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Objective: To analyze the influencing factors contributing to the occurrence of delirium in patients within the Intensive Care Unit
(ICU) and to construct a prediction model for delirium in critically ill patients, subsequently verifying its predictive value.
Methods: A prospective study was conducted involving 641 patients admitted between January 2023 and June 2024. A simple
random sampling method was employed to develop the predictive model, with a validation set comprising 193 patients, thus creating
a training set of 448 patients. Delirium was assessed using the Confusion Assessment Method for the ICU (CAM-ICU). The baseline
data of the two patient groups in the training and validation sets were compared. Logistic regression analysis was utilized to identify
independent risk factors influencing the onset of delirium. The R programming language was employed to establish a column-line
graph model for predicting delirium occurrence in ICU patients. The Bootstrap method facilitated model validation, while calibration
curves and Receiver Operating Characteristic (ROC) curves were utilized to evaluate the model’s discriminatory ability and predictive
efficacy. Finally, the prediction model was validated using the validation set.

Results: In the training cohort, the incidence of delirium among patients was 35.71%. Logistic regression analysis revealed that the
Glasgow Coma Scale (GCS) score (OR=0.421, 95% CI: 0.355-0.501, P<0.001), blood urea nitrogen (BUN) (OR=1.169, 95% CI:
1.014-1.348, P=0.031), emergency surgery (OR=2.735, 95% CI: 1.42-5.268, P=0.003), use of sedative medications (OR=3.816, 95%
CI: 1.968-7.397, P<0.001), and postoperative status following major cardiovascular surgery (OR=2.124, 95% CI: 1.205-3.745,
P=0.009) were identified as independent risk factors for delirium in the ICU.

Conclusion: The predictive model developed in this study for the occurrence of delirium in ICU patients has been validated,
demonstrating high predictive efficacy and offering significant clinical early warning guidance.

Keywords: delirium, intensive care unit, prediction model, risk factor, nomogram

Introduction

Delirium is a common and serious neuropsychiatric disorder characterized by changes in patients’ cognitive levels and
consciousness. It frequently occurs as a complication in patients within intensive care units and is often referred to as
ICU delirium.! According to multiple studies, the incidence of delirium in the ICU can be as high as 45%-87%.>
However, the prevalence of delirium in China is often underestimated. Furthermore, delirium adversely affects the
prognosis of ICU patients and is associated with prolonged hospitalization, increased patient pain, and elevated mortality
rates.>* Therefore, early identification and prevention of ICU delirium may lead to better outcomes for critically ill
patients.” Currently, there are two widely used prediction models for delirium in patients in the ICU abroad: the PRE-
DELIRIC model and the E-PRE-DELIRIC model.®” However, there are significant discrepancies in the research findings
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regarding the risk factors for delirium.* ' Furthermore, there is a lack of independent validation studies of these models
specifically for the Chinese population, indicating a need to optimize the models using local data. This study, based on
data from ICU patients in China, identifies five independent risk factors for localized delirium: GCS score, BUN,
emergency surgery, use of sedatives, and postoperative cardiovascular surgery. A nomogram prediction model was
constructed. Validation results from the training set (AUC 0.886) and the validation set (AUC 0.913) indicate that this
model has potential application value for stratifying delirium risk in ICU patients in China, although further multicenter
validation is required.

Materials and Methods
Study Design and Development Cohort

This trial is a prospective, single-center, observational study. All patients were treated by an ICU team with extensive clinical
experience in accordance with relevant disease guidelines. This study included patients aged 18 years and older who had an
ICU stay of 24 hours or more. Patients with a history of delirium, as well as pregnant or perinatal patients, were excluded from
the study. Additionally, individuals with persistent coma (Glasgow Coma Scale score of 8 or lower) or deep sedation
(Richmond Agitation-Sedation Scale score of —3 or lower) who could not be awakened for assessment were also excluded.
Patients admitted to the intensive care unit of Yancheng Third People’s Hospital from January 2023 to June 2024 were
continuously included. Based on the inclusion and exclusion criteria, a total of 641 patients were ultimately included. Using
a simple random sampling method, the training set (n = 448) and the validation set (n = 193) were constructed in a ratio of 7:3.
The delirium status of patients was evaluated by professionally trained doctors using the delirium assessment scale with high
sensitivity and specificity: the Intensive Care Unit Confusion Assessment Method (CAM-ICU), which was administered three
times a day (8 am, 4 pm, and 12 am) until the patient developed delirium or was discharged from the ICU."" This study was
reviewed and approved by the Medical Ethics Committee of Yancheng Third People’s Hospital (Ethics Approval: 2023-22),
and was granted approval for obtaining participant authorization through oral informed consent. All study participants
provided verbal consent to participate in the research before the study commenced. The researchers thoroughly explained
the study’s purpose, procedures, and potential risks to the participants. After comprehensively understanding the relevant
information, the participants voluntarily agreed to participate.

This research screened and identified the relevant risk factors for delirium through a systematic literature review.
A standardized questionnaire was developed based on the evidence gathered. Clinical data from all patients were collected
using the electronic medical record system of our hospital. The data extraction process was independently performed by two
researchers who underwent unified training to ensure the reliability and consistency of data collection. Baseline data include
age, sex, medical history (hypertension, diabetes, heart disease, stroke history), length of hospital stay, Acute Physiology And
Chronic Health Evaluation I (APACHEII). Clinical data include emergency surgery, duration of mechanical ventilation,
degree of coma (GCS score), metabolic acidosis (PH < 7.35), use of sedatives and analgesics, and disease classification
(trauma, nervous system, cardiovascular surgery). Biological indicators: NLR (neutrophil/lymphocyte ratio), C-reactive
protein (hs-CRP), white blood cell count (WBC), procalcitonin (PCT), blood urea nitrogen (BUN), creatinine (Cr), alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and blood lactate (Lac).

Statistical Analysis

Data were processed using SPSS version 27.0. All continuous data were subjected to the Shapiro-Wilk normality test (for
samples < 1000). Normally distributed data were expressed as mean + standard deviation, and independent samples -test was
used for inter-group comparisons, while paired samples #-test was employed for intra-group comparisons. For skewed
distribution of continuous data, the Mann—Whitney U-test was utilized for inter-group comparisons. Categorical data were
expressed as percentages, with the chi-square test applied for analysis; pairwise comparisons among multiple groups were
corrected using the Bonferroni method, with the significance level o adjusted to the original a level divided by the number of
comparisons. Logistic regression analysis was conducted to examine the factors influencing the occurrence of ICU delirium in
patients. A nomogram model predicting the occurrence of ICU delirium was established using R language (version 4.1.0)
along with the rms package. The caret package was employed to perform bootstrap methods to calculate the concordance
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index (C-index) for model validation. A decision curve was plotted with net benefit as the vertical axis and high-risk threshold
as the horizontal axis to analyze the predictive value of the nomogram model for the occurrence of ICU delirium in patients.
The receiver operating characteristic (ROC) curve was drawn to obtain the area under the curve (AUC), which was used to
evaluate the predictive performance of the nomogram model for ICU delirium occurrence. An AUC < 0.50 indicates no
predictive ability, 0.50 < AUC < 0.70 indicates low predictive ability, 0.70 < AUC < 0.90 indicates moderate predictive ability,
and AUC > 0.90 indicates high predictive ability; a P-value < 0.05 was considered statistically significant.

Results

This study included a total of 1062 adult critically ill patients admitted to our hospital between January 2023 and
June 2024. Based on the defined inclusion and exclusion criteria, 641 patients were ultimately selected to participate and
completed the CAM-ICU assessment. Among these, 448 patients were allocated to the training set for model construc-
tion, while 193 patients formed the validation set. A comparison of the baseline data between the two patient groups
indicated that the differences in baseline characteristics were not statistically significant (P > 0.05), demonstrating
comparability. The specific patient screening process is illustrated in Figure 1, and the details of the baseline information
are presented in Table 1.

Continuous Enroliment of 1062 Adult Severe
Disease Patients

Exclusions:

ICU Stay < 24 Hours (n = 255)

Chronic lliness or Cognitive Impairment (n = 148)
Other Co-morbidities or Cognitive Disorders (n = 5)
Pregnancy (n = 11)

Hearing Impairment (n = 1)

Intellectual Impairment (n = 1)

Final Enrollment: 641 Patients

Y Y
Training Group Validation Group
(n =448) (n=193)

Figure | Research object flow chart.
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Table 1 Comparison of Baseline Information Between Training and Validation Sets

Variables Training Set (n=448) | Validation Set (n=193) | Statistical Value P
n % n %
Age (years) - 65.00 (54.00, 75.00) 68.00 (53.00, 77.00) Z=1.049 0.294
Gender Male 273 60.94 118 61.14 %*=0.002 0.962
Female 175 39.06 75 38.86
Medical history Hypertension 155 34.60 72 37.31 £*=0.432 0.511
Diabetes 69 15.40 34 17.62 %*=0.491 0.484
Cardiovascular disease 34 7.59 9 4.66 2=1.845 0.174
Stroke 27 6.03 10 5.18 $*=0.177 0.674
Days of hospitalization (d) - 6.00 (5.00, 7.00) 6.00 (5.00, 7.00) Z=0.173 0.863
APACHE |l score (points) - 15.67+3.72 15.77+4.06 T=0.317 0.751

The Occurrence of Delirium in the ICU

The training set for this study comprised 448 patients, of whom 160 (35.71%) developed ICU delirium, while 288
(64.29%) did not. The results indicated that the GCS scores of patients in the delirium group were significantly lower
than those in the non-delirium group (P < 0.05). Furthermore, significant differences were observed between the two
groups regarding PCT levels, BUN concentrations, history of emergency surgery, use of sedatives, and the proportion of
major cardiac vascular surgeries (P < 0.05). However, no statistically significant differences (P > 0.05) were found when
comparing the two groups with respect to other baseline characteristics, as detailed in Table 2.

Table 2 Comparison of Baseline Information Between the Group That Developed ICU Delirium in the Training Set and the Group
That Did Not Develop ICU Delirium

Variables Delirium (n=160) | Non-Delirium (n=288) | Statistical Value P
n % n %
Age (years) - 63.00 (53.00, 73.75) 63.50 (54.25, 75.00) t=1.673 0.094
Gender Male 98 61.25 175 60.76 £+=0.010 0.920
Female 62 38.75 113 39.24

Medical history Hypertension 54 33.75 101 35.07 )(2=0.079 0.778
Diabetes 20 12.50 49 17.01 2+=1.608 0.205

Cardiovascular disease I 6.88 23 7.99 2*=0.181 0.670

Stroke 14 8.75 13 4.51 x*=3.259 0.071

Days of hospitalization (d) - 6.00 (5.00, 7.00) 6.00 (5.00, 8.00) Z=1.333 0.182
APACHE Il score (points) - 15.61+4.02 15.70+3.56 t=0.232 0.816
GCS score (points) - 7.89+2.02 10.53%1.55 t=15.447 <0.001
Mechanical ventilation time (h) - 56.88+10.52 56.42+10.71 t=0.443 0.658
WBC (x10%/L) - 11.39+3.95 11.69+3.84 t=0.802 0.423
NLR - 13.35+3.83 13.27+3.69 t=0.230 0.818
CRP (mg/L) - 12.40+2.80 12.55+2.69 t=0.560 0.575
PCT (ng/mL) - 6.17£2.28 5.70£1.70 t=2.261 0.025
BUN (mmol/L) - 9.03£2.22 8.60+1.63 t=2.163 0.031
Cr (umol/L) - 84.33+12.18 83.85x11.61 t=0.414 0.679
ALT (U/L) - 50.92+7.41 50.81+7.50 t=0.142 0.887
AST (U/L) - 52.51+6.78 52.61+6.65 t=0.153 0.879
Lac (mmol/L) - 2.96+2.45 2.83+2.48 t=0.532 0.595
(Continued)
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Table 2 (Continued).

Variables Delirium (n=160) | Non-Delirium (n=288) | Statistical Value P
n % n %

PH PH<7.35 27 16.88 65 22.57 7=2.117 0.347
7.35<PH<7.45 17 73.13 194 67.36
PH>7.45 16 10.00 29 10.07

Emergency surgery Occurrence 47 29.38 45 15.63 7=11.917 <0.001
Non-occurrence 113 70.63 243 84.38

Medication usage Analgesia 5 3.13 I 3.82 272=0.144 0.704

Sedation 51 31.87 32 .11 2+=29.379 <0.001

Disease Classification Injury 42 26.25 55 19.10 2+=3.102 0.078

Neurological Disorders 26 16.25 35 12.15 2=1.468 0.226

Cardiovascular Diseases 58 36.25 67 23.26 x2=8.623 0.003

Factors Influencing the Occurrence of ICU Delirium in Patients Tested by Regression
Analysis

In this study, the GCS score, PCT, BUN, emergency surgery, use of sedative drugs, and disease classification related to cardiac
macrovascular conditions were included as independent variables. The variable assignments are detailed in Table 3. The
occurrence of ICU delirium was designated as the dependent variable, coded as 1 for occurrence and 0 for non-occurrence.
The results of the logistic regression analysis indicated that a low GCS score, elevated BUN levels, the presence of emergency
surgery, the use of sedative drugs, and the disease classification of cardiac macrovascular conditions were identified as risk
factors for the development of ICU delirium (P < 0.05). The results of the multicollinearity analysis indicated that the tolerance
values were all less than 1, and the variance inflation factor (VIF) values were all below 10, suggesting that there is no
multicollinearity among the factors (Table 4).

Construction of a Nomogram Model for the Prediction of the Occurrence of ICU

Delirium

Based on the GCS score, BUN levels, emergency surgery, the use of sedative drugs, and disease classification related to the
cardiovascular system, we established a nomogram model to predict the occurrence of ICU delirium, as illustrated in
Figure 2A. Additionally, the bootstrap resampling method with 1000 repetitions was employed to validate the nomogram
model’s predictive capability for ICU delirium occurrence. The calibration curve closely aligns with the straight-line Y = X,
indicating good model calibration. The C-index value is 0.886, and the Hosmer-Lemeshow goodness-of-fit test yielded
a statistic of 5.845, demonstrating strong discrimination ability of the model, as shown in Figure 2B. Furthermore, upon
plotting the ROC curve, it was observed that the AUC of the nomogram model for predicting the risk of ICU delirium in
patients was 0.886, which exceeds the threshold of 0.80, signifying a relatively high predictive value. The corresponding 95%
confidence interval, P value, specificity, sensitivity, and Youden index for the AUC were 0.851-0.921, <0.001, 0.906, 0.763,
and 0.669, respectively, as presented in Figure 3A. The ROC curve analysis for the nomogram model performed using the

Table 3 Assignment of Independent Variables

Independent Variable Variable Description Assignment

GCS Score (Points) Continuous variable -

PCT Continuous variable -

BUN Continuous variable -

Emergency surgery Categorical variable Occurrence = “1”, Non-occurrence = “0”
Sedative Medication Categorical variable Occurrence = “1”, Non-occurrence = “0”
Disease Classification - Cardiovascular Categorical variable Occurrence = “1”, Non-occurrence = “0”
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Table 4 Regression Analysis of Factors Influencing ICU Delirium in Patients

Logistic Regression Multicollinearity
Analysis

Factor B SE Wald P OR | 95% Confidence Interval Tolerance VIF
GCS Score —0.864 | 0.088 | 96.733 | <0.001 | 0.421 0.355-0.501 0.944 1.059
PCT 0.028 | 0.069 | 0.163 0.687 | 1.028 0.899-1.176 0.968 1.033
BUN 0.156 | 0.073 | 4.640 0.031 1.169 1.014-1.348 0.987 1.013
Emergency surgery 1.006 | 0.334 | 9.051 0.003 | 2.735 1.42-5.268 0.979 1.022
Sedative Medication 1.339 | 0.338 | 15.722 | <0.001 | 3.816 1.968-7.397 0.973 1.028
Disease Classification - Cardiovascular | 0.753 | 0.289 | 6.784 0.009 | 2.124 1.205-3.745 0.976 1.024
Constant 5.148 | 1.085 | 22.511 | <0.001 - - - -

validation set shows that the AUC value of the model for predicting the risk of ICU delirium in patients is 0.913 (> 0.90),
indicating a high predictive value. Further analysis shows that the 95% confidence interval for the AUC of this model ranges
from 0.869 to 0.957, with a P value of less than 0.001. The model has a specificity of 0.843 and a sensitivity of 0.878, resulting
in a Youden index of 0.721. Detailed results are shown in Figure 3B. The decision curve is illustrated in Figure 4A, which
shows that when the threshold probability ranges from 0.06 to 0.99, the net benefit is greater than 0, with the maximum net
benefit being 0.316. This suggests that constructing a nomogram prediction model for the occurrence of ICU delirium in
patients can provide substantial net benefits for clinical application. The decision curve is illustrated in Figure 4B, which
shows that when the threshold probability ranges from 0.05 to 0.99, the net benefit is greater than 0, with a maximum net
benefit of 0.331. This indicates that the development of a nomogram prediction model for ICU delirium in patients can provide
substantial net benefits for clinical application.

Discussion

Currently, the assessment of ICU delirium primarily relies on various clinical scales. In this study, we found that the incidence of
delirium in the training set was 35.71% using the CAM-ICU scale, which is largely consistent with the 35.2% reported by
Cameron Green et al.'> However, the course of delirium exhibits considerable fluctuations; some patients may be in a non-
delirious state at the time of evaluation by medical staff. Furthermore, the use of delirium screening instruments may be
influenced by subjective factors or may overlook patients with low-activity delirium. Consequently, misdiagnoses and missed
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Figure 2 The nomogram model and calibration curve for predicting the occurrence of ICU delirium in patients. (A) Nomogram Model: Based on the values of predictive
variables such as the GCS, BUN, emergency surgery, sedative drug usage, and cardiovascular status, scores can be obtained on the corresponding point axis (Points). By
summing all the scores, the total score (Total Points) can be calculated, which allows for determining the corresponding risk value for ICU delirium on the risk axis (Risk of
ICU delirium) at the bottom. (B) Calibration Curve: The curve labeled Apparent in the figure represents the performance of the original model, while Bias-corrected
indicates the performance after overfitting correction using the Bootstrap method (1000 repetitions, sample size n=448). The Ideal curve represents the scenario where
predictions are completely accurate. The mean absolute error (MAE) is 0.031.
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nomogram model to differentiate whether patients will develop ICU delirium in the independent validation dataset. The AUC is 0.913.
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probability range of 0.05 to 0.99, delineates the decision-making ranges that are clinically useful. The arrow indicates the point of maximum net benefit, quantified as 0.331.

diagnoses are common."* Early diagnosis and intervention are critical for reducing the duration, severity, and adverse outcomes
associated with delirium.'* However, the underlying pathological mechanisms of delirium remain incompletely understood.
Our study identified risk factors associated with ICU delirium through univariate and logistic regression analyses. It
was found that a lower GCS score and higher BUN levels within 24 hours of ICU admission, along with emergency
surgery, the use of sedative drugs, and postoperative heart and large vessel conditions, were significant risk factors for the
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development of ICU delirium in patients (P < 0.05). The GCS score serves as an indicator of the level of consciousness in
patients admitted to the ICU for various reasons. The findings indicated a negative correlation between GCS scores and
the occurrence of ICU delirium, consistent with the meta-analysis summary by Zaal et al,” which reported that lower
GCS scores are associated with a higher risk of developing delirium. Consequently, medical staff in the ICU should
closely monitor changes in consciousness levels within the first 24 hours after patient admission. For patients exhibiting
severe consciousness disorders, vigilance against delirium is essential. Early prevention and intervention should be
prioritized to enhance patient prognosis. BUN, a product of protein catabolism, tends to increase during stress responses
in critically ill patients due to heightened catabolism. This metabolic waste can penetrate the blood-brain barrier, leading
to neurotoxicity, neuronal invasion, altered consciousness levels, and subsequent delirium.'>™!” Our study results indicate
that BUN levels in patients who developed delirium were significantly higher than those in patients who did not,
establishing it as an independent risk factor for delirium in ICU patients. Clinically, attention should be focused on
critically ill patients with elevated BUN levels, and efforts should be made to actively treat the underlying disease and
any acute kidney injury to reduce BUN concentration and prevent delirium. The PAD guidelines indicate that emergency
surgery is a non-modifiable risk factor, with substantial evidence linking it to the occurrence of delirium.'® Research has
demonstrated that delirium is more frequently associated with emergency surgeries compared to elective procedures.'’
This increased risk can be attributed to the stress responses elicited by emergency surgeries, which elevate the levels of
inflammatory mediators in the body. Such changes can compromise the integrity of the blood-brain barrier, resulting in
central nervous system damage and the subsequent onset of delirium.?*!

The 2018 Chinese Adult ICU Analgesia and Sedation Treatment Guidelines indicate that sedation in critically ill
patients can alleviate anxiety, prevent resistance to therapeutic interventions, reduce oxygen consumption and associated
damage, and facilitate a healthier recovery.?? Notably, the delirium group utilized a greater quantity of sedative medications
compared to the non-delirium group. Regression analysis revealed that the incidence of delirium among ICU patients
receiving sedative drugs was 3.816 times higher than that of patients not receiving such medications. Salluh et al** also
demonstrated that the administration of the sedative midazolam was significantly associated with delirium (P = 0.009), and
excessive sedation was independently linked to delirium, increased ICU mortality, and prolonged hospital stays.* The use
of sedative drugs represents a modifiable factor; therefore, effective management and application of these medications in
clinical practice are crucial. This is particularly important for patients on mechanical ventilation, where daily interruptions
of sedation and the maintenance of mild sedation should be prioritized.'®*>%’

In recent years, brain injuries occurring during the postoperative recovery period of patients undergoing cardiac great
vessel surgery have become increasingly common, drawing significant attention from medical professionals. The
incidence of delirium in this population exceeds 50%.°*>° Both deep hypothermic circulatory arrest and prolonged
extracorporeal circulation time during cardiac surgery can induce neurological inflammatory responses. Additionally, low
perfusion and cerebral oxygenation disrupt brain tissue metabolism, potentially leading to brain dysfunction, cognitive
alterations, and delirium symptoms in high-risk populations.>' ™ To reduce the incidence of postoperative delirium, it is
essential not only to implement effective body temperature management, control the duration of cardiopulmonary bypass,
and monitor cerebral blood flow, but also to minimize physical restraints in the intensive care unit following surgery.
Encouraging early mobilization and improving patients’ sleep quality while adjusting their circadian rhythms can help
alleviate negative emotions such as anxiety and tension.***> Recent studies have emphasized the potential impact of
infectious diseases on the pathological mechanisms of delirium. An analysis by Ertekin et al on hospitalized COVID-19
patients found that advanced age (OR=1.15), hypertension (OR=6.7), and oxygen therapy (OR=7.0) are independent
predictors of delirium. This overlaps with the findings of our study, which identified elevated BUN (OR=1.17) and
emergency surgery (OR=2.74) as predictors—both indicating the effects of metabolic stress and systemic inflammatory
response on neurological function. However, this study also reported that diabetes significantly increases the risk of
anxiety (OR=13.95), whereas our study did not observe an association between blood glucose indicators and delirium.
This suggests that the driving factors for delirium may differ across various disease contexts, warranting future
exploration of their applicability in infected populations.®®

This study constructed a nomogram to assess the risk of ICU delirium based on five identified risk factor variables,
effectively visualizing complex clinical data. This tool offers convenient and rapid guidance for predicting the risk of
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delirium in patients entering the ICU within 24 hours. Targeted interventions and management strategies can be imple-
mented for high-risk patients to mitigate the occurrence of delirium, which is worthy of clinical promotion and application.
To enhance practical implementation, we recommend integrating the nomogram into ICU electronic information systems
for real-time risk assessment. Furthermore, developing a mobile application that alerts physicians when high-risk scores are
detected could facilitate early intervention and personalized management strategies. Additionally, the ROC curve and
calibration curve of the model were drawn, revealing an AUC of 0.886 in the training set, which exceeds the threshold of
0.80. The model demonstrated a sensitivity of 76.3% and a specificity of 90.6%. The calibration curve indicates a high
degree of fit, with a C-index value of 0.886, signifying that the prediction model exhibits good discrimination and
calibration. Furthermore, the AUC of the prediction model in the validation set is 0.913, surpassing 0.90, with
a sensitivity of 84.3% and a specificity of 87.8%. These results suggest that the prediction model developed in this study
possesses a notable degree of repeatability and extrapolability. Compared to the widely used PRE-DELIRIC (AUC = 0.83)
and E-PRE-DELIRIC (AUC = 0.85) models, our prediction model exhibited a slightly superior discriminative ability,
achieving an AUC of 0.886 in the training set and 0.913 in the validation set. Furthermore, while the PRE-DELIRIC models
consider variables such as age, infection, and the use of sedatives, our model integrates BUN and emergency surgery, which
may better reflect the specific clinical characteristics of Chinese ICU patients.

This research, a single-center prospective study, has yielded preliminary results in identifying risk factors for
delirium; however, it is not without certain limitations. Our study was conducted at a single center, which may limit
the generalizability of the findings due to the lack of external validation. Future research should prioritize multicenter
validation across diverse geographic and clinical settings to enhance external applicability. Secondly, while significant
risk factors have been analyzed, the complexity of delirium pathogenesis suggests that some risk factors may remain
unexplored. This gap necessitates further investigation. Moreover, potential unmeasured confounders, such as variations
in sedation protocols, nursing interventions, and ICU environments, may also affect the incidence of delirium. These
factors should be considered in future studies to improve the robustness of the models used. Additionally, the effective-
ness and applicability of the prediction model require validation through multi-center, large-sample clinical trials to
ensure its stability and reliability across diverse medical settings. To enhance the model’s predictive accuracy and clinical
utility, it is essential to adjust and optimize the included variables and pursue in-depth research to improve the
identification of delirium and the reliability of clinical applications.

Conclusion

In this study, we developed and validated a prediction model and nomogram for delirium in ICU patients, demonstrating
high predictive efficacy and significant clinical value for early warning. A comparative analysis with established models,
such as PRE-DELIRIC and E-PRE-DELIRIC, demonstrates improved applicability in Chinese cohorts. This is achieved
through the incorporation of population-specific predictors and a simplified operational workflow for bedside risk
assessment, which does not require specialized tools. It is essential for medical staff to thoroughly evaluate patients
with high-risk factors for delirium and to implement targeted interventions and treatments as early as possible.
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