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ABSTRACT

Based on limited published evidence, physiological principles, 
clinical experience, and expertise, the author group has de-
veloped a consensus statement on the potential for iatrogenic 
harm with rapid sequence induction (RSI) intubation and posi-
tive-pressure ventilation (PPV) on patients in hemorrhagic shock.

“In hemorrhagic shock, or any low flow (central hypovolemic) 
state, it should be noted that RSI and PPV are likely to cause 
iatrogenic harm by decreasing cardiac output.” 

The use of RSI and PPV leads to an increased burden of shock 
due to a decreased cardiac output (CO), which is one of the 
primary determinants of oxygen delivery (DO2). The dimin-
ishing DO2 creates a state of systemic hypoxia, the severity of 
which will determine the magnitude of the shock (shock dose) 
and a growing deficit of oxygen, referred to as oxygen debt. 
Rapid accumulation of critical levels of oxygen debt results in 
coagulopathy and organ dysfunction and failure. Spontaneous 
respiration induced negative intrathoracic pressure (ITP) pro-
vides the pressure differential driving venous return. PPV sub-
sequently increases ITP and thus right atrial pressure. The loss 
in pressure differential directly decreases CO and DO2 with a 
resultant increase in systemic hypoxia.1, 2 If RSI and PPV are 
deemed necessary, prior or parallel resuscitation with blood 
products is required to mitigate post intervention reduction of 
DO2 and the potential for inducing cardiac arrest in the criti-
cally shocked patient.

Situational Guidance:
1. An important part of the clinical decision-making in a pa-

tient with hemorrhagic shock is awareness of the fact that
RSI and PPV are likely to decrease CO and worsen the

shock state. It is not recommended that RSI and PPV are 
seen as a first-line standard of care for these patients.

2.  The primary management focus in the hemorrhagic shocked
patient should be hemorrhage control and resuscitation
with blood products of which whole blood (WB) proba-
bly represents the best combination of effectiveness and
convenience.3

3.  If RSI and PPV are required, every attempt should be made
to ensure that resuscitation has been effective enough to en-
able the patient to withstand the impact of the intervention.
As a surrogate for this approach a systolic blood pressure
(SBP) of > 100mmHg is recommended.4

4.  Aggressive ventilation by “breath stacking,” high ventila-
tory pressures, positive end-expiratory pressure (PEEP),
and high ventilatory rates is likely to further reduce the car-
diac output.5,6

Takeaway Points:
• This recommendation reflects the position of the author

group and is based on the interpretation of existing evi-
dence applied to physiologic principles, in addition to
clinical experience and expertise. It is not intended to be
a replacement for clinical judgement in the management
of individual patients.

• This opinion relates specifically to the resuscitation of pa-
tients with hemorrhagic shock and applies to clinical judg-
ment and the balance of risk and benefit to the patient.

• In hemorrhage, blood products are recommended for
the resuscitation of hemorrhagic shock with WB being
considered optimal in the remote damage control resus-
citation (RDCR) environment.7
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• The resuscitation of casualties suffering hemorrhagic 
shock should begin as soon as blood products and 
appropriately trained personnel are available. Ideally, 
resuscitation should not be delayed for more than 30 
minutes from the time of injury.8,9

• It should be noted that spontaneous respiration, induc-
ing negative ITP, is beneficial to the shocked patient.  
Every effort should be made to retain this driver of 
venous return and hence CO by using postural air-
way positioning, intubation without ventilation using 
short-acting neuromuscular blocking agents (NMBAs) 
or surgical cricothyroidotomy.

Keywords: rapid sequence induction (RSI); intermittent pos-
itive-pressure ventilation; positive-pressure respiration; 
hemorrhagic shock; iatrogenic disease

Introduction

In the treatment of a patient with critical hemorrhagic shock, 
a systematic approach is widely recommended. During the 
 primary survey, an Airway - Breathing - Circulation - Disabil-
ity - Environment (A-B-C-D-E)–based system or adaptions of 
this are most common. The airway is considered first, with the 
gold standard of airway management being the placement of 
a cuffed tube in the trachea. This protects the airway from ob-
struction and aspiration. In the emergent setting the procedure 
is RSI. To facilitate the passing of the tube through the glottis 
the responsive patient needs to be both sedated and paralyzed 
with NMBAs. The drugs used to accomplish this vary between 
systems and practitioners.

The second consideration is Breathing; as the patient is par-
alyzed, they are required to be ventilated. This may be ac-
complished using a bag-valve mask (BVM) or a mechanical 
ventilator. Both methods ventilate by positive pressure. The 
decision to RSI and PPV carries benefits: the airway is pro-
tected and secured if a patient deteriorates, surgical grade 
anesthesia is produced, ventilation can be controlled, and sup-
plemental oxygen can be delivered. For these reasons, RSI and 
PPV have become a standard of care with critical patients in 
many emergency medical systems. Unfortunately, RSI and PPV 
also carry risk, of which the reduction in CO is the most harm-
ful in the shocked patient.

The decision to perform an intervention when indicated is 
the process of critical clinical decision making and is a bal-
ance between risk and benefit. An example of the challenge 
in this case is reflected in the European guideline on manage-
ment of major bleeding and coagulopathy following trauma, 
which states that RSI is “mandatory” in hemorrhagic shock; 
however, the next sentence states “the introduction of positive 
pressure (ventilation) can induce potentially life-threatening 
hypotension in hypovolemic patients.”10, 11

In situations where the procedure is highly likely to be helpful 
and has a low risk associated with the implementation, there 
is good reason to be aggressive in the delivery of that proce-
dure. When the procedure is likely to be helpful, but the risk 
of clinical complications is higher, a more cautious approach is 
required. Last, when the procedure is not sure to help and the 
risk is high, a conservative approach is recommended. In the 
patient with hemorrhagic shock, it is the position of the author 

group that RSI and PPV fall into the latter category; there is 
limited benefit from the PPV of hypoperfused lungs, even if 
this procedure delivers a greater percentage of oxygen. The 
PPV is likely to further decrease lung perfusion and increase 
V/Q mismatch. When considering the risk, the effect of PPV 
on CO may be disastrous for the patient in the low-flow state, 
often precipitating cardiac arrest.

A global picture of the patient’s pathophysiology is needed. 
The compensatory reserve and the proximity to physiological 
exhaustion should be noted. The impact of any intervention 
must also be carefully considered along with the potential for 
iatrogenic harm. The failure to consider iatrogenesis can be 
termed “iatrogenic blindness” contributing to poor outcomes. 
If the practitioner is not blind to the potential harm then steps 
can be taken to offset the impact of the intervention; for ex-
ample, in severe hemorrhagic shock, the patient may be resus-
citated with blood products to the point where RSI and PPV 
may be tolerated.

The rise of evidence-based medicine (EBM) has placed ever 
greater emphasis on the grade of evidence that exists for any 
treatment or procedure. Unfortunately, many a literature re-
view concludes with a lamentation of the paucity of available 
evidence or the poor quality of the studies with high risk of 
bias. Where evidence exists, it must be carefully appraised and 
considered. In the absence of high-quality evidence, we must 
use our current understanding of physiology and pathophys-
iology to further guide our understanding. The power of em-
pirical observation and clinical experience is well understood 
and one of the cornerstones of clinical judgment. The experi-
enced clinician’s dynamic assessment of patient care and the 
effects of interventions, although not evidence based, are key 
requirements of clinical practice. One approach is to produce 
a synthesis of physiology, evidence, experience, and knowl-
edge (PEEK) as a tool to aid clinical judgment (Figure 1).

Physiology

Central hypovolemia is a primary feature of hemorrhagic shock 
and some other shocked states and is a feature of many disease 
processes. In hemorrhagic shock, the loss of circulating blood 
volume reduces venous return with a subsequent reduction in 
cardiac filling and thus end-diastolic volume (EDV). In accor-
dance with Starling’s law of the heart, lower EDV translates 
into a decrease in stroke volume and CO. Any further reduc-
tion in CO will correspond to a reduction in DO2. If this re-
duction is beyond the capacity of the combined compensatory 
reserve mechanisms then the oxygen consumption will become 
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FIGURE 1  The PEEK clinical judgment tool.
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delivery dependent, at a point termed critical DO2 (DO2Crit) 
(Figure 2).

FIGURE 2  DO2 equation. Based on Yartsev, A. Deranged 
Physiology: The oxygen carrying capacity of whole blood [Internet]. 
DerangedPhysiology.com; [updated 2020 July 25; cited 2020  
August 30].

DO2 = CO × [1.39 × Hb × SaO2 + (PaO2 × 0.03)]

• DO2 = rate of oxygen delivery per minute
• CO = cardiac output
• 1.39 = binding capacity of haemoglobin
• Hb = hemoglobin concentration
• SaO2 = arterial hemoglobin oxygenation saturation as a 

percentage
• PaO2 × 0.03 = amount of dissolved oxygen in blood plasma

Further reductions in DO2 will drive the VO2 below this com-
pensatory endpoint with cellular energy demand failing to be 
met by aerobic metabolism alone with the development of an 
ensuing oxygen debt. In the absence of adequate oxygen to 
meet cells’ energy demand, the cells of the body must rely on 
anaerobic glycolysis to fill the energy “gap” left by inadequate 
DO2.

12 The end product of anaerobic glycolysis is lactic acid, 
the accumulation of which leads to a metabolic acidosis with 
elevated serum lactate. This metabolic acidosis is recognized as 
a surrogate for systemic hypoperfusion and is used as one of 
the triggers for massive transfusion protocols in many emer-
gency medical systems (Figure 3).

The primary negative impact of PPV is an elevated intrathoracic 
pressure (ITP) that is associated with reduced venous return,14 
lower cardiac filling,15 and subsequent decreases in CO and 
thus DO2. This has been well understood, demonstrated, and 
published since the work carried out by Guyton in the 1950s.16 

Figure 4 illustrates waveforms showing the effect of PPV.

The drugs used in RSI are themselves not without risk. Many 
protocols advise reductions in dose of induction drugs in the 
shocked state in recognition of this fact. NMBAs and opi-
ates induce vasodilation with a further reduction in venous 
return. Ketamine has been perceived as a relatively safe drug 

in shocked patients. Ketamine increases sympathetic tone in 
most patients, this effect is not seen if presynaptic catechol-
amine stores are depleted. The result in these situations is a net 
myocardial depression. Miller et al observed that patients with 
a high shock index (SI) demonstrated a higher incidence of 
hypotension post RSI. These investigators stated “Ketamine is 
considered a stable induction agent for rapid sequence induc-
tion; however, hypotension rates up to 24% are reported.”18 
There are also case reports of cardiac arrest in critically ill 
patients following the use of ketamine for RSI.19

Evidence

In a review of the literature, there is little high-quality evi-
dence. There are no meta-analyses of prospective, multicenter, 
randomized controlled trials (RCTs). The evidence that exists 
must be understood to be mostly retrospective, have a small 
sample size, or be confounded by heterogeneity and bias. It is 
for this reason that weight must be placed on the elements of 
the PEEK clinical judgment tool. Presented next is a sample of 
the available evidence.

Lockey et al. examined the survival of trauma patients who had 
prehospital tracheal intubation without anesthesia or muscle 
relaxants and found that the outcome was almost always fatal 
(99.8%).20 Although this cohort are among the most severely 
injured, it may also give a clue to the catastrophic effect of 
PPV on the critically ill patient in the low-flow state.

Shafi et al. found an association with RSI and PPV and de-
creased survival in hypovolemic trauma patients, which was 
worse when the patients were intubated in the prehospital set-
ting. “Patients intubated in the field were more likely to be 
hypotensive upon arrival in the Emergency Department (ED) 
(SBP < or = 90 mm Hg; ED 33%, pre-hospital 54%, p < 0.001), 
and had worse survival (ED 45% versus pre-hospital 24%, 
p < 0.001). Even after controlling for potential confounders, 
pre-hospital Endotracheal Intubation (ETI) was still an inde-
pendent predictor of hypotension upon arrival in ED (OR 1.7, 
95% CI 1.46 –2.09, p < 0.001) and decreased survival (OR 
0.51, 95% C.I. 0.43–0.62, p < 0.001).”21 The authors state in 
the conclusion,“This may be mediated by the effect of positive 
pressure ventilation during hypovolemic states.”21

FIGURE 3  Relationship between oxygen consumption (VO2) and 
oxygen delivery (DO2) when DO2 is acutely reduced by tamponade 
or hemorrhage in anesthetized animals (data pooled from several 
studies). Note that blood lactate levels increase as soon as DO2 falls 
below a critically low value (DO2crit).

(Reprinted by permission from Springer Nature Intensive Care Medi-
cine (Oxygen transport—the oxygen delivery controversy, Jean-Louis 
Vincent & Daniel De Backer), COPYRIGHT 2004.

Republished with permission of Daedalus Enterprises Inc from Respi-
ratory Care, Murphy BA and Durbin CG Jr, 50(2), 2005; permission 
conveyed through Copyright Clearance Center, Inc.

FIGURE 4  Waveforms represent instantaneous measurements 
during a single cardiac cycle. Venous return is affected by the size of 
the vena cavae as well as by the right atrial pressure during cardiac 
filling. Positive-pressure ventilation reduces the maximum flow by its 
effect on cardiac output, and reduces the rate of atrial filling, because 
of intrathoracic caval compression. This functional obstruction 
causes atrial filling to cease at a lower atrial pressure.
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Heffner et al. found that 22% of normotensive patients ex-
perience hypotension after emergency intubation in the ED, 
suggesting that an elevated ITP caused by PPV alone may be 
sufficient to reduce CO in normotensive patients.22

Kim et al. found that systolic hypotension prior to intubation, 
defined as a systolic blood pressure ≤90mmHg, was inde-
pendently associated with postintubation cardiac arrest (odds 
ratio [OR] 3.67, 95% CI: 1.58–8.55; P = .01).23

In a retrospective analysis of trauma patients, Chou et al. found 
that field intubation may be associated with higher mortality 
in trauma patients with hemorrhagic shock requiring mas-
sive transfusion. Less invasive airway interventions and rapid 
transport might improve outcomes for these patients.24

Fevang et al., in a systematic review and meta-analysis com-
paring mortality in prehospital tracheal intubation to ED in-
tubation in trauma patients, found the median mortality rate 
in patients undergoing prehospital intubation was 48% (range 
8–94%), compared with 29% (range 6–67%) in patients 
undergoing intubation in the ED. The authors stated that 
“Cardiovascular collapse is a known complication of TI in 
this patient group, and some centres deliberately postpone in- 
hospital TI in patients in shock until after initial stabilization.”25

In a retrospective database review, Crewdson et al. found 
that their “results suggest an association between prehospital 
emergency anesthesia and in-hospital mortality in awake hy-
potensive trauma patients, which is strengthened when hypo-
tension is due to hypovolemia.” Based on these findings, the 
authors suggested that delayed induction of anesthesia may be 
appropriate.26

Schwaiger et al. demonstrated that postponing intubation in 
spontaneously breathing major trauma patients on ED ad-
mission does not impair outcome in a retrospective analysis. 
Although a relatively small sample size was analyzed, these 
results demonstrated the feasibility of delaying intubation.27

Taghavi et al. investigated “permissive hypoventilation” in a 
swine model of hemorrhagic shock.28 The authors concluded 
that retaining spontaneous ventilation “results in less hemody-
namic suppression and better perfusion of vital organs.” They 
recommended that “In severely injured penetrating trauma 
patients, consideration should be given to immediate trans-
portation without PPV.”

The perspective to limit RSI and PPV in clinical states of severe 
blood loss or hemorrhagic shock until intravascular volume 
is restored with blood products is particularly important to 
military medical operations. A preliminary analysis generated 
from the US Department of Defense Trauma Registry indicates 
that 59% of the 8,653 combat casualties from 2002 to 2019 
who were intubated also suffered from hemorrhage, indicated 
by receiving at least 1 unit of WB. This means that a signifi-
cant proportion of injured who receive airway management 
may be at increased risk of suffering from detrimental effects 
such as iatrogenic harm induced by RSI and PPV.

Another approach to the examination of evidence against the 
use of PPV in patients with severe blood loss or hemorrhagic 
shock is to extract data from the literature that alter the para-
digm of PPV by examining the effect of creating more negative 

ITP. Contrary to the impact of PPV on lowering EDV, SV, CO, 
and DO2, multiple human experiments have demonstrated the 
effect of enhancing cardiac filling, CO, and tissue perfusion 
by reducing ITP,29 increasing tolerance to experimentally pro-
gressive reductions in central blood volume similar to hemor-
rhage,30 and promoting higher perfusion (arterial) pressures in 
patients with various etiologies of hypotension31 and hemor-
rhage.32 These consistent observations that link lower ITP with 
enhanced hemodynamic responses opposite to those induced 
by PPV also provide inferential evidence to avoid the use of 
intubation in hypovolemic patients when possible.

Experience

The experience of every clinician may vary, but there are many 
well-known risks of RSI and PPV besides the reductions in CO.

• After RSI, the potential Can’t Intubate Can’t Oxygenate 
(CICO) situation

• Unrecognized esophageal intubation
• Loss of situational awareness
• Complex decision-making, thereby increasing cognitive 

load and loss of bandwidth
• Fixation error during the process of RSI Intubation.
• Prolonged on scene time, and thus time to surgical con-

trol of bleeding, which is known to be an important fac-
tor in patient survival27

• Resource intensive both in equipment and personnel
• In the prehospital or RDCR environment, if a difficult 

or failed intubation is encountered, there is often no re-
course to specialist assistance.

• Hyperventilation both in the preoxygenation phase be-
fore RSI and postintubation has the effect of further de-
creasing venous return.

• In the patient with penetrating injury or poly trauma, 
the move to PPV raises the incidence of tension pneu-
mothorax, which in turn necessitates further advanced 
procedures like thoracostomies.

• Hypoxia is a well-documented complication of RSI both 
from lack of preoxygenation and prolonged, or succes-
sive, attempts to pass the tube.33

• Prehospital anesthesia is associated with hypothermia, 
which has been shown to have a negative impact on out-
comes in trauma patients.34

• RSI and PPV contribute to the lethal triad of acidosis 
and coagulopathy, by lowered DO2 and hypothermia by 
anesthesia.

The net outcome of the effects described here has led to the 
often-described sequence of events of RSI – PPV – CPR.

Knowledge

Any practitioner should have knowledge of the indications, 
contraindications, complications, managing or preventing the 
complications, recognizing a successful intervention, and rec-
ognizing the physiological impact of the intervention, whether 
positive or negative, before commencing with RSI and or PPV.

Indications
The primary need for advanced airway management remains 
the failure of basic procedures, especially patient positioning.
It is also recognized that RSI and PPV are required for dam-
age control surgery. Other indications include severe facial 
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trauma, swelling, and airway burns. In the case of RSI and 
PPV for the hypovolemic, shocked trauma patient, the author 
group has concerns that in some systems the procedures have 
become a standard of care, prior to resuscitation, which wors-
ens the shock causing iatrogenic harm.

Contraindications
It may be reasonable to argue that central hypovolemia from 
hemorrhagic shock could be seen as a relative contraindication 
to RSI and PPV.

Complications
Because the prevention of complications is an important part 
of the knowledge of the provider, the main complication is 
the effect of RSI and PPV on CO as discussed; it is the critical 
clinical decision of the care provider to decide if the patient’s 
condition is such that these procedures can be tolerated. The 
drugs associated with RSI may also exacerbate the patient’s 
condition.

Mitigation
Resuscitation with blood products to an SBP of 100mmHg 
is the primary mitigation strategy; this restores circulating 
blood volume and the patient’s ability to withstand the drop 
in CO due to the interventions, while simultaneously treat-
ing the shock state and repaying critical oxygen debt. It may 
also be possible to maintain spontaneous respiration while 
providing the protection by surgical cricothyroidotomy. Novel 
approaches to intubation while maintaining spontaneous 
res piration are ketamine-only breathing intubation or using 
short-acting NMBAs to facilitate tube placement allowing 
spontaneous respiration to return while maintaining sedation. 
The relatively recent concept of delayed sequence induction35 
is using procedural se dation, to ensure preoxygenation, and re-
suscitation with blood products, after which the patient can be 
paralyzed and intubated. If PPV is finally required, then PPV 
limit excessive ventilatory pressures and high tidal volumes.

Synthesis

In critical illness, clinical decision-making may be difficult and 
time short. This may be compounded by environmental diffi-
culties. In these situations, clinicians often follow highly proto-
colized guidelines. Many guidelines provide a list of procedures 
but not the clinical judgment required to accurately weigh the 
risks and benefits, which is recognized by the frequent inscrip-
tion of “This document is a guideline only and not a substitute 
for clinical judgment.” The path to experienced clinical judg-
ment is not a short one. Simplicity and speed to definitive care 
with greater resources are often seen as key steps to patient sur-
vival. The discussion here may be synthesized into guidelines, 
facilitating a reduction in time at the scene, limiting difficult de-
cision-making, focusing on the greatest pathophysiological risk 
to the patient, treating the problem, and avoiding iatrogenic 
harm. Reassessment remains key; if airway positioning is fail-
ing, then advanced airway management is required. However, 
even here there are options to maintain spontaneous breathing.

Conclusion

In hemorrhagic shock, the primary aim is to control the bleed-
ing and limit time to definitive (surgical) care. The patient 
should be positioned to maintain airway patency. Once IV/IO  
access has been obtained, the patients should be resuscitated 

with blood products to achieve an SBP above 100mmHg. Pain 
and/or combative patients can be treated with ketamine.36 
RSI and PPV may be delayed until the patient is resuscitated 
or damage control surgery is imminent. If advanced airway 
procedures are necessary, every effort should be made to re-
suscitate the patient first. In hemorrhagic shock with central 
hypovolemia the impact of RSI and PPV must be recognized as 
a contributing factor to the pathophysiological burden, which 
is harming the patient, potentially catastrophically. This proce-
dure should not be attempted as part of a standard of care. In 
the risk benefit anaylsis of  patients in hemorrhagic shock, the 
golden principle of “first do no harm” shuold be appropriately 
weighted due to the potential for iatrogenesis.
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