
100 - Editorials
randomized controlled trial (DECREASE-IV). Ann Surg 2009;

249: 921e6

17. Miller RR, Olson HG, Amsterdam EA, Mason DT. Pro-

pranolol-withdrawal rebound phenomenon. Exacerbation

of coronary events after abrupt cessation of antianginal

therapy. New Engl J Med 1975; 293: 416e8

18. Kristensen SD, Knuuti J, Saraste A, et al. 2014 ESC/ESA

Guidelines on non-cardiac surgery: cardiovascular

assessment and management: the Joint Task Force on

non-cardiac surgery: cardiovascular assessment and

management of the European Society of Cardiology (ESC)

and the European Society of Anaesthesiology (ESA). Eur J

Anaesthesiol 2014; 31: 517e73

19. Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014

ACC/AHA guideline on perioperative cardiovascular eval-

uation and management of patients undergoing noncar-

diac surgery: executive summary: a report of the

American College of Cardiology/American Heart Associa-

tion Task Force on practice guidelines. J Am Coll Cardiol

2015; 22: 162e215

20. Duceppe E, Parlow J, MacDonald P, et al. Canadian Car-

diovascular Society Guidelines on perioperative cardiac

risk assessment and management for patients who un-

dergo noncardiac surgery. Can J Cardiol 2017; 33: 17e32

21. Andersson C, Merie C, Jorgensen M, et al. Association of

beta-blocker therapy with risks of adverse cardiovascular

events and deaths in patients with ischemic heart disease

undergoing noncardiac surgery: a Danish nationwide

cohort study. JAMA Intern Med 2014; 174: 336e44

22. London MJ, Hur K, Schwartz GG, Henderson WG. Associ-

ation of perioperative beta-blockade with mortality and

cardiovascular morbidity following major noncardiac

surgery. JAMA 2013; 309: 1704e13

23. Wallace AW, Au S, Cason BA. Association of the pattern of

use of perioperative beta-blockade and postoperative

mortality. Anesthesiology 2010; 113: 794e805

24. Wiysonge CS, Bradley HA, Volmink J, Mayosi BM, Opie LH.

Beta-blockers for hypertension. Cochrane Database Syst Rev

2017; 1: CD002003

25. Florea A, van Vlymen J, Ali S, Day AG, Parlow J. Preoperative

beta blocker use associated with cerebral ischemia during

carotid endarterectomy. Can J Anaesth 2014; 61: 819e25

26. Katznelson R, Djaiani G, Mitsakakis N, et al. Delirium

following vascular surgery: increased incidence with
preoperative beta-blocker administration. Can J Anaesth

2009; 56: 793e801

27. Ashes C, Judelman S, Wijeysundera DN, et al. Selective

beta1-antagonism with bisoprolol is associated with

fewer postoperative strokes than atenolol or metoprolol: a

single-center cohort study of 44,092 consecutive patients.

Anesthesiology 2013; 119: 777e87

28. Inouye SK, Marcantonio ER, Kosar CM, et al. The short-

term and long-term relationship between delirium and

cognitive trajectory in older surgical patients. Alzheimers

Dement 2016; 12: 766e75

29. Wijeysundera DN, Beattie WS, Wijeysundera HC, Yun L,

Austin PC, Ko DT. Duration of preoperative beta-blockade

and outcomes after major elective noncardiac surgery.

Can J Cardiol 2014; 30: 217e23

30. Nerenberg KA, Zarnke KB, Leung AA, et al. Hypertension

Canada’s 2018 guidelines for diagnosis, risk assessment,

prevention, and treatment of hypertension in adults and

children. Can J Cardiol 2018; 34: 506e25

31. Wijeysundera DN, Mamdani M, Laupacis A, et al. Clinical

evidence, practice guidelines, and beta-blocker utilization

before major noncardiac surgery. Circ Cardiovasc Qual

Outcome. 2012; 5: 558e65

32. Aickin M, Gensler H. Adjusting for multiple testing when

reporting research results: the Bonferroni vs Holm

methods. Am J Public Health 1996; 86: 726e8

33. Jørgensen ME, Andersson C, Venkatesan S, Sanders RD.

Beta-blockers in noncardiac surgery: did observational

studies put us back on safe ground? Br J Anaesth 2018; 121:

16e25

34. Yu SK, Tait G, Karkouti K, Wijeysundera D, McCluskey S,

Beattie WS. The safety of perioperative esmolol: a sys-

tematic review and meta-analysis of randomized

controlled trials. Anesth Analg 2011; 112: 267e81

35. Shulman MA, Myles PS, Chan MT, McIlroy DR, Wallace S,

Ponsford J. Measurement of disability-free survival after

surgery. Anesthesiology 2015; 122: 524e36

36. Jerath AA PC, Wijeysundera DN. Days alive out of hospital:

validation of a patient centered outcome for perioperative

medicine. Anesthesiology 2019. https://doi.org/10.1097/

ALN.00000000002701

37. Wesselink EK, Torn T, Slooter EM, van Klei WA. Intra-

operative hypotension and the risk of postoperative

adverse events: a systematic review. Br J Anaesth 2018;

121: 706e21
British Journal of Anaesthesia, 123 (2): 100e103 (2019)
doi: 10.1016/j.bja.2019.04.052
Advance Access Publication Date: 29 May 2019
© 2019 British Journal of Anaesthesia. Published by Elsevier Ltd. All rights reserved.

Perioperative haemodynamics and vasoconstriction:

time for reconsideration?
Nicolai B. Foss1,* and Henrik Kehlet2

1Department of Anesthesiology, Hvidovre University Hospital, Hvidovre, Denmark and 2Section for Surgical

Pathophysiology, Rigshospitalet, Copenhagen, Denmark

*Corresponding author. E-mail: nbfoss@gmail.com

http://refhub.elsevier.com/S0007-0912(19)30339-3/sref16
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref16
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref16
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref17
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref17
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref17
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref17
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref17
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref18
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref18
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref18
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref18
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref18
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref18
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref18
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref18
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref19
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref19
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref19
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref19
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref19
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref19
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref19
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref19
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref20
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref20
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref20
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref20
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref20
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref21
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref21
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref21
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref21
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref21
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref21
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref22
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref22
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref22
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref22
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref22
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref23
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref23
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref23
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref23
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref24
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref24
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref24
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref25
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref25
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref25
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref25
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref26
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref26
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref26
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref26
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref26
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref27
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref27
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref27
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref27
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref27
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref27
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref28
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref28
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref28
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref28
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref28
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref29
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref29
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref29
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref29
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref29
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref30
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref30
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref30
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref30
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref30
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref31
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref31
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref31
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref31
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref31
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref32
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref32
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref32
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref32
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref33
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref33
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref33
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref33
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref33
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref34
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref34
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref34
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref34
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref34
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref35
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref35
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref35
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref35
https://doi.org/10.1097/ALN.00000000002701
https://doi.org/10.1097/ALN.00000000002701
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref37
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref37
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref37
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref37
http://refhub.elsevier.com/S0007-0912(19)30339-3/sref37
https://doi.org/10.1016/j.bja.2019.04.052
https://doi.org/10.1016/j.bja.2019.04.052
mailto:nbfoss@gmail.com


Editorials - 101
Perioperative haemodynamic optimisation is crucial to

improve outcomes after surgery.1,2 The basis of perioperative

venous return has been shown in experimental hypovolaemia,

where preload responsiveness can be masked by sympathetic
16
haemodynamic optimisation is cardiovascular monitoring,

although the target of optimisation is tissue perfusion.3 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.1,3,4 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.5

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 SVmeasurement or continuous

assessment of stroke volume variation (SVV).1,4 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.6

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.7 Consequently, the strategy is to optimise flow by

fluid bolus and then apply vasoconstriction to avoid hypo-

tension once flow is optimised.8,9

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.7,10e12 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.7 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 difficultdfluids, 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.8,9 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.13e15 Simi-

larly, the ability of the cardiovascular system to modulate
vasoconstriction in the non-anaesthetised patient. Conse-

quently, the overall compensatory reserve capacitymaydepend

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

capillarybloodflowmaybetheconsequencewithaninsufficient

circulating intravascular volume.2,14 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%8,9. Other studies on GDT intervention by

automated closed loop systems have reported vasoactive in-

fusions in 55e89% of patients.17,18 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.19 However, as the pre-

sent paradigm only considers the ability of vasoconstrictors to

affectafterloadandBP, itassumes thatafterGDT-guidedvolume

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.7,15

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 pathwaysmay have

better preoperative hydration status,whichmay reduce the role

of hypovolaemia as a first cause of post-induction preload

responsiveness.20 Therefore, the assumption that post-

induction preload dependency is primarily caused by insuffi-

cient circulating volumemay 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.15,16 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’.21,22

However, there is currently insufficient clinical research data to

support this hypothesis.



Fig. 1. Vasoconstriction as diagnostic/therapeutic intervention. SV, stroke volume.
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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.17 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 act as 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.8,9

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.7,19 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 onmacro-

microcirculatory interactionsbeforepragmatic clinical trialsare

performed.23
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 combinedmacro- andmicro-circulatory response topreload

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 andwithdifferentmethods of anaesthesia todevelop

algorithms for the timing and sequence of perioperative car-

diovascular interventions to provide better patient outcomes.
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