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Plain endotracheal tube insertion carries greater risk for
malpositioning than does reinforced endotracheal tube

insertion in females
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Malpositioning of an endotracheal tube within the airway
can lead to serious complications, such as endobronchial intuba-
tion, which may cause collapse of the nonventilated lung and
barotrauma of the ventilated lung or vocal cord paralysis and
accidental extubation [1].

We retrospectively identified 204 (54 plain tubes and 54
reinforced tubes in males; 36 plain and 60 reinforced tubes in fe-
males) chest X-rays of patients with endotracheal tubes suitable
for analysis by examining the radiology database and selecting
the first available postoperative AP chest X-ray with an endotra-
cheal tube in situ. The position of the endotracheal tube tip rela-
tive to the carina was measured from postoperative chest X-rays
using the Picture Archiving and Communication System (Infinitt

Healthcare Co., Ltd., Seoul, Korea). We also reviewed medical
records to obtain the demographic details of the patients and to
confirm the use of routine clinical tube placement methods. We
defined the appropriate depth of the endotracheal tube from the
carina to be > 2 cm and < 6 cm [2]. A t-test was performed for
statistical analysis within the same gender. A P value of < 0.05
was considered to be statistically significant.

Demographics and relationships of distal endotracheal tube
position in the airway are shown in Table 1. Average age, height,
and weight were different between the two groups of males. The
distances between the tip of the endotracheal tube to the carina
were significantly different between the two groups of female
patients.

Table 1. Demographics and Relationship of Distal Endotracheal Tube Position in the Airway

Males

Females

Plain tube (n = 54)

Reinforced tube (n = 54)

Plain tube (n = 36) Reinforced tube (n = 60)

Age (yrs) 59 (28-85) 54 (19-82) 62 (24-83) 61 (34-84)
Height (cm) 167.2 (5.4) 168.3 (6.5) 154.0 (8.0) 154.0 (5.6)
Weight (kg) 60.7 (11.4)* 66.7 (10.5) 56.3 (12.4) 56.3 (15.8)
Fixation at the upper incisor (cm) 22.8(0.9) 22.8(0.8) 21.6 (0.7) 21.5(0.9)
Tip-carina (cm) 4.8 (1.4) 5.2(1.5) 2.9 (1.6)* 4.5(1.4)
Endobronchial intubation (n) 0 0 5 0

Too low (£ 2 cm) 2 2 1 1
Acceptable (> 2 cm and < 6 cm) 42 (77%) 47 (93%) 30 (80%) 56 (87%)
Too high (> 6 cm) 10 5 0 3

*Significantly different (P < 0.05) compared with the reinforced tube group within the same gender. Data are mean (range or SD or percentage) or n.
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Insertion depth of endotracheal tube

Chest X-rays demonstrated that 29 (14%) of 204 intubations
resulted in inappropriate placement that was not detected by
clinical criteria. Endobronchial intubations occurred in five pa-
tients; all were females with plain endotracheal tubes.

This study demonstrated that routine oral endotracheal intu-
bation in the operating theater cannot always guarantee optimal
tube depth. In addition, we found that insertion of plain endo-
tracheal tubes in female patients carried a greater risk for posi-
tioning the tip of the tube near the carina than did the insertion
of reinforced tubes in females or the use of either type of tube in
males.

Many physicians typically verify the position of the endo-
tracheal tube using simple standard clinical criteria without
postintubation confirmation via chest radiograph or fiberoptic
bronchoscopic examination. Routine methods to estimate the
optimal endotracheal tube length include auscultation of bilat-
eral breath sounds, symmetric chest expansion, and palpation of
the endotracheal tube cuff in the suprasternal notch [1,3,4].

Plain tubes are thought to be stiffer than reinforced tubes,
and therefore the tips of plain tubes can be placed closer to the
carina in females. However, the current study found that this
phenomenon was not significant in males. We think that gen-
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der, height, and age affect the difference in tube depth observed
between the two tube groups in an interactive way. Further pro-
spective studies are needed to better define this difference.

This study has several limitations. First, our study was ret-
rospective. It was thought to be beneficial not to order a chest
radiograph, which would be needed for a prospective study.
Second, most of the patients in this study were elderly and were
unextubated postoperatively for ventilator care; therefore, these
results might not be easily generalized to all patients, such as
those that are young and healthy. Third, the chest X-rays used in
this study were not obtained under carefully controlled condi-
tions. Endotracheal tube tip location can markedly change with
small alterations in head position, such as flexion or extension of
the neck. However, the majority of the chest X-rays included in
this study were obtained in the routine supine surgical position
because most patients were mechanically ventilated with seda-
tion postoperatively.

In conclusion, the depth of the inserted endotracheal tube
should be carefully verified, especially in females who receive
plain tubes. Different strategies must be chosen for positioning
of endotracheal tubes at an adequate depth according to tube
type in females.
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