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Abstract This article reviews the role of arginine-
vasopressin and the vasopressin analogue terlipressin as
potent alternative vasoconstrictors in the treatment of fluid
and catecholamine-refractory septic shock. Terlipressin is
the most selective, clinically available V1 receptor agonist,
and may be more potent than arginine-vasopressin in
restoring catecholamine refractory septic shock. Recent
experimental and clinical studies on terlipressin, as well as
the possible benefit of selective V1a receptor agonists, are
discussed.
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Hallmarks of severe sepsis and septic shock are generalized
tissue malperfusion due to hypotension, and hyperperme-
ability secondary to microcirculatory/capillary leakage [1].
The recent Surviving Sepsis Campaign international
guidelines for management of severe sepsis and septic
shock suggest adequate fluid resuscitation, followed by
norepinephrine or dopamine as first line vasopressors as a
standard of care, and vasopressin as an alternative vaso-
active drug, on organ and tissue perfusion/permeability in
severe sepsis [2]. The rational for the use of vasopressin is
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based on the findings of Landry et al. [3], who more than a
decade ago documented that a deficiency in the plasma
concentration of the vasopressor hormone arginine vaso-
pressin (AVP) contributes to vasodilation in septic shock. It
has been hypothesized that AVP administration may be
useful as replacement hormone therapy for patients suf-
fering septic shock [4]. Pilot studies involving the use of
low-dose AVP infusion (0.01-0.04 U/min) in this patient
population have shown that “add back” AVP therapy may
reverse hypotension in catecholamine resistant shock states
[5]. A recent large-scale multicenter study, the Vasopressin
and Septic Shock Trial (VASST), suggested that add back
AVP therapy (0.01-0.03 U/min) might reduce mortality in
less severe septic shock [6]. However, an effective dose of
AVP for patients with high severity of shock remains a
vitally important issue in these patients because of the
staggeringly high mortality rate. Most recently, Torgersen
et al. [7] reported that in patients with severe septic shock a
higher dose of AVP (0.067 U/min) than used in the VASST
trial results in more effective restoration of cardiovascular
function. The number of patients randomized into
Torgersen’s study is sufficient to provide useful additional
hemodynamic information, though not sufficient to test for
differences in survival outcome [8]. Randomized con-
trolled trials that are adequately powered to test for survival
differences in these severely ill patients are still warranted.

AVP, however, may not play the key role as hormone
replacement or vasopressor therapy in the future. AVP is
the endogenous ligand for the known subtypes of vaso-
pressin receptors Vla, V1b (V3), and V2, and could also
act on the oxytocin receptor at high concentrations, with
the Vla and V2 receptors being the principal subtypes
mediating its physiological functions [9]. While the vaso-
pressin Vla receptor mediates vasoconstriction [9], some
of the V2 receptor mediated effects would be adverse in
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sepsis, such as hypercoagulation [10], antidiuresis [11],
selective vasodilatation [12] as well as CNS changes [9].
This led to the general hypothesis that a selective Vla
receptor agonist would be superior to the AVP in treating
septic shock.

In this issue of Inflammation Research, Lange et al. [13]
investigate the effects of two different dosing regimens of
terlipressin on organ functions in ovine endotoxemia. The
authors chose terlipressin because it is the most selective,
clinically available V1 receptor agonist that has a higher
selectivity for the V1 receptor than AVP (V1/V2 ratio 2.2
vs. 1), and may be more potent in restoring catecholamine
refractory septic shock [14]. The major findings of the
present study are that continuous low-dose versus bolus
infusion of terlipressin was associated with improved sur-
rogate parameters of myocardial contractility and renal
function as well as less vascular leakage. It is important to
point out that terlipressin has a prolonged effective half-life
as compared to AVP (50 vs. 6 min) and was traditionally
used as splanchnic vasoconstrictor in hepatorenal syndrome
and gastrointestinal bleeding in liver cirrhosis [14]. It may
carry the risk of excessive systemic and/or microregional
vasoconstriction after bolus injection. In a previous report
of this group it has been demonstrated that overshooting
increases in systemic and pulmonary vascular resistance
and decreases in cardiac index noticed in sheep treated with
bolus injections of terlipressin were prevented using the
continuous infusion of the drug [15]. A clinical pilot study
of terlipressin versus AVP infusion in septic shock (TER-
LIVAP) suggests that continuous low dose infusion of
terlipressin (1.3 mcg/kg/h) also reduced catecholamine
requirements more effectively and was associated with less
rebound hypotension than AVP (0.03 U/min). In this con-
text, it can be speculated that less rebound hypotension is
related to terlipressin’s longer half life. However, this study
provides useful preliminary hemodynamic data, but is
limited by the number of patients in order to detect differ-
ences in survival outcome.

These experimental and clinical studies suggest that the
more selective V1 receptor agonist terlipressin may be
advantageous. However, high doses and bolus administra-
tion should be avoided given the potential risk of excessive
vasoconstriction and decrease in cardiac index. Additional
studies are needed to clarify the optimal time of therapy
institution. At the present time, it has not been studied if
early or late initiation of continous terlipressin adminis-
tration is more beneficial. Furthermore, the efficacy and
dose ranges of continuous infusion as far as the safety of
this approach in comparison with other nonspecific vaso-
pressinergic drugs, such as AVP is concerned, need to be
elucidated. In addition, the effects of terlipressin on human
microcirculation need to be studied in greater detail before
a clinical use may be recommended, since only few human
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data of direct effects of terlipressin on microcirculatory
perfusion are presently available. In comparative studies to
other vasopressors in septic shock there was no difference
between a bolus terlipressin or norepinephrine with respect
to lactate levels and creatinine clearance [16]. Additional
terlipressin to norepinephrine significantly improved renal
function, but the mesenteric circulation was not evaluated
and hepatic function was altered, and was accompanied by
a rise in bilirubin and aminotransferases [17]. Terlipressin
represents an effective pressor agent in patients with
catecholamine-unresponsive septic shock. Whether or not
terlipressin may improve the outcome of septic shock
patients compared with standard therapy with catechola-
mines or AVP remains to be determined.

Given the results of recent experimental studies using
highly selective V1a receptor agonists, reversing vascular
leakage, massive fluid accumulation, and hypotension
[18, 19], our point of view on AVP as replacement therapy
in septic shock may change. Perhaps using AVP analogues
with higher V1a receptor sensitivity such as terlipressin or
a selective Vla receptor agonist instead of AVP, there may
be a reduction in the mortality of these severely septic
patients. At present, however, of all drugs that are clini-
cally available, terlipressin is the one with the highest V1
receptor selectivity and should be further investigated in
large randomized controlled trials to have better tools
available to clinically fight septic shock.
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