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Effect of head position changes
on the depth of tracheal
Intubation in pediatric patients:
A prospective, observational
study

Peier Zhuang', Weikai Wangt and Minghua Cheng*

Department of Anesthesiology, The First Affiliated Hospital of Shantou University Medical College,
Shantou, China

Purpose: The purpose of this study was to investigate the effect of changing
head position on the endotracheal tube (ETT) depth and to assess the risk of
inadvertent extubation and bronchial intubation in pediatric patients.

Methods: Subjects aged 4-12 years old with orotracheal intubation
undergoing elective surgeries were enrolled. After induction, the distances
between “the ETT tip and the trachea carina” (T-C) were measured using a
Disposcope flexible endoscope in head neutral position, 45° extension and
flexion, 60° right and left rotation. The distance of the ETT tip movement
relative to the neutral position (AT-C) was calculated after changing the
head positions. The direction of the ETT tip displacement and the adverse
events including endobronchial intubation, accidental tracheal extubation,
hoarseness and sore throat were recorded.

Results: The ETT tip moved toward the carina by 0.5 + 0.4 cm (P < 0.001)
when the head was flexed. After extending the head, the ETT tip moved
toward the vocal cord by 0.9 + 04 cm (P < 0.001). Right rotation resulted
that the ETT tip moved toward the vocal cord direction by 0.6 £ 04 cm
(P < 0.001). Moreover, there was no displacement with the head on
left rotation (P = 0.126). Subjects with the reinforced ETT had less ETT
displacement after changing head position than the taper guard ETT.

Conclusion: The changes of head position can influence the depth of the
ETT especially in head extension. We recommend using the reinforced ETT to
reduce the ETT displacement in pediatrics to avoid intubation complications.

Clinical trial registration:
[ChiCTR2100042648].

[www.ClinicalTrials.govl], identifier,

pediatric, head position, tracheal intubation, endotracheal tube depth, displacement,
intubation complications
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Introduction

Children have a short tracheal length with a small margin
of safety regarding correct endotracheal tube (ETT) placement
(1). Inappropriate placement of the ETT will increase the
risk of inadvertent extubation and bronchial intubation (2).
Matsuoka et al. (3) suggested that the occurrence of the
improper ETT depth during PICU was 23.5%. Unintentional
extubation was the most common intubation complication
among infants and children in the PCIU, with a rate
of 23% (4).

The ETT depth was affected by a number of factors,
including variations in head position. During head flexion,
the ETT tip had been observed to move toward the
carnia, inducing endobronchial intubation and even
hypoxia. On the contrary, the ETT tip moved toward
the vocal cord in the head extension (5-11). However,
in the previous studies, the distance of the ETT tip
movement varied with different angles of head position.
And fewer studies had addressed the impact of head rotation
on the ETT depth.

According to human anatomy, the average angle of the head
flexion is 45° while the maximum angle of extension is 70°. If
the angle of head rotation is more than 60°, the blood vessels in
the neck will be twisted (12, 13). Therefore, our study aimed to
assess the effect of the head 45° extension, 45° flexion, 60° right

rotation and 60° left rotation on the ETT depth in children.

Materials and methods

Ethical approval

This study protocol was approved by the Medical Ethics
Committee of the First Affiliated Hospital of Shantou University
Medical College (No. B-2021-001) and registration on
(24/01/2021, ChiCTR2100042648). All
patients participating in this study voluntarily signed an

www.chictr.org.cn

informed parental consent.

Participants

This prospective observational study included pediatric
subjects aged 4-12 years old under general orotracheal
anesthesia in the First Affiliated Hospital of Shantou University
Medical College from January 2021 to September 2021.
Subjects with the following conditions were excluded:
(1) emergency surgery; (2) patients with limited head
movement; (3) patients with difficult airways and any known
or suspected airway anomalies; (4) patients with serious
cardiopulmonary diseases such as asthma and congenital heart
disease.
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Anesthesia and data collection

After admission to the operating room, routine monitoring
of ECG, NIBP, SPO2, and ETCO2 were applied to each subject.
General endotracheal anesthesia was induced with propofol
(3 mg/kg), sufentanil (0.4 wg/kg), cisatracurium (0.2 mg/kg)
IV. There were two ETT types: the taper guard oral tracheal
tube (the taper guard ETT) (TaperGuard Oral/Nasal Tracheal
Tube, Mruphy Eye, Covidien) and the reinforced oral tracheal
tube (the reinforced ETT) (Lo-Contour Oral/Nasal Tracheal
Tube Cuffed, Reinforced, Mruphy Eye, Covidien). Both
catheters are pediatric tracheal tubes with large capacity low-
pressure cuff made of ultra-thin polyurethane. And the ETT
sizes were selected by the anesthesiologists according to the
formula = age/4 + 3.5 from Pediatric Life Advanced Support
(14). After induction, oral intubation was performed under
direct laryngoscopy. An attending anesthesiologist opened
the subjects mouth by separating the lips and inserted the
laryngoscope by the left hand into the mouth. Then advancing
the laryngoscope blade slowly and pushing the tongue to the
left side of the mouth to expose the uvula and epiglottis. Next
the laryngoscope blade was lifted up to bring the vocal cord
into view. The anesthesiologist then inserted the ETT through
the right corner of the mouth into the trachea and the first
intubation depth marker line (Figure 1) of the ETT was placed
between the vocal cords (15, 16). The correct ETT position
was confirmed by end-tidal carbon dioxide examination and
lung auscultation. Dental pad was placed on the left side
of the ETT. After the ETT was fixed, the anesthesiologists
recorded the ETT depth at the upper incisor teeth. Anesthesia

Line 1

Line 2

FIGURE 1

The intubation marker line during measuring. Line 1 represented
that the tip of the endoscope arrived at the carina. Line 2
represented that the tip of the endoscope arrived at the tip of
the ETT.
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was maintained with continuous infusion of propofol of 9-
15 mg/kg/h and remifentanil of 0.1-0.25 pg/kg/min according
to BIS (maintained between 50 and 60). Ventilator parameters
were set: tidal volume, 8-10 ml/kg; respiratory rate 15-25
times/min; I: E, 1:2; ETCO2 35-45 mmHg.

General information of all subjects was recorded during
the operation, including ASA classification, age, gender, height,
weight, BMI, the ETT types, the surgical types and perioperative
adverse effects of endobronchial intubation, accidental tracheal
extubation, hoarseness and sore throat.

Measurement

After endotracheal intubation, the subjects were in a supine
position with head in a neutral position. The distance between
the ETT tip and the carina was measured using the Disposcope
flexible endoscope (Disposcope, Changsha, Hunan, China) by
the following steps: (1) When the tip of the Disposcope flexible
endoscope arrived at the carina, marking the first line at the
intersection of the endoscope and the ETT. (2) The Disposcope
flexible endoscope was then retracted till the end of the scope
reached the tip of the ETT and the second line was marked.
(3) The distance between the ETT tip and the carina (T-C)
was corresponded to the distance between the two lines above
(Figure 2). And T-C were measured using the same method
in the following head positions: 45° extension, 45° flexion,
60° right rotation, and 60° left rotation. After removing the
Disposcope flexible endoscope, all distances were measured
using a caliper rule.

According to Boydin’s definition (17), the angle between the
line from the superior orbital margin to the external auditory

Endoscope ———>

The ETT Tip —l

T-C

Trachea Carina

FIGURE 2
The distance between the ETT tip and the carina (T-C).
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canal, relative to the horizontal line was 110° in head neutral
position. The head was placed in extension position with the
angle between the line from the superior orbital margin to the
external auditory canal, relative to the horizontal line was 45°
(a pillow was placed under the head). The head was placed
in flexion position with the angle between the line from the
superior orbital margin to the external auditory canal, relative
to the horizontal line was 45° (a pillow was placed under the
shoulder blades). A goniometer is used to measure the head
rotation angle. The rotation angle between the line from the
upper center of the head to the tip of the nose, relative to the
vertical line was 60° (Figure 3).

The ETT was considered displaced when the distance of the
ETT tip movement (AT-C) which was the difference between
the T-C in the head neutral position and the other position
was > 0.5 cm. Positive AT-C indicated that the ETT moved
toward the carina, whereas negative AT-C indicated that the
ETT moved toward the vocal cord. The primary observation
index was the distance and the direction of the ETT tip
movement after changing head position. Secondary observation
indicators were the perioperative adverse events.

Statistical analysis

Sample size estimation was calculated by the PASS 15.0
(NCSS, Kaysville, UT, United States). A minimum of one
hundred and eighteen subjects were required in order to
achieve a power of 80% at the 0.05 level of significance and
a dropout rate of 10%. Data was analyzed using SPSS 22.0
(IMB, Chicago, United States). Continuous variables, including
age, height, weight, BMI and T-C were expressed as mean
(SD), and categorical variables, including sex, surgical types
and perioperative adverse events were expressed as frequency.
Paired t-test was used to compare the differences of T-C
when the head position changed from neutral position to 45°
extension, 45° flexion, 60° right and left rotation. Pearson
correlation analysis was used to examine the correlation between
age, gender, height, weight, BMI and the ETT types and
the distance of the ETT tip movement. The correlation was
expressed as the r-value which was indicated: r < 0.4, weak
correlation; 0.4 < r < 0.7, moderate correlation; r > 0.7, strong
correlation. A value of P < 0.05 was considered significant.

Results

One hundred and eighteen subjects undergoing elective
surgeries were included in this study. And six subjects were
excluded, including five subjects with decreased SpO, due to
prolonged measurement time and one subject with increased
airway pressure above 30 mmHg after intubation. One hundred
and twelve pediatric subjects were finally included (Tables 1, 2).
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Head position: (A) 45° extension; (B) neutral position; (C) 45° flexion; (D) 60° right rotation; (E) 60° left rotation.

The distance and the direction of the
endotracheal tube tip movement

The distance of the ETT tip movement in different head
position were shown in Tables 3, 4 and Figure 4. The ETT tip
moved toward the vocal cords by 0.9 £ 0.4 cm (P < 0.001)
with head 45° extension and toward the carina by 0.5 + 0.4 cm
(P < 0.001) with head 45° flexion. During head-neck rotation
to the right, the ETT tip moved toward the vocal cords by
0.6 = 0.4 cm (P < 0.001). There was no displacement of the
ETT tip in head 60° left rotation and the direction of the ETT
tip movement could not be predicted (P = 0.126).

Pearson correlation analysis of the
distance of the endotracheal tube tip
movement

Pearson correlation analysis showed weak positive
correlations between the distance of the ETT tip movement and
age, height, weight and BMI at head 60° left rotation. When
the head position was in 45° flexion, the distance of the ETT
tip movement was weakly negatively correlated with age and
height, and weakly positively correlated with sex. However, no
correlation between the distance of the ETT tip movement and
the five biological factors was found in head 45° extension and
60° right rotation. Moreover, the ETT types had weak positive

correlations with the distance of the ETT tip movement in
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head right rotation and extension. No correlation was observed
between the distance of the ETT tip movement and the ETT
types in head left rotation and flexion (Table 5).

For further analysis, in head 60° right rotation, the distance
of the reinforced ETT tip movement was more (0.6 £ 0.4 cm)
than the taper guard ETT (0.4 & 0.4 cm) (P = 0.001). in head 45°
extension, the distance of the reinforced ETT tip movement was
more (1.0 £ 0.4 cm) than the taper guard ETT (0.7 & 0.4 cm)
(P =0.004). There was no statistical difference in the magnitude
of the ETT tip displacement between the two groups in the head
left rotation (P = 0.080) and flexion (P = 0.545) (Table 6).

Adverse event
Endobronchial intubation occurred in two subjects with the
head position in 45° flexion. There was no accidental tracheal

extubation, hoarseness or sore throat in all 112 subjects.

TABLE 1 Characteristics of 112 subjects.

Characteristics Total

N 112

Years (y) 7 +2(4-12)
Gender (M/F) 87/25

Height (cm) 123.7 +15.1 (99.0-168.0)
Weight (kg) 25.4 £+ 10.2 (13.0-67.0)

BMI (kg/m?) 16.0 & 3.5 (9.6-28.3)
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TABLE 2 Characteristics of 112 subjects based on age grouping.

10.3389/fped.2022.998294

Year N Sex (M/F) Height (cm) Weight (kg) BMI ASA (I/11)
4 19 18/1 103.9 +2.5 162+16 150+ 1.4 19/0
5 13 8/5 1124 3.1 187417 147 £09 13/0
6 16 12/4 116.0 + 5.3 214437 158 £20 16/0
7 16 11/5 1256+ 7.0 250+ 5.7 156 +2.2 16/0
8 14 11/3 127.5+ 6.7 2724106 15.6 + 6.2 14/0
9 9 7/2 1348+ 6.3 27.143.9 149+ 12 9/0
10 16 13/3 139.6 = 10.5 35697 18.1£37 16/0
11 5 4n 141.0 £ 3.5 3224104 161+ 5.0 5/0
12 4 3/1 1542+ 12.8 499+ 145 210+ 5.8 4/0
Discussion ETT position was narrow in children than in adults because of

Because of their short trachea, precise depth of tracheal
tube insertion is mandatory in children in order to avoid
either inadvertent extubation or endobronchial intubation
during head-neck movement. Head-neck extension, flexion and
rotation during anesthesia in tracheally intubated children is
common during ENT surgery, dental or cleft surgery as well
as neurosurgery for posterior fossa craniotomies, whereas the
effects of rotation are unpredictable.

This study has indicated that the head movements have
effects on the position of the ETT in 4-12-years old children.
The ETT tip moved toward the vocal cord when the head-
neck position was in extension and right rotation, while moved
toward the carina in head flexion. In head left rotation, there is
no ETT tip movement.

The clinically difference in our study was based on the
surgical anatomy of the anterior branch of the recurrent
laryngeal nerve. Previous studies have pointed out that the
anterior branch of the recurrent laryngeal nerve was positioned
about 6-10 mm beneath the vocal cords in adults and would be
frail compressed by the cuff (18, 19). And the safe range of the

TABLE 3 The distance of the ETT tip movement.

T-C (cm) A T-C (cm) P
Neutral 25+14
Left rotation 26+ 1.4 -0.1£0.4 0.126
Right rotation 31%+1.3 -0.6 £0.4 <0.001
Flexion 20£15 +0.5+04 <0.001
Extension 34+£15 -09+04 <0.001

TABLE 4 The direction of the ETT tip movement.

To the
carina

To the vocal
cord

No
displacement

Left rotation 53 (47.3%) 42 (37.5%) 17 (15.2%)

Right rotation 4 (3.6%) 97 (86.6%) 11 (9.8%)
Flexion 94 (83.9%) 7 (6.3%) 11 (9.3%)
Extension 0 (0%) 108 (96.4%) 4(3.6%)
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the short trachea length. Thus, the study determined that the
minimal clinically difference (AT-C) was 0.5 cm.

Yan and Zhang (11) reported that the average distance of
the ETT tip movement in 2-12-years-old children was 1 cm
in both the maximum flexion and sniffing position. Kim et al.
(7) explored the effect of head rotation, flexion, and extension
on the ETT position in 22 pediatric subjects aged 1-9 years.
The results suggested that the mean distance of the ETT tip
movement was more than 1 cm when the head positions were
in flexion, extension, and right rotation, while the angle of the
head positions changes was not mentioned in the study. In
contrast to the previous studies (7, 11), the average distance of
the ETT tip movement in the head 45° flexion in our study was
0.5 £ 0.4 cm. We speculate that the reason for the difference of
the distance was caused by the fact that the head flexion angle in
our study was 45°, which was less than the maximum flexion
angle in Yan and Zhang (11) study. We found that in 83.9%
(94/112) of cases, the ETT tip moved toward the carina during
head 45° flexion and endobronchial intubations were noted in
two subjects. These adverse events showed that inappropriate
ETT depth caused by changes in head position may lead to
unpredictable intubation complications. While in 6.3% (7/112)
of cases, the tip moved toward the vocal cord instead of the
carina. Similarly, Tailleur et al. (6) reported that there was no
fixed direction of the ETT movement after head flexion and
there were 24% of subjects showed displacement of the ETT tip
toward the vocal cord. We concluded that the direction of the
ETT movement due to head flexion was unpredictable. It was
also critical to confirm the ETT depth after shifting the head
position to prevent intubation complications.

Our study indicated that when the head position was in 45°
extension, the mean movement was 0.9 & 0.4 cm. Moreover, the
ETT tip was displaced in the direction of the vocal cord which
was similar to the results of the previous studies (7, 8, 10, 11).
The previous study also demonstrated that when the head in
extension position, the distance of the ETT tip movement was
more than the expanded distance of the airway length (20). The
risk of accidental tracheal extubation of the ETT remained when
the head was in sniffing position. To expose the surgical area,
the patient’s head position was commonly changed to extension
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FIGURE 4

rotation and 60° left rotation from the neutral position.

The distance of the ETT tip movement after changing head position: (A) 45° extension and 45° flexion from the neutral position;

A B
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TABLE 5 Correlation of the distance of the ETT tip movement (r).

Head position Age Gender Height Weight BMI ETT types
Left rotation 0.300** -0.045 0.231* 0.243** 0.203* 0.149
Right rotation 0.078 -0.073 0.066 0.130 0.183 0.268**
Flexion -0.251** 0.219* -0.207* -0.109 0.005 -0.058
Extension 0.083 -0.094 0.061 -0.034 -0.094 0.268**
“*”and “**)” respectively, indicate significant correlation at the P < 0.05 level and P < 0.01 level.

during otolaryngology surgeries. As a result, we recommend that
the ETT depth of head extension be 1 cm greater than in the
supine position. Additionally, the ETT position must be confirm
using bilateral lung auscultation and PetCO2.

Although the angle of the head rotation was the same, we
found that the distance of the ETT tip movement was greater
in the head right rotation than the left. We speculated that the
discrepancy of the distance between the right and left rotation
was related to the dental pad placement. In our study, the dental
pad was placed on the left side of the ETT, implying that the
ETT was fastened on the right side of the mouth. When the
head was rotated to the fixed side, the distance of the ETT
tip movement was greater than that of the opposite side. The
result is similar to the study by Kim et al. (7) and Kim (9).
However, the distance of the ETT tip movement in the head
right rotation in our study was lower which was related to the
smaller rotation angles. The children’s head were frequently
turned to either side to get a better view of the operative region
during cochlear implantation or buccal surgery. To minimize
the ETT displacement, we recommend placing the ETT in the
corner of the mouth on the same side as the surgical site. The
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direction of the ETT tip movement after head rotation remained
controversial in previous studies. Kim et al. (7) reported that the
ETT tip moved toward the vocal cord when the head rotated
to either side which was similar to the results of our study.
While the direction of the ETT tip movement was unpredictable
after maximal head movements in adults (6). Further studies
were needed to explore whether the direction of the ETT tip
movement in pediatric patients is the same as that in adults.

In addition, weak correlation implied less effect of biological
factors such as age, gender, height, weight and BMI on
the distance of the ETT tip movement. After adjusting the
head position, the distance of the ETT tip movement varied
depending on the type of the ETT. The tip of the reinforced
ETT moved less than the taper guard ETT when the head
positions were in 60° right rotation and 45° extension. The
reinforced ETT was equipped with a spiral hose on the inner
wall and a spring inside the spiral hose, which made the
tube soft and flexible, as well as resistant to bending and
compression. The trachea was a cylindrical tube, supported by
“C” shaped tracheal cartilage, connected by a cricoid ligament,
and surrounded by smooth muscle tissue and fibrous connective
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TABLE 6 Magnitude of the ETT tip movement grouped
by the ETT types.

Taper guard ETT  Reinforced ETT p

Left rotation (cm) +0.1+04 +0.0 £0.3 0.080
Right rotation (cm) +0.6£0.4 +0.4+04 0.001
Flexion (cm) -0.54+0.4 -0.4+0.4 0.545
Extension (cm) +1.0+04 +0.7 £ 0.4 0.004

tissue to form a membranous wall (5). The trachea’s anatomical
characteristics allowed it to be flexible enough to accommodate
the head movements. Toung et al. used computed tomography
to demonstrate that the tracheal length reduced when the head
were flexed and increased when the head were extended (21, 22).
Therefore, the reinforced ETT had more substantial ductility
and less displacement of the ETT tip after changing the head
position, resulting in better safety. We recommend the use of
the reinforced ETT for children in otolaryngology surgery or
cranial surgeries.

This study had the following limitations: Firstly, infants were
not included in this study. The younger the child, the shorter
the tracheal length. Intubation complications, such as bronchial
intubation or accidental extubation were more common in
infants than in older children. Further studies were needed to
investigate the effect of head position changes on the depth
of endotracheal intubation in infants. Secondly, the study did
not investigate the displacement of the ETT tip movement
following other head position adjustment. A further limitation
of the study was that only children who were orally intubated
were examined. However, Hartrey and Kestin (23) discovered
no difference in ETT displacement between oral and nasal
intubations during head extension or flexion in adults. Another
study (5) reported that the trachea length and the distance
between the nares and the vocal cords were both changed during
head extension or flexion in children. And the displacement of
the ETT depended mainly on the changes in trachea length.
As a result, further investigation is necessary to compare the
magnitude of the ETT displacement during nasal tracheal
and oral tracheal intubation after changing head positions in
children.

Conclusion

The ETT tip moved toward the vocal cord in head 45°
extension in pediatric patients, and when the head positions
were in 45° flexion, the ETT tip moved toward the carina. When
the head rotation to the right, the ETT moved toward the glottis,
and there was no substantial displacement in 60° left rotation.
The ETT depth was less impacted by head position changes
in subjects with a reinforced tracheal tube than with a taper-
guard oral tracheal tube. Therefore, we recommend the use of
a reinforced tracheal tube in pediatric surgery.
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