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Abstract

OBJECTIVES: Delirium after cardiac surgery is a problem with consequences for patients and healthcare. Preventive strategies from known
risk factors may reduce the incidence and severity of delirium. The present aim was to explore risk factors behind delirium in older patients
undergoing cardiac surgery with cardiopulmonary bypass.

METHODS: Patients (270 years) scheduled for routine cardiac surgery were included (n = 142). The patients were assessed and monitored
pre-/postoperatively, and delirium was diagnosed from repeated assessments with the Mini-Mental State Examination and the Organic
Brain Syndrome Scale, using the DSM-IV-TR criteria. Variables were analysed by uni-/multivariable logistic regression, including both pre-
operative variables ( predisposing) and those extracted during surgery and in the early postoperative period (precipitating).

RESULTS: Delirium was diagnosed in 78 patients (54.9%). Delirium was independently associated with both predisposing and precipitating
factors (P-value, odds ratio, upper/lower confidence interval): age (0.036, 1.1, 1.0/1.2), diabetes (0.032, 3.5, 1.1/11.0), gastritis/ulcer pro-
blems (0.050, 4.0, 1.0/16.1), volume load during operation (0.001, 2.8, 1.5/5.1), ventilator time in ICU (0.042, 1.2, 1.0/1.4), highest tempera-
ture recorded in ICU (0.044, 2.2, 1.0/4.8) and sodium concentration in ICU (0.038, 1.2, 1.0/1.4).

CONCLUSIONS: Delirium was common among older patients undergoing cardiac surgery. Both predisposing and precipitating factors
contributed to delirium. When combined, the predictive strength of the model improved. Preventive strategies may be considered, in par-
ticular among the precipitating factors. Of interest, delirium was strongly associated with an increased volume load during surgery.
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INTRODUCTION tion and attention. By definition it is assumed to express an
underlying cause and is often transient [4]. The reported inci-
dence of delirium after cardiac surgery varies, exemplified by
8-52% [5-7]. The condition is more common among old
patients [8]. The span in incidence between studies may partly
reflect various means for how delirium has been screened
and diagnosed. Delirium is a psychiatric syndrome that hides
various types of pre-existing (predisposing), inflicted brain injur-
ies and side-effects of the medical management (precipitating).
Advanced age, previous cerebrovascular disease and diabetes
exemplify the commonly referred predisposing risk factors [5].
Suggested precipitating factors are: ventilator time [5], post-
operative infections and prolonged operating time [8]. The sub-
division of risk factors has a purpose. Predisposing factors may
be used for risk evaluation prior to surgery, whereas precipitat-
ing factors may be considered for improving the clinical care
and avoiding delirium.

Neurological complications after cardiac surgery remain an intri-
guing issue with a complex background. Delirium is a neuro-
psychiatric syndrome, which found its place in cardiac surgery
from the early beginning of cardiopulmonary bypass (CPB)
described as postcardiotomy delirium [1]. In more recent years,
brain damage after cardiac surgery has been described in terms of
stroke and neurocognitive decline, with reference to Type-l and
Type-Il injury, respectively [2]. Delirium is probably the most
common symptom of Type-II injuries. The distinction between de-
lirium and the former nomenclature has not yet been clarified [3].
Postoperative delirium is a clinical reality being common after
all types of surgery. Delirium is described as fluctuations in cogni-
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MATERIALS AND METHODS
Subjects

Patients (270 years) scheduled for routine cardiac surgery with
planned use of CPB were included. All patients were operated on
at the Cardiothoracic Surgery Department, Umed University
Hospital, Sweden, in between February and October 2009. During
this period, 199 patients were eligible for inclusion. The exclusions
criteria were: acute procedures, planned deep hypothermic arrest,
known psychiatric disease, severe communication difficulties and
severe vision or hearing problems (n=6). Also, 15 patients were
lost due to administrative reasons, resulting in 178 patients, who
were approached. Of these 153 patients gave oral and written
consent to participate. Eleven patients did not complete the study
protocol due to various reasons leaving 142 patients, who were
reviewed for analysis. The 36 patients lost for analysis did not
differ from the analysed cohort in terms of gender, age and pro-
cedural type. The study was approved by the ethics review board
of the medical faculty at Umea University Hospital (Dnr 08-169M).

Operative procedures and anaesthesia

The patients were premedicated with oral acetaminophen, oxico-
done and zopiclone, routinely 2 h before anaesthetic induction.
Intramuscular morphine and in a few cases ketobemidone or
morfine-scopolamine was administered 30 min before arriving
into the operation theatre. General anaesthesia was induced with
intravenously propofol and fentanyl, supplemented with small
doses of midazolam when required. Tracheal intubation was per-
formed after administration of pancuronium. Muscle relaxation
was not reversed. Anaesthesia was maintained with additional fen-
tanyl and isoflurane in air/oxygen. Antibiotic prophylaxis was
given routinely until the first postoperative morning. Blood pres-
sure was controlled with phenylephrine or norepinephrine. The
requirement of blood transfusion and infusions was assessed from
haemodynamics monitoring, urine output, blood-gas measure-
ments and from echocardiographic findings. Surgery was per-
formed according to standard methods including cardioplegic
arrest at aortic cross clamping. In coronary procedures, a partial
aortic clamp was applied for the suturing of proximal anasto-
moses. In open-heart procedures, carbon dioxide was flushed
over the wound for de-airing purposes. Aortic calcifications were
mainly assessed by palpation only or by ultrasound. During CPB,
alpha-stat conditions were applied. Propofol infusion was initiated
at CPB weaning to be continued until extubation in the intensive
care unit (ICU). Extubation occurred when the patient was circula-
tory and respiratory stable. Postoperative pain relief during hospi-
talization generally encountered oral paracetamol and oxycodone
and if necessary intravenously ketobemidone.

Data collection, assessments and variable
definitions

A protocol for data entry was designed in chronology with the
ward sequence. Medical, social and functional data were collected
by interviewing the patient on admission. Additional data were
retrieved from medical records and from the local clinical data-
base.

Variables were separated into predisposing and precipitating
(Tables T and 2). The predisposing variables were defined as those
registered in advance of surgery. In brief, diabetes included child-
hood and adult types, regardless of insulin requirement. History of
cerebrovascular disease included any type of documented stroke
or transient ischaemic accident. In general, the predisposing vari-
ables included any type of reported or documented ongoing con-
dition of clinical relevance. The precipitating variables described
intraoperative and early postoperative observations. The temporal
relationship vs delirium onset was considered for causality. The
variable volume load during operation was the sum of infused
volumes administered in the operating theatre. The variable
included: CPB prime with mannitol added, crystalloid cardioplegic
solutions and infusions from the anaesthetic management. Blood
transfusions were separately analysed and not included in the vari-
able volume load. The term blood transfusions included erythro-
cytes, plasma or platelets used. Preoperative infusions were
generally not given. Infusions during surgery and CPB were of
crystalloid type. Crystalloid and colloid infusions administered
postoperatively in the ICU were not monitored in this study.

Surgery included a variety of procedures and combinations
thereof. The procedures were here separated into isolated or
combined surgery, with avoidance of too small subgroups.
Isolated procedures referred to either coronary artery bypasses
grafting or valve replacement/repair. Both aortic and mitral valve
procedures were included. All other procedures were categorized
as combined. Among the combined procedures, 5 patients had
simultaneous intervention of the ascending aorta. One patient
became exposed to deep hypothermic arrest and remained
included. Redo-cardiac procedures accounted for 8 patients.

The patients were assessed preoperatively and on Day 1 and
Day 4 postoperatively. In only 1 of the 142 patients the ventilator
time exceeded 24 h. This patient remained eligible for analysis al-
though follow-up was delayed. The median length of post-
operative stay was 6 days. Cognition was assessed with the
Mini-Mental State Examination (MMSE). The MMSE scale is an
interviewer administered scale, with a range from 0 to 30. A score
of <24 indicates a notable cognitive impairment and the instru-
ment is associated with good concurred validity [9]. In addition,
the Organic Brain Syndrome Scale (OBS) was used. The first sub-
scale of this instrument resembles the MMSE and was disregarded
here. The next subscale, sensitive to confusion, is based on obser-
vations and interviews of the patient and caregivers. The scale is
comprehensive, describing 34 clinical features and is rated on a
scale from 0 to 3 (from lack of symptoms to strong manifestations).
These features are exemplified by: diurnal cognitive fluctuations,
emotional reactions, suspiciousness and delusion, hallucinations,
language and speech disturbance, neurological symptomes, spatial
disorientation and impaired recognition [10]. The OBS scale was
performed together with the MMSE.

Delirium was diagnosed according to the DSM-IV-TR criteria [4]
based on the MMSE and OBS-scale recordings. Fluctuations in
cognitive status are part of these criteria. With repetitive MMSE
screenings, fluctuations in cognitive status are monitored and
evaluated [11]. Moreover, the OBS scale is an established instru-
ment in these perspectives [10]. Their combined use (MMSE and
OBS scale) has been found valid in previous studies regarding
delirium [6, 10].

All assessments in the study were done by two trained research
nurses. For delirium diagnosis, two senior experts in psycho-
geriatric medicine independently analysed the two instruments vs
the DSM-IV-TR criteria. Patients diagnosed with delirium were
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Table 1 Preoperative variables

Parameter All patients (n =142) Control (n = 64) Delirium (n =78) Univariate
Mean + SD (%) Mean + SD (%) Mean + SD (%) P-value
Preoperative

Age (years) 76.6 +4.4 759+42 772+45 0.092°
Gender (female) 35.2 40.6 30.8 0.22°
Length (m) 169.1+9.2 168.3+9.0 169.8+9.4 0.32
Weight (kg) 757 +135 723+11.8 784+14.3 0.009%
BMI 264+42 255+4.0 271+42 0.031¢
NRS pain (0-10) 1.8+21 14+18 2222 0.030*
MMSE score (0-30) 270+26 273+22 267+29 0.18
GDS-15 score (0-15) 25+22 23+22 2722 0.26
Type of living (own house) 56.3 62.5 51.3 0.18
Living condition (single) 387 375 397 0.78
Tobacco use (active) 7.7 7.8 77 0.98
Hypertension (yes) 83.8 85.9 82.1 0.53
NYHA (Class IV) 17.6 125 21.8 0.15
Angina (unstable) 29.8 29.7 29.9 0.98
Platelet inhibitor use (yes) 824 87.5 782 0.15
Congestive heart failure (yes) 21.8 17.2 256 0.23
Myocardial infarction (previous) 40.4 422 39.0 0.70
Main stem stenosis (yes) 21.4 23.8 19.5 0.54
Vessel disease (0-3) 20+12 20+12 20+12 0.86
Left ventricular function (reduced) 324 26.6 37.2 0.18
Previous cardiac surgery (yes) 5.7 6.3 5.1 0.76
Previous PCI (yes) 14.8 10.9 17.9 0.25
Combined surgical procedure (yes) 204 12,5 26.9 0.038%
Cerebrovascular history (yes) 14.8 125 16.7 0.49
Sleeping disorder (yes) 31.0 313 30.8 0.95
Pulmonary disease (yes) 10.6 109 10.3 0.90
Diabetes (yes) 16.2 9.4 21.8 0.052%
Renal disease (yes) 35 3.1 3.8 0.82
Reumatic disease (yes) 5.6 31 77 0.26
Prostatic disease (yes) 22.5 20.3 24.4 0.57
Urogenital disease (yes) 31.0 28.1 333 0.50
Gastritis/peptic ulcer (yes) 12.0 6.3 16.7 0.067%
Thyroid disorder (yes) 7.0 3.1 10.3 0.12
Malignant disease (yes) 35 47 2.6 0.50
Infectious disease (yes) 1.3 7.8 14.1 0.24
SAP (mmHg) 139.4+20.8 140.2+21.0 138.7+20.8 0.66
DAP (mmHg) 75.1+10.3 76.0+9.9 743106 0.32
Pulse rate (beats/min) 68.9+13.1 69.8+11.9 68.1+14.1 0.43
Pulse type (not SR) 7.8 9.4 6.5 0.53
Temperature (°C) 36.5+0.3 36.5+0.3 364+0.3 0.42
Oxygen saturation peripheral (%) 96.7+2.0 970+1.6 96.4+23 0.053%
Sodium concentration (mmol/l) 139.5+24 139.3+23 139.7+25 0.33
Potassium concentration (mmol/l) 4.29+0.30 427+027 430+032 0.57
Albumin concentration (g/I) 423+3.6 423+39 423+34 0.91
Creatinine concentration (umol/l) 84.8+19.8 85.9+19.6 83.9+20.1 0.56
Leucocyte count (1 0%/1) 7.03+1.81 6.91+1.43 7.13+2.07 0.47
Haemoglobin (g/1) 1356126 136.0+11.6 1353+134 0.78
Platelet count (10°/1) 225.6+55.4 2343 +57.2 218.5+533 0.096%

2Denotes those variables tested in multivariable models, with a P-value of <0.10.

PDenotes variables added at multivariable testing due to their expected principal importance rather than its statistical influence at univariate testing. The
variable MMSE is shown but is not considered a covariate because of its influence on the diagnosis of delirium. Percent values or mean values + SDs are
shown.

“Denotes variables (P < 0.10) avoided in the multivariable models because of covariability against other used parameters.

BMI: body mass index; NRS: numeric rating scale of pain; MMSE: Mini-Mental State Examination; PCl: percutaneous coronary intervention; GDS: geriatric
depression scale; SAP: systolic arterial blood pressure; DAP: diastolic arterial blood pressure; SR: sinus rhythm. P-values refer to univariate logistic regression
analyses.

subgrouped into those with hyper-, hypoactive and mixed pro- Additional scoring instruments were used. Pain was assessed by
files. It was not possible to subgroup some of the delirious patients the Numerical Rating Scale (NRS, range 0-10, low to high pain) [12].
by these characteristics. Nevertheless, in this study, delirium was Depression was evaluated by the Geriatric Depression Scale

analysed collectively regardless of subgroup characteristics. (GDS)-15 with higher scores indicating more depressive symptoms
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Table 2 Operative and early postoperative variables

Parameter All patients (n = 142) Control (n=64) Delirium (n =78) Univariate
Mean + SD (%) Mean = SD (%) Mean = SD (%) P-value

At Operation
Operation time (h) 2.89+0.84 270+0.57 3.04+0.99 0.020%
CPB time (h) 1.49+1.01 1.40+1.29 1.56+0.70 0.37
Haemoglobin, lowest recorded (g/1) 87.8+10.7 86.9+10.0 885+11.3 0.37
Aortic plague (presence) 224 16.4 274 0.13
Lowest SAP (mmHg) 76.5+8.6 763 +8.0 76.7+92 0.82
Lowest DAP (mmHg) 43.2+65 433+58 43171 0.86
Lowest oxygen saturation (%) 96.9+2.1 97.2+16 96.6+2.4 0.079°
Arrhythmia, treatment required (yes) 324 28.1 36.0 0.32
Blood glucose >10 mM (yes) 19.5 13.6 24.6 0.12
Insulin infusion required (yes) 16.7 9.5 227 0.045%
Tranexamic acid used (yes) 57.9 54.7 60.5 0.49
Adrenalin required (yes) 10.0 125 7.9 0.37
Milrinone required (yes) 20.0 20.3 19.7 0.93
Phenylephrine required (yes) 229 234 224 0.88
Norepinephrine required (yes) 96.4 95.3 97.4 0.52
Blood products required (yes) 12.7 7.8 16.7 0.12
Blood loss (1) 0.46 £0.38 0.39+0.30 0.51+0.43 0.079%
Diuresis (1) 0.79+0.37 0.74+0.40 0.82+0.34 0.22
Volume load, blood excluded (I) 3.73+1.05 3.44+0.58 3.98+1.26 0.003%

In the ICU
ICU time (h) 2241195 182455 258254 0.013°
Ventilator time (h) 7.42+7.89 592+2.01 8.65+10.36 0.005%
Lowest SAP (mmHg) 80.8+12.6 80.5+11.3 81.0+13.6 0.80
Lowest DAP (mmHg) 42.8+83 434+85 42381 0.42
Lowest oxygen saturation (%) 94.7 +2.1 95.1+21 943+20 0.021*
Highest temperature recorded (°C) 37105 37005 372+05 0.068%
Pulse rate (beats/min) 81.0+£134 80.9+£13.2 81.1+£13.6 0.95
Pulse type (not SR) 10.6 9.4 115 0.95
Bleeding, recorded at 8 h (1) 0.53+0.32 0.51+0.28 0.54+0.36 0.60
Haemoglobin, lowest recorded (g/1) 95.0+11.1 96.0+11.4 94.2+10.8 0.34
Blood products required (yes) 338 29.7 37.2 0.35
Sodium concentration (mmol/l) 1381124 137624 1385+2.4 0.033%
Potassium concentration (mmol/1) 4.91+0.35 491+0.36 492+0.34 0.88
Creatinine concentration (mg/l) 83.0+24.4 81.8+259 84.1+233 0.57
Leucocyte count (10%/1) 109+33 10.8+35 11.0+31 0.75
Haemoglobin (g/1) 104.0+11.5 104.6 +13.2 103.6 +10.1 0.61
Platelet count (10°/1) 162.4+433 1683 +41.6 157.6 +44.3 0.14
Troponin-T (ng/l) 0.37+0.36 0.38+0.40 0.37+0.33 0.83

2Denotes variables tested in multivariable models, with a P-value of <0.10.

PDenotes variables (P < 0.10) avoided in the multivariable models because of covariability against other used parameters. Percent values or mean values + SD.
CPB: cardiopulmonary bypass; SAP: systolic arterial blood pressure; DAP: diastolic arterial blood pressure; ICU: intensive care unit; SR: sinus rhythm. P-values

refer to univariate logistic regression analyses.

[13]. Most of the underlying variables of EuroSCORE-I [14] were
considered separately rather than using the score value.

Statistical methods

Extracted data were tabulated using Microsoft Excel. Variables
were reviewed for normality, outliers and dependencies. For vari-
ables with obvious co-variability, one was selected on the basis of
its assumed higher clinical relevance. For instance, CPB time was
preferred rather than aortic cross-clamp time. Also, weight was
used rather than body mass index because of its higher predictive
value in the analyses. Variables were tested against delirium by
means of univariate and multivariable logistic regression.
Continuous variables were generally used in their numeric mode
rather than being categorized. Non-conformity to linearity was
considered in this respect. Also, co-linearity between variables vs

delirium was reviewed and considered. In view of the surplus of
information in relation to the cohort size, the inclusion to multi-
variable testing was restricted to variables associated with delirium
and a P-value of <0.10. Apart from this rule, gender was added
for its assumed principal importance. The process followed a
manual backward conditional approach, with forward testing as
control. Missing data were few and accounted for only 80 of
12 698 recordings. For these, case-wise deletion was applied.

Preoperative variables were separately analyzed from those de-
scribing the intra- and early postoperative period distinguishing
predisposing and precipitating risk factors. The two groups of vari-
ables were also run together in a multivariable model. The
extracted independent risk factors were applied on the cohort for
analysis of their explanatory strength. The probability of develop-
ing delirium was calculated and interpreted based on a cut-point
of 0.50. Their accuracy was evaluated by receiver operating char-
acteristics (ROCs).

w
-
=
f
(-
<
-
<
=
o
e
o




794

A P-value of <0.05 was regarded as statistically significant.
Numeric variables are reported as mean values and standard
deviations (SDs). The Statistical Package for Social Sciences version
18 was used (IBM SPSS Statistics, IBM, Inc., Chicago, IL, USA).

RESULTS

In total, 78/142 (54.9%) of the patients were diagnosed with delir-
ium postoperatively, based on the DSM-IV-TR criteria. Delirium
was divided into subprofiles: hypoactive (n=56/78), hyperactive
(n=4/78), mixed (n=4/78). The remaining patients were non-
classifiable (n=14/78). Risk-factor analyses were not conducted
on subgroup levels.

Patient characteristics for predisposing and precipitating vari-
ables, respectively, are given in Tables 1 and 2. These tables also
describe the univariate results with respect to delirium and the
variables of interest for multivariable testing are indicated to be
further listed in Table 3. In multivariable logistic regression, the
following predisposing variables were found independently asso-
ciated with delirium: preoperative pain score on NRS, diabetes,
oxygen saturation and combined surgery. These variables had
about the same statistical influence (i.e. Wald) in predicting post-
operative delirium. The precipitating variables were separately

Table 3 Logistic regression analyses
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analysed to expose: volume load during operation, postoperative
ventilator time and plasma sodium concentration in the ICU.
Among these, the volume load during operation had the strongest
predict influence.

A somewhat different model was obtained when the predispos-
ing and precipitating variables were collectively analysed (Table 3).
In this model diabetes, ventilator time, sodium concentration and
volume load during operation remained independently associated
with postoperative delirium, together with age and early post-
operative temperature. The variable peptic ulcer showed a bor-
derline significance in this model. When this unexpected variable
was removed, the model remained essentially unchanged with
only a modest decrease in explanatory strength. The highest pre-
dictive influence in the model was obtained from the variable
volume load during operation.

In Table 4, the statistical results are shown for the various
models applied on the cohort. All models (e.g. predisposing, pre-
cipitating and combined) were highly significant. Nevertheless,
the model based on precipitating variables gave a somewhat
better explanatory strength than that based on predisposing
factors. The strength increases when both predisposing and pre-
cipitating factors were collectively considered in the model. This
was illustrated by the Nagelkerke R? value explaining 34.6% of the
variance. The corresponding ROC curves are shown in Fig. 1 with
their areas under curve listed in Table 4.

Variable (unit) Univariate Multivariable
P-value Wald OR Cllow Clhigh  P-value Wald OR Cllow  Cl high
Predisposing factors
Age (years) 0.092 2.84 1.07  0.99 1.16
Gender (female) 0.22 149 065 032 1.30
Weight (kg) 0.009 6.76 1.04 101 1.06
NRS pain (0-10) 0.030 4.69 121 1.02 1.43 0.042 412 120 1.01 1.44
Diabetes (yes) 0.052 3.79 269 099 7.31 0.029 478 324 1.3 9.32
Gastritis/peptic ulcer (yes) 0.067 3.36 3.00 093 9.71
Oxygen saturation peripheral (%) 0.053 3.74 083 0.70 1.00 0.045 403 082 067 1.00
Platelet count (10°/1) 0.096 2.76 099 0.99 1.00
Combined surgical procedure (yes) 0.038 431 258 1.05 6.30 0.024 508 298 115 7.70
Precipitating factors
At operation
Operation time (h) 0.020 539 168 1.08 2.59
Lowest oxygen saturation (%) 0.079 308 085 072 1.02
Insulin infusion required (yes) 0.045 403 278 1.02 7.57
Blood loss (1) 0.079 3.09 285 0.89 9.17
Volume load (blood excluded) (1) 0.003 8.81 208 1.28 3.39 0.003 878 219 130 3.67
In the ICU
Ventilator time (h) 0.005 8.04 123 1.07 1.42 0.027 492 120 1.02 141
Lowest oxygen saturation (%) 0.021 5.31 0.82 0.69 0.97
Highest temperature recorded (°C) 0.068 332 188 095 373
Sodium concentration (mmol/l) 0.033 4.55 117 1.01 135 0.043 409 117 1.00 137
Combined predisposing and precipitating factors
Age (years) 0.036 439 110 1.01 1.21
Diabetes (yes) 0.032 458 349 11 10.99
Gastritis/peptic ulcer (yes) 0.050 383 400 1.00 16.06
Volume load during operating theatre (blood excluded) (I) 0.001 1071 277 151 5.11
Ventilator time in ICU (h) 0.042 414 120 1.01 1.42
Highest temperature recorded in ICU (°C) 0.044 406 223 1.02 4.85
Sodium concentration in ICU (mmol/I) 0.038 430 119 1.01 141

NRS: numeric rating scale of pain; ICU: intensive care unit; OR: odds ratio; Cl: confidence interval + 95%.
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Table 4 Logistic models applied on cohort

Predisposing  Precipitating Combined

Valid cross-matched 140 141 141
observations (n)

Sensitivity to correctly 69.7 714 74.0
predict (%)

Specificity to correctly 57.8 62.5 71.9
predict (%)

Positive predictive 66.3 69.6 76.0
value (%)

Negative predictive 61.7 64.5 69.7
value (%)

Wald 15.1 19.5 30.2

P-value <0.001 <0.001 <0.001

Nagelkerke R? 0.156 0.214 0.346

Hosmer and Lemeshow 0.998 0.963 0.803
P-value

ROC area under curve 0.695 0.729 0.802

ROC: receiver operating characteristic.

1.0
08{
2 06
=
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n 04
--- Predisposing
0.2 — Precipitating
’ — Combined
0 0.2 04 0.6 0.8 1.0
1-Specificity

Figure 1 ROCs of the tested multivariable models. See text for further details.

DISCUSSION

Delirium was diagnosed in 55% of the patients, 70 years and older
undergoing consecutive routine cardiac surgery. Both predispos-
ing and precipitating factors contributed to delirium. However,
when predisposing and precipitating were combined, the predict-
ive strength of the model increased notably with more than
one-third of the variance explained. In overview, our study con-
firmed many of the previously suggested risk factors. In addition
and of great interest in our study, the variable volume load during
the operation was found to be a dominant factor, not previously
identified.

The incidence of delirium was higher in our report than in most
other studies [7, 15-18]. Partly, this finding may reflect our careful
and comprehensive cognitive testing being performed both
before and repeatedly after the operation. Studies not using

cognitive tests usually report a much lower incidence rate, since
many patients with hypoactive delirium are likely to have escaped
detection [15, 17, 18]. Also, our observational period of delirium
included four postoperative days being longer than in most other
studies [7, 18]. A third factor that may have contributed to our
results was the selection of older patients and inclusion of surgical
procedures other than isolated coronary bypass.

The variable volume load during the operation was strongly asso-
ciated with postoperative delirium. This variable added together
infusions administered in the operating theatre for anaesthetic and
CPB purposes. Blood transfusions were separately analysed and
blood products had no independent influence on delirium. On
average, each patient was given 3.7 of fluids. The difference
between delirious and control patients was small in numeric terms,
but the variable was associated with the highest predictive influ-
ence. Per litre of extra volume, the risk of developing delirium
increased nearly 3-fold. An association between volume load and
delirium has not been previously reported. However, Bucerius et al.
[5] observed that patients exposed to intraoperative haemofiltration
showed an increased risk of postoperative delirium. Moreover, they
also reported that patients exposed to beating heart coronary
bypass surgery were protected against delirium, implying a mech-
anistic role of CPB. This comparison must be considered with care
because in their study no cognitive testing was performed and their
reported incidence rate of delirium was only 8.4% [5].

A high sodium concentration in the first postoperative morning
predicted delirium, independently from that of an increased
volume load during surgery. The two variables showed no statistic-
al correlation, an observation that talks against an electrolyte dis-
turbance being the result of intraoperative infusions given. The
association between sodium concentration and delirium is previ-
ously identified [19]. The interpretation regarding sodium in our
study is complex because none of the patients was hypernatremic
by definition. It must also be brought to mind that both intrao-
perative volume load and sodium concentrations in the ICU may
be surrogate variables for unknown factors. Nevertheless, our
study used a wide range of analysed variables which counteracts
this potential error.

Additional variables with relevance to delirium were identified.
In brief, diabetes increased the risk of delirium 3.5 times, which
finds support in previous literature [5, 20]. Age is another well-
known risk factor behind delirium [15, 18]. In our study, the risk of
developing delirium increased 10% per extra year of age. Here
only older patients were analysed, 70 years of age and older.
Despite this restrained selection of older patients, age remained
independently associated with delirium in this cohort. The selec-
tion may also explain the high incidence rate of delirium, com-
pared with many previous studies.

Among the precipitating factors, a prolonged ventilator time
was associated with delirium. This observation supports previous
suggestions [15]. The risk of delirium increased ~20% per each
extra hour of ventilation. Nevertheless, the variable is complex
and a prolonged ventilator time may reflect an underlying cause
(e.g. comorbidities, anaesthetic managements or complications at
surgery). Also, the variable is bias from local ICU routines (e.g.
extubation protocols and differences between individual care
givers). Moreover, some studies have reversed the causality to
explain a prolonged ventilator time as a result of delirium rather
than the other way around [15, 18]. An increased body tempera-
ture in the early postoperative period was associated with delir-
ium. Our observation finds scattered support in the literature [21]
and is not assumed to reflect an infectious disease, being too early
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after surgery. Infection is otherwise a well-known trigger of delirium
[22]. In contrast to our finding, a low intraoperative body tempera-
ture has also been found relevant [16, 19]. Intraoperative tempera-
tures were not recorded in our study. However, the cooling during
CPB interferes with this issue with a low CPB temperature reflecting
a complex and long-duration procedure probably being more im-
portant than the temperature as such. An unexpected finding in
our study was that patients reporting gastritis and/or peptic ulcer
problems had an increased risk of delirium. This observation
showed a borderline significance and must be considered with
caution. The multivariable model was also tested without this vari-
able included without affecting the results notably.

This study reports the results from consecutive older patients
undergoing cardiac surgery. The study was based on comprehen-
sive assessments including cognitive testing both before and re-
peatedly after surgery. All assessments were performed by two
trained research nurses. Similarly, a large number of variables
were systematically extracted for analysis, pre-, intra- and early
postoperatively. Unfortunately, pharmacological interactions were
not explored. Our study is also limited from its relatively small
sample size in relation to the surplus of variables analysed.
Therefore, our findings should be validated in future studies.
Certainly, contributing factors behind delirium are to be sought
among a variety of factors beyond those tested in our study, for
example, inflammatory and embolic mechanisms. Also, our results
are valid only for the cohort studied of older patients during their
period of hospitalization.

In conclusion, delirium was common among older patients
undergoing cardiac surgery. Both predisposing and precipitating
factors contributed to delirium and it is potentially possible to
modify several of these factors in daily clinical practice. The stron-
gest precipitating factor for delirium was an increased volume
load during operation. An association between delirium and
volume load has not been previously identified, a detail that it
may be possible to investigate in a randomized study.
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Besides the widely known predisposing factors of age and diabetes mellitus, the
authors of this interesting article present intraoperative volume overload and sodium
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