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Study objective: Emergency tracheal intubation is reported to be more difficult with single-use plastic than with
reusable metal laryngoscope blades in both inhospital and out-of-hospital settings. Single-use metal blades have
been developed but have not been compared with conventional metal blades. This controlled trial compares the efficacy
and safety of single-use metal blades with reusable metal blades in out-of-hospital emergency tracheal intubation.

Methods: This randomized controlled trial was carried out in France with out-of-hospital emergency medical units
(Services de Médecine d’Urgence et de Réanimation). This was a multicenter prospective noninferiority randomized
controlled trial in adult out-of-hospital patients requiring emergency tracheal intubation. Patients were randomly
assigned to either single-use or reusable metal laryngoscope blades and intubated by a senior physician or a nurse
anesthetist. The primary outcome was first-pass intubation success. Secondary outcomes were incidence of difficult
intubation, need for alternate airway devices, and early intubation-related complications (esophageal intubation,
mainstem intubation, vomiting, pulmonary aspiration, dental trauma, bronchospasm or laryngospasm, ventricular
tachycardia, arterial desaturation, hypotension, or cardiac arrest).

Results: The study included 817 patients, including 409 intubated with single-use blades and 408 with a
reusable blade. First-pass intubation success was similar in both groups: 292 (71.4%) for single-use blades,
290 (71.1%) for reusable blades. The 95% confidence interval (CI) for the difference in treatments (0.3%; 95%
CI –5.9% to 6.5%) did not include the prespecified inferiority margin of –7%. There was no difference in rate of
difficult intubation (difference 3%; 95% CI –7% to 2%), need for alternate airway (difference 4%; 95% CI –8% to
1%), or early complication rate (difference 3%; 95% CI –3% to 8%).

Conclusion: First-pass out-of-hospital tracheal intubation success with single-use metal laryngoscopy blades was
noninferior to first-pass success with reusable metal laryngoscope blades. [Ann Emerg Med. 2011;57:225-231.]

Please see page 226 for the Editor’s Capsule Summary of this article.
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INTRODUCTION

Background

Tracheal intubation is a standard method of airway control

in emergency medicine, and the laryngoscope is the standard w

Volume , .  : March 
evice used to accomplish this procedure. Laryngoscope
lades may carry a risk of cross-infection if inadequately
terilized. Some anesthesiologists and emergency physicians
vert the risk of cross-infection by using single-use plastic
aryngoscopy blades.1-5 However, manikin and clinical
tudies suggest lower intubation success and greater difficulty

ith plastic blades.6-9
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Intubation With Single-Use versus Reusable Metal Blades Jabre et al
Recently, single-use metal laryngoscope blades have become
available. Preliminary data on manikins suggest they may be
more effective than plastic blades and as effective as reusable
metal blades.6,7 A recent inhospital study reported higher
intubation success with single-use metal blades than with
reusable metal blades during rapid sequence induction of
anesthesia.10 Single-use metal blades have not been assessed in
the out-of-hospital emergency setting.

Importance
In emergency department and out-of-hospital care, single-use

disposable laryngoscope blades are now strongly recommended
to avoid any risk of interhuman infectious transmission from
reused laryngoscope blades.11 Plastic single-use blades have been
associated with increased intubation difficulties and
complications. If proved to be comparable with reusable blades,
single-use metal blades would offer equivalent intubating
characteristics while reducing the risk of disease transmission, as
well as the burden of sterilization.

Goals of This Investigation
We performed a prospective randomized study to assess the

safety and efficacy of single-use versus reusable metal
laryngoscope blades in out-of-hospital tracheal intubation.

MATERIALS AND METHODS
Study Design

This study used a prospective, single-blind, randomized,

Editor’s Capsule Summary

What is already known on this topic
Disposable plastic laryngoscope blades decrease the
risk of disease transmission but may create
suboptimal conditions for intubation. New single-
use metal laryngoscope blades offer a feasible but
untested alternative.

What question this study addressed
This randomized controlled trial compared first-pass
out-of-hospital intubation success between
conventional and disposable single-use metal
laryngoscope blades.

What this study adds to our knowledge
First-pass intubation success was similar between
conventional and disposable metal blades.

How is this relevant to clinical practice
Emergency medical services practitioners may use
disposable metal laryngoscope blades without
compromising tracheal intubation performance.
Cost-benefit was not assessed.
controlled, noninferiority design. T
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etting
The trial was conducted by the out-of-hospital emergency

edical units (Services de Médecine et de Réanimation
SMUR]) of 3 French university hospitals located in the suburb
f Paris (Créteil SMUR, Clichy SMUR, Bobigny SMUR). Each
ear, these 3 SMUR manage approximately 20,000 patients.
he SMUR has on board a minimum team of a trained

mbulance driver, a nurse anesthetist, and a senior physician
pecializing in either emergency medicine (in greater than 90%
f cases) or anesthesiology. SMUR nurse anesthetists must have
years’ experience in the operating room, and SMUR
hysicians must complete more than 90 successful tracheal
ntubations during a 3-year period as prerequisites to
mployment.

This study was approved by our ethics committee (Comité
e protection des personnes se prêtant à la recherche
iomédicale de l’hôpital Henri Mondor, Créteil, France).
ecause of the emergency conditions and the regular use in
linical practice of the 2 types of laryngoscope blades, waived
nformed consent was authorized by the ethics committee
ccording to the French law of ethics.12 Our study followed the
ONSORT recommendations concerning the reporting of

tudies with randomization.13 Information about the study was
iven if possible to the patient and, if not, to any relatives on the
cene. This trial was registered with ClinicalTrials.gov.

etting and Selection of Participants
The study included all consecutive out-of-hospital adult (18

ears or older) patients requiring emergency tracheal intubation.
e included patients of all conditions, including cardiac arrest,

rauma, dyspnea, overdoses, and shock. We included patients
eceiving care from April 1, 2008, to December 31, 2008. We
xcluded cases of anticipated extremely difficult intubation,
enerally defined as mouth opening less than 20 mm, severe
imitation in cervical spine mobility, or determination by the
mergency physician that intubation under direct laryngoscopy
ould be impossible.

nterventions
Airway management was standardized in the 3 participating

nits. Rapid sequence intubation was performed in patients
ith spontaneous cardiac activity when there was no obvious

ontraindication to succinylcholine use. After facemask
reoxygenation, orotracheal intubation was attempted 1 minute
fter a bolus injection of a sedative hypnotic (etomidate 0.3 mg/
g, thiopental 4 mg/kg, ketamine 2 mg/kg) and succinylcholine
1 mg/kg). Cardiac arrest patients were not sedated. The Sellick
aneuver was applied routinely. Patients at risk of cervical spine

njury were intubated with manual in-line immobilization.
The standard intubation procedure was to use a nonstyletted

ube, with stylet use being considered an alternate airway
rocedure. When standard laryngoscopy-assisted intubation was
ot possible, an alternate procedure was used (stylet, gum elastic
ougie, intubating laryngeal mask airway, or cricothyrotomy).

hese airway practices were in accordance with French
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Jabre et al Intubation With Single-Use versus Reusable Metal Blades
consensus conference guidelines on difficult airway
management.14

We compared single-use (Macintosh Green lite; Truphatek,
Netanya, Israel) and reusable metal blades (Macintosh Green
Spec II blades; Truphatek). These blades have several
differences. The reusable Green Spec II blades are made of a
high-grade stainless steel and have a glass rod that conducts light
from the top of a fiber-lit handle down the blade. In contrast,
the single-use Green lite blades use an acrylic stem to conduct
the light from the handle to the blade tip. The very end of the
acrylic stem is encased in a green plastic sheath. The handle
used with both blades was the TruLED (Truphatek) handle
made with light-emitting diodes and equipped with lithium-ion
rechargeable batteries (Figure 1).

Randomization was performed in blocks of 4 by a
computerized random-number generator list provided by a
statistician who was not involved in determination of patient
eligibility and outcome assessment. Opaque, sealed envelopes
ensured concealed allocation and were arranged with both
blades near the intubation supplies of each SMUR unit.
Envelopes were opened only after the participant’s name was
written on the appropriate envelope and after verification of
participant’s eligibility.

Data Collection and Processing
Immediately after intubation, the SMUR physician recorded

the following data for each patient: age; sex; known or estimated
weight and height; Glasgow Coma Scale score; history of ear,
nose, or throat neoplasia or surgery; facial trauma; cervical

Figure 1. Laryngoscope blades used in the trial. A,
Reusable Macintosh Green Spec II blades (Truphatek). B,
Single-use Macintosh Green lite blades (Truphatek). C,
TruLED handle (Truphatek).
immobilization; intubation circumstances (eg, cardiac arrest, g
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oma caused by self-poisoning or neurologic disease, respiratory
istress, trauma, shock, analgesia); Intubation Difficulty Scale
core; and use of alternate airway management procedures (gum
lastic bougie, intubating laryngeal mask airway, or
ricothyroidotomy). In addition, the physician reported
omplications occurring during intubation and the period 15
inutes postintubation, including esophageal intubation,
ainstem intubation, observable pulmonary aspiration,

omiting, bronchospasm and laryngospasm, dental trauma,
rterial desaturation to less than 90%, arterial hypotension with
ystolic arterial pressure less than 90 mm Hg, need to
dministrate vasopressors, and cardiac arrest.

At each site, a designated independent physician verified all
ntries. All the data were entered in a centralized database.

utcome Measures
The primary outcome was the first-pass intubation success.

n attempt was defined as 1 advancement of the tube in the
irection of the glottis during direct laryngoscopy.15

The secondary outcomes were incidence of difficult
ntubation, Cormack-Lehane laryngoscopy view, use of alternate
irway management techniques, and postintubation
omplications. We defined difficult intubation with the
ntubation Difficulty Scale score.15 The Intubation Difficulty
cale score is based on variables associated with difficult
ntubation: number of tracheal intubation attempts, number of
perators who attempted intubation, alternate techniques used,
lottic exposure (Cormack and Lehane class), intensity (normal
r increased) of lifting force applied during laryngoscopy, need
or external laryngeal manipulation, and vocal cord position
Table 1). An Intubation Difficulty Scale score above 5 is
ndicative of a difficult intubation.15 This score has been
reviously validated in both operating room and out-of-hospital
ettings.15

Alternate airway management techniques included stylet,

able 1. Intubation Difficulty Scale score.*15

arameter Score

umber of intubation attempts �1 N1

umber of operators �1 N2

umber of alternate intubation techniques used N3

ormack and Lehane class–1 N4

ifting force required during laryngoscopy
Normal N5�0
Increased N5�1

aryngeal pressure during laryngoscopy
Not applied N6�0
Applied N6�1

ocal cord mobility
Abduction N7�0
Adduction N7�1

DS�sum of scores N1–N7

DS, Intubation Difficulty Scale.
The IDS is the sum of the 7 parameters associated with the intubation effort.
igher scores are associated with increased intubation difficulty.
um elastic bougie, intubating laryngeal mask airway, and
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Intubation With Single-Use versus Reusable Metal Blades Jabre et al
cricothyrotomy. Intubation-related complications included
esophageal intubation, mainstem intubation, vomiting,
pulmonary aspiration, dental trauma, laryngospasm,
bronchospasm, ventricular tachycardia, arterial desaturation
(SpO2 �90%), hypotension (systolic arterial pressure �90 mm
Hg or need for vasoactive drug use), or cardiac arrest.

Primary Data Analysis
The sample size calculation was based on noninferiority

hypotheses using the confidence interval (CI) approach.16 The
reported first-pass intubation success rate for reusable metal
blades ranges from 75% to 90%. We previously reported a rate
of 84%.9 We expected the difference in outcome between the
groups to be small. Therefore, we defined a noninferiority
margin of 7%, ie, single-use blade first-pass success no worse
than 7% lower than reusable blade first-pass success. We
calculated that we would need 340 patients per group for a
study power of 0.8, a type I error rate of 0.05, and a
noninferiority margin (difference in the success rates of the 2
blades) of 7%. We set targeted enrollment at 800 to account for
protocol deviations and missing data.

For the primary outcome variable, the noninferiority of
single-use versus reusable metal blades was demonstrated if the
lower 95% CI limit of the percent difference between groups
excluded the defined noninferiority margin of –7%. Given the
noninferiority design of the study, we analyzed the primary
outcome by treatment received. In addition, we performed an
intention-to-treat and a per-protocol analysis. For all other
endpoints, we analyzed the intention-to-treat population. We

Figure 2. Flow of participants through each stage of the
randomized trial. ITT, Intention to treat; PP, per protocol.
compared secondary outcomes with Student’s t test (normally C

228 Annals of Emergency Medicine
istributed variables), Wilcoxon’s rank-sum test (non-normally
istributed variables), and either the �2 or Fisher’s exact test
categorical data). We used SAS software, version 9.2 (SAS
nstitute, Inc., Cary, NC).

ESULTS
Of the 857 patients assessed for eligibility, 817 patients were

onsecutively and randomly assigned to blade type and analyzed
intention-to-treat population; Figure 2). The allocated blade
as not used in 28 patients because of human error (15 in the

eusable blade group, 13 in the single-use blade group) (Figure
). The 2 groups differed in sex and intubation circumstances,
ut these differences were small (Table 2).

By treatment received, first-pass intubation success was
imilar in the 2 groups: 295 of 411 (71.8%) in the single-use
lade group versus 287 of 406 (70.7%) in the reusable-blade
roup. The difference between treatments (1.1%; 95%

able 2. Characteristics of patients in the trial.

haracteristics

Reusable
Blades,
n�408

Single-Use
Blades,
n�409

ex,* No.(%)
emale 157 (39) 168 (41)
ale 249 (61) 240 (59)
ody mass index, kg/m2, median
(25th–75th percentiles)

25 (22–28) 25 (23–28)

ge, y, median (25th–75th percentiles) 61 (45–77) 62 (49–77)
ntubation circumstances,

†
No. (%)

ardiac arrest 201 (49) 213 (52)
espiratory distress 50 (12) 49 (12)
rauma 15 (4) 24 (6)
oma due to self-poisoning 52 (13) 45 (11)
oma due to neurologic disease 92 (23) 90 (22)
hock 28 (7) 24 (6)
thers 16 (4) 12 (3)
istory of ENT disease, No. (%) 5 (1) 3 (1)
ervical immobilization, No. (%) 45 (11) 36 (9)
edications used, No. (% of patients)
uccinylcholine

‡
212 (52) 198 (48)

tomidate 191 (47) 182 (45)
hiopental 13 (3) 17 (4)
etamine 5 (1) 2 (1)
ropofol 1 (0) 1 (0)
idazolam 0 1 (0)
ufentanil 5 (1) 6 (2)
lade size,

§
No. (%)

ize 3 68 (17) 67 (16)
ize 4 339 (83) 342 (84)

NT, Ear, nose and throat.
Three missing data.
The total is greater than 100% because more than 1 circumstance was re-
orded for some patients.
Seventeen patients with cardiac arrest experienced return to spontaneous car-
iac activity at intubation and received succinylcholine, whereas 10 patients
ith spontaneous cardiac activity were intubated without succinylcholine admin-

stration.
One missing data.
I –5.1% to 7.3%) did not include the prespecified inferiority
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Jabre et al Intubation With Single-Use versus Reusable Metal Blades
threshold of –7%, indicting that single-use blades were
noninferior to reusable blades. By intention-to-treat analysis, we
observed similar results; single-use 292 of 409 (71.4%) versus
reusable 290 of 408 (71.1%) (difference 0.3%; 95% CI –5.9%
to 6.5%). Results were similar for analysis per protocol, single-
use 286 of 396 (72.2%) versus reusable 281 of 392 (71.6%)
(difference 0.6%; 95% CI –5.1% to 7.1%).

Intubation failed in 1 patient in the reusable-blade group.
This patient had a history of laryngeal neoplasia with brain
metastasis and had experienced cardiac arrest. Gum elastic
bougie-assisted intubation also failed. Resuscitation was
stopped, with no further attempt at intubation. Intubation
characteristics are reported in Table 3. Complications were
similar between groups (Table 4).

LIMITATIONS
There was an overall 3% error rate in blade allocation; this

Table 3. Characteristics of patients in the trial.

Characteristics
Reusable

n�40

Cormack and Lehane class, No. (%)
I 233 (5
II 93 (2
III 54 (1
IV 28 (6
IDS score, median (25th–75th percentiles) 1 (0
IDS score �5, No. (%) (95% CI) 50 (1
Use of alternate intubation techniques, No. (%) 50 (1
Stylet, No. (%) 5 (1
Gum elastic bougie,* No. (%) 44 (1
Intubating laryngeal mask airway, No. (%) 3 (0
Cricothyrotomy, No. 0
Impossible intubations, No. 1

*In 5 patients, the intubating laryngeal mask airway was used after gum elastic b

Table 4. Early intubation-related complications.*

Complication

Number (%)

Reusable Blades,
n�408

Single-Use Blades,
n�409

Esophageal intubation 15 (4) 14 (3)
Mainstem intubation 11 (3) 11 (3)
Vomiting 6 (2) 7 (2)
Pulmonary aspiration 12 (3) 12 (3)
Dental trauma 1 (0) 1 (0)
Bronchospasm or

laryngospasm
1 (0) 3 (1)

Ventricular tachycardia 1 (0) 0
Arterial desaturation 17 (4) 17 (4)
Hypotension 29 (7) 39 (10)
Cardiac arrest 8 (2) 8 (2)
Any complication 76 (19) 87 (21)

*Complications were recorded from the start of the intubation process to 15
minutes postintubation. The total number of events exceeds the number of sub-
jects because some patients had more than 1 complication.
may have occurred because of the emergency nature of the out- r
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f-hospital setting. However, our results do not vary when
nalyzed per protocol. Individuals performing the intubations
ere not blinded to blade assignment because single-use metal
lades are visibly different from reusable blades and
oncealment of this difference would not have been possible.

e recorded only early complications and did not pursue the
dentification of late complications such as laryngotracheal
njuries.

We studied only 1 brand of single-use metal blade. Our
esults may have differed with a different brand of laryngoscope.

e used light-emitting diode bulbs, but our results could have
een different if xenon light bulbs had been used.

We used the Intubation Difficulty Scale score to quantify
ifficulty of intubation, but this score does not account for all
actors contributing to difficult intubation. Skilled physicians
erformed all intubations in this study; our findings may differ
n settings with less skilled emergency medical services
ractitioners such as in the United States. The expertise of the
perator is one of the main determinants of intubation-related
uccess and safety; confirmation of our findings in settings using
hysician-extenders or paramedics would be of interest. Last,
ur study was performed in a relatively small clinical setting and
hould be replicated on a larger scale.

ISCUSSION
In this out-of-hospital study, we found that first-pass tracheal

ntubation success with single-use metal laryngoscopy blades
as similar to first-pass success with reusable blades. The early

omplication rates of the 2 blades were also similar. Our
bservations support the use of single-use laryngoscopy blades
or out-of-hospital tracheal intubation.

Our results are in accordance with those reported by Amour
t al10 in patients intubated in the operating room after rapid
equence induction. In their study, single-use metal blades were
ven more successful than reusable blades, presumably because
f an illuminance decrease of the reusable blades caused by

s, Single-Use Blades,
n�409

Absolute Difference,
% (95% CI)

248 (60.6) 4 (–3 to 10)
108 (26.4) 4 (–2 to 10)

37 (9.0) 4 (–9 to 0)
16 (3.9) 3 (–6 to 0)

1 (0–3) 0 (0 to 1)
39 (9.5) 3 (–7 to 2)
35 (8.6) 4 (–8 to 1)

6 (1.5)
29 (7.1)

3 (0.7)
0
0

failure, 2 in the reusable-blade group and 3 in the single-use blade group.
Blade
8

7.1)
2.8)
3.2)
.9)
–3)
2.3)
2.3)
.2)
0.8)
.7)
epeated steam sterilization. Our first-pass intubation success

Annals of Emergency Medicine 229
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Intubation With Single-Use versus Reusable Metal Blades Jabre et al
rate was less than that reported by Amour et al10; however,
intubation conditions are typically worse in the out-of-hospital
setting than in the operating room. Also, we defined intubation
failure as a failure to intubate at the first advancement of the
tube in the direction of the glottis, without any time
considerations.

We did not conduct a cost-benefit analysis of single-use
metal blades. A disadvantage of single-use metal blades is their
higher cost over plastic blades (approximately US $8 per single-
use metal versus US $4 per single-use plastic blade) However,
this small cost difference is potentially justified by the increased
intubating ease and success, as well as the decreased
complication rate with single-use metal blades. A comprehensive
economic comparison must account for the cleaning and
sterilization costs, as well as the life of reusable blades, during
which multiple steam sterilizations may affect blade longevity
and functionality.17

In Retrospect
We did not compare single-use metal blades with plastic

blades because of available evidence suggesting the inferiority of
plastic blades compared with reusable metal blades.18-20 A more
definitive study would compare the most current single-use
plastic, single-use metal, and reusable metal laryngoscope blades.
We would also examine late and early intubation-related
complications. Some intubation-related complications such as
laryngeal and tracheal trauma may not be identified until several
days after the intubation process.

In conclusion, we found that first-pass out-of-hospital
tracheal intubation success with single-use metal laryngoscopy
blades was noninferior to first-pass success with reusable metal
laryngoscope blades.
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