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Effect of manual in-line stabilization of the cervical spine in adults
on the rate of difficult orotracheal intubation by direct
laryngoscopy: a randomized controlled trial
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Abstract

Purpose Although manual in-line stabilization (MILS) is
commonly used during endotracheal intubation in patients
with either known or suspected cervical spine instability,
the effect of MILS on orotracheal intubation is poorly
documented. This study evaluated the rate of failed tra-
cheal intubation in a fixed time interval with MILS.
Methods Two hundred elective surgical patients were
randomized into two groups. In the MILS group, the
patient’s head was stabilized in a neutral position by
grasping the patient’s mastoid processes to minimize any
head movement during tracheal intubation. In the control
group, the patient’s head rested in an optimal position for
tracheal intubation. A 30-sec period was allowed to com-
plete tracheal intubation with a #3 Macintosh laryngoscope
blade. The primary endpoint was the rate of failed tracheal
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intubation at 30 sec. Secondary endpoints included tracheal
intubation time and the Cormack & Lehane grade of
laryngoscopy.

Results Patient characteristics were similar with respect
to demographic data and risk factors for difficult tracheal
intubation. The rate of failed tracheal intubation at 30 sec
was 50% (47/94) in the MILS group compared to 5.7% (6/
105) in the control group (P < 0.0001). Laryngoscopic
grades 3 and 4 were more frequently observed in the MILS
group. Mean times for successful tracheal intubation were
15.8 £ 8.5 sec and 8.7 £ 4.6 sec for the MILS and control
groups, respectively (mean difference 7.1, Clgsq, 5.0-9.3,
P < 0.0001). All patients who failed tracheal intubation in
the MILS group were successfully intubated when MILS
was removed.

Conclusion In patients with otherwise normal airways,
MILS increases the tracheal intubation failure rate at
30 sec and worsens laryngeal visualization during direct

laryngoscopy.

Résumé

Objectif Bien que la stabilisation manuelle en ligne
(SMEL) soit frequemment utilisee pendant 1’intubation
endotracheale chez des patients presentant une instabilite’
de la colonne cervicale connue ou suspectee, l’effet de la
SMEL sur 'intubation orotracheale est tres peu documen-
tee. Cette etude a eévalue’ le taux d’echec de 'intubation
tracheale dans un intervalle de temps fixe avec une SMEL.
Méthode Deux cents patients devant subir des chirurgies
non urgentes ont ete’ randomises en deux groupes. Dans le
groupe SMEL, la téte du patient a ete stabilisee dans une
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position neutre en saisissant les apophyses mastoides afin
de minimiser le mouvement de la téte pendant I’intubation
tracheale. Dans le groupe temoin, la téte du patient etait
posee dans une position ideale pour I'intubation tracheale.
On a permis une periode de 30 sec pour realiser l'intu-
bation tracheale avec une lame de laryngoscope Macintosh
no. 3. Le critere d’eévaluation principal etait le taux
d’eéchec de l’intubation tracheale a 30 sec. Les criteres
d’évaluation secondaires etaient le temps necessaire d
Uintubation tracheale et le grade de laryngoscopie selon
I’echelle de Cormack et Lehane.

Résultats Les caracteristiques des patients etaient sem-
blables quant aux donnees demographiques et aux facteurs
de risque d’une intubation tracheale difficile. Le taux
d’échec de I’intubation tracheale a 30 sec etait de 50 %
(47/94) dans le groupe SMEL par rapport a 5,7 % (6/105)
dans le groupe temoin (P < 0,0001). Des scores de Cor-
mack et Lehane de 3 et de 4 ont ete plus frequemment
observes dans le groupe SMEL. Les temps moyens pour une
intubation tracheale réussie etaient de 15,8 £ 8,5 sec et
8,7 + 4,6 sec dans les groupes SMEL et temoin, respecti-
vement (difference moyenne 7,1, [Cosq, 5,0 — 9,3,
P < 0,0001). Tous les patients chez qui [’intubation
tracheale a echoue” dans le groupe SMEL ont eu une
intubation reussie lorsque la SMEL etait abandonnee.
Conclusion Chez les patients presentant des voies
aeriennes normales, la SMEL augmente le taux d’échec de
Uintubation tracheale a 30 sec et permet une moins bonne
visualisation du larynx pendant la laryngoscopie directe.

Manual in-line stabilization (MILS) of the cervical spine is
an integral part of airway management when dealing with
trauma patients. This maneuver is performed by firmly
grasping the mastoid processes of the patient thus pre-
venting movements of the cervical spine during tracheal
intubation.” No traction is applied on the cervical spine, but
enough force to counteract the lifting force of the laryn-
goscopy is applied to minimize displacement of the
cervical spine. While MILS is a maneuver frequently used
while securing the airway of patients with a known or a
potentially unstable cervical spine, its effect on the success
of endotracheal intubation is poorly documented. Since
MILS does limit movement of the head during tracheal
intubation, it impairs visualization of the larynx, as con-
sistently shown by a reduction in the incidence of Cormack
and Lehane’s grade 1 laryngeal visualization and an
increased incidence of grades 2, 3 and 4373 However,
evaluation of laryngoscopic view with the Cormack and
Lehane scale is known to have a poor inter-physician
reliability,® and it remains a surrogate marker of the diffi-
culty of endotracheal intubation. Thus, to appropriately
appreciate its impact on endotracheal intubation, the effects

of MILS should be assessed directly. The objective of this
study was to evaluate the effect of MILS both on the rate of
failed orotracheal intubation in a fixed time interval and on
the grade of laryngoscopic view in adult patients under
general anesthesia. The study hypothesis was that the rate
of failed tracheal intubation would be significantly greater
with MILS than without.

Methods

This randomized controlled study was conducted at the
Centre hospitalier affilié universitaire de Québec (Hopital
de I’Enfant-Jésus). The study was approved by the hospital
ethics committee. The study population was a convenience
sample of adult patients (>18 years of age) undergoing
elective surgery under general anesthesia with a planned
orotracheal intubation. Patients were evaluated on the
morning of their surgery. Following an explanation of the
study, the patients provided written consent. Patients were
excluded based on the following criteria: refusal; surgical
table precluding the application of MILS; contraindication
to the medication used to induce anesthesia; impossible to
ventilate by face-mask; history of difficult tracheal intu-
bation requiring alternatives to direct laryngoscopy;
anatomical anomalies of the upper airway; surgery
requiring the use of a double-lumen orotracheal tube;
morbid obesity (BMI > 35); and symptomatic gastro-
esophageal reflux. The following preoperative risk factors
for difficult tracheal intubation were recorded: modified
Mallampati class, dental status, presence of retrognathism
(side-view of patient reveals chin as being posterior to the
plane of the face), inability to prognate, interincisal dis-
tance (or intergingival distance in toothless patients),
thyromental and sternomental distances.’~'?

Experimental protocol

Standard monitoring was used for all patients. Neuromus-
cular blockade was monitored at the adductor pollicis by
supramaximal stimulation of the ulnar nerve at the wrist.
End-tidal CO, was sampled at the Y-piece of the breathing
circuit. Before induction of anesthesia, the patient’s head
was positioned on a pillow in the sniffing position, con-
sidered as the optimal position by the anesthesiologist
performing the tracheal intubation. Each of the seven
participating anesthesiologists had more than 5 years of
clinical experience. After pre-oxygenation by face-mask
with 100% oxygen for three minutes, anesthesia was
induced with sufentanil 0.2-0.5 pg - kg™, propofol
1.0-2.5 mg - kg™, and rocuronium 0.6-1.0 mg - kg~" or
succinylcholine 1.5 mg - kg™ . The patients were manually
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ventilated by face-mask until complete paralysis was
achieved. At that point, the sealed pre-numbered opaque
envelope, which corresponded to the study number pre-
pared using an electronic randomization table
(www.randomizer.org), was opened and the patient was
allocated either to the MILS group or to the control group.
In the MILS group, the pillow used to obtain the sniffing
position was removed, bringing the head in a neutral
position. Next, an investigator, who was crouched on the
left side of the anesthesiologist performing the tracheal
intubation, grasped the patient’s mastoid processes and
applied sufficient force to limit as much movement of the
head and the cervical spine as possible during tracheal
intubation."® The same investigator (FT) applied MILS for
all patients. In the control group, the patient’s head
remained in the sniffing position on the pillow and tracheal
intubation proceeded without interference from the assist-
ant. This study could not be conducted in a double-blind
fashion since it was obviously impossible to blind the an-
esthesiologist to the application of MILS. In both groups,
the trachea was intubated by direct laryngoscopy with a
Macintosh no. 3 laryngoscope blade. The anesthesiologist
was not allowed to use laryngeal pressure to optimize the
laryngoscopic view or to use any instrument to facilitate
tracheal intubation.

The tracheal intubation time was measured with a
chronometer and was defined as the interval from intro-
ducing the laryngoscope blade into the mouth to inflating
the orotracheal tube cuff. Correct positioning of the tube
was confirmed by capnography. A 30-sec period was
permitted to complete endotracheal intubation.'*'® If
capnography did not confirm tracheal intubation, the
attempt could be resumed only if there was time remaining
in this 30-sec period. In both groups, if the patient could
not be successfully intubated within 30 sec, the attempt
was aborted and recorded as a failure. In the MILS group,
the patient was then ventilated for 30 sec with 100%
oxygen by face-mask; the patient’s head was placed in the
optimal sniffing position on the pillow, and a second 30-sec
tracheal intubation attempt was performed without MILS.
If tracheal intubation failed again, the protocol was dis-
continued and the airway was managed according to the
difficult tracheal intubation algorithm of the American
Society of Anesthesiologists.'” In the control group, if the
trachea could not be intubated within the initial 30-sec
attempt, the protocol was discontinued and the airway
managed as deemed appropriate by the attending anesthe-
siologist. If arterial saturation decreased below 90% at any
time during the study, the protocol was terminated and the
tracheal intubation attempt was recorded as a failure. The
anesthesiologist used the Cormack and Lehane’s scale to
rate the grade of laryngoscopic view of the first tracheal
intubation attempt.'®
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Data analysis

The primary endpoint was defined as the failure to intubate
the trachea within the first 30-sec attempt. Sample size was
calculated to identify an increase in the rate of failed tra-
cheal intubation in the MILS group compared with the
control group. In our elective surgical population, the
incidence of failed orotracheal intubation by direct laryn-
goscopy within 30 sec is 4%.'* We considered that an
increase to 10% in the failure rate would represent a clin-
ically significant difference. Therefore, it was determined
that a sample size of 255 patients per group was required to
consider Type I and Type II errors of 5 and 20%, respec-
tively. Four months after commencing the study, there was
a shared belief among the anesthesiologists who were
performing the tracheal intubations that there was a marked
difference in the tracheal intubation failure rate between
the two groups. For this reason, data were reviewed by one
of the investigators (MRL) who was not involved in the
enrolment or in the conduct of the protocol. The statistical
analysis was prospectively defined and completed by
intention-to-treat (in all analyses, patients were grouped
according to their original group allocation) using Graph-
Pad InStat (version 3.06 for Windows, GraphPad Software,
San Diego California, USA). Continuous variables are
reported as means £ SD. Statistical analysis was done with
the Student’s ¢ test for continuous data and with the Chi
square test or the Fisher’s exact test for proportions. All
analyses were two-sided. Since the interim analysis carries
an increased risk of Type I error, the level of significance
was reduced to P < 0.029.'%%°

Results

Following interim analysis of the data accumulated during
the patients’ first four months of enrolment, our reviewer
(MRL) recommended that the study be terminated at that
point. Of the 405 patients screened, 200 were enrolled and
randomly assigned to either the MILS (n = 95) or the
control group (n = 105) (Fig. 1). One patient from the
MILS group was excluded immediately after randomiza-
tion and before endotracheal intubation because of
violation of the study protocol. The two groups were
comparable for gender, age, ASA physical status, anthro-
pometric characteristics, risk factors for difficult tracheal
intubation, and medication received for anesthesia induc-
tion (Table 1).

The proportion of patients who could not be intubated
within the first 30-sec attempt was much higher in the
MILS group than in the control group (50.0%, Clyse, 39.9—
60.1 and 5.7%, Clysq, 1.3-10.1, respectively; P < 0.0001)
(Table 2). The MILS group was also associated with a
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Fig. 1 Flow diagram of the

experimental protocol. Patients

of the MILS group who could
not be successfully intubated
within the first 30-sec attempt
had MILS removed for the
second tracheal intubation
attempt. MILS manual in-line
stabilization

Table 1 Baseline patient
characteristics and anesthetic
data

Data are presented as number
and percentage or mean £ SD
MILS manual in-line
stabilization, ASA American
Society of Anesthesiologists

longer intubation time within successful tracheal intuba-

MILS group (n=95)

exclusion (n=1)

[ 405 patients screened l

A

[

200 patients randomized ]

[ Control group (n=105) ]

[ 47 successful intubations ] [ 47 failed intubations l l 99 successful intubations ] [ 6 failed intubations ]

v

MILS removed

[ 47 successful intubations ]

[ 0 failed intubations ]

MILS group (n = 94)

Control group (n = 105)

Male gender 49 (52.1) 49 (46.7)
Age (yr) 409 £+ 145 45.1 £ 145
Weight (kg) 72.3 + 129 70.7 + 14.1
Height (m) 1.7 £ 0.1 1.7 £ 0.1
ASA physical status (I/II/1II) 71/22/1 69/36/0
Modified Mallampati class (I/I/III/IV) 39/42/13/0 39/41/24/1
Mouth opening < 40 mm 12 (12.8) 15 (14.3)
Thyromental distance < 65 mm 40 (42.6) 32 (30.5)
Sternomental distance < 125 mm 0 (0.0) 0 (0.0)
Retrognathism 26 (27.7) 26 (24.8)
Inability to prognate 1(1.1) 4 (3.8)
Dental status
Complete dentition 64 (68.1) 62 (59.0)
Absence of dentition 13 (13.8) 13 (12.4)
Lack of all upper teeth 15 (16.0) 24 (22.9)
Partial lack of upper teeth 22.1) 6 (5.7)
Other dental status 0 (0.0) 0 (0.0)
Drugs for anesthesia induction
Propofol (mg) 200.7 £ 49.6 188.8 £ 60.9
Sufentanil (pg) 179 £ 6.1 17.8 £ 5.5
Rocuronium (mg) 40.2 + 19.3 40.0 + 17.8
Succinylcholine (mg) 112.1 £ 17.6 112.7 £ 32.2
Succinylcholine 14 (14.9) 15 (14.3)
Discussion

tions at the first attempt and with a poorer laryngoscopic

view (Table 2). All 47 patients in the MILS group who
could not be intubated at the first attempt were successfully
intubated at the second attempt when MILS was removed.

In this study, MILS was associated with a large increase in
the rate of failed orotracheal intubation in a fixed time
interval, and it also had a significant negative impact on the
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Table 2 Tracheal intubation data

MILS group (n = 94) Control group (n = 105) P
Failed tracheal intubation, no. (%)
Ist attempt® 47 (50.0) 6 (5.7) <0.0001
2nd attempt” 0 (0.0) -
Intubation time (sec)®
Ist attempt® 158 £ 8.5 8.7+46 <0.0001
Mean difference (Clysg,) 7.1 (5.0-9.3)
2nd attempt” 94 +42 -
Cormack and Lehane grades“l
1 7(7.4) 77 (73.3) <0.0001
I 32 (34.0) 23 (21.9)
11 44 (46.8) 5(48)
v 11 (11.7) 0

Data are presented as number and percentage or mean £+ SD

# 1st attempt = number of failed tracheal intubations within the first 30-sec attempt

° 2nd attempt = number of failed tracheal intubations within the second 30-sec attempt with MILS removed, in the patients who could not be

intubated at the first attempt with MILS

¢ Intubation time = time from the insertion of the laryngoscope blade to inflation of the orotracheal tube cuff during the first or the second 30-

sec attempt

9 Cormack and Lehane scale of glottic exposure = grade I, complete visualization of the vocal cords; grade II, visualization of the posterior
portion of the glottis; grade III, visualization of the epiglottis only; grade IV, inability to visualize the epiglottis

time required for successful tracheal intubation and on
glottic exposure during laryngoscopy. Even when MILS is
performed by experienced anesthesiologists, our results
show that the maneuver clearly increases the rate of diffi-
cult tracheal intubation and the risk of a failed tracheal
intubation by direct laryngoscopy. Furthermore, the nega-
tive impact of MILS on tracheal intubation was confirmed
by the 47 patients whose trachea could not be intubated
when MILS was applied and who were successfully intu-
bated when MILS was removed. These findings are
clinically significant, since MILS is widely used in trauma
patients by both anesthesiologists and emergency
physicians.

It is well known that cervical spine motion is present
during tracheal intubation.'**"** In order to reduce the risk
of further spinal cord injury in patients with suspected
unstable cervical spine, MILS has been proposed to
immobilize the cervical spine during orotracheal intuba-
tion. Manual in-line stabilization has been shown to reduce
the range of motion occurring during tracheal intuba-
tion.”>° In contrast, other studies have shown that MILS
may actually increase the range of motion of the cervical
spine during direct laryngoscopy.*® However, these studies
used volunteers with an intact spine or cadaver models with
surgically-induced spinal lesions. No study has prospec-
tively assessed the efficacy of MILS to prevent
neurological deterioration following tracheal intubation.
Evidence is limited to retrospective studies or to a few case
reports describing neurological deterioration following
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tracheal intubation with MILS.?’ " Considering the low
incidence of neurological deterioration following tracheal
intubation, a huge number of patients would be required to
definitively confirm the efficacy of MILS. Such a study
would also be limited by obvious ethical considerations.
Thus the efficacy and safety of MILS is far from estab-
lished.>' Nevertheless, MILS is currently considered a
standard of care and is recommended by the American
College of Surgeons when intubating patients with a sus-
pected or confirmed cervical spine injury.'

Although not designed to measure the success rate of
tracheal intubation, four previous studies evaluated the effect
of MILS on laryngoscopic view with a standard laryngo-
scope blade and yielded results in agreement with the present
study. In a group of 157 patients, Nolan et al. reported a
significant increase in the proportion of grades 2 and 3 lar-
yngoscopic views when MILS was used.? In another study,
50 patients had successive laryngoscopies, first with MILS
then without the cervical stabilization maneuver.* The
incidence of grades 3 and 4 laryngoscopic views was
markedly increased with the use of MILS (22% vs 0%).
Hastings and Wood reported that the laryngoscopic view
changed from grade 1 to grade 3 in 14% of their patients
when MILS was applied.*” Recently, Robitaille er al.
reported a 35% incidence of grade 3 laryngoscopic view with
MILS and direct laryngoscopy.33 Some direct and indirect
evidences that MILS increases the rate of failed and difficult
tracheal intubations have been reported by Santoni ez al.** In
human volunteers, they observed that the pressure applied by
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the laryngoscope blade with MILS doubled compared to
control, an indirect indication that glottic view deteriorates
with MILS. Moreover, such pressure may be transmitted to
the cervical spine and may increase movements that MILS is
trying to prevent.”’ However, most of these studies used
laryngoscopic view as their primary end-point. We elected to
use the rate of failed tracheal intubation within a fixed time
period. This method was preferred because orotracheal in-
tubation is the final objective of direct laryngoscopy.
Moreover, it is a simple objective endpoint rather than a more
subjective and surrogate endpoint such as grade of laryn-
goscopic view, an evaluation which is known to have poor
inter-physician reliability.°

The optimal duration of a tracheal intubation attempt is
not well-defined. The choice of a 30-sec attempt was made
a priori because it represents a reasonable duration for a
tracheal intubation attempt."*'® The Advanced Trauma
Life Support (ATLS) guidelines state, “if endotracheal in-
tubation is not accomplished within 30 seconds or in the
same time required to hold your breath before exhaling,
discontinue attempts...”.>> Manual in-line stabilization is
used in trauma patients, many of whom have associated
head injury. In those patients, avoidance of hypoventilation
and hypoxia is critical, making ground for limiting the
length of tracheal intubation attempts.>® It may be argued
that anesthesiologists would have prolonged the tracheal
intubation attempts beyond 30 sec in the clinical setting and
would have successfully intubated a few more patients in
the MILS group. However, considering the large clinically
and statistically significant difference in failed intubations
observed at 30 sec, it is unlikely that it would have reduced
the incidence to a non-clinically significant difference with
the control group. Thus, the results of this study should be
interpreted in the clinical context of intubating a trauma-
tized patient with a potential cervical spine injury. The
actual tracheal intubation failure rate may not be as high as
50%, but it is clear from this data and from other studies that
MILS significantly increases the rate of difficult tracheal
intubation with direct laryngoscopy.>**>=*

Limitations

Only 200 of the original 510 patients were included in the
study. Although an interim analysis was not planned
a priori, it became mandatory when the anesthesiologists
participating in the study strongly believed there was a
marked difference in the tracheal intubation failure rate
between the two groups. The investigator who then
reviewed the data had not been involved in enrolling
patients or in conducting the protocol. Since an interim
analysis carries an increased risk of a Type I error, the level
of significance was reduced to a more conservative level of

P < 0.029.'%%° This study’s results show that the rate of
failed tracheal intubation using MILS was much higher
than expected. Since we intended to evaluate the effect of a
well-performed MILS, the MILS technique used in this
study was the technique recommended most consist-
ently,2’13 and, in each case, it was performed by the same
investigator specifically trained to perform this maneuver.
The investigator likely developed his expertise with the
technique from experience; thus, he was better able to
facilitate improved stabilization of the cervical spine and to
limit movement more effectively during tracheal intuba-
tion. It may be expected that a better cervical spine
immobilization would be associated with a more difficult
tracheal intubation, which is different from the usual
clinical setting where MILS is often applied by people with
limited experience. Moreover, other techniques of cervical
spine stabilization might have yielded different results.” In
the clinical setting, it is doubtful that an experienced an-
esthesiologist would face the challenge of intubating a
patient with MILS armed only with a laryngoscope and an
orotracheal tube. However, in this study, anesthesiologists
were not allowed tools to facilitate tracheal intubation (e.g.,
stylet, gum elastic bougie) and were not allowed to apply
anterior laryngeal pressure to improve the view of the vocal
cords. The rate of failed tracheal intubation would likely
have been lower with those aids to tracheal intubation.
Since the study’s objective was to measure the impact of
MILS on the success of orotracheal intubation, it was
decided a priori to prohibit the use of aids in order to have
an unbiased evaluation of the effects of MILS on orotrac-
heal intubation. It must also be mentioned that a Macintosh
laryngoscope blade #3 was used in our study and that the
use of a straight laryngoscope blade might have yielded
different results.”’ Finally, we studied a population of
elective surgical patients. It is likely that the influence of
MILS on tracheal intubation would be even more signifi-
cant when dealing with trauma patients where other factors,
such as blood, oropharyngeal secretions, and tissue swell-
ing, already impede vision during laryngoscopy. On the
other hand, it has also been suggested that the assessment
of tracheal intubation techniques in a simulated scenario in
normal patients allows for drawing accurate conclusions
that can be applied to the real clinical setting.®’

Conclusion

In conclusion, our results indicate that, in an adult surgical
population, MILS significantly increases the rate of failed
orotracheal intubation at 30 sec, and has a significant
impact on the laryngoscopic view and on the duration of
the tracheal intubation. If the application of MILS is
deemed indicated in a clinical situation, the physician
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should prepare accordingly and should be ready for a dif-
ficult tracheal intubation.
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