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ABSTRACT
Objectives We aimed to develop and validate a 
postoperative delirium (POD) prediction model for patients 
admitted to the intensive care unit (ICU).
Design A prospective study was conducted.
Setting The study was conducted in the surgical, 
cardiovascular surgical and trauma surgical ICUs of an 
affiliated hospital of a medical university in Heilongjiang 
Province, China.
Participants This study included 400 patients (≥18 years 
old) admitted to the ICU after surgery.
Primary and secondary outcome measures The 
primary outcome measure was POD assessment during 
ICU stay.
Results The model was developed using 300 consecutive 
ICU patients and was validated using 100 patients 
from the same ICUs. The model was based on five risk 
factors: Physiological and Operative Severity Score for 
the enumeration of Mortality and morbidity; acid–base 
disturbance and history of coma, diabetes or hypertension. 
The model had an area under the receiver operating 
characteristics curve of 0.852 (95% CI 0.802 to 0.902), 
Youden index of 0.5789, sensitivity of 70.73% and 
specificity of 87.16%. The Hosmer- Lemeshow goodness 
of fit was 5.203 (p=0.736). At a cutoff value of 24.5%, the 
sensitivity and specificity were 71% and 69%, respectively.
Conclusions The model, which used readily available 
data, exhibited high predictive value regarding risk of ICU- 
POD at admission. Use of this model may facilitate better 
implementation of preventive treatments and nursing 
measures.

InTRODuCTIOn
Delirium and postoperative delirium in the 
intensive care unit
Delirium can be defined as a syndrome 
characterised by the acute onset of cerebral 
dysfunction with a change or fluctuation in 
baseline mental status, inattention and either 
disorganised thinking or an altered level 
of consciousness.1 Postoperative delirium 
(POD) is an acute central nervous system 

pathology that occurs in 27.6%–87.0% of 
patients after surgery.1–4 A number of predis-
posing and accelerating risk factors, including 
surgery, contribute to postoperative surgery 
delirium.1–3 Moreover, POD in the intensive 
care unit (ICU- POD) increases the risk of 
nosocomial infection as well as the mortality 
rate, prolongs the length of hospital stay and 
incurs higher inpatient cost.5 In addition, 
patients above 65 years of age with POD have 
poorer outcomes and are more likely to have 
prolonged hospitalisation and ICU stay6 and 
longer intubation times, particularly after 
cardiac surgery.7

The early identification of delirium and 
initiation of active interventions can reduce 
the influence of delirium on the patient. 
Delirium alone may simultaneously increase 
awareness of the early indications of acute 
and serious physiological problems, resulting 
in a timely diagnosis of the disorder, which 
may improve patients’ outcomes and quality 
of life. Additionally, its recognition contrib-
utes to reduction in distress among patients 
and their families.8

Strengths and limitations of this study

 ► This is the first publication of a new research instru-
ment to predict patients’ risk of intensive care unit 
postoperative delirium.

 ► The risk factors included in the model are available 
in the information systems of hospitals at all levels.

 ► The model facilitates immediate grading assess-
ment after intensive care unit admission and ad-
vance drug or non- drug preventive measures.

 ► The influence of drugs was not considered when 
developing the prediction model.

 ► The suitability of the model in other hospitals needs 
further external validation.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-030733 on 12 N

ovem
ber 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-3403-2580
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2019-030733&domain=pdf&date_stamp=2019-10-12
http://bmjopen.bmj.com/


2 Xing H, et al. BMJ Open 2019;9:e030733. doi:10.1136/bmjopen-2019-030733

Open access 

Relationship between surgery and delirium
Although surgery can provide successful treatment, it 
also causes psychological and physical harm.2 Further-
more, surgical trauma can result in blood loss; the subse-
quent rehydration treatment can render the patient 
susceptible to electrolyte disorder, changing the patient’s 
internal environment. Additionally, the stress of surgery 
may also result in secretion of interleukins and other 
inflammatory mediators, which makes patients prone to 
delirium.9 Moreover, postoperative pain also contributes 
to delirium.10

Operations vary widely by surgical specialty in the asso-
ciated risk for POD.2 For example, the risk for POD with 
partial mastectomy is low (OR 0.2, 95% CI 0.1 to 0.4); the 
risk for POD with repair of a recurrent, incarcerated or 
strangulated inguinal hernia is moderate (OR 1.0, 95% CI 
0.3 to 3.8) and the risk for POD with a Whipple operation 
is high (OR 4.0, 95% CI 2.7 to 6.1).2

Delirium guidelines
In 2013, the American Academy of Critical Care Medi-
cine published the Clinical Practice Guidelines for the 
Management of Pain, agitation and delirium in adult 
patients in the intensive care unit (PAD).11 This guide-
line considers delirium to be related to coma, chronic 
diseases, diabetes mellitus and other factors after oper-
ation. PAD recommended that delirium assessment 
should be routinely performed in all ICU patients and 
mobilise ICU patients early when feasible to reduce the 
incidence and duration of delirium.1 Use of the Confu-
sion Assessment Method (CAM) for the ICU or the Inten-
sive Care Delirium Screening Checklist (ICDSC) was 
recommended as the most valid and reliable scales to 
assess delirium in ICU patients1; however, this allows only 
timely discovery of ICU- POD and does not help prevent 
and reduce the occurrence of ICU- POD. Nonetheless, if 
risk of ICU- POD is assessed immediately after admission 
to the ICU and related risk factors are prevented, risk of 
ICU- POD can be reduced. In addition, a previous study12 
indicated that the effect of active prevention on high- risk 
patients is significant.

POD prediction models
At present, there are three delirium risk prediction 
models for ICU patients. The Prediction of DELIRium in 
ICu patients (PRE- DELIRIC), developed in 2012, includes 
10 risk factors: age, APACHE II score, metabolic acidosis, 
infection, morphine use, sedative use, pre- admission 
coma, blood urea nitrogen level, type of hospitalisation 
and emergency admission.13 The Early PREdiction model 
for DELIRium in ICU patients (E- PRE- DELIRIC), devel-
oped in 2015, includes nine predictors: age, history of 
cognitive impairment, history of alcoholism, blood urea 
nitrogen, admission type, emergency admission, mean 
arterial blood pressure, corticosteroid use and respi-
ratory failure.14 However, the risk factors included in 
these models are the same for all patients, regardless of 
whether or not they have undergone surgery; therefore, 

these factors fail to address the specific characteristics of 
ICU patients after surgery.

Only one risk prediction model for postoperative ICU 
patients is available. Kim et al developed the DELirium 
Prediction based on Hospital Information (Delphi) 
model in 2016.15 This model is based on age, low physical 
activity, hearing impairment, heavy alcoholism, history of 
prior delirium, ICU admission, emergency surgery, open 
surgery and increased preoperative C- reactive protein.15 
Unfortunately, the Delphi model included several risk 
factors based only on a literature review and thus might 
have omitted many important factors related to delirium. 
Additionally, some risk factors are based on experience 
rather than on evidence.16–19 Before implementing this 
study, we completed a meta- analysis for ICU- POD risk 
factors, which has been published in China.20 The risk 
factors included in the prediction model were based on 
our previous meta- analysis and delirium clinical guide-
lines.1 20 Thus, this study aimed to develop a risk predic-
tion model of POD according to ICU- POD- related risks 
determined during our previous meta- analysis. Further-
more, we hope this study can provide further evidence to 
improve understanding of delirium.

MeThODS
Patient and public involvement statement
This study included patients from our hospital.

Study design and population
In this prospective observational study, we collected 
all necessary data, developed and calibrated the risk 
prediction model and then used the model in patients 
admitted to the surgical, cardiovascular surgical and 
trauma surgical ICU (all trauma types in different organs 
requiring surgical treatment) of an affiliated hospital of a 
medical university in Heilongjiang Province, China.

Patients who were admitted in any of these three ICUs at 
the hospital from April 2017 to January 2018 after surgery 
with complete data were enrolled. Inclusion criteria were 
as follows: (1) patients aged 18 years or older, (2) patients 
admitted in the ICU after surgery to continue treatment 
instantly and (3) patients recovering from anaesthesia 
and who were able to communicate. Exclusion criteria 
were as follows: (1) patients who were comatose all the 
time during the ICU treatment, (2) patients with previous 
history of mental illness or psychosis before operation, (3) 
patients who stayed in the ICU for less than 24 hours and 
(4) patients who had interventional surgery. Findings are 
reported according to the STrengthening the Reporting 
of OBservational studies in Epidemiology (STROBE) 
guidelines.21

Sample size calculation
The model contained nine candidate predictors: Physi-
ological and Operative Severity Score for the enumer-
ation of Mortality and morbidity (POSSUM) score, 
sex, history of coma (history of transitional conscious 
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Figure 1 Study flow chart.

disturbance before admission, discovered when doctors 
were collecting the patient’s medical history), history of 
hypertension (systolic blood pressure ≥140 mm Hg, with 
or without diastolic pressure ≥90 mm Hg; or simple hyper-
tension with systolic blood pressure ≥140 mm Hg only 
diagnosed previously before admission by clinicians and 
had recorded in the medical record), history of diabetes 
(diagnosed before admission by clinicians and recorded 
in the medical record), mechanical ventilation, history of 
alcohol dependence (based on International Statistical 
Classification of Diseases and Related Health problems 
(10th Revision) (ICD-10)22 and diagnosed by clinicians), 
acid–base imbalance (including metabolic acidosis, meta-
bolic alkalosis, respiratory acidosis and respiratory alka-
losis, identified by the first blood gas analysis) and length 
of operation. For each candidate predictor, at least 5–10 
patients with delirium were required based on the sample 
size formula for modeling23; as the minimum incidence 
of ICU- POD is 27.6%,3 we used this value. With an antici-
pated delirium incidence of 27.6% and an expected attri-
tion of 10%–20%, we aimed to enrol at least 1960 patients 
(9×5 × (1+0.2) / 0.276). To ensure the reliability of the 
model, the research team consulted a statistician, and a 
total of 300 patients were finally enrolled for developing 
the model (figure 1).

Measurements
Intensive Care Delirium Screening Checklist
ICDSC was an eight- item checklist that was developed 
based on the Diagnosis and Statistical Manual of Mental 
Disorders (4th Edition) criteria features of delirium.24 

The ICDSC routinely combines collected data (such as 
orientation with short observations) of obvious manifes-
tations of described features. Obvious manifestations of a 
checklist item during the evaluation period were scored 
as one point.

The ICDSC exhibited a high sensitivity of 99%.24 A 
score of 4 points or more will detect 99% of patients 
who will go on to have a diagnosis of delirium; however, 
it would also falsely identify 36% of patients in whom a 
psychiatric assessment will not result in this diagnosis.25 
The checklist allows the ICDSC scoring system to be a 
user- friendly tool, which is useful in early and systematic 
screening of delirium in the ICU. The Chinese version of 
ICDSC demonstrated acceptable reliability, with a Cron-
bach alpha of 0.74 and validity of 0.93.

POSSUM Score
The widely adopted POSSUM score is generally used by 
surgeons to evaluate postoperative complications and risk 
of mortality within 30 days after major operations such as 
macrovascular surgery, gastric cancer surgery, colorectal 
surgery, thoracic surgery and joint replacement.26 The 
POSSUM score has been evaluated in numerous studies, 
and its modifications have been recognised as highly 
effective for surgical audit purposes. It is composed of 18 
variables, derived originally from the multivariate anal-
ysis of 48 physiological and 14 operative variables, and 
it has a four- level exponential score of severity, of which 
the first 12 are preoperative physiological factors that 
include age, cardiac signs, respiratory history, blood pres-
sure, pulse, Glasgow coma score, haemoglobin, white cell 
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Table 1 Patient characteristics

Variable
Development data set
(n=300)

Validation data set
(n=100)

Whole study population
(n=400) t/2 P value

Operation duration, mean (min–
max)

198.37 (30–680) 201.04 (50–600) 194.40 (30–680) 0.271* 0.786

Male, n (%） 163 (54.33) 58 (58.00) 221 (55.25) 0.408† 0.523

Operation type, n (%）
Cardiac 83 (27.67) 20 (20.00) 103 (25.75) 2.306† 0.129

Thoracic 106 (35.33) 27 (27.00) 133 (33.25) 2.347† 0.126

Abdominal 68 (22.67) 35 (35.00) 103 (25.75) 3.497† 0.061

Orthopaedic 43 (14.33) 18 (18.00) 61 (15.25) 0.78† 0.377

Delirium, n (%） 81 (27.00) 31 (31.00) 112 (28.00) 0.595† 0.44

All data represent general information of the patients. Statistics presented are n (%) or median (min, max).
*Based on a t- test.
†Based on a χ2 test.

count, urea, sodium, potassium and ECG. The remaining 
six factors are operative variables, including operative 
severity, multiple procedures, total blood loss, peritoneal 
soiling, presence of malignancy and mode of surgery.26

Other risk factors
Other risk factors were collected by self- report and 
included history of coma, hypertension, diabetes, 
mechanical ventilation, alcohol dependence and acid–
base imbalance, as well as length of operation.

Data collection
In this study, decisions about admitting the patients to 
the ICU for treatment were made at the doctors’ discre-
tion, depending on the severity of the patients’ illness. 
The risk factors involved in this study were collected by 
systemically trained researchers as soon as the patients 
awoke after admission in the ICU; the patients who met 
the inclusion criteria were assessed using the ICDSC scale 
every 12 hours. Considering the need for ongoing obser-
vation for ICDSC, patients were required to stay in the 
ICU for at least 24 hours.

During this time, the researchers and bedside nurses 
would pay special attention to the patient’s change of 
consciousness. If the patient exhibited a significant 
change of consciousness, evaluation of delirium would 
be re- initiated to determine whether the patient had 
delirium. The evaluation was stopped if the patient devel-
oped ICU- POD. If not, the evaluation would be continued 
until the end of treatment in the ICU.

If some data were missing when collecting the informa-
tion, the patient was excluded from the study. So in this 
study, no data were missing, and all data were available in 
the hospital’s patient information system.

Statistical analysis
The general data of patients are expressed as the frequency 
and percentage; normally distributed data are expressed 
by mean±SD and non- normally distributed data are 

expressed as results of the rank sum test. Continuous data 
were compared using the t- test, and non- continuous data 
were compared using the chi- squared test. We used univar-
iate logistic regression to develop the prediction model by 
assessing the association between each potential risk factor 
and ICU- POD, and ORs for developing ICU- POD were 
calculated for each item. If a p value was less than 0.05 in 
the univariate analysis, a binary logistic regression analysis 
was conducted (excluding risk factors with p values≥0.10) 
to evaluate the independent association of each risk factor 
with the occurrence of delirium. We estimated the prog-
nostic ability of the model using the area under the receiver 
operating characteristic curve (AUROC). Data were anal-
ysed using IBM SPSS Statistics V.22.0.

ReSulTS
A total of 400 patients were included in the study, of 
whom 300 were used for the development of the model 
and 100 for the validation. The model group consisted 
of 163 (54.33%) men and 142 (45.67%) women, aged 
53.91±12.50 years. About 83 (27.67%) patients under-
went cardiac surgery, 68 (22.67%) underwent abdominal 
surgery, 106 (35.33%) underwent thoracic surgery and 43 
(14.33%) underwent orthopaedic surgery. Among them, 
81 (27.00%) developed ICU- POD. The validation group 
comprised 58 (58.00%) men and 42 (42.00%) women, 
aged 52.53±12.79 years. A total of 20 (20.00%) patients 
underwent cardiac surgery, 35 (35.00%) underwent 
abdominal surgery, 27 (27.00%) underwent thoracic 
surgery and 18 (18.00%) underwent orthopaedic surgery. 
Of them, 31 (31.00%) developed ICU- POD. The demo-
graphic characteristics of the two groups are shown in 
table 1.

Discrimination and calibration of the ICu-POD prediction 
model
Statistically significant factors in univariate analysis 
(table 2) were included as independent variables, and 
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Table 2 Delirium risk factors in the single factor analysis

Risk factors Delirium (n=81) No delirium (n=219) t/2 P value

Sex Male 45 (56.10) 113 (51.38) 0.853* 0.356

  Female 36 (43.90) 106 (48.62)   

Coma history Yes 13 (15.85) 1 (0.46) 246.613* <0.001

No 68 (84.15) 218 (99.54)   

Hypertension history Yes 45 (54.88) 72 (33.03) 13.653* <0.001

  No 36 (45.12) 147 (66.97)   

Diabetes history Yes 24 (29.63) 26 (12.44) 133.333* <0.001

  No 57 (70.37) 183 (87.56)   

Mechanical ventilation Yes 65 (79.27) 170 (77.98) 75.000* <0.001

  No 16 (20.73) 49 (22.02)   

Alcohol dependence history Yes 11 (13.41) 4 (1.83) 208.333* <0.001

  No 7 (86.59) 215 (98.17)   

POSSUM (±SD)   15.354±6.358 13.528±4.290 2.403† <0.018

Acid–base imbalance (M(P25, P75))   2.00 (0.000, 5.000) 0.00 (0.000, 2.000) −4.546‡ <0.001

*Based on a χ2 test.
†Based on a t- test.
‡Based on a u- test.
POSSUM, Physiological and Operative Severity Score for the enumeration of Mortality and morbidity;

Table 3 Postoperative delirium prediction model for 
critically ill patients

Variable
Regression 
coefficient OR (95% CI） P value

Coma history 3.428 30.821 (3.153 to 
301.264)

<0.01

Hypertension 
history

1.308 3.700 (1.886 to 7.260) <0.01

Diabetes history 1.228 3.415 (1.531 to 7.614) 0.002

Acid–base 
imbalance

0.310 1.363 (1.198 to 1.551) <0.001

POSSUM score 0.113 1.120 (1.072 to 1.169) 0.017

The data in the table are independent risk factors for intensive care 
unit postoperative delirium.
POSSUM, Physiological and Operative Severity Score for the 
enumeration of Mortality and morbidity.

Figure 2 ROC curves for the ICU- POD prediction model. 
ROC, receiver operator characteristic; ICU- POD, intensive 
care unit postoperative delirium.

delirium was included as the dependent variable in 
the binary logistic regression analysis. The risk factors 
included were assigned as shown in table 1. The devel-
oped ICU- POD prediction model comprised five predic-
tors: POSSUM score, acid–base imbalance, coma, diabetes 
and hypertension (table 3). The performance of the 
model was evaluated using receiver operating character-
istic curve (ROC) analysis. The AUROC was 0.852 (95% 
CI 0.802 to 0.902) with a sensitivity and specificity of 0.707 
and 0.872, respectively, with a Youden index of 0.579, 
indicating a good prediction effect. The results of the 
Hosmer- Lemeshow goodness- of- fit test (5.203, p=0.736) 
indicated that the model had a satisfactory prediction 
effect requiring no further calibration (figure 2).

Clinical validation of the model
ICU- POD risk was divided into four groups based on a 
method introduced in a study by van den Boogaard et al.19: 
very low (0%–10%), low (10%–20%), moderate (20%–
40%) and high risk for ICU- POD (>40%). According to 
the previous literature, at a cutoff value of 64.5%, the 
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Table 4 Prediction effect of the model at different cutoff 
points

Cut- off 
points Sensitivity Specificity

Positive 
likelihood 
ratio

Negative 
likelihood 
ratio

10 90.3 50.7 1.8 0.2

20 90.3 73.9 3.5 0.1

40 87.1 91.3 10.0 0.1

64.5 74.2 98.6 51.2 0.3

The sensitivity, specificity, positive likelihood ratio and negative 
likelihood ratio of risk prediction models for different cutoff values.

Table 5 Assigned value of risk factors

Risk factor Value assignment

Sex 0=Female; 1=male

Coma history 0=No coma; 1=coma

Hypertension history 0=No hypertension; 
1=hypertension

Diabetes history 0=No diabetes; 1=diabetes

Mechanical ventilation 0=No mechanical ventilation; 
1=mechanical ventilation

Alcohol dependence 
history

0=No alcohol dependence; 
1=alcohol dependence

Acid–base imbalance Assigned value according to the 
APACHE-Ⅲ score

POSSUM score Assigned value according to 
actual score

Operation duration Assigned value according to 
operation duration

APACHE-Ⅲ, Acute Physiology and Chronic Health Evaluation 
Ⅲ; POSSUM, Physiological and Operative Severity Score for the 
enumeration of Mortality and morbidity.

sensitivity and specificity were 74.2% and 98.6%, respec-
tively (table 4).

To determine risk factors for ICU- POD, factors were 
compared between patients with and without ICU- POD. 
There was no significant difference in sex and operation 
duration between the two groups (p>0.05). By contrast, 
a significant difference in POSSUM score, coma, hyper-
tension, diabetes, acid–base imbalance, alcohol depen-
dence and mechanical ventilation was observed between 
the two groups (p>0.05) (table 5). After conducting a 
binary logistic regression analysis of the risk factors that 
demonstrated statistical significance, we constructed 
the following ICU- POD prediction model: In[R / (1 − 
R)]=0.310 for acid–base imbalance +1.228 for diabetes 
history +1.308 for hypertension history +3.428 for coma 
history +0.113 for POSSUM score − 6.963. The model has 
an AUROC of 0.852, Youden index of 0.5789, sensitivity 
of 70.73% and specificity of 87.16% (figure 2). Nurses 
can derive a patient’s score using this formula. The closer 
the patient’s score is to the cutoff value (Youden index), 

the higher the risk of delirium. When the Youden index 
is used as the cutoff value, sensitivity and specificity of the 
model are the highest and thus the model exhibits the 
strongest ability to predict delirium.

DISCuSSIOn
The pathogenesis and pathophysiology of ICU- POD is 
not yet entirely understood; nonetheless, it is obvious 
that multiple risk conditions and precipitating factors are 
related to ICU- POD. In this study, we found that acid–base 
imbalance, diabetes, hypertension, coma and POSSUM 
score were associated with the development of ICU- POD 
in a large cohort of patients. This is partly consistent with 
a study concluding that diabetic patients are more prone 
to POD.27 There are some other studies28 29 that have 
shown associations of ICU- POD with diabetes, acid–base 
imbalance, coma and hypertension. Nevertheless, to our 
knowledge, this is the first analysis to report on associ-
ations among all of those five risk elements together, 
including the POSSUM score for the first time ever, in 
the development of ICU- POD.

In view of the high prevalence of POD in ICU patients 
and its serious consequences, prediction of ICU- POD is 
clearly of major significance for both medical staff and 
patients.3 16 Therefore, in this prospective study, we devel-
oped and validated a model for predicting ICU- POD. 
Basically, almost all delirium prediction models currently 
available are for patients with all kinds of diseases and 
conditions, including medical, surgical, gynaecological 
and paediatric. Before development of the current model, 
the Delphi model was the only one that was specialised 
for predicting POD. Nevertheless, our model is aimed 
at postoperative patients only. A previous study reported 
that surgery is an independent risk factor that dominates 
the development of ICU- POD.2 Our model plays a signifi-
cant role in better understanding of delirium and can be 
used as a reference for future research. Compared with 
previous prediction models,14 16 30 31 the ICU- POD model 
has a high predictive value and can readily be calculated. 
The risk factors included in the model are available in the 
information systems of hospitals at all levels, rendering it 
possible for the model to be widely adopted. Moreover, 
a previous study32 pointed out that both the predictive 
effect and the preferences of the users should be consid-
ered when developing risk forecasting models. The ICU- 
POD model consists of only five risk factors and is more 
concise in contrast with other delirium prediction models, 
making it more favourable to clinical workers. In addi-
tion, in the Delphi model, a nursing delirium screening 
checklist (Nu- DESC)33 and the CAM34 were used for the 
evaluation of delirium. In contrast, we applied ICDSC for 
the current model, as recommended by PAD guideline 
concerning delirium assessment. Therefore, we thought 
that the application of different diagnostic tools for 
delirium would affect the evaluation of delirium, so we 
preferred the ICDSC as a more sensitive and more conve-
nient tool for delirium assessment. Furthermore, we 
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intended to explore the relationship between the severity 
of different operations and the occurrence of delirium, 
and we used the POSSUM score as a risk factor, as it can 
quantify the impact of the surgical procedure on the 
patient. Nevertheless, in the Delphi model, only the type 
of operation (emergency surgery and open surgery) was 
included; as this does not address the problem explored 
in this study, we did not adopt this model.

A previous study reported that surgery is a risk factor 
that contributes to the development of ICU- POD.2 More-
over, the POSSUM scoring system includes not only the 
evaluation of the patients’ physical condition but also the 
evaluation of operative severity. Moreover, this scoring 
system has a high predictive value and wide scope of 
application.26 Worse preoperative physical condition and 
more severe surgery are reflected in a higher score. The 
POSSUM score assesses the physiological status (circu-
latory system, respiratory system, state of consciousness 
and biochemical indexes) of the patients. The operative 
severity indicator of the system could reflect the severity 
of the trauma acquired by the patient after undergoing 
surgery.35 Thus, we decided to apply POSSUM in our 
study.

In the study, to make the model align better with the 
actual situation of postoperative patients, we explored 
the risk factors of ICU- POD by conducting a preliminary 
meta- analysis.20 Previous studies1 36 have demonstrated 
that age, hypertension, coma and severity of illness at 
admission are risk factors of delirium, all of which are 
embodied in the POSSUM score and other risk factors of 
the ICU- POD prediction model, thus ensuring the credi-
bility of the results of the study as well as pertinence of the 
model to postoperative patients.

Furthermore, the ICU- POD prediction model can 
also classify the risk of ICU- POD, facilitating initiation of 
preventive measures for patients with different risk levels. 
It also suggests that nurses should pay close attention to 
patients with higher risk of ICU- POD. In addition, the 
model facilitates immediate grading assessment after 
ICU admission and advance drug or non- drug preventive 
measures. Previous studies1 12 37 showed that the preven-
tion of delirium decreased the morbidity and shortened 
the duration of delirium, further indicating that the 
results of the study are of great significance.

The study found that the higher the risk of delirium, 
the better the performance of the model. However, in 
daily practice, with constant changes in patients’ condi-
tions, a predicted low risk does not exclude the possibility 
of development of ICU- POD. Besides, patients who had a 
history of coma before admission were 30.821 times more 
susceptible to ICU- POD, which was the highest among the 
risk factors in this study (table 3). This could be attributed 
to the concussion that happened at the moment of injury, 
during which the patient would suffer a transitional 
conscious disturbance for no more than half an hour and 
would recover soon after that. There might not be any 
apparent changes in the patient’s brain; however, there 
could be potential injury in the central nervous system, 

causing dysphoria, restlessness and hypomnesia in the 
patient, which may lead to ICU- POD. Therefore, medical 
staff should pay close attention to patients with a history 
of coma before admission and employ active protection 
measures for the head and brain. In addition, medical 
staff should also re- evaluate the patient’s condition in a 
timely manner to adjust the preventive treatment and 
nursing strategies for ICU- POD.

When patients enter the room, the medical staff can 
complete the collection of patient data according to the 
latest physiological test results, operation records and the 
first blood gas analysis results after admission to the ICU. 
When applying this model, the medical staff should pay 
attention and actively intervene with patients whose score 
is more than 0.5789, as this indicates higher risk of having 
ICU- POD. When the patient’s score is close to the critical 
value, the medical staff should also pay enough attention 
to avoid ICU- POD. When the patient’s condition changes 
significantly, it is recommended that the medical staff 
predict ICU- POD to help avoid delirium to the extent 
possible.

limitations
This study has some limitations. For instance, the influence 
of medicine use was not considered when developing the 
ICU- POD prediction model. However, as suggested in the 
PAD guidelines,1 non- benzodiazepine sedatives should be 
administered to prevent delirium. However, we did not 
include the impact of sedatives, because different hospi-
tals tend to use different medicines. Additionally, in our 
ICUs, where the research was conducted, the doctors use 
only non- benzodiazepines according to the recommen-
dations of PAD guidelines, which are universally regarded 
as references when treating ICU patients. It was therefore 
difficult to distinguish the effects of different drugs in 
the study. In future studies, multicenter studies can be 
conducted to explore the effects of different drugs. In 
addition, because of limited resources, we were unable to 
perform a multicenter study, contributing to the limited 
generalisability of the model. Furthermore, since the 
variables in our study were mainly binary variables, the 
regression methods we used were all for binary variables. 
Moreover, there are dedicated scoring systems used in 
cardiac surgery, such as the Logistic European System 
for Cardiac Operative Risk Evaluation (EuroSCORE)38 
and the EuroSCORE II,39 whereas the POSSUM score 
is a morbidity and mortality scale for general surgery. 
However, we searched the background of the EuroSCORE 
and EuroSCORE II carefully but found that neither had 
a Chinese version. Since the reliability and validity of 
these scoring systems in China remain unknown, we were 
unable to apply these scoring systems in this study. There-
fore, we applied the POSSUM scoring system, which has a 
Chinese version with demonstrated reliability and validity, 
is also obtainable and has been applied by many Chinese 
researchers.

Additionally, although the validation was initiated after 
developing the ICU- POD prediction model, because the 
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severity of illness was similar since the data were collected 
in the same hospital, the model had a satisfactory predic-
tive value. Nevertheless, the suitability of the model for 
use in other hospitals needs further external validation.

COnCluSIOnS
Our study developed and validated the ICU- POD predic-
tion model for postsurgical ICU patients. The model 
has a high predictive value, uses readily available data, is 
simple and easy to apply and enables timely identification 
of the risk of ICU- POD. Use of this model will facilitate 
targeted initiation of preventive measures early at admis-
sion, decrease incidence of ICU- POD and reduce the 
influence of delirium on patients.
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