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Abstract: Objective To detect the concentrations of choline acetyltransferase (ChAT) and cholinesterase (ChE) in

cerebrospinal fluid of elderly patients and explore their relationship with postoperative delirium (POD). Methods One

hundred and eighty-three patients who underwent total knee/total hip arthroplasty at Qingdao Municipal Hospital from

September 2018 to August 2019 were included. All patients underwent total knee or total hip arthroplasty, using combined

spinal-epidural anesthesia. After subarachnoid puncture, 2 mL of cerebrospinal fluid (CSF) was extracted. Enzyme linked

immunosorbent assay (ELISA) was used to detect the concentration of ChAT, ChE, tumor necrosis factor α (TNF-α ) and

interleukin-6 (IL-6) in CSF, and spectrophotometry was used to detect the activity of ChAT and ChE in CSF. The occurrence of

POD was assessed using the Confusion Assessment of Method (CAM) after surgery. Results Among 183 patients, 157 cases

without POD were as non-POD group, and 26 cases with POD were as POD group, with an incidence rate of 14.21%. In the

POD group, the preoperative CSF ChE concentration [(31.99±2.78) vs (40.89±4.19) ng/mL, t=13.915, P<0.01] significantly

reduced, while ChAT [(1.26±0.12) vs (0.86±0.15) ng/mL, t=12.920, P<0.01], TNF-α [(33.98±5.02) vs (16.98±3.41) pg/mL,

t=14.467, P<0.01], and IL-6 [(17.19±1.32) vs (12.29±1.64) pg/mL, t=16.643, P<0.01] significantly increased (P<0.05) compared

to the non-POD group. In the POD group, the preoperative CSF ChE activity significantly reduced [(4.28 ± 0.52) vs (5.25 ±

0.26) u/mL, t=9.321, P<0.01], while ChAT activity significantly increased [(0.36±0.05) vs (0.27 ± 0.03) u/mL, t=8.916, P<0.01]

compared to the non-POD group. Conclusion The high activity state of ChAT and low activity ChE in CSF are related to the

occurrence of POD in elderly patients, with cholinergic degradation closely related to its occurrence.

Keywords: Cerebrospinal fluid; Cholinesterase; Choline acetyltransferase; Postoperative delirium; Elderly; Arthroplasty

Postoperative delirium (POD) is a common and
serious postoperative complication, characterized by
central nervous system dysfunction in elderly patients,
leading to higher mortality and financial burdens [1-3].
With the aging of population, the number of elderly
patients undergoing total knee arthroplasty / total hip
arthroplasty (TKA/THA) is increasing, with a higher risk
of POD in patients undergoing joint replacement surgery
[4-9].

The pathogenesis of POD is not yet fully understood,
and there is a lack of identified biomarker to predict its
occurrence [10]. The dynamic equilibrium of cholinergic
anti-inflammatory pathways is maintained by choline
acetyltransferase (ChAT) and cholinesterase (ChE), and
may regulate important behaviors such as learning and
cognition [11-12]. Preliminary research has suggested
that the anti-inflammatory properties of hippocampal
cholinergic are crucial in the development of POD and
may contribute to degenerative changes in central
cholinergic nerve function [13-14]. Furthermore,
individuals with lower serum ChE activity are more likely

to develop POD [15], and biomarkers in cerebrospinal
fluid (CSF) have more diagnostic value than in plasma
[16]. Therefore, this study aims to investigate the
relationship between levels of ChAT, ChE in the CSF and
POD in elderly patients, providing new targets and
possible basis for future prevention.

1 Materials and methods

1.1 General information
Ethical approval was obtained prior to the

experiment (2018Linshen Y No. 110) and all patients
were informed of the relevant risks and the necessity for
research. Two hundred and three patients with TKA/THA
in Qingdao Municipal Hospital from September 2018 to
August 2019 were selected.

1.1.1 Inclusion criteria
(1) Aged 65-85 years;
(2) Weighed 50-80 kg;
(3) Under combined spinal and epidural anesthesia;
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(4) The American Society of Anesthesiologists (ASA)
classification of I-III.

1.1.2 Exclusion criteria
(1) Interference in different educational levels;
(2) Score of pre-operative mini-mental state examination
(MMSE) < 23;
(3) History of serious neurological and/or mental illness;
(4) Personal history of substance use disorders (drug,
medicine and steroids);
(5) Combined with hepatic encephalopathy (HE) III-IV;
(6) Patients who underwent major surgery recently;
(7) Severe vision or hearing impairment;
(8) Abnormal preoperative blood test values, indicators
such as coagulation function.

1.2 Anesthesia methods

Preoperative fasting and no medication records were
maintained. All patients were under combined spinal and
epidural anesthesia with L3-4 interspace. After successful
anesthesia, 2.0-2.5 mL 0.5% ropivacaine was injected,
and the block level was T8-10 after patients being
positioned at lying-flat position. Patient-controlled
intravenous analgesia (PCIA) was used after the operation
[10 mg butorphanol+5 mg tropisetron+ physiological
saline dilution to 100 mL, visual analogue scale (VAS)
score <5]. After a lumbar puncture into the subarachnoid
space, the CSF was collected before injection and frozen
at -80 °C after centrifugation.

1.3 Observation indicators

Concentrations of ChAT, ChE, tumor necrosis factor
(TNF)-α and interleukin (IL)-6 levels in CSF were
determined by ELISA. TNF-α kit Lot: L190109552, IL-6
kit Lot: L190117600, ChE kit Lot: L190321385, ChAT
kit Lot: L190321380. Spectrophotometry was used to
detect the ChAT and ChE activities. ChAT activity assay
kit: A079-2, ChE activity assay kit: A026.

The confusion assessment method (CAM) was used
to assess the development of POD in patients. The CAM
consists of four dimensions: aacute changes in mental
state; inattention; disorganized thinking; and altered level
of consciousness. POD can be diagnosed if the patient
develops the first two and is accompanied by either of the
latter two.

1.4 Sample Size Calculation Method

PASS 11.0 software was used to analyze the required
sample size. The expected sensitivity was defined as 0.9
and the allowed error was 0.05. The expected specificity
was defined as 0.5, and the allowed error of the specific
was 0.05. α was defined as 0.05, set to one-sided. The
loss ratio was 0.1 and the calculated sample size was 203.
According to the exclusion criteria, 183 patients were
eventually included.

1.5 Statistical methods

SPSS 25.0 software was used for statistical analysis.
Normal distribution of measurement data was expressed
as x ±s, and a two-sample t-tests was used for
comparison. The enumeration data was expressed as case
(%) and checked with chi-square test. P <0.05 was
statistically significant.

2 Results

2.1 Comparison of general and surgical indicators
between two groups

POD developed in 26 of 183 patients, with an
incidence of 14.21%. There was no statistically
significant difference in the general data between POD
group and non-POD group (P >0.05). [Table 1]

2.2 Comparison of ChE, ChAT, IL-6 and TNF-α
levels in preoperative CSF between two groups

Compared with non-POD groups, ChE levels
decreased, while ChAT, IL-6 and TNF-α levels increased
of preoperative CSF in POD group, with statistically
significant difference (P <0.01). [Table 2]

2.3 Comparison of ChE and ChAT activities in CSF
between two groups

Compared with non-POD groups, ChE activity in
CSF decreased, while ChAT activity in CSF increased in
POD group, with statistically significant difference (P
<0.01). [Table 3]

Tab.1 Comparison of general data and surgical indicators between two groups

Indicators POD (n=26) Non-POD (n=157) t/χ2 value P value

Age (years, x ±s） 70.3±4.2 69.1±6.5 1.233 0.224

Gender (case, male/female) 10/16 73/84 0.581 0.446

Weight（kg, x ±s） 67.8±8.0 68.4±7.0 0.397 0.692

Operation time（min, x ±s） 122.6±21.4 119.0±19.5 0.860 0.391

Bleeding volume（mL, x ±s） 170.8±60.7 172.2±50.4 0.193 0.847
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Pre-operative MMSE (score, x ±s) 28.2±1.3 28.6±1.1 1.672 0.096

Tab.2 Comparison of ChE, ChAT, IL-6 and TNF-α levels in the CSF before operation ( x ±s)

Group
Case

ChE

（ng/ mL）

ChAT

(ng/ mL)

TNF-α

(pg/ mL)

IL-6

（pg/ mL）

POD group 26 31.99±2.78 1.26±0.12 17.19±1.32 33.98±5.02

Non-POD group 157 40.89±4.19 0.86±0.15 12.29±1.64 16.98±3.41

t value 13.915 12.920 14.467 16.643

P value <0.001 <0.001 <0.001 <0.001

Tab.3 Comparison of ChE and ChAT activities between two groups ( x ±s)

Group Case ChE activity ChAT activity

POD group 26 4.28±0.52 0.36±0.05

Non-POD group 157 5.25±0.26 0.27±0.03

t value 9.321 8.916

P value <0.001 <0.001

3 Discussion

In this study, elderly patients undergoing TKA/THA
were included, and combined spinal and epidural
anesthesia was used. None of the patients received
preoperative medication, and PCIA was used for
postoperative analgesia. These interventions aimed to
maintain intraoperative stability and minimize the
interference of other factors on POD.

The specific pathogenesis of POD remains unclear,
and cholinergic theory has been a hot research topic in
recent years. The cholinergic anti-inflammatory pathway,
as a significant neural circuit, promotes the release of
acetylcholine following vagus nerve stimulation. The
interaction between α-7 subunits of acetylcholine and
nicotinic acetylcholine receptors (α7nAChR) plays a role
in preventing Alzheimer's disease (AD) [17].
Acetylcholine levels achieve a dynamic equilibrium in
adults. ChAT levels maintains stable in plasma and CSF,
in conjunction with acetylcholinesterase (AChE) and
butyrylcholinesterase (BubChE). The ratio of ChAT to
AChE activities was found to be elevated in AD patients
[18].

Related studies suggested that cholinergic
neurodegeneration was involved in the process of AD,
and cerebrospinal fluid analysis demonstrated an
increased incidence of POD in AD patients
postoperatively [19]. Research indicated that the
degeneration in central cholinergic function was closely
linked to the development of POD. Experimental findings
in elderly mice demonstrated the degeneration of

hippocampal cholinergic system and cognitive
impairment, highlighting the role of central cholinergic
neuronal degeneration in accelerating POD advancement.
Furthermore, preoperative assessments in POD patients
revealed a significant reduction in plasma ChE activity
levels, suggesting changes in ChE levels as a potential
biomarker for POD in quiet settings [15]. While CSF
analysis of ChE has more diagnostic value than plasma
[16]. Thus, exploring the correlation between
cerebrospinal fluid cholinergic biomarkers and POD is
clinically important and diagnostically valuable.

Additionally, studies have identified cholinergic
anti-inflammatory pathways as a key neural mechanism
involving the release of acetylcholine by the vagus nerve
to inhibit inflammatory cytokines like IL-6 and TNF-α
[19]. These inflammatory cytokines can breach the
blood-brain barrier and infiltrate the central nervous
system from surrounding organs [20]. Microglia
activation can trigger the development of a variety of
diseases, leading to the creation of pathogenic
environments in early POD [21].

The study found that the incidence of POD in elderly
patients after TKA/THA was approximately 14.21%.
Compared with the non-POD group, the preoperative
concentration and activity of ChE in CSF in the POD
group were significantly reduced. Conversely, the
concentration and activity of ChAT showed a significant
increase, indicating that central cholinergic neuronal
degeneration played a crucial role in the development of
POD. Additionally, IL-6 and TNF-α levels in preoperative
CSF were significantly elevated in the POD group,
suggesting that inflammatory factors were associated with
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POD. Bosancic et al [22] investigated a subgroup of
patients from the BioCog study and showed that POD
developed in 52 of 127 elderly patients undergoing
abdominal surgery. There was an association between
their AChE activity and POD. A prospective and
observational study conducted by single center trials in a
European academic hospital [23] found that reduced
AChE activity in 114 patients undergoing cardiac surgery
may be associated with the development of POD. The
results of the present study are in line with them,
suggesting that high ChAT activity and low ChE activity
could serve as predictive markers for the development of
POD prior to surgery.

In conclusion, high ChAT activity and low ChE
activity in CSF are associated with the development of
POD in patients, highlighting the association between
degradation of cholinergic system and POD pathogenesis.
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�\g¦ä�VW

XYde

'

ñ

I!

uvS

Y>IZ+Y>8

ÄápE

%$2&

*

Ê�TU{|XY�ÚÛÌí­�´�5�

I!

Ò

�

'

ÝÇ$ó[È|

I!

uvGy´�=

]"!

ïp

ápq

%$*&

*

þ�TU{s

'

®TXY�ÚÛS­�

�

]"!

ïp�tÈÉ�Ì

*

�&v¢��@O®ï

æ

'

ªGySº¯¥üEÞ®TXY�ÚÛïp­�

îÛp¬ç½¾

'

È|�®TXY�ÚÛ­��qÎ

]"!

SVW

*

îî

']"!

uvGHIfïæ|H®

S

Y>8

ÚR|Aüý

'

\ÿÈ|�¢|ajk�

Y>8

S��´h"

]"!

ïpSpO,­O

%$D&

'

$ñ

ÝÇ$If

Y>8

Ä¢|H®p^_«nå8

%$3&

'

~

�<=ÝÇ$XY�pO,­O�

]"!

SÊ�R^

�²³noå8

*

Ê�TUïæ

'

XY�Ï3�K253²³S

ÚÛ ¡

'

Ü´À»=QRÚÛS�Ð ¡GHV

WXY

'

�ñÆ2

#h43)ZĴ 4
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'QÇ|A´E

'

È|3R~�5�

]"!

SV�
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]QL->A;' )%))' $'! **'$'3H

%D&C5>AU K' 5>AU d' 5>:.=N' P?:;H]1PT0-?A1QAWXAQ?AXP1:?0RPTP;0104

U90. P;TP1;LX:?0P.?QWA;;A<0.=?A?:;>0X :.T /.PP:1?>1AX;:Q?L! :

QLQ?P9:?0-1PR0P< :.T 9P?:4:.:;LQ0Q% b&H \̀Y \UQ-U;AQ/P;P?

!0QA1T' )%)$' ))"$#! *(DH

%3&C\PLP1\' Oj?_b' ]:10/ h' P?:;H]AQ?AXP1:?0RPTP;010U90Q:10Q/

W:-?A1WA1-A9X;0-:?0A.Q:.T XAA1AU?-A9P:W?P1?A?:;>0X :.T /.PP:14

?>1AX;:Q?L%b&HI-?:"1?>AX' )%)$' *)! 3*D

B

F%%H

%F&C

^_

'

_�`

'

abR

'

�

H

Eñ'R(wøáGyÔÕuv|ô

gp×

!

de��öå8

%b&H

®!noTU

')%)'''3"(#!

3$D

B

3$2H

5:0b' h0U N7' [A.=dY' P?:;H[P1U9R0?:90. !;PRP;0. P;TP1;L

<A9P. <0?> XAQ?AXP1:?0RPTP;010U9:W?P1>0X W1:-?U1PQU1=P1L%b&H

Y>0. bY;0. EPQ' )%)'' '3"(#! 3$D

B

3$2H

%2&C

Dùé

'

\ld

'

cde

'

�

H

º¯F�ªGuvG®Ý�/c

Ç�GyÔÕSÊ�R

%b&H

®!noTU

')%)'''3 " $#!

F3

B

2%H

M:.=b5' 5>:.=!N' Y>P. 7d' P?:;HYA11P;:?0A. SP?<PP. 0.?1:AX4

P1:?0RP1P=0A.:;-P1PS1:;AVL=P. Q:?U1:?0A. :.T XAQ?AXP1:?0RPTP;010U9

0. P;TP1;LX:?0P.?QU.TP1=A0.=?>A1:-A?A9L%b&HY>0. bY;0. EPQ'

)%)'' '3"$#! F3

B

2%H

%*&C[>0. 7b' MAAJ:9['P?:;H]AQ?AXP1:?0RPTP;010U9:W?P1TPV9PTP?A4

90T0.PRP1QUQT1AXAWA;TPT:?0A. 0. >P:;?>LA;TP1:TU;?QU.TP1=A0.=

A1?>AXPT0-;A<P1;09S QU1=P1L<0?> QX0.:;:.PQ?>PQ0:! :1:.TA90_PT

-A.?1A;;PT ?10:;%b&HI.PQ?>PQ0A;A=L' )%)'' $'2")#! $3(

B

$F$H
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