
ORIGINAL ARTICLE

Accuracy of surface landmark identification for cannula

cricothyroidotomy

D. S. J. Elliott,1 P. A. Baker,2 M. R. Scott,1 C. W. Birch3 and J. M. D. Thompson4

1 Anaesthetic Fellow, 3 Consultant Anaesthetist, Middlemore Hospital, 2 Consultant Anaesthetist, Starship Children’s

Health, 4 Statistician, Department of Paediatrics, University of Auckland, Auckland, New Zealand

Summary

Cannula cricothyroidotomy is recommended for emergency transtracheal ventilation by all current

airway guidelines. Success with this technique depends on the accurate and rapid identification

of percutaneous anatomical landmarks. Six healthy subjects underwent neck ultrasound to delineate

the borders of the cricothyroid membrane. The midline and bisecting transverse planes through the

membrane were marked with an invisible ink pen which could be revealed with an ultraviolet

light. Eighteen anaesthetists were then invited to mark an entry point for cricothyroid membrane

puncture. Only 32 (30%) attempts by anaesthetists accurately marked the skin area over the

cricothyroid membrane. Of these only 11 (10%) marked over the centre point of the membrane.

Entry point accuracy was not significantly affected by subjects’ weight, height, body mass index,

neck circumference or cricothyroid dimensions. Consultant and registrar anaesthetists were

significantly more accurate than senior house officers at correctly identifying the cricothyroid

membrane. Accuracy of percutaneously identifying the cricothyroid membrane was poor.

Ultrasound may assist in identifying anatomical landmarks for cricothyroidotomy.

........................................................................................................

Correspondence to: Dr David Elliott

Email: drdsje@hotmail.com

Accepted: 24 May 2010

Adult emergency cricothyroidotomy is indicated in

situations where acceptable levels of oxygenation are

unable to be maintained using ventilation by facemask,

supraglottic device, or tracheal intubation. In adults,

oxygenation and ventilation via the cricothyroid mem-

brane is achievable by either a surgical airway with a large

lumen tracheal or tracheostomy tube, a large cannula

cricothyroidotomy set (> 4 mm) or a small cannula

cricothyroidotomy set (2–3 mm) leading to transtracheal

jet ventilation [1]. Evidence supporting one crico-

thyroidotomy technique over another is limited to

heterogenous case series, animal studies and expert

opinion. The ideal emergency transtracheal ventilation

technique should be rapid, easy and safe.

A recent algorithm for the ‘cannot intubate, cannot

ventilate’ scenario promotes early oxygenation by cannula

cricothyroidotomy or cannula tracheotomy and jet

ventilation, suggesting that the skills of anaesthetists are

more suited to cannula cricothyroidotomy than surgical

cricothyroidotomy [2]. This concept is supported by a

survey of Canadian anaesthetists that showed that the

majority of respondents favoured the technique of small

cannula cricothyroidotomy [3]. Correct needle placement

through the cricothyroid membrane is essential for emer-

gency small cannula cricothyroidotomy and large cannula

cricothyroidotomy (> 4 mm), using a Seldinger tech-

nique and retrograde intubation. Fundamental to the

expeditious deployment and successful outcome of these

techniques is the accurate identification of the cricothyroid

membrane.

The primary aim of this study was to measure the

accuracy of needle placement before small cannula

cricothyroidotomy. A secondary aim was to determine

the impact of patient morphology on the accuracy of

cannula placement.

Method

Approval was obtained from the Northern X Regional

Ethics Committee and written informed consent was
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gained from all subjects and participants. Subjects < 18

and > 80 years of age, with known neck deformity,

previous neck surgery or any other neck abnormality were

excluded. Six healthy adult volunteers from the staff at

Middlemore Hospital with a wide range of BMI were

enrolled in the study as subjects for neck examination. The

subjects’ characteristics were recorded, including sex,

height, weight and neck circumference at the cricothyroid

level. The subjects were positioned on an operating table,

with the head supported by a soft gel headrest and the neck

slightly extended to allow sonography. All the subjects

then underwent a neck ultrasound by two of the authors

(DE ⁄ MS), using a SonoSite MicroMaxx� (SonoSite Inc.

Bothell, WA, USA) point of care ultrasound machine.

The transducer used for this purpose was a standard model

25-mm broadband linear array probe. Clear images of the

cricothyroid membrane were obtained in all subjects. We

recorded the height, width and depth of the cricothyroid

membrane in all the subjects. The mid-central point of the

cricothyroid membrane was determined by ultrasound.

The height and width of the cricothyroid membrane were

measured with the Sonosite MicroMaxx� distance caliper,

and the midpoint between the thyroid and cricoid

cartilages and the cricothyroid muscles was specified using

surgical silk ties between the probe and the skin. The ties

were imaged out of plane and moved between the probe

and the skin to cause image ‘drop out’ at the transverse and

sagittal midpoints of the membrane. The silk ties were

used to indent the skin and this point was then marked

with an invisible marker pen (InvisibleWriterTM; IQ

Hong Kong Ltd, Tsue Wan, NT, Hong Kong). This is a

non-toxic children’s toy with an invisible marking pen at

one end and a revealer light at the other. The crosshairs

marked on the anterior neck were then covered by a

10 · 12 cm Opsite FlexigridTM (Smith & Nephew Pty

Ltd., Mt Waverley, Victoria, Australia) occlusive dressing

and the position was confirmed by a second ultrasound

measurement. The same occlusive dressing remained in

place throughout the study and was wiped clean

in-between each participant. All measurements were

carried out in a single session, and the subjects held their

necks in the same position throughout the study.

Our 18 study participants were voluntary senior medical

officers and trainees from the Department of Anaesthesia

at a district regional hospital in New Zealand (Middlemore

Hospital). Written informed consent was obtained from

each participant. In a pre-study questionnaire, we

recorded their grade, years of experience in anaesthesia

and experience of emergency cricothyroidotomy. The

participants were asked to examine the neck of a subject as

if they were presenting with a ‘cannot intubate, cannot

ventilate’ scenario, requiring urgent cannula crico-

thyroidotomy within 10 s. If they could not mark the

skin within 10 s, they were asked to mark as quickly as

possible. The participants were allowed to palpate the

subject’s neck to ascertain where they thought they should

perform cricothyroid membrane puncture, and subse-

quently mark the spot with a fine tip white board marker

(xylene free ⁄ non-toxic) on the occlusive dressing. We

recorded the time from first palpation of the neck to

marking of the cricothyroid membrane puncture site.

Subjects were examined by participants in a random

order. Once the participant had marked all six volunteers,

we used an ultraviolet lamp to reveal our marking at the

centre of the cricothyroid membrane. We then measured

the distance from participants mark to the true centre of

the cricothyroid membrane (‘distance to target point’)

using a set of digital calipers (Neiko Tools, Wenzhou,

Zhejiang, China). Data were collected on Microsoft�

Excel� and analysis was carried using SAS (SAS, Cary,

NC, USA) for Windows v9.0. Comparison of distance to

the target point and patients’ characteristics was carried

out using non-parametric statistics, due to the limited

number of volunteer subjects.

Results

Our six subjects presented with a range of morphology

(Table 1). Body weight ranged from normal (subject B)

to super obese (subject A), according to the World

Health Organization definition [4]. There was no effect

from any of the subjects’ characteristics (BMI, weight,

height, body surface area, neck circumference, crico-

thyroid depth, cricothyroid height, cricothyroid width or

cricothyroid area) on ‘distance to target’ (Table 1). A

non-parametric analysis by subject also showed no

differences. A boxplot of distance to target against BMI

is shown in Fig. 1. Although there was no difference, it

would appear that the variation increases to some extent

with BMI.

When the anaesthetists’ characteristics were analysed in

relation to the distance to target, there was no difference

by sex, whether they had performed a cricothyroidotomy

previously, or whether they were right- or left-handed.

Senior house officers had a greater distance to the target

than consultants or registrars (median (IQR [range]) 11

(6–15 [1–20)] mm vs 7 (2–10 [0–29]) mm and 7 (4–12

[0–17]) mm, respectively; p = 0.03). The median (IQR

[range]) distance from the target point was 7 [4–11

(0–29)] mm. 7.1 [4–11.3] mm. Of note, only 11 (10%) of

the attempts hit the target point and only 32 (30%) were

within the defined area of the cricothyroid membrane

(Fig. 1).

We further investigated the direction in which the

target was missed. This is summarised in Fig. 2. The

midline was targeted correctly in 62 (57%) cases.
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There was no difference in terms of whether those who

missed the midline were to the left (n = 23) or to the

right (n = 23). The transverse positioning was only

correctly targeted on 15 (13%) occasions, and of those

who missed, 55 (51%) missed above, whilst 38 (35%)

missed below. The median (IQR [range]) time to mark

the neck was 10 (7–17 [2–40]) s.

Discussion

Our study found that only 30% of participants accurately

identified the skin over the cricothyroid membrane of the

subjects in the study, and the median (IQR [range])

distance from the target point was 7.1 [4–11.3] 7 [4–11

(0–29)] mm. These results suggest a poor level of accuracy

with needle cricothyroidotomy. This inaccuracy appears

to be unaffected by subject morphology.

Reported complication rates for surgical cricothyroid-

otomy vary widely between 6.1% and 54.5% depending

on the clinical circumstances, technique and operator

experience [5, 6]. A common complication in all these

reports is tube misplacement secondary to inaccurate

identification of anatomical landmarks. In a series of 38

surgical cricothyroidotomies, the most frequent compli-

cation was incorrect tracheostomy tube placement, often

through the thyrohyoid membrane [7]. Such errors, if

unidentified before ventilation is initiated, can result in

widespread subcutaneous emphysema and distortion of

neck anatomy. Subsequent efforts to salvage effective

ventilation are then severely compromised with poten-

tially fatal consequences. This problem is compounded by

high pressure jet ventilation, which is recommended for

percutaneous small cannula cricothyroidotomy. A review

of 29 patients who received percutaneous transtracheal jet

ventilation reported no fatalities, but 6 (21%) procedures

were unsuccessful. Failures were attributed to improper

catheter insertion technique, kinked catheter and unusual

anatomy. One patient had a severe pneumomediastinum

and three had surgical emphysema [8]. A cadaver study

comparing emergency surgical cricothyroidotomy vs

Seldinger technique cricothyroidotomy found equally

poor performance, with 30% and 40% cannula misplace-

ment for each technique respectively [9]. A second study

involving 20 emergency physicians, who performed

Seldinger technique cricothyroidotomy and surgical

cricothyroidotomy, on 200 cadavers, reported accurate

placement of an airway into the trachea through the

cricothyroid membrane in 88% and 84% of attempts

respectively. In this study, there were four subcutaneous

misplacements but no injuries with the Seldinger

technique, compared with no misplacements but six

injuries involving puncture of the thyroid vessels with the

surgical technique [10]. There is minimal evidence in the

form of prospective human clinical data supporting

percutaneous cannula cricothyroidotomy in favour of

surgical cricothyroidotomy.

Morbidly obese patients with short thick necks may

present difficulties in mask ventilation and tracheal

intubation; such patients may also theoretically pose

technical difficulties for percutaneous transtracheal

ventilation, as identifying anatomical landmarks may be

problematic. Many of these patients have overhanging

submental fat and the larynx may be positioned adjacent

to the sternal notch, with the trachea being mainly

intrathoracic [11]. Body mass index has not been proven

to be a reliable predictor for difficult laryngoscopy in

obese patients [12], but increased pretracheal soft tissue

and greater neck circumference correlate with difficult

laryngoscopy [13]. We were unable to confirm significant

differences in the accuracy of landmark identification for

cricothyroidotomy in our subjects, despite a range of

neck measurements and BMI ranging from normal to

super obese.

Table 1 Summary of subjects’ characteristics.

Subject A B C D E F

Sex Male Male Male Female Female Female
Weight; kg 179 73 104 69 100 104
Height; cm 184 171 174 163 171 165
Body surface area; m2 3.0 1.9 2.2 1.8 2.2 2.2
Body mass index; kg.m)2 53 24 34 25 34 38
Neck circumference; cm 56.0 38.0 45.0 36.5 46.5 39.0
Cricothyroid depth; mm 11.9 7.5 16.5 10.0 15.0 11.5
Cricothyroid length; mm 9.3 11.1 10.0 8.5 7.9 7.6
Cricothyroid width; mm 8.1 6.8 8.0 6.4 6.9 6.7
Cricothyroid area; mm2 3.7 3.7 4.0 2.7 2.8 2.7

BMI

24 25 34 34.3 38 53
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Figure 1 Distance of participants’ neck-marks from the centre
point of the cricothyroid membrane of six subjects of different
body mass index (BMI). The horizontal lines represent median,
the boxes IQR, and dots data points outside the 10th and 90th
percentiles.
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The main reason for cricothyroidotomy failure is lack of

clinical experience. Only four of our participants had

previously performed a cricothyroidotomy, over a com-

bined total of 159 years’ clinical experience in anaesthesia,

which equates to one cricothyroidotomy every 40 years,

or once in a professional lifetime. The infrequent require-

ment for cricothyroidotomy necessitates regular practice in

order to maintain the skill. Once the correct diagnosis is

established and the vital decision to proceed with a

cricothyroidotomy has been made, the ultimate success of

the procedure depends on understanding the anatomy and

the required equipment [14]. A thorough description of

relevant anatomy is available in standard anatomy texts and

reviews [15]. Clinical application of this anatomy may be

achieved by examining the human neck on a regular basis.

Transtracheal catheterisation under flexible bronchoscope

guidance for elective surgery increases experience and skill

[16]. Outside the clinical environment, cricothyroidotomy

may be practised on manikins, animals and cadavers. It is

important to choose an accurate anatomical model for

learning purposes. Animal models provide improved tissue

fidelity compared to manikins, but large differences in

species anatomy lead to significantly different outcomes

when compared to human cadavers [17].

The medial part of the cricothyroid membrane (median

cricothyroid ligament) arises from the cricoid cartilage and

extends superiorly to the thyroid and arytenoid cartilages,

and is bordered laterally by the cricothyroid muscles. The

ligament has a trapezoid shape and consists of dense

fibroelastic tissue distinct from overlying and underlying

tissues [15]. In a study of the dimensions of the cricothy-

roid membrane in 15 adult human cadavers, the average

width between the cricothyroid muscles was 8.2 mm

and the average height was 10.4 mm [18]. A second

A B

C D

E F

Figure 2 Placement of neck marks by
participants, relative to the cricothyroid
membrane (represented by the circle) of
the six subjects. Participants’ marks are
depicted by diamond symbols.
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anatomical study of 13 human cadavers reported average

cricothyroid membrane dimensions of 13.7 mm high and

12.4 mm wide between the cricothyroid muscles [19]. In

our ultrasound measurements, the cartilages and cricothy-

roid muscles were easily identified providing accurate

dimensions for the median cricothyroid ligament.

In a study of 50 human subjects, bedside sonography

was used to identify the cricothyroid membrane and

surrounding structures in a mean (SD) time of 24.3 (20.2) s

[20]. This result was unaffected by the subject’s BMI.

Potentially this technique may be used to assist identi-

fication of the cricothyroid membrane if a difficult airway

is anticipated. However, ultrasound identification has not

been validated clinically and may not improve the success

rate of cricothyroidotomy.

A small preliminary skin incision over the cricothyroid

membrane before needle insertion may also improve

successful trachea cannulation. Significant tracheal com-

pression can occur ahead of the advancing cannula. This

complication is more likely to occur if the cannula is

inserted into the trachea distal to the cricothyroid

membrane [21]. This technique is recommended for

Seldinger technique cricothyroidotomy.

There are several limitations to this study. Sequential

examination of the anatomical landmarks in six subjects

potentially created a learning effect. The learning effect

has been previously studied in a comparison of surgical

cricothyroidotomy and Seldinger technique cricothy-

roidotomy [10]. In this study, each participant per-

formed each procedure five times on human cadavers,

and no significant time difference was found between

the first and fifth attempt for each procedure [10]. Our

study only examined the accuracy of entry point

identification for skin insertion over the cricothyroid

membrane. Several other potential sources of error exist

before successful transtracheal ventilation, including

subcutaneous or submucosal injection, paratracheal

placement, oesophageal perforation, Seldinger wire

kinking and cannula kinking.

In order to ensure rapid oxygenation, cannula cricothy-

roidotomy is recommended in guidelines for difficult

airway management, particularly in the situation of ‘cannot

intubate, cannot ventilate’. Accuracy at percutaneously

identifying the cricothyroid membrane is poor, irrespective

of patients’ morphology. Success in performing cricothy-

roidotomy may be improved by a better understanding of

human neck anatomy, regular practice, improved crico-

thyroidotomy technique, and the regular use of ultrasound.
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