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Perioperative haemodynamic optimisation is crucial to
improve outcomes after surgery."? The basis of perioperative
haemodynamic optimisation is cardiovascular monitoring,
although the target of optimisation is tissue perfusion.®> With
the advent of minimally invasive advanced cardiovascular
monitoring, the concept of perioperative goal-directed therapy
(GDT) has gained prominence as an individualised approach to
optimising flow parameters. The basis of GDT is optimisation
of flow through measurement of stroke volume (SV) after
administration of i.v. fluid volume boluses to eliminate cardiac
preload dependency.>** Volume therapy based on GDT has
been shown to improve perioperative outcomes when
compared with a conventional approach with haemodynamic
interventions based upon HR, BP, and clinical observation.”

Different algorithms for GDT have been proposed, but the
cornerstone has been the use of an i.v. fluid bolus to eliminate
preload-dependency based on SV measurement or continuous
assessment of stroke volume variation (SVV).>* Ideally, this
ensures that cardiac output is optimised, which hopefully will
optimise the possibility of adequate tissue perfusion, while at
the same time avoiding unnecessary fluid overload in those
patients who are not fluid responsive. The paradigm is
opposed to the earlier concepts of liberal or restrictive fluid
therapy, where the delivered volume was not guided by indi-
vidual flow response to fluids.®

The GDT concept is flow based, even though most algo-
rithms have conceded that after flow optimisation a target
MAP >65 mm Hg, or individualised from the preoperative
baseline MAP, should be attained with supplementary vaso-
constriction.” Consequently, the strategy is to optimise flow by
fluid bolus and then apply vasoconstriction to avoid hypo-
tension once flow is optimised.®’

The impact of perioperative hypotension has been studied
extensively in recent large studies, and there is a strong asso-
ciation between even short perioperative periods of hypoten-
sion and increased postoperative morbidity.”'°"'? However,
hypotension can obviously occur both in high-flow states by
vasodilation and afterload reduction with preserved contrac-
tility, or in low-flow states by reduction of circulating volume,
vasoplegia with or without decreased contractility.” The cau-
sality of the association between hypotension and poor
outcome has not been established; the main question to be
answered is whether poor outcome is related only to hypoten-
sion induced by low-flow or also to high-flow states with hy-
potension. Consequently, the best treatment decision for any
given clinical hypotensive state may be difficult—fluids, vaso-
constriction, or inotropic support? Pragmatic GDT approaches
have prioritised correction of flow by volume followed, in some
studies, by inotropic therapy and then vasoconstriction if
hypotension persists.®? However, scientific evidence for the
specific therapeutic sequence of this approach is limited.

Vasoconstriction and preload
responsiveness

The current approach to vasoconstriction in GDT has been
based on enhancement of afterload to attain a targeted arterial
pressure after flow optimisation. General and neuraxial anaes-
thesia induces sympatholysis with vasodilation reducing both
preload and afterload potentially inducing preload responsive-
ness. However, preload may also be modifiable by vasocon-
striction, as demonstrated experimentally and clinically after
norepinephrine and phenylephrine administration.’*"** Simi-
larly, the ability of the cardiovascular system to modulate

venous return has been shown in experimental hypovolaemia,
where preload responsiveness can be masked by sympathetic
vasoconstriction in the non-anaesthetised patient.'® Conse-
quently, the overall compensatory reserve capacity may depend
on adrenergic-controlled ability for central fluid recruitment.

Induction of anaesthesia produces dose-dependent vaso-
plegia by suppression of sympathetic tone accentuating preload
responsiveness. Consequently, the clinician is faced with the
choice of vasoconstriction or volume loading, which within the
present paradigm of GDT is not discernible solely by looking at
cardiovascular parameters. If volume loading is chosen, the
patient is at risk of postanaesthetic fluid overload, and if vaso-
constriction is chosen, tissue hypoxia as a result of inadequate
capillary blood flow may be the consequence with an insufficient
circulating intravascular volume.”'* The use of vasopressors is
frequent, but variable in GDT studies of major surgery. In the
OPTIMISE trial, vasopressor (or non-dopexamine inotrope)
infusion was 28% in the GDT group, while in the POM-O trial it
was reported at 19%%°. Other studies on GDT intervention by
automated closed loop systems have reported vasoactive in-
fusions in 55—89% of patients.'’'’® Recently, the INPRESS trial
reported an incidence of norepinephrine infusion of 95% to
maintain BP within 10% of resting arterial pressure after initial
GDT, as compared with 26% in the control group with more
conventional arterial pressure control.’” However, as the pre-
sent paradigm only considers the ability of vasoconstrictors to
affectafterload and BP, itassumes that after GDT-guided volume
loading, the administration of vasopressors to achieve a mini-
mum MAP threshold will be the ‘correct’ amount of vasocon-
striction. As such, once vasopressor therapy is initiated, the
‘setpoint’ for preload dependency will be pushed towards a
maintained preload even with less circulating volume.” '
Therefore, continuous infusion of vasopressors may mask pre-
load responsiveness resulting in uncoupling of the GDT inter-
vention by vasoconstriction.

Thus, the therapeutic concept behind a given haemody-
namic strategy depends on several factors: intravascular vol-
ume, vasoconstriction/dilation and inotropic support, and the
sequence and timing of these. In addition, many high-risk pa-
tients today are treated with potent vasodilators, such as
angiotensin-converting-enzyme inhibitors and beta blockers,
which exacerbate the risk of intraoperative vasoplegia. Also,
patients treated within enhanced recovery pathways may have
better preoperative hydration status, which may reduce the role
of hypovolaemia as a first cause of post-induction preload
responsiveness.”’’ Therefore, the assumption that post-
induction preload dependency is primarily caused by insuffi-
cient circulating volume may be challenged. Another approach,
which includes vasoconstriction, may be to target optimal
intravascular volume which, combined with adequate vaso-
constriction to eliminate preload responsiveness, maintains
organ perfusion.’® This approach changes the therapeutic
concept, such that vasoconstriction will be the first choice for
preload dependency followed by volume loading, inotropic
drugs, or both, but only if adequate perfusion is not attained.
This will both minimise unnecessary volume therapy and
reduce periods of intraoperative hypotension. Such a paradigm
will obviously require both monitoring of preload dependency
and continuous monitoring of perfusion, which is clinically
available with near infrared spectroscopy, sublingual microcir-
culation assessments, and the ‘peripheral perfusion index’.?>%?
However, there is currently insufficient clinical research data to
support this hypothesis.
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Fig. 1. Vasoconstriction as diagnostic/therapeutic intervention. SV, stroke volume.

Vasoconstriction as diagnostic and
therapeutic modality

Although the diagnosis of preload responsiveness is simple,
there has been little exploration in venous recruitment by
vasoconstriction to test for preload responsiveness, even though
vasoconstrictors can recruit preload.'” A bolus dose of a pure
alpha-agonist vasoconstrictor such as phenylephrine has an
extremely fast onset, a short half-life, and as such could actas a
diagnostic test of the combined response to an increase in pre-
load and afterload in hypotensive patients, especially if guided
by simultaneous monitoring of perfusion. Subsequently, the
decision can be made to either proceed with vasoconstrictor
infusion, if perfusion is improved together with an increase in
SV and BP, or, if central haemodynamics are improved without
an increase in tissue perfusion, to supplement with volume
therapy (Fig. 1). Obviously, vasoconstriction as a diagnostic test
will increase afterload which can demonstrate ‘afterload sus-
ceptibility’ when the combined increase in preload and after-
load results in a decrease in SV. The approach of using an initial
vasoconstriction diagnostic test coupled with perfusion moni-
toring has the potential to quickly guide adequate resuscitative
measures, while at the same time avoiding hypotension and
vasoconstriction-induced uncoupling of microcirculation lead-
ing to tissue hypoperfusion. Consequently, the clinician can
decide to use therapeutic vasoconstriction to enhance preload
and thereby improve cardiac output in situations with preload
dependency where appropriate.

Therapeutic vasoconstriction is already used in Caesarean
section, where continuous phenylephrine is used routinely to
attenuate vasodilation caused by neuraxial blockade, and in
vasoconstriction with norepinephrine in high-risk surgery in
GDT algorithms, although only guided by BP response.?’
Recently, improved outcome has been reported for individu-
alised BP control with norepinephrine added to an initial GDT
SV-based fluid intervention, an effect that may be based on
either correction of vasoplegia and thereby preload respon-
siveness, increased cardiac output as a result of the inotropic

effect of norepinephrine, or both.”"*? As such, norepinephrine as
a primary intervention is rational if used to decrease preload
responsiveness, augment cardiac output, and maintain sys-
temic arterial pressure while maintaining organ perfusion.
However, this approach requires monitoring of both central
cardiovascular parameters and central/peripheral perfusion,
which is the true target of the intervention. Therefore, moni-
toring of both macro-circulatory parameters and measures of
peripheral/central perfusion are required for the clinician to
‘squeeze safely’. The described hypothetical approach to diag-
nostic and therapeutic vasoconstriction needs further clinical
research to investigate the effects of vasoconstriction on macro-
micro circulatory interactions before pragmatic clinical trials are
performed.??

Conclusions

Perioperative optimisation of haemodynamics is an object of
intensive research, but the challenge for future research is how
to intervene in the most rational way, and how different phys-
iological parameters interact with our interventions. Correction
of hypotension is currently based on an inadequate physiolog-
ical basis within the GDT concept. We hypothesise that a
rational approach and major research focus may be an initial
short-acting vasoconstrictor diagnostic intervention to assess
the combined macro- and micro-circulatory response to preload
and afterload enhancement and its interaction with tissue
perfusion followed by fluid-based GDT where appropriate. This
approach will need to be investigated both in specific patient
categories and with different methods of anaesthesia to develop
algorithms for the timing and sequence of perioperative car-
diovascular interventions to provide better patient outcomes.
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