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Abstract 

Background The objective of this study was to determine the learning curve of tracheal−esophageal ultrasound by 
prehospital medical and paramedical staff.

Methods A single‑center prospective study was carried out at a French EMS (SAMU 92). Volunteer participants first 
received a short theoretical training through e‑learning, followed by two separate hands‑on workshops on healthy 
volunteers, spaced one to two months apart. Learners were timed to obtain the tracheal–esophageal ultrasound tar‑
get image 10 consecutive times. The first workshop was intended to perform a learning curve, and the second was to 
assess unlearning. The secondary objectives were to compare performance by profession and by previous ultrasound 
experience.

Results We included 32 participants with a mean age of 38 (± 10) years, consisting of 56% men. During the first 
workshop, the target image acquisition time was 20.4 [IQR: 10.6;41] seconds on the first try and 5.02 [3.72;7.5] seconds 
on the 10th (p < 0.0001). The image acquisition time during the second workshop was shorter compared to the first 
one (p = 0.016). In subgroup analyses, we found no significant difference between physicians and nurses (p = 0.055 at 
the first workshop and p = 0.164 at the second) or according to previous ultrasound experience (p = 0.054 at the first 
workshop and p = 0.176), counter to multivariate analysis (p = 0.02).

Conclusions A short web‑based learning completed by a hands‑on workshop made it possible to obtain the ultra‑
sound image in less than 10 s, regardless of the profession or previous experience in ultrasound.
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Background
Upper airway management is often a critical step in the 
management of critical patients. The main causes of 
emergency recourse to orotracheal intubation are cardiac 
arrest (44%), neurological distress (16%), and toxic coma 
(15%) [1]. In prehospital settings, the rate of esophageal 
intubation is as high as 30% after the first attempt [2, 3], 
increasing the risk of gastric distension and regurgitation 
[4, 5]. If not quickly identified, the main complication is 
hypoxia potentially leading to cardiac arrest (CA) and to 
the patient’s death, or at least inducing severe neurologi-
cal sequelae [6].
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To check the endotracheal position of the intubation 
tube, it is currently recommended to combine several 
methods: direct laryngoscopy, pulmonary and gastric 
auscultation, compliance and filling of the ventilation 
bag, visualization of mist inside the tube, all necessar-
ily associated with capnography. None of these meth-
ods used separately can confirm the intratracheal 
position of the tube with a 100% positive or negative 
predictive value [7]. The evaluation of the performance 
of these different methods in emergency medicine 
showed a sensitivity of 93% and a specificity of 97% for 
capnography and a sensitivity of 94% and a specificity 
of 83% for auscultation, all patients combined [8, 9]. In 
the prehospital setting, capnography, combined with 
auscultation, is currently considered the gold stand-
ard for checking the position of the intubation tube, 
according to the recommendations of the European 
Resuscitation Council Guidelines of 2015 [10]. How-
ever, it is limited by its low sensitivity in the context of 
CA (64%), and by the need to perform 5 to 10 breath 
cycles before being able to interpret the curve.

Tracheal–esophageal ultrasound can identify esoph-
ageal or tracheal intubation statically (after intubation 
was performed) or dynamically (during intubation, 
with the help of a second operator). Thus, the tech-
nique showed a sensitivity of 98% and a specificity of 
96% for all patients combined, including those under-
going CA [11]. In another study, ultrasound confirmed 
the position of the intubation tube in 36  s, compared 
to 52  s with auscultation and 62  s with capnography 
[12].

On the ultrasound image, the esophagus appears 
mostly in the shape of a rosette, its lumen normally 
completely collapsed and therefore invisible. In the 
case of esophageal intubation, the tube is distending 
the lumen making it "visible" by the air it contains, 
showing the “doubled trachea” sign. This sign confirms 
esophageal intubation with a sensitivity of 86 to 100%, 
even in the case of CA [11, 12]. The absence of this 
sign confirms endotracheal intubation.

Early identification of esophageal intubation could 
reduce the associated morbidity by reducing the time 
for reintubation. Most of the studies evaluating the 
performance of ultrasound in this indication have 
been carried out in hospital settings. In a study car-
ried out on cadavers, a short training for “prehospital 
healthcare providers” improved the identification of 
esophageal intubation by ultrasound with a sensitivity 
increasing from 55 to 96% [13]. The objective of our 
study was to establish the learning curve for the cor-
rect performance of tracheal−esophageal ultrasound 
by prehospital staff on healthy volunteers.

Methods
Study design and setting
Our work was a monocentric descriptive prospective 
study carried out from March to June 2021 by the French 
Emergency Medical Service of department 92 [Service 
d’Aide Médicale Urgente (SAMU) 92] team of Raymond 
Poincaré University Hospital, composed of 60 doctors 
and 30 nurses or nurse anesthetists.

The study was approved by a local ethics committee. 
An IRB-type declaration has been registered under the 
number 2022-A01184-39. Participation in the study was 
voluntary. No material or financial compensation was 
foreseen. The database has been declared to the National 
Commission for Computing and Liberties under the 
number 2227441.

Selection of participants
The population studied was that of the SAMU 92 teams, 
namely medical staff (seniors, residents, medical stu-
dents) and nurses or nurse anesthetists, regardless of 
their experience and prior practice of ultrasound.

The criterion for non-inclusion was the regular use, 
over the past three months, of ultrasound in clinical 
practice for esophageal visualization.

Protocol
The participants first received theoretical training, then 
two hands-on workshops on healthy volunteers (models), 
spaced 1 to 2 months apart.

The theoretical training was provided in e-learning, 
available on the SAMU 92 website. The didactic presen-
tation, in the form of a commented slide show including 
iconography and videography, was to be consulted before 
accessing hands-on workshops. Participants could con-
sult the presentation as many times as necessary. It con-
tained (i) the basics of ultrasonography: basic physics on 
ultrasound and beam formation, use of the equipment, 
transverse and longitudinal incidences; (ii) an anatomical 
reminder of the cervical region as well as its sonographic 
aspects; (iii) the techniques for tracheal−esophageal 
ultrasound; and (iv) the ultrasound loops with normal 
views, swallowing artifacts, tracheal intubation, and 
esophageal intubation.

A hands-on workshop then brought together one or 
two study investigators, a group of two to four partici-
pants and two models who could be learners in turn. 
The ultrasound device was composed of an ultraportable 
high-frequency linear probe  (Lumify®,  Philipps™) con-
nected to a tablet computer  (SAMSUNG™ A5). At the 
start of each hands-on workshop, one of the investigators 
recalled the ultrasound technique without demonstrat-
ing and then answered all possible questions. The models 
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were placed in the supine position, each on a separate 
examination table. Each participant was placed between 
the two models with, at his side, the ultrasound device 
switched on in soft tissue mode, ready to use. He had to 
perform 10 tries, changing the model at each attempt.

The ultrasound technique involved several steps: (i) 
manipulation of the linear probe, (ii) transverse place-
ment of the probe on the anterior cervical midline to vis-
ualize the trachea, (iii) sliding down to the jugular notch, 
and (iv) translating the probe to the left in order to visu-
alize a tracheal−esophageal cross section.

Measurements
The investigator was responsible for collecting informa-
tion from each participant by completing a specific form 
(Appendix  1). Participant characteristics included: age, 
gender, function, level of training in ultrasound, and 
frequency of usage: none, occasional (more than once 
a month), frequent (more than once a week). The fre-
quency of usage was then split into regular (occasional or 
frequent practice) or no usage (none).

For each attempt, the acquisition time and the number 
of attempts to achieve a tracheal−esophageal cross sec-
tion were recorded. The timer was started by the inves-
tigator as soon as the learner was taking the ultrasound 
probe (T0). When the learner thought he had obtained 
the tracheal−esophageal section, the timer was paused 
by the investigator (intermediate time, Ti). The investiga-
tor then controlled the ultrasound image and asked the 
model to swallow down to provoke an air artifact in his 
esophagus. In case of non-visualization of the artifact, 
the timer was restarted from Ti and a new attempt was 
counted. If the air artefact was visualized the test was ter-
minated and Ti was the final acquisition time (final time, 
Tf ).

If the image was still not obtained within 3  min, the 
investigator stopped the timer at Tf = 180 s. The try was 
then considered as completed and counted as a failure. A 
new explanation of the technique to the participant was 
carried out in another room, this time with a demonstra-
tion. The participant was then resuming his session of 
tries.

During the second hands-on workshop, 1 to 2 months 
after the first one, the frequency of use of tracheal−
esophageal ultrasound since the first session was added 
to previous data.

Outcome
The main objective was to define the learning curve of 
ultrasound identification of a tracheal−esophageal cross 
section.

The secondary objectives were to assess the risk of 
unlearning, i.e., the level of knowledge retention, through 

time and to compare performance according to the level 
of ultrasound experience.

Analysis
Quantitative variables are expressed as mean and stand-
ard deviation or as median and interquartile range 
depending on the number of data and/or their distri-
bution. They were compared by repeated data tests. 
Qualitative variables are presented as numbers and per-
centages. They were compared by chi-square tests, after 
checking the conditions of use.

The distribution of the image acquisition time not fol-
lowing a Normal law and its comparisons according to 
the test were carried out by a Friedman test. The effect 
size of the Friedman test was determined using a Ken-
dall’s W test. Comparisons of image acquisition times 
as a function of several factors were made using mixed 
ANOVA type tests. The first kind of risk (alpha) was set 
at 5%. Analyses were performed using R software (ver-
sion 3.6.0).

Results
Characteristics of participants
We included 32 participants, 18 men and 14 women. The 
characteristics of the population are presented in Table 1. 
The average age of the participants was 38 (+ 10) years, 
with extremes of 21 and 61 years. 24 (75%) participants 
were physicians and 8 (25%) were nurses.

Table 1 Characteristics of the 32 learners

Quantitative variables are presented as mean values with standard deviation. 
The qualitative variables are presented as numbers and percentages
a Several trainings are possible per individual

Sex ratio (M/F) 1.29

Age 38 (± 9.8)

Fonction

 Senior doctors 11 (34%)

 Junior doctors 7 (22%)

 Interns 6 (19%)

 Nurses 5 (16%)

 Nurse anesthetists 3 (10%)

Previous ultrasound  traininga

Specific specialty course (emergency medicine internship) 13 (40%)

 Locally provided training 9 (28%)

 Postgraduate university course 6 (19%)

 Postgraduate private course 3 (9%)

 None 6 (19%)

Use of ultrasound in clinical practice:

 Frequently 13 (41%)

 Occasionally 10 (31%)

 Never 9 (28%)
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Six participants had never received any training on 
ultrasound in emergency medicine. Nineteen (59%) 
had a university education. Thirteen (41%) participants 
declared a frequent practice of ultrasound. None of the 
nurses was practicing ultrasonography.

Primary outcome: the learning curve
The evolution of the image acquisition time during the 10 
tries for each learner is presented in Appendices 1 and 2. 
The distribution of the image acquisition times according 
to the try is presented in Fig.  1 and Table  2. There was 
a statistically significant reduction in acquisition times 
as the tries progressed (Friedman’s test, p < 10–4) but 
with a moderate effect (W Kendall test at 0.44). When 

comparing times 2 per 2, there was no significant differ-
ence between try 1 and 2. However, the time difference 
was statistically significant between the first and all other 
tries (Table 2).

Risk of unlearning
Of the 32 participants, 29 (91%) were able to be reas-
sessed within 1 to 2  months after the first hands-on 
workshop. The distribution of image acquisition times 
according to the try and according to the workshop 
is presented in Table  3 and Fig.  2. The acquisition time 
was significantly lower during the second workshop 
(p = 0.02). There was no interaction between the series 
and try.

Impact of experience
For the first workshop, the distribution of image acqui-
sition times according to try did not differ according to 
ultrasound experience (p = 0.05), (Fig. 3a and Table 4). 
There was no experience−try interaction. For the 

Fig. 1 Graphical representation of the learning curve with median 
and interquartile ranges over all participants (n = 32)

Table 2 Image acquisition time at the end of the first workshop 
expressed in seconds and presented in median and interquartile 
ranges [25%; 75%], and comparison with the acquisition time of 
the first trial

a Comparison with the acquisition time of the first trial

Try number Target image acquisition time (in 
seconds)

pa

1 20.4 [10.6;41] –

2 19.6 [10.2;33.2] 1

3 8.85 [6.2;21.6] 0.048

4 8.05 [5.5;13.5] < 0.0006

5 7 [5.3;11.4] < 0.0001

6 6.85 [4.25;10.5] 0.002

7 6.8 [4.22;11.4] 0.0005

8 5.3 [4.15;7.75] < 0.0001

9 5.8 [4.08;10.2] 0.0004

10 5.02 [3.72;7.5] < 0.0001

Table 3 Comparison of image acquisition times for workshops 
1 and 2 expressed in seconds and presented as median and 
interquartile ranges [25%; 75%]. The difference was statistically 
significant (p = 0.02)

Try number Workshop 1 (n = 32) Workshop 2 (n = 29)

1 20.4 [10.6;41] 13.8 [8.5;35]

2 19.6 [10.2;33.2] 8.5 [5.5;13.5]

3 8.85 [6.2;21.6] 6 [3.8;10.8]

4 8.05 [5.5;13.5] 4.88 [3.5;7.5]

5 7 [5.3;11.4] 4.9 [3.8;8.7]

6 6.85 [4.25;10.5] 4.6 [3.18;7.6]

7 6.8 [4.22;11.4] 4.8 [3.1;6.6]

8 5.3 [4.15;7.75] 5 [3.6;7.1]

9 5.8 [4.08;10.2] 3.89 [2.76;5.2]

10 5.02 [3.72;7.5] 4.5 [2.93;6.5]

Fig. 2 Graphical representation of acquisition times for workshop 1 
(learning n = 32) and workshop 2 (unlearning, n = 29)
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second workshop, the distribution of image acquisition 
times according to the try did neither differ according 
to the experience (p = 0.2), (Fig. 3b and Table 5). There 
was neither experience-try interaction. The distribution 
of image acquisition times according to the try and to 
ultrasound experience at three levels is presented in the 
appendices.

Multivariate analysis
The “experience”, “trial” and “try” were variables retained 
to analyze the factors influencing the image acquisition 
time. The results are presented in Table  6. All the vari-
ables had an effect on the acquisition time. We found no 
inter-variable interaction.

Discussion
After a theoretical online training and a first hands-on 
workshop, participants identified the tracheal−esopha-
geal cross section in less than ten seconds, a time well 
below the 36.5  s previously reported by Chowdhury 
et al. SPS:refid::bib12(12). This deviation could be mostly 
explained by the inclusion of intubation time in their 
analysis but also by the population studied. Indeed, the 
ultrasound experience clearly influenced the acquisition 
time in our study in multivariate analysis. Chowdhury 
et  al. enrolled untrained first-year residents, whereas 
three-quarters of our participants were trained in ultra-
sound. However, their image acquisition times were 

Fig. 3 Graphical representation of acquisition times and comparison 
according to previous ultrasound experience (P‑US‑E) at the end of 
workshop 1 (a) and workshop 2 (b)

Table 4 Comparison of image acquisition times between 
participants with and without previous ultrasound experience 
(P‑US‑E) at the end of the first workshop expressed in seconds 
and presented in median and interquartile ranges [25%; 75%]

The difference was not statistically significant (p = 0.05)

Try number P-US-E (n = 23) No P-US-E (n = 9)

1 15 [9.02;29.9] 47.4 [35.3;101]

2 15.8 [9.59;32.9] 28.1 [14;38.7]

3 7.2 [5.09;17.4] 13.3 [9;39.6]

4 6.7 [5.21;11.4] 10.2 [7.8;19.9]

5 5.9 [4.58 8.9] 10.3 [7.3;13.8]

6 5.7 [4.1;9.7] 7.7 [5.6;19.9]

7 5.7 [3.84;10.6] 7 [6.3;11.6]

8 5 [3.6;5.95] 9.4 [5.9;13.4]

9 5 [3.72;7.5] 9.2 [7.4;10.5]

10 4.6 [3.45;6.3] 7.9 [4.8;12.8]

Table 5 Comparison of image acquisition times between 
participants with and without previous ultrasound experience 
(P‑US‑E) at the end of the second workshop expressed in 
seconds and presented in median and interquartile ranges [25%; 
75%]

The difference was not statistically significant (p = 0.2)

Try number P-US-E (n = 21) No P-US-E (n = 8)

1 11 [6.3;22.1] 28.2 [13.3;54.6]

2 6.94 [5.1;12] 16.6 [11.1;30.1]

3 5.3 [3.7;7.1] 11 [6.23;16.3]

4 4.2 [3.45;6.2] 7.75 [5.42;12.8]

5 4.1 [3.5;6.25] 9.75 [7.98;11.7]

6 4.2 [2.96;6.6] 6.65 [4.97;10.0]

7 3.9 [3.1;6.37] 5.1 [4.16;9.35]

8 4.3 [3.33;6.9] 6.1 [4.85;10.1]

9 3.5 [2.6;5] 5.5 [4.36;6.4]

10 3.9 [2.66;6.1] 5.86 [5.25;7.85]

Table 6 Multivariate analysis of variables having an impact on 
image acquisition times

Variable F p

Previous ultrasound experience 
(P‑US‑E)

5.657 0.021

Workshop 6.376 0.014

Try 16.458 < 0.0001

P‑US‑E:Workshop 0.829 0.37

P‑US‑E:Try 1.030 0.36

Workshop:Try 0.650 0.52

P‑US‑E:Workshop:try 1.550 0.22
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similar at the end of both workshops, regardless of ultra-
sound experience. In our population, no nurse had pre-
viously been trained in ultrasound. Thus, our results 
support the use of tracheal−esophageal ultrasound by 
nurses. Among North American paramedics, the esopha-
geal identification rate improved after a short training 
period with sensitivity increasing from 55 to 96% [13]. In 
another trial, a ten-minute online tutorial was evaluated 
by physicians. The correct position of the airway tube 
was detected on video loops with a sensitivity of 98% and 
a specificity of 100% [14].

The target image acquisition time has rapidly stabilized 
below ten seconds from the 3rd try. This skill was main-
tained over time. When reassessed at one or two months, 
the image acquisition times were shorter. Performance 
has improved with every new attempt and remained sat-
isfying between the first and second workshop. There 
was therefore a good knowledge retention, but, however, 
with a need for a refresher.

Tracheal−esophageal ultrasound could secure the man-
agement of the airway in a prehospital setting. In patients 
in cardiac arrest (CA), more than 30% of first-attempt 
failures of orotracheal intubation are due to esophageal 
intubation (data under submission). In this situation, 
capnography requiring several breath cycles before being 
interpretable has limited performance due to low sensi-
tivity. As for it, the performance of ultrasound to verify 
the correct positioning of the intubation tube had a sen-
sitivity of 99% and a specificity of 84% for patients in CA 
[11]. Furthermore, another study showed that the size of 
the intubation tube (6.0 to 8.0 mm) had no impact on the 
diagnostic accuracy of ultrasound [15].

All those characteristics make ultrasound a tool of 
choice in the management of orotracheal intubation in 
adults. It was even proposed as a first-intension tool for 
monitoring the location of the intubation tube, being 
easier and faster to perform, and more accurate than con-
ventional methods [12, 13]. Moreover, this technique is 
mentioned in the Advanced Cardiac Life Support section 
of the American Heart Association, subject to a trained 
practitioner [16]. Finally, the tracheal−esophageal ultra-
sound could also make it possible to secure the placement 
of the nasogastric tube after intubation. The performance 
of ultrasound in this indication has proved to be superior 
to that of the syringe test [17–21].

The results of our study should be considered with cer-
tain limitations. The first is concerning the difficult gen-
eralization of our results to other services or populations 
due to the monocentric nature and the small number of 
participants, in particular nurses. Our study was based on 
volunteers, and the nurses’ availability was dependent on 

the operational activity of our EMS. The second is related 
to the material tested (Lumify® linear probe, connected to 
a tablet computer). The transposition of our results to other 
devices is debatable, although a difference in image acqui-
sition between devices is not established. The third is the 
availability of ultrasound equipment in a prehospital set-
ting. In 2016, only a third of French EMS were equipped 
with an ultrasound device [22]. As the rate of ultrasound 
equipment is gradually increasing, this limit remains rela-
tive. The fourth limitation is the simulation nature of the 
study carried out on healthy volunteers. Thus, we can only 
hypothesize that these acquired skills could be transposed 
to clinical practice on patients, in an emergency situation. 
Furthermore, those patients require additional skill sets, 
i.e., identification of special artifacts and double-lumen 
sign. The fifth is that we assessed the ability to acquire a 
target image and not to detect esophageal intubation. The 
last limitation lies in the methodology used. A participant 
alternated between two healthy volunteers. The results 
might differ if the test had been performed on 10 different 
volunteers. Learning about the same person is to be feared. 
Finally, participants were allowed to perform an ultrasound 
and revise the e-learning training materials after the first 
hands-on workshop. This could affect skill retention and 
thus our result in the second workshop.

Conclusions
This study on the learning curve of tracheal−esopha-
geal ultrasound by a prehospital staff shows encouraging 
results. Participants little or not accustomed to the prac-
tice of ultrasound succeeded after a short training period 
in acquiring the target image with ultrasound. The acquisi-
tion of the image in less than ten seconds makes it a tool of 
choice for prehospital practice, constrained by operation in 
a small team. Thus, the skills acquired by both medical and 
nurse staff could improve the safety of airway management 
in prehospital settings. However, these conclusions need to 
be confirmed by further larger studies ruled in real clinical 
situations.
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Appendix 1

Data collection sheet
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Appendix 2

Learning curves for trainee 1 to 16
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Appendix 3

Learning curves for trainee 17 to 32
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Appendix 4

Image acquisition time according to the level 
of previous ultrasound experience for the two 
workshops combined, expressed in seconds 
and presented in median and interquartile 
ranges [25%;75%]

Try number Use of ultrasound in clinical practice

Never (n = 9) Occasionally 
(n = 10)

Frequently (n = 13)

1 41,8 [14,5;56,7] 17,2 [9,17;33,2] 11 [7,1;20,3]

2 25,5 [12,7;31,1] 13,8 [10,4;28,4] 8,4 [5,5;13,9]

3 11,6 [7,5;28,5] 7,2 [5,07;14,8] 6,2 [4,3;8,3]

4 9,9 [6,4;18] 6,7 [3,88;10,6] 5,1 [4;6,3]

5 10,3 [7,3;13,8] 5,35 [3,98;7,56] 5,1 [3,5;7,7]

6 7,7 [5,3;12,8] 5,33 [3,32;8,5] 5,2 [3,4;8,4]

7 6,8 [4,8;11,6] 6,37 [2,60;14,8] 4,8 [3,48;6,6]

8 7,1 [5;10,1] 4,5 [2,68;6,55] 5,1 [3,5;6,4]

9 6,4 [4,9;10,1] 4 [3,03;6,75] 4,6 [2,76;5,7]

10 6,3 [5,1;11] 4,6 [3,02:6,6] 4,2 [2,93;5,6]
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