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Background: After cardiac surgery, postoperative delirium (POD) is common and is 
associated with long-term changes in cognitive function. Impact on health-related quality 
of life (QOL) and long-term dependence are not well known. This aim of this study is to 
evaluate the role of POD in poor evolution at three years after surgery including poor QOL 
and dependence and mortality.
Patients and Methods: We enrolled and followed 173 patients 60 years of age or older 
who were planning to undergo cardiac surgery with cardiopulmonary bypass. The primary 
composite outcome was death of any causes, or patients with either a loss of QOL (evaluated 
with of EuroQuol verbal 5D EQ5D less than 50), or a loss of two points on the instrumental 
activities of daily living occurring three years after surgery. POD was diagnosed with the use 
of Confusion Assessment Method. Multivariate logistic regression was performed.
Results: At three years, 74 patients (42.8%) had a poor evolution. Independent risk factors 
in poor patient evolution were sex (female gender; OR: 3.6; 95%CI: 1.45–8.7; p=0.006), 
metabolic status (diabetic patients; OR: 4; 95%CI: 1.6–10.2; p=0.002), Euroscore 2 
(Euroscore 2 >1.5; OR: 5.2; 95%CI: 1.7–15.4; p=0.003) and POD (OR: 3.3; 95%CI 
1.4–7.8; p=0.006). Coronary disease was protective (OR: 0.3; 95%CI: 0.14–0.71; p=0.006).
Conclusion: After cardiac surgery, POD significantly altered patient evolution and 
increased risk of dependence and loss of QOL.
Keywords: cardiac surgery, delirium, dependence, quality of life, mortality

Introduction
Postoperative delirium (POD) and postoperative cognitive dysfunction (POCD) are 
of particular concern in older patients who have undergone cardiac surgery with use 
of cardiopulmonary bypass (CPB).1 Despite the declining incidence of complica-
tions following cardiac surgery, the reported incidence of POCD has remained 
largely unchanged, occurring in 30 to 65% of patients at hospital discharge.2–4 

Thus, POD (both postoperatively and in the ICU) must be actively screened.5 Both 
POD and POCD delirium have been linked to serious negative consequences, 
including postoperative cognitive dysfunction, prolonged mechanical ventilation, 
and prolonged hospital and ICU stay, as well as increased health care costs and 
long-term cardiovascular events after cardiac surgery.6 Age and degree of inflam-
matory response after CPB explains the high incidence of the diseases in this 
population.7–9 Indeed age, low ejection fraction, diabetes, and extracardiac arterio-
pathy were found to be independent predictors of postcardiac surgery delirium in 
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elderly patients. Postoperative risk factors of developing 
delirium for patients above 65 years were atrial fibrillation, 
postoperative pneumonia, elevated postoperative creati-
nine, and prolonged hospital LOS.6,10 Recently, preopera-
tive administration of dexamethasone has reduced the 
inflammatory response and thereby decreased the risk of 
early POCD after cardiac surgery.11 The surgery aim is not 
only to treat the cardiac diseases but also to maintain or to 
improve functional capacities and QOL (quality of life) 
and to avoid loss of autonomy. However, there is little data 
in the literature. In fact, there are few studies on the 
medium-term and long-term consequences of POCD and 
POD on patients’ QOL and autonomy.12,13 In addition, 
with regard to heart surgery, cognitive changes are still 
mainly studied in the framework of coronary artery bypass 
graft.12

The main objective of this study was to evaluate the 
role of POD in poor evolution at three years after cardiac 
surgery including poor QOL and dependence and mortal-
ity. Then, we researched factors, which explicated a poor 
patient evolution, especially influence of postoperative 
cognitive trajectories.

Patients and Methods
We conducted a prospective, monocentric longitudinal study 
in a cardiovascular surgery department of the Toulouse 
University Hospital. This work was approved by the local 
research ethics committee (Comité d’éthique pour la 
recherché du CHU de Toulouse no. 78–1014) in 2015. 
According to French legislation, given the observational 
nature of this analysis, the ethics committee specifically 
approved verbal informed consent, and the consent was 
both verbal and informed. Consent was orally obtained 
from the study participants prior to study commencement. 
Patients were included between November 2014 and 
May 2015 and were followed at three years after the surgery, 
between November 2017 and May 2018.

All patients were 60 years of age or older and under-
going planned cardiac surgery with use of CBP, either 
coronary artery bypass grafting, heart valve surgery, or 
both. The exclusion criteria included all patients who 
refused to participate, patients who were unable to com-
plete the questionnaire by telephone (language barrier, 
deafness, etc), patients under protective measures, patients 
who had undergone heart surgery without use of CPB and 
patients less than 60 years of age.

Anesthesia was induced with sufentanil, propofol and 
cisatracurium and maintained with sevoflurane, sufentanil 

and cisatracurium. During and after CPB, sevoflurane was 
stopped and propofol 1% was administered in a target- 
controlled infusion adapted to a bispectral index monitoring 
system (BIS, Medtronic, MI, USA). BIS index monitoring 
was initiated before the induction and was maintained at 
40–60 throughout the procedure.

Norepinephrine was used as a first-line vasopressor in 
case of postoperative hypotension. The combination of 
norepinephrine and dobutamine was considered in case 
of postoperative right or left or both ventricular failure. 
If necessary, epinephrine was administered in second-line.

Just after surgery, patients were admitted in an inten-
sive care unit (ICU) where they were awake and moni-
tored for at least the first 24 h.

Clinical and biological data related to the health his-
tory, preoperative elements and the ICU and standard 
health care unit data were collected.

The presence of POD was verified on a daily basis. 
Trained research personnel, including nurses, assessed 
POD. The Confusion Assessment Method (CAM) 
adapted for the ICU (CAM-ICU) was used when the 
patient was admitted in our ICU.1 The CAM was used 
when the patient was transferred to the ward. The main 
criteria were researched: sudden onset, inattention, dis-
organized thoughts, alteration in level of consciousness, 
and associated criteria (disorientation, memory loss, 
abnormal perception, psychomotor disorders and sleep– 
wake disorder). If any of these indicators were present, 
the patient was scored as delirious. Patients were assessed 
on the first seven days after surgery, three assessments 
were daily performed. The duration of delirium was cal-
culated as number of days between the initial positive 
delirium assessment and the final positive delirium 
assessment.

Cognitive function was assessed one day before sur-
gery (baseline) by medical trained personnel. We chose the 
MMSE (Mini Mental State Examination) as the measure 
of cognitive function because it is commonly used in 
geriatric patients and was used for POCD diagnostic.7 

After surgery, MMSE was performed on days one and 
seven. Patients were classified with POCD on discharge 
when they lost two points or more between baseline 
and day seven.

At three years, patients’ evolution was investigated. 
A phone call with the patient or family was performed. 
The callers were blinded to the patients’ cognitive path-
way. Mortality, QOL and autonomy were assessed. Quality 
of life data were assessed gathered with the EQ5D-3L tool. 
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This is a self-evaluation tool with five dimensions (mobi-
lity, self-care, activities of daily living, pain/discomfort 
and anxiety/depression). It also includes a visual analog 
scale (VAS) that reflects the feelings of patients concern-
ing their overall health status, which we adapted into 
a numerical scale between 0 and 100 to ensure its comple-
tion. This instrument, through which 243 health statuses 
can be defined, is usually used in other studies for phone 
interviews, notably in cardiology. The EQ5D-3L scale is 
also recommended by the HAS (French High Health 
Authority) and by the National Institute for Health and 
Care Excellence (NICE) for health care “cost-utility” ana-
lyses. The degree of autonomy for the activities of daily 
living was assessed with an instrumental activity scale 
IADL (Instrumental Activities of Daily Living). It is 
used to assess autonomy through a total score ranging 
from 0 to 5 for men and 0 to 8 for women. This tool is 
recommended by the HAS and INSERM (French Institute 
for Health and Medical Research) for example, to assess 
cognitive deterioration in current activities of daily life 
(functional assessment).

The primary study outcome was a composite outcome 
measure which described poor patient evolution. It was 
death of any cause, or patients with either a loss of QOL 
(evaluated with of EuroQuol verbal 5D EQ5D less than 
50), or a loss of two points on the IADL occurring three 
years after surgery. Secondary outcome measures were the 
independent evaluation of quality of life, autonomy and 
mortality according to the occurrence or non-occurrence of 
postoperative delirium and POCD on discharge. In addi-
tion, we assessed the influence of POD on POCD on 
discharge from hospital. Finally, we attempted to identify 
the risk factors of delirium in our population.

Statistical Analysis
The study was carried out using MedCalc® statistical soft-
ware version 15 (Mariakerke, Belgium). After the first 
descriptive statistics phase and verification of the distribution 
of values (Kolmogorov–Smirnov test), the studied popula-
tion was separated into two groups according to the presence 
or absence of significant change in outcome. The character-
istics of the patients in the two different groups were com-
pared using nonparametric tests (Mann–Whitney test) for 
continuous variables. The results were expressed in median 
and 95%CI. The categorical variables for the two groups 
were compared with Fisher’s exact test. We evaluated the 
association between the different covariates and the variable 
explained (significant change in outcome) in a multivariate 

analysis (logistic regression) by the odds ratio measurement. 
We used a stepwise regression model (backward elimina-
tion), which included all the variables with p<0.05 and then 
progressively removing the nonsignificant variables.

Results
Between November 2014 and May 2015, 197 patients were 
included. In the second phase, between November 2017 and 
May 2018, of the 197 patients monitored, 24 were lost to 
follow-up and excluded from the analysis. A total of 173 
patients were included in the analysis. The characteristics of 
the patients are indicated in Supplementary Materials. In this 
population, 61 (35.3%) patients presented a postoperative 
delirium and 63 patients (36.4%) developed a POCD on 
discharge.

At three years after surgery, 74 patients (42.8%) pre-
sented a poor evolution. The distribution within the main 
composite outcome measure was the following: 30 
patients (17.3%) had died, 18 patients (10.4%) had a loss 
of autonomy with a decrease by more than two points on 
the IADL scale, 35 patients (20.2%) had an EQ5D NRS 
less than or equal to 50 out of 100. Moreover, in the group 
of patients with a significant alteration in the quality of 
life, the median NRS was 50.5 compared to 79.7 in the 
control group.

The results of our univariate analysis are presented in 
supplementary Table S1. We noted a median age of 69 
years in the control group compared with 78 years in the 
group with poor evolution (p<0.001), MMSE (25 vs 26; 
p<0.001) and the presence of delirium with a duration 
more than or equal to one day (52.7% vs 22.2 p<0.001). 
In addition, the duration of delirium was significantly 
longer in the group with poor evolution in comparison to 
the control group. The decrease in MMSE during hospita-
lization was greater in the group with poor evolution in 
comparison to the control group (two points vs one point, 
p=0.01). In addition, POCD on discharge from hospital 
was more frequent in the poor evolution patient group. The 
intubation period and the ICU period were similar in the 
two groups. The CBP duration was also similar (72 min vs 
79 min, p=0.42).

The results of our multivariate analysis are presented in 
Table 1. The independent risk factors for poor evolution in 
patient outcome were, sex (female gender; OR: 3.6; 95% 
CI: 1.45–8.7; p=0.006), metabolic status (diabetic patients; 
OR: 4; 95%CI: 1.6–10.2; p=0.002), Euroscore 2 
(Euroscore 2 >1.5; OR: 5.2; 95%CI: 1.7–15.4. p=0.003) 
and POD (OR: 3.3; 95%CI: 1.4–7.8; p=0.006). In addition, 
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the presence of coronary heart disease was a protective 
factor in terms of significant alteration in the outcome in 
three years (OR: 0.3; 95%CI: 0.14–0.71; p=0.006). 
Finally, age and SAPS2 (Simplified Acute Physiology 
Score) did not appear to be significant (p=0.2). The other 
variables that were tested provided no significant informa-
tion, especially POCD on discharge from hospital that did 
not represent an independent risk factor for a poor patient 
evolution. Therefore, preoperative MMSE and the duration 
of delirium were not significantly associated with the 
occurrence of the main outcome measure.

The changes in MMSE score according to the presence or 
absence of delirium are shown in supplementary Table S2. In 
the group of patients without delirium, the preoperative 
MMSE was higher than in the group of patients with delir-
ium. In addition, in the group of patients with delirium, 

a significant decrease in the preoperative and postoperative 
D7 MMSE score was noted. In the group without delirium, 
the D7 postoperative MMSE was similar to the preoperative 
MMSE, with no significant difference. After delirium, the 
mortality was higher than in the group without delirium. 
Figure 1 shows the Kaplan–Meier curve. Table 2 shows the 
proportion of patients with a loss of two points on the IADL 
scale and the mean NRS in the EQ5D according to whether 
or not postoperative delirium occurred.

The results of our univariate analysis are presented in 
Supplementary Materials. Among the risk factors for post-
operative delirium, the median age of 70 years in the 
control group compared with 78 years in the delirium 
group (p<0.0001), MMSE (25 vs 26; p=0.003), the left 
ventricular function (55% vs 60%; p=0.047) and the loss 
of hemoglobin in g/dL (1.4 vs 2.1; p=0.039) were noted. In 
addition, the duration of hospitalization was significantly 
longer in the delirium group in comparison to the control 
group (three days vs two days; p = 0.001). The results of 
our multivariate analysis are presented in Table 3. The risk 
factors for delirium were, age of more than 74 years (OR: 
4.1; 95%CI: 1.9–8.5; p=0.0001), and postoperative atrial 
fibrillation (OR: 2.6; 95%CI: 1.16–5.99). Finally, preo-
perative MMSE, transfusion and chronic renal failure 
were not found to be a risk factor for delirium.

Discussion
In this work, we showed for the first time that POD was an 
independent risk factor of poor patient evolution at three 
years after cardiac surgery. In addition, the other independent 
risk factors were female gender, diabetes, and a Euroscore 2 
more than 1.5. It has been demonstrated that more diabetic 
patients develop POD after cardiac surgery than nondiabetic 
patients. Elevated preoperative level of HbA1c was an inde-
pendent risk factor for postcardiac surgery delirium 

Table 1 Risk Factors for a Significant Alteration in Outcome: Multivariate Analysis

p OR OR Lower Level (95%) OR Upper Level (95%)

Gender (female) 0.006 3.6 1.45 8.7
Ischemic heart disease 0.006 0.3 0.14 0.71

Diabetes 0.003 4 1.6 10.2

Euroscore 2 >1.5 0.003 5.2 1.7 15.4
Delirium 0.006 3.3 1.4 7.8

Age >69 years 0.2 2 0.7 5.8

SAPS2 >27 0.2 1.9 0.8 4.9

Notes: Occurrence of significant alteration in outcome was modeled as a function of all predictors that differed (p<0.10) in the univariate analyses. Multivariate logistic 
regression analysis was performed by using a backward (conditional) stepwise procedure. AUC of this model was 0.86, the Hosmer–Lemeshow test was 0.85; 80.4% of 
patients were high-ranked by this model. 
Abbreviations: SAPS II, Simplified Acute Physiology Score 2; AUC, area under the curve.

Figure 1 Kaplan–Meier time-to-event curves show the cumulative incidence of death 
from any cause among patients who present or not a postoperative delirium. At three 
years after the surgery, 56.7% of the postoperative delirium patients vs 30.8% in the 
control group (Wilcoxon test: p=0.005). 
Abbreviation: POD, Postoperative delirium.
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regardless of the diagnosis of diabetes.6 In this cardiac sur-
gery population, the presence of a single ischemic heart 
disease was protective. In addition, QOL scores were sig-
nificantly lower after delirium, as was the case of the inci-
dence of patients who had had a loss of autonomy. Mortality 
was higher in the group of patients with delirium. It was 
shown that mortality was associated with the occurrence of 
POD.14 In addition, it was previously demonstrated that over 
time, POD reduced the quality of life after surgery.12,15 After 
POD, the quality of life six and nine months postoperatively 
seemed particularly reduced due to the occurrence of pro-
blems related to anxiety/depression. However, in these 
works, the quality of life was only evaluated early between 
six months and one year postoperatively.12,15,16 In our work 
we show that this change persists over time, whilst the 
cognitive effects following delirium are known to 
regress.7,17 In addition, to our knowledge, there is no data 
in the literature that connects loss of autonomy to POD. POD 
could be considered as a fragility marker. Patients would in 
the future be more likely to develop problems leading to 
reduced quality of life and dependence. POD seems to actu-
ally impact patient outcome over time following surgery. 
Consequently, the occurrence is a complication that not 
only increases short-term mortality and morbidity during 
hospitalization,14 but also impacts patient outcome over the 
long-term and beyond the first year after surgery.

We also confirm the connection between the occurrence 
of POD and early alterations in cognitive performances.7,17 

In fact, the patients with POD had a significant decrease in 
the MMSE seven days after surgery. While the MMSE is 
a rudimentary cognition evaluation tool, our results are simi-
lar to the studies that evaluated cognition with a battery of 
neuropsychological tests. The impact of delirium on cogni-
tive performances seems to be transitory. After one year, 
cognitive changes induced by delirium were no 
significant.17 The fall in MMSE during hospitalization was 
not related to the occurrence in significant alterations in the 
primary endpoint. POCD present on discharge from hospital 
seems to be nondetermining of patient outcome in three 
years. POCD are described as regressive over time.7,9,18 

Their impacts on the level of autonomy and the QOL can 
therefore also decline over time.

One limitation of our study could be that, unlike the 
other studies12,16 in general we only included coronary 
bypass surgery, we also included patients who had under-
gone aortic and mitral valve replacement surgery, as well as 
surgeries in which valve replacements were associated with 
coronary bypass. Usually, patients who have undergone 
valvular surgeries have greater surgical risks than those 
who have undergone CABG.19 In our study, patients with 
only ischemic heart disease were also protected in terms of 
the occurrence of a poor evolution. Therefore, our popula-
tion is similar to the population encountered in current 
practice, including patients at low operating risk and those 
at higher risk. There are several preoperative risk factors in 
the patients that could contribute to POD and POCD 

Table 3 Risk Factors for Postoperative Delirium: Multivariate Analysis

p OR OR Lower Level (95%) OR Upper Level (95%)

MMSE D-1 0.06 0.9 0.8 1.004

Postoperative FA 0.02 2.6 1.16 5.99
Red Blood Cell Transfusion 0.2 1.6 0.77 3.4

Age >74 years 0.0001 4.1 1.9 8.5

Chronic renal failure 0.1 1.97 0.89 4.4

Notes: Occurrence of postoperative delirium was modeled as a function of all predictors that differed (p<0.10) in the univariate analyses. Multivariate logistic regression 
analysis was performed by using a backward (conditional) stepwise procedure. AUC of this model was 0.78, the Hosmer–Lemeshow test was 0.95; 73.4% of patients were 
high-ranked by this model.

Table 2 Quality of Life and Autonomy After POD at Three Years

Total (n=143) No POD (n=99) POD (n=44) p (POD vs No POD)

EQ5D NRS, mean (IQR) 70 (55–85) 75 (60–90) 60 (50–75) 0.0001
Loss of autonomy, n (%) 12.6 (18) 7 (7%) 11 (25%) 0.0001

Notes: This table shows the % of patients with lost of autonomy (–2 points in the IADL scale) and the level of quality of life with the median response in the EQ5D NRS 
score. Results are also showed according to the presence or absence of delirium. EQ5D were compare with Mann–Whitney tests. Lost of autonomy was compared with chi- 
squared test. 
Abbreviations: POD, postoperative delirium; EQ5D, French version of EuroQuol 5D; IADL, instrumental activities of daily living.
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development significantly, such as, cerebrovascular inci-
dent, dementia, depression, neurodegenerative disease, 
poor cardiac function, prior cardiac or carotid surgery. 
Because such patients were not excluded from the research 
it could be a confusing factor. Finally, this was a single- 
center study with limited generalizability.

Conclusion
In this study, we showed that postoperative delirium 
impacted surgical follow-up by significantly altering 
patient outcome three years after heart surgery. Similarly, 
female gender, diabetes and Euroscore 2 influenced the 
outcome. The presence of ischemic heart disease was 
a protective factor.

Therefore, postoperative delirium is a postoperative 
complication that changes not only short-term, but also 
long-term patient outcome. In the future, strategies should 
be implemented to minimize the occurrence and to test 
whether these strategies reduce the incidence and improve 
patient outcome.
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