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Backgrounds: Hypoxemia develops more quickly in children than in adults due
to their high oxygen consumption relative to their body weight and small
functional residual capacity. Therefore, cricothyroid puncture must be
performed promptly in cannot-intubate and cannot-ventilate situations.
However, the success rate of cricothyroid puncture in children is <1%. We
hypothesized that the low success rate of cricothyroid puncture in children
may be related to the cricothyroid membrane’s hypermobility. The aim of the
present study was to measure the deviation of the cricothyroid membrane
from the midline when applying compressive pressure.

Methods: After obtaining institutional ethics committee approval, written
informed consent was obtained from the patients’ parents. Children aged from
1 month to 15 years who had undergone scheduled operations under general
anesthesia and with an American Society of Anesthesiologists Physical Status
Classification grade of 1 or 2 were enrolled in this study. The patients were
divided into the following four different age groups: 1 month-1 year, 2-4
years, 5-10 years, and 11-15 years. After the intravenous injection of fentanyl,
propofol, and rocuronium, the airway was identified using a linear hockey stick
ultrasound probe. The cricothyroid membrane was compressed with a force
of 5 newtons (N), and cricothyroid membrane deflection was recorded. The
primary outcome was the cricothyroid membrane deviation from the midline
relative to the tracheal diameter.

Results: Twenty patients were enrolled in this study. No adverse events
were noted. The mean cricothyroid membrane deviations from the midline
divided by the tracheal diameter was 0.16 + 0.09, 0.05+ 0.04, 0.04 +0.04,
and 0.02 + 0.03 in children aged 1 month-1 year, 2—4 years, 5-10 years, and
11-15 years, respectively.

Conclusion: The cricothyroid membrane deviation due to the application of a
compressive force to the overlying skin tended to be larger in younger patients.

KEYWORDS
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Introduction

Hypoxemia, which can lead to cannot-intubate cannot-ventilate (CICV) events, is well
known to develop more rapidly in children than in adults. Hypoxemia in children is
caused by high oxygen consumption to body weight ratio and small functional residual
capacity. Although CICV events are rare in children, it is important to be prepared for
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emergency airway management. However, the success rate of
cricothyroid puncture in children is very low. In many
institutions, in the absence of well-trained otolaryngologists, an
anesthesiologist performs cricothyroid puncture in emergency
situations (1). Contrarily, most cases of pediatric cardiac arrest
reportedly are caused by airway obstruction. Conversely, if
oxygenation is maintained, pediatric patients with airway
obstruction have satisfactory prognosis (2).

Recent guidelines of pediatric difficult airway management
highlight the importance of invasive airway techniques including
surgical cricothyroidotomy and needle cricothyroidotomy (3). In
neonates, the mean SD length and width of the cricothyroid
membrane is only 2.6 mm and 3.0 mm, respectively such a small
cricothyroid membrane.

Such a small cricothyroid membrane makes identification of
anatomical landmarks extremely difficult. Moreover, a healthy
amount of the subcutaneous tissue may prevent the cricoid
membrane from being fixed during the procedure, potentially
making the cricothyroidotomy technically more challenging. This
fact is very important to know in an emergency situation.

We hypothesized that the low success rate of cricothyroid
puncture in children may be related to the deviation of the
cricothyroid membrane when anesthesiologists attempt to
puncture the cricothyroid membrane. In this study, we measured
the cricothyroid membrane deviation from the midline induced
when an echo probe was used to apply a force of 5 N, which is
similar to the pressure applied during cricothyroid membrane
puncture procedures.

Methods

After obtaining ethical approval from the Research Ethics
Committee of Jikei University Hospital (No. 30-286), written
informed consent was obtained from the patients’ parents.
Patients aged 1 month to 15 years who underwent a scheduled
operation under general anesthesia between May 01, 2019 and
October 31, 2020 and who had an American Society of
Anesthesiologists Physical Status Classification (ASA-PS) grade of
1 or 2 were enrolled in this study. The exclusion criteria were
patients with an ASA-PS of 3 and/or a history of tracheostomy
or anticipated airway difficulty.

All patients underwent preoperative fasting, and none of them
had received premedication as was practiced in this institution.
Standard monitoring, such as electrocardiography, pulse
oximetry, noninvasive arterial pressure monitoring, and bispectral
index monitoring were used in the operating room. General
anesthesia was induced by inhalation of sevoflurane or
intravenous anesthesia. Fentanyl, propofol, and rocuronium were
administered to all patients. Towels were placed under the
patients’ shoulder to flex the back and maintain the tracheotomy
position (Figure 1). Data correction was performed by two
anesthesiologists. One anesthesiologist placed an ultrasound
hockey stick probe on the skin over the cricothyroid membrane,
whereas the other anesthesiologist ventilated the patient with a

face mask. The cricothyroid membrane was identified through
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The skin over the
cricothyroid cartilage was then compressed using the hockey

the skin using ultrasound (Figure 1).

stick probe. A digital force gauge was used to apply a 5-N
compressive force. The cricothyroid membrane deviation from
the midline was measured using the function mode of the
ultrasound machine. A 5-N force level, much lower than that
used in the Sellick maneuver (20-40 N), was chosen to avoid
study-related complications and discomforts. Patients were
stratified by age into the following four groups: group 1, patients
aged 1 month-1 year; group 2, those aged 2-4 years; group 3,
those aged 5-10 years; and group 4, those aged 11-15 years. Based
on a preliminary study, the appropriate sample size to achieve a
power of 80% and a statistical significance of p <0.05 was calculated
to be four patients per group. After the completion of this study, the
chest X-ray scan of each patient was used to measure the tracheal
diameter at the level of the first thoracic vertebra. The pressure-
induced deviation divided by the tracheal diameter was used to
calculate a correction for distance traveled for different ages and
body sizes. The primary outcome was the data of the pressure-
induced deviation divided by the tracheal diameter in each age
group. All data are expressed as the mean + standard deviation.
Statistical analysis was performed using SigmaPlot version 13
(Systat Software, Inc., San Jose, CA, United States). The normal
distribution of the primary outcome was determined using the
Shapiro-Wilk test followed by the Brown-Forsythe test for equal
variances. For each age category, multiple pairwise comparisons
were evaluated using the Holm-Sidak method. p Values of <0.05
were considered statistically significant.

Results

Altogether, 24 patients were included in this study. Four children
were excluded because their patients did not provide informed
consent. Therefore, a total of 20 patients were included in the
analysis. No adverse events occurred during the study. The
patients’ characteristics are shown in Table 1. The median
deviations of the cricothyroid membrane from the midline divided
by the tracheal diameter were 0.16 +0.09, 0.05 +0.04, 0.04 + 0.04,
and 0.02+0.03 in groups 1, 2, 3, and 4, respectively (Table 2).
A significant difference was noted between group 1 and groups 3
and 4. However, no statistical difference was noted between
groups 1 and 2 (Table 3). A p-value was 0.053. The 9-month-old
baby in group 1 showed the migration of the cricothyroid
membrane while the 7-year-old boy in group 3, showed less
migration and more compression (Figure 2). Figure 3 shows that
the deviation of the cricothyroid membrane divided by the
tracheal diameter decreased with increasing age.

Discussion
The present study measured the deviation of the cricothyroid

membrane from the midline when applying compressive force.
We hypothesized that the main reason for the low success rate of
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by ultrasound guidance.

FIGURE 1

First, we identified the cricothyroid membrane from the sagittal section

TC : Thyroid carelage|
CC: Cricold Bitlage

Methods of measurement. First, we identified the cricothyroid membrane from the sagittal section by ultrasound guidance. Then, the probe was
shifted from the sagittal to transverse section. The probe was pushed using a digital force gauge.

TABLE 1 The patients’ physical data.

Group Number Age Body Height
(months) | weight (kg) (cm)
1 month-1y 7 6+4 7+2 66+8
25y 4 40+7 14+2 92+ 12
6-10y 4 89421 40+ 18 119+ 11
11-15y 5 174+ 11 55+7 16446

Data are shown as mean * standard deviation.

TABLE 2 The cricothyroid membrane deviation from the midline induced
by compressing the cricothyroid membrane divided by the tracheal
diameter.

The cricothyroid membrane deviation

divided by the tracheal diameter

1 month-1y 0.16 +0.09*"
25y 0,05+ 0.04

6-10 y 0.04 +0.04"
1115y 0.02 +0.03*

Data are shown as mean + standard deviation (*p =0.013, *p =0.036).
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TABLE 3 All P value were shown.

Groups P value

Group 1 vs. 4 0.013
Group 1 vs. 3 0.036
Group 1 vs. 2 0.053
Group 2 vs. 3 0.797
Group 2 vs. 4 0.924
Group 3 vs. 4 0.948

pediatric cricothyroid puncture in children may be related to the
cricothyroid membrane deviation.

We found that the cricothyroid membrane deviation induced
by applying a compressive force to the overlying skin was greater
in younger patients. The anatomy of the pediatric cricothyroid
membrane is further obscured by the amount of adipose tissue in
the subcutaneous tissue, which makes it difficult to palpate the
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FIGURE 2

Images of the cricothyroid membrane. These images showed the cricothyroid membranes of a 9-month-old (A) and a 7-year-old (B). The 9-month-
old showed the migration of the cricothyroid membrane while the 7-year-old showed less migration and more compression.

1555429201 SN

2% 1555954326 5N

lower edge of the thyroid membrane. Our study results suggest
that, in young children, attempting cricothyroid puncture under
ultrasound guidance might be beneficial.

In adults, the mean length and width of the cricothyroid
membrane were 13.7 mm (range: 8-19 mm) and 12.4 (range: 9-
19 mm) mm, respectively (3, 4). Contrarily, the equivalent figures
for neonates are only 2.6 + 0.7 and 3.0 + 0.6 mm, respectively (5).
It is easy to imagine that if the cricoid membrane was shift from
midline, correct catheter insertion becomes difficult. These results
indicated that cricothyroid membrane puncture should not be
performed in infants, not only because of the small size of their
cricothyroid membrane, but also because of the added factor of
pressure-induced deviation. Moreover, recent studies have shown
that only 36%-55% of clinicians can accurately identify the
pediatric cricothyroid membrane by palpation (6, 7). In our
previous study, anesthesiologists could identify the cricothyroid
membrane by palpation in 38% (5/13) of infants aged <1 year, in
67% (4/6) of children aged 2 years, and in 85% (17/20) of
children aged 3-15 years (2015, Annual Meeting of Society of
Anesthesiologist in Japan).

Frontiers in Anesthesiology

The main strength of the present study was that the same
compressive force was applied through the skin in each case;
therefore, no adverse complication occurred. We compressed the
cricothyroid membrane with a force of 5 newtons (N) by the
digital force gauge. It has previously been discussed that it is
inappropriate to apply cricoid pressure in children, particularly
infants and neonates. This technique is unpleasant in children.
Therefore, we had to dothis research safety. That is the reason
why we compressed pediatric cricothyroid membrane with low
pressure. Other power as 10 N or 20 N, might have influenced
the results by inducing a consistent effect across all patients.

Recently, Aleah M. De Schmidt et al. reported that data of
puncture forces of the cricothyroid membrane and tracheal annular
ligaments were collected from 39 to 42 excised human donor
tracheas (8). The average puncture force of the cricothyroid
membrane using an 11-blade scalpel was 1.01+0.36 N, and the
average puncture force of the tracheal annular ligaments using a
sharp 098+034N. They used the
cricothyroid membrane without skin and tissue. According to their

16-gauge needle was

research, puncture force was low as 1 N. Further research was needed.
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FIGURE 3

The deviation of the cricothyroid membrane divided by the tracheal

diameter. The deviation of the cricothyroid membrane induced by

applying compressive force to the overlying skin was larger in the

infants aged 1 month to 1 year rather than in children aged 5-10

and 11-15 years.

Moreover, the main limitation of this study was that the
number of analyzed patients were small. Future studies must
include pediatric patients with airway difficulties, such as those
their

cricothyroid membranes can differ from those of healthy patients.

with multiple congenital anomaly syndromes, as

Conclusion

Our study data showed that the deviation of the cricothyroid
membrane induced by the application of compressive force to
the overlying skin tended to be larger in infants aged 1 month to
1 year. Hence, cricothyroid membrane puncture should not be
performed in infants. It may also be beneficial to attempt a
cricothyroid puncture under ultrasound guidance in older children.
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