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Abstract

Background: Near-infrared spectroscopy non-invasively measures regional cerebral oxygen saturation. Intraoperative

cerebral desaturations have been associated with worse neurological outcomes. We investigated whether perioperative

cerebral desaturations are associated with postoperative delirium in older patients after cardiac surgery.

Methods: Patients aged 70 yr and older scheduled for on-pump cardiac surgery were included between 2015 and 2017 in a

single-centre, prospective, observational study. Baseline cerebral oxygen saturation was measured 1 day before surgery.

Throughout surgery and after ICU admission, cerebral oxygen saturation was monitored continuously up to 72 h after

operation. The presence of delirium was assessed using the confusion assessment method for the ICU. Association with

delirium was evaluated with unadjusted analyses and multivariable logistic regression.

Results: Ninety-six of 103 patients were included, and 29 (30%) became delirious. Intraoperative cerebral oxygen satu-

ration was not significantly associated with postoperative delirium. The lowest postoperative cerebral oxygen saturation

was lower in patients who became delirious (P¼0.001). The absolute and relative postoperative cerebral oxygen satu-

ration decreases were more marked in patients with delirium (13 [6]% and 19 [9]%, respectively) compared with patients

without delirium (9 [4]% and 14 [5]%; P¼0.002 and P¼0.001, respectively). These differences in cerebral oxygen saturation

were no longer present after excluding cerebral oxygen saturation values after patients became delirious. Older age,

previous stroke, higher EuroSCORE II, lower preoperative Mini-Mental Status Examination, andmore substantial absolute

postoperative cerebral oxygen saturation decreases were independently associated with postoperative delirium

incidence.

Conclusions: Postoperative delirium in older patients undergoing cardiac surgery is associated with absolute decreases in

postoperative cerebral oxygen saturation. These differences appear most detectable after the onset of delirium.
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Editor’s key points

� Delirium after cardiac surgery is common and conse-

quential, but the underlying pathophysiology remains

unknown.

� Some previous studies have found that pre- and intra-

operative cerebral desaturation events were predictive

of postoperative delirium, suggesting a potentially

modifiable causal link.

� In contrast, this study found that only postoperative

cerebral desaturations, probably occurring mostly

during or after episodes of delirium, were significantly

associated with postoperative delirium.

� This hypothesis-generating finding suggests that cere-

bral desaturation might be a manifestation or conse-

quence of postoperative delirium rather than a causal

mediator thereof.
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Older patients undergoing cardiac surgery are at risk of

developing postoperative delirium (POD).1 Delirium has been

associated with a prolonged intensive care and hospital stay,

long-term neurocognitive deterioration, and increased mor-

tality. Identifying predictors for the development of POD is

therefore important in the prevention and early treatment of

this condition.2e5 Intraoperative cerebral hypoperfusion and

hypoxia have frequently been suggested as important factors

contributing to the development of POD after cardiac sur-

gery.6e9 Near-infrared spectroscopy (NIRS) non-invasively

measures the regional cerebral oxygen saturation (SctO2) at

the microvascular level in the frontal lobe, thereby enabling

the detection of a mismatch between oxygen delivery and

consumption.10 In recent years, studies have reported an as-

sociation between a prolonged intraoperative cerebral oxygen

desaturation as measured by NIRS and neurological

complications.11e15 However, the incidence of these post-

operative neurological complications remained unchanged

when a protocol-based interventional strategy was used to

treat intraoperative cerebral desaturations.16,17 Other studies

have indicated that cerebral desaturations continue to occur

in the ICU.18,19 As such, we hypothesised that there is an as-

sociation between postoperative cerebral desaturation and

POD. The primary aim of this prospective observational study

was to assess the association between postoperative cerebral

desaturations on the ICU and the presence of delirium after

cardiac surgery.
Methods

The study was conducted in a tertiary care hospital (Zie-

kenhuis Oost-Limburg, Genk, Belgium). Patients were enrolled

between June 2015 and July 2017. The study protocol was

approved by the Institutional Committee for Medical Ethics

(15/037U) and was registered on https://clinicaltrials.gov/

(NCT02532530). Adult patients (age �70 yr) undergoing elec-

tive on-pump aortic valve replacement, coronary artery

bypass surgery, or a combination of both procedures were

included. The exclusion criteria were inability to speak Dutch,

alcohol consumption of more than 2 units of alcohol per day,

Mini-Mental State Examination (MMSE) score �20, and pre-

operative use of antipsychotic drugs. As the maximum dura-

tion of SctO2 monitoring was 72 h, patients in whom the
duration of postoperative mechanical ventilation exceeded 36

h were excluded from the data analysis. One day before sur-

gery, written informed consent was requested, after which the

preoperative cognitive status was assessed with the MMSE.

The surgical risk assessment was based on the logistic Euro-

SCORE II.

General anaesthesia was induced using propofol (0.5 mg

kg�1) or diazepam (0.05e0.1 mg kg�1) and sufentanil (0.5e1 mg
kg�1). Tracheal intubation was facilitated by a bolus of cis-

atracurium (0.2 mg kg�1). At the discretion of the anaesthesi-

ologist, general anaesthesia was maintained with either

target-controlled infusion of propofol or sevoflurane in an

O2eair mixture. In either instance, there was a sufentanil

infusion (0.025 mg kg�1 h�1) and continuous administration of

cisatracurium.

The cardiopulmonary bypass (CPB) circuit was primed with

1.0 L Plasma-Lyte® A (Baxter S.A., Lessines, Belgium) and 500

ml Volulyte® 6% (Fresenius Kabi, Schelle, Belgium). Before CPB

initiation, an initial dose of heparin (300 U kg�1) was admin-

istered, followed by a continuous infusion (100 U kg�1 h�1)

during CPB to attain an activated clotting time above 480 s. The

ascending aorta and right atriumwere cannulated. Myocardial

protection was provided by either anterograde or retrograde

blood cardioplegia, which was repeated every 15e30 min.

Management of CPB comprised pH-stat management with

strict normocapnia, mean arterial pressure targeted at

6.7e10.7 Kpa, and maintenance of CPB flow between 2.4 and

2.8 L min�1 m�2. Haemodynamic monitoring was applied ac-

cording to institutional guidelines.

After sternal closure, the patients were transferred to the

ICU where they received a continuous propofol infusion

(0.3e4.0mg kg�1 h�1) until the extubation criteria were fulfilled

(i.e. adequate oxygenation with oxygen partial pressure >8.0
Kpa with inspired oxygen fraction �40%; adequate ventilation

with spontaneous tidal volumes >5 ml kg�1, spontaneous

ventilatory frequency >8 min�1, and end-tidal PaCO2<6.7 Kpa;

haemodynamic stability; and following verbal commands).

Postoperative analgesic management consisted of a loading

dose of morphine (0.1 mg kg�1) with additional boluses on

demand (i.v. drug pump was operated by the patient) com-

bined with paracetamol.

In the ICU, the presence of delirium was assessed by a

trained investigator three times per day using the confusion

assessmentmethod for the ICU (CAM-ICU) during the first 72 h

after ICU admission (i.e. at the end of each 8 h nursing shift),

with the first one starting 4 h after extubation.20 First, the

sedation status was determined using the Richmond

AgitationeSedation Scale (RASS), where a RASS score of at

least e3 is necessary before the CAM-ICU can be performed.

The CAM-ICU consists out of four features: (i) acute change or

fluctuating course of the mental condition, (ii) inattention, (iii)

altered consciousness level, and (iv) disorganised reasoning.

The CAM-ICU is considered positive when the first two fea-

tures are present together with either Feature 3 or 4. The RASS

scorewas used for the differentiation amongstmotor subtypes

of delirium (hyperactive, hypoactive, and mixed type).21,22

Delirium was regarded as present based either on a positive

CAM-ICU assessment or on the administration of antipsy-

chotic medications to treat delirium. After ICU discharge, a

second MMSE was performed.

On the day before cardiac surgery, bilateral SctO2 sensors

(FORE-SIGHT ELITE™; CAS Medical systems, Branford, CT,

USA) were placed on the patients’ foreheads, and preoperative

SctO2 was determined without supplemental oxygen during 5

https://clinicaltrials.gov/


Fig 1. Flow diagram presenting patient enrolment. NIRS, Near-

infrared spectroscopy.
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min. In the operating room, SctO2 sensors were placed bilat-

erally (before pre-oxygenation and induction) and remained in

place up to 72 h after operation. NIRS monitoring was stopped

before 72 h in case of earlier discharge from the ICU.

Throughout surgery and during the entire ICU stay, physicians

and nursing staff were blinded to SctO2 values. As such, clinical

decisions were never based on SctO2 values. All SctO2 values

were captured every 2 s. The left and right SctO2 values were

averaged, and the mean SctO2 values were used for data

analysis. Subsequently, the lowest SctO2, the absolute and

relative decrease in SctO2, and the incidence of desaturations

below the absolute SctO2 values of 60% and 55% and the inci-

dence of desaturations below 80% of baseline were calculated

for both the intra- and postoperative periods. Intraoperative

baseline SctO2 was defined during a 2 min period before the

induction of anaesthesia whilst the patients were breathing

room air. The preoperative SctO2, in contrast, was considered

as baseline SctO2 for the postoperative period. In addition, the

area under the curve (AUC) of the SctO2 values below 60% and

55% was calculated.

Statistical analysis was with SPSS version 24 (IBM Corp.,

Armonk, NY, USA). Normal distribution of data was assessed

using the KolmogoroveSmirnov test. Categorical variables are

shown as n (%). Continuous data are expressed as mean

(standard deviation) when normally distributed, or as median

with first and third quartiles when non-normally distributed.

Depending on normality, categorical data were compared be-

tween patients with and without delirium with a c2 test or

Fisher’s exact test, and continuous data were compared using

an unpaired Student’s t-test or a ManneWhitney U-test.

Baseline patient characteristics and postoperative SctO2 pa-

rameters that were significant in the univariable analysis at a

threshold P<0.1 were entered into a forward multivariable lo-

gistic regression model. All included variables were checked

for multicollinearity in advance, and variables with a variance

inflation factor >3 were excluded. The HosmereLemeshow

test was used for the evaluation of the goodness of fit of the
final multivariable logistic regression model. The predictive

ability of this final model was assessed by a receiver operating

characteristic curve, and the AUC was calculated to assess the

performance in predicting POD. Finally, markers of general

hypoperfusion might confound any association between

postoperative SctO2 and POD. Therefore, those markers that

were significant in the univariable analysis were entered into a

second forward multivariable logistic regression model, com-

bined with postoperative SctO2 parameters. Statistical signifi-

cance was set at P<0.05.
Results

From June 2015 until July 2017, 103 patients scheduled for

cardiac surgery with CPB were included in this prospective

observational study (Fig 1). Seven patients were excluded for

data analysis. In two patients, the procedure was performed

without CPB after patient enrolment, and in five patients, the

duration of postoperative mechanical ventilation exceeded 36

h. Ninety-six patients were included in the data analysis.

Coronary artery bypass surgery, aortic valve replacement, and

a combined procedure were performed in 27 (28%), 32 (33%),

and 37 (39%) patients, respectively. Twenty-nine (30%) pa-

tients developed POD, of whom 13 (45%) experienced the hy-

peractive, 12 (41%) the hypoactive, and four (14%) the mixed

form of delirium. In patients with and without POD, a median

of 54e7 and 43e5 CAM-ICU were performed, respectively

(P¼0.005). The median duration of POD was 179e34 h. There

were no missing CAM-ICU assessments. The patient charac-

teristic data of both patient cohorts are presented in Table 1.

The patients with POD were older, had a worse preoperative

cognitive status based on MMSE, and had a higher EuroSCORE

II compared with the patients without POD. Whilst the dura-

tion of the surgical procedure was similar in both groups

(P¼0.080), the duration of postoperative mechanical ventila-

tion and the length of ICU stay were longer in patients who

developed POD (both with P<0.001; Table 1). The patients with

POD scored lower on the postoperative MMSE (P<0.001;
Table 1).

Intra- and postoperative baseline SctO2 were similar (both

68 [3]%; P¼0.824). The univariable comparison of perioperative

SctO2 parameters between the patients with and without POD

is shown in Table 2. The preoperative SctO2 was not different

between the patients with and without POD (P¼0.785). Like-

wise, intraoperative baseline SctO2 did not differ between both

groups (P¼0.679). In general, none of the investigated intra-

operative SctO2 variables was predictive of POD (Table 2). In

contrast to SctO2 measured intraoperatively, the lowest post-

operative SctO2 was lower in the groupwith POD (P¼0.001). The

absolute and relative decreases in postoperative SctO2 were

higher in the POD group (P¼0.002 and P¼0.001, respectively).

Furthermore, the times below a postoperative absolute SctO2

threshold of 55% and below 80% of postoperative baseline

SctO2 were significantly higher in the patients with POD

(P¼0.014 and P¼0.023, respectively). The AUC values of post-

operative SctO2 values below 60% and 55% were higher in the

patients with POD (P¼0.021 and P¼0.021, respectively). None of

the patients had more than 5% missing postoperative SctO2

values (median proportion of missing values was 0 [0e0.1]%).

Finally, a higher postoperative decrease in absolute SctO2 was

associated with POD, independent of age, previous stroke,

preoperative cognitive status based on MMSE, and EuroSCORE

II (AUC¼0.824; P<0.001; Table 3).



Table 1 Patient characteristics. CABG, coronary artery bypass graft surgery; COPD, chronic obstructive pulmonary disease; CPB, car-
diopulmonary bypass; MMSE, Mini-Mental Status Examination; PCI, percutaneous coronary intervention.

Parameter Delirium (n¼29) No delirium (n¼67) P-values

Baseline patient characteristics
Male sex, n (%) 19 (66) 45 (67) 1.000
Age (yr) 79 (75e83) 75 (73e79) 0.001
BMI (kg m�2) 27 (5) 28 (3) 0.146

Cognitive status
Preoperative MMSE 28 (24e29) 29 (28e29) 0.012
Postoperative MMSE 24 (23e29) 29 (27e30) <0.001
Surgical procedure, n (%) 0.072
Aortic valve replacement 7 (24) 20 (30)
CABG 6 (21) 26 (39)
Combined procedure 16 (55) 21 (31)

Preoperative morbidity, n (%)
Previous stroke 3 (10) 1 (1) 0.081
Previous myocardial infarction 3 (10) 9 (13) 0.752
Previous PCI 5 (17) 16 (24) 0.595
Previous cardiac surgery 1 (3) 0 (0) 0.302
Arterial hypertension 21 (72) 52 (78) 0.609
COPD 6 (21) 5 (8) 0.083
Chronic kidney insufficiency 5 (17) 19 (28) 0.311
Atrial fibrillation 4 (14) 12 (18) 0.770
Diabetes mellitus 9 (31) 13 (19) 0.290
EuroSCORE II 2.61 (1.75e4.68) 1.86 (1.02e3.37) 0.019

Surgery variables
Duration of surgical procedure (min) 372 (93) 342 (69) 0.080
Duration of CPB (min) 149 (114e186) 132 (103e159) 0.263
Duration of aortic cross clamp (min) 114 (44) 105 (37) 0.314
Duration of reperfusion (min) 23 (18e36) 20 (13e25) 0.037

ICU variables
Duration of mechanical ventilation (min) 614 (508e1118) 449 (377e627) <0.001
Duration of ICU stay (h) 74 (47e118) 46 (42e59) <0.001
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Some patients with POD did not experience postoperative

desaturations. Five (17%), 12 (41%), and 13 (45%) of the 29 pa-

tients who developed POD did not experience postoperative

desaturations below absolute SctO2 values of 60% and 55%, and

80% of baseline, respectively.
Table 2 Perioperative cerebral tissue oxygenation in patients with a
SctO2, regional cerebral tissue oxygen saturation.

SctO2 variable Delirium (n¼

Preoperative SctO2 68(3)
Intraoperative SctO2 variables
Baseline SctO2 (%) 68 (65e69)
Lowest SctO2 (%) 60 (55e62)
Absolute SctO2 decrease (%) 10(7e12)
Relative SctO2 decrease (%) 13(7e19)
AUC 60% (% � min) 0 (0e4)
AUC 55% (% � min) 0 (0e0)
Desaturation <60%, n (%) 14 (48)
Desaturation <55%, n (%) 8(28)
Desaturation <80% of baseline, n (%) 7(24)

Postoperative SctO2 variables
Lowest SctO2 (%) 56 (53e59)
Absolute SctO2 decrease (%) 13(6)
Relative SctO2 decrease (%) 19(9)
AUC 60 (% � min) 36 (1e170)
AUC 55 (% � min) 0 (0e2)
Desaturation <60%, n (%) 24 (83)
Desaturation <55%, n (%) 17 (59)
Desaturation <80% of baseline, n (%) 16 (55)
A positive correlation was present between the absolute

decrease in SctO2 and the length of ICU stay (r¼0.412; P<0.001).
Therefore, a sensitivity analysis was performed based on the

initial 24 h of SctO2 monitoring after ICU admission. Calculated

within this time frame, the lowest SctO2 remained lower
nd without postoperative delirium. AUC, area under the curve;

29) No delirium (n¼67) P-values

68(3) 0.785

68 (66e70) 0.372
59 (55e62) 0.533
9(5e13) 0.533
14(10e18) 0.462
0.23 (0e23) 0.350
0 (0e0) 0.639
36 (54) 0.661
22(33) 0.642
16(24) 1.000

58 (56e61) 0.003
9(4) 0.002
14(5) 0.001
1 (0e80) 0.021
0 (0e0) 0.045
38 (57) 0.019
21(31) 0.014
20(30) 0.023



Table 3 Univariable and multivariable logistic regression analysis for prediction of postoperative delirium after cardiac surgery,
including baseline patient characteristics and postoperative SctO2 data. CI, confidence interval; COPD, chronic obstructive pulmonary
disease; MMSE, Mini-Mental State Examination; OR, odds ratio; SctO2, regional cerebral tissue oxygen saturation. Only significant
(P<0.1) variables in the univariable logistic regression analysis are reported. The following parameters showed collinearity and were
not included in the forward multivariable logistic regression analysis: lowest SctO2 and relative SctO2 decrease.

Variable Univariable Multivariable

OR 95% CI P-values OR 95% CI P-values

Baseline characteristics
Age 1.17 1.05e1.30 0.003 1.15 1.01e1.31 0.029
COPD 3.24 0.90e11.63 0.072 d d d

MMSE preoperative 0.73 0.61e0.89 0.001 0.80 0.64e0.99 0.047
EuroSCORE II 1.23 1.02e1.48 0.028 1.23 1.02e1.49 0.030
Previous stroke 7.62 0.76e76.6 0.085 15.97 1.22e209.2 0.035

Postoperative SctO2

Absolute SctO2 decrease 1.17 1.04e1.31 0.006 1.19 1.03e1.38 0.019
Relative SctO2 decrease 1.13 1.04e1.23 0.004 d d d

Lowest SctO2 0.84 0.75e0.94 0.003 d d d

Desaturation <55% 3.10 1.26e7.64 0.014 d d d

Desaturation <60% 3.66 1.25e10.8 0.018 d d d

Desaturation <80% baseline 2.89 1.18e7.11 0.021 d d d

Table 4 Haemodynamic variables in the ICU.

Variable Delirium (n¼29) No delirium (n¼67) P-values

SpO2

Lowest (%) 73 (67e78) 80 (76e84) 0.001
Mean (%) 98 (97e98) 98 (97e99) 0.821

HR
Lowest (beats min�1) 57 (53e67) 59 (53e66) 0.817
Mean (beats min�1) 80(9) 78(8) 0.424

Mean arterial pressure
Lowest (kPa) 5.7 (0.8) 6.0 (1.1) 0.186
Mean (kPa) 9.7 (9.3 e10.5) 9.9 (9.5e10.4) 0.767

Cardiac output
Lowest (L min�1) 3.0 (2.5e3.5) 3.4 (3.0e3.9) 0.064
Mean (L min�1) 4.4 (3.7e4.9) 4.5 (4.1e5.2) 0.340

Cardiac index
Lowest (L min�1 m�2) 1.6 (1.5e1.9) 1.8 (1.6e1.9) 0.077
Mean (L min�1 m�2) 2.4 (0.4) 2.4 (0.3) 0.890

Blood variables
Lowest haemoglobin (g dl�1) 8.0 (7.1e9.2) 8.9 (7.9e10.1) 0.002
Lowest haematocrit (%) 25.1 (22.4e28.4) 27.4 (24.2e30.9) 0.003
Lowest SaO2 (%) 93.1 (77.8e94.3) 94.7 (93.6e96.3) <0.001
Lowest PaO2 (kPa) 8.26 (6.96e9.04) 9.38 (8.51e10.1) 0.001
Lowest PaCO2 (kPa) 4.27 (0.49) 4.56 (0.45) 0.004
Highest lactate (mmol L�1) 2.9 (2.2e3.5) 2.4 (2.0e3.2) 0.162

Postoperative fluid management
Total blood transfusion (ml) 690 (400e1222) 551 (475e761) 0.409
Cell saver (ml) 460 (0e596) 500 (409e551) 0.254
Packed cells (ml) 0 (0e353) 0 (0e0) 0.001
Thrombocytes (ml) 0 (0e164) 0 (0e0) 0.023
Plasma (ml) 0 (0e360) 0 (0e0) 0.114
Albumin (ml) 0 (0e0) 0 (0e0) 0.800
Total fluid administration (ml) 9250 (7475e11 078) 7650 (6733e8939) 0.006
Blood loss (ml) 770 (685e1475) 720 (470e1180) 0.040
Total fluid balance (ml) 4407 (3358e5565) 3893 (2842e4853) 0.069

Postoperative vasopressor support
Norepinephrine (mg kg�1) 98 (38e255) 29 (8e124) 0.016

Postoperative sedation
Propofol (mg kg�1) 20.8 (12.6e34.8) 17.2 (12.5e22.6) 0.083
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Table 5 Univariable and multivariable logistic regression analysis for prediction of postoperative delirium after cardiac surgery,
including postoperative haemodynamics and SctO2 data. CI, confidence interval; OR, odds ratio. Only significant (P<0.1) variables in the
univariable logistic regression analysis are reported. The following variables showed collinearity andwere not included in the forward
multivariable logistic regression analysis: lowest haemoglobin, total fluid administration, blood loss, relative SctO2 decrease, and
lowest SctO2.

Variables Univariable Multivariable

OR 95% CI P-values OR 95% CI P-values

Postoperative haemodynamics
Lowest SpO2 0.89 0.82e0.95 0.001 0.89 0.81e0.97 0.007
Lowest haemoglobin 0.54 0.37e0.80 0.002 d d d

Lowest haematocrit 0.83 0.73e0.95 0.005 0.80 0.66e0.97 0.025
Lowest SaO2 0.90 0.85e0.97 0.003 0.91 0.84e0.98 0.012
Lowest PaO2 0.93 0.89e0.97 0.001 d d d

Lowest PaCO2 0.83 0.73e0.95 0.007 d d d

Packed cells administered (ml) 1.00 1.00e1.00 0.012 d d d

Thrombocytes administered (ml) 1.00 1.00e1.00 0.017 d d d

Total fluid administration 1.00 1.00e1.00 0.012 d d d

Blood loss 1.00 1.00e1.00 0.032 d d d

Total fluid balance 1.00 1.00e1.00 0.099 d d d

Norepinephrine dose 1.00 0.99e1.01 0.099 d d d

Postoperative SctO2

Absolute SctO2 decrease 1.17 1.04e1.31 0.006 1.18 1.02e1.35 0.023
Relative SctO2 decrease 1.13 1.04e1.23 0.004 d d d

Lowest SctO2 0.84 0.75e0.94 0.003 d d d

Desaturation <55% 3.10 1.26e7.64 0.014 d d d

Desaturation <60% 3.66 1.25e10.8 0.018 d d d

Desaturation <80% baseline 2.89 1.18e7.11 0.021 d d d
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(P¼0.025), and the absolute and relative SctO2 decreases

(P¼0.031 and P¼0.021, respectively) remained higher in the

patients with POD. Other SctO2 variables no longer differed

significantly between the patients with and without POD

(Supplementary Table 1). Another sensitivity analysis, in

which all SctO2 values after the 8 h shift when POD was first

diagnosed were omitted, showed that SctO2 was no longer

different between the patients with and without POD

(Supplementary Table 2).

The haemodynamic variables monitored in the ICU are

displayed in Table 4. The patients with POD experienced lower

SpO2, haemoglobin, haematocrit, SaO2, PaO2, and PaCO2 values

throughout their ICU stay. Additionally, blood loss, trans-

fusion of packed cells and platelets, and total fluid adminis-

tration were all higher in the group with POD (P¼0.040,

P¼0.001, P¼0.023, and P¼0.006, respectively). Positive correla-

tions were shown between the lowest postoperative SctO2 and

the lowest PaO2 (r¼0.282; P¼0.005), PaCO2 (r¼0.252; P¼0.013),

and SaO2 (r¼0.283; P¼0.005). A negative correlation existed

between the lowest SctO2 and the total fluids administered

(r¼e0.259; P¼0.011). Whilst postoperative mean arterial pres-

sures were similar in both groups (P¼0.186), the patients with

POD received more norepinephrine after operation (P¼0.016).

Univariable logistic regression was performed on all haemo-

dynamic variables, and significant associations are summar-

ised in Table 5. Based on the final multivariable model, a

higher absolute decrease in SctO2 remained associated with

POD, independent from the lowest SpO2, SaO2, and haema-

tocrit values (AUC¼0.880; P<0.001; Table 5).
Discussion

In older adults undergoing cardiac surgery, POD is associated

with the absolute decrease in postoperative SctO2. As the brain

is known to consume around 20% of the total amount of
oxygen supplied to the body, the cerebral function is

extremely vulnerable to hypoxaemia. In the setting of high-

risk cardiac surgery, the importance of avoiding cerebral ox-

ygen deficiency has paved the way for cerebral oximetry as a

non-invasive tool to assess the adequacy of cerebral oxygen

delivery.13,23e25 In recent years, observational studies have

shown that a compromised cerebral oxygenation during

cardiothoracic surgery was associated with worse neurolog-

ical outcomes, thereby concluding that a persisting cerebral

desaturation should be avoided.12,14,26 However, the clinical

benefit of NIRS technology during cardiac surgery has been

questioned recently, as protocol-based interventions to

restore acute cerebral desaturation events were not effective

in reducing the incidence of postoperative neurological com-

plications.16,17,27 In line with these trials, none of the investi-

gated intraoperative SctO2 variables in our study differentiated

the patients with POD from the patients without. Corre-

spondingly, SctO2 measured on the day before surgery was not

predictive for POD, in contrast to previous reports.15,28,29

This current study showed that the patients with POD had

lower SctO2 values after ICU admission. The patients with POD

more frequently experienced longer cerebral desaturations

below the absolute values of 55% and 60%, and below 80% of

preoperative baseline. Moreover, a higher absolute decrease in

postoperative SctO2 was associated with POD, independent of

known risk factors, such as previous stroke, the patients’ age,

their surgical risk as assessed by the EuroSCORE II, and their

preoperative cognitive status based on MMSE.15,30,31

As each CAM-ICU assessment was conducted at the end of

an 8 h shift, it was impossible to determine the exact time

point at which the patients became delirious. This made it

hard to determine whether a decrease in SctO2 preceded the

onset of delirium, or became apparent during or after an

episode of delirium. The sensitivity analysis, in which the

SctO2 values after the 8 h shift when POD was first diagnosed
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were omitted, was informative in this regard; none of the

calculated SctO2 parameters remained significantly different

between the patients with and without POD. Therefore, it

seems more likely that a decrease in SctO2 is detectable only

after the onset of POD. Importantly, this sensitivity analysis

questions the prognostic value of cerebral oximetry for pa-

tients at risk for delirium. Our data might also clarify why

some studies did and others did not find an association be-

tween SctO2 and the development of POD. Furthermore, our

study found that some patients with POD did not experience

cerebral desaturations.

This study had several limitations. First, this was a single-

centre study with a small number of patients. Larger multi-

centre studies are needed to confirm the association between

postoperative cerebral desaturation and POD after cardiac

surgery. Second, this was an observational study; no causal

link between POD and cerebral desaturations can be inferred.

Third, FORE-SIGHT technology, known for its absolute rather

than relative accuracy, was used to measure SctO2. Unfortu-

nately, each manufacturer’s device responds differently to

haemodynamic fluctuations.32,33 Hence, study results ob-

tained with one NIRS device might not be applicable when

another NIRS device is being used, which might partially

explain why the results from published studies are conflicting.

Fourth, not all eligible patients were included, as there were

few available NIRS devices. This could have introduced an

unintended selection bias (Fig 1). Fifth, the CAM-ICU report-

edly has lower sensitivity than the CAM for the detection of

delirium in non-intubated patients.34,35 Sixth, the general-

isability of the studymight be reduced, given certain aspects of

clinical care, including induction with diazepam and amedian

length of ICU stay of 46e74 h. Seventh, the NIRS only provides

information on the frontal cortex and does not reflect the

adequacy of cerebral perfusion in other parts of the brain.

Compared with the NIRS alone, transcranial Doppler com-

bined with brain imaging before, during, and after delirium

episodes might yield more insights into the underlying path-

ophysiology of delirium.6,8,9,36
Conclusion

This study found that postoperative delirium in older patients

after cardiac surgery is associated with decreased cerebral

saturation, most likely occurring during and after the episodes

of postoperative delirium.
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