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The hemodynamic effects of norepinephrine: far more than an
increase in blood pressure!
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Vasopressors are commonly used to correct hypotension.
Among these, norepinephrine is the preferred first line
vasopressor. Compared to dopamine, norepinephrine
improves outcome in patients with septic shock (1) and
in cardiogenic shock (2). Recently a trial comparing
norepinephrine to ephedrine boluses in peri-operative
period, demonstrated that norepinephrine was
associated with lower occurrence of postoperative
organ dysfunction (3). Compared to epinephrine,
norepinephrine administration in patients with
cardiogenic shock improved shock resolution and was
associated to a trend in a lower mortality (4). During
shortage of norepinephrine in the US, substitution of
norepinephrine was associated with a transient increase
in mortality rate in septic shock patients (5). Thus,
norepinephrine is the vasopressor agent of choice, but
what are the hemodynamic effects of norepinephrine
beyond increasing blood pressure?
Interestingly, it has been demonstrated in different
trials that correction of hypotension with administration of
norepinephrine at early stages of shock is associated with
an increase in cardiac output. Intuitively, one may expect
that raising blood pressure, and thus afterload, would rather
be associated with a decrease in cardiac output. What
mechanisms could be associated with this increase in cardiac
output? Theoretically norepinephrine may act on the four
determinants of cardiac output (6): heart rate, preload,
contractility and afterload. As norepinephrine minimal
affects heart rate, most of the hemodynamic effects are
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related to its effects on stroke volume.
First norepinephrine markedly affect preload. In
25 septic shock patients who were fluid responsive, as
defined by a positive passive leg raising test, norepinephrine
increased central venous pressure by 23%, left ventricular
end-diastolic area by 9% and global end diastolic volume by
9% (7). This effect on preload was accompanied by an 11%
increase in cardiac index. Venoconstriction is the mechanism
by which norepinephrine increases preload, redistributing
blood from unstressed to stressed volume. This hypothesis
was confirmed by the demonstration that norepinephrine
increased mean systemic pressure, an estimate of the
distending pressure in the small veins and venules, which
contain most of the blood in the body (8). As mean systemic
pressure increased without altering right atrial pressure,
the gradient for venous return (and thus cardiac output)
increased. Of note, norepinephrine also hindered somewhat
the gradient for venous return by increasing venous vascular
resistances, so that a greater mean systemic pressure is
required to preserve venous return.
Interestingly, norepinephrine decreases the need for
volume replacement (9). The sepsis induced vasodilation
also affects capacitance veins. Hence a large amount of
volume is required to refill the tank. Norepinephrine
also restore vascular tone in capacitance veins, thereby
decreasing amount of fluids needed to restore the gradient
for venous return. There are nevertheless two negative
counterparts to the use of norepinephrine. On the one
hand, excessive vasoconstriction is not desired, and the aim
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of norepinephrine use in sepsis should be to restore vascular
tone in the context of venous (and arterial) dilation, not
to substitute to fluid replacement in the context of true
hypovolemia. Importantly, sepsis associated hypovolemia
is not only related to blood redistribution between
venous compartments but also due to a true hypovolemic
component related to external losses (diarrhea, sweating…)
or to capillary leak. On the other hand, norepinephrine
can also promote capillary leak as it increases hydrostatic
pressure together with the increase in venous resistances.
A recent finding confirms that norepinephrine also
increases contractility. In 38 patients with septic shock,
Hamzaoui et al. (10) observed that norepinephrine
administration increased left ventricular ejection fraction,
stroke volume, anterior displacement of mitral and tricuspid
annulus. These effects were also observed in the subgroup
of patients with impaired contractility. These effects seem
independent of any effect of preload. As the patients were
adequately fluid resuscitated at inclusion, there were
minimal effects on preload (minimal changes in mitral inflow
pattern or left ventricular end-diastolic area). The potential
mechanisms associated with this increase in contractility
were discussed in an accompanying editorial (11).
These encompass an inotropic effect directly related to
the (limited) beta-adrenergic stimulation as well as to the
increase in coronary artery perfusion pressure related to the
increase in diastolic pressure. The combination of the rise in
arterial pressure and contractility may improve ventriculoarterial coupling. In patients with septic shock, hypotension
is often associated with a decreased arterial elastance, which
in turn leads to reduced ventriculo-arterial coupling (12).
The correction of hypotension with norepinephrine
increases arterial elastance (10) which, associated with an
increase in contractility may improve ventriculo-arterial
coupling. Interestingly, Guinot et al. (13) reported that
stroke volume increased only in patients with impaired
ventriculo-arterial coupling at baseline and who improved
their ventriculo-arterial coupling during norepinephrine
administration, even if norepinephrine corrected arterial
hypotension in all patients.
The impact of norepinephrine on left ventricular
afterload should not be neglected. While correction of
hypotension has many beneficial effects as reported above,
in some patients the increase in blood pressure is represent
an exaggerated cardiac afterload that the heart can hardly
overcome. It seems that the impact on cardiac output would
depend on the balance between the potentially beneficial
effects (improve ventriculo-arterial coupling; increase
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coronary artery perfusion…) and the impact on afterload
(especially if myocardial function is altered).
An important aspect to recall is that several of these
effects may vanish over time. The impact of the increase
in preload is likely to be time-dependent. Indeed,
while preload-dependency is frequent at early stages of
sepsis, it becomes less common at later stages. Even if
norepinephrine similarly affects mean systemic pressure at
later stages in sepsis, this would not result in an increase
in cardiac index when the patient is preload-independent.
The increase in venous resistance may even slightly impair
cardiac index. Similarly, the effect of norepinephrine
on contractility may disappear over time, due to down
regulation of beta-adrenergic receptors (14). The impact of
raising afterload would remain identical over time or can
even be more dramatic if the heart performances exhaust
with time. Indeed, one third of the case of myocardial
depression became evident only after 24–48 h of support
with norepinephrine (15).
In addition to these systemic hemodynamic effects,
norepinephrine also exerts regional hemodynamic effects
that should be highlighted. Compared to epinephrine,
norepinephrine is associated with a better balance between
oxygen delivery and oxygen consumption in the splanchnic
area (16). Similarly, the other alternatives like phenylephrine
or vasopressin derivatives have all be shown to be associated
with worse splanchnic hemodynamics (17,18). The impact
of norepinephrine on the microcirculation may be more
variable. While vasopressors, including norepinephrine,
intrinsically decrease microvascular perfusion by increasing
precapillary sphincter tone, vasopressors may also
improve organ perfusion by restoring perfusion pressure.
Accordingly, the net effect on microvascular perfusion
is quite variable, with neutral effects, improvements or
alterations in microvascular perfusion being all observed
in various patients with septic shock (19-21). Baseline
blood pressure and microvascular perfusion seem to affect
the response to norepinephrine, with improvements in
microvascular perfusion when one of these is altered at
baseline. Given this variable effect, it sounds reasonable to
evaluate these effects during norepinephrine administration,
especially considering the relationship between severity
and duration of microvascular alterations and outcome in
patients with sepsis (22,23).
In conclusion, norepinephrine appears to have interesting
hemodynamic properties (Figure 1) in addition to its impact
on arterial pressure, especially at the early stages of septic
shock, but norepinephrine should not be used as a surrogate
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Figure 1 Summary of the various hemodynamic effects of
norepinephrine. NE, denotes norepinephrine.

for volume replacement or as an inotropic agent. Evaluation
of fluid responsiveness, cardiac function and tissue perfusion
should be regularly performed in patients receiving
norepinephrine.
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