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Introduction

	 Tracheal intubation is one of the most commonly performed medical procedures in operating rooms, emergency depart-
ments and in pre-hospital setting resuscitations all over the world. End-tidal CO2 monitoring (capnography) has become the gold 
standard measurement used to confirm that the endotracheal tube (ETT) is indeed in the trachea[1]. Although not 100% reliable 
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Abstract
Background: Confirmation of correct placement of the endotracheal tube is vitally im-
portant when performing endotracheal intubation. Most of the tests used to confirm the 
correct location of the tracheal tube have their own inherent drawbacks. Herewith, we 
introduce a new method which we hypothesize possesses high reliability when securing 
the airway.
Methods: One hundred and seventy eight patients, ASA 1, non-pregnant and without head 
and neck abnormality were studied. Anesthesia technique and monitoring were the same 
for all the patients. The cricothyroid complex was manipulated using a digital maneuver 
both after esophageal and endotracheal intubation, for all the patients and any paradoxical 
movement of the endotracheal tube was recorded during the maneuver to confirm either 
endotracheal intubation or esophageal intubation. The test parameters included true pos-
itive, false positive, true negative, false negative, sensitivity, specificity and accuracy for 
paradoxical motion, based on the tracheal tube position. The relationship between the 
extent of tracheal tube movement and the position of tracheal tube was analyzed and a p 
value < 0.05 was considered to be statistically significant.
Results: The mean age of the patients was 40.5 ± 14.6. The paradoxical motion test was 
93.3% sensitive, and 77.5% specific, in the diagnosis of correct anatomical placement of 
the tracheal tube. One hundred and sixty six (93.2%) patients were diagnosed as true pos-
itive. Positive and negative predictive value of paradoxical motion was 80.6% and 92.0%, 
respectively, with an accuracy rate of 85.4%.
Conclusions: Paradoxical movement of the endotracheal tube after digital cricothyroid 
complex movement, is an appropriate and a diagnostic test to confirm the insertion of the 
tube in the trachea, and is an additional important test to ensure correct placement of the 
endotracheal tube.
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most clinicians agree that ETCO2 monitoring is the most reli-
able method to confirm tracheal placement of an ETT. Howev-
er in many parts of the world this technology is not available 
especially in a pre-hospital setting, therefore in those settings 
clinical methods are still used to confirm endotracheal place-
ment. The most frequently used clinical method, in the absence 
of advanced technology, is auscultation of the chest bilaterally. 
Although not totally reliable it is a very useful method of con-
firming endotracheal tube placement. One of the main disadvan-
tages of the auscultatory method of confirming ETT placement 
is that in order to confirm correct placement of an ETT, the lungs 
must be ventilated using several liters of oxygen enriched gases. 
Unfortunately if the ETT is in the esophagus, this large quantity 
of gas will be discharged in to the gastrointestinal tract, thereby 
exposing patients to an increased risk of regurgitation of acid 
rich gastric contents. Ideally we need a rapid, reliable method of 
confirming ETT placement before insufflation in order to reduce 
the risk of regurgitation of gastric contents.
Following is a description of this new method of confirming 
ETT placement in the trachea. 

Description of a new clinical method of confirming endotra-
cheal tube placement
	 In our practice we routinely manipulate the crico-thy-
roid complex in the process of ETT intubation (Figure 1). We 
recently observed, in the process of performing tracheal intu-
bation, that the tracheal tube moved to the opposite side of the 
mouth(paradoxical movement) when the crico-thyroid complex 
was displaced to one or other side in a significant number of pa-
tients. In other words if the crico-thyroid complex was displaced 
to the right side following intubation we observed that the endo-
tracheal tube paradoxically moved to the left side of the mouth 
in a significant number of cases as depicted in anteroposterior 
and lateral views (Figure 2A and 2B). We also observed that this 
paradoxical movement of the endotracheal tube did not occur, 
to any significant degree when the ETT tube was inadvertently 
placed in the oesophagus(Figure 3). 
	 In order to test the value of this new test we designed 
and completed the following study

Figure 1: Manipulation of the crico-thyroid complex after endotracheal 
intubation.

Figure 2A: Movement of the ETT to the left side during digital laryn-
geal manipulation to the right side reflecting its correct placement in the 
trachea (true positive) in anteroposterior view.

Figure 2B: Pronounced paradoxical motion of the ETT after DLM re-
flecting its correct placement in the trachea (true positive) in lateral (B) 
view.

Figure 3: Despite digital laryngeal maneuver (DLM), there was little or 
no motion of the ETT reflecting esophageal intubation.
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Materials and Methods

	 Following ethics approval (‘’IRCT2015031320676N2” 
code) and informed consent, 178 healthy patients (ASA 1), 
scheduled for elective surgery, under general anesthesia, partic-
ipated in this study. Pregnant patients and those with anatomic 
or pathologic abnormalities of the head, neck or upper chest re-
gion or patients with known airway abnormalities were excluded 
from the study. An informed consent was obtained from all the 
patients recruited in the study. All patients were NPO (nil per 
os) for at least 8 hours prior to the procedure. Routine monitors 
were applied and preoxygenation was performed prior to in-
duction. Fentanyl 2 micrograms per kilogram was administered 
prior to induction and patients were induced with thiopental 3 
- 5 mgs/kg and atracurium 0.5 - 0.6 mg/kg was administered to 
provide neuromuscular blockade. An appropriate sized endotra-
cheal tube was inserted first into the esophagus in each patient 
using the Glidescope for visualization. Then the digital laryngeal 
maneuver (DLM) was performed by moving the crico-thyroid 
complex to the right side. If there was little or no movement 
of the ETT in the mouth this observation was recorded as a 
True Negative (TN).  If there was significant movement of the 
tube in the mouth to the opposite side of the mouth(paradoxical 
movement) this was considered to be a False Positive(FP). The 
tube was then removed from the esophagus and the patient was 
reoxygenated. Then the airway was once again exposed using 
the glidescope and an appropriate sized ETT was inserted into 
the trachea and the DLM was again performed and the results 
tabulated as described above. If the ETT moved significantly in 
the mouth to the opposite side this was considered to be a True 
Positive (TP) and if not it was recorded as a True Negative(TN). 
These same procedures were carried out on each patient until the 
study was completed. In order to remove bias from the observ-
ers, the individual performing the intubations was not the person 
observing the results of the DLMs. There was some variation 
in the movement of the ETT with the DLM therefore we used a 
simple grading system to record our observations: If the ETT did 
not move at all with the DLM it was graded 0. If the ETT moved 
but did not reach the center of the philtrum it was graded as a 1. 
If the ETT moved to the center of the philtrum it was graded as a 

2 and if the ETT crossed the midline of the mouth it was graded 
as a 3.

Statistical Analysis
	 We used the tracheal tube position or location as our 
gold standard to calculate test parameters including true posi-
tive (TP), false positive (FP), true negative (TN), false negative 
(FN), sensitivity (Se), specificity (Sp), and accuracy (Acc) for 
paradoxical motion in a standard 2 × 2 table. A p value < 0.05 
was considered to be statistically significant. According to our 
hypothesis, the extent of tracheal tube movement is important 
for diagnosing the status and location of the tracheal tube. If the 
tube is in the trachea, it shows substantial paradoxical movement 
at higher grades; on the other hand if the tube is in the esopha-
gus, it moves less or not at all. We used Chi-square test of trend 
for finding the relationship between the extent of tracheal tube 
movement and the anatomical location and position of the tra-
cheal tube.

Results

	 One hundred and seventy eight patients were studied. 
The mean age of the patients was 40.5 years (SD = 14.6) with the 
male gender comprising 76 (39.2%) of the patients. Paradoxical 
motion showed a 93.3% sensitivity, (95% CI; 88.5 – 96.5) and 
77.5% specificity, (95% CI; 70.7 – 83.4) in verifying the diag-
nosis that the tracheal tube was in its correct anatomical position 
i.e. the trachea. One hundred and sixty six patients were diag-
nosed as positive (TP rate = 93.2%). Thirty eight patients were 
graded as Ι (22.9 %), 73 patients as grade ΙΙ (44.0 %) and fifty 
five patients were confirmed as grade ΙΙΙ (33.1%). Positive pre-
dictive Value (PPV) of paradoxical motion was high i.e., 80.6% 
(95% CI; 74.5 – 85.7) and so was the Negative predictive value 
(NPV) i.e., 92.0% (95% CI; 86.4 – 95.8). The accuracy rate was 
found to be 85.4% in this study (Table 1). When the tracheal tube 
is in the trachea, 77.1% of the movements are grade two or three, 
whereas, this movement is seen in just 22.5% of cases to be two 
or three plus when the tracheal tube is in the esophagus. In other 
words, the movement is more marked and pronounced in true 
positive cases and less so in false positive cases (p < 0.001) (Ta-
ble 2). 

Table 1: Diagnostic test statistics for paradoxical motion in predicting endotracheal tube position.
Predicting
test TP FP TN FN Acc%

(95% CI)
Se%
(95% CI)

Sp%
(95% CI)

PPV%
(95% CI)

NPV%
(95% CI)

Paradoxical
motion 166 40 138 12 85.4(81.3 - 88.9) 93.3(88.5 - 96.5) 77.5(70.8 - 83.4) 80.6(74.5 - 85.7) 92(86.4 - 95.8)

Acc: accuracy or total correct prediction; Se: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: negative predictive value; CI: con-
fidence interval. TP: true positive; FP: false positive. TN: true negative; TP : true positive.

Table 2: Relationship between grade of paradoxical motion test and status of tracheal Tube.
Status of Tracheal tube Grade Total

0 † †† †††
Tracheal 12 (6.7%) 28(21.3%) 73(41.1%) 55(39.9%) 178(100%)
Esophageal 138(77.5%) 31(17.4%) 6 (3.4%) 3 (1.7%) 178(100%)
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Discussion

	 Endotracheal intubation is a relatively simple technique 
in most circumstances and the rapid evolution of technology to 
enhance our ability to make this technique easy to achieve often 
overshadows the importance of verifying that the tube is not just 
in the trachea but appropriately positioned in the trachea. In the 
developed world we have all sorts of devices to facilitate endo-
tracheal intubation and to verify correct placement of the tube 
such as capnography and capnometry but in many parts of the 
world we do not have these technologies. This is particularly 
true in the pre-hospital setting where most of the resuscitations 
are carried out by non-MD personnel who have to deal with air-
way problems in very difficult circumstances. In these situations 
they must rely on clinical methods to verify correct endotracheal 
tube placement. Bilateral auscultation of the lungs is the most 
reliable technique in those circumstances. In this study we have 
introduced a relatively simple test that can be used to verify en-
dotracheal tube placement. This new test offers some advantag-
es. Although like most of the tests we use, it is not 100% reliable. 
However the test itself is very simple to perform and the time it 
takes to determine the result is less than 10 seconds and can be 
performed before you attempt to inflate the lungs or the stomach.  
The sensitivity of this test is comparable, within one percentage 
point of auscultation of the lungs[1] but the advantage it has over 
auscultation is the speed of execution. In most circumstances it 
takes much longer to perform auscultation than it does to per-
form the DLM test and if the tube is located in the esophagus 
extensive insufflation of the gastrointestinal tract with large vol-
umes of gas occurs. This study however, has a few limitations. 
The first limitation is that this study was undertaken in elective 
surgeries when patients had received full doses of muscle relax-
ants which does not simulate intubations in the field in a pre-hos-
pital setting, and secondly the pediatric population and obstetric 
patients were not included in the study. It could be argued that 
the placement of two ETTs, one in the esophagus and the other 
in the trachea, was against ethical standards and contrary to ac-
ceptable medical practice. We informed the Ethics Committee 
that elective esophageal intubation, carried out in patients who 
were NPO for at least 8 hours, was entirely safe and the best way 
to test our hypothesis. The Ethics Committee agreed with our 
proposal and approved the study. Our justification for placing 
two endotracheal tubes, one in the esophagus and one in the tra-
chea of each patient was twofold. First each patient was used as 
their own control and second, it would require a very extensive 
study to accumulate 178 esophageal intubations in a regular op-
erating room practice.
	 Our new maneuver is the fastest method for determin-
ing correct placement of the tracheal tube after intubation and 
statistically confirms a correlation between paradoxical motion 
and the location of the tracheal tube. However, we do not advo-
cate the placement of an ETT in the esophagus in non- fasting 
patients and pregnant patients if a future research is to be con-
ducted and the study replicated. Nevertheless, if the care provid-
er wants only to confirm that the ETT inserted into the trachea is 
in fact in the trachea and not in the esophagus, he should simply 
perform this simple and quick maneuver to confirm the right 
location of the ETT and thus avoid catastrophic complications. 
The paradoxical motion of the ETT thus obtained would guaran-
tee that the ETT has been correctly placed in the trachea. How-

ever, if a capnograph is available, it should be utilized to further 
confirm the correct placement of the ETT. Our simple maneuver 
instantaneously reveals results. Thus in case of absent paradox-
ical movements, the ETT should be immediately removed and 
a second ETT introduced into the trachea utilizing a glidescope 
or a fiberoscope whichever is available and feasible. If none is 
available and mask ventilation is possible, a face mask ventila-
tion should be initiated till such time that the patient awakens or 
a laryngeal mask airway can be inserted. In our study, 12 cases 
had false negative results and the maneuver failed to determine 
the tracheal position of tube because of obesity, short neck and 
broken teeth. Because of trachea- esophageal interconnections, 
false positives might be observed in some cases.
	 We also hypothesized that the extent of tracheal tube 
movement was also important in diagnosing the tracheal ETT 
placement. Thus, when the ETT is correctly placed in the trachea 
a higher score is achieved during paradoxical motion, and on the 
contrary when there is sluggish movement or no movement at all 
then the tube is more likely to be in the esophagus. To arrive at a 
possible relationship between the extent of tracheal tube move-
ment and its position in the trachea, we used Chi-square test. 
Applying this statistical test, we observed that when the ETT 
was inserted in the patient’s trachea 77.1% of the movements 
were graded as 2 or 3 i.e., showing higher grades. On the oth-
er hand, when the ETT was in the esophagus, only 22.5% of 
the cases scored higher grades i.e., 2 or 3 in terms of tracheal 
movement were observed. In other words, the tracheal move-
ment shows larger swings in true positive cases and significantly 
lesser swings in false positive cases (p < 0.001) (Table2). Thus 
we could predict with a higher degree of certainty that the ETT 
is in the trachea when higher grades of paradoxical movements 
were observed, and were cautious when the endotracheal move-
ments were less or lower grades were observed.
	 Confirmation of the ETT in its right place i.e. the tra-
chea is of vital importance following intubation and in this re-
gard inexpensive tools or tests should preferably be used. Stan-
dard monitoring is currently employed to achieve this goal but 
in some LMICs, they are not available[2,3]. To overcome the 
paucity of these tools, an additional simple maneuver correctly 
diagnosing the placement of the ETT could be of potential value 
and benefit in places or locations where the more sophisticated 
tools are not available and specially so in pre-hospital settings 
where the paramedics perform the intubation. The CO2 wave-
form during the first few breaths does not indicate correct ETT 
placement, and at least one minute is needed to closely watch 
the waveform[4]. Also, capnography has other limitations like 
warm up and calibration time and the requirement for an exter-
nal power source. In order for a test to be ideal for confirming 
ETT placement, it should be reliable, simple, quick, safe, and in-
expensive; it should also require minimal training, and be func-
tional in patients of different age groups, in various locations, 
and during difficult intubation scenarios. Unfortunately for these 
purposes, no single test exists[5]. Verifying proper ETT place-
ment is necessary for all patients after they have been intubated. 
A large number of methods of verification of correct endotrache-
al tube placement have been described. 
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The list is as follows
•	 Direct visualization of the tube as it enters the trachea 
using a laryngoscope[6]

•	 Abdominal and chest auscultation[7-9]

•	 Auscultation of epigastric sounds[6]

•	 Identical excursion of both lungs on auscultation[10]

•	 Compliance of the Bag-Valve-Mask[6,10]

•	 Abnormal vital signs[6,10]

•	 Signs of hypoxemia or cyanosis[11]

•	 Palpation of the trachea[11,12]

•	 Tactile digital palpation[13]

•	 Compression of the chest[14]

•	 Flexible Fiberoptic Bronchoscopy[15]

•	 Suction esophageal detection devices[16]

•	 Pulse oximetry[8,17]

•	 Lighted stylet[9]

•	 ETT Cuff volume[18]

•	 Chest X-ray[14,19]

•	 Ultrasound[20]

•	 Trans Thoracic Impedance[21]

•	 Exhaled Gas Volume[22]

•	 ETT Condensation[14]

•	 Infrared sensor stylet[23]

•	 Capnography and Capnometry[1]

	 Although listed last, capnography is the most reliable 
method of detecting incorrect placement of ETTs and should 
be utilized whenever possible but as mentioned previously 
this technology is not available to many LMICs especially in a 
pre-hospital setting where clinicians must rely on auscultation 
as the most practical method to verify ETT placement. This new 
test, involving digital, manual displacement of the crico-thyroid 
cartilages to the right or left side immediately following endo-
tracheal intubation, has been shown to be a very useful way to 
determine whether an endotracheal tube is correctly placed in 
the trachea or is in the esophagus and should be added to the 
long list of methods used to verify endotracheal tube placement, 
especially in the pre-hospital setting where capnography is not 
available. The test is simple and requires no additional equip-
ment. It can be executed within seconds of completing intuba-
tion. It is reliable and highly sensitive and is a very useful test 
when capnometry is not available.

Conclusion

	 Paradoxical movement of the endotracheal tube after 
its placement with digital laryngeal maneuver of the cricothy-
roid complex is in fact a litmus test that the tube is in the trachea 
and nowhere else.
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