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Abstract

Background: Postoperative delirium (POD) is a common complication following elective cardiac surgery, with significant

implications for patient outcomes and healthcare costs. The pathophysiology of POD is multifactorial, involving neuroin-

flammation and imbalances in the central cholinergic system.

Methods: This study evaluated the relationship between peripheral cholinesterase (AChE and BChE) activities and POD oc-

currence in 69 cardiac surgery patients (n=20 with delirium/ n=49 without). Cholinesterase levels were measured at six peri-

operative time points, and their correlations with POD and inflammatory parameters (CRP, IL-6, leukocytes) were assessed.

Results: Neither AChE nor BChE values differed significantly between patients who experienced delirium and those with-

out delirium (all p>0.05) during 6 perioperative time points. The course of AChE values of patients with POD was stable

(n=20; p=0.266), whereas the course of perioperative AChE differed significantly in non-delirant patients (n=49; p=0.005).

BChE values dropped significantly in both groups: both in the group of patients with POD (n=20; p<0.001) and in the

group without POD (n=49; p<0.001) the BChE values fell significantly in the postoperative course. Correlations between
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AChE and inflammation parameters (leukocytes, CRP and Il-6) were not significant, independent of the occurrence of deliri-

um (all p >0.05). The values of BChE in correlation to inflammatory parameter was non-significant in delirious patients,

whereas postoperative leukocyte values correlated significantly with the absence of delirium (day1 p<0.001 [n=48]; day2:

p=0.024[n=48]; day3: p=0.005[n=47]).

Results:  No  significant  differences  in  cholinesterase  levels  were  found  between  delirious  and  non-delirious  patients,  nor

were  there  significant  correlations  with  inflammatory  markers.  While  BChE  levels  showed  perioperative  decreases,  these

changes were not specific to POD.

Conclusion: As a clinical implication, it must be concluded that the measurements of cholinesterases have limited utility in

predicting POD. Furthermore, cholinesterases seem to have limited value for the management of the course of POD and

possible associations with inflammation as standalone biomarkers. However, larger studies are necessary to explore their po-

tential role in indicating inflammatory states.
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Introduction

The negative consequences of postoperative deliri-

um  (POD)  got  increasing  attention  during  the  last  2  de-

cades. As is well known, cardiac surgical patients are at the

highest  risk  of  developing  POD  [1].  It  is  well  established

that  patients  who  suffer  from  POD  are  exposed  to  higher

morbidity  and  mortality  risks,  require  significantly  more

medical care and consequently require far above-average fi-

nancial outlay. These issues apply both inside and outside of

hospitals  [2].  Factors that seem to influence POD develop-

ment  are  the  invasiveness  of  the  surgical  procedure  (espe-

cially  with  the  heart-lung  machine),  anesthesia,  number  of

preexisting diseases with their associated medications (espe-

cially with anticholinergic effects) and of course, the foreign

environment,  in  which  associated,  individual  stress  reac-

tions  take  place  [3,4].

Increasing  evidence  points  to  disturbances  in  the

delicate  transmitter  balance  in  the  central  nervous  system

(CNS)  as  the  common  final  stretch  during  POD  develop-

ment.  In  particular,  the  changes  during POD seem to  be  a

consequence of inflammatory reactions and their effects on

the  transmitter  balance  in  CNS  [3,5].  The  cholinergic  sys-

tem  with  the  neurotransmitter  acetylcholine  (ACh)  seems

to play a pivotal role here. A particular challenge is that indi-

cators of changed neuronal activity in the body’s periphery

(“biomarkers”) are very difficult to find and to measure, es-

pecially the very unstable ACh. Therefore, as a reference for

ACh  effects,  its  degrading  enzymes  acetylcholinesterase

(AChE) and butyrylcholinesterase (BChE) from the blood

are analyzed here [5,6,7].

The  underlying  pathophysiological  concept  as-

sumes  that  the  central  cholinergic  system  plays  a  pivotal

role  in  regulating  inflammatory  responses  in  the  brain  (“-

cholinergic  deficiency  hypothesis”).  A  peripheral  stimulus

(surgery)  induces  an  inflammatory  reaction  with  consecu-

tive  release  of  inflammatory  mediators  into  the  blood,

which  cross  the  blood  brain  barrier  and  activate  microglia

there.  A  complementary  hypothesis  states  the  microglial

“sensing”  of  inflammation  takes  place  via  the  vagus  nerve.

The centrally activated inflammation can then lead to men-

tioned transmitter imbalances and thus promote the pheno-

typic  phenomena,  like  POD.  The  hypothesis  further  as-

sumes that lack of inhibition via the central cholinergic path-

ways can aggravate the inflammatory response in the brain

(through missing microglial  inhibition).  Obviously,  central

cholinergic inhibition should only work to a very limited ex-

tent if the cholinergic system has already been “shut down”

pharmacologically afore. Evidence points to altered changes

of AChE and BChE in serum as possible and promising bio-

markers,  reflecting  central  cholinergic  activity  as  a  POD

“biomarker”  [6,7].

The aim of this study was to evaluate effects of elec-
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tive  cardiac  surgery  on  peripheral  concentrations  of  cho-

linesterases as indicators of centrally acting acetylcholine de-

pending  on  POD  and  associated  postoperative  inflamma-

tion. Furthermore, POD-associated risk factors, like age, an-

ticholinergic drug load, comorbidity, preexisting central ner-

vous diseases were explored and their association with POD

after cardiac surgery analyzed.

Materials and Methods

This  investigation  is  a  sub  study  of  the  CESARO

project, published in 20197. Here, we analyze only the cardi-

ac surgical patient population, which was operated in Mu-

nich (LM-university, Munich, Germany). The ethical com-

mission signed the investigation afore (LM-university Mu-

nich ethical board ref.: 558-13). A total of 79 patients who

underwent elective cardiac surgery using a heart-lung ma-

chine were included [7].

The Inclusion Criteria were

Patients undergoing elective cardiac surgery using a

heart-lung machine

Age ≥ 18 years

Written declaration of consent

The Exclusion Criteria were

Patients with known pseudocholinesterase (BChE)

deficiency

Employment at the respective study centers

Lack of consent to store and pass on pseudonymized

data

Placement  in  an  institution  following  a  court  or

official order

The presence of illiteracy

Insufficient English or German language skills

Presence of severe hearing or visual impairment

Participation  in  another  prospective  clinical

intervention study

Age < 18 years

Figure 1: Screening/allocation procedure. N=number of patients in each group

After  preoperative  screening for  eligibility,  an  ex-

planation  of  the  timing,  content  and  purpose  of  the  study

was provided at least 24 hours before the start of the opera-

tion and confirmed by a written informed consent form. Af-

ter inclusion in the study, the basic characteristics, delirium

screening (Nu-DESC and CAM-ICU) [8] and the measure-
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ment  of  AChE  and  BChE  activity  in  whole  blood  (“base-

line”) were carried out preoperatively [9-11].

After  the  operation,  five  additional  measurement

points  were  defined  for  AChE,  BChE,  CAM-ICU and  Nu-

DESC: after induction of anesthesia,  after admission to the

intensive care unit and on the first, second and third postop-

erative day. In addition to that, serum inflammatory param-

eters, as C-reactive protein (CRP), interleukine-6 (Il-6) and

leukocyte concentrations were documented at each measure-

ment point [12]. This resulted in a total of six measurement

points.  All  patients  had the opportunity to discontinue the

study at any time.

Figure 2: Overview of the perioperative measures carried out (Nu-DESC = Nursing Delirium Screening Scale; CAM-ICU =

confusion assessment method for the intensive care unit; AChE = acetylcholinesterase; BChE = butyrylcholinesterase; CRP = c-

reactive protein; Il-6 = interleukin 6; 1-6: perioperative time points

Measurement of  peripheral  cholinesterase activity

was performed as point-of-care testing, using 10 μl of capil-

lary blood and a validated photometric test (ChE Check Mo-

bile;  Securetec  Detektions-Systeme  AG,  Neubiberg,  Ger-

many) [10,11]. According to the instructions from the man-

ufacturer, measurements were performed at six time points

for each patient: at least 1 day prior to operation, shortly be-

fore  anesthesia  induction,  on  admission  to  recovery  room

or  PACU,  on  discharge  from  recovery  room  or  PACU,  1

day after surgery, and 3 days after surgery.

According  to  the  manufacturer's  specifications,

the reference range for AChE was 26.7- 50,9 U/g Hb and for

BChE: 2300 - 7000 U/l. To deal with missing values, we in-

cluded  three  defined  measurements  (time  points)  into  the

analysis. An overview of the included measurements is list-

ed below (figure 2).  Both AChE and BuChE activities were

quantified at each time point [10,11].

For  detection  of  POD,  Nursing  Delir  Score  (Nu-

DESC) and CAM-ICU, as a highly validated diagnostic tool,

were done one day before the operation (baseline measure-

ment), on the operation day before the induction of anesthe-

sia,  in  the  recovery  unit  before  discharge,  on  the  first  and

third postoperative day. Nu-DESC assesses five dimensions:

orientation,  behavior,  communication,  illusion/hallucina-

tion,  and  psychomotor  retardation  [8].  The  symptoms  are

rated on a three-point scale. A score of two or more cumula-

tive  points  indicates  delirium.  The  Confusion  Assessment

Method for the Intensive Care Unit (CAM-ICU) is an addi-

tional tool for assessing delirium in patients in the intensive

care unit [8].

Additional recorded parameters were: age, height,

weight, body mass index, gender, medical history (preopera-

tive diagnoses, accompanying diagnoses, smoking and alco-

hol  history,  ASA  status  and  allergies)  and  drug  therapy

(long-term medication and premedication). The anticholin-

ergic potential of the long-term medication was determined

using the Anticholinergic Drug Scale (ADS) [9,12].

Further  parameters  were:  duration  of  the  opera-

tion  and  anesthesia,  intraoperative  medication,  anesthesia

procedures,  post-ventilation  time,  amount  of  blood  loss

(and amount and type of blood products), duration of extra-

corporeal circulation (heart-lung machine), aortic clamping

time,  duration  of  hypothermic  cardiac  arrest,  amount  and

type of cardioplegia solution administered.
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Statistical Analysis

The  statistical  analysis  was  carried  out  using  the

software “R”, version 4.4.1.

All  data  were  first  examined  for  normal  distribu-

tion.  For  this  purpose,  the  Kolmogorov  Smirnov  test  and

graphic  representations  (QQ  plots  and  histograms)  were

used. According to the presence of normal distribution, the

data were then examined for significant differences (with a

set level of p<0.05).

First,  baseline  values  and  association  with  POD

were examined. The independent variable age using a t-test

(binary values, normally distributed), other, categorial base-

line  characteristics  (ASA-score,  gender,  ADS-score,  smok-

ing  and  alcohol-intake  -  all  normally  distributed)  using  a

Fisher´s  exact  test.  Finally,  the association between the eu-

roscore  and  POD  was  carried  out  using  the  Mann-Whit-

ney-U test (due to non-normal distribution).

Differences  in  AChE/BChE  concentrations  be-

tween patients with POD and without were then examined

with  the  independent  sample  t-test  (with  normal  distribu-

tion) or the Mann Whitney U test (without normal distribu-

tion) was used.

Then, using analysis of variances (“anova”; depen-

dent samples with repeated measurements) and subsequent

Bonferroni analysis (for α correction), the course of the en-

zymes  AChE/BChE  was  carried  out  in  patients  with  and

without  POD.

Finally, the metrically scaled inflammation param-

eters (leukocytes, CRP and IL-6) were analyzed using Pear-

son correlation analysis with AChE and BChE for normally

distributed values  (and Spearman correlation without  nor-

mal distribution) [13].

Results

Baseline Characteristics

Mean age of the patients was 65.65 (±10.46) years.

Patients  with  delirium were  65.6  (±  8.5)  years,  those  with-

out POD 65.6 (±11.2) years (without significant difference:

p=0.979). Gender distribution showed 50 (72.5%) male and

19 (27.5%) female patients. Of them 17 male (34%) and 3 fe-

male  patients  (15.8%)  developed  POD,  without  significant

difference (p=0.234).

Neither  ASA  classification  (p=0.664),  nor  ADS

scale  (p>0.05),  nor  euroscore  (p=0.123)  nor  regular  smok-

ing (p=0.301) showed significant differences. Only regularly

increased alcohol consumption (more than 12g/d for wom-

en or 24g/d for men) showed significantly higher incidences

of delirium (p=0.032).

Ache  Values  Between  Delirious  and  Non-Delirious
Patients

From the data it  can be concluded that the AChE

values  of delirious patients did not differ significantly from

non-delirious patients (all p-values >0.05).

Bche  Values  Between  Delirious  and  Non-Delirious
Patients

From the data it  can be concluded that  the BChE

values of delirious patients did not differ significantly from

non-delirious patients (all p-values >0.05).

Course of AChE Values

Ache Values of Patients with Delirium

In  patients  suffering  from  delirium,  there  was  no

significant  change  of  AChE  values  in  all  six  perioperative

measurements (n=20; p=0.266; effect size η2
p = 0.06); reflect-

ing a stable course of AChE values. Consequently, post-hoc

(Bonferroni) analysis did not reveal any significant changes

between  each  combination  of  measurement  points  (not

shown).

Ache Values in Patients without Delirium

In  patients  without  delirium,  there  was  a  signifi-

cant change of AChE values during perioperative measure-

ments (n=49; p=0.005; effect size η2
p = 0.07). Further analy-

sis demonstrated significantly lower AChE values after ICU

admission in relation to baseline values (p=0.003), however,

the other 4 measurements (anesthesia induction and postop-

erative days 1-3) did not show significant differences (not

shown).
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Table 1: Baseline characteristics (n = number of patients; p=level of significance [<0.05]; ASA = physical status classification

system; ADS = anticholinergic drug scale [0= no anticholinergic drugs; 4= very high “load”]; C2 = ethanol [drinking]; § = inde-

pendent sample t-test; # = exact fisher test; ^ = Mann-Whitney-U test; * = significant difference)

 Total (n=69) Delirium (n=20) No Delirium (n=49) p value

Gender Male 50 (72.5%) Male 17 (34.0%) Male 33 (66.0%) 0.234 #

Female 19 (27.5%) Female 3 (15.8%) Female 16 (84.2%)

Age (years) 66.65 (± 10.46) 65.60 (± 8.53) 65.67 (± 11.24) 0.979 §

ASA class ASA 3 7 (10.1%) ASA 3 1 (4.5%) ASA 3 7 (10.1%) 0.664 # 

ASA 4 62 (89.9%) ASA 4 19 (95.5) ASA 4 62 (89.9%)

ADS (antichilinergic drud
scale) 0 59 (85.5%) 0 17 (85.0%) 0 42 (85.7%) all > 0.05

1 8 (11.6%) 1 3 (15.0%) 1 5 (10.2%)

2 1 (1.4%) 2 0 2 1 (2.0%)

3 0 3 0 3 0

4 1 (1.4%) 4 0 4 1 (2%)

Euroscore 1.61 (± 1.38) 1.99 (± 1.57) 1.45 (± 1.28) 0.123

Smoker Yes 31 (44.9%) Yes 11 (35.5%) Yes 20 (64.5%) 0.301 #

NO 38 (55.1%) NO 9 (64.5%) NO 28 (35.5%)

C2 intake (Regular) Yes 33 (47.8%) Yes 14 (70.0%) Yes 19 (38.8%) 0.032*#

NO 36 (52.2 %) NO 6 (30.0%) NO 30 (61.2%)

Figure 3: Boxplots of perioperative course of AChE (acetylcholinesterase in U/g Hb [units per gram hemoglobin]) in delirious

(left diagram) and non-delirious (right diagram) patients. postop 1-3 = postoperative days 1-3; ICU = intensive care unit; induc-

tion = anesthesia induction). Displayed are mean differences (mean values; upper & lower quantile & extremes [dots]). Average

differences between patients with and without delirium: hospital admission: -2/ before anesthesia: 1/ admission Intensive Care

Unit: -2/ 1st postoperative day: -1/ 2nd postoperative day: 0.5/ 3rd postoperative day: 0
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Table 2: comparison of AChE values (acetylcholinesterase in U/g Hb [units per gram hemoglobin]). SD = standard deviation;

w Mann-Whitney-U test (with median values without normal distribution); T independent sample t-test (with mean values

with normal distribution); p-values (level of significance [<0.05]); f = effect size. Values of AChE baseline were not distributed

equally.

AChE mean (SD) Delirium, n = 20 No delirium, n = 49 Effect size p-value

Baseline 46 (6) 48 (9) 0.28(cohen´s r) 0.6W

Before anesthesia (induction) 47 (8) 46 (7) 0.23(cohen´s d) 0.4T

Admission intensive care unit 43 (6) 45 (8) 0.18(cohen´s d) 0.5T

1st postoperative day 44 (5) 45 (8) 0.13(cohen´s d) 0.6T

2nd postoperative day 45 (5) 45 (5) 0.07(cohen´s d) 0.8T

3rd postoperative day 46 (5) 46 (6) 0.01(cohen´s d) >0.9T

Figure 4: Boxplots of perioperative course of BChE (butyrylcholinesterase in U/l [units per litre]) in delirious (left diagram)

and non-delirious (right diagram) patients. postop 1-3 = postoperative days 1-3; ICU = intensive care unit; induction = anesthe-

sia induction). Displayed are mean differences (mean values; upper & lower quantil & extremes [dots]). Average differences be-

tween patients with and without delirium: hospital admission: 26/ before anesthesia: 17/ admission Intensive Care Unit: 180/

1st postoperative day: 199/ 2nd postoperative day: 78/ 3rd postoperative day: 85

Table 3: Comparison of BChE values (butyrylcholinesterase in U/l [units per liter]). SD = standard deviation; w Mann-Whit-

ney-U test (with median values without normal distribution); T Two Sample t-test (with mean values with normal distribu-

tion); w Mann-Whitney-U test; T independent sample t-test; p-values (level of significance [<0.05]). Variances BChE 1st pos-

top. day unequal.

BChE mean (SD) Delirium,n = 20 No delirium,n = 49 Effect size p-value

Baseline 3,419 (668) 3,393 (799) 0.03(cohen´s d) >0.9T

Before anesthesia (induction) 3,338 (854) 3,355 (766) 0.02(cohen´s d) >0.9 T

Admission intensive care unit 3,277 (918) 3,097 (608) 0.3(cohen´s d) 0.3T
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1st postoperative day 3,105 (834) 2,906 (528) 0.15(cohen´s r) 0.2W

2nd postoperative day 2,639 (467) 2,561 (477) 0.16(cohen´s d) 0.5T

3rd postoperative day 2,529 (516) 2,614 (540) 0.16(cohen´s d) 0.5T

Course of BChE Value

BChE Values of Patients with Delirium

In  patients  with  delirium,  there  was  a  significant

change  of  BChE  values  in  perioperative  measurements

(n=20; p<0.001; effect size η2
p = 0.33). In relation to baseline

values, on the second (p=0.001) and third (p<0.001) postop-

erative  day,  BChE decreased significantly.  Measurements

from anesthesia induction until the first postoperative day

did not show any significant differences (not shown).

BChE Values of Patients without Delirium

In  patients  without  delirium,  there  was  a  signifi-

cant change of BChE values in perioperative measurements

(n=49; p<0.001; effect size η2
p = 0.34), in relation to baseline

values, on the first (p=0.005), second (p<0.001) and third

(p<0.001) postoperative day, BChE values decreased signifi-

cantly. The values after anesthesia induction and icu admis-

sion did not differ significantly (not shown).

Cholinesterases and Inflammatory Parameters

AChE Correlated with Leukocytes, CRP and Il-6

No significant  correlations  between AChE,  deliri-

um  and  inflammation  parameters  (leukocytes,  CRP  and

Il-6)  could  be  found  (all  p>0.05)

Table 4: Correlations between acetylcholinesterase (AChE), occurrence of delirium and common inflammation parameters

(Leukocytes; CRP [c”c-reactive protein”] and Il-6 [“interleukin six”]. All correlations with normal distribution of parameters

were done with Pearson-correlation; except those without normal distribution:* =Spearman correlation. The number in the

tabe are the correlation coefficients. Induction was start of anesthesia; admission was arrival on intensive care unit; postop 1-3

were postoperative days 1-3; r = cohen´s r (effect size for pearson correlation); r*=spearman correlation (without normal distri-

bution)

AChE (p/r(r*)/n) Leukocytes
Delirium

Leukocytes
Non-Delirium

CRP
Delirium

CRP
Non-Delirium

Il-6
Delirium

Il-6
Non-Delirium

Baseline
p=0.855
r=0.05
(n=16)

p=0.684
-0.07

(n=38)

p=0.816
r=0.06
(n=16)

p=0.149
r*=0.24
(n=39)*

na
(n=0)

na
(n=1)

Induction
p=0.47
r=0.2

(n=15)

p=0.223
r=0.18
(n=46)

na
(n=1)

p=0.582
r=0.19
(n=11)

na
(n=0)

na
(n=1)

Admission
p=0.749
r=0.14
(n=8)

p=0.084
r=0.43
(n=17)

na
(n=1)

p=0.796
r=-0.2
(n=4)

na
(n=2)

p=0.002
r=1

(n=4)

postOP1
p=0.125
r=0.35
(n=20)

p=0.284
r=0.16
(n=48)

p=0.554
r=0.14
(n=20)

p=0.088
r=-0.25
(n=47)

p=0.847
r=0.05
(n=18)

p=0.189
r=0.02
(n=38)

postOP2
p=0.44
r=0.18
(n=20)

p=0.942
r=0.01
(n=48)

p=0.081
r=0.4

(n=20)

p=0.612
r=-0.08
(n=45)

p=0.821
r=-0.07
(n=14)

p=0.368
r=-0.16
(n=32)

postOP3
p=0.518
r=-0.16
(n=19)

p=0.656
r=-0.07
(n=47)

p=0.689
r=-0.1
(n=19)

p=0.499
r=-0.1
(n=44)

p=0.489
r=0.25
(n=10)

p=0.766
r=0.06
(n=27)
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BChE Correlated with Leukocytes, CRP and Il-6

Significant  correlations  between  BChE,  delirium

and  inflammation  parameters  (leukocytes,  CRP  and  Il-6)

could  only  be  found  in  non-delirious  patients:  on  the  first

(n=48; p<0.001), second (n=48; p=0.024) and third postop-

erative day (n=47; p=0.005). Additionally, CRP was signifi-

cant lower during anesthesia induction in non-delirious pa-

tients  (n=11;  p=0.01).  All  other  correlations  did  not  show

significant values (all p>0.05).

Table 5: Correlations between butyrylcholinesterase (BChE), occurrence of delirium and common inflammation parameters

(Leukocytes; CRP [c”c-reactive protein”] and Il-6 [“interleukin six”]. All correlations with normal distribution of parameters

were done with Pearson-correlation; except those without normal distribution:* =Spearman correlation. The number in the

tabe are the correlation coefficients. $ = indicates significant correlation. Induction was start of anesthesia; admission was arri-

val on intensive care unit; postop 1-3 were postoperative days 1-3; r = cohen´s r (effect size for pearson correlation); r*=spear-

man correlation (without normal distribution)

BChE (p/r(r*)/n) Leukocytes
Delirium

Leukocytes
Non-Delirium

CRP
Delirium

CRP
Non-Delirium

Il-6
Delirium

Il-6
Non-Delirium

Baseline
p=0.894
r=-0.04
(n=16)

p=0.69
r=0.07
(n=38)

p=0.761
r=0.08
(n=16)

p=0.206
r*=-0.21
(n=39)*

na
(n=0)

na
(n=1)

Induction
p=0.134
r=-0.41
(n=15)

p=0.448
r=-0.11
(n=46)

na
(n=1)

p=0.01
r=-071

(n=11) $

na
(n=0)

na
(n=1)

Admission
p=0.095
r=-0.63
(n=8)

p=0.194
r=-0.33
(n=17)

na
(n=1)

p=0.626
r=0.37
(n=4)

na
(n=2)

p=0.089
r=-0.91
(n=4)

postOP1
p=0.808
r=-0.06
(n=20)

p<0.001
r=-0.5

(n=48) $

p=0.632
r=0.11
(n=20)

p=0.723
r=-0.05
(n=47)

p=0.096
r=0.4

(n=18)

p=0.862
r=0.03
(n=38)

postOP2
p=0.992

r=0
(n=20)

p=0.024
r=-0.33

(n=48) $

p=0.943
r=-0.02
(n=20)

p=0.574
r=0.09
(n=45)

p=0.608
r=-0.15
(n=14)

p=0.871
r=-0.03
(n=32)

postOP3
p=0.848
r=0.05
(n=19)

p=0.005
r=-0.41

(n=47) $

p=0.689
r=-0.1
(n=19)

p=0.904
r=0.02
(n=44)

p=0.437
r=0.28
(n=10)

p=0.761
r=-0.06
(n=27)

Discussion

Cholinesterases  (AChE/BChE)  play  a  crucial  role

in fine adjustment of excitatory neurotransmitter acetylcho-

line,  which  is  necessary  for  higher  central  nervous  func-

tions, such as attention, awareness, orientation and goal-ori-

ented thinking [5-7]. Disturbances of this fine balance may

occur during operations due to different  factors,  like  anes-

thetic medications, (i.e. benzodiazepines), direct anticholin-

ergic  drugs  (i.e.  atropine)  and  the  surgical  stress  response

(which  is  centrally  regulated  in  hypothalamus).  The  cho-

linesterase,  as  a  regulator  of  acetylcholine  concentrations,

may therefore play a crucial role in the development of post-

operative  cognitive  peculiarities,  like  POD  and  POCD.  In

this study, we investigated serum cholinesterase concentra-

tions (AChE/ BChE) for the correlation with either POD or

POCD as bedside measurement in a urological collective for

the first time.

This  investigation  included  69  patients  undergo-

ing elective cardiac surgery with the help of  the heart-lung

machine (non-pulsatile procedure). Overall, it must be stat-

ed that in this study no excessive connections could be de-

monstrated between the occurrence of POD and neither the

absolute values  of the cholinesterases, nor their courses nor

their  correlation  with  the  inflammatory  parameters,  to-
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gether with POD (which was the basic hypothesis).

Comparable  to  other  working  groups  20  patients

(29%) suffered from POD [14,15].

There  were  no  significant  differences  between

delirious and non-delirious patients in the basic characteris-

tics.  Other  studies  determined  ASA  state  as  an  established

risk  factor  for  the  development  of  POD  [16-18],  what  we

could not confirm. Amazingly, we found no significant cor-

relation  between  the  well-established  risk  factor  age  and

POD [19], which may be attributed to the relatively low av-

erage age of the patients (66 years). The suspected low cho-

linergic activity in central nervous system due to its drug-in-

duced reduction (“anticholinergic load”) [21]  was also not

significantly associated with the likelihood of POD. Same

was true for Euroscore and POD (risk of heart surgery in

adults) [22]. Regular smoking is no established risk factor

for the development of POD and we can confirm this with

our findings [22]. Although the study situation is still not

clear, it is obvious that regular alcohol consumption and its

interruption perioperatively may contribute to POD, which

we also clearly confirm [23,24].

In  this  study,  no  significant  changes  in  the  cho-

linesterases measured peripherally in the blood (AChE and

BChE  perioperatively  at  six  measurement  points)  and  the

probability  of  POD  occurrence  could  be  measured.  This

study analyzed the cardiac surgery subgroup from the "Ce-

saro" [25] study. Here too, after adjusting for covariates, no

significant  association  was  found  between  peripheral  cho-

linesterases and the postoperative probability of POD occur-

rence in a larger, mixed surgical group. We were unable to

confirm  the  tendencies  of  lower  BChE  values  initially  and

on  the  first  two  postoperative  days  as  well  as  increased

AChE  values  initially  and  on  both  first  postoperative  days

in our cardiac surgical population.

In  this  study,  the  course  of  AChE and  BChE was

analyzed pre-  and postoperatively  in  order  to  detect  possi-

ble  up-  and  down-regulations  in  relation  to  POD  or,  con-

versely,  to  detect  POD-mitigating properties.  According to

common hypothesis [26,27],  central acetylcholine deficien-

cy seems to correlate with increased peripheral esterase ac-

tivity.

However,  drug  inhibition  of  cholinesterases  was

not  effective  in  reducing  POD  in  recent  trials  [26,27].  In

line  with  these  findings,  the  courses  of  the  peripheral  cho-

linesterases  only  showed  significant  changes  in  BChE  in

delirious patients on the first two postoperative days, but al-

so in non-delirious patients on the 3 postoperative measure-

ments.  This  could  be  due  to  the  body's  own  down-regula-

tion mechanisms in the postoperative setting per se,  which

appear  to  be  independent  of  the  occurrence  of  delirium.

This  is  in  accordance  with  recent  findings  [28].

Finally,  we checked the correlation between com-

mon  inflammatory  parameters  (leukocytes,  CRP  and  IL-6

in the serum) and their course in the context of peripheral

cholinesterases and POD. The current hypotheses regarding

the  etiology  of  POD  cite  an  inflammatory  reaction  occur-

ring in the central nervous system as a relevant factor in its

development  [29,30].  although  the  chosen  3  inflammation

parameters appear to be suitable for the contexts examined.

Only a few significant connections could be found [31]: the

BChE  reduced  on  the  three  postoperative  days  correlated

significantly with the increased leukocyte values in non-deli-

rant  patients.  The  significant  lower  CRP  values  in  non-

delirious  patients  during  anesthesia  induction  seems  to  be

random, inflammation usually doesn´t occure preoperative-

ly (except endocarditis  i.e.).  It  must  be stated that  we were

unable to determine a clear connection between the course

of the common inflammation parameters and the leakage of

pod. However, the question naturally remains as to whether

peripheral  inflammatory  parameters  are  really  sufficient  to

detect sterile inflammatory processes in the central nervous

system and their consequences.

It would be beneficial to identify an inflammatory

biomarker for POD. However, plasma cholinesterases are in-

fluenced by numerous factors,  complicating their discrimi-

native ability. Despite this, the data on butyrylcholinesteras-

es suggest they might provide insights into the inflammato-

ry  state.  Nevertheless,  further  research  involving  a  signifi-

cantly larger patient cohort is required to substantiate these

findings and refine their clinical relevance.
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Limitations

A limitation of  the present work is  the fact  that  a

rather  small  collective  of  only  69  patients  could  be  ex-

amined. It must be noted that the work is a sub-collective of

the  "CESARO"  [25]  work  and  unfortunately  could  not  be

achieved with the available means and possibilities.

It should also be noted that the evidence for a clear

correlation  between  serum  and  cerebrospinal  fluid  cho-

linesterase  is  rather  low,  but  was  the  best  possible  method

for  this  purpose  [15].  Furthermore,  it  must  be  mentioned

that the clinical analysis of peripheral cholinesterases is the

subject of current discussions and is by no means (yet) con-

sidered established, but is only being explored for this pur-

pose.  The  "cholinergic  anti-inflammatory  pathway"  posits

that central acetylcholine modulates systemic inflammation

via  the  vagus  nerve,  indirectly  implicating  peripheral  cho-

linesterase  as  a  surrogate  marker.  Data  used  to  underline

common  hypothesis  of  neuroinflammation  during  the

pathogenesis  of  POD  largely  rely  on  animal  models,  in

which glial reactions due to common inductors of systemic

inflammation (administration of  lipopolysaccharide  [LPS])

were analysed.

Conclusion

This work is a first attempt to find relationships be-

tween cholinesterase concentrations, POD in a cardiac surgi-

cal  patient  population.  Further  work  will  be  needed  in  the

future  to  show  whether  cholinesterase  is  suitable  as  a  risk

marker and therapy companion for patients with POD.
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