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adult animals that the deleterious consequences of decompensated 
haemorrhage can be overcome, at least in part, by treatment with AVP 
or its analogue terlipressin.

An endogenous hormone with osmoregulatory, vasopressor, 
thermoregulatory, and central nervous system (CNS) effects, AVP is a 
neurohypophysial peptide hormone, synthesized in the hypothalamus. 
AVP exerts its physiological effects through activation of three receptor 
subtypes designated as V1Rs, V2Rs, and V3Rs, all members of the 
G-protein receptor coupled superfamily. V1Rs are located in vascular
smooth muscle cells and elicit smooth muscle contraction, mediating
the vasopressor activity of AVP. As a vasoconstrictor, AVP is several-
fold more potent than norepinephrine and angiotensin II. V2Rs are
located in the kidney on principal cells of the cortical collecting duct.
They mediate antidiuretic effects upon stimulation, through integration 
of aquaporins into the luminal cell membrane, leading to increased
reabsorption of water. V3Rs are present in the central vasopressinergic
system and their activation modulates learning, memory, social
behavior, thermoregulation, the baroreflex action as well as the release
of adrenocorticotrophic hormone [9-12]. The numerous physiological
effects of AVP could make it an excellent choice for use in the treatment 
of decompensated haemorrhage [13-17]. It has very little pressor effect
in normal healthy subjects in whom AVP levels are normal; vasodilated 
septic shock patients and animals in haemorrhagic shock are deficient
in AVP; administration of AVP in the setting of hypovolemia
appropriately raises serum AVP levels and increases blood pressure;
activation of V1Rs by AVP increases peripheral vascular resistance;
activation of V2Rs by AVP increases water reabsorption by the kidney;
within the CNS, AVP potentiates the baroreflex through activation of
V3Rs.

As stated above, there is a decrease in both circulating and 
cerebrospinal fluid levels of AVP [18,19] that coincides with the onset 
of haemorrhagic shock. Considerable evidence has emerged over the 
last decade that this marked decrease in AVP is an important factor in 
the syndrome of hypovolemic shock in adults. For example, replacing 
AVP reduces blood loss and stabilizes blood pressure in trauma patients 
with haemorrhagic shock refractory to catecholamines [13,18-25]. In 
patients with hepatorenal syndrome and gastrointestinal haemorrhage, 
the analogue of AVP - terlipressin, inhibits splanchnic blood flow 
which reduces portal pressure and variceal bleeding, leading to an 
increase in blood volume and improved kidney function [26]. Early 
AVP combined with standard crystalloid resuscitation in patients with 

Hypovolemia and hypovolemic shock are both chief causes as well 
as complications of critical illness. In the neonatal period, this is a 
very important and sizable problem that contributes to morbidity and 
mortality preterm as well as term infants.

According to the 2011 Neonatal Network Report [1] 4000 infants 
were born at less than 32 weeks in Canada over a 12-month period. 
Of these, 15% had Intraventricular Haemorrhage (IVH) and half 
of those had a brain parenchymal component of haemorrhage. The 
relation between IVH and hypovolemia is dual: not only does IVH elicit 
shock in many cases, but antecedent low systemic blood flow has been 
implicated as a cause of IVH. Of the same 2011 preterm cohort [1], 
5% had necrotizing enterocolitis whereas 10% had a serious pulmonary 
hemorrhage. More than 10% had surgery during their neonatal 
intensive care unit (NICU) stay. All of these conditions are almost 
always associated with hypovolemia requiring treatment. Another line 
of evidence emphasizing the importance of adequate circulating volume 
in the neonatal period comes from data on delayed cord clamping 
[2]. This procedure clearly improves hemodynamics in small preterm 
infants and possibly reduces the incidence of IVH, but it is not done in 
the sickest infants who may need it the most, since a contraindication 
for delayed cord clamping is “immediate need of resuscitation”. Thus 
the infants who are expected to have the worst circulatory parameters 
also start with lower blood volumes.

When looking at treatments for hypovolemia in the preterm, 
the numbers are impressive: up to 52% of neonates less than 1500 g 
receive volume loading during the first 24 hours of their hospital stay 
and up to 50% are transfused during the first week [3]. For the term 
infant, data are less detailed, but the incidence of large fetomaternal 
hemorrhage is up to 5 to 6% at term [4]. According to the American 
College of Surgeons guidelines for Advanced Trauma Life Support 
(ACS ATLS®) [5], haemorrhage in adult patients is divided into four 
classes of increasing severity and therapeutic requirements. In the 
neonate, however, haemorrhage and hypovolemia are not specifically 
classified. This may be related to the significant differences between the 
adult and neonatal circulatory physiology. The neonate has higher O2 
delivery requirements, a lower cardiac output reserve, and immature 
regulation of the macro- and microcirculations. The impact of hypoxia-
ischemia on the developing brain and other organs is also very different. 
Thus, resuscitation strategies following hypovolemia in the neonate and 
child are based upon extremely limited direct data. Treatments and 
physiological targets remain controversial and are not standardized 
[6-8]. For this reason, significant variation exists in the amount and 
type of fluids administered for restoring blood pressure and circulating 
volume as well as any pharmacological support of the circulation. A 
major knowledge gap concerns the regulatory mechanisms elicited in 
response to hypovolemia shock in the neonate, aimed at restoration 
of blood pressure, circulating volume and O2 delivery to tissues and 
organs notably the brain, kidney and gut.

Controlled hemorrhage has been the mainstay of modeling 
hypovolemic shock. In response to compensated haemorrhage, various 
endocrine changes assist in restoring blood pressure and blood volume 
such as an increase in plasma and central levels of arginine vasopressin 
(AVP). Decompensated haemorrhage is, however, associated with 
a precipitous decline in AVP levels. It appears from studies in 
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traumatic brain injury and haemorrhagic hypotension reduces the total 
fluid required for resuscitation, and improves intracranial pressure 
as well as cerebrovascular compliance, thereby preventing acute 
circulatory collapse during fluid resuscitation. For its promising role 
as an adjunct to fluid resuscitation in haemorrhagic shock, [13,17,27] 
a multicenter, randomized, controlled, international clinical trial is 
currently underway to assess the effects of AVP versus saline placebo 
in adult trauma patients with refractory haemorrhagic shock, known 
as the VITRIS study (Vasopressin in refractory traumatic hemorrhagic 
shock, haemorrhagic) [15,16].

Recently, Carroll et al. published a prospective pilot trial that 
supports the feasibility of a future randomized controlled trial for 
the use of AVP in pediatric patients with hypovolemic shock who are 
refractory to epinephrine, similar to the aforementioned VITRIS study 
[28]. Vasopressin and terlipressin have both been used in neonates 
as a last resort in cases of refractory hypotension, generally with 
good symptomatic effect. Little is known, however, regarding their 
physiological effects in hypovolemia during the neonatal period.

In previous experiments in conscious lambs and young adult sheep, 
we showed that in response to compensated haemorrhage, there is an 
increase in plasma levels of AVP in lambs, which is similar to that seen 
in adults [29,30]. To date, however, no role for AVP in reversing the 
deleterious effects of decompensated hypovolemia has been investigated 
in the newborn period nor is it known whether AVP should even be 
considered as part of resuscitation strategies in the neonate.

The following issues remain to be addressed in future studies in 
newborn models:

(1) What are plasma AVP levels in decompensated hypovolemia / 
haemorrhage? Do they follow the same profile as that seen in the adult?

(2) What are the effects of haemorrhagic hypovolemia and fluid 
resuscitation strategies in the presence of the V1R agonists? Are they 
similar to or different from the effects of AVP in the adult?

(3) Does the distribution of V1Rs, V2Rs and V3Rs change after 
haemorrhagic shock in key tissues in the newborn (aorta, brain, heart, 
gut, kidney)?

The future of resuscitation strategies in the neonate requires 
important advances in physiological knowledge, and studies centered 
on the above questions are needed to clarify if AVP or specific agonists 
might play an important clinical role.

References 

1. Qiu X, Lodha A, Shah PS, Sankaran K, Seshia MM, et al. (2012) Neonatal 
outcomes of small for gestational age preterm infants in Canada. Am J Perinatol 
29: 87-94.

2. Takami T, Suganami Y, Sunohara D, Kondo A, Mizukaki N, et al. (2012) 
Umbilical cord milking stabilizes cerebral oxygenation and perfusion in infants 
born before 29 weeks of gestation. J Pediatr 161: 742-747.

3. Christensen RD (2012) Identifying neonates likely to benefit from a red blood 
cell transfusion. Transfusion 52: 217-218.

4. Salim R, Ben-Shlomo I, Nachum Z, Mader R, Shalev E (2005) The incidence of 
large fetomaternal hemorrhage and the Kleihauer-Betke test. Obstet Gynecol 
105: 1039-1044.

5. Parks JK, Elliott AC, Gentilello LM, Shafi S (2006) Systemic hypotension is a 
late marker of shock after trauma: a validation study of Advanced Trauma Life 
Support principles in a large national sample. Am J Surg 192: 727-731. 

6. Carcillo JA (2010) Choice of fluids for resuscitation in children with severe 
infection and shock. BMJ 341: c4546.

7. Boluyt N, Bollen CW, Bos AP, Kok JH, Offringa M (2006) Fluid resuscitation in 

neonatal and pediatric hypovolemic shock: a Dutch Pediatric Society evidence-
based clinical practice guideline. Intensive Care Med 32: 995-1003.

8. Padbury JF (2003) Neonatal hypotension and hypovolemia. In: Rudolph CD, 
Rudolph AM, Hostetter MK, Lister G, Siegel NJ (eds) Rudolph’s Pediatrics. 
McGraw-Hill, New York, USA. 

9. Bichet DG (1996) Vasopressin receptors in health and disease. Kidney Int 49: 
1706-1711.

10. Barberis C, Mouillace B, Seyer R, Phalipou S, Cotte N (2002) Molecular 
pharmacology of vasopressin receptors. In: Fields GB, Tam JP, Barany G (eds) 
Peptides for the New Millenium. Springer, The Netherlands. 

11. Lohmeier TE (2003) Neurohypophysial hormones. Am J Physiol Regul Integr 
Comp Physiol 285: R715-717.

12. Skøtt O (2003) Body sodium and volume homeostasis. Am J Physiol Regul 
Integr Comp Physiol 285: R14-18.

13. Anand T, Skinner R (2012) Arginine vasopressin: the future of pressure-support 
resuscitation in hemorrhagic shock. J Surg Res 178: 321-329.

14. Cohn SM (2007) Potential benefit of vasopressin in resuscitation of hemorrhagic 
shock. J Trauma 62: S56-57.

15. Lienhart HG, Lindner KH, Wenzel V (2008) Developing alternative strategies 
for the treatment of traumatic haemorrhagic shock. Curr Opin Crit Care 14: 
247-253.

16. Lienhart HG, Wenzel V, Braun J, Dörges V, Dünser M, et al. (2007) [Vasopressin 
for therapy of persistent traumatic hemorrhagic shock: The VITRIS.at study]. 
Anaesthesist 56: 145-148, 150.

17. Cohn SM, Blackbourne LH, Landry DW, Proctor KG, Walley KR, et al. (2010) 
San Antonio Vasopressin in Shock Symposium report. Resuscitation 81: 1473-
1475.

18. Morales D, Madigan J, Cullinane S, Chen J, Heath M, et al. (1999) Reversal by 
vasopressin of intractable hypotension in the late phase of hemorrhagic shock. 
Circulation 100: 226-229.

19. Robin JK, Oliver JA, Landry DW (2003) Vasopressin deficiency in the syndrome 
of irreversible shock. J Trauma 54: S149-154.

20. Mitchell SL, Hunter JM (2007) Vasopressin and its antagonists: what are their 
roles in acute medical care? Br J Anaesth 99: 154-158.

21. Krismer AC, Dünser MW, Lindner KH, Stadlbauer KH, Mayr VD, et al. (2006) 
Vasopressin during cardiopulmonary resuscitation and different shock states: a 
review of the literature. Am J Cardiovasc Drugs 6: 51-68.

22. Krismer AC, Wenzel V, Stadlbauer KH, Mayr VD, Lienhart HG, et al. (2004) 
Vasopressin during cardiopulmonary resuscitation: a progress report. Crit Care 
Med 32: S432-435.

23. Krismer AC, Wenzel V, Voelckel WG, Innerhofer P, Stadlbauer KH, et al. 
(2005) Employing vasopressin as an adjunct vasopressor in uncontrolled 
traumatic hemorrhagic shock. Three cases and a brief analysis of the literature. 
Anaesthesist 54: 220-224.

24. Westermann I, Dünser MW, Haas T, Jochberger S, Luckner G, et al. (2007) 
Endogenous vasopressin and copeptin response in multiple trauma patients. 
Shock 28: 644-649.

25. Schummer W, Schummer C, Fuchs J (2005) [Vasopressin]. Anaesthesist 54: 
707-708.

26. Döhler KD, Meyer M (2008) Vasopressin analogues in the treatment of 
hepatorenal syndrome and gastrointestinal haemorrhage. Best Pract Res Clin 
Anaesthesiol 22: 335-350.

27. Stadlbauer KH, Wagner-Berger HG, Krismer AC, Voelckel WG, Konigsrainer 
A, et al. (2007) Vasopressin improves survival in a porcine model of abdominal 
vascular injury. Crit Care 11: R81.

28. Carroll TG, Dimas VV, Raymond TT (2012) Vasopressin rescue for in-pediatric 
intensive care unit cardiopulmonary arrest refractory to initial epinephrine 
dosing: a prospective feasibility pilot trial. Pediatr Crit Care Med 13: 265-272.

29. Smith FG, Basati R, Sener A, Abu-Amarah I (2000) Renin and heart rate 
responses to haemorrhage are age dependent in conscious lambs. Exp Physiol 
85: 287-293.

30. Smith FG, Abu-Amarah I (1998) Renal denervation alters cardiovascular 
and endocrine responses to hemorrhage in conscious newborn lambs. Am J 
Physiol 275: H285-291

http://www.ncbi.nlm.nih.gov/pubmed/22131047
http://www.ncbi.nlm.nih.gov/pubmed/22131047
http://www.ncbi.nlm.nih.gov/pubmed/22131047
http://www.ncbi.nlm.nih.gov/pubmed/22578578
http://www.ncbi.nlm.nih.gov/pubmed/22578578
http://www.ncbi.nlm.nih.gov/pubmed/22578578
http://www.ncbi.nlm.nih.gov/pubmed/22032260
http://www.ncbi.nlm.nih.gov/pubmed/22032260
http://www.ncbi.nlm.nih.gov/pubmed/15863542
http://www.ncbi.nlm.nih.gov/pubmed/15863542
http://www.ncbi.nlm.nih.gov/pubmed/15863542
http://www.ncbi.nlm.nih.gov/pubmed/17161083
http://www.ncbi.nlm.nih.gov/pubmed/17161083
http://www.ncbi.nlm.nih.gov/pubmed/17161083
http://www.ncbi.nlm.nih.gov/pubmed/20813825
http://www.ncbi.nlm.nih.gov/pubmed/20813825
http://www.ncbi.nlm.nih.gov/pubmed/16791662
http://www.ncbi.nlm.nih.gov/pubmed/16791662
http://www.ncbi.nlm.nih.gov/pubmed/16791662
http://www.ncbi.nlm.nih.gov/pubmed/8743482
http://www.ncbi.nlm.nih.gov/pubmed/8743482
http://link.springer.com/content/pdf/10.1007/0-306-46881-6_253.pdf
http://link.springer.com/content/pdf/10.1007/0-306-46881-6_253.pdf
http://link.springer.com/content/pdf/10.1007/0-306-46881-6_253.pdf
http://www.ncbi.nlm.nih.gov/pubmed/12959914
http://www.ncbi.nlm.nih.gov/pubmed/12959914
http://www.ncbi.nlm.nih.gov/pubmed/12793985
http://www.ncbi.nlm.nih.gov/pubmed/12793985
http://www.ncbi.nlm.nih.gov/pubmed/22480832
http://www.ncbi.nlm.nih.gov/pubmed/22480832
http://www.ncbi.nlm.nih.gov/pubmed/17556975
http://www.ncbi.nlm.nih.gov/pubmed/17556975
http://www.ncbi.nlm.nih.gov/pubmed/18467882
http://www.ncbi.nlm.nih.gov/pubmed/18467882
http://www.ncbi.nlm.nih.gov/pubmed/18467882
http://www.ncbi.nlm.nih.gov/pubmed/17265038
http://www.ncbi.nlm.nih.gov/pubmed/17265038
http://www.ncbi.nlm.nih.gov/pubmed/17265038
http://www.ncbi.nlm.nih.gov/pubmed/20655650
http://www.ncbi.nlm.nih.gov/pubmed/20655650
http://www.ncbi.nlm.nih.gov/pubmed/20655650
http://www.ncbi.nlm.nih.gov/pubmed/10411844
http://www.ncbi.nlm.nih.gov/pubmed/10411844
http://www.ncbi.nlm.nih.gov/pubmed/10411844
http://www.ncbi.nlm.nih.gov/pubmed/12768118
http://www.ncbi.nlm.nih.gov/pubmed/12768118
http://www.ncbi.nlm.nih.gov/pubmed/17616565
http://www.ncbi.nlm.nih.gov/pubmed/17616565
http://www.ncbi.nlm.nih.gov/pubmed/16489848
http://www.ncbi.nlm.nih.gov/pubmed/16489848
http://www.ncbi.nlm.nih.gov/pubmed/16489848
http://www.ncbi.nlm.nih.gov/pubmed/15508673
http://www.ncbi.nlm.nih.gov/pubmed/15508673
http://www.ncbi.nlm.nih.gov/pubmed/15508673
http://www.ncbi.nlm.nih.gov/pubmed/15605286
http://www.ncbi.nlm.nih.gov/pubmed/15605286
http://www.ncbi.nlm.nih.gov/pubmed/15605286
http://www.ncbi.nlm.nih.gov/pubmed/15605286
http://www.ncbi.nlm.nih.gov/pubmed/18092379
http://www.ncbi.nlm.nih.gov/pubmed/18092379
http://www.ncbi.nlm.nih.gov/pubmed/18092379
http://www.ncbi.nlm.nih.gov/pubmed/15843908
http://www.ncbi.nlm.nih.gov/pubmed/15843908
http://www.ncbi.nlm.nih.gov/pubmed/18683479
http://www.ncbi.nlm.nih.gov/pubmed/18683479
http://www.ncbi.nlm.nih.gov/pubmed/18683479
http://www.ncbi.nlm.nih.gov/pubmed/17659093
http://www.ncbi.nlm.nih.gov/pubmed/17659093
http://www.ncbi.nlm.nih.gov/pubmed/17659093
http://www.ncbi.nlm.nih.gov/pubmed/21926666
http://www.ncbi.nlm.nih.gov/pubmed/21926666
http://www.ncbi.nlm.nih.gov/pubmed/21926666
http://www.ncbi.nlm.nih.gov/pubmed/10825416
http://www.ncbi.nlm.nih.gov/pubmed/10825416
http://www.ncbi.nlm.nih.gov/pubmed/10825416
http://www.ncbi.nlm.nih.gov/pubmed/9688925
http://www.ncbi.nlm.nih.gov/pubmed/9688925
http://www.ncbi.nlm.nih.gov/pubmed/9688925

	Title
	Corresponding author
	References 

