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32.1	 �Introduction

Management of shock after trauma remains a clinical challenge, in particular if 
associated with active hemorrhage [1]. Prevailing dogma precludes the use of vaso-
pressors in shock after trauma until hemorrhage is excluded or controlled and advo-
cates a hypotensive strategy [2]. The use of vasopressors is considered deleterious 
and associated with a risk of increased bleeding and organ damage due to excessive 
vasoconstriction. Despite the controversy and discouraged use in hemorrhagic 
shock, particularly in trauma centers in the United States and the United Kingdom 
[3], vasopressors are part of the recommended therapeutic arsenal and routinely 
used by clinicians in Europe to manage trauma patients in shock [4].

Mounting evidence suggests that the effect of vasopressors in shock and hemor-
rhage after trauma justifies a more nuanced position. A differentiated approach 
appears indicated, because not all cardio- and vasoactive agents are the same when 
it comes to their inotropic and vasoconstrictive capacities. Among all agents, nor-
epinephrine and vasopressin have emerged as the molecules of choice if any cardio/
vasoactive effect is to be achieved. In this chapter, we attempt to provide a balanced 
perspective on the use of norepinephrine and vasopressin in traumatic shock and 
hemorrhage, based on recent physiological, epidemiological, and clinical data.
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32.2	 �Pharmacology

32.2.1	 �Cardiovascular Effects of Norepinephrine

Norepinephrine is a neurohormone, released from sympathetic, postganglionic 
nerve fibers. Norepinephrine is a product of the decarboxylation of dopamine, 
stored in presynaptic granules that release their content into the synaptic space upon 
depolarization. In the adrenal gland, a methylene group is added, modifying norepi-
nephrine to epinephrine.

After release, norepinephrine acts on postsynaptic alpha- and, to a lesser extent, 
beta-receptors [5, 6]. The effects on both receptors are dose dependent and with 
increasing doses the alpha effect dominates. The intracellular signal transmission is 
G-protein coupled and activates a cAMP-kinase cycle. This results in (1) contrac-
tion of smooth muscle fibers in arterial and venous vessels inducing vasoconstric-
tion and (2) myocardial inotropic and chronotropic stimulation [5, 6].

32.2.2	 �Cardiovascular Effects of Vasopressin

The physiology of vasopressin is complex and beyond the scope of this review; 
readers are referred to the excellent work by Holmes et al. [7, 8]. Vasopressin is a 
neuroendocrine nonapeptide, produced in the neurons of the paraventricular and 
supraoptic nuclei in the posterior hypothalamus. Vasopressin acts on multiple 
G-protein-coupled receptors and uses the phosphatidylinositol pathway [7] to 
increase Ca2+ influx. Vasopressin 1R (V1R) receptors are densely situated on vascu-
lar smooth muscles of the systemic, splanchnic, renal, and coronary circulations; 
their stimulation leads to potent vasoconstriction [7] and concomitant increase in 
cardiac output and centralization of blood volume [9]. They are also found on car-
diac myocytes and in many other organs, such as liver, brain, and renal medulla. In 
renal efferent arterioles, this vasoconstriction increases glomerular filtration rate 
(GFR). In the pulmonary vasculature, vasopressin induces less vasoconstriction 
than norepinephrine. V1R receptor stimulation on platelets facilitates their aggrega-
tion. V2R receptors located in the renal collecting system induce antidiuresis by 
shuttling aquaporin-2-containing vesicles to the cell surface and stimulation of syn-
thesis of aquaporin-2 mRNA. There is also a complex physiologic interaction of 
vasopressin on oxytocin and purinergic receptors. Purinergic receptors on cardiac 
endothelium seem to exert positive inotropic stimulation without concomitant posi-
tive chronotropy and increase in oxygen demand [10].

32.2.3	 �Metabolic and Immunomodulatory Effects 
of Norepinephrine and Vasopressin

Apart from the hemodynamic manifestations, norepinephrine and vasopressin exert 
a number of endocrine, metabolic, and immunomodulatory effects. For example, 
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norepinephrine alters the function of most immune cells, reducing the activity of 
macrophage, T-helper, and natural killer (NK) cells, and up- or downregulates cer-
tain cytokines (e.g., interleukin [IL]-6 and -10, tumor necrosis factor [TNF]-α) [11]. 
A wealth of research indicates that vasopressin appears to have a beneficial effect on 
the immune system, such as reduction of mRNA of TNF-α, nuclear factor-kappa B 
(NF-κB), and IL-1β [12]. Norepinephrine increases glycogenolysis and glucose 
production and modifies lipid metabolism [13]. Via V3R receptors in the pituitary, 
vasopressin seems to increase adrenocorticotropic secretion and ultimately influ-
ences cortisol secretion. The effects of norepinephrine and vasopressin are part of 
the highly complex immunologic, endocrine, and metabolic response to trauma, 
shock, and hemorrhage triggering a systemic inflammatory (SIRS) and compensa-
tory anti-inflammatory (CARS) response described as persistent inflammatory and 
catabolic syndrome (PICS) [14].

32.3	 �The Physiologic Response to Traumatic Shock 
and Hemorrhage

The complex physiology of the response to hemorrhage and shock cannot be 
reduced to a simple loss of blood volume. An intricate and coordinated series of 
adaptive mechanisms and interactions has emerged in our understanding of the 
pathophysiology of hemorrhagic shock [15]. On a macrovascular level, the organ-
ism responds to shock and hemorrhage with an intense sympathetic stimulation 
propelled by the peripheral and central nervous systems [16]. This neurohormonal 
response induces intense vasoconstriction, an increase in heart rate, respiratory 
drive and venous return, improved coronary perfusion, and cardiac contractility [16, 
17]. Combined, these augment, or at least maintain, stroke volume, cardiac output, 
arterial pressure, and oxygen delivery. Norepinephrine and vasopressin play crucial 
roles in this response at the peripheral and central levels.

If the initial source of hemorrhage is not quickly controlled, this phase of com-
pensated hypovolemic shock may evolve to a state of vasodilatory shock. Ultimately 
all shock forms are considered to decompensate to a form of distributive shock [18, 
19]. This vasodilatory phase is caused by numerous mechanisms such as xanthine 
oxidase [20], prostanoids (PG-1, thromboxane), reactive oxygen species (ROS), 
hydrogen sulfide, and, probably the most important, nitric oxide (NO) and potas-
sium channels [21]. NO is increased by augmented activation of inducible NO syn-
thase (iNOS) acting via cyclic guanosine monophosphate (cGMP) to reduce 
intracellular calcium and activate calcium-sensitive (Kca) and ATP-dependent 
K-channels. The subsequent hyperpolarization and decreased influx of calcium [8, 
22] demonstrate that the synergy between K-channels and reduced Ca2+ influx fur-
ther exacerbates the hyporesponsiveness to catecholamines and results in profound 
hypotension. Furthermore, adrenoceptors are desensitized and downregulated [23, 
24]. The vasopressin response is also subject to desensitization, receptor internal-
ization, and store depletion [7, 19]. In the decompensation phase, even blood trans-
fusion cannot restore normal intravascular pressures [25].
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To understand the process at the microvascular level, it is helpful to consider the 
endothelium as a whole organ system, with a weight of 1 kg and a surface of 5000 m2 
[26]; the role of the endothelium in health and disease has probably been underesti-
mated and it is the target of a number of pathophysiologic alterations. At the micro-
vascular level, the onset of hemorrhagic shock reflects a myriad of physical, 
chemical, cellular, and genomic interactions [15]. Some interactions are triggered 
by the macrovascular response and many prompt the measurable and clinically 
apparent macrovascular and hemodynamic response. In addition to the above-
described neurohormonal response, vascular injuries expose the endothelial surface 
and cells to lower oxygen concentration and acidosis. Profound rheological changes 
accompany a modified vascular reactivity depending on the affected regional perfu-
sion. A variety of cytokines and messengers alter endothelial surface reactivity and 
permeability, including leukocyte and platelet adhesion and activation. Leukocyte 
activation triggers synthesis of ROS. Activated protein-C initiates coagulopathy that 
is induced by cleavage of plasminogen activator inhibitor and increases tissue plas-
minogen activator. Thrombomodulin is released and platelets become dysfunc-
tional. Numerous cytokines circulate and initiate transcription of adhesion molecules 
and other pro- and anti-inflammatory mediators, modifying further vascular perme-
ability and vessel reactivity and reducing functional capillary density; the endothe-
lial surface swells, increasing O2 diffusion distance [15].

A body of experimental and clinical evidence points towards the concept of 
shock-induced endotheliopathy [27] as the central element to the above-described 
process. The endothelium is covered with a layer of glycosylated proteins (proteo-
glycans), called the glycocalyx. The interaction between this layer and albumin is 
now considered as a surrogate for oncotic pressure. In shock, hypoxia, hypotension, 
acidosis, cytokines, and neurohormones (epinephrine) contribute to the destruction 
of the glycocalyx, leading to increased vessel permeability and endothelial and end-
organ dysfunction. Glycocalyx degradation at the onset of shock/hemorrhage can be 
quantified by syndecan-1 levels [28, 29]. In trauma patients, syndecan-1 plasma 
concentration is correlated to the level of injury, mortality, and epinephrine concen-
tration [30].

32.4	 �Vasopressors in Shock and Hemorrhage in Trauma: 
Experimental Evidence

Considering experimental and animal data about the effects of norepinephrine and 
vasopressin in the physiopathology of hemorrhagic shock it seems important to 
acknowledge two aspects. First, the mechanisms in septic shock are far better inves-
tigated and understood and some observations about norepinephrine and vasopres-
sin have been extrapolated from studies on septic shock to hemorrhagic shock [21]. 
Second, it is crucial to consider the type of animal model used and which aspect of 
the shock response is studied [31].

It is usually considered that vasopressors increase afterload and oxygen con-
sumption and decrease organ perfusion [32]. It is noteworthy that some of these 
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experimental studies used vasopressors without concomitant fluid expansion. When 
applied to achieve a systolic blood pressure of 80–90 mmHg, a critical rise in after-
load cannot be documented with norepinephrine administration in patients with 
vasoplegic shock [5]. In fact, both norepinephrine and vasopressin seem to improve 
coronary perfusion pressure, venous return, and cardiac output and subsequently 
organ perfusion in shock [8]. Norepinephrine and vasopressin are part of the physi-
ological response to hemorrhage and the mechanisms responsible for the vasodila-
tory phase of prolonged shock when physiological compensation is exhausted (see 
above) may require exogenous vasopressor administration as neurohormonal aug-
mentation therapy [33].

Another important argument against norepinephrine and vasopressin use in hem-
orrhagic shock is the danger of intensifying bleeding from noncontrolled sources by 
increasing hydrostatic pressure (“pop the clot”), the rationale behind permissive 
hypotension. However, recent evidence indicates that even with fluid-only resusci-
tation, profound and prolonged hypotension is associated with increased end-organ 
damage. In a model of controlled hemorrhage and shock of 30% blood loss after 
blast injury, pigs were randomized to two systolic blood pressure levels, 110 mmHg 
and 80  mmHg, resuscitated with fluids only [34]. Survival was shorter in the 
80 mmHg group associated with important metabolic derangement. This finding 
was confirmed in another pig model of uncontrolled hemorrhagic shock comparing 
three mean arterial pressure (MAP) levels of 60, 80, and 100 mmHg obtained with 
fluid resuscitation alone [35]. Both the 60 and 100  mmHg groups demonstrated 
more organ dysfunction and histopathological damage.

Several studies have explored the effect of norepinephrine or vasopressin use in 
animal shock models. In a model of hemorrhagic shock in rodents, the use of nor-
epinephrine with fluid expansion was associated with higher survival [36]. In a rat 
model of shock, Poloujadoff et al. demonstrated that MAP-targeted resuscitation 
associating norepinephrine and fluids proved beneficial in terms of survival [37]. 
Liu et al. successfully tested a combination of norepinephrine and vasopressin and 
fluids in rats to maintain perfusion pressure until definitive hemorrhage control [38]. 
These studies have in common that the investigating groups used both vasopressor 
therapy and fluid expansion. Furthermore, administration of norepinephrine or 
vasopressin does not necessarily induce end-organ damage in shock models; the 
effects are organ-, dose-, and time-dependent [7, 34, 35]. In fact, Harrois et al. dem-
onstrated protection of intestinal villi in hemorrhage in mice [39]. Dunberry-
Poissant et al. revealed no difference comparing various parameters of organ damage 
after fluid resuscitation versus fluid and norepinephrine in a controlled rat shock 
model during resuscitation to MAP levels of 55–60 mmHg and after reperfusion 
[20]. The administration of norepinephrine in this model was associated with a con-
siderably reduced volume of fluid administration.

Of note, different resuscitation strategies (fluid only versus norepinephrine/vaso-
pressin plus fluid) and varying pressure levels at different times affect organs differ-
ently [7, 20, 34, 35]. For example, a MAP of 100 mmHg caused more organ damage 
in the lungs than in the liver and kidney compared to a pressure level of 60 mmHg 
[7, 20, 34, 35].
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The topic becomes more complicated with regard to vasopressor effects on the 
endothelial surface and glycocalyx. There seems to be an undeniable association 
between circulating endogenous epinephrine, endothelial damage, and mortality in 
animals and patients [27]. Sympathectomy appears to protect against this phenom-
enon in an animal model [40]. In fact, recently, in a controlled hemorrhagic shock 
model in rats, there was raised capillary permeability in the lung and higher lactate 
and base excess in the group resuscitated with fluids and vasopressin compared to 
groups resuscitated with fluids only and those resuscitated with fluids and blood.

In summary, this wealth of experimental knowledge and observations can be 
interpreted in favor of or against the use of norepinephrine (Table 32.1) and vaso-
pressin (Table 32.2) in shock and hemorrhage after trauma. The complexity of the 
adaptive physiological and pathophysiologic patterns demonstrates that the poten-
tial beneficial or detrimental effects of both agents are not reduced to macro-
hemodynamic effects and are part of the physiological response to injury.

Table 32.1  Risks and benefits of norepinephrine

Risk Benefit
Physiologic • Increased oxygen consumption

• �Increased right ventricular and left 
ventricular afterload, when mean arterial 
pressure in excess

• �Decreased regional perfusion due to 
excessive vasoconstrictive effects

• Immunosuppression

• �Augments venous return and 
increases central systemic vascular 
compartment volume

• �Increases coronary artery 
perfusion

• Supports cardiac contractility

Clinical • �Retrospective studies, conflicting data for 
in-hospital mortality [45–47]

• �No prospective evidence available 
to support clinical use compared to 
standard care

Table 32.2  Risks and benefits of vasopressin

Risk Benefit
Physiologic • �Increased visceral ischemia due to 

splanchnic vasoconstriction and 
translocation of intestinal bacteria

• Exacerbates cerebral edema
• �Coronary ischemia due to 

vasoconstriction

• �Activates V1 receptors and counteracts 
nitric oxide synthesis, thereby 
increasing vascular tone

• �Augments renal perfusion by 
vasoconstriction of renal efferent 
arterioles

• �Promotes von Willebrand factor release 
from endothelium, platelet activation, 
and thrombin generation

• �Regulates intravascular volume 
resorption via V2 receptors in collecting 
tubules

• Immunostimulation
Clinical • Expensive

• �Lack of significant mortality benefit 
in prospective studies [48]

• �Decreased transfusion requirements 
(blood product and overall volume) [48]

• �No excess mortality in prospective 
study
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32.5	 �Clinical Evidence of Permissive Hypotension 
and Vasopressor Use

One of the hallmark pathophysiologic signs of advanced hemorrhagic shock is 
hypotension. Hypotension is a time-sensitive and dose-dependent event such that 
the following questions remain: “How much hypotension is acceptable in a trauma 
patient?” “And for how long?” Unfortunately, the answers to these questions remain 
elusive. Despite traumatic mechanisms of injury typically occurring in younger 
patients with few medical comorbidities, hypotension is significantly associated 
with increased mortality. In addition, there is a growing population of older patients 
with comorbidities, such as hypertension and peripheral vascular disease, who are 
sustaining traumatic injuries. Does all traumatic hemorrhagic shock require the 
same approach to hemodynamic resuscitation? And do the same hypotensive thresh-
olds apply across all trauma patients? The seemingly obvious answer would be no. 
However, while few data are available on the duration of hypotension in critically 
injured trauma patients, there is substantial evidence in the perioperative and critical 
care literature to support that longer periods, and even single episodes, of hypoten-
sion are associated with organ dysfunction and increased mortality [41]. Yet, as 
previously discussed, there is a pervasive opinion especially among certain trauma 
providers that hypotension is potentially beneficial in trauma patients and should be 
acceptable, especially early in the resuscitation phase following hemorrhage.

The topic of hypotensive resuscitation and permissive hypotension in resuscita-
tion from traumatic hemorrhagic shock has been formulated over the last three 
decades. While early resuscitation strategies emphasized volume replacement with 
isotonic crystalloid formulations, Bickell et al. [42] demonstrated in a swine model 
of vascular injury that initial large volumes of crystalloid administration led to 
decreased animal survival. In a subsequent prospective, randomized trial of imme-
diate versus delayed fluid resuscitation in hypotensive patients who sustained pen-
etrating traumatic injuries, those who received less prehospital crystalloid (mean 
volume of 92 ml compared to 870 ml) had greater rates of survival [43]. However, 
the difference in systolic blood pressure upon arrival to the trauma center was clini-
cally negligible (72 mmHg vs. 79 mmHg, respectively), albeit statistically signifi-
cant. In recent years, attempts to replicate such findings and support tolerating a 
lower blood pressure during initial trauma resuscitation have failed to demonstrate 
an improvement in mortality [44]. Unfortunately, the enthusiasm and support for 
hypotensive resuscitation, and admonishment for the use of vasopressors, are 
extrapolated primarily from a clinical study in which a blood pressure target was not 
the primary outcome nor was the systolic blood pressure clinically different among 
treatment groups. Therefore, it should be clarified that minimizing excessive vol-
umes of crystalloid, or overall excessive volume in general, does not equate to 
accepting a lower blood pressure in a bleeding patient.

Blood volume replacement remains the initial primary method of resuscitation 
from hemorrhagic shock. Recent publications in blood component administration 
and reinvigoration of whole blood therapy have advanced the science of hemor-
rhagic shock resuscitation towards a cell-based approach that minimizes excess 
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crystalloid administration and emphasizes restoration of the endothelial glycocalyx 
[27]. As previously discussed, disruption and damage to the endothelium lining the 
inner vasculature lumen result in release of anticoagulant molecules that contribute 
to the trauma-induced coagulopathy and exacerbate acute blood loss. In addition, 
endothelial dysfunction is characterized by a release of iNO with subsequent vascu-
lar hyporesponsiveness, vasoplegia, and loss of vascular tone [21]. Patients with 
severe and profound hemorrhagic shock may continue to demonstrate hypotension 
despite replacement of adequate blood volume. In a cyclical fashion, this very hypo-
tension and continued hypoperfusion lead to further endothelial dysfunction and 
further hypotension unresponsive to volume resuscitation. It would therefore seem 
logical that administration of vasopressor therapy and restoration of vascular tone 
would serve a valuable function in such patients.

While there is no level 1 clinical evidence to suggest that early administration of 
vasopressors or vasopressor use in the initial resuscitation of traumatic hemorrhagic 
shock results in worse outcomes, evidence from some retrospective studies is con-
flicting. Some studies suggest that vasopressors are associated with increased in-
hospital mortality. Sperry et  al. reported that early vasopressor use (i.e., 
phenylephrine, norepinephrine, or vasopressin), within 12 h of injury, was associ-
ated with mortality even after adjusting for volume of crystalloid resuscitation [45]. 
Of note, patients who survived <48 h were excluded, when in fact it is this very 
population of patients with early mortality as a result of hemorrhage that are of 
significant interest with regard to vasopressor therapy (i.e., patients who failed to 
respond to initial resuscitation efforts as a result of profound shock with subsequent 
vasoplegia may have been salvageable with vasopressor therapy). Dose and dura-
tion of vasopressor use were also not reported and the study excluded patients with 
traumatic brain injury (TBI) or a spinal cord injury, which represents a population 
that may also be well served by augmented systemic blood pressure and vasopressor 
therapy. More recent work by Aoki et al. from the Japan Trauma Databank demon-
strated that in a propensity-matched cohort, vasopressor use within 24 h of hospital 
admission was associated with in-hospital mortality [46]. However, there was no 
difference in emergency department mortality among patients who received early 
vasopressor treatment. A limitation of this large investigation was that the type of 
vasopressor, dose, and duration of treatment were unavailable from the trauma 
databank.

In contrast, there is emerging evidence to suggest that specific vasopressors (i.e., 
norepinephrine or vasopressin) are not associated with increased mortality in hem-
orrhagic shock. Gauss et al. performed a retrospective analysis of patients in hemor-
rhagic shock (defined as patients receiving 4 units of red blood cells [RBCs] within 
the first 6 h of hospital admission) and after propensity score matching observed 
that early norepinephrine administration was not associated with in-hospital mortal-
ity [47]. A recently published prospective, randomized trial from a single center in 
the United States has also provided valuable evidence in support of early vasopres-
sor treatment in patients with hemorrhagic shock. The Arginine Vasopressin During 
the Early Resuscitation of Traumatic Shock (AVERT Shock) [48] trial randomized 
patients receiving at least 6 units of blood products (packed RBCs, fresh frozen 
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plasma [FFP], and platelets) within 12 h of injury to an intervention that consisted 
of a bolus of 4 units of vasopressin and then continuous infusion up to 0.04 units/
min to achieve a MAP of 65 mmHg versus standard component-based resuscitation. 
Efforts to achieve hemostatic resuscitation were performed in each study arm and 
the intervention was continued for 48 h. Patients in the vasopressin group required 
less total volume of blood products and crystalloid with no overall difference in 
complication rates, such as acute kidney injury (AKI), acute respiratory distress 
syndrome (ARDS), prolonged mechanical ventilation, or mortality. These results 
provide some of the most encouraging clinical evidences that specific vasopressor 
therapy may potentially be considered as part of the initial resuscitation of trauma 
patients in hemorrhagic shock (Fig. 32.1).

Possible explanations for the utility of vasopressors in hemorrhagic shock 
resuscitation are the restoration of an adequate perfusing blood pressure in order 
to maintain vital organ function. Our current understanding of aggressive volume 
administration, even in the form of blood products, is known to be associated 
with increased complications such as dilutional coagulopathy, lung injury, and 
cardiac overload. Therefore, it may be hypothesized that early initiation of vaso-
pressors, in conjunction with appropriate volume administration and correction 
of coagulation derangements, will reduce overall total resuscitation volumes 
(both blood products and crystalloid) and minimize post-resuscitation 

Post-traumatic shock (SAP < 90 mmHg)
If hemorrhage suspected, expedient control

PENETRATING BLUNT

Use limited fluid expansion and blood products
Consider early vasopressor use if TBI/SCI, general anesthesia

If SAP < 70 mmHg and > 60 minutes
consider vasopressor
Do not exceed targets

SAP Target = 80-90 mmHg SAP Target= 100-110 mmHg

Fig. 32.1  Suggested practical algorithm for vasopressor use after severe trauma. SAP systolic 
arterial blood pressure, TBI traumatic brain injury, SCI spinal cord injury
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complications. Intrinsic pharmacologic properties of specific vasopressors may 
target pathophysiologic processes involved in hemorrhagic shock. For example, 
as previously described, norepinephrine exerts alpha-1 sympathomimetic activ-
ity that would be of benefit to a severely injured trauma patient in profound 
hemorrhagic shock with vasoplegia [37]. Intrinsic beta-1 activity would also 
augment cardiac contractility and improve oxygen delivery to hypoperfused 
organs [5, 6]. It is also well described that severely injured and critically ill 
trauma patients present with endocrine insufficiency, to which vasopressin defi-
ciency may significantly contribute [48]. Administration of exogenous vasopres-
sin may therefore restore components of endothelial integrity, intravascular 
volume, and platelet function. However, it cannot be overstated that inappropri-
ate use of vasopressors in hemorrhagic shock can result in severe deleterious 
consequences.

32.6	 �A Practical Approach to Vasopressor Use for an Updated 
Resuscitation Strategy

From the prehospital environment to the intensive care unit (ICU), hemorrhaging 
trauma patients progress through different phases of shock, defined by the complex 
physiologic response and the therapeutic strategy. Prohibiting vasopressor use 
within the first 24 h in patients with shock and hemorrhage may considerably limit 
the therapeutic arsenal to adapt and shift the response as needed. As exposed in the 
preceding sections, the available experimental and clinical evidence is insufficient 
to preclude in principle the use of norepinephrine or vasopressin in the initial 24-h 
management.

Based on these data, it seems obvious that vasopressor use can only be consid-
ered after a fluid challenge, probably between 500 and 1000 ml, fails to achieve 
hemodynamic stabilization, as recommended. If fluid fails, it is likely that the 
patient is decompensating into the distributive phase of shock and fluid and blood 
alone will not be able to prevent further clinical deterioration; vasopressors may be 
required to prevent prolonged hypotension, associated with an increase in organ 
damage. Many mature trauma systems manage to increase survival of very critically 
sick and severely bleeding patients, but even the most efficient systems struggle to 
obtain hemorrhage control within 1 h [1] and transport times may exceed 60 min. 
Yet, it seems that the longer the hypotensive phase lasts, the more likely the patient’s 
risks of organ damage [34]. As much as it is obvious that permissive hypotension 
should remain a central element of the damage control strategy to limit blood loss, 
in particular in penetrating trauma, there is an increasingly strong rationale to main-
tain adequate perfusion pressure even before hemorrhage control is achieved. If the 
duration of hypotension is too long (>60) or too profound (systolic arterial pressure 
<60 mmHg), hemodynamic resuscitation may be difficult to control with fluids and 
blood products only. This constellation is frequently observed in the distributive, 
decompensated phase of shock and more so in blunt trauma and often associated 
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with a sympatholytic component, such as the required use of induction agents, seda-
tion/anesthesia, brain, or medullary injury. Shock in trauma patients cannot be 
reduced to bleeding, with bleeding being the main rationale behind the strategy of 
permissive hypotension. Yet all forms of shock require the restoration of adequate 
perfusion.

It is true that the definition of adequate perfusion remains a challenge. However, 
an increase in global trauma mortality has been described for arterial systolic blood 
pressure lower than 110 mmHg after severe trauma [49]. Recent guidelines from the 
Trauma Hemostasis and Oxygenation Research Network also highlight this point, 
raising the systolic arterial blood pressure target from 80–90 to 100 mmHg [49]. 
These pressure levels cannot be obtained with fluid expansion and blood products 
only in patients with profound and prolonged traumatic shock. Large volumes of 
fluid resuscitation are in fact quite harmful. The use of vasopressors becomes man-
datory to reach these hemodynamic goals. Higher targets seem crucial, particularly 
in patients with associate traumatic brain or medullary injury and multisystem 
trauma [50], to control cerebral and medullary perfusion pressure.

For these reasons, the authors share the assumption that norepinephrine and 
vasopressin have a place in the therapeutic arsenal to treat trauma patients in 
shock, including those with active hemorrhage (Fig. 32.1). Both agents should be 
part of a bridging strategy to maintain tissue perfusion if hypotension is too long 
or too profound. In no case however should this strategy become a substitute for 
expedient hemorrhage control. Furthermore, the pressure levels targeted with nor-
epinephrine/vasopressin use require a reasonable trade-off between tissue perfu-
sion and overcorrection, which may increase bleeding by increasing the hydrostatic 
pressure.

32.7	 �Conclusion

Traumatic hemorrhagic shock is a complex disease process that incorporates a 
dynamic physiologic response to blood loss and tissue injury. While restoration 
of circulating blood volume is the mainstay of initial treatment of hemorrhagic 
shock, maintenance of adequate perfusion pressure is essential in order to mini-
mize organ dysfunction. While historically it has been advocated to treat hemor-
rhagic shock with aggressive blood product transfusion and the use of vasopressors 
is discouraged, severe injury with profound shock and prolonged hypotension 
will decompensate to a distributive form of vasoplegia that is unresponsive to 
further volume administration. Therefore, it appears intuitive that appropriate 
and targeted use of specific vasopressors has a beneficial contribution to the man-
agement of early hemorrhagic shock. We advocate that specific, targeted vaso-
pressor therapy has an integral and necessary role in the early resuscitation of 
traumatic hemorrhagic shock and that further large-scale scientific and clinical 
research will more clearly define vasopressor administration in patients with 
hemorrhagic shock.
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