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Abstract
Vasopressin is a potent endogenous vasoconstrictor that increases

blood pressure and systemic vascular resistance. The administration of

exogenous vasopressin during closed and open cardiopulmonary
resuscitation in humans was shown to be more effective than optimal

doses of epinephrine in several clinical studies. We summarize here

the recent experimental and clinical data on the use of vasopressin in

cardiopulmonary resuscitation and septic shock. As the use of
vasopressin in human resuscitation is now in its early stages, it is

expected that accumulated future experience will shed more light

regarding the risk-benefit aspects of its use.
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Intravenous epinephrine is the recommended vasopressor drug in

the current guidelines for management of cardiac arrest and

cardiopulmonary resuscitation. Its beneficial effects are attributed

to its strong a-adrenergic receptor-stimulating properties, causing

an augmentation of myocardial and cerebral blood flow during CPR

enabling rapid defibrillation and preservation of neuronal viability

respectively. However, epinephrine use in CPR is associated with

some undesirable side effects related to its potent b-stimulating

effects. The severe tachycardia and ventricular arrhythmias caused

by epinephrine increase myocardial oxygen consumption and

contribute to post-resuscitation myocardial dysfunction. Indeed,

several clinical studies of cardiac arrest patients suggest that

epinephrine may have no benefit over placebo in terms of hospital

discharge rates and survival [1]. The use of high dose protocols for

the administration of epinephrine, which were associated with

higher rates of return of spontaneous circulation, did not contribute

to better neurologic recovery or patient survival to hospital

discharge [2]. As current methods of CPR and advanced cardiac

life support continue to yield poor results, continuous efforts are

being invested to find alternative pharmacologic therapies.

Vasopressin is a potent endogenous vasoconstrictor that

increases blood pressure and systemic vascular resistance. Similar

to epinephrine, it causes selective peripheral vasoconstriction, but

with a reduced amount of myocardial oxygen demand. Initial

interest in the possible value of vasopressin arose after the

observation that endogenous vasopressin levels were markedly

higher during cardiac arrest than in normal physiologic conditions.

Moreover, higher levels of endogenous vasopressin, measured in

patients undergoing CPR, were associated with greater rate of

return of spontaneous circulation and chances of survival as

opposed to serum levels of epinephrine, which were found to be

inversely correlated with patient survival [3]. These observations

founded the basis for the experimental [4±7] and later clinical

research [8±10] on the possible role of vasopressin in CPR.

Vasopressin physiology and mechanism of action

Vasopressin, a 39 amino acid glycopeptide, is the principal

antidiuretic hormone that is essential for preservation of homeo-

stasis and survival. Vasopressin is synthesized in the posterior

hypothalamus and is released to the circulation as a result of two

main stimuli: increased serum osmolarity and hypotension. Other

known stimuli to vasopressin release include pain, nausea, hypoxia,

hypercarbia, drugs (i.e., opioids), certain types of malignant tumors,

and mechanical ventilation. Several analogues of vasopressin exist

(arginine ± ADH, lysine ± present in swine, oxytocin ± induces

uterine contraction, ornithin ± used for the treatment of varices, and

DDAVP ± increases factor VIII activity). They differ in chemical

structure and physiologic (antidiuretic/vasopressor) activities. In

this review we chose to concentrate on arginine vasopressin which

is the endogenous analogue (a-antidiuretic/vasopressor activity of

1/1) used in critical care (400 units of arginine vasopressin = 1 mg).

The cellular effects of vasopressin are mediated by interactions

of the hormone with two principal types of receptors, V1 and V2. V1
receptors are mainly found in gastrointestinal and vascular smooth

muscle, but also in the bladder, myometrium, kidneys and many

central nervous system structures. V2 receptors are predominantly

located in principal cells of the renal collecting duct system.

The principal physiologic stimulus for vasopressin secretion is

an increase in plasma osmolarity, as sensed by exquisitely sensitive

osmoreceptors located in the brain and peripheral vasculature. By

binding to the V2 receptors, an increase in water absorption in the

collecting ducts is initiated, resulting in greater water conservation.CPR = cardiopulmonary resuscitation
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The second physiologic stimuli for vasopressin release are

hypotension and hypovolemia, as sensed by stretch receptors in

the left atrium, aortic arch and the carotid sinus. These non-osmotic

stimuli can trigger massive release of vasopressin, which acts as a

non-adrenergic peripheral vasoconstrictor by directly stimulating

smooth muscle V1 receptors. Vasopressin-related vasoconstrictive

effect may be especially useful when the duration of cardiac arrest is

prolonged because the adrenergic pressor response in severe

acidosis is blunted, while in the face of severe acidosis vasopressin

still has a considerable vasoconstrictive effect [11]. Essential to

vasoconstriction is an increase in the concentration of calcium in

the cytosol of smooth muscle cells. The biochemical basis for

vasopressin-related pressor effect is thought to be via its ability to

inactivate KATP channels in vascular smooth muscle cells [11]. These

potassium channels play a key role in determining the membrane

potential of vascular smooth muscle cells and thus, vasoreactivity.

Opening of these channels (i.e., as a result of acidosis or hypoxia)

allows an efflux of potassium, causing hyperpolarization and

prevention of calcium to enter the cells. This leads to smooth

muscle relaxation and vasodilation. By contrast, inactivation of the

KATP channels leads to depolarization, opening of the voltage-gated

calcium channels and increase in the cytosolic calcium concentra-

tion, which induces vasoconstriction [11]. Another recently dis-

covered mechanism for vasopressin-induced vasoconstriction is its

ability to blunt the accelerated synthesis of nitric oxide following

lipopolysaccharide and interleukin-1 stimulation in sepsis [12]. This

halts the nitric oxide-mediated vasodilation seen in septic states

[11]. Clinically, the vasoconstrictor effects of vasopressin in CPR is

mostly peripheral, causing shunting blood flow from organs like

skin, skeletal muscle, intestine and fat, while sparing perfusion to

vital organs such as heart, kidneys and brain by causing relatively

less vasoconstriction in their vascular beds. Furthermore, vaso-

pressin may vasodilate cerebral vasculature [13]. This beneficial

effect provided by vasopressin even at low and suboptimal

perfusion pressures generated during CPR increases the chances

of neuronal viability preservation until full restoration of the

circulation. The relative selective vasoconstrictive effects of

vasopressin are also used clinically in the therapy for specific

clinical conditions requiring vasoconstriction, such as bleeding

esophageal varices and abdominal angiography. Another common

indication for the use of vasopressin is in the treatment of central

diabetes insipidus.

Experimental use of vasopressin

More than 13 animal studies, using models of both closed and open

chest CPR, were designed to compare the effects of vasopressin

with those of epinephrine during cardiac arrest. Using radiolabeled

microspheres, coronary and cerebral blood flows were determined

in a closed chest pig model of short and prolonged duration

ventricular fibrillation given either vasopressin or epinephrine [4].

Results showed that the use of intravenous 0.8 U/kg vasopressin

caused higher coronary and cerebral blood flow as compared to the

administration of high dose epinephrine (200 g/kg). Moreover, in an

open chest pig model of cardiac arrest, the vasopressin effect lasted

longer, and significantly more animals treated with vasopressin

could be resuscitated [5]. In another porcine model of short

duration ventricular fibrillation, the use of vasopressin achieved a

significantly higher cerebral oxygen delivery [6] and ventricular

fibrillation median frequency [7] compared with high dose

epinephrine. These results contributed to the improved chances

of return of spontaneous circulation following the arrest [6,7]. The

higher perfusion of vital organs (i.e., brain and heart) during the

arrest using vasopressin was explained by its unique ability to

shunt blood flow preferentially to the heart and the brain away from

non-vital organs, perhaps secondary to nitric oxide release and its

related vasodilation [14]. Common to all these studies is the fact

that the vasopressin beneficial effect on cardiac physiology is

achieved with only minor increase in myocardial oxygen consump-

tion compared to that observed with epinephrine. Indeed, the lack

of the b-stimulating effects of vasopressin that can be deleterious,

such as aggravation of ischemic damage to the myocardium, is a

clear advantage of vasopressin.

Given the longer duration of action of vasopressin compared

with epinephrine, post-resuscitation systemic vasoconstriction and

myocardial depression may be a concern, as long-term survival after

cardiac arrest depends on adequate systemic perfusion. However, it

was found that after the administration of vasopressin overall

cardiovascular function was not irreversibly impaired [15]. In one

study there was a transient decrease in cephalic mesenteric blood

flow during and after CPR with vasopressin, but neither renal blood

flow nor renal function was impaired [16,17].

The use of repeated doses of vasopressin as compared to

epinephrine in a pig model of prolonged cardiac arrest and CPR was

evaluated by Wenzel et al. [18]. The vasopressin-treated group

exhibited an improvement of coronary perfusion pressure and 60

minute survival compared to the epinephrine group. In another

study [19], a single dose of vasopressin was compared with

repeated boluses of epinephrine in pigs subjected to 18 minutes of

ventricular fibrillation. No difference was observed between the two

groups in 24 hour neurologic outcome or in success rate of

restoration of spontaneous circulation. However, in a model of

prolonged cardiac arrest followed by CPR, repeated boluses of

vasopressin ensured full neurologic recovery and improved long-

term survival, as compared with epinephrine or placebo [20].

Given the different mechanism of action of vasopressin and

epinephrine, few studies tested the combined effect of vasopressin

and epinephrine during CPR. Mulligan et al. [21] found that

treatment with both agents during cardiac arrest resulted in a more

rapid rise in coronary perfusion pressure and an elevated coronary

perfusion pressure as compared to using each drug alone. They

concluded that these synergistic effects may be of benefit during

CPR. Wenzel and co-workers [22] evaluated whether a combination

therapy (vasopressin and epinephrine) is superior to vasopressin

alone after prolonged cardiac arrest. They found a decrease in

cerebral blood flow with combination treatment compared with

vasopressin alone, but similar levels of left ventricular myocardial

blood flow were reached with the two treatment regimens. In

contrast to the previously described experimental studies using a

model of adult CPR, Voelckel et al. [23] compared both treatments

to either drug alone in a pediatric pig model of asphyxia-induced
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cardiac arrest. Their findings suggested that in the pediatric setting

of CPR the use of epinephrine might be of certain value compared

to vasopressin, as reflected by the higher myocardial blood flow and

rate of return of spontaneous circulation achieved using epine-

phrine alone as compared with vasopressin or their combination.

In special resuscitation circumstances (hypothermia, epidural

anesthesia, hypovolemic shock) the use of vasopressin as compared

to epinephrine resulted in a better outcome [24,25]. Other

advantages of vasopressin include equal vasopressive effectiveness

even when the regular intravenous injection is replaced by other

routes, as was shown in animal models by Efrati et al. [26] for the

intratracheal route and Wenzel et al. [27] for the intraosseous

administration.

Thus far, no study has been published regarding the safety or

risk-benefit analysis of the use of vasopressin in humans. Its use

can cause diverse deleterious effects. Persistent bradycardia and

ventricular arrhythmias were described following the use of

vasopressin and were attributed to a vagal response to the

vasopressin-induced hypertension and to increased vascular

resistance [28]. Other described side effects associated with

vasopressin administration include prolonged and profound

increase in systemic vascular resistance and hypertension resulting

in increased afterload, heart failure and depression of myocardial

function after CPR [15]. Impaired perfusion to collateral-dependent

myocardium and exacerbation of regional ischemia can also be a

deleterious side effect of vasopressin [29]. Due to its antidiuretic

effect, vasopressin can cause severe hyponatremia when used

continuously, as in the treatment of variceal hemorrhage. Never-

theless, none of the above-mentioned possible side effects were

described in recently published randomized control trials of

vasopressin in human resuscitation [10,30]. In addition, in a study

in children, the use of vasopressin for the treatment of vasodilatory

shock did not cause episodes of peripheral vasoconstriction or

cyanosis requiring that it be discontinued [31]. As the use of

vasopressin in human resuscitation is now in its early stages, it is

expected that accumulated future experience will shed more light

regarding the risk-benefit aspects of its use.

Vasopressin use in clinical investigation

Although laboratory data hint to the potential of vasopressin as an

alternative vasopressor during CPR, clinical data on its use in CPR

are still not conclusive and are based on the use of vasopressin in

CPR after standard advanced life support measures have failed. In

most of the existing clinical studies, patients were given large doses

of epinephrine prior to vasopressin administration, making it

difficult to isolate the effect of vasopressin on the return of

spontaneous circulation. For example, in a series of case reports,

eight patients were given intravenous 40 units of vasopressin during

cardiac arrest after 40 minutes of unsuccessful CPR, including

epinephrine treatment. All patients exhibited restoration of

spontaneous circulation [8]. Three patients were discharged from

the hospital with little or no neurologic deficit. The authors'

explanations for the superiority of vasopressin over epinephrine

were that unlike epinephrine, vasopressin preserves its potent

vasopressor effects even in conditions of hypoxia and acidosis, its

effects last longer and it does not increase myocardial oxygen

consumption or lactate production [8].

In another study [9], the hemodynamic effects of vasopressin

and epinephrine were compared in prehospital cardiac arrest

patients who had had prolonged unsuccessful resuscitation for 40

minutes. Ten patients were given intravenous 1 U/kg of vasopressin,

resulting in an increase of 28 mmHg in coronary perfusion pressure

in four patients but no return of spontaneous circulation.

On the basis of these observations Lindner and colleagues [10]

coordinated a small (n=40) prospective randomized study among

patients with out-of-hospital ventricular fibrillation resistant to

direct current shock. Comparing vasopressin versus epinephrine as

first-line therapy, they found that a higher proportion of those

treated with 40 units vasopressin survived for 24 hours compared

with those given 1 mg epinephrine, but the hospital discharge rate

was comparable. Neurologic outcomes during hospital discharge

were similar [10]. Stiell et al. [30] recently published data on a

prospective, randomized clinical trial of 200 in-hospital patients

treated with vasopressin or epinephrine during in-hospital cardiac

arrest. The results failed to detect any survival or neurologic

outcome benefits with the use of vasopressin compared to

epinephrine. They concluded that routine use of vasopressin should

be avoided for in-hospital cardiac arrest patients, even as an

alternative to epinephrine. The discrepancies in the results of

Lindner et al. [10] as opposed to those of Stiell et al. [30] can be

explained by the different case-mix (acute cardiac ischemia in the

pre-hospital setting versus critical illness and multiorgan involve-

ment in the in-hospital setting) and time to CPR initiation.

Vasopressin use in vasodilatory shock

Refractory hypotension and progressive acidosis not responding to

fluids and catecholamine infusion are the causes of early mortality

from severe sepsis. Plasma levels of vasopressin in patients with

septic shock were found inappropriately low compared to patients

in cardiogenic shock [11], and increased sensitivity to the pressor

effect of vasopressin was noted among advanced septic shock

patients [32]. These observations support vasopressin as an

emerging rational therapy for septic shock.

Low flow states caused by hypovolemia or septic shock are

associated with a biphasic response in serum vasopressin levels.

Early increased release of vasopressin from the neurohypophysis

leads to high levels of serum vasopressin. This contributes to the

stabilization of arterial pressure and organ perfusion in the initial

phase of the shock. However, in the later phase of the shock,

vasopressin secretion is deduced from an incompletely understood

mechanism that probably involves depletion of neurohypophyseal

stores after exhaustive release of vasopressin in the early phase of

shock [33]. Clinically, low serum vasopressin levels were found

during vasodilatory shock, indicating endogenous vasopressin

deficiency [32]. In view of the known clinical outcome of severe

vasodilatory shock, which remains poor, and given the experimental

and clinical hints as to the relative deficiency of vasopressin in

progressive shock states, vasopressin can be considered as a

plausible alternative for hemodynamic support especially in sepsis

with severe refractory shock. Indeed, reports from clinical trials
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demonstrated an improvement in systemic hemodynamics of

patients with vasodilatory shock in response to an infusion of

exogenous vasopressin, leading to prompt increase in blood

pressure and urine output while sparing conventional catechola-

mines. It appears that vasopressin possesses both direct and

indirect effects on the arterial vascular system. While the direct

effect is mediated by V1 receptor activation, vasopressin can also

increase the responsiveness of the systemic circulation to

catecholamines [13]. These properties support the usefulness of

vasopressin in the management of sepsis-induced refractory

hypotension. Positive results were reported in a retrospective

clinical study of 50 adult patients in severe septic shock [34]. In this

study, the use of vasopressin, as a rescue therapy, markedly

increased mean arterial blood pressure and urine output while

decreasing catecholamine requirements. However, mortality was

high (85%) and did not decrease following vasopressin administra-

tion. The augmented urine output observed with the use of

vasopressin can be explained by vasopressin-induced renal efferent

arteriolar vasoconstriction that increases renal perfusion pressure

[34]. Another non-randomized small study, which described the

early experience of vasopressin treatment in 11 moribund critically

ill children suffering from vasodilatory shock after cardiac surgery,

demonstrated a beneficial hemodynamic response to vasopressin

treatment with 8 of 11 children surviving to hospital discharge [31].

The authors' conclusion was that the use of vasopressin is a viable

treatment option for pediatric patients in refractory vasodilatory

shock. The doses used for supporting blood pressure in septic

states started from a continuous intravenous infusion of 0.01±0.04

U/min [32,34,35]. This range of vasopressin dosage leads to

elevation of blood pressure. Doses > 0.04 U/min led to a substantial

vasopressor effect but also undesirable vasoconstriction of the

splanchnic and coronary vasculature, as well as to a hypercoagula-

tion state [34]. The excessive peripheral vasoconstriction can lead

to a reduction of cardiac output, especially in patients sensitive to

changes in left ventricular afterload [34].

Current guidelines and future prospective

The use of vasopressin in an intravenous dose of 40 U as an

alternative pressor to epinephrine for the treatment of adult shock-

refractory ventricular fibrillation (Class IIb) and cardiac arrest (Class

intermediate) is currently recommended by the American Heart

Association and the International Committee on Resuscitation [36].

In the cardiac arrest scenario, vasopressin can be used as an

alternative for epinephrine, particularly when repeated administra-

tion of epinephrine is unsuccessful. The classification (Class IIb) for

the use of vasopressin requires fair-to-good evidence by the

majority of experts classifying it as an optional therapeutic

alternative. In the special clinical condition of refractory vasodila-

tory shock, a treatment trial with vasopressin seems to be a logical

choice. In this scenario recommended dosage starts from low dose

infusion of 0.01±0.04 U/min aiming for hemodynamic stabilization

[34].

Several distinguished papers raising concerns about the use of

vasopressin should be noted: Stiell et al. [30], in a randomized

controlled trial comparing survival for patients who had cardiac

arrest in hospital, failed to detect any survival advantage for

vasopressin over epinephrine. The American Heart Association

recommendations did not take into account the results of Stiell's

study which were published in 2001, and have opened an

ongoing debate. Vasopressin is not yet recommended by the U.S.

Food and Drug Administration as the vasopressor of choice for

the treatment of cardiac arrest or vasodilatory shock. In addition,

due to insufficient evidence from prospective trials in humans,

these recommendations were also not adopted by the European

Resuscitation Council, which did not include vasopressin in its

recently updated guidelines [37]. Furthermore, accurate data

about optimal dosages, administration interval and the effective-

ness of vasopressin on rhythms other than refractory ventricular

fibrillation are lacking. In addition, no definite recommendation

can be made for the use of vasopressin in the pediatric

population as no definitive data have been published on its

use in pediatric cardiac arrest or vasodilatory shock. In

conclusion, vasopressin is recommended as an alternative first-

line vasopressor in adults with ventricular fibrillation and out-of-

hospital cardiac arrest. However, this recommendation is based

on the results of a small-randomized clinical study and two case

series [38]. Thus, in the era of `̀ evidenced-based medicine'' there

are only limited data to support the use of vasopressin on a

regular basis. Results of future large randomized double-blind

studies are urgently needed before widespread use of vasopressin

can be recommended.
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Capsu le

HIV and needles

A controversial study, led by David Gisselquist, an independent

anthropologist from Hershey, PA, USA, suggests that the AIDS

pandemic in Africa is caused mainly by reuse of dirty needles in

healthcare. This claim disputes the long-held wisdom that sexual

transmission is the driving force behind 90% of HIV/AIDS cases.

After analyzing data from the past 20 years, Gisselquist's group

estimated that only 25±33% of HIV/AIDS cases resulted from

sexual transmission.
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