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Département d’Anesthésie et de Réanimation et
Centre de Traumatologie, Hôpital Nord, Assistance
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Purpose of review

This article reviews new findings on the use of vasopressor agents in septic shock.

Recent findings

Several recent large randomized clinical trials have compared vasopressor agents in

patients with septic shock. Briefly, the survival of patients treated with norepinephrine

alone or a combination of norepinephrine and dobutamine did not significantly differ

from that of patients treated with epinephrine. In observational studies, dopamine use

was associated with poor outcome. The results of a clinical trial comparing dopamine

and norepinephrine as a first-line agent in septic shock are pending. The addition of low

dose vasopressin to norepinephrine did not significantly improve the survival of patients

with septic shock. A positive effect on survival was observed in a predetermined

(norepinephrine dose <15 mg/kg/min) subgroup of patients with moderate shock.

There is no large randomized clinical trial on the use of terlipressin. In contrast, nitric

oxide inhibitors were associated with increased mortality in patients with septic shock

Summary

The use of norepinephrine or epinephrine can be left to the discretion of the treating

physician. Low-dose vasopressin administration remains an option for catecholamine

refractory septic shock. The potential benefit of early use in combination with a moderate

dose of norepinephrine remains to be determined.
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Introduction
Several factors contribute to organ dysfunction in patients

with septic shock. Once the inflammatory response has

been activated, many organ systems can be adversely

affected. A marked fall in systemic vascular resistance

results from arterial and venous dilatation. This is accom-

panied by leakage of plasma into the extravascular space,

leading to relative hypovolemia. The microcirculation is

adversely affected, with maldistribution of blood flow [1].

Importantly, oxygen is neither reaching nor being effec-

tively extracted by cells, probably because of arteriove-

nous shunting or abnormalities in cellular metabolism.

At the organ level, blood flow and perfusion pressure are

regulated by two control mechanisms. The first, extrinsic,

involves a complex interaction of vasomotor effects

between opposing neurohormonal systems. The second,

intrinsic, is the organ autoregulation, and depends on

changes in afferent arteriolar tone in response to the

organ perfusion pressure itself [2]. In healthy subjects,

below the autoregulatory thresholds, organ blood flow

becomes linearly dependent on perfusion pressure

(Fig. 1). In patients with septic shock, the autoregulation

system is disturbed, resulting in a linear relation between
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organ blood flow and perfusion pressure [2]. Hemody-

namic factors such as volume depletion, low cardiac

output or inappropriate vasodilation result in systemic

hypotension. These hemodynamic factors may directly

produce organ hypoperfusion through a reduction in

organ perfusion pressure. Therefore, one goal of hemo-

dynamic resuscitation in septic shock should be to restore

adequate organ perfusion pressure without impairing

blood flow to the organ.
Objectives in the initial resuscitation of
patients with septic shock
From the Surviving Sepsis Campaign guidelines, the end-

points for initial resuscitation (first 6 h) are: central venous

pressure between 8 and 12 mmHg, mean arterial pressure

above 65 mmHg, urine output above 0.5 ml/kg/h, and

central venous (superior vena cava) oxygen saturation

(ScvO2) above 70% [3].

Several limitations about these guidelines should be

underlined. Specific endpoints remain undetermined

for the resuscitation of patients with late septic shock.

The use of central venous pressure to assess preload

responsiveness is controversial because of its poor
d.
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Figure 1 Theoretical organ pressure–flow relationship
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Below �70 mmHg there is a linear dependence of organ blood flow on
perfusion pressure (subautoregulatory slope). The intercept of the
autoregulated zone (horizontal line) and the subautoregulatory slope
is the autoregulatory threshold (�70 mmHg in this particular case).

Table 1 Criteria for administering vasopressor agents in septic

shock

Criteria for prescribing a vasopressor agent (all four criteria
simultaneously present)

Adequate cardiac filling (central venous pressure: 12–15 mmHg)
ScvO2�70%
Mean arterial pressure�70 mmHg
Oliguria

Criteria of effectiveness
Mean arterial pressure>60–70 mmHg
No decrease in cardiac index or ScvO2

Reestablishment of urine output
Decrease in blood lactate level
Adequate skin perfusion
Adequate level of consciousness

Criteria for modulating the dose
Decrease (15–20%) in cardiac index or ScvO2 (<70%)

(consider using dobutamine)
Mean blood pressure�80–90 mmHg
predictive value. Dynamic parameters could be used in

preference to static parameters to predict fluid respon-

siveness in septic patients [4]. Lastly, the best level of

mean arterial pressure is still unknown, although a target

goal of 65 mmHg seems equivalent to higher pressures

[5,6]. Abnormalities of oxygen distribution in septic

shock can subsist, despite normal blood pressure [7]. A

normal or elevated ScvO2 with increased lactatemia

indicates a defect of peripheral oxygen utilization. A

prominent feature of sepsis is a dysfunction of micro-

circulation, with impaired perfusion and regional tissue

oxygenation causing a deficit in oxygen extraction.
How to achieve these endpoints with
vasopressors
Three systems exist to mediate vascular tone: sympath-

etic nervous system outflow, vasopressin and plasma

angiotensin. To date, in clinical practice, only the sym-

pathetic nervous system outflow and vasopressin have

been extensively studied. Vasopressor agents should be

used according to practical considerations in patients

with septic shock (Table 1).
opyright © Lippincott Williams & Wilkins. Unautho

Table 2 Adrenergic receptor effects of catecholamines

Drug Dose a1art

Epinephrine Low dose þ
High dose þþþþ

Norepinephrine þþþþþ
Dopamine Low dose 0

High dose þþþþ
Dobutamine 5 mg/kg/min þ
Isoproterenol 0.0015 mg/kg/min 0

Art, arterial; ven, venous; DA, dopaminergic.
Sympathetic nervous system outflow: basics

The basic catecholamine structure is a phenylethylamine

with three hydroxyl groups. The effects of catechol-

amines range from pure a-agonist to pure b-agonist

(Table 2). Briefly, the a-agonist stimulation produces a

vasoconstriction, whereas the b-agonist stimulation

increases the cardiac performance. Pure b-agonists will

not be considered further here.

Dopamine is the immediate precursor of norepinephrine.

At low doses, D1A receptors are activated causing

vasodilatation of the renal and mesenteric circulations.

Nevertheless, randomized clinical trials showed the lack

of efficacy of low-dose dopamine compared with placebo

in patients with early renal dysfunction [8]. In contrast,

small studies tend to show a potential beneficial effect of

low-dose dopamine on splanchnic blood flow and oxygen

consumption in patients with septic shock [9]. At doses of

2–10 mg/kg/min, b-adrenergic stimulation has positive

inotropic and chronotropic effects, while, at higher doses,

a-adrenergic stimulation results in peripheral vasocon-

striction.

Norepinephrine is the endogenous mediator of the sym-

pathetic nervous system and has both a and b-adrenergic

dose-dependent effects. Large doses increase blood

pressure via a-adrenergic-mediated vasoconstriction.

Norepinephrine induces vasoconstriction visibly in many
rized reproduction of this article is prohibited.
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vascular beds (e.g. the skin and muscles), and could

therefore alter visceral blood flow and, more notably,

renal blood flow, impairing organ function. In experimen-

tal rat models, norepinephrine caused ischemia-induced

acute renal failure [10]. It is, however, unclear whether

the same scenario of vasopressor-induced visceral hypo-

perfusion actually occurs in sepsis, which is characterized

by marked vasodilation related to muscle a-adrenergic

receptor hyporesponsiveness or massive nitric oxide

production [11]. When normal hemodynamic status

exists, norepinephrine administered to raise mean arterial

pressure by 20% does not affect glomerular filtration. In

contrast, when severe vasodilation (i.e. low systemic

vascular resistance and high cardiac index) affects systemic

circulation, the infusion of norepinephrine, which is

required to restore tissue perfusion pressure, is accom-

panied by a restoration of urine filtration, a decrease in

serum creatinine level, and an increase in clearance of

creatinine in patients with sepsis. The beneficial effect of

norepinephrine in patients with sepsis is in agreement with

the conclusions of several clinical reports [12–18]. Impor-

tantly, an experimental model shows that early use of

norepinephrine in septic shock is associated with improved

mean arterial pressure, sustained aortic and mesenteric

blood flow, and better tissue oxygenation when compared

with fluid resuscitation alone [19��]. This confirms the

results of an observational study [20].

Epinephrine is synthesized, stored and released from the

chromaffin cells of the adrenal medulla. At low doses,

stimulation of b1 and b2-adrenergic receptors is pre-

ponderant, while at higher doses (0.15–0.3 mg/kg/min),

a-adrenergic receptors are activated with a potent vaso-

constriction (Table 2). Epinephrine increases oxygen

delivery in septic shock by increasing the cardiac index

without an effect on the systemic vascular resistance index

or pulmonary artery occlusion pressure [21]. It has been

associated with impaired effect at the level of splanchnic

circulation. Actually, the decrease in splanchnic blood flow

with epinephrine occurred in conjunction with three signs

of deteriorating tissue oxygenation in this region: a

decrease in splanchnic oxygen consumption, a decrease

in intramucosal pH, and an increase in lactatemia [22].

Sympathetic nervous system outflow: clinical studies

Martin et al. [23] compared the ability of dopamine and

norepinephrine to reverse hemodynamic and metabolic

abnormalities of human hyperdynamic septic shock. At the

doses tested in this study, norepinephrine was found to be

more effective and reliable than dopamine to reverse the

abnormalities of hyperdynamic septic shock. In the great

majority of the study patients, norepinephrine was able to

increase mean perfusing pressure without any apparent

adverse effects on peripheral blood flow or on renal blood

flow. At the same time, oxygen uptake was increased. In a

nonrandomized study, the same group found better survi-
opyright © Lippincott Williams & Wilkins. Unauth
val in patients treated with norepinephrine than in those

treated with dopamine or epinephrine [24].

Two studies seem to confirm that administration of

dopamine can be associated with increased mortality in

patients with septic shock [25,26]. In a population of 110

patients with septic shock, resistance to dopamine was

associated with an increased risk of death (odds ratio, 9.5;

95% confidence interval, 3–25) [25]. The dopamine

group of an observational study including 1058 patients

with shock had a higher hospital mortality rate (42.9%

versus 35.7%, P¼ 0.02) [26], while this effect was not

found with other vasopressor agents.

The stimulation of a-adrenoreceptors, by inducing

contraction of mesenteric vascular smooth muscle, can

result in gut ischemia. The effects of dopamine, norepi-

nephrine and epinephrine on the splanchnic circulation

have been compared in patients with septic shock [27].

Dopamine was progressively withdrawn and replaced

successively by norepinephrine and then epinephrine

to maintain constant mean arterial pressure (moderate

shock) or to increase mean arterial pressure above

65 mmHg (severe shock). This study showed that dopa-

mine and norepinephrine have similar hemodynamic

effects, while epinephrine can impair splanchnic circula-

tion in severe septic shock. This is in agreement with

prior studies showing that epinephrine is as effective as

norepinephrine–dobutamine, but impairs oxygen utiliz-

ation and gastric mucosal acidosis [28–31].

Recent randomized studies have shown that this splanch-

nic effect does not affect patient outcome. In a French

study comparing the efficacy and safety of nor-

epinephrine plus dobutamine with epinephrine alone

in 330 randomized patients with septic shock, there

was no significant difference in mortality rates between

the two groups [32��]. A recent abstract presented in the

20th Annual Congress of the European Society of Inten-

sive Care Medicine compared the effects of epinephrine

and norepinephrine on the resolution of acute circulatory

failure. Epinephrine was associated with marginal evi-

dence of shorter times to resolution, but had significant

transient metabolic side effects compared with norepi-

nephrine. There was a trend in favor of epinephrine in

the subpopulation of patients with sepsis [33]. The

results of another clinical study comparing dopamine

and norepinephrine as a first-line agent in patients with

septic shock should be known soon. In conclusion, the

recent clinical trials show equivalence in terms of out-

come with the use of different catecholamines [32��,33].

Alternative vasopressors: a role for vasopressin

Over time, vascular responsiveness to catecholamines

diminishes. This vascular hyporeactivity to catechol-

amines is most likely due to excessive nitric oxide
orized reproduction of this article is prohibited.
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formation associated with an activation of adenosine-50-
triphosphate-sensitive potassium channels and reduction

in calcium entry through voltage-gated calcium channels

[34]. Thus, the search for alternative vasopressors, used

alone or in combination with standard therapies, is of

great interest. Vasopressin mediates vasoconstriction via

V1-receptors, coupled to phospholipase C, and increases

intracellular calcium concentration [35,36�]. The plasma

vasopressin levels of patients with septic shock are almost

always increased at the initial phase of septic shock and

decrease afterwards [37,38].

The rationale to provide vasopressin in septic shock is

thus based on the following evidence: relative vasopres-

sin insufficiency [37], potential synergism between nor-

epinephrine and vasopressin [39,40], and preservation of

vasopressin-mediated contraction in septic conditions

[41�]. This last point, however, remains contentious. In

an isolated mesenteric vessel model, vasoconstriction

produced by vasopressin or norepinephrine, and the

synergistic vasoconstriction produced by the combi-

nation, was inhibited in vasodilatory septic shock-like

conditions [39]. This finding confirmed prior results [42].

In contrast, in a peritonitis model, the pressor response to

norepinephrine was markedly reduced in the septic

animals, while responses to vasopressin were relatively

preserved. In arteries from septic animals, norepi-

nephrine contractions were decreased, while the potency

of vasopressin was enhanced [41�].

Low-dose vasopressin (�0.04 U/min) infusion has

been shown to be effective in reversing catecholamine-

resistant hypotension in septic shock patients (Fig. 2)
opyright © Lippincott Williams & Wilkins. Unautho

Figure 2 Changes in mean arterial pressure and cardiac index induce

with vasodilatory shock

Mean arterial pressure. Cardiac index.
[38,43–49]. Administration of vasopressin increases mean

arterial pressure, systemic vascular resistance, and urine

output in patients with vasodilatory septic shock and

hyporesponsiveness to catecholamines [44]. One study

has suggested that vasopressin is more efficient than

norepinephrine for increasing urine output [50]. The best

dosages of vasopressin remain controversial. Dosages of

0.067 IU/min seem to be more effective in reversing

cardiovascular failure in vasodilatory shock requiring high

norepinephrine dosages than 0.033 IU/min [51�]. In con-

trast, use of vasopressin instead of norepinephrine cannot

be recommended [49]. In Europe, use of terlipressin

(tricycl-lysine-vasopressin) has been promoted due to

the lack of available vasopressin (Fig. 2) [52–55]. Terli-

pressin is the synthetic analogue of vasopressin. It has a

similar pharmacodynamic profile, but different pharma-

cokinetic properties. The half-life of arginine vasopressin

is only 6 min, while that of terlipressin is 6 h [35,56].

Hence, initial studies used one 1 mg bolus of terlipressin

in septic patients with refractory shock [52,53]. Recently,

continuous infusion of terlipressin was suggested after

the initial bolus [57,58]. Experimentally, continuous

infusion of terlipressin prevented unwanted side effects

of intermittent bolus injections, such as decreases in heart

rate and cardiac index [57]. This has been confirmed in a

recent case report [58]. Terlipressin has been compared

with norepinephrine in a small randomized trial, suggest-

ing equivalence between the two agents in terms of

oxygen consumption and renal effect [55].

The safety of vasopressin use is a matter of debate. Small

studies highlight a drop in cardiac output associated with

vasopressin or terlipressin use (Fig. 2) [38,43–49,52–55].
rized reproduction of this article is prohibited.

d by the administration of vasopressin or terlipressin in patients



C

Vasopressor use in septic shock Leone and Martin 145
This drop in cardiac output may be reversed by using

dobutamine [59�]. The vasoconstrictor activity of

vasopressin is heterogeneous on a topographical level

[60,61]. There is an induced vasoconstriction on the skin,

skeletal muscle, adipose tissue, the pancreas and the

thyroid [62]. It is less obvious in the mesenteric, coronary

and cerebral regions under physiologic conditions

[63–65]. Its impact on digestive perfusion remains con-

troversial. One should remember that the initial role of

vasopressin is the management of patients with variceal

bleeding in cirrhosis [66]. Two studies of patients with

septic shock have shown vasopressin to have no impact on

splanchnic circulation [46,50], while another study found

a detrimental effect on this circulation [67]. Experimental

studies have shown a reduction in digestive perfusion

under vasopressin in animals in a state of endotoxemic

shock [68,69�].

The benefit of administrating vasopressin has been ques-

tioned owing to these unwanted side effects. Its use was

even associated with an increase in mortality in patients

with septic shock [70]. Hence, a large randomized clinical

trial (the Vasopressin and Septic Shock Trial) was aimed

at comparing the survival of 778 patients with septic

shock treated with vasopressin (up to 0.03 IU/min) or

norepinephrine. The inclusion criterion was septic shock

requiring at least 5 mg/min of norepinephrine for 6 h

during the last 12 h. Mean arterial pressure was targeted

between 65 and 75 mmHg. The mortality was similar in

both groups (35.4% versus 39.3%, P¼ 0.26). Lactatemia

and renal function were unaffected by the two treat-

ments. The survival of patients with less severe forms

of shock, defined by an entry dosage of norepinephrine

ranging from 5 to 14 mg/min, was increased in the group

treated with vasopressin (26.5% versus 35.7%, P¼ 0.05).

Three hypotheses may explain this result. First, the

significance may be due to the 5% probability of error

in the statistical test. Second, vasopressin may have

beneficial hormonal actions, independent of its vasopres-

sor effect. Third, the addition of vasopressin may be

inefficient in the patients treated with high doses of

norepinephrine. As shown in an experimental study,

low-dose vasopressin acts synergistically with norepi-

nephrine only at low concentrations [39,40]. Hence, this

would recommend the early use of low-dose vasopressin

in septic shock.

To date, interest in other vasopressive agents is limited.

The clinical trial using nitric oxide inhibitors resulted in

an increased mortality in the treatment arm [71]. This

study condemned this way of research. One can however

note excessive blood pressure levels in the treatment

arm. This suggests that a high level of mean arterial

pressure should be avoided in patients with septic shock.

Interesting results showed a marked synergism between

vasopressin and angiotensin II in a human isolated artery
opyright © Lippincott Williams & Wilkins. Unauth
[72]. The relative tension of the vessel decreased after

each angiotensin II exposure. In the presence of vaso-

pressin (100 pg/ml), the relative tension is preserved

independently of the number of angiotensin II

exposures. Hence, a ‘multimodal’ approach to vascular

dysfunction may be a future alternative to the exclusive

use of norepinephrine.
Conclusion
Vasopressor agents are required to maintain a minimal

level of blood pressure in patients with septic shock. With

regard to recent clinical trials results, there is no evidence

to recommend the use of epinephrine instead of norepi-

nephrine. In observational studies, dopamine seems to be

associated with a poor outcome, but one should wait for

the results of a randomized trial. Vasopressin improves

the norepinephrine-mediated smooth vessel muscle con-

traction. Vasopressin use is associated with a decrease in

cardiac output, which can be detrimental in selected

patients. Its use does not however affect the outcome

of patients with septic shock. Early combination of nor-

epinephrine and vasopressin in septic shock should be

tested in future studies.
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