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Ab s t r ac t​
Objectives: To determine the feasibility of integrating pre-intubation ultrasound into airway course and assess emergency medicine (EM) 
residents’ confidence and comfort level in using ultrasound for pre-intubation hemodynamic stabilization and identifying cricothyroid membrane 
after the training session.
Materials and methods: This is a retrospective study. Pre-intubation ultrasound training was delivered with the following ultrasound components 
(didactics and hands-on sessions using human models) to EM residents: (1) sonoanatomy and scanning technique to identify cricothyroid 
membrane and (2) pre-intubation echocardiography for recognition of acute right ventricular failure and pre-intubation hemodynamic 
stabilization.
Results: A total of 56 EM residents participated in this study. Only 21% [95% confidence interval (CI), 10–31%] reported using ultrasound 
for pre-intubation hemodynamic stabilization. After the training session, 89% (95% CI, 81–97%) reported that ultrasound-based teaching 
increased their knowledge of pre-intubation hemodynamic stabilization compared with traditional teaching methods. On a scale of 1 (low) 
through 10 (high), the average comfort level for integrating ultrasound findings into medical decision making for pre-intubation hemodynamic 
stabilization was 6.8 (95% CI, 6.3–7.3). Seventy-nine percent (95% CI, 68–89%) reported that focused training in airway ultrasound is adequate 
to identify cricothyroid membrane. On a scale of 1 (low) through 10 (high), the average confidence level for identifying cricothyroid membrane 
using ultrasound was 6.6 (95% CI, 6.1–7.1).
Conclusion: At our institution, we successfully integrated pre-intubation ultrasound into an airway course. Emergency medicine residents had 
a moderate level of comfort and confidence level using ultrasound for pre-intubation hemodynamic stabilization and identifying cricothyroid 
membrane after the training session.
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In t r o d u c t i o n​
Sonography has recently evolved as a simple, portable, and 
noninvasive tool for assessment and management of the 
airway.1 Ultrasound allows accurate identification of upper 
airway anatomical structures such as thyroid cartilage, epiglottis, 
cricoid cartilage, cricothyroid membrane, tracheal cartilages, and 
esophagus.2,3 In recent years, numerous studies have demonstrated 
various roles of ultrasound in airway management in a variety of 
clinical settings.4,5 Ultrasound has been shown to be not only useful 
in diagnosing airway pathology but can also assist in a variety of 
airway procedures such as cricothyrotomy, tracheostomy, and 
endotracheal intubation.6–8 It facilitates assessment of airway to 
predict difficult laryngoscopy.9 Ultrasound has been found to be a 
reliable tool for confirmation of endotracheal tube placement and 
predicting extubation failure.8,10

Traditionally, cricothyrotomy is performed by palpating 
anatomic landmarks in the neck, and the success of this procedure 
is largely dependent on accurately identifying relevant anatomical 
landmarks (cricothyroid membrane, cricoid, and thyroid cartilages) 
on palpation. However, palpation of surface landmarks is not always 
feasible, which can result in multiple unsuccessful attempts and 
hypoxia in emergent situations. The superiority of ultrasound over 
digital palpation in identifying cricothyroid membrane has been 
well documented in the literature.11,12 Since cricothyrotomy is a 
time-sensitive, lifesaving procedure, and successful outcome is 
dependent on rapid and accurate identification of the cricothyroid 

membrane, pre-intubation scanning is recommended to identify 
cricothyroid membrane on ultrasound.13 Marking the cricothyroid 
membrane before an anticipated difficult intubation increases 
safety, operator confidence, and decreases time to perform the 
procedure if necessary.

While ultrasound has been found to be useful in identifying 
and evaluating sonoanatomy of the upper airway, it can also 
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play a major role in hemodynamic stabilization of critically ill 
patients prior to endotracheal intubation. Higgs et al. published 
guidelines for the management of endotracheal intubation in 
critically ill patients in 2018. Approximately 6% of intensive care 
unit (ICU) patients have a predicted difficult airway.14 In addition, 
critically ill patients are at a high risk of circulatory collapse during 
endotracheal intubation. There is up to a 25% risk of hemodynamic 
instability even in successful ICU intubations. It is recommended 
to include a cardiovascular component in the protocol during 
intubation of ICU patients, by defining volume responsiveness 
and early administration of vasopressors to prevent hemodynamic 
collapse.14–16 Optimizing the hemodynamics prior to intubation 
is crucial to prevent cardiovascular complications in the peri-
intubation period. The information obtained by performing a 
brief bedside cardiac ultrasound can change the management of 
critically ill patient, preventing potential decompensation during 
and following endotracheal intubation. Intubation of patients 
with right ventricular heart failure can be catastrophic since the 
right ventricle is especially sensitive to increases in afterload. In 
addition, a failing right ventricle may not be able to maintain 
cardiac output with decreased preload from increased mean airway 
pressure after intubation.14 Pre-intubation cardiac ultrasound 
will allow clinicians to appropriately prepare for hemodynamic 
deterioration. Sonographic assessment allows clinicians to 
approach pre-intubation resuscitation in a specific, targeted 
manner, such as starting vasopressors, administering afterload-
reducing medications, avoiding intubation, etc.

Airway management is a core skill taught and reinforced during 
residency training, and a variety of refresher courses are offered 
across the country to train clinicians working both in academic and 
community settings. However, pre-intubation ultrasound is not 
commonly taught as a component of airway management courses. 
To our knowledge, the integration of pre-intubation ultrasound into 
airway management course is novel and has never been studied. 
Our objectives were to determine the feasibility of integrating 
pre-intubation ultrasound into an airway management course 
and assess emergency medicine (EM) residents’ confidence and 
comfort level in using ultrasound for pre-intubation hemodynamic 
stabilization and identifying cricothyroid membrane after the 
training session.

Mat e r ia  l s a n d​ Me t h o d s​
Study Design/Setting/Participants
This retrospective study was conducted at two academic medical 
centers with two Accreditation Council for Graduate Medical 
Education-accredited categorical 3-year EM residency programs 
and one combined 5-year pediatric/EM residency program. There 
is a robust ultrasound training program for residents and faculty 
including an emergency ultrasound fellowship program. The 
data were collected from EM residents trained at one of the three 
residency programs. An institutional review board approval was 
obtained for this study.

Study Protocol
Airway course is offered to all residents annually at our institution. 
For each session, there are didactics and hands-on components. A 
variety of airway techniques are taught during this course, including 
rigid laryngoscopy (direct laryngoscopy, video laryngoscopy, 
and bougie), flexible laryngoscopy (flexible fiberoptic scope), 
rescue oxygenation (facemask ventilation, oropharyngeal airway, 

nasopharyngeal airway, and supraglottic devices), pediatric airway 
management, and surgical airway (cricothyrotomy). The course is 
led by EM faculty members with expertise in airway management.

Integrating pre-intubation ultrasound into the airway course 
required management of various resources including faculty, 
human models, and ultrasound equipment. The faculty included 
emergency physicians with point-of-care ultrasound expertise. 
Pre-intubation ultrasound was delivered with the following 
ultrasound components: (1) asynchronous training, (2) didactics, 
(3) hands-on sessions using human models, and (4) administration 
of questionnaire.

Asynchronous Learning
One week before the training session, the course participants 
received an email with the asynchronous learning materials. 
The educational elements included ultrasound fundamentals: 
sonographic anatomy of the upper airway including hyoid bone, 
thyroid cartilage, cricoid cartilage, cricothyroid membrane, vocal 
cords, and trachea; upper airway scanning techniques to identify 
cricothyroid membrane; pre-intubation echocardiography 
technique including cardiac sonoanatomy; hemodynamic 
deterioration with intubation in right ventricular failure; recognition 
of acute right ventricular failure on ultrasound; and pre-intubation 
hemodynamic stabilization based on ultrasound findings. 
Participants also received a video link demonstrating cricothyroid 
membrane identification using ultrasound. The estimated time to 
review the asynchronous learning materials was approximately 2 
hours.

Didactics and Hands-on Session
On the day of the hands-on session, residents received a brief 
didactic lecture covering items in the asynchronous learning 
materials and a review of video clips demonstrating upper airway 
anatomy and echocardiography findings of right ventricular 
failure. The ultrasound hands-on training occurred in the 
simulation center in two stations (upper airway ultrasound 
and pre-intubation echocardiography) using human models 
as an integrated component of the airway course. Ultrasound 
instruction in the upper airway ultrasound station included 
sonographic anatomy of hyoid bone, thyroid cartilage, cricoid 
cartilage, cricothyroid membrane, vocal cords, and trachea; 
scanning technique (transverse and parasagittal planes); and 
identification of cricothyroid membrane (Fig. 1). In the pre-
intubation echocardiography station, the following items were 
taught: cardiac sonoanatomy, hemodynamic decompensation with 
intubation in patients with right ventricular failure, recognition of 
acute right ventricular failure using ultrasound (sonographic signs 
of right ventricular failure; Fig. 2), pre-intubation hemodynamic 
stabilization based on ultrasound findings, and cardiac scanning 
technique (subxiphoid, parasternal, and apical views). Participants 
were given the opportunity to practice the techniques on the 
human models under the supervision of instructors.

Questionnaire
At the end of the hands-on training session, subjects were asked to 
complete a questionnaire. The questionnaire consisted of specific 
questions regarding demographics, prior ultrasound experience, 
and residents’ prior knowledge of pre-intubation hemodynamic 
stabilization. The questionnaire also included items related to 
residents’ perceptions of focused ultrasound training session to 
teach upper airway ultrasound to identify cricothyroid membrane 
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and cardiac ultrasound-based pre-intubation hemodynamic 
stabilization. Questions assessing perceptions were answered on a 
5-point Likert-type scale (1 = strongly agree, 2 = agree, 3 = neither 
agree nor disagree, 4 = disagree, and 5 = strongly disagree). The 
confidence and comfort level of residents in identifying cricothyroid 
membrane using ultrasound and integrating ultrasound findings 
into medical decision making for pre-intubation hemodynamic 
stabilization after the training session were assessed using a 
10-point Likert-type response scale (1 = low and 10 = high). 
The instructors were responsible for distributing and collecting 
the questionnaires. The questionnaires were administered and 
collected anonymously to protect the confidentiality of the 
subjects. A medical student blinded to the study hypothesis entered 
all questionnaire data into an Excel database.

Data Analysis
The data were analyzed using descriptive statistics. Continuous 
data were presented as averages with standard deviations or 95% 
CIs, and dichotomous data and nominal data were presented as a 
percentage of frequency of occurrences.

Re s u lts​
A total of 56 EM residents (35 PGY1s, 12 PGY2s, 7 PGY3s, 1 PGY4, and 
1 PGY5) participated in this study. The residents’ prior ultrasound 
experience is summarized in Table 1. Ninety-one percent (95% 
CI, 83–98%) reported that they are familiar with pre-intubation 
hemodynamic stabilization and that ultrasound is an important 
tool to optimize hemodynamics prior to intubation in critically 
ill patients. However, only 21% (95% CI, 10–31%) reported using 
ultrasound for pre-intubation hemodynamic stabilization. 
Ninety-eight percent agreed that ultrasound is an important 
tool to optimize hemodynamics prior to intubation in critically ill 
patients (95% CI, 94–101%). After the training session, 89% (95% CI, 
81–97%) reported that ultrasound-based teaching increased their 
knowledge of pre-intubation hemodynamic stabilization compared 
with traditional teaching methods. On a scale of 1 (low) through 10 
(high), the average comfort level for integrating ultrasound findings 
into medical decision making for pre-intubation hemodynamic 
stabilization was 6.8 (95% CI, 6.3–7.3) after the training session. 
Seventy-nine percent (95% CI, 68–89%) reported that focused 

training in airway ultrasound is adequate to identify cricothyroid 
membrane. On a scale of 1 (low) through 10 (high), the average 
confidence level for identifying cricothyroid membrane using 
ultrasound was 6.6 (95% CI, 6.1–7.1). Seventy-five percent (95% CI, 
64–86%) agreed that it is feasible to do rapid airway ultrasound 
to identify cricothyroid membrane prior to intubation. Ninety-
one percent (95% CI, 84–98%) reported that focused ultrasound 
training (airway ultrasound to identify cricothyroid membrane 
and ultrasound-based pre-intubation hemodynamic stabilization) 
should be a part of the airway course.

Di s c u s s i o n​
Our study results suggest that it is feasible to integrate ultrasound 
into an airway course, and residents can learn these specific 
ultrasound techniques after a short training session. Majority of 
the residents (91%) also reported that focused ultrasound training 
should be a component of an airway course. We believe that it is 
critical to teach pre-intubation ultrasound to prevent poor patient 
outcomes, especially in patients with difficult airway predictors. It is 
crucial to mark the cricothyroid membrane prior to rapid sequence 
intubation (RSI) as an integral portion of pre-intubation preparation 
and protocol. This is particularly useful in patients with risk factors 
for conversion from RSI to surgical airway: obesity, short neck, 
facial trauma, etc. This is especially important in the management 
of critically ill patients, when fluid resuscitation, capillary leak 
syndromes, prone ventilation, and prolonged intubation can 
contribute to airway edema and distortion.14 External palpation 
alone for identification of the cricothyroid membrane is challenging, 
and airway ultrasound allows the physician to rapidly identify 
and mark the exact location of where the incision is to be made. 

Fig. 1: Cricothyroid membrane seen as a hyperechoic band between the 
hypoechoic thyroid cartilage and cricoid cartilage in parasagittal plane

Fig. 2: Parasternal short-axis view demonstrating “D” sign (bowing of 
the interventricular septum into left ventricle—arrow heads), dilated 
right ventricle, and small left ventricle

Table 1: Residents’ prior ultrasound experience

Emergency medicine residents (n) Prior ultrasound examinations (n)
21 <50
5 50–100
11 101–150
7 151–200
12 >200



Pre-intubation Ultrasound

Indian Journal of Critical Care Medicine, Volume 24 Issue 3 (March 2020)182

This can prevent several complications, such as trauma to the 
thyroid, vascular injury, and extension of incisions to find the 
cricothyroid membrane. Ultrasound has been reported to be 
superior to palpation in the identification of the cricothyroid 
membrane even in patients with normal neck anatomy.7 Airway 
management guidelines in the critically ill list identification of the 
cricothyroid membrane as part of the pre-intubation checklist, and 
we recommend integrating bedside ultrasound into this process.17

The guidelines published by Higgs et al. recommend 
assigning a team member specifically for monitoring and 
managing hemodynamic status during the peri-intubation 
period of a critically ill patient. In addition to the recommended 
peri-intubation hemodynamic management of intravenous/
intraosseous access and preoxygenation, Higgs et al. warn of peri-
intubation hemodynamic instability, but they make no mention 
of performing a bedside ultrasound during this critical period 
before the procedure.14 This highly vulnerable population would 
likely benefit the most from sonographic assessment. Intubation of 
patients with right ventricle failure may result in the hemodynamic 
instability. Since a failing right ventricle is very sensitive and unable 
to compensate for any increase in afterload and decrease in preload 
from intubation, we recommend to perform pre-intubation 
echocardiography in critically ill patients to avoid hemodynamic 
deterioration. Pre-intubation echocardiography will detect signs 
of right ventricular failure (pressure and volume overload) such 
as dilated right ventricle, bowing of the interventricular septum 
into the left ventricle, decrease in the size of left ventricular 
cavity, and decreased left ventricular filling resulting in decreased 
cardiac output. Bowing of the interventricular septum into left 
ventricle is visualized as “D-sign” on a parasternal short-axis view 
in a patient with right ventricular failure (Fig. 2).18 If acute right 
ventricular failure is detected prior to intubation, it will help choose 
appropriate management strategy prior to intubation and can 
avoid hemodynamic deterioration. With pre-intubation detection 
of right ventricular failure, different ameliorating strategies can 
be employed prior to the intubation to avoid hemodynamic 
compromise. Non-invasive positive pressure ventilation could 
be an alternative in some cases, which has a less pronounced 
effect on venous return and preload compared with endotracheal 
intubation. Inhaled nitric oxide can be used to decrease pulmonary 
artery pressure, especially in the setting of pulmonary arterial 
hypertension. Other strategies in the setting of right ventricular 
failure include administration of vasopressors prior to intubation 
and avoiding fluid boluses.

Even with varied ultrasound experience, our residents had 
modest confidence after the training session, indicating the 
feasibility in not only learning these techniques but also integrating 
them in their clinical practice. However, it is important to identify 
and address the barriers in routine use. Potential barriers to the 
use of ultrasound before intubation could be inadequate training 
(residents and/or faculty), lack of confidence in the technique, 
accessibility to ultrasound equipment, limitation in space (especially 
in a crowded room), and lack of integration into the usual pre-
intubation preparation protocol. Integration requires addressing 
at least the major barriers. Accessibility and space issues could 
be solved with handheld ultrasounds. Our study only evaluated 
residents’ experience and confidence levels, but protocolization 
and implementation of this technique requires training of all the 
physicians, including faculty members. Repeated teaching sessions 
can bolster confidence and serve as reminders to use ultrasound in 

their practice. As with any other ultrasound application, performing 
upper airway ultrasound is operator dependent, requiring sufficient 
training before confidently incorporating it into practice. With 
focused training in pre-intubation ultrasound, healthcare providers 
practicing in acute care settings can reliably use ultrasound in 
critically ill patients requiring intubation.

After the training session, a majority (89%) of our subjects 
reported that ultrasound-based teaching increased their 
knowledge of pre-intubation hemodynamic stabilization compared 
with traditional teaching methods. The educational value of 
incorporating these ultrasound techniques is not limited to the 
pre-intubation phase. With increased knowledge of cardiac and 
airway anatomy and physiology, these skills are translated into 
management and resuscitation of critically ill patients and diagnoses 
of dangerous airway pathologies. With growing evidence, there is 
a potential for the incorporation of pre-intubation ultrasound into 
the future standard of care airway management.

Our study has several limitations including its retrospective 
nature. Our sample size was small, and the residents were from 
programs with an established emergency ultrasound fellowship. 
We had the resources (fellows and faculty, machines, and expertise) 
to integrate these techniques into the airway management 
course which may not be available at other institutions. We used 
a convenience sample of residents which raises the possibility of 
selection bias. The data were self-reported and are vulnerable to 
error. All of our questions were closed-ended, which may have 
also introduced a response bias. We did not assess residents’ 
ultrasound skills after the training session. We did not assess 
long-term retention skills or the impact of our training on patient 
outcomes. These hands-on sessions were taught on normal human 
models which may not reflect the real-world acute care setting 
environment.

Co n c lu s i o n​
At our institution, we successfully integrated pre-intubation 
ultrasound into airway management course. Emergency medicine 
residents had a moderate level of comfort and confidence level 
using ultrasound for pre-intubation hemodynamic stabilization 
and identifying cricothyroid membrane after the training session.
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