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Abstract
Background: Statins have recently been suggested to exert protective cerebral effects in patients undergoing
cardiac surgery.
Objective: The aim of this study was to determine the association between pre-operative statin administration
and the rate of post-operative delirium (POD) in patients undergoing coronary artery bypass grafting (CABG).
Methods: This prospective cohort study was conducted at Seyedoshohada Hospital (Urmia, Iran) from June 2017
through April 2018. Patients, before undergoing CABG may have two different approaches by clinicians;
administrating statins vs. those who do not receive statins. Participants in this study were selected among each of
the two approaches. Therefore, Group A (n=200) (exposure group) received statins 10 mg or 20 mg in the pre-
operative period and Group B (n=200) did not receive statins before admission to hospital. During their intensive
care unit (ICU) stay, Confusion Assessment Method (CAM) was performed every 8 hours to assess delirium. The
data were analyzed by STATA version 13. The rate of POD were determined across the groups using
independent samples t-test and Chi-square tests. Study covariates were adjusted and the association between the
outcome of delirium incidence and clinical interventions was examined using multiple logistic regression.
Results: Demographic data was similar between the two groups. Of the four hundred patients analyzed, 57
patients (14.5%) had delirium at some time during their cardiovascular ICU stay; nine (4.5%) in the patients
group with use of statins and forty-eight (24%) in the patients group without use of statins had POD. There was a
significant difference in the occurrence of delirium across the two groups (p=0.001). Incidence of POD in
patients ≥ 60 years in Group A  was significantly lower than in the patients in Group B,  4.2% and 32.3%
respectively (p=0.001).
Conclusion: Statin Pretreatment reduces the occurrence of post-operative delirium after coronary artery bypass
surgery.
Keywords: Coronary artery bypass surgery, Cardiopulmonary bypasses, Post-operative delirium, Statin,
Confusion Assessment Method

Note:
This article was written using the STROBE Statement—Checklist of items that should be included in reports of
cohort studies.
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1. Introduction
Despite much progress in cardiac surgery and anesthesia techniques, delirium after coronary artery bypass grafting
(CABG) remains a common complication (1). Delirium is a degradation of brain activity defined by fluctuating
mental status with changes in consciousness, attention, cognition, and perception, and is classified into three
subtypes: 1) hyperactive, 2) hypoactive, and 3) mixed. Hyperactive delirium is determined by active symptoms such
as agitation and restlessness, while hypoactive delirium is accompanied by unresponsiveness and motionlessness (2,
3). The incidence of post-operative delirium (POD) varies between studies, ranging from 1% to 50% (4). Delirium is
associated with increased morbidity and mortality, prolonged stay in intensive care unit (ICU), prolonged hospital
stay, and increased health care cost (4, 5). The definitive etiology and pathogenesis of delirium after cardiac surgery
is unclear but it is likely to be complex and multifactorial, resulting from interaction of numerous predisposing and
precipitating factors. Among these factors, older age, history of stroke and peripheral vascular disease are very
important for interaction with increased cerebral atherosclerosis (6, 7). On the other hand, neuroinflammation is one
the most causative hypotheses related to POD manifestation (8). According to Stone NJ et al. (9) and Katznelson R
et al. (10), low-density lipoprotein (LDL), total cholesterol levels, and the risk of adverse cardiovascular events
decrease by administration of statins or 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) inhibitors. Statin
administration has been shown to decrease morbidity and mortality after cardiac and major non-cardiac surgery (10,
11). Statins or 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors are powerful lipid-lowering
medications and its administration can decrease the risk of cardiovascular adverse outcomes. Furthermore, several
studies have demonstrated that statin therapy reduces morbidity and mortality in cardiac and non-cardiac operations
(10, 11).

Several experimental clinical investigations have shown that statins can improve perioperative central neuronal
protection. Creation of these effects by statins is beyond their lipid lowering activity, so-called cholesterol-
independent or ‘pleiotropic effect’ including anti-inflammatory, anti-thrombogenic and immunomodulatory
properties (12). Whereas statin pretreatment is associated with a reduction of POD in patients undergoing cardiac
surgery (10), there is some controversy related to this protective effect of statin on delirium following cardiac
surgeries (13, 14). According to clinical results, the effects of statins on delirium after cardiac surgery is limited and
controversial, and based on our knowledge, there was no study in Iran to determine the effect of statin on delirium.
Therefore, our study was aimed to determine whether pre-operative use of statins is associated with decreased
delirium rates in patients undergoing coronary artery bypass grafting (CABG) with CPB (cardiopulmonary bypass).

2. Material and Methods
2.1. Study design and participants
This prospective cohort study enrolled patients from June 2017 through April 2018. The study was conducted in an
Iranian governmental educational, heart center hospital (Seyedoshohada Hospital, Urmia, Iran). The reason for
choosing this hospital was that it is the referral center in West Azerbaijan Province. Patients were selected based on
receiving statins 10 mg or 20 mg in the pre-operative period for at least 1 month, whereas Group B patients had not
been receiving statin before admission to hospital because of reasons as decided by the primary physician. Two
hundred patients participated in each group.

2.2. Selection criteria
2.2.1. Inclusion criteria
The inclusion criteria were patients who were candidate for isolated elective CABG with CPB under general
anesthesia.
2.2.2. Exclusion criteria
The exclusion criteria were the following: preexisting cerebrovascular disease, psychiatric illness, left ventricular
ejection fraction <30%, severe left main stenosis, and redo or emergency CABG surgery, patients with hepatic
impairment (aspartate aminotransferase or alanine aminotransferase > twice the normal limit), renal disease
(creatinine >2 mg/dl).

2.3. Exposure and outcomes
2.3.1. Exposure
The exposures in this study were defined as taking statins before surgery. Two hundred patients were selected
randomly based on the exposure of interest. Group A patients had been receiving atorvastatin 10 mg or 20 mg in the
pre-operative period for at least 1 month, whereas Group B patients had not been receiving statins before admission
to hospital because of some reason as decided by the primary physician.
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2.3.2. Outcomes
The primary outcome was defined as the POD occurrence in each group. Delirium assessment was performed
according to the Confusion Assessment Method (CAM) every 8 hours until discharge from ICU, by the ICU
physician or the trained cardiovascular ICU nurses, who were not involved in the study. This assessment was based
on the Diagnostic and Statistical Manual of Mental Disorders criteria and it included four stages: (1) an acute onset
of changes or fluctuations in the course of mental status, (2) inattention, (3) disorganized thinking, and (4) an altered
level of consciousness. A patient who demonstrated features 1 and 2 in addition to either feature 3 or 4 was defined
as delirious. Patients were considered as having delirium if they experienced it on at least two positive calculations
during ICU admission

2.4. Procedure
Patients, before undergoing CABG, may have met with two different approaches by clinicians; administrating of
statins vs.  not receiving statins. Participants in this study were selected among each of two approaches. Therefore,
Group A (n=200) (exposure group) received statins 10 mg or 20 mg in the pre-operative period and Group B
(n=200) had not received statins before admission to hospital. Anesthetic management and surgical techniques were
the same for all patients. Oral lorazepam (1-2 mg) was administrated for all patients 1 to 2 h before surgery. All
demographic and underlying diseases data including age, sex, NYHA (New York Heart Association) class, history
of diabetes, hypertension, anemia ( Hb<12 g/dl), cerebrovascular disease and transient ischemic attack (TIA) were
collected. Anesthesia was induced with intravenous thiopental sodium (100-150 mg/kg), sufentanil (1-2 μg/kg),
midazolam (0.1mg/kg) and trachea was intubated after cisatracurium (0.15-0.20 mg/kg) and maintained with TIVA
(total intravenous anesthesia), infusion dose propofol (100 μ/kg/min), sufentanil (50-100 μ/kg/h), and cisatracurium
(5 μ/kg/min ) and O2 in air (1:1). Monitoring including electrocardiogram, arterial blood pressure, pulse oximetry,
central venous pressure, end‑tidal CO2, BIS (bispectral index), and were used throughout the surgery period.
Systemic anticoagulation was achieved with intravenous heparin 300 IU/kg with a target (Activated clotting time)
ACT ≥480 second. Management of CPB included systemic temperature 30-32 °C,α stat pH management, targeted
mean arterial pressures (MAP) between 50-70 mmHg, Myocardial protection was achieved with intermittent
antegrade, and occasionally retrograde, blood cardioplegia. Furthermore, duration of CPB, Anemia: Hematocrit
(HCT) <19, Mean arterial pressure (MAP) < 50 mmHg (hypotension during CPB), massive transfusion (blood
transfusion ≥5 units) were recorded. After separation from CPB, heparin was neutralized with 1 mg protamine per
100 IU of heparin, to achieve an activated clotting time within 10% of baseline. After end of surgery, patients were
extubated by the ICU physician based on the following criteria: patient consciousness and cooperation, arterial
oxygen saturation ≥ 95% with inspired oxygen fraction ≤50%, hemodynamic stability, no excessive bleeding, and
absence of uncontrolled arrhythmia. Patients in the statins group resumed taking statins after the second day. No
patients received any other medication such as steroid or Non-steroid anti-inflammatory drugs (NSAIDs).

2.5. Statistical Analysis, bias, and confounders
In descriptive analysis, we determined frequency of numeric variables and mean ± SD (standard deviation) for
quantitative variables. Kolmogorov Smirnov test was used to detect the normal distribution of data. In order to
compare the frequency of delirium among patients who used statin vs. those who did not, we applied Chi Square
test. Independent samples t-test and Fisher exact test were subsequently used to compare quantitative and qualitative
variables between the two groups. Selection bias was one of the biases in this study, by using stratified analysis we
reported the result of the study in each stratification (age, sex). Some confounder variables such as hypertension,
diabetes, and length of stay were adjusted by using logistic regression analysis. Logistic regression analysis was
performed to determine the effect of covariates on the outcome (delirium). First, in the unadjusted model, the
association of using statins and delirium was evaluated. The regression model was then adjusted by demographic
and underlying diseases (sex, age, diabetes, and hypertension) and clinical variables. The significant level was
considered <0.05. In order to avoid selection bias, the two groups were analyzed by age and sex. We also used
logistic regression analysis to adjust confounding variables.

2.6. Research ethics
Declaration of Helsinki – ethical principles for medical research involving human subjects (adopted by the 18th

General Assembly of the World Medical Association [WMA], Helsinki, Finland, June 1964 and last amended by the
64th WMA General Assembly, Fortaleza, Brazil, October 2013) was considered throughout the designing of the
study protocol and its implementation. The institutional board and research ethics committee of Urmia University of
Medical Sciences approved the study (Ref: IR.UMSU.REC.1396.273). The aim of the study was explained to
participants before they entered the study. To ensure that all participants were aware of the procedures, an
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information sheet about the goal and nature of the study, its objectives, and the procedure of the study and potential
risks was given to the participants to read before they signed the written informed consent form.

3. Results
All patients included in the study underwent CAM-ICU assessment every 8 hours during their cardiovascular ICU
stay. There was no difference regarding demographic parameters (Table 1). POD was present in 14.2% of patients
(57 out of 400) at any time during their ICU stay. Nine patients (4.5%) in Group A and forty-eight patients (24%) in
Group B had post-operative delirium. There was a significant difference in the occurrence of delirium across the two
groups (K=15, p=0.001). Demographic data and operative characteristics in patients of the two groups are
demonstrated in Table1. Average of NYHA class was significantly higher in patients in Group B compared to
patients in Group A (2.93±0.65 vs. 1.94±0.66, p=0.01). CPB duration was significantly higher in Group B compared
to Group A (127.17±44.34 vs. 114±38.44, p=0.002). Similarly, Aorta cross clamp length was significantly longer in
Group B than group A, (92.41±49.83 vs. 77.49±40.30, p=0.001). Duration of post-operative mechanical ventilation
was significantly prolonged in Group B (24.03± 9.39 vs. 21.48±7.87, p=0.003). Moreover, the duration of ICU stay
and hospital stay were not similar between the groups (3.30±.82 in Group B vs. 3.09±0.69 in Group A, p=0.006).
There was no post-operative mortality. Incidence of POD in patients ≥ 60 years in Group A  was significantly  lower
than in the patients in Group B, 4.2% and 32.3% respectively (p=0.001). Univariate analysis showed that
administration of statins was associated with reduced post-operative delirium rates in patients ≥ 60 years of age
(Table 2).

Logistic regression analysis showed that patients who received statins were less likely to have delirium (OR: 0.14,
CI 95%: 0.1-0.27, p=0.01). In adjusted model for demographic and clinical covariates, there was still similar
association between the two groups, and the occurrence of delirium. In order to adjust confounder variables we
applied logistic regression analysis, which detected the association of statins with less likely occurrence of delirium.

Table 1. Demographic data and operative characteristics of patients
Variables Groups A (Statin),

(n=200)
Group B (No statin),
(n=200)

p-value

Pre-operative Age (year) 62.04±10.85 63.96±9.95 0.06*
Male / Female 132/68 133/67 0.91**
Hb<12 gr/dl 42 (39.6%) 64 (60.4%) 0.009**
NYHA (class) 1.94±0.66 2.93±0.65 0.01*
DM 91 (45.5%) 81 (40.5%) 0.18**
Hypertension 126 (63%) 131 (65.5%) 0.33**
CVA, TIA 9 (75%) 3 (25%) 0.07**

Intra-operative CPB time (minute) 114.14±38.44 127.17±44.34 0.002*
ACC time (minute) 77.49±40.30 92.41±49.83 0.001*
Surgery Duration (hour) 6.26±1.40 6.52±1.38 0.06*
RBC > 5 unit 0 (0%) 1 (100%) 0.34**
RBC (number) 1.88±0.93 20.03±0.89 0.001*

Post-Operative ICU length stay (day) 3.09±0.69 3.30±0.82 0.006*
Mechanical Ventilation Time (hour) 21.48±7.87 24.03±9.39 0.003*
Delirium 9 (4.5%) 48 (24%) 0.001**

Continuous data are expressed as mean ±SD and categorical data are expressed as number (%). ACC: aortic cross clamp,
CPB: cardiopulmonary bypass, CVA: cerebrovascular accident, DM: diabetes mellitus, Hb: hemoglobin, NYHA: New

York Heart Association, RBC: red blood cells, TIA: transient ischemic attack.
* Independent-samples t-test, ** Chi-square test

Table 2. Comparison of the frequency of delirium based on age stratification among those receiving statin
Delirium Frequency X2* p-value
Yes No

Age (year) ≥60 5 113 4.2 0.04 0.83
<60 4 78 4.9
Total 9 191 4.5

* Chi-square test
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4. Discussion
The aim of this study was to determine the association between pre-operative statin administration and rate of POD
in patients undergoing CABG. In this study, incidence of delirium in patients who were receiving pre-operative
statins was significantly lower than in patients who were not treated with statins, and there was significant
association between pre-operative statin therapy and reduced delirium rate. Some studies such as those by
Kazmierski et al. (4) and Katznelson et al. (10) demonstrated similar results; as they found that perioperative therapy
with statins was associated with decreased delirium rates in patients after cardiac surgery. In their study, post-
operative delirium rate was reported as 8.4-11.5% and 11.5% respectively (4, 10). Since, in our study the number of
patients was less than in other research, the discrepancy in the incidences of POD may be related to patient
population. On the other hand, other studies were performed retrospectively whereas our study was performed
prospectively.

In the present research, the incidence of POD in patients ≥ 60 years with or without pre-operative statin therapy
were 4.2% and 32.3% respectively, which suggests statins have considerable effect in decreasing POD rate in
patients ≥ 60 years. To explain this, the literature shows that ageing has been known as a factor to increase up to
four-fold cytokines level and acute phase proteins (16). The increasing of inflammatory response in the elderly may
explain the reason why the anti-inflammatory and anti-thrombotic effects of statins are particularly prominent in this
patient population (17).

Among numerous hypotheses on the pathophysiology of POD, the most recent hypothesis involves
neuroinflammation (18). Cardiac operation with CPB is associated with a profound systemic inflammatory response
by reason of surgical trauma, and the contact between blood and synthetic circuit surfaces promote the blood-barrier
dysfunction, cerebral inflammation, and glial cell injury, and finally lead to POD (19, 20). In recent times,
neuroinflammation has been the most common theory for the explanation of pathophysiology of POD (18). On-
pump cardiac surgery created serious systemic inflammatory reactions due to interaction among blood and artificial
circuit surface, surgical trauma that induces blood-brain barrier deterioration, brain inflammation and glial cell
damage and ultimately POD (19, 20). However, in this study, duration of CPB and ACCC time in patients in Group
A was shorter than in patients in Group B, which may suggest the lesser effect of using statins on delirium by
interfering with these covariates.

Although the exact mechanism of POD reduction by statins is not clear, it has been recommended that the
neuroprotective effects of statins are due to either lipid lowering capability or the complex effects on inflammation
and endothelial function (21). It is known that short or long-term administration of statin therapy in many kinds of
cerebral damage can decrease the extent of the infarct area and increase cerebral blood flow in the ischemic region,
leading to enhanced behavioral functions (22, 23). Furthermore, statins could reduce the permeability of the human
blood-brain barrier and limit the transmigration of leukocytes. Several clinical studies have shown that statins, by
affecting adhesion molecules, chemoattractant proteins, proinflammatory transcription factors, and proinflammatory
enzymes, prevent inflammatory processes. They corrected endothelial function, firmed plaques, and stimulated
neovascularization (24, 25).

In this study, patients who were not treated with statins had longer mechanical ventilation time and ICU stay
compared to patients in Group A and we found statins administration, by decreasing POD and preventing some post-
operation morbidity, may lead to change in health care costs. Mariscalco et al. (13), and Mathew et al. (14)
demonstrated inconsistent results compared to our study, as they found that the pre-operative statins were not
associated with a decreased rate of delirium in patients undergoing CABG surgery. A logical explanation for such
difference is that the design and sample size of their studies were different from the present study. Almost 50% of
patients in our study received atorvastatin versus 39% of patients in the study by Mariscalco and colleagues and only
22% of patients in the study by Mathew et al. Their study was retrospective, whereas our study was prospective and
in current study assessment, statins on POD was accomplished in the early post-operative period, while Matthew et
al. (14) evaluated cognitive function 6 weeks after surgery. On the other hand, there is a possibility that POD
symptoms have been confounded by post-operative cognition dysfunction. According to Cerejeira J et al., the lack of
statin protection could certainly be related to the complex multifactorial pathogenesis of post-operative delirium (8).
They believed that changes in catecholamine levels after CPB use, cerebral embolization detected during the
surgical procedure, decreased cardiac output observed after the operation, and prolonged ICU stay may be superior
in the protective effects of pre-operative statins on delirium (4, 5-7, 26, 27). Likewise, Cruz JN et al., in a similar
prospective study, obtained comparable results. The use of pre-operative statins is not correlated with post-operative
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delirium in patients undergoing cardiac surgery. They supposed that statins’ systemic effects and pleiotropic effects,
can differ between different drugs; this difference could indirectly influence neurological findings (28). The absence
of protective effects of statins may be associated to several complicated underlying causes of pathogenesis of post-
operative delirium (8). It has been assumed that change in post CPB catecholamine levels, intra-operative cerebral
emboli, post-operative low cardiac output and lengthened ICU stay may be more plausible rather than the effect of
statins on occurrence of delirium. (4, 5-7, 26, 27). Similarly, Cruz JN et al., through a similar prospective study,
found that pre-operative statin therapy is not related to manifestation of delirium after cardiac operation. They
believed that systemic and pleiotropic effects of statins may be different between various types of statin drugs, and
this difference can indirectly influence neurologic results (28).

5. Limitations and strength of study
The prospective nature of a cohort study made this study as the strongest observational study. This study had several
limitations. First, it was an observational study, which is prone to some biases; however, as it is described in the
materials and methods section, we considered measures to avoid selection bias. Second, it was accomplished during
a short period and on a small population of patients, while a larger sample size is required, to reach better outcomes.
Third, our findings are based on association rather than a causative relationship among statin therapy and decreased
post-operative delirium rates. Consequently, a double-blind, randomized, placebo-controlled trial is recommended to
validate these findings. Last, the absence of delirium determination after ICU discharge could lead to an
underestimation of its incidence.

6. Conclusions
This study found that the occurrence of delirium is less likely among those who received statins, even after adjusting
for confounding variables. However, this association has not been detected among patients less than 60 years of age
in stratified analysis. Small sample size might be the reason that we could not find this association among younger
adults. Further study with a stronger design such as clinical trials with a larger sample size may be needed to prove
this association.
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