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Abstract

OBJECTIVES: Depression is common in patients with cardiac disease, and preoperative depression is associated with worse outcomes after
cardiac surgery. Depression is also correlated with postoperative delirium (POD) after major surgery. However, the association between
preoperative depression and POD after cardiac surgery is sparsely studied. The aim of this study was to investigate depression as a predic-
tor for POD in cardiac surgery patients.

METHODS: This population-based cohort study included 1133 cardiac surgery patients in Stockholm 2013–2016. Depression was defined
by the Patient Health Questionnaire-9, and POD was evaluated by assessing medical records for symptoms of POD according to
Diagnostic and Statistical Manual of Mental Disorders criteria. The association between depression and POD was determined through
multivariable logistic regression analysis.

These authors take responsibility for all aspects of the reliability and neutrality of the data presented and its discussed interpretation.
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RESULTS: A total of 162 (14%) individuals reported depressive symptoms preoperatively. The incidence of POD was 26% and highest
among elderly patients. Among patients with depression, 34% developed POD. In the group of non-depressed patients, 24% developed
POD. The overall adjusted odds of delirium were 2.19 times higher in individuals with depressive symptoms compared to controls (95%
confidence interval 1.43–3.34). The onset of delirium was most common on Days 0–2 after surgery.

CONCLUSIONS: This unique population-based study in patients undergoing cardiac surgery shows that preoperative depression is associ-
ated with POD in a large proportion of treated patients. The findings support the need for improved preoperative screening for depression,
especially in younger patients, and enhanced clinical surveillance in the early postoperative period for all patients.
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ABBREVIATIONS

CAM Confusion Assessment Method
CAM-ICU Confusion Assessment Method for the

Intensive Care Unit
CI Confidence interval
CPB Cardiopulmonary bypass
DHCA Deep hypothermic circulatory arrest
DSM–5 Diagnostic and Statistical Manual of Mental

Disorders
ICU Intensive care unit
PHQ Patient Health Questionnaire
POD Postoperative delirium

INTRODUCTION

Depression is a prevalent mental disorder worldwide, in Sweden,
the prevalence for clinically significant depression has been
reported to be 10.8% [1]. Depression has been associated with in-
creased cardiovascular morbidity and mortality in patients with
cardiac disease [2]. Depression screening in patients with cardio-
vascular disease has therefore been recommended by the
American Heart Association [3].

Postoperative delirium (POD) is a serious complication of sur-
gery and patients with POD have poorer long-term outcomes, in-
creased length of hospital stays and often experience reduced
quality of life after surgery. The most characteristic symptom of
POD is a disturbance in attention that develops over a short pe-
riod with a tendency to change during the day [4].

Previous studies have demonstrated that depressive symptoms
increase the risk for POD in patients 50 years and older undergoing
major non-cardiac surgery [5]. Furthermore, depression doubles the
risk for POD in patients undergoing spine surgery [6], and this asso-
ciation has also been demonstrated in orthopaedic surgery [7].
However, the correlation between preoperative depression and
POD is not yet established for cardiac surgery. In a meta-analysis,
an association between preoperative depression and POD was
found, but the included studies were of high heterogeneity [8].

The aim of this study was to explore the association between
depression and POD in patients undergoing cardiac surgery.

MATERIALS AND METHODS

Ethical statement

This study was approved by the human research ethics commit-
tee in Stockholm on 30 January 2013, Dnr: 2013/35–31/4.
Informed consent was obtained before inclusion.

Study design

This was a population-based cohort study, based on data from
cardiac surgery patients undergoing elective and urgent cardiac
surgery. Data were collected at the cardiac surgery department at
Karolinska University Hospital between mid-September 2013 and
beginning of August 2016 and the inclusion procedure has been
described previously [9]. During this period, a depression-
screening project was introduced using the Patient Health
Questionnaire (PHQ)-9. The Swedish version of PHQ-9 was sent
by mail to patients scheduled for elective cardiac surgery
�2 weeks before their scheduled surgery. Urgent cardiac surgery
patients were asked about study participation preoperatively at
the regular cardiac surgery ward. Urgent patients were defined as
patients scheduled for surgery within 24 h after admission. The
patients subsequently received the PHQ-9 prior to surgery from
the nurse in charge of patient care. The results from the ques-
tionnaires were entered into a study database and further linked
to additional baseline characteristics obtained from the Swedish
Heart Surgery Register using the unique personal identity num-
ber assigned to all Swedish citizens [10]. The study was performed
following the STROBE checklist for cohort studies [11].

Inclusion/exclusion criteria

Swedish speaking patients >18 years old with a planned elective
or urgent cardiac surgery at Karolinska University Hospital in
Sweden were eligible for inclusion. Patients unable to fill out the
PHQ-9 questionnaire prior to surgery were excluded.

Definitions

Depression is, according to the Diagnostic and Statistical Manual
of Mental Disorders (DSM–5), defined when suffering from 5 or
more of following symptoms depressed mood with reduced in-
terest in activities, affected appetite, difficulties concentrating,
loss of energy, feelings of worthlessness and guilt, thoughts of sui-
cide or suicide attempts [4]. A PHQ-9 score of >_10 is indicative
for clinical depression [12].

Delirium is, according to the DSM–5, defined as inattention,
disorganized thinking, and an altered level of consciousness with
acute onset and fluctuating course [4].

POD is defined as an onset of delirious symptoms shortly after
surgery [13].

Moderate consumption of alcohol is defined as <9 units/week
for women and <14 units/week for men and high consumption
of alcohol is defined as >9 units/week for women and >14 units/
week for men.
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Urgent surgery is defined as patients undergoing surgery
within 24 h after admission.

Diagnostic tools and data collection

Patient Health Questionnaire. The PHQ is a self-
administered, diagnostic, psychometric evaluation tool for de-
pressive symptoms [12]. The PHQ-9 questionnaire consists of 9
questions with answers on a 4-point Likert scale from 0 (not at
all) to 3 (nearly every day). A PHQ-9 score >_10 has a sensitivity of
88% and a specificity of 88% for actual depression [12].
Accordingly, a PHQ-9 score >_10 was considered indicative of de-
pressive symptoms in this study.

Confusion Assessment Method. The proper way to diagnose
delirium is through assessment by a psychiatrist using the DSM–5
criteria [4, 14]. However, assessment by a psychiatrist is not feasi-
ble in most hospital settings, why numerous delirium assessment
tools have been developed to enable bedside diagnosis. The
Confusion Assessment Method (CAM) [15] is a standardized
instrument, based on the DSM–5 criteria, helping health-care
professionals to detect delirium in clinical settings. The CAM-in-
tensive care unit (ICU) is a development of the CAM, modified
for use in mechanically ventilated patients in the ICU [15, 16].
The CAM-ICU has high sensitivity, high specificity and high inter-
rater reliability and has been translated and psychometrically
evaluated for use in Swedish ICU settings [17].

Medical records assessment. In addition to using the CAM-
ICU, POD could be identified through assessment of clinical
symptoms documented in medical records by nurses, physio-
therapists, anaesthesiologists and cardiac surgeons. Therefore,
medical records were examined by a researcher with extensive
clinical experience of intensive care. POD was determined
through positive CAM-ICU, International Statistical Classification
of Diseases and Related Health Problems code, or by docu-
mented symptoms of POD on postoperative Day 0 (day of sur-
gery) to postoperative Day 7 at the ICU and postoperative
cardiac surgery ward. To validate the determination of POD, an
experienced ICU nurse, working at the department where this
study took place, verified 20% of the medical records with a con-
cordance of 90%. In cases of ambiguity, an ICU consultant assis-
ted in determining POD, and any disparity rendered an absence
of diagnosis. The presence or absence of POD was compared to
the patient’s initial PHQ-9 screening result.

Surgical management

Cardiac surgery [thoracic aortic surgery, isolated valve surgery,
isolated coronary artery bypass grafting and combined proce-
dures] via median sternotomy with cardiopulmonary bypass
(CPB) and use of cardioplegia and aortic cross-clamp for full ar-
rest of the heart and a bloodless field, was standard procedure at
the department where this study was conducted during 2013–
2016.

Anaesthesiologic procedure and analgesics

Anaesthesia induction with Fentanyl, Propofol and Atracurium
was followed by maintenance with Sevoflurane or Propofol, off

or on CPB, respectively. Postoperative analgesia with
Paracetamol and Morphine or Ketobemidone by patient-
controlled analgesia was used as the standard procedure.

Age groups

To investigate the effect of depression on POD in different age
groups, the participants were divided into 3 groups, <62, 62–72
and >72 years. In Sweden, it is possible to start receiving a statu-
tory pension at the age of 62, even though working until the age
of 68 is conceivable. The group of patients of <62 years is still of
working age. In the group of patients 62–72, there is a mix of
employed persons and persons retired due to age. The group of
patients of >72 is most likely retired from work.

Statistical analysis

Baseline characteristics were described with frequencies and per-
centages for categorical variables, and median values for continu-
ous variables. Student’s t-test was used for continuous variables,
and the chi-square test was used for categorical variables.
Logistic regression was used to estimate odds ratios and 95%
confidence intervals (CIs) for the association between depression
and POD using non-depression as the reference category. The
multivariable model included the following covariates: age, sex,
living alone, body mass index, smoking, alcohol use, atrial fibrilla-
tion, chronic obstructive pulmonary disease, peripheral vascular
disease, percutaneous coronary intervention, prior cardiac sur-
gery, left ventricular ejection fraction, diabetes mellitus, estimated
glomerular filtration rate, stroke, EuroSCORE II, type of surgery,
CPB, aortic cross-clamp, deep hypothermic circulatory arrest and
urgent surgery. Hazard ratios with 95% CI were calculated as rela-
tive differences between age groups (<62, 62–72 and >72 years).
The statistical analyses were performed with Stata version 16.1
software (StataCorp LP, College Station, TX).

RESULTS

Baseline characteristics

In the final sample, a total of 1120 patients were included (Fig. 1),
824 (74%) men and 296 (26%) women (Table 1). In the total study
population, there were 954 (86%) non-depressed patients, and
162 (14%) depressed patients. The patients were divided into 3
age groups: <62 years (n = 373), 62–72 years (n = 341) and
>72 years (n = 406). The mean age at surgery was 65 years old;
Among depressed patients, the mean age was 62 vs 66 years old
among the non-depressed. Furthermore, depressed patients had
chronic obstructive pulmonary disease, were smokers, had higher
body mass indexes and consumed alcohol to a greater extent
than the non-depressed patients (Table 1).

Prevalence and onset of postoperative delirium

In the total study population, POD was detected in 287 of 1120
patients (26%) and the majority, 220 of the 287 (77%), developed
POD during the first 2 days after surgery, as demonstrated in
Fig. 2. The incidence of POD was similar between men and
women (214/824, 26% of men and 73/296, 25% of women).
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Transmission from ICU to the cardiac surgery ward was most
common on the first day after surgery when 77.5% (n = 868) of
the patients were transferred from ICU.

Depression and postoperative delirium related to
sex and age

The risk difference for POD between depressed and non-
depressed patients is shown in Table 2 and Fig. 3. Depressed
women had a higher risk of developing POD compared to non-
depressed women (Table 2). Separate analyses in subsets of
patients according to age showed that the risk for POD was high-
est among the oldest patients (>72 years), where 151/406 (37%)
developed POD. However, depressed patients below 62 years
had a significantly higher risk of developing POD compared to
non-depressed patients below 62 years (Table 2).

Association between depression and postoperative
delirium

Among patients with depression, 34% developed POD. In the
group of non-depressed patients, 24% developed POD.
Depressed patients under 62 years of age have a 15.4% increased
risk of developing POD compared to non-depressed patients
(Table 2). A depressed 60-year-old patient has the same risk of
developing POD after cardiac surgery as a non-depressed 75-
year-old patient (Fig. 3). The effect of depression on POD
decreases with age (Fig. 3).

In the total study population, there was a crude association be-
tween depression and POD: odds ratio (OR) 1.61 (95% CI 1.13–
2.30). When divided into age categories, the crude association
between depression and POD was strongest among the youngest
patients (<62 years): OR 2.95; (95% CI 1.56–5.58; Table 3). In the

multivariable model, preoperative depression was associated
with POD (OR 2.19; 95% CI 1.43–3.34), compared with no preop-
erative depression. Most apparent was the strong association be-
tween depression and POD in patients below 62 years of age (OR
3.76; 95% CI 1.70–8.32; Table 3).

DISCUSSION

One out of 4 patients undergoing cardiac surgery developed
POD in the analysed sample, and a strong association between
preoperative depression and POD was detected in this
population-based cohort study, suggesting that preoperative de-
pression is a predictor of POD in patients undergoing cardiac
surgery in our region. Moreover, we found that patients younger
than 62 years of age with depression prior to surgery suffered
almost 4 times the risk of developing POD compared to
non-depressed patients in the same age group. These new and
clinically relevant insights, on the specifically increased risk for
younger patients and patients with preoperative depression,
should presumably contribute to alterations in the care trajectory
of cardiac patients in general when undergoing cardiac surgery.

Prior studies in various surgical fields have associated preoper-
ative depression with an increased risk of POD. Elsamadicy et al.
[6] presented depression as an independent risk factor for POD
after elective spine surgery and Koskderelioglu et al. [7] found
that depression was strongly associated with POD in patients >65
undergoing hip surgery. In line with these studies on general sur-
gery, our study on cardiac surgery patients demonstrated that
adult patients with symptoms of depression prior to surgery were
more likely to develop POD after cardiac surgery compared to
patients without a history of depression. The depressed patient
group has different perioperative prerequisites, with cardiac dis-
ease, combined with cardiac surgery, as well as supporting CPB,

Figure 1: Patient inclusion flowchart. PHQ-9: Patient Health Questionnaire-9.
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which entails a separate risk for embolic cerebral events [18]. This
study reveals that the effect of depression on the risk for POD is
of great importance in patients <62 years old undergoing cardiac
surgery, but that this effect decreases with age. A possible expla-
nation as to why the association between depression and POD
was strongest among the youngest patients in this study could be
that elderly patients undergoing cardiac surgery have several
other comorbidities and therefore are more vulnerable to anaes-
thesia, surgery and CPB, making the impact of depression less
significant. Another explanation for the association between de-
pression and POD is the profound inflammatory response to sur-
gery and CPB that has been considered to contribute to POD in
patients undergoing cardiac surgery [19]. It may be argued that
the inflammatory response caused by CPB [20] and major surgery

could be more critical to patients with an already activated in-
flammatory response due to depression [21]. In our study, the
onset of POD occurred primarily during the first 2 days after sur-
gery, which is in line with results from Zhang et al. [22] where
POD was diagnosed during the first 2 days after coronary artery
bypass grafting [22]. However, this timing of POD is earlier than
described by Sugimura et al. [23] and Kazmierski et al. [24], who
reported onset of POD on postoperative Days 3–4 after cardiac
surgery. A possible explanation for our results could be the rou-
tine of extubating patients early, which might increase the possi-
bility of early detection of POD. About 30–40% of POD cases are
considered preventable [25]. In perioperative care, it is essential
to identify patients at risk of developing POD, rapidly diagnose
POD, and effectively manage patients with POD [13]. Immediate

Table 1: Baseline characteristics stratified by depression

Overall No depression Depression p

No. 1120 958 162
Age at surgery [mean (SD)] 65 (11.6) 66 (11.4) 62 (12.5) <0.001
Female sex (%) 296 (26.4) 230 (24.0) 66 (40.7) <0.001
Living alone (%) 296 (27.7) 254 (27.6) 42 (27.8) 1.000
BMI (%) 0.028

<18.5 10 (0.9) 7 (0.7) 3 (1.9)
18.5–24.9 395 (35.3) 347 (36.2) 48 (29.6)
25–29.9 487 (43.5) 421 (43.9) 66 (40.7)
>30 228 (20.4) 183 (19.1) 45 (27.8)

Smoking (%) <0.001
Non-smoker 514 (45.9) 456 (47.6) 58 (35.8)
Prior smoker 347 (31.0) 290 (30.3) 57 (35.2)
Current smoker 110 (9.8) 78 (8.1) 32 (19.8)
Unknown 149 (13.3) 134 (14.0) 15 (9.3)

Preoperative AF (%) 0.288
No 812 (72.5) 687 (71.7) 125 (77.2)
Yes 183 (16.3) 163 (17.0) 20 (12.3)
Unknown 125 (11.2) 108 (11.3) 17 (10.5)

Preoperative COPD (%) 105 (9.4) 77 (8.0) 28 (17.3) <0.001
Preoperative PVD (%) 76 (6.8) 62 (6.5) 14 (8.6) 0.397
Preoperative PCI (%) 80 (7.1) 66 (6.9) 14 (8.6) 0.525
Prior cardiac surgery (%) 57 (5.1) 46 (4.8) 11 (6.8) 0.383
LVEF (%) 0.051

>50 752 (67.1) 656 (68.5) 96 (59.3)
30–50 317 (28.3) 262 (27.3) 55 (34.0)
<30 51 (4.6) 40 (4.2) 11 (6.8)

Preoperative DM (%) 184 (16.4) 149 (15.6) 35 (21.6) 0.071
eGFR (%) 0.594

>60 923 (82.4) 785 (81.9) 138 (85.2)
45–60 136 (12.1) 119 (12.4) 17 (10.5)
<45 61 (5.4) 54 (5.6) 7 (4.3)

Preoperative stroke (%) 81 (7.2) 65 (6.8) 16 (9.9) 0.215
Alcohol (%) <0.001

Never 100 (8.9) 68 (7.1) 32 (19.8)
Moderate consumption 931 (83.1) 826 (86.2) 105 (64.8)
High consumption 42 (3.8) 28 (2.9) 14 (8.6)
Unknown 47 (4.2) 36 (3.8) 11 (6.8)

Type of surgery (%) 0.016
Isolated CABG 300 (26.8) 251 (26.2) 49 (30.2)
Isolated valve 515 (46.0) 431 (45.0) 84 (51.9)
Other 305 (27.2) 276 (28.8) 29 (17.9)

CPB [mean (SD)] 119.5 (61.0) 118.7 (59.1) 124.6 (71.9) 0.308
XCL [mean (SD)] 84.9 (44.7) 83.99 (42.9) 90.9 (54.4) 0.105
DHCA (%) 64 (5.7) 59 (6.2) 5 (3.1) 0.169
Urgent surgery (%) 139 (12.4) 116 (12.1) 23 (14.2) 0.537
EuroSCORE II [mean (SD)] 3.00 (3.95) 2.96 (3.88) 3.26 (4.32) 0.376

AF: atrial fibrillation; BMI: body mass index; CABG: coronary artery bypass grafting; COPD: chronic obstructive pulmonary disease; CPB: cardiopulmonary bypass;
DHCA: deep hypothermic circulatory arrest; DM: diabetes mellitus; eGFR: estimated glomerular filtration rate; LVEF: left ventricular ejection fraction; PCI: percuta-
neous coronary intervention; PVD: peripheral vascular disease; XCL: aortic cross-clamp.
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treatment of cause factors and symptoms has a large impact on
reducing the duration of POD and thereby improving the prog-
nosis [13, 19]. We found that patients <62 years old with depres-
sion were at an increased risk for POD. These patients could
benefit from the same multi-component POD preventive inter-
vention as that recommended for the elderly, especially during

the first 2 days after surgery, as this period is particularly critical.
POD is associated with negative consequences, such as cognitive
decline, reduced quality of life, hospital readmissions, increased
costs and increased mortality [26]. Therefore, prevention and
early detection of POD should be prioritized in all cardiac surgery
patients, particularly the elderly and patients suffering from
depression.

Strengths and limitations

The prospectively collected information about depression, the
large patient cohort and the procedure by which the evaluation
of POD was performed, all add to the strength of this study.
Limitations that should be addressed include the response rate of
the PHQ-9 questionnaire. The total response rate was 45% (64%
among elective patients and 15% among urgent patients). This
could have underestimated our results, as other studies report a
depression frequency of 20–45% in patients with heart disease.
Furthermore, data about POD were collected retrospectively and
there was a lack of consecutive delirium assessment instruments
at the cardiac surgery ward at the time of the study, it is therefore
possible that all symptoms of POD were not documented. The
assessments made were performed by nurses, physiotherapists,
anaesthesiologists and cardiac surgeons involved in routine daily
care instead of a psychiatrist using a delirium assessment tool.

Figure 2: Onset of postoperative delirium. Information about onset of
postoperative delirium was missing for 6 patients.

Table 2: Crude risk of delirium in patients with or without depression according to sex and age

No. (%) with delirium Risk difference % Risk ratio

No. of patients Depr- Depr+ P-value (95% CI) (95% CI)

Total population 1120 232 (24%) 55 (34%) 0.009 9.7% (2.0 to 17.5%) 1.40 (1.10 to 1.79)
Sex

Men 824 182 (25%) 32 (33%) 0.080 8.3% (-1.6 to 18.3%) 1.33 (0.98 to 1.82)
Women 296 50 (22%) 23 (35%) 0.029 13.1% (0.4 to 25.8%) 1.60 (1.06 to 2.42)

Age group
<62 years 373 32 (11%) 19 (26%) 0.001 15.4% (4.7 to 26.0%) 2.44 (1.47 to 4.05)
62–72 years 341 70 (23%) 15 (35%) 0.106 11.4% (-3.6 to 26.4%) 1.49 (0.94 to 2.35)
>72 years 406 130 (36%) 21 (46%) 0.207 9.5% (-5.7 to 24.8%) 1.26 (0.90 to 1.78)

CI: confidence interval.

Figure 3: Effect of depression on risk for postoperative delirium.
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Furthermore, data regarding depressive symptoms were self-
reported. Since only 15 patients in the total study population
were treated with anti-depressants, we decided to exclude infor-
mation about anti-depressant medication use in this study.
Another potential bias is that scheduled patients filled out the
PHQ-9 2 weeks before surgery in contrary to the urgent surgery
patients who filled out PHQ-9 within 24 h before surgery. We ad-
justed for urgent surgery in the multivariable analysis.

Implications

Our study reveals a need for preoperative depression screening
for all cardiac surgery patients, as recommended by the
American Heart Association. Furthermore, structured assessment
tools for POD, such as CAM, recommended for cardiac surgery
patients, should be implemented in the early postoperative pe-
riod for all cardiac surgery patients.

CONCLUSIONS

This unique population-based study in patients undergoing car-
diac surgery shows that preoperative depression is associated
with POD in a large proportion of treated patients. The findings
support the need for improved preoperative screening for de-
pression, especially in younger patients, and enhanced clinical
surveillance in the early postoperative period for all patients.
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[8] Falk A, Kåhlin J, Nymark C, Hultgren R, Stenman M. Depression as a pre-
dictor of postoperative delirium after cardiac surgery: a systematic re-
view and meta-analysis. Interact CardioVasc Thorac Surg 2021 8;32:
371–9.

[9] Stenman M, Sartipy U. Depression screening in cardiac surgery patients.
Heart Lung Circ 2019 ;28:953–8.

[10] Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. The
Swedish personal identity number: possibilities and pitfalls in healthcare
and medical research. Eur J Epidemiol 2009;24:659–67.

[11] von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC,
Vandenbroucke JP; STROBE Initiative. The Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) statement: guide-
lines for reporting observational studies. PLoS Med 2007;4:e296.

[12] Kroenke K, Spitzer RL, Williams JB, Lowe B. The Patient Health
Questionnaire Somatic, Anxiety, and Depressive Symptom Scales: a sys-
tematic review. Gen Hosp Psychiatry 2010;32:345–59.

[13] Aldecoa C, Bettelli G, Bilotta F, Sanders RD, Audisio R, Borozdina A et al.
European Society of Anaesthesiology evidence-based and consensus-
based guideline on postoperative delirium. Eur J Anaesthesiol 2017;34:
192–214.

[14] Sachdev PS, Blacker D, Blazer DG, Ganguli M, Jeste DV, Paulsen JS et al.
Classifying neurocognitive disorders: the DSM-5 approach. Nat Rev
Neurol 2014;10:634–42.

[15] Inouye SK, van Dyck CH, Alessi CA, Balkin S, Siegal AP, Horwitz RI.
Clarifying confusion: the Confusion Assessment Method. A new method
for detection of delirium. Ann Intern Med 1990;113:941–8.

[16] Ely EW, Margolin R, Francis J, May L, Truman B, Dittus R et al. Evaluation
of delirium in critically ill patients: validation of the Confusion
Assessment Method for the Intensive Care Unit (CAM-ICU). Crit Care
Med 2001;29:1370–9.

[17] Larsson C, Axell AG, Ersson A. Confusion Assessment Method for the in-
tensive care unit (CAM-ICU): translation, retranslation and validation
into Swedish intensive care settings. Acta Anaesthesiol Scand 2007;51:
888–92.

[18] Rajaram A, Milej D, Suwalski M, Yip LCM, Guo LR, Chu MWA et al.
Optical monitoring of cerebral perfusion and metabolism in adults dur-
ing cardiac surgery with cardiopulmonary bypass. Biomed Opt Express
2020;11:5967–81.

[19] Rengel KF, Pandharipande PP, Hughes CG. Postoperative delirium.
Presse Med 2018;47:e53–64.

[20] Giacinto O, Satriano U, Nenna A, Spadaccio C, Lusini M, Mastroianni C
et al. Inflammatory response and endothelial dysfunction following car-
diopulmonary bypass: pathophysiology and pharmacological targets.
Recent Pat Inflamm Allergy Drug Discov 2019;13:158–73.

[21] Dowlati Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim EK et al. A
meta-analysis of cytokines in major depression. Biol Psychiatry 2010;67:
446–57.

[22] Zhang W, Hu W, Shen M, Ye X, Huang Y, Sun Y. Profiles of delirium and
the clinical outcomes of patients who underwent coronary artery bypass
grafting: a prospective study from China. J Clin Nurs 2016;25:631–41.

[23] Sugimura Y, Sipahi NF, Mehdiani A, Petrov G, Awe M, Minol JP et al.
Risk and consequences of postoperative delirium in cardiac surgery.
Thorac Cardiovasc Surg 2020;68:417–24.

[24] Kazmierski J, Kowman M, Banach M, Fendler W, Okonski P, Banys A
et al.; IPDACS Study. Incidence and predictors of delirium after car-
diac surgery: results from the IPDACS Study. J Psychosom Res 2010;
69:179–85.

[25] Inouye SK, Bogardus ST Jr, Charpentier PA, Leo-Summers L,
Acampora D, Holford TR et al. A multicomponent intervention to
prevent delirium in hospitalized older patients. N Engl J Med 1999;
340:669–76.

[26] Koster S, Hensens AG, Schuurmans MJ, van der Palen J. Consequences of
delirium after cardiac operations. Ann Thorac Surg 2012;93:705–11.

8 A. Falk et al. / Interactive CardioVascular and Thoracic Surgery


	tblfn1
	tblfn2
	tblfn3
	tblfn4



