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Accurate and easy to learn ultrasound sign
to confirm correct tracheal intubation in
cadaver model

Editor—The proper placement of a tracheal tube into the
trachea should be systematically checked after each intub-
ation to avoid morbi-mortality related to hypoxaemia.’ No
strategy is ideal,” although ultrasound is promising. The
study aimed to assess the performance of a new ultrasound
sign for correct intubation, the increase in the antero-posterior
diameter of the trachea during cuff inflation (Fig. 1), by an
experienced sonographer and its learnability among novices
after a short training course.

Freshly embalmed cadavers from people having donated
their bodies to science were used in these studies, in accord-
ance with French law (Collection number: DC-2008-137).
Twenty freshly embalmed cadavers were randomly intubated
correctly or not three times, leading to 60 assessments (30 tra-
cheal intubations, 15 bronchial intubations, 15 oesophageal
intubations). Correct tracheal intubation was defined as tube
tip located into the trachea between the glottis and the
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carina. Incorrect intubation was defined as tube tip located
eitherin the oesophagus or in a bronchus. All tube tip positions
were checked with alaryngoscope and a disposable fibrescope
(Ambu®, aScope™, Ballerup, Denmark). A piece of tissue was
placed on the cadaver’s head to hide the tracheal tube so that
the sonographer was blinded to the tube position. A second op-
erator, with good experience in ultrasound and blinded to the
position of the tube, determined if the tracheal tube was correct-
ly positioned or not. Ultrasounds were performed using a 10 MHz
ultrasound probe flat (Vivid-e® General Electric, UK) according to
the manufacturer’s instructions. The probe was placed on the
longitudinal middle line on the neck between the sternum and
cricoid cartilage as previously described.® The operator looked
for the better plan in this line to give a cross-section of the
trachea. Then, the cuff of the tracheal tube was filled with an
ultrasound contrast solution, a mixture of 1 ml of air and 15 ml
of gelatin (Gelofusine 4%®, B/BRAUN, Melsungen, Germany).
Then, easiness to learn this method was assessed after a
20 min training course using 32 novices performing 64 assess-
ments in eight cadavers in the same manner as in the observa-
tions made by experimented operator.

The trachea deformation during cuff inflation allowed iden-
tification of correct intubation by an experienced sonographer
with a sensitivity of 90% [95% confidence interval (CI) 83-95],
specificity of 97% (95% CI 92-99), positive predictive value of
97% (95% CI 91-99), and negative predictive value of 91%
(95% CI 84-95). Using the ultrasound criteria, novices identi-
fied correct intubation with a sensitivity of 91% (95% CI 76-
97), specificity of 94% (95% CI 80-98), positive predictive
value of 94% (95% CI 79-98), and negative predictive value
of 91% (95% CI 76-97). The performance of students was
not significantly different from that of the experienced oper-
ator (P>0.20 for all criteria). The method proposed to diagnose
correct intubation was safe. Only one cuff rupture among 124
assessments (0.8%) was noted and all cuffs could be completely
emptied at the end of the experiment. Large studies are
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Fig 1 Ultrasound transversal view of the trachea (contoured in yellow) with the tracheal tube in the correct place. (a) With deflated tracheal tube
cuff. (8) With inflated tracheal tube cuff, leading to the increase in the antero-posterior diameter of the trachea (yellow arrows).
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Fig 2 Flow chart for checking proper placement of the tracheal tube (TT) using capnography and ultrasound.

required to define the place of this new tool compared with
actual techniques. However, in situations where conventional
techniques like chest X-ray or bronchoscopy are not available
quickly, ultrasound may be useful to diagnose proper placement
of the tracheal tube in combination with capnography. Indeed,
capnography makes it possible to rule out oesophageal intub-
ation in a few seconds (time to observe three capnograms),
but cannot differentiate between tracheal intubation and se-
lective intubation. The proposed ultrasound criterion may help
to differentiate these two situations in a short time, in <1 min.
A flow chart for checking proper placement of tracheal tube
using capnography and ultrasound is proposed in Figure 2.
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