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Editor’s key points

† Operating table height
influences anaesthetist
comfort and laryngoscopy
view during airway
manoeuvres.

† These procedures were
performed with the table
set at one of four heights
relative to the
anaesthetist’s anatomy.

† Comfort during mask
ventilation was best with
the patient’s face at
mid-abdomen height.

† Comfort and view were
optimal during intubation
with the patient’s face at
xiphisternum height.

Background. The present study was conducted to investigate the influence of different
operating table heights on the quality of laryngeal view and the discomfort of the
anaesthetist during enodotracheal intubation.

Methods. Eight anaesthetists participated, to each of whom 20 patients were allocated. Before
induction of anaesthesia, the height of the operating table was adjusted to place the patient’s
forehead at one of four landmarks on the anaesthetist’s body (the order being determined by
block randomization with eight blocks): umbilicus (Group U), lowest rib margin (Group R),
xiphoid process (Group X), and nipple (Group N). Next, the anaesthetist began the
laryngoscopy and evaluated the grade of laryngeal view. For this ‘initial posture’, the
anaesthetist was not allowed to adjust his or her posture (flexion or extension of the neck,
lower back, knee, and ankle). This laryngeal view was then re-graded after these constraints
were relaxed. At each posture, the anaesthetist’s joint movements and discomfort during
mask ventilation or intubation were evaluated.

Results. The laryngeal view before postural changes was better in Group N than in Group U
(P¼0.003). The objective and subjective measurements of neck or lower back flexion during
intubation were higher in Group U than in Groups X and N (P,0.01 for each). The
improvement of laryngeal view resulting from postural changes correlated with the
anaesthetist’s discomfort score before the postural change (P,0.01).

Conclusions. Higher operating tables (at the xiphoid process and nipple level of the
anaesthetist) can provide better laryngeal views with less discomfort during tracheal
intubation.

Trial registry number. NCT01649973 (clinicaltrials.gov).

Keywords: human engineering; intubation; laryngoscopy; patient positioning

Accepted for publication: 25 August 2013

Operating table height can influence task performance and
physical/mental workload.1 2 There have been few studies of
the correlation between the operating table height and the
quality of laryngeal view during direct laryngoscopic intub-
ation.3 In an editorial on anaesthetist stature and patient posi-
tioning, Heath3 highlighted the benefits of using an adjustable
operating table and the ergonomic benefits of different
heights—high during cannulation to prevent back discomfort,
a bit lower for airway management, and even lower for short
trainees. It has been suggested that the patient’s face should
be placed at the height of the anaesthetist’s xiphoid process
for comfortable intubation without requiring the anaesthetist
to bend his/her back4 – 6 and that the physician’s eyes should

be placed 1 foot (�30 cm) above the patient’s face to provide
proper angles and distances for laryngoscopy.7 However,
these results are based on clinical experience rather than sci-
entific validation.

The aim of this study wasto evaluatethe qualityof the laryn-
geal view (primary variable) and the anaesthetist’s discomfort
(secondary variable) associated with four different operating
table heights during tracheal intubation. Based on our clinical
experience, we hypothesized that higher operating tables
would improve the quality of the laryngeal view and decrease
anaesthetists’ discomfort during tracheal intubation by redu-
cing the need to bend their neck or lower back when compared
with lower operating tables.
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Methods
This study was approved by the Institutional Review Board of
Seoul National University Bundang Hospital (IRB no.
B-1003-096-012) and was registered on clinicaltrials.gov
(registration number NCT01649973).

Study population

A total of 160 patients who were undergoing elective surgery
under general anaesthesia through tracheal intubation were
included in the study. Written consent was given by each
patient after a complete description of the protocol. Twenty
patients (ASA I–III) were allocated to each anaesthetist.
Each anaesthetist’s patients were randomly divided into four
groups using sealed opaque envelopes—Groups U, R, X, and
N, in whom the height of the operating table was set at the
level of the umbilicus, lowest rib margin, xiphoid process, and
nipple, respectively, of the anaesthetist. The four body land-
marks were chosen because they were in the range of com-
monly used operating table heights in clinical situations and
were easy to check. The following patients were excluded
from the study: those with obesity [body mass index (BMI)
.30], those aged ,18 or .85 yr, those with congenital or
acquired airway abnormalities, those with loose teeth or eden-
tulous jaws, and those with increased risk of aspiration.

Study procedure

One day before operation, the airway was assessed by an an-
aesthesia trainee who was blinded to the patient groups. The
airway assessments included measurement of inter-incisor
distance, thyromental distance, and neck circumference, and
Mallampati classification (Class 1, the soft palate, fauces,
uvula, and pillars are visible; Class 2, the soft palate, fauces,
and uvula are visible; Class 3, the soft palate and base of
uvula are visible; Class 4, the soft palate is not visible).8 9 All
patients were fasted for .8 h before operation.

Patients were pre-medicated with i.v. midazolam (0.03 mg
kg21) 10 min before anaesthesia and placed in the supine pos-
ition with a 6 cm pillow under their head. Routine monitoring,
including non-invasive arterial pressure measurement, periph-
eral oxygen saturation (SpO2

), and electrocardiography, was
used. The height of the operating table was adjusted to place
the patient’s forehead at the level of one of the four landmarks
as determined by the patient group assignment: the umbilicus,
lowest rib margin, xiphoid process, and nipple level of the an-
aesthetist (Fig. 1). After pre-oxygenation, anaesthesia was
induced with i.v. propofol (1.5 mg kg21) and alfentanil (0.01
mg kg21). For muscle relaxation, i.v. rocuronium (0.6 mg
kg21) was administered, and manual ventilation was provided
with a gradual increase of inspired sevoflurane to 6–8 vol%.
Two minutes after rocuronium injection, tracheal intubation
was performed under direct laryngoscopy using a Macintosh
curved blade size 3.

Outcome measures

During mask ventilation, the anaesthetist was directed to take
‘initial posture,’ that is, the natural standing position with his or

her eyes on the face mask or on the chest movement of the
patient.

During tracheal intubation, the anaesthetist inserted the la-
ryngoscope into the patient’s mouth and evaluated the grade
of laryngeal view in the initial posture. In the initial posture, no
changes in flexion or extension of the neck, lower back, knee,
and ankle of the anaesthetist were allowed. Arm, hand, or
both movements were allowed to expose the patient’s laryn-
geal aperture. The laryngeal view was re-graded after the an-
aesthetist was allowed to adjust his or her posture with no
restriction on movement. The laryngeal views were graded
using the Cormack and Lehane criteria: Grade 1, complete visu-
alization of the vocal cords; Grade 2, visualization of the inferior
portion of the glottis; Grade 3, visualization of only the epiglot-
tis; and Grade 4, non-visualization of the epiglottis.10

An anaesthesia trainee who was not aware of the details of
the study took pictures of the process of tracheal intubation
from either the left or the right side of the anaesthetist. The
anaesthetist’s postural changes, such as wrist deviation, arm
elevation, and neck/lowerback flexion during mask ventilation,
and the degree of arm elevation and neck/lower back/knee
flexion during tracheal intubation were recorded from the pic-
tures by a research assistant who was also not aware of the
details of the study. The degrees of joint flexion (angles) were
measured using a protractor from the line perpendicular to the
long axis of the arm, neck, lower back, or thigh. Wrist deviation
indicates the degree of upward or downward movement rela-
tive to the forearm from the imaginary line drawn from the long
axis of the forearm to the base of the middle finger (Fig. 1A).

After completion of anaesthetic induction, the anaesthetist
recorded their subjective assessment of wrist exertion during
mask ventilation and joint strains (exertion of the wrist or
arm, flexion of the neck, lower back, or knee) and tip toeing
during tracheal intubation. The degrees of task discomfort
during mask ventilation or tracheal intubation were graded
(1¼no discomfort, 2¼mild discomfort, 3¼moderate discom-
fort, and 4¼severe discomfort).

Two intubation attempts were allowed and failure to intub-
ate orclinical signs orevidence of desaturation (SpO2

,90%) led
to the patient being excluded from the study.

Sample size analysis

The sample size required for the present study was estimated
from a pilot study (10 patients each for Groups N and U) in
which the difference in the grade of the laryngeal view
(Cormack L. class) before postural changes was 1 (estimated
median value was 3 in Group U and 2 in Group N). When a differ-
ence of 1 (25% improvement) in the grade was accepted, 33
patients per group were required for a two-tailed a-error of
0.5% (0.05/10, 0.05 was divided by 10 as the group for the
pilot study was 2) and a b-error of 10%. Seven patients were
added to each group to compensatefor the possible loss of data.

Statistical analysis

Continuous variables were expressed as the mean [standard
deviation (SD)], whereas categorical variables were presented
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