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Anaesthesia	considera.ons	for	prehospital	resuscita.on	of	
life-threatening	bleeding	–	Care	Under	Fire:	



US	Armed	Forces	baTlefield	fatali.es	2001	–	2011	
Poten.ally	survivable	injuries:	
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976	(24.3%)	of	the	pre-
Medical	Treatment	Facility	
(pre-MTF)	deaths	were	
deemed	poten.ally	
survivable.	
Of	these	90.9%	were	
aAributed	to	
haemorrhage.	

Eastridge,	B.	J.,	Mabry,	R.	L.,	Seguin,	P.,	Cantrell,	J.,	Tops,	T.,	Uribe,	P.,	.	.	.	Blackbourne,	L.	H.	(2012).	Death	on	the	baTlefield	
(2001-2011):	implica.ons	for	the	future	of	combat	casualty	care.	J	Trauma	Acute	Care	Surg,	73(6	Suppl	5),	S431-437.	



Pre-Medical	Treatment	Facility		
Poten.ally	Survivable	injuries:	mortality	cause	

0	

10	

20	

30	

40	

50	

60	

70	

80	

90	

100	

Haemorrhage	 Airway	
Obstruc.on	

Tension	
Pneumothorax	

Percentage	

7.9%	
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And in conclusion:  



Should	we	subject	the	shocked	trauma	pa.ent	to	
anaesthesia	in	the	prehospital	seeng?	

Really	Sensible	Idea	

RESEARCH Open Access

The European guideline on management of
major bleeding and coagulopathy
following trauma: fourth edition
Rolf Rossaint1, Bertil Bouillon2, Vladimir Cerny3,4,5,6, Timothy J. Coats7, Jacques Duranteau8,
Enrique Fernández-Mondéjar9, Daniela Filipescu10, Beverley J. Hunt11, Radko Komadina12, Giuseppe Nardi13,
Edmund A. M. Neugebauer14, Yves Ozier15, Louis Riddez16, Arthur Schultz17, Jean-Louis Vincent18

and Donat R. Spahn19*

Abstract

Background: Severe trauma continues to represent a global public health issue and mortality and morbidity in
trauma patients remains substantial. A number of initiatives have aimed to provide guidance on the management
of trauma patients. This document focuses on the management of major bleeding and coagulopathy following
trauma and encourages adaptation of the guiding principles to each local situation and implementation within
each institution.

Methods: The pan-European, multidisciplinary Task Force for Advanced Bleeding Care in Trauma was founded in
2004 and included representatives of six relevant European professional societies. The group used a structured,
evidence-based consensus approach to address scientific queries that served as the basis for each recommendation
and supporting rationale. Expert opinion and current clinical practice were also considered, particularly in areas in
which randomised clinical trials have not or cannot be performed. Existing recommendations were reconsidered
and revised based on new scientific evidence and observed shifts in clinical practice; new recommendations were
formulated to reflect current clinical concerns and areas in which new research data have been generated. This
guideline represents the fourth edition of a document first published in 2007 and updated in 2010 and 2013.

Results: The guideline now recommends that patients be transferred directly to an appropriate trauma treatment
centre and encourages use of a restricted volume replacement strategy during initial resuscitation. Best-practice use
of blood products during further resuscitation continues to evolve and should be guided by a goal-directed
strategy. The identification and management of patients pre-treated with anticoagulant agents continues to pose a
real challenge, despite accumulating experience and awareness. The present guideline should be viewed as an
educational aid to improve and standardise the care of the bleeding trauma patients across Europe and beyond.
This document may also serve as a basis for local implementation. Furthermore, local quality and safety
management systems need to be established to specifically assess key measures of bleeding control and outcome.

Conclusions: A multidisciplinary approach and adherence to evidence-based guidance are key to improving
patient outcomes. The implementation of locally adapted treatment algorithms should strive to achieve
measureable improvements in patient outcome.

* Correspondence: donat.spahn@usz.ch
19Institute of Anaesthesiology, University of Zurich and University Hospital
Zurich, Raemistrasse 100, 8091 Zurich, Switzerland
Full list of author information is available at the end of the article

© 2016 Rossaint et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Rossaint et al. Critical Care  (2016) 20:100 
DOI 10.1186/s13054-016-1265-x Really	Shocking	Idea	

•  “Field	intuba.on	in	civilian	
pa.ents	with	hemorrhagic	
shock	is	associated	with	
higher	mortality”2	

Rossaint,	R.,	Bouillon,	B.,	Cerny,	V.,	Coats,	T.	J.,	Duranteau,	J.,	Fernandez-Mondejar,	E.,	.	.	.	Spahn,	D.	R.	(2016).	The	European	
guideline	on	management	of	major	bleeding	and	coagulopathy	following	trauma:	fourth	edi.on.	Crit	Care,	20,	100.		

Chou,	D.,	Harada,	M.	Y.,	Barmparas,	G.,	Ko,	A.,	Ley,	E.	J.,	Margulies,	D.	R.,	&	Alban,	R.	F.	(2016).	Field	intuba.on	in	civilian	pa.ents	
with	hemorrhagic	shock	is	associated	with	higher	mortality.	J	Trauma	Acute	Care	Surg,	80(2),	278-282.	

Prevention of further 
oxygen debt 

accumulation 

Repayment of oxygen debt Minimization of the 
time to oxygen debt 

resolution 
Barbee, Robert Wayne, Penny S. Reynolds, and Kevin R. Ward. "Assessing 

shock resuscitation strategies by oxygen debt repayment." Shock 33.2 (2010): 

113-122. 

?	
“There	are	well-defined	situa.ons	in	which	
intuba.on	is	mandatory,	for	example	airway	
obstruc.on,	altered	consciousness	[Glasgow	
Coma	Score	(GCS)	≤8],	haemorrhagic	shock,	
hypoven.la.on	or	hypoxaemia”	1	



Why	would	we	want	to	subject	the	shocked	trauma	
pa.ent	to	anaesthesia	in	the	prehospital	seeng?	

•  cABCDE	problems?	
•  Airway	failure	–	direct	injury,	failure	to	maintain	
•  Breathing	failure	–	compromised	ven.la.on	
•  Circula.on	failure	-	???	
•  D	problems	–	comba.ve	head	injury,	failure	to	maintain	airway	
•  E	-	humanitarian	

•  Because	we	can?	



Joint Theater Trauma System Clinical Practice Guideline 

Guideline Only/Not a Substitute for Clinical Judgment 
June 2012 
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! Blind Nasal 
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! Direct Laryngoscopy 

Rapid Sequence 

Induction 

Mask ventilate until 
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Decision	making-	complex!	

Joint	Theater	Trauma	System	Clinical	Prac.ce	Guideline.	Trauma	Airway	Management.	June	2012	
		



Prehospital	advanced	airway	
interven.on	indica.ons:	

•  Opera.on	Iraqi	Freedom	2005	-	2007	
•  4.2%	of	6875	casual.es	arriving	at	combat	support	hospitals	

required	prehospital	advanced	airway	interven.ons	
•  95.7%	of	ETTs	correctly	placed	by	prehospital	teams	
•  Suggested	indica.ons:	

Adams,	B.	D.,	Cuniowski,	P.	A.,	Muck,	A.,	&	De	Lorenzo,	R.	A.	(2008).	Registry	of	emergency	airways	arriving	at	combat	hospitals.	J	
Trauma,	64(6),	1548-1554.		

•  Cardio-pulmonary	resuscita.on	in	progress	
•  Glasgow	Coma	Score	≤	8	
•  Oxygen	satura.ons	(SpO2)	<	80%	
•  Base	deficit	>	20	
•  Systolic	blood	pressure	<	80mmHg	
•  pH	<	7.0	



UK	Medical	Emergency	Response	Team	(MERT)	
advanced	airway	interven.ons:	

Haldane,	A.	G.	(2010).	Advanced	airway	management--a	medical	emergency	response	team	perspec.ve.	J	R	Army	Med	Corps,	
156(3),	159-161.	

534		Pa.ents	transferred	

478			Advanced	airway	management	
not	undertaken	

57		Advanced	airway	management	(in	56	pa.ents)	

25	Prior	to	Evacua.on	

15	Oral	intuba.ons	

9	Surgical	airways	

1	LMA	

32	by	MERT	

26	Oral	Intuba.ons	

4	Surgical	airways	

1	Failed	Oral	Intuba.on	

1	Conversion	of	LMA	to	
ETT	



Surgical	airway	success	rates:	
•  UK		
– 92%.	Combat	Medical	Technicians	or	GDMOs.	24%	
survived	to	hospital	discharge1	

•  Israeli	
– 93%.	Paramedic	or	physician2	

•  US	
– 68%	(combat	medic	67%	v	Dr/PA	85%)3		
– 82%.	Combat	medic	or	aeromed	medic4	

	
1.	Kyle,	T.,	le	Clerc,	S.,	Thomas,	A.,	Greaves,	I.,	WhiTaker,	V.,	&	Smith,	J.	E.	(2016).	The	success	of	baTlefield	surgical	airway	inser.on	
in	severely	injured	military	pa.ents:	a	UK	perspec.ve.	J	R	Army	Med	Corps,	162(6),	460-464.		
2.	Katzenell,	U.,	Lipsky,	A.	M.,	Abramovich,	A.,	Huberman,	D.,	Sergeev,	I.,	Deckel,	A.,	.	.	.	Glassberg,	E.	(2013).	Prehospital	intuba.on	
success	rates	among	Israel	Defense	Forces	providers:	epidemiologic	analysis	and	effect	on	doctrine.	J	Trauma	Acute	Care	Surg,	75(2	
Suppl	2),	S178-183.		
3.	Mabry,	R.	L.	(2012).	An	analysis	of	baTlefield	cricothyrotomy	in	Iraq	and	Afghanistan.	J	Spec	Oper	Med,	12(1),	17-23.		
4.	Barnard,	E.	B.,	Ervin,	A.	T.,	Mabry,	R.	L.,	&	Bebarta,	V.	S.	(2014).	Prehospital	and	en	route	cricothyrotomy	performed	in	the	combat	
seeng:	a	prospec.ve,	mul.center,	observa.onal	study.	J	Spec	Oper	Med,	14(4),	35-39.	



Rapid	Sequence	Intuba.on:	



What	are	we	trying	to	achieve	by	prehospital	
intuba.on	of	the	shocked	trauma	pa.ent?	

•  Maintain	Airway	and	maximise	oxygena.on	ie	DO2		
•  NB	Ficks	equa.on:		DO2	=	1.34	x	Hb	x	SaO2	x	CO		

Barbee,	R.	W.,	Reynolds,	P.	S.,	&	Ward,	K.	R.	(2010).	Assessing	shock	resuscita.on	strategies	by	oxygen	debt	repayment.	Shock,	
33(2),	113-122.		



So	what’s	the	problem	with	RSI	in	haemorrhagic	
shock?	

•  “Pent,	sux,	start	CPR”	–	Richard	DuTon	
•  Rapid	sequence	intuba.on:	
– Paralysis	and	apnoea	–	increased	respiratory	
acidosis.		

– Hypotensive	effect	of	induc.on	agent	
•  Decreased	cardiac	output	→	reduced	DO2	

– Hypotensive	effect	of	posi.ve	pressure	ven.la.on	
•  Decreased	cardiac	output	→	reduced	DO2	



RSI	induced	hypoxia:	
•  31	of	54	pa.ents	(57%)	desaturated	during	RSI	
performed	by	paramedics	

•  84%	of	these	31	events	had	sats	≥	90%	pre-RSI	

Dunford,	J.	V.,	Davis,	D.	P.,	Ochs,	M.,	Doney,	M.,	&	Hoyt,	D.	B.	(2003).	Incidence	of	transient	hypoxia	and	pulse	rate	reac.vity	
during	paramedic	rapid	sequence	intuba.on.	Ann	Emerg	Med,	42(6),	721-728.	

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

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

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

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

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

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

City of San Diego paramedics were instructed to
attach a single-use, infrared, ETCO2 adaptor to the endo-
tracheal tube and adjust ventilation parameters to tar-
get an ETCO2 value of 30 to 35 mm Hg and to avoid val-
ues of less than 25 mm Hg. Once tube position was
confirmed, rocuronium was administered to maintain
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Figure 1. 
Desaturation to SpO2 equal to
65% (large arrow) with brady-
cardia to 43 beats/min (small
arrow). Target ETCO2 of 30 to
35 mm Hg was achieved.



an assortment of devices as suggested by the ASA
Guidelines (laryngeal mask airway, Combitube®, bou-
gie stylet, hand-held jet apparatus, and a percutaneous
cricothyrotomy kit). The airway bag had to be trans-
ported to the intubation location by anesthesia person-
nel. A difficult airway cart was deployed in the year
2000 to all intensive care unit (ICU) locations, radiol-
ogy, cardiac catheterization suite, and various floor
locations.

The indications for emergency airway management
were multifactorial in nature, yet the patients were
categorized in general groups based on the primary
system contributing to the need for airway support
(Table 3). Cardiac disease (acute myocardial infarc-
tion, congestive heart failure, tamponade, and dys-
rhythmia), primary pulmonary issues (chronic ob-
structive pulmonary disease, pulmonary aspiration,
secretions, and respiratory failure), neurosurgical/
neurological disease (cerebral vascular accident, intra-
cerebral bleed, and seizure), trauma-related injury (or-
thopedic, thoracic, and abdominal and neuro-trauma),
and sepsis were major categories. Upper gastrointes-
tinal bleeding and metabolic derangements (hepatic,
renal failure, etc.) were less common categories.

The majority of patients undergoing emergency tra-
cheal intubation received relatively small doses of
sedative-hypnotics for sedation-only preparation, as
compared with elective anesthesia induction doses
customary in the OR. Topical anesthesia to the oral
airway alone, or no medications at all, accounted for
17% of the cases. Parenteral medication included mi-
dazolam, morphine, midazolam combined with mor-
phine, thiopental, etomidate, propofol, diazepam, and
methohexital. NMBDs were used in 20% of the cases,
consisting of succinylcholine (81%) or a nondepolar-
izing drug (rocuronium or vecuronium, 19%) (Table
4).

Overall, more than two thirds (68%) of the intuba-
tions were successful on the first attempt, and 1 in 10
cases required three or more intubation attempts
(10%; Table 3). More specifically, the attending staff, as
a group, had a 9.0% rate of three or more attempts,
CA-1 residents had 14.5%, CA-2 residents had 10.4%,
and CA-3 residents had 9.0%. The staff attending was
credited with the intubation after taking over for the

resident in 19% of cases. Discounting these cases,
attending-only cases had a rate of 6.3% (3 or more
attempts; P ! 0.05 when compared with the resident
groups). More than 99% of the intubations were com-
pleted orally versus only a small number of nasal
approaches (n " 26).

Based on the complication variables, the incidence
of hypoxemia, overall, was 17.7%, and one third of
these cases represented severe hypoxemia (Spo2
!70%). The incidence categorized by intubation at-
tempts varied significantly; endotracheal intubation
requiring 2 or fewer attempts was 10.5% versus 70%
for more than 2 attempts (Fig. 1 and Table 5). More
specifically, the rate for 1 attempt was 4.8%, 2 attempts
was 33.1%, 3 attempts was 62%, and 4 or more at-
tempts was 85% (P ! 0.001). In their respective intu-
bation categories, severe hypoxemia was distributed
disproportionately in those requiring more than 2 at-
tempts (28% of total patients and 40% of the total
hypoxemic patients) versus 2 or fewer attempts (1.9%
of total patients and 18% of the total hypoxemic pa-
tients). Those suffering a single episode of esophageal
intubation (EI) had a 51% chance of hypoxemia. Inde-
pendently, EI increased the risk of hypoxemia nearly
11-fold (95% CI, 7.7–13.2). Furthermore, patients who
experienced 2 or more esophageal intubations had a
significant rate of hypoxemia (85% overall; 2 EI, 76%;
3 EI, 96%; and 4 EI, 100%).

The overall rate of EI in the database was 9.7%. The
incidence of EI in the 2 or fewer attempts group was
!5% (zero for 1 attempt and 19.8% for 2 attempts) in
comparison to more than 2 attempts with an overall
incidence of 51.4% (3 attempts, 48.9%; 4 or more at-
tempts, 55.1%) (Fig. 1 and Table 4). The relative risk
ratio of suffering an EI was 6-fold more in those who
had more than 2 attempts. Moreover, the risks of a
single EI was considerably less in comparison to those
suffering multiple EI (2 or more EI) because each of
the airway and hemodynamic complications escalated
(hypoxemia, 58% versus 88.3%; regurgitation, 21.8%
versus 35%; aspiration, 10% versus 15.6%; bradycar-
dia, 13.4% versus 45%; and cardiac arrest, 4% versus
20%).

The risk of regurgitation, with or without aspira-
tion, was considerably higher than what anesthesia

Table 5. Complications by Intubation Attempts

Complication
2 or fewer

attempts (90%)
#2 attempts

(10%)*
Relative risk for

#2 attempts 95% CI for risk ratio

Hypoxemia 10.5% 70% 9X 4.20 – 15.92
Severe hypoxemia 1.9% 28% 14X 7.36 – 24.34
Esophageal intubation 4.8% 51.4% 6X 3.71 – 8.72
Regurgitation 1.9% 22% 7X 2.82 – 10.14
Aspiration 0.8% 13% 4X 1.89 – 7.18
Bradycardia 1.6% 18.5% 4X 1.71 – 6.74
Cardiac arrest 0.7% 11% 7X 2.39 – 9.87

* All categories P ! 0.001 when comparing 2 or fewer attempts to #2 attempts.

610 MORT ANESTH ANALG
COMPLICATIONS OF EMERGENCY INTUBATION 2004;99:607–13

practitioners are typically accustomed to in the elec-
tive situation in the OR. The incidence was very small
(1.9%) for those who had their airway secured on 2 or
fewer attempts (1 attempt, 1.1%; 2 attempts, 5.2%) and
increased 10-fold when 3 or more attempts were re-
quired (Table 5 and Fig. 1). Aspiration of gastric con-
tents was minimal for 1 attempt (0.3%) and 2.3% for
those requiring 2 attempts. EI independently in-
creased the relative risk of regurgitation (9.6-fold; 95%
CI, 6.5–14.2) and aspiration (8-fold; 95% CI, 4.7–15.1)
considerably.

There was a significant relationship between the
various airway-related complications as the number of
laryngoscopic attempts accumulated. Often, one com-
plication creates others, most often in patients requir-
ing 3 or more intubation attempts. For example, those
who experienced EI had a significant risk of develop-
ing hypoxemia (60%). Likewise, 9 of 10 patients who
regurgitated developed hypoxemia (91%). Aspirating
gastric contents overwhelmingly lead to hypoxemia
(95%), of which 30% experienced profound desatura-
tion less than Spo2 !70%.

The location of the intubation took place in several
areas of the hospital, as outlined in Table 2. Logistic-
regression analysis confirms that the location within
the hospital had no statistical bearing on the number
of intubation attempts (1 to 2 attempts versus more
than 2 attempts and 3 attempts versus 4 or more
attempts, individually). However, several airway and
hemodynamic complications were significantly influ-
enced by the location of the airway procedure. Pa-
tients intubated on the floor had a 3-fold increased risk
(95% CI, 1.6–5.7; P ! 0.002) of suffering aspiration
compared with other areas. The medical ICU location
had an increased risk of regurgitation (2"), hypox-
emia was nearly twice as likely in the ED, and there
was a 40% reduction in risk of hypoxemia in the
neuro-trauma ICU locale when compared with other
locations (Table 2). In evaluation of the primary reason
for intubation, upper gastrointestinal bleed patients
(14.1%), trauma (13.9%), and neurologic-based intuba-
tions (13.1%) had a statistically increased need for 3 or
more intubation attempts compared with the sepsis

and cardiac groups (P ! 0.03) but not when compared
with the overall group (10%).

The incidence of tachycardia, hypotension, and hy-
pertension showed no statistically significant differ-
ences with an increasing number of laryngoscopic
attempts. However, the incidence of a bradycardic
response, most often associated with a marked reduc-
tion in the Spo2, was relatively uncommon (1.6%) in
those who were successfully intubated with 1 (1.3%)
or 2 attempts (2.6%) but burgeoned to 18.5% when 3 or
more attempts were required. As an independent vari-
able, those suffering EI had a substantially increased
risk of bradycardia (12-fold; 95% CI, 8.2–13.3). Nearly
90% of the bradycardia cases had associated severe
hypoxemia (Spo2 !70%), and one half of the brady-
cardic episodes culminated in cardiac arrest requiring
cardiopulmonary resuscitation. The risk of cardiac ar-
rest similarly increased as the number of intubation
attempts increased. The overall risk was minimal
(0.7%) with 1 or 2 attempts versus 11% for more than
2 attempts (a weighted average of 10% among those
requiring 3 attempts and 12.5% requiring 4 or more
attempts).

Discussion
A detailed analysis of intraoperative mishaps has
shown that respiratory-based complications during
airway management, i.e., oxygenation and ventilation
difficulties, account for nearly one third of all anes-
thetic deaths (11–14). Conversely, the hemodynamic
alterations and airway-related complications anesthe-
siologists face when providing emergency airway
management outside of the OR are numerous and
often cause significant patient morbidity and poten-
tially mortality. Schwartz et al. (1) reported in a pro-
spective review of emergency intubation outside the
OR (and emergency department) that the incidences
of aspiration, esophageal intubation, postintubation
pneumothorax, and difficult intubation but did not
report on the relationship between repetitive intuba-
tion attempts and complications. Conversely, how-
ever, the more common hemodynamic alterations as-
sociated with emergency airway management, such as
intubation-related hypotension, hypotension, and
tachycardia, and airway-related complications, such
as hypoxemia, esophageal intubation, and regurgita-
tion, have not received their warranted consideration
in the anesthesia literature. The difficult intubation
requiring 3 or more attempts, although relatively un-
common in the elective clinical situation, is reported to
represent nearly 10% of the patients that require emer-
gency airway management outside the OR and that
airway-related and hemodynamic-related complica-
tions are relatively common in this clinical setting (2).

The ASA Task Force on the Management of the
Difficult Airway has put forth the recommendation,

Figure 1. Graphic display of complications by intubation attempts.

ANESTH ANALG MORT 611
2004;99:607–13 COMPLICATIONS OF EMERGENCY INTUBATION

Mort,	T.	C.	(2004).	Emergency	tracheal	intuba.on:	complica.ons	associated	with	repeated	laryngoscopic	aTempts.	Anesth	Analg,	
99(2),	607-613,	table	of	contents.		



Posi.ve	pressure	ven.la.on	decreases	
cardiac	output:	

PHYSIOLOGICAL STUDIES OF THE EFFECTS OF INTERMITTENT 
POSITIVE PRESSURE BREATHING ON CARDIAC 

OUTPUT IN MAN192 
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Three types of positive pressure breathing have been differentiated : a) con- 
tinuous positive pressure breathing where a pressure above atmospheric is 
maintained in the lungs throughout the respiratory cycle, b) expiratory positive 
pressure breathing in which a pressure above atmospheric is present during the 
expiratory phase of breathing, and c) intermittent positive pressure breathing 
(IPPB), provided by automatic respirators, which consists in an active inflation 
of the lungs under an increasing positive (above atmospheric) pressure; while 
after cycling of the respirator, deflation of the lungs occurs almost to or to atmos- 
pheric pressure as a passive process engendered by the elasticity of the lungs and 
chest-wall structures. Only the latter type of pressure breathing (IPPB) is 
suitable for maintaining artificial respiration in the apneic subject. Moreover, 
IPPB as produced by automatic respirators is more comfortable and less exhaust- 
ing fur the conscious subjects when compared to continuous or expiratory posi- 
tive pressure l 

In a number of recent studies measurements of cardiac output were made on 
the same subjects during normal breathing at ambient pressure and during posi- 
tive pressure breathing. Several observers (1, 2, 3,) have reported a reduction 
in cardiac output during positive pressure breathing in man, more or less pro- 
portional to the mean mask pressure used. Previous studies from this laboratory 
(4, 5) have shown that the changes in cardiac output are quite variable depend- 
ing upon the types of intermittent positive pressure-breathing respirators used. 
In the same individual the cardiac output was decreased when on one type of 
respirator and increased when on another type. It has been suggested that these 
differences are related to the shape of the mask pressure 
intermittent positive pressure-breathing respirators (5). 

curve produced by the 

In the present study, instead of grouping the data according to the type of 
automati .c respirator used, the changes in cardiac output observed have been 

1 Wnder contract with Aero Medical Laboratory, Wright Field, Dayton, Ohio. Addi- 
tional support was provided by the Commonwealth Fund and the Life Insurance Medical 
Research Fund. 

f  A preliminary’report of this work was presented before the American Physiological 
Society in Chicago, May 1947, Fed. Proc. 6: 92 and 167, 1947. 

8 Present address: Barton Memorial Division, Jefferson Medical College Hospital, 
Philadelphia 47, Pa. 

4 Present address : St. Erik’s Hospital, Stockholm, Sweden. 
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Post	intuba.on	hypotension	(PIH):	
•  Retrospec.ve	trauma	registry	review	
•  444	adult	trauma	pa.ents	undergoing	Endotracheal	
Intuba.on	in	ED	

•  Post	Intuba.on	Hypotension	
•  SBP	≤	80	mmHg	or	decrease	SBP	≥	20%	from	baseline	
•  MAP	≤	60	mm	Hg	
•  If	SBP	≤	90	mmHg	pre-intuba.on	any	SBP	decrease	>	5	mmHg	
•  Administra.on	of	vasopressor	

•  PIH	group	older	and	more	likely	to	have	ISS	≥	12	
•  36.3%	experienced	post	intuba.on	hypotension	

–  PIH	group	in-hospital	mortality	29.8%	
–  Non	PIH	group	in-hospital	mortality	15.9%	

Green,	R.	S.,	Butler,	M.	B.,	&	Erdogan,	M.	(2017).	Increased	mortality	in	trauma	pa.ents	who	develop	post-intuba.on	
hypotension.	J	Trauma	Acute	Care	Surg.		



What	about	posi.ve	pressure	ven.la.on	in	
hypovolemic	trauma	pa.ents?	

•  Retrospec.ve	review	US	Na.onal	Trauma	Data	Bank:	
1994	-2002	

•  Inclusion:	Pre-hospital	GCS	<	8	and	ISS	>	16	
•  871	intubated	pre-hospital	v	6581	intubated	in	ED	
•  Logis.c	regression	to	control	for	poten.al	confounders	

including	age,	ISS,	AIS	and	body	region	
•  Results	

–  Comparable	groups	except	head	injury	(pre-hospital	71%	v	ED	
83%)	and	ISS	(pre-hospital	36	v	ED	33)	

–  Pa6ents	intubated	pre-hospital	more	likely	to	be	hypotensive	
(SBP	≤	90mmHg)	on	arrival	to	ED	(pre-hospital	54%	v	ED	33%)	

–  Worse	survival	–	pre-hospital	24%	v	ED	45%	
–  BUT	–	not	all	were	RSI	–	were	the	intubated	pa6ents	sicker?	

Shafi,	S.,	&	Gen.lello,	L.	(2005).	Pre-hospital	endotracheal	intuba.on	and	posi.ve	pressure	ven.la.on	is	associated	with	
hypotension	and	decreased	survival	in	hypovolemic	trauma	pa.ents:	an	analysis	of	the	Na.onal	Trauma	Data	Bank.	J	Trauma,	

59(5),	1140-1145;	discussion	1145-1147.		



What	is	the	effect	of	the	induc.on	
agent?	

propofol is a particularly poor choice for induction of
anesthesia in patients with shock even after adequate
fluid resuscitation. Even with adequate fluid resuscita-
tion, propofol remains substantially more potent in pa-
tients with hemorrhage. In marked contrast, the potency
of etomidate is nearly unchanged in shock. Thus, eto-
midate may be the drug of choice for anesthetic in-
duction in patients with recent hemorrhage, even
after adequate fluid resuscitation.

Steven L. Shafer, M.D. Stanford University School of Medicine,
Stanford, California, and University of California at San Francisco, San
Francisco, California. steven.shafer@stanford.edu
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Dexmedetomidine: Another Arrow for the
Clinician’s Quiver
ALPHA2-adrenergic receptor agonists, as a class of com-
pounds, have been widely used as adjuncts in the peri-
operative period to exploit their sedative/hypnotic, an-
algesic, anxiolytic, and sympatholytic properties for the
benefit of surgical patients.1–3 In this issue of ANESTHESI-
OLOGY, Ramsay and Luterman have provided three inter-
esting case reports involving the use of high doses of the
alpha2-adrenoceptor agonist, dexmedetomidine, as a
sole agent for anesthesia.4 The rationale for this new,

off-label use of dexmedetomidine is based on known
properties of alpha2-agonists to provide analgesia5–7

while avoiding depression of respiratory function.2,8–10

In all three cases, airway control or ventilatory dysfunc-
tion was an issue of concern. That dexmedetomidine
could be used for general anesthesia had been alluded to
by Ebert et al.,2 who earlier demonstrated that two
volunteers who received a targeted infusion to a concen-
tration of 8 ng/ml could not be aroused. Although Ram-
say and Luterman have reported successful results from
the use of dexmedetomidine in high doses for surgical
procedures, several caveats need to be highlighted if the
application of this technique is to be more commonly
applied to select patients. There are potential side effects
of large concentrations of dexmedetomidine that could
result in undesirable effects on the cardiovascular sys-
tem. A brief review of the attributes of dexmedetomi-
dine seems warranted.
The alpha2-receptors are involved in regulating the

autonomic and cardiovascular systems. Alpha2-receptors
are located on blood vessels, where they mediate vaso-

This Editorial View accompanies the following article: Ramsay
MAE, Luterman DL: Dexmedetomidine as a total intravenous
anesthetic agent. ANESTHESIOLOGY 2004; 101:787–90.

!
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Fig. 1 . The reduction in the dose to achieve a given drug effect
in animals with hemorrhage, compared to control animals,
based on simulations using the pharmacokinetic/pharmacody-
namic models descr ibed in references 3–7.
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Ketamine:	

•  Increases	heart	rate	and	blood	pressure	via	
endogenous	catecholamine	release1	

•  In	vitro	and	animal	studies	has	nega.ve	
inotropic	effect	(usually	overridden	in	vivo	by	
effects	of	catecholamine	release)2	

1.  Chernow,	B.,	Lake,	C.	R.,	Cruess,	D.,	Coyle,	J.,	Hughes,	P.,	Balestrieri,	F.,	.	.	.	Fletcher,	J.	R.	(1982).	Plasma,	urine,	and	CSF	
catecholamine	concentra.ons	during	and	a{er	ketamine	anesthesia.	Crit	Care	Med,	10(9),	600-603.		

2.  Gelissen,	H.	P.,	Epema,	A.	H.,	Henning,	R.	H.,	Krijnen,	H.	J.,	Hennis,	P.	J.,	&	den	Hertog,	A.	(1996).	Inotropic	effects	of	propofol,	
thiopental,	midazolam,	etomidate,	and	ketamine	on	isolated	human	atrial	muscle.	Anesthesiology,	84(2),	397-403.		



Ketamine	in	shock?	

REVIEW ARTICLE

Anaesthesia in haemodynamically compromised
emergency patients: does ketamine represent the best
choice of induction agent?

C. Morris,1 A. Perris,2 J. Klein1 and P. Mahoney3

1 Consultant in Anaesthesia and Intensive Care Medicine, 2 Specialist Registrar in Emergency Medicine, Derby Hospitals
Foundation Trust Derby, UK

3 Defence Professor Anaesthesia, Department of Military Anaesthesia and Critical Care, Royal Centre for Defence
Medicine, Birmingham Research Park, Edgbaston, Birmingham, UK

Summary
In rapid sequence induction of anaesthesia in the emergency setting in shocked or hypotensive
patients (e.g. ruptured abdominal aortic aneurysm, polytrauma or septic shock), prior resuscitation
is often suboptimal and comorbidities (particularly cardiovascular) may be extensive. The induction
agents with the most favourable pharmacological properties conferring haemodynamic stability
appear to be ketamine and etomidate. However, etomidate has been withdrawn from use in some
countries and impairs steroidogenesis. Ketamine has been traditionally contra-indicated in the
presence of brain injury, but we argue in this review that any adverse effects of the drug on intra-
cranial pressure or cerebral blood flow are in fact attenuated or reversed by controlled ventilation,
subsequent anaesthesia and the greater general haemodynamic stability conferred by the drug.
Ketamine represents a very rational choice for rapid sequence induction in haemodynamically
compromised patients.

........................................................................................................
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Rapid sequence induction (RSI) of anaesthesia is an
appropriate technique in situations where a patient needs
emergency surgery. Such patients are also frequently
haemodynamically compromised (acutely or chronically),
suboptimally resuscitated and ⁄ or suffer extensive various
comorbidities. Typical scenarios might include ruptured
abdominal aortic aneurysm, septic shock secondary to
pneumonia, or polytrauma. The key attributes of RSI are
purported to be rapid onset of anaesthesia using a
predetermined dose of induction agent (since there is no
time to titrate dose to effect), use of a rapid-onset
neuromuscular blocking agent (such as suxamethonium)
to provide optimal tracheal intubating conditions, and an
airway ‘rescue plan’, to implement if tracheal intubation
should fail [1].
Beyond the anatomical considerations that determine

the success of tracheal intubation, the overall success of
RSI is also dependent on the appropriate selection of

induction agent and neuromuscular blocking agent. In
this article we focus on the former (readers are referred to
other sources for a discussion of the latter) [2]. The
pharmacological properties required of an intravenous
induction agent that satisfy the aims of RSI therefore
include rapid onset and few adverse (i.e. haemodynamic)
effects.

Pharmacokinetics and pharmacodynamics
in shocked patients

Intravenous anaesthetics are presumed to exert their
ultimate effects by action at some unknown central
nervous system site(s) – the hypothetical ‘effector site(s)’.
The speed with which they act here can be modeled
using pharmacokinetic principles. In RSI, the predeter-
mined dose of agent must be sufficient to ensure lack of
awareness during tracheal intubation and to facilitate

Anaesthesia, 2009, 64, pages 532–539 doi:10.1111/j.1365-2044.2008.05835.x
.....................................................................................................................................................................................................................
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YES!	–	“KETAMINE	FAR	FORWARD”	

feel able to recommend ketamine as a first-line agent
for anaesthetic induction. These are embedded in the
‘in-house’ manuals or guides of these institutions, and also
some studies in Table 2 were sponsored or conducted
by some of these agencies. These bodies include the
International Committee of the Red Cross and the
Finnish Red Cross (who advocate ketamine anaesthesia
for both induction and maintenance during surgery in
field hospitals [49], Table 2), the West Midlands Ambu-
lance Service and British Association for Immediate Care
(who recommend it for non-physician pre-hospital
procedural sedation and anaesthesia [51], Table 2), the
Italian Comitato Collaborazione Medica (who advocate it
for emergency anaesthesia in field hospitals [56], Table 2),
and the Motorcycle Union of Ireland Medical Team
(MUIMT) who use only ketamine for pre-hospital
trauma RSI (personal communication Dr John Hind,
Medical Officer MUIMT). When the Association of
Anaesthetists of Great Britain and Ireland commissioned a
special ‘developing world’ supplement to Anaesthesia,
ketamine featured as the key induction agent in this
setting [48].

Developing the evidence base: future research

The lack of evidence concerning ketamine may be
compounded by perhaps ‘negative attitudes’ to the drug
within the profession. Trainees are rarely taught formally
to use it (e.g. it does not appear explicitly in competency-

based training schedules of the Royal College of Anaes-
thetists [58]. There is possibly a perception that it is
somehow an inferior agent of only historical interest.
The lack of training in its use becomes a self-fulfilling
prophecy: many practitioners are currently probably
unfamiliar with managing dissociative anesthesia using
ketamine and so unable to train others in its use.
A clinical trial assessing induction agents in haemo-

dynamically compromised patients would undoubtedly
help inform clinical practice. A study enrolling emergency
or trauma cases into a single drug-intervention trial is just
as crucial as other ‘megatrials’ and would likely be similar
in structure [59]. It is unfortunate that such trials are sparse
if not absent from the anaesthetic literature, in contrast
to other specialties such as cardiology e.g. where the
landmark International Study of Infarct Survival (ISIS II
and III) established thrombolysis as routine practice for a
single drug bolus therapy in an acute setting) [60, 61].
While we are also interested in outcome from a bolus
injection of a single drug in an acute setting, perhaps the
most challenging aspect of any future trial will be its
primary end point. Arterial blood pressure is the most
immediately measured and perhaps most widely used
variable in clinical practice. The SHRED study demon-
strated how randomisation of a relatively small number of
patients (86 patients randomised between three drugs) can
satisfactorily identify significant haemodynamic differ-
ences between groups based on blood pressure [24].
However, arterial pressure provides only a snapshot of the

Table 2 Summary of relevant clinical studies using ketamine. ‘Resource poor’ refers to developing world and conflict settings, or
other remote situations with no piped gas supplies and minimal monitoring.

Study Clinical setting Nature of publication Principal finding ⁄ conclusion

Baraka et al. [5] Resource poor
obstetrics

Randomised trial of
ketamine vs thiopentone
in resource poor obstetric
setting

Favors ketamine to thiopentone (end-point was intubating
condition; rocuronium used as neuromuscular blocking agent)

White [47] Emergency surgery Randomised trial of
thiopentone vs ketamine

Superior haemodynamics with ketamine (and emergence
phenomena prevented by co-administration of midazolam)

Craven [48] Resource poor Review Favours ketamine for hypovolaemic shock
Pesonen [49] Resource poor Case series (65 cases) Low incidence of hypoxia breathing room air with ketamine

anaesthesia
Magabeola [50] Resource poor Case series (135 cases) Satisfactory increase in BP with ketamine (co-administration

of atropine)
Porter [51] Pre-hospital,

non-anaesthetist use
Case series (32 cases) Satisfactory use of ketamine for extricating trauma victims and

providing analgesia while maintaining spontaneous breathing
Bonnanno [52] Resource poor Case series (62 cases) Satisfactory use of ketamine with minimal monitoring available
Gofrit et al. [53] Pre-hospital ⁄ conflict,

non-anaesthetist use
Pilot study in trauma Satisfactory use of ketamine in restless patients with trismus

Mulvey et al. [54] Resource poor Case series (149 cases) Strongly advocates ketamine as first-line induction agent in
disaster area surgery

Mellor [55] Resource poor Review Favors use of ketamine especially for non-physician use
Meo et al. [56] Resource poor Review Favors use of ketamine including emergency surgery
Wood [57] Pre and in-hospital

trauma
Review Favors ketamine for trauma

C. Morris et al. Æ Anaesthesia in haemodynamically compromised emergency patients Anaesthesia, 2009, 64, pages 532–539
......................................................................................................................................................................................................................

! 2009 The Authors
536 Journal compilation ! 2009 The Association of Anaesthetists of Great Britain and Ireland

✓	



Cardiac	Arrest	Following	Ketamine	
Administra.on	for	Rapid	Sequence	Intuba.on:	

•  2	cases	–	cri.cally	ill	pa.ents	
– Cardiac	arrest	post	intuba.on	

•  Suggested	mechanism	of	catecholamine	
deple.on	in	the	cri,cally	ill		

•  May	also	reflect	dangers	of	Posi.ve	Pressure	
Ven.la.on	rather	than	ketamine	

Dewhirst,	E.,	Frazier,	W.	J.,	Leder,	M.,	Fraser,	D.	D.,	&	Tobias,	J.	D.	(2013).	Cardiac	arrest	following	ketamine	administra.on	for	
rapid	sequence	intuba.on.	J	Intensive	Care	Med,	28(6),	375-379.		



Effect	of	ketamine	in	shocked	
pa.ents?	

•  Prospec.ve	observa.onal	study	of	pa.ents	
undergoing	prehospital	RSI	

•  Shock	index	(Heart	rate/Systolic	BP)	pre	ketamine	RSI	
•  SI	>	0.9	predicts	increased	mortality	and	likely	need	for	
transfusion	

•  Low	shock	index	(ie	<0.9)	v	high	SI	(≥0.9)	groups	
– Low	SI	group	1.4mg/kg	v	High	SI	group	1.2	mg/kg	

•  More	High	SI	pa.ents	(26%)	became	
hypotensive	than	Low	SI	pa.ents	(2%)	

Miller,	M.,	Kruit,	N.,	Heldreich,	C.,	Ware,	S.,	Habig,	K.,	Reid,	C.,	&	Burns,	B.	(2016).	Hemodynamic	Response	A{er	Rapid	Sequence	
Induc.on	With	Ketamine	in	Out-of-Hospital	Pa.ents	at	Risk	of	Shock	as	Defined	by	the	Shock	Index.	Ann	Emerg	Med,	68(2),	

181-188.e182.	



SBP	for	Low	and	High	SI	groups	pre	
and	post	RSI:	

pulse rate preinduction and at the second measurement
(difference 15 beats/min; 95% CI 11 to 18 beats/min).

Individual patient changes are depicted in Figures E1
and E2 (available online at http://www.annemergmed.
com). Relative changes in vital signs are summarized in
Tables E1 and E2 (available online at http://www.
annemergmed.com).

LIMITATIONS
Our principal limitation is that our study was

observational and not randomized. Additionally, patient
weight was estimated and not measured in accordance with
actual practice.We relied on noninvasive blood pressure, not
invasive blood pressure, which can be inaccurate, especially
in patients with shock.32 However, invasive blood pressure
is rarely used in the out-of-hospital environment. We had
a number of patients with incomplete data who could not
be studied.

We attempted to account for other potential causes of
altered peri-intubation hemodynamics. Laryngoscopy was
complete within 2 minutes for most patients, and thus
associated baroreceptor response would be expected to
diminish by the second period (6 minutes).33,34 Similarly,
first-pass success rate was high, suggesting little prolonged

laryngoscopy. One patient likely became hypotensive
because of tension pneumothorax postinduction because
the SBP recovered post-thoracostomy.

Finally, although uneven sample sizes are not desirable,
to achieve the same power as the original sample size
calculation, the high shock index group of 31 required a
low shock index sample size of 76, which is 5 patients fewer
than our final sample size.

DISCUSSION
We set out to investigate whether the pattern of

hemodynamic change in patients intubated with ketamine
differed in patients without shock and those potentially
with shock, as defined by the shock index. Although the
overall rate of hypotension was low, we found that patients
with a shock index greater than 0.9 had less overall change
in SBP up to 9 minutes after intubation, but more episodes
of hypotension, whereas those with a shock index of less
than 0.9 had larger sustained changes in SBP.

Our findings are similar to those of 2 previous studies
investigating the relationship between the shock index and
the risk of peri-intubation hypotension conducted in the
ICU and ED. Trivedi et al29 used a single episode of shock
index greater than 0.9 in 60 minutes preintubation to

Table 3. SBP data for 3 minutes preinduction to 9 minutes postinduction for low and high shock index patients.*

Patient Group

Measurements

Preinduction First Postinduction Second Postinduction Third Postinduction

LSI group SBP, mean (SD) 140 (21) 157 (24) 155 (25) 147 (29)
Difference, mean (95% CI) 16 (11 to 21) 2 (–3 to 7) 5 (0 to 10)
HSI group SBP, mean (SD) 115 (22) 117 (25) 118 (26) 116 (31)
Difference, mean (95% CI) 2 (–4 to 7) 1 (–4 to 6) –2 (–3 to 7)
Difference between LSI and HSI, mean (95% CI) 25 (20 to 30) 40 (35 to 45) 37 (32 to 42) 33 (29 to 38)

*Difference describes the difference in means (effect size) for adjacent measurements. All values are in millimeters of mercury. LSI¼SI <0.9; HSI¼SI "0.9.

Figure 2. Box plots of SBP at 4 intervals for low shock index patients (A) and high shock index patients (B). The overlaid line plots
represent the data of individual participants.

Miller et al Ketamine Induction in Patients With Shock

Volume 68, no. 2 : August 2016 Annals of Emergency Medicine 185
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Ketamine	and	TBI	
•  Increasing	evidence	that	ketamine	is	not	harmful	
in	TBI	

•  Theore.cal	concerns	that	ketamine	elevates	ICP	
–  In	vivo	studies	in	severe	TBI	ketamine	reduces	ICP1	

•  In	RDCR	TBI	pa.ents	hypotension	due	to	
haemorrhage	is	o{en	the	overriding	problem	
hence	ketamine’s	effect	on	BP	is	vital	
–  Studies	show	CPP	and	MAP	increased	with	ketamine1	

•  Ketamine	may	have	a	neuroprotec.ve	effect2	

1.	Zeiler,	F.	A.,	Teitelbaum,	J.,	West,	M.,	&	Gillman,	L.	M.	(2014).	The	ketamine	effect	on	ICP	in	trauma.c	brain	injury.	Neurocrit	
Care,	21(1),	163-173.		

2.	Himmelseher,	S.,	&	Durieux,	M.	E.	(2005).	Revising	a	dogma:	ketamine	for	pa.ents	with	neurological	injury?	Anesth	Analg,	
101(2),	524-534,	table	of	contents.	



What	about	not	intuba.ng?	



Does	intuba.on	and	manual	ven.la.on	confer	survival	
advantage	over	BVM	ven.la.on	in	haemorrhagic	shock?	

	•  Swine	model	of	exsanguina.ng	haemorrhage	
•  Propofol	infusion	+	exsanguina.ng	haemorrhage	
•  Intuba.on	+	ven.la.on	group	versus	bag	valve	mask	
ven.la.on	alone	group	

•  No	difference	in	.me	to	death	between	groups	
•  Greater	blood	loss	from	intubated	group	
•  Intubated	animals	more	hypothermic	
•  Higher	lactate	in	intubated	group	at	10	mins	(2.4	v	1.8)	
•  Conclusion	
–  “Intuba.on	does	not	confer	survival	advantage	and	may	
result	in	more	profuse	hemorrhage,	worse	hypothermia	and	
higher	lactate	compared	with	BVM	ven.la.on”	

Taghavi,	S.,	Jayarajan,	S.	N.,	Khoche,	S.,	Duran,	J.	M.,	Cruz-Schiavone,	G.	E.,	Milner,	R.	E.,	.	.	.	Goldberg,	A.	J.	(2013).	Examining	
prehospital	intuba.on	for	penetra.ng	trauma	in	a	swine	hemorrhagic	shock	model.	J	Trauma	Acute	Care	Surg,	74(5),	1246-1251.		



Is	there	a	role	for	spontaneous	
ven.la.on?	

•  Swine	model	of	exsanguina.ng	haemorrhage	
– Propofol	infusion	+	exsanguina.ng	haemorrhage	
– Group	1	–	intubated	+	PPV	(manually)	
– Group	2	–	PPV	via	BVM	
– Group	3	–	supplemental	O2	via	facemask		

•  Results:	
– Mean	survival	.me	similar	in	all	groups	
– Physiological	parameters:	

Taghavi,	S.,	Jayarajan,	S.	N.,	Ferrer,	L.	M.,	Vora,	H.,	McKee,	C.,	Milner,	R.	E.,	.	.	.	Goldberg,	A.	J.	(2014).	"Permissive	
hypoven.la.on"	in	a	swine	model	of	hemorrhagic	shock.	J	Trauma	Acute	Care	Surg,	77(1),	14-19.	



At the 20-minutemark, cardiac outputwas higher in the FMgroup
(2.56 L/kg/min) as compared with the intubated (0.85 L/kg/min)
and BVM groups (0.78 L/kg/min) (p G 0.001). At 30 minutes,
cardiac output continued to be higher in theFMgroup (1.57L/kg/min)
in comparison with the intubated (0.71 L/kg/min) and BVM
groups (0.60 L/kg/min) ( p G 0.001). At 40 minutes, cardiac
output was higher in the FM group (1.03 L/kg/min) as compared
with the intubated (0.45 L/kg/min) and BVM groups (0.33 L/kg/min)
( p G 0.001). Mean cardiac output at the end of the shock phase
was again higher in the FM group (0.84 L/kg/min) as compared
with the intubated (0.23L/kg/min) andBVMgroups (0.29L/kg/min)
( p G 0.001).

Acid-Base Status and Gas Exchange
ABG data are shown in Figure 3A to D. Animals that re-

ceived FM ventilation were profoundly more acidotic than both
PPV groups ( p G 0.001) at all time points. Arterial oxygen levels
were not significantly different between the FM group as com-
pared with the BVM ( p = 0.54) and intubation (p = 0.21) groups
as shown in Figure 3B. The FM group was significantly more
hypercapnic as compared with the PPV groups (p G 0.001) as
seen inFigure 3C. In addition, as seen inFigure 3D, theFMgroup
had significantly bicarbonate levels higher than those of the PPV
and intubation groups (p G 0.001) throughout the shock phase as
measured by ABG.

Metabolic Data and End-Organ Damage
Metabolic data and indices of end-organ damage are

shown in Figure 4A toD. The intubated animals had higher levels
of lactic acidosis at all time points as compared with the FM
group ( p G 0.001) as shown in Figure 4A. The BVM group had
lactate levels higher than those of the FM group at the 30-minute

( p = 0.01) and 50-minute (p = 0.02) mark of the shock phase.
Base excess was not significantly different in the FM group
when compared with the BVM (p = 0.73) and intubated animals
( p = 0.27) as seen in Figure 4B. Serum creatinine levels were
significantly worse in the intubated group as compared with the
FM group at all time points (p = 0.04) as shown in Figure 4D.
Serum creatinine levels were worse in the BVM group as com-
paredwith the FMgroup at the 40-minutemark (p=0.04).When
correcting serum creatinine levels for weight as shown in Figure
4D, the increase in creatinine throughout the shock phase was
worse in the BVM ( p = 0.01) and intubated ( p = 0.01) groups.

DISCUSSION

Prehospital intubation of penetrating trauma patients
clearly results in worse outcomes,1,3Y6 and less invasive modes
of ventilation should be examined for this patient population.
We examined the idea of permissive hypoventilation, where
PPV is not given and 100% oxygen is administered passively
via FM. We hypothesized that permissive hypoventilation may
result in better outcomes and that PPV causes detrimental
physiologic derangements in severe hemorrhagic shock. This
represents the first study to examine this concept in a trans-
lational, large animal model.

In the current study, we showed that manual ventilation,
whether through an endotracheal tube or BVM, does not im-
prove survival in severe hemorrhagic shock. In a previous small
animal study, we demonstrated that intubation does not result in
a survival advantage over intubation and PPV.7 In addition, we
have shown in a large animal study that intubation and manual
ventilation does not result in a survival advantage over BVM
ventilation.8 These findings call into question whether manual

Figure 2. A comparison of body temperature (A), systolic blood pressure (B), CVP (C), and cardiac output (D) is shown.
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ventilation in severely injured patients is truly necessary. While
PPV may result in better elimination of carbon dioxide and less
respiratory acidosis, it also results in physiologic changes that
worsen lactic acidosis and decrease perfusion of vital organs.

Another negative effect of PPV is that it results in worse
regulation of body temperature when compared with FM.
Previous work has shown that intubation results in bypass of
the upper airways and delivery of less humidified, cooler air to

Figure 3. A comparison of pH (A), arterial oxygen content (B), arterial carbon dioxide content (C ), and bicarbonate levels
(D) is shown.

Figure 4. A comparison of lactic acid levels (A), base excess (B), serum creatinine (C ), and serum creatinine levels (D) corrected
for weight is shown.
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Conclusions:	

•  “PPV	in	severe	hemorrhagic	shock	does	not	
result	in	a	survival	advantage	and	may	result	
in	greater	hemodynamic	suppression	when	
compared	with	passive	ven.la.on	by	
facemask”	

Taghavi,	S.,	Jayarajan,	S.	N.,	Ferrer,	L.	M.,	Vora,	H.,	McKee,	C.,	Milner,	R.	E.,	.	.	.	Goldberg,	A.	J.	(2014).	"Permissive	
hypoven.la.on"	in	a	swine	model	of	hemorrhagic	shock.	J	Trauma	Acute	Care	Surg,	77(1),	14-19.	



Inflammatory	effects	of	PPV:	

•  Some	evidence	that	posi.ve	pressure	is	
independently	associated	with	inflammatory	
response	in	haemorrhagic	shock	

•  Effect	of	inflammatory	mediators	on	acute	
trauma.c	coagulopathy?	

van	Wessem,	K.	J.,	Hennus,	M.	P.,	Heeres,	M.,	Koenderman,	L.,	&	Leenen,	L.	P.	(2013).	Mechanical	ven.la.on	is	the	determining	
factor	in	inducing	an	inflammatory	response	in	a	hemorrhagic	shock	model.	J	Surg	Res,	180(1),	125-132.		



What	about	RSI	for	hemorrhagic	shock	if	
there	may	be	associated	TBI?	

•  Single	O2	satura.on	<	90%	independently	associated	with	≥	
doubling	of	mortality	in	TBI1	

•  Single	episode	of	systolic	BP	<	90mmHg	is	independently	
associated	with	≥	doubling	of	mortality	in	TBI.	Repeated	
episodes	associated	with	8	fold	increase	in	mortality2	

•  Combina.on	of	hypotension	and	hypoxia	associated	with	six	
fold	increase	in	mortality	in	TBI2				

•  Hyperven.la.on	(post	RSI)	independently	associated	with	≥	
doubling	of	mortality	(one	study	showed	six	fold	increase)4	

1.	Chesnut,	R.	M.,	Marshall,	L.	F.,	Klauber,	M.	R.,	Blunt,	B.	A.,	Baldwin,	N.,	Eisenberg,	H.	M.,	.	.	.	Foulkes,	M.	A.	(1993).	The	role	of	
secondary	brain	injury	in	determining	outcome	from	severe	head	injury.	J	Trauma,	34(2),	216-222.		
2.	Manley,	G.,	Knudson,	M.	M.,	Morabito,	D.,	Damron,	S.,	Erickson,	V.,	&	PiTs,	L.	(2001).	Hypotension,	hypoxia,	and	head	injury:	
frequency,	dura.on,	and	consequences.	Arch	Surg,	136(10),	1118-1123.		
3.	Spaite,	D.	W.,	Hu,	C.,	Bobrow,	B.	J.,	Chikani,	V.,	Barnhart,	B.,	Gaither,	J.	B.,	.	.	.	Sherrill,	D.	(2017).	The	Effect	of	Combined	Out-of-
Hospital	Hypotension	and	Hypoxia	on	Mortality	in	Major	Trauma.c	Brain	Injury.	Ann	Emerg	Med,	69(1),	62-72.		
4.	Denninghoff,	K.	R.,	Griffin,	M.	J.,	Bartolucci,	A.	A.,	Lobello,	S.	G.,	&	Fine,	P.	R.	(2008).	Emergent	endotracheal	intuba.on	and	
mortality	in	trauma.c	brain	injury.	West	J	Emerg	Med,	9(4),	184-189.		
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Abbreviations:  
CNS – Central Nervous, System      

ETI – Endotracheal Intubation     

Hb – Hemoglobin  

ICP – Intracranial Pressure (ICP) 

JVP – Jugular Venous Pressure (JVP) 

MAP – Mean Arterial Pressure      

O2 – Oxygen  

PaCO2 – Arterial Partial Pressure of Carbon Dioxide   
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Avoid	the	4	H	Bombs	of	secondary	injury	in	TBI:	
•  HYPERVENTILATION	
•  HYPOTENSION	
•  HYPOXIA	
•  HYPOGLYCAEMIA	



Prospec.ve	randomised	controlled	trial	of	
prehospital	RSI	v	standard	care	for	TBI:	

•  Outcome	
–  Median	extended	Glasgow	Outcome	Scale	(GOSe)	at	6	months	

•  Results	
–  Favourable	neurological	outcome	(GOSe	5-	8)	at	6/12:	

•  51%	in	RSI	group	v	39%	in	non	RSI	group	
–  Median	GOSe	at	6/12	higher	in	RSI	group	(5)	v	non	RSI	(3)	

•  But	not	sta.s.cally	significant	
–  More	cardiac	arrests	in	RSI	group	(6.3%	v	1.3%)	but	no	
difference	in	overall	survival	

–  Propor.onally	more	pa.ents	lost	to	follow	up	from	non	RSI	
group	–	if	good	outcomes	inclusion	may	have	confounded	
results	

Bernard,	S.	A.,	Nguyen,	V.,	Cameron,	P.,	Masci,	K.,	Fitzgerald,	M.,	Cooper,	D.	J.,	.	.	.	Judson,	R.	(2010).	Prehospital	rapid	sequence	
intuba.on	improves	func.onal	outcome	for	pa.ents	with	severe	trauma.c	brain	injury:	a	randomized	controlled	trial.	Ann	Surg,	

252(6),	959-965.	



Experience	counts:	

•  Prehospital	intuba.on	by	providers	with	
limited	experience	associated	with	approx	
twofold	increase	in	odds	of	mortality	(OR	2.33,	
95%	CI	1.61	–	3.38,	p<0.001)	

•  No	evidence	of	higher	mortality	in	pa.ents	
intubated	by	experienced	providers	(OR	0.75,	
95%	CI	0.52	–	1.08,	p0.126)	

Bossers,	S.	M.,	Schwarte,	L.	A.,	Loer,	S.	A.,	Twisk,	J.	W.,	Boer,	C.,	&	Schober,	P.	(2015).	Experience	in	Prehospital	Endotracheal	
Intuba.on	Significantly	Influences	Mortality	of	Pa.ents	with	Severe	Trauma.c	Brain	Injury:	A	Systema.c	Review	and	Meta-

Analysis.	PLoS	One,	10(10),	e0141034.	



Other	considera.ons:	
•  Impact	of	training,	checklists,	audit	
•  Pre	treatment	eg	fentanyl	
•  Pre-oxygena.on/	apnoeic	oxygena.on	
•  Choice	of	paraly.c	agent	and	dose	
•  Intuba.on	technique	
•  Ven.la.on	strategies	

Greater Sydney Area HEMS 

 Prehospital Emergency Anaesthesia Checklist 
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ECG, NIBP cycling, SpO2, waveform CO2 seen..........................................  Check 

Fluid runs easily…………..……..…………..……………..……………………... Check 

BP cuff on opposite arm…………..……..…………..……………..……………. Check 

Spare cannula ……........…………..………………………………………………  Check 

Drugs and doses………………………….………………………………………..  Check 

 

  “CHECKS COMPLETE. ANAESTHETISING AT --/--” 

  

Airway Plan Verbalised.................................................................................. Check 

Haemodynamics optimised……..…………..…………..…………..…………..  Check 

Optimal position: Off ground, Occiput elevated, Head up, Shade............ Check 

O2 sufficient  = 2 bottles............................................................................... Check 

Preox – [BVM inflating, PEEP, Nasal Prongs at 10L]……........…….……… Check 

Suction tested – [second suction considered]........................................... Check 

Neck stabilised, collar open.......................................................................... Check 

OPA & NPAs…………...................................................................................  Check 

Laryngoscope bright………………………..….……………………………….  Check 

Tube, size n………………………………..……………..…………………………  Check 

Spare Tube  ……………..…………………………..……………………..………  Check 

Syringe ……………………………………………………………………………….  Check 

Bougie chosen……………………………………………………………………  Check 

Circuit: catheter mount (gooseneck),filter, capnograph.…………………... Check 

Tube tie………………………………………………………………………………..  Check 

iGel ………..…………………………………….……………………………………..  Check 

Crike set ………..……………………………….……………………………………..  Check    

 

 

Paediatric Considerations 

Ear to sternal notch. Gastric tube. Omit Gooseneck. Adhesive tape to secure tube 



Outcomes?	

•  No	prospec.ve	RCT	of	clinical	outcomes	for	
prehospital	RSI	in	haemorrhagic	shock	

•  Retrospec.ve	studies	flawed:	
– Are	poor	outcomes	due	to	the	interven.on	or	do	
sicker	pa.ents	have	the	interven.on?1	

– What	is	the	effect	on	outcome	for	pa.ents	who	
underwent	the	interven.on	but	didn’t	need	it?2	

1	Floccare,	D.,	Galvagno,	S.	(2016).	Field	intuba.on	for	hemorrhagic	shock:	A	flawed	syllogism.	J	Trauma	Acute	Care	Surg,	81(3),	
615	
2	Hussmann,	B.,	Lefering,	R.,	Waydhas,	C.,	Ruchholtz,	S.,	Wafaisade,	A.,	Kauther,	M.	D.,	&	Lendemans,	S.	(2011).	Prehospital	
intuba.on	of	the	moderately	injured	pa.ent:	a	cause	of	morbidity?	A	matched-pairs	analysis	of	1,200	pa.ents	from	the	DGU	
Trauma	Registry.	Crit	Care,	15(5),	R207.		



Conclusions:	

“It	is	clear	that	the	rumoured	death	rate	from	
this	cause	has	been	greatly	exaggerated”	

BenneTs,	F.	E.	(1995).	Thiopentone	anaesthesia	at	Pearl	Harbor.	Br	J	Anaesth,	75(3),	366-368.		



Conclusions:	
•  Prehospital	advanced	airway	care	has	a	crucial	role	in	RDCR	
•  Surgical	airway	has	a	high	success	rate	in	combat	seengs	
•  DO2	=	1.34	x	Hb	x	SaO2	x	CO	–	we	can’t	escape	this!			
•  Haemorrhagic	shock	per	se	is	not	an	indica.on	for	RSI	and	PPV	
•  Posi.ve	Pressure	Ven.la.on	decreases	cardiac	output	-	for	

short	evacua.on	.mes	exemplary	basic	airway	management	will	
avoid	risks	of	RSI	and	PPV	

•  TBI	pa.ents	present	extra	challenges	
–  hyperven.la.on,	hypotension,	hypoxaemia	and	hypoglycaemia	must	be	

avoided	
•  Some	pa.ents	will	need	RSI	+/-	PPV	–	advanced	training,	

technical	skills	and	decision	making	required	to	minimise	risk	
•  Blood	far	forward,	surgical	airway	skills	far	forward,	ketamine	

far	forward!	
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Summary
Pre-hospital emergency anaesthesia with oral tracheal intubation is the technique of choice for trauma patients who
cannot maintain their airway or achieve adequate ventilation. It should be carried out as soon as safely possible, and
performed to the same standards as in-hospital emergency anaesthesia. It should only be conducted within organisa-
tions with comprehensive clinical governance arrangements. Techniques should be straightforward, reproducible, as
simple as possible and supported by the use of checklists. Monitoring and equipment should meet in-hospital anaes-
thesia standards. Practitioners need to be competent in the provision of in-hospital emergency anaesthesia and have
supervised pre-hospital experience before carrying out pre-hospital emergency anaesthesia. Training programmes
allowing the safe delivery of pre-hospital emergency anaesthesia by non-physicians do not currently exist in the UK.
Where pre-hospital emergency anaesthesia skills are not available, oxygenation and ventilation should be maintained
with the use of second-generation supraglottic airways in patients without airway reflexes, or basic airway manoeu-
vres and basic airway adjuncts in patients with intact airway reflexes.
............................................................................................................................... ..................................
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Background: The Scandinavian society of anaesthesiology and inten-
sive care medicine task force on pre-hospital airway management was
asked to formulate recommendations following standards for trustworthy
clinical practice guidelines.

Methods: The literature was systematically reviewed and the grading
of recommendations assessment, development and evaluation (GRADE)
system was applied to move from evidence to recommendations.

Results: We recommend that all emergency medical service (EMS) pro-
viders consider to: apply basic airway manoeuvres and airway adjuncts
(good practice recommendation); turn unconscious non-trauma patients
into the recovery position when advanced airway management is unavail-
able (good practice recommendation); turn unconscious trauma patients to
the lateral trauma position while maintaining spinal alignment when
advanced airway management is unavailable [strong recommendation, low
quality of evidence (QoE)]. We suggest that intermediately trained provi-
ders use a supraglottic airway device (SAD) or basic airway manoeuvres on
patients in cardiac arrest (weak recommendation, low QoE). We recom-
mend that advanced trained providers consider using an SAD in selected
indications or as a rescue device after failed endotracheal intubation (ETI)
(good practice recommendation). We recommend that ETI should only be
performed by advanced trained providers (strong recommendation, low
QoE). We suggest that videolaryngoscopy is considered for ETI when
direct laryngoscopy fails or is expected to be difficult (weak recommenda-
tion, low QoE). We suggest that advanced trained providers apply cricothy-
roidotomy in ‘cannot intubate, cannot ventilate’ situations (weak
recommendation, low QoE).

Conclusion: This guideline for pre-hospital airway management
includes a combination of techniques applied in a stepwise fashion
appropriate to patient clinical status and provider training.

Editorial comment: what this article tells us
In this Scandinavian clinical practice guideline, recommendations for pre-hospital airway manage-
ment are presented according to standards for trustworthy clinical practice guidelines.

Acta Anaesthesiologica Scandinavica 60 (2016) 852–864
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