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Background: An emerging approach to prevent delirium in an intensive care unit is the use of risk
prediction models. At present, there is no scientific comparison of the predictive effect of the prediction
model. This systematic review and meta-analysis aimed to compare the performance of available delirium
risk prediction models for intensive care units.

Methods: As of June 1st, 2019, articles on delirium prediction models of the intensive care patients were
searched in the Cochrane Library, PubMed, Embase, Web of Science, CINAHL, ProQuest, and four
Chinese databases. Studies describing the development or validation of risk prediction models for predicting
delirium in ICU patients were included. The Prediction model Risk of Bias Assessment Tool (PROBAST)
was used to assess the quality of included studies. A meta-analysis of the predictive performance was
performed using the forest plot package in R3.6.1.

Results: A total of 21 studies with 14 models were included in this article. PRE-DELIRIC, E-PRE-
DELIRIC, and recalibrated PRE-DELIRIC model were the most popular models, which had been
externally validated in at least two studies. The pooled area under the receiver operator characteristic curve
(AUC) were 0.844 (95% CI: 0.793-0.896), 0.763 (95% CI: 0.680-0.846) and 0.776 (95% CI: 0.738-0.813)
respectively. Most of the other models were with C-statistics above 0.7.

Conclusions: The E-PRE-DELIRIC model, PRE-DELIRIC model, or both are recommended to predict
ICU delirium risk. However, the recommendation should be considered with caution because of substantial

heterogeneity. The protocol was registered with PROSPERO (CRD42019130802).
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Introduction hospital stays, increased medical costs, and reduced patients’

long-term cognitive function and quality of life (4-6).

Delirium is an acute, reversible, and widespread cognitive Besides, ICU staff caring for delirium patients experienced

disorder characterized by fluctuating consciousness, an increased workload and severe psychological stress (7,8).

inattention, and disorganized thinking, with a prevalence of Furthermore, family members will suffer distress when they

30% to 80% in ICU (1-3). ICU delirium is associated with a
lot of severe consequences, such as elevated ICU mortality,

prolonged duration of mechanical ventilation and length of

© Annals of Palliative Medicine. All rights reserved.

witness their loved one in this altered state (9).
Evidence shows that delirium can be prevented. The

most commonly recommended measure is implementing
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delirium prevention clustering measures, such as the
ABCDEF bundle (10). Along with universal prophylaxis,
tailor preventive measures depending on risk factors and
risk levels may be a more effective strategy (11). The risk
prediction model was used to predict the independent
influence of various risk factors on the disease's occurrence
and evaluate the possibility of conditions. Prediction of the
ICU delirium risk can help medical personnel effectively
identify high-risk patients and develop appropriate clinical
decisions. For instance, it can be utilized to better inform
family members about the patient's risk of developing
delirium and stratify patients in delivering future delirium
prevention studies (11-14).

Many scholars have previously established models for
predicting delirium of ICU patients based on single-center
or multi-center research designs. Additionally, prediction
models of delirium for postoperative patients and elderly
hospitalized patients were systematically reviewed (15,16),
but they were not explicitly targeted at ICU patients.
Therefore, the purpose of this study was to comprehensively
search studies on prediction models of delirium risk in
intensive care unit patients and systematically review
them from the aspects such as the basic features, statistical
methods, the methodological quality, predictors, and
performance of various prediction model, to provide a
theoretical basis for clinical practice and scientific research.
We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1183).

Methods
Search strategy

The following databases were searched: Cochrane Library,
PubMed, Embase, Web of Science, CINAHL Complete,
ProQuest, Chinese Biomedical Literature Database
(CBM), China National Knowledge Infrastructure
(CNKI), Wanfang and VIP database, from inception to
1" June 2019. Medical Subject Headings (MeSH) terms
and free words were combined: (predict* OR prognos*
OR risk*) AND (critical care OR critical illness OR
intensive car® OR icu* OR critically ill) AND (delirium
OR icu psychosis OR icu syndrome OR acute confusional
state OR acute brain dysfunction). The computer
search was supplemented by hand search of citations.
Literature was searched by 2 researchers (Y Zhang and
L Qiao) independently, and limited to papers published
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in English and Chinese. The protocol was registered
in PROSPERO (CRD42019130802). Available from:
https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42019130802. The search strategy for
PubMed was outlined below ((((((predict*[Title/Abstract])
OR prognos*[Title/Abstract]) OR risk*[Title/Abstract]))
OR "Prognosis"[Mesh])) AND ((((("Critical Care"[Mesh]
OR "Critical Care Nursing"[Mesh]) OR "Intensive Care
Units"[Mesh]) OR "Critical Illness"[Mesh])) OR (((((critical
care[Title/Abstract]) OR intensive care unit*[Title/
Abstract]) OR critical illness[ Title/Abstract]) OR icu*[Title/
Abstract]) OR intensive care[Title/Abstract]) OR critically
ill[Title/Abstract]))) AND (("Delirium"[Mesh]) OR
(((((delirium|[Title/Abstract]) OR icu psychosis[Title/
Abstract]) OR icu syndrome[Title/Abstract]) OR acute
confusional state[Title/Abstract]) OR acute brain
dysfunction[Title/Abstract])) .

Inclusion and exclusion criteria

Articles were included according to the following criteria: (I)
Study participants: ICU patients (age 18 years or older); (II)
Study content: a study using multivariable design to describe
the development or validation of patient delirium risk
prediction model (at least two predictors); (III) Study type:
cohort or case-control studies. Meanwhile, the exclusion
criteria were as follows: (I) A risk prediction model was not
established; (II) The model building process or method
was not described; (IIT) The outcome was evaluated in the
absence of the use of tools for reliability and validation; (IV)
The original text was not available or the information was
incomplete; (V) To avoid extracting the same data. We only
included the latest or most complete study.

Data extraction and study quality

The design of the data extraction table included the
year of publication, country, name of the risk prediction
model, participants, research design, sample size,
measurement of results, the process of testing results, risk
factors, development and verification methods (statistical
methods used and outcomes, i.e., % delirium), and the
performance of the prediction model. For evaluating the
model's prediction performance, model discrimination
and calibration are two important dimensions (17). The
discrimination reflects the ability of the prediction model
to distinguish whether the final event will occur or not, and
the most generally used evaluation index is AUC value (18).
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Database searching (n=11,165): PubMed
(n=1,363), Embase (n=3,329), Web of Science
(n=4,925), ProQuest (n=301), Cochrane (n=27),
CINAHL (n=773) CBM (n=350), CNKI (n=126),

Wanfang (n=354), VIP (n=93)

Additional records
through other
sources (n=0)

|
Y

| Records after duplicates removed (n=7,922) |

Y
| Full-text articles reviewed (n=162) |

v

Records excluded by title and abstract (n=7,760)

¥
| Studies included in qualitative synthesis (n=21) |

Y
| Studies included in quantitative analysis (n=11) |

Figure 1 PRISMA Search flow diagram.

The calibration reflects the consistency between the
predicted results and the model’s observed results (17). Two
reviewers (X Chen and Y Lao) collected data independently.
The risk of bias (ROB) and clinical applicability was
assessed by the PROBAST tool (19,20) from 20 questions
in four key domains: participants, predictors, outcome, and
analysis. Signaling questions are rated as: “yes/probably
yes”, “probably no/no”, and “no information”. According
to the signal problem and the author’s judgment, each
field was divided into “high”; “low” and “unclear”. All the
methodological quality evaluations included in the literature
were independently completed by two reviewers (X Chen
and Y Zhang). If there were differences, the decision was
made by another researcher (Y Lao).

Statistical analysis

All statistical analyses were performed using the forest
plot package in R3.6.1. We plotted AUC to summary the
predictive performance by forest plot. The Q test was used to
determine whether there was heterogeneity between studies.
If I’'<50%, it was considered that the studies did not show
statistical homogeneity, and a fixed-effects model was used
for analysis. If I’>50%, it was considered that the studies
were statistically heterogeneous, and the data were analyzed
by using a random-effects model; the sensitivity analysis was
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Excluded (n=140)

Risk prediction for subsyndromal delirium (n=1)
One-factor risk prediction model (n=10)

Wrong setting (n=18)

risk prediction for ICU delirium without model
development and validation (n=48)

Model building or validating process is not described
in detail (n=3)

Duplicate data (n=2)

Conference summary (n=28)

Wrong study design (n=31)

used to examine the robustness of the findings. Descriptive
analysis was used for studies that data could not be merged.

Results
Eligible articles and study characteristics

According to the search strategy, 11,165 articles were
initially obtained, and 21 articles were finally registered
(Figure 1) (21-41). Table 1 summarized the primary
characteristics of the included study. This review included
14 prediction models. Totally, 22,113 patients were included
in our study; most patients were from mixed ICU. Nineteen
studies (90.5%) used the Confusion Assessment Method for
Intensive Care Unit (CAM-ICU) to evaluate the results,
and delirium assessment frequency in 15 studies was two or
more times a day. Three models (19,36,41) were dynamic
prediction models (daily prediction), and the rest were static
prediction models, of which five prediction models used at
ICU admission and six models used within 24 hours after
admission to ICU. Only two studies followed the TRIPOD

statement.

Study quality

The ROB and clinical applicability were assessed with
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the PROBAST tool (19) (Table 2). Although all 21 studies
demonstrated a low applicability risk, only one of the
articles (25) had low bias risk, and the remaining studies
were associated with a high ROB. High ROB was mostly
in the domain of analysis. The reasons for the high
risk of bias in the analysis are as follows: (I) Insufficient
sample size. Five studies (23-25,30,32) met the sample
size standard (events per variable, EPV >10) in model
development studies. Whereas validation studies, only six
studies (25,30,31,35-38) met the standard of including at
least 100 participants with the outcome. (II) Continuous
predictors handled unreasonably. There were seven models
(21-24,27,29,41) in which collected continuous predictors
were converted into > two categories without using a
prespecified method. (III) Selection of predictors based on
univariable analysis. (IV) Lack of standardized evaluation
of model calibration. Model calibration was not assessed
or only assessed using the Hosmer-Lemeshow test. Only
six studies (23-25,31,36,37) used a calibration plot or belt
to assess the calibration. (V) Lack of internal validation
techniques. Four studies (24,27,30,40) lacked internal
validation in model development. (VI) Predictors and their
weights were inconsistent with the report or not reported.
The final model calculation formula was not reported after
model development in three studies (21,22,36), and the
regression coefficients in the final model were adjusted in
another three studies (27,39,41). In terms of predictors
and outcomes, the risk of bias was unclear in six articles
(26,27,30,33-35) because they did not report blind methods
in the literature. Details were shown in Appendix 1.

Statistical methods of models

In this review, 14 studies reported model development
(21-25,27-30,32,36,39-41), and 19 studies reported
model validation (21-23,25-29,31-41). The method of
model development was logistic regression. Six studies
(22,27,29,39-41) selected variables for inclusion in the
model based on univariable analysis. For 14 included
prediction models, ten models were verified internally, of
which Bootstrap was used in five studies (21-23,36,39).
Random split validation was used in four models
(25,28,29,32) internal validation, and the bootstrap
validation and random split validation were used in one
model (41). In terms of external validation, ten articles
reported calibration, four articles (22 27,29,39) carried out
the Hosmer-Lemeshow test, and six articles (23-25,31,36,37)
reported the calibration plot or belt. Specific statistical
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methods for the included models were shown in Table 3.

Predictors of models

Among the 14 prediction models included, the number
of candidate predictors was 11-116, and the number of
predictors in the final model was 3-14, with a total of
40 predictors. Furthermore, the predictors included in
the prediction models were divided into two categories:
predisposing factors and precipitating factors. In this
systematic review, the most common risk factor for delirium
in the intensive care unit was cognitive dysfunction
(including the history of Alzheimer’s disease, coma, and
cognitive impairment). In terms of precipitating factors,
sedation and analgesics were the most common predictors,
followed by infection and mechanical ventilation. The
predictors in the final model were presented in Tizble 4.

Predictive performance

Of the 14 articles associated with model development, 13
reported discrimination, and the C-statistics ranged from
0.73 to 0.93. For model validation, 14 articles reported
AUC, ranging from 0.62 to 0.94, indicating that the
included models were quite different. Nine studies were
calibrated using the Hosmer-Lemeshow test or a calibration
plot, and all of them showed moderate goodness of fit
(P>0.05).

In this review, three delirium prediction models were
externally validated in at least two studies, including
Prediction of Delirium in ICU Patients (PRE-DELIRIC
model), Early Prediction of Delirium in ICU Patients
(E-PRE-DELIRIC model), and recalibrated PRE-
DELIRIC model. Pooled AUC was conducted, and the
result was shown in Figure 2. For PRE-DELIRIC model
and E-PRE-DELIRIC model, heterogeneity among studies
were high (I’=94.66%, P<0.001 and 1’=95.83%, P<0.001).
The pooled AUC was calculated using a random-effects
model. The results showed the good accuracy of PRE-
DELIRIC model and E-PRE-DELIRIC model (pooled
AUC =0.84; 95% CI: 79.3-89.6% and pooled AUC
=0.76; 95% CI: 68.0-84.6%). The sensitivity analysis
demonstrated that a single study could not significantly
impact the pooled AUC with 95% Cls. For calibration of
the PRE-DELIRIC model, heterogeneity among articles
was low (’'=0%, P=0.32). The pooled AUC was calculated
using a fixed-effects model, and the result also indicated

good accuracy (pooled AUC =0.78; 95% CI: 73.8-81.3%).
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Table 1 (Continued)

TRIPOD

Timepoint of variables

Frequency of delirium
assessment

Delirium
measurement

Sample
size (n)

Study
design

Participants

Country

Study ID

No

Every 12 h

2,178 CAM-ICU or

Prospective

Age =18, patients in ICU

7 countries®

Wassenaar

ICDSC

cohort

(2018) (37)

No

Twice daily

455 CAM-ICU

Prospective

Age =18, patients in ICU

Australian

Green

cohort

(2019) (38)

CAM-ICU Twice daily At ICU admission No

250

Age =18, patients in surgical ICU  Prospective

Thailand

Chaiwat

cohort

(2019) (39)

Twice daily At ICU admission No

ICDSC

265

China Age =18, patients in surgical ICU Case-

Xing

control

(2019) (40)

Twice daily Daily No

560 CAM-ICU

Prospective

Age =18, patients in ICU

China

Fan

cohort

(2019) (41)

© Annals of Palliative Medicine. All rights reserved.

TRIPOD, Transparent Reporting of a multivariable prediction Model for Individual prognosis or Diagnosis; ICU, Intensive Care Unit; CCU, Cardiac Care Unit; CAM-ICU,

Confusion Assessment Method for ICU;ICDSC, Intensive Care Delirium Screening Checklist; a, Australia, Belgium, Germany, Spain, Sweden; b, Australia, Belgium, England,

Germany, Spain, Sweden, and the Netherlands; c, Australia, Belgium, Canada, Denmark, Portugal, USA, and the Netherlands; —, no information.
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Discussion

In this systematic review, we found 21 studies involving 14
models for predicting ICU delirium. Except for the post-
cardiac surgery model (22) and the E-PRE-DELIRIC
model (37), whose reported AUC <0.7 in external
validation, most models had excellent discrimination (AUC
>0.7). However, for the E-PRE-DELIRIC model, the
summary AUC score was >0.7. The main reason was that
patients received preventive measures according to two
models in ref 37, which reduced the incidence of delirium
and hence lowered the AUC value of the E-PRE-DELIRIC
model. In this systematic review, nine studies reported the
calibration and showed that the calibration accuracy was
satisfactory overall (P>0.05). However, due to insufficient
data, quantitative synthesis cannot be conducted.

At present, the PRE-DELIRIC and E-PRE-DELIRIC
model are the most common prediction model of ICU
delirium. The meta-analysis indicates that they have a good
ability to distinguish delirium. PRE-DELIRIC model
has been externally validated by scholars in China (26),
Lithuania (34), Argentina (35), Australian (38), and pooled
AUC are 0.844, which indicates superior performance.
However, the results are partially different from the present
one meta-analysis of PRE-DELIRIC by Ho (42), which
shows a cumulative AUC is 0.78 (95% CI: 0.74-0.81). The
main reason is that we analyze the performance of PRE-
DELIRIC without including the recalibrated model, whose
accuracy is not as good as the former one. The calibrated
model is considered a newly developed model and should
not be included. Plus, we have included two Chinese
studies whose AUC is nearly 0.93, which attributes to
better performance. The PRE-DELIRIC model contains
ten predictive factors: age, APACHE II score, admission
category, coma, infection, metabolic acidosis, emergency
admission, blood urea nitrogen and sedative use, morphine
dose within 24 hours. It was designed to predict delirium
in surgery, medical, trauma, or neurology adult patients.
According to the prediction model, the risks are divided
into 4 levels: low-risk group (0-20%), intermediate-risk
group (20-40%), high-risk group (40-60%) and extremely
high-risk group (>60%).

However, ICU delirium tends to occur in the first day
of ICU stay (39), PRE-DELIRIC model only predicts
delirium 24 h later after ICU admission. E-PRE-DELIRIC
model could predict delirium risk as soon as the patient
entered the ICU, which had advantages in a clinical
application (43). It includes nine predictors: age, history

Ann Palliat Med 2021;10(2):1467-1479 | http://dx.doi.org/10.21037/apm-20-1183
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Table 2 ROB and clinical applicability of included studies
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ROB Applicability Overall
Study ID
Participants ~ Predictors Outcome Analysis  Participants Predictors Outcome ROB  Applicability

Pisani (2007) (21) + + + - + + + - +
Katznelon (2009) (22) + + + - + + + - +
van den (2012) (23) + + + - + + + - +
van den (2014) (24) + + + - + + + - +
Wassenaar (2015) (25) + + + + + + + + +
Li (2015) (26) + ? ? - + + + - +
Yuan (2017)(27) - ? ? - + + + - +
Chen (2017) (28) + + + - + + + - +
Zhu (2017) (29) + + + - + + + - +
Luo (2017) (30) - ? ? - + + + - +
Lee (2017) (31) + + + - + + + - +
Moon (2018) (32) + + + - + + + - +
Deng (2018) (33) + ? ? - + + + - +
Linkaite (2018) (34) + ? ? - + + + - +
Sosa (2018) (35) - ? ? - + + + - +
Marra (2018) (36) + + + - + + + - +
Wassenaar (2018) (37) + + + - + + + - +
Green (2019) (38) + + + - + + + - +
Chaiwat (2019) (39) + + + - + + + - +
Xing (2019) (40) + + + - + + + - +
Fan (2019) (41) + + + - + + + - +

ROB, risk of bias; +, low ROB/low concern regarding applicability; —, high ROB/high concern regarding applicability; ?, indicates unclear

ROB/unclear concern regarding applicability.

of cognitive dysfunction, history of alcoholism, blood urea
nitrogen, admission disease group, emergency admission,
mean arterial pressure (MAP) at admission, glucocorticoid
use, and respiratory failure at admission. The risks are
divided into four levels: extremely low-risk group (0-
10%), low-risk group (10-20%), intermediate-risk group
(20-35%), and high-risk group (>35%). Both models are
suitable for mixed ICU patients. However, the E-PRE-
DELIRIC model (the pooled AUC was 0.78) was not as
good as that of the PRE-DELIRIC model. Wassenaar (37)
conducted a prospective study of 2,178 ICU patients
in 11 hospitals in seven countries. It was concluded
that the E-PRE-DELIRIC model, in conjunction with
the PRE-DELIRIC model, is more sensitive in the

© Annals of Palliative Medicine. All rights reserved.

prediction of delirium. Hence, it is recommended to use
E-PREDELIRIC at ICU admission. If delirium did not
occur, PREDELIRIC should be completed within 24 h to
improve the detection of low-risk cases.

However, there is substantial heterogeneity between
different studies. On the one hand, the difference in study
characteristics (such as where studies were conducted
and what participants were included) (7zble 1) might
lead to significant heterogeneity. On the other hand, the
diversity of data collection among studies might affect the
model’s performance. The resulting variable, delirium, is a
fluctuating, sudden acute condition that requires objective
and accurate assessment. However, the outcome assessed by
clinical staff and the frequency of assessment was quite non-
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Table 4 Predictors of selected models
Model name Ifmal Predictors in final model Car.ldldate
predictors (n) predictors (n)
Pisani Model (21) 4 Dementia, receipt of benzodiazepines before ICU admission, elevated creatinine level, 47
low arterial pH
Katznelon 6 Older age, preoperative depression, preoperative renal dysfunction, complex cardiac 18
Model (22) surgery, perioperative intracortical balloon pump support, and massive blood
transfusion
PRE-DELIRIC 10 Age, APACHE-II score, admission group, coma, infection, metabolic acidosis, use of 25
Model (23) sedatives and morphine, urea concentration, and urgent admission
recalibrated PRE- 10 Age, APACHE-II, urgent and admission category, infection, coma, sedation, morphine 25
DELIRIC Model (24) use, urea level, metabolic acidosis
E-PRE-DELIRIC 9 Age, history of cognitive impairment, history of alcohol abuse, BUN, admission 18
Model (25) category, urgent admission, mean arterial blood pressure, use of corticosteroids, and
respiratory failure
Yuan Model (27) 6 History of hypertension, hypoxemia, use of benzodiazepines, deep sedation, 14
mechanical ventilation, infection
Lanzhou Model (28) 11 Age, APACHE-II score, coma, emergency operation, mechanical ventilation, multiple 11
trauma, metabolic acidosis, history of hypertension, delirium and dementia, and
application of Dexmedetomidine Hydrochloride
Zhu Model (29) 3 Urea concentration, infection, level of consciousness 22
Luo Mode 1(30) 5 History of alcohol abuse, mechanical ventilation, APACHE-II, Total bilirubin, blood urea 24
nitrogen
Auto-DelRAS 11 Age, education, level of consciousness score, pulse, activity level, medical 116
Model (32) department, BUN level, infection, total number of catheters, restraints, and
psychopharmacologic medications
ABD-pm Model (36) 14 ICU admission included the following: age, ICU type, use of medications to treat 15
Alzheimer’s disease, APACHE Il and mechanical ventilation. Daily factors included:
current brain function status, mechanical ventilation, sepsis, SOFA score, length of
stay, administration of benzodiazepines, opiates, propofol and antipsychotic agents
POD Model (39) 6 Age, diabetes mellitus, severity of disease (SOFA score), perioperative use of 25
benzodiazepine and mechanical ventilation
Xing Model (40) 5 Physiological and Operative Severity Score for the enumeration of Mortality and 10
morbidity, acid-base disturbance, history of coma, diabetes and hypertension
DYNAMIC-ICU 7 History of chronic diseases, hearing deficits, infection, higher APACHE Il scores 27

Model (41)

at admission, the use of sedatives and analgesics, indwelling catheter, and sleep
disturbance

APACHE-II, Acute Physiology and Chronic Health Evaluation Il. SOFA, Sequential Organ Failure Assessment. BUN, blood urea nitrogen.

systematic in some studies (26,35), decreasing consistency.
Data loss is also a significant source of heterogeneity. For
example, van den Boogaard (23) reported that some values
(such as urea, metabolic acidosis, and sodium) were missing,
and the mean normal value was imputed. To some extent,
the variance and standard deviation of the data will be
reduced, and the degree of variation will be underestimated.

© Annals of Palliative Medicine. All rights reserved.

Therefore, the results of the meta-analysis should be
carefully considered.

In this systematic review, the number of predictors
in the final model ranged from 3 to 14. Prior cognitive
impairment was the most common predisposing factor in
14 included models. Moreover, sedative and analgesics were
the most precipitating factors, followed by infection and
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Study ID C-statistic(95% Cl) Weight(%)
Boogaard et al(2012)a PRE-DELIRIC 0.890(0.857,0.923) —.— 14.04
Boogaard et al(2012)b PRE-DELIRIC 0.840(0.811,0.869) —.— 14.22
Li et al(2015) PRE-DELIRIC 0.936(0.909,0.963) —— 14.31
Deng et al(2018) PRE-DELIRIC 0.928(0.891,0.965) —a— 13.83
Linkaité et al(2018) PRE-DELIRIC 0.713(0.550,0.876) —_———— 5.96
Sosa et al(2018) PRE-DELIRIC 0.840(0.748,0.932) —— 10.07
Wassenaar et al(2018) PRE-DELIRIC 0.740(0.713,0.767) —— 14.31
Green et al(2019) PRE-DELIRIC 0.790(0.743,0.837) — 13.26
Total (random effects)(Z=32.296,P<0.001) 0.844(0.793,0.896) ——— 100
Wassenaar et al (2015) E-PRE-DELIRIC 0.750(0.709,0.791) —.— 25.04
Deng et al(2018) E-PRE-DELIRIC 0.904(0.861,0.947) — 24.89
Wassenaar et al (2018) E-PRE-DELIRIC 0.680(0.651,0.709) —-— 25.81
Green et al(2019) E-PRE-DELIRIC 0.720(0.669,0.771) —— 24.25
Total (random effects)(Z=17.932,P<0.001) 0.763(0.68,0.846) —— 100
Lee et al(2017) recalibrated PRE-DELIRIC 0.750(0.687,0.813) —— 36.00
Green et al(2019) recalibrated PRE-DELIRIC 0.790(0.743,0.837) —a— 64.00
Total (fixed effects)(Z=40.396,P<0.001) 0.776(0.738,0.813) —— 100

Figure 2 Meta-analysis of delirium prediction models.

mechanical ventilation. These risk factors were included
in the PRE-DELIRIC and E-PRE-DELIRIC model, the
most extensively used models. However, the definition of
prior cognitive impairment was inconsistent, and the drugs
used for sedative and analgesics were not the same among
studies, which would make predictors’ clinical application
challenging.

In this systematic evaluation, the quality of evidence was
low because of the overall high ROB. The main reason
for high ROB was in the analysis field, such as insufficient
sample size, lack of internal or external verification, and
selection of prediction factors based on univariate analysis.
It is suggested that scholars should follow the rigorous
research scheme designed by the PROBAST tool when
developing or verifying the delirium risk prediction model
in ICU in later research. Besides, the TRIPOD list should
be submitted as an attachment when submitting articles on
predictive models, so that academic editors, peer-reviewed
experts, and researchers can evaluate the methodological
quality of the articles. However, in this review, only two
articles followed the TRIPOD reporting standard, which
might prevent readers from assessing the quality of a
prognostic model (44).

In this review, the probability for delirium development
was divided into groups, like very low, low, moderate,
and high risk of delirium. Sensitivity and specificity were
calculated for these different groups. We cannot derive the

© Annals of Palliative Medicine. All rights reserved.
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model’s sensitivity and specificity based on the available
data, which is regarded as suitable measures to express
discriminative abilities. In future research, the overall
specificity and sensitivity of the model can be reported.
Moreover, it is of considerable significance to promote the
external verification and clinical application of the model.
Most models have been developed in the past five years,
and the number of studies is limited. Specifically, there is a
lack of prospective cohort validation studies on population
models of intensive care units in different hospitals and
regions and comparative studies on the prediction efficiency
of different models in the same population. Many models
have not been verified externally, so it is difficult to compare
their accuracy. At present, few scholars have discussed the
application effect of the model in clinical practice (45),
which may be related to the increase of staft workload and
the tedious calculation of the model. Some scholars believe
that intelligent risk prediction is conducive to promoting
the model’s clinical application of (46). It is necessary to rely
on information systems to automatically collect prediction
factor information and calculate prediction results in
future experiments. At the same time, RC'Ts should include
delirium risk score as inclusion/stratification criteria if a
risk cut-off must be chosen to deliver delirium preventive
intervention. The stratified research design will make the
groups more comparable. In the clinic, we can inform the
family caregivers whether the patient is at high risk and
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what we can do together to prevent it according to the ICU
delirium prediction model.

Conclusions

This meta-analysis indicates that PRE-DELIRIC and
E-PRE-DELIRIC model yield a good prediction accuracy,
and we suggest they could be the consideration to predict
the risk of ICU delirium. However, heterogeneity does
exist among studies, so the suggestion should be carefully
considered. As for the future research direction, it is
suggested that researchers should combine advanced
statistical techniques and strictly follow the statement of the
TRIPOD statistical performance report.
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Supplementary

Appendix 1 Details of the ROB and clinical applicability of included studies

Participants Predictors Outcome Analysis
Study ID

1.1 1.2 2.1 2.2 23 3.1 3.2 3.3 3.4 3.5 3.6 4.1 4.2 4.3 4.4 4.5
Pisani (2007) (15) Y Y Y PY Y Y Y Y Y PY Y N N Y Y Y N Y
Katznelon (2009) (16) Y Y Y Y Y Y Y Y Y Y Y N N Y Y N N Y
Boogaard (2012) (17) Y Y Y PY Y Y Y Y Y PY Y N N Y N Y Y Y
Boogaard (2014) (18) Y Y Y Y Y Y Y Y Y Y Y N N Y N Y Y N
Wassenaar (2015) (19) \% Y \'% \% Y Y Y \% Y \4 \% Y Y \% \% \%
Li (2015) (20) Y Y Y NI Y Y Y Y Y NI Y N Y Y Y - PY N
Yuan (2017) (21) N Y Y NI Y Y Y Y Y NI Y N N Y Y N Y N N N
Chen (2017) (22) Y Y Y PY Y Y Y Y Y PY Y N Y Y Y Y Y N N Y
Zhu (2017) (23) Y Y Y PY Y Y Y Y Y PY Y N N Y Y N Y N N Y
Luo (2017) (24) N Y Y NI Y Y Y Y Y NI Y Y Y Y Y Y N N N Y
Lee (2017) (25) Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y - Y Y - —
Moon (2018) (26) Y Y Y PY Y Y Y Y Y PY Y N Y Y Y Y Y N Y Y
Deng (2018) (27) Y Y Y NI Y Y Y Y Y NI Y Y Y Y Y - N N - —
Linkaité (2018) (28) Y Y Y NI Y Y Y Y Y NI Y N Y Y Y - N N - —
Sosa (2018) (29) Y N Y NI Y Y Y Y Y NI Y Y Y Y Y - N N - —
Marra (2018) (30) Y Y Y Y Y Y Y Y Y Y PY Y Y N Y Y Y Y NI
Wassenaar (2018) (31) Y Y Y Y Y Y Y Y Y Y Y Y Y - Y N - —
Green (2019) (32) Y Y Y Y Y Y Y Y Y Y Y Y Y - Y Y - —
Chaiwat (2019) (33) Y Y Y PY Y Y Y Y Y PY Y N Y Y Y N Y N Y N
Xing (2019) (34) Y Y Y PY Y Y Y Y Y PY Y N Y Y Y N Y N N Y
Fan (2019) (35) Y Y Y PY Y Y Y Y Y PY Y N N Y Y N Y N Y N

ROB, Risk of bias; Y/PY, yes/ probably yes; N/PN, no/probably no; —, no information; NI, not appliable.

1.1 Were appropriate data sources used, e.g., cohort, RCT, or nested case-control study data?
1.2 Were all inclusions and exclusions of participants appropriate?

2.1.
2.2.

Were predictors defined and assessed in a similar way for all participants?
Were predictor assessments made without knowledge of outcome data?

2.3 Are all predictors available at the time the model is intended to be used?

3.1.
3.2.
3.3.
3.4.
3.5.
3.6.
4.1.
4.2.
4.3.
4.4.
4.5.
4.6.
4.7.
4.8.
4.9.

Signaling questions are answered as yes, probably yes, probably no, no, or no information. ROB and concerns for applicability are rated as low, high, or unclear.
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Was the outcome determined appropriately?

Was a prespecified or standard outcome definition used?

Were predictors excluded from the outcome definition?

Was the outcome defined and determined in a similar way for all participants?
Was the outcome determined without knowledge of predictor information?
Was the time interval between predictor assessment and outcome determination appropriate?
Were there a reasonable number of participants with the outcome?

Were continuous and categorical predictors handled appropriately?

Were all enrolled participants included in the analysis?

Were participants with missing data handled appropriately?

Was selection of predictors based on univariable analysis avoided?*

Were complexities in the data (e.g., censoring, competing risks, sampling of control participants) accounted for appropriately?

Were relevant model performance measures evaluated appropriately?
Were model overfitting, underfitting, and optimism in model performance accounted for?*

Do predictors and their assigned weights in the final model correspond to the results from the reported multivariable analysis?*
"*": Development studies only.
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