
0021-7557/07/83-05-Suppl/S137
Jornal de Pediatria
Copyright © 2007 by Sociedade Brasileira de Pediatria REVIEWARTICLE

Hemodynamic andmetabolic effects of vasopressin
infusion in children with shock

Elisa Baldasso,1 Pedro Celiny Ramos Garcia,2 Jefferson P. Piva,3

Paulo Roberto Einloft4

Abstract

Objective: Vasopressin is a neuropeptide hormone which has been used clinically for more than 50 years and

plays amajor role in circulatory homeostasis and in the regulation of serumosmolality. Recentwork has emphasized its

role in the treatment of septic shock. This paper reviews thephysiology of this neurohormoneand the available evidence

in favor of its use as a vasodilator for children in shock.

Sources:MEDLINE, using the terms vasopressin, vasodilation, shock and septic shock, plus synonymsand related

terms. Classic publications on the topic were also reviewed and selected depending on their relevance to the study

objectives.

Summary of the findings: Vasopressin is synthesized in the neurohypophysis and released in response to a

decrease in plasma volume or an increase in serum osmolality. The action of vasopressin is mediated by the activation

of oxytocin receptors and of several G protein-coupled receptors, which are classified according to their location and

intracellular transmission routes as V1 receptors (or V1b), V2 and V3 receptors (or V1b). Themain role of vasopressin

is to induce vasoconstriction. However, in certain organs, it can also induce selective vasodilation. Several clinical stud-

ies in adults and children have reported that the effects of vasopressin for the treatment of vasodilatory septic shock,

due to a variety of causes, are both beneficial and safe.

Conclusions: The evidence is restricted. Most studies are retrospective and include a small number of patients.

Nevertheless, there is significant experience concerning theuseof vasopressin in Pediatrics. Vasopressin has abeneficial

clinical effect in children and can be indicated in the treatment of refractory vasodilatory shock, after adequate volume

resuscitation and when high doses of other vasopressors are not effective.

J Pediatr (Rio J). 2007;83(5 Suppl):S137-145: Shock, sepsis, vasodilation, vasopressors, vasopressin, pediatric intensive
care, children.

Introduction

Homeostasis of the human body depends on highly com-

plex systems involved in hydroelectrolytic regulation and, in

this context, vasopressin plays a central role. Its effects have

been studied formore than a century, since Oliver & Schafer1

observed the vasoconstrictor effect of a hypophysis extract.

Years later, two researchers, Farini2 and von del Venden,3

independently described therapeutic effects of a hypophysis

extract in the treatment of insipidus diabetes, thus reporting

its antidiuretic effect. After it was synthesized in a laboratory,

in 1954, described by du Vigneaud,4 it was proved that both

effects were from the same hormone. Since then, vaso-

pressin has been studied and used in several different clinical

situations.
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Muchwork has been done, demonstrating a complex sys-

tem of synthesis, storage, secretion and regulation of vaso-

pressin, in addition to its many different functions on specific

receptors distributed throughout the body in such a manner

as to perform itsmain effects, the regulation of plasmaosmo-

lality and arterial blood pressure, in harmony with several

other hormones.

The present study describes the complex physiology of

vasopressin, including its clinical effects and interactionswith

other hormones, and reviews several clinical studies in adults

and children, in which vasopressin was used for the treat-

ment of vasodilatory septic shock, offering new prospects for

the treatment of this clinical condition.

Vasopressin synthesis

Vasopressin is a nonapeptide with a disulphide bridge

between two cysteines.5 It is synthesized in the magnocellu-

lar neurons located in the supraoptic and paraventricular

nuclei of the hypothalamus as part of a large prohormone,

named pre-pro-neurophysin II, which contains vasopressin

(with 9 amino acids), neurophysin II (with 95 amino acids)

and a glycoprotein (with 39 amino acids). After cleavage of

this prohormone, vasopressinmigrates along the supraoptic-

hypophyseal tract and is packaged into granules in the axon

terminals of the magnocellular neurons located in the neuro-

hypophysis (posterior pituitary).6,7 Approximately 10 to 20%

of the body’s stores of the hormone can be promptly secreted

into the blood flow in response to depolarization in these neu-

rons.When stimulus is sustained, vasopressin secretion con-

tinues, although at much lower rates. The complete cycle of

vasopressin synthesis, transport, and storage takes approxi-

mately 1 to 2 hours.7,8 This biphasic response of vasopressin

explains phenomena observed in early phases of septic

shock.6

Vasopressin release

The regulation of plasma vasopressin levels is an

extremely complex subject. As a general rule, we can state

that there are twomain stimuli capable of inducing the release

of vasopressin into the blood: increase in plasma osmolality

and hypovolemia.6

Plasma osmolality depends on the interaction between

behavioral responses, such as regulation of thirst, and physi-

ologic responses, through the balance between vasopressin

and atrial natriuretic peptide. There are osmoreceptors

located peripherally in the portal system, connecting through

the vagus nerve directly to the nucleus of this nerve, which

connects to the magnocellular neurons. This is a strategic

location, as fluid intake can be detected early, transmitting

the information to the central nervous system (CNS) and rap-

idly suppressing the release of vasopressin into the blood.

Central osmoreceptors are located in the anteroventral por-

tion of the third ventricle, irrigated by veins that are not pro-

tected by the blood brain barrier and which, for this reason,

are susceptible to plasma osmolality variations. Further-

more, plasma hypertonicity directly results in depolarization

of magnocellular neurons and, inversely, hypotonic condi-

tions result in hyperpolarization.6,9 This is an extremely sen-

sitive system, so osmolality variations of just 2% are enough

to evoke the secretion of vasopressin.10

Hypotension andhypovolemia are extremely potent vaso-

pressin secretion stimuli. Afferent impulses originate at

baroreceptors located in the left atrium,aortic archandcarotid

sinus and also make use of the vagus nerve to ascend to the

CNS. Cardiac receptors sense decreases in plasma volume,

while aortic and carotid sinus receptors sense decreases in

arterial blood pressure. Stimulation of these receptors toni-

cally inhibits vasopressin secretion.When the stimulation sub-

sides, vasopressin is released once more. In cases of

hemorrhagic shock, however, there is a systemic response to

the fall in blood volume detected by the cardiac barorecep-

tors, with secretion of atrial natriuretic peptide, norepineph-

rineand renin, occurringbefore vasopressin is released,which

itself only takes place once the arterial baroreceptors finally

register a fall in arterial blood pressure.10 Therefore, vaso-

pressin plays a crucial role only when a decrease in arterial

blood pressure of more than 10% is detected. On the other

hand, blood volume resuscitation will inhibit vasopressin

secretion by stimulating cardiac receptors.

Interestingly, osmoregulation is mantained even though

circulating vasopressin levels are elevated. There is a change

in the sensitivity of osmoreceptors, demanding even more

elevated vasopressin levels tomantain osmolalitywhen there

is concomitant hypovolemia.10,11

Several other stimuli are described in the regulation of

vasopressin. Catecholamines tend to produce a stimulating

effect through central alpha 1-adrenergic receptors. In high

doses, however, secretion may be reduced due to catechola-

mines acting on alpha 2- and beta-adrenergic receptors.12,13

Vasopressin stimulates the release of adrenocorticotrophic

hormone,while glucocorticoids producenegative feedbackon

the neurohypophysis.10,13 Other mediators also participate

in the secretion of vasopressin, suchas acetylcholine, through

nicotinic receptors, histamine, nicotine, dopamine, cytok-

ines, endotoxins, and angiotensin II. Increase in PaCO2 or

decrease inPaO2,detectedbycarotid chemoreceptors elevate

vasopressin levels. Pain, nausea and pharyngeal stimuli are

also capable of releasing vasopressin along central afferent

pathways.7 Atrial natriuretic peptide and opioids inhibit vaso-

pressin by the mediation of nitric oxide.10,13

Plasma levels

Under normal conditions,mean serum vasopressin levels

are at 2 pg/mL, and usually remain below 4 pg/mL.6,11,13 As

plasma osmolality increases, these levels can rise to 10

pg/mL, or up to a maximum of 20 pg/mL to produce diuresis

at maximum concentration. When its vasoconstrictor effect
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is needed, vasopressin can reach levels of 10 to 200 pg/mL.14

Vasopressin undergoeshepatic and renalmetabolismandhas

a short half-life, approximately 10 to 35 minutes.6,11

Systemic effects of vasopressin

Vasopressin has a series of specific receptors located in a

variety of cells and tissues. Itsmain actions are vasoconstric-

tion of the systemic vascular bed, and can cause vasodilation

of certain organs, and regulation of plasma osmolality, acting

on the renal collector ducts. Vasopressin may also act as a

neurotransmitter.

Vasopressin action ismediated by the activation of oxyto-

cin receptors (OTRs) and by several G protein-coupled recep-

tors, which are classified as V1 receptors (or V1b), V2 and V3

receptors (orV1b) (5), according to their location in thebody’s

tissues and to their intracellular transmission routes by sec-

ond messengers.13,14

V1 receptors are located in the vascular smooth muscle

cells in the systemic, splanchnic, renal and coronary circula-

tion. Activation of V1 receptors results in elevated intracellu-

lar calcium concentrations, smooth muscle contraction and

vasoconstriction.13 V2 receptorsmediate vasopressin antidi-

uretic actions in the nephron, and V3 receptors play a role as

second messengers in the anterior pituitary gland. OTRs are

located in the myometrium and the mammary myoepithelial

cells,where theymediate smoothmuscle contraction, andare

also present at the surface of the endothelial cells,where their

activation causes elevated calcium concentrations, activa-

tion of the inducible nitric oxide synthase enzymeandproduc-

tion of nitric oxide, resulting in vasodilation.14

Receptors selectively found in theafferent arterioles cause

selective vasoconstriction andmay increase glomerular filtra-

tion rate. This phenomenonmay explain the improvement in

diuresis observedwith the use of vasopressin in shock states,

which is an effect that cannot be reproduced by the use of cat-

echolamines.15 Studies using animal models as well as with

isolated human coronary arteries have already demon-

strated the occurrence of vasoconstriction on the coronary

vascular bed. However, recent studies using in vivo models

have shown that vasodilation may also occur. Under hypoxic

conditions, at low coronary artery cell oxygen tensions,

vasodilation would then be the expected effect.14 It has been

observed that there may be a direct positive inotropic effect

of vasopressin, depending on its concentrations and on the

balance of its effect on the coronary circulation.16 It has also

been observed, in one clinical study, that vasopressin possi-

bly exerts a positive inotropic effect on patientswith vasodila-

tory shock, since an increase in afterloadwith no proportional

decrease in cardiac output was recorded.14 Similarly, a study

of patients with refractory septic shock after cardiac surgery

has shown increased contraction force in the left ventricle and

decrease in both cardiac output and the need for other vaso-

pressors.17 Regardless of the mechanism, low-dose vaso-

pressin can improve cardiac performance.18-22

There is still a fifth receptor on which vasopressin acts,

the P2-purinergic receptor. This receptor is normally stimu-

lated by the adenosine triphosphate (ATP) released by plate-

lets and other injured tissues and, through activation of the

cascade via phospholipase C, mobilizes intracellular calcium

and stimulates both phospholipase A and nitric oxide syn-

thase to produce prostacyclin and nitric oxide, respectively,

both causing vasodilation of the vascular smoothmusclewall.

We can also find these receptors in the heart, and their acti-

vation by the ATP released by platelets, endothelial cells and

impaired myocardium provokes increase in intracellular cal-

cium and increase in force of cardiac contraction, with no

increase in chronotropism.14,21,22

Vasodilatory septic shock

Vasodilatory septic shock may occur due to various rea-

sons, including sepsis, prolongedhypotension, certain drugs,

inadequate oxygenation, as in carbonmonoxide intoxication,

anaphylaxis, glucocorticoid deficiency and others. Several

studies have suggested that there may be common mecha-

nisms involved in all these types of shock. Thesemechanisms

would be: activation of potassium channels sensitive to ATP

(K
ATP
channels), activation of nitric oxide synthase and vaso-

pressin deficiency.15

Adequate vasoconstriction requires activation of recep-

tors for hormones andneurotransmitters at the surfacemem-

brane of blood vessel muscle cells, activating cascades of

intracellular reactions that culminate in an increase in intrac-

ellular calcium, which forms compounds with calmodulin,

which, together, phosphorylate myosin, producing contrac-

tion. When the KATP channel is activated, it allows potassium

to be released from the cell, causing membrane hyperpolar-

ization and blocking the entry of calcium. Activation of this

channel may be mediated by atrial natriuretic peptide,

adenosine, and nitric oxide, substances that are normally at

increased levels during shock.15,23

Nitric oxide is produced in the smooth muscle and vascu-

lar endothelial cells by nitric oxide synthase, which can be

induced by various cytokines, such as interleukin-1,

interleukin-6, tumor necrosis factor-alpha, interferongamma

and adenosine. Nitric oxide acts on the dephosphorylation of

myosin and on the relaxation of smooth muscle of the vascu-

lar wall, but also acts on the activation of the intracellular

calcium-sensitive K channel. This channel regulates, or lim-

its, cell contraction, allowing K to be released, hyperpolariz-

ing the membrane and further blocking calcium entry. This

mechanism may explain the resistance to catecholamines

observed in many patients.15,24

Vasopressin plays a crucial role in maintaining arterial

blood pressure by baroreflex-mediated high- dose vaso-

pressin secretion into the blood flow during hypotension, as

previously described. In the early phases, blood pressure is

maintained, however, in prolonged hypotension, levels are
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insufficient and absolute or relative deficiency occurs, prob-

ably because of depletion of pituitary vasopressin stores.15,25

Exogenous vasopressin administration can reestablish nor-

mal arterial bloodpressure, even in patients resistant to other

vasoconstrictors, such as noradrenaline and angiotensin II.15

Plasma vasopressin levels in vasodilatory shock

Morales et al. carried out a study of dogs with hemor-

rhagic shock, inwhich vasopressin levelsweremeasured dur-

ing the acute stage of shock, and recorded levels greater than

300pg/mL. After 90minutes of hypotension, levels fell to less

than 30 pg/mL.25

Sharshar et al. described an increase in vasopressin lev-

els measured during the first 8 hours of shock, with values

between 4.1 and 16 pg/mL in 16 of 18 patients tested (88%).

They performed sequential assays for up to 96 hours of the

clinical course, demonstrating a progressive decrease in

serum levels. In another group of patients, assayswere taken

at random and an inverse correlation was observed between

circulatingvasopressin levels anddurationof shock (r2=0.12,

p = 0.021). Assays performed after 36 hours showed inap-

propriately low levels with relation to the systolic blood pres-

sure at that moment. The authors suggest that the increased

levels between 3.6 and 30 pg/mL observed in the early phase

of shock should still be considered as low and should be

defined as a relative deficiency, since about 29% of patients

with these levels were still hypotensive.26

Another paper by the same lead author reports observa-

tions of three adult male patients, with septic shock, who

underwent CNS magnetic resonance imaging due to various

neurological symptoms. In all three patients, no signal was

detected from the posterior pituitary, and the ratio between

the signal intensity of the posterior and anterior pituitary was

significantly reduced when compared to examinations per-

formed on healthy or critically-ill, but non-septic patients.

Plasmavasopressin levels in these patientswere1.6, 1.8, and

16 pg/mL. One of the patients repeated the magnetic reso-

nance imaging 5 months after his recovery, resulting in nor-

malization of the findings. The patient’s vasopressin level had

also normalized.27

Landry et al. have alsomeasured plasmavasopressin lev-

els in 19 patients with septic shock and 12 patients with car-

diogenic shock, recording mean values of 3.1±1.0 and

22.7±2.2 pg/mL, respectively. The differences were attrib-

uted to autonomic failure and to the impaired sympathetic

nervous system function observed in septic patients.14

Vasopressin hypersensitivity in septic shock

Exogenous vasopressin administration in healthy sub-

jects does not produce an increase in arterial blood pressure.

On the other hand, hypersensitivity to vasopressin infusion

can be observed in subjectswith vasodilatory shock,with sig-

nificant increases in arterial blood pressure when low dos-

ages of vasopressin are given. This effect can be explained by

several observations: by the availability of receptors for vaso-

pressin, since the levels of this hormone in plasma are

decreased; by poor baroreflex mechanism function, since

patients may be at autonomic failure, as most of them are

sedated or comatose; by the direct action of vasopressin on

vascular smoothmuscle; and by a boost in the effect of nora-

drenaline, through blockage of KATP channels and intracellu-

lar calcium-sensitive K, allowing calcium to enter the cell.15

In contrast with noradrenaline and its alpha 1-receptor,

low vasopressin levels allow V1 receptors to remain available

and block mechanisms which would induce their down-

regulation. There has been speculation that sepsis could

induce changes to the proportions and affinity of receptors,

but experimental studies are discordant. With relation to V2

and oxytocin receptors, there is no evidence in the current

literature describing relevant alterations.13,15

The autonomic nervous system, through the regulatory

mechanisms of baroreceptors and chemoreceptors, regu-

lates vasopressin release andalso suffersmodulation of vaso-

pressin effects.13 It is common knowledge that patients with

autonomic nervous system failure are hypersensitive to vaso-

pressin28 and that administration of this hormone to septic

patients does not cause the bradycardia reflex observed in

healthy subjects.14

Vasopressin acts directly on vascular smooth muscle (via

its V1 receptor) allowing calcium to enter the cell. This action

blocks KATP channels, responsible for membrane hyperpolar-

ization (and which remain open during vasodilation). There-

fore, vasopressin can restore sensitivity to catecholamines

and act synergically on vasoconstriction. This synergy is also

mediated by vasopressin action, inhibiting dephosphoryla-

tion of myosin chains.13

Finally, vasopressin also acts stimulating adrenocorti-

cotrophic hormoneand releasing cortisol. It is nowknown that

a state of absolute or relative deficiency of this hormone

occurs, and that its replacement is of fundamental impor-

tance in refractory shock,29 as it can restore sensitivity to cat-

echolamines.13,30

Clinical studies with vasopressin in adults

There are several reports available in the medical litera-

ture on the use of vasopressin in the treatment of vasodila-

tory shock in adult patients with promising results. Some

studies are discussed below.

In 1998 and 1999, Argenziano et al. published two retro-

spective studies in which vasopressin was used in the treat-

ment of refractory shock in cardiac surgerypostoperative care

with extracorporeal circulation (40patients) and cardiac post-

transplant care (20patients) at a dosageof 0.1U/min. In both
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studies, a dramatic improvement inmean arterial blood pres-

surewas described,making the reduction orweaning of nora-

drenaline possible without relevant side effects.31,32

Tsuneyoshi et al. administered vasopressin at a dosage of

0.04 U/min to 16 patients with refractory septic shock, over

16 hours, followed by gradual weaning. A significant increase

in arterial blood pressure was observed, with no alteration in

cardiac index, cardiac output, central venous pressure or pul-

monary artery pressure. Diuresis improved significantly. No

myocardial ischemia or tachyarrhythmias occurred and there

was no evidence of mesenteric ischemia.33

Patel et al. performed a clinical trial using vasopressin and

comparing it to noradrenaline in a group of 24 adult patients

with septic shock andonhighdoses of noradrenaline. Patients

were randomized to be treated, for 4 hours, with a solution of

vasopressin or noradrenaline, while maintaining systemic

arterial blood pressure stable. A significant reduction in the

dosage of noradrenaline required (from25 to 5.3 µg/min, p<

0.001) was observed in the vasopressin group, when com-

pared to the noradrenaline group (from 20 to 17 µg/min).

There was significant improvement in diuresis in the vaso-

pressin group. There was no difference in relation to the frac-

tion of sodium excretion and neither were there any

differences ingastric perfusion (measuredbygastricmucosal-

arterial pCO2 gradient), in the S-T segment, or the occur-

rence of arrhythmias or signs of myocardial ischemia.34

Dünser et al. carried out a randomized controlled study of

patients with vasodilatory shock, caused by systemic inflam-

matory response syndrome (SIRS) or postoperative cardiac

complications, refractory to fluid resuscitation and to norad-

renaline at a dose of 0.5 µg/kg/min. These patients were ran-

domized to be treated with vasopressin at a dose of 4 U/hour

or to be kept on noradrenaline in escalating doses. In patients

who received vasopressin, decreases were observed in car-

diac output (p = 0.003) as well as increases in mean arterial

blood pressure (p < 0.001) and cardiac index (p = 0.001).

The required dosage of noradrenaline also decreased signifi-

cantly. Tachyarrhythmias occurredmore in the noradrenaline

group (54.3 versus 8.3%, p < 0.001). There was improve-

ment in splanchnic perfusion measured by gastric tonom-

etry, with the combined use of both drugs. There was no

difference in terms of arterial pH, lactate, hepatic enzymes or

platelets, or in the occurrence of ischemic cutaneous lesions.

A significant increase in bilirubin was observed with vaso-

pressin administration.35

In 2004, the same lead author published a study report-

ing assay results of the serum levels of several hormones in

38 patients with vasodilatory shock. It demonstrated basal

vasopressin levels of 8.6±4.6 pg/mL, increasing to

179.2±90.1 pg/mL after 24 hours of vasopressin administra-

tion (4 U/hour). There were no alterations in serum levels of

ACTH, cortisol, renin, angiotensin II, aldosterone or atrial

natriuretic peptide, while prolactin levels increased. It was

also reported that vasopressin response to the increase in

blood pressure after vasopressin infusion was started was

independent of the basal level.36

Klinzinget al. carriedout a studywith12patients forwhom

noradrenaline was swapped for enough vasopressin tomain-

tain the same arterial blood pressure, using doses between

0.06 and 1.8 U/min. They detected decreased cardiac output

and cardiac index, in addition to decreased peripheral oxy-

gen delivery and consumption, increased gastric pCO2
(related to the reduction in local perfusion) and a tendency

towards plasma lactate increase. The authors suggest that

high doses of vasopressin may have deleterious effects, and

that vasopressin administration alonehas clinical effects infe-

rior to noradrenaline.37

In 2005, Luckner et al. published, a large scale review of

316 cases treated at 23 Austrian intensive care centers and

described effects onhemodynamics, clinical presentation and

laboratory results. The mean age of patients was 66.8±14

years, there was a diagnosis of septic shock in 32.6%, post-

operative care for cardiac surgery in 42.7%andSIRSdue to a

variety of causes in 24.7%. Patients underwent blood volume

resuscitation, with support from milrinone, adrenaline, and

noradrenaline and corticosteroids replacement according to

their usual protocol. When there was a need for noradrena-

line at doses higher than 0.2 µg/kg/min, vasopressin admin-

istration was then started at a dose of 0.4 U/hour. Increases

were observed in mean arterial blood pressure and periph-

eral vascular resistance, as well as decrease in cardiac out-

put, central venous pressure and themean pulmonary artery

pressure, all considered statistically significant (p < 0.001).

It was also possible to discontinue a proportion of the hemo-

dynamic support provided by other drugs. Cardiac index

decreased in hyperdynamic patients,with no significant alter-

ation in the normal or hypodynamic ones, suggesting

improvement in cardiac performance. It was not possible to

detect vasopressin-relatedadverse effects, although increase

in bilirubins was reported in several patients.38

The early use of vasopressin in shock stateswas analyzed

by Lauzier et al. and published in 2006. They recruited 23

patients in the 12 first hours of shock, before any other vaso-

active drug was started and patients were randomized to

receive either vasopressin (0.04 to 0.2 U/min) or noradrena-

line (0.1 to 2.8 µg/kg/min), allowing the use of the other drug

if arterial blood pressure stabilizationwas not achieved. Clini-

cal and laboratory parameters were evaluated within 48

hours. There was no difference between the groups in terms

of arterial blood pressure, central venous pressure, pulmo-

nary artery occlusion pressure and mean pulmonary artery

pressure. There was a decrease in the cardiac index of the

vasopressin group. In 85% of the patients treated with vaso-

pressin, association with noradrenaline became necessary,

but with significantly lower doses compared to the group

treatedwith this drug alone. None of the noradrenaline group
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patients needed with the addition of vasopressin. There were

no differences in gastric tonometry between the two groups.

In the vasopressin group, creatinine improved, and an

increase in bilirubinswasdetected,with no increase in hepatic

enzymes. There was one coronary vasospasm event in the

vasopressingroup,with improvement in conditionafter reduc-

tion of the dose infused.39

Currently, vasopressin is known to play a role in refrac-

tory shock, with several studies reporting improvements in

hemodynamic parameters, as described above. It has been

suggested that doses considered low,between2and4U/hour,

and used as hormone replacement, are more appropriate,

since there is a relative hypersensitivity in patients in shock

states, and deleterious effects have not been demonstrated,

allowing a reduction in the doses of other catecholamines,

thus lowering the risks of their undesirable effects.40,41

Clinical studies with vasopressin in children

The studies on vasopressin for vasodilatory shock in the

pediatric population that are now available are very recent.

They are retrospective and report on small numbers of

patients, with a wide variation in age and primary diagnosis.

The main studies are commented on below.

In 1999, Rosenzweig et al. published one of the first

reports on the use of vasopressin in children. The cases of 11

patients aged between 3 days and 15 years were retrospec-

tively reviewed. They were in postoperative care for cardiac

surgery, in a state of shock refractory to the use of multiple

vasopressor drugs and in a state considered criticalwith vaso-

pressin being administered as a last resort. Two of these

patients exhibited severely compromised myocardial func-

tion. Vasopressin was started in the operating room (five

patients), in the intensive care unit within 12 hours of post-

operative period (five patients), or 2 days after surgery (one

patient, due to septic shock).Doseswerebetween0.0003and

0.002 U/kg/min, adjusted according to clinical response. An

increase in mean arterial blood pressure of 31% (45±11 for

59±11, p < 0.0005) was verified. There was no difference in

right atrial pressure or cardiac output. It was possible to

reduce vasopressor support (p<0.005). Therewas no differ-

ence in diuresis, serum bicarbonate or plasma sodium mea-

sured at baseline and 24 hours after vasopressinwas started.

Nine of these 11 patients survived the initial hours of the

study; the two patients with myocardial failure died 6 hours

and 6 days after intervention. Eight patients survived to hos-

pital discharge.42

In 2000, Katz et al. published a study carried out with 35

brain dead patients on support for organ donation, who

needed vasopressin for the treatment of insipidus diabetes,

compared with 19 patients in similar clinical conditions

although without diabetes. Vasopressin doses varied consid-

erably, with a mean of 0.041±0.069 U/kg/h. The outcome

under analysis was the need for inotropic and vasopressor

support, by group. A significant difference was observed in

relation to the need for support with alpha 1-agonists. It

provedpossible to reduce this support in sevenofninepatients

in the vasopressin group versus none of nine patients in the

control group (OR 7.3, p < 0.01). There were no reports of

arrhythmias, reduced diuresis or any other toxic effects. No

difference was observed in the results of the transplantation

either, and the authors inferred from this that vasopressin did

not reduce perfusion of organs to be transplanted.43

In 2002, Liedel et al. published a report on five cases of

pediatric patients in extremely severe clinical situations, who

received vasopressin for refractory shock, two of them were

newborn infants and threewere oncology patients between 7

and 13 years old. The doses used were between 0.0006 and

0.008 U/kg/min, or 0.04 and 0.06 U/min in the case of the

13-year-old patient. All of them exhibited increased mean

arterial blood pressure, it was possible to reduce other vaso-

pressor drugs, and diuresis improved. No occurrences of

hydroelectrolytic disturbances were reported. Two patients

survived.44

A study carried out in Japan by Masutani et al. and pub-

lished in 2005, retrospectively reviewed 12 patients, aged

between 1 day and 21 years, in 15 situations, between 1999

and 2003, inwhich vasopressinwas used for refractory shock

caused by neurological lesions (five cases), drugs (prostag-

landin E1, one case, and intoxication with angiotensin-

convertingenzyme inhibitor, four cases) and septic shock (five

cases).Vasopressin was started after dopamine administra-

tion produced no adequate response. Doses ranged between

0.0002 and 0.004 U/kg/min. Increase in arterial blood pres-

sure was observed in 12 patients, while increase in diuresis

was observed in nine patients. Three patients exhibited no

response to vasopressin. Therewas no difference in response

between cases of shock from different causes. Patients sur-

vived in 11 reported clinical situations.45

There is a report of three cases of extremely premature

newborns, published in 2006, in which vasopressin was

administered for refractory septic shock in one case and for

cardiogenic shock in two twins. The patient with septic shock

receivedvasopressin at a doseof 0.035U/kg/min,with agood

response,with increasedarterial bloodpressureand improve-

ment in diuresis, subsequent improvement from shock and

survival. The twins were receiving extremely high doses of

adrenaline and noradrenaline, when they were started on

vasopressin at doses between 0.01 and 0.1 U/kg/min. They

showed transitory improvement in arterial bloodpressure, but

cardiac function decreased and they died.46

A note on terlipressin

Terlipressin is a synthetic analog of vasopressin with a

great affinity for the V1 receptor and a longer duration of

action. It is a prodrug which needs to be converted into its

active form,named lysine vasopressin. Thismetabolism takes
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place over a period of 4 to 6 hours, which explains the longer

durationof its actionand the intermittent bolus formof admin-

istration. Peak plasma levels occurs after 1 to 2 hours, and

the half-life in healthy adults is between 50 and 70 minutes.

It was initially studied for treatment of digestive bleeding in

adults due to esophageal andgastric varices, andhas recently

beenused for refractory shock in adults and in children. There

is no established dose for children, and the case reports pub-

lished used a dosage of 0.02mg/kg every 4 hours, for amaxi-

mumof 72 hours. This schemewas deduced from doses used

in adults,whichwerebetween1and2mgevery4hours. Simi-

lar to vasopressin, the initial studies report significant

improvement in arterial blood pressure and the possibility of

reducing other vasoactive drugs, but there are reports of

ischemia of the intestines or extremities, oliguria, rhabdomy-

olysis and hyperkalemia, so clinical studies are needed to

define its role in refractory shock.47-50

Current role of vasopressin in vasodilatory shock

Sepsis and septic outcomesdependonearly diagnosis and

implementationof time-sensitive treatmentsguidedbyobjec-

tives.51 These treatments include aggressive fluid resuscita-

tion followed by well-planned treatment with medication,

which aims to restore perfusion and microcirculation. Often,

the vasoactive agents have to be adjusted in order to reach

the preestablished objective. We start volumetric resuscita-

tion with isotonic solutions (> 60 mL/kg), usually normal

saline, but colloids can also be used. If, despite adequate fluid

resuscitation, patients exhibit hot shockwith signs of high car-

diac output and low systemic vascular resistance, the use of a

vasopressor such as noradrenaline should be considered. If

patients show signs of cold shock with prolonged capillary

refill, weak and filiform pulse, normal arterial blood pressure

(low cardiac output, high systemic vascular resistance), the

use of dopamine, adrenaline or dobutamine should be consid-

ered. Concomitant treatment with stress dose of corticoster-

oids is indicated at the moment.51,52

It has already been observed that, in conditions associ-

ated with severe sepsis, adults and children are very sensi-

tive to exogenous vasopressin administration. However, after

amore prolonged shock, vasopressin levels decrease, result-

ing in a relative deficiency. This phenomenon occurs due to

osmoregulation or impaired baroregulation, or due to the

inhibiting effects of increased nitric oxide on vasopressin

release.13

The use of vasopressin as a vasopressor in the treatment

of septic shock and vasodilation resistant to noradrenaline is

mentioned as a viable option by theAmericanCollege of Criti-

cal CareMedicine Task Force of 2001,53 and its indication was

broadened in 2007 when these recommendations were

reviewed (Joseph A. Carcillo, personal communication).

In this new version, vasopressin would be indicated for

children in states of shock and with high cardiac index and

low systemic vascular resistancewhen infusion of noradrena-

line and fluids does not resolve hypotension. They call atten-

tion to the fact that potent vasoconstriction causedby thedrug

may reduce cardiac output and they recommend vasopressin

be used with monitoring of cardiac output and/or central

venous saturation. They also recommend, in this situation,

additional inotropic therapywith low-dose adrenaline or dob-

utamine. (Joseph A. Carcillo; 2007, personal communica-

tion)

We tend to start treatment with vasopressin in patients

that have been correctly resuscitated with fluids, that do not

exhibit hypocalcemia or hypoglycemia, that have previously

received corticosteroids and that have not responded to ini-

tial pharmacological support with catecholamines. These

patients already need high doses of vasopressors, such as

noradrenaline infusion (higher than 1 μg/kg/min). We start

using a vasopressin dose of 0.0005 U/kg/min (dilution of 200

U/mL), gradually adjusting the dose up to an ideal dose of

0.002 U/kg/min, with the possibility of reaching a maximum

dose of 0.008 U/kg/min. The expected response is a signifi-

cant increase in arterial blood pressure and cardiac output,

allowing a reduction in noradrenaline infusion.54,55

Special attention should be paid to prevention of

hyponatremia in these patients, who should go through strict

laboratory monitoring. In a double-blind, randomized and

controlled study on the use of vasopressin in children with

severe respiratory disease,56 we observed that, even in low

doses (0.0005U/kg/min), vasopressin significantly increased

the mean arterial blood pressure of patients, but that, over a

12-hour period, amarked reduction was noticed in urine out-

put and sodium concentration, increasing the occurrence of

hyponatremia.

Conclusion

Studies with adults and children have demonstrated an

important beneficial effect of vasopressin in refractory shock,

especially as a rescue treatment,whenother vasoactivedrugs

areno longer beingusedandare escalating to risky levelswith

regard to the occurrence of adverse effects. In this context,

studies demonstrate the benefits of vasopressin regarding

safety, but monitoring of cardiac output, superior vena cava

saturation and natremia is advised at the start of treatment

and during adjustments. Adjuvant inotropic support is usu-

ally necessary.

The evidence is limited, studies are mostly retrospective

and with small numbers of patients, further controlled stud-

ies are still needed to establish doses and the safety profile of

administering arginine-vasopressin and terlipressin for sep-

tic shock. However, there has been quite significant experi-

ence in Pediatrics regarding theuse of vasopressin as a rescue

agent for the treatment of septic shockwith low systemic vas-

cular resistance.
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