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Head rotation, flexion, and extension alter endotracheal tube

position in adults and children
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Abstract

Purpose The purpose of this study was to evaluate the
effect of head rotation in adults and children on endo-
tracheal tube (ETT) position and to confirm previous
results regarding the influence of head flexion and exten-
sion on ETT position.

Methods After inducing anesthesia in 24 young adults
and 22 children (aged 1-9 yr), ETTs were secured on the
right corner of each of their mouths. Using a fiberoptic
bronchoscope, the distance from the carina to the tip of the
ETT was measured with each patient’s head and neck
placed in a neutral position, flexed, extended, rotated to the
right, and rotated to the left.

Results [n all patients, flexing the head resulted in the
ETT moving towards the carina, and extension resulted in
the tube being displaced in the opposite direction. In
adults, head rotation to the right resulted in withdrawal of
the ETT in all but one patient; displacement was
0.8 £ 0.5 cm (mean & SD) (P < 0.001). Head rotation to
the left resulted in the endotracheal tube being displaced in
an unpredictable direction by 0.1 £ 0.6 cm. In children,
head rotation to the right resulted in withdrawal of the
ETT in all patients; displacement was 1.1 + 0.6 cm
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(P < 0.001). Head rotation to the left also resulted in
partial withdrawal in all patients; displacement measured
0.6 + 0.4 cm (P < 0.001).

Conclusions In adult patients under general anesthesia,
head rotation towards the side of ETT fixation resulted in
partial withdrawal of the tube tip away from the carina,
whereas head rotation to the opposite side displaced the
tube in an unpredictable manner. In children, head rotation
to either side resulted in withdrawal of the ETT away from
the carina.

Résumé

Objectif L’objectif de cette etude etait d’evaluer 1’effet
de la rotation de la téte chez 'adulte et l'enfant sur le
positionnement de la sonde endotracheale et de confirmer
les resultats precedents concernant 'influence de la flexion
et de ’extension de la téte.

Méthode Apreés Uinduction de I’anesthésie chez 24 jeu-
nes adultes et 22 enfants (dges de 1 d 9 ans), les sondes
endotracheales ont ete fixees au coin droit de leurs bou-
ches. A laide d’un bronchoscope d fibre optique, la
distance entre la caréne et le bout de la sonde a ete
mesuree avec la téte et le cou de chaque patient positionne’s
de fagcon neutre, en flexion, en extension, tournes vers la
droite et tournes vers la gauche.

Résultats Chez tous les patients, la flexion de la téte a
provoque’ le mouvement de la sonde endotracheale vers la
carene, et l’extension a provoque le deplacement de la
sonde dans la direction opposee. La rotation de la téte vers
la droite a provoque’ le retrait de la sonde chez tous les
patients adultes, sauf un; le deplacement etait de
0,8 £ 0,5 cm (moyenne + ET) (P < 0,001). La rotation de
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la téte vers la gauche a provoque un deplacement de la
sonde de 0,1 + 0,6 cm dans une direction imprevisible.
Chez les enfants, la rotation de la téte vers la droite a
provoque’ le retrait de la sonde chez tous les patients; le
deplacement etait de 1,1 + 0,6 cm (P < 0,001). La rota-
tion de la téte vers la gauche a egalement provoque” un
retrait partiel de la sonde chez tous les patients; le
deplacement etait de 0,6 = 0,4 cm (P < 0,001).
Conclusion Chez les patients adultes sous anesthesie
generale, la rotation de la téte vers le cote’ ou la sonde etait
fixée a provoque un retrait partiel de la pointe de la sonde
par rapport d la carene, alors que la rotation dans la
direction opposee a provoque un deplacement de la sonde
dans une direction imprevisible. Chez les enfants, la
rotation de la téte de part et d’autre a provoque un retrait
de la sonde endotracheale par rapport d la carene.

Head and neck movements can partially displace the ETT
in a patient’s intubated trachea. Displacements during neck
flexion or extension have been well described.'”” Flexion
may cause carinal stimulation or endobronchial intubation
by advancing the ETT, whereas extension can cause
balloon-induced vocal cord damage or unintentional extu-
bation by withdrawing the tube. However, previous studies
examining the effect of head rotation on ETT position have
generated inconsistent results.>”’ Furthermore, there are
few studies examining the influence of head rotation on
tube position in children.

Endotracheal tube displacement may depend on the
direction of head rotation because the tube is fixed at one
(usually right) corner of the mouth, and the head pivots
on the vertebrae during rotation, not on the trachea.
Therefore, we hypothesized that head rotation towards the
side of fixation can partially withdraw the ETT tip,
whereas rotation to the opposite side will either advance
or withdraw the tube depending on the degree of rotation.
Additionally, the influence of head rotation and its
direction may be different in children because children
have a larger occiput, more supple neck joints, and a
smaller mouth than adults.

This study was performed to assess the effect of right
and left head rotation on ETT displacement and to confirm
previous results regarding the effects of neck flexion or
extension on ETT position. The distance from the tip of the
ETT to the carina was measured in adults and children
using a fiberscopic technique.

Methods

The study protocol was approved by the Institutional
Review Board of Seoul National University Hospital,
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Seoul, Korea. Written informed consent was obtained from
all adult patients and from the parents or legal guardians of
the children. We screened 28 adult males aged <35 yr and
taller than 165 cm and 33 children aged 1-10 yr. Exclusion
criteria included patients with limited neck movement,
neck pain, a history of neck surgery, no dentition, and
refusal to be involved in the study. Three adults were
excluded because of neck pain (1) and refusal (2). Six
children were excluded because of a history of neck sur-
gery (1) and refusal (5). Ultimately, 25 men and 25
children with American Society of Anesthesiologists
(ASA) physical status 1 were enrolled in the study.

Standard monitors were applied in the operating room,
including the electrocardiogram, pulse oximeter, and non-
invasive blood pressure. Each adult’s head was positioned on
a 3 cm high headrest, and each child’s head was positioned
on a 1 cm high towel. After induction of anesthesia with
thiopental 5 mg - kg~' and vecuronium 0.1 mg - kg™ iv,
the patients’ lungs were ventilated with oxygen 4 L - min~"
and sevoflurane 4-6 vol.% inspired concentration. After
confirming muscle relaxation, each adult’s trachea was in-
tubated orally with a cuffed 7.5 mm internal diameter ETT
(Hi-LoTM, Mallinckrodt, Athlone, Ireland). An uncuffed
ETT (Mallinckrodt, Athlone, Ireland) was used for the
children, with the size selected for air leak at an inflation
pressure of 15-35 cm H,O. Each adult’s ETT was posi-
tioned so that the vocal cords were located between the two
black marks on the tube shaft. The position was confirmed by
a tactile sensation of the cuff in the suprasternal notch (cuff
ballottement). In children, the ETT was advanced into the
mainstem bronchus and withdrawn until equal breath sounds
on both lung fields were audible; then the tube was with-
drawn another 2-3 cm before being secured.

After the ETT was taped at the right corner of the
patient’s mouth, the insertion depth was checked at the
upper incisor level. The distance from the ETT tip to
the carina was measured using a fiberoptic bronchoscope
(FOB) (outer diameter 3.7 mm, Karl Storz, Tuttlingen,
Germany; or outer diameter 3.1 mm, Olympus Optical Co.,
Tokyo, Japan). Oxygen 100% was provided during the
measurements, which were performed by a single investi-
gator (J.-T. K.) at end-expiration. Distance from the ETT
tip to the carina was measured as follows:® (1) When the
carina was just visualized at the tip of the FOB, a clip was
placed on the FOB shaft at the level of the swivel elbow
connector; (2) The FOB was then withdrawn until the tip of
the ETT was at the end of the FOB; (3) Next, the distance
between the clip and the uppermost level of the swivel
connector was measured to the nearest 1 mm (Fig. 1). The
measurement was performed in random order with the
patient’s head and neck placed as follows: in a neutral
position, rotated to the right, rotated to the left, fully flexed,
or fully extended.
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Fig. 1 Method of measuring the distance from the carina to the tip of
the endotracheal tube. The tip of the bronchoscope was first held at
the carina with a clip applied at the connector. Then the bronchoscope
was slowly withdrawn to the tip of the endotracheal tube. The clip-to-
connector distance was considered equal to the distance between the
endotracheal tube tip and the carina

Data are expressed as mean £ SD (range). A clinically
significant displacement was defined as movement of the
ETT > 1 cm in either direction. This minimal clinically
important difference was selected on the basis that the
anterior branch of the recurrent laryngeal nerve in adults is
most vulnerable 1 cm below the vocal cords,” and the
distance from the proximal margin of the cuff to the distal
black line on the ETT is approximately 2 cm. Although
cuffed tubes were not used in children, the 1 cm definition
was maintained for consistency, despite the narrower safety
margin of tube position.

The changes of ETT tip position from the neutral
position were analyzed by paired Student’s ¢ tests. Each P-
value for the four tests was adjusted by dividing the critical
P-value of 0.05 by the number of tests.

Results

One adult patient was excluded from the study because of
undetected previous neck surgery, and data from three
children were incomplete due either to transient oxygen
desaturation or lack of time to complete the study. There-
fore, 24 adults and 22 children were studied (Table 1). In
all patients, the Cormack and Lehane laryngeal view

Table 1 Patient characteristics

Adults (n = 24) Children (n = 22)

22 4 3 (20-32) 4.6 £ 2.7 (1.1-9.0)
Weight (kg) 73 £ 11 (59-100) 19.4 £ 7.4 (10.2-36.9)
Height (cm) 175 & 4 (168-185) 106 £ 18 (76-132)

Sex (M/F) 24/0 14/8

Age (year)

Data are presented as mean £+ SD (range)

grade'® under direct laryngoscopy was either 1 or 2. In
adults, the insertion depth at the upper incisor was
22.8 4+ 0.6 (21.5-24.0) cm, and in children, it was 14.5 +
1.9 (12.0-18.0) cm.

The extent of individual displacement of the ETT tip
from the neutral position in adults is shown in Fig. 2. The
tube tip moved toward the carina by 1.3 £ 0.6 (0.5-
2.5) cm with neck flexion (P < 0.001), and away from the
carina by 1.7 = 0.8 (0.4-3.1) cm with neck extension
(P < 0.001). With the exception of one patient, head
rotation to the right withdrew the tube; displacement was
0.8 £0.5 (=0.1 to 1.7) cm (P < 0.001). Rotation to the
left displaced the ETT in an unpredictable manner (no
movement in three patients, advancement in 10 patients,
and withdrawal in 11 patients); mean movement was
0.1 £ 0.6 (—1.0 to 0.9) cm (P = 0.56).

In adults, ETT displacements >1 cm in adults occurred
in 71% of patients during flexion and 79% of patients
during extension. During head rotation to the right, clini-
cally significant (>1 cm) ETT withdrawal occurred in 33%
of patients, and during head rotation to the left, withdrawal
occurred in 4% of patients.

For children, individual displacements of the ETT tip
from the neutral position are shown in Fig. 3. The tip moved
towards the carina by 1.0 £ 0.5 (0.1-2.0) cm with neck
flexion (P < 0.001) and away from the carina by 1.8 £ 0.8
(0.7-3.8) cm with neck extension (P < 0.001). Head rota-
tion either to the right or to the left moved the ETT away
from the carina in all patients. During head rotation to the
right, the ETT tip withdrew by 1.1 £ 0.6 (0.2-2.5) cm
(P < 0.001), and during head rotation to the left, the tip
withdrew by 0.6 £ 0.4 (0.1-1.5) cm (P < 0.001).

In children, clinically significant ETT displacement
(>1 cm) occurred in 50% of patients during flexion and in
90% of patients during neck extension. Withdrawal >1 cm
occurred in 46% of patients during head rotation toward the
ETT fixation side and in 23% of patients during head
rotation to the opposite side.

Discussion

In adults, head rotation towards the side of ETT fixation
displaces the ETT tip away from the carina, while rotation
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to the opposite side displaces the tip in an unpredictable
manner. If the head’s axis of rotation were the trachea, the
movement of the ETT tip would not have been influenced
by the direction of head rotation. However, the head’s axis
of rotation is the cervical vertebral column, and the trachea
is located anterior to this column. Therefore, head rotation
towards the tube fixation side withdraws the ETT tip when
the fixation site is at one corner of the mouth. The move-
ment of the tube during head rotation to the non-fixation
side may depend on the degree of rotation and the size of
the patient’s mouth.

In contrast to adults, a child’s head rotation to either
side withdraws the ETT tip from the carina. The reason
for this discrepancy between adults and children may be
that the occipital size relative to the cranium is greater in
children than in adults. In addition, the results might be
affected by a smaller mouth, a tube fixed closer to the
midline, a more supple neck joint, and a greater degree
of rotation. We also noticed in children that withdrawal
was greater with rotation towards the fixation side.
Although a component of neck extension may be added
when the head is rotated, the basic mechanism of ETT
movement during head rotation may be similar to that in

@ Springer

adults. As a result, the tube displacement was greater
during rotation to the fixation side than to the non-fix-
ation side.

According to a previous study in adults, head rotation is
not associated with any consistent inward or outward
movement.”> However, there was no standardization of
patients’ characteristics, such as age, dentition, height, and
weight. Furthermore, the presence of an oral airway was
not specified, which may be associated with restriction of
ETT movement. Every effort was made in our study to
eliminate these confounding factors by confining gender,
age, and height, by applying consistent head positions
without an oral airway, by fixing the ETT tightly at the
mouth, and by confirming the smooth curvature of the tube
by palpation in the oral cavity.

In their radiographic study in pediatric patients, Olufo-
labi et al. concluded that head rotation either to the right or
to the left did not result in movement of the ETT tip in any
consistent pattern.7 However, closer inspection of their
results reveals that head rotation to the right withdraws the
tip of the tube away from the carina to a greater degree than
rotation to the left. In that study, it was concluded that even
flexion of the neck did not displace the ETT significantly.
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Fig. 3 In children, individual 8
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Therefore, there is a possibility that the tube movement
was underestimated.

In their adult study, Hartrey and Kestin reported that
head rotation to the right moved the ETT tip a mean of
2 mm away from the carina, while rotation to the left
moved it a mean of 4 mm towards the carina.® In our study,
head rotation to the fixation side moved the ETT tip by a
mean of 7-8 mm away from the carina, while rotation to
the non-fixation side moved the tip in an unpredictable
manner. Since our subjects were young males, the degree
of rotation might have been greater than in the other
studies, and this may be regarded as one limitation of our
study.

Movement during head rotation was less than that
observed during neck extension or flexion. Significant
withdrawal (>1 cm) occurred in 79% of adults and 90%
of children during neck extension. Neck flexion signifi-
cantly displaced the tube in 71% of adults and 50% of
children. We found that head rotation to the fixation side
produced significant displacement in 33% of adults and
46% of children, while head rotation to the opposite side
displaced the ETT significantly in 4% of adults and 23%
of children. Therefore, special care is warranted to
maintain desired ETT position, especially in children
during head rotation.

Rt Rotation

Neutral Lt Rotation

This study has several limitations. Data collection was
performed by unblinded observers, which may have
introduced a possible source of bias. In addition, we col-
lected the data with ETT fixation on the right side only,
which is the usual fixation side. However, as normal airway
anatomy is symmetrical, it is unlikely that any difference
between right-sided and left-sided ETT fixation would
have been of clinical importance. Finally, ETT movement
could be proportionately greater in infants, so further
studies in this age group are warranted.

In conclusion, in both adults and children under general
endotracheal anesthesia, head rotation towards the ETT
fixation side can withdraw the ETT tip away from the ca-
rina. Head rotation to the non-fixation side can withdraw
the ETT in children, but not in adults. Because age and
direction of rotation influence the displacement of the ETT
tip during head rotation, anesthesiologists should carefully
consider the direction of head rotation and the patient’s age
when positioning the head and neck of patients with orally
intubated tracheae.
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