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Abstract 

Goals of The National Institute for Health and Clinical Excellence include decreasing the 

incidence of intensive care unit (ICU) delirium. The purpose of this scholarly project was 

to evaluate the predictive ability of the E-PRE-DELIRIC model in predicting ICU 

delirium in the cardiovascular surgical population in correlation with the confusion 

assessment method (CAM-ICU) score. This electronic model was developed and 

validated in a study in Europe that included multiple ICUs, and calculates an 

individualized risk score based on validated risk factors for developing ICU delirium. 

Association between the E-PRE-DELIRIC model and the CAM-ICU scores included a 

Cochran - Armitage Z- Statistic value of -5.19 and pexact <.0001. The E-PRE-DELIRIC 

model could potentially be useful in the cardiovascular surgical population, and allows 

for early notification of nursing staff to implement non-pharmacologic interventions to 

prevent ICU delirium in the cardiovascular intensive care unit (CVICU). 
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Predicting Intensive Care Unit Delirium in Cardiac Surgical Patients with the E-PRE- 

 

DELIRIC Model 

The Diagnostic Statistics Manual V (DSM-V) describes four key features in ICU 

delirium including (American Psychiatric Association [APA], 2013): disturbance in 

attention or awareness, disturbance in cognition (memory, disorientation, perception of 

language), occurs over a short period of time with fluctuations and disturbances that are 

not due to a preexisting neurological disorder, and there is evidence that the etiology is 

medically related (APA, 2013). The purpose of this article is to describe the predictive 

performance of the E-PRE-DELIRIC model in predicting ICU delirium in the 

cardiovascular surgical population in relation to the confusion assessment method score 

(CAM-ICU) charted by ICU registered nurses.  

The current evidence suggests that the incidence of ICU delirium is highest in the 

cardiac surgical population compared to other ICU populations. 26%-51% of patients 

experience ICU delirium after cardiac surgery, and another study showed that one out of 

every four CVICU patients experience ICU delirium (Brown, 2014, McPherson et al., 

2013). Risk factors associated specifically to cardiovascular surgical patients include the 

use of high potent anesthesia, a low ejection fraction prior to surgery, frequent blood 

transfusions, and the need for mechanical ventilation for more than 12-24 hours after 

receiving cardiac surgery (Arenson, Macdonald, Grocott, Hiebert & Arora, 2013, 

Whitlock et al., 2014). 

Poor outcomes associated with ICU delirium include longer ICU and hospital 

lengths of stay, permanent cognitive dysfunction, long-term functional decline, and costs 

exceeding four to sixteen billion dollars each year (Hsieh et al., 2013). Permanent 
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cognitive disabilities and psychological effects are consequences of ICU delirium that 

often require long-term treatment, especially in the elderly (ex. early diagnosis of 

dementia) (Saczynski et al., 2012, Hsieh et al., 2013, Sprung et al., 2017). Patients 

suffering from ICU delirium suffer from functional decline because they are not able to 

be rehabilitated safely due to being at high risk for falling and further injury 

(Rockenbach, Santos, Figueredo & Pra, 2017). Poor rehabilitation in the hospital is the 

cause for further need of inpatient rehabilitation after hospital discharge in patients who 

suffer from ICU delirium (Rockenbach et al., 2017). 

Each day that a patient experiences ICU delirium, the possibility of surviving one 

year after an ICU stay decreases by 10% and increases institutionalization risk by 20% 

(McPherson et al., 2013). The use of prediction models is becoming more popular to 

attempt and decrease ICU delirium in the cardiovascular surgical population. The E-PRE-

DELIRIC model is one of the models being tested in the cardiac surgical population to 

determine if it can be used to predict ICU delirium using prognostic factors.  

Background 

National regulations are focusing their interest on detecting, preventing, and 

treating ICU delirium (National Institute for Health and Clinical Excellence (NICE), 

2014). The safety of the patient is at risk while the patient is delirious, and requires more 

supervision than the average ICU patient (Cho et al., 2015). The goal includes preventing 

patients from experiencing cognitive and functional decline after enduring an ICU stay 

(NICE, 2014). Prediction is becoming the new focus in ICU delirium care, and the E-

PRE-DELIRIC model is validated to predict ICU delirium. 
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Nurses are able to screen for ICU delirium using the CAM-ICU score. The CAM-

ICU score is the best method known to detect delirium, and it has a sensitivity of 80% 

(Gusmao-Flores, Salluh, Chalhub & Quarantini, 2012). Even with screening methods to 

detect delirium there is not a method to treat the acute cognitive dysfunction. The E-PRE- 

DELIRIC model incorporates predictors/risk factors to predict delirium in patients 

admitted to the ICU with information that is collected at ICU admission (Wassenaar et 

al., 2015). See appendix A for an illustration of the risk factors of the E-PRE-DELIRIC 

model. 

 There are nine predictors of ICU delirium that have been validated and used in the 

E-PRE-DELIRIC model (Wassenaar et al., 2015). Predictors include: age, history of 

cognitive impairment, history of alcohol abuse, admission criteria (trauma, surgical, 

medical, neurological, neurosurgical), urgent admission, mean arterial pressure at the 

time of admission, steroid use, respiratory failure, and blood urea nitrogen level 

(Wassenaar et al., 2015). This information is used to calculate a patient’s risk for 

developing ICU delirium using a cellular phone app or online version (Wassenaar et al., 

2015). Interpretation of scores include: 0-10% very low risk, 10%-20% low risk, 20%-

35% moderate risk, and anything greater than 35% high risk for developing ICU delirium 

(Wassenaar et al., 2015).  

 Development of this model included an examination of its inter-rater reliability 

and predictive validity in a prospective cohort study, completed in a multinational 

context using thirteen ICUs in seven European countries (Wassenaar et al., 2015). Inter-

rater reliability measurements averaged an estimated Cohens Kappa  of .83, 95% CI [.78, 

.88]. Sensitivity and specificity of the data in the original validation study was dependent 
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on the number of days out the delirium was to be predicted, but ranged between 60-

80%  (Wassenaar et al., 2015). 

Methods 

 This was a longitudinal cohort study designed to examine the predictability the E-

PRE-DELIRIC model has in predicting ICU delirium in adult cardiovascular surgical 

patients that underwent a CABG, cardiac valve replacement/repair, or combination 

surgery that included a CABG and cardiac valve. Prospective data was collected along 

with a retrospective review that included a time period of 10 years prior to prospective 

data collection. Informed consent was collected on the prospective population but was 

waived for the retrospective population. The cardiovascular surgery research team at the 

level one academic trauma center is storing original copies of informed consents for 

seven years after research study completion per Nebraska State Law.  

 This convenience sample included a population that was nineteen years and older, 

and participants were informed of data being collected and exclusion criteria. Exclusion 

criteria included: an ICU stay of less than one day, inability to understand the English 

language, if the patient was in a coma during the entire ICU stay (medical or physical 

causes), and if the patient had a diagnosis of receptive aphasia and/or auditory/visual 

disturbances (Wassenaar et al., 2015). Patients were also excluded from the scholarly 

project if they already had surgery at another facility, and were transferred to this level 

one academic trauma center for a higher level of care.  

Setting 
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 This study took place in a level one academic trauma center in a 20-bed CVICU. 

The primary investigator made daily rounds to collect the information mentioned below 

for prospective and retrospective participants.  

Measurement Methods 

 Prior to data collection occurring, the primary investigator educated the 

cardiovascular ICU nursing staff regarding the risk factors associated with ICU delirium, 

the E-PRE-DELIRIC model and interpretation of the score. A review of how to complete 

the CAM-ICU score, the meaning of the results, and how often to document the CAM-

ICU score appropriately per policy were discussed with nursing staff.   

 The primary investigator gained access to the medical record and collected 

prognostic factors needed to complete the E-PRE-DELIRIC model by chart review. The 

E-PRE-DELIRIC model was used to screen each participant, and the CAM-ICU score 

was recorded every eight hours during the participant’s ICU stay. The results of the 

CAM-ICU score E-PRE-DELIRIC score were compared to determine if there was an 

association between the two scores.  

 A few of the prognostic factors collected for the E-PRE-DELIRIC model are 

specifically defined. For this project, the patient was considered in respiratory failure if 

mechanical ventilation was required for more than 12 hours after surgery. History of 

cognitive impairment included participants who have a documented history of dementia 

or Alzheimer’s disease. A history of alcohol abuse was considered present if documented 

in the patient’s history for the hospital stay. After the required prognostic risk factors 

were collected the primary investigator inputted the data on the sheet into the E-PRE-
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DELIRIC model via Iphone app called “DeliriumICU” to calculate the risk that the 

patient had in developing ICU delirium.  

Results 

Demographics 

 In total, 177 participants were screened with the E-PRE-DELIRIC model and 74 

were excluded. A total of 150 retrospective participants and 27 prospective participants 

were involved in this project. Fifteen of the prospective and 61 of the retrospective 

participants were disqualified with the most common reason being that the participants 

spent less than 24 hours in the ICU. This left a total study sample of 103 participants 

(N=103) that met inclusion criteria with a delirium incidence of 36%. Further 

demographics are described in Table 1.  

 The scores of the E-PRE-DELIRIC model were collected with the most prevalent 

being low risk for developing delirium (11-20%). The most common hospital discharge 

requirement included home with home health care or skilled nursing 

facility/rehabilitation center. Hospital length of stay ranged between four and more than 

fourteen days, with the majority requiring a hospital stay that ranged between seven and 

nine days. ICU length of stay ranged between one and more than fourteen days, with 

most participants requiring an ICU stay between one and three days.  

Findings and Statistical Analysis 

 In order to examine whether there was a significant association between the E-

PRE-DELIRIC model score and CAM-ICU scores a Cochran-Armitage Trend Test was 

used. The Cochran-Armitage Z- Statistic value of -5.19 shows that there is a linear 

association between delirium, and the E-PRE-DELIRIC model score (pexact value of 
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<.0001). Likewise the same pattern appeared within age subdivisions, although cell 

related sample size was insufficient to test age-stratified associations statistically. Figure 

1 shows further detail of the E-PRE-DELIRIC score and the outcome of delirium (CAM-

ICU positive). 

Discussion and Implications for Practice  

 The E-PRE-DELIRIC model showed a linear association with predicting ICU 

delirium using the CAM-ICU score. However, it is difficult to compare other literature 

since this tool has not been previously tested in the cardiovascular surgical population. 

Delirium incidence in this project was 36%, which is similar to the estimated delirium 

incidence after cardiac surgery (26%-51%) (Brown, 2014). These results indicate that 

delirium is prevalent in this cardiac surgical population, and prediction models are 

showing to be a necessity. The ever-evolving ICU care and complex pathophysiology of 

this critically ill population is difficult to keep up with, and prediction methods may need 

to frequently be recalibrated.  

 It is also important to consider the risk factors in the E-PRE-DELIRIC model for 

developing ICU delirium. Some prediction models have different risk factors compared 

to others, and the different pathophysiologic processes are not taken into consideration. 

Delirium prediction tools calculate risk for ICU delirium using the same calculation for 

each patient population (cardiac, trauma, medical, neurological).  Each ICU population 

may have different pathophysiologic processes, which leads to the possible conclusion 

that the E-PRE-DELIRIC model does not calculate risk effectively for each population. 

In the future, prediction models may need to be re-calibrated to fit the different ICU 

populations to accurately calculate risk in different ICU patients.  
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 Project results were consistent with the current literature and showed that an 

association exists with longer ICU length of stay and ICU delirium development (Serafim 

et al., 2012). The E-PRE-DELIRIC model is limited in regards to this factor of delirium 

development, because this model is only able to determine risk at one point in time 

during the patient’s ICU stay. In this project, the model utilized risk factors that were 

collected within 12 hours of the participant’s ICU admission. However, this tool does not 

account for the patient’s ever changing status in the ICU. This encourages further 

research to be done with the E-PRE-DELIRIC model and patients suffering longer ICU 

length of stays.  

 According to past publications, patients who suffer from ICU delirium are more 

likely to be discharged to inpatient rehabilitation centers or skilled nursing facilities 

(SNF) (McPherson et al., 2013). Ensuring that physical therapy and occupational therapy 

are involved early in ICU level of care is essential to improving outcomes in this 

population.  

 Ultimately, there is some reliability in this model predicting ICU delirium in the 

cardiac surgical population. Further assessment of this model will be required in the 

future with the ever-changing care in the cardiovascular intensive care unit. However, the 

results support that there is clinical significance when using this model to predict ICU 

delirium. 

Ethical Considerations 

 Two different Institutional Review Boards associated with XXX and XXX 

reviewed and approved this study. No HIPAA personal identifiers were published from 

the secondary medical record review. The primary investigator, academic institution, and 
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level one academic trauma center had no personal, financial, academic, or other interest 

that prevented conducting a fair and objective review. Informed consent was obtained in 

the hospital setting from prospective participants by the primary investigator, and was 

waived for retrospective participants.  

Limitations 

 There are several limitations in this project. The CAM-ICU score is a limitation 

because of the possibility that instances of delirium are missed or incorrect while using 

this tool. Also, data collected were recorded in ranges. Many of the continuous variables 

were collected in a ratio fashion, which reduced the amount of information available for 

analysis. 

 Other limitations include the sample itself. The facility where the project took 

place has the resources to perform higher risk cardiac procedures than those that were 

included (ex. aneurysm repair, cardiac transplant, left ventricular assist device). Gaining 

informed consent was also an influential factor in sample size, due to rejections to 

participate.  

  Formal validation of the charting of CAM-ICU scores by staff nurses was not 

completed by inter-rater reliability. The staff ICU nurses were relied upon to chart the 

CAM-ICU scores correctly, which can lead to the possible conclusion that the CAM-ICU 

scores correctly were not charted correctly. 

 Limitations were also found in regards to the staff nurses’ charting. Policy during 

data collection stated that nurses should have been charting the CAM-ICU score every 

eight hours. Staff nurses were not always compliant with the policy, which could have led 

to over looked cases of delirium.   
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 Other limitations are related to the E-PRE-DELIRIC model. The incorporated risk 

factors are not specifically related to cardiac physiology, and may not play as great of a 

role in development of ICU delirium in this population. Another limitation is that this 

tool specifically looks at risk for developing delirium at early ICU admission. This model 

does not take into account changes during the patient’s ICU stay, whether that is a change 

in hemodynamic status, environment, or medications. These need to be taken into 

consideration when assessing risk for ICU delirium. 

Nursing Implications 

 Nursing implications involving the E-PRE-DELIRIC model include identifying 

the high- risk patients for developing ICU delirium in the cardiovascular surgical 

population. ICU nurses can use this model to identify patients at high risk for developing 

this acute cognitive dysfunction. If nurses are more aware of risk factors of ICU delirium 

then nursing care can be individualized (when possible) to prevent this debilitating 

cognitive dysfunction from occurring. This includes early implementation of non-

pharmacologic preventative measures including: advocating for proper sleep hygiene, 

rehabilitation in the ICU, removing/attempting to remove restraints, removing lines and 

other monitoring devices when able (ex. arterial line), offering ear plugs to patients to 

promote sleep, and decreasing volumes of alarms and other communicative devices 

(monitors, pagers, phones, computers, etc.).   

 Nurse practitioners and other ICU providers can easily use this tool at the bedside 

to help determine risk of ICU delirium in individual patients, so care can be organized to 

prevent this cognitive dysfunction from occurring starting at admission to the ICU. 

Ultimately, this can help providers know which of their patients are at risk and to watch 
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for early signs of delirium. Also, predicting delirium in the cardiac ICU population will 

enable providers to involve the resources that are needed early in the ICU patient’s care 

with a goal to improve outcomes in these patients.  

Conclusion 

 In conclusion, the E-PRE-DELIRIC model holds clinical significance in the 

cardiovascular surgical population but needs further research. Poor long-term outcomes 

are becoming more prevalent after experiencing ICU delirium, which is why it is 

important that ICU providers, nurses, and other ancillary staff must take into 

consideration the importance of assessing individual risk of patients requiring a higher 

level of care. Unfortunately, little is still known regarding the best medical treatment of 

ICU delirium, which leaves non-pharmacological preventative measures to prevent this 

acute brain dysfunction. Prediction models for ICU delirium in the cardiovascular 

surgical population are still under investigation, but assessing risk for delirium 

development must be routine when caring for patients requiring a stay in the ICU.   
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Table 1 

 

Demographics 

 

Sex N Percent of Sample 

Male 

 

82 80% 

Female 

 

21 20% 

Age (years) N Percent of Sample 

19-40 0 0% 

 

41-60 18 18% 

 

61-80 76 74.8% 

 

80 + 9 9% 

 

Surgical Procedure N Percent of Sample 

Coronary Artery Bypass 

Graft 

 

70 68% 

 

Aortic Valve Replacement 13 13% 

 

Aortic Valve Repair 

 

3 3% 

Mitral Valve Replacement 7 7% 

 

Mitral Valve Repair 

 

1  

Combination Surgery 

 

9 9% 

E-PRE-DELIRIC Model 

Score 

N Percent of Sample 

0-10% 

 

3 3% 

11-20% 

 

53 52% 

21-35% 

 

32 31% 

35% + 15 15% 

 

Hospital Outcome N Percent of Sample 

D/C Home 

 

9 9% 

D/C Home with Home 

Health 

62 60% 



ICU DELIRIUM  17 

 

 

 

 

 

 

 

 

 

 

D/C to Rehab/SNF 

 

29 28% 

Deceased 

 

3 3% 

Hospital Length of Stay 

(Days) 

N Percent of Sample 

 

1-3 0 0% 

 

4-6 22 

 

22% 

7-9 31 31% 

 

10-13 

 

20 20% 

14 + 26 26% 

 

ICU Length of Stay (Days) N Percent of Sample 

1-3 

 

66 66% 

4-6 22 22% 

 

7-9 

 

5 5% 

10-13 3 3% 

 

14 + 

 

3 3% 

Notes. D/C = Discharge SNF= Skilled Nursing Facility  
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Figure 1. This graph shows a linear association between the E-PRE-DELIRIC model 

scores and the percentage of participants who were found to have a positive CAM-ICU 

score (positive for delirium). As the score increases so does incidence of delirium. 
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Appendix A 

This is a diagram of the components in the E-PRE-DELIRIC model.  
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