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IMPORTANCE Hypotension is common during tracheal intubation of critically ill adults and
increases the risk of cardiac arrest and death. Whether administering an intravenous fluid
bolus to critically ill adults undergoing tracheal intubation prevents severe hypotension,
cardiac arrest, or death remains uncertain.

OBJECTIVE To determine the effect of fluid bolus administration on the incidence of severe
hypotension, cardiac arrest, and death.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial enrolled 1067 critically ill
adults undergoing tracheal intubation with sedation and positive pressure ventilation at 11
intensive care units in the US between February 1, 2019, and May 24, 2021. The date of final
follow-up was June 21, 2021.

INTERVENTIONS Patients were randomly assigned to receive either a 500-mL intravenous
fluid bolus (n = 538) or no fluid bolus (n = 527).

MAIN OUTCOMES AND MEASURES The primary outcome was cardiovascular collapse
(defined as new or increased receipt of vasopressors or a systolic blood pressure <65 mm Hg
between induction of anesthesia and 2 minutes after tracheal intubation, or cardiac arrest
or death between induction of anesthesia and 1 hour after tracheal intubation).
The secondary outcome was the incidence of death prior to day 28, which was censored
at hospital discharge.

RESULTS Among 1067 patients randomized, 1065 (99.8%) completed the trial and were
included in the primary analysis (median age, 62 years [IQR, 51-70 years]; 42.1% were
women). Cardiovascular collapse occurred in 113 patients (21.0%) in the fluid bolus group and
in 96 patients (18.2%) in the no fluid bolus group (absolute difference, 2.8% [95% CI, !2.2%
to 7.7%]; P = .25). New or increased receipt of vasopressors occurred in 20.6% of patients in
the fluid bolus group compared with 17.6% of patients in the no fluid bolus group, a systolic
blood pressure of less than 65 mm Hg occurred in 3.9% vs 4.2%, respectively, cardiac arrest
occurred in 1.7% vs 1.5%, and death occurred in 0.7% vs 0.6%. Death prior to day 28
(censored at hospital discharge) occurred in 218 patients (40.5%) in the fluid bolus group
compared with 223 patients (42.3%) in the no fluid bolus group (absolute difference, !1.8%
[95% CI, !7.9% to 4.3%]; P = .55).

CONCLUSIONS AND RELEVANCE Among critically ill adults undergoing tracheal intubation,
administration of an intravenous fluid bolus compared with no fluid bolus did not significantly
decrease the incidence of cardiovascular collapse.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03787732

JAMA. doi:10.1001/jama.2022.9792
Published online June 16, 2022.
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Background



本論⽂の背景
•挿管⼿技中の有害事象、⾎圧低下

•輸液負荷の効果



挿管⼿技中の循環虚脱の頻度
デザイン フランス、ICU 42施設、2011年9⽉1⽇から2012年1⽉31⽇まで

前向きコホート研究の事後解析

対象 ICUで挿管された成⼈患者（N=885）
除外︓⼼停⽌や循環不全のため気管挿管、挿管前にすでに循環作動薬が投与

主要評価項⽬
重度の循環虚脱
定義︓⼀度でも sBP ≤65 mmHg and/or 30分以上持続する ≤90 mmHg
（晶質液 500–1000mLや膠質液の負荷投与、循環作動薬投与にも関わらず）

主な結果 挿管⼿技に264/885（29.8%）の患者で重度の循環虚脱が発⽣した

Perbet S, et al. Incidence of and risk factors for severe cardiovascular collapse after endotracheal
intubation in the ICU: a multicenter observational study. Crit Care. 2015;19:257. PMID: 26084896.

循環虚脱の有無で⽐較すると、循環虚脱ありの患者は意識障害が少なく、呼吸不全が多い（PEEPも少し⾼め）



挿管⼿技中の有害事象

デザイン 29カ国、197施設、2018年10⽉1⽇から2019年7⽉31⽇
前向きコホート研究

対象 ICU、ER、病棟で気管挿管された重症成⼈患者（N=2,964）
主な挿管理由︓呼吸不全 52.3％、意識障害 30.5％、循環不安定 9.4％

主要評価項⽬

挿管⼿技から30分以内に⽣じた有害事象（以下のうち1つ以上）
• 循環虚脱（⼀度でもsBP < 65または30分以上持続するsBP < 90 mmHg ）
• 新たに⾎管収縮薬または輸液負荷 > 15 mL/kg
• 重度の低酸素⾎症（SpO2 < 80%）
• ⼼停⽌

主な結果
主な有害事象は循環不安定（42.6％）、低酸素⾎症（9.3％）、⼼停⽌（3.1％）
⼼停⽌の原因は循環不安定 34（36.9%）、低酸素⾎症23（25.0%）
⼼停⽌患者の44/93（47.3%）はそのまま死亡、ICU死亡率は32.8％

Russotto V, et al. Intubation Practices and Adverse Peri-intubation Events in Critically Ill Patients From 29 Countries. JAMA. 2021;325:1164-1172.
PMID: 33755076.



Tracheal Intubation Practices and Success Rates
Of the study patients, !"#$ (%&.#%) received preoxygenation
by a bag-valve mask, the most frequently used method. Non-
invasive ventilation was used for '## patients (!!.%%) and high-

flow nasal cannula for !%( patients ().#%; Table !; eTable & in
the Supplement).

Of the study patients, !$&$ (%&.&%) underwent rapid se-
quence induction (ie, no ventilation between induction and

Table 3. Techniques, Medications, and Confirmations of Intubations

Variable No. (%) (n = 2964)
Application of an airway management protocol

Standard protocol

In place and used 1510 (51.0)

In place and not useda 443 (15.0)

No standard protocol in place 1009 (34.0)

Preoxygenation method (n = 2960)

Bag-valve mask 1847 (62.4)

Standard facemask 389 (13.2)

Noninvasive ventilation 344 (11.6)

High-flow nasal cannula 160 (5.4)

Anesthesia breathing circuitb 56 (1.9)

Continuous positive airway pressure 51 (1.7)

Venturi system 47 (1.6)

Nasal cannula 47 (1.6)

Otherc 19 (0.6)

Apneic oxygenation, No./total (%)d 308/2959 (10.4)

Rapid sequence induction, No./total (%)e 1727/2777 (62.2)

Cricoid pressure, No./total (%) 1120/2956 (37.9)

Induction agent, No./total (%)f 2774/2964 (93.6)

Propofol 1230 (41.5)

Midazolam 1079 (36.4)

Etomidate 527 (17.8)

Ketamine 421 (14.2)

Muscle relaxant use, No./total (%) 2095/2776 (75.5)

Rocuronium 1239 (41.8)

Succinylcholine 646 (21.8)

Vecuronium 95 (3.2)

Cisatracurium 85 (2.9)

Opioid use for intubation, No./total (%) 1415/2776 (51.0)

Method of laryngoscopy (n = 2963)

Direct laryngoscopy with Macintosh or Miller blade 2416 (81.5)

Video laryngoscopy 505 (17.1)

Other methodg 42 (1.4)

Use of intubation adjuncts (n = 1055)

Stylet 816 (77.4)

Bougie 230 (21.8)

Otherh 9 (0.8)

First method used to confirm intubation (n = 2956)

Auscultation 1711 (57.9)

Waveform capnographyi 758 (25.6)

Colorimetric carbon dioxide detectionj 222 (7.5)

Capnometryk 138 (4.7)

None 7 (0.2)

Otherl 120 (4.1)

Success, No./total (%)

First pass 2360/2958 (79.8)

Second pass 460/2958 (15.6)

Emergency front-of-neck accessm 4 (0.13)

a Standard protocol was not used in
intensive care unit (57.3%),
emergency department (26.6%),
ward (11.5%), and other places
(4.51%), including recovery,
cardiology, radiology, and
endoscopy interventional rooms.

b Anesthesia breathing circuits
(eg, Mapleson C) are used outside
the operating room in some centers
instead of self-inflating bags
(bag-valve mask). While they
require a source of oxygen to work,
they provide a lower resistance
alternative in spontaneously
breathing patients.

c Included invasive mechanical
ventilation (for patients with
self-extubation) and
preoxygenation via bag-valve and
an extraglottic airway device.

d Oxygen administration during
laryngoscopy or fiberoscopy.

e Rapid onset induction without
positive pressure ventilation
between induction and
laryngoscopy.

f Proportion of patients receiving
each subcategory of induction
agent. Some patients received more
than 1 induction drug while others
received an opioid as induction
agent or underwent awake
fiberoptic intubation under local
anesthesia.

g Included direct laryngoscopy with
McCoy blade and fiberoptic
intubation. Nasotracheal
intubations were performed in
0.8% of patients.

h Included tube exchange catheter,
lighted stylet, and Magill forceps.

i Monitor provided the graphic
measurement of exhaled carbon
dioxide plotted against time.

j Device uses a photochemical
reaction to detect the presence of
carbon dioxide in the exhaled air.

k Provides only the absolute value of
carbon dioxide concentration in the
exhaled air.

l Included chest x-ray and
fiberoscopy.

mOne cricothyroidotomy, 1
percutaneous tracheostomy, and 2
surgical tracheostomies.
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the maincharacteristics of included patients. The study in-
cluded !"#$ men (%&.%%) and !!'$ women (($.)%). Median age
of included patients was %( years (IQR, )*-$) years).

Tracheal Intubation Setting and Clinician’s Characteristics
The main reason for tracheal intubation was respiratory
failure in !#)" patients (#&.(%), followed by neurological

Table 1. Baseline Patients’ Characteristics and Reasons for Intubation

Variable No. (%) (n = 2964)
Age, median (IQR), y (n = 2963) 63.0 (49.0-74.0)

Sex

Men 1857 (62.6)

Women 1107 (37.4)

Weight, median (IQR), kg (n = 2956) 71.2 (60.0-84.0)

BMI, median (IQR) (n = 2946) 25.4 (22.5-29.4)

SOFA score, median (IQR)a 7.0 (4.8-10.0)

Respiratory infection during previous 30 d 288 (9.7)

Radiological finding

Lung opacities

Bilateral 826 (27.9)

Unilateral 364 (12.3)

Pleural effusion 403 (13.6)

Otherb 266 (9.0)

Respiratory support prior to intubation (n = 2443)

Standard oxygen 1509 (61.8)

Noninvasive ventilation 521 (21.3)

High-flow nasal cannula 313 (12.8)

Continuous positive airway pressure 100 (4.1)

PaO2/FIO2, median (IQR) (n = 1780) 165.0 (100.0-265.0)

SpO2/FIO2, median (IQR) (n = 2372)c 165.7 (105.6-261.1)

Receiving vasopressor or inotropic support 769 (25.9)

Fluid bolus 30 min before intubation, No./total (%)d 1065/2827 (37.7)

Blood pressure, mean (SD), mm Hg (n = 2959)

Systolic 126.3 (35.7)

Diastolic 70.0 (20.7)

Heart rate, mean (SD), beats/min (n = 2960) 103.7 (26.2)

Location of intubation

ICU 1992 (67.2)

Emergency department 623 (21.0)

Medical ward 186 (6.3)

Surgical ward 69 (2.3)

Othere 94 (3.2)

Reason for intubation (n = 2960)

Respiratory failure 1548 (52.3)

Neurological impairment 902 (30.5)

Cardiovascular instability 277 (9.4)

Airway obstruction 137 (4.6)

Emergency or urgent procedure 29 (1.0)

Otherf 67 (2.2)

Degree of emergency (n = 2962)

Tracheal intubation required

Without any delay 1536 (51.9)

<1 h 1065 (35.9)

!1 h 361 (12.2)

!1 Anatomical reason to anticipate a difficult airway (n = 2798) 1308 (46.8)

MACOCHA score !3g 426 (14.4)

Abbreviations: BMI, body mass index,
calculated as weight in kilograms
divided by height in meters squared;
FIO2, fraction of inspired oxygen;
ICU, intensive care unit; IQR,
interquartile range; SOFA, Sequential
Organ Failure Assessment; SPO2,
oxygen saturation as measured by
pulse oximetry.
a Scores were calculated with last

values before intubation, and
missing data omitted were adjusted
accordingly.

b Included pulmonary contusion,
rib fracture(s), pneumothorax,
hemothorax, signs of pulmonary
hyperinflation or emphysema,
and pulmonary congestion or
cardiomegaly.

c Reported only when SpO2 was 98%
or less.

d Any fluid bolus administered 30
minutes preceding intubation to
reach or maintain the hemodynamic
goals according to clinical judgment.

e Included the postoperative recovery
room, cardiology, radiology, and
endoscopy interventional rooms.

f Included inadequate reversal of
neuromuscular block and
self-extubation.

g Predicts difficult intubation in the
ICU. Its calculation includes
Mallampati score III and IV
(5 points), obstructive sleep apnea
syndrome (2 points), reduced
mobility of the cervical spine
(1 point), limited mouth opening less
than 3 cm (1 point), coma (1 point),
severe hypoxemia (1 point),
nonanesthesiologist operator
(1 point) (range, 0, easy
intubation-12, very difficult
intubation).11
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輸液負荷は重症患者の気管挿管前に40%もされていない
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impairment in !"# patients ($".%%), and cardiovascular
instability in #&& cases (!.'%; Table ()

Resident physicians intubated (%$) patients (%(.!%), and
anesthesiologists intubated ()"( patients (%'."%; eTable $ in
the Supplement).

Primary Outcome
Of the critically ill patients undergoing tracheal intubation, ($'"
('%.#%) experienced at least ( major adverse peri-intubation
event (Table !; eTable ' in the Supplement).

The primary outcome was observed in &&* of (%'* pa-
tients (%".$%) intubated for respiratory failure; (&* of #&&
()'.$%) for hemodynamic instability (absolute difference with
respect to respiratory failure, ('."%; !%% CI, &.)% to #".'%)
and in #!% of !"# ($#.&%) with neurological impairment (ab-
solute difference with respect to respiratory failure, +(&.)%;
!%% CI, +#(.)% to +($.%%). Data for the composite outcome
calculation was available for all patients. eTable % in the
Supplement shows missing data for each single major ad-
verse event.

Cardiovascular instability accounted for the majority of the
events, occurring in ((&# ('#.)%) of all patients. Severe hypox-
emia was the second most common event, observed in #&# pa-
tients (!.$%). Ninety-three patients ($.(%) had a cardiac ar-
rest following tracheal intubation (Figure !). Of these, '!
patients (%#.&%) had a sustained return of spontaneous circu-
lation, and '' ('&.$%) died following cardiac arrest. The main
reported reason for cardiac arrest was hypovolemia or hemo-
dynamic instability in $' patients ($).!%), followed by hypox-
emia in #$ (#%."%).

Secondary Outcomes
Of the secondary outcomes, ()& patients (%.)%) had an esoph-
ageal intubation; ()& (%.)%), new onset cardiac arrhythmia; ($*
('.&%), difficult intubation; and (() ($.!%), aspiration of gas-
tric contents (Table #; eFigure ( in the Supplement). A total of
#!'$ patients were followed up through ICU discharge. The
overall ICU mortality was $#.*% (!)) of #!'$). Of those who
experienced a major adverse peri-intubation event, '".&% of
patients (%'( of ($#*) died vs #).$% ('#% of ()(%) who did not
experience an adverse peri-intubation event (absolute risk dif-
ference, ('.'%; !%% CI, (".!%-(&.!%; P < .""().

Table 2. Peri-intubation Adverse Events

Adverse events No./Total (%)
Major adverse events (primary outcome) 1340/2964 (45.2)

Cardiovascular instability 1172/2753 (42.6)

New need or increase of vasopressors 1053/1172 (89.9)

Systolic pressure <90 mm Hg for >30 min 252/1026 (24.6)

Fluid bolus >15 mL/kg 151/1163 (13.5)

Systolic pressure <65 mm Hg 157/1163 (13.5)

Severe hypoxia (lowest SpO2<80%) 272/2916 (9.3)

Cardiac arrest 93/2964 (3.1)

With return of spontaneous circulation 49/93 (52.7)

With death 44/93 (47.3)

Cause of cardiac arresta

Hypovolemia or hemodynamic instability 34/92 (36.9)

Hypoxia 23/92 (25.0)

Thrombosis (coronary or pulmonary) 19/92 (20.6)

Hypokalemia or hyperkalemia 3/92 (3.3)

Cardiac tamponade 3/92 (3.3)

Toxins 2/92 (2.2)

Tension pneumothorax 2/92 (2.2)

Otherb 6/92 (6.5)

Other adverse events

Esophageal intubation 167/2959 (5.6)

New onset cardiac arrhythmia 167/2960 (5.6)

Atrial fibrillation 48/167 (28.7)

Ventricular tachycardia 41/167 (24.6)

Bradycardia 38/167 (22.8)

Otherc 40/167 (23.9)

Difficult intubationd 138/2957 (4.7)

Aspiration of gastric contentse 116/2960 (3.9)

Dental injury 28/2960 (1.0)

Pneumothorax 22/2963 (0.7)

Airway injury 21/2959 (0.7)

Tracheal laceration 5/21 (23.8)

Bronchial laceration 1/21 (4.8)

Laryngeal laceration 7/21 (33.3)

Otherf 8/21 (38.1)

Pneumomediastinum 8/2960 (0.3)

Abbreviation: SpO2, oxygen saturation as measured by pulse oximetry.
a Cause of cardiac arrest described which, according to clinical judgment, was

the main reason for the cardiac arrest.
b Included severe cardiomyopathy and unknown cause.
c Included supraventricular tachyarrhythmia and multiple ventricular ectopic beats.
d Defined as a procedure requiring more than 2 laryngoscopy attempts before

success. See Results section for difficult intubation definition.
e Inhalation of oropharyngeal or gastric contents into the larynx and the

respiratory tract within the first 24 hours after intubation according to clinical
and/or radiographic findings.

f Included pharyngeal injury and bleeding through the tracheal tube from
unclear origin.

Figure 2. Mortality Rate by Days From Intubationa
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a Median time of observation in the overall population was 6.0 days
(interquartile range, 2.0-13.0 days).
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観察期間の中央値は6⽇間（四分位範囲 6–13⽇間）

挿管以降の死亡率

合併症が起こった患者の死亡率は⾼い
ICU死亡 541/132（40.7%）vs 425/1615（26.3%）

impairment in !"# patients ($".%%), and cardiovascular
instability in #&& cases (!.'%; Table ()

Resident physicians intubated (%$) patients (%(.!%), and
anesthesiologists intubated ()"( patients (%'."%; eTable $ in
the Supplement).

Primary Outcome
Of the critically ill patients undergoing tracheal intubation, ($'"
('%.#%) experienced at least ( major adverse peri-intubation
event (Table !; eTable ' in the Supplement).

The primary outcome was observed in &&* of (%'* pa-
tients (%".$%) intubated for respiratory failure; (&* of #&&
()'.$%) for hemodynamic instability (absolute difference with
respect to respiratory failure, ('."%; !%% CI, &.)% to #".'%)
and in #!% of !"# ($#.&%) with neurological impairment (ab-
solute difference with respect to respiratory failure, +(&.)%;
!%% CI, +#(.)% to +($.%%). Data for the composite outcome
calculation was available for all patients. eTable % in the
Supplement shows missing data for each single major ad-
verse event.

Cardiovascular instability accounted for the majority of the
events, occurring in ((&# ('#.)%) of all patients. Severe hypox-
emia was the second most common event, observed in #&# pa-
tients (!.$%). Ninety-three patients ($.(%) had a cardiac ar-
rest following tracheal intubation (Figure !). Of these, '!
patients (%#.&%) had a sustained return of spontaneous circu-
lation, and '' ('&.$%) died following cardiac arrest. The main
reported reason for cardiac arrest was hypovolemia or hemo-
dynamic instability in $' patients ($).!%), followed by hypox-
emia in #$ (#%."%).

Secondary Outcomes
Of the secondary outcomes, ()& patients (%.)%) had an esoph-
ageal intubation; ()& (%.)%), new onset cardiac arrhythmia; ($*
('.&%), difficult intubation; and (() ($.!%), aspiration of gas-
tric contents (Table #; eFigure ( in the Supplement). A total of
#!'$ patients were followed up through ICU discharge. The
overall ICU mortality was $#.*% (!)) of #!'$). Of those who
experienced a major adverse peri-intubation event, '".&% of
patients (%'( of ($#*) died vs #).$% ('#% of ()(%) who did not
experience an adverse peri-intubation event (absolute risk dif-
ference, ('.'%; !%% CI, (".!%-(&.!%; P < .""().

Table 2. Peri-intubation Adverse Events

Adverse events No./Total (%)
Major adverse events (primary outcome) 1340/2964 (45.2)

Cardiovascular instability 1172/2753 (42.6)

New need or increase of vasopressors 1053/1172 (89.9)

Systolic pressure <90 mm Hg for >30 min 252/1026 (24.6)

Fluid bolus >15 mL/kg 151/1163 (13.5)

Systolic pressure <65 mm Hg 157/1163 (13.5)

Severe hypoxia (lowest SpO2<80%) 272/2916 (9.3)

Cardiac arrest 93/2964 (3.1)

With return of spontaneous circulation 49/93 (52.7)

With death 44/93 (47.3)

Cause of cardiac arresta

Hypovolemia or hemodynamic instability 34/92 (36.9)

Hypoxia 23/92 (25.0)

Thrombosis (coronary or pulmonary) 19/92 (20.6)

Hypokalemia or hyperkalemia 3/92 (3.3)

Cardiac tamponade 3/92 (3.3)

Toxins 2/92 (2.2)

Tension pneumothorax 2/92 (2.2)

Otherb 6/92 (6.5)

Other adverse events

Esophageal intubation 167/2959 (5.6)

New onset cardiac arrhythmia 167/2960 (5.6)

Atrial fibrillation 48/167 (28.7)

Ventricular tachycardia 41/167 (24.6)

Bradycardia 38/167 (22.8)

Otherc 40/167 (23.9)

Difficult intubationd 138/2957 (4.7)

Aspiration of gastric contentse 116/2960 (3.9)

Dental injury 28/2960 (1.0)

Pneumothorax 22/2963 (0.7)

Airway injury 21/2959 (0.7)

Tracheal laceration 5/21 (23.8)

Bronchial laceration 1/21 (4.8)

Laryngeal laceration 7/21 (33.3)

Otherf 8/21 (38.1)

Pneumomediastinum 8/2960 (0.3)

Abbreviation: SpO2, oxygen saturation as measured by pulse oximetry.
a Cause of cardiac arrest described which, according to clinical judgment, was

the main reason for the cardiac arrest.
b Included severe cardiomyopathy and unknown cause.
c Included supraventricular tachyarrhythmia and multiple ventricular ectopic beats.
d Defined as a procedure requiring more than 2 laryngoscopy attempts before

success. See Results section for difficult intubation definition.
e Inhalation of oropharyngeal or gastric contents into the larynx and the

respiratory tract within the first 24 hours after intubation according to clinical
and/or radiographic findings.

f Included pharyngeal injury and bleeding through the tracheal tube from
unclear origin.
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Otherb 6/92 (6.5)
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Bradycardia 38/167 (22.8)

Otherc 40/167 (23.9)

Difficult intubationd 138/2957 (4.7)

Aspiration of gastric contentse 116/2960 (3.9)

Dental injury 28/2960 (1.0)

Pneumothorax 22/2963 (0.7)

Airway injury 21/2959 (0.7)

Tracheal laceration 5/21 (23.8)

Bronchial laceration 1/21 (4.8)

Laryngeal laceration 7/21 (33.3)

Otherf 8/21 (38.1)

Pneumomediastinum 8/2960 (0.3)

Abbreviation: SpO2, oxygen saturation as measured by pulse oximetry.
a Cause of cardiac arrest described which, according to clinical judgment, was

the main reason for the cardiac arrest.
b Included severe cardiomyopathy and unknown cause.
c Included supraventricular tachyarrhythmia and multiple ventricular ectopic beats.
d Defined as a procedure requiring more than 2 laryngoscopy attempts before

success. See Results section for difficult intubation definition.
e Inhalation of oropharyngeal or gastric contents into the larynx and the

respiratory tract within the first 24 hours after intubation according to clinical
and/or radiographic findings.

f Included pharyngeal injury and bleeding through the tracheal tube from
unclear origin.
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主要な合併症



挿管⼿技中に起こる⾎圧低下の要因
•陽圧換気による胸腔内圧上昇のため、静脈還流量が低下

•鎮痛・鎮静薬の⾎管拡張作⽤
Morris C, et al. Anaesthesia in haemodynamically compromised emergency patients: does ketamine
represent the best choice of induction agent? Anaesthesia. 2009;64:532-9. PMID: 19413824.

Shekerdemian L, et al. Cardiovascular effects of mechanical ventilation. Arch Dis Child. 1999;80:475-80. PMID: 10208959.

輸液負荷 → ⾎管内容量を⼀時的に増加 → ⾎圧低下リスクを減らす︖



⼼不全がない場合は、⾎圧低下を軽減する⽬的で、挿管前または挿
管中に晶質液 500 mLを急速投与する。⾎管収縮薬や強⼼薬は導⼊
や挿管中に投与できるよう準備しておく。ショック患者では、導⼊
前に⾎管収縮薬の使⽤を検討する必要がある。

気管挿管後の低⾎圧に対して、⾎管収縮薬や輸液などで迅速に対応
する必要がある。また、低⾎圧の予防のためには、適切な輸液と同
様に鎮静薬の選択も重要である。

ICU患者の挿管プロトコルには、⼼⾎管系合併症を減らすために、輸
液負荷や循環作動薬の早期使⽤などの循環管理を含めるべきだろう。
(グレード2＋）強い推奨

Higgs A, et al. Guidelines for the management of tracheal intubation in critically ill adults. Br J Anaesth. 2018;120:323-352. PMID: 29406182.

Myatra SN, et al. The All India Difficult Airway Association 2016 guidelines for tracheal
intubation in the Intensive Care Unit. Indian J Anaesth. 2016;60:922-930. PMID: 28003694.

Quintard H, et al. Experts' guidelines of intubation and extubation of the ICU patient of French Society of Anaesthesia and Intensive
Care Medicine (SFAR) and French-speaking Intensive Care Society (SRLF). Ann Intensive Care. 2019;9:13. PMID: 30671726.



Heffner AC, et al. Predictors of the complication of postintubation hypotension during
emergency airway management. J Crit Care. 2012;27:587-93. PMID: 22762924.

P 気管挿管前にsystolic BP > 90 mmHg
RSIで気管挿管された成⼈（> 17歳）

E 挿管後60分以内に⾎圧低下
（systolic BP < 90 mmHg）

C ⾎圧低下なし

O ⾎圧低下を予測する因⼦を検討した

0.8 and 0.9 as a marker of serious and life-threatening disease
[16,19,20,23]. The threshold of pre-RSI SI of 0.9 predicted
PIH with 45% sensitivity and 89% speci!city in our group.

Acute disease precipitating the need for intubation is also
a useful marker for PIH. Lin et al [13] previously
demonstrated that acute exacerbation of chronic obstructive
pulmonary disease (COPD) and acute sepsis were both
associated with PIH. Previous investigations identi!ed that
acute hypercapneic respiratory failure due to COPD and
acute hypoxemic respiratory failure are also associated with
PIH, although regression analysis was not performed to
assess the strength of these associations [11,24]. Our study
provides a corroborating signal. We categorized primary
indication for intubation rather than precipitating disease and
found that emergency intubation for acute respiratory
insuf!ciency was independently associated with PIH.
Exhaustion of physiologic reserve during respiratory distress
before intubation may be one explanation for this !nding.

Our analysis sheds new light on chronic comorbid
diseases that contribute to PIH. Chronic renal disease
including both chronic kidney and end-stage renal disease
were both associated with PIH. Given the high rate of left
ventricular diastolic dysfunction in these patients, we
hypothesize that vulnerability to preload compromise
stemming from peri-intubation events such as RSI medica-
tion associated sympatholysis and initiation of positive
pressure ventilation may underlie this !nding.

Hypnotic agent and dose have been associated with
differential cardiovascular responses during RSI [24-27]. It is
important to note that our high rate of PIH occurred with
standard use of etomidate, which is generally regarded as an
optimal and hemodynamically stable hypnotic agent [28].
Etomidate dose and RSI using an alternative hypnotic agent
were not associated with PIH in our study group.
Nonetheless, we recognize that standard RSI agent dosing
recommendations assume hemodynamic stability and nor-
mal cardiovascular reserve. Although not speci!cally
investigated in this study, we advocate 50% reduction in
induction hypnotic dose (ie, etomidate 0.15 mg/kg IV) for at-
risk patients consistent with that commonly used for RSI of
patients in uncompensated shock.

In contrast, use of neuromuscular blockade as part of the
intubation drug regimen was independently associated with

reduced risk of PIH. Prior observational trials demonstrate
higher complication rates during emergency intubation
undertaken without paralysis compared with true RSI
including neuromuscular blockade, although hemodynamic
deterioration was not speci!cally reported [29,30]. Compli-
cated intubation as marked by the number of intubation
attempts does not explain this !nding in our group [31].
Routine use of paralysis is strongly advocated in our training
program and is consistent with our historic practice [1]. As
such, we speculate that another factor may have modi!ed the
airway management approach in patients at risk for PIH.

Patient age was the last factor associated with PIH in our
study. Given the high rate of comorbid disease and limited
cardiovascular reserve associated with aging, this !nding is
expected and consistent with prior reports [32,33]. However,
practitioners should recognize that the aforementioned
factors are much more strongly predictive of PIH compared
with age.

The practical implications of our data are several-fold.
Postintubation hypotension is an important complication of
emergency airway management that is independently associ-
ated with in-hospital morbidity and mortality. It remains
unclear if PIH causes injury or is simply a marker of worsened
comorbidity [12]. Regardless of the mechanism, we have
identi!ed several clinically useful predictors for the compli-
cation of PIH. These warning markers warrant consideration
to modify preintubation and peri-intubation management in
attempt to avoid hemodynamic deterioration [28]. Timing of
emergency intubation should balance respiratory and cardio-
vascular considerations. High-risk patients, especially those
exhibiting pre-RSI SI of 0.8 or higher should undergo
preintubation hemodynamic optimization as time permits.

Table 2 Results of logistic regression analysis for the end
point of PIH

Variable OR 95% CI

Preintubation SI 55.1 13-232
End-stage renal disease 3.7 1.1-13.1
Chronic renal insuf!ciency 3.4 1.2-9.6
Intubation for respiratory failure 2.1 1.0-4.5
Age 1.03 1.01-1.04
ACE inhibitor use 0.3 0.1-0.7
Intubation paralysis 0.04 0.003-0.4

Model !t: C statistic, 0.81; Hosmer-Lemeshow test, P = .35.

Fig. 2 Receiver operating characteristic plot for pre-RSI SI
prediction of PIH.

591Predictors of the complication of PIH

SI, shock index (HR/systolic BP)

⽶国、単施設、過去起点コホート研究（2007年1⽉1⽇から2007年12⽉31⽇まで）

RSI前にSIが⾼いと、気管挿管後に⾎圧低下するリスクが⾼い



drugs [1, 18, 19]. Mortality in the ICU was not related to
hypotension after intubation, regardless of its definition
and severity [18].
The three models used in our multivariate analyses were

built to propose an approach to risk factors for CVC [12].
The first model included patient characteristics, the sec-
ond model included details of intubation procedures, and
the third model included both sets of factors.
Elevated SAPS II score, a good surrogate for illness se-

verity and well correlated with patient mortality, was
found to be a risk factor for CVC [20]. Early intubation
within the first 24 hours of ICU admission was associ-
ated with a high SAPS II score. We did not include age
as a component of the SAPS II score to avoid colinearity
in the multivariate analyses [8, 9]. A first intubation in
ICU was another risk factor. It could follow an uncon-
trolled evolution of the reason of ICU admission (acute
respiratory failure, for example), possibly after NIV fail-
ure. In contrast, subsequent intubations may follow
extubation failure following the correct treatment of ini-
tial shock and multiorgan failure [21].
Acute respiratory failure has been identified as a risk

factor for CVC and for complications related to intub-
ation [1, 3, 22, 23]. Desaturation time during apnea asso-
ciated with intubation may be reduced in ICU patients,

especially in hypoxemic patients [24, 25]. Patients with
acute respiratory failure have limitations in oxygen
transport, alveolar volume and enhanced shunt fraction.
Hemoglobin desaturation has been found to increase
mortality rates in this population [26, 27]. Preoxygena-
tion with NIV and elevated postintubation FiO2 (>70 %)
reflect the severity of respiratory failure.
Although fluid challenge before intubation was not

significantly associated with CVC in univariate analysis,
it was included in multivariate analysis. Its inclusion was
justified by the results of a before/after study comparing
the implementation of different treatments and proce-
dures during the intubation procedure [6]. Fluid chal-
lenge may be a marker of preload dependence or
hemodynamic status and may correspond to a prior se-
vere hemodynamic condition characterized by a poten-
tial hypovolemic status before induction. These results
are complicated by differences in fluid challenge among
the ICUs surveyed. Fluid challenge before intubation is
systematic in some ICUs, according to the aforemen-
tioned bundle, but is administered only to patients with
hypovolemia in other ICUs.
Etomidate and ketamine are anesthetic drugs that have

a rapid onset and short half-life, are well tolerated
hemodynamically and improve intubation conditions

Fig. 2 Forrest plot. FiO2 inspired oxygen concentration, NIV noninvasive ventilation, SAPS Simplified Acute Physiologic Score

Perbet et al. Critical Care  (2015) 19:257 Page 6 of 8

Perbet S, et al. Incidence of and risk factors for severe cardiovascular collapse after endotracheal
intubation in the ICU: a multicenter observational study. Crit Care. 2015;19:257 PMID: 26084896.

2011年9⽉1⽇から2012年1⽉31⽇まで、42 ICUsで⾏われた前向きコホート研究の事後解析
もと研究の対象: ICUで気管挿管された成⼈患者、連続症例（N=1400）
→ ⾎管収縮薬の使⽤がなく、循環が安定していた患者を解析（N=885）

重度の循環虚脱︓
晶質液 500–1000 mLまたは膠質液や循
環作動薬の投与にも関わらず、
収縮期⾎圧 ≤ 65 mmHgが⼀度でも記録
される、または、 ≤ 90 mmHgが30分以
上持続

重度の循環虚脱は 264/885（29.8%）

多変量解析の結果︓
• 重症、⾼齢、挿管理由が呼吸不全

→ ⾼リスク
• 意識障害 → 低リスク



were significant differences between the two phases for six
of the ten processes, i.e., all that were recorded during the
control phase (Table 5). Mean pressure support level
delivered during the NIPPV for preoxygenation was sim-
ilar for the two phases (10 ± 4 cmH2O).

Intubation-related complications

The intubation procedure in the intervention phase
(n = 121) was associated both with significantly lower
life-threatening complications (21 vs. 34%, p = 0.03)
(Fig. 1) and mild to moderate complications (9 vs. 21%,
p = 0.01) (Fig. 2) than those in the control phase
(n = 123). Severe hypoxemia and cardiovascular col-
lapse, which were the main life-threatening complications
after intubation, were reduced by half in the intervention
group compared to the control group (Fig. 1).

We reported 12 esophageal intubations (6 in each
group); 3 of them were complicated by severe hypoxemia
(all in the control group, without capnography). Among
the four esophageal intubations diagnosed by capnogra-
phy, none of the patients developed severe hypoxemia,
but two resulted in hemodynamic collapse. We did not
find any significant change in the rate of complications,
whether capnography was used or not. Difficult intubation
was not different between the control and the intervention
groups.

Patient outcomes

There was no difference in length of mechanical venti-
lation [7 (2–14) vs. 8 (4–15) days, p = 0.65], ICU

Table 5 Processes of medical care for the 244 evaluated procedures

Control
(n = 121)

Intervention
(n = 123)

p

Pre-procedure
1. Presence of two operators 79/121 (65) 123/123 (100) \0.001
3. Preparation of long-term sedation NR 98/123 (80) NA
2. Fluid loading 56/115 (49) 86/115 (75) \0.001
4. Preoxygenation with NIPPV 34/73 (47) 65/80 (82) \0.001
During procedure
5. Anesthetic drugs
Hypnotics
Etomidate 42/121 (35) 72/123 (58) \0.001
Ketamine 0/121 (0) 22/123 (18) \0.001
Others hypnotics 75/121 (62) 29/123 (24) \0.001

Muscle relaxants
Succinylcholine 36/115 (32) 89/114 (78) \0.001
Other muscle relaxant 42/121 (35) 9/123 (7) \0.001

6. Sellick maneuver 41/121 (34) 88/123 (72) \0.001
Post-procedure
7. Capnography use 0/121 (0) 69/123 (56) \0.001
8. Early vasopressives drugs NR 14/19 (77) NA
9. Initiation of long-term sedation NR 81/123 (65) NA
10. Initial ‘‘protective ventilation’’ NR 74/105 (70) NA

The number for the denominator served to calculate the frequency
of succinylcholine use taking into account only the cases without
contraindications for succinylcholine use in both groups. Control:
six contraindications to succinylcholine, no details have been
recorded. Intervention: nine contraindications to succinylcholine:
amyotrophic lateral sclerosis (one case), Guillain–Barre syndrome

(one case), spinal muscular amyotrophy (one case), acute renal
failure (one case), acute hyperkaliemia (one case), extreme bra-
dycardia (one case) and anticipated difficult intubation (three cases)
Data are number (%) or mean ± SD
NR not recorded, NA not applicable
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Fig. 1 Life-threatening complications occurring after all intuba-
tions performed during the control (n = 121) and the intervention
(n = 123) phases. *p \ 0.05 versus control phase. NS not
significant

251

1 術者は2⼈で

2 ⼼原性肺⽔腫がない場合、晶質液 500 mL or HES 250 mL

3 ⻑期管理の鎮静薬を準備

4 急性呼吸不全であればNPPVで 3 分間の前酸素化を⾏う

5 迅速導⼊: etomidate 0.2–0.3 mg/kg or ketamine 1.5–3 mg/kg、
禁忌がなければ、succinylcholine 1–1.5 mg/kgを併⽤

6 セリック法を⾏う

7 チューブが留置されていることをカプノグラフィーですぐに確認

8 拡張期⾎圧 < 35 mmHgなら、ノルアドレナリン投与

9 鎮静薬の投与を開始（⻑期間の持続管理として）

10 肺保護を考慮した⼈⼯呼吸器の初期設定（VT 6–8 mL/kg、Ppl < 30 cmH2O）

Before-After研究: フランスの⼤学病院（2施設）
対象: ICU患者（N=233） 挿管後60分以内の致死的な合併症

(⼼停⽌ or 死亡, 重度の循環虚脱、重度の低酸素）

Jaber S, et al. An intervention to decrease complications related to endotracheal intubation in the intensive
care unit: a prospective, multiple-center study. Intensive Care Med. 2010;36:248-55. PMID: 19921148.

挿管ケアの10バンドル

バンドルにより致死的合併症が半減



⼼不全がない場合は、⾎圧低下を軽減する⽬的で、挿管前または挿
管中に晶質液 500 mLを急速投与する。⾎管収縮薬や強⼼薬は導⼊
や挿管中に投与できるよう準備しておく。ショック患者では、導⼊
前に⾎管収縮薬の使⽤を検討する必要がある。

気管挿管後の低⾎圧に対して、⾎管収縮薬や輸液などで迅速に対応
する必要がある。また、低⾎圧の予防のためには、適切な輸液と同
様に鎮静薬の選択も重要である。

ICU患者の挿管プロトコルには、⼼⾎管系合併症を減らすために、輸
液負荷や循環作動薬の早期使⽤などの循環管理を含めるべきだろう。
(グレード2＋）強い推奨

Higgs A, et al. Guidelines for the management of tracheal intubation in critically ill adults. Br J Anaesth. 2018;120:323-352. PMID: 29406182.

Myatra SN, et al. The All India Difficult Airway Association 2016 guidelines for tracheal
intubation in the Intensive Care Unit. Indian J Anaesth. 2016;60:922-930. PMID: 28003694.

Quintard H, et al. Experts' guidelines of intubation and extubation of the ICU patient of French Society of Anaesthesia and Intensive
Care Medicine (SFAR) and French-speaking Intensive Care Society (SRLF). Ann Intensive Care. 2019;9:13. PMID: 30671726.



Natt B, Mosier J. Airway Management in the Critically Ill Patient. Curr Anesthesiol Rep. 2021;11:116-127. PMID: 33897302.

and devices used to prevent and manage the difficult airway.
A summary of our recommendations can be found in Table 1.

Search Strategy

We conducted a Medline search using PubMed with the fol-
lowing search terms, from 2000–present: intubation [tiab]
[MeSH Terms], AND (sequentially): ((critically ill [tiab])
OR (critical illness [MeSH Terms]) OR (emergency [tiab])
OR (emergency services [MeSHTerms]) OR (preoxygenation
[tiab]) OR (mask ventilation [tiab]) OR (rapid sequence intu-
bation [tiab]) OR (awake intubation [tiab]) OR (hypotension
[tiab]) OR (shock [tiab]) OR (shock [MeSH Terms]) OR (re-
spiratory insufficiency [MeSH Terms]) OR (respiratory fail-
ure [tiab]) OR (sepsis [tiab]) OR (cricoid pressure [tiab]) OR
(bougie [tiab]) OR (tracheal introducer [tiab]) OR (direct lar-
yngoscopy [tiab]) OR (video laryngoscopy [tiab]) OR (endo-
scope [tiab]) OR (supraglottic airway [tiab]) OR (laryngeal
mask airway [tiab]) OR (extraglottic airway [tiab]) OR
(cricothyrotomy [tiab]) OR (front of neck access [tiab]) OR
(critically ill [tiab]) AND ((intubation[MeSH Terms]))) AND
((“2000/01/01”[Date - Create] : “3000”[Date - Create])).

Studies on neonates or pediatric patients ! 18 years and non-
English language reports were excluded. Abstracts were
reviewed for relevance, and references from each selected
article were reviewed for pertinent articles. A (non-
exhaustive) list of important articles as determined by the au-
thors for establishing or verifying important concepts or
changing practice are detailed in Table 2.

Preoxygenation

Preoxygenation was introduced at a timewhen the biggest risk
from intubation was aspiration during induction for high-risk
surgeries, such as bowel obstructions or cesarean sections [1•,
4–6]. The idea was to have patients breathe 100% oxygen
prior to induction to avoid gastric insufflation with mask ven-
tilation. This practice developed prior to the invention of pulse
oximetry, and it has been assimilated into airwaymanagement
in all clinical settings. The intent has evolved to avoid
desaturation more so than passive regurgitation and aspiration
with mask ventilation [1•]. In critically ill patients,
desaturation is a very common and serious threat to patient
safety [1•], which carries a fourfold increase in the adjusted

Table 1 Authors’ recommendations for airway management in critically ill patients

Topic Recommendation Comments

Positioning 1. Ramped plus “sniffing” (lower cervical spine is flexed, the upper
cervical spine is extended, and the ear is leveled with the sternal
notch) positions for all patients

1. If supine position planned, recommend preoxygenating in upright
position to optimize oxygen delivery.

2. Gastric ultrasound can help stratify risk.
2. Gastric decompression when faced with a high risk of aspiration

Preoxygenation 1. Flush flow* rate oxygen should be the default preoxygenation
method.

1. In patients with acute hypoxemic respiratory failure, a PaO2 to FiO2
ratio (or SpO2 to FiO2 equivalent) can be helpful to stratify
preoxygenation.2. In patients with higher risk of desaturation, preoxygenation should be

performed with HFNO or NIPPV. 2. PaO2 to FiO2 ratio > 200 on NRB at flush rate = proceed with RSI
3. PaO2 to FiO2 ratio < 100–200 on NRB at flush rate = escalate to

NIPPV or HFNO
3. For those most severely hypoxemic, where RSI is still planned,

preoxygenation should be performed with NIPPV.
4. PaO2 to FiO2 ratio < 100 on NIPPV or HFNO = consider awake

intubation
4. For those most severe where an awake intubation is planned, HFNO

during the procedure should be used.
5. Consider mask ventilation between induction and laryngoscopy

when feasible.
6. Apneic oxygenation should be used when feasible.

Hemodynamics 1. Hemodynamics should be assessed prior to intubation. 1. We recommend fluid resuscitation where appropriate.
2. Optimization should be informed by the underlying physiology on

assessment.
2. We recommend norepinephrine infusion as the default vasopressor

or choice.
3. We recommend an RV-guided resuscitation when necessary.
4. Some patients are too unstable for RSI and need a staged awake

intubation and gradual transition to positive pressure ventilation.
Laryngoscopy 1. We recommend VL as the default laryngoscope when available. 1. There are many advantages and very little downside to routine use of

VL. In addition, there are many cost-effective options for VL that are
widely available.

2. Consider routine use of a bougie when using traditional Macintosh
geometry laryngoscopy (either DL or VL).

3. A second-generation supraglottic airway device should be used when
available if rescue oxygenation cannot be accomplished with
bag-valve-mask ventilation.

RSI, rapid sequence intubation; NIPPV, noninvasive positive pressure ventilation; HFNO, high-flow nasal oxygen; NRB, nonrebreathing mask; DL,
direct laryngoscopy; VL, video laryngoscopy

*Flush flow rate oxygen refers to using a standard nonrebreathing reservoir mask and opening the valve from the wall regulator all the way, which
generally provides between 50 and 80 l of oxygen depending on the hospital’s oxygen system pressurization
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必要な場合は、輸液蘇⽣
⾎管収縮薬はノルアドレナリン



本論⽂の背景
•挿管⼿技中の有害事象、⾎圧低下
•重症患者の挿管のうち、30–40%で起こる

•輸液負荷の効果
•挿管⼿技中の⾎圧低下の予防⽬的の輸液負荷は考慮
される
•質の⾼いエビデンスはなく、輸液負荷は重症患者の
気管挿管時に40%弱しか⾏われていない
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E!ect of a fluid bolus on cardiovascular collapse among 
critically ill adults undergoing tracheal intubation (PrePARE): 
a randomised controlled trial
David R Janz, Jonathan D Casey, Matthew W Semler, Derek W Russell, James Dargin, Derek J Vonderhaar, Kevin M Dischert, Jason R West, 
Susan Stempek, Joanne Wozniak, Nicholas Caputo, Brent E Heideman, Aline N Zouk, Swati Gulati, William S Stigler, Itay Bentov, Aaron M Jo!e, 

Todd W Rice, for the PrePARE Investigators* and the Pragmatic Critical Care Research Group

Summary
Background Tracheal intubation is common in the care of critically ill adults and is frequently complicated by 
hypotension, cardiac arrest, or death. We aimed to evaluate administration of an intravenous fluid bolus to prevent 
cardiovascular collapse during intubation of critically ill adults.

Methods We did a pragmatic, multicentre, unblinded, randomised trial in nine sites (eight ICUs and one emergency 
department) around the USA. Critically ill adults (!18 years) undergoing tracheal intubation were randomly assigned 
(1:1, block sizes of 2, 4, and 6, stratified by study site) to either an intravenous infusion of 500 mL of crystalloid solution 
or no fluid bolus. The primary outcome, assessed in the intention-to-treat population, was cardiovascular collapse, 
defined as a new systolic blood pressure <65 mm Hg; new or increased vasopressor receipt between induction and 2 min 
after tracheal intubation; or cardiac arrest or death within 1 h of tracheal intubation. Adverse events were assessed in the 
as-treated population. This trial, which is now complete, is registered with ClinicalTrials.gov, number NCT03026777.

Findings Patients were enrolled from Feb 6, 2017, to Jan 9, 2018, when the data and safety monitoring board stopped the 
trial on the basis of futility. By trial termination, 337 (63%) of 537 screened adults had been randomly assigned. 
Cardiovascular collapse occurred in 33 (20%) of 168 patients in the fluid bolus group compared with 31 (18%) of 
169 patients in the no fluid bolus group (absolute di"erence 1·3% [95% CI #7·1% to 9·7%]; p=0·76). The individual 
components of the cardiovascular collapse composite outcome did not di"er between groups (new systolic blood pressure 
<65 mm Hg 11 [7%] in the bolus group vs ten [6%] in the no-bolus group, new or increased vasopressor 32 [19%] vs 
31 [18%], cardiac arrest within 1 h seven [4%] vs two [1%], death within 1 h of intubation two [1%] vs one [1%]). In-hospital 
mortality was not significantly di"erent in the fluid bolus group (48 [29%]) compared with no fluid bolus (59 [35%]).

Interpretation Administration of an intravenous fluid bolus did not decrease the overall incidence of cardiovascular 
collapse during tracheal intubation of critically ill adults compared with no fluid bolus in this trial.

Funding US National Institutes of Health.

Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
Millions of critically ill adults undergo tracheal intubation 
each year.1,2 As many as one in four critically ill adults 
undergoing tracheal intubation have cardiovascular 
collapse—defined as shock, cardiac arrest, or death 
during or immediately following the procedure.3,4 Peri-
intubation cardiovascular collapse is associated with a 
significant increase in the risk of mortality.5,6

The administration of an intravenous fluid bolus 
beginning before induction of anaesthesia has been 
proposed as a way to prevent cardiovascular collapse 
during tracheal intubation in the intensive care unit 
(ICU).3,4,7–9 In one observational study,3 implementation of 
a ten-item pre-intubation checklist, which included pre-
induction fluid bolus administration in patients without 
cardiogenic pulmonary oedema, was associated with a 
decreased incidence of cardiovascular collapse. No 
randomised trials have examined the e!ect of fluid bolus 

administration on outcomes of tracheal intubation. In 
addition to the hypothesised beneficial e!ects on peri-
intubation haemodynamics, fluid bolus administration 
among critically ill adults might incur immediate10,11 and 
delayed risks.12–14 In clinical practice, approximately half 
of critically ill adults undergoing tracheal intubation 
receive fluid bolus administration in North America and 
Europe.3,15,16

In this pragmatic, multicentre, randomised trial, 
we aimed to test the hypothesis that the administration 
of an intravenous fluid bolus would reduce the 
incidence of cardiovascular collapse compared with no 
fluid bolus.

Methods
Study design and participants
The Preventing cardiovascular collaPse with 
Administration of fluid REsuscitation before tracheal 



デザイン ⽶国の9 施設（8 ICUs、1 ER）、⾮盲検無作為化⽐較試験
対象 気管挿管を受ける18歳以上の重症患者（N=337）

介⼊ ⿇酔導⼊前に500mLの晶質液の静脈内投与（N=168）
対照 晶質液の投与なし（N=169）

主要評価項⽬
循環虚脱（複合アウトカム︓以下のいずれかを満たす場合）
• 導⼊から気管挿管後2分までに起こった新規の収縮期⾎圧低下（ <65 mmHg）
• 気管挿管から1時間以内の死亡または⼼停⽌

副次的評価項⽬
主要評価項⽬のそれぞれのアウトカム、導⼊から気管挿管後2分までの最低の収縮期⾎圧と
導⼊からの変化値、喉頭展開の施⾏回数、 ⼈⼯呼吸器⾮使⽤⽇数、ICU free days、28⽇
までの院内死亡

研究期間 2017年2⽉6⽇から2018年1⽉9⽇まで（無益性を理由に試験が早期中⽌された）

Janz DR, et al. Effect of a fluid bolus on cardiovascular collapse among critically ill adults undergoing tracheal
intubation (PrePARE): a randomised controlled trial. Lancet Respir Med. 2019;7:1039-1047. PMID: 31585796.

先⾏研究（PrePARE trial）
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Analyses of heterogeneity of treatment e!ect are 
presented in figure 3 and the appendix p 16. The use of 
non-invasive positive pressure ventilation for pre-
oxygenation (pinteraction=0·032) and BMV between induction 
and laryngoscopy (pinteraction=0·0080) significantly modified 
the e!ect of fluid bolus administration on cardiovascular 
collapse. For patients receiving positive pressure 
ventilation, either by non-invasive ventilation before 
induction or BMV after induction, fluid bolus 
administration appeared to decrease the incidence of 
cardiovascular collapse compared with no fluid bolus 
(figure 3). For patients not receiving positive pressure 
ventilation, administration of a fluid bolus appeared to 
increase the incidence of cardiovascular collapse.

Among the 201 patients co-enrolled in a randomised 
trial comparing prophylactic BMV between induction and 
laryngoscopy with no ventilation, fewer patients randomly 
assigned to BMV appeared to have cardiovascular collapse 
when also randomised to fluid bolus administration, 
whereas patients randomly assigned to no BMV appeared 
to have cardiovascular collapse when randomly assigned 
to no fluid bolus administration (pinteraction=0·011; figure 3).

Discussion
During tracheal intubation of critically ill adults, the risk 
of cardiovascular collapse might be increased owing to 
hypovolaemia, impaired systemic vascular resistance, 
receipt of sedative medications, and reduced venous 
return from positive pressure ventilation—all of which 
are potentially amenable to prevention by administration 
of an intravenous fluid bolus.19–24 Our multicentre 
randomised trial, however, found that administration of 
a fluid bolus did not a!ect the overall incidence of 
cardiovascular collapse during intubation of critically ill 
adults, compared with no fluid bolus administration.

There are several potential explanations for these 
findings. First, the recommended and commonly used7,16 
volume of 500 mL of crystalloid might have been 
inadequate to influence patient haemodynamics during 
intubation. Second, the timing of fluid bolus admin-
istration beginning before induction and infusing 
through induction and laryngoscopy might have produced 
di!erent results th an if the full bolus had been admin-
istered before induction. Third, administration of a fluid 
bolus might simply not improve haemodynamics for all 
patients undergoing intubation in the ICU. Published 
data suggest that in the days after ICU admission most 
patients do not show an increase in cardiac output in 
response to administration of a fluid bolus.25

Fourth, administration of a fluid bolus might have had 
di!erential e!ects for patients with di!erent peri-
intubation physiology. Specifically, we found that among 
patients receiving positive pressure ventilation before 
induction, either via non-invasive ventilation for pre-
oxygenation or bag-mask ventilation between induction 
and laryngoscopy, administration of a fluid bolus 
appeared to decrease the risk of cardiovascular collapse. 

By contrast, among patients not receiving positive 
pressure ventilation, including those receiving oxy-
genation with a high-flow nasal cannula, administration 
of a fluid bolus appeared to increase the risk of 
cardiovascular collapse.

Fluid bolus administration might attenuate the 
decrease in venous return associated with pre-intubation 
positive pressure ventilation among patients receiving 
non-invasive ventilation for pre-oxygenation or BMV 
between induction and laryngoscopy. The only previous 
study3 to evaluate fluid bolus administration during 
intubation in the ICU was a before-and-after study of a 
ten-item pre-intubation checklist, in which cardiovascular 
collapse occurred less often in the intervention group. In 
this study, all patients in the intervention group received 
both non-invasive positive pressure ventilation for pre-
oxygenation and a fluid bolus. These findings are 
consistent with the e!ect of fluid bolus administration 
on cardiovascular collapse observed among the subgroup 
of patients receiving pre-intubation positive pressure 
ventilation in our trial.

For patients in our trial not receiving positive pressure 
ventilation, fluid bolus administration appeared to 
increase the risk of cardiovascular collapse. Several 
studies have reported a decrease in blood pressure and 
cardiac output with fluid bolus administration, especially 
with rapid infusion of the bolus10,26,27 as was used in the 
current trial and during general anesthesia.11 Potential 
mechanisms by which fluid bolus admin istration 
might cause cardiovascular collapse include dilution 
of endogenous catecholamines,26 stimulation of atrial 
natriuretic peptide release, and damage to the 
glycocalyx.10,27 Alternatively, the absence of positive 
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Figure !: Cardiovascular collapse in the fluid bolus vs no fluid bolus groups
Horizontal bars represent the overall incidence of the primary outcome in each group. The p value represents the 
test for a di!erence between groups in the overall incidence of the primary outcome. Number (%) of patients is 
given above each bar. SBP=systolic blood pressure.

Janz DR, et al. Effect of a fluid bolus on cardiovascular collapse among critically ill adults undergoing tracheal
intubation (PrePARE): a randomised controlled trial. Lancet Respir Med. 2019;7:1039-1047. PMID: 31585796.

循環虚脱は両群間で差がなかった



感度分析

陽圧換気と輸液負荷には交互作⽤項があり、陽圧換気の場合は有効かも
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intervention improve generalisability. Protocol compliance 
was high, with only five patients (1%) receiving the non-
assigned therapy. The composite outcome of cardio-
vascular collapse has been used in other studies of 
intubation3,18 and was strongly associated with patient-
centred outcomes in the current study.

The current trial also has limitations. Absence of 
blinding could have influenced the non-protocolised use of 
vasopressors or di!erences in co-interventions; however, 
we found no significant di!erences between groups 
regarding laryngoscope selection, medication selection or 
doses, or operator experience. The incidence of the primary 
outcome was lower than previous studies, possibly owing 
to 17% of patients screened being excluded for a physician-
established volume status precluding random assignment, 
which limits the power of this trial to make inferences 
about the absence of an e!ect of a fluid bolus on the 
incidence of cardiovascular collapse. The trial was stopped 
early by the DSMB at the planned interim analysis for 
futility of the intervention among all enrolled patients. 
This lower-than-planned sample size limits power to 
exclude an e!ect of a fluid bolus in patient subgroups with 

non-significant inter actions. The possibility of positive-
pressure ventilation modifying the e!ect of a fluid bolus 
on cardiovascular collapse should be considered hypo-
thesis-generating as this subgroup analysis could also be a 
result of type I error. This multicentre trial was done in 
eight ICUs and one emergency department with varied 
patient populations. Although this heterogeneity might 
increase the external validity of the results, it might also 
limit the ability to discern the e!ect of a fluid bolus on 
cardiovascular collapse in a more homogenous critically ill 
population. The volume of intravenous fluids that patients 
received before enrolment was not recorded, therefore it is 
unknown if this covariate was balanced between groups. 
Finally, the only protocol requirement was to begin the 
fluid bolus at any time before the administration of 
procedural medications, a practice described in past 
observational studies.3,15,16 It is not known whether the 
results of the trial would have di!ered if the trial had 
required the entire volume of the fluid bolus to be infused 
before induction.

Our findings do not support routine administration of 
a fluid bolus before induction among patients not 

Cardiovascular collapse 
(n=64)

No cardiovascular collapse 
(n=273)

p value Absolute di!erence
(95% CI)

Mean di!erence
(95% CI)

ICU-free days 6 (0–21) 17 (0–24) 0·026 NA 3·1 (0·2 to 6·0)

Ventilator-free days 2 (2–23) 21 (0–26) 0·0090 NA 3·6 (0·4 to 6·8)

In-hospital mortality 29 (45%) 78 (29%) 0·010 16·7 (3·4 to 30·0) NA

Data given as median (IQR) or number (%) of patients. p value is based on the Mann-Whitney U test or !" test. NA=not applicable.

Table !: Clinical outcomes in all patients enrolled with and without cardiovascular collapse

Number of individuals

Fluid bolus

Septic shock
No septic shock
On vasopressors
Not on vasopressors
NIV preox
No NIV preox
BMV
No BMV
PreVent BMV
PreVent no BMV
Overall

39
129

28
140

39
129

81
87
48
52

168

No fluid bolus

 33
 136
 28
 141
 30
 139
 84
 85
 55
 46
 169

Number of events

Fluid bolus

 13 (33%)
 20 (16%)
 11 (39%)
 22 (16%)
 8 (21%)
 25 (19%)
 13 (16%)
 20 (23%)
 6 (12%)
 17 (32%)
 33 (20%)

 12 (36%)
 19 (14%)
 12 (43%)
 19 (14%)
 12 (40%)
 19 (14%)
 22 (26%)
 9 (11%)
 14 (26%)
 7 (15%)
 31 (18%)

Relative risk (95% CI) p value 
for interaction

0·67

0·60

0·032

0·0080

0·011

0·91 (0·48–1·72)
1·10 (0·62–1·98)
0·91 (0·48–1·71)
1·16 (0·66–2·05)
0·51 (0·24–1·09)
1·41 (0·82–2·44)
0·61 (0·33–1·13)
2·17 (1·04–4·49)
0·49 (0·20–1·16)
2·14 (0·97–4·71)
1·07 (0·68–1·66)

No fluid bolus

Favours fluid
bolus

Favours no 
fluid bolus

Relative risk of cardiovascular collapse
with fluid bolus (95% CI)

1·00 10

Figure ": Risk of cardiovascular collapse by subgroup for patients receiving fluid bolus administration vs no fluid bolus administration
On vasopressors refers to patients who were receiving vasopressor infusions any time in the 6 h before enrolment. NIV preox=non-invasive positive pressure 
ventilation for pre-oxygenation. BMV=bag-mask ventilation to ventilate or oxygenate the patient during the tracheal intubation procedure in all patients enrolled in 
the trial. PreVent BMV=randomisation assignments in the 201 patients who were co-enrolled in a separate randomised trial of prophylactic vs no prophylactic 
bag-mask ventilation.



本論⽂の背景
•挿管⼿技中の有害事象、⾎圧低下
•重症患者の挿管のうち、30–40%で起こる

•輸液負荷の効果
•挿管⼿技中の⾎圧低下の予防⽬的の輸液負荷は考慮される
•質の⾼いエビデンスはなく、輸液負荷は重症患者の40%弱
しか⾏われていない

ルーチンではなく、陽圧換気を⾏う患者では有効かもしれない



Casey JD, et al. Bag-Mask Ventilation during Tracheal Intubation of Critically Ill Adults. N Engl J Med. 2019;380:811-821. PMID: 30779528.

RCT, ⽶国 7 ICUs, 2017/3/15–2018/5/6

P ICUで気管挿管を受ける18歳以上の成⼈

I 導⼊から喉頭展開までにBMVを⾏う
PEEP 5–10 cmH2O

C BMVを⾏わない

O 導⼊から気管挿管後2分までの間に観察された
最低の酸素飽和度

n engl j med 380;9 nejm.org February 28, 2019 817

Bag-Mask Ventilation during Tr acheal Intubation

onds (interquartile range, 52 to 120) in the no-
ventilation group (mean difference, 13.8 sec-
onds; 95% CI, !1.1 to 28.6) (Table 2, and Table 
S10 in the Supplementary Appendix). Among the 
patients who received bag-mask ventilation (198 
in the ventilation group and 44 in the no-venti-
lation group), the percentage of patients in 
whom an oropharyngeal airway was used (39.4% 
vs. 47.7%; relative risk, 0.83; 95% CI, 0.58 to 
1.18) and the percentage in whom a head-tilt 
and chin-lift or jaw-thrust maneuver was used 
(83.3% vs. 88.6%; relative risk, 0.94; 95% CI, 
0.83 to 1.06) were similar (Table S10 in the 
Supplementary Appendix).

A total of 157 patients (77.7%) in the no-
ventilation group received supplemental oxygen 
between induction and laryngoscopy, primarily 
through a non-rebreather mask or a nasal can-
nula (Table 2, and Table S10 in the Supplemen-
tary Appendix). Additional characteristics of the 
tracheal intubation procedure are presented in 
Table 2, and in Table S11 in the Supplementary 
Appendix.

Primary Outcome
The median lowest oxygen saturation was 96% 
(interquartile range, 87 to 99) in the bag-mask 
ventilation group and 93% (interquartile range, 
81 to 99) in the no-ventilation group (P = 0.01) 
(Fig. 1A). The mean difference in the lowest 
oxygen saturation between the bag-mask venti-
lation group and the no-ventilation group was 
4.7 percentage points (95% CI, 2.5 to 6.8) after 
adjustment for prespecified covariates and within-
unit correlation with the use of multivariable 
generalized estimating equations (Table S12 in 
the Supplementary Appendix).

In a post hoc analysis that was performed 
after adjustment for the provision of preoxygen-
ation, for the preoxygenation device, and for the 
presence of pneumonia or gastrointestinal 
bleeding, the mean between-group difference in 
the lowest oxygen saturation was 5.2 percentage 
points (95% CI, 2.8 to 7.5) (Table S12 in the 
Supplementary Appendix). Results were similar 
in the per-protocol analysis and all sensitivity 
analyses (Table S13 in the Supplementary Ap-
pendix).

In prespecified subgroup analyses, the differ-
ence in the lowest oxygen saturation between the 
bag-mask ventilation group and the no-ventila-

tion group was greater for patients with lower 
oxygen saturation at induction (P = 0.01 for inter-
action) (Fig. 2, and Fig. S3 in the Supplementary 
Appendix). None of the other prespecified char-
acteristics, including body-mass index, score on 
the Acute Physiology and Chronic Health Evalu-
ation (APACHE) II, and operator experience, ap-

Figure!1.!Lowest!Oxygen!Saturation.

Panel A shows the primary outcome of the lowest oxygen saturation (as 
measured by continuous pulse oximetry) observed during the interval be-
tween induction and 2 minutes after tracheal intubation in patients in the 
bag-mask ventilation group (blue) and the no-ventilation group (red). The 
widest horizontal bars represent median values, and the I bars represent 
the interquartile ranges. The dotted lines represent the thresholds for hy-
poxemia, severe hypoxemia, and very severe hypoxemia. Panel B shows  
the percentage of patients who had various degrees of hypoxemia in each 
group. The T bars represent the upper limit of the 95% confidence interval 
for the event rate.
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気管挿管を受けた重症成⼈患者のうち、
BMVを受けた患者は、BMVなしと⽐較して、
酸素飽和度が⾼く、重症低酸素⾎症の発⽣が
少なかった

陽圧換気（BMV）は気管挿管時の低酸素を減らす



Frat JP, et al. Non-invasive ventilation versus high-flow nasal cannula oxygen therapy with apnoeic oxygenation for preoxygenation before intubation of
patients with acute hypoxaemic respiratory failure: a randomised, multicentre, open-label trial. Lancet Respir Med. 2019;7:303-312. PMID: 30898520.
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hypoxaemia did not di!er between the two groups 
(adjusted OR 3·60, 0·78–16·60).

Pulse oximetry values, duration of laryngoscopy, or 
procedure of tracheal intubation did not di!er between 
the two preoxygenation groups (table 2). For the lowest 
pulse oximetry during the intubation procedure, there 
was also an interaction between PaO2/FiO2 at enrolment 
and treatment group (pinteraction=0·047; appendix).

In patients with moderate-to-severe hypoxaemia, the 
lowest pulse oximetry during intubation was higher in 
the non-invasive ventilation group than in the high-flow 
oxygen group (p=0·02; table 3, figure 2, appendix). Pulse 
oximetry at the end of preoxygenation was higher in the 
non-invasive ventilation group than in the high-flow 
oxygen group (p=0·02; table 3).

In patients with mild hypoxaemia, pulse oximetry at 
the end of preoxygenation and during intubation did 
not di!er between the two groups (table 3, figure 2, 
appendix).

Preoxygenation during intubation was perceived by 
practitioners as easy or quite easy in 134 (94%) of 
142 patients treated with non-invasive ventilation and 
161 (94%) of 171 patients treated with high-flow oxygen 
(appendix).

Preoxygenation was stopped in three patients during 
non-invasive ventilation and in six during high-flow 
oxygen therapy, mainly due to severe hypoxaemia (five of 
nine patients). The incidence of immediate and late 
complications did not di!er between the two treatment 
groups (table 2). The most common immediate compli-
cations were systolic arterial hypotension and chest 
infiltrate on x-ray, and the most common late complications 
were death at day 28 and ventilator-associated pneumonia 
during ICU stay (table 2). Cumulative probability of 
survival did not di!er between the two treatment groups, 
regardless of patient subgroups (table 2, appendix).

Discussion
In this multicentre, randomised, open-label trial of 
patients with acute hypoxaemic respiratory failure 
(defined as a PaO2/FiO2 ratio of "300 mm Hg), when 
compared with high-flow oxygen therapy, preoxygenation 
with non-invasive ventilation did not change the risk of 
severe hypoxaemia during intubation or the occurrence 
of late complications. Baseline PaO2/FiO2 ratio modified 
the e!ect of preoxygenation strategies on the risk of 
severe hypoxaemia, with secondary analyses suggesting 
a possible benefit of non-invasive ventilation among 
patients with moderate-to-severe hypoxaemia.

When designing the study, we assumed a reduction of 
severe hypoxaemia from the usual 25% to 10%. Although 
this reduction could seem optimistic, most studies report 
severe hypoxaemia in 25% of patients treated with 
high-flow oxygen or standard oxygen preoxygenation.3,13–15 
In the non-invasive ventilation group, we based our 
estimation of severe hypoxaemia on two previous studies 
reporting an incidence of 10% or less.4,16

Our results showed that about 25% of patients in both 
groups had severe hypoxaemia. Accurate o#ine analysis 
of pulse oximetry recordings during the whole intubation 
procedure using a dedicated monitor might have 
identified otherwise unrecognised events and sub-
sequently increased the rates of severe hypoxaemia. 
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hypoxaemia did not di!er between the two groups 
(adjusted OR 3·60, 0·78–16·60).

Pulse oximetry values, duration of laryngoscopy, or 
procedure of tracheal intubation did not di!er between 
the two preoxygenation groups (table 2). For the lowest 
pulse oximetry during the intubation procedure, there 
was also an interaction between PaO2/FiO2 at enrolment 
and treatment group (pinteraction=0·047; appendix).

In patients with moderate-to-severe hypoxaemia, the 
lowest pulse oximetry during intubation was higher in 
the non-invasive ventilation group than in the high-flow 
oxygen group (p=0·02; table 3, figure 2, appendix). Pulse 
oximetry at the end of preoxygenation was higher in the 
non-invasive ventilation group than in the high-flow 
oxygen group (p=0·02; table 3).

In patients with mild hypoxaemia, pulse oximetry at 
the end of preoxygenation and during intubation did 
not di!er between the two groups (table 3, figure 2, 
appendix).

Preoxygenation during intubation was perceived by 
practitioners as easy or quite easy in 134 (94%) of 
142 patients treated with non-invasive ventilation and 
161 (94%) of 171 patients treated with high-flow oxygen 
(appendix).

Preoxygenation was stopped in three patients during 
non-invasive ventilation and in six during high-flow 
oxygen therapy, mainly due to severe hypoxaemia (five of 
nine patients). The incidence of immediate and late 
complications did not di!er between the two treatment 
groups (table 2). The most common immediate compli-
cations were systolic arterial hypotension and chest 
infiltrate on x-ray, and the most common late complications 
were death at day 28 and ventilator-associated pneumonia 
during ICU stay (table 2). Cumulative probability of 
survival did not di!er between the two treatment groups, 
regardless of patient subgroups (table 2, appendix).

Discussion
In this multicentre, randomised, open-label trial of 
patients with acute hypoxaemic respiratory failure 
(defined as a PaO2/FiO2 ratio of "300 mm Hg), when 
compared with high-flow oxygen therapy, preoxygenation 
with non-invasive ventilation did not change the risk of 
severe hypoxaemia during intubation or the occurrence 
of late complications. Baseline PaO2/FiO2 ratio modified 
the e!ect of preoxygenation strategies on the risk of 
severe hypoxaemia, with secondary analyses suggesting 
a possible benefit of non-invasive ventilation among 
patients with moderate-to-severe hypoxaemia.

When designing the study, we assumed a reduction of 
severe hypoxaemia from the usual 25% to 10%. Although 
this reduction could seem optimistic, most studies report 
severe hypoxaemia in 25% of patients treated with 
high-flow oxygen or standard oxygen preoxygenation.3,13–15 
In the non-invasive ventilation group, we based our 
estimation of severe hypoxaemia on two previous studies 
reporting an incidence of 10% or less.4,16

Our results showed that about 25% of patients in both 
groups had severe hypoxaemia. Accurate o#ine analysis 
of pulse oximetry recordings during the whole intubation 
procedure using a dedicated monitor might have 
identified otherwise unrecognised events and sub-
sequently increased the rates of severe hypoxaemia. 
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hypoxaemia did not di!er between the two groups 
(adjusted OR 3·60, 0·78–16·60).

Pulse oximetry values, duration of laryngoscopy, or 
procedure of tracheal intubation did not di!er between 
the two preoxygenation groups (table 2). For the lowest 
pulse oximetry during the intubation procedure, there 
was also an interaction between PaO2/FiO2 at enrolment 
and treatment group (pinteraction=0·047; appendix).

In patients with moderate-to-severe hypoxaemia, the 
lowest pulse oximetry during intubation was higher in 
the non-invasive ventilation group than in the high-flow 
oxygen group (p=0·02; table 3, figure 2, appendix). Pulse 
oximetry at the end of preoxygenation was higher in the 
non-invasive ventilation group than in the high-flow 
oxygen group (p=0·02; table 3).

In patients with mild hypoxaemia, pulse oximetry at 
the end of preoxygenation and during intubation did 
not di!er between the two groups (table 3, figure 2, 
appendix).

Preoxygenation during intubation was perceived by 
practitioners as easy or quite easy in 134 (94%) of 
142 patients treated with non-invasive ventilation and 
161 (94%) of 171 patients treated with high-flow oxygen 
(appendix).

Preoxygenation was stopped in three patients during 
non-invasive ventilation and in six during high-flow 
oxygen therapy, mainly due to severe hypoxaemia (five of 
nine patients). The incidence of immediate and late 
complications did not di!er between the two treatment 
groups (table 2). The most common immediate compli-
cations were systolic arterial hypotension and chest 
infiltrate on x-ray, and the most common late complications 
were death at day 28 and ventilator-associated pneumonia 
during ICU stay (table 2). Cumulative probability of 
survival did not di!er between the two treatment groups, 
regardless of patient subgroups (table 2, appendix).

Discussion
In this multicentre, randomised, open-label trial of 
patients with acute hypoxaemic respiratory failure 
(defined as a PaO2/FiO2 ratio of "300 mm Hg), when 
compared with high-flow oxygen therapy, preoxygenation 
with non-invasive ventilation did not change the risk of 
severe hypoxaemia during intubation or the occurrence 
of late complications. Baseline PaO2/FiO2 ratio modified 
the e!ect of preoxygenation strategies on the risk of 
severe hypoxaemia, with secondary analyses suggesting 
a possible benefit of non-invasive ventilation among 
patients with moderate-to-severe hypoxaemia.

When designing the study, we assumed a reduction of 
severe hypoxaemia from the usual 25% to 10%. Although 
this reduction could seem optimistic, most studies report 
severe hypoxaemia in 25% of patients treated with 
high-flow oxygen or standard oxygen preoxygenation.3,13–15 
In the non-invasive ventilation group, we based our 
estimation of severe hypoxaemia on two previous studies 
reporting an incidence of 10% or less.4,16

Our results showed that about 25% of patients in both 
groups had severe hypoxaemia. Accurate o#ine analysis 
of pulse oximetry recordings during the whole intubation 
procedure using a dedicated monitor might have 
identified otherwise unrecognised events and sub-
sequently increased the rates of severe hypoxaemia. 
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挿管中

挿管中

RCT, フランス 28 ICUs, 2016/4/15–2017/1/8

P ICUで低酸素（P/F ≤ 300）のため、気管挿管
を受ける成⼈患者

I 前酸素化から喉頭展開までNPPV
PSV, FIO2 1.0, PEEP 5 cmH2O

C 前酸素化から気管挿管完了までHFNC
FIO2 1.0, 60 L/min

O 重症低酸素⾎症（SpO2 < 80%）

重度の低酸素⾎症の患者では、NPPVの⽅が低酸素が少なかった
NPPV 28/117 (24%) vs. HFNC 44/125 (35%)
調整オッズ⽐ 0.56, 0.32–0.99, P=0.0459 

導⼊時のNPPVとHFNCの⽐較



Zhou L, et al. High positive end expiratory pressure levels affect hemodynamics in elderly patients with hypertension
admitted to the intensive care unit: a prospective cohort study. BMC Pulm Med. 2019;19:224. PMID: 31775701.

Results
Participants characteristics
Descriptive characteristics are summarized in Table 1.
SBP, DBP, mean arterial blood pressure (MABP), serum
creatinine (Scr) and uric acid (UA) levels of the

hypertension group were elevated compared to the con-
trol group (P < 0.05). There were no statistically signifi-
cant differences in age, triglyceride (TG), total
cholesterol (TC), low density lipoprotein cholesterin
(LDL-C), fasting plasma glucose (FPG), hemoglobin

Table 2 Effect of different PEEP levels on hemodynamics. Data are shown as mean ± SD
PEEP(cmH2O)

0 2 4 6 8 10 12

SBP (mmHg) 0 119.1 ± 9.9 120.2 ± 8.4 119.9 ± 9.2 121.3 ± 6.6 121.9 ± 9.4 120.8 ± 9.2 122.6 ± 9.1

1 151.6 ± 13.2 152.6 ± 9.4 154.2 ± 10.0 146.1 ± 14.2 142.8 ± 14.4 139.8 ± 15.3bc 137.1 ± 14.1abc

DBP (mmHg) 0 67.4 ± 5.3 68.6 ± 6.7 67.9 ± 5.7 69.6 ± 6.2 70.5 ± 6.9 69.7 ± 7.5 69.6 ± 8.7

1 82.0 ± 12.0 84.1 ± 11.4 82.5 ± 12.9 77.4 ± 13.1 76.0 ± 12.4 73.3 ± 13.8 72.2 ± 11.7b

MABP (mmHg) 0 84.7 ± 3.7 85.7 ± 4.3 85.6 ± 4.3 86.8 ± 4.9 87.6 ± 4.9 86.7 ± 4.6 87.1 ± 5.4

1 105.1 ± 10.1 107.6 ± 7.9 106.0 ± 9.7 100.2 ± 10.9 98.1 ± 10.4b 95.3 ± 11.5bc 93.8 ± 10.0abc

CVP (mmHg) 0 7.2 ± 1.2 7.4 ± 1.2 7.6 ± 1.2 7.8 ± 1.3 8.0 ± 1.2 8.2 ± 1.3 8.4 ± 1.3

1 8.1 ± 3.3 8.4 ± 3.1 9.0 ± 4.2 8.7 ± 2.6 9.0 ± 2.9 9.1 ± 2.8 9.3 ± 2.9

ScvO2 (%) 0 68.4 ± 7.3 68.6 ± 5.8 69.3 ± 6.0 69.9 ± 7.4 71.3 ± 5.7 70.4 ± 8.0 72.0 ± 6.6

1 67.3 ± 8.5 69.3 ± 8.9 70.8 ± 7.6 67.8 ± 5.7 65.3 ± 6.4 64.0 ± 5.7c 61.9 ± 6.2cd

HR (bpm) 0 82.6 ± 12.5 82.9 ± 12.7 83.3 ± 12.9 83.8 ± 13.5 82.1 ± 13.2 82.6 ± 13.3 82.7 ± 12.8

1 80.2 ± 12.5 78.5 ± 12.2 76.9 ± 10.4 80.9 ± 12.7 82.7 ± 10.7 85.1 ± 9.8 88.2 ± 11.5c

Ppeak (cmH2O) 0 20.4 ± 4.9 21.5 ± 4.6 22.3 ± 4.4 23.6 ± 4.5 24.6 ± 4.4 25.7 ± 4.5a 27.3 ± 4.8ab

1 20.8 ± 4.1 21.8 ± 4.3 23.3 ± 4.6 24.6 ± 5.1 26.1 ± 4.9a 27.4 ± 4.8ab 29.3 ± 4.7abc

Pmean (cmH2O) 0 10.1 ± 2.1 11.1 ± 2.2 11.9 ± 2.3 13.1 ± 2.5a 13.9 ± 2.2ab 15.1 ± 2.4abc 16.2 ± 2.7abcd

1 10.3 ± 2.3 11.2 ± 2.0 12.3 ± 2.1 13.7 ± 2.2ab 14.7 ± 2.1abc 16.0 ± 2.2abcd 17.5 ± 2.2abcde

VT (ml) 0 644.6 ± 95.3 649.7 ± 96.8 654.0 ± 96.1 651.9 ± 94.3 642.6 ± 106.2 646.3 ± 106.4 645.3 ± 107.2

1 584.0 ± 119.1 587.0 ± 118.3 591.1 ± 114.1 589.6 ± 115.4 586.9 ± 117.7 587.4 ± 116.3 585.3 ± 117.3

MV (L/min) 0 11.7 ± 1.6 11.7 ± 1.6 11.8 ± 1.6 11.8 ± 1.5 11.6 ± 1.8 11.7 ± 1.8 11.7 ± 1.9

1 10.5 ± 2.1 10.6 ± 2.1 10.8 ± 2.0 10.7 ± 2.0 10.8 ± 2.1 10.9 ± 2.0 10.7 ± 2.0

SpO2 0 100.0 ± 0.0 100.0 ± 0.0 100.0 ± 0.0 100.0 ± 0.0 100.0 ± 0.0 100.0 ± 0.0 100.0 ± 0.0

(%) 1 99.9 ± 0.5 99.9 ± 0.3 100.0 ± 0.2 100.0 ± 0.2 100.0 ± 0.2 100.0 ± 0.2 99.9 ± 0.5

SBP Systolic blood pressure, DBP Diastolic blood pressure, MABP Mean arterial blood pressure, CVP Central venous pressure, ScvO2 Central venous oxygen
saturation, HR Heart rate, Ppeak Peak airway pressure, Pmean Mean airway pressure, VT Tidal volume, MV Minute ventilation volume, SpO2 Peripheral oxygen
saturation; 0: Control group; 1: Hypertension group;
aP < 0.05, compared with PEEP 2 cm H2O:

bP < 0.05, compared with PEEP 4 cm H2O:
cP < 0.05, compared with PEEP 6 cm H2O:

dP < 0.05, compared with PEEP 8 cm
H2O:

eP < 0.05. In the same group of blood pressure, compared with PEEP 0 cm H2O:
aP < 0.05, compared with PEEP 2 cm H2O:

bP < 0.05, compared with PEEP 4 cm
H2O:

cP < 0.05, compared with PEEP 6 cm H2O:
dP < 0.05, compared with PEEP 8 cm H2O:

eP < 0.05

Fig. 2 Effect of different PEEP levels on systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean arterial blood pressure (MABP). a:
Effect of different PEEP levels on SBP, b: Effect of different PEEP levels on DBP, c: Effect of different PEEP levels on MABP. Data are shown as mean
and standard deviation. In the same group of blood pressure, aindicated significant difference (p < 0.05) compared with PEEP 0 cmH2O.

bindicated
significant difference compared with PEEP 2 cmH2O.

cindicated significant difference compared with PEEP 4 cmH2O

Zhou et al. BMC Pulmonary Medicine          (2019) 19:224 Page 4 of 9
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中国、単施設、前向き観察研究（2015年1⽉から2017年1⽉）
対象: ⼈⼯呼吸管理を受けた⾼齢者（> 65歳）を⾼⾎圧の既往の有無で2群に分けた
PEEPを0から12 cmH2Oまで2 cmH2Oずつ変化させ（各PEEPはそれぞれ2時間）、
⾎⾏動態を評価した

⾼PEEP → 前負荷↓ 呼気終末肺容量↑ RV後負荷↑ → ⼼拍出量↓



本研究の仮説

気管挿管時に、陽圧換気を受ける重症成⼈患者に対して、
輸液負荷を⾏うと、
⾏わない患者と⽐較して、
循環虚脱の発⽣が少なくなる

重症患者では陽圧換気は低酸素を防ぐが、循環動態が悪化するかも



本⽇の論⽂

Effect of Fluid Bolus Administration on Cardiovascular Collapse
Among Critically Ill Patients Undergoing Tracheal Intubation
A Randomized Clinical Trial
Derek W. Russell, MD; Jonathan D. Casey, MD, MSc; Kevin W. Gibbs, MD; Shekhar Ghamande, MD;
James M. Dargin, MD; Derek J. Vonderhaar, MD; Aaron M. Joffe, DO; Akram Khan, MD;
Matthew E. Prekker, MD, MPH; Joseph M. Brewer, DO; Simanta Dutta, MD; Janna S. Landsperger, MS, ACNP-BC;
Heath D. White, DO, MS; Sarah W. Robison, MD; Joanne M. Wozniak, MS, PA-C; Susan Stempek, MMSc, PA-C;
Christopher R. Barnes, MD; Olivia F. Krol, BS; Alejandro C. Arroliga, MD, MS; Tasnim Lat, DO;
Sheetal Gandotra, MD; Swati Gulati, MBBS, MS; Itay Bentov, MD, PhD; Andrew M. Walters, MD;
Kevin M. Dischert, MD; Stephanie Nonas, MD; Brian E. Driver, MD; Li Wang, MS; Christopher J. Lindsell, PhD;
Wesley H. Self, MD, MPH; Todd W. Rice, MD, MSc; David R. Janz, MD, MSc; Matthew W. Semler, MD, MSc;
for the PREPARE II Investigators and the Pragmatic Critical Care Research Group

IMPORTANCE Hypotension is common during tracheal intubation of critically ill adults and
increases the risk of cardiac arrest and death. Whether administering an intravenous fluid
bolus to critically ill adults undergoing tracheal intubation prevents severe hypotension,
cardiac arrest, or death remains uncertain.

OBJECTIVE To determine the effect of fluid bolus administration on the incidence of severe
hypotension, cardiac arrest, and death.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial enrolled 1067 critically ill
adults undergoing tracheal intubation with sedation and positive pressure ventilation at 11
intensive care units in the US between February 1, 2019, and May 24, 2021. The date of final
follow-up was June 21, 2021.

INTERVENTIONS Patients were randomly assigned to receive either a 500-mL intravenous
fluid bolus (n = 538) or no fluid bolus (n = 527).

MAIN OUTCOMES AND MEASURES The primary outcome was cardiovascular collapse
(defined as new or increased receipt of vasopressors or a systolic blood pressure <65 mm Hg
between induction of anesthesia and 2 minutes after tracheal intubation, or cardiac arrest
or death between induction of anesthesia and 1 hour after tracheal intubation).
The secondary outcome was the incidence of death prior to day 28, which was censored
at hospital discharge.

RESULTS Among 1067 patients randomized, 1065 (99.8%) completed the trial and were
included in the primary analysis (median age, 62 years [IQR, 51-70 years]; 42.1% were
women). Cardiovascular collapse occurred in 113 patients (21.0%) in the fluid bolus group and
in 96 patients (18.2%) in the no fluid bolus group (absolute difference, 2.8% [95% CI, !2.2%
to 7.7%]; P = .25). New or increased receipt of vasopressors occurred in 20.6% of patients in
the fluid bolus group compared with 17.6% of patients in the no fluid bolus group, a systolic
blood pressure of less than 65 mm Hg occurred in 3.9% vs 4.2%, respectively, cardiac arrest
occurred in 1.7% vs 1.5%, and death occurred in 0.7% vs 0.6%. Death prior to day 28
(censored at hospital discharge) occurred in 218 patients (40.5%) in the fluid bolus group
compared with 223 patients (42.3%) in the no fluid bolus group (absolute difference, !1.8%
[95% CI, !7.9% to 4.3%]; P = .55).

CONCLUSIONS AND RELEVANCE Among critically ill adults undergoing tracheal intubation,
administration of an intravenous fluid bolus compared with no fluid bolus did not significantly
decrease the incidence of cardiovascular collapse.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03787732

JAMA. doi:10.1001/jama.2022.9792
Published online June 16, 2022.
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Methods
多施設並⾏群間⾮盲検実⽤的無作為化⽐較試験、⽶国のICU 11施設
研究期間︓2019年2⽉1⽇から2021年3⽉24⽇まで
※ COVID-19流⾏のため2020年2⽉28⽇から2020年8⽉24⽇は中⽌



組み⼊れ基準
•参加施設のICUで気管挿管予定
•予定される術者が⽇常的に気管挿管している
•成⼈患者（≥18歳）
•鎮静薬の投与が予定（筋弛緩薬の有無は問わない）
•導⼊から喉頭展開までの間に陽圧換気が予定
（NPPV or バッグマスク換気）



除外基準
•収監中
•妊娠中
•気管挿管の緊急性が⾼く、試験に組み⼊れる時間的余
裕がない
•術者が安全な⼿技の実施のために、輸液ボーラス投与
が必要または禁忌であると判断した場合



無作為化割り付け
•ブロックサイズ（ 2、4、6 ）を無作為とし、参加施設
ごとに層別化して、平⾏群間（1:1に）割り付け

•割り付け結果は、連続した番号順に、不透明な封筒に
⼊れられ、登録が終わるまで隠蔽化された
•介⼊の性質上、術者と研究担当者（アウトカム評価
者）は⾮盲検であった



介⼊⽅法（ボーラス群）
術者が選択した晶質液 500 mLを静脈内投与
1.静脈内または⾻髄内輸液路から、滴下やポンピング、

加圧バッグを⽤いて投与
2.気管挿管を遅らせないように、導⼊前に500mLをで
きるだけ投与

3.導⼊後に残った500mLは気管挿管の⼿技中に投与



対照（⾮ボーラス群）

新たに輸液負荷を⾏わない
ただし、以下の場合は、輸液負荷を許可された
•低⾎圧に対する治療として
•患者の安全のために輸液が必要であると術者が判断した場合



共通した介⼊
•実⽤的試験として⽇常診療の中で⾏われ、割り付けから導
⼊までに輸液負荷を⾏うかが両群間の違い
•組み⼊れ前に開始された輸液は、試験開始後も継続できた
•気管挿管の⼿技中の介⼊は術者により⾏われた（選択薬剤、
低⾎圧に対する⾎管収縮薬の予防的または治療的使⽤、導
⼊後の低⾎圧に対する輸液負荷）



主要評価項⽬︓循環虚脱
複合アウトカム（以下のうち、1つ以上が発⽣した場合）
•導⼊から気管挿管2分後までに、⾎管収縮薬が新規投与または
投与量が増加（ボーラス or 持続静注）
•導⼊から気管挿管2分後までに、収縮期⾎圧が65mmHg未満
となる
•導⼊から気管挿管1時間後までに⼼停⽌
•導⼊から気管挿管1時間後までに死亡



副次的評価項⽬
• 28⽇院内死亡（28⽇までに退院した場合は打ち切り）



評価項⽬のタイムライン



探索的な臨床的評価項⽬
•主要評価項⽬の各項⽬
•導⼊から気管挿管2分後までの最低⾎圧
•導⼊時の⾎圧と上記の最低⾎圧の差
• 28⽇Ventilator-free days
• 28⽇ICU-free days



探索的な安全性評価項⽬
•導⼊から気管挿管2分後までの最低SpO2
•導⼊から気管挿管2分後までの低酸素⾎症（SpO2<90%）
•導⼊から気管挿管2分後までの重度の低酸素⾎症（SpO2<80%）
•気管挿管24時間後のSpO2、FIO2、PEEP、収縮期⾎圧



PICOのまとめ
P ICUで気管挿管される予定の成⼈患者

鎮静薬が投与され、導⼊から喉頭展開までに陽圧換気が予定

I ボーラス群: 導⼊までに晶質液 500 mL負荷投与

C ⾮ボーラス群: 輸液負荷投与なし（必要な場合は許可）

O
複合アウトカム（以下のうち、1つ以上が発⽣した場合）
• 導⼊から気管挿管2分後までに、⾎管収縮薬が新規投与または投与量が増加
• 導⼊から気管挿管2分後までに、収縮期⾎圧が65mmHg未満となる
• 導⼊から気管挿管1時間後までに⼼停⽌
• 導⼊から気管挿管1時間後までに死亡



データ収集
•研究責任者または研究プロトコルに沿ってトレーニング
を受けた臨床医が、気管挿管⼿技中のバイタルや薬剤、
有害事象を評価した
•評価者は気管挿管の⼿技に関与しなかった
•盲検化はされなかった



サンプルサイズ計算に使⽤した先⾏研究

Janz DR, et al. Effect of a fluid bolus on cardiovascular collapse among critically ill adults undergoing tracheal
intubation (PrePARE): a randomised controlled trial. Lancet Respir Med. 2019;7:1039-1047. PMID: 31585796.

デザイン ⽶国の9 施設（8 ICUs、1 ER）、⾮盲検無作為化⽐較試験

対象 気管挿管を受ける18歳以上の重症患者（N=337）

介⼊ ⿇酔導⼊前に500mLの晶質液の静脈内投与（N=168）

対照 晶質液の投与なし（N=169）

主要評価項⽬
循環虚脱（複合アウトカム︓以下のいずれかを満たす場合）
• 導⼊から気管挿管後2分までに起こった新規の収縮期⾎圧低下（ <65 mm Hg）
• 気管挿管から1時間以内の死亡または⼼停⽌

結果 BMVあり︓輸液負荷 16.0% vs 輸液負荷なし 26.2%
（絶対リスク差10%、相対リスク差40%）



サンプルサイズ計算
循環虚脱の発⽣を、輸液負荷あり 16.25％ vs. 輸液負荷なし
25.0％（絶対リスク差8.75％、相対リスク差35％）と仮定し、
両側検定、α＝0.05、検出⼒＝80％とすると714⼈が必要とされ、
脱落が5％未満と予測して、750⼈と設定した

375⼈を組み⼊れた時点で中間解析が⾏われ、輸液負荷なしの患者
群で、循環虚脱の発⽣が予想より低かったため、相対リスク差
35％と検出⼒ 80%を維持するために、サンプルサイズを1065⼈
に変更された



統計解析
主要評価項⽬はχ2検定（2名が無作為化後に収監されたため、脱落）、P<0.05を
有意とした
感度分析として、主要評価項⽬（複合アウトカム）の各項⽬のうち、臨床的な重
要度で順序回帰分析を⾏った（軽度︓⾎管収縮薬の増量〜重度︓死亡）
追加解析︓
• 介⼊効果に対するランダム効果または固定効果の⼀般化線形混合効果モデル
• 事前に設定した共変量（年齢、APACHE II 20、敗⾎症または敗⾎症性ショック、

組み⼊れ前の⾎管収縮薬および輸液投与）によるロジスティック回帰モデル
（⽋損値は多重代⼊法で補完）

介⼊⽅法との交互作⽤について、ロジスティック回帰モデルで評価した



Result



気管挿管を⾏う重症患者 1576⼈がスクリーニング

1067⼈がランダム化

509⼈が除外
• 緊急の気管挿管 196
• ⼿技中の陽圧換気の予定なし 152
• 輸液負荷が禁忌121
• 輸液負荷が必須 27

除外 2（囚⼈）
ボーラス群 538⼈ ⾮ボーラス群 527⼈



患者背景

年齢 62歳（51–70歳）

⼥性 42.1％

アジア⼈ 3.4%

BMI 27.6 kg/m2

⼤半が⽩⼈



患者背景
ボーラス群 ⾮ボーラス群

低酸素⾎症 41.3% 42.9%
意識障害 20.4% 20.1%

低酸素と⾼
CO2⾎症 11.3% 10.6%

緊急時の処置 8.0% 7.0%
⾼CO2⾎症 6.9% 8.0%
その他 12.1％ 11.4％

挿管理由は呼吸不全が多い

⾎管収縮薬の使⽤は20%程度



術者の経験
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 eTable 4. Operator characteristics 
 
Characteristic Fluid Bolus 

N=538 
No Fluid Bolus 

N=527 

No. of unique operators 230 237 

Enrollments per operator    

Median (IQR) 2 (1, 4) 1 (1, 2.5) 

Range 1 to 13 1 to 15 

Operator specialtya – no. (%)   

Critical Care 478 (88.8) 464 (88.0) 

Anesthesia      29 (5.4) 34 (6.5) 

Emergency Medicine   22 (4.1) 25 (4.7) 

Other or unknown 14 (2.6) 7 (1.3) 

Operator training level – no. (%)   

Resident 50 (9.3) 48 (9.1) 

Fellow 406 (75.5) 395 (75.0) 

Attending physician 39 (7.2) 36 (6.8) 

Nurse anesthetist 11 (2.0) 11 (2.1) 

             Physician assistant 27 (5.0) 26 (4.9) 

Nurse practitioner 9 (1.7) 11 (2.1) 

Prior intubation experienceb   

No. of previous intubations, median (IQR) 50 (30-85) 50 (27-85) 
a. Operators could report more than one 
b. Prior intubation experience refers to the total number of tracheal intubations the operator has performed previously, as 

reported by the operator at the time of the enrollment. 
 
  

集中治療医フェローがほとんど
経験数は中央値で50件



気管挿管⼿技中の管理

輸液負荷は、ボーラス群のほぼ全員で⾏われ、 ⾮ボーラス群では1.1％で⾏われた。
ボーラス群の気管挿管2分後までの輸液量は500 mL（300–500 mL）。
導⼊後の低⾎圧に対する追加の輸液負荷は両群間で差はなかった。



気管挿管⼿技中の管理

］前酸素化の⽅法

］

］

］

］

導⼊前の昇圧剤の投与
導⼊前の酸素化
導⼊前の⾎圧

鎮静剤の種類

］ 筋弛緩薬の種類

陽圧換気の実施

］

輸液以外の管理には有意差なし

前酸素化では陽圧換気が多く、鎮静薬はEtomidateが多い、導⼊から喉頭展開までにはほぼ全例で陽圧換気



鎮静薬の詳細
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eTable 6. Medications administered for the intubation procedure 
 

Characteristic Fluid Bolus 
(N= 538) 

No Fluid Bolus 
(N= 527) 

Absolute difference 
or median 
difference 
(95% CI) 

Induction medicationa 536 (99.6) 526 (99.8) -0.2 (-1.0 to 0.6) 

      Etomidate 413 (76.8) 416 (78.9) -2.2 (-7.3 to 3.0) 

Dose, median (IQR) – mg 20 (20, 20) 20 (20, 20) 0.0 (0.0 to 0.0) 

Dose per weight, median (IQR) – mg/kg 0.26 (0.20, 0.32) 0.26 (0.20, 0.31) 0.00 (0.01 to 0.01) 

Ketamine  66 (12.3) 55 (10.4) 1.8 (-2.2 to 5.8) 

Dose, median (IQR) – mg 110 (100, 150) 105 (100, 150) 5.0 (-20.0 to 50.0) 

Dose per weight, median (IQR) – mg/kg 1.37 (1.11, 1.75) 1.30 (0.97, 1.76) 0.06 (-0.22 to 0.44) 

Propofol 53 (9.9) 57 (10.8) -1.0 (-4.8 to 2.9) 

Dose, median (IQR) – mg 80 (50, 100) 70 (50, 100) 10.0 (-5.0 to 40.0) 

Dose per weight, median (IQR) – mg/kg 1.03 (0.61, 1.24) 0.91 (0.58, 1.12) 0.12 (-0.01 to 0.28) 

Fentanyl 70 (13.0) 63 (12.0) 1.1 (-3.1 to 5.2) 

Dose, median (IQR) – mcg 100 (50, 100) 100 (50, 100) 0.0 (-50.0 to 50.0) 

Dose per weight, median (IQR) – mcg/kg 0.90 (0.62, 1.27) 0.94 (0.63, 1.26) -0.04 (-0.21 to 0.20) 

Midazolam 48 (8.9) 42 (8.0) 1.0 (-2.6 to 4.5) 

Dose, median (IQR) – mg 2 (2, 2) 2 (2, 2) 0.0 (0.0 to 0.0) 

Dose per weight, median (IQR) – mg/kg 0.03 (0.02, 0.04) 0.03 (0.02, 0.03) 0.00 (0.00, 0.01) 

Morphine 2 (0.4) 0 (0.0) 0.4 (-0.3 to 1.1) 

Dose, median (IQR) – mg -- -- -- 

Dose per weight, median (IQR) – mg/kg -- -- -- 

Lorazepam 2 (0.4) 1 (0.2) 0.2 (-0.6 to 1.0) 

Dose, median (IQR) – mg -- -- -- 

Dose per weight, median (IQR) – mg/kg -- -- -- 

Neuromuscular blocking medicationa,b 509 (94.6) 492 (93.5) 1.3 (-1.8 to 4.3) 

Rocuronium – no. (%) 402 (74.7) 378 (71.7) 3.0 (-2.5 to 8.5) 

Dose, median (IQR) – mg 100 (53, 100) 100 (60, 100) 0 (-20.0 to 20.0) 

Etomidateが多いが、
全ての薬剤の使⽤量は
両群間で差はない



主要評価項⽬

複合アウトカムである循環虚脱の発⽣率は有意差なし
それぞれの項⽬別に⾒ても有意差はなかった
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eTable 9. Adjusted analyses of the primary outcome 
 

Logistic regression model adjusting for baseline covariates 

Variable Odds Ratio 95% Confidence Interval 

Age 0.98 0.77-1.24 

APACHE II score 1.72 1.28-2.30 

Sepsis or septic shock: Neither 1.75 1.19-2.57 

Vasopressors or inotropes in the hour before 
enrollment 3.22 2.23-4.65 

Receiving fluids at time of enrollment 1.37 0.84-2.26 

Fluid bolus: No fluid bolus 1.24 0.89-1.71 

   

Generalized linear mixed-effects model adjusting for study unit as a random effect 

Variable Odds Ratio 95% Confidence Interval 

Fluid bolus: No fluid bolus 1.19 0.88-1.61 

 
 
  
主要評価項⽬は、ロジスティック回帰モデルでも⼀般化線形混合効果モデルでも有意差はなかった

循環虚脱には、
重症、敗⾎症、組み⼊れ
前の⾎管収縮薬の使⽤が
関連していた



副次的評価項⽬

28⽇院内死亡に有意差なし
探索的項⽬についても有意差なし



感度分析

輸液負荷が循環虚脱を減らす患者群はなさそう
重症度の低い患者については輸液ボーラスは有害かもしれない
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eFigure 4. Additional analyses of effect modification 

 

This figure displays the odds ratio and 95% confidence interval for the primary outcome (cardiovascular collapse) for fluid bolus 
group compared to the no fluid bolus group, overall and for subgroups. The device used to provide positive pressure ventilation 
(bag-mask ventilation or non-invasive ventilation) was added post-hoc. All other subgroups were pre-specified.

その他の感度分析でも、輸液負荷が循環虚脱を減らす患者群はなさそう



Discussion



本研究の結果のまとめ

•先⾏研究の結果から陽圧換気を受ける予定の重症患者に対す
る導⼊前の輸液負荷が効果的であると考えたが、輸液負荷を
⾏っても、循環虚脱の発⽣率は低下しなかった

•少なくとも画⼀的に晶質液 500 mLを急速投与しても、利益
はない



筆者らの⾒解

今後の研究では、気管挿管時の重度の低⾎圧、⼼停⽌、
死亡を予防するための他の介⼊（導⼊前の⾎管収縮薬の
投与や鎮静薬の選択・投与量など）による有効性を評価
する必要がある。

輸液負荷に関する研究は今後はなさそう



ショック患者では導⼊前に⾎管収縮薬を考慮するべきである。ケタ
ミン（1–2 mg/kg）はプロポフォールやチオペンタールと⽐較して
循環不安定になりにくい。Etomidateは副腎抑制の懸念があり、重
症患者にはルーチンに使⽤しない

ICU患者において、Etomidateやケタミンが好まれる。 Etomidate
は⼀過性の副腎機能不全の懸念があり、ケタミンは、⾼⾎圧、頻脈、
気道分泌物の増加、頭蓋内圧や眼圧の上昇を引き起こすことがある

RSIを⾏うために、鎮静薬（Etomidate、ケタミン、プロポフォール
など）を使⽤するが、その選択は病歴や状況により異なる
(グレード2＋）強い推奨

Higgs A, et al. Guidelines for the management of tracheal intubation in critically ill adults. Br J Anaesth. 2018;120:323-352. PMID: 29406182.

Myatra SN, et al. The All India Difficult Airway Association 2016 guidelines for tracheal
intubation in the Intensive Care Unit. Indian J Anaesth. 2016;60:922-930. PMID: 28003694.

Quintard H, et al. Experts' guidelines of intubation and extubation of the ICU patient of French Society of Anaesthesia and Intensive
Care Medicine (SFAR) and French-speaking Intensive Care Society (SRLF). Ann Intensive Care. 2019;9:13. PMID: 30671726.



Panchal AR, et al. Efficacy of Bolus-dose Phenylephrine for Peri-intubation Hypotension. J Emerg Med. 2015;49:488-94. PMID: 26104846.

20/119 (17%) were treated during the peri-intubation
period.

Data extraction was completed independently by two
of the study authors, and a correlation was done to
confirm that data extraction was consistent. For the pri-
mary variables of whether phenylephrinewas given, pres-
ence of sepsis, and admission diagnosis, the correlation
coefficient was >0.90. For intubation time and phenyl-
ephrine dose time, the correlation coefficient was
>0.85. All hemodynamic data (i.e., SBP, DBP, and HR)
had a correlation coefficient of >0.9.

Table 1 shows the demographic data for intubated
patients treated with phenylephrine for hypotension.
Patients were intubated primarily for medical causes
of hypotension (15/20), with only a small percentage
intubated for trauma (5/20). Five of 20 did not receive
sedation or a paralytic for intubation. Half of the pa-
tients were male, with a mean age of 64 6 16 years.
Primary admission diagnoses are noted in Table 1,
with unspecified respiratory failure and pneumonia as
the most common.

The practice pattern for the use of phenylephrine is
noted in Table 2. Of the total population (119 patients),
29 patients (24%) were treated with phenylephrine and

only 20 patients (17%) received phenylephrine during
the peri-intubation period. Providers treated 13/20 with
multiple doses of phenylephrine (65%). The timing of
when phenylephrine was given ranged widely (18 min
prior to intubation to 29 minutes post intubation), with
a mean time of phenylephrine administration after intuba-
tion of 4 6 13 min.

Seventy percent (14/20) of patients receiving bolus-
dose phenylephrine were also treated with continuous
intravenous infusion of vasopressors (Table 2). Five pa-
tients were treated with vasopressors prior to phenyl-
ephrine, whereas 9/20 were started on vasopressor
infusions after phenylephrine administration. The
most commonly utilized vasopressor was norepineph-
rine (10/20; 50%). Additional vasopressors were
administered within a wide range of time in relation
to the first phenylephrine dose, from 30 min prior to
phenylephrine treatment to 108 min after phenyleph-
rine administration.

Table 3 describes the hemodynamic effects of peri-
intubation phenylephrine. Bolus-dose phenylephrine

Table 1. Demographics of Intubated Patients Treated with
Phenylephrine (PE) for Hypotension During the
Peri-intubation Period

Frequency (%)

Age (years)* 64 6 16
Gender (male) 10/20 (50)
Reason for intubation

Airway management 12/20 (60)
Respiratory failure 8/20 (40)

Sedative given
Etomidate 14/20 (70)
Ketamine 5/20 (25)
None 1/20 (5)

Paralytic given
Succinylcholine 5/20 (25)
Rocuronium 14/20 (70)
None 1/20 (5)

Trauma
Blunt trauma 4/20 (20)
Penetrating trauma 1/20 (5)

Septic shock 11/20 (55)
Admission diagnoses

Acute respiratory failure (unspecified) 5/20 (25)
Pneumonia 3/20 (15)
Acute respiratory failure/sepsis 2/20 (10)
Cerebrovascular accident 2/20 (10)
Cardiogenic shock 1/20 (5)
Cerebral hemorrhage 1/20 (5)
Diverticulitis 1/20 (5)
GI bleed 1/20 (5)
Myocardial infarction 1/20 (5)
Trauma 1/20 (10)
Other 2/20 (10)

GI = gastrointestinal.
* Mean 6 SD.

Table 2. Usage of Phenylephrine (PE) for Patients

Frequency (%)

Patients treated with PE during peri-intubation
period

20

Treated with multiple doses of PE 13/20 (65)
PE given during peri-intubation period
Time of PE after intubation (min)* 4 6 13
Median time (min) 2
Range (min) !18–29

Vasopressors given with PE treatment 14/20 (70)
Time after intubation (min)* 16 6 36
Median time (min) 9
Range (min) !30–108

Type of vasopressor given with PE
Norepinephrine 10/20 (50)
Dopamine 2/20 (10)
Epinephrine 1/20 (5)
Epi and Norepi combined 1/20 (5)

Vasopressor started after PE treatment 9/20 (45)
Time (min)* 34 6 32
Median time (min) 23
Range (min) 0–108

* Mean 6 SD.

Table 3. Effect of Peri-intubation Phenylephrine Treatment
on Heart Rate, Systolic Blood Pressure (SBP), and
Diastolic Blood Pressure (DBP) (n = 20)

Heart Rate (beats/min) SBP (mm Hg) DBP (mm Hg)

Pre-PE 114 (99–130) 73 (67–78) 42 (35–48)
Post-PE 115 (101–130) 93 (80–105)* 52 (44–58)*

PE = phenylephrine.
Data are presented as mean (95% confidence interval).
* p < 0.05.
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20/119 (17%) were treated during the peri-intubation
period.

Data extraction was completed independently by two
of the study authors, and a correlation was done to
confirm that data extraction was consistent. For the pri-
mary variables of whether phenylephrinewas given, pres-
ence of sepsis, and admission diagnosis, the correlation
coefficient was >0.90. For intubation time and phenyl-
ephrine dose time, the correlation coefficient was
>0.85. All hemodynamic data (i.e., SBP, DBP, and HR)
had a correlation coefficient of >0.9.

Table 1 shows the demographic data for intubated
patients treated with phenylephrine for hypotension.
Patients were intubated primarily for medical causes
of hypotension (15/20), with only a small percentage
intubated for trauma (5/20). Five of 20 did not receive
sedation or a paralytic for intubation. Half of the pa-
tients were male, with a mean age of 64 6 16 years.
Primary admission diagnoses are noted in Table 1,
with unspecified respiratory failure and pneumonia as
the most common.

The practice pattern for the use of phenylephrine is
noted in Table 2. Of the total population (119 patients),
29 patients (24%) were treated with phenylephrine and

only 20 patients (17%) received phenylephrine during
the peri-intubation period. Providers treated 13/20 with
multiple doses of phenylephrine (65%). The timing of
when phenylephrine was given ranged widely (18 min
prior to intubation to 29 minutes post intubation), with
a mean time of phenylephrine administration after intuba-
tion of 4 6 13 min.

Seventy percent (14/20) of patients receiving bolus-
dose phenylephrine were also treated with continuous
intravenous infusion of vasopressors (Table 2). Five pa-
tients were treated with vasopressors prior to phenyl-
ephrine, whereas 9/20 were started on vasopressor
infusions after phenylephrine administration. The
most commonly utilized vasopressor was norepineph-
rine (10/20; 50%). Additional vasopressors were
administered within a wide range of time in relation
to the first phenylephrine dose, from 30 min prior to
phenylephrine treatment to 108 min after phenyleph-
rine administration.

Table 3 describes the hemodynamic effects of peri-
intubation phenylephrine. Bolus-dose phenylephrine

Table 1. Demographics of Intubated Patients Treated with
Phenylephrine (PE) for Hypotension During the
Peri-intubation Period

Frequency (%)

Age (years)* 64 6 16
Gender (male) 10/20 (50)
Reason for intubation

Airway management 12/20 (60)
Respiratory failure 8/20 (40)

Sedative given
Etomidate 14/20 (70)
Ketamine 5/20 (25)
None 1/20 (5)

Paralytic given
Succinylcholine 5/20 (25)
Rocuronium 14/20 (70)
None 1/20 (5)

Trauma
Blunt trauma 4/20 (20)
Penetrating trauma 1/20 (5)

Septic shock 11/20 (55)
Admission diagnoses

Acute respiratory failure (unspecified) 5/20 (25)
Pneumonia 3/20 (15)
Acute respiratory failure/sepsis 2/20 (10)
Cerebrovascular accident 2/20 (10)
Cardiogenic shock 1/20 (5)
Cerebral hemorrhage 1/20 (5)
Diverticulitis 1/20 (5)
GI bleed 1/20 (5)
Myocardial infarction 1/20 (5)
Trauma 1/20 (10)
Other 2/20 (10)

GI = gastrointestinal.
* Mean 6 SD.

Table 2. Usage of Phenylephrine (PE) for Patients

Frequency (%)

Patients treated with PE during peri-intubation
period

20

Treated with multiple doses of PE 13/20 (65)
PE given during peri-intubation period
Time of PE after intubation (min)* 4 6 13
Median time (min) 2
Range (min) !18–29

Vasopressors given with PE treatment 14/20 (70)
Time after intubation (min)* 16 6 36
Median time (min) 9
Range (min) !30–108

Type of vasopressor given with PE
Norepinephrine 10/20 (50)
Dopamine 2/20 (10)
Epinephrine 1/20 (5)
Epi and Norepi combined 1/20 (5)

Vasopressor started after PE treatment 9/20 (45)
Time (min)* 34 6 32
Median time (min) 23
Range (min) 0–108

* Mean 6 SD.

Table 3. Effect of Peri-intubation Phenylephrine Treatment
on Heart Rate, Systolic Blood Pressure (SBP), and
Diastolic Blood Pressure (DBP) (n = 20)

Heart Rate (beats/min) SBP (mm Hg) DBP (mm Hg)

Pre-PE 114 (99–130) 73 (67–78) 42 (35–48)
Post-PE 115 (101–130) 93 (80–105)* 52 (44–58)*

PE = phenylephrine.
Data are presented as mean (95% confidence interval).
* p < 0.05.
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⾎管収縮薬の使⽤⽅法

PE: フェニレフリン

⾎管収縮薬の投与に特定の傾向はないよう
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period.

Data extraction was completed independently by two
of the study authors, and a correlation was done to
confirm that data extraction was consistent. For the pri-
mary variables of whether phenylephrinewas given, pres-
ence of sepsis, and admission diagnosis, the correlation
coefficient was >0.90. For intubation time and phenyl-
ephrine dose time, the correlation coefficient was
>0.85. All hemodynamic data (i.e., SBP, DBP, and HR)
had a correlation coefficient of >0.9.

Table 1 shows the demographic data for intubated
patients treated with phenylephrine for hypotension.
Patients were intubated primarily for medical causes
of hypotension (15/20), with only a small percentage
intubated for trauma (5/20). Five of 20 did not receive
sedation or a paralytic for intubation. Half of the pa-
tients were male, with a mean age of 64 6 16 years.
Primary admission diagnoses are noted in Table 1,
with unspecified respiratory failure and pneumonia as
the most common.

The practice pattern for the use of phenylephrine is
noted in Table 2. Of the total population (119 patients),
29 patients (24%) were treated with phenylephrine and

only 20 patients (17%) received phenylephrine during
the peri-intubation period. Providers treated 13/20 with
multiple doses of phenylephrine (65%). The timing of
when phenylephrine was given ranged widely (18 min
prior to intubation to 29 minutes post intubation), with
a mean time of phenylephrine administration after intuba-
tion of 4 6 13 min.

Seventy percent (14/20) of patients receiving bolus-
dose phenylephrine were also treated with continuous
intravenous infusion of vasopressors (Table 2). Five pa-
tients were treated with vasopressors prior to phenyl-
ephrine, whereas 9/20 were started on vasopressor
infusions after phenylephrine administration. The
most commonly utilized vasopressor was norepineph-
rine (10/20; 50%). Additional vasopressors were
administered within a wide range of time in relation
to the first phenylephrine dose, from 30 min prior to
phenylephrine treatment to 108 min after phenyleph-
rine administration.

Table 3 describes the hemodynamic effects of peri-
intubation phenylephrine. Bolus-dose phenylephrine

Table 1. Demographics of Intubated Patients Treated with
Phenylephrine (PE) for Hypotension During the
Peri-intubation Period

Frequency (%)

Age (years)* 64 6 16
Gender (male) 10/20 (50)
Reason for intubation

Airway management 12/20 (60)
Respiratory failure 8/20 (40)

Sedative given
Etomidate 14/20 (70)
Ketamine 5/20 (25)
None 1/20 (5)

Paralytic given
Succinylcholine 5/20 (25)
Rocuronium 14/20 (70)
None 1/20 (5)

Trauma
Blunt trauma 4/20 (20)
Penetrating trauma 1/20 (5)

Septic shock 11/20 (55)
Admission diagnoses

Acute respiratory failure (unspecified) 5/20 (25)
Pneumonia 3/20 (15)
Acute respiratory failure/sepsis 2/20 (10)
Cerebrovascular accident 2/20 (10)
Cardiogenic shock 1/20 (5)
Cerebral hemorrhage 1/20 (5)
Diverticulitis 1/20 (5)
GI bleed 1/20 (5)
Myocardial infarction 1/20 (5)
Trauma 1/20 (10)
Other 2/20 (10)

GI = gastrointestinal.
* Mean 6 SD.

Table 2. Usage of Phenylephrine (PE) for Patients

Frequency (%)

Patients treated with PE during peri-intubation
period

20

Treated with multiple doses of PE 13/20 (65)
PE given during peri-intubation period
Time of PE after intubation (min)* 4 6 13
Median time (min) 2
Range (min) !18–29

Vasopressors given with PE treatment 14/20 (70)
Time after intubation (min)* 16 6 36
Median time (min) 9
Range (min) !30–108

Type of vasopressor given with PE
Norepinephrine 10/20 (50)
Dopamine 2/20 (10)
Epinephrine 1/20 (5)
Epi and Norepi combined 1/20 (5)

Vasopressor started after PE treatment 9/20 (45)
Time (min)* 34 6 32
Median time (min) 23
Range (min) 0–108

* Mean 6 SD.

Table 3. Effect of Peri-intubation Phenylephrine Treatment
on Heart Rate, Systolic Blood Pressure (SBP), and
Diastolic Blood Pressure (DBP) (n = 20)

Heart Rate (beats/min) SBP (mm Hg) DBP (mm Hg)

Pre-PE 114 (99–130) 73 (67–78) 42 (35–48)
Post-PE 115 (101–130) 93 (80–105)* 52 (44–58)*

PE = phenylephrine.
Data are presented as mean (95% confidence interval).
* p < 0.05.

Bolus-dose Phenylephrine for Peri-intubation Hypotension 3

20/119 (17%) were treated during the peri-intubation
period.

Data extraction was completed independently by two
of the study authors, and a correlation was done to
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tients were male, with a mean age of 64 6 16 years.
Primary admission diagnoses are noted in Table 1,
with unspecified respiratory failure and pneumonia as
the most common.

The practice pattern for the use of phenylephrine is
noted in Table 2. Of the total population (119 patients),
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multiple doses of phenylephrine (65%). The timing of
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2011 年 2 ⽉から 2012 年 2 ⽉まで
⽶国の単施設、過去起点コホート研究
対象: 挿管前後に低⾎圧（sBP < 90 mmHg）
を認めた成⼈患者（N=119）
フェニレフリンは29/119（24%）で投与
フェニレフリン投与前後の⾎⾏動態を評価

⾎圧が低い患者が多かったのか、
Etomidateとケタミンがほとんど

⾎⾏動態の変化フェニレフリン前後でHR→, BP↑

患者背景



Jabre P, et al. Etomidate versus ketamine for rapid sequence intubation in acutely ill patients:
a multicentre randomised controlled trial. Lancet. 2009;374:293-300. PMID: 19573904.

P 鎮静薬が必要な緊急挿管患者

I Etomidate 0.3 mg/kg (N=328)

C ケタミン 2 mg/kg（N=327）

O ICU⼊室3⽇以内のSOFAスコアの最⾼値
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We recorded no signifi cant di! erences in maximum 
SOFA score nor mortality between the etomidate and 
ketamine recipients in the subgroup analysis, which 
included patients with trauma or sepsis (n=180), sepsis 
patients only (n=76), trauma patients only (n=104), or 
patients with neither sepsis nor trauma (n=289; 
fi gure 3).

Discussion 
Our study shows that one etomidate bolus is not 
associated with a signifi cant increase in morbidity or 
mortality compared with ketamine in patients admitted 

to the intensive care unit. The maximum SOFA score did 
not di! er signifi cantly between the two drugs in the 
subgroup of patients having sepsis or trauma. However, 
for the subgroup of septic patients (n=76), the small 
number of patients might account for the absence of 
signifi cant di! erence. The mortality rate at day 28 in this 
subgroup did not di! er between the treatment groups.

An association between the administration of etomidate 
and an increased mortality of patients with sepsis has 
been suggested previously. In a retrospective study of 
children with meningococcal sepsis or shock,7 mortality 
rate was 30% in patients who received etomidate versus 
12% in those who did not, but the di! erence was not 
signifi cant (OR 3·1 [95% CI 0·3–79·3]). In a post-hoc 
analysis of the Corticus study undertaken in patients 
with severe sepsis,16 the 28-day mortality rate was 
signifi cantly higher in patients who received etomidate 
than in those who did not (p=0·03). The investigators, 
however, did not draw any cause and e! ect conclusion, 
presumably because of the lack of randomisation to 
sedative agents.

By contrast with the substantial increase in mortality 
reported by Ledingham and Watts,3 etomidate did not 
a! ect outcome in trauma patients in our study. This 
discrepancy between the two studies is probably related 
to the duration of etomidate administration: one bolus 
in our study versus prolonged sedation in Ledingham 
and Watts’ study. Hildreth and co-workers8 reported 
increased use of blood products, ventilator days, and 
days in intensive care in trauma patients randomly 
assigned to etomidate (n=18) versus midazolam (n=12), 
but reported no di! erence in mortality. However, 
interpretation of this study is di"  cult because half of the 
eligible patients were excluded, with 11 of 31 patients 
having received etomidate. 

Although adrenal axis dysfunction arises to some extent 
after etomidate use for rapid sequence intubation, the 
e! ect of such adrenal suppression on patients’ outcome 
remains debated. Studies have reported increased 
mortality in non-responders to the adrenocorticotropin 
hormone stimulation test and in patients with adrenal 
insu"  ciency.4,5 One bolus of etomidate decreases cortisol 
secretion, which contributed to the increased morbidity 
and mortality reported in several studies.6,7,16 However, 
these fi ndings have not been confi rmed by other 
investigators.19,20 Clearly, the results of these studies could 
be biased owing to the presence of multiple confounding 
factors.

Our study confi rms the fi nding of others that 
etomidate a! ects the adrenal axis: according to our 
criteria, more than four-fi fths of etomidate recipients 
had adrenal insu"  ciency and were non-responders to 
the adreno corticotropin hormone stimulation test. 
About half of patients given ketamine also had adrenal 
insu"  ciency, which emphasises that critical illness per 
se a! ects adrenal function. In one study, more than 
30% of non-responders had not been exposed to 

Figure !: Outcomes of patients receiving etomidate or ketamine for emergency intubation according to 
subgroups
(A) Absolute di! erence in maximum score on the sequential organ failure assessment (SOFAmax). (B) Death within 
28 days.

Etomidate (n=116) Ketamine (n=116) p value

Cortisol (nmol/L; median [IQR])

Baseline 441 (304–717) 690 (469–938) <0·0001

30 min after ACTH test 497 (331–800) 911 (690–1131) <0·0001

60 min after ACTH test 524 (386–828) 1048 (776–1324) <0·0001

Non-responder in ACTH test (n [%, 95% CI])* 93 (81%, 76–86) 49 (42%, 36–48) <0·0001

Adrenal insu"  ciency (n [%, 95% CI]) 100 (86%, 82–90) 56 (48%, 42–54) <0·0001

ACTH=adrenocorticotropin hormone. *Patient was a non-responder if maximum change was less than 250 nmol/L. 
†Patient had adrenal insu"  ciency if baseline cortisol was less than 276 nmol/L or the maximum change (peak cortisol 
minus baseline cortisol) was less than 250 nmol/L, or both. 

Table !: Adrenal function assessment in study patients†

All patients
(n=469)
Septic or trauma patients
(n=180)
Septic patients
(n=76)
Trauma patients
(n=104)
Non-trauma or
non-septic patients
(n=289)

10·3 (3·7; n=234)

11·0 (3·8; n=98)

12·4 (3·8; n=41)

10·0 (3·5; n=57)

9·7 (3·6; n=136) 

9·6 (3·9; n=235)

10·3 (3·6; n=82)

10·8 (4·5; n=35)

9·9 (2·8; n=47)

9·2 (4·0; n=153)

0·7 (0·0 to 1·4)

0·7 (0·4 to 1·8)

1·6 (–0·3 to 3·4)

0·1 (–1·2 to 1·3)

0·5 (–0·3 to 1·4) 

–3 –2 –1 0

0

Etomidate better Ketamine better

Etomidate group Ketamine group

Etomidate group
Mean SOFAmax (SD; number of patients) Absolute di!erence of SOFAmax (95% CI)

Odds ratio of death at day 28 (95% CI)Number of deaths/total number of patients

Ketamine group

Etomidate better Ketamine better

1 2 3 4

1 2 3 4

All patients
(n=469)
Septic or trauma patients
(n=180)
Septic patients
(n=76)
Trauma patients
(n=104)
Non-trauma or
non-septic patients
(n=289)

81/234

32/98

17/41

15/57

49/136

72/235

26/82

12/35

14/47

46/153

1·2 (0·8 to 1·8)

1·0 (0·6 to 2·0)

1·4 (0·5 to 3·5)

0·8 (0·4 to 2·0)

1·3 (0·8 to 2·1)

A

B

RCT, 2007年4⽉25⽇から2008年2⽉27⽇
フランス, ER 12施設とICU 65施設

主要評価項⽬の
SOFAスコアに有意差なし

両群ともに重篤な有害事象はなかったが、
Etomidateを投与された患者では、副腎不全が多かった
86% vs. 48%, p<0.0001（オッズ⽐ 6.7, 3.5–12.7）
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and a lower mean arterial pressure at both H0 and H24. In
addition, creatinine clearance was lower in the nonre-
sponder group while other biochemical parameters were
similar in the two groups. Nonresponders received a
single bolus of etomidate for endotracheal intubation in a
higher proportion than responders, and more often needed
catecholamine support. On multivariate analysis, a single
bolus of etomidate was an independent risk factor for a
reduced response to corticotropin (OR 12.21; 95% CI
2.99–49.74) whereas female gender was protective (OR
0.13; 95% CI 0.03–0.57). Other variables entered in the
model did not reach statistical significance. Nine (33.3%)
patients in the nonresponder group and 4 (11.4%) patients
in the responder group received hydrocortisone during
their ICU stay. Finally, 19 (70.4%) nonresponders and 11
(31.4%) responders died in the ICU (p<0.005).

Discussion

The key finding of the present investigation was the
strong relationship between the use of etomidate as a
single bolus to facilitate endotracheal intubation and rel-
ative adrenal deficiency, as measured through the short
corticotropin test 24 h after endotracheal intubation. In
addition, women were better protected than men.

The controversial concept of relative adrenocortical
deficiency deserves further discussion [15, 16]. The usual
criteria of “normal” or “absolute” adrenocortical defi-
ciency are disputed in ICU patients for at least three
reasons: increased stimulation of the hypothalamic-pitui-
tary-adrenal axis resulting in high basal cortisol levels,
failure to adequately interpret the clinical symptoms
which often are confused with the primary illness, and as
recently demonstrated [17] frequent hypoalbuminemia
leading to an underestimation of serum free cortisol by
serum total cortisol. By contrast, relative adrenocortical
deficiency is defined only by a low total cortisol response
to corticotropin, consistently associated with an inde-
pendent increased risk of mortality, irrespective of base-
line serum cortisol and usual severity scoring systems,
occurring mainly in septic or systemic inflammatory re-
sponse syndrome patients [3, 4, 5, 6]. The absence of any
relationship between basal serum cortisol and absolute
increase after corticotropin and the negative independent
predictive value of high basal serum cortisol further
suggest that absolute and relative adrenocortical defi-
ciency are distinct, albeit overlapping pathophysiological
concepts. In the present study the unavailability of serum
free cortisol measurements is probably less misleading in
correctly identifying relative from absolute adrenocortical
deficiency since the former is defined only by subtraction
of values in a patient with presumably similar protein
levels within a 1-h period and in which serum protein
concentrations (serum albumin concentrations were not
measured) did not differ in either responder or nonre-
sponder groups. Finally, mortality in nonresponders was
far higher than in responders, a picture consistent with
other studies [1, 2, 3, 4, 5, 6].

Etomidate, a carboxylated imidazole, is known to
impair steroidogenesis through a reversible inhibition of
11b-hydroxylase [18, 19]. This could account for the
observed high mortality rates when etomidate was given
as a prolonged infusion in ICU patients [20]. Neverthe-
less, a single dose is currently considered safe in elective
surgical, non-ICU patients, causing only mild and short-
lived impairment of cortisol synthesis with no detectable
detrimental clinical consequences [21, 22]. In critically ill
patients, Absalom et al. [23] recently showed that sig-
nificantly more patients displayed relative adrenal defi-
ciency 24 h after endotracheal intubation with etomidate
compared to thiopental. According to the criteria of the
present study, 16 of the 17 patients in the Absalom et al.
study had relative adrenal deficiency, a proportion con-
sistent with the present results. In patients undergoing
endotracheal intubation in the emergency room, a single
bolus of 0.3 mg/kg etomidate resulted in sustained adrenal
depression comparatively to intubation with midazolam
[24]. The findings in the present study suggest that eto-
midate given as a single bolus can impair adrenal function
for at least 24 h and perhaps more. Further studies are

Table 2 Other clinical and biochemical parameters of the subject
population with regard to the response to the short corticotropin test

Nonresponders
(n=27)

Responders
(n=35)

p

Heart rate (b/min)a

H0 108!24 102!23 0.27
H24 105!31 99!20 0.27

Mean arterial blood pressure (mmHg)a

H0 72!19 82!21 0.05
H24 73!24 82!19 0.04

Temperature ("C)a 37.6!0.9 37.8!0.8 0.43
Serum sodium
(mmol/l)a

136!6 136!5 0.77

Serum potassium
(mmol/l)a

4.8!1.0 4.2!0.7 0.62

Serum glucose (g/l)a 1.23!0.83 1.33!0.26 0.40
Arterial pHa 7.31!0.15 7.37!0.11 0.12
Serum protein (g/l)a 42!12 48!8 0.22
Creatinine clearance
(ml/min)a

44!29 70!39 0.011

ODIN score
0 to 3

H0 18 30 0.15
H24 14 28 0.009

4–6
H0 9 5
H24 13 7

Etomidate for
intubation

19 9 0.001

Vasopressor agents
H0 12 11 0.29
H24 22 18 0.01

a Mean ! SD

P値が0.10未満の変数をロジスティック回帰モ
デルに投⼊して、ステップワイズ法で変数を選
択した結果、
Etomidate: OR 12.21, 95% CI 2.99–49.74
⼥性: OR 0.13, 95% CI 0.03–0.57
その他の変数には有意差がなかった

2000年1–9⽉
⼤学病院、単施設前向きコホート研究
対象: 24時間以上の⼈⼯呼吸が必要な患者
（連続症例 N=62）
気管挿管後24時間以内に、ACTH刺激試験を実施
→ Non-responder 27, Responder 35
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use as compared to the current parameter of MAP.While we
did not look at long-term outcomes in our current study, we
demonstrated that induction with ketamine/propofol ad-
mixture rather than other intravenous anesthetic agents

resulted in better hemodynamics. !erefore, it is possible
that this may translate into improved patient-centered
outcomes. Although elevated perfusion pressures may be
advantageous in the general sense, this has to be individually
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Figure 3: (a) Systolic blood pressure at 5 minutes. (b) Systolic blood pressure at 10 minutes.
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2000年1⽉1⽇から2018年10⽉17⽇
ケタミン + プロポフォールを導⼊で
使⽤とその他の導⼊薬を⽐較

10 RCTs, 722 ⼈
平均年齢 54 歳, ⼥性 40%

組み⼊れたRCTの対照
5 RCTs: vs. PRO
1 RCT: vs. PRO + DEX 
1 RCT: vs. PRO + チオペンタール
1 RCT: vs. Etomidate
1 RCT: vs. Etomidate + MID
1 RCT: vs. Etomidate + PRO



鎮静薬や⾎管収縮薬に関する過去の研究

•⾎圧低下を起こしにくい薬剤として、Etomidateやケ
タミンが挙げられている
•気管挿管前後の⾎管収縮薬については、予防⽬的につ
いても治療⽬的についても、質の⾼い研究報告はない



本研究の限界

①気管挿管の緊急性があった約15％の患者が除外された
ため、⼼停⽌、呼吸停⽌、その他緊急の気管挿管が必
要な患者に⼀般化されない可能性がある。

② 500 mLがすべての患者に適切かどうかは定かでない。
また、気管挿管直後の期間以外の輸液の使⽤について
は調査していない。



本研究の限界

③ 複合アウトカムのうち最も多く発⽣した項⽬は、新規または⾎
管収縮薬の増量であったが、患者にとっては重要なアウトカム
ではないかもしれない。

④ 本研究は導⼊前に輸液を開始することを評価したものであり、
気管挿管中に発症した低⾎圧を治療するために輸液を使⽤する
ことについては評価していない。

⑤ 本試験の介⼊は盲検化されていないため、その他の介⼊や結果
の確認にバイアスが⽣じる可能性がある。



Conclusion

気管挿管を受ける成⼈の重症患者に対して、
導⼊前に輸液負荷を⾏っても、
輸液負荷を⾏わない患者と⽐較して、
循環虚脱の発⽣率は低下しなかった。



内的妥当性
ランダム化 〇 並⾏群間、施設ごとに層別化割り付け

割付の隠蔽化 〇 ブロックサイズが不明なブロック法

マスキング × オペレーターと評価者にはされていない

ベースライン 〇 同等と思われる

ITT解析 〇 ITT解析されている

脱落がないか 〇 短期間の評価項⽬であり脱落はない

サンプルサイズ 〇 途中で追加されたが⼗分



外的妥当性
• アジア⼈が少ないが、多施設研究であり、⽇常診療の患者の特徴に近い
• かなり短期間で輸液負荷している（実際しようとしたらポンピング︖）
• 挿管に慣れた術者が⾏った（ほとんどがICUフェロー）
• ⾎管収縮薬の使い⽅が不明、⾎圧測定の⽅法については明記されていない
• 事前の酸素化の⽅法としてNPPVが多く、⽇本ではそこまで⾏われていな
い可能性がある
• Etomidateが多い
• 輸液負荷が必要または禁忌な患者は除外されているがその判断はどのよう
にされたのか不明であり、循環動態が不安定な患者では適⽤できないかも



私⾒
•輸液負荷が必要な場合を除き、導⼊時に輸液負荷をしても
⾎圧低下を予防できない（効果がありそうな患者群もな
かった）

•挿管後の低⾎圧に対してすぐに対応できるように、輸液負
荷や⾎管収縮薬を⽤意しておくが、ルーチン投与はしない


