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Comparison of the Bullard and Macintosh

Laryngoscopes for Endotracheal Intubation of

Patients with a Potential Cervical Spine Injury
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David M. Pelz, F.R.C.P.C.t

Background: In the emergency trauma situation, in-line sta-
bilization (ILS) of the cervical spine is used to reduce head and
neck extension during laryngoscopy. The Bullard laryngo-
scope may result in less cervical spine movement than the
Macintosh laryngoscope. The aim of this study was to compare
cervical spine extension (measured radiographically) and
time to intubation with the Bullard and Macintosh laryngo-
scopes during a simulated emergency with cervical spine pre-
cautions taken.

Methods: Twenty-nine patients requiring general anesthesia
and endotracheal intubation were studied. Patients were
placed on a rigid board and anesthesia was induced. Laryngos-
copy was performed on four occasions: with the Bullard and
Macintosh laryngoscopes both with and without manual ILS.
Cricoid pressure was applied with ILS. To determine cervical
spine extension, radiographs were exposed before and during
laryngoscopy. Times to intubation and grade view of the lar-
ynx were also compared.

Results: Cervical spine extension (occiput-C5) was greatest
with the Macintosh laryngoscope (25.9° + 2.8°). Extension was
reduced when using the Macintosh laryngoscope with ILS
(12.9 + 2.1°) and the Bullard laryngoscope without stabiliza-
tion (12.6 = 1.8°; P < 0.05). Times to intubation were similar
for the Macintosh laryngoscope with ILS (20.3 + 12.8 s) and
for the Bullard without ILS (25.6 = 10.4 s). Manual ILS with
the Bullard laryngoscope results in further reduction in cervi-
cal spine extension (5.6 = 1.5°) but prolongs time to intubation
(40.3 = 19.5 s; P < 0.05).

Conclusions: Cervical spine extension and time to intuba-
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tion are similar for the Macintosh laryngoscope with ILS and
the Bullard laryngoscope without ILS. However, time to intuba-
tion is significantly prolonged when the Bullard laryngoscope
is used in a simulated emergency with cervical spine precau-
tions taken. This suggests that the Bullard laryngoscope may
be a useful adjunct to intubation of patients with potential
cervical spine injury when time to intubation is not critical.
(Key words: Anesthetic technique: tracheal intubation. Equip-
ment: laryngoscope. Spine: cervical; motion).

THE anesthesiologist is frequently involved in the early
management and resuscitation of patients who have
sustained trauma injuries. They may be responsible for
endotracheal intubation for airway protection, for con-
trolled ventilation, or administration of general anesthe-
sia. When cervical spine stability is not in question,
anesthesia is induced and the airway is secured by oral
endotracheal intubation using direct laryngoscopy and
application of cricoid pressure. However, in the emer-
gency trauma situation, when there is potential for cer-
vical spine injury, methods to stabilize the cervical spine
are used to reduce cervical spine movement during air-
way manipulation. Manual in-line stabilization (ILS) is
the method advocated in the Advanced Trauma Life
Support Student Manual." In-line stabilization has been
shown to be safe during endotracheal intubation.?™*

The Bullard laryngoscope is an anatomically shaped,
rigid instrument that uses fiberoptic bundles to obtain
an indirect view of the larynx. It has been described in
detail elsewhere.”® When using the Bullard laryngo-
scope, the oral, pharyngeal, and tracheal axes do not
have to be aligned to view the larynx and it may result
in less extension of the head and cervical spine during
laryngoscopy and endotracheal intubation.”® It has
been suggested, therefore, that the Bullard laryngo-
scope may be the instrument of choice in the emer-
gency trauma situation for patients with suspected in-
jury to the cervical spine.” '’

Potential drawbacks are associated with the use of
the Bullard laryngoscope. First, there is a learning curve
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associated with its use, and more training may be re-
quired to use it in a competent manner than is necessary
with the Macintosh laryngoscope.’ Second, greater time
may be required for endotracheal intubation with the
Bullard than with the Macintosh laryngoscope either
due to lack of experience with the Bullard laryngoscope
or difficulty with manipulation of the larger laryngo-
scope blade in the upper airway. If laryngoscopy is
prolonged and intubation of the trachea delayed, the
patient may be at risk for hypoxia.®

To date, no studies have evaluated the Bullard laryngo-
scope and its use in the emergency trauma setting when
cervical spine injury is suspected. In this situation, the
apparent advantage of decreasing cervical spine move-
ment during laryngoscopy with the Bullard laryngo-
scope may be balanced because the head and neck are
routinely stabilized during airway manipulation. Given
these observations, we compared the Bullard and Mac-
intosh laryngoscopes in a simulated emergency situa-
tion. We determined (1) the amount of head and neck
extension during laryngoscopy with both the Bullard
and Macintosh laryngoscopes, (2) the time required for
intubation, (3) the Cormack and Lehane grade view of
the larynx'' at laryngoscopy, and (4) oxygen saturation.

Methods

Approval for the study was obtained from the Review
Board for Health and Sciences Research Involving Hu-
man Subjects of the University of Western Ontario, Lon-
don, Ontario. Written and informed consent was ob-
tained from patients classified as American Society of
Anesthesiologists physical status I-III, aged 18 years or
older, who were undergoing elective surgery requiring
general anesthesia with endotracheal intubation. Pa-
tient exclusion criteria included a history of (1) known
or suspected cervical spine injury or disease, (2) gastro-
esophageal reflux or risk of pulmonary aspiration, and
(3) a previous difficult or failed intubation.

Preoperative clinical assessment of the patients en-
sured normal head and cervical spine movement. All
patients had a grade I Mallampati'” view of the orophar-
ynx. While awake, the patients were placed on the
operating room table with a rigid board under their
head, neck, and torso. Patients were placed on this
board to simulate the table on which patients involved
in trauma are placed in the emergency room.

Anesthesia was induced with 1-2 mg/kg propofol
and 2.5 pug/kg fentanyl and then maintained initially
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with nitrous oxide, oxygen, and isoflurane. Patients
were then ventilated with isoflurane in 100% oxygen for
3 min before laryngoscopy to simulate preoxygenation.
Muscle relaxation was achieved with 0.8 mg/kg rocuro-
nium. Once paralysis had occurred, as determined by
a peripheral nerve stimulator, the sequence of laryngo-
scopies was undertaken.

Laryngoscopy and intubation were performed in all
patients by one anesthetist (A.D.J.W.) who had per-
formed more than 50 intubations using the Bullard la-
ryngoscope before the study began. Laryngoscopy was
performed four times in each patient: with the Bullard
laryngoscope (with and without manual ILS) and with
the Macintosh laryngoscope (with and without manual
ILS). The order in which the laryngoscopes were used
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was determined by randomization, as was the order of &

application of ILS or no stabilization. Cricoid pressure
was applied with ILS to complete the simulation of the
emergency intubation sequence. The aim of ILS was to
maintain the patient’s head in the neutral position dur-
ing laryngoscopy by applying a force that was equal and
opposite to the forces generated during laryngoscopy.

The Bullard laryngoscope was used as described by
Cooper et al'’ with the dedicated, nonmalleable intu-
bating stylet. This stylet is designed specifically for use
with the Bullard laryngoscope and must be preloaded
with the distal end of the stylet protruding through the
Murphy’s eye of the endotracheal tube. If the endotra-
cheal tube is not loaded in this manner then it is not
possible to see the tip of the tube, which will inhibit
intubation.” The Bullard laryngoscope differs from the
Macintosh laryngoscope in that the end of the blade is
used to retract the epiglottis. In all cases, the plastic
extension for the distal tip of the laryngoscope’s blade
was used to aid in “‘capturing’’ the epiglottis. For direct
laryngoscopy, a size 3 Macintosh laryngoscope was
used in all patients. All male patients were intubated
with a 7.5-mm inner diameter endotracheal tube and
women with a 7-mm inner diameter endotracheal tube.
With laryngoscopy, the glottis was exposed to enable
positioning of the endotracheal tube at the vocal cords.
After the final laryngoscopy in the above sequence, the
trachea was intubated.

Five lateral radiographs of the patients’ necks were
obtained using a General Electric Stenescope Image In-
tensifier (Milwaukee, WI). This fluoroscopic system pro-
vides fixed images from which hard copies are gener-
ated with a matrix camera. Patients served as their own
controls. The first image exposed was a reference im-
age, obtained after the induction of anesthesia and be-
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CERVICAL SPINE MOTION DURING SIMULATED SPINE PRECAUTIONS

Fig. 1. Representative radiograph showing the reference lines
for the base of the skull (C0) and the cervical vertebrae (C1,
C2, and C5) used to determine relative movement during laryn-
goscopy.

fore laryngoscopy and intubation, with the patient posi-
tioned in the neutral position on the operating room
table. A further four radiographs were exposed, two
with the Bullard laryngoscope (with and without stabili-
zation) and two with the Macintosh laryngoscope (with
and without stabilization). These images were taken
at the time of laryngeal exposure, with the tip of the
endotracheal tube positioned at the opening of the lar-
ynx.

The radiographs were reviewed by two radiologists
who were blinded to the order of the intubation tech-
niques and unfamiliar with the laryngoscopes being
studied. They had no knowledge of the other criteria
being used to assess laryngoscopy and intubation in the
patients.

On each image (five per patient), lines were drawn
to mark the relative positions of the cranium (or occi-
put), the atlas (C1), the axis (C2), and the fifth cervical
vertebra (C5) (fig. 1). The reference line of the occiput
was a line from the inferior aspect of the sella turcica
to the most dorsal and caudal portion of the occiput.
For the atlas, the reference line was the tangent be-
tween the anterior and posterior arches. The reference
line for C2 and C5 was a line drawn from the junction
of the anterior aspect of the vertebral body and the
superior vertebral plate to the spinous process. The
angle between each of these lines and an arbitrary refer-
ence line drawn on each radiograph was measured to
determine the degree of angulation of C1, C2, and C5
relative to the occiput and to each other. The degree
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of angulation between the occiput and C1, C2, and C5
was calculated for each film and compared with the
reference radiograph for that patient. Changes in angu-
lation from film to film reflect different degrees of
flexion or extension of the cervical spine during laryn-
goscopy (fig. 2). Extension was recorded as a positive
value, as in previous studies.”'*'" Sometimes some of
these defined points could not be identified in some
the patients. In these cases, identical and reproducible
landmarks that could be identified on all five radio-
graphs for a patient (such as the basal plates of the
vertebral bodies in question) were used instead and the
appropriate measurements were obtained.

Time to intubation was recorded as the time from
when the laryngoscope blade passed the teeth of the
patient until the time the endotracheal tube sat at the
opening of the larynx. For the Bullard laryngoscope,
this meant that the endotracheal tube must have been
advanced off the end of the dedicated intubating stylet
and the tip of the endotracheal was free and overlying
the vocal cords. The time to intubation for the last
laryngoscopy in each sequence was the time from when
the laryngoscope blade passed the teeth until the tra-
chea was intubated. If the intubation sequence was
longer than 120 s, it was deemed a failure and was
recorded as such.

The Cormack and Lehane view of the larynx was
graded for all patients and oxygen saturation at the time
of intubation was recorded.

Demographic data and times to intubation are re-
ported as means * SD. Extension of the occiput and
cervical spine with laryngoscopy are reported as means
+ SD. Comparison of the times to intubation and cervi-
cal spine extension was performed using analysis of
variance for repeated measures, followed by multiple
comparisons with the Student-Newman-Keuls test. The
difference in grade view of the larynx obtained with
each laryngoscope with and without ILS was compared
using the chi-square test.

Results

Twenty-nine patients were studied, of whom 24 had
complete sets of five radiographs. Sixteen patients were
women and 13 were men, with a mean age of 38.7 +
15 yr (range, 19-68 yr). Patients weighed 79 + 11 kg
(range, 60-113 kg). The data for cervical spine exten-
sion and time to intubation were distributed normally.

Table 1 shows the mean cervical spine extension from
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Fig. 2. Radiographs representative of the extension seen during laryngoscopy using the Macintosh and Bullard laryngoscopes
with and without manual in-line stabilization (ILS). (4) Macintosh, (B) Macintosh with ILS, (C) Bullard, and (D) Bullard with ILS.

Table 1. Cervical Spine Extension with Laryngoscopy and
Intubation

MAC MAC-ILS BUL BUL-ILS
Oce/C1  11.4 = 1.6 68+16 45=11 3.6+ 1.4
C1/C2 8: 98 =0 6:28=2018 a7 e 01T/ 245681048
Occ/C2 204 +24 131 +1.7 9.3 + 16 6.2+ 1.4
C2/C5 56 2= Ad =02 = 3.3 =08 0.7 =09
Occ/C5 25.98=20"8 128 2= 2 1248 == 9|4 518 2= 1.5

Values are mean + SD (°). C-spine extension is greatest at all levels during
laryngoscopy with the Macintosh laryngoscope. Comparable extension is
seen with the Bullard laryngoscope and the Macintosh laryngoscope with ILS
at all levels except Occ/C2. When extension is examined from Occ/C2, the
Bullard results in less motion than the Macintosh laryngoscope with ILS.
Extension is further reduced by applying ILS with the Bullard laryngoscope.
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the baseline reference radiograph. A positive value de-
notes extension and negative value denotes flexion. Ex-
tension is shown between the occiput-atlas and be-
tween the atlas-axis. In addition, extensions for the oc-
cipitoatlantoaxial complex (occiput-C2), from C2 to C5
and for the cervical spine as a whole from the level of *
the occiput to C5 (occiput-C5) are shown.

Most of the extension with laryngoscopy and intuba-
tion occurs between the occiput and C2. Cervical spine
extension (occiput-C1, C1-C2, and occiput-C5) is great-
est during laryngoscopy and intubation with the Macin-
tosh laryngoscope. The amount of cervical spine exten-
sion (occiput-C5) is similar when comparing the Macin-
tosh-ILS (12.9 = 2.1°) and the Bullard laryngoscope
without stabilization (12.6 + 1.8°% fig. 3). The extension
observed under both of these conditions was less than
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Fig. 3. The cervical spine extension (occiput-C5) and the times
to intubation with each of the intubation sequences. Standard
error bars are included. Time to intubation is fastest when
using the Macintosh laryngoscope without ILS, but cervical
spine extension is greatest. The cervical spine extension and
times to intubation are similar with the Macintosh laryngo-
scope with ILS and the Bullard laryngoscope without ILS. The
least amount of cervical spine extension is seen when using
the Bullard laryngoscope with ILS.

with the Macintosh without ILS (25.9 + 2.8% P < 0.05).
When the occiput-C2 complex is considered, the Bul-
lard laryngoscope (9.3 * 1.6°) results in less cervical
spine extension than does the Macintosh laryngoscope
with ILS (13.1+ 1.7°; P < 0.05). The extension that
occurs with the Bullard laryngoscope is further reduced
when using ILS at both the levels occiput-C2 (6.2 +
1.4°) and when the cervical spine is considered as a
whole (5.6 + 1.5°). If relative movement of the cervical
spine between C2 and C5 is examined, there appears
to be a tendency of the assistant to flex the neck with
application of ILS. This is illustrated by the negative
angles in this segment of the cervical spine with ILS
(table 1).

Figures 3 and 4 show the mean times to intubation.
The most expedient method for securing the airway
was using the Macintosh laryngoscope without ILS
(12.3 = 3.7 s; P < 0.05). There was no difference in
times to intubation when comparing the Bullard laryn-
goscope without ILS (25.6 = 10.4 s) and the Macintosh
laryngoscope with ILS (20.3 + 12.8 s). When the Bullard
laryngoscope was used with ILS, the time to intubation
(40.3 = 19.5 s) was significantly longer than all other
methods of intubation. There were no failures of intuba-
tion (Ze., time longer than 120 s) in any group.

A grade I view of the larynx was obtained in all pa-
tients when the Bullard laryngoscope was used without
ILS. The view of the larynx deterioriated with applica-
tion of ILS and cricoid pressure in two of these patients.
When we used the Macintosh laryngoscope, a grade 11
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view of the larynx was obtained in four patients without
ILS. The view of the larynx deteriorated in 19 patients
with application of ILS and cricoid pressure (P < 0.05).
A grade III view of the larynx was obtained in four
patients when we used the Macintosh laryngoscope
with ILS.

All patients had an oxygen saturation of 96% or more
at the time of intubation. There were no significant
changes in oxygen saturation during the laryngoscopy
sequences.

Discussion

This study shows that cervical spine extension during
laryngoscopy is greatest when using the Macintosh la-
ryngoscope. This cervical spine extension may be re-
duced by either applying manual ILS while the Macin-
tosh laryngoscope is used or by using the Bullard laryn-
goscope. In addition, application of ILS when using the
Bullard laryngoscope further reduces extension during
laryngoscopy.

Cervical spine injury occurs in as many as 3-10% of
all major trauma cases.”””"” Direct laryngoscopy is the
most expedient way to facilitate endotracheal intuba-
tion. However, this requires flexion of the neck and
extension at the atlanto-occipital joint to best expose
the larynx.'® In the patient with a cervical spine injury,

& = |AC
0 MAC-ILS
50 | — BUL
MM BUL-ILS
40
oy
ﬁ 30
o
E 2
=
10
il

Method of Intubation

Fig. 4. This histogram shows time to intubation (+ SD) during
each laryngoscopy sequence. The times to intubation are simi-
lar when comparing the Bullard without ILS and the Macintosh
laryngoscope with ILS. The fastest method of intubation is the
Macintosh laryngoscope without ILS and the greatest time to
intubation was required when using the Bullard laryngoscope
with ILS.
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airway manipulations may be associated with spinal
cord damage.'”* Thus cervical spine movement during
these maneuvers must be minimized to reduce this
risk.”' ~** The safety of laryngoscopy with the applica-
tion of ILS has been demonstrated.” *** We have tried
to define a role for the Bullard laryngoscope in the
patient with potential cervical spine injury.

In this study, the greatest proportion of extension
occurred from the occiput through C2, which would
be anticipated based on normal anatomy.”> The degree
of extension was similar to previously reported re-
sults.”"*"* Fitzgerald et al."* found in patients studied
radiographically during intubation that most of the cer-
vical spine extension occurred between the occiput
and C2 and that minimal extension occurred below
the level of C3. In a dynamic study of cervical spine
movement during laryngoscopy, Sawin ef al."’ found
mean extension of 12° between the occiput and C2 at
the times of greatest cervical spine motion and that this
movement accounted for most of the cervical spine
extension during laryngoscopy. These values for exten-
sion are less than those determined in our study (mean
extension occiput-C2, 20.4 + 2.4°) using the Macintosh
laryngoscope. In their study, placement of a foam pad
under the occiput may have enabled the intubator to
more easily align the oral-pharyngeal - tracheal axes and
thus reduce the need to extend the neck to expose the
larynx.

Use of the Bullard laryngoscope resulted in reduced
cervical spine extension at all levels assessed. Extension
of the cervical spine (occiput-C5) was reduced from
25.9 = 2.8° using the Macintosh laryngoscope to 12.6
+ 1.8” using the Bullard laryngoscope. In a study design
similar to ours, Hastings et al.” found decreased cervical
spine extension using the Bullard laryngoscope at the
atlanto-occipital, C3-C4 joints and for the cervical spine
from the occiput to C4 (median extension of 17° with
the Bullard compared with a median extension of 31°
with the Macintosh laryngoscope). Extension during lar-
yngoscopy was less in our study. This may be because
we tried to position the endotracheal tube at the open-
ing of the larynx rather than obtain a ‘‘best view of the
larynx” when the radiographs were exposed.

Further, we have shown that when studying the unsta-
bilized cervical spine (occiput-C5), laryngoscopy with
the Bullard laryngoscope results in similar cervical spine
extension as the Macintosh laryngoscope and ILS (table
D). In-line stabilization has been shown to reduce head
extension during exposure of the larynx™ and to de-
crease cervical spine motion assessed radiographically
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during intubation.””*® Of note in our study is that less
extension occurs through the occiputoatlantoaxial
complex when using the Bullard laryngoscope. This
suggests that if minimal movement is critical, especially
of the upper cervical spine, the Bullard laryngoscope
may be the instrument of choice for laryngoscopy. Ap-
plication of ILS resulted in a further significant reduc-
tion in cervical spine extension during laryngoscopy
with the Bullard laryngoscope in this study.

We found that the most expedient way to secure the
airway is to use the Macintosh laryngoscope. However,
time required to intubate the trachea is significantly
increased when constraints on cervical spine move-
ment are imposed with application of ILS and cricoid
jpnEssuiRe (12:5) 25 3.7 28, 0.5 28 1246 & /2 =< 005), e
times required for intubation with a Macintosh laryngo-
scope are similar to those found by Sawin et al ' In
their study, all patients were intubated in less than 15
s. Nolan and Wilson® assessed times to intubation in
patients with a simulated cervical spine injury using
both ILS and cricoid pressure and found that when
considering all grades of laryngeal view, the median
time to intubation was 20 s.

Times to intubation using the Bullard laryngoscope,
in this study, are similar to others reported in the litera-
ture.'”* In our hands, intubation took 25.6 + 10.4 s
using the Bullard laryngoscope. Twenty-two of 29 pa-
tients (76%) were intubated in less than 30 s when using
the Bullard laryngoscope under standard conditions. In
their study, Cooper et al.'’ found 70% of patients were
intubated in less than 30 s using the new, dedicated
intubating stylet. Time to intubation with the Bullard
laryngoscope in the simulated emergency with the use
of ILS and cricoid pressure increased to 40.3 + 19.6 s.
Cohn and Zornow™ found in patients with cervical
spine injury that although visualization of the larynx
may occur relatively quickly, the time required to intu-
bate the trachea still took an average of 46.1 = 18.98
s. Time to intubation significantly increased with appli-
cation of ILS and cricoid pressure, and may reflect
greater difficulty with insertion and then manipulation
of the larger blade of the Bullard laryngoscope under
these conditions or distortion of airway anatomy by
cricoid pressure. However, it should be noted that ap-
plication of ILS and cricoid pressure resulted in a similar
proportional increase in time to intubation (compared
with standard conditions) with both the Macintosh
(65%) and the Bullard (57%) laryngoscopes.

This study shows that there is better exposure of the
larynx during laryngoscopy with the Bullard than with
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the Macintosh laryngoscope. This disparity in grade
view of the larynx was most apparent with the applica-
tion of ILS. Application of ILS resulted in a deterioration
in grade view of the larynx when using the Macintosh
laryngoscope in 19 of 29 (65%) patients. In contrast,
only two patients (7%) presented an inferior view of
the larynx after application of ILS and cricoid pressure
when using the Bullard laryngoscope. This suggests that
inability to align the oral, pharyngeal, and tracheal axes
impairs exposure of the larynx with the Macintosh la-
ryngoscope, whereas the Bullard laryngoscope, a fi-
beroptic device, depends less on cervical spine exten-
sion to expose the larynx. However, despite this im-
proved ability to visualize the larynx with the Bullard
laryngoscope, the time to intubation was greater than
when using the Macintosh laryngoscope under similar
conditions. It is unlikely, in our opinion, that this in-
creased time to intubation with the Bullard laryngo-
scope reflects inexperience with its use. Rather, the
larger and more cumbersome Bullard laryngoscope is
relatively more difficult to manipulate in the patient’s
upper airway.

Study Limitations

This study was performed in the operating room un-
der ideal conditions and thus may underestimate both
the degree of cervical spine extension and time to intu-
bation compared with true emergency situations.

All laryngoscopies were performed by one investiga-
tor. Given the nature of the study, this investigator
could not be blinded to the laryngoscopes used and the
intubation sequence. This investigator potentially may
have introduced bias that could have resulted in greater
cervical spine extension or longer times to intubation
with one of the laryngoscopes. However, both the de-
gree of cervical spine extension and the times to intuba-
tion of patients were similar to those reported in other
studies in the literature. Although the investigator per-
forming the intubations was not blinded to the intuba-
tion sequence, the radiologists who examined the radio-
graphs were blinded to both the order in which the
laryngoscopes were used and to other criteria used to
assess the intubation sequences.

When measuring times to intubation in this study, we
defined the time of “‘intubation” as the time when the
tip of the endotracheal tube was positioned at the vocal
cords, except for the final intubation in the sequence
of four. This definition differed slightly from other stud-
ies'"*”%° in which intubation time was recorded as
when the endotracheal tube was in the trachea. We
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believed that it was unethical to intubate each patient
on four occasions. For this reason, the patients were
only intubated once and the times were recorded as
stated in Methods. Although some may argue that this
may have reduced times to intubation, particularly with
the Bullard laryngoscope, we do not believe this oc-
curred. The investigator performing the intubations was
well practiced in the use of the Bullard laryngoscope,
and our experience suggests that once the endotracheal
tube has been advanced off the intubating stylet, has
advanced beyond the right arytenoid cartilage, and over-
lies the vocal cords, then intubation of the trachea is
straightforward.

Other investigators have tried to quantitate head ex-
tension or cervical spine motion during laryngoscopy
and intubation. We have assessed movement (ex-
pressed as extension/flexion) relative to a reference ra-
diograph of the cervical spine. For this to be achieved,
identical anatomic points must be identified on each
set of radiographs. Although in most patients readily
identifiable anatomic landmarks could be used, in some
patients these landmarks could not be seen in all five
radiographs of each set. We concur with Sawin et al. "
that it is of no importance which points are used pro-
vided identical points can be identified on each of the
five radiographs in a single patient.

Our study depended on static images rather than dy-
namic recordings. These images were acquired at the
point of greatest cervical spine extension, when the
spinal cord may be at most risk for damage during laryn-
goscopy and intubation. In contrast, Sawin et al.'® re-
corded cervical spine motion continuously using fluo-
roscopy during laryngoscopy. They showed that most
of the motion during laryngoscopy is extension, occurs
from the occiput through C2, and most extension oc-
curs at the time of glottic visualization and endotracheal
tube insertion. This represents the point in time that
the radiographs were exposed in our study.

Conclusions

This study compared the use of the Macintosh and
Bullard laryngoscopes in a simulated emergency cervi-
cal spine injury. Under these conditions, cervical spine
extension (occiput-C5) and time to intubation were sim-
ilar when comparing the Macintosh laryngoscope with
the use of manual ILS and the Bullard laryngoscope
without ILS. However, the Bullard laryngoscope re-
sulted in less extension of the occiputoatlantoaxial com-
plex during laryngoscopy than did the Macintosh laryn-
goscope with application of ILS.
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Cervical spine extension can be further reduced when
using the Bullard laryngoscope by applying ILS. How-
ever, the time to securing the airway is significantly
longer with the Bullard than with the Macintosh laryn-
goscope in a simulated emergency scenario with ILS
and application of cricoid pressure. These findings sug-
gest that the Bullard laryngoscope may be a useful ad-
junct to intubate patients with cervical spine injuries
in the elective situation when time to intubation is not
critical. In the emergency situation when preoxygen-
ation may be less than optimal, when hypercapnia must
be avoided, and when time to securing the airway is
critical, the Macintosh laryngoscope with the applica-
tion of ILS and cricoid pressure remains the most appro-
priate way to intubate the trachea.

The authors thank radiology technologists Connie Rose and Nancy
McIntosh for their assistance.
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