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Comparison of the validity of the PRE-Deliric model and the
E-PRE-Deliric model for predicting delirium in cardiac

surgery patients

Eun Joo Jo
Department of Nursing, The Graduate School,
Pukyong National University
Directed by Professor Myoung Soo Kim, PhD

Abstract

Purpose
The purpose of this study was to identify characteristics related to the

incidence of delirium after cardiac surgery and to analyze the validity of the

PRE-DELIRIC model and E-PRE-DELIRIC model.

Method

713 patients aged 18 years or older who were admitted to the cardiac
surgery. Data were collected through electronic medical records. Using
CAM-ICU, we divided the patients into delirium and non-delirium groups and
analyzed their characteristics. Continuous variables were analyzed using t-test,
and categorical variables were analyzed using x°-test. The presence or absence
of delirium was confirmed by dividing the risk group by the model's score,
and sensitivity, specificity, positive prediction, and negative prediction were
verified using the Youden index. The ROC curves of the PRE-DELIRIC model
and E-PRE-DELIRIC model were drawn to calculate the area under the

curves, and the 95% confidence interval (CI) was presented.



Result

There were 205 delirium patients and significant variables were gender
(p=.005), age (p=<.001), hospital stay (p<.001), postoperative hospital stay
(p=<.001), intensive care unit stay (p=<.001), hypertension (p=<.001), diabetes
(p=<.001), alcoholism (p=<.001), kidney failure (p=.010) and BUN (p=.001). The
average scores of the PRE-DELIRIC model and E-PRE-DELIRIC Model were
49.72£29.919% and 18.14+0.4196, respectively. In the PRE-DELIRIC model, which
is the cutoff point of the Youden index, sensitivity, specificity, positive
prediction, negative prediction were 64.88%, 83.27%, 61.01%, 85.45% (cut—off
point of 14.05%). In the E-PRE-DELIRIC model, corresponding indicators were
73.17%, 51.57%, 37.88%, 82.65% (cut-off point of 64.01%), respectively. The
areas under the curve for the PRE-DELIRIC model and the E-PRE-DELIRIC
model were 0.77 (95% CI 0.7470.82) and 0.65 (95% CI 0.6170.69), respectively

Conclusion

Although the two models showed a good and a poor level of validities, the
PRE-DELIRIC model was more valid than the E-PRE-DELIRIC model. The
E-PRE-DELIRIC model can easily and quickly detect delirium risk groups,
however, it has limitations of not being able to identify delirium risk groups.
Therefore, it may be helpful to mix E-PRE-DELIRIC with the PRE-DELIRIC
model. The two prediction models are expected to help improve the quality of
nursing for early detection and prevention of delirium risk groups so that
intensive observation and intervention can be induced for patients at high risk

of delirium.

Key words : Delirium, Thoracic Surgery, Risk Assessment, Intensive Care

unit, Sensitivity and Specificity
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5753 32+ (Wassenaar et al.,
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124 patients excluded
e vyears of age < 18 (n=45)

unable to measure
CAM-ICU even before

admission ICU (n=79)

patients included for analyses (n=713)

Figure 1. Flow Chart this study
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3) PRE-DELIRIC model
PRE-DELIRIC model %, APACHE-II d5, 9 1%, E574H,
T, WAAE, AAA D mEd b, 9k %

A9 e4w AN AN S T8 Az fakste] HarE 20% o

et al. 2012)(Table 2).
Table 2. Formula for PRE-DELIRIC model
risk of delirium =
1/[1+e-(-6.31
+ 0.04 x age
+ 0.06 x APACHE-TI score

+ 0 X non-coma

or 055 x drug induced coma
or 2.7 x miscellaneous coma

or 2.84 x combination coma

+ 0 x surgical patients
or 0.31 x medical patients
or 1.13 x trauma patients

or 1.38 x neurology/neurosurgical patients

+ 1.05 x infection

+ 0.29 x metabolic acidosis

+ 0 X no morphine use
or 041 x 0.01-7.1 mg/24h morphine use
or 0.13 x 7.2-18.6 mg/24 h morphine use
or 051 x >186 mg/24 h morphine use

+ 1.39 x use of sedatives

+ 0.03 x urea concentration (mmol/L)

+ 040 x urgent admission))
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4) E-PRE-DELIRIC model

E-PRE-DELIRIC model:= PRE-DELIRIC models 5, #7]|o], <=
=9 ~F ¢l AW, vda=29 137] ICUMA th=% =
e =R ICU 99 F 24407 ol el Aol g wAlstE g ICU §f

a, 20% ZIolA 35% olstelW T A, 35% X}

3,
b
)
o
o

Adrom RS AT FA IREE T1%, Soles 69%, =4l
st A2 0.76°] R tH(Wassenaar et al,, 2015). H & ©E yoA e A+
S AHEY F3oA CSICUC g 7254 a5 tdo= 3 A+
N FAdstH AL 0540]aL Rde] AWEe 0182 YEFSTHGao et
al., 2022). dEolAM = A g I7H SAE e E & AT
o /] = AshH AL 0.68% YEFLTH(Kinoshita et al., 2021)(Table 3).
Table 3. Formula for E-PRE-DELIRIC model

risk of delirium =

1/[1+e-(-3.907

+ 0.025 x age

+ 0.878 x history of cognitive impairment
0.505 x history of alcohol abuse

0 x surgery

or 0.370 x medical

or 1.219 x trauma

+

+

or 0504 x neurology/neurosurgery

+

0.612 x urgent admission
- 0.006 x MAP at the time of ICU admission
0.283 x use of corticosteroids

+

+

0.9982 x respiratory failure
0.018 x BUN in mmol/l at time of ICU admission)]

+

,26,
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7
o] A" Wt 651941 L 60-69417F 2309 (32.3%) .= 7HE BWkal v
2 70-79A417F 2147 (30%) o] ATt

Aol A% tidAE 20578(288%)olaL, AW 7Ixbe B

=4

dlo
lo

14.22+47.19A1 2Pl ATt thAAE9] Ft Al 713 29.77+33.359 0] 9L 1L,
T 5 Wit 2309130449 A sk Aew vEyten T A4

A 717 HAt 54146299 o)Atk FE Al 7S Ht 309.81+£120.05%-0]

1 FE T ATEF7] AR AEE Hi 46.55+120.04F 01t SEHY
< 2607 (365%)°1A L, FETFES 164%(23%)01ATE. FE WHS

on—pump ¥ o] 6417 (89.9%), off-pump o]l 33W(4.6%)°lAT}. F&
THET valve ##H o] 2999 (41.9%) 0.2 7 weka, CABG %
(21.7%), aortar¥ F=(18.1%), A& mass#d +%(5.2%) Tol Atk
HEmol e 8414+21 9mmHge] 2 #E4 morphine AME =S H
2.11£2.34mgeol At 71A A ge] gl ddAE 398 G5%) o2t
1 EH(44.8%), Fxx(22.7%), DAEF(7.1%), AFA(B.7%) 52 7142%
S 7FA I AT A Al o) FEE diFE sedation(97.1%) A E] L

A Al o2 F=FL glert(76.6%)7F 7HE ©kth(Table 4).
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Table 4. Demographic Characteristics and Disease-related

Characteristics (N=713)
Characteristics Category N(%) M+SD

Gender Male 443(62.1)

Female 270(37.9)
Age(year) 65.19+12.85

20-49 79(11.1)

50-59 111(15.6)

60-69 230(32.3)

70-79 214(30)

80 < 79(11.1)
Delirium Yes 205(28.8)
Delirium time(hr) 14.22+47.19
Hospital day 29.77+33.35
Postoperative hospital day 23.09+30.44
ICU hospital day 5.41+6.29
Operation time(min) 309.81+120.05
Ventilator time(min) 46.55+120.04
Emergency admission 260(36.5)
Emergency surgery 164(23.0)
Operation method On-pump 641(89.9)

Off-pump 33(4.6)
Type of operation Valve-related 299(41.9)

CABG 155(21.7)

Aorta-related 129(18.1)

Mass-related 37(5.2)

Transplantation 20(2.8)

CABG+Valve 16(2.2)

Others 57(8.0)
MAP(mmHg) 84.14+21.9
BUN(mmol/L) 30.32+18.2
Morphine use(mg) 2.11+2.34
APACHE-1I 3.62+0.59
Underlying diseases Hypertension 320(44.8)

Diabetes mellitus 162(22.7)

CKD 41(5.7)

Hyperlipidemia 51(7.1)

COPD 17(2.3)

Alcoholism 7(0.9)

Cognitive disorder 10(1.4)

Respiratory disorder 4(0.5)

None 39(5.5)

,30,



Smoker Yes 274(38.4)

Level of conscious Coma 1(0.1)
(Admission) Sedation 692(97.1)
Drowsy 2(0.3)
Alert 18(2.5)
Level of conscious Coma 36(5.0)
(Discharge) Sedation 3(0.4)
Drowsy 128(18.0)
Alert 546(76.6)

M=mean ; SD=standard deviation ; APACHE=Acute Physiology and Chronic Health
Evaluation ; BUN=Blood Urea Nitrogen ; CABG=Coronary artery bypass graft ;
CKD=Chronic kidney disease ; COPD=Chronic obstructive pulmonary disease ;
MAP=Mean Arterial Pressure
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WA & A9 TAES 288%%, AUw HAgT s el 44
54 AW A8 54S vasdn didAel 54 5 AEx*=8.04
p=005)2 A% F FAe]l 1447(202%), 1A el 619(86%)0 1L, A
(t=-5.56, p<.001)& A el (69.04:11.124) WA < (6363+13.174) X

O frels Al =kvh R ALY (t=-352, p<.00D), F& F AY 7

_

g o (x*=-343, p<001), B F(x*<1051, p=.001) LZFTHAH
(p<.001), 217 o F(x*=6.57, p=.010), BUN ] (t=-5.21, p<.00D)°l <
gk 2ol 7k At (Table 5).
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Table 5. Comparison of characteristics of delirium group and

non-delirium group (N=713)
Delirium non-Delirium
Characteristics Category (n=205) (n=508) ) D
M=SD / N(%) M=SD / N(%)
Gender Male 144(32.5) 299(67.5)
Female 61(22.6) 209(77.4) 804005
Age(year)x* 69.04+11.12 63.63 +13.17 -556 <.001
20-49 8(10.2) 71(89.8)
50-59 26(23.4) 85(76.6)
60-69 63(27.4) 167(72.6) 25.23 <.001
70-79 76(35.5) 138(64.5)
> 80 32(40.5) 47(59.5)
Hospital day* 36.34+31.68 26.94+33.28 -3.52 <.001
Postoperative hospital day#* 28.99+£28.98 20.61+£30.56 -3.43 <.001
ICU hospital day* 7.33+7.39 4.63+5.62 -4.71 <.001
Ventilator timesx 65.54+145.56 38.89£107.26 -2.37 0.18
Emergency admission 84(32.3) 176(67.7) 252 112
Smoker 87(31.8) 187(68.2) 195 .162
Underlying Hypertension 112(35) 208(65) 11.06 .001
diseases Diabetes mellitus 63(38.9) 99(61.1) 1051 .001
CKD 19(46.3) 22(563.7) 657 .010
Hyperlipidemia 9(17.6) 42(82.4) 3.32 .068
coprD' 6(35.3) 11647 - 589
Alcoholism’ 6(85.7) 1(143) - .003
Cognitive disorder’ 3(30) 7(70) - 1.00
Respiratary disorder” 1(25) 3(75) - 1.00
Emergency Surgery 57(34.8) 107(65.2) 3.74 .053
Operation on-pump 183(27.2) 458(68)
method off-pump 9(1.3) 24(3.6) 0.02 874
Unused 13(33.3) 26(66.7)
MAP(mmHg)* 84.19+20.89 84.12+22.41 -0.04 .968
Infection 97(46.6) 111(53.4) 0.20 .840
Morphine use(mg)* 2+2.33 2.15+2.35 0.795 427
BUN(mmol/L)* 36.82£23.12 2771504 -521 <.001
Operation Time* 320512468 305.49+11798 -151 131
M=mean ; SD=standard deviation ; *t-test; ' Fisher's exact test;

APACHE=Acute Physiology and Chronic Health Evaluation ; BUN=Blood Urea

Nitrogen ; CABG=Coronary artery bypass graft ; CKD=Chronic kidney disease

; COPD=Chronic obstructive pulmonary disease ; MAP=Mean Arterial Pressure
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3. A EAgErd Bd e

PRE-DELIRIC Model®] <= Hvf 49.7242991d 0] 1 Akt e] Ao+
HiF 71.97+2843%Fola  w|AwWe] Wi ALE 40.74+2557% o] Qo)

(t=-14.3, p<.001). A FT(0%°1d 20%°]3) 10578 (14.7%) & 4%
594 (4.8%)°10 1, T5E AT (20%2 3 40%°]38t) 2587 (36.2%) & AW
T2 417(15.9%) 0l Atk 98 (40% =3 60%°]3) 1157 (16.1%) & A
WS 239 (20%), 2R T(60% 3 235 (33%) & AGTe 1369
(B679%) o2 e 2usdaol A% A g5l 579%% 7Y =8k
th(x? = 151.9, p<.001).

E-PRE-DELIRIC Model®] %4
T oWt 21.74+1226% 01 vl w e Hat HE4E 1669+10.13% o] ATk
(t=-5.22, p<.001). A YAF(0%°]4 20%°]3l) 186%(26.1%) & 24
2 297 (15.6%), AN TE(20%Z3 40%°]8H) 3307 (46.3%) & AHatS
95 (288%) Al HAERATE. T = AP A0%ET 60%°]3H) 144
(20.2%) & A2 5778(39.6%), LA (60% ) 538 (7.4%) & A
dat& 247 (45.3%) o Al A Ele], Y F ol e WA Eo] 453% % 7HE
= Aog ehygrh(x® = 31.04, p<.001)(Table 6)(Figure 3).
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Table 6.

Score distribution of PRE-DELIRIC model and E-PRE DELIRIC
model (N=713)

Category

Total Delirium  non-Delirium t or
M:+SD / N(9) M+SD / N(%) M+SD / N(%) 2 p

PRE-DELIRIC: 49.72£29.91  71.97+£28.43 40.74£25.5  -143 <.001

Low Risk 105(14.7) 5(4.8) 100(95.2)
i 2 2 ) 2 )
M.oderatce Risk 53(36.2) 41(15.9) 17(84.1) 1519 <001
High Risk 115(16.1) 23(20) 92(80)
Very High Risk 235(33) 136(57.9) 99(42.1)
E-PRE-DELIRICx* 18.14+0.41 21.74+12.26 16.69+£10.13 -522 <.001
Very Low Risk 186(26.1) 29(15.6) 157(84.4)
Low Risk 330(46.3) 95(28.8) 235(71.2)
31.04 <.001
Moderate Risk 144(20.2) 57(39.6) 87(60.4)
High Risk 53(7.4) 24(45.3) 29(54.7)
M=mean ; SD=standard deviation ; * t-test
Group—to—Group Comparison of PRE—DELIRIC
250 517
200
136
150 100 99 99 m Delirium (N)
100
0 : I 41 s m non—Delirium (N)
O -1 T T
Low Risk Moderate High Risk Very High
Group—to—Group Comparison of E-PRE—-DELIRIC
250 235
200 157
150 95 87 m Delirium (N)
100 57 m non—Delirium (N)
50 :
O -
Very Low Low Risk Moderate High Risk

Figure 3. Relationship between delirium prediction model score
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PRE-DELIRIC Model E}F =5 H7lsl7] s Y447 #AAISE cut-off
point®} Youden A|FE o|&3ste] HA Hol tish W= Solk &4

, TSRS HlAshATh 1ARE A (QL) 25.333 M WA E, 5o

87.4%, 64.04%, 82.99%°]Ath. Youden A7} ¥H+= ZAAHSQ 64.01%01 A
s

e Solk, FAdd3E, S4d5%EE 64.88%, 83.27%, 61.01%,
85.45% Atk
E-PRE-DELIRIC Modeloll A= 1ARE 9 (Q1) 10758 A W17 %, 5o

A
L, FRASFE, SA8d5 5 87.32%, 29.92%, 33.46%, 85.39%°]iL 2AFE
A(Q2) 1493 W3HE, Solk, FAHAFE, F4dFEs 66.83%,
55.7% 37.85%, 80.63%°1A ™. Youden A7} ¥+ AAFQ 14.05%°l A
WA=, 5ok, FAd=5
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o
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—
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51.57%, 37.88%,
82.65% A tHTable 7).

Table 7. PRE-DELIRIC Model, E-PRE-DELIRIC Model Sensitivity,

Specificity, Positive, Predictive Power, Negative Predictive

Power (N=713)
Cut-Off L .

Category . Sensitivity Specificity PPP NPP

Point

PRE-DELIRIC 10.75(Q1) 87.32 29.92 33.46 85.39

14.05" 73.17 51.57 37.88 82.65

14.9(Q2) 66.83 55.7 37.85 80.63

21.95(Q3) 35.6 79.33 41.01 75.33

E-PRE-DELIRIC 25.33(Q1) 90.73 31.3 34.77 89.33

39.48(Q2) 78.05 61.22 44.82 87.36

64.01° 64.88 83.27 61.01 85.45

79.26(Q3) 55.61 874 64.04 82.99

PPP=positive predictive power; NPP=negative predictive power; * Youden A<=

7F He AAA
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=79 Bl % H37ME 913+ ROC (Receiver operating characteristic) =41
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Figure 4. ROC curve using PRE-DELIRIC Model and E-PRE-DELIRIC
Model

Table 8. Comparison of PRE-DELIRIC Model and E-PRE-DELIRIC

Model AUC
Category AUC 95% CI D
PRE-DELIRIC Model 0.77 0.7470.82 <.001
E-PRE-DELIRIC Model 0.65 0.6170.69 <.001

AUC=area under the receiver operating characteristic curve
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