
UCSF
UC San Francisco Previously Published Works

Title
Early postoperative risk prediction of neurocognitive decline

Permalink
https://escholarship.org/uc/item/49r6b0nx

Journal
British Journal of Anaesthesia, 128(4)

ISSN
0007-0912

Authors
Saxena, Sarah
Rodts, Christopher
Nuyens, Vincent
et al.

Publication Date
2022-04-01

DOI
10.1016/j.bja.2021.12.044
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/49r6b0nx
https://escholarship.org/uc/item/49r6b0nx#author
https://escholarship.org
http://www.cdlib.org/


British Journal of Anaesthesia, xxx (xxx): xxx (xxxx)
C O R R E S P OND E N C E
Early postoperative risk prediction of neurocognitive decline

Sarah Saxena1, Christopher Rodts1, Vincent Nuyens2, Laurence Seidel3, Adelin Albert3,4,
Jean Boogaerts1, V�eronique Kruys5, Mervyn Maze6 and Joseph Vamecq7,*
1Department of Anesthesia, University Hospital Center (CHU de Charleroi), Charleroi, Belgium, 2Laboratory of

Experimental Medicine (ULB Unit 222), University Hospital Center (CHU de Charleroi), Charleroi, Belgium, 3Department of

Biostatistics, University Hospital of Li�ege, Li�ege, Belgium, 4Department of Public Health Sciences, University of Li�ege,

Li�ege, Belgium, 5Laboratory of Molecular Biology of the Gene, Department of Molecular Biology, ULB Immunology

Research Center (UIRC), Free University of Brussels (ULB), Gosselies, Belgium, 6Center for Cerebrovascular Research,

Department of Anesthesia and Perioperative Care, University of California, San Francisco, CA, USA and 7Inserm, CHU

Lille, Universite Lille, Department of Biochemistry and Molecular Biology, Laboratory of Hormonology, Metabolism-

Nutrition & Oncology (HMNO), Center of Biology and Pathology (CBP) Pierre-Marie Degand, CHRU Lille, EA 7364 RADEME,

University of North France, Lille, France

*Corresponding author. E-mail: joseph.vamecq@inserm.fr

Keywords: high molecular group box 1 protein; inflammation; interleukin-6; mini-mental state examination; perioper-

ative neurocognitive disorders
EditordPerioperative neurocognitive disorders (PNDs) after

surgery are associated with higher mortality, increased inci-

dence of other postoperative complications, longer hospital

stay, greater need of societal assistance, and earlier retire-

ment.1 PNDs are associated with an exaggerated inflammatory

cascade, unresolved inflammatory cascade, or both.2 High

molecular group box 1 protein (HMGB1), a damage-associated

molecular pattern (DAMP) released from the traumatised

tissue, binds to pattern recognition receptors on bone

marrow-derived monocytes. This triggers the innate immune

response as a result of the nuclear translocation of the

transcription factor nuclear factor-kappa B (NF-kB) and

upregulation and secretion of pro-inflammatory cytokines.3

The systemic release of inflammatory cytokines promotes

opening of the bloodebrain barrier and migration of immune

cells and potential neurotoxins, such as fibrinogen, into the

CNS.4 Translocation of bone marrow-derived monocytes into

the brain is fuelled by the microglial upregulation of the

chemoattractant monocyte chemoattractant protein-1 (MCP-

1). Within the CNS, bone marrow-derived monocytes interact

with microglia. This interaction leads to release of pro-

inflammatory cytokines (interleukin-1b [IL-1b] and IL-6) in the

cerebral parenchyma,5 which disrupts synaptic plasticity and

including long-term potentiation, a neurobiological correlate

of learning and memory.
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In a previous pilot study on the effects of sedentary

behaviour on development of PNDs in 38 surgical patients,

mini-mental state examination (MMSE) scores (range 0e30)

decreased from (mean [standard deviation]) 25.8 (4.2) at

baseline to 23.6 (4.8) at 6 weeks after surgery (P<0.01).6 An in-

crease in pro-inflammatory markers was concomitantly

observed during the first postoperative day; IL-6 levels

increased from 31.2 (33.9) at baseline to 290 (277) pg ml�1 after

24 h, and HMGB1 levels increased from 38.9 (85.6) to 91.1 (170)

pg ml�1 (P<0.0001).6

A crucial question raised by this clinical study that evalu-

ated both cognitive and biological assessments of surgical

patients is whether or not development of PND, as reflected by

a decline in the MMSE, can be predicted at an early juncture.

To identify retrospectively patients from our previous cohort

at risk of PND, a multiple regression analysis was used to

predict the postoperative change in MMSE (DMMSE6W) at 6

weeks on the basis of available data. The DMMSE6W was

available in 32 patients (6 missing) with additional missing

data (m) in IL-6 at baseline (m¼7), at 6 h (m¼9) and at 24 h

(m¼14); and in HMGB1 at baseline (m¼5), at 6 h (m¼9) and at 24

h (m¼13). Our predictive algorithm (Fig. 1) was thus informed

from the 17 patients with complete datasets. Ethics approval

was obtained from Intercommunale de Sant�e Publique du Pays

de Charleroi-OM008, # P18/68_28/11. Written informed
rved.
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Fig 1. Predicted versus observed changes in 6 week MMSE scores

(n¼17 patients). Predictions of 6 week change in MMSE (Y) were

based on the equation: Y¼39þ4.32 � log (IL6 T0)e3.49 � log (IL6

T6)e6.99� log (IL6 T24)þ1.75� log (HMGB1 T0)e11.7� log (HMGB1

T24)e0.85 � log (IL6 T0) � log (HMGB1 T0)þ0.40 � log (IL6 T6) � log

(HMGB1 T6) þ 2.12 � log (IL6 T24) � log (HMGB1 T24), where T0 is

baseline, T6 is 6 h postoperatively, and T24 is 24 h postoperatively.

MMSE, mini-mental state examination; HMGB1, high molecular

group box 1 protein.

e2 - Correspondence
consent was obtained before patient enrolment. To protect

patient privacy and identity, data analysed during the current

study are available upon reasonable request. The trial was

registered at Clinicaltrials.gov (NCT03805685). The purpose for

reporting this finding is to encourage a larger, more robust

prospective study that hopefully will corroborate these pre-

liminary findings.

In the group of 17 patients, a decline was observed between

baseline 26.1 (4.1) and 6 week postoperative 24.6 (4.2) MMSE

scores (P¼0.028). IL-6 levels increased from 36.8 (33.8) at

baseline to 257 (225) pg ml�1 24 h after surgery (P<0.0001),
whereas HMGB1 levels increased from 55.0 (112) to 114 (203) pg

ml�1 (P¼0.0038) during the same period. The predicted

DMMSE6W based on the equation compared satisfactorily

with the observed DMMSE6W changes (R2¼0.79, P¼0.039) as

displayed in Figure 1. The presence of interaction terms in-

dicates that PNDs may not be solely explained by the addition

of the effects of the two cytokines but also by a mutual rein-

forcement of their effects on each other.

Although we have focused exclusively on the interaction

between two biomarkers, there are likely to be others that can

be exposed by a larger prospective study with more parame-

ters associated with the inflammatory response to aseptic

trauma. The present prediction equation is based on only two

circulatingmarkers (HMGB1 and IL-6), and it is likely that there

are other potential biomarkers that are predictive of the

exaggerated inflammatory cascade, unresolved inflammatory

cascade associated with PNDs, or both. Preclinical evidence in

support of these two biomarkers is provided by studies that

find that exogenous administration of HMGB1 or IL-6 can

produce cognitive decline, and that blocking the action of

either prevents the postoperative cognitive decline. Further-

more, treatment with HMGB1 antagonists prevents cognitive

decline outside the context of PNDs, including in cerebral
hypoperfusion,7 ageing,8 diabetes mellitus,9 sepsis and in

intensive care survivors.10,11 HMGB1 may also be a biomarker

for traumatic brain injury, neuroinflammation, and epilepsy,

each of which can be associated with cognitive impairment.12

The equation for prediction of cognitive decline focuses on

the 6 week time point but provides no prediction as to when

this decline might actually emerge. Larger prospective studies

are needed to improve this predictive model, and to clarify

whether the model can detect a subclinical phase of PNDs or

only predict the risk of developing the complication. Identi-

fying patients at risk of developing PNDs remains a challenge.

This study highlights the possibility of predicting future

changes in MMSE based on biomarkers measured on just

before and after (postoperative day 1) the surgical interven-

tion. Early prediction of surgical patients at risk of PNDs

should prompt successful planning of care settings, and safer

recovery from aseptic surgical trauma.
Acknowledgements

The authors thank the nursing staff of the CHU de Charleroi,

Belgium.
Declarations of interest

The authors declare that they have no competing interests.
References

1. Steinmetz J, Christensen KB, Lund T, Lohse N,

Rasmussen LS, ISPOCS group. Long-term consequences of

postoperative cognitive dysfunction. Anesthesiology 2009;

110: 548e55

2. Vacas S, Degos V, Tracey KJ, Maze M. High-mobility group

box 1 protein initiates postoperative cognitive decline by

engaging bone marrow-derived macrophages. Anesthesi-

ology 2014; 120: 1160e7

3. Terrando N, Eriksson LI, Ryu JK, et al. Resolving post-

operative neuroinflammation and cognitive decline. Ann

Neurol 2011; 70: 986e95

4. Feng X, Valdearcos M, Uchida Y, Lutrin D, Maze M,

Koliwad SK. Microglia mediate postoperative hippocam-

pal inflammation and cognitive decline in mice. JCI Insight

2017; 2, e91229

5. Hu J, Feng X, Valdearcos M, et al. Interleukin-6 is both

necessary and sufficient to produce perioperative neuro-

cognitive disorder in mice. Br J Anaesth 2018; 120: 537e45

6. Saxena S, Rodts C, Nuyens V, et al. Preoperative sedentary

behavior is neither a risk factor for perioperative neuro-

cognitive disorders nor associated with an increase in

peripheral inflammation, a prospective observational

cohort study. BMC Anesthesiol 2020; 20: 284

7. Vidyanti AN, Hsieh JY, Lin KJ, Fang YC, Setyopranoto I,

Hu CJ. Role of HMGB1 in an animal model of vascular

cognitive impairment induced by chronic cerebral hypo-

perfusion. Int J Mol Sci 2020; 21: 2176

8. Fonken LK, Frank MG, Kitt MM, et al. The alarmin HMGB1

mediates age-induced neuroinflammatory priming.

J Neurosci 2016; 36: 7946e56

9. Liu L, Wang N, Kalionis B, Xia S, He Q. HMGB1 plays an

important role in pyroptosis induced blood brain barrier

breakdown in diabetes-associated cognitive decline.

J Neuroimmunol 2021; 362: 577763

http://refhub.elsevier.com/S0007-0912(21)00875-8/sref1
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref1
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref1
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref1
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref1
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref2
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref2
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref2
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref2
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref2
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref3
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref3
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref3
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref3
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref4
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref4
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref4
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref4
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref5
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref5
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref5
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref5
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref6
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref6
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref6
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref6
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref6
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref7
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref7
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref7
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref7
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref8
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref8
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref8
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref8
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref9
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref9
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref9
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref9


Correspondence - e3
10. Chavan SS, Huerta PT, Robbiati S, et al. HMGB1 mediates

cognitive impairment in sepsis survivors. Mol Med 2012;

18: 930e7

11. Brück E, Lasselin J, , HICUS study group, Andersson U,

Sackey PV, Olofsson PS. Prolonged elevation of plasma

HMGB1 is associated with cognitive impairment in
intensive care unit survivors. Intensive Care Med 2020; 46:

811e2

12. Paudel YN, Shaikh MF, Chakraborti A, et al. HMGB1: a

common biomarker and potential target for TBI, neuro-

inflammation, epilepsy, and cognitive dysfunction. Front

Neurosci 2018; 12: 628
doi: 10.1016/j.bja.2021.12.044

http://refhub.elsevier.com/S0007-0912(21)00875-8/sref10
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref10
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref10
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref10
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref11
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref11
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref11
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref11
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref11
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref11
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref12
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref12
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref12
http://refhub.elsevier.com/S0007-0912(21)00875-8/sref12
10.1016/j.bja.2021.12.044

	Early postoperative risk prediction of neurocognitive decline
	Acknowledgements
	Declarations of interest
	References




