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Cricotlxroidotomy and the anatomy of the cricothyroid
space. An autopsy study

N I h O n a U n ive rS i ty_ SC h O O I _O f_ M P. Goumas*, K. Kokkinis*, J. PETRoCHEILOS*, S. Naxakis*, G. MocHLOULIST

Abstract

Airway management is one of the main dictums in anaesthesia, emergency medicine and critical care.
Endotracheal intubation, tracheostomy and cricothyroidotomy are all approved methods to secure a
patient’s airway. Cricothyroidotomy is performed in the space between the anterior inferior border of the
thyroid cartilage and the anterior superior border of the cricoid cartilage. We studied 107 autopsies with
special interest in the anatomy of the cricothyroid space.

Key words: Tracheostomy; Anatomy; Autopsy; Tracheotomy

IERICIMEHY 10%

‘ w— ’rl_q ‘ O Introduction We also tried to map the above mentioned
I I I I I l \ E o With the publication of Chevalier Jackson’s land- structures in relation to the middle line and their
mark article (Jackson, 1921) the use of cricothy- distance from it (Figure 1). Veins with a diameter

roidotomy was condemned because of the high rate greater than 2 mm were considered important. so an
of complications including subglottic stenosis. effort was made to find their exact location.

It was not until the 1970’s that cricothyroidotomy
began to gain generalized acceptance (Brantigan and
Grow, 1976) and it is now a well established method
for accessing a patient’s airway (Melker and Florete,
1995). Cricothyroidotomy is a technique that pro-
vides an opening in the middle line of the space thyroid
between the anterior inferior border of the thyroid cartiage
cartilage and the anterior superior border of the
cricoid cartilage for the purpose of gaining access to
the airway (Caparosa and Zavatsky, 1957). This area
is considered to be the most accessible part of the
respiratory tree below the glottis.

The purpose of our study was to examine the
anatomical structures of the cricothyroid space
within 1 cm proximity of the middle line. Damage
of these structures during a cricothyroidotomy can
potentially cause complications that may lead to
increased morbidity and mortality.

Materials and methods

Over an 18-month period, we examined 107
autopsies in order to study the anatomy of the
cricothyroid space. Patients with known pathology or
previous surgery in the area were excluded.

We studied 70 men and 37 women aged between
18 and 79 years of age. Structures of interest were
arteries, veins and any tissue situated in the

FiG. 1
cricothyroid space. Cricothyroid space: the area of interest.

From the Department of Otolaryngology — Head and Neck Surgery*, University of Patras, Medical School, Greece, and the
Department of Otolaryngology — Head and Neck Surgeryf, St Mary’s Hospital, London, UK.
Accepted for publication: 25 February 1997.
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APPARATUS

Emergency cricothyrotomy: a randomised crossover trial
comparing the wire-guided and catheter-over-needle

techniques

B. G. Fikkers,' S. van Vugt,? J. G. van der Hoeven,? F. J. A. van den Hoogen* and

H. A. M. Marres*

1 Consultant in Anaesthesia and Intensive Care, 2 Medical Student, 3 Consultant in Internal Medicine and
Intensive Care, Head of Department, Department of Intensive Care, 4 Consultant in Ear, Nose and Throat Surgery,
Department of Ear, Nose and Throat Surgery, University Medical Centre Nijmegen, PO Box 9101,

6500 HB Nijmegen, the Netherlands

Summary

In a randomised crossover trial, we compared a wire-guided cricothyrotomy technique (Minitrach)
with a catheter-over-needle technique (Quicktrach). Performance time, ease of method, accuracy
in placement and complication rate were compared. Ten anaesthesiology and 10 ENT residents
performed cricothyrotomies with both techniques on prepared pig larynxes. The catheter-
over-needle technique was faster than the wire-guided (48 compared to 150 s, p < 0.001) and
subjectively easier to perform (VAS-score 2.1 vs. 5.6, p < 0.001). Correct positioning of the
cannula could be achieved in 95% and 85%, respectively (NS). There was one complication in
the catheter-over-needle group compared to five in the wire-guided group. We conclude that the
wire-guided minitracheotomy kit is unsuitable for emergency cricothyrotomies performed by
inexperienced practitioners. On the other hand, the catheter-over-needle technique appears to be

quick, safe and reliable.

Keywords Manikins. Ainway obstruction. Tracheotomy.

Correspondence to: B. G. Fikkers
E-mail: b.fikkers@ic.umcn.nl
Accepted: 2 March 2004

Cricothyrotomy is a surgical intervention intended to
gain control of the airway that cannot otherwise be
accessed in an emergency situation [1, 2]. It is therefore
the final step in the difficult-airway algorithm of the ASA
(American Society of Anesthesiologists) [3]. If performed
correctly, it is a quick and essential life-saving skill.
However, most physicians involved in airway manage-
ment have only very limited experience with this
technique, since it is rarely used and, if used, it is nearly
always in a crisis situation. Recent studies do not
demonstrate a significant difference in procedure time
and complication rates between the conventional (surgi-
cal) approach and the techniques that make use of the
Seldinger method [4, 5]. Catheter-over-needle cricothyr-
otomy seems to be a fast procedure and easy to perform
[6, 7]. This study evaluated and compared the procedure

1008

time, reliability and peri-operative complications of two
techniques frequently used for emergency cricothyro-
tomy — the wire-guided (Minitrach) and the catheter-
over-needle (Quicktrach) procedures [7-9].

Methods

In this randomised crossover trial, residents from the
University Medical Centre Nijmegen performed cri-
cothyrotomies using both the wire-guided and catheter-
over-needle techniques. Larynxes from freshly slaughtered
pigs were collected. Each larynx was freed of prelaryngeal
tissues and covered with a piece of thinned pigskin, stapled
to a wooden board and positioned with the cricothyroid
membrane facing upwards (Fig. 1). The cranial side of the
airway was marked. We simulated an emergency setting in

© 2004 Blackwell Publishing Ltd
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What Is the Minimum Training Required for Successful

Cricothyroidotomy?

A Study in Mannequins

David T. Wong, M.D.,* Atul J. Prabhu, F.R.C.A.,T Margarita Coloma, M.D., Ngozi Imasogie, F.R.C.A.,T

Frances F. Chung, F.R.C.P.C.§

Background: A correctly performed cricothyroidotomy may
be lifesaving in a cannot-ventilate, cannot-intubate situation.
However, many practicing anesthesiologists do not have expe-
rience with cricothyroidotomy. The purpose of this study was
to determine the minimum training required to perform crico-
thyroidotomy in 40 s or less in mannequins.

Metbods: After informed consent, participants were shown a
demonstration video and asked to perform 10 consecutive cri-
cothyroidotomy procedures on a mannequin using a preas-
sembled percutaneous dilational cricothyroidotomy set. Each
attempt was timed from skin palpation to lung insufflation.
Cricothyroidotomy was considered successful if it was per-
formed in 40 s or less, and the cricothyroidotomy time was
considered to have plateaued when there were no significant
reductions in cricothyroidotomy times in three consecutive
attempts.

Results: One hundred two anesthesiologists participated in
the study. There was a significant reduction of cricothyroid-
otomy times over the 10 attempts (P < 0.0001) and between three
consecutive attempts until the fourth attempt (P < 0.03). The cri-
cothyroidotomy times plateaued by the fourth attempt, while the
success rate plateaued at the fifth attempt (94, 96, 96, and 96% at
the fourth, fifth, sixth, and seventh attempts, respectively).

Conclusion: Practice on mannequins leads to reductions in
cricothyroidotomy times and improvement in success rates. By
the fifth attempt, 96% of participants were able to successfully
perform the cricothyroidotomy in 40 s or less. While clinical
correlates are not known, the authors recommend that providers
of emergency airway management be trained on mannequins for
at least five attempts or until their cricothyroidotomy time is 40 s
or less. The most appropriate retraining intervals have yet to be
determined for optimal cricothyroidotomy skill retention.

CORRECTLY performed cricothyroidotomy may be life-
saving in a cannot-ventilate, cannot-intubate situation.’
However, emergent cricothyroidotomy is performed in-
frequently and can be difficult because of the lack of
training and skill retention.>> Thus, many physicians

»

This article is featured in “This Month in Anesthesiology.
Please see this issue of ANESTHESIOLOGY, page 5A.
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might not possess the necessary skills to perform a cri-
cothyroidotomy correctly or expediently.

Recent advancement in residency training programs
and improvements in airway management of patients
with potential spine injuries have resulted in a decrease
in the number of emergency cricothyroidotomy.d’5
Given the rarity of this procedure, it is likely that many
anesthesiologists will not acquire clinical experience
with this technique during training’ or may no longer
have the skills to perform this procedure.? In light of this
situation, many different techniques of cricothyroid-
otomy have been developed to simplify the procedure
and increase retention.”*”

During the past 15 yr, there has been increasing inter-
est in newer technologies to enhance the education and
training of medical personnel.®® However, individual
and institutional learning process are complex and de-
pend on a variety of factors, such as institutional prefer-
ences, the learning and teaching situation, and the num-
ber of cases over time.'°”'? To develop a rational
training program for a new procedure, the necessary
number of cases per procedure should be determined to
achieve an optimal rate of success.'®'? Few studies have
investigated this topic in anesthesia. To date, no pro-
spective study has established the minimum number of
cricothyroidotomies required to be performed to ac-
quire enough skills to achieve them in 40 s or less.

The purpose of this study was to determine the mini-
mum number of training cricothyroidotomy attempts
required to perform the procedure in 40 s or less in
mannequins and also to determine the effect of training
on cricothyroidotomy success rate and cricothyroid-
otomy times.

Materials and Methods

The study was approved by the University Health Net-
work Research Ethics Board (University of Toronto, To-
ronto, Ontario, Canada). Written informed consent was
obtained from participants. They included staff anesthe-
siologists, fellows, and residents from the Department of
Anesthesiology, University of Toronto. The participants’
ages, years of practice, and previous cricothyroidotomy
experience were recorded.

The participants were shown the steps of the proce-
dure in a 3-min demonstration video (Cook Inc., Bloom-
ington, IN) on the Seldinger technique cricothyrotomy
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Cricothyroidotomy

Cricothyroidotomy is discussed within the overall spectrum of airway man- Thomas D. Kress, MD

agement. The history and recent research on the subject are reviewed, sup- S. Balasubramaniam, MD, FRCS

porting cricothyroidotomy as the airway of choice in selected emergency Los Angeles, California

and elective situations. Indications, technique, including special comments

on the pediatric patient, contraindications, and complications are described.

[Kress TD, Balasubramaniam S: Cricothyroidotomy. Ann Emerg Med From the Department of Emergency

11:197-201, April 1982.] Medicine, Charles R. Drew Postgraduate
Medical School, Los Angeles, California.

INTRODUCTION

Establishment of the airway, the foremost priority in the resuscitation of Address for reprints: Thomas D. Kress,

$
AN ' PR R4 0
R 0
= .
the critically injured patient, spans a broad range of techniques. Mancuvers 'gr? lDep;rtgwent of Emergency Medicine,
including head tilt, neck lift, jaw thrust, chin lift, back slaps, abdominal and ¢ Cﬁ;gﬁ 1601 rg“;’s??zg;f%“’fteet MLedscaI
thoracic thrusts, foreign body removal by finger sweep or forceps, sup- Angeles, California 90059 o, Los

plemental oxygen via mouth to mouth, mouth to mask, nasal cannula, bag

valve mask, elder valve, venturi, jet insufflation, and esophageal obturator®

and esophageal gastric airways are all potential modalities for optimizing the

patient’s ventilation. For the patient in acute respiratory distress, the direct Presented at the Third Annual Trauma
intubation of the trachea becomes mandatory for control of the airway, in- Seminar, sponsored by the Charles R.
cluding removal of secretions and mechanical ventilation. In general this can EremAPos:graguate: Mﬁd('j‘f‘a' |SXh°°". the
be accomplished by oral or nasotracheal intubation. There are certain set- agz thneg%zim: usneztior? DR g,
: - o o e A of the American
tings, howcvqr, such as cervical spine injuries, in which these usual endotra- College of Surgeons, Anaheim, California,
cheal intubation techniques either are not possible or are contraindicated. May 1981,

Research done in recent years makes a convincingg case for cricothyroidot-

omy as the airway of choice in these situations."

HISTORY

Cricothyroidotomy, the establishment of an airway by puncture or incision
through the membrane joining the thyroid and cricoid cartilage, may also be
considered a laryngostomy because the cricothyroid membrane falls within
the anatomical larynx. For many years, the procedure was condemned as
leading almost inevitably to complications, most significantly subglottic ste-
nosis. Chevalier Jackson, one of the revered fathers of early 20th century
medicine, led this condemnation in 1921 with his classic paper which severe-
ly critéc;ized the procedure and generally kept it in ill repute for more than 50
years.”

However, various studies in the past decade, most notably those of Branti-
gan and Grow? but also those of Boyd,? Habel,* and Sise and Shackford,? have
greatly changed the thinking on this safe, simple, and quick procedure.

Brantigan and Grow, from the University of Colorado, reported on 655 pa-
tients undergoing cricothyroidotomy in the operating room (73%) and at the
bedside (27%). The age range was 8 months to 93 years, and the average
duration of intubation was seven days. Their very limited complications
(6.1%) are noted (Table). Most significant is the complete absence of subglot-
tic stenosis and the favorable comparison with complication rates in the
most frequently quoted tracheotomy studies (ic, from 19% to 66%).'?

Boyd et al® reported similar results of cricothyroidotomies performed on
147 patients at New York University Medical Center and Booth Memorial
Medical Center with a complication rate of 6.8%. Thirty-five of the patients

11:4 April 1982 Annals of Emergency Medicine 197/63
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