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Table 1 Intubation care bundle management

Pre-intubation
1. Presence of two operators
2. Fluid loading (isotonic saline 500 ml or starch 250 ml) in
absence of cardiogenic pulmonary edema
3. Preparation of long-term sedation
4. Preoxygenation for 3 min with NIPPV in case of acute
respiratory failure (FiO, 100%, pressure support ventilation
level between 5 and 15 cmH,O to obtain an expiratory tidal
volume between 6 and 8 ml/kg and PEEP of 5 cmH,0)
During intubation
5. Rapid sequence induction: etomidate 0.2-0.3 mg/kg or
ketamine 1.5-3 mg/kg combined with succinylcholine
1-1.5 mg/kg in absence of allergy, hyperkaliemia, severe
acidosis, acute or chronic neuromuscular disease, burn patient
for more than 48 h and medullar trauma
6. Sellick maneuver
Post-intubation
7. Immediate confirmation of tube placement by capnography
8. Norepinephrine if diastolic blood pressure remains <35 mmHg
9. Initiate long-term sedation
10. Initial “protective ventilation”: tidal volume 68 ml/kg of
ideal body weight, PEEP <5 cmH,0 and respiratory rate
between 10 and 20 cycles/min, FiO, 100% for a plateau
pressure <30 cmH,0

NIPPV non-invasive positive pressure ventilation, PEEP positive
end expiratory pressure, FiO, inspired oxygen fraction
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Severe hypoxemia Severe collapse Cardiac arrest

or death

Fig. 1 Life-threatening complications occurring after all intuba-
tions performed during the control (n = 121) and the intervention

(n = 123)
significant

phases. *p < 0.05 versus control phase. NS not

Intensive Care Med. 2010 Feb;36(2) :248-55.

PMID: 19921148
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Neuromuscular Blockade Improves First-Attempt Success for
Intubation in the Intensive Care Unit
A Propensity Matched Analysis

Jarrod M. Mosier'2, John C. Sakles?, Uwe Stolz?, Cameron D. Hypes'+?, Harsharon Chopra®, Josh Malo’,
and John W. Bloom'

Departments of 'Medicine, Section of Pulmonary, Critical Care, Allergy, and Sleep, and “Emergency Medicine, University of
Arizona, Tucson, Arizona; and “University of Arizona College of Medicine, Tucson, Arizona
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Table 2. Intubation success and grade of laryngoscopic view by use of neuromuscular
blocking agent

Outcome Paralytic No Paralytic P Value
% (n/N) 95% CI % (n/N) 95% CI

First attempt success, 80.9 (401/496) 77-84 69.6 (117/168) 62-76 0.003
More than two attempts 3.6 (18) 22-5.7 5.4 (9 2.5-9.9 0.36
CLIorll 82.1 (407/496) 78-85 78.0(131/168) 71-84 0.26
POGO score, mean 72% 69-75 69% 63-74 0.29

Definition of abbreviations: Cl = confidence interval; CL = Cormack-Lehane grade of view; POGO =

Ann Am Thorac Soc. 2015 May;12(5) :734-41.
percentage of glottic opening. R
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TABLE 2. Success Rate and Complications of
Direct Versus Video Laryngoscopy

Direct Laryn- Video Laryn-

Variabl (M=60) (%)  (n=57) )
dariables n= n= [ +] AN e\
0 —

First-pass success 24 (40) 41(74) <0.01 I:T7I- 19&'” fﬁ'd)'fﬁ’ - (L'J: D
Required > 2 attempts 16 (27) 5 (9) 002 | - ZJ][O]pkIHZR
A b 1.93 139 <001

e - BT
Time to intubation (s) 218 120 < 0.01 73\‘ (L_ a&% L 7—
Time to intubation 74.5 64.5 030 =

(s) when only one
attempt required

Need for attending 1(2) 1(2) 1.00
intervention
Witnessed vomiting 4 (7) 6 (9) 0.69
or aspiration
Esophageal intubation 4 (7) 0 0.05
Hesiuration S 60 5(8) 2(4) = Comparison of Video Laryngoscopy Versus
Hypotension (systolic 8(13) 6(11) 0.64 Direct Laryngoscopy During Urgent Endotracheal
blood pressure < 70) Intubation: A Randomized Controlled Trial*
CGrmaCk'LEhanE 81 ;I'f54 {5?] 50;5 4 (ga] {: 0101 Michael J. Silverberg, MD; Nan Li, MD; Samuel O. Acquah, MD; Pierre D. Kory, MD, MPA
grade 1 or 2 Crit Care Med. 2015 Mar;43(3) :636-41.

PMID: 25479112



Evaluation of six videolaryngoscopes in 720 patients
with a simulated difficult airway: a multicentre
randomized controlled trial

M. Kleine-Brueggeney®2* R. Greif!, P. Schoettker3, G. L. Savoldelli,
S. Nabecker! and L. G. Theiler?
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Devices with a guiding channel

C-MAC™ D- GlideScope™ McGrath™ Airtraq™ AP. Advance™ KingVision™ P-value
blade (n=120) (n=120) (n=120) (n=120) (n=120) (n=120)
First-attempt success 114 (95); [89-98] 102 (85); [77-90] 117 (98); 102 (85); 44 (37); [28-46] 104 (87); [79-92] <0.01*
[n (%); [95% CIJ} [92-99] [77-90]
Cormack-Lehane grade 76/36/7/0/0 80/29/3/2/3 64/45/9/1/0  74/30/4/0/3 19/28/22/8/19  ©3/41/7/1/4 <0.017
/Ta/TIb/IIVIV (n)
Percentage of glottic 90 (80; 100) 100 (83; 100) 90 (80; 100) 90 (80; 100) 60 (10; 80) 90 (80; 100) <0.01"
opening [median
(percentiles)]
Failure because of 0/0/5 0/5/12 0/1/2 3/7/5 2/34/27 0/e/7 0.05%
technical
problems/poor

view/intubation
difficultv (m
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42F2(13-350%%) vs 30#(11-600%>) p<0.01

Acad Emerg Med. 2009 Sep:16(9):866-71.

PMID: 19664096
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50%(N=27/54) vs 24%(N=15/63) p=0.004

J Trauma Acute Care Surg. 2013 Aug:75(2):212-9.

PMID: 23823612
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Study Design
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Study Design
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Inclusion criteria
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Exclusion Criteria
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- J\wJ)VYLTY X2 15L/min
- FEEINANY X2 15L/min
- NIV Fi102 100%

- high flow nasal FiO2 100% 60L/min
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Primary Outcome
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Secondary Outcome

1) EARBY/RIERE R INER
2) HE(CAKIII DE TDEFE
3) Cormack-Lehane grade

4) POGO score
the percentage of Glottic Opening scale score
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Secondary Outcome
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POGO score

the percentage of glottic opening score

100%

Figure 1. A schematic diagram of the percentage of glot-
tic opening (POGO) score. The most posterior point is
the interarytenoid notch and the most anterior portion
is the anterior commissure. The percentage of glottic

visualization represents the POGO score.

Acad Emerg Med. 1998 Sep;5(9):919-23.
PMID: 9754506




complication
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Intensive Care Med . 2013:39(12):2144-2152.

PMID : 24045887

Prehosp Emerg Care . 2014:42(4):886-895.

PMID : 16036839

Crit Care Med . 2014;42(4):886-895.

PMID : 24275511



Statistical Analysis
(Primary outcome)
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Statistical Analysis

(Secondary outcome)

« B —4 : X21RE. Fisher exactiRTE

« EMFT—4 : HRE. Wilcoxon rank sumiRiE
- IEEIFRT : Kaplan-MeierBhf®. |log-ranki&iE
s BIJU)L—TFT  JBETET)LTHEMN

INTOMRTE(FER, AE : 0. 054
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RN

489 Patients assessed for eligibility

118 Excluded
80 Did not meet inclusion criteria

30 Insufficient time for inclusion
and randomization

15 Correctional facility inmate

15 Previous inclusion in randomized

5@1{%’|$7&489A \qu'f Eﬁ 37“\ cli.nical trial wit'h intubation as the
SEINANS A LI E " primary end point

8 Contraindication to orotracheal
yp d: 5 j:—_— intubation

5 Nasotracheal fiberoptic intubation
5 No health insurance
2 Age<18y
2 Refused to participate
2 No investigator present
34 Other reasons

371 Randomized



RN

371 Randomized

186 Randomized to McGrath
video laryngoscopy group

183 Received intervention as
randomized

3 Did not receive intervention
as randomized
1 Intubated using Macintosh
laryngoscope
2 Not intubated

Y

186 Included in intention-to-treat analysis

183 Included in per-protocol analysis

185 Randomized to Macintosh direct
laryngoscopy group

182 Received intervention as
randomized

1 Did not receive intervention
as randomized (not intubated)

2 Case report form lost

Y

185 Included in intention-to-treat analysis

182 Included in per-protocol analysis

FEHERZT T

E>-AWzERER186 N, E1REIMXEAER185 A
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Video Laryngoscopy Direct Laryngoscopy
(n = 186) (n = 185)
Demographics®
Age, mean (SD), y 62.7 (15.3) 62.8 (16.3)
Male sex, No. (%) 122 (65.6) 113 (61.1)
BMI, mean (SD)" 26.2 (6.7) 26.6 (7.2)
Simplified Acute Physiologic Score Il, mean (SD)¢ 58.0 (21.0) 57.7 (21.8)
Activity level (Knaus chronic health status score),
No. (%)
Normal health status 24 (12.9) 22 (11.9)
Moderate activity limitation 90 (48.3) 103 (55.7)
Severe activity limitation due to chronic disease 70 (37.6) 56 (30.3)
Bedridden 2(1.1) 4(2.2)
Charlson comorbidity index, mean (SD)“ 29 (2.1) 3.0 (2.1)
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Video Laryngoscopy Direct Laryngoscopy
(n = 186) (n = 185)
Diagnosis at admission to the intensive care unit,
No. (%)
Acute circulatory failure 32(17.2) 22 (11.9)
Acute neurological failure 46 (24.7) 40(21.6)
Acute respiratory failure 73(39.2) B6 (46.5)
Trauma 35(18.8) 37 (20.0)
Other® 45 (24.2) 44 (23.8)
Reason for intubation, No. (%)
Neurological failure 71(38.2) 76 (41.1)
Respiratory failure 52 (28.0) 51(27.6)
Circulatory failure 3(1.6) 4(2.2)
Other 13 (7.0) 9(4.9)
At time of enrollment
Sequential Organ Failure Assessment score, 7 (4) 7(3)
mean (50)°
Glasgow Coma Scale score, mean (SD)® 12 (4) 12 (4)
Heart rate, mean (SD) 107 (28) 101 (25)
Arterial systolic pressure, mean (SD), mm Hg 129 (32) 126 (30)
Peripheral oxygen saturation, mean (50), % 95 (6) 95 (6)
Ratio of Pao, to Fio,, median (IQR) 95 (71-191) 91 (71-145)
Serum lactic acid, mean (5D}, mmol/L 3.1(3.1) 3.0(3.3)
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Video Laryngoscopy Direct Laryngoscopy
(n = 186) (n = 185)
Diagnosis at admission to the intensive care unit,
No. (%)
Acute circulatory failure 32(17.2) 22 (11.9)
Acute neurological failure 46 (24.7) 40 (21.6)
Acute respiratory failure 73 (39.2) 86 (46.5)
Trauma 35(18.8) 37 (20.0)
Other” 45 (24.2) 44 (23.8)
R
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Other 13 {?.D] {4 El}
At time of enrollment

Sequential Organ Failure Assessment score, 7(4) 7(3)
mean (50)°

Glasgow Coma Scale score, mean (SD)* 12 (4) 12 (4)
Heart rate, mean (SD) 107 (28) 101 (25)
Arterial systolic pressure, mean (SD), mm Hg 129 (32) 126 (30)
Peripheral oxygen saturation, mean (50), % 95 (6) 95 (6)
Ratio of Pao, to Fio,, median (IQR) 95 (71-191) 91 (71-145)

Serum lactic acid, mean (50}, mmol/L 3.1(3.1) 3.0(3.3)
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Video Laryngoscopy Direct Laryngoscopy
(n = 186) (n = 185)
Criteria for difficult facial mask ventilation,
No./total (%)
Age >55 y 134/185 (72.4) 133/185 (71.9)
Edentulous 41/183 (22.4) 45/181 (24.9)
Snores 28/171 (16.4) 35/173 (20.2)
Has beard 22/184 (12.0) 22/181 (12.2)
Limited mandibular protrusion 5/147 (3.4) 12/135 (8.9)
BMI =26 77/177 (43.5) BB/179 (49.2)

Criteria for difficult intubation

History of difficult intubation, No. (%)
Mallampati score, No./total (%)"

1

2

3

3(1.6)

25/111 (22.5)
45/111 (40.5)
30/111 (27.0)

2(1.1)

32/107 (29.9)
44/107 (41.1)
26/107 (24.3)

4

11/111 (9.9)

5/107 (4.7)

Thyromental distance <65 mm, No./total (%)
Mouth opening <35 mm, No./total (%)
Limited cervical mobility, No./total (%)

Sleep apnea, No./total (%)

BMI =35, No./total (%)

MACOCHA score, mean (SD)'

19/182 (10.4)

27f181 (14.9)

12/183 (6.6)

11/182 (6.0)

13/177 (7.3)
3(3)

26/177 (14.7)

26/178 (14.6)

13/179 (7.3)

10/180 (5.6)

20/179 (11.2)
3 (3)
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Video Laryngoscopy Direct Laryngoscopy
(n = 186) (n = 185)

Criteria for difficult facial mask ventilation,
No./total (%)

Age =55 ¥
Edentulous
Snores
Has beard
Limited mandibular protrusion
BMI =26
Criteria for difficult intubation
History of difficult intubation, No. (%)
Mallampati score, No./total (3)"
1|

134/185 (72.4)

41183 (22.4)
28/171 (16.4)
22/184 (12.0)
5/147 (3.4)
77/177 (43.5)

3(1.6)

25/111 (22.5)

45/111 (40.5)
30/111 (27.0)

133/185 (71.9)
45/181 (24.9)
35/173 (20.2)
22/181 (12.2)
12/135 (8.9)
BB/179 (49.2)

2(1.1)

32/107 (29.9)
44/107 (41.1)
26/107 (24.3)

2z
3
4

11111 (9.9)

5/107 (4.7)
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BMI =35, No./total (%)
MACOCHA score, mean (5D}’

13/177 (7.3)
3(3)

20/179 (11.2)
3 (3)




Primary Outcome

No./Total (%) of Patients®

Video Direct Absolute Difference P
Laryngoscopy Laryngoscopy (95% Cl), % Value
Primary Outcome: Successful First-Pass Intubation
Intention-to-treat analysis 126/186 (67.7) 130/185(70.3) -2.5(-11.9t06.9) .60
Per-protocol analysis 126/183 (68.9) 130/182 (71.4) -2.5(-12.3t0 6.4) .54
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Secondary Outcomes

No./Total (%) of Patients®

Video Direct Absolute Difference P
Laryngoscopy Laryngoscopy (95% Cl), % Value

Cormack-Lehane grade®

1 133/176 (75.6) 93/177 (52.5) 23.1(13.3 to 32.7)
2 25/176 (14.2) 51/177 (28.8) -14.6 (-23.0t0 -6.2)
3 10/176 (5.7) 20/177 (11.3) -5.6(-11.4t00.2) S
4 8/176 (4.5) 13/177 (7.3) -2.8 (-7.7 to 2.1)
Percentage of glottic opening score, 100 (80 to 100) 80 (50to 100) 20 (0 to 20) <.001
median (IQR)©
Maneuvers during first-attempt laryngoscopy
Head elevation 38/183 (20.8) 46/181(25.4) -4.6(-13.3t04.0) .29
BURP maneuver® 26/183 (14.2) 28/181 (15.5) -1.3(-8.6t06.0) 73
Sellick maneuver® 28/184 (15.2) 38/181(21.0) -5.8(-13.6to02.1) 115
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Secondary Qutcomes

No./Total (%) of Patients*
Video Direct Absolute Difference P
Laryngoscopy Laryngoscopy (95%Cl), % Value
Reason for intubation failuref
Glottis not seen 13/58 (22.4) 36/51 (70.6) -48.2 (-64.6 to -31.7)
Failure of tracheal catheterization 41/58 (70.7) 12/51 (23.5) 47.2 (30.6 to 63.7)
Adverse event® 1/58 (1.7) 2/51 (3.9) -2.2(-8.5t04.1) <.001
Laryngeal obstruction 1/58 (1.7) 1/51 (2.0) -0.3(-5.3t04.8)
Technical failure (battery, other) 2/58 (3.4) 0 3.4 (-1.2t08.1)
No. of intubation attempts, median (range) 1(1to4) 1(1to5) 0 (0to0) .68
Difficult intubation” 14/186 (7.5) 14/185 (7.6) =0.1(=5510 5.4) .99
Duration of intubation, median (IQR), min 3(2to4) 3(2to 4) 0 (0 to 0) .95
Need for facial mask ventilation after 16/73 (21.9) 15/66 (22.7) -0.8 (-30.1t0 28.5) .91
first-attempt laryngoscopy
Need for gum elastic bougie 49/257 (19.1) 34/247 (13.8) 5.3 (2.2 to 25.4) i B |
After first-attempt laryngoscopy 22/184 (12.0) 10/181 (5.5) 6.5 (0.7 to 12.2) .03
After second- to fifth-attempt 27/73 (37.0) 24/66 (36.4) 0.6 (-259t0 27.1) .94

laryngoscopy



Secondary Outcomes

No./Total (%) of Patients®
Video Direct Absolute Difference P
Laryngoscopy Laryngoscopy (95%Cl), % Value
Reason for intubation failuref
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Need for gum elastic bougie 49/257 (19.1) 34/247 (13.8) 5.3 (2.2 to 25.4) 11
After first-attempt laryngoscopy 22/184 (12.0) 10/181 (5.5) 6.5 (0.7 to 12.2) .03
After second- to fifth-attempt 27/73 (37.0) 24/66 (36.4) 0.6 (-259t0 27.1) .94

laryngoscopy



Secondary Qutcomes

No./Total (%) of Patients®
Video Direct Absolute Difference P
Laryngoscopy Laryngoscopy (95%C1), % Value
Type of complication
Death 1/184 (0.5) 0/181 0.5 (-0.5 to 1.6) .99
Cardiac arrest 4/184 (2.2) 0/181 2.2 (0.07 to 4.3) 12
Arrhythmia 3/184 (1.6) 4/181 (2.2) -0.6 (-3.4t0 2.2) .69
Esophageal intubation 3/184 (1.6) 6/181 (3.3) -1.7 (-4.9 to 1.5) .33
Aspiration 4/184 (2.2) 4/181 (2.2) 0 (-3.0to 3.0) .99
Tooth injury 0/184 1/181 (0.6) -0.6 (-1.6 to 0.5) .50
Hypoxemia' 14/173 (8.1) 19/174 (10.9) -2.8(-9.0to 3.3) 37
Severe hypoxemia’ 6/176 (3.4) 1/181 (0.5) 2.9 (-0.03 t0 5.7) .06
Hypotension® 8/180 (4.4) 4/179 (2.2) 2.2(-1.5t05.9) 24
>1 Life-threatening complication 24/180 (13.3) 17/179 (9.5) 3.8 (2.7 to 10.4) .25
Type of life-threatening complication'
Mild to moderate™ 10/181 (5.4) 14/181 (7.7) -2.3(-7.4t0 2.8) 37

Severe" 17/179 (9.5) 5/179 (2.8) 6.7 (1.8 to 11.6) .01
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No./Total (%) of Patients®
Video Direct Absolute Difference P
Laryngoscopy Laryngoscopy (95%Cl), % Value
Type of complication
Death 1/184 (0.5) 0/181 0.5 (-0.5to 1.6) .99
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Hypotension® 8/180 (4.4) 4/179 (2.2) 2.2 (-1.5t05.9) 24
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Secondary Outcomes

No./Total (%)
Video Direct Absolute Difference
Laryngoscopy Laryngoscopy (95%Cl), % PValue
Skill level of physician making first intubation attempt
Nonexpert 57/1 4.4 54/18 .2) 1.2 (-6.3 to 8.6)
Expert 29/186 (15.6) 31/185 (16.8) -1.2 (-8.6 t0 6.3) 5
Description of nonexpert
Emergency medicine resident 23/157 (14.7) 18/154 (11.7) 3.0 (-4.6 to 10.3)
Anesthesiology resident 28/157 (17.8) 27/154 (17.5) 0.3(-7.7t09.3)
Internal medicine resident 92/157 (58.6) 102/154 (66.2) -7.6(-18.7 t0 2.7) =
Other® 14/157 (8.9) 7/154 (4.5) 4.6(-1.21t09.8)
Description of expert
Anesthesiologist 16/29 (55.2) 20/31 (64.5) -9.3 (-34.1 to 15.4)
Emergency physician 1/29 (3.4) 0/31 (0) 3.4(-3.2t010.1) .60
Medical intensivist 12/29 (41.4) 11/31 (35.5) 5.9 (-18.7 to 30.5)
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Secondary Outcomes

No./Total (%)
Video Direct Absolute Difference
Laryngoscopy Laryngoscopy (95%Cl), % PValue
Preoxygenation modality
Bag valve mask 95/184 (51.6) 95/181 (52.5) -0.9(-11.1to 9.4) .87
Noninvasive ventilation 39/184 (21.2) 46/181 (25.4) -4.2 (-12.9t0 4.4) .34
High-flow nasal cannula 20/184 (10.9) 19/181 (10.5) 0.4 (-6.0t06.7) 91
Nonrebreather mask 46/184 (25.0) 44/181 (24.3) 0.7 (-8.1t09.5) .88
Hypnotic medications
Etomidate 164/184 (89.1) 165/182 (90.7) -1.6 (-7.7 to 4.6) .63
Propof‘I s f\lif:\‘ fFA MY Y S hli\h'\ £ A4 AN Nt F S0 a2 A ON .82
Ketamil sl @Q?‘E'ﬂ: (F/\w 2 )\) I/j KA 22
. * N e
Midazo EFHEREEIT r=7—b 98
Other® axna 3 TE7 >, — S 21
" gpatiEE (o= )L > -
one ' = - N _ :
v DOEHEENS < mMEFEI CEEI Mo T
Succinylcholine 144/184 (78.3) 138/182 (75.8) 2.5 (-6.6 to 10.6) .58
Rocuronium 29/184 (15.8) 247182 (13.2) 2.6 (-4.7t09.7) 48
Other* 7/184 (3.8) 14/182 (7.7) -3.9(-8.7t0 0.8) A1
None 4/184 (2.2) 6/182 (3.3) -1.1(-45t02.2) 51




Secondary Outcomes

Video

Direct

P
Laryngoscopy | Laryngoscopy 95%ClI
(0=186) (n=185) value
SOFA score on day 1, median [IQR] 8 [5-11] 8 [5-11] 0[-1to1] 0.79
SOFA score on day 2, median [IQR] 6 [4-9] 6 [4-10] 0[-1to1] 0.34
Mechanical ventilation duration, days,
median [IQR] 3.2[1.1-9.1] 46[1498] |[-03[-12t03]| 031
Mechanical ventilation-free days by
day 28, median [IOR] 21.0 [0-26.0] 19.2 [0-25.5] 0 [0 to 0.8] 0.46
ICU mortality, n (%) 57 (30.6%) 58 (31.4%) e [8_1’(])1 0 0.88
Day-28 mortality, n (%) 66 (35.7%) 67 (36.4%) = [9_11(])5 s 0.88
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eTable 4. Sensitivity analysis in the intention-to-treat population, with adjustment for
MACOCHA score >4 (n=371)
aOR [95%CI] P value

Randomization group
Direct Laryngoscope 1
Video Laryngoscope 1.10 [0.69-1.75] 0.69
Operator status
Expert 1
Non-expert 5.53 [2.09-14.59] 0.001
MACOCHA Score >4
No 1
Yes 1.30 [0.72-2.36] 0.39
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