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Vasopressin is an endogenous nonapeptide neuroendocrine hormone involved in the homeostatic control of serum
osmolality and blood pressure, exerting its effects via vasoconstriction and increased renal resorption of ﬂuid.
Vasopressin infusion is recommended by the Surviving Sepsis Guidelines (2016) as a second-line vasopressor agent
to increase blood pressure or reduce noradrenaline requirements in patients with septic shock.
Evidence of its efﬁcacy in septic shock is unclear, but it may confer beneﬁt in certain subgroups of patients.
Vasopressin has 2 analogues, terlipressin and desmopressin, which are used in the treatment of bleeding
oesophageal varices, cranial diabetes insipidus and in patients with haemophilia and von Willebrand disease.

INTRODUCTION
Vasopressin, also known as antidiuretic hormone or arginine vasopressin, is an endogenous hormone involved in the
homeostatic control of serum osmolality and blood pressure. Vasopressin is released by the posterior pituitary gland and has
actions on a number of receptor types. In health, the predominant physiological effect is to increase the absorption of water in
the renal collecting duct, thereby reducing serum osmolality and increasing circulating volume.1 Figure 1 shows a diagram
describing the mechanism of this effect. There are, however, a number of different receptor subtypes with differing
physiological effects, including potent vasoconstriction. These actions pose a potentially important physiological system to be
targeted clinically.
Septic shock is one such area of interest. Vasopressin provides a mechanism of vasoconstriction not mediated by
catecholamines and as such offers an additional treatment option in this cohort. Evidence to support its use is inconclusive. The
VAAST trial (2008)2 was the first randomised controlled trial to investigate the effects of vasopressin, and the results showed a
significant noradrenaline sparing effect, but the trial lacked evidence of reduced mortality. Subsequent studies, including the
VANISH trial (2016)3 and a large individual patient data meta-analysis by Nagendran et al (2019),4 have also failed to show
improved mortality rates in this patient cohort but may demonstrate benefits in other clinical parameters.
This tutorial will explore the basic science of vasopressin and its effects on health and disease. Its pharmacokinetics and clinical
uses will be explored, including the current evidence underpinning its use.

PHYSIOLOGY IN HEALTH
The body maintains tight control of serum osmolality, between 275 to 295 mmol/kg. Osmolality reflects the total number of
particles dissolved in a kilogram of solute, measured in mmol/kg and importantly controls total body water due to permeability of
the cell membrane to water. Important mechanisms to maintain this include thirst and subsequent water intake, excretion of
osmotically active particles and vasopressin.

An online test is available for self-directed continuous medical education (CME). It is estimated to take 1 hour
to complete. Please record time spent and report this to your accrediting body if you wish to claim CME points.
A certificate will be awarded upon passing the test. Please refer to the accreditation policy here.

TAKE ONLINE TEST
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Figure 1. Vasopressin mechanism of action.

Vasopressin is a small nonapeptide neuroendocrine hormone produced in the supraoptic nucleus and paraventricular nucleus
of the hypothalamus by magnocellular neurons. It is transported down the infundibulum via the nerve axons to the cell body to
be stored, located in the posterior pituitary gland.
In response to raised serum osmolality, vasopressin is released from the posterior pituitary into the systemic circulation,
whereby it exerts its effects. Its release is also stimulated by sympathetic stimulation, reduced baroreceptor firing and
angiotensin II.1,5 The receptors by which it exerts its effect and their mechanism of action are shown in Table 1.

PHARMACOKINETICS
Vasopressin is available in 3 synthetic analogue forms. Table 2 shows the uses of these analogues.

Absorption
Desmopressin is the only vasopressin analogue that does not require intravenous administration. Absorption is 0.25%
sublingual, 0.08% to 0.16% oral, or 10% intranasally.

Distribution
Vasopressin and its analogues have small volumes of distribution: vasopressin, 0.14 L/kg; terlipressin, 0.5 L/kg; desmopressin,
0.2 to 0.32 L/kg. Vasopressin is not protein bound.

Metabolism
Endogenous vasopressin is metabolized by hepatic vasopressinases, conferring a half-life of 10 to 35 minutes. Terlipressin
half-life is longer at 50 to 70 minutes, and that of desmopressin is longer still at 2 to 3 hours, because of minimal enzymatic
degradation.

Excretion
A total of 65% of the given dose of both vasopressin and desmopressin is excreted unchanged in the urine.6
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Receptor Type

V1 Vascular

V2 Renal

V3 Pituitary

Location

Systemic, splanchnic,
renal, and coronary
circulations

Renal collecting duct
Endothelial cells

Pituitary gland

Receptor type

Gq GPCR

Gs GPCR

Gq GPCR

Intracellular
signalling
pathway
Effects

Phospholipase A, C, D
Increased intracellular
calcium
Potent vasoconstriction
Increased glomerular
filtration rate

Activates intracellular
cAMP

Protein kinase C

Increased aquaporin 2
channels in collecting
duct, increased water
retention and subsequent
reduction in serum
osmolality
Release of von Willebrand
factor, preventing
breakdown of factor VIII
in plasma

Increased release of
ACTH from
anterior pituitary
gland

Oxytocin
Receptor

Purinergic
Receptor

Vascular smooth
muscle (pulmonary,
coronary, cerebral)
and myometrium
Gq GPCR (equal
response from
vasopressin and
oxytocin)
Phospholipase C

Myocardium
Vascular smooth
muscle

Nitric oxide induced
vasodilatation

P2R GPCR

Phospholipase
A2, C
Physiological
effects unclear

Table 1. Vasopressin Receptor Physiology1 (ACTH, adrenocorticotropic hormone; GPCR, G protein–coupled receptor)

SIDE EFFECTS
Table 3 displays common side effects observed with the use of vasopressin and its analogues.

CLINICAL USES
Vasopressin in Catecholamine-Refractory Septic Shock
The 2016 Surviving Sepsis Guidelines8 provide guidance for evidence-based best practice management in treating sepsis,
including early intravenous fluid therapy, antimicrobial agents, and vasopressor support. Noradrenaline is the current first-line
vasopressor in these guidelines; however, vasopressin is recommended second line in catecholamine-resistant states. The
guidance states:
We suggest adding either vasopressin (up to 0.03 U/min) (weak recommendation, moderate quality of evidence) or
epinephrine (weak recommendation, low quality of evidence) to norepinephrine with the intent of raising MAP to target, or
adding vasopressin (up to 0.03 U/min) (weak recommendation, moderate quality of evidence) to decrease norepinephrine
dosage.
In clinical practice, a dose range of 0.01 to 0.04 U/min is frequently observed.6 Higher infusion rates have been associated with
increased rates of limb, digital and mesenteric ischaemia. There is no clear recommendation or threshold of when to start
vasopressin in catecholamine-refractory septic shock, and initiation of its therapy is dependent on the clinician’s interpretation
of a catecholamine refractory state.
Vasopressin Analogue
Vasopressin (identical to
endogenous vasopressin)

Chemical Structure
8-arginine-vasopressin

Clinical Uses




Catecholamine-refractory septic shock
Intrauterine injection during myomectomy to reduce
local bleeding
Organ protection in donation after brain stem death



Terlipressin

Triglycyl-lysine-vasopressin



Bleeding oesophageal varices

Desmopressin

1-deamino-8-O-argininevasopressin



Cranial diabetes insipidus
Perioperative management of patients with von Willebrand
disease and haemophilia



Table 2. Analogues of Vasopressin and Their Clinical Uses6
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Vasopressin
Analogue

Side Effects

Vasopressin
Terlipressin
Desmopressin

Cardiac, digital, and splanchnic ischaemia at high infusion doses
Abdominal cramps, arrhythmias, diarrhoea, headache, hypertension, peripheral ischaemia, pallor
Hyponatraemia, fluid retention, nausea and vomiting, abdominal pain, headache
Table 3. Side Effects of Vasopressin and its Analogues6,7

Vasopressin levels in septic shock have been shown to be lower than anticipated, and this has been termed relative
vasopressin deficiency.9 The reason for this and its significance is unclear. The VASST trial, a randomised controlled trial
comparing noradrenaline with noradrenaline and vasopressin at 0.03 U/min in patients with septic shock, showed no difference
in outcomes.2 In a subgroup analysis, however, patients on noradrenaline infusions at a rate less than 15 lg/min showed
increased survival with the addition of vasopressin.
The VANISH trial3 randomised 409 patients treated for septic shock to receive either vasopressin (with hydrocortisone or
placebo) or noradrenaline (with hydrocortisone or placebo). Again, this showed no improvement in mortality but did show a
reduction in the use of renal replacement therapy in the vasopressin arm. This may be explained by its property of preferentially
constricting the efferent renal arteriole over the afferent renal arteriole, increasing glomerular pressure.
Subsequent meta-analysis, including 9 trials with 1324 patients, has substantiated the lack of certainty in data around mortality
benefit.4 Although most studies show efficacy in demonstrating a catecholamine sparing effect, beneficial effects on morbidity
and mortality have not been proven. For these reasons, the guidelines are weak recommendations, with considerable variation
seen in clinical practice.

Vasopressin in Cardiac Arrest
There has been interest in vasopressin use in cases of cardiac arrest, leading to several randomised control trials. A Cochrane
review of 26 such trials, involving 21thinsp;704 participants, examined the use of adrenaline, vasopressin or a combination in
patients suffering from cardiac arrest in or out of hospital. In comparison with high-dose adrenaline as a single agent, singleagent vasopressin or in combination with adrenaline conferred no benefit in terms of return of spontaneous circulation, survival
to admission or survival with a favourable neurological outcome. As such, the use of vasopressin is not supported by current
evidence.10 Vasopressin was removed from the Advanced Cardiac Life Support (ACLS) guidelines for cardiac arrest in 2015 as
a result of this evidence.

Vasopressin in Surgical Interventions
The von Willebrand factor is a large glycoprotein involved in haemostasis. It is required for platelet adhesion and acts as a
bridge between a damaged subendothelium and activated platelets. It also acts to inhibit the breakdown of Factor VIII,
enhancing haemostasis.11 Vasopressin and desmopressin act via endothelial V2 receptors, resulting in cyclic AMP–mediated
enhancement of von Willebrand factor release, up to 5-fold.12 For this reason, desmopressin is indicated in the perioperative
management of von Willebrand disease and haemophilia A. It is important to know that the platelet count may paradoxically fall
with desmopressin treatment in certain types of von Willebrand disease (type IIB), and thus controlled, monitored
administration prior to surgery to assess response may be indicated. The dose required in this setting is up to 15 times higher
than that required for diabetes insipidus (DI).
Vasopressin is also used in cases of myomectomy and other surgical interventions on the uterus. The vasoconstrictive
properties observed following direct intrauterine injection reduce the rates of local bleeding but frequently cause a
corresponding rise in blood pressure that the anaesthetist must be aware of.

Vasopressin Use in Organ Donation
Patients who suffer from brain stem death undergo extensive pathophysiological changes, with profound hormonal
dysregulation. Raised levels of catecholamines and reduced levels of cortisol, vasopressin, insulin and thyroid hormones
are observed. In those who are to donate their organs following brain stem death, there is therefore a desire to prevent the
deleterious effects these changes may provoke. Organ donation specialists may recommend vasopressin administration in
these patients with a hope to improve organ function after transplant and thus patient outcomes. Vasopressin use is frequently
advised, including when DI is not observed. Despite the underlying logic underpinning its use, the supporting evidence is weak
and largely relies on expert opinion. For this reason, its recommendation varies according to local policies, and input from
specialists in organ donation should be sought.13
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Terlipressin in Bleeding Oesophageal Varices
Oesophageal variceal bleeding is a serious, life-threatening complication of portal venous hypertension. Submucosal veins in
the distal third of the oesophagus become grossly dilated in response to increased portal pressure and can bleed profusely into
the oesophagus. Terlipressin exerts its benefit in this patient group via V1 receptor agonism.14 Splanchnic vasoconstriction
reduces portal venous pressure, thus reducing the venous pressure of the oesophageal varices. By reducing the rate of
bleeding observed through this effect, additional time is created to facilitate adequate resuscitation and definitive management
via endoscopic intervention.
A large 2018 meta-analysis15 of 3344 patients within 34 randomised control trials demonstrated that terlipressin significantly
improved the control of bleeding within 48 hours, reduced in-hospital mortality, lowered the risk of complications compared with
vasopressin, and further improved outcomes when combined with endoscopic ligation therapy.
In the United Kingdom, a dose of 2 mg every 4 hours intravenously until bleeding is controlled is recommended, decreasing to 1
mg every 4 hours if required for a maximum of 48 hours.7 Manufacturers recommend dose reduction in those with lower body
weights; therefore, local guidelines should be sought.

Desmopressin in Cranial DI
Cranial DI is a condition characterised by an inability to secrete endogenous vasopressin, resulting in polyuria, polydipsia and
nocturia. Hypovolaemia, dehydration and electrolyte derangement follow if left untreated because of the body’s inability to
maintain appropriate fluid balance. Causes include surgery, brain injury, infection, tumours and hereditary conditions.16
In 1913, vasopressin was first used in the treatment of DI through administration of extracts of the posterior pituitary containing
both vasopressin and oxytocin. It was not until the 1970s that desmopressin was introduced, which conferred many advantages
over vasopressin. Desmopressin has a less potent vasoconstrictive profile compared with vasopressin and has a more
pronounced antidiuretic action. These factors, in addition to its longer duration of action, availability of oral preparations, and
reduced side effect profile, make desmopressin a more desirable treatment option.16 In the adult population, oral dosage can
range from 0.2 to 1.2 mg daily, in 3 divided doses. Intravenous, sublingual, and intranasal doses vary because of their altered
absorption profiles.7

SUMMARY
Vasopressin is an endogenous hormone with important roles in ﬂuid and blood pressure homeostasis. It has a number
of clinical uses because of its broad range of physiological roles including those on the cardiovascular system, ﬂuid
balance and haemostasis. Its use in catecholamine-resistant septic shock is recognised, but evidence of beneﬁt is
limited. Nevertheless, it offers a novel pharmacologic option in this cohort as it does not rely on the sympathetic
nervous system to exert its effects.
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