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Abstract

Objectives: Successful cricothyrotomy is predicated on accurate identification of the cricothyroid
membrane (CTM) by palpation of superficial anatomy. However, recent research has indicated that
accuracy of the identification of the CTM can be as low as 30%, even in the hands of skilled providers.
To date, there are very little data to suggest how to best identify this critical landmark. The objective was
to compare three different methods of identifying the CTM.

Methods: A convenience sample of patients and physician volunteers who met inclusion criteria was
consented. The patients were assessed by physician volunteers who were randomized to one of three
methods for identifying the CTM (general palpation of landmarks vs. an approximation based on four
finger widths vs. an estimation based on overlying skin creases of the neck). Volunteers would then mark
the skin with an invisible but florescent pen. A single expert evaluator used ultrasound to identify the
superior and inferior borders of the CTM. The variably colored florescent marks were then visualized
with ultraviolet light and the accuracy of the various methods was recorded as the primary outcome.
Additionally, the time it took to perform each technique was measured. Descriptive statistics and report
95% confidence intervals (CIs) are reported.

Results: Fifty adult patients were enrolled, 52% were female, and mean body mass index was 28 kg/m?
(95% CI = 26 to 29 kg/m?). The general palpation method was successful 62% of the time (95% CI = 48%
to 76%) and took an average of 14 seconds to perform (range = 5 to 45 seconds). In contrast, the four-
finger technique was successful 46% of the time (95% CI=32% to 60%) and took an average of
12 seconds to perform (range = 6 to 40 seconds). Finally, the neck crease method was successful 50% of
the time (95% CI = 36% to 64%) and took an average of 11 seconds to perform (range = 5 to 15 seconds).

Conclusions: All three methods performed poorly overall. All three techniques might potentially be even
less accurate in instances where the superficial anatomy is not palpable due to body habitus. These
findings should alert clinicians to the significant risk of a misplaced cricothyrotomy and highlight the
critical need for future research.
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uccessful cricothyrotomy is predicated on accu-
rate identification of the cricothyroid membrane
(CTM) by palpation of superficial anatomy.'?
This is particularly relevant to techniques like the rapid
four-step technique, where the skin and CTM can be
incised simultaneously, thus saving critical time.>”
However, a misplaced incision, particularly if too high
in the neck, can lead to serious complications.? A mis-
placed incision puts surrounding vascular structures at

risk,>” can prolong time to completion, and can lead to
hypoxia or death.

In contrast to the rapid four-step technique, one
approach to cricothyrotomy relies on making a midline
vertical incision to more directly identify the CTM. Such
identification is still often based on palpation of the
membrane through the incision, as the inevitable bleed-
ing frequently obscures direct visualization of the mem-
brane. Regardless of technique employed, various
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sources and authoritative texts that discuss invasive air-
way techniques start with the presumption that the rele-
vant anatomy is readily identifiable.®® However, recent
research has indicated that the accuracy of identification
of the CTM can be as low as 30%, even in the hands of
skilled providers.1%12

To date, there are very little data to suggest how to
best identify the CTM preoperatively. General educa-
tional approaches stress palpation of the thyroid carti-
lage as a key landmark. Occasionally other “best-guess”
options, such as using four finger breadths (patient’s
sized) to estimate the CTM location relative to the ster-
nal notch, have been promoted.” More recently, an
additional technique has been suggested that is based
on overlying skin creases.™

We sought to compare these three different methods
of identifying the CTM and assess their individual over-
all accuracy, as well as other features relevant to the
very time-sensitive procedure of cricothyrotomy.

METHODS

Study Design

This was a prospective randomized trial using multiple
emergency physician (EP) assessors each employing a
randomly assigned technique on an individual patient
selected from a convenience sample of patients waiting
for care in the emergency department (ED). The study
took place from June to November 2013. The institu-
tional human subjects committee approved this study.

Study Setting and Population

Patients recruited to be palpated where termed study
“subjects,” whereas physician participants who were
recruited to identify the CTM where termed “assessors.”
Both groups, subjects and assessors, were consented
for participation in this study. After providing written
informed consent, each subject was assessed by three
different EP assessors who were randomized to one of
three methods for identifying the CTM: general palpa-
tion of landmarks versus an approximation based on
four finger widths versus an estimation based on over-
lying neck creases.

Patients were identified in the ED of a busy academic
Level 1 trauma center. The patients were otherwise
awaiting further evaluation and had sufficient waiting
time to complete consent forms and enrollment. Sub-
jects were excluded if they were unable to lay supine,
were undergoing evaluation for cervical spine injury,
had prior neck surgery or radiation, or were younger
than 18 years old.

Study Protocol

Sample Size Determination. Given recent research
suggesting an accuracy as low as 30%, we estimated
that a more acceptable lower range would be 60%. We
attempted to power our study to detect a 30% absolute
difference between techniques (90% power, alpha 0.05)
with an estimated required sample size of 44 subjects.

Selection of Physician Assessors. Emergency physi-
cian assessors were eligible to participate if they had
been formally trained in surgical airway techniques. For

the residents at our institution this involves a formalized
airway curriculum and included cadaver-based training
with multiple invasive techniques for each of the resi-
dents. The physicians were approached to participate if
they were available in the ED at the time enrollment
was occurring. First-year emergency medicine residents
did not participate. Assessors could participate in the
enrollment of multiple subjects but could only assess
each individual subject once. Each subject was evalu-
ated by three different physician assessors.

Data Collection. After patient enrollment, a sealed
opaque envelope containing a randomly assigned order
of techniques was unsealed for each participating physi-
cian assessor. The assessor was then given a standard-
ized introduction to marking the membrane, as well as
a standardized overview of the technique that he or she
was to employ to identify the CTM. This overview con-
sisted of slides showing images, landmarks, and key
details relative to the technique.

For the general palpation technique, the assessor was
instructed to find the CTM using either the thyroid
notch or sternal notch as a starting point. As both
approaches (i.e., top-down or bottom-up) are commonly
used, we did not mandate an approach. However, the
particular approach used was tracked.

For the four-finger technique, the assessor was asked
to place his or her small finger in the sternal notch with
the tip of the index finger estimating the CTM. Asses-
sors were asked to be aware of relative body size differ-
ences between assessor and subject. Large differences
in size would require a relative adjustment in the
assessment. Figure 1 demonstrates hand position for
the four-finger technique.

For the neck crease technique, the assessor was
asked to identify the horizontal anterior neck crease on
the subject. The assessor was then asked to estimate
which crease may overlie the CTM. In the case of multi-
ple creases, it was left to assessor judgment as to which
crease to select based on observed (nonpalpated) anat-
omy and relative position in the neck. Figure 2 shows
anterior neck creases commonly present in adults.

Figure 1. Demonstration of the four-finger technique. The
small finger is placed in the sternal notch with the tip of the
index finger estimating the cricothyroid membrane.
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Figure 2. Anterior neck creases.

According to our protocol, the physician assessor
would then mark the skin with a fluorescent pen. The
pen would leave an invisible mark that could subse-
quently be identified using ultraviolet light. The asses-
sors used variable colored pens so that their marks
could be easily identified and distinguished from other
assessors’ marks. However, as they were not visible
with regular light, inter-rater bias was minimized (see
Figure 3 as an example of the multiple fluorescent col-
ored markings). These markings were then covered by
a simple clear dressing so that subsequent use of ultra-
sound gel would not smear or obliterate the markings.

At each phase of assessment our subjects were placed
in a consistent neutral position to minimize relative
movement of superficial anatomy and skin relative to
underlying landmarks. Likewise, this would reasonably
replicate positioning in the context of cervical spine
immobilization (i.e., trauma).

We used ultrasound as our criterion standard for
localization of the CTM. A single expert evaluator used

ultrasound to identify the borders of the CTM in all sub-
jects in this study. Additionally, this single evaluator
recorded all technique and body habitus-related details.
Prior to the initiation of the study, the ultrasound evalu-
ator underwent focused training by local experts specif-
ically with the intent of refining the protocol. This
pretrial assessment of the ultrasound technique relied
on direct neck dissection in 12 adult human cadavers to
correlate  CTM location with ultrasound findings.
Figure 3-5 demonstrate the fundamental portions of the
ultrasound technique used.

Outcome Measures

Our primary outcome was success or failure to place an
“X” mark on the skin overlying the CTM. The placement
was considered correct if cross point of the “X” was
between the superior and inferior borders of the CTM
and within 0.5 cm of midline. Our secondary outcome
was the time it took to perform the assessment. We
measured from the time when the assessor initially
touched or, in the case of the crease method, began

TC: Thyroid Cartilage
CTM: Cricothyroid Membrane
CC: Cricoid Cartilage

Figure 3. An example of the use of multiple fluorescent mark-
ings used to distinguish location estimation by multiple asses-
sors.

Figure 4. This ultrasound image demonstrates a midline, long-
axis view of the anterior neck at the level of the thyroid carti-
lage and cricothyroid membrane (CTM). The gap between the
thyroid cartilage (TC) and the cricoid cartilage (CC) is the CTM.
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Figure 5. The interposition of an echodense object (i.e., paper-
clip) was used to cast a shadow at the level of the cricothyroid
membrane border, which was then used to align and mark the
corresponding position on the skin.

visual inspection, to the time the pen was placed on the
skin.

Data Analysis

We performed all statistical analyses using STATA soft-
ware version 12. We report descriptive analysis with
means, ranges, and 95% confidence intervals (CI).

RESULTS

Table 1 displays basic demographics of both the patient
subjects and the physician assessors. We enrolled 50
adult patients, with an approximately even sex distribu-
tion. Our average patient was overweight with a BMI of
28 kg/m? and 34% were obese (BMI > 30). Table 2
summarizes our primary and secondary outcomes.
Figures 6 and 7 demonstrate the individual assessments
based on technique and sex, respectively. The general
palpation method was successful 62% (95% CI = 48% to
76%) of the time and took an average of 14 seconds
(range = 5 to 45 seconds) to perform. Ninety percent of
the time the technique was performed in a “top-down”
direction, using the thyroid cartilage as a key landmark.
In contrast, the four-finger technique was successful
46% (95% CI=32% to 60%) of the time and took an
average of 14 seconds (range =5 to 45 seconds) to
perform. Finally, the neck crease method was successful

Table 1
Demographics of Patient Subjects and Physician Assessors
Demographic
Total enrolled 50
Sex, female, % 52%
Neck circumference (mean), cm 40 (39-42)
Body mass index (mean), kg/m? 28 (26-29)
% obese (BMI > 30) 34% (17/50)
CTM height (mean), cm 0.97 (0.92-1.0)
Assessor demographics (N = 49)
Attending or fellow 23
PGY3 12
PGY2 14

Table 2
Success by Technique Type
Palpation Four Finger Neck Crease
% Correct 62% (48-76) 46% (32-60) 50% (36-64)
identification
Time to mark 14 (12-16), 12 (10-13), 11 (10-12),
(seconds) Range = 5-45 Range = 6-40 Range =5-15
No. too high 2 1 3
(95% CI), N = 50.

50% (95% CI =36% to 64%) of the time and took an
average of 11 seconds (range = 5 to 15 seconds) to per-
form. Additionally, we recorded the number of anterior
neck creases to estimate the prevalence of patients with
multiple creases. We found that 70% (35 of 50) of our
population had two creases. Only two patients had no
observable crease, six had one crease, and seven
patients had greater than two. In the two-crease group,
when the CTM was correctly identified (n = 18), there
was an essentially even split between the superior
crease (10 of 18) versus the inferior crease (eight of 18).
For all techniques we report the individual incidences of
when an assessment was above the CTM, as we
assumed that it would be worse for an incision to be
too high rather than too low (i.e., tracheostomy).

DISCUSSION

Despite significant advances in emergency airway man-
agement, including various techniques (e.g., rapid
sequence intubation), videolaryngoscopy, and the adop-
tion of various rescue adjuncts (e.g., laryngeal mask air-
ways), cricothyrotomy is stil an important
technique.’*'® The technique is frequently taught, but
infrequently employed in actual clinical practice with
current estimates approximating 1%. The incidence is
likely much lower in community practice. For the proce-
dure to be effective, time is of the essence, and rapid
and correct identification of the CTM can limit unneces-
sary steps and save crucial time and limit hypoxic
injury.

Educational resources that discuss the various tech-
niques of emergency cricothyrotomy often begin with
the assumption that the pertinent landmarks are quickly
and accurately identifiable. However, recent reports
from the anesthesiology literature suggest that this
might not be an accurate assumption.’®'>16 The magni-
tude of the problem, while not frequent in occurrence,
can be devastating for the individual patient. Injury to
adjacent structures, as well as prolonged duration of
the procedure, can lead to hypoxic injury and death.>>"
717 There is little prior literature to help inform best
teaching practices. Our study contributes to the evolv-
ing literature that suggests that CTM localization is
fraught with error. As such, unless one is confident of
the CTM location based on clear anatomic landmarks,
the current evidence appears to support initiating a
cricothyrotomy with a midline incision to better appre-
ciate the key anatomic structures.
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Figure 6. Distances from cricothyroid membrane (CTM) center of individual assessments by technique. Green color signifies suc-

cessful placement over (CTM).

In addition to accuracy, we tracked time as a second-
ary outcome. Our intention was to document extremes
of time (inordinately slow or fast). Our findings, regard-
less of ultimate accuracy, reflect the nature of the tech-
nique. For example, one might surmise that quickly
examining a subject’s neck and observing a single lat-
eral crease might take a second, whereas a more
hands-on approach would be expected to take longer. If
it were to be shown that there was comparable accu-
racy to other techniques, the faster technique might
fairly be promoted as a time saver. Our results, how-
ever, did not reveal compelling findings with respect to
time.

While we used ultrasound in our study as our
criterion standard, we would urge caution when using
it in an unanticipated failed airway scenario. Prior stud-
ies have shown that it can be accurate and, once the
unit is prepared, the time to image acquisition may be
short.®® 2! Prior preparation of the machine with
premarking of the anatomic structures may make the
use of ultrasound more practical.’® However, in the
emergent unanticipated failed airway situation, it is
likely to contribute to significant delay given the logis-
tics of preparing the ultrasound unit.

Our study suggests that all three of the techniques
performed poorly and that none of these techniques
significantly outperformed the others. We propose that
training approaches should take into account that CTM
localization cannot be assumed to be readily identifiable.
For example, much of the training for emergency crico-
thyrotomy involves manikin-based training. However,
this often isolates the technical elements of the proce-
dure and takes for granted the proper identification of
the CTM. This may be due, in part, to the fact that many
simulator products have very low fidelity with respect
to anterior neck anatomy. In the absence of improved
simulator models, trainings will need to account for this
deficiency (e.g., use of appropriate animal or cadaver
experience).

Our study highlights an important clinical problem
and provides further evidence for the need to develop
reliable methods for CTM identification. The significant
risk of a misplaced cricothyrotomy was reported more
than 30 years ago, but a solution to this problem has
not been established.'®?"?2 The authors of several pre-
vious reports believe that the best way to identify the
CTM is to palpate the sternal notch, the hyoid bone,
the thyroid cartilage, as well as the cricoid cartilage
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Figure 7. Distances from cricothyroid membrane (CTM) center for
ful placement over CTM.

(personal communication with Drs. Clinton and McG-
ill, e-mail, April 2015). They also recommend making
an initial midline incision with identification of the
CTM by palpation through the incision. However,
these recommendations have not been studied nor
published.

LIMITATIONS

Our assessors were a mixed group of emergency medi-
cine residents and faculty. Our expectation is that this
group of individuals is sufficiently representative
because any of these providers could be called upon to
perform a cricothyrotomy in their current clinical roles.
As such, we propose that this represents a reasonable
group of assessors despite some heterogeneity. How-
ever, we certainly acknowledge that our results might
be different among a group of more experienced physi-
cians.

While we recognize that hyperextension of the neck
can widen the CTM and make identification more suc-
cessful,'® we opted to maintain our subjects in a neutral
cervical spine position. Our intention was to maintain
consistent positioning throughout the assessment pro-
cess, therefore limiting subject variability. Additionally,

TECHNIQUES FOR CRICOTHYROID MEMBRANE IDENTIFICATION
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this would reasonably replicate positioning in the set-
ting of a traumatically injured patient requiring spine
immobilization.

This study was performed under optimal circum-
stances in a nonrushed, non-time-critical setting. Crico-
thyrotomy for failed airway management is generally
done in haste and is potentially fraught with anxiety
and error. As such, we expect that the accuracy
reported in this study is actually overestimated. How-
ever, this framework for assessment serves as a general
baseline for further comparisons.

CONCLUSIONS

All three methods performed poorly overall without a
technique demonstrating clear superiority. We further
speculate that all of these techniques could be less accu-
rate in instances where the superficial anatomy is not
palpable due to body habitus or when done in haste in
real clinical circumstances. Our findings agree with pre-
vious reports suggesting that identification of the crico-
thyroid membrane is more difficult than expected. This
should alert clinicians to the significant risk of a mis-
placed cricothyrotomy and highlight the critical need
for future research.
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