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Outcomes—outline
• Major outcome studies: NAP4 and ASA Closed Claims Analysis


• Is our aim just to avoid brain injury, death, eFONA, ICU admission and litigation? —
What’s missing?


• Airway outcomes pertain to ventilation (FM, SGA), placement of TT (laryngoscopy 
& intubation), eFONA, extubation


• Outcomes: research vs clinical, pre-hospital, ED, ICU, OR etc.—can these 
outcomes be harmonized to gather information and achieve quality improvement?


• Clinical documentation


• Toothbrushes (?)
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Situational awareness 
Incidence of transient hypoxia and pulse rate reactivity during paramedic RSI 

Dunford JV et al: Ann Emerg Med 2003; 42(6): 721-8

• RSI by paramedics, adult head injured patients (GCS< 8)


• “high-flow oxygen” for > 60 sec, midazolam, succinylcholine, cricoid pressure


• comparison of EMS report and recorded capnography, oximetry


• SpO2 <90%


• 31/54 (57%)


• median duration of saturation of desaturation was 160 sec (IQR 48-272)


• median decrease of desaturation 22%


• 6 demonstrated HR<50


• 26/31 were described as “easy”—what does this even mean? 



I N C I D E N C E  O F  T R A N S I E N T  H Y P O X I A  D U R I N G  P A R A M E D I C  R A P I D  S E Q U E N C E  I N T U B A T I O N  Dunford et al

paralysis. Additional midazolam was administered after
30 minutes if systolic blood pressure remained 120 mm
Hg or greater, and morphine sulfate was administered
in 2-mg increments for a stress response, which was
defined as a systolic blood pressure of 140 mm Hg or
greater and a pulse rate of 100 beats/min or greater.
Paramedics were required to page the county EMS med-
ical director (MO) after delivery of each patient who
underwent rapid sequence intubation for a structured
15-minute telephone debriefing.

San Diego Fire-Rescue Department EMS staff down-
loaded the continuously recorded oximetry, capnome-
try, and pulse data of each rapid sequence intubation
event into an Excel (Microsoft Corporation, Redmond,
WA) spreadsheet for analysis. EMS run sheets and
debriefing reports were reviewed and abstracted. Two
investigators (JVD, DPD) independently evaluated the
records for evidence of desaturation and pulse rate reac-
tivity during rapid sequence intubation; a third (MD)
served as the tie breaker.

The primary outcome measure of this analysis was
the incidence of desaturation and pulse rate reactivity
during rapid sequence intubation. During uncompli-
cated rapid sequence intubation with effective preoxy-
genation, desaturation should not occur, and the pulse
rate should not appreciably increase or decrease.
“Desaturation” was defined as either a reduction in
SpO2 of less than 90% from a baseline greater than or
equal to 90% or any decrease from a baseline SpO2 of
less than 90% (Figure 1). “Pulse rate reactivity” was
defined as an increase or decrease in pulse rate of more
than 20 beats/min during a rapid sequence intubation–

metrix Tidal Wave Model 710 (Novametrix Medical
Systems, Inc., Wallingford, CT) device to all rapid
sequence intubation candidates during their initial
assessment and stabilization. This unit displays SpO2,
ETCO2, and pulse rate data and records these data at 8-
second intervals. All patients were placed on high-flow
oxygen and preoxygenated with a nonrebreather mask
for at least 60 seconds. If SpO2 values remained less than
95% or ventilation appeared ineffective, bag-valve-mask
assistance was provided before drug administration.
Midazolam was used for sedation if systolic blood pres-
sure was 120 mm Hg or greater, and succinylcholine
was used to achieve neuromuscular blockade. A simpli-
fied, weight-based dosing strategy was also used.

Paramedics were allowed a maximum of three 30-
second attempts at endotracheal intubation. The ante-
rior cervical collar was loosened, and manual inline
stabilization was maintained during all intubation
attempts. The Sellick maneuver was performed on
administration of medications. Tube position was con-
firmed by means of direct visualization, bilateral breath
sounds and absent gastric air sounds, syringe aspira-
tion, pulse oximetry, and persistent ETCO2 detection. If
3 intubation attempts were unsuccessful, a Combitube
(The Kendall Company, Mansfield, MA) rescue airway
was mandated.

City of San Diego paramedics were instructed to
attach a single-use, infrared, ETCO2 adaptor to the endo-
tracheal tube and adjust ventilation parameters to tar-
get an ETCO2 value of 30 to 35 mm Hg and to avoid val-
ues of less than 25 mm Hg. Once tube position was
confirmed, rocuronium was administered to maintain
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Figure 1. 
Desaturation to SpO2 equal to
65% (large arrow) with brady-
cardia to 43 beats/min (small
arrow). Target ETCO2 of 30 to
35 mm Hg was achieved.
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to measure the effect of paramedic-performed rapid
sequence intubation on outcome of adult major trauma
victims with severe closed head injury. Twelve emer-
gency medical services (EMS) agencies participated in
the trial, which was halted once an analysis of patients
enrolled during the first 2 years demonstrated wors-
ened outcomes in patients undergoing rapid sequence
intubation than those seen in handpicked 3:1 matched
control subjects.18

This study analyzes a subset of patients enrolled by
the San Diego Medical Services Enterprise in the San
Diego Paramedic RSI Trial. San Diego Medical Services
Enterprise is a public-private partnership between the
San Diego Fire-Rescue Department and Rural/Metro of
San Diego. San Diego Medical Services Enterprise is the
exclusive provider of paramedic services to the City of
San Diego, the nation’s seventh largest city, with a popu-
lation of 1.3 million residing in a 342-square-mile land
area. San Diego Medical Services Enterprise deploys
more than 300 paramedics on 44 medic-engines and 26
paramedic–emergency medical technician (EMT) am-
bulances. In March 2000, San Diego Medical Services
Enterprise replaced its existing oximetry equipment
with devices capable of both monitoring and storing
oxygen saturation (SpO2), pulse rate, and end-tidal CO2
(ETCO2) data. This study reports the observed incidence
of desaturation and pulse rate reactivity in patients en-
rolled by City of San Diego paramedics in the San Diego
Paramedic RSI Trial between March 2000 and April
2002.

Inclusion criteria for the trial have previously been
published,18 including the following: (1) apparent age
of 18 years or older; (2) major trauma according to pro-
tocols; (3) transport time to the trauma center of 10
minutes or greater; (4) potential head injury determined
by mechanism or physical examination; (5) Glasgow
Coma Scale (GCS) score of 8 or less; and (6) inability to
intubate without rapid sequence intubation. Patients
without intravenous access were excluded.

Paramedic rapid sequence intubation training con-
sisted of home-study materials, a written pretest, and 7
hours of instruction. Lectures reviewed neuromuscular
blocking agents, basic and advanced airway skills (in-
cluding the role of preoxygenation), and SpO2 and ETCO2
monitoring. A video taught derivation of the GCS, and
mannequin stations simulated clinical scenarios.

The San Diego County rapid sequence intubation
treatment protocol has also been previously described.18

City of San Diego paramedics were instructed to apply
the fingerclip oximetry sensor of a handheld Nova-
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Although rapid sequence intubation has been recom-
mended as the preferred method for securing the airways
of combative patients with closed head injury,6,7 its role in
out-of-hospital airway management is debated.8,9 Ad-
vanced life support care, including intubation, has been
correlated with improved survival in some studies10,11 but
not others.12-17 Davis et al18 recently demonstrated in the
San Diego Paramedic RSI Trial that a paramedic rapid
sequence intubation protocol to facilitate the intubation of
head-injured patients was associated with an increase in
mortality and decrease in good outcomes compared with
matched historical control subjects.

One agency participating in the San Diego trial im-
plemented recording oximetry-capnometry devices
midway through the study. The goal of this analysis was
to define the incidence of desaturation and pulse rate
reactivity documented with this equipment during
paramedic-performed rapid sequence intubation. It is
important to understand whether the out-of-hospital
use of neuromuscular blocking agents can adversely
affect oxygenation and hemodynamic parameters when
used to facilitate the intubation of patients with closed
head injury.

M A T E R I A L S  A N D  M E T H O D S

The San Diego Paramedic RSI Trial was conducted be-
tween November 1998 and April 2002. It was designed
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Capsule Summary

What is already known on this topic
Primarily on the basis of retrospective chart reviews, it is claimed
that complications associated with rapid sequence intubation in
the out-of-hospital setting are rare.

What question this study addressed
The incidence of desaturation below 90% and alterations in
pulse rate during paramedic rapid sequence intubation of
severely head-injured patients were prospectively recorded. 

What this study adds to our knowledge
Fifty-seven percent of patients demonstrated desaturation last-
ing, on average, 2 minutes and 40 seconds during intubations
mostly described as “easy” by paramedics. Eleven percent expe-
rienced bradycardia below 50 beats/min. 

How this might change clinical practice
Most studies claiming the safety of rapid sequence intubation in
emergency medical services have been retrospective chart reviews.
This prospective study suggests significant complications and
that rapid sequence intubation in the out-of-hospital setting
should not be implemented until more is known of its risk.

Dunford JV et al: Ann Emerg Med 2003; 42(6): 721-8



Situational awareness 
Human factors in the emergency department: Is physician perception of time to intubation 
and desaturation rate accurate?     Cemalovic N, et al. Emerg Med Australasia 2016 28, 295-99  

• very busy level 1 trauma centre in NYC


• MD performance of RSI in Emergency Department


• Preoxygenation x 3 min ➭ sedation ➭ NMBA ➭ DL or VL, verbal prompts without “hard stops”


• Perceived vs actual TTI and lowest SpO2


• FPS 86%


• Perceived vs actual


• TTI: 23 sec (20.5-25.5) vs 45.5 (40.2-50.7)


• SpO2: 13     (3-12)             vs 23 (13-29)



Situational awareness 
Human factors in the emergency department: Is physician perception of time to intubation 
and desaturation rate accurate?     Cemalovic N, et al. Emerg Med Australasia 2016 28, 295-99  

• the longer the TTI, the greater the misperception of time: “time dilatation”


• verbal prompts did not prevent low SpO2


• RSI/ED are high-stress settings ➭ impair situational awareness


• are ICU and OR any different?


1. misperception


2. impaired comprehension


3. reduced ability to forecast





Situational inattention
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A 52-yr-old woman with a history of alco-
hol abuse and polycystic liver disease pre-

sented for an urgent orthotopic liver transplant. 
She had recurrent ascites, muscle wasting, jaun-
dice, pancytopenia, marked coagulopathy, and 
a bilirubin count of 303 !M (18 mg/dl). !e 
patient was fasted and no problems were antic-
ipated with ventilation or laryngoscopy. After 
the implementation of routine and invasive 
monitors, general anesthesia was induced with 
fentanyl, propofol, and rocuronium. Elective 
GlideScope laryngoscopy (Verathon, Bothell, 
WA) was performed and recorded using a Gli-
deScope® Cobalt #3 blade (Verathon, Bothell, 
WA). Laryngoscopy and intubation were easily 
accomplished. Upon subsequent review of the 
laryngoscopy recording, it was apparent that 
the vocal cords were clearly icteric.

Tissue staining by bilirubin is frequently 
noted; however, the author is unaware of any 

reports of icteric vocal cords. Indeed, this was not apparent until the laryngoscopy was subsequently reviewed. It is possible 
that many subtleties are overlooked as we focus on quickly securing the airway (or the completion of other time-sensitive 
procedures). Although the diagnosis of jaundice did not require laryngoscopic confirmation, it is likely and probable that sub-
sequent review of recorded images, unhurried by physiologic and workflow pressures, will provide us with additional insights 
and opportunities to refine our techniques. !e educational benefits of video laryngoscopy have emphasized the value of real-
time meaningful feedback.1–3 It is the author’s impression that there may be even greater educational value derived from video 
playback at a time and pace more conducive to real learning.

!e image is somewhat tinted but un-retouched. !is model monitor (AVL; Verathon, Bothel, WA) has white balance and 
color tone as factory presets.
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A 50-yr-old female with a sinonasal melanoma was

scheduled for elective endoscopic anterior craniofacial
resection with intraoperative computed tomography (CT)

imaging to help guide surgical management. A magnetic

resonance imaging of the patient’s head six weeks earlier
showed locally advanced mucosal melanoma of the left

nasal cavity with skull base and nasopharyngeal extension.

Preoperative staging scans showed no evidence of
metastatic disease, and the decision was made to proceed

with conservative resection of all mucosal involvement.
Apart from anemia from recurrent epistaxis, the patient had

no other significant comorbidities. A rapid sequence

induction was performed using fentanyl, propofol, and
succinylcholine, and anesthesia was maintained with

sevoflurane. Video laryngoscopy (VL) was performed

(and recorded) using a GlideScope" (Verathon, Bothell,
WA, USA). Unanticipated extensive melanosis of the

epiglottis and larynx were noted on laryngoscopy (Figure).

Upon careful review of the VL recording with the
surgeons, a further CT scan of the patient’s head and

neck was performed prior to commencing surgery. The

additional CT imaging showed intracranial and intraorbital
progression. Taken together with the laryngeal findings, the

surgery was abandoned in favour of palliative radiotherapy.

Mucosal melanomas are rare and carry a very
unfavourable prognosis. Video laryngoscopy is useful in

routine and challenging airways, accelerates learning of

laryngoscopy and intubation and promotes involvement of

all operating team members in airway management. In
addition, as it represents the most up-to-date imaging of the

patient’s condition, it may also prove useful for clinical

documentation of events as part of the health record. If
conventional laryngoscopy had been used, our finding or

similar ones might have been overlooked during a rapid

sequence induction. The recording allowed the operating
room team to make a careful and unrushed subsequent

review that resulted in an adjustment to the management

plan and spared the patient surgery that would likely have
had little or no value.

Conflicts of interest None declared.

E

Figure Extensive melanosis of the larynx captured during video
laryngoscopy. The patient’s trachea is intubated with clearly visible
true vocal cords (arrow). Notice the black colour of the epiglottis (E)
covered with the melanoma. Seen also are blood-stained secretions
from the recurrent epistaxis caused by the tumour
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Descriptors of laryngoscopy/intubation

• easy, awkward, moderately difficult, difficulty, impossible, POGO, Cormack-
Lehane view, TTI, FPS…


• with DL, Cormack-Lehane view = ease of laryngoscopy≅ease of intubation


• with VL C/L view = ease of laryngoscopy≄ease of intubation since 
intubation requires delivery and advancement of TT


• laryngoscopy and intubation should be described separately


• Intubation Difficulty Scale (Adnet et al)
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F. Adnet et al.

Patients and methods
This study was undertaken between June 1997 and
January 1998. All consecutive surgical patients sched-
uled for anesthesia requiring tracheal intubation were
studied. This observational study was performed ac-
cording to French Ethics law (Loi Huriet), and be-
cause the procedure did not vary in any case from our
standard clinical practice, no specific informed con-
sent was required.

The preoperative evaluation was performed by one
anesthesiologist involved in this study. Each operator
determined the IDS after he or she completed the in-
tubation by completing a questionnaire shown in Fig.
1. IDS!0 corresponds to the minimum difficulty and
is defined as an intubation performed without effort,
comprising one attempt, practised by one operator,
using the first technique with full visualization of the
laryngeal aperture (vocal cords abducted). An IDS !5
is consistent with an intubation of moderate to major
difficulty (3). The first and all alternative techniques

Fig. 1. Intubation Difficulty Scale Questionnaire.

328

used and the degree of qualification of the operator
(senior, defined by more than three years of full-time
anesthesia experience, versus junior) were also noted.

The type of surgery was divided into 1) abdominal,
2) cardiac and thoracic, 3) orthopedic, and 4) ear, nose,
and throat surgery. Moreover, each procedure was
classified as emergent or scheduled (elective).

During the preoperative visit, the airway was as-
sessed by the examination of three characteristics: the
Mallampati classification (collected in the patient in
the neutral position without phonation) (4, 5), the thy-
romental distance (defined as the distance from the
point of the mentum to the thyroid notch with the
patient’s head and neck in extension and classified as
"6.5 cm or Ø6.5 cm) (6), and mouth opening (defined
as the distance between upper and lower incisors, or
gingiva in edentulous patients, and classified as "3.5
cm or Ø3.5 cm) (7). Other factors such as presence of
obesity, short neck, limitation of neck motion, anteri-
orly protruding mandibular incisors, and pregnancy
were also recorded.

In addition to information about the airway and tra-
cheal intubation, preoperative demographic factors
(e.g., age and sex) were also recorded on the anes-
thetic record.

All patients were positioned in the ‘‘sniffing posi-
tion’’ by insertion of a cushion under the head. Each
patient was routinely monitored during the entire
procedure by electrocardiograph, SpO2 and end-tidal
carbon dioxide tension. Hydroxyzine (100 mg) was
given orally as premedication 2 h before surgery. Be-
fore induction, standard monitoring for anesthesia
was applied. The standard induction included sufen-
tanyl 0.25 mg/kg, propofol 2.5 mg/kg, and rocuroni-
um 0.6 mg/kg. The patient’s lungs were ventilated
with 100% oxygen before muscle relaxant infusion.
Laryngoscopy was attempted using a Macintoch .3
laryngoscope blade.

The distribution of the IDS scores is non-Gaussian;
thus, we used non-parametric tests for comparisons
(Mann-Whitney-U test and Kruskal-Wallis analysis of
variance). For qualitative variables, the parameters
were compared by the c2 test. All statistics were per-
formed using Stat-ViewA (Abacus Concepts, Berkeley,
CA). A P value "0.05 was considered statistically sig-
nificant.

Results
One thousand one hundred and seventy-one patients
(1171) were included. The sex ratio (male/female) was
1.32. The patients ranged in age from 15 to 90 years;
the median (25th–75th percentile) was 49 (35–63)

Adnet F et al. Acta Anaesthesiol Scand 2001; 45: 327-332



Descriptors of laryngoscopy/intubation
• easy, awkward, moderately difficult, difficulty, impossible, POGO, Cormack-Lehane view, TTI, 

FPS…


• resources, priorities, advantages and disadvantages


• with DL, Cormack-Lehane view = ease of laryngoscopy≅ease of intubation


• with VL C/L view = ease of laryngoscopy≄ease of intubation since intubation requires delivery 
and advancement of TT


• laryngoscopy and intubation should be described separately


• Intubation Difficulty Scale (Adnet et al)


• is there a better way?



and diagram of Cormack and Lehane: 1, most of the
glottis visible; 2, only the posterior aspect of the glottis
visible (at least the arytenoids); 3, no part of the glottis
seen, but epiglottis seen; 4, not even the epiglottis seen.9

Preintubation head and neck positioning and MILS
were performed by the same study physician in all cases.
Standing or kneeling to the left of the anesthesiologist,
both mastoid processes were grasped by the fingertips,
and the occiput was cupped in the hands. While avoid-
ing axial traction, forces equal and opposite to those
created by the anesthesiologist were applied so as pre-
vent or minimize head and neck movement.2,4,10–12

All patients underwent at least one follow-up interview
by study personnel within 24 h after surgery. Patients
were asked specifically about the presence and severity
of sore throat, voice change, voice pain, swallowing
difficulties, or dental damage. Positive responses re-
sulted in additional follow-up until symptom resolution.
Each anesthesiologist was asked to report any complica-
tion they considered to have been study related.

Data Acquisition and Processing
The pressure-sensing laryngoscope blade was a con-

ventional Macintosh 3 blade modified to measure ap-
plied pressures. As shown in figure 1, six miniature
pressure transducers (Precision Measurements, Ann
Arbor, MI) were equally spaced and mounted in midline
along the blade with high-strength cyanoacrylate adhe-
sive. The transducers were encased within a thin layer of
biocompatible high-strength polyurethane to maintain a
smooth surface. Transducer output voltages were trans-
formed by a standard analog-to-digital converter and in-
terfaced with a laptop computer (Toshiba, New York,
NY). Voltage and time data were sampled at 9 Hz with
data collection software (InstruNet; Omega Engineering,
Stamford, CT). Transducer calibration was accomplished
by placing the instrumented blade in a pressure chamber
and recording voltages from each transducer at air pres-
sure levels between 500 and 5000 mmHg. Linear pres-
sure-voltage regressions were generated, and the stan-
dard Pearson correlation coefficient was greater than
0.95 for all calibrations. Transducers were recalibrated
after every two patients. Before each use, the blade was

cleansed according to standard clinical procedures used
at the University of Iowa.

Statistical Analyses
As described in Results, one patient (patient 7) was

excluded from all data analyses because of intubation
difficulty and abandonment of study protocols.

Our predefined primary outcome measure was maxi-
mum pressure (any transducer) at final position (best
glottic view) just before endotracheal tube insertion.
However, in one patient (patient 6), the anesthesiologist
was not able to visualize the glottis with MILS and did
not attempt intubation. As a consequence, the anesthe-
siologist did not designate a final position (E3, best glot-
tic view) time point. Therefore, for our primary outcome
measure, statistical analyses were limited to the 8 pa-
tients in whom final position (best glottic view) was
designated by the anesthesiologist during both intuba-
tion attempts. Likewise, measurements of time for intu-
bation and laryngoscope center of pressure (see next
paragraph) were limited to these 8 patients.

To characterize the distribution of pressure along the
laryngoscope blade, the location of the center of pres-
sure (COP) along the blade was calculated using the
following formula:

COP !

!
i!1

n

pisi

!
i!1

n

pi

where pi is the pressure of the ith sensor and si is
the distance from the reference point to the ith sensor.
The reference point was taken to be the distal tip of the
laryngoscope blade, with the distance (in cm) being
measured linearly along the blade towards the handle
(distal to proximal measurement).

Post hoc inspection of the data showed the designated
time of final position (E3, best glottic view) usually did
not correspond well to either maximum pressure during
intubation or to the proximate insertion of the endotra-
cheal tube (Results, paragraph 4). Therefore, as an alter-
nate (secondary) measure of maximum pressure during
intubation, maximum pressure at any time after visual-
ization of the epiglottis (any transducer) was compared
between DLs with and without MILS, irrespective of
whether or not intubation was attempted. Thus, all 9
patients were included in this measure. Post hoc inspec-
tion of the data also showed that laryngoscope pressures
varied widely among transducers; in some cases, pres-
sures markedly oscillated during DL and intubation. For
these reasons, a single pressure measurement from a
single transducer seemed potentially inadequate to char-
acterize pressures applied over the length of laryngo-

Fig. 1. Pressure-sensing Macintosh 3 laryngoscope blade. Sensor
1 is the most distal, and sensor 6 is the most proximal.

26 SANTONI ET AL.

Anesthesiology, V 110, No 1, Jan 2009

Force-sensor studies

Santoni BG et al. Anesthesiol 2009


• force sensors embedded into Mac blades


• MILS reduced laryngeal view


• twice required force to intubated



Force sensor studies
Lee C, Khan S, Russell T, Cordovani D, 
Gordon J, Sainsbury J, Parotto M, Cooper RM 
2008-2019


• studies comparing DL vs HA-VL, HA-VL vs 
Mac-VL, manikins, patients with easy and 
difficult anatomy


• direct vs indirect Mac-VC in manikin


• same airway-same view by experienced 
anesthesiologists—10-fold range of force 
was applied


• what does this mean?

Statistical analysis was performed using Prism 5.0a
(GraphPad Software, Inc., La Jolla, CA, USA) and R
Statistical Language (R Foundation for Statistical Com-
puting, Vienna, Austria). Forces from the three sensors
on each laryngoscope were summated and were not
individually analysed. Force and duration were analy-
sed using the Friedman and Mann–Whitney tests as
appropriate. Post-hoc analysis to compare individual
manikins was performed using the Wilcoxon-Neme-
nyi-McDonald-Thompson test, with p values corrected
for multiple comparisons, using R Code [14]. Analyses
were two-sided and a value of p less than 0.05 was
considered statistically signi!cant.

Results
All intubations were successful. Compared with the
Macintosh, the GlideScope laryngoscope generated
lower average and peak forces (Figs. 3 and 4), with dif-
ferences of 1–5 N (p values 0.021–0.0005) and 5–11 N
(p values 0.032–0.0005), respectively.

Average and peak forces were higher in the Ambu
Airway Man manikin than the Laerdal Airway Man-
agement Trainer, with mean (95% CI) differences: for
Macintosh laryngoscopy 7 (5–9) N and 9 (5–12) N,
p = 0.00004 and p = 0.0004; for GlideScope laryngos-
copy 3 (2–4) N and 3 (1–4) N, p = 0.00001 and
p = 0.054. Average N and peak GlideScope forces were
also higher in the Ambu Airway Man, with mean
(95% CI) differences compared to the SimMan of 3
(2–4) N and 4 (2–6) N, p = 0.0001 and p = 0.0003.

There were no signi!cant differences between the
two laryngoscopes in the time to intubate (Fig. 5).
Intubation in the TruCorp AirSim was 12 (6–18) s
slower than the Ambu Airway Man with the Macin-
tosh laryngoscope, p = 0.00001, and 19 (7–31) s
slower than the SimMan with the GlideScope laryngo-
scope, p = 0.0004.

The TruCorp AirSim scored least for realism (18/
64), with higher scores for the other three manikins:
Laerdal SimMan (46/64); Laerdal Airway Management
Trainer (49/64); and Ambu Airway Man (47/64).

Discussion
Force can objectively compare laryngoscopy in differ-
ent manikins and humans. Force can also track
changes in laryngoscopy technique, as well as changes
in manikin plasticity, for instance with repeated use.

Higher forces are generated during dif!cult laryn-
goscopy and airway intubation [1, 15, 16, 18]. In man-
ikins, these forces are in part determined by shape and
material properties. In our study, forces generated dur-

(a) (b)

Figure 2 Laryngoscopes with sensors and ‘pucks’ attached: (a) Macintosh, (b) GlideScope.

Figure 3 Average force for Macintosh ( ) and Glide-
Scope ( ) laryngoscopy in four manikins and humans.
LAMT, Laerdal Airway Management Trainer. Compar-
ison between manikins: p < 0.0001 for both laryngo-
scopes. Macintosh post-hoc tests: TruCorp > LAMT,
p = 0.014; Ambu > SimMan, p = 0.006 and LAMT,
p = 0.00004. GlideScope post hoc tests: Tru-
Corp > SimMan, p = 0.021; Ambu > SimMan,
p = 0.0001 and TruCorp, p = 0.003 and LAMT,
p = 0.00001. Comparison between laryngoscopes for
each manikin respectively: p = 0.001; p = 0.0005;
p = 0.021; p = 0.005. * From reference 19. Horizontal
line, median; box, IQR; whiskers, XX; dots, outliers.
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Objective measures of laryngoscopy and 
intubation

• Objective, real-time, automatic


• video-capture of laryngoscopy and intubation


• embedded force-sensors


• timing automatically recorded and displayed


• SpO2 ported from existing oximeters


• video recording part of clinical record


• common definitions lead to cooperative outcomes and big data


• research and clinical interests intersect


• education and quality of care improve (CQI)



Summary
• moving beyond NAP4 and litigation


• focusing on near misses and suboptimal outcomes


• Tower of Babel


• can clinicians and researchers agree on terminology


• objective outcomes to minimize situational awareness/blindness 


• lessons from my toothbrush


