (6.0e10.1) <0.001
Length of CTM 0.63 (0.10e0.84) 9.1 (8.5e9.7) 9.4 (8.8e10.0) 0.3 (e0.6 to 1.2) 0.488

Firm transducer pressure
Proximal point of CTM 0.97 (0.94e0.99) 7.6 (6.5e8.7) 12.5 (11.4e13.5) 4.9 (3.4e6.4) <0.001
Midpoint of CTM 0.98 (0.95e0.99) 7.0 (5.8e8.1) 12.3 (11.2e13.4) 5.3 (3.7e6.9) <0.001
Distal point of CTM 0.96 (0.92e0.98) 6.5 (5.2e7.8) 12.0 (10.7e13.3) 5.5 (3.7e7.4) <0.001
Length of CTM 0.60 (0.19e0.81) 9.3 (8.5e10) 9.9 (9.2e10.6) 0.6 (e0.4 to 1.7) 0.244

CI, confidence interval; CTM, cricothyroid membrane; ICC, intra-class correlation coefficient.

Fig 4. Scatter plot of cricothyroid membrane depth (mm) and
neck circumference (cm), with both the linear fit and LOWESS
curve shown, correlation coefficient r¼0.8408 (95% CI 0.71e0.92).
Solid dots are normal-weight parturients; hollow dots are
severely obese parturients. CTM, cricothyroid membrane;
LOWESS, locally weighted scatter-plot smoothing.
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the CTM may aid airway management in severely obese par-
turients, especially those with suspected difficult intubation.
For FONA procedures, information on CTM depth could assist
with accurate needle or scalpel insertion to achieve adequate
depth for accessing the airway lumen, whilst avoiding exces-
sively deep insertion that could iatrogenically injure the pos-
terior wall and lead to the creation of a false passage.23,24

Because of the potential for severe consequences from any
CICO event, the ability to perform pre-procedural ultrasound
examination of the infraglottic airway does not exonerate the
anaesthetist from having standard equipment ready to pro-
ceed with FONA if required, and regular training for it. Mea-
surement of CTM depth using ultrasound may advance FONA
training and research, specifically through simulation because
of the low occurrence of emergency FONA in clinical
anaesthesia.3,25

Limitations

There is a potential for the introduction of confirmation bias,
as measurements of CTM depth and length using ultrasound
were not compared with a gold standard. However, this is
unlikely to be significant, as other studies have shown that
ultrasound measurements of the upper airway in the neck
region have correlated well with computed tomography26 and
magnetic resonance imaging.27 Transducer pressure was not
measured during firm pressure scanning to ensure that both
blinded ultrasonographers applied pressure similarly to avoid
measurement bias; nevertheless, reliability remained excel-
lent. Transverse scans were not necessarily performed at the
CTM’s midpoint, possibly introducing measurement bias,
although the effect would have been minimal given that,
whilst using scanning in the longitudinal plane, CTM depths
intentionally measured at three different longitudinal points
along the midline did not display substantial variation.
Although the sample size was small, we had a strong
anatomical rationale for expecting an increased CTM depth
and we pre-specified the direction of the association.

Conclusions

This study found that, in severely obese parturients, the cri-
cothyroid membrane is a significantly deeper anatomical
structure when compared with normal-weight parturients.
Given that severely obese women are at higher risk of failed
tracheal intubations during general anaesthesia for Caesarean
section that can potentially deteriorate to cannot intubate,
cannot oxygenate events requiring front-of-neck access, the
findings in this study prepare clinicians to make a corre-
spondingly deeper needle or scalpel insertion if required to
perform emergency front-of-neck access, thus possibly
increasing the success rate of the procedure.3,19e22
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