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Background: Postoperative delirium (POD) is a serious complication of cardiac surgery. It 
is an acute neuropsychiatric syndrome. The aim of this study was to analyze the CARDEL 
Index, composed of advancing age, preoperative glycated hemoglobin and the platelet-to- 
WBC ratio (PWR) previously described and calculated, using a different patient database, to 
assess its usefulness as a marker for predicting postoperative delirium after coronary artery 
by-pass grafting (CABG).
Methods: A retrospective analysis of 1098 patients who underwent, isolated CABG proce-
dures between 2017 and 2019 was performed.
Results: Within the study group, 164/1098 (14.93%) patients were diagnosed with delirium. 
Preoperative inflammatory parameters were elevated in patients with delirium: White Blood 
Cell count (p=0.003), Neutrophil count (p=0.016) and C-reactive protein (p<0.001). 
A decrease in preoperative PWR was shown in patients with delirium (p=0.008). Delirious 
patients spent more time mechanically ventilated (p<0.001) and had longer hospitalization 
times (p=0.002). Mortality at 1 year was significantly higher in patients with POD (p<0.001). 
The CARDEL Index in this study group for POD detection has the largest area under the 
curve (AUC) of 0.664 (p<0.001) and a cut-off value of 8.08.
Conclusion: CARDEL Index may be treated as a potentially valuable tool for delirium 
prediction in patients after CABG.
Keywords: delirium, POD, CAM-ICU, cardiac surgery, CABG, coronary artery bypass 
grafting

Introduction
Cardiosurgical operations are complicated medical procedures, which may lead to 
significant complications. The most common postoperative complications include: 
surgical (operative mortality, reoperation, deep sternal wound infection), associated 
with organ dysfunction (cardiovascular failure, renal failure, prolonged intubation) 
and neurological disorders (perioperative stroke, postoperative delirium).1,2 

According to the data reported by the Society of Thoracic Surgeons (STS), 
in year 2018, coronary artery bypass grafting (CABG) which is particularly com-
mon surgical procedures in heart surgery, accounted for 55% of all operations, 
which translates into 157,704 isolated operations in the United States.3

Postoperative delirium (POD) is a serious postoperative complication. It is an 
acute neuropsychiatric syndrome defined in The Diagnostic and Statistical 
Manual of Mental Disorders (DSM–5) as a disturbance of consciousness, along 
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with reduced clarity of awareness of self and the envir-
onment with reduced ability to focus or sustain 
attention.4 The incidence of delirium is estimated at 
26% to even 85% in patients who are mechanically 
ventilated in the intensive care units (ICU).5,6 

Postoperative delirium in cardiac surgery occurs in 3 to 
52% of patients.7,8 The complications of delirium include 
prolonged mechanical ventilation (MV), prolonged dura-
tion of ICU and hospital stay, higher mortality, post-
operative cognitive dysfunction and loss of 
independence. Bilotta et al reported that the risk factors 
of POD fall into 4 categories: demographic (ie age > 70, 
male sex, presence of substance abuse, malnutrition), 
comorbidities (ie dementia, psychiatric disorders, physi-
cal impairment, hypertension, diabetes mellitus, heart 
failure, chronic atrial fibrillation, cerebral vascular dis-
ease), surgery-related (ie cardiac surgery, increased 
EuroScore) and anesthesia-related (ie use of benzodiaze-
pines, grade 3 and of the American Society of 
Anesthesiologists (ASA), fluid fasting time longer than 
6 hours, transfusion of more than 800 mL of blood).9

The same or similar parameters can be observed in 
patients undergoing cardiac surgery due to many burdens 
associated with coronary artery diseases, such as: diabetes, 
hypertension, atrial fibrillation (AF), and obstructive pul-
monary disease (COPD).10,11 In the analysis of delirium 
risk factors, it is worth paying attention to the age of the 
patients, as studies have shown that the risk of POD 
increases with advancing age.8

Pain and its treatment is also an important risk factor 
for delirium. Cardiac surgery causes severe pain that can 
directly contribute to delirium, and opioid use is also 
a known risk factor.7 Pain is inherent in cardiac surgery. 
The influence of opioids and pain on the occurrence of 
delirium is not entirely clear. It has been proven that the 
presence of significant pain and high doses of opioids 
increases the risk of postoperative delirium, especially in 
the presence of significant preoperative risk.12 In studies 
where pain was adequately treated, despite the use of 
opioids, the incidence was less than average.13 The type 
of opioid used is also of great importance. The highest risk 
of delirium is the use of meperidine. The use of hydro-
morphone and fentanyl seems to be relatively safe com-
pared to other opioids, OR = 0.22–0.3. Morphine, used in 
our center, increases the risk of delirium with OR = 
1.2–2.32.14 An additional factor that distinguishes cardiac 
surgery is the use of cardiopulmonary bypass (CPB) and 
aortic cross-clamping. As a result, chemokines are 

released, leading to systemic inflammation and the disrup-
tion of the blood–brain barrier (BBB).15

In clinical practice, the majority of patients with delir-
ium remain undiagnosed and the rate of delirium is 
underreported.16 There are methods for delirium detection, 
such as ICDSC (Intensive Care Delirium Screening 
Checklist) and CAM-ICU (Cognitive Assessment Method 
for ICU),17 however they are rarely used outside of 
research settings, although this is changing.16,18 For this 
reason, scientists’ efforts are focused on discovering sim-
ple biomarkers or biomarker panels that would allow for 
proper, timely diagnosis as well as correct prediction of 
POD. The costs of a biomarker and the ease of its use 
alongside a simple delirium detection scale, play 
a significant role when looking for an appropriate test or 
marker.

The pathogenesis of delirium has not been fully eluci-
dated and understood.19 Some potential mechanisms have 
been identified, which include the neurotransmitter imbal-
ance (ie acetylcholine deficiency with excess dopamine), 
decreased cerebral blood flow and metabolism, inadequate 
response to stress, disturbed sleep-wake cycle and general-
ized inflammation.20 Inflammation markers are easily mea-
surable, but interpretation remains problematic due to their 
increase or decrease over time and due to the presence of 
other risk factors for delirium.21 One of the possible options 
to aid delirium detection is to use white blood cell derived 
parameters, which provide information about generalized 
inflammation in the body and have been associated with 
delirium.22–24 Markers such as Neutrophil-to-Lymphocyte 
Ratio (NLR), along with Platelet-to-Lymphocyte Ratio 
(PLR) and Platelet-to-WBC ratio (PWR) are important in 
delirium prediction. They are provided by routine labora-
tory analyses performed in each patient prior to cardiac 
surgery.24,25 In their previous work, Kotfis et al analyzed 
the significance of white cell inflammatory biomarkers in 
predicting POD after cardiac surgery.23 The authors have 
shown that lower preoperative levels of PWR and PLR 
were associated with the occurrence of postoperative delir-
ium. Based on the coefficients of logistic regression, the 
authors suggested that an index composed of age, preopera-
tive level of glycated hemoglobin (HbA1c), and preopera-
tive PWR, called the CARDEL Index, may be clinically 
useful for prediction of postoperative delirium after CABG 
at minimal cost.

The aim of this study was to retrospectively analyze 
the CARDEL index previously described and calculated,23 

using a different prospectively collected database, to 
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assess its usefulness as a marker to predict postoperative 
delirium after coronary artery bypass grafting.

Patients and Methods
Study Population
All patients undergoing CABG at a university cardiac 
surgery department, between January 1st, 2017 and 
December 31st, 2018 were included in a retrospective 
analysis. Patients with mental disorders, including 
Alzheimer’s disease, depression, epilepsy, dementia, 
patients who died within the first 24 hours after surgery, 
patients with pneumonia within 24 hours after surgery, and 
those who did not have complete laboratory tests were 
excluded from the study. The study included patients 
undergoing CABG with the use of cardio-pulmonary 
bypass (CPB). Depending on the presence [Delirium (+)] 
or absence [Delirium (-)] of delirium after surgery the 
patients were divided into two groups (Figure 1).

Data Collection
Demographic data, preoperative data and comorbidities 
were extracted from medical documentation. The informa-
tion about preoperative comorbidities included: cardiovas-
cular diseases (ie atrial fibrillation, congestive heart 
failure, myocardial infarction, hypertension), organ disor-
ders (acute kidney injury, chronic obstructive pulmonary 
disease), metabolic (impaired glucose tolerance, diabetes, 
dyslipidemia, thyroid disorders) and neurological (transi-
ent ischemic attack, stroke). The patients were classified 
according to the Canadian Cardiovascular Society grading 
scale (CCS) for ischemia, heart failure was classified 
according to the New York Heart Association (NYHA), 
and EuroScore Logistic 2 scale to calculate perioperative 
risk for patients.26 Intraoperative and postoperative data 
were collected and included: laboratory testing, surgical 
data (total time of aortic cross-clamping, time of reperfu-
sion, numbers of grafts, intraoperative hemofiltration), 

intubation and re-intubation times. In addition, we col-
lected information regarding postoperative complications. 
The ICU length of stay (LOS) and hospitalization time, as 
well as 1-month and 1-year mortality were collected. We 
used CAM-ICU method for delirium screening, which was 
performed twice a day, by trained personnel (nurse or 
physician). The final diagnosis was made based on the 
criteria of the Diagnostic and Statistical Manual of 
Mental Disorders (DSM V) 4 after chart review performed 
by the same trained team member for additional informa-
tion that could aid the detection of delirium.

Ethical Consideration
We performed the study in accordance with the Helsinki 
Declaration. Patient consent to review their medical 
records was not required by the Bioethical Committee of 
the Pomeranian Medical University. The study was obser-
vational in nature; therefore, it received a waiver from the 
Bioethical Committee of the Pomeranian Medical 
University (decision no. KB-0012/257/06/18). We used 
only de-identified patient data to ensure confidentiality.

Statistical Analysis
To characterize the study population descriptive statistics 
were used. Categorical variables were presented as propor-
tions. Continuous variables were presented as means with 
SD and a median. To compare qualitative data Chi-square 
test or chi-square test with Yates correction was used. To 
check the normality of distribution the Shapiro–Wilk test 
was used. In order to compare continuous variables, we 
used the Mann–Whitney U-test. We performed multivari-
ate logistic regression analysis for variables associated 
with delirium. The parameters used for multivariate ana-
lysis are included in the CARDEL Index described by 
Kotfis et al.23 The CARDEL Index analysis was performed 
for patients with or without delirium. Index described 
previously by Kotfis et al: CARDEL Index = 0.108 × 
Age + 0.341 × HBA1C − 0.049 × PWR.23

Moreover, to determine the diagnostic value of the 
CARDEL index and its components for predicting delir-
ium a receiver operating characteristic (ROC) analysis was 
performed. The p-value ≤ 0.05 was considered significant. 
We used licensed Statistica 13 (StatSoft, Inc. Tulsa, 
OK, USA).

Results
Out of entire group of 1098 patients included in the ana-
lysis, 164/1098 (14.93%) were diagnosed with POD 

Figure 1 Study flowchart. 
Abbreviation: n, number of patients.
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(Table 1). Patients with POD were older (69.24±9.23 years 
vs 64.79±9.74 years, p<0.001), presented with higher 
index EuroScore Logistic II (6.79±8.79% vs 4.04±6.66%, 
p<0.001), had higher preoperative level of glycated hemo-
globin (6.45±1.25 vs 6.18±1.02, p<0.001), creatinine (1.19 
±0.85 mg/dL vs 1.03±0.76 mg/dL, p<0.001), and lower 
level of GFR (68.50±22.58 mL/min/1.73m2 vs 78.19 
±20.34 mL/min/1.73m2, p<0.001).

Data regarding concomitant diseases are shown in 
Table 2. Patients with postoperative delirium presented 
significantly more frequently with myocardial infarction 
(p<0.001), atrial fibrillation (paroxysmal, p<0.001; persis-
tent or permanent, p=0.029), diabetes (on insulin, p=0.001; 
on oral drugs, p=0.009), stroke (p=0.023), internal carotid 
artery stenosis (p=0.020), extracardiac atherosclerosis 
(p=0.003), renal failure (chronic, p<0.001; acute, 
p=0.010).

Increased levels of preoperative inflammatory parameters 
were seen in patients who developed delirium after CABG 
(Table 3): white blood cell count (8.52±3.22 vs 7.88±2.58 G/ 
L, p=0.003), neutrophil count (5.59±2.87 G/L vs 5.09±2.29 
G/L, p=0.016) and C-reactive protein (13.59±28.29 mg/L vs 
8.30±23.79 mg/L, p<0.001). In addition, a decrease in plate-
let-to-WBC ratio (PWR) was seen in patients with delirium 
(29.39±11.89 vs 30.84±10.57, p=0.008).

Outcome data are presented in Table 4. Patients with 
delirium had longer time of mechanical ventilation 
(1945.67±6141.51 minutes vs 1202.77±5797.96 minutes, 
p<0.001), longer CPB (cardiopulmonary bypass) time 
(57.32±16.75 vs 55.14±17.35 minutes, p=0.40) and longer 
hospital length of stay (13.82±14.84 days vs 9.19±7.87 
days, p<0.001). Moreover, mortality at 1 year was signifi-
cantly higher in the group of patients diagnosed with post-
operative delirium (18.97% vs 9.64%, p<0.001).

Table 1 Demographic and Preoperative Data

Variables Delirium (+) (n = 164) Delirium (–) (n = 934) p-value

Age (in years), mean ± SD; Me 69.24±9.23; 69.00 64.79±9.74; 65.35 <0.001
Sex, male, n (%) 204 (70.34%) 1137 (70.27%) 0.980

BMI [kg/m2], mean ± SD; Me 28.92±5.03; 28.66 28.95±4.60; 28.69 0.874

Smoking, n (%) 35 (12.07%) 189 (11.69%) 0.853
ESL2 [%], mean ± SD; Me 6.79±8.79; 3.72 4.04±6.66; 2.15 <0.001

CKMB [IU/l], mean ± SD; Me 33.74±52.16; 21.00 27.81±35.24; 21.00 0.090

HbA1c [%], mean ± SD; Me 6.45±1.25; 6.10 6.18±1.02; 5.90 <0.001
Creatinine [mg/dl], mean ± SD; Me 1.19±0.85; 1.00 1.03±0.76; 0.89 <0.001

GFR [mL/min/1.73m2], mean ± SD; Me 68.50±22.58; 71.00 78.19±20.34; 82.00 <0.001

Note: p-value, statistical significance. 
Abbreviations: n, number of patients; SD, standard deviation; Me, median; BMI, body mass index (kg/m2); ESL2, EuroScore Logistic II; CKMB, creatine kinase myocardial 
band; HbA1c, glycated hemoglobin; GFR, glomerular filtration rate.

Table 2 Comorbidities in Patients with and without Delirium

Preoperative Concomitant Diseases Delirium (+) (n=164) Delirium (–) (n=934) p-value

Arterial hypertension, n (%) 184 (63.45) 1049 (64.83) 0.649
Myocardial infarction, n (%) 18 (6.21) 38 (2.35) <0.001

Atrial Fibrillation (paroxysmal), n (%) 47 (16.21) 153 (9.46) <0.001

Atrial Fibrillation (persistent or permanent), n (%) 23 (7.93) 78 (4.82) 0.029
Diabetes [on insulin], n (%) 39 (13.45) 124 (7.66) 0.001

Diabetes [oral medications], n (%) 100 (34.48) 438 (27.07) 0.009

Impaired glucose tolerance, n (%) 8 (2.76) 39 (2.41) 0.883
Stroke, n (%) 22 (7.59) 72 (4.45) 0.023

Internal carotid artery stenosis, n (%) 13 (4.48) 35 (2.16) 0.020

Extracardiac atherosclerosis, n (%) 72 (24.83) 282 (17.43) 0.003
Chronic obstructive pulmonary disease, n (%) 28 (9.66) 133 (8.22) 0.418

Chronic renal failure, n (%) 45 (15.52) 98 (6.06) <0.001

Acute renal failure, n (%) 4 (1.38) 3 (0.19) 0.010

Note: p-value, statistical significance. 
Abbreviation: n, number of patients.
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The CARDEL Index analysis was performed for 
patients with or without delirium. Index described pre-
viously by Kotfis et al.23 The CARDEL Index formula is 
shown below.

CARDEL Index = 0.108 × Age + 0.341 × HBA1C − 
0.049 × PWR

The analysis showed statistically significant differ-
ences in the values of the CARDEL Index in patients 
with or without delirium (p <0.001). Data are presented 
in Table 5.

The Shapiro–Wilk test showed that the distribution 
slightly differs from the normal one (p = 0.001) (Figure 2).

A multivariate logistic regression analysis was per-
formed (Table 6), including advancing age, glycated 
hemoglobin and PWR for patients with delirium, which 
are the parameters included in the CARDEL Index.

Figure 3 shows the ROC curve with the CARDEL 
Index.

The results show that the area under the curve for the 
CARDEL Index is larger than that of any of the other 
parameters (AUC 0.664, p<0.001) and has a cut-off value 
of 8.08 (Table 7).

Discussion
Despite the development of technology and research 
methods, the rate of delirium detection remains inade-
quate. In this study the authors aimed to searching for 
the most ideal model for predicting delirium based on 
preoperative clinical data and laboratory results, to deter-
mine their usefulness in predicting POD after coronary 
artery bypass grafting. The analysis of these patient 
groups showed that the delirium risk factors listed by 
Bilotta et al were statistically significant.9 The delirium 

Table 3 Inflammatory and Derived Parameters for Patients with and without Delirium

Preoperative Values Delirium (+) (n = 164) Delirium (–) (n = 934) p-value

Inflammatory parameters

White Blood Cell count (×109/L), mean ± SD; Me 8.52±3.22; 7.94 7.88±2.58; 7.48 0.003

Lymphocyte count (×109/L), mean ± SD; Me 1.95±0.76; 1.86 1.96±0.77; 1.85 0.965
Neutrophil count (×109/L), mean ± SD; Me 5.59±2.87; 4.94 5.09±2.29; 4.64 0.016

Platelets (×109/L), mean ± SD; Me 231.66±82.02; 221.00 229.10±72.82; 222.00 0.996
C-reactive Protein [mg/L], mean ± SD; Me 13.59±28.29; 3.21 8.30±23.79; 2.19 <0.001

Derived parameters

Neutrophil-to-Lymphocyte Ratio, mean ± SD; Me 3.43±3.02; 2.71 3.11±2.92; 2.42 0.100

Platelet-to-Lymphocyte Ratio, mean ± SD; Me 135.10±73.60; 118.52 132.42±69.17; 119.42 0.746
Platelet-to-WBC Ratio, mean ± SD; Me 29.39±11.89; 28.09 30.84±10.57; 29.58 0.008

Note: p-value, statistical significance. 
Abbreviations: n, number of patients; SD, standard deviation ratio; Me, median; WBC, white blood cell count.

Table 4 Postoperative Outcome

Delirium (+) (n = 164) Delirium (–) (n = 934) p-value

Aortic cross clamping, mean ± SD; Me 33.56±10.97; 3.00 32.83±10.94; 32.00 0.327

CPB time, mean ± SD; Me 57.32±16.75; 5.00 55.14±17.35; 52.00 0.040

Mechanical ventilation time [min], mean ± SD; Me 1945.67±6141.51; 682.50 1202.77±5797.96; 555.00 <0.001
Hospital LOS [days], mean ± SD; Me 13.82±14.84; 9.00 9.19±7.87; 8.00 <0.001

Mortality at 30 days, n (%) 27 (9.31) 105 (6.49) 0.081

Mortality at 1 year, n (%) 55 (18.97) 156 (9.64) <0.001

Note: p-value, statistical significance. 
Abbreviations: n, number of patients; SD, standard deviation; Me, median; CPB, cardiopulmonary bypass; LOS, length of stay.

Table 5 CARDEL Index in Patients with or without Delirium

Delirium (+) 
(n = 164)

Delirium (–) 
(n = 934)

p-value

CARDEL Index, 

mean ± SD; Me

8.34±1.12; 8.27 7.71±1.07; 7.75 <0.001

Note: p-value, statistical significance. 
Abbreviations: n, number of patients; CARDEL Index, Cardiac Delirium Index; 
SD, standard deviation; Me, median.
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(+) group was characterized by higher age, increased over-
all risk of surgery on the ESL2 scale, as well as increased 
inflammatory parameters, increased creatinine and 
HbA1C levels. These patients have statistically significant 
more concomitant diseases such as atrial fibrillation, myo-
cardial infarction, diabetes, strokes, acute and chronic 
renal failure, atherosclerosis and internal carotid artery 
stenosis. In this group, the hospital stay was also longer, 
and the 30-day and 1-year mortality was increased. The 
analysis of these data forces us to look for methods of 
predicting the occurrence of delirium in order to imple-
ment preventive treatment and provide patients with spe-
cial care. The authors retrospectively analyzed the 

CARDEL Index (Cardiac Delirium Index) which is 
based on objective preoperative parameters included in 
multivariable model based on advancing age, glycated 

Figure 2 Distribution of the CARDEL Index. 
Notes: Red line – Description of normal; Shapiro–Wilk test: p-value = 0.001. 
Abbreviation: CARDEL Index, Cardiac Delirium Index.

Table 6 Multivariate Logistic Regression Analysis for the 
Parameters Used in CARDEL Index

Patients with Delirium

p OR CI −95% CI +95%

Age <0.001 1.056 1.040 1.072
HbA1c <0.001 1.228 1.105 1.366

PWR 0.036 0.987 0.975 0.999

Note: p, statistical significance. 
Abbreviations: OR, odds ratio; CI, confidence interval; HbA1c, glycated hemo-
globin; PWR, platelet-to-WBC ratio.

Figure 3 Receiver operating characteristic (ROC) analysis for determinant of 
postoperative delirium. 
Notes: Blue line– Age; p-value: <0.001; red line – HbA1c, glycated hemoglobin; 
p-value: <0.001; green line – PWR, platelet-to-WBC ratio; p-value: 0.009; violet 
line – CARDEL Index, CARDEL Index, Cardiac Delirium Index: p-value: <0.001; 
black line – reference line. 
Abbreviations: HbA1c, glycated hemoglobin; PWR, platelet-to-WBC ratio.
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hemoglobin and platelet-to WBC ratio for optimal predic-
tion of postoperative delirium.23

The results of the study showed that any of these 
factors independently is not as good as the CARDEL 
Index at predicting POD after coronary artery by-pass 
grafting. The advantage of this predictive model is that it 
uses information based on the components of the immune 
system that are routine laboratory parameters. As men-
tioned above, the pathophysiology of POD is multifactor-
ial and includes inflammatory elements and the immune 
system. Another advantage of the CARDEL Index is that it 
is easy to calculate and cheap because it uses routine, 
readily available and objective pre-operative parameters.

In one of the cohort studies, Kotfis et al analyzed an 
association between postoperative delirium after cardiac 
surgery and elevated preoperative level of glycated 
hemoglobin.27 The results showed that diabetic patients 
developed delirium after CABG more often than non- 
diabetic ones. Elevated pre-operative level of glycated 
hemoglobin is a risk factor for POD irrespective of 
diabetes.27

One study showed that postoperative neurological 
complications may be associated with abnormal preopera-
tive lymphocyte count in patients undergoing carotid 
endarterectomy.28 This immune system response is asso-
ciated with an increased number of neutrophils, decreased 
number of lymphocytes and decreased number of 
platelets.29 When considering delirium, some degree of 
neuritis may be manifested by the elevation in neutrophil 
counts and the neutrophil-to-lymphocyte ratio.20 One 
study by Egberts et al showed an association between 
delirium and elevated NLR in elderly patients.24

Although the C-reactive protein is used as an acute 
phase marker, its increase cannot be substituted for inflam-
mation in delirious patients, as it is not specific in this 
case. However, Macdonald et al found that serum CRP 
levels evaluated on admission to the hospital or shortly 
thereafter were highly predictive of postoperative delirium 
in acutely ill elderly patients.30 Pfister et al reported that 

elevated CRP levels were associated with delirium after 
hip surgery.31

The values of the obtained CARDEL Index were sta-
tistically significant (p<0.001). The sensitivity was 0.593 
and the specificity was 0.653 in this group. This result 
indicates that CARDEL Index may be useful for prediction 
of delirium after cardiac surgery with the use of readily 
available routine parameters. The possibility of selecting 
patients with an increased risk of POD development may 
constitute the basis for the implementation of preventive 
measures. One of them may be more frequent examination 
of patients in order to diagnose delirium in the initial 
phase, which will facilitate treatment. To date, there are 
no guidelines that would recommend the use of pharma-
cological therapy as delirium prophylaxis. Prophylaxis 
using standard non-pharmacological interventions, ie: 
restoration of senses (hearing aids, glasses), proper hydra-
tion and nutrition, adequate pain control, early mobility 
and allowing early contact with the family and caregivers 
should be implemented early during postoperative course, 
especially in patients who are at increased risk of 
delirium.18

The CARDEL Index is currently the only available 
predictive index in cardiac surgery. Researchers in other 
surgical departments around the world have also devel-
oped their own predictors of postoperative delirium. 
Hayashi et al focused on delirium after primary lung 
cancer surgery. On the basis of a statistical analysis, 3 
parameters were identified as responsible for the develop-
ment of delirium, namely: cerebrovascular disease history 
(x 2), squamous cell carcinoma and age above 75 years. 
The values of the estimated risk are as follows: 0 to 1 point 
denoted low risk, 2 points denoted intermediate risk, scor-
ing 3 to 4 points indicated high risk. In this case, it was 
also proven that despite the low frequency of delirium 
(6.7%), it significantly worsened the prognosis and overall 
survival.32 Due to the presence of a factor specific to lung 
cancer surgery as one of the parameters, it is not possible 
to use it in other surgical fields.

Table 7 Characteristics of the ROC Curve Results for Selected Parameters

Predictor AUC Youden Index Cut-Off Point Sensitivity Specificity p value

Age [years] 0.642 0.22 67.30 0.614 0.609 <0.001
HbA1c [%] 0.574 0.14 6.00 0.604 0.538 <0.001

PWR 0.549 0.11 30.38 0.641 0.466 0.009

CARDEL Index 0.664 0.25 8.08 0.593 0.653 <0.001

Abbreviations: AUC, area under the curve; HbA1c, glycated hemoglobin; PWR, platelet-to-WBC ratio.
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This study has some important limitations.33 One of the 
most important limitations is the performance of the study 
in the same cardiac surgery center. This could lead to the 
unknowing duplication of the same errors that may con-
tribute to the development of delirium, and which will not 
occur in another center. Due to the high frequency, only 
CABG procedure was selected as a homogeneous group, 
but this may not necessarily be extrapolated to other car-
diac surgery procedures. Additionally, this study was 
a population study which, in the absence of full knowledge 
about other possible delirium risk factors, could lead to 
some inaccuracies. That poses some limitations, however, 
it is worth implementing further studies in other centers to 
analysis the CARDEL Index.

Conclusion
Detecting a sensitive and specific marker of delirium can 
improve patients’ outcome and prognosis. Undoubtedly, 
the use of biomarkers may aid early identification of 
patients prone to delirium, shorten its duration and help 
in identifying pathogenic mechanisms leading to delirium. 
The variables included in the CARDEL index model, 
namely advancing age, glycated hemoglobin and platelet- 
to-WBC ratio are completely uncorrelated and therefore 
completely independent of each other. The authors con-
clude that the CARDEL index and included variables can 
be a helpful tool for prediction delirium in patients after 
coronary artery by-pass grafting.
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