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Abstract

Background: Mini-mental State Examination (MMSE) is widely accepted clinically for postoperative cognitive dysfunction (POCD)
assessment. This study aims to investigate the post-operative cognitive changes among high-risk cardiothoracic patients and establish a
standardised approach to post-surgery cognitive assessment. Methods: This is a prospective cohort study, where cognitive assessments
were done 1-day before surgery, at discharge, and during 6 weeks of follow-up. Sample size calculation, accounting for an estimated
20% dropout rate, determined a minimum of 170 subjects were required for the study. Reduction of MMSE score of more than 2.5 was
considered as having POCD. Score differences between groups were analysed using 7-test and analysis of variance (ANOVA), while
consistency between tools was analysed using correlation and regression. Results: A total of 188 patients completed the study, with
a POCD prevalence of 20.2% and 6.9% at discharge and at the 6 week follow up, respectively. All cognitive tools show a significant
difference between preoperative and postoperative scores. All tests show a significant moderate correlation with MMSE. Conclusions:
In conclusion, it is imperative to employ a battery of cognitive assessments to evaluate cognitive changes comprehensively.

Keywords: cognitive dysfunction; postoperative cognitive dysfunction; MMSE; high-risk patients; neuropsychological tests; cardiac
surgery

1. Introduction demonstrated that preoperative administration of corticos-
teroids mitigates the inflammatory response triggered by
surgery. Consequently, this intervention led to a reduction
in both the severity and incidence of POCD following car-
diac surgery [3]. Yazit et al. [4] (2023) further confirmed
variations in the involvement of inflammatory pathways
among different groups of cardiac surgery patients, distin-
guishing between those with and without POCD. Both stud-
ies showed the complexity of the inflammatory response in
POCD development [4].

Cardiothoracic surgery within Malaysia, particularly
at our National Heart Institute has undergone notable
advancements. The contemporary approach to these
life-threatening procedures involves the administration of
dexmedetomidine, a promising sedative and analgesic
agent proven to have benefits in reducing postoperative
complications [1]. Despite this progress, the occurrence
of postoperative cognitive dysfunction (POCD) remains a
concern, especially among high-risk cardiothoracic patients
due to the complex nature of the surgery and associated
risks [2]. Given that individuals undergoing these surgeries
aspire to resume normal functioning, including the ability
for precise decision-making in their professional roles and

Evaluating the cognitive function of cardiothoracic
patients poses a unique challenge, involving tools that are
not only reliable but also non-invasive. Additionally, the
chosen instruments must embody simplicity to ensure ease

personal lives, the preservation of cognitive function is an
important consideration.

Understanding the exclusive pathogenesis of POCD
is still a challenge. Emerging evidence suggests that the
inflammatory response plays an important role in its de-
velopment. Recent studies by Glumac et al. [3] (2017)

for patients recovering from high-risk situations, sparing
them from unnecessary fatigue during the assessment pro-
cess. The Mini-mental State Examination (MMSE) stands
out as a comprehensive tool, offering a thorough assessment
of multiple cognitive domains (prefrontal cortex; frontal
and parietal brain region; occipital and parietal lobes; and
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hippocampus), including orientation, memory, attention,
and language [5]. Its versatility lies in its ability to pro-
vide a holistic view of cognitive functioning, making it a
widely utilized screening tool [6]. Whereas other assess-
ment tools such as the Trail Making Test (TMT), Digit Span,
Digit Symbol Substitution Test (DSST), and Clock Draw-
ing Test (CDT) focus on specific cognitive domains, allow-
ing for a more nuanced examination. The TMT assesses
visual attention and task-switching abilities (prefrontal cor-
tex) [7], while Digit Span evaluates working memory (mid-
ventrolateral frontal cortex) [8], DSST assesses process-
ing speed [9], and the CDT targets executive function and
visuospatial skills [10]. This diversity in tools enables a
nuanced understanding of cognitive strengths and weak-
nesses, contributing to a more refined diagnosis and tailored
intervention strategies. Comprehensive cognitive assess-
ment, as facilitated by the MMSE, combined with domain-
specific tools, enriches the clinical evaluation of cogni-
tive function, offering a well-rounded perspective on brain
health.

Traditionally, the focus in managing cardiothoracic
patients has been more on physiological outcomes, but there
is growing recognition of the need to assess the outcome
in cognitive function. Therefore, there is a compelling ar-
gument for the integration of cognitive function evalua-
tion into routine postoperative care. Whilst recommenda-
tions exist regarding the selection of tools for cognitive as-
sessment, the abundance of available tools necessitates a
thorough evaluation to determine the presence of POCD.
Saxena et al. [11] (2019) suggested the incorporation of
formal perioperative neurocognitive testing to enhance ac-
curacy, reliability and comparability between different co-
horts for POCD reporting. Currently, the general defini-
tion of POCD is described as either a transient or chronic
change in cognitive function that comes after surgery [12].
The focus of this study is on cognitive function assess-
ments, which is in line with current views on complete pa-
tient care and acknowledges the importance of cognitive
health during recovery. It is imperative to investigate the
post-operative cognitive changes among high-risk cardio-
thoracic patients and establish a standardized approach to
post-surgery cognitive assessment. We hypothesise that the
cognitive function assessments used in clinical settings are
aligned in their reflection of POCD. Therefore, a single ap-
proach to assessment is both possible and feasible in a clin-
ical setup.

2. Materials and Methods
2.1 Study Design and Population

This prospective cohort study focuses on high-risk
cardiac surgery patients who received dexmedetomidine as
the primary anaesthestic agent. The study was conducted
at a single center, specifically, the National Heart Insti-
tute, where a cohort of carefully selected patients scheduled
for coronary artery bypass surgery (CABG) and/or valve

surgery were identified. Inclusion criteria encompassed
patients deemed high-risk by overseeing clinicians, pos-
sessing proficiency in either Malay or English languages,
and not presenting with a diagnosis of dementia. Exclu-
sions were applied to patients with a MMSE score below
24 points, those undergoing off-pump surgery, individuals
with severe hepatic impairment, those dependent on dialy-
sis, and pregnant women.

In this study, the consultants reached a consensus on
defining high-risk patients within the current clinical con-
text. The subjects comprised consenting adult patients
(aged >20 years) who underwent cardiac bypass surgery
for any of the following reasons:

(1) Multiple valve surgery (>2 valves = CABQG)

(2) Single valve surgery = CABG with known mod-
erate to severe pulmonary hypertension

(3) Preoperative mechanical support, including bal-
loon pump or ventricular assist device

(4) Procedures involving the thoracic aorta with
planned hypothermic circulatory arrest

(5) Any cardiac surgery patient undergoing a com-
bined operation with an estimated glomerular filtration rate
(GFR) of 16-40 mL/min/1.72 m?.

Additionally, this includes any post-cardiac surgery
patient who, upon admission to the intensive care unit
(ICU), was expected to require ventilatory support for more
than 48 hours, was receiving very high-dose vasopressor
treatment (as determined by the attending intensivist), was
on mechanical support other than an elective intra-aortic
balloon pump, or was expected to require new dialysis
within the first 24 hours after surgery.

Dexmedetomidine infusion commenced at 0.7
mcg/kg/hr (starting at induction of anaesthesia to continue
following surgery) or 1 mcg/kg/hr starting postoperatively
in ICU, without a loading dose. All patients received
standard anaesthesia. All procedures and interventions
were provided at the discretion of the anaesthetist in charge.
A bispectral index (BIS) target of 40-60% was advisable
but not mandatory. Postoperative care was according
to standard management as per the intensive care team,
including additional sedatives and analgesics, inotropes,
vasopressors and ventilatory management.

Sample size determination was done using G¥*Power
software (Version 3.1.9.7, the institute for experimental
psychology, Diisseldorf, Germany) based on the F test re-
peated measures method, with an effect size of 0.25 and a
power of 0.95, resulting in a calculated sample size of 142.
To account for a potential 20% dropout, the final adjusted
sample size was roughly 170. Before their involvement,
all patients provided written informed consent, a procedu-
ral step adhering to ethical guidelines. The study received
ethical approval from the National Heart Institute Ethical
Committee (IJNREC/441/2019).
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Table 1. Characteristics of our patient population.

Variables Frequency (n) Percentage (%)
Age

Below 40 18 9.6

40-64 122 64.9

65 and above 48 25.5
Gender

Male 122 64.9

Female 66 35.1
Education level

No formal education 3 1.6

Primary 17 9.0

Secondary 98 52.1

Tertiary 70 37.2
Current employment

Yes 63 335

No 125 66.5
Household income®

Low (<MYR 4850) 130 69.1

Middle (MYR 4850-10,959) 43 22.9

High (>MYR 10,960) 15 8.0
Comorbidities (No/Yes)

Diabetes 106/82 56.4/43.6

Hypertension 50/138 26.6/73.4

Chronic kidney disease 106/82 56.4/43.6

Hypercholesterolemia 64/123 34.2/65.8

Smoking® 100/61 62.1/37.9
Type of surgery

CABG only 60 31.9

CABG + valve 73 38.8

Valves only 55 29.3

2source from Department of Statistic Malaysia. 1 USD = 4.67
MYR.

bsome values differ due to missing data.

CABG, coronary artery bypass graft.

2.2 Neurocognitive Assessment

Neurocognitive assessments were done at three (3)
timepoints—(1) 1 day before surgery, (2) 7 days post-
surgery or at discharge (whichever came first), and (3) ata 6
week post-surgery follow-up. The Malay version of MMSE
was adapted during the eligibility screening to eliminate
patients with poor cognitive performances at baseline; pa-
tients with MMSE scores >24 were recruited. There were 5
tools utilised for cognitive assessment in this study includ-
ing MMSE, TMT Part A and B, Digit Span Forward and
Backward, DSST and CDT. TMT tests are for executive
function, task switching and working memory, Digit Span
for attention and memory, DSST is for speed and manual
dexterity, while CDT is for visuoconstructive abilities. The
1-standard deviation (1 SD) method was used to discrim-
inate the cognitive changes (POCD vs non POCD) post-
surgery. According to the method, changes in 1 standard
deviation from MMSE baseline scores was considered as
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cognitive decline. In this study, our 1 SD MMSE score was
2.5, hence patients with a decline of more than 2.5 were
considered to have cognitive decline postoperatively.

2.3 Statistical Analysis

Statistical analysis was done using SPSS software ver-
sion 26 (IBM Corp., Armonk, NY, USA). Descriptive anal-
ysis using mean + SD was presented for continuous vari-
ables. Frequency analysis was done to see the prevalence of
patients with cognitive decline. Normality tests were com-
pleted and all variables were normally distributed. Mean
comparisons between multiple cognitive tools at 3 (three)
time points were analysed using repeated measure analysis
of variance (ANOVA). Correlation analysis between cog-
nitive tools was done using Pearson correlation. Multiple
linear regression using the enter method was employed to
explore the potential association between all cognitive tools
for MMSE.

3. Results
3.1 Characteristics of Study Population

A total of 210 patients consented to be part of the study
population. However, only 188 patients successfully com-
pleted the whole study (89.5%). Among the 10%; 11 pa-
tients deceased during their ICU stay, while an additional
11 patients faced mortality challenges in the immediate post
discharge period, before the scheduled 6-week follow-up.
Our findings revealed an approximately 10% mortality rate,
given the inherently high-risk nature of the patient popula-
tion under consideration. Nevertheless, the total number
of subjects successfully completed the study exceeded the
minimum number of sample size required to achieve the
desired impact of the study. The characteristics of patients
who completed the whole assessments are tabulated in Ta-
ble 1.

3.2 Cognitive Changes in POCD and Non-POCD Patients

The prevalence of POCD in our study was defined by
a decrease of more than 2.5 in MMSE score compared to
baseline. At discharge, the prevalence of POCD was 20.2%
(n = 38), and this percentage decreased during follow-up
to 6.9% (n = 13). Mean differences in all cognitive tools
were then analysed according to the POCD and non-POCD
patients (Table 2).

The analysis revealed significant differences in cogni-
tive changes in all tools from baseline to the 6-week follow-
up (p < 0.05). Comparison between POCD and non-POCD
groups showed that all cognitive tools were significantly
different at discharge and follow-up, except for the CDT.
For TMT part A and B, the scores were recorded as the
time taken in seconds. Hence, a higher score postopera-
tively and in the POCD groups denotes a slower time taken
to complete the tests. The mean scores for each tool showed
significant changes postoperatively and between POCD and
non-POCD groups, implying the consistency of those tools
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Table 2. Cognitive changes in cognitive tools at different time points and groups.

Tools Baseline p-value Discharge p-value Follow-up p-value p-value
(POCD, n=38) (POCD, n=13)

MMSE 27.5 +2.538 26.3 +3.979 27.4 £+ 3.625 <0.001**a
Non-POCD 27.70 +2.514 0.129 27.49 £+ 2.687 <0.001**? 27.97 +2.423 0.002%®
POCD 27.0 +2.589 21.42 +4.554 19.85 + 7.290

TMT-A 52.1 +£29.267 57.1 +£37.287 49.9 + 33.579 0.004*<
Non-POCD  52.55 £+ 34.274 0.242 53.48 £36.043  <0.001**? 46.65 + 25.257 0.042%b
POCD 59.58 +£27.119 78.16 + 44.041 97.33 4+ 75.993

TMT-B 121.6 & 65.750 142.6 + 79.812 117.7 £ 84.502 <0.001**a
Non-POCD  119.32 + 68.770 0.041%b 133.19 4 79.485  <0.001**b 110.29 £ 66.114  0.019*b
POCD 144.55 + 62.541 188.53 + 72.114 258.00 + 185.100

Digit Span 13.5 +3.583 12.5 +3.721 13.1 £ 3.736 <0.001**a
Non-POCD 13.62 + 3.396 0.212 13.03 +3.613 <0.001**? 13.25 4+ 3.692 0.003%®
POCD 12.82 £ 4.132 10.32 +3.375 10.00 + 3.045

DSST 45.5 +15.999 40.2 £ 17.315 47.9 + 18.931 <0.001**a
Non-POCD  47.78 £16.354  <0.001**0 42,94 + 17.427  <0.001**> 48.97 + 18.865 0.010%?
POCD 35.71 £ 11.573 27.46 + 10.249 33.82 +£ 15.217

CDT 1.87 £ 0.425 1.73 + 0.602 1.86 £ 0.434 <0.001**a
Non-POCD 1.87 £ 0.430 0.769 1.80 £ 0.532 0.003*b 1.88 £ 0.387 0.126
POCD 1.84 + 0.495 1.47 +0.762 1.50 + 0.798

*ap-value significant at p < 0.05 using repeated measure ANOVA.

**ap_value significant at p < 0.001 using repeated measure ANOVA.

*bp_value significant at p < 0.05 using independent T-test.
*#bp_value significant at p < 0.001 using independent T-test.

POCD, postoperative cognitive dysfunction; MMSE, Mini-mental State Examination; TMT, Trail Making Test; DSST, Digit Symbol
Substitution Test; CDT, Clock Drawing Test; ANOVA, analysis of variance.

with the MMSE. Further analysis was conducted to explore
the correlation between all tools and the MMSE, as shown
in Table 3.

TMT, Digit Span and DSST showed a moderate cor-
relation with MMSE, whereas the CDT had a poor corre-
lation, despite having a statistically significant correlation
in all tests. The result of a multiple linear regression analy-
sis revealed that TMT part B, Digit Span, DSST and CDT
were statistically significant, implying a close association
with MMSE.

4. Discussion

This study has successfully elucidated the correlation
between multiple cognitive assessments to thoroughly as-
sess cognitive changes after surgery. The low prevalence
of POCD found in the study population that homogenously
received dexmedetomidine together with the clinical impor-
tance of a 2.5-point decrease in MMSE scores are the high-
lighted findings in this study. It has been found that the
association between various types of sedation and POCD
is multifaceted [13]. Hence, it is imperative to explicitly
outline the standardization of sedation administered to the
subjects in this study whilst discussing the prevalence of
POCD within this patient cohort.

The comprehensive evaluation of cognitive function
pre- and post-surgery, incorporating a diverse array of cog-

nitive assessment tools such as the MMSE, TMT, Digit
Span, DSST, and CDT, establishes a robust foundation for
delineating the intricate landscape of cognitive changes in
the perioperative period. This multifaceted approach allows
for a comprehensive exploration of cognitive domains and
accentuates the sensitivity of each tool to specific aspects
of cognitive function. The MMSE, with its broad cover-
age of cognitive domains, provides a holistic snapshot of
cognitive health, while the supplementary tools, such as the
TMT, Digit Span, DSST, and CDT, contribute unique in-
sights into executive function, working memory, process-
ing speed, and visuospatial abilities. This comprehensive
assessment approach is in line with recent literature advo-
cating for a multidimensional evaluation strategy to more
accurately capture the complex and heterogeneous nature
of postoperative cognitive changes [14,15].

The nuanced understanding of cognitive alterations, as
facilitated by this multi-tool approach, is particularly perti-
nent in the context of cardiothoracic surgeries, where the
intricate interplay of physiological and psychological fac-
tors can influence cognitive outcomes. Moreover, the iden-
tification of cognitive domains affected by surgery such
as memory, attention, executive functions, and process-
ing speed leads to challenges in recalling information, fo-
cusing, problem-solving, and processing efficiently. Tar-
geted post-surgery interventions, including memory en-
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Table 3. Correlation and regression analysis of cognitive tools towards MMSE.

Pearson’s correlation

Tools . Regression, 12 Crude OR (CI) p-value Adjusted OR (CI) p-value
coefficient, r

TMT-A —0.434%*a 0.188 —0.041 (-0.048 to —0.034)  <0.001**  —0.057 (-0.014 to 0.003) 0.236

TMT-B —0.508*a 0.258 —0.023 (-0.026 to —0.020)  <0.001**  —0.126 (—0.010 to —0.001) 0.023*

Digit Span 0.468*a 0.219 0.435 (0.369 to 0.501) <0.001** 0.252 (0.169 to 0.299) <0.001**

DSST 0.541%*a 0.293 0.102 (0.089 to 0.115) <0.001** 0.269 (0.034 to 0.68) <0.001**

CDT 0.350%*a 0.123 2.321 (1.823 to 2.820) <0.001** 0.142 (0.486 to 1.392) <0.001**

*@p-value significant at p < 0.05 using Pearson’s correlation coefficient.

*p-value significant at p < 0.05.
**p-value significant at p < 0.001.

MMSE, Mini-mental State Examination; TMT, Trail Making Test; DSST, Digit Symbol Substitution Test; CDT, Clock Drawing Test; OR,

odds ratio.

hancement techniques, attention training, executive func-
tion programs, cognitive therapy, physical exercise, and
mindfulness practices, are crucial for recovery. By identi-
fying affected domains and implementing personalised in-
terventions, healthcare providers can optimise patient well-
being, ensuring a smoother postoperative recovery process
and enhancing overall outcomes [16].

Based on this observational study, a relatively low
prevalence of POCD and the decline from an immediate
POCD rate of approximately 20% to 7% after a 6-week pe-
riod, offers compelling insight into the dynamic and tran-
sient nature of cognitive changes following surgery. These
findings align with current literature emphasizing that cog-
nitive alterations post-surgery may often exhibit a tempo-
rary trajectory, with recovery occurring over time [17,18].
The documented decrease in POCD rates over the 6 weeks
suggests a potential adaptive capacity of the central ner-
vous system, highlighting the need for an understanding of
the evolving cognitive landscape in the postoperative phase.
Nonetheless, the sobering acknowledgement of an approxi-
mate 10% mortality rate among subjects before the 6-week
flow-up serves as a reminder of the multifaceted nature
of surgical outcomes. Findings from this study emphasise
the interconnectedness of cognitive and clinical domains in
the evaluation of surgical outcomes, urging a shift towards
an integrative patient-centreed approach [16,19]. The ap-
proach enhances the precision of outcome assessments and
facilitates tailored interventions that address both cognitive
and clinical aspects, ultimately contributing to holistic pa-
tient care.

The statistically significant correlations observed be-
tween the MMSE and other cognitive assessment tools,
including the TMT, Digit Span, DSST, and CDT, under-
score the presence of a strong linear relationship among
these measures. Findings from this study validate the in-
dividual tools but also emphasize their collective efficacy
in capturing the broader spectrum of cognitive function.
The identified correlations contribute to the converging ev-
idence across diverse assessment methods, reinforcing the
reliability and interrelated nature of these cognitive instru-
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ments [15]. Moreover, the observed linear regression pro-
vides additional support for the proposition that changes
in MMSE scores correspond to changes in performance on
specific cognitive tasks. This alignment further strengthens
the potential of MMSE in reflecting alterations across vari-
ous cognitive domains, offering a comprehensive overview
of cognitive changes postoperatively. Such consistent rela-
tionships between MMSE and other cognitive tools provide
a cohesive framework for assessing and interpreting cogni-
tive dynamics following surgery.

In addition, the application of 1 SD method to de-
termine POCD in this study introduces the concept that
the score lowering by 2.5 is a significant change post-
operatively which indicates significant cognitive decline.
The significant mean differences observed in TMT, Digit
Span, DSST, and CDT between POCD and non-POCD
groups can be determined by the selected reduction score
(-2.5) validates the clinical utility of the selected score. Par-
ticularly noteworthy is the identification of a 2.5-point re-
duction in MMSE scores as a meaningful indicator of cog-
nitive decline postoperatively. This reduction serves as a
practical threshold for identifying patients at risk for cog-
nitive changes, facilitating early intervention and person-
alised postoperative care strategies [14,16].

5. Conclusions

In conclusion, this study underscores the importance
of employing a battery of cognitive assessments to com-
prehensively evaluate cognitive changes post-surgery. The
observed low prevalence of POCD, coupled with the ro-
bust correlations and clinical significance of a 2.5-point
reduction in MMSE scores, contributes to the refinement
of postoperative cognitive assessment strategies, enhanc-
ing the precision of identifying and addressing cognitive
changes in surgical populations.

In the current setting, one limitation encountered was
the inability to effectively stratify groups by age. Previous
studies have identified age as a significant factor influenc-
ing POCD with specific appropriate cognitive assessment
tools. It is recommended that future research delve into
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this factor by examining different age groups. Addition-
ally, while this study may demonstrate the benefits of using
a single method for diagnosing POCD, it does not address
the tool’s feasibility in diagnosing long-term POCD. Future
research directions may incorporate this aspect. In con-
junction with cognitive assessment tools, future direction
may include advanced neuroimaging techniques (such as
magnetic resonance imaging (MRI) or positron emission to-
mographic (PET) scans) to detect structural and functional
brain changes associated with POCD. This approach aims
to explore the correlation between objective and subjective
measures in assessing cognitive decline outcomes.

Availability of Data and Materials

All data are available in this manuscript.

Author Contributions

SK and NIJ designed the research study. KMH and
NASAA performed the research. NIMFT and SD provided
help and advice on data managements. NAAY analyzed the
data. SA and SMM help in data interpretation and wrote the
manuscript. All authors contributed to editorial changes in
the manuscript. All authors have participated sufficiently in
the work and agreed to be accountable for all aspects of the
work. All authors read and approved the final manuscript.

Ethics Approval and Consent to Participate

All patients provided written informed consent, a pro-
cedural step adhering to ethical guidelines. The study re-
ceived ethical approval from the National Heart Institute
Ethical Committee (IJNREC/441/2019).

Acknowledgment

Special acknowledgement to staff nurses and Clinical
Trial Unit staffs for guidance during data collection.

Funding

This research was funded by National Heart Institute
Foundation, grant number [INREC/441/2019.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Peng K, Ji FH, Liu HY, Zhang J, Chen QC, Jiang YH. Effects of
Perioperative Dexmedetomidine on Postoperative Mortality and
Morbidity: A Systematic Review and Meta-analysis. Clinical
Therapeutics. 2019; 41: 138-154.¢4.

[2] Yang X, Huang X, Li M, Jiang Y, Zhang H. Identifica-
tion of individuals at risk for postoperative cognitive dysfunc-
tion (POCD). Therapeutic Advances in Neurological Disorders.
2022; 15: 17562864221114356.

[3] Glumac S, Kardum G, Sodic L, Supe-Domic D, Karanovic N.
Effects of dexamethasone on early cognitive decline after car-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

diac surgery: A randomised controlled trial. European Journal

of Anaesthesiology. 2017; 34: 776-784.
Yazit NAA, Juliana N, Kadiman S, Hafidz KM, Mohd Fahmi

Teng NI, Abdul Hamid N, et al. Microarray Profiling of Dif-
ferentially Expressed Genes in Coronary Artery Bypass Grafts
of High-Risk Patients with Postoperative Cognitive Dysfunc-
tions. International Journal of Environmental Research and Pub-
lic Health. 2023; 20: 1457.

Su Y, Dong J, SunJ, Zhang Y, Ma S, Li M, et al. Cognitive func-
tion assessed by Mini-mental state examination and risk of all-
cause mortality: a community-based prospective cohort study.
BMC Geriatrics. 2021; 21: 524.

Vide S, Gambus PL. Tools to screen and measure cognitive im-
pairment after surgery and anesthesia. Presse Medicale (Paris,
France: 1983). 2018; 47: e65—72.

Varjacic A, Mantini D, Demeyere N, Gillebert CR. Neural signa-
tures of Trail Making Test performance: Evidence from lesion-
mapping and neuroimaging studies. Neuropsychologia. 2018;
115: 78-87.

Woods DL, Kishiyamaa MM, Lund EW, Herron TJ, Edwards B,
Poliva O, et al. Improving digit span assessment of short-term
verbal memory. Journal of Clinical and Experimental Neuropsy-
chology. 2011; 33: 101-111.

Jaeger J. Digit Symbol Substitution Test: The Case for Sensitiv-
ity Over Specificity in Neuropsychological Testing. Journal of
Clinical Psychopharmacology. 2018; 38: 513-519.

Duro D, Freitas S, Tabuas-Pereira M, Santiago B, Botelho
MA, Santana 1. Discriminative capacity and construct validity
of the Clock Drawing Test in Mild Cognitive Impairment and
Alzheimer’s disease. The Clinical Neuropsychologist. 2019; 33:
1159-1174.

Saxena S, Joosten A, Maze M. Brain Fog: Are Clearer Skies on
the Horizon? A Review of Perioperative Neurocognitive Disor-
ders. Annual Update in Intensive Care and Emergency Medicine
2019. 2019; 423-430.

Hedges D, Farrer TJ, Bigler ED, Hopkins RO. Postoperative
Cognitive Decline. The Brain at Risk. Springer: Cham. 2019.
Daiello LA, Racine AM, Yun Gou R, Marcantonio ER, Xie Z,
Kunze LJ, et al. Postoperative Delirium and Postoperative Cog-
nitive Dysfunction: Overlap and Divergence. Anesthesiology.
2019; 131: 477-491.

van Sinderen K, Schwarte LA, Schober P. Diagnostic Criteria
of Postoperative Cognitive Dysfunction: A Focused System-
atic Review. Anesthesiology Research and Practice. 2020; 2020:
7384394.

Oliveri S, Bocci T, Maiorana NV, Guidetti M, Cimino A, Rosci
C, et al. Cognitive trajectories after surgery: Guideline hints
for assessment and treatment. Brain and Cognition. 2024; 176:
106141.

Bhushan S, Li Y, Huang X, Cheng H, Gao K, Xiao Z. Progress
of research in postoperative cognitive dysfunction in cardiac
surgery patients: A review article. International Journal of
Surgery (London, England). 2021; 95: 106163.

Bowden T, Hurt CS, Sanders J, Aitken LM. Predictors of cogni-
tive dysfunction after cardiac surgery: a systematic review. Eu-
ropean Journal of Cardiovascular Nursing. 2022; 21: 192-204.
Green CM, Schaffer SD. Postoperative cognitive dysfunction in
noncardiac surgery: A review. Trends in Anaesthesia and Criti-
cal Care. 2019; 24: 40-48.

Writing Committee for the VISION Study Investigators, Dev-
ereaux PJ, Biccard BM, Sigamani A, Xavier D, Chan MTV,
et al. Association of Postoperative High-Sensitivity Troponin
Levels With Myocardial Injury and 30-Day Mortality Among
Patients Undergoing Noncardiac Surgery. JAMA. 2017; 317:
1642-1651.

&% IMR Press


https://www.imrpress.com

	1. Introduction 
	2. Materials and Methods
	2.1 Study Design and Population
	2.2 Neurocognitive Assessment
	2.3 Statistical Analysis

	3. Results
	3.1 Characteristics of Study Population
	3.2 Cognitive Changes in POCD and Non-POCD Patients

	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

