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Abstract

Background: The aim of this study was to construct a nomogram model for discriminating the risk of delirium in
patients undergoing cardiovascular surgery.

Methods: From January 2017 to June 2020, we collected data from 838 patients who underwent cardiovascular sur-
gery at the Affiliated Hospital of Nantong University. Patients were randomly divided into a training set and a valida-
tion set at a 5:5 ratio. A nomogram model was established based on logistic regression. Discrimination and calibration
were used to evaluate the predictive performance of the model.

Results: The incidence of delirium was 48.3%. A total of 389 patients were in the modelling group, and 449 patients
were in the verification group. Logistic regression analysis showed that CPB duration (OR = 1.004, 95% Cl: 1.001-1.008,
P =0.018), postoperative serum sodium (OR=1.112,95% Cl: 1.049-1.178,P < 0.001), age (OR=1.027,95% Cl: 1.006-
1.048,P =0.011), and postoperative MV (OR=1.019, 95% Cl: 1.008-1.030, P < 0.001) were independent risk factors.
The results showed that AUCROC was 0.712 and that the 95% Cl was 0.661-0.762. The Hosmer-Lemeshow goodness

of fit test showed that the predicted results of the model were in good agreement with the actual situation (x? =
6.200, P = 0.625). The results of verification showed that the AUCROC was 0.705, and the 95% Cl was 0.657-0.752. The
Hosmer-Lemeshow goodness of fit test results were x? = 8.653 and P = 0.372, indicating that the predictive effect of
the model is good.

Conclusions: The establishment of the model provides accurate and objective assessment tools for medical staff to
start preventing postoperative delirium in a purposeful and focused manner when a patient enters the CSICU after
surgery.
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Background

Delirium is a common complication after cardiovas-
cular surgery. It manifests as a disturbance of con-
sciousness and attention, accompanied by changes in
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cognitive function or perceptual disturbance, and it is
characterised by acute onset and repeated fluctuations
of the disease [1]. Postoperative delirium is especially
common after cardiovascular surgery, and its inci-
dence can be as high as 52% [2]. It is a crucial public
health concern, as it is strongly associated with an
increased incidence of other postoperative complica-
tions. Moreover, postoperative delirium is associated
with prolonged mechanical ventilation. Delirium is also
related to an increase in length of hospital stay and hos-
pital costs [3]. A recent study identified an association
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between delirium and long-term cognitive dysfunction
in patients. In severe cases, delirium may also increase
in-hospital mortality [4] and long-term mortality after
discharge [5].

Randomised controlled studies have shown that short-
ening the duration of delirium through clinical interven-
tion does not effectively reduce short-term mortality [6].
Therefore, the prevention of delirium is a very important
clinical research topic at present. Predictive nomograms,
which have been broadly used as one of the most com-
mon statistical methods for clinical investigations, not
only offer visual and mathematical advantages but also
facilitate probability calculation of risk factors; they are
also easier to use clinically [7]. These clinical nomograms
may aid in the decision-making process as well as in the
perioperative management of cardiovascular surgery
patients. They can also contribute to the allocation of
postoperative care resources to cardiovascular surgery
intensive care units (CSICUs) and will provide adminis-
trators, physicians, and nurses with a guide to the esti-
mated length of hospital stay. Thus, a nomogram-based
clinical prediction model capable of early identification of
patients at risk for delirium can prove useful both in the
proper management of these patients and in the efficient
allocation of healthcare resources [8, 9].

The design and writing of this research paper refers to
the transparent reporting of a Multivariable Prediction
Model for Individual Prognosis or Diagnosis (TRIPOD)
[10, 11].

Methods

Patients and study design

A retrospective study was conducted on a cohort of
patients who underwent cardiovascular surgery between
January 2017 and November 2019. A prospective study
was conducted on a cohort of patients who underwent
cardiovascular surgery between December 2019 and June
2020 at the Affiliated Hospital of Nantong University. All
the collected data were sorted and randomly grouped for
research.

Inclusion criteria included the following: (1) patients
who entered the CSICU for continued treatment after
cardiovascular surgery and (2) adult patients. The exclu-
sion criteria were as follows: (1) severe adverse events,
such as cardiac arrest and/or cardiopulmonary resuscita-
tion, that occurred during surgery; (2) history of alcohol
addiction or drug abuse; (3) a previous history of mental
illness; (4) perioperative neurological complications; (5)
postconciousness disorder; (6) postoperative death; (7)
aortic dissection interventional surgery; and (8) rehospi-
talization or readmittance to the CSICU. The study was
approved by the institutional ethics committee.
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Diagnostic criteria for delirium

The diagnostic criteria for delirium in this study adopted
the fuzzy assessment of ICU patients (CAM-ICU)
designed by Professor Ely [12]. CAM-ICU is mainly diag-
nosed based on the following four points: (1) acute onset
and fluctuating course of the disease; (2) lack of atten-
tion and concentration; (3) disordered thinking; and (4)
change in consciousness. If the patient has (1) and (2),
then the presence of either (3) or(4) can be diagnosed as
delirium. The scale is a delirium assessment tool devel-
oped for critically ill patients, and it is recommended by
the guidelines as the gold standard for delirium screening

[3].

Data collection content

The demographic characteristics were gender, age (years
old), body mass index (BMI), blood type, and past his-
tory. The clinical characteristics were type of surgery,
cardiopulmonary bypass (CPB) duration, intraoperative
minimum mean arterial pressure (MAP), intraoperative
blood transfusion, and postoperative mechanical venti-
lation (MV) duration. Finally, the laboratory test indica-
tors were white blood cell count (WBC) (the highest or
lowest value that deviated from the normal value), red
blood cell-specific volume haematocrit (Hct) (the low-
est value that deviated from the normal value), alanine
aminotransferase (ALT) (the highest value that deviated
from the normal value), total bilirubin (TBIL) (the high-
est value that deviated from the normal value), serum
albumin (the lowest value that deviated from the normal
value), serum urea nitrogen (the highest value that devi-
ated from the normal value), serum creatinine (Cr) (the
highest value that deviated from the normal value), and
serum sodium (the highest or the lowest value that devi-
ated from the normal value). Laboratory test indicators
were collected within 24 h after the patient entered the
CSICU after surgery. The above information could be
obtained from the electronic medical records.

Statistical analysis

(1) The generation of the training set and validation set:
We use the random number generator and the approxi-
mation method to divide 838 research subjects into a
training set and validation set at a ratio of 5:5 in SPSS. (2)
Construction of the model: We investigated possible risk
factors by univariate analysis. Continuous variables were
tested for statistical significance by Student’s t test. Cate-
gorical variables were tested by the chi-square test. Then,
logistic regression analysis was performed. The variables
finally included in the logistic regression equation were
introduced into R software (4.0.3), and the rms program
package was used to establish a nomogram prediction
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model, with a two-sided P < 0.05 indicating significance.
(3) The internal evaluation of the model in the training
set: we tested the calibration and discrimination of the
nomogram prediction model. The discrimination was
evaluated by the area under the curve (AUC). The AUC
range was 0.5 ~ 1.0. The closer the AUC was to 1, the bet-
ter the predictive power of the model was. An AUC of 0.5
indicates that the model has no predictive power. AUC
> 0.7 indicates that the model has good predictive abil-
ity [13]; the calibration was evaluated by the calibration
curve and goodness-of-fit test, and P > 0.20 was recog-
nised as an acceptable calibration. (4) Evaluation of the
model in the validation set: first, the established model
was used to score the validation set, and then the area
under the curve, the calibration curve, and the goodness-
of-fit test were used to evaluate the accuracy of the model
in the validation set.

Result

A total of 838 patients were enrolled from January
2017 to June 2020. All patients were randomly divided
into a training set and a validation set. Among them,
389 patients were in the training set, and almost 48.8%
of patients (190) had delirium; 449 patients were in the
validation set, and almost 47.9% of patients (215) had
delirium. There was no significant difference in the com-
parison of the variables between the two groups (P >
0.05). The baseline characteristics in both groups are
shown in Table 1.

Univariate analysis of the occurrence of delirium

in the training set

Age, type of surgery, CPB duration, intraoperative mini-
mum MADP, intraoperative blood transfusion, postopera-
tive MV, postoperative TBIL, postoperative serum urea
nitrogen, postoperative Cr, postoperative serum sodium,
and postoperative serum albumin were significantly dif-
ferent between the delirium and nondelirium groups
(P <0.05) (Tables 2, 3, 4).

Multivariate logistic regression of delirium in the training
set

Logistic regression analysis showed that CPB duration
(OR = 1.004, 95% CI: 1.001-1.008, P = 0.018), postop-
erative serum sodium (OR = 1.112, 95% CI: 1.049-1.178,
P < 0.001), age (OR = 1.027, 95% CI: 1.006-1.048, P =
0.011), and postoperative MV (OR = 1.019, 95% CI:
1.008-1.030, P < 0.001) were independent risk factors
for delirium, and the coefficient of determination R* was
0.200 (Table 5).
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Predictive nomogram model for delirium in patients

with cardiovascular surgery

In this study, a nomogram model was constructed based
on four independent risk factors: age, CPB duration,
postoperative MV, and postoperative serum sodium

(Fig. 1).

Discrimination and calibration of the nomogram

In the training set, AUCRO® was 0.712, and the 95% CI
was 0.661-0.762. The results indicated that the model
had a moderate discriminative ability (Fig. 2A). The
goodness-of-fit test indicated that the fit was good (x2 =
6.200, P = 0.625). The results showed that this model
had acceptable goodness-of-fit and calibration. The cali-
bration curve shows that the predicted incidence of the
model was in good agreement with the actual incidence
(Fig. 2B).

Validation of the predictive accuracy of the nomogram

The established model was used in the validation set to
further verify the predictive performance. The ROC
curve in the verification set is shown in Fig. 2C. The area
under the curve (AUCROC) was 0.705, the 95% CI was
0.657-0.752, and the calibration curve showed good
agreement between the predicted incidence and the
actual incidence (Fig. 2D). The goodness-of-fit test indi-
cated that the fit was good (x2? = 8.6533, P = 0.372). The
result showed that this model had acceptable goodness-
of-fit and calibration.

Discussion

Postoperative delirium is associated with an increased
number of different complications, such as prolonged
hospitalisation, long-term cognitive impairment and
increased mortality [14]. Fortunately, up to 40% of delir-
ium cases can be prevented [1]. Therefore, strengthening
the monitoring of delirium and supporting early preven-
tion and identification will be an important part of the
care of patients undergoing cardiovascular surgery. This
study constructed a risk prediction model based on age,
CPB duration, postoperative MV, and postoperative
serum sodium for delirium in patients undergoing car-
diovascular surgery and provided medical staff with an
accurate and objective assessment tool.

In a previous study [15], a systematic review was con-
ducted to identify three published high-quality intensive
care unit delirium risk prediction models after cardio-
vascular surgery and assessed the transportability of the
risk prediction models in cardiac surgery cohorts. Three
published high-quality delirium risk prediction models
were identified: Katznelson, the original PRE-DELIRIC,
and the international recalibrated PRE-DELIRIC model.
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Table 1 Descriptive analysis of the training set and validation set data
Variable Total Training set Validation set X2t P
n(%)/x £s n (%)/x +s n(%)/x £s

Delirium 405 (48.3) 190 (48.8) 215 (47.9) 0.077 0.782
Gender 0.061 0.804

Male 496 (59.2) 232 (59.6) 264 (58.8)

Female 342 (40.8) 157 (40.4) 185 (41.2)
Age 60.0+ 118 5084112 6024+ 122 0477 0.634
BMI 239433 240+ 34 239433 —0.580 0.562
Blood type 3673 0.299

A 269 (32.1) 133(34.2) 136 (30.3)

B 236 (28.2) 107 (27.5) 129 (28.7)

AB 87 (10.4) 33(8.5) 54(12)

@) 246 (294) 116 (29.8) 130 (29.0)
Past history

Hypertension 385 (45.9) 175 (45.0) 210 (46.8) 0.267 0.605

Diabetes 147 (17.5) 63(16.2) 84 (18.7) 0910 0.340

Stroke 48 (5.7) 23(5.9) 25 (5.6) 0.046 0.830

Atrial fibrillation 190 (22.7) 92 (23.7) 98 (21.8) 0.396 0.529

Malignant tumor 35(4.2) 15 (3.9) 20 (4.5) 0.186 0.666
Type of surgery 1.885 0.865

CABG 193 (23) 96 (24.7) 97 (21.6)

Valve replacement or shaping 406 (48.4) 185 (47.6) 221(49.2)

Aortic valve replacement or shaping 45 (54) 18 (4.6) 27 (6.0)

Heart tumor removal 22(26) 10 (2.6) 12(2.7)

Congenital correction 52 (6.2) 23 (5.9) 29 (6.5)

Two kinds of surgery and above 120 (14.3) 57 (14.7) 63 (14)
CPB duration 1028 £ 756 988+ 733 1062 £774 1414 0.158
Intraoperative minimum MAP 404 £115 41.1£112 398+ 117 —1.583 0.114
Intraoperative blood transfusion 152 (18.1) 72 (18.5) 80(17.8) 0.067 0.796
Postoperative MV 3194+£573 3334+715 307414 —0.644 0.520
Postoperative WBC 133+£41 134+43 133+£40 —0.649 0516
Postoperative Hct 03 £0.04 031 4+0.04 031+ 004 0.946 0.345
Postoperative ALT 458 £ 59.1 486 £ 689 4344490 —1.281 0.200
Postoperative TBIL 253+ 132 258 + 144 247 +£120 —1.201 0.230
Postoperative serum albumin 31656 31659 31753 0.109 0913
Postoperative serum urea nitrogen 95436 92435 9.7 +£37 1.848 0.065
Postoperative Cr 1025 £409 101.8 £41.7 103.2 £40.2 0.490 0.624
Postoperative Serum Sodium 146.1 £ 4.7 146.0 £ 4.3 146.1 £5.0 0.235 0814

BMI, body mass index; CPB, Cardiopulmonary Bypass; MAP, mean arterial pressure; MV, mechanical ventilation; WBC, white blood cell; Hct, Red blood cell specific
volume haematocrit; ALT, Alanine Aminotransferase; TBIL, total bilirubin; Cr, serum creatinine

Finally, A. Lee et al. performed a logistic calibration on
the international recalibrated PRE-DELIRIC model
and found acceptable discrimination (0.75, 95% CI:
0.72-0.79) and good calibration. However, the interna-
tional recalibrated PRE-DELIRIC model cannot be used
to assess the risk of delirium within 24 h of ICU admis-
sion. The early delirium risk prediction model (E-PRE-
DELIRIC) (0.70, 95% CI: 0.67-0.74, for delirium that
developed < 2 days) constructed by Wassenaar [16] can

complete delirium risk assessment when patients are
admitted to the ICU. However, it has not been validated
in a Chinese postcardiac surgery patient cohort. Domes-
tic scholars [17] constructed a delirium prediction model
with Chinese patients (an AUC of 0.819); their cohort,
however, included only patients undergoing coronary
artery bypass grafting. Moreover, the external validity
of the scores presented by Liping T et al. have not been
evaluated in other cardiac surgery cohorts.
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Table 2 Univariate analysis of the nondelirium group and delirium group in the training set (demographic characteristics)
Variable Total Non-delirium group Delirium group X2t P
n(%)/X £ n(%)/X £ n(%)/X £
Gender 0.004 0.948
Male 232 (59.6) 119 (59.8) 113 (59.5)
Female 157 (40.4) 80 (40.2) 77 (40.5)
Age 598+ 11.2 585+£123 61.1+£99 —2.296 0.022%
BMI 240+ 34 241+ 34 239434 0.638 0.524
Blood type 0.957 0.812
A 133 (34.2) 64 (32.2) 69 (36.3)
B 107 (27.5) 55 (27.6) 52 (27.4)
AB 33(8.5) 17 (8.5) 16 (8.4)
O 116 (29.8) 61(31.7) 53(27.9)
Past history
Hypertension 175 (45.0) 91 (45.7) 84 (44.2) 0.091 0.764
Diabetes 63 (16.2) 32 (16.1) 31(16.3) 0.004 0.950
Stroke 23(5.9) 15(7.5) 8(4.2) 1.934 0.164
Atrial fibrillation 92 (23.7) 46 (23.1) 46 (24.2) 0.065 0.799
Malignant tumor 15(3.9) 7 (3.5) 8(4.2) 0.126 0.723
BMI, body mass index.
*P <0.05
Table 3 Univariate analysis of the nondelirium group and delirium group in the training set (intraoperative factors)
Variable Total Non-delirium Delirium group X2t P
group
n(%)/X £ s n(%)/X £ s n(%)/X + s
Type of surgery 17479 0.004*
CABG 96 (24.7) 57 (28.6) 39 (20.5)
Valve replacement or shaping 185 (47.6) 89 (44.7) 96 (50.5)
Aortic valve replacement or shaping 18 (4.6) 5(2.5) 13 (6.8)
Heart tumor removal 10 (2.6) 10 (5.0) 0(0.0)
Congenital correction 23(5.9) 12 (6.0) 11(5.8)
Two kinds of surgery and above 57 (14.7) 26 (13.1) 31(16.3)
CPB duration 988 £733 835+ 657 1148 +£77.5 —4.292 <0.001*
Intraoperative minimum MAP 41.1+£112 428+£113 393+108 3.138 0.002*
Intraoperative blood transfusion 72 (18.5) 26 (13.1) 46 (24.2) 8.005 0.005*

CPB, cardiopulmonary bypass; MAP, mean arterial pressure.
*P <0.05

Our model has a wider scope of application and can
be used to assess the risk of delirium in all patients with
cardiovascular surgery. The independent risk factors
included in the prediction model of this study are easy to
obtain, and the nomogram model is characterised by its
ability to individually and intuitively express the results
of a complex statistical model and assign correspond-
ing scores to the influencing factors of the end-point
event. Points are assigned to calculate the probability of
an end-point event. This allows medical staff to start the

assessment at the beginning of the patient’s postoperative
CSICU treatment, and it is easier to use the iconic model
for assessment, which is convenient for nursing staft.
This study found that age was an independent risk fac-
tor for the occurrence of delirium in patients after car-
diovascular surgery. Numerous studies [2] have shown
that advanced age is a high-risk factor for postopera-
tive delirium. Elderly patients experience degenera-
tion of bodily functions and brain tissue. They also have
reduced levels of various central neurotransmitters, such
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Table 4 Univariate analysis of the nondelirium group and delirium group in the training set (postoperative factors)

Variable Total Non-delirium Delirium group t P
group
n(%)/x £ s n(%)/x £ s n(%)/x + s

Postoperative MV 333+£715 21.8+18.1 452 £994 —3.193 0.002*
Postoperative WBC 134+43 13.3+40 13.6 £4.5 —0.714 0475
Postoperative Hct 0.31 £ 0.04 031+ 0.04 031 £ 0.04 1.780 0.076
Postoperative ALT 486 £ 689 4354475 539+856 —1.498 0.135
Postoperative TBIL 258+ 144 2394133 2794153 —2713 0.007*
Postoperative serum albumin 316 £59 323+6.1 309+57 2.201 0.028*
Postoperative serum urea nitrogen 92+£35 88+£34 9.7+£36 —2.680 0.008*
Postoperative Cr 101.8 £ 417 934+ 343 1106 £ 46.7 —4.106 <0.001*
Postoperative serum sodium 1460+ 43 145.0 £4.0 1472+ 43 —5.336 <0.001*

MV, mechanical ventilation; WBC, white blood cell; Hct, red blood cell specific volume haematocrit; ALT, alanine aminotransferase; TBIL, total bilirubin; Cr, serum
creatinine

Table 5 Logistic regression analysis results of postoperative delirium in cardiovascular surgery patients

Variable B S.E. Wald OR 95% C.I. P

CPB duration (minutes) 0.004 0.002 5598 1.004 1.001-1.008 0.018
Postoperative serum sodium 0.106 0.030 12.837 1.112 1.049-1.178 <0.001
(mmol/L)

Age (years old) 0.027 0.010 6.505 1.027 1.006-1.048 0.011
Postoperative MV (hours) 0.019 0.005 12.363 1.019 1.008-1.030 <0.001
Constant —18.025 4361 17.085 <0.001

CPB, cardiopulmonary bypass; MV, mechanical ventilation

. 0 10 20 30 40 50 60 70 80 90 100
Points .

Age(years old) 1.5. .3.0. .4.5. .6.0. .7.5.

T T T T T T 1

CPB duration(minutes) T
0 100 200 300 400 50

Postoperative MV (hours) T T . . . : .
0 50 100 150 200 250 300 350

Postoperative Serum , i . . . . ,
Sodium(mmol/L) 130 135 140 145 150 155 160
Total points . T T . T . . T .
0 20 40 60 80 100 120 140 160
Pl‘ob T T T T T T T T T T T 1
005 01 02 0304050607 08 09 095 0.99

Fig. 1 Prediction nomogram model for delirium in patients undergoing cardiovascular surgery
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Fig. 2 a ROC curves for the nomogram model in the training set; b Calibration curves for the nomogram model in the training set; ¢ ROC curves for
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as acetylcholine and epinephrine. At the same time, due
to obstructed brain function, patients often have cogni-
tive dysfunction, which may be the cause of the high
incidence of delirium [18, 19]. CPB duration was sig-
nificantly related to the occurrence of postoperative
delirium. The longer the CPB duration was, the higher
the incidence of delirium. This finding is similar to that
of previous studies [20]. One of the hypotheses for the
development of delirium is the development of systemic
inflammatory response syndrome (SIRS) not only due to
the cardiovascular surgery itself but also due to the expo-
sure of the patient to the adverse effect of CPB [20, 21].
The main reason is the need to block the aorta during
CPB and perform blood thinning. Microthrombosis will
inevitably be caused during CPB. Harmful substances

will also be produced after low-temperature circula-
tion and rewarming. The above factors have an impact
on cerebral blood perfusion, resulting in ischaemic
and hypoxic changes in brain tissue. The results of this
study showed that postoperative mechanical ventilation
time is an independent risk factor for the occurrence of
postoperative delirium. The longer the mechanical ven-
tilation time is, the higher the incidence of delirium. In
recent years, a large number of studies have shown that
mechanical ventilation is a related risk factor for delir-
ium [2]. While mechanical ventilation has therapeutic
effects, it also changes the patient’s normal haemody-
namics and respiratory physiology and is likely to cause
extreme physical and psychological discomfort for the
patient. In addition, mechanically ventilated patients
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are prone to sleep disorders. Patients who are mechani-
cally ventilated have more fragmented and daytime sleep
and reduced sleep efficiency than patients who are not
mechanically ventilated [22]. In addition, the inclusion of
sleep disturbance in the Diagnostic and Statistical Man-
ual of Mental Disorders, 5th Edition in its constellation
of symptoms used in diagnosing delirium has increased
awareness of the link between sleep and delirium [22].
Patients undergoing cardiovascular surgery routinely
require ventilator-assisted ventilation, which leads to a
high incidence of postoperative delirium. In the off-line
assessment process, the patient has delirium and cannot
cooperate with the assessment, which makes it difficult
to make accurate off-line decisions. At present, there is
no uniform standard in academic circles for prolonged
mechanical ventilation (PMV). PMV is generally defined
as mechanical ventilation for more than 24 h in patients
after cardiac surgery [23, 24]. Therefore, the inability to
remove the ventilator within 24 h after cardiac surgery
should strongly attract the attention of medical staff,
and the relevant measures should be taken to shorten
the time of mechanical ventilation. At present, the ABC-
DEF clustered delirium prevention strategy proposed
by the 2017 National Critical Care Medicine Confer-
ence [25] and eCASH strategy [26] are most commonly
used. The results of this study showed that postoperative
hypernatraemia is a high-risk factor for postoperative
delirium. Hypernatraemia refers to electrolyte disorders
with a blood sodium concentration of > 145 mmol/L. A
study by Hong Liang [27] showed that hypernatraemia
increases the probability of postoperative delirium, which
is consistent with our research results. Theologou et al.
[28] also showed that the risk of developing delirium was
associated with prolonged endotracheal intubation and
prolonged ICU stay, along with increased urea, neutro-
phil-to-lymphocyte ratio, creatinine, and sodium levels.
This finding might suggest that an inadequate reaction of
the immune system may play a role in the pathogenesis of
delirium [14]. Therefore, medical staff should correct the
patients’ hypernatraemia in time and maintain a stable
internal environment.

The nomogram model constructed in this study was
used to score patients after cardiovascular surgery,
and the risk of delirium was calculated for each patient
to achieve individualized prediction. For example, if
the patient is 70 years old, draw a vertical line from the
point on the age scoring axis to the point axis, and the
corresponding score for the patient is 22 points. The
scores of other items were measured in the same way,
and the CPB duration was 150 min (score = 10 points),
postoperative serum sodium was 145 mmol/L (score =
25 points), and postoperative MV was 50 min (score =
15 points). Then, the total score of the nomogram was
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22 + 10+ 25+ 15 =72 points, and the corresponding
risk of delirium was 0.72; that is, the patient had a 72%
risk of developing delirium. As a patient’s risk becomes
higher, medical staff should pay increased attention to
him or her, and the patient should be actively inter-
vened. When the patient cannot be taken off the ven-
tilator within 24 h, the mechanical ventilation time is
prolonged, or the serum sodium concentration changes,
medical staff should dynamically evaluate the patient and
take intervention measures to reduce injuries, reduce the
risk of delirium and improve the prognosis.

Limitation

There are some limitations of our study. Because of lim-
ited resources, we were unable to perform a multicentre
study, and the calibration and discrimination were not
tested in other medical centres.

Conclusion

We established a new nomogram model that can provide
an individualized prediction of delirium in cardiovascular
surgical patients. This model may provide nurses with an
accurate and objective assessment tool to identify high-
risk delirium in cardiovascular surgical patients.
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