
Critical Care Critical Care Critical Care Critical Care Critical
Care Critical Care Critical Care Critical Care Critical Care
Critical Care Critical Care Critical Care Critical Care Critical
Care

Critical Care Critical Care Critical Care Critical Care Critical
Care Critical Care Critical Care Critical Care Critical Care
Critical Care Critical Care Critical Care Critical Care Critical
Care

Care Critical Care Critical Care Critical Care Critical Care
Critical Care Critical Care Critical Care Critical Care Critical
Care

Care Critical Care Critical Care Critical Care Critical Care
Critical Care Critical Care Critical Care Critical Care Critical
Care

Critical Care Critical Care Critical Care Critical Care Critical
Care

Care Critical Care Critical Care Critical Care Critical Care
Critical Care Critical Care Critical Care Critical Care Critical
Care

Care Critical Care Critical Care Critical Care Critical Care
Critical Care Critical Care Critical Care Critical Care Critical
Care

Care Critical Care Critical Care Critical Care Critical Care
Critical Care Critical Care Critical Care Critical Care Critical
Care

Care Critical Care Critical Care Critical Care Critical Care
Critical Care Critical Care Critical Care Critical Care Critical
Care

Critical Care Critical Care Critical Care Critical Care Critical
Care Critical Care Critical Care Critical Care Critical Care
Critical Care Critical Care Critical Care Critical Care Cr Care

Critical Care Critical Care Critical Care Critical Care Criti
Care Critical Care Critical Care Critical Care Critical CareCritical Care Critical Care Critical Care Critical Care CrCritical Care Critical Care
Critical Care Critical Care Critical Care Critical Care Criti
Care Critical Care Critical Care Critical Care Critical CareCritical Care Critical Care Critical Care Critical Care CrCritical Care Critical CareCritical Care Critical Care Critical Care Critical Care Criti

Care Critical Care Critical Care Critical Care Critical CareCritical Care Critical Care Critical Care Critical Care CrCritical Care Critical Care

ritical Care Critical Care Critical Care Critical Care Criti
are Critical Care Critical Care Critical Care Critical CareCritical Care Critical Care Critical Care Critical Care CrCritical Care Critical Care

ical Care Critical Care Critical Care Critical Care Criti
e Critical Care Critical Care Critical Care Critical CareCritical Care Critical Care Critical Care Critical Care CrCritical Care Critical CareCritical Care Critical Care Critical Care Critical Care Criti

Care Critical Care Critical Care Critical Care Critical CareCritical Care Critical Care Critical Care Critical Care CrCritical Care Critical CareCritical Care Critical Care Critical Care Critical Care Criti
Care Critical Care Critical Care Critical Care Critical CareCritical Care Critical Care Critical Care Critical Care CrCritical Care Critical CareCritical Care Critical Care Critical Care Critical Care Criti
Care Critical Care Critical Care Critical Care Critical CareCritical Care Critical Care Critical Care Critical Care CrCritical Care Critical Care

Critical Care Critical Care Critical Care Critical Care Care 
Critical Care Critical Care Critical Care Critical CareCritical Care Critical Care Critical Care Critical Care Critical Care Critical Care

l Care Critical Care Critical
ritical Care Critical Care
l Care Critical Care Critical

are Critical Care Critical
ical Care Critical Care
are Critical Care Critical
Critical Care Critical
Care Critical Care
Critical Care Critical

tical Care Critical Care Critical
e Critical Care Critical Care
tical Care Critical Care 

cal Care Critical Care Critical
Critical Care Critical Care

cal Care Critical Care Critical

Critical Care Critical Care Critical
Care Critical Care Critical Care
Critical Care Critical Care Criti

CRITICAL CARE
R O U N D S
A S P R E S E N T E D I N T H E G R A N D R O U N D S O F

P A R T I C I P A T I N G H O S P I T A L S A C R O S S C A N A D A

S
ep

te
m

be
r

20
03

Vo
lu

m
e 

4,
 Is

su
e 

7

The Canadian Critical 
Care Society
Correspondence:
John Granton, MD
The Toronto General Hospital
10 EN-220
200 Elizabeth Street
Toronto, ON. M5G 2C4
Fax: 416-340-3359

The Canadian Critical Care
Society (CCCS) — 
Editorial Board

Graeme Rocker, MD
President, CCCS
Dalhousie University

Paul J. E. Boiteau, MD
Past President, CCCS
University of Calgary

Joe Pagliarello, MD
Secretary Treasurer, CCCS
University of Ottawa

Deborah Cook, MD
President, CCCTG
McMaster University

John Granton, MD, Editor
University of Toronto

Mark Heule, MD
University of Alberta

Daren Heyland, MD
Queen’s University

Jacques Lacroix, MD
University of Montreal

Claudio Martin, MD
University of Western Ontario

Cindy Hamielec, MD, President,
Canadian Intensive Care Foundation
McMaster University

Jamie Hutchison, MD
University of Toronto

Arginine vasopressin (hereafter referred to as “vasopressin”), also known as antidiuretic
hormone, is essential for survival as attested by its teleological persistence. Oxytocin and
vasopressin-like peptides have been isolated from 4 invertebrate phyla and 7 major vertebrate
families, representing more than 120 species.1 Although oxytocin differs from vasopressin by
only one amino acid (80% homology), they have clearly divergent physiological activities. The
vasopressor effect of pituitary extract, first observed in 1895, was attributed to the posterior
lobe of the gland.2 It wasn’t until 18 years later that the antidiuretic effect of neurohypophyseal
extract was demonstrated. After isolation and synthesis of vasopressin in the 1950s, it was
proven that the same hormone in the posterior pituitary possessed both antidiuretic and vaso-
pressor effects.3 The importance of vasopressin in osmotic defense is fundamental. Indeed, the
antidiuretic effect of vasopressin has been exploited clinically for over half a century to treat
diabetes insipidus. Only recently has vasopressin emerged as a therapy for shock states,
renewing an interest in its cardiovascular effects. 

Vasopressin mechanisms
The actions of vasopressin are mediated by stimulation of tissue-specific G protein-coupled

receptors (GPCRs) currently classified into: 
• V1 vascular (V1R) • oxytocin (OTR) subtypes,4 and
• V2 renal (V2R) • P2 purinergic receptors (P2R).5

• V3 pituitary (V3R)
The actions of vasopressin are signaled through pathways that are similar to extracellular agents

such as hormones (glucagon, luteinizing hormone, and epinephrine), neurotransmitters (acetylcholine,
dopamine, and serotonin), and chemokines. Whether vasopressin causes vasoconstriction or vasodila-
tion depends on the vascular bed studied, which may in turn, depend on the receptor density (eg, V1R
vs OTR), the model studied, the dose of vasopressin,6 and the duration of exposure to the hormone.7

Indeed, the opposing influences of the various pathways that determine the functional state of vascular
smooth muscle is an area for further study. The important question is whether vasopressin can cause
simultaneous vasoconstriction of some vascular beds and vasodilation of others. 

The V1 vascular receptor (V1R)
V1Rs are found in high density on vascular smooth muscle and cause vasoconstriction by an

increase in intracellular calcium via the phosphatidyl-inositol-bisphosphonate cascade. Cardiac
myocytes also possess V1Rs and are discussed in a subsequent section. Additionally, V1Rs are located in
the brain, testes, superior cervical ganglion, liver, blood vessels, and renal medulla.8 The exact physio-
logic role of vasopressin in many of these diverse tissues remains unknown. Platelets express the V1R
which, upon stimulation, induces an increase in intracellular calcium, thus facilitating thrombosis;9

however, there appears to be a tremendous variability in the aggregation response of normal human
platelets to vasopressin.10

V1Rs are also found in the kidney where they occur in high density on medullary interstitial cells,
vasa recta, and epithelial cells of the collecting duct. Vasopressin acts on the medullary vasculature via
the V1R to reduce blood flow to the inner medulla without affecting blood flow to the outer medulla.11

V1Rs on the luminal membrane of the collecting duct – probably exerted through V1R receptors
located on the luminal membrane – limit the antidiuretic effects of vasopressin.11 In addition,
vasopressin selectively causes contraction of efferent arterioles,12 likely via the V1R, but not afferent
arterioles. This selectivity, not shared by catecholamine vasopressors, would tend to increase the
glomerular filtration rate (GFR), likely accounting for the paradoxical increase in urine output
observed when this antidiuretic hormone is administered to subjects in vasodilatory shock.13,14
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The V2 renal receptor (V2R) 
The well-known antidiuretic effect of vasopressin occurs via

activation of the V2R. Vasopressin regulates water excretion
from the kidney by increasing the osmotic water permeability of
the renal collecting duct, an effect that is explained by coupling
of the V2R with a pathway that activates cAMP (cyclic adenosine
monophosphate).15 Indeed, most cases of diabetes insipidus can
be explained by mutations of the V2R gene, located on chromo-
some region 10q28.16

The V3R pituitary receptor (V3R) 
The human V3R (previously known as V1bR) is a pituitary

receptor that, due to its scarcity, was only recently characterized.
However, the V3R has a pharmacological profile that distin-
guishes it from the human V1R and activates several signaling
pathways, depending on the level of receptor expression.17  Inter-
estingly, the V3R is also overexpressed in ACTH-hypersecreting
tumours.

The oxytocin receptor (OTR)
The OTR can be considered a “non-selective” vasopressin

receptor. The OTR has equal affinity for vasopressin and
oxytocin, whereas the V1R has a 30-fold higher affinity for vaso-
pressin than for oxytocin.18 OTRs have been localized to a
variety of reproductive and nonreproductive tissues. Impor-
tantly, OTRs exist in high density on vascular endothelium,
mediating nitric oxide-dependent vasodilation.19 Recently, the
oxytocin/OTR system has been discovered in the heart. Activa-
tion of cardiac OTR stimulates the release of the atrial natri-
uretic peptide (ANP) that is involved in natriuresis, regulation of
blood pressure, and cell growth.20 Embryonic stem cells exposed
to oxytocin exhibit increased ANP mRNA, abundant mitochon-
dria, and express sarcomeric myosin heavy chain, consistent with
the promotion of cardiomyocyte differentiation.21

The purinergic receptors (P2R)
Recently, vasopressin has been demonstrated to act on the P2

class of purinoceptors (P2R).5 P2Rs may also have an important
role in cardiac contractility. ATP released by platelets, endothe-
lial cells, and damaged myocardium activates the P2R, causing a
large increase in cytosolic calcium and myocyte contractile
amplitude.22 ATP is also released as a co-transmitter with norep-
inephrine from sympathetic nerve endings and acts in a syner-
gistic manner with ß-adrenergic agents, increasing myocardial
contractility.23 In contrast to ß-adrenergic agents, inotropy is not
accompanied by a positive chronotropic effect. It is speculated
that a P2R agonist-stimulated increase in contractility could
occur without the expense of a rate-related increase in myocar-
dial oxygen demand.22 Recently, vasopressin has been shown to
exert cardiac effects through activation of P2Rs expressed on
cardiac endothelium. Further study is necessary to ascertain the
significance of vasopressin P2R activation in the human heart,
but the discovery that vasopressin acts on P2Rs is intriguing. 

Cardiovascular effects of vasopressin
Vasopressin restores vascular tone in vasoplegic (catecho-

lamine-resistant) shock states by at least 3 known mechanisms
through activation of V1Rs: modulation of KATP channels, mod-
ulation of nitric oxide, and potentiation of adrenergic and other
vasoconstrictor agents.24

Vasopressin, norepinephrine, and angiotensin II act on cell
surface receptors to effect vasoconstriction. Vasopressin inter-

acts with V1 receptors, found in high density on vascular smooth
muscle. Activation of these receptors stimulates phospholipase
C and intracellular second messengers that, in turn, activate
protein kinase C and elevate intracellular free calcium to initiate
contraction of vascular smooth muscle. In contrast, vasodilators
(eg, atrial natriuretic peptide [ANP] and nitric oxide [NO]) acti-
vate a cyclic guanosine monophosphate (cGMP)-dependent
kinase that, by interacting with myosin phosphatase, dephos-
phorylates myosin and thus prevents muscle contraction.25 The
opposing influences of these pathways are important in deter-
mining the functional state of vascular smooth muscle and the
integration of this signaling is a key component in vascular
homeostasis.  

Potassium (K+) channels
A key mechanism by which vascular smooth muscle tone is

controlled is through K+ channels. The resting membrane
potential of vascular smooth muscle ranges from –30 to –60 mV;
however, a more positive potential (depolarization) opens
voltage-gated calcium channels, increasing cytosolic Ca++ con-
centration and inducing vasoconstriction. Conversely, hyperpo-
larization closes these channels, decreases cytosolic Ca++ concen-
tration, and induces vasodilation.24 The membrane potential of
vascular smooth muscle is controlled by a number of ion trans-
porters and channels, particularly K+ channels. The opening of
K+ channels allows an efflux of potassium, thus hyperpolarizing
the plasma membrane and preventing the entry of calcium into
the cell, even in the presence of vasoconstrictor agents.26

Four types of K+ channels have been described. Of these,
the ATP-sensitive K+ channel (KATP) is the best understood and
has a critical role in disease states such as vasodilatory shock.
KATP channels are physiologically activated by decreases in cel-
lular ATP and by increases in the cellular concentrations of
hydrogen ions and lactate. This activation prevents the opening
of voltage-gated Ca++ channels and contributes to the vasoplegia
(resistance to catecholamines) seen in shock states. Activation of
KATP channels is a critical mechanism in the hypotension and
vasodilation characteristic of vasodilatory shock. Agents that
close KATP channels (eg, the sulfonylureas) have been shown to
increase arterial pressure and vascular resistance in vasodilatory
shock due to hypoxia,27 in septic shock27 and in the late vasodila-
tory phase of hemorrhagic shock.28 An important mechanism
through which vasopressin restores vascular tone in vasoplegic
(catecholamine-resistant) shock states may be its ability to close
KATP channels.29

Nitric oxide modulation
Another mechanism by which vasopressin exerts vascular

control is through modulation of nitric oxide (NO). Nitric oxide
contributes to the hypotension and resistance to vasopressor
drugs that occurs in vasodilatory shock. The vasodilating effect
of NO is mediated mainly by activation of myosin light-chain
phosphatase. However, NO also activates K+ channels in vas-
cular smooth muscle.30 Agents that block NO synthesis during
septic shock, increase arterial pressure and decrease the doses of
vasoconstrictor catecholamines required to maintain arterial
pressure.31 Vasopressin may restore vascular tone in vasodilatory
shock states by blunting the increase in cGMP that is induced
by NO32 and ANP,33 and by decreasing synthesis of inducible
NO synthase that is stimulated by lipopolysaccharide.32

Vasopressin potentiates the vasoconstrictor effects of many
agents, including norepinephrine34 and angiotensin II.35 Vaso-



effects of vasopressin on contractility from its effects on coro-
nary perfusion, heart rate, and ventricular preload. Of more
importance is the net clinical benefit of these often-contradic-
tory actions. An observational study of critically ill humans
specifically examined the effects of low-dose vasopressin infusion
on hemodynamics and cardiac performance.47  In 41 patients
with catecholamine-resistant post-cardiotomy shock, continuous
infusion of vasopressin was associated with a significant increase
in left ventricular stroke work index and a significant decrease in
heart rate, as well as vasopressor and inotropic requirements.47

Cardiac index and stroke volume remained unchanged despite a
significant reduction in the requirement for inotropic agents.
Interestingly, myocardial enzymes significantly decreased in 
all patients and in many with atrial arrhythmias converted on
infusion. The authors concluded that low-dose vasopressin
improved myocardial performance in this group of patients.  

Classically, it has been thought that the effects of vaso-
pressin on the heart were mediated via the V1R (vascular
smooth muscle/calcium-dependent effect) or the oxytocin
receptor (endothelial/nitric oxide effect). Neonatal rat cardio-
myocytes possess V1Rs48 and vasopressin causes dose-dependent
increases in intracellular calcium, which is dependent on extra-
cellular magnesium and calcium concentrations, and secondary
to V1R activation and phospholipase-mediated inositol triphos-
phate (IP3) generation.49 The V1R also mediates prostacyclin
and atrial natriuretic factor release from cultured rat cardiomy-
octyes exposed to vasopressin.50 Oxytocin receptors have been
identified in isolated rat heart and oxytocin causes increased
ANP release in perfused rat heart preparations.20 The negative
inotropic and chonotropic effects of oxytocin may be mediated
by these cardiac oxytocin receptors. Blockade of cholinergic
receptors and NO production attenuated the negative effects of
oxytocin on cardiac function.51 Recently, it has been suggested
that the cardiac effects of vasopressin are due to selective activa-
tion of intravascular purinoceptors and that an intermediary of
these effects is ATP.5 Adenoviral gene transfer of the V2R into
cardiomyocytes was shown to modulate the endogenous cAMP
signal cascade and increase contractility of rat cardiomyocytes.52

In the setting of primary cardiac dysfunction, however, it is
the effect of vasopressin on systemic vascular resistance that may
counter any potential beneficial effects on cardiac inotropy. In
fact, antagonism of vasopressin receptors has been advocated as
therapy for congestive heart failure. Certainly, both animal
models of congestive heart failure and early clinical studies
support the notion that antagonism of V1 and V2 receptors leads
to improvement in cardiac function, likely mediated through
reductions in cardiac afterload.53

Clinical applications of vasopressin in shock 
In health, the role of vasopressin in the maintenance of

resting arteriolar tone and systemic blood pressure is minor, 
and high concentrations of vasopressin are required before vaso-
constrictor effects are seen. It is only during shock states that
the role of vasopressin in the maintenance of systemic blood
pressure is seen. Indeed, vasopressin deficiency and hypersensi-
tivity to its pressor effects appear to be a hallmark of vasodila-
tory shock states.24 These states include vasodilatory septic
shock,13,45,54-56 vasodilatory shock post-cardiopulmonary bypass,57-61

vasodilatory shock due to phosphodiesterase inhibition in the
treatment of heart failure,46 hemodynamically unstable organ
donors,62 and the late, so-called “irreversible” phase of volume-
treated hemorrhagic shock.63 The reason for the reduction in

pressin has been demonstrated to cause vasodilation in numer-
ous vascular beds, a feature not shared by other vasoconstrictor
agents. It has been demonstrated that the mechanism of vasodi-
lation is due to activation of oxytocin endothelial receptors that in
turn trigger activation of endothelial isoforms of NO synthase.19

Vasopressin and the heart
The actions of vasopressin on the heart are complex and

studies are seemingly contradictory. Depending on the species
studied, the dose used, and the experimental model, vasopressin
can cause coronary vasoconstriction or vasodilation, and exert
positive or negative inotropic effects. In addition to the vascular
effects on coronary blood flow, vasopressin also has mitogenic
and metabolic effects on the heart.

Coronary vascular tone
The effect of vasopressin on the coronary vascular bed is

controversial. Several investigators have demonstrated a V1R-
mediated coronary vasoconstrictor response to vasopressin,36 an
effect that appears to be dose-dependent and intensified by
removal of endothelium.37 In contrast, coronary vasodilation in
response to vasopressin has been demonstrated in isolated
canine38 and primate39 coronary arteries. Recently, vasopressin
was demonstrated to cause coronary vasodilation in an intact
animal model. A bolus injection of vasopressin significantly
increased the vascular diameter of the left anterior descending
artery in pigs; this vasodilation was present during sinus rhythm,
ventricular fibrillation, and after successful cardiopulmonary
resuscitation.40 Vasopressin likely affects coronary vasodilation
through control of endothelial tone,38 as demonstrated in the
pulmonary vasculature.41

Several preclinical studies have evaluated vasopressin in
animal models of cardiac arrest.42,43 These studies suggest that
vasopressin leads to superior resuscitation rates compared to
epinephrine. The improvement in restoration of spontaneous
circulation is partially ascribed to an improvement in coronary
blood flow.44 However, in the setting of cardiac arrest, the
improvement in coronary blood flow is likely mediated by an
improvement in coronary perfusion pressure as opposed to
vasopressin-mediated coronary vasodilation.

Inotropy
Studies of the inotropic effects of vasopressin are also con-

troversial and again, seem to depend on the dose used and the
model studied. Indeed, in many experimental studies, it is diffi-
cult to isolate the effects of vasopressin on inotropy from its
effects on coronary blood flow. The net effect of vasopressin on
cardiac function in an intact preparation seems to depend on the
concentration of vasopressin as well as the relative balance of its
effects on coronary perfusion pressure (diastolic blood pressure),
coronary vascular tone, and any direct effects on the inotropic
state of the myocardium.

The clinical observation that vasopressin greatly increases
afterload in vasodilatory shock (systemic vascular resistance
(SVR) nearly doubles), but depresses cardiac output relatively
little (14%), led to speculation that vasopressin at low doses
might have positive inotropic effects.45 Furthermore, in a small
trial of vasopressin in patients with heart failure and vasodilatory
hypotension due to the phosphodiesterase inhibitor, milrinone,
vasopressin increased SVR, but did not depress cardiac output,46

again suggesting a positive inotropic action. However, these
conclusions are speculative since it is difficult to isolate the



circulating concentrations of vasopressin has not been fully
determined; however, depletion of neurohypophyseal
stores has been observed in profound shock states.64

The clinical use of vasopressin followed observations
that exogenous administration of vasopressin during shock
is capable of restoring systemic blood pressure. Landry and
co-workers first demonstrated this property in 5 patients
with advanced septic shock.54 Since their initial observa-
tions, several uncontrolled trials have demonstrated that
vasopressin can restore blood pressure during septic shock,
following cardiopulmonary bypass, and following adrena-
line resistant cardiac arrest (Table 1). Few controlled
studies, however, have been performed to properly evaluate
the effectiveness of vasopressin in shock. This is a critical
point since it cannot be inferred that if an agent restores
blood pressure, it will also lead to an improvement in
outcome. An increase in blood pressure may be obtained at
the expense of perfusion to critical organs or it may worsen
cardiac performance by impairing ventricular output through
an increase in ventricular afterload. Consequently, organ
injury could worsen in the face of blood pressure restora-
tion. A case in point is the manner in which nitric oxide
synthase (NOS) inhibition was embraced to treat shock in
septic patients.65 In fact, NOS inhibitors have clinical
effects that are similar to vasopressin and several reports
have documented increased blood pressure, reduced pressor
requirements, and an attendant reduction in cardiac output
(a profile that resembles vasopressin) in patients with septic
shock.66,67 However, a recent randomized controlled trial of
an NOS inhibitor in septic shock was halted because of
higher mortality in the group that received treatment.68

At the present time, the only blinded, systematic evalu-
ation of vasopressin in sepsis is a recent study by Patel and
co-workers.56 In a controlled fashion, they compared the
effects of vasopressin to norepinephrine in 24 patients with
septic shock who required vasopressor infusions. Patients
who received vasopressin had a significant (80%) reduction
in vasopressor requirements. Interestingly, patients in the
vasopressin arm experienced a doubling in urine output
and a 75% increase in creatinine clearance. Based on current

information, it appears that replacement of vasopressin at 
a fixed dose can eliminate the need for catecholamine pres-
sors in many patients. 

Vasopressin has also been evaluated in the setting of
hypotension following the induction of anesthesia in patients
who are chronically treated with angiotensin converting
enzyme (ACE) inhibitors.69,70 One study compared terli-
pressin (a vasopressin agonist) plus ephedrine (n=21) versus
ephedrine alone (n=19) in patients following induction of
anesthesia.69 The second study evaluated vasopressin (n=13)
compared to placebo (n=14) in patients following cardiac
bypass.70 Both studies demonstrated that the vasopressin
agonist led to better hemodynamic stability and less
catecholamine use. Consequently, in patients who are
refractory to conventional vasopressors (owing to chronic
blockade of their renin angiotensin system [RAS]), vaso-
pressin may offer some clinical benefit in improving hemo-
dynamics. In fact, the study by Morales and co-workers
demonstrated that the vasopressin group of patients chron-
ically treated with ACE inhibitors had a shorter ICU stay
following induction of anesthesia.70 These studies bear
repeating in order to evaluate these highly relevant end-
points and confirm the safety of vasopressin before its
widespread clinical use is recommended.

Vasopressin increased arterial and coronary perfusion
pressure compared with clinical doses of epinephrine in
animal models of cardiac arrest. Interestingly, like adrena-
line, vasopressin may be administered via the endotracheal
tube. In fact, vasopressin had better hemodynamic effects
than intratracheal adrenaline in one study of a canine
model of cardiac arrest.71 Based on these favourable reports,
vasopressin has been advocated for use in cardiac arrest. 

In 1997, Lindner and co-workers reported the effects
of 40 units of vasopressin versus 1 mg of adrenaline in
patients not responding to 3 counter-shocks in the field.72

Fourteen (70%) of patients in the vasopressin group versus
7 (35%) of patients in the adrenaline group survived to
hospitalization. However, a more recent study by Steill 
et al of vasopressin in cardiac arrest found no benefit 
over adrenaline.73 This study evaluated vasopressin versus
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Table 1: Clinical trials of low-dose vasopressin in vasodilatory shock states

Reference Date Trial N Patients Findings
Landry DW54 1997 Case Series 5 Septic shock A, B, C
Landry DW45 1997 Matched  Cohort 19 Septic shock A, B, D in 

12 Cardiogenic shock Septic Group
Malay MB55 1999 RCT 10 Septic shock – Trauma A, B 
Patel BM56 2000 RCT 24 Septic shock A, B, C, D
Dunser MW76 2001 Retrospective 60 Septic and post-cardiotomy shock A, B, _ in CI 
Tsuneyoshi77 2001 Prospective, Case-controlled 16 Septic shock A, B, C
Argenziano M58 1998 Retrospective Case series 40 Post-bypass vasodilatory shock A, B, D
Argenziano M57 1997 RCT 10 Vasodilatory shock A, B in treatment

Placebo: N/S Post-LVAD implant arm D in all
Argenziano M60 1999 Case series 20 Vasodilatory shock post-cardiac transplant A, B 
Rosenzweig EB61 1999 Case series 11 Pediatric – vasodilatory shock post-bypass A, B, D
Morales DL78 2000 Retrospective Case series 50 Vasodilatory shock post-LVAD implantation A, B 
Dunser MW47 2002 Retrospective 41 Post-cardiotomy shock A, B
Chen JM62 1999 Case series 10 Organ donors with vasodilatory shock A, D
Gold J46 2000 Case series 7 Milrinone-hypotension A, B, C

A: Increase in blood pressure; B: Decrease or discontinuance of catecholamines; C: Increase in urine output; D: Low plasma vasopressin levels in subjects.
CI = cardiac index



adrenaline as the first agent given to 200 patients suffering
an in-hospital cardiac arrest. It found no advantage for
either agent in 1-hour survival or survival to hospital dis-
charge. Importantly, there was no difference between the
groups in mini-mental status exam or cerebral performance
category scores. The reason for the discrepancy between
these 2 studies is unclear. One explanation is that the 2
populations evaluated were different; ie, Lindner studied
patients who suffered a cardiac arrest out-of-hospital, while
Steill evaluated hospitalized patients who may have a dif-
ferent prognosis after cardiac arrest than their counterparts
in the community. Similarly, the etiology of cardiac arrest
may have differed between the 2 groups, with more
patients having a primary cardiac event in the community.

Administration of vasopressin to patients with low-
flow states (ie, in cardiogenic or hypovolemic shock) is
strongly contraindicated because cardiac output is severely
depressed by the increase in afterload in these states.
Indeed, blockade of V1 and V2 receptors has been advo-
cated for treating congestive heart failure. In a rat model of
congestive heart failure, a single oral dose of conivaptan (a
V1R and V2R blocker) increased urine volume and
decreased urine osmolality in a dose-dependant manner.74

Furthermore, conivaptan attenuated the changes in left
ventricular end-diastolic pressure, lung, and right ventric-
ular weight.  The authors stressed that vasopressin plays a
significant role in elevating vascular tone via vasopressin
V1Rs and plays a major role in retaining free water through
V2Rs in this model of congestive heart failure.

Summary
Vasopressin is a unique vasoactive hormone that is

important for controlling vascular tone and it has poten-
tially important myocardial effects. Vasopressin can restore
vascular tone in refractory vasodilatory shock states due to
V1R activation of KATP channels, inhibit NO, and poten-
tiates endogenous vasoconstrictors. In refractory shock
states, administration of vasopressin in low physiological
doses has been associated with an impressive stabilization
of hemodynamics. In addition, vasopressin at a low dose
(0.04 units/min) is not associated with a substantial decline
in cardiac output. Vasopressin is gaining popularity for use
in septic shock and vasodilatory states associated with
cardiac anesthesia and surgery. It is important to stress that
clinical studies to date have been small, have focused on
physiological outcomes, and data on adverse effects are
limited. Therefore, vasopressin as first-line therapy of vaso-
dilatory shock is not recommended.  Future prospective
studies are necessary to define the role of vasopressin in the
therapy of vasodilatory shock and it is hoped that, unlike
early trials of NO synthase inhibition in sepsis, the more
favourable hemodynamic profile of vasopressin will trans-
late into clinical benefits. In addition, its selective constric-
tion of renal efferent over afferent arterioles could spare
renal function in shock. The results of a multicentre, ran-
domized, controlled evaluation of vasopressin in patients
with septic shock are eagerly awaited.75 Patients are eligible
for this study if they have hypotension (refractory to fluids
and are receiving > 5 µg/min of levophed or equivalent for
6 hours) secondary to sepsis and suspected or confirmed
infection. Patients are randomized to receive either vaso-
pressin or levophed. This study is novel in that the control

arm will be receiving an active pressor. The use of an active
control arm was mandated in order to reduce the risk of
unblinding investigators as to the contents of the study
infusion. This study has currently enrolled just over 200
patients and should be completed in the next 2 years.

Cheryl L. Holmes, MD, is a Consultant in critical care in Kam-
loops, British Columbia. Dr. Holmes has completed several studies
and scientific reviews defining the role of vasopressin in septic shock
and has been one of the lead investigators in the multicentre clinical
trial of vasopressin in septic shock. 
Donald W. Landry, MD, is a physician in the Department of
Medicine, Columbia University, New York. Dr. Landry has provided
some of the early work supporting the use of vasopressin in septic
shock. His work spawned clinical interest in this area.

References
1. Hoyle CH. Neuropeptide families and their receptors: evolutionary perspec-

tives. Brain Res 1999;848(1-2):1-25.
2. Oliver H, Schaefer EA. On the physiological action of extracts of the pituitary

body and certain other glandular organs. J Physiology (Lond) 1895;18:277-279.
3. Turner RA, Pierce JG, Du Vigneaud  V. The purification and the amino acid

content of vasopressin preparation. J Biol Chem 1951;191:21.
4. Thibonnier M, Conarty DM, Preston JA, Wilkins PL, Berti-Mattera LN,

Mattera R. Molecular pharmacology of human vasopressin receptors. Adv Exp
Med Biol 1998;449:251-76.

5. Zenteno-Savin T, Sada-Ovalle I, Ceballos G, Rubio R. Effects of arginine vaso-
pressin in the heart are mediated by specific intravascular endothelial receptors.
Eur J Pharmacol 2000;410(1):15-23.

6. Holmes CL, Patel BM, Russell JA, Walley KR. Physiology of vasopressin rele-
vant to management of septic shock. Chest 2001;120(3):989-1002.

7. Liard JF. Does vasopressin-induced vasoconstriction persist during prolonged
infusion in dogs? Am J Physiol 1987;252(4 Pt 2):R668-73.

8. Phillips PA, Abrahams JM, Kelly JM, Mooser V, Trinder D, Johnston CI.
Localization of vasopressin binding sites in rat tissues using specific V1 and V2
selective ligands. Endocrinology 1990;126(3):1478-84.

9. Filep J, Rosenkranz B. Mechanism of vasopressin-induced platelet aggregation.
Thromb Res 1987;45(1):7-15.

10. Vittet D, Launay JM, Chevillard C. Homologous regulation of human platelet
vasopressin receptors does not occur in vivo. Am J Physiol 1989;257(6 Pt 2):
R1400-5.

11. Bankir L. Antidiuretic action of vasopressin: quantitative aspects and interaction
between V1a and V2 receptor-mediated effects. Cardiovasc Res 2001;51(3):372-90.

12. Edwards RM, Trizna W, Kinter LB. Renal microvascular effects of vasopressin
and vasopressin antagonists. Am J Physiol 1989;256(2 Pt 2):F274-8.

13. Holmes CL, Walley KR, Chittock DR, Lehman T, Russell JA. The effects of
vasopressin on hemodynamics and renal function in severe septic shock: a case
series. Intensive Care Med 2001;27(8):1416-21.

14. Patel B, Chittock D, Walley K. Vasopressin infusion in SIRS and septic shock:
a randomized controlled trial. Am J Respir Crit Care Med 1999;159(3):A608.

15. Birnbaumer M. Vasopressin receptors. Trends Endocrinol Metab 2000;11(10):406-10.
16. Kambouris M, Dlouhy SR, Trofatter JA, Conneally PM, Hodes ME.

Localization of the gene for X-linked nephrogenic diabetes insipidus to Xq28.
Am J Med Genet 1988;29(1):239-46.

17. Thibonnier M, Preston JA, Dulin N, Wilkins PL, Berti-Mattera LN, Mattera
R. The human V3 pituitary vasopressin receptor: ligand binding profile and
density-dependent signaling pathways. Endocrinology 1997;138(10):4109-22.

18. Peter J, Burbach H, Adan RA, et al. Molecular neurobiology and pharmacology
of the vasopressin/oxytocin receptor family. Cell Mol Neurobiol 1995;15(5):573-95.

19. Thibonnier M, Conarty DM, Preston JA, Plesnicher CL, Dweik RA, Erzurum
SC. Human vascular endothelial cells express oxytocin receptors. Endocrinology
1999;140(3):1301-9.

20. Gutkowska J, Jankowski M, Lambert C, Mukaddam-Daher S, Zingg HH,
McCann SM. Oxytocin releases atrial natriuretic peptide by combining with
oxytocin receptors in the heart. Proc Natl Acad Sci USA 1997;94(21):11704-9.

21. Paquin J, Danalache BA, Jankowski M, McCann SM, Gutkowska J. Oxytocin
induces differentiation of P19 embryonic stem cells to cardiomyocytes. Proc
Natl Acad Sci USA 2002;99(14):9550-5.

22. Mei Q, Liang BT. P2 purinergic receptor activation enhances cardiac contrac-
tility in isolated rat and mouse hearts. Am J Physiol Heart Circ Physiol
2001;281(1):H334-41.

23. Zheng JS, Christie A, De Young MB, Levy MN, Scarpa A. Synergism between
cAMP and ATP in signal transduction in cardiac myocytes. Am J Physiol
1992;262(1 Pt 1):C128-35.

24. Landry DW, Oliver JA. The pathogenesis of vasodilatory shock. N Engl J Med
2001;345(8):588-95.

25. Surks HK, Mochizuki N, Kasai Y, et al. Regulation of myosin phosphatase by a
specific interaction with cGMP-dependent protein kinase Ialpha. Science
1999;286(5444): 1583-7.

26. Jackson WF. Ion channels and vascular tone. Hypertension 2000;35(1 Pt 2):173-8.
27. Landry DW, Oliver JA. The ATP-sensitive K+ channel mediates hypotension in

endotoxemia and hypoxic lactic acidosis in dog. J Clin Invest 1992;89(6):2071-4.
28. Salzman AL, Vromen A, Denenberg A, Szabo C. K(ATP)-channel inhibition

improves hemodynamics and cellular energetics in hemorrhagic shock. Am J
Physiol 1997;272(2 Pt 2):H688-94.

29. Wakatsuki T, Nakaya Y, Inoue I. Vasopressin modulates K(+)-channel activities
of cultured smooth muscle cells from porcine coronary artery. Am J Physiol
1992;263(2 Pt 2):H491-6.

itical Care Critical Care Critical Care Critical Care Critical
are

Critical Care Critical Care Critical Care Critical Care C
Care

Critical Care Critical Care Critical Care Critical Care Critical
Careical Care Critical Care Critical Care Critical Care Critical

e

ritical Care Critical Care Critical Care Critical Care Critical
are Critical Care Critical Care Critical Care Critical Care Critical

Care
Critical Care Critical Care Critical Care Critical Care C
Care

Critical Care Critical Care Critical Care Critical Ca
Care

Care Critical Care Critical Care Critical Care Critical Care
Critical Care Critical Care Critical Care Critical Care Cr Care

Critical Care Critical Care Critical Care Critical Care Criti
Care Critical Care Critical Care Critical Care Critical CareCritical Care Critical Care Critical Care Critical Care CrCritical Care Critical Care
Critical Care Critical Care Critical Care Critical Care Criti
Care Critical Care Critical Care Critical Care Critical CareCritical Care Critical Care Critical Care Critical Care CrCritical Care Critical Carecal Care Critical Care Critical Care Critical Care Criti
Critical Care Critical Care Critical Care Critical Careritical Care Critical Care Critical Care Critical Care CrCritical Care Critical Care

al Care Critical Care Critical Care Critical Care Criti
Critical Care Critical Care Critical Care Critical Careitical Care Critical Care Critical Care Critical Care CrCritical Care Critical Care

Care Critical Care Critical Care Critical Care Criti
itical Care Critical Care Critical Care Critical Carecal Care Critical Care Critical Care Critical Care CrCritical Care Critical CareCritical Care Critical Care Critical Care Critical Care Criti

Care Critical Care Critical Care Critical Care Critical CareCritical Care Critical Care Critical Care Critical Care CrCritical Care Critical CareCritical Care Critical Care Critical Care Critical Care Crit
Care Critical Care Critical Care Critical Care Critical CareCritical Care Critical Care Critical Care Critical Care CCritical Care Critical CareCritical Care Critical Care Critical Care Critical Care Crit
Care Critical Care Critical Care Critical Care Critical CarCritical Care Critical Care Critical Care Critical Care CCritical Care Critical Care

Critical Care Critical Care Critical Care Critical Care Care
Critical Care Critical Care Critical Care Critical CareCritical Care Critical Care Critical Care Critical CaCritical Care Critical C

al Care Critical Care
re Critical Care Critical

Critical Care Critical
Care Critical Care
Critical Care Critical
tical Care Critical
e Critical Care
tical Care Critical

 Care Critical Care Critical
ritical Care Critical Care
 Care Critical Care 

tical Care Critical Care
Care Critical Care Critical
Critical Care Critical Care

cal Care Critical Care Criti

CRITICAL CARE
R O U N D S



30. Archer SL, Huang JM, Hampl V, Nelson DP, Shultz PJ, Weir EK. Nitric oxide and
cGMP cause vasorelaxation by activation of a charybdotoxin-sensitive K channel by
cGMP-dependent protein kinase. Proc Natl Acad Sci USA 1994;91(16):7583-7.

31. Kilbourn R. Nitric oxide synthase inhibitors – a mechanism-based treatment of septic
shock. Crit Care Med 1999;27(5):857-8.

32. Umino T, Kusano E, Muto S, et al. AVP inhibits LPS- and IL-1beta-stimulated NO
and cGMP via V1 receptor in cultured rat mesangial cells. Am J Physiol 1999;276(3 Pt
2):F433-41.

33. Nambi P, Whitman M, Gessner G, Aiyar N, Crooke ST. Vasopressin-mediated inhibi-
tion of atrial natriuretic factor-stimulated cGMP accumulation in an established smooth
muscle cell line. Proc Natl Acad Sci USA 1986;83(22):8492-5.

34. Noguera I, Medina P, Segarra G, et al. Potentiation by vasopressin of adrenergic vaso-
constriction in the rat isolated mesenteric artery. Br J Pharmacol 1997;122(3):431-8.

35. Iversen BM, Arendshorst WJ. ANG II and vasopressin stimulate calcium entry in dis-
persed smooth muscle cells of preglomerular arterioles. Am J Physiol 1998;274(3 Pt
2):F498-508.

36. Bax WA, Van der Graaf PH, Stam WB, Bos E, Nisato D, Saxena PR. [Arg8]vasopressin-
induced responses of the human isolated coronary artery: effects of non-peptide receptor
antagonists. Eur J Pharmacol 1995;285(2):199-202.

37. Walker BR, Childs ME, Adams EM. Direct cardiac effects of vasopressin: role of V1-
and V2-vasopressinergic receptors. Am J Physiol 1988;255(2 Pt 2):H261-5.

38. Katusic ZS, Shepherd JT, Vanhoutte PM. Vasopressin causes endothelium-dependent
relaxations of the canine basilar artery. Circ Res 1984;55(5):575-9.

39. Okamura T, Ayajiki K, Fujioka H, Toda N. Mechanisms underlying arginine vaso-
pressin-induced relaxation in monkey isolated coronary arteries. J Hypertens 1999;
17(5):673-8.

40. Wenzel V, Kern KB, Hilwig RW, et al. The left anterior descending coronary artery
dilates after arginine vasopressin during normal sinus rhythm, and ventricular fibrilla-
tion with cardiopulmonary resuscitation [abstract]. Circulation 2001;104(Suppl 2):2974.

41. Evora PR, Pearson PJ, Schaff HV. Arginine vasopressin induces endothelium-depend-
ent vasodilatation of the pulmonary artery. V1-receptor-mediated production of nitric
oxide. Chest 1993;103(4):1241-5.

42. Raedler C, Voelckel WG, Wenzel V, et al. Vasopressor response in a porcine model of
hypothermic cardiac arrest is improved with active compression-decompression cardio-
pulmonary resuscitation using the inspiratory impedance threshold valve. Anesth Analg
2002;95(6):1496-502.

43. Voelckel WG, Lurie KG, McKnite S, et al. Effects of epinephrine and vasopressin in a
piglet model of prolonged ventricular fibrillation and cardiopulmonary resuscitation.
Crit Care Med 2002;30(5):957-62.

44. Wenzel V, Lindner KH, Krismer AC, Miller EA, Voelckel WG, Lingnau W. Repeated
administration of vasopressin but not epinephrine maintains coronary perfusion pres-
sure after early and late administration during prolonged cardiopulmonary resuscitation
in pigs. Circulation 1999;99(10):1379-84.

45. Landry DW, Levin HR, Gallant EM, et al. Vasopressin deficiency contributes to the
vasodilation of septic shock. Circulation 1997;95(5):1122-5.

46. Gold J, Cullinane S, Chen J, et al. Vasopressin in the treatment of milrinone-induced
hypotension in severe heart failure. Am J Cardiol 2000;85(4):506-8, A11.

47. Dunser MW, Mayr AJ, Stallinger A, et al. Cardiac performance during vasopressin infu-
sion in postcardiotomy shock. Intensive Care Med 2002;28(6):746-51.

48. Xu YJ, Gopalakrishnan V. Vasopressin increases cytosolic free [Ca2+] in the neonatal rat
cardiomyocyte. Evidence for V1 subtype receptors. Circ Res 1991;69(1):239-45.

49. Liu P, Hopfner RL, Xu YJ, Gopalakrishnan V. Vasopressin-evoked [Ca2+]i responses in
neonatal rat cardiomyocytes. J Cardiovasc Pharmacol 1999;34(4):540-6.

50. Van der Bent V, Church DJ, Vallotton MB, et al. [Ca2+]i and protein kinase C in vaso-
pressin-induced prostacyclin and ANP release in rat cardiomyocytes. Am J Physiol
1994;266(2 Pt 2):H597-605.

51. Mukaddam-Daher S, Yin YL, Roy J, Gutkowska J, Cardinal R. Negative inotropic and
chronotropic effects of oxytocin. Hypertension 2001;38(2):292-6.

52. Laugwitz KL, Ungerer M, Schoneberg T, et al. Adenoviral gene transfer of the human
V2 vasopressin receptor improves contractile force of rat cardiomyocytes. Circulation
1999;99(7):925-33.

53. Yatsu T, Kusayama T, Tomura Y, et al. Effect of conivaptan, a combined vasopressin
V(1a) and V(2) receptor antagonist, on vasopressin-induced cardiac and haemodynam-
ic changes in anaesthetised dogs. Pharmacol Res 2002;46(5):375-81.

54. Landry DW, Levin HR, Gallant EM, et al. Vasopressin pressor hypersensitivity in
vasodilatory septic shock. Crit Care Med 1997;25(8):1279-82.

55. Malay MB, Ashton RC, Jr., Landry DW, Townsend RN. Low-dose vasopressin in the
treatment of vasodilatory septic shock. J Trauma 1999;47(4):699-703; discussion 703-5.

56. Patel BM, Chittock DR, Russell JA, Walley KR. Beneficial effects of short-term vaso-
pressin infusion during severe septic shock. Anesthesiology 2002;96(3):576-82.

57. Argenziano M, Choudhri AF, Oz MC, Rose EA, Smith CR, Landry DW. A prospective
randomized trial of arginine vasopressin in the treatment of vasodilatory shock after left
ventricular assist device placement. Circulation 1997;96(9 Suppl):II-286-90.

58. Argenziano M, Chen JM, Choudhri AF, et al. Management of vasodilatory shock after
cardiac surgery: identification of predisposing factors and use of a novel pressor agent.
J Thorac Cardiovasc Surg 1998;116(6):973-80.

59. Mets B, Michler RE, Delphin ED, Oz MC, Landry DW. Refractory vasodilation after
cardiopulmonary bypass for heart transplantation in recipients on combined amio-
darone and angiotensin-converting enzyme inhibitor therapy: a role for vasopressin
administration. J Cardiothorac Vasc Anesth 1998;12(3):326-9.

60. Argenziano M, Chen JM, Cullinane S, et al. Arginine vasopressin in the management
of vasodilatory hypotension after cardiac transplantation. J Heart Lung Transplant 1999;
18(8):814-7.

61. Rosenzweig EB, Starc TJ, Chen JM, et al. Intravenous arginine-vasopressin in children
with vasodilatory shock after cardiac surgery. Circulation 1999;100(19 Suppl):II182-6.

62. Chen JM, Cullinane S, Spanier TB, et al. Vasopressin deficiency and pressor hypersensi-
tivity in hemodynamically unstable organ donors. Circulation 1999;100(19 Suppl):II244-6.

104-022

© 2003 Canadian Critical Care Society, which is solely responsible for the contents. The opinions expressed in this publication do not necessarily reflect those of the publisher or sponsor,
but rather are those of the authoring institution based on the available scientific literature. Publisher: SNELL Medical Communication Inc. in cooperation with the Canadian Critical
Care Society. ®Critical Care Rounds is a registered trademark of SNELL Medical Communication Inc. All rights reserved. The administration of any therapies discussed or referred to in
Critical Care Rounds should always be consistent with the recognized prescribing information in Canada. SNELL Medical Communication Inc. is committed to the development of
superior Continuing Medical Education.

S N E L L

This publication is made possible by an educational grant from

Eli Lilly Canada Inc.

63. Morales D, Madigan J, Cullinane S, et al. Reversal by vasopressin of intractable
hypotension in the late phase of hemorrhagic shock. Circulation 1999;100(3):226-9.

64. Sharshar T, Carlier R, Blanchard A, et al. Depletion of neurohypophyseal content of
vasopressin in septic shock. Crit Care Med 2002;30(3):497-500.

65. Avontuur JA, Tutein Nolthenius RP, Buijk SL, Kanhai KJ, Bruining HA. Effect of L-
NAME, an inhibitor of nitric oxide synthesis, on cardiopulmonary function in human
septic shock. Chest 1998;113(6):1640-6.

66. Avontuur JA, Tutein Nolthenius RP, van Bodegom JW, Bruining HA. Prolonged inhi-
bition of nitric oxide synthesis in severe septic shock: a clinical study. Crit Care Med
1998;26(4):660-7.

67. Grover R, Zaccardelli D, Colice G, Guntupalli K, Watson D, Vincent JL. An open-
label dose escalation study of the nitric oxide synthase inhibitor, N(G)-methyl-L-argi-
nine hydrochloride (546C88), in patients with septic shock. Glaxo Wellcome
International Septic Shock Study Group. Crit Care Med 1999;27(5):913-22.

68. Cobb JP. Use of nitric oxide synthase inhibitors to treat septic shock: the light has
changed from yellow to red. Crit Care Med 1999;27(5):855-6.

69. Meersschaert K, Brun L, Gourdin M, et al. Terlipressin-ephedrine versus ephedrine to
treat hypotension at the induction of anesthesia in patients chronically treated with
angiotensin converting-enzyme inhibitors: a prospective, randomized, double-blinded,
crossover study. Anesth Analg 2002;94(4):835-40.

70. Morales DL, Garrido MJ, Madigan JD, et al. A double-blind randomized trial: pro-
phylactic vasopressin reduces hypotension after cardiopulmonary bypass. Ann Thorac
Surg 2003;75(3):926-30.

71. Efrati O, Barak A, Ben-Abraham R, et al. Should vasopressin replace adrenaline for
endotracheal drug administration? Crit Care Med 2003;31(2):572-6.

72. Lindner KH, Dirks B, Strohmenger HU, Prengel AW, Lindner IM, Lurie KG.
Randomised comparison of epinephrine and vasopressin in patients with out-of-hospital
ventricular fibrillation. Lancet 1997;349(9051):535-7.

73. Stiell IG, Hebert PC, Wells GA, Vandemheen KL, Tang AS, Higginson LA, et al.
Vasopressin versus epinephrine for inhospital cardiac arrest: a randomised controlled
trial. Lancet 2001;358(9276):105-9.

74. Wada K, Tahara A, Arai Y, et al. Effect of the vasopressin receptor antagonist conivaptan
in rats with heart failure following myocardial infarction. Eur J Pharmacol 2002;
450(2):169-77.

75. Cooper DJ, Russell JA, Walley KR, et al. Vasopressin and septic shock trial (VASST):
Innovative features and performance. Am J Resp Crit Care Med 2003;167(7):A838.

76. Dunser MW, Mayr AJ, Ulmer H, et al. The effects of vasopressin on systemic hemo-
dynamics in catecholamine-resistant septic and postcardiotomy shock: a retrospective
analysis. Anesth Analg 2001;93(1):7-13.

77. Tsuneyoshi I, Yamada H, Kakihana Y, Nakamura M, Nakano Y, Boyle WA, 3rd.
Hemodynamic and metabolic effects of low-dose vasopressin infusions in vasodilatory
septic shock. Crit Care Med 2001;29(3):487-93.

78. Morales DL, Gregg D, Helman DN, et al. Arginine vasopressin in the treatment of 
50 patients with postcardiotomy vasodilatory shock. Ann Thorac Surg 2000;69(1):102-6.

Upcoming meeting

30 October-1 November 2003
Toronto Critical Care Medicine Symposium
Metro – Toronto Convention Centre
CONTACT: June Hylands

Tel.: 905-849-8299 
Website: http://www.tccms.com

Websites of interest

Canadian Critical Care Society
www.canadiancriticalcare.org

Canadian Association of Critical Care Nurses
www.caccn.ca

Society of Critical Care Medicine
sccm.org

Change of address notices and requests for subscriptions to
Critical Care Rounds are to be sent by mail to P.O. Box 310,
Station H, Montreal, Quebec H3G 2K8 or by fax to 
(514) 932-5114 or by e-mail to info@snellmedical.com.
Please reference Critical Care Rounds in your correspondence. 
Undeliverable copies are to be sent to the address above.


