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Objective: To prospectively investigatethe incidence and influencing factors of
Subsyndromal delirium (SSD) in elderly patients undergoing pancreatic surgery.

Methods: According to a prospective observational study, elderly patients
(aged >60 years) who underwent pancreatic surgery in the pancreatic center
of our hospital from August 2023 to February 2024 were selected. Patients
were divided into SSD and Normal groups based on the evaluation of the
Delirium Rating Scale-revised-98 in the first 1-4 days postoperatively.
Multivariate logistic regression was performed to determine the influencing
factors, and subject operating characteristic curves were used to assess the
predictive effect of risk factors for subsyndromal delirium.

Results: A total of 179 elderly pancreatic surgery patients were included in this
study. 67 elderly patients developed subsyndromal delirium with an incidence of
37.43%. Multivariable Logistic regression revealed that risk factors for SSD
included age, age-adjusted Charlson Comorbidity Index (aCCl), and
postoperative fever, while and education level with senior high school or
above was found to be protective factors. Receiver operating characteristic
(ROC) curve showed that the combination of age and aCCl predicted SSD in
elderly pancreatic surgery patients (Area Under Curve = 0.815, 95% Confidence
Interval: 0.752 - 0.878), with sensitivity and specificity of 80.6% and
75.9%, respectively.

Conclusion: The incidence of subsyndromal delirium after elderly pancreatic
surgery was as high as 37.43%. Effective assessment and prevention of
subsyndromal delirium are crucial. In the early postoperative period, special
attention should be given to elderly patients with more preoperative
comorbidities and lower education levels, and their temperature should be
monitored in a timely manner.
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1 Introduction

Delirium is the most common manifestation of brain
dysfunction after major surgery. Current diagnostic criteria were
proposed based on the Diagnostic and Statistical Manual of Mental
Disorders, 5th edition (DSM-5), in which key diagnoses include
acute onset and fluctuating course of symptoms, inattention,
impaired level of consciousness, and cognitive disturbances (e.g.,
disorientation, memory impairment, and changes in language) (1).
However, in clinical practice, some patients may exhibit symptoms
that partially meet the diagnostic criteria for delirium but do not
fully satisfy the criteria for delirium. This partial fulfillment of the
diagnostic criteria for delirium is referred to as subsyndromal
delirium (SSD). SSD is considered part of the severity spectrum
of delirium (2). However, there is no established consensus on the
definitions of SSD. SSD was first introduced by Levkoff in
accordance with the Diagnostic and Statistical Manual of Mental
Disorders (3). Until now, the diagnosis and evaluation criteria of
SSD has been assessed with the help of delirium assessment tools.
Intensive Care Delirium Screening Checklist (ICDSC) was
introduced by Ouimet for SSD diagnosis (4), and then were
used by Breu (5), Yamada (6) and Mailhot (7). Meagher used
the Delirium Rating Scale-revised-98 (DRS-R-98) to diagnose
SSD (8). Meanwhile, Gutierrez (9) and Tan (10) used the
Confusion Assessment Method (CAM) to diagnose SSD.
Similarly, Durlach (11) and Serafim (12) used the CAM -ICU.
Diwell (13) used s-CAM. In addition, there were new symptoms
after surgery when Li (14) and Denny (15) used CAM under
additional criteria. Due to its insidious symptoms and low
attention, it is prone to passive disposal due to delayed diagnosis.
This is closely related to the adverse outcome of patients. Previous
studies have suggested that delirium can compromise patient
autonomy, increase mortality and dementia rates, reduce quality
of life, and extend hospital stays (16). These effects have significant
consequences for patients and their families (17), such as increased
unplanned treatment and care costs, adding financial strain and
exacerbating anxiety, and impact hospital efficiency and healthcare
costs. These adverse outcomes emphasize the importance of early
assessment and intervention for delirium. Empirical studies show
that the probability of SSD progressing to delirium is 3.27 times
higher than in normal patients (6), and the risk of death is 1.26
times higher than in normal patients (13). SSD can be prevented,
and early assessment of the patients plays an important role in
preventing the progression of SSD, as well as the transition to
delirium. The prevalence of SSD varies considerably across different
studies. The incidence of SSD varied widely among the various
studies. Incidence rate of SSD in cardiac surgery and abdominal
surgery were 34.2% to 37.8% (7, 14), and 11.7% to 36.7% (9, 18),
respectively. However, up to 68% of elderly orthopedic patients
have SSD (19), which is a common neuropsychiatric disorder in
elderly patients.

As age increases, the degenerative changes in brain function and
the decline in cognitive reserve make older patients more vulnerable to
surgical stress (20). The brain’s nervous system is more susceptible to
damage during this process, which increases the risk of postoperative
delirium and SSD. Pancreatic surgery is particularly complex and high-
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risk, associated with complications such as infection, bleeding, and
pancreatic leakage, making it of particular concern in older patients.
Pancreatic surgery is typically divided into minimally invasive and
open surgery. Despite the fact that minimally invasive surgery causes
less tissue damage, its strict technical requirements and the possibility
of converting to open surgery during the procedure have raised some
controversy regarding its application in pancreatic surgery (21-23). In
contrast, open surgery, with its more established technique, allows for
better exposure of the lesion and surrounding tissues, and thus remains
the standard approach (23). However, regardless of whether the
surgery is minimally invasive or open, elderly patients often present
with pancreatic metabolic abnormalities (24) and face numerous
stressors during the perioperative period (25). These factors may
exacerbate the physiological frailty of elderly patients and increase
their vulnerability in pancreatic surgery, categorizing them as a high-
risk group for SSD (26-28). Postoperative SSD is associated with many
factors in the perioperative period (29), including advanced age, low
education, poor cognitive status, and limb constraints, etc. There are
few published studies on pancreatic surgery in the elderly given the
wide variation in morbidity and factors affecting different types
of surgery.

Here, a prospective observational study was performed to
understand the incidence of SSD in elderly surgical patients in
pancreatic centers and explore the influencing factors. This study
provides a reference for the prevention of SSD and the perioperative
management of the pancreas.

2 Materials and methods

2.1 Study design

This study was conducted in the pancreatic center of a teaching
hospital in the eastern coastal areas of China. For the single-center,
prospective cohort study design, the study protocol has been
approved by the hospital ethics committee [NO. (2023) 583].

2.2 Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) patients aged 260 years,
regardless of gender; (2) patients with American Society of
Anesthesiologists (ASA) classification of II-III; (3) patients
postoperative entry Pancreatic center High Dependency Unit; and
(4) patients undergoing partial or total pancreatic resection in the
pancreatic center of our hospital.

Exclusion criteria included: (1) patients with visual, auditory, or
language impairment, and inability to complete the assessment; and
(2) patients with a preoperative history of psychiatric disorders.

2.3 Sample
Sample size was calculated according to the principle of survey

study from 5 to 10 times of the variable. There were 13 survey scale
independent variables in this study and sample size ranged from 65
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to 130 cases. Considering 10% invalid data, 73 to 145 cases
were needed.

The participants were patients who underwent elective surgery
from August 2023 to February 2024 at our pancreatic center. After
applying the criteria for inclusion and exclusion, a total of 206
patients were ultimately considered for this study. Written
informed consent was obtained from all patients.

2.4 Measures

1. General data and Perioperative data questionnaire were
developed after literature review and discussion by the research
group. This involved in demographic data (age, gender, educational
level), preoperative data [body mass index (BMI), drinking history,
smoking history, disease history (hypertension, diabetes, cerebral
infarction), surgery history, fasting time], intraoperative data (ASA
Classification, blood loss, blood transfusion, operation time,
anesthesia time), and postoperative fever [48 hours after> 38°C
and returning to normal after 2~4 days is defined as postoperative
fever (30)].

2. Age-adjusted Charlson Comorbidity Index (aCCI): It is a
comprehensive index after Charlson proposes CCI scoring criteria
including age, quantifying information on multiple comorbidities,
and weighted age score, and has been widely used to reflect the
overall functional status of patients (31). The final score for this
scale was calculated based on weighted scores for 19 different
diseases and different ages with a total score of 37. The higher the
score, the more comorbidities and the worse the underlying status.

3. Nutrition Risk Screening 2002 (NRS-2002): Preferred tool for
assessment of nutritional risk screening recommended by the
European Society for Parenteral Nutrition in inpatients. It was
first introduced in China in 2005 and applied to hospitalized
patients by Chen Wei et al. (32). The scale included three aspects:
disease severity score (0-3), nutritional status score (0-3), and age
score (70 years plus 1 point). The total score ranged from 0 to 7,
indicating patients at nutritional risk when the NRS-2002 score was
3 or above.

4. Fatigue, Resistance, Ambulation, Illness, Loss of weight
(FRAIL): Proposed by the International Society for Nutrition and
Aging in 2008, this component is based exclusively on patient self-
reporting and is widely used for frailty screening in hospitalized
patients (33). The scale includes five aspects: fatigue, resistance,
decreased walking ability, five diseases, and weight loss of 5%
greater than the original body weight within one year. The
Chinese version of the frailty scale has a Cronbach’s alpha
coefficient of 0.826. Each entry is scored as 0 (no) or 1 (yes)
point, with a score range of 0 to 5. A score of 3 indicates frailty (34).

2.5 Assessment criteria for
subsyndromal delirium

Delirium Rating Scale-revised-98 (DRS-R98), revised by

Trzepacz et al. (35) in 1998, refined the cognitive function items
based on the DRS scale and increased the evaluation items to 16,
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including 13 symptom severity scales and 3 additional diagnostic
items. It can be used to identify other mental disorders, such as
dementia and schizophrenia, and assess the severity of delusion.
Items 1 to 13 include the non-cognitive partial scale (sleep-wake
cycle, perceptual impairment, delusion, and thought process
abnormalities) and the cognitive partial scale (attention,
directional force, and short-term memory), and items 7 and 8
refer to the assessments of the activity types. The score of each item
is 0 to 3 points, respectively. The internal consistency of the severity
and total tables of DRS-R-98 was high with Cronbach o coefficients
of 0.85 and 0.86, respectively (36). Patients was consider to have
SSD at a DRS-R-98 score of 7-11 (8).

2.6 Data collection

All the data were collected and extracted by the members of the
same research group (two researchers and one psychiatric expert).
Both researchers had received unified training and guidance before
the study to ensure the consistency of data measurement methods.
After obtaining informed consent from the patients, preoperative
surveys were conducted using the General and Perioperative Data
Questionnaire, aCCI, NRS-2002, and FRAIL, and intraoperative data
recording was improved within 24 hours after surgery. Considering
that the SSD is a mild delirium, postoperative delirium mainly occurs
within 24 to 72 hours after surgery, and assessment on four
consecutive days detects delirium in 97% of cases (37). DRS-R-98
was used to assess postoperative patients with scores ranging from 7
to 11 on a scale of 7 to 11 every day at 6:00 p.m. for four consecutive
days without diagnosis of delirium on that day being made, and was
assessed for postoperative SSD. When the judgment of the two
investigators was concordant, the corresponding results were
recorded. If the two researchers’ judgments do not agree, they
would seek a screening judgment from a psychiatrist.

2.7 Statistical analysis

Data were analyzed with SPSS 27.0. The normal distribution of
numerical variables is expressed as mean + standard deviation
(X £ 8), and the groups are compared by Student ¢ test; The
skewed distribution of numerical variables is presented as median
and interquartile ranges [M (P,s, P;5)] and compared by Mann
Whitney U test. Categorical variables were expressed as frequency
numbers and compared by Chi-square test or Mann-Whitney U test
between groups. The variables that showed statistically significant
differences in the univariate analysis were included as independent
variables, and multicollinearity testing was performed. The
occurrence of SSD was used as the dependent variable, and
binary logistic regression analysis was conducted to explore the
independent factors influencing SSD. The results are reported as
variance inflation factors (VIF), odds ratios (Odds Ratio, OR) and
95% confidence intervals (Confidence Interval, CI). The receiver
operating characteristic (ROC) curve was used to assess the
predictive efficacy of influencing factors for SSD. P <0.05 was
considered to be statistically significant.
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The variables that showed statistically significant differences in
the univariate analysis were included as independent variables, and
multicollinearity testing was performed.

The variables that showed statistically significant differences in
the univariate analysis were included as independent variables, and
multicollinearity testing was performed. The occurrence of SSD was
used as the dependent variable. In addition, binary logistic
regression analysis was conducted to explore the independent
factors influencing SSD.

3 Results
3.1 The characteristics of the participants

SSD was defined as a score between 7 and 11 on the DRS-R-98
and no diagnosis of delirium on the day of assessment. Any
discrepancies in the assessment between the two researchers were
resolved by consulting a psychiatric expert. A total of 206 elderly
patients were evaluated. Patients with full delirium (n=19) and
those who progressed into delirium (n=8) were excluded since this
focused only on patients with SSD symptoms. Ultimately, 179
elderly pancreatic surgery patients were included (Figure 1). 67
elderly patients developed SSD after surgery, with an incidence of
37.43%. The mean age of the overall subjects was 69.04 + 6.71 years,
with 108 males and 71 females. In terms of education level, most of
the subjects had a low education level, including 86 cases (48.04%)
in primary school or below, 47 cases (26.27%) in junior middle
school, 31 cases (17.32%) in high school and technical secondary
school, and 15 cases (8.38%) in junior college or above. The ASA
Classification in 58.66% (105/179) of the patients was at Grade II,
the mean length of surgery was 3.68 + 1.60 hours, and the mean

Elderly patients undergoing elective surgery from August 2023
to February 2024 (n=213)

10.3389/fpsyt.2025.1461707

maintenance time of anesthesia was 4.80 + 1.71. Table 1 shows the
general and perioperative characteristics of the patients overall, as
well as in both groups.

3.2 Univariate analysis

The differences in age, education, history of diabetes, frailty, NRS -
2002 = 3, aCClI, ASA classification, and postoperative fever between the
SSD and Normal groups were statistically significant (P <0.05). No
significant differences were found in other general characteristics and
perioperative data (P > 0.05) (Table 1).

The variables showing statistically significant differences in the
univariate analysis were included as independent variables, and
multicollinearity testing was performed. It was clear that the
variance inflation factors (VIF) were all below 5, indicating weak
multicollinearity among the independent variables and low
correlation between them. This confirms the suitability of the
model for regression analysis (Table 2).

3.3 Multivariable logistic regression analysis
of SSD

A multivariate logistic stepwise regression model was
constructed with the occurrence of SSD in the patient as the
dependent variable (yes=1, no=0), and variables with statistically
significant differences in univariate analyses, including age, aCCl,
education, history of diabetes mellitus, ASA classification, NRS-
2002 >3, preoperative frailty, and postoperative fever, as covariates.
Numerical variables were entered with the original value, and
categorical variables were assigned according to Table 3. The first

7 excluded due to:

Death (n=1)

ASA classification of IV (n=3)
Patients or family refused to participate (n=2)

Visual impairment (n=1)

206 patients were included and accepted the DRS-R-98

n the two researchers were solved by psychiatric expert

Patients excluded from the analysis:
Always DRS-R-98 > 11 points (n=19)
DRS-R98 7~11points were changed to > 11points (n=8)

Analyzed participants (n—=179)

N

Always DRS-R-98 <7 points Always DRS-R-98 7 ~11 points
(n=112) (n=67)

FIGURE 1
Flow chart of patients in study.
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TABLE 1 General and perioperative characteristics of the patients.

10.3389/fpsyt.2025.1461707

Variables TotalN=179  Normalgroup — SSDgroup g p-value
(n=112) (n=67)
Demographic characteristics
Age (years X £59) 69.04 + 6.71 66.37 + 5.48 73.51 +6.22 -8.018* <0.001*
Gender (n) 2.933° 0.087
Male 108 73 35
Female 71 39 32
Education (n) -3.935° <0.001*
Primary school and below 86 42 44
Junior high school 47 32 15
Senior high school/technical secondary school 31 25 6
Junior college and above 15 13 2
Preoperative characteristics
BMI [kg/m?, (n)] -1.806° 0.071
Normal (18.5~23.9) 106 62 44
Thin (<18.4) 16 9 7
Overweight (24~27.9) 44 29 15
Fat (228) 13 12 1
Smoking history (n) 41 25 16 0.058° 0.810
Drinking history (n) 29 20 9 0.604" 0.437
aCClI (scores, X +8) 4.89 £ 1.131 448 + 0.99 557 + 1.02 -6.997* <0.001*
ASA Classification (n) 10.439° 0.001*
1I 105 76 29
11T 74 36 38
History of cerebral infarction (n) 18 9 9 1.350° 0.245
History of diabetes (n) 52 26 26 4.945° 0.026*
History of hypertension (n) 89 54 35 0.272° 0.602
NRS-2002>3 (n) 76 36 40 13.032° <0.001*
History of surgery (n) 89 57 32 0.164° 0.685
Preoperative frailty (n) 40 18 22 6.790" 0.009*
Fasting time [h,M (P25, P75)] 10.00 (9.00,13.17) 9.92 (9.00,13.25) 10.67 (9.00,12.75) -0.960° 0.337
Intraoperative characteristics
Intraoperative blood loss [ml,M (P25, P75)] 150 (50,200) 150 (63,200) 150 (50,250) -0.048¢ 0.961
Intraoperative blood transfusion (n) 20 9 11 2.968" 0.085
Duration of Surgery (hours, X + S) 3.68 = 1.60 3.65 + 1.46 373+ 182 -0.334° 0.739
Duration of Anesthesia maintenance (hours, X + S) 4.80 + 1.71 4.75 £ 1.53 4.88 + 1.99 -0.483* 0.630
Postoperative characteristics
Postoperative fever (°C, n) 38 9 29 31.146° <0.001*

1. BMI, body mass index; ASA Classification, American Society of Anesthesiologists Classification; aCCI, age-adjusted Charlson Comorbidity Index; NRS-2002, Nutrition Risk Screening 2002;

SSD, Subsyndromal delirium.

2. The presence of an asterisk (*) denotes statistically significant differences.

3. *t-test; bChi-square test; “Mann-Whitney U-test.
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TABLE 2 Multicollinearity diagnosis results.

Variance Inflation

Variables Tolerance Factor (VIF)
Age 0.443 2.256
Education 0.937 1.067
aCCI 0.352 2.845
ASA 0.717 1.396
History of diabetes 0.614 1.629
Preoperative frailty 0.688 1.453
NRS-2002>3 0.782 1.279

ASA Classification, American Society of Anesthesiologists Classification; aCClI, age-adjusted
Charlson Comorbidity Index; NRS-2002, Nutrition Risk Screening 2002.

one was selected as the reference category to screen the influencing
factors of the occurrence of SSD in elderly pancreatic surgery
patients (Table 4). The results showed that age (OR = 1.130, 95%
CI=1.044~1.223, P=0.002), aCCI (OR=1.677, 95% CI=1.053~2.673,
P=0.030) and Postoperative fever (OR = 5.437, 95%
CI=2.027~14.581, P=0.001) were independent risk factors for SSD
in elderly pancreatic surgery patients (P <0.05), while education
level of high school/technical secondary school (OR = 0.180, 95%
CI=0.051~0.637, P=0.008), and Junior college and above (OR =
0.121, 95% CI=0.018~0.814, P=0.030) were protective factors.

3.4 Predictive value of independent risk
factors for SSD

Further, the value of screened independent risk factors in
predicting SSD was evaluated (Figure 2, Table 5). The area under
the ROC curve for age, aCCI, and a combination of both predict
SSD was 0.804, 0.779, and 0.815, respectively, with sensitivities of
77.2%, 88.1%, 80.6%, and specificities of 75.0%, 58.9%, and 75.9%.
According to the ROC curve analysis, the combination of age and
aCCI was more appropriate for age, and the difference was
statistically significant (P <0.001) when aCCI alone was used to
predict SSD (0.815 [0.752-0.878] versus 0.804 [0.738-0.870] versus
0.779 [0.709-0.849]).

TABLE 3 Variable assignment method.

Variables Assignment description

Gender Male=1, Female=2
primary school and below=1, Junior high school=2,
Education Senior high school/technical secondary school=3,

Junior college and above=4

Preoperative frailty No=0, Yes=1
History of diabetes No=0, Yes=1
ASA Classification II=1, IlI=2

Postoperative fever No=0, Yes=1

ASA Classification, American Society of Anesthesiologists Classification.
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4 Discussion

4.1 Incidence of SSD in elderly patients
with pancreatic surgery

The incidence of SSD was found to be 37.43%. This is a lower
prevalence compared to the previously reported prevalence of more
than two-thirds in the elderly after arthroplasty (19). There are two
reasons for this difference. First, this was limited by the duration.
Although SSD typically occurs in the early postoperative period,
scholars often focus on the first three days after surgery because this
time frame makes it easier to detect positive results and reduces
interference from other postoperative factors, thereby saving
resources and time. However, some patients may not exhibit
symptoms for a week or more after surgery (38). Neglecting this
part of the assessment may result in studies that do not adequately
reflect the onset of delayed cognitive impairment symptoms. Future
studies can extend the assessment duration to within one week
postoperatively and conduct multicenter studies to gain a more
comprehensive understanding of the mechanisms and influencing
factors of SSD. Second, this study was a single-center investigation
with some limitations in terms of sample representativeness. Since
this study focuses on postoperative SSD in elderly patients, and
given that poor physical condition and severe illness can negatively
impact overall survival after surgery, doctors may prioritize older
patients with relatively better underlying health to ensure the safety
of the procedure. As a result, patients with poorer health or more
comorbidities may not have been adequately considered.
Postoperative cognitive impairment may manifest differently in
this group of patients than in patients with better health.
Additionally, sample size can be expanded in the future studies
and a broader range of patient populations with different health
conditions could be taken into account to enhance the
generalizability and accuracy of the results. At the same time,
more stringent patient selection criteria should be applied to
avoid potential selection bias. It is noteworthy that most of the
previously reported studies on pancreaticoduodenectomy rarely
addressed SSD. Abnormal preoperative pancreatic metabolism
and various perioperative stressor stimulation also make the
increased vulnerability of elderly patients in pancreatic surgery
become a high-risk group for SSD. However, the adverse
consequences of SSD, such as cognitive impairment, prolonged
hospitalization, and progression to delirium, necessitate early
detection of SSD and targeted preventive measures in elderly
patients undergoing pancreatic surgery.

4.2 Risk factors for SSD in elderly patients
with pancreatic surgery

Risk factors for SSD include age, aCCI, and postoperative fever.
However, as previous studies have found, age, comorbidities, and fever
are also known risk factors for delirium, and these factors often play an
important role in the patient’s recovery process. As age increases, older
adults experience a gradual decline in neurologic and immune system
function. Comorbidities further exacerbate the body’s stress response
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TABLE 4 Multivariable logistic regression analysis of impact factors of SSD.

Covariates B SE Wald OR 95% Cl P-Value
Age 0.144 0.041 12.158 1.155 1.065~1.253 <0.001
aCCI 0.521 0.239 4.739 1.684 1.053~2.692 0.029
Education - - 13.005 - - 0.005
Education (1) -0.75 0.475 2.493 0.472 0.186~1.199 0.114
Education (2) -1.724 0.62 7.719 0.178 0.053~0.602 0.005
Education (3) -2.749 1.023 7.213 0.064 0.009~0.476 0.007
Postoperative fever (1) 1.668 0.545 9.354 5.299 1.82~15.427 0.002

aCCl, age-adjusted Charlson Comorbidity Index; SE, standard error; OR, odds ratio; CI, Confidence Interval.

and affect cognitive function. Inflammation caused by fever can disrupt
the balance of neurotransmitters, directly impacting brain function and
increasing the likelihood of delirium (39). Therefore, age,
comorbidities, and fever are risk factors for SSD and independent
risk factors for the occurrence of delirium. It is crucial of understanding
these factors to manage patients and prevent SSD and delirium. It has
been reported that age is an independent risk factor for SSD (14, 29).
Hwang et al. found a 3.85-fold (95% CI: 1.36 ~10.9295% CI: 1.36
~10.92) increased risk of SSD in patients undergoing radical gastric
surgery (18). With the increase of age, elderly patients have
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FIGURE 2
The ROC of risk factors to predict SSD.

TABLE 5 The ROC parameters of risk factors to predict SSD.

The area under the curve

degenerative brain disease, decreased brain reserve function, and
decreased physical tolerance to anesthesia and surgery (40). Besides,
the nervous system is prone to secondary injury under acute stress
during surgery. Elderly patients are at high risk for SSD due to the
complexity, time-consuming nature, and high incidence of
postoperative complications. Older patients are often considered at
risk for cognitive impairment. Preoperative cognitive impairment has
been shown to be a risk factor for SSD (29). However, this study did not
fully consider the impact of preoperative cognitive status on patients.
This stems from the fact that commonly used additional cognitive tests
are cumbersome and require elderly patients to maintain high levels of
focus and cooperation when responding to preoperative assessments,
making it difficult to ensure their concentration and engagement
during the tests. Hence, this variable was not thoroughly explored in
this work. To address this limitation, more efforts be invested into the
systematic assessment of preoperative cognitive status. For elderly
patients undergoing preoperative evaluation, it may be beneficial to
use more simplified and elderly-friendly cognitive assessment tools,
such as the Mini-Mental State Examination (MMSE).

Consistent with previous meta-analyses (29), our evidence
showed that patients with higher aCCI scores had an increased risk
of developing SSD. This is associated with their overall functional
status and comorbidities. The coexistence of chronic diseases can be
attributed to the interaction between complex internal and external
network systems after endogenous and exogenous stimulation, with
chronic inflammation as the hub controlling the disease progression
(41). Some scholars state that SSD belong to the prodromal stage or
recovery stage, and the inflammation hypothesis is also a universally
recognized mechanism. Accordingly, the coexistence of chronic
diseases has been verified to be a risk factor for developing SSD in
urological surgery (42) and cardiac surgery (14). Since prevention is
far more effective than treatment, this study also found that the

Cut-off value

Variables C57 cordnas TrenEl P-Value You-denindex Cut-off value - o
Sensitivity =~ Specificity
Age 0.804(0.738~0.870) <0.001 0.526 69.5 77.2% 75.0%
aCCl 0.779(0.709~0.849) <0.001 0.470 45 88.1% 58.9%
Age+aCCl 0.815(0.752~0.878) <0.001 0.565 - 80.6% 75.9%

aCCl, age-adjusted Charlson Comorbidity Index; ROC, receiver operating characteristic.
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combined assessment of age and aCCI increases the clinical
prediction of SSD.

Interestingly, consistent with the findings of Levkoff et al,
postoperative fever is a major risk factor for developing SSD (3).
Gao et al. found that patients with high temperature increased SSD
3.686 times (95% CI: 1.404 ~ 9.732) (43). Postoperative fever is
related to the size of the surgery and the degree of body injury. Acute
stress of surgery induces neuroendocrine system reaction, tissue
damage to produce inflammation, inflammatory reaction increases
the permeability of blood vessels, skin vasoconstriction, metabolic
hyperactivity, and causes fever. Notably, a large accumulation of
inflammatory factors can penetrate the blood-brain barrier leading to
potential abnormal brain function in patients (44). In summary, in
patients with various chronic diseases and postoperative fever,
advance anti-inflammatory therapy can reduce the level of
inflammation in the body, thus reducing the occurrence of SSD.

4.3 Protective factors for SSD in elderly
patients with Pancreatic surgery

Notably, high school education and above is a protective factor
for SSD in elderly pancreatic surgery patients, in agreement with
Chen et al. (29) and Hwang et al. (18) studies. As confirmed in
Bowman et al. (2), higher National Adult Reading Test (NART)
scores are independently associated with resilience to delirium in
orthopedic surgery patients, suggesting a protective effect. Lower
literacy levels may be associated with lower cognitive reserve, which is
thought to represent the ability of the patient’s brain to compensate
for brain damage (45). Patients with lower educational levels are
more likely to be affected by brain changes after surgery (46), leading
to neuropsychiatric symptoms and SSD. By comparison, higher
cognitive reserve in late life is associated with a lower incidence
and severity of delirium in older adults undergoing surgery (47).
Therefore, enhancing cognitive reserve through increased
participation in cognitive activities is of great importance for
reducing delirium, SSD, and other neuropsychiatric issues.

5 Conclusion

In brief, the incidence of SSD after elderly pancreatic surgery
reached 37.43%. Effective assessment and prevention of
subsyndromal delirium are crucial. The combined assessment of
age and aCCI increased the early prediction of SSD, guiding
attention to the screening work of high-risk patients before
surgery. In the early postoperative period, special attention should
be given to elderly patients with more preoperative comorbidities
and lower education levels, and their temperature should be
monitored in a timely manner. This helps to better understand
the differences in clinical management and preventive approaches
between delirium and SSD, and has significant implications for
improving clinical care quality, optimizing postoperative preventive
measures, and reducing the incidence of complications in patients.

There are several limitations in our study. Firstly, this study
belongs to a single-center survey study, with some limitations in
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sample representativeness and possible selection bias. Secondly, we
only assessed the occurrence of SSD within the first 4 days,
overlooking patients with delayed onset. Finally, sufficient
preoperative factors, especially the patients’ preoperative cognitive
status, were not included. It should be noted that, as this study aims
to focus solely on patients with SSD symptoms, patients with full
delirium or those who progress to delirium were excluded from the
analysis. Therefore, in future research, we plan to conduct a
multi-center study, expand the sample size, extend the study period
to one week postoperatively, and include more preoperative factors,
especially cognitive function. We also plan to include individuals who
develop delirium or progress from SSD to delirium in the analysis,
with the goal of achieving a more comprehensive understanding.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by The
Institutional Ethics Committee at BenQ Hospital Affiliated to
Nanjing Medical University. The studies were conducted in
accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study. Written informed consent was obtained
from the individual(s) for the publication of any potentially
identifiable images or data included in this article.

Author contributions

H-QX: Conceptualization, Data curation, Formal analysis,
Investigation, Writing — original draft, Writing - review & editing.
YW: Conceptualization, Data curation, Formal analysis,
Investigation, Writing — original draft, Writing - review & editing.
N-NX: Funding acquisition, Investigation, Writing - review &
editing. K-CP: Conceptualization, Funding acquisition, Resources,
Supervision, Writing - review & editing.

Funding
The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. Project

supported by Nanjing medical science and technology development
fund (YKK23258 and YKK20219).

Acknowledgments

We are particularly grateful to all the people who have helped us
with our article.

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1461707
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Xu et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Wilson JE, Mart MF, Cunningham C, Shehabi Y, Girard TD, Maclullich AMJ,
et al. Delirium. Nat Rev Dis Primers. (2020) 6:90. doi: 10.1038/s41572-020-00223-4

2. Bowman EML, Cardwell C, Mcauley DF, Mcguinness B, Passmore AP, Beverland
D, et al. Factors influencing resilience to postoperative delirium in adults undergoing
elective orthopaedic surgery. Br J Surg. (2022) 109:908-11. doi: 10.1093/bjs/znac197

3. Levkoft SE, Liptzin B, Cleary PD, Wetle T, Evans DA, Rowe JW, et al.
Subsyndromal delirium. Am ] Geriatric Psychiatry. (1996) 4:320-9. doi: 10.1097/
00019442-199622440-00006

4. Ouimet S, Riker R, Bergeron N, Cossette M, Kavanagh B, Skrobik Y.
Subsyndromal delirium in the icu: evidence for a disease spectrum. Intensive Care
Med. (2007) 33:1007-13. doi: 10.1007/s00134-007-0618-y

5. Breu A, Stransky M, Metterlein T, Werner T, Trabold B. Subsyndromal delirium
after cardiac surgery. Scand Cardiovasc J. (2015) 49:207-12. doi: 10.3109/
14017431.2015.1041423

6. Yamada C, Iwawaki Y, Harada K, Fukui M, Morimoto M, Yamanaka R.
Frequency and risk factors for subsyndromal delirium in an intensive care unit.
Intensive Crit Care Nurs. (2018) 47:15-22. doi: 10.1016/j.iccn.2018.02.010

7. Mailhot T, Cossette S, Maheu-Cadotte MA, Fontaine G, Denault AY.
Subsyndromal delirium in cardiac surgery patients: risk factors and outcomes of the
different trajectories. J Cardiovasc Nurs. (2022) 37:41-9. doi: 10.1097/
JCN.0000000000000793

8. Meagher D, O'Regan N, Ryan D, Connolly W, Boland E, O'Caoimhe R, et al.
Frequency of delirium and subsyndromal delirium in an adult acute hospital
population. Br J Psychiatry. (2014) 205:478-85. doi: 10.1192/bjp.bp.113.139865

9. Gutierrez R, Egana JI, Saez I, Reyes F, Briceno C, Venegas M, et al. Intraoperative
low alpha power in the electroencephalogram is associated with postoperative
subsyndromal delirium. Front Syst Neurosci. (2019) 13:56. doi: 10.3389/
fnsys.2019.00056

10. Tan MC, Felde A, Kuskowski M, Ward H, Kelly RF, Adabag AS, et al. Incidence
and predictors of post-cardiotomy delirium. Am ] Geriatr Psychiatry. (2008) 16:575-83.
doi: 10.1097/JGP.0b013e318172b418

11. Durlach M, Khoury M, Donato CL, Perez EA, Iezzi NH, Lopez R, et al. Delirium
and subsyndromal delirium in the intensive care unit: in-hospital outcomes and
prognosis at discharge. Med Clin (Barc). (2023) 161:286-92. doi: 10.1016/
j.medcli.2023.05.012

12. Serafim RB, Dal-Pizzol F, Souza-Dantas V, Soares M, Bozza FA, Povoa P, et al.
Impact of subsyndromal delirium occurrence and its trajectory during icu stay. J Clin
Med. (2022) 11:6797-805. doi: 10.3390/jcm11226797

13. Diwell RA, Davis DH, Vickerstaft V, Sampson EL. Key components of the
delirium syndrome and mortality: greater impact of acute change and disorganised
thinking in a prospective cohort study. BMC Geriatr. (2018) 18:24. doi: 10.1186/
512877-018-0719-1

14. Li HC, Chen YS, Chiu M]J, Fu MC, Huang GH, Chen CC. Delirium,
subsyndromal delirium, and cognitive changes in individuals undergoing elective
coronary artery bypass graft surgery. | Cardiovasc Nurs. (2015) 30:340-5.
doi: 10.1097/JCN.0000000000000170

15. Denny DL, Such TL. Exploration of relationships between postoperative pain
and subsyndromal delirium in older adults. Nurs Res. (2018) 67:421-9. doi: 10.1097/
NNR.0000000000000305

16. Gordon EH, Ward DD, Xiong H, Berkovsky S, Hubbard RE. Delirium and
incident dementia in hospital patients in new south wales, Australia: retrospective
cohort study. BMJ. (2024) 384:¢77634. doi: 10.1136/bmj-2023-077634

17. Gou RY, Hshieh TT, Marcantonio ER, Cooper Z, Jones RN, Travison TG, et al.

One-year medicare costs associated with delirium in older patients undergoing major
elective surgery. JAMA Surg. (2021) 156:430-42. doi: 10.1001/jamasurg.2020.7260

Frontiers in Psychiatry

10.3389/fpsyt.2025.1461707

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1461707/
full#supplementary-material

18. Hwang H, Lee KM, Son KL, Jung D, Kim WH, Lee JY, et al. Incidence and risk
factors of subsyndromal delirium after curative resection of gastric cancer. BMC
Cancer. (2018) 18:765. doi: 10.1186/s12885-018-4681-2

19. Denny DL, Lindseth G. Preoperative risk factors for subsyndromal delirium in
older adults who undergo joint replacement surgery. Orthop Nurs. (2017) 36:402-11.
doi: 10.1097/NOR.0000000000000401

20. Li T, Li J, Yuan L, Wu J, Jiang C, Daniels J, et al. Effect of regional vs general
anesthesia on incidence of postoperative delirium in older patients undergoing hip
fracture surgery: the raga randomized trial. JAMA. (2022) 327:50-8. doi: 10.1001/
jama.2021.22647

21. Stauffer JA, Coppola A, Mody K, Asbun HJ. Laparoscopic versus open distal
pancreatectomy for pancreatic adenocarcinoma. World ] Surg. (2016) 40:1477-84.
doi: 10.1007/s00268-016-3412-6

22. Chen K, Tong Q, Yan JF, Huang CJ, Pan Y, Zhang RC, et al. Laparoscopic versus
open distal pancreatectomy for pancreatic ductal adenocarcinoma: a single-center
propensity score matching study. Updates Surg. (2020) 72:387-97. doi: 10.1007/s13304-
020-00742-5

23. Chen K, Pan Y, Huang CJ, Chen QL, Zhang RC, Zhang MZ, et al. Laparoscopic
versus open pancreatic resection for ductal adenocarcinoma: separate propensity score
matching analyses of distal pancreatectomy and pancreaticoduodenectomy. BMC
Cancer. (2021) 21:382. doi: 10.1186/512885-021-08117-8

24. Gianotti L, Besselink MG, Sandini M, Hackert T, Conlon K, Gerritsen A, et al.
Nutritional support and therapy in pancreatic surgery: a position paper of the
international study group on pancreatic surgery (isgps). Surgery. (2018) 164:1035-48.
doi: 10.1016/}.5urg.2018.05.040

25. Chang WB, Wlodarczyk J, Nourmohammadi AS, Shababi N, Cameron JL,
Harmon JW. Revolutionary transformation lowering the mortality of
pancreaticoduodenectomy: a historical review. eGastroenterology. (2023) 1:¢100014.
doi: 10.1136/egastro-2023-100014

26. Ito Y, Abe Y, Handa K, Shibutani S, Egawa T, Nagashima A, et al. Postoperative
delirium in patients after pancreaticoduodenectomy. Dig Surg. (2017) 34:78-85.
doi: 10.1159/000446928

27. Tomimaru Y, Park SA, Shibata A, Miyagawa S, Noguchi K, Noura S, et al.
Predictive factors of postoperative delirium in patients after pancreaticoduodenectomy.
J Gastrointest Surg. (2020) 24:849-54. doi: 10.1007/s11605-019-04212-1

28. Zhao B, Ji HS, Xu CY, Li DJ, Xing ZQ, Liu B, et al. Incidence and risk factors of
postoperative delirium after pancreatic cancer surgery: a retrospective study. Surg
Today. (2023) 53:736-42. doi: 10.1007/500595-022-02614-4

29. Chen S, Tang L, Chen J, Cai L, Liu C, Song J, et al. Prevalence and risk factors of

subsyndromal delirium among postoperative patients: a systematic review and meta-
analysis. J Adv Nurs. (2024) 80:924-34. doi: 10.1111/jan.15871

30. Galicier C, Richet H. A prospective study of postoperative fever in a general
surgery department. Infect Control. (1985) 6:487-90. doi: 10.1017/s0195941700063608

31. Charlson M, Szatrowski TP, Peterson ], Gold J. Validation of a combined
comorbidity index. J Clin Epidemiol. (1994) 47:1245-51. doi: 10.1016/0895-4356(94)
90129-5

32. Chen W, Jiang ZM, Zhang YM, Wang X, Chen CM, Shi YF. Evaluation of
European nutritional risk screening method in chinese hospitalized patients
practice. Chin ] Clin Nutr. (2005) 13:137-41. doi: 10.3760/cma.j.issn.1674-
635X.2005.03.002

33. Abellan VKG, Rolland YM, Morley JE, Vellas B. Frailty: toward a clinical
definition. ] Am Med Dir Assoc. (2008) 9:71-2. doi: 10.1016/j.jamda.2007.11.005

34. WeiY, Cao YP, Yang XL, Xu Y. Reliability and validity of the Chinese version of
Fatigue, Resistance, Ambulation, Illness, and Loss for elder inpatients. Chin J Pract
Nursing. (2018) 34:1526-30. doi: 10.3760/cma.j.issn.1672-7088.2018.20.002

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1461707/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1461707/full#supplementary-material
https://doi.org/10.1038/s41572-020-00223-4
https://doi.org/10.1093/bjs/znac197
https://doi.org/10.1097/00019442-199622440-00006
https://doi.org/10.1097/00019442-199622440-00006
https://doi.org/10.1007/s00134-007-0618-y
https://doi.org/10.3109/14017431.2015.1041423
https://doi.org/10.3109/14017431.2015.1041423
https://doi.org/10.1016/j.iccn.2018.02.010
https://doi.org/10.1097/JCN.0000000000000793
https://doi.org/10.1097/JCN.0000000000000793
https://doi.org/10.1192/bjp.bp.113.139865
https://doi.org/10.3389/fnsys.2019.00056
https://doi.org/10.3389/fnsys.2019.00056
https://doi.org/10.1097/JGP.0b013e318172b418
https://doi.org/10.1016/j.medcli.2023.05.012
https://doi.org/10.1016/j.medcli.2023.05.012
https://doi.org/10.3390/jcm11226797
https://doi.org/10.1186/s12877-018-0719-1
https://doi.org/10.1186/s12877-018-0719-1
https://doi.org/10.1097/JCN.0000000000000170
https://doi.org/10.1097/NNR.0000000000000305
https://doi.org/10.1097/NNR.0000000000000305
https://doi.org/10.1136/bmj-2023-077634
https://doi.org/10.1001/jamasurg.2020.7260
https://doi.org/10.1186/s12885-018-4681-2
https://doi.org/10.1097/NOR.0000000000000401
https://doi.org/10.1001/jama.2021.22647
https://doi.org/10.1001/jama.2021.22647
https://doi.org/10.1007/s00268-016-3412-6
https://doi.org/10.1007/s13304-020-00742-5
https://doi.org/10.1007/s13304-020-00742-5
https://doi.org/10.1186/s12885-021-08117-8
https://doi.org/10.1016/j.surg.2018.05.040
https://doi.org/10.1136/egastro-2023-100014
https://doi.org/10.1159/000446928
https://doi.org/10.1007/s11605-019-04212-1
https://doi.org/10.1007/s00595-022-02614-4
https://doi.org/10.1111/jan.15871
https://doi.org/10.1017/s0195941700063608
https://doi.org/10.1016/0895-4356(94)90129-5
https://doi.org/10.1016/0895-4356(94)90129-5
https://doi.org/10.3760/cma.j.issn.1674-635X.2005.03.002
https://doi.org/10.3760/cma.j.issn.1674-635X.2005.03.002
https://doi.org/10.1016/j.jamda.2007.11.005
https://doi.org/10.3760/cma.j.issn.1672-7088.2018.20.002
https://doi.org/10.3389/fpsyt.2025.1461707
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Xu et al.

35. Trzepacz PT, Franco JG, Meagher DJ, Lee Y, Kim JL, Kishi Y, et al. Phenotype of
subsyndromal delirium using pooled multicultural delirium rating scale-revised-98
data. J Psychosom Res. (2012) 73:10-7. doi: 10.1016/j.jpsychores.2012.04.010

36. Huang MC, Lee CH, Lai YC, Kao YF, Lin HY, Chen CH. Chinese version of the
delirium rating scale-revised-98: reliability and validity. Compr Psychiatry. (2009)
50:81-5. doi: 10.1016/j.comppsych.2008.05.011

37. Hamadnalla H, Sessler DI, Troianos CA, Fang J, Rivas E, Ma C, et al. Optimal
interval and duration of cam-icu assessments for delirium detection after cardiac
surgery. J Clin Anesth. (2021) 71:110233. doi: 10.1016/j.jclinane.2021.110233

38. Gao Y, Gao R, Yang R, Gan X. Prevalence, risk factors, and outcomes of
subsyndromal delirium in older adults in hospital or long-term care settings: a systematic
review and meta-analysis. Geriatr Nurs. (2022) 45:9-17. doi: 10.1016/j.gerinurse.2022.02.021

39. Shi C, Yang C, Gao R, Yuan W. Risk factors for delirium after spinal surgery: a
meta-analysis. World Neurosurg. (2015) 84:1466-72. doi: 10.1016/j.wneu.2015.05.057

40. Maclullich AM, Ferguson KJ, Miller T, de Rooij SE, Cunningham C. Unravelling
the pathophysiology of delirium: a focus on the role of aberrant stress responses.
J Psychosom Res. (2008) 65:229-38. doi: 10.1016/j.jpsychores.2008.05.019

41. Sturmberg JP, Bennett JM, Martin CM, Picard M. 'multimorbidity’ as the
manifestation of network disturbances. J Eval Clin Pract. (2017) 23:199-208.
doi: 10.1111/jep.12587

Frontiers in Psychiatry

10

10.3389/fpsyt.2025.1461707

42. Kanno M, Doi M, Kubota K, Kanoya Y. Risk factors for postoperative delirium
and subsyndromal delirium in older patients in the surgical ward: a prospective
observational study. PLoS One. (2021) 16:€255607. doi: 10.1371/journal.pone.
0255607

43. Gao Y, Gong S, Zhou W, Li X, Gan X. Frequency and risk factors of
subsyndromal delirium in the intensive care units: a prospective cohort study.
Neuropsychiatr Dis Treat. (2023) 19:1003-16. doi: 10.2147/NDT.S407156

44. Ma JH, Liu YF, Hong H, Li CJ, Cui F, Mu DL, et al. Effect of acute pain on the
association between preoperative cognitive impairment and postoperative delirium: a
secondary analysis of three trials. Br J Anaesth. (2023) 130:¢272-80. doi: 10.1016/
j-bja.2022.06.033

45. Stern Y. Cognitive reserve in ageing and alzheimer's disease. Lancet Neurol.
(2012) 11:1006-12. doi: 10.1016/S1474-4422(12)70191-6

46. Jones RN, Yang FM, Zhang Y, Kiely DK, Marcantonio ER, Inouye SK. Does
educational attainment contribute to risk for delirium? A potential role for cognitive
reserve. | Gerontol A Biol Sci Med Sci. (2006) 61:1307-11. doi: 10.1093/gerona/
61.12.1307

47. Tow A, Holtzer R, Wang C, Sharan A, Kim §J, Gladstein A, et al. Cognitive
reserve and postoperative delirium in older adults. ] Am Geriatr Soc. (2016) 64:1341-6.
doi: 10.1111/jgs.14130

frontiersin.org


https://doi.org/10.1016/j.jpsychores.2012.04.010
https://doi.org/10.1016/j.comppsych.2008.05.011
https://doi.org/10.1016/j.jclinane.2021.110233
https://doi.org/10.1016/j.gerinurse.2022.02.021
https://doi.org/10.1016/j.wneu.2015.05.057
https://doi.org/10.1016/j.jpsychores.2008.05.019
https://doi.org/10.1111/jep.12587
https://doi.org/10.1371/journal.pone.0255607
https://doi.org/10.1371/journal.pone.0255607
https://doi.org/10.2147/NDT.S407156
https://doi.org/10.1016/j.bja.2022.06.033
https://doi.org/10.1016/j.bja.2022.06.033
https://doi.org/10.1016/S1474-4422(12)70191-6
https://doi.org/10.1093/gerona/61.12.1307
https://doi.org/10.1093/gerona/61.12.1307
https://doi.org/10.1111/jgs.14130
https://doi.org/10.3389/fpsyt.2025.1461707
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Incidence and influencing factors of subsyndromal delirium in elderly patients with pancreatic surgery: a prospective study
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Inclusion and exclusion criteria
	2.3 Sample
	2.4 Measures
	2.5 Assessment criteria for subsyndromal delirium
	2.6 Data collection
	2.7 Statistical analysis

	3 Results
	3.1 The characteristics of the participants
	3.2 Univariate analysis
	3.3 Multivariable logistic regression analysis of SSD
	3.4 Predictive value of independent risk factors for SSD

	4 Discussion
	4.1 Incidence of SSD in elderly patients with pancreatic surgery
	4.2 Risk factors for SSD in elderly patients with pancreatic surgery
	4.3 Protective factors for SSD in elderly patients with Pancreatic surgery

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


