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patients with severe systemic infection [3]. Among the 
clinical manifestations of SAE, delirium is most common, 
accounting for 49%, while coma, focal neurological signs, 
and seizure account for 46%, 18%, and 10%, respectively 
[4]. Delirium is also commonly encountered in ICUs. 
According to the diagnostic criteria for delirium by the 
American Psychiatric Association’s Fifth Edition of the 
Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5) [5], all states of altered arousal, except coma, 
can be defined as delirium. The occurrence of delirium 
and coma are usually indicative of acute brain dysfunc-
tion [6]. A previous multicenter study reported that 307 
of 1,333 patients (23%) with severe sepsis had an acute 
alteration in mental status [7]. Delirium associated with 

Introduction
Although sepsis has been well researched over the past 
three decades, it is still a major cause of morbidity and 
mortality worldwide, thus causing a great financial bur-
den to families and societies in general [1, 2]. In recent 
years, sepsis-related complications have also received 
increasing attention, especially sepsis-associated enceph-
alopathy (SAE), which has been reported in up to 70% of 
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Abstract
Objective To develop a nomogram for predicting the occurrence of sepsis-associated delirium (SAD).

Materials and methods Data from a total of 642 patients were retrieved from the Medical Information Mart for 
Intensive Care (MIMIC III) database to build a prediction model. Multivariate logistic regression was performed to 
identify independent predictors and establish a nomogram to predict the occurrence of SAD. The performance of the 
nomogram was assessed in terms of discrimination and calibration by bootstrapping with 1000 resamples.

Results Multivariate logistic regression identified 4 independent predictors for patients with SAD, including Sepsis-
related Organ Failure Assessment(SOFA) (p = 0.004; OR: 1.131; 95% CI 1.040 to 1.231), mechanical ventilation (P < 0.001; 
OR: 3.710; 95% CI 2.452 to 5.676), phosphate (P = 0.047; OR: 1.165; 95% CI 1.003 to 1.358), and lactate (P = 0.023; OR: 
1.135; 95% CI 1.021 to 1.270) within 24 h of intensive care unit (ICU) admission. The area under the curve (AUC) of the 
predictive model was 0.742 in the training set and 0.713 in the validation set. The Hosmer − Lemeshow test showed 
that the model was a good fit (p = 0.471). The calibration curve of the predictive model was close to the ideal curve in 
both the training and validation sets. The DCA curve also showed that the predictive nomogram was clinically useful.

Conclusion We constructed a nomogram for the personalized prediction of delirium in sepsis patients, which had 
satisfactory performance and clinical utility and thus could help clinicians identify patients with SAD in a timely 
manner, perform early intervention, and improve their neurological outcomes.
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sepsis or other causes was found to be an independent 
predictor of the 6-month mortality rate in a prospective 
cohort study [8]. Moreover, sepsis-associated delirium 
(SAD) is a serious neurological complication of sepsis. 
The pathophysiology of SAD includes systemic inflam-
mation, which can predispose patients to blood‒brain 
barrier disruption, resulting in peripheral leukocyte infil-
tration into the central nervous system [9–11]. The resul-
tant neuroinflammation promotes a state of cholinergic 
failure, predisposing patients to delirium [12].

Delirium diagnosis is usually based on the absence of 
direct central nervous system infection, multiorgan fail-
ure, traumatic brain injury, fat embolism, and ingestion 
of illicit drugs [13]. In practice, the diagnostic approach 
varies according to sedation. Since the development and 
widespread use of validated sedation screening tools, 
the clinical data for SAD have steadily accumulated. 
The RASS/CAM-ICU is a common and well-validated 
screening tool for delirium. Currently, there are still no 
specific diagnostic blood tests, electrophysiological tests, 
or imaging tests, as well as no specific treatments for 
SAD.

The duration of delirium in the ICU is associated with 
long-term functional disability and cognitive impairment 
[14–16]. Thus, early diagnosis and initiation of rehabilita-
tion for brain injury are crucial for the survival and prog-
nosis of patients with sepsis. The aim of this study was to 
create a prediction model with potential risk factors for 
the early identification of SAD by a retrospective analysis 
of a large clinical database.

Materials and methods
Study design and participants
Data resource
MIMIC-III (medical information mart for intensive care) 
is a multiparameter critical care database with open 
access that contains comprehensive and high-quality data 
of well-defined and characterized ICU patients admit-
ted to ICUs at the Beth Israel Deaconess Medical Cen-
ter between 2001 and 2012. The National Institutes of 
Health’s web-based course has been completed, and the 
certification (researcher certificate number: 46,429,516) 
was acquired.

Patient population
We extracted patient information from the MIMIC III 
database according to the following inclusion criteria: (1) 
first admitted to the ICU; (2) age ≥ 18 years old; (3) diag-
nosed with sepsis; (4) ICU admission time ≥ 24 h; and (5) 
delirium assessment. The diagnosis of sepsis was based 
on the definition of sepsis 3.0, which includes patients 
with documented or suspected infection and SOFA 
score ≥ 2 points. Infection was identified with micro-
biological culture results. Sepsis-associated delirium in 

our study was defined as sepsis patients with a positive 
assessment of CAM-ICU and delirium assessment dur-
ing their stay in ICUs. The patient enrollment process of 
the study is illustrated in Fig. 1.

Data collection
All research data were extracted from the MIMIC-III by 
Structured query language (SQL) with Navicat Premium, 
and they included (1) patients’ demographics; (2) the 
first-day vital sign, laboratory data, and respiratory sup-
port; (3) severity score including GCS, SOFA, and SAPII; 
(4) other comorbidities in ICU; and (5) details of admis-
sion including length of stay in the hospital, length of stay 
in ICU, and morality.

Sepsis-associated delirium
The Confusion Assessment Method for ICU Patients 
(CAM-ICU) is a useful screening tool for identifying 
delirium, the results of which were extracted from the 
MIMIC-III database on patients’ admission to the ICU. 
Patients who were unable to undergo the assessment 
were excluded. Sepsis patients whose delirium assess-
ment was positive were defined as having delirium. The 
definition of sepsis-associated delirium was based on the 
delirium assessment. Patients with delirium related to 
drug or alcohol abuse, neurological diseases, mental dis-
orders, and other diseases were excluded.

Statistical analysis
The study population was divided into two groups 
according to their delirium assessment. The distribu-
tion of data was analyzed by the Shapiro–Wilk test. 
Parameters with continuous data were expressed as the 
mean ± standard deviation or the median (interquartile 
range, IQR); categorical variables were expressed as fre-
quency and rate (%). A nonparametric test (Mann–Whit-
ney U test or Kruskal–Wallis test) was used for data with 
a nonnormal distribution or heterogeneity of variances. 
Categorical data were compared using the Pearson chi-
square test. All statistical analyses were performed by R 
software with the tableone, rms, pROC, dca, and rdma 
packages.

In our research, variables that were significant (P < 0.05) 
in the univariate analysis were subsequently entered into 
the multivariate logistic regression model. It is worth 
mentioning that comorbidity (P < 0.05) was not included 
as a risk factor because we extracted the data according 
to patient diagnoses, and the diagnoses from MIMIC-III 
were discharge diagnoses, which may not be available at 
the time of admission. Odds ratios (ORs) and 95% confi-
dence intervals (95% CIs) were calculated [17].

To develop the prediction nomogram, patients were 
randomly distributed into training and validation sets at 
a ratio of 8:2. Risk factors for the nomogram were chosen 
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from the multivariate logistic regression where the vari-
ables were P < 0.05. For convenience of clinical decision-
making, we considered few variables into the prediction 
model. The performance of the nomogram was evalu-
ated in both the training and validation sets by the area 
under the curve of the receiver operating characteristic 
(AUROC). Additionally, the calibration curve and Hos-
mer‒Lemeshow test (HL test) were used to evaluate the 
accuracy by comparing the nomogram [18]. Decision 
curve analysis (DCA) was performed to evaluate the clin-
ical use of the nomogram [19].

R software (version 4.1.3, R Foundation for Statistical 
Computing, Vienna, Austria) was used for all statisti-
cal analyses. A P value < 0.05 was considered statistically 
significant.

Results
Participants
First, patients with sepsis were selected according to the 
definition of sepsis 3.0 and excluded based on the diag-
nosis listed in the exclusion criteria. Then, we retrieved 
some laboratory tests and the delirium assessment for 
eligible patients, excluding those who were unable to 
participate in the assessment. Additionally, patients with 
missing data were excluded. Finally, 642 sepsis patients 
with delirium assessment were included in the analysis. 
Characteristic baseline and details at admission to the 
ICU are shown in Table  1. Sepsis patients with other 
neurological diseases were more likely to suffer from 

delirium, while the incidence of delirium was lower with 
cardiovascular diseases. It is obvious that patients with 
SAD have a worse prognosis, and patients with SAD had 
a longer stay in both the hospital and ICU (P < 0.001). 
Additionally, they had a higher rate of 28-day mortality 
(P < 0.001). The first-day means revealed no significant 
differences in vital signs between the two groups. Patients 
suffering from SAD had higher SAPS II and SOFA scores 
but lower GCS scores.

In laboratory tests, patient ethnicity, phosphate, potas-
sium, lactate, and WBC significantly differed between 
the SAD and non-SAD groups. The characteristics at 
baseline between the training and validation groups were 
divided by an 8:2 ratio (Additional file 2: Table S1). There 
were no significant differences in other clinical factors 
between the two datasets (P = 0.182 to 0.941) except for 
age (P = 0.005).

Screening for predictive factors
First, we conducted a multivariate logistic regression 
analysis in the training group with a P value < 0.05 in the 
baseline comparison, which identified 4 factors as inde-
pendent predictors of SAD, per the following results: 
SOFA (p = 0.004; OR: 1.131; 95% CI 1.040 to 1.231), 
mechanical ventilation (P < 0.001; OR: 3.710; 95% CI 
2.452 to 5.676), phosphate (P = 0.047; OR: 1.165; 95% CI 
1.003 to 1.358), and lactate (P = 0.023; OR: 1.135; 95% CI 
1.021 to 1.270). These data are shown in Table 2.

Fig. 1 Flow chart of the patient selection (MIMIC III, Medical Information Mart for Intensive Care III).
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Risk prediction nomogram development
Four predictors were included in the final multivariable 
logistic model, i.e., SOFA (OR: 0.97; 95% CI 0.96 to 1.01), 
mechanical ventilation (OR: 4.18; 95% CI 2.67 to 6.66), 
first phosphate (OR: 1.19; 95% CI 1.01 to 1.40), and first 
lactate (OR: 1.1; 95% CI 1.02 to 1.29). A nomogram for 
predicting the probability of SAD was constructed by 
the logistic analysis model (Fig. 2). For each patient, total 
high points indicated a higher risk of SAD. For example, 

if the SOFA score of a patient with sepsis was 3 points, 
phosphate was 5.5 mg/dl, lactate was 4 mmol/L, and the 
patient received no mechanical ventilation, the corre-
sponding scores were 5, 41, 22, and 0, respectively. The 
total score was 68, which indicated that the estimated 
risk of SAD was 0.21 for this case. In addition, the Hos-
mer‒Lemeshow test for the training set was 0.326, and 
the Hosmer‒Lemeshow test for the validation set was 
0.471 with the prediction probability of the training set, 

Table 1 Characteristics at baseline between the non-SAD and SAD groups
Total (n = 642) Non-SAD (n = 414) SAD (n = 228) P-value

Age, years 68.72 [56.87, 79.14] 69.13 [57.12, 79.54] 66.56 [56.77, 77.70] 0.483
Gender (n, %) Male 326 (50.8) 200 (48.3) 126 (55.3) 0.109

Female 316 (49.2) 214 (51.7) 102 (44.7)
Ethnicity (n, %) White 429 (66.8) 287 (69.3) 142 (62.3) 0.001

Asian 18 (2.8) 14 (3.4) 4 (1.8)
Black 83 (12.9) 53 (12.8) 30 (13.2)
Hispanic or Latino 26 (4.0) 21 (5.1) 5 (2.2)
Others 86 (13.4) 39 (9.4) 47 (20.6)

Admission type (n, %) Elective 42 (6.5) 27 (6.5) 15 (6.6) 0.993
Emergency 594 (92.5) 383 (92.5) 211 (92.5)
Urgent 6 (0.9) 4 (1.0) 2 (0.9)

severe score SAPSII 28.00 [20.00, 38.00] 26.00 [19.00, 34.00] 32.00 [24.00, 42.00] < 0.001
SOFA 5.00 [4.00, 8.00] 5.00 [3.00, 7.00] 7.00 [4.00, 10.00] < 0.001
GCS 15.00 [14.00, 15.00] 15.00 [14.00, 15.00] 14.00 [13.00, 15.00] 0.004

Hospital length of stay, days 10.32 [6.48, 17.89] 8.29 [5.81, 13.88] 15.22 [9.71, 22.14] < 0.001
ICU length of stay, days 3.65 [2.00, 7.56] 2.75 [1.71, 4.62] 7.61 [3.80, 13.82] < 0.001
Mechanical ventilation (n, %) 322 (50.2) 158 (38.2) 164 (71.9) < 0.001
28-day mortality in hospital(n, %) 124 (19.3) 60 (14.5) 64 (28.1) < 0.001
Vital signs Mean heartrate (min-1) 88.96 [76.46, 101.25] 88.77 [76.11, 100.31] 90.19 [77.09, 102.98] 0.174

Mean arterial pressure (mmHg) 71.89 [66.18, 79.35] 71.61 [65.67, 78.66] 73.38 [67.31, 80.25] 0.109
Mean respiratory rate (min-1) 19.70 [16.97, 22.72] 19.45 [16.78, 22.54] 20.14 [17.22, 22.98] 0.096
Mean temperature (°C) 36.83 [36.50, 37.21] 36.83 [36.50, 37.20] 36.85 [36.50, 37.30] 0.359
Mean SpO2 (%) 97.28 [95.93, 98.54] 97.16 [95.77, 98.48] 97.56 [96.30, 98.67] 0.079

Laboratory tests Blood glucose (mg/dl) 135.88 [111.21, 166.50] 134.88 [111.10, 164.14] 139.00 [112.24, 174.52] 0.209
WBC (K/uL) 11.80 [7.40, 16.60] 11.30 [7.20, 15.88] 12.70 [8.05, 17.83] 0.017
RBC (K/uL) 3.54 [3.04, 4.11] 3.54 [3.01, 4.07] 3.53 [3.08, 4.18] 0.402
Hemoglobin (g/dL) 10.60 [9.10, 12.50] 10.55 [9.10, 12.40] 10.75 [9.20, 12.60] 0.507
Platelet (K/uL) 211.00 [142.00, 289.75] 212.00 [144.00, 288.25] 209.50 [139.50, 293.25] 0.774
HCT (%) 32.65 [28.22, 37.60] 32.40 [27.72, 37.30] 33.45 [28.58, 38.52] 0.076
Creatinine (mg/dl) 1.30 [0.90, 2.20] 1.30 [0.90, 2.00] 1.40 [0.90, 2.40] 0.218
Phosphate (mg/dl) 3.60 [2.70, 4.60] 3.50 [2.70, 4.40] 4.00 [3.00, 5.00] < 0.001
BUN (mg/dl) 27.00 [17.00, 46.00] 27.00 [17.00, 45.00] 27.00 [17.75, 49.25] 0.413
Sodium (K/uL) 137.00 [134.00, 140.00] 137.00 [133.00, 140.00] 137.00 [134.00, 140.00] 0.146
Potassium (K/uL) 4.20 [3.80, 4.80] 4.20 [3.70, 4.70] 4.40 [3.90, 4.82] 0.016
Lactate (mmol/L) 1.80 [1.30, 2.80] 1.70 [1.22, 2.50] 1.90 [1.30, 3.20] 0.015

Comorbodity (n, %) Cardiovascular diseases 410 (63.9) 252 (60.9) 158 (69.3) 0.041
Peripheral vascular 80 (12.5) 47 (11.4) 33 (14.5) 0.307
Hypertension 419 (65.3) 264 (63.8) 155 (68.0) 0.324
Other neurological diseases 80 (12.5) 36 (8.7) 44 (19.3) < 0.001
Chronic pulmonary 220 (34.3) 133 (32.1) 87 (38.2) 0.146
Renel failure 199 (31.0) 129 (31.2) 70 (30.7) 0.975
Liver failure 98 (15.3) 58 (14.0) 40 (17.5) 0.282
DM 242 (37.7) 164 (39.6) 78 (34.2) 0.205
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which demonstrated that the model was a good fit. Addi-
tionally, we conducted the Hosmer‒Lemeshow test for 
the validation set separately (P = 0.146).

Predictive accuracy and net benefit of the nomogram
The AUC of the training cohort was 0.742 (Fig.  3), and 
that of the validation cohort was 0.713 (Fig. 3). The cali-
bration curve was close to the ideal diagonal line (Fig. 4). 

Additionally, DCA showed a significantly better net ben-
efit in the predictive model (Fig.  5). Additionally, the 
calibration curve and DCA of the validation set also per-
formed well. (Figures 4 and 5). The threshold probability 
range for the training set was 0.09–0.97, and that for the 
validation set was 0.14–0.46.

Discussion
While it was previously thought that sepsis-associated 
encephalopathy is entirely reversible, recent studies have 
reported that infectious disease and systemic inflamma-
tion are risk factors for delirium, cognitive impairment, 
and neurodegenerative diseases [20–22]. Moreover, even 
among people who survived sepsis, a substantial propor-
tion developed diffuse long-term cognitive deficits and 
had a higher risk of developing dementia [23].

Sepsis-associated delirium remains underdiagnosed, 
probably as a consequence of the lack of attention from 
treating physicians [24]. Therefore, it is important to 
increase the awareness of clinicians about this problem 

Table 2 Multivariate logistic analysis of the training group
OR CI 2.5% 97.50% P Value

SAPSII 0.996 0.972 1.020 0.736
SOFA 1.131 1.040 1.232 0.004
GCS 0.924 0.850 1.002 0.059
Ethnicity 0.917 0.769 1.096 0.336
Mechanical ventilation 3.710 2.452 5.676 < 0.001
WBC 1.021 1.003 1.042 0.053
Phosphate 1.165 1.003 1.358 0.047
Lactate 1.135 1.021 1.270 0.023
Potassium 1.035 0.807 1.320 0.782

Fig. 3 ROC curves for the nomogram. Left: Training group; Right: Validation group

 

Fig. 2 Nomogram for sepsis-associated delirium
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so that they can objectively estimate the risks/benefits 
of early medical intervention in patients with sepsis-
associated delirium. Usually, the diagnosis of SAD occurs 
primarily in states of confusion and emotional dysfunc-
tion. Currently, the Confusion Assessment Method for 
the Intensive Care Unit (CAM-ICU) (sensitivity of 0.79 
and specificity of 0.64) and the Intensive Care Delirium 
Screening Checklist (ICDSC) (sensitivity of 0.99 and 
specificity of 0.97) are the most valid and reliable tools 
for monitoring delirium in adult ICU patients [25–28].

The present study was based on the CAM-ICU and 
focused on predicting the model of SAD with patients’ 
SOFA scores, mechanical ventilation, first lactate, and 
first serum phosphate, which were used to calculate the 
probability of SAD and help clinicians identify patients 
with high risk and evaluate the treatment options to 
make better medical decisions.

The pathology of sepsis-associated delirium remains 
obscure. Systemic inflammation and endothelial 

activation frequently occur during sepsis and may aug-
ment cytokine transport across the blood‒brain bar-
rier (BBB) [29]. Neuroinflammation activates microglia, 
which produce local proinflammatory cytokines and 
reactive oxygen species, and activates astrocytes [30], 
resulting in elevated S-100β levels [31], with the external 
manifestation of delirium. Previous studies have reported 
the associations between systemic biomarkers of inflam-
mation (IL-6, IL-8, C-reactive protein) and S-100β with 
delirium occurrence [32]; however, we found no positive 
association between inflammation biomarkers and neu-
rological outcomes, which may be due to the limited lab-
oratory tests used in the present study.

The Sequential [Sepsis-related] Organ Failure Assess-
ment (SOFA) score is a useful tool for identifying the risk 
of sepsis, which is associated with mortality when the 
score > = 2 points. The SOFA score is commonly regarded 
as a criterion for sepsis, while in some studies, it is used to 
predict and evaluate neurological outcomes [33, 34]. The 

Fig. 5 Decision curve analysis in the prediction of SAD. Left: Training group; Right: Validation group

 

Fig. 4 Calibration curve for predicting the probability of SAD. Left: Training group; Right: Validation group
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SOFA score is a scoring system used to assess the sever-
ity of multiorgan dysfunction, which includes the evalu-
ation of the central nervous system with the Glasgow 
(GCS) score. In the present study, the univariate analysis 
revealed that SOFA, GCS, and scores were higher in the 
SAD group. In the multivariate analysis, only SOFA score 
0.05. There is a concern that patients with poor neuro-
logical status on admission rather than multiorgan dys-
function might have long-term neurological outcomes, 
which might deny the value of the SOFA score. A previ-
ous study that used the assessment of extracerebral SOFA 
(EC-SOFA) demonstrated that the EC-SOFA score and 
the change in the EC-SOFA score over 48 h were associ-
ated with neurological outcomes at 30 days [33].

Established sepsis and septic shock guidelines recom-
mend limited continuous or intermittent sedation for 
mechanically ventilated sepsis patients [35]. In a prospec-
tive cohort study, delirium was independently associ-
ated with higher 6-month mortality and longer hospital 
stay in mechanically ventilated patients in the ICU [8]. 
In the present study, patients with sepsis-associated 
delirium had a higher proportion of mechanical ventila-
tion (158 vs. 164, p < 0.001). This could be explained by 
the fact that ventilation control depends on a brainstem 
neuronal network, which orchestrates the activity of the 
motor neurons innervating the respiratory muscles. This 
network comprises the pontine respiratory group and 
dorsal and ventral respiratory groups in the medulla [36, 
37]. Therefore, with neurologic or respiratory motor dis-
orders, there is a higher risk of respiratory failure, which 
is a major cause of mechanical ventilation. However, in a 
study of combined protocols for sedation and interrup-
tion and mechanical ventilation weaning, that strategy 
did not prevent cognitive impairment in mechanically 
ventilated patients after 3 months or 1 year of follow-up 
[38].

Lactate is a product of anaerobic metabolism associ-
ated with the perfusion of tissue. In patients with sep-
sis, lactate elevation, as well as slow lactate clearance, 
was found to be related to worse clinical outcomes [39, 
40]. We found that lactate was higher in SAD patients, 
which may be explained by the dysfunction of cerebral 
metabolism with the effect of metabolic acidosis. In their 
study, Sakpichaisakul et al. found lactate to be a predic-
tor of neonatal encephalopathy severity [41] because of 
hypoxia in fetuses and infants. However, in a porcine car-
diac arrest model, there were no significant differences 
between cerebral perfusion and lactate [42], i.e., lactate 
change would not affect the brain’s metabolism. There-
fore, whether lactate is a meaningful predictive factor of 
SAD needs to be further validated.

Serum phosphate has only been reported in both sepsis 
and neurological diseases. To the best of our knowledge, 
this is the first study that mentioned the relationship 

between sepsis-associated delirium and serum phos-
phate. The vast majority of phosphate in the body is in 
the form of hydroxyapatite, such as in teeth and bone. 
The remaining phosphate is in the form of inorganic 
phosphate that is stored in extracellular fluids. Addition-
ally, inorganic phosphate is a macronutrient for various 
cellular functions, including structure, energy produc-
tion, metabolic pathways, and signaling [43].

A recent retrospective study that assessed the effect 
of serum phosphate on the prognosis of sepsis patients 
[44] found that even with the normal range of serum 
phosphate, a minor increase was related to a higher risk 
of in-hospital mortality, which was explained by sub-
clinical vascular disease and lower muscle strength. Some 
studies have shown that hyperphosphatemia is related 
to cognitive impairment induced by vascular disease 
[45, 46]. A prospective study that included older men 
showed that higher serum phosphate was associated 
with a higher likelihood of poor executive function but 
not with impaired global cognitive function [47]. How-
ever, whether higher phosphate was a direct cause of 
neurological dysfunction or a prediction factor of disease 
severity remains unclear.

There are several limitations in the present study that 
should be noted. First, this is a retrospective observa-
tional study, and such studies have inherent biases. Sec-
ond, the database included patient information from 2001 
to 2012, and it was impossible to obtain some laboratory 
tests, such as PCT, CRP, and IL-6. Consequently, the pre-
diction model could not include some potential risk fac-
tors. Additionally, this study was a single-center study, 
and the prediction model was validated using internal 
data from the same database. In future studies, data from 
the real world or other databases could be included to 
prove the accuracy of the prediction model. Third, CAM-
ICU is suitable for conscious patients, which means our 
results cannot be applied to patients in a coma. Finally, 
there exist few prediction models for delirium, especially 
sepsis-associated delirium, which include serum phos-
phate. The association among delirium, serum phosphate 
and sepsis needs to be further studied and validated in 
the future.

Conclusion
SOFA score, requiring mechanical ventilation, first lac-
tate level, and first serum phosphate on ICU admission 
are factors that can predict the occurrence of delirium in 
sepsis patients. Here, we created a nomogram to provide 
clinicians with a visual and personalized tool for the early 
detection and identification of delirium in sepsis patients, 
which can result in earlier intervention and lower mortal-
ity rates related to delirium.
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