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ABSTRACT

Background: Delirium is a frequent complication after cardiac surgery and is associated with a higher incidence of morbidity and mortality
and a prolonged hospital stay. However, knowledge of the variables involved in its occurrence is still limited; therefore, in this study, we evaluated
the perioperative risk factors independently associated with this complication.

Methods: This study was conducted in a referral tertiary care university hospital with a cardiovascular focus. A total of 311 consecutive adult
patients undergoing any type of cardiac surgery were evaluated. The subjects were examined at regular intervals in the postoperative period
using the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) tool.

Results: The incidence of postoperative delirium (PD) was 10%. Among the 18 pre-, intra- and postoperative variables evaluated, the logistic
regression analysis showed that low education level, history of diabetes or stroke, type of surgery, prolonged extracorporeal circulation, or red
blood cell transfusion in the intra- or postoperative period were independently associated with delirium after cardiac surgery. An increased body
mass index was identified as a protective factor.

Conclusions: The aforementioned risk factors are significantly and independently associated with the presentation of PD. Because some
of these factors can be treated or avoided, the results of this study are highly relevant to reduce the risk of this complication and improve the
care of patients undergoing cardiac surgery.
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INTRODUCTION

Postoperative delirium (PD) is the most frequent
neuropsychological complication after cardiac surgery,
with a reported prevalence of between 25% and 50%."
Clinically, it manifests as an acute and fluctuating change in
cognition with characteristics of inattention, disorganized
thinking, and altered consciousness.”) PD has been found
to be consistently related to increased mortality, prolonged
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hospital stay, higher costs, and other complications such as
infection and stroke."!

Multiple causal factors have been reported, including
pre-existing conditions, surgical-anesthetic management,
and postoperative care. However, despite its frequency,
the pathophysiology of PD remains pootly understood,
and its management is a clinical challenge, even today,
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because few therapeutic tools are available. Therefore, a
very important goal in postoperative management is to
reduce the incidence of PD by identifying and treating
modifiable risk factors. The main objective of this study
was to identify independent risk factors associated with
the onset of PD.

METHODS

The study was conducted in a referral tertiary care
university hospital with a cardiovascular focus.

Design

A prospective analytical study of a concurrent cohort
was conducted, consecutively including all adult patients
undergoing any type of cardiac surgery. Patients admitted
to the intensive care unit (ICU) before surgery or with a
diagnosis of delirium or psychiatric illness before surgery
were not included. Another exclusion criterion was a
history of taking any type of antipsychotic medication in
the last month. Aspects such as preoperative evaluation,
premedication, and anesthetic and surgical techniques
were performed according to institutional protocols; no
changes were made for the participants. Before beginning
the study, a nurse specialized in intensive care was
trained to detect PD using the Confusion Assessment
Method for the Intensive Care Unit (CAM-ICU), which
was previously translated into Spanish and validated in
our setting [Appendix 1]. After surgery, patients were
immediately transferred to the ICU. Once mechanical
ventilation was weaned or the patient was considered able
to communicate, the PD evaluation was started using the
CAM-ICU scale. The scale was applied every 8 h to each
patient during the ICU stay or until the seventh day after
surgery (whichever occurred first). The evaluator was not
part of the group of researchers and did not have access
to any other study information.

Risk factors

Three groups of exposure variables were defined according
to the time relative to the surgical procedure [Table 1].
The outcome, PD, was defined as a positive result on the
CAM-ICU scale in at least 1 measurement.

Ethical aspects

The recommendations of good clinical practice, the
principles of the Declaration of Helsinki and international
regulations for observational studies were followed.
According to the national regulation—resolution 008430
of 1993 of the Ministry of Health—this study was
classified as research with minimum risk. The study
was presented to and approved for execution by the
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institutional Clinical Research Ethics Committee and,
due to its characteristics, exempt from having to obtain
informed consent. Confidentiality was ensured through
the assignment of codes not linked to the identification
of subjects.

Sample size

Due to the high number of variables expected to be
included in the analysis and the variability reported in
the literature with respect to the importance of each
variable in its independent association with the outcome,
the sample size was estimated by several methods. In the
end, the method described by Perduzzi® was adopted;
the method considers at least 10 events per variable but
includes each of the dummy variables and the dichotomous
outcome variable. Therefore, after generating 7 dummy
variables (education level: 4 strata; type of surgical
procedure: 3 strata) and including the delirium variable, a
sample size of 270 was obtained. After adjusting by 15%
for the possibility of incomplete patient data, a final sample
size of 311 subjects was calculated.

Statistical analysis

The categorical variables are presented as ratios or
percentages, and the continuous variables are presented as
the mean and standard deviation or median and interquartile
range according to the variable. For comparisons of
continuous variables, the Mann—Whitney test or Student’s
-test were used depending on the distribution of the
data (evaluated by the Shapiro—Wilk test). Categorical
variables were compared using the Chi-squared test. For
the adjusted analysis of the data, alogistic regression model
was constructed by stepwise selection, with PD as the
dependent variable and the pre-, intra- and postoperative
variables (described in Table 1) as independent variables.
The criterion for the addition or removal of a variable in the
model was a bivariate probability of P < 0.15 (variables with
a possible association). The goodness-of-fit of the model
was evaluated using the Hosmer—Lemeshow method; its
ability to discriminate between participants who developed
PD or not was estimated by ROC curve analysis. All tests
were performed using STATA 13.0 (StataCorp LLC., TX
77845, USA). For all evaluations, P < 0.05 were considered
significant.

RESULTS

During a period of 9 months, 554 patients were admitted to
the post-cardiac surgery ICU. After applying the selection
criteria, a total of 311 patients were enrolled [Figure 1],
and 31 (10%) of them were diagnosed with PD. Patient
characteristics and the results of the bivariate analysis are
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Age Type of surgery (elective or emergency)
Sex Surgical procedure performed:

Maximum lactate value in the first 24 h
Transfusion of red blood cells

Myocardial revascularization

Single valve surgery

Combined surgery (2 or more procedures
in the same intervention)

Atrial septal defect closure

Atrial myxoma resection

Transcatheter aortic valve

implantation (TAVI)

Education level (none, primary, secondary, higher)
Hypertension

Diabetes

Atrial fibrillation

Cerebrovascular disease, including transient ischemic
attack

Body mass index

Urea nitrogen level

Creatinine level

Hemoglobin value

EuroSCORE Il

provided in Table 2, differentiated into 2 groups according
to whether the outcome was presented. Patients with PD
were older, had a lower education level, and had a higher
frequency of comorbidities (higher EuroSCORE II and
higher prevalence of hypertension, diabetes, history of
atrial fibrillation, stroke and impaired renal function).
Regarding the surgical procedure, the group with PD was
more frequently subjected to combined procedures and
with longer durations of extracorporeal circulation and
aortic clamping. In the postoperative period, patients with
PD had higher arterial lactate levels, a higher frequency
of red blood cell transfusion, and a higher need for early
reintervention due to bleeding or tamponade.

The multivariate logistic regression analysis identified
the following variables as independently and significantly
associated with the onset of PD: older age, low education
level, history of diabetes, history of stroke, type of
surgery (higher incidence in combined procedures),
prolonged extracorporeal circulation and red blood
cell transfusion in the intra- or postoperative period.
Increased body mass index was found to be a protective
factor. The model obtained is shown in Figure 2. The
Hosmer—Lemeshow test showed a proportion of 93.2%
of patients (Chi* = 0.94) who were correctly classified (See
the receiver operating characteristic curve in Additional
File ACA_43_2017850).

DISCUSSION

In this unselected population of postoperative cardiac
surgery patients, an incidence of PD of 10% was found.
In the literature, this complication has been reported in
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Duration of extracorporeal circulation
Duration of aortic clamping

Surgical reoperation in the first 48 h

505 patients
undergoing
cardiac surgery

194 excluded:

165 due to preoperative stay in the
coronary care unit.

14 for having received antipsychotic
medication prior to surgery.

10 for known psychiatric illness before
surgery.

5 for preoperative delirium.

'

311 included
in the analysis

Figure 1: Flowchart of study participants

3-70% of patients.l’! Several factors should be explored to
explain this important variability, such as the characteristics
of the study patients (age, comorbidities, and complexity
of cardiac surgery, among others), the evaluation
methodology, and the instrument used to recognize
PD. Our patients were monitored several times a day to
detect PD using the CAM-ICU scale, a standardized and
validated tool that allows an accurate evaluation of the
primary components of delirium: level of consciousness,
inattention, disorganized thinking, and fluctuating
course.® The relatively low incidence of delitium in our
population may be related to unmeasured factors, such as
the characteristics of each postoperative unit (design, light
and environmental noise, among others), family visitation
schedule and patient preparation before surgery, or to
population differences in the various geographical locations
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n (%)
Age in years, median (p25-p75)
Sex, n (%)
Educational level, n (%)
No educational level
History of arterial hypertension, n (%)
History of diabetes, n (%)
History of atrial fibrillation, n (%)
History of stroke/TIA, n (%)
IMC kg/m?, median (p25-p75)
BUN mg/dL, median (p25-p75)
Creatinine mg/dL, median (p25-p75)
Hemoglobin g/dL, median (p25-p75)
EuroSCORE Il, median (p25-p75)
Type of surgery, n (%)
Elective
Emergency
Procedure, n (%)
CABG
Single valve surgery
2 or more procedures in the same intervention (Mixed)
IAC/Myxoma
TAVI
CPB duration min, median (p25-p75)
Clamping duration min, median (p25-p75)
Postoperative lactate maximum 24 h mmol/dL,
median (p25-p75)
Perioperative transfusion of RBC, n (%)
Reintervention, n (%)

p25-p75: 25" to 75" percentile. TIA: Transient ischemic attack. BMI: Body mass index. BUN: Blood urea nitrogen. IAC: Interauricular
communication. TAVI: Transcatheter aortic valve implantation. CPB: Cardiopulmonary bypass. RBC: Red blood cells

worldwide. Very few analyses have reported data specifically
on patients in Latin America.”!

We found several risk factors that were independently
associated with the onset of PD: advanced age is one
of the most uniformly reported factors.'™l In our
population, we found that the median age of patients
with PD was 7 years older than that of those without
PD (P = 0.001). There are several hypotheses to explain
the increased incidence of PD in elderly patients. Rudolph
¢t al., in a population of subjects undergoing coronary
artery bypass graft (CABG), evaluated whether the
burden of arteriosclerosis in the ascending aorta or in
the carotid arteries was a predictor of PD, finding that an
age 270 years implied a relative risk (RR) of 3.6 (95% CI:
1.2-10.5) for the onset of PD. After adjusting for age and
other covariates, the burden of arteriosclerotic plaques
in the assessed anatomical location was significantly
associated with PD.['"¥ Tn a randomized controlled trial, Lei
¢t al. described that lower preoperative regional cerebral
oxygen saturation (<50%) may be associated with an
increase in the rate of PD."! This information is very
important given that previous studies have shown that
cerebral near infrared spectroscopy (NIRS) measurements
show changes with age reflecting the deterioration of

186

280 (90) 31(10)
64 (54-72) 71(62-76) 0.001
183 (65) 20 (64.5) 0.92
22 (7.9) 8 (25.8) 0.001
162 (57.9) 25 (80.6) 0.01
55 (19.6) 12 (38.7) 0.01
38 (13.6) 6 (19.3) 0.41
10 (3.6) 7 (22.6) 0.0005
25.9 (23.5-29) 24.2 (23.2-27.9) 0.08
18 (14-22) 21 (15-25) 0.03
0.9 (0.8-1.1) 1.1(0.9-1.2) 0.01
14.8 (13.3-16.1) 13.3 (11.3-15) 0.001
1.8 (1-3.5) 3.7 (2.2-7.8) <0.0001
213 (76) 24 (77.4) 0.87
67 (24) 7 (22.6)
104 (37) 10 (32.3) 0.59
97 (34.6) 6(19.3) 0.09
52 (18.6) 13 (41.9) 0.002
13 (4.6) 1(3.2) 0.72
14 (5) 1(3.2) 0.66
103 (82-133) 139 (106-168) 0.001
85 (64-116) 112 (85-133) 0.003
2 (1.5-2.5) 2.4 (1.9-3.5) 0.01
76 (27) 22 (71) <0.0001
12 (4.3) 7 (22.6) <0.0001
Variable OR (95% ClI)
Age ] 1.11 (1.04- 1.18)
Very low / No education level ——— EsmE s 122(2.34-634)
Diabetes mellitus —_— 35(1.18-10.6)
Stroke / TIA B--  269(4.39-165.7)
BMI u 0.82(0.72-0.95)
Type of surgery - 54(1.14-2538)
CPB duration . 1.01 (1.00- 1. 02)
Intraoperative RBC transfusion —— 22(1.38-365)
Postoperative RBC transfusion - 1.2 (0.96 - 1.66)
"12 4 6 8 10 20 30
TIA: attack. BMI: Body mass index. CPB: C, y bypass. RBC; Red blood cells.

Figure 2: Multivariate analysis. Factors associated with postoperative
delirium

cerebral hemodynamics in advanced age.>'¥ In support of
this hypothesis, Chan and Aneman recently described an
association between the deterioration of cerebrovascular
self-regulation, estimated by NIRS, and early onset of PD
after cardiac surgery."”» However, a greater arteriosclerotic
burden and vascular dysfunction are not the only factors
that seem to affect the genesis of PD. There is current
evidence suggesting that PD results from a complex
interrelation between multiple predisposing baseline
conditions and perioperative precipitating factors. In a
systematic review by Hollinger 7 al., 196 studies were
analyzed, identifying a total of 123 risk factors for PD.
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Of these, 8 were mentioned in at least 10 studies (age,
type of heart disease, personality traits, history of
cerebrovascular or peripheral vascular disease, metabolic
syndrome, diabetes, preoperative cognitive decline,
and type and duration of surgery).l'
number of risk factors highlights the complexity of
PD pathogenesis. The pathophysiological hypotheses
with greater plausibility are related to dysfunction in
neurotransmitters or possible stress-related disruptions
in serum cortisol levels. These alterations may be present
with or without a combination of associated psychiatric
factors.'®'"! In turn, inflammatory markers (C-reactive
protein, 1L-6, procalcitonin) are significantly elevated
in the cardiac surgery postoperative period as a result
of trauma."® Microglial cells are activated by peripheral
inflammatory responses and are capable of producing
neuroactive cytokines and other signals that contribute

| This enormous

to neuropsychiatric changes after surgery. It is very likely
that the interaction between cholinergic transmission and
neuroinflammation plays a key role in the development
of delirium.!"!

A very low education level (illiteracy/incomplete primary
education) was identified in our study as one of the
factors most strongly related with the onset of PD: odds
ratio (OR) 12.2 (95% CI: 2.3-63.4). This finding has been
described in a few previous studies. Galanakis ez 2/ found
that a low education level was a well-defined risk factor
for delitium (OR: 3.6, 95% CI 1.1-11.2)." Folks et al.
found that the occupation and education levels of patients
who showed postoperative cognitive dysfunction were
significantly lower than those of controls.”'! However,
the pathway through which this phenomenon intervenes
in the pathogenesis of PD has not yet been defined. Jones
et al. proposed the concept of brain reserve to explain
individual differences in the risk of delirium.* This is a
generic term that refers to passive and active processes in
the brain that modify an individual’s risk for the expression
of clinical signs and symptoms associated with brain
injury or neurological disease. The key concept in brain
reserve models is that there are differences in the amount
of damage the brain can endure before reaching a critical
threshold for clinical expression. The differences would be
caused by structural characteristics such as brain volume
and synaptic density.*?

Cerebrovascular disease is one of the most commonly
identified risk factors in previous studies. In fact, a history
of a clinical neurological eventis part of several predictive
scores. An example is the work by Rudolph e a/;* in that
study, in a cohort of 122 patients, the authors validated
a simple model with good predictive ability consisting
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of 4 preoperative characteristics (Mini Mental State
Examination, Getiatric Depression Scale, previous stroke/
transient ischemic attack and abnormal albumin level). It
has already been mentioned that PD is related to more
advanced carotid, aortic, and intracerebral atherosclerosis,
which increases the risk of cerebral hypoperfusion.
Decreased cerebral blood flow, together with factors such
as perioperative hypotension or hypoxemia, puts brain
oxygenation at risk and may facilitate the development of
postoperative cerebral dysfunction.

Diabetes as well as several of the risk factors identified in
this study are potentially associated with atherosclerosis
of the central nervous system (history of stroke, cognitive
decline, and old age). Therefore, the higher burden of
atherosclerosis observed in patients with diabetes may
be associated with a combination of risk factors that
predispose patients to delirium.

We found that more complex surgical procedures (combined
surgeries: CABG along with valve surgery, double valve
replacement or similar) had a higher incidence of PD than
did single procedures. Cardiopulmonary bypass (CPB)
could play an important role; several studies have found
an independent association between the duration of CPB
and PD.""* In a study by O’Neal,”! the use of CPB and
its duration were significantly associated with an increased
risk of delirium in patients undergoing CABG. In another
study of 215 patients with PD, it was found that valve
repair or replacement is associated with a higher incidence
of PD than is coronary surgery; it was not possible to
determine whether valve surgery itself could lead to a
higher incidence of delirium due to an increase in the
rate of cerebral embolism or whether this finding reflects
different characteristics of the study population (older age
or duration of CPB). One of the important contributions
of that study was the development of a model for the
prediction of PD with a sensitivity of 71% and specificity
of 76%, which resulted from a combination of age, Mini
Mental State Examination score, Chatlson comorbidity
index, and CPB time.[']

It has been demonstrated that brain embolic events lead to
neuronal-specific enolase release, a marker that has been
found to be elevated in patients with delitium.*! A recent
meta-analysis showed that silent brain infarcts are very
common in cardiac surgery, especially when involving the
aortic valve. Although there is significant variability in the
postoperative frequency of silent brain infarcts with respect
to the type of surgical procedure, the transcatheter aortic
valve implantation (TAVI) and aortic valve replacement
groups reported the highest incidences, 74% and 58%,
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respectively. This is consistent with the suspicion that silent
brain infarcts are due in part to microemboli as a result
of direct disruption of the atherosclerotic plaque in the
ascending aorta.”’! An increase in the levels of proximal
thoracic aortic atheroma has been found to be associated
with higher incidences of intraoperative cerebral embolism,
a finding that has also been evident in transcranial Doppler
studies.®

Our results confirm that the transfusion of one or more
red blood cell units in the intra- and postoperative period
is associated with the onset of PD. Katznelson 7 a/. found
that transfusions greater than 5 red blood cell units were
associated with a 3-fold increased risk of PD.”” Similatly,
Stransky ez al. reported that each unit of red blood cell
transfused was associated with an 18% increase in the onset
of PD.PI'The explanation for this association is complex;
blood transfusions may reflect the greater technical
difficulty of surgery with an increased inflammatory
response, leading to multiorgan dysfunction and delitium.
However, microvascular alterations and microparticle
side effects induced by transfusions have recently been
demonstrated;”! their role in the etiopathogenesis of PD
has not yet been determined.

One of the most interesting findings of our study is that
being overweight or obese seems to have a protective
effect against the onset of PD. Although the nature of this
association is not clear, it has been described that mortality
in cardiac surgery is lower in patients who are overweight
or obese. This finding was corroborated in a meta-analysis
of more than 500,000 patients conducted by Mariscalco.?
Mashour identified that a body mass index (BMI) of
35-40 kg/m? resulted in a lower incidence of petioperative
stroke after noncatrdiac surgery.*” Lei also identified that
being overweight or obese seemed to confer protection
against PD.I"J Similarly, we have shown that a higher BMI is
a protective factor for PDj the explanation could be related
to a subclinical nutritional deficit state among subjects
who presented this outcome. This relationship has been
studied in patients hospitalized in nursing homes, finding
that lower body mass and body fat were related to the
onset of delirium.’ The authors propose that given that
many drugs are transported to their effector sites linked
to plasma proteins, having low levels of albumin or total
protein could alter pharmacological actions and increase
the risk of delirium. An alternative hypothesis has to do
with the differential immunity characteristics in overweight
subjects; experimental studies have found changes in the
function of T cells, characterized by slow proliferation
and decreased ability to produce chemical messages to
communicate with other immune cells;? it has already
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been described that inflammatory mediators could play an
important role in the onset of PD.

This study has limitations, especially related to the fact
that a large number of risk factors for PD are described
in the literature. However, the relationship with many of
these factors has been inconsistent between the different
publications. This discrepancy could be a result of the
retrospective design of some studies. On the other
hand, many prospective series include a small number
of participants, with insufficient statistical power to
select patients with PD and detect the implicated risk
factors. Other studies have methodological limitations;
for example, the diagnostic criteria, tools used, length
of time evaluated, or experience of the evaluator are
not defined.P’!

Most importantly, despite having identified multiple
risk factors for PD, its incidence does not appear to be
decreasing.”” Thus, further research efforts are justified.

It should be noted that due to the large number of
analyzed variables, we did not include intraoperative
hemodynamic aspects, nor every medication administered
to the patients, in the analysis. With regard to the latter, the
literature reports indicate a vast number of medications
potentially related to the onset of PD: statins, diuretics, beta
blockers, inotropes, benzodiazepines, barbiturates, opioids,
metoclopramide, dimenhydrinate, antiarrhythmics, and
multiple antihypertensives, among many others.'” Attempting
to include these medications in the multivatriate model would
lead to a substantial increase in sample size, which is not
feasible in this phase of our line of research. Finally, since the
primary objective of this study was to determine the variables
associated with the onset of PD, we make no reference to the
progression or duration of this cognitive disorder.

Our study has important strengths, one of which is the
prospective analysis of multiple potential predictors
of delirium after different types of cardiac surgery in a
significant number of patients. The study included 18 pre-,
intra- and postoperative variables and was performed using
a rigorous methodology with standardized definitions and
a widely accepted diagnostic tool (CAM-1CU).

CONCLUSIONS

With the aging of the population and increased number of
cardiac surgeries performed annually, PD in cardiac surgery
has become a major clinical and epidemiological problem.
Our results are highly relevant because the preoperative
identification of risk factors is the basis of prevention.
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