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SUMMARY 

In the past few years, arginine vasopressin (AVP) has emerged as a rational alternative to catecholamines for 
the hemodynamic support of refractory vasodilatory shock and cardiopulmonary arrest.  The therapeutic 
potential of AVP in traumatic shock is now being evaluated.  Our laboratory investigations have revealed an 
apparent benefit of AVP when compared to standard fluid resuscitation in clinically relevant models of brain 
injury and chest injury.  Further experimental work and subsequent clinical trials appear justified to validate 
the efficacy of AVP for resuscitation of trauma patients. 

1.0 INTRODUCTION 

AVP has been used to treat patients for almost 100 years, but some exciting new indications have been 
suggested in a recent comprehensive review [1].  The basic physiology is well defined.  It is a nonapeptide 
antidiuretic hormone that is formed primarily in the supraoptic nuclei of the hypothalamus and is stored in 
large secretory granules in nerve terminals in the posterior pituitary gland.  Several stimuli release AVP, 
including increases in plasma osmolarity, volume contraction, trauma, pain, anxiety, and certain drugs 
(morphine, nicotine, tranquilizers, and some anesthetics).  Perhaps the most potent stimuli for AVP release is 
hemorrhage; a loss of 25% of the blood volume can cause as much as a 50 fold increase in the rate of AVP 
secretion.  The biological actions are mediated by V1 (vascular), V2 (renal) and V3 (anterior pituitary) 
receptors.  The half-life of exogenous AVP is 10-35 minutes.  The secondary messenger system at the V1 
receptor involves a G-protein coupled phosphoinositide pathway leading to increased cytosolic calcium levels 
and vascular smooth muscle contraction. 

The routine use of vasoconstrictors has historically been discouraged in hypovolemic patients, since organ 
blood flow and oxygen delivery can be compromised [2].  Unfortunately, early aggressive fluid replacement 
can also have undesired effects [3-6].  Furthermore, prolonged hemorrhage, cardiogenic shock, and sepsis 
may evolve into a refractory phase characterized by unresponsiveness to either fluid replacement or 
catecholamines [7, 8].  Recently, AVP was found to effectively restore systemic circulation in some of these 
conditions [8-14].  This counterintuitive finding has prompted a resurgence of interest in this hormone.  The 
purpose of this report is to review some recent clinical and laboratory data on the therapeutic use of AVP in 
these critical conditions and to explore its potential in traumatic shock. 
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2.0 AVP FOR VASODILATORY SHOCK 

AVP has little effect on blood pressure under normal conditions, but the hemodynamic response to exogenous 
AVP may be augmented in shock states [7].  Malay et al performed a randomized controlled trial with septic 
shock patients (n=10) in the trauma ICU [9].  Low-dose AVP (0.04 U/min) increased systolic pressure from 
98 to 125 mmHg and permitted successful withdrawal of all other catecholamine vasoactive drugs.  All 
patients survived in the AVP group while two died within 24 hours in the control group.  Another randomized 
controlled study in patients (n=10) with vasodilatory shock after cardiopulmonary bypass [10] showed that 
AVP (0.1 U/min) increased mean arterial pressure (MAP) from 57 to 84 mmHg, and reduced norepinephrine 
requirement. 

3.0 AVP FOR SHOCK STATES:  THE RATIONALE 

Prolonged shock is characterized by a biphasic AVP response.  A large initial peak of plasma AVP (100-1000 
pg/mL) is followed by inappropriately low levels (e.g. <50 pg/mL) for the degree of hypotension [1, 8].  
Similarly, in critically ill patients during late septic shock, AVP levels (3.1 pg/mL) [11] are within the normal 
range for well-hydrated humans (< 4 pg/mL) [1].  Postulated mechanisms of the endogenous AVP deficiency 
in shock states include: depletion of neurohypophyseal stores of AVP; inhibition of AVP release due to 
impaired autonomic reflex; and the inhibitory effect of high levels of circulating norepinephrine [1].  The 
endogenous AVP deficiency and the purported hypersensitivity to exogenous AVP provide the justification 
for low-dose AVP therapy in shock states. 

4.0 AVP FOR CARDIOPULMONARY ARREST 

Cardiopulmonary arrest may be another indication.  Endogenous AVP levels are higher in resuscitated 
patients than in non-resuscitated patients after cardiopulmonary arrest [15].  Laboratory data and clinical trials 
support the benefits of AVP on coronary perfusion pressure [12], myocardial blood flow [16], restoration of 
spontaneous circulation [13, 17], and neurological recovery [17].  In a multicenter randomized controlled trial, 
AVP was equivalent to epinephrine in the management of ventricular fibrillation, but superior to epinephrine 
in patients with asytole [14]. 

5.0 AVP FOR TRAUMA WITH HEMORRHAGE 

Investigators have questioned the use of aggressive fluid resuscitation for the treatment of uncontrolled 
hemorrhage prior to surgical intervention [3, 4].  In this context, a porcine model of uncontrolled hemorrhage 
was adopted to evaluate the effects of AVP on survival after liver injury [18].  A bolus dose (0.4 U/kg, n=9) 
was administered followed by 0.08 U/kg/min continuous infusion until the bleeding was controlled, when 
standard fluid resuscitation was initiated.  Eight of nine AVP animals survived more than 7 days, while all 
fluid resuscitation animals (n=7) and all placebo animals (n=7) died in the hemorrhage period.  A similar 
study was conducted to compare the effect of AVP to epinephrine on short-term survival [19].  AVP (n=7), 
but not epinephrine (n=7) or placebo (n=7), improved survival in uncontrolled hemorrhage after liver injury.  
These findings suggest that delayed fluid resuscitation combined with AVP infusion may be beneficial.  
However, a concern remains about possible visceral ischemia by large dose AVP [7]. 
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6.0 AVP FOR TRAUMATIC BRAIN INJURY (TBI) 

Hypotension, hypoxemia and increased intracranial pressure (ICP) after TBI are strongly associated with poor 
outcome [20, 21].  Although hypertonic/colloid solutions [5] or vasoactive agents [22] have been advocated to 
maintain cerebral perfusion pressure (CPP), reduce the fluid requirement and minimize ICP changes, the 
validity of vasoactive agents in this setting is undetermined.  In a porcine model, phenylephrine improved 
CPP but did not increase cerebral blood flow in uncontrolled hemorrhage after TBI [23].  Clinical trials have 
suggested that norepinephrine is superior to dopamine in optimizing both ICP [24] and cerebral blood flow 
[22].  There is one case report, in which early use of AVP appeared efficacious for a patient with severe TBI 
(GCS 4) complicated with hypotension refractory to fluid and sympathomimetics [25]. 

We have performed two series of studies to evaluate the therapeutic potential of AVP during resuscitation 
from hemorrhagic shock after TBI.  In the first series, anesthetized swine (n=19) received standardized fluid 
percussion TBI and severe hemorrhagic hypotension with MAP < 20 mmHg and isoelectric EEG for 12 
minutes.  Three animals died before randomization.  The survivors were resuscitated with a clinically relevant 
protocol [26, 27] including administration of normal saline, blood and mannitol (1 g/kg) to maintain CPP > 60 
mmHg.  Either continuous AVP (0.1 U/kg/hr) or placebo infusion was administered in blinded fashion.  Our 
data showed that the total fluid required to maintain CPP was reduced by half in the animals receiving AVP, 
the transfusion requirement was reduced by 40%, cerebrovascular reactivity to carbon dioxide was improved, 
and ICP were reduced (11±1 vs 23±2 mmHg). 

In a second series (n=14), the duration of hypotension and isoelectric EEG after TBI was extended to 20 min, 
which caused a greater number of primary deaths (n=4).  Then the identical resuscitation protocol was 
initiated with AVP bolus (0.2 U/kg) followed by continuous infusion (0.1 U/kg/hr).  All AVP animals (n=5) 
survived 5 hours after TBI, while 3 animals died within 67min in the placebo group (n=5).  Altogether, these 
data suggest a therapeutic potential for AVP during fluid resuscitation from severe TBI. 

7.0 AVP FOR PULMONARY CONTUSION 

The deleterious effects of large amount of fluid administration on pulmonary contusion have been suggested 
in animal models, but the efficacy of limiting fluid, either with hypertonic solutions or with vasoactive agents 
has not been supported by clinical evidence [6].  In our laboratory, the potential benefits of AVP were 
examined in a porcine lung contusion model combined with hemorrhagic hypotension [28].  After a blast to 
the chest with a captive bolt gun and hemorrhage to MAP < 30 mmHg for 20 minutes (n=20), there were 3 
deaths.  The survivors were resuscitated with crystalloid and randomized to either AVP (0.1 U/kg followed by 
0.4 U/kg/hr) or placebo.  All AVP animals (n=8) survived 5 hours, while 4 of 9 placebo animals died within 
120 min after the injury.  With AVP vs placebo, the total fluid required to maintain MAP was reduced by two-
thirds, ventilatory mechanics  (compliance, airway resistance, and airway pressures) were improved, and 
ventilation/perfusion was improved. 

The major limitation of our animal studies is related to safety and specificity.  We observed AVP reduced 
cardiac index in accordance with decrease in heart rate, and thus O2 extraction was increased and lactate 
clearance was delayed.  These parameters eventually returned to normal within 5 hours, but ischemia of 
visceral organs and distal extremities cannot be ruled out.  Finally, despite previous studies which suggest 
unique benefits of AVP vs catecholamines [12, 14, 19], it is possible that the benefits we observed are related 
to reduced fluid requirements and are not AVP-specific.  Further experimental work and subsequent clinical 
trials appear justified to validate the safety and efficacy of AVP for resuscitation in trauma patients. 
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