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Introduction. Delirium not only compromises patient care, but is 
also associated with poorer outcomes: increased duration of me-
chanical ventilation, higher mortality, and greater long-term cog-
nitive dysfunction. The PRE-DELIRIC model is a tool used to cal-
culate the risk of the development of delirium. The classification of 
the patients into groups by risk allows efficient initiation of preven-
tive measures. The goal of this study was to validate the PRE-DE-
LIRIC model using the  CAM-ICU (The Confusion Assessment 
Method for the Intensive Care Unit) method for the diagnosis of 
delirium.

Materials and methods. Patients admitted to the  University 
Hospital of Vilnius during February 2015 were enrolled. Every 
day, data were collected for APACHE-II and PRE-DELIRIC scores. 
Out of 167 patients, 38 (23%) were included and screened using 
the CAM-ICU method within 24 hours of admission to the ICU. 
We defined patients as having delirium when they had at least one 
positive CAM-ICU screening or haloperidol administration due 
to sedation. To validate the PRE-DELIRIC model, we calculated 
the area under receiver operating characteristic curve.

Results. The mean age of the patients was 69.2 ± 17.2 years, 
19  (50%) were male, APACHE-II mean score  18.0  ±  7.4 points. 
Delirium was diagnosed in 22 (58%) of 38 patients. Data used for 
validation of the PRE-DELIRIC model resulted in an area under 
the curve of 0.713 (p < 0.05, 95% CI 0.539–0.887); sensitivity and 
specificity for the patients with 20% risk were, accordingly, 77.3% 
and 50%; 40% risk – 45.5% and 81.3%, 60% – 36.4%, and 87.5%.

Conclusions. The PRE-DELIRIC model predicted delirium in 
the patients within 24 hours of admission to the ICU. Preventive 
therapy could be efficiently targeted at high-risk patients if both of 
the methods are to be implemented.
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units



15DELIRium in intensive care patients

INTRODUCTION

Delirium is defined as an acute, usually reversible, 
cerebral dysfunction that manifests in a wide range 
of neuropsychiatric symptoms. The main character-
istics are a sudden onset, behavioural changes (from 
aggression to apathy), and inattention. Even to this 
day, the aetiology and pathophysiology of this con-
dition remain unclear. However, it is known that 
delirium is associated with such negative outcomes 
as prolonged stay in the hospital, decreased physical 
functionality, and increased health care costs (1, 2).

The incidence of delirium in different depart-
ments ranges from 19% to 82%, the highest being 
in the  intensive care unit (ICU) (3). The  patients 
who develop delirium in the  ICU have a  two-to-
four-times increased risk of death both in and out 
of hospital compared to the  patients who do not 
(4, 5). As a result, delirium has attracted attention 
of many researchers worldwide for the  past dec-
ade. This has led to the development of diagnostic 
screening tools, prognostic risk models, and effec-
tive prevention methods, which are now becoming 
more and more part of routine in the care of criti-
cally ill patients.

Despite the fact that the development of delirium 
has definite organic causes, there are no laboratory 
investigations or imaging tests that could confirm 
this condition. Thus, the  diagnosis of delirium is 
based on clinical criteria, which are often unrecog-
nized and overlooked. In the view of the fluctuating 
nature of delirium, it has been acknowledged that 
cognitive functions of the patients have to be mon-
itored in the same manner as other vital functions 
(heart rate, blood pressure, etc.). For this reason, var-
ious screening tools for early detection of delirium in 
critically ill patients were developed.

Seven tests have been developed to evaluate delir-
ium in the ICU. Only four tests have been validated 
against DSM-IV criteria (Diagnostic and Statistical 
Manual of Mental Disorders IV) and only two are 
useful for intubated patients (6–10).

The most widely used delirium screening method 
is CAM-ICU (The  Confusion Assessment Method 
for the  Intensive Care Unit), which has been vali-
dated in high-quality studies, with sensitivity of 79–
100%, specificity of 87–100% (6–11). Even though 
the effectiveness of these instruments is clearly prov-
en, the implementation is difficult due to the lack of 
staff members, a misunderstanding regarding delir-

ium risk factors, outcomes, and disbelief that this 
screening approach may benefit (7, 12).

Prevention is an important delirium interven-
tion. According to the Pain, Agitation and Delirium 
Guidelines (13), non-pharmacological measures such 
as early mobilization, patient orientation, sleep, and 
friendly environment are highly recommended for 
the prevention while the pharmacological approach 
is still lacking clear evidence. However, the  imple-
mentation of such interventions requires consider-
able time and increases the  workload significantly. 
Therefore, various prediction models that could help 
identify high-risk patients have been developed. 

One of the  models to predict delirium accord-
ing to risk factors – the PRE-DELIRIC model – was 
internationally validated, though its true predic-
tive value can vary from one ICU to another (14). 
The  PRE-DELIRIC model was created in 2013 in 
the Netherlands based on a recent systemic review 
of delirium risk factors (15). This model includes 
ten objectively and clearly defined risk factors 
known within 24 hours of admission to the  ICU: 
age, Acute Physiology and Chronic Health Evalua-
tion II (APACHE II) score, coma, urgent admission 
(unplanned ICU admission), admission category 
(surgical, medical, trauma, neurology/neurosurgi-
cal), infection, coma, use of sedatives, morphine use 
(three dosage groups), serum urea, and metabolic 
acidosis (Table 1). Neither alcohol and drug abuse 

Table 1. Formula for the PRE-DELIRIC model (14)
Formula for the PRE-DELIRIC model
Risk of delirium = 1/(1+exp–(–4.0367)
+0.0183 × age
+0.0272 × APACHE-II score
+0 for non-coma, or 0.2578 for drug-induced coma, 
or 1.0721 for miscellaneous coma, or 1.3361 for com-
bination coma
+0 for surgical patients, or 0.1446 for medical patients, 
or 0.5316 for trauma patients, or 0.6516 for neurology/
neurosurgical patients
+0.4965 for infection
+0.1378 for metabolic acidosis
+0 for no morphine use, or 0.1926 for 0.01–7.1 mg/24 h 
morphine use, or 0.0625 for 7.2–18.6  mg/24  h mor-
phine use, or 0.2414 for >18.6 mg/24 h morphine use
+0.6581 for the use of sedatives
+0.0141× urea concentration (mmol/L)
+0.1891 for urgent admission
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nor dementia were included in the model, because 
these factors were considered as being of high risk 
for development of delirium.

The  intercept of the  scoring system is ex-
pressed as –4.0369; the other numbers represent 
the  shrunken regression coefficients (weight) of 
each risk factor.

The values were recalibrated during an inter-
national study for the PRE-DELIRIC model (14).

Our aim was to test the PRE-DELIRIC model and 
compare the  results with other studies. The  main 
goal of the  study was to validate the  PRE-DE-
LIRIC model for our ICU patients by using novel 
diagnostic tools. Indirectly, we aimed to spread 
the  up-to-date knowledge about delirium to our 
staff members.

METHODS

This prospective observational study was per-
formed at the 32-bed mixed medical-surgical ICU 
at the Centre for Anaesthesiology, Reanimatology, 

Fig. 1. Delirium assessment tool, Confusion Assessment Method for the ICU (CAM-ICU) flow sheet

and Critical Care Medicine of the Vilnius Univer-
sity Hospital.

All consecutive 167 patients older than 18 years 
of age admitted to the ICU from 1 to 28 February 
2015, were enrolled to the study. In order to relia-
bly detect delirium, we used a  validated delirium 
assessment tool, the  CAM-ICU (Fig.  1). Out of 
167 patients, 38 (23%) were included and screened 
using the  CAM-ICU method within 24 hours of 
admission to the ICU. Patients were not included if 
they were: comatose during the ICU stay, the length 
of stay in the ICU less than one day, unable to un-
derstand Lithuanian, suffered from receptive apha-
sia or mental disability, or had a history of alcohol 
or drug abuse (Fig.  2). To learn the  method, we 
used freely accessible manual with detailed guide-
lines and cases analyses as well as video materials 
(16). After training, we carried out a  pilot study 
of inter-rater reliability of the  Lithuanian version 
of the CAM-ICU. The inter-rater reliability of two 
assessors was above 0.80 Cohen’s kappa, indicat-
ing a very high agreement. To ensure if there was 
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no change in the  level of consciousness during 
the shift, we asked the nurses to describe patient’s 
consciousness during the  night and checked 
the medication list for haloperidol administration 
due to sedation.

Delirium was defined as at least one positive 
CAM-ICU screening during a patient’s complete 
stay and/or a  patient was treated with haloperi-
dol. Additionally, we distinguished three different 
types of delirium according to psychomotor symp-
toms indicated by the Richmond Agitation Seda-
tion Scale (RASS) score: hyperactive (RASS > 0, 
hyperalert, agitated), hypoactive (RASS  ≤  0, hy-
poalert, lethargic), and mixed (RASS score var-
ied) (17, 18). The ten predictors of the PRE-DE-
LIRIC model were collected within the first 24 h 
of ICU admission. Additionally, we collected data 
about patient’s demographics, outcome, and du-
ration of mechanical ventilation, the  length of 
stay in the ICU and in the hospital. The bioethical 
agreement was not obtained because the  design 
of the  study was observational, without inter-
vention, and had no influence on the  treatment 
decision.

Statistical analysis
Quantitative normally distributed variables were 
presented as means ± standard deviation (SD) 
and non-normally distributed variables as me-
dian and the  interquartile range (IQR). Cate-
gorical variables were expressed as actual num-
bers and percentages. Variables were assessed in 

the  groups of the  patients stratified by the delir-
ium status: delirious (n  =  22) and non-delirious 
(n = 16).

Statistical analysis was performed using 
SPSS  19 (SPSS, Inc., Chicago, IL, USA). Tests 
were chosen according to the  sample size and 
data distribution. Quantitative and not normal-
ly distributed variables were compared using 
the Mann-Whitney test. For normally distributed 
variables, we applied the t-test. Categorical varia-
bles were compared by using χ2 or a Fisher exact 
test. To assess the accuracy of the PRE-DELIRIC 
prediction model ROC curve was designed. All 
statistical tests were two-sided. P < 0.05 was con-
sidered significant for all tests.

RESULTS

The mean age of the patients was 69.2 ± 17.2 years, 
19 (50%) were male; the mean APACHE II score 
was 18.0 ± 7.4 points. The majority of the patients 
were neurological/neurosurgical (45%), followed 
by surgical (24%), medical (16%), and trauma 
(16%). Overall, 21 (54%) patients had surgery one 
day prior or during their stay in the ICU.

We confirmed delirium in 22 of 38 (58%) of in-
cluded patients by screening them with the CAM-
ICU, eight of them had hyperactive delirium, 
12 – hypoactive, two were mixed cases (Table 2). 
Haloperidol was administered due to sedation to 
six out of ten patients with hyperactive or mixed 
delirium. A median day to the onset of delirium 

Fig. 2. Flowchart of inclusion criteria
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was 1  (IQR 1–2) and delirium persisted for one 
day (IQR 1–2).

Data are medians with the 25th–75th quartiles 
(IQR) range and mean with standard deviation or 
number of patients (%).

The comparison of groups of delirious pa-
tients (n = 22) and non-delirious patients (n = 16) 
showed that delirium was associated with sig-
nificantly more frequent mechanical ventilation 
(p  =  0.002), longer duration of mechanical venti-
lation (p = 0.001), a higher RASS score (p = 0.001), 
and a  PRE-DELIRIC score (p  =  0.048) (Table  3). 
APACHE II scores, days with sedation, duration of 
the stay in the ICU, and mortality rate were not sig-
nificantly different between the groups.

The ability of the PRE-DELIRIC model to pre-
dict the prognosis correctly was tested by classifica-
tion matrices (Table 4). The highest overall correct 
classification of 0.74 was obtained using a decision 
criterion of 28.4%, with the sensitivity of 72.7% and 
the specificity of 75.0%.

The  ROC curve for the  PRE-DELIRIC mod-
el equation applied to our data is shown in Fig. 3. 
The area under the ROC curve was 0.713 (standard 
error 0.088, 95% CI 0.539–0.887, p < 0.05) and con-
firmed the  good discrimination of the  PRE-DE-
LIRIC model.

Table 3. Comparison of delirious and non-delirious patients

Delirious (n = 22) Non-delirious (n = 16) P value

Age (years), median (IQR, range) 73.5 (67.5–81, 73) 69 (54.75–81.75, 65) 0.407
APACHE-II score, median (IQR, range) 17.5 (12–23.5, 31) 17 (12.25–22.5, 26) 0.593
Sex (male, %) 13 (59%) 6 (38%) 0.189
Mechanical ventilation 19 (86%) 6 (38%) 0.002
Days on mechanical ventilation, median (IQR, range) 1 (1–4, 18) 0 (0–1, 4) 0.001
Sedation 11 (50%) 4 (25%) 0.120
Days with sedation 0.5 (0–1, 16) 0 (0–0.25, 5) 0.117
RASS score, median (IQR, range) 1.4 (1–2.5, 4.2) 0 (0–0.6, 3.5) 0.001
PRE-DELIRIC score, mean ± SD 0.398 ± 0.19 0.270 ± 0.19 0.048

Table 4. Correct classification rate, sensitivity, specificity, true positive and false positive rates for the PRE-DELIRIC 
model

Cut-off Sensitivity Specificity
Positive likelihood 

ratio
Negative likelihood 

ratio
Correct classification 

rate

20% 77.3% 50% 1.55 0.45 0.66
40% 45.5% 81.3% 2.42 0.67 0.61
50% 36.4% 87.5% 2.91 0.73 0.58

Table 2. Clinical characteristics of ICU patients

Variable N = 38

Age (years), median (IQR, range) 71 (65–81)
Sex (male, %) 19 (50%)
APACHE II score, mean ± SD 18.0 ± 7.4
Reasons for ICU admission:

• neurological/neurosurgical 17 (45%)
• surgical 9 (24%)
• medical 6 (16%)
• trauma 6 (16%)

Delirium 22 (58%)
• hyperactive 8 (36%)
• mixed 2 (9%)
• hypoactive 12 (55%)

Days to the onset of delirium, median 
(IQR, range)

1 (1–2, 9)

Duration of delirium (days), median 
(IQR, range)

1 (1–2, 2)

Mechanical ventilation 25 (58%)
Sedation 15 (40%)
Length of stay in the ICU (days), median 
(IQR, range)

2 (2–4)

Median (IQR, range) length of stay in 
the hospital (days)

14 (8–19)
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DISCUSSION

We tested an internationally validated delirium 
prediction model (PRE-DELIRIC) for our ICU 
patients. The main goal of the study was to evalu-
ate the PRE-DELIRIC model for delirium predic-
tion after admission to the ICU. The model result-
ed in an area under the curve of 0.713, indicating 
a moderate prediction value. In the original study, 
the results were slightly better – the AUROC was 
equal to 0.76 (14). The  biggest difference lies in 
the broader range of the confidence interval that 
can be explained by a smaller sample size in our 
study.

The original delirium prediction model was 
developed in 2012. The  data for the  model were 
derived from 1613 patients from a  single hospi-
tal, 25.5% of whom developed delirium (19). Six 
original research papers, including five prospec-
tive cohort studies and one retrospective record 
analysis, were selected in the systematic review re-
sulting in the identification of 25 risk factors (15). 
Of these potential risk factors, alcohol misuse, 
dementia, use of an epidural catheter, hyperam-

ylasaemia, hyponatraemia, use of dopamine, and 
use of lorazepam were excluded because of a prev-
alence rate below 10%. After multivariate logistic 
regression analysis with the  remaining risk fac-
tors, the PRE-DELIRIC model, which consisted of 
ten risk factors, was constructed. In the derivation 
cohort, the model had 87% accuracy rate for dis-
tinguishing between patients who did and did not 
develop delirium, whereas the predictions of phy-
sicians and nurses attending a subgroup of 124 pa-
tients were just 59% accurate. This team validated 
the model in a further 549 patients from the same 
hospital, finding that it had an accuracy of 89%.

In 2013, the  model was tested in six other 
countries (Australia, Belgium, Germany, Spain, 
Sweden, and United Kingdom) (14). This result-
ed in the recalibration of the model. Despite dif-
ferences of the predictors between the countries, 
the  discriminative power of the  PRE-DELIRIC 
model was not affected, indicating that the most 
important predictors for the  development of de-
lirium in the  ICU are included in the  model. In 
our study, the incidence of delirium was higher in 
comparison to other similar design studies (58% 

Fig. 3. The ROC curve for the PRE-DELIRIC model (curved line). The re-
lationship between true-positive (sensitivity) and false-positive (1 – speci-
ficity). The diagonal line is the line of chance performance. The area un-
der the curve is 0.713 (p < 0.05, 95% CI 0.539–0.887). Red dots represent 
the cut-off values of 20%, 40% and 50%
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vs. 12–39%). One of the  main reasons might be 
the fact that there were a  lot of neurological and 
neurosurgical patients (45% vs. 2–20%). Brain in-
jury is especially associated with an increased risk 
of delirium and this is reflected in the  PRE-DE-
LIRIC model by high coefficients given for the pa-
tients in coma states and neurological and neu-
rosurgical pathology (respectively, 0.25–1.34 and 
0.65). Otherwise, the data showed high variability 
in regard to patient demographics depending on 
specific case-mix: 42% vs. 12–46% for comatose 
patients, 32% vs. 6–58% for morphine use, 40% vs. 
16–82% for use of sedation, 87% vs. 35–97% for 
urgent admission and 34% vs. 15–55% for pres-
ence of infection (14).

In proportion to risk factors, these differences 
reflect the need to recalibrate PRE-DELIRIC mod-
el as each ICU can have its own specific patient de-
mographics or tendencies in treatment that might 
influence the predictive power of the model. Even 
though it was proved to be superior to prediction 
of the attending caregiver (19), it remains essential 
to test the model in order to refine the coefficients 
for each risk factor while also leaving a possibility 
to add new risk factors.

Additionally, in our study we compared delir-
ious and non-delirious patients. The  results were 
similar to the general trends in scientific literature: 
delirious patients had higher median RASS scores, 
spent a  significantly longer time on mechanical 
ventilation and in the ICU (1, 2, 5, 20, 21).

High-risk patients can be easily and reliably 
identified and can benefit from various preventive 
measures. It is proven that non-pharmacological 
interventions such as early mobilization, keeping 
the  normal circadian rhythm, cognitive stimula-
tion, reduction of sedatives and narcotic analge-
sics reduce the  incidence of delirium as well as 
its duration (3, 14, 19–21). It is even suggested 
that primary prevention of delirium is proba-
bly the most effective treatment strategy. Ideally, 
such measures should be provided for all ICU pa-
tients. However, it is not possible as they require 
a lot of resources and time. Moreover, there might 
be some benefits of haloperidol prophylaxis for 
the  patients undergoing surgery (23). In order 
to avoid potential side effects of the  drugs, only 
high-risk patients should be given drug prophy-
laxis. However, pharmacological preventive strat-
egies still lack solid evidence and they have not 

been recommended yet (13). Lastly, the ability to 
stratify risk can help physicians explain risks to 
patients and their families, and can help the fam-
ilies to better understand the possible outcomes.

The only challenge left is the  implementation 
of the  model. Even though the  risk factors of 
the model are easy to note down, it requires a sig-
nificant effort to collect them. Thus, the workload 
of nurses increases and this adds a  temporary 
barrier for the use of the model. However, an im-
portant part of this workload will be eliminated if 
the model is implemented in the electronic medi-
cal system calculating prediction values automati-
cally for each patient.

Otherwise, we experienced a negative attitude 
from our staff towards application of the  CAM-
ICU and the need to use a significant amount of 
resources for delirium prevention. From the  ex-
perience in other countries, the negative attitude 
is a common problem (7, 11). However, the situ-
ation tends to change significantly after the  im-
plementation. With a  better understanding and 
experience, nurses and physicians started to value 
the tool.

We strongly believe that a better understanding 
of delirium consequences and new ways to man-
age it would lead to a positive change in the cul-
ture of the  ICU. Thus, in order to ease the  im-
plementation of new diagnostic and prognostic 
methods for delirium in the  ICU, the  first step 
would be the education of staff members and un-
derstanding of their current knowledge and atti-
tude towards this condition.

CONCLUSIONS

The PRE-DELIRIC model can reliably predict 
a  manifestation of delirium within 24 hours of 
admission to the  ICU. However, the  true value 
of the  model can only be evaluated after its im-
plementation into clinical practice. Only then we 
could see if identifying high-risk delirium pa-
tients has an effect on the  attitude of physicians 
and nurses towards prevention.
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DELYRO PROGNOZAVIMO MODELIO PRE-
DELIRIC (PREDICTION OF DELIRIUM IN ICU 
PATIENTS) VEIKSMINGUMO INTENSYVIOSIOS 
TERAPIJOS SKYRIAUS PACIENTAMS 
ĮVERTINIMAS

Santrauka
Įvadas. Delyro pasireiškimas intensyviosios terapijos 
sky riaus pacientams ne tik apsunkina jų priežiūrą, 
bet yra siejamas su ilgesne dirbtine ventiliacija, ko-
gnityvinių funkcijų sutrikimu ir didesniu mirštamu-
mu. Didelės delyro rizikos atpažinimas ir prevencinių 
priemonių taikymas padėtų sumažinti šias kompli-
kacijas. Įvertinus su delyru susijusius rizikos veiks-
nius buvo sukurtas delyrą prognozuojantis modelis – 
PRE-DELIRIC (PREdiction of DELIRium in ICu pa-
tients). Šiuo darbu siekiame patikrinti modelio veiks-
mingumą, delyro diagnostikai naudodami algoritminę 
CAM-ICU (The Confusion Assessment method for the 
Intensive Care Unit) metodiką.

Metodika. Prospektyvinis tyrimas atliktas Res pub-
li kinėje Vilniaus universitetinėje ligoninėje. Tyrime 
dalyvavo 38 (23 %) pacientai iš 167, kurie buvo gydo-
mi intensyviosios terapijos skyriuje 2015  m. vasario 
mėnesį. Nustatytos APACHE-II ir PRE-DELIRIC ver-
tės, delyras vertintas pagal CAM-ICU metodiką kartą 
per pirmą parą. Pacientams diagnozuotas delyras, jei 
jie turėjo bent vieną teigiamą CAM-ICU vertinimą 
arba sedacijai jiems buvo skirtas haloperidolis. PRE-
DELIRIC modelio veiksmingumui įvertinti ir įrodyti 
sudaryta AUROC (area under receiver operating cha-
racteristic) kreivė.

Rezultatai. Pacientų amžius – 69,2 ± 17,2 metai, iš jų 
vyrų – 19 (50 %), būklės sunkumas pagal APACHE-II – 
18,0 ± 7,4 balų. Delyras diagnozuotas pagal CAM-ICU 
metodiką 22 pacientams iš 38  (58  %). Atsižvelgiant į 
PRE-DELIRIC reikšmę ir delyro išsivystymą nubrėžta 
ROC kreivė, plotas po kreive – 0,713 (95 % CI 0,539–
0,887, p < 0,05), atitinkantis vidutinį modelio tikslumą. 
PRE-DELIRIC 20 % reikšmės jautrumas ir specifišku-
mas atitinkamai 77,3 ir 50 %; 40 % reikšmės – 45,5 ir 
81,3 %, 60 % – 36,4 ir 87,5 %.

Išvados. PRE-DELIRIC modelis per 24 valandas 
nuo pacientų hospitalizacijos pradžios intensyviosios 
terapijos skyriuje pakankamai tiksliai prognozavo de-
lyro išsivystymo riziką. Didelės rizikos pacientams 
reikėtų taikyti specifines delyro prevencines priemo- 
nes.

Raktažodžiai: delyras, konfūzija, rizikos įvertini-
mas, intensyviosios terapijos skyrius


