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Context: Frequent incidence of early postoperative memory impairment (POMI) after cardiac surgery 
remains a concern because of associated morbidity, impaired quality of life, and increased health care 
cost. Aim: To assess the effect of preoperative statin therapy on POMI in patients undergoing off‑pump 
coronary artery bypass (OPCAB) surgery. Setting and Design: Prospective observational study in a tertiary 
level hospital. Methods: Sixty patients aged 45–65 years undergoing OPCAB surgery were allocated into 
two groups of 30 each. Group A patients were receiving statin and Group B patients were not receiving 
statins. All patients underwent memory function assessment preoperatively after admission to hospital and 
on the 6th postoperative day using postgraduate institute memory scale. Statistical Analysis: Appropriate 
tests were applied with SPSS 20 to compare both groups. The value P < 0.05 was considered statistically 
significant. Multiple regression analysis was performed with confounding factors to determine the effect 
on memory impairment. Results: Patients in Group A showed significant postoperative deterioration in 
6 of the 10 functions and in Group B showed deterioration in 9 of 10 functions tested compared to preoperative 
scores. Intergroup comparison detected less POMI in Group A compared to Group B and was statistically 
significant in 8 memory functions. Multiple regression analysis detected statin as an independent factor in 
preventing memory impairment. Conclusions: Preoperative statin therapy attenuates the early POMI in 
patients undergoing OPCAB. Future long‑term studies will define the efficacy of statin on POMI.
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quality of life and increased health care cost. 
Inflammation occurs in the brain after off‑pump 

INTRODUCTION

Postoperative cognitive dysfunction is the 
short‑term decrease in memory and executive 
functions of a person. Memory is one of the 
major components in cognitive function that 
is always associated with neurocognitive 
dysfunction. Postoperative memory impairment 
(POMI) after cardiac surgery is observed in 
25–80% of patients in the 1st postoperative 
week.[1,2] Although POMI tends to improve 
slowly in the course of time, it persists 10–30% 
of cases for months to years after surgery.[2] 
Despite the improvement in cardiology, cardiac 
surgery, and anesthesia techniques, frequent 
incidence of POMI remained a concern 
because of associated morbidity, impaired 
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coronary artery bypass grafting (CABG) surgery.[3] 
Alteration in hippocampal function due to inflammation 
may adversely affect memory function.[4] The incidence of 
POMI was previously considered to be lower in off‑pump 
coronary artery bypass (OPCAB) surgery compared to 
coronary artery bypass with cardiopulmonary bypass 
(CPB),[5] but recent studies proved the same incidence 
in both on and off‑pump surgery.[6] OPCAB triggers 
repeated hemodynamic fluctuations, dislodgement 
of micro‑emboli at the time of applying side clamp 
to the aorta and systemic inflammation due to tissue 
injury. Statin pretreatment reduces the incidence 
of stroke in CABG.[7] The study showed three‑fold 
reductions in the rate of cerebrovascular events after 
carotid endarterectomy in statin pretreated patients.[8,9] 
Preoperative use of statin is associated with reduced 
early delirium rates after cardiac surgery with CPB.[10] 
Atorvastatin reduces systemic inflammatory response 
after coronary artery bypass surgery.[11] Some occasions 
in patients with a normal level of lipids, history of 
myalgia, and diabetes mellitus statins are withdrawn 
from routine treatment. We selected cohort of patients 
as control group.

With all the background knowledge, it was postulated 
that preoperative statin can reduce POMI in patients 
undergoing OPCAB surgery. The literature search did 
not find any study regarding the effects of preoperative 
statin on memory impairment in patients undergoing 
OPCAB surgery. The aim of this study was to assess 
the effects of statin on memory function in patients 
undergoing OPCAB surgery.

METHODS

This study was conducted after obtaining approval 
of Hospital Ethics Committee and informed written 
consent from the patients. The study was designed in 
a prospective observational pattern. Sixty patients aged 
between 45 and 65 years undergoing elective OPCAB 
surgery were enrolled in the study over a period of 
2 years. Patients were allotted nonrandomly into two 
groups until completion of 30 patients in each. Group A 
patients were receiving atorvastatin 10 mg or 20 mg in 
the preoperative period for at least 1 month, whereas 
Group B patients were not receiving statin before 
admission to hospital because of some reason as decided 
by the primary physician.

Exclusion criteria
Patients with hepatic impairment (aspartate 
aminotransferase or alanine aminotransferase > twice 

the normal limit), renal disease (creatinine >2 mg/dl), 
preexisting cerebrovascular disease, psychiatric illness, 
psychotropic drug abuse, alcoholism, left ventricular 
ejection fraction <30%, critical coronary anatomy, 
severe left main stenosis, unstable angina, atheromatous 
ascending aorta, major hemodynamic fluctuations, 
and redo or emergency CABG surgery. For difficult 
assessment of memory tests, patients with <7th classes 
schooling or not able to read and write down the 
questionnaires were excluded from the study.

Patients in both the groups were managed perioperatively 
by same anesthesiologist and surgeon. Patients 
were premedicated with morphine 0.1 mg/kg and 
promethazine 0.5 mg/kg intramuscularly, 30 min before 
shifting to the operation room. Anesthesia was induced 
with intravenous thiopentone 3–5 mg/kg, fentanyl 
2–3 µg/kg, midazolam 20 µg/kg and trachea was intubated 
after rocuronium 0.6 mg/kg. Anesthesia was maintained 
with O2 in air (1:1), sevoflurane and supplemental doses 
of intravenous fentanyl, midazolam, and vecuronium. 
Monitoring such as electrocardiogram, arterial blood 
pressure, pulse oximetry, central venous pressure, 
end‑tidal CO2, transesophageal echocardiography (TEE) 
and near infrared spectroscopy were used throughout 
the surgery period. TEE was used to check for any 
ascending aorta atheroma. Systemic anticoagulation 
was achieved with intravenous heparin 200 IU/kg with 
a target ACT >400 s. The mean arterial pressures (MAP) 
were maintained at 70–80 mmHg. If MAP <50 mmHg, 
diluted phenylephrine 50–100 µg was given. For MAP 
above 80 mmHg, boluses of fentanyl, midazolam, 
and vecuronium were given. If these failed to lower 
pressures, nitroglycerine infusion at 0.5–1 µg/kg/min 
was started. The blood glucose levels were maintained 
below 180 mg/dl. None of the patients in both groups 
received any steroid, antifibrinolytic, and nonsteroidal 
anti‑inflammatory drugs in the perioperative period. The 
core temperature was monitored in the nasopharynx. 
Warm intravenous fluids, warm fluid in the mister 
blower and blanket of temperature controlling machine 
(Sarns 3M Health Care, Ann Arbor) were used to 
maintain intraoperative normothermia (36–37°C). The 
ambient temperature was also kept at 21°C.

Off‑pump CABG was carried out through a median 
sternotomy. Stabilization of target arteries was 
accomplished with Medtronic Octopus system 
(Medtronic, Minneapolis, MN, USA). Left internal 
mammary artery graft was used in all patients. Proximal 
venous graft anastomosis was performed after the 
distal anastomosis using a single side clamp. Systemic 
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anticoagulation was reversed by protamine sulfate 
1 mg/kg. Depending on hemodynamic parameters 
intravenous infusions of vasopressors and/or vasodilators 
were used. Postsurgery patients were ventilated 
mechanically in the Intensive Care Unit (ICU). Tracheal 
extubation was decided by the ICU physician who was 
not involved in the administration of anesthesia in the 
operating room or involved in the study.

High sensitivity C‑reactive protein (CRP) concentration 
was assayed by immunonephelometry technique from 
the blood samples taken before anesthetic induction 
and 24 h thereafter. Serum creatinine was measured 
preoperatively and at 24 h after surgery. Postoperatively 
atorvastatin was continued from the 1st day in Group A 
and after the 6th day in Group B. Aspirin, nitrates, and 
calcium channel blockers were continued in both 
groups in the postoperative period to deliver the benefits 
of graft patency and atrial fibrillation.

The memory functions were assessed on the day 
before surgery and on the 6th postoperative day 
using the postgraduate institute (PGI) memory scale 
(PGI of Medical Education and Research, Chandigarh, 
India).[12,13] It includes a battery of different cognitive 
domains such as remote memory, recent memory, 
mental balance, attention and concentration, delayed 
recall, immediate recall, retention of similar, dissimilar 
pair, visual retention, and recognition. The independent 
investigator was a clinical psychologist performing 
these tests was blinded to both the groups. Duration 
of mechanical ventilation, ICU and hospital stay was 
noted.

The PGI memory scale is one of the tests of PGI‑battery 
of brain dysfunction.[12] The socioeconomic and 
educational background of Indian population is 
different from the western world, so PGI memory scale 
was used in the patients for neurocognitive assessment. 
This consists of a questionnaire in Hindi and English, 
which is to be read and answered. The “raw scores” are 
calculated based on the answers given by the patient. 
The nomograms for different age groups and educational 
levels derived for different age groups and educational 
levels derived from an Indian population are available 
along with the questionnaire. These nomograms give 
the mean reference scores along with the standard 
deviation for individuals of different age groups and 
educational levels. From the raw score, the reference 
score obtained from the nomogram is subtracted and 
the difference divided by the standard deviation of the 

population of the reference value’ to get the “composite 
score or Z score.”

Raw score- reference score
Composite Z score=

Standard deviation of 

reference population

Statistical analysis
The results were analyzed using statistical package 
for social science (SPSS) version 20 software (IBM 
Corporation, USA). The paired t‑test and Student’s 
t‑test were used to compare normally distributed data. 
The Mann–Whitney U‑test and Wilcoxon signed rank 
test were used to compare nonnormally distributed 
data. The categorical measures were compared using 
a Chi‑square test; P < 0.05 was used to express 
statistical significance. Multiple regression analysis 
was performed with confounding factors such as age, 
sex, education, diabetes, chronic obstructive pulmonary 
disease (COPD), EURO score, number of grafts, duration 
of surgery, and preoperative CRP level to determine the 
effect on memory impairment.

RESULTS

Eighty patients were eligible for the study. Fourteen 
patients were excluded as per the exclusion criteria. 
Intraoperative complications leading to conversion to 
CPB supported CABG in 4 patients. Two patients were 
detected to have atheromatous ascending aorta from 
TEE examination. The remaining 60 patients completed 
the designed study procedure. The demographic data 
of patients are listed in Table 1. Both groups were 
comparable with regard to age, sex, education, number 
of patients with diabetes and COPD, number of grafts, 
and duration of surgery.

CRPs levels were significantly higher in Group B 
compared to Group A in the postoperative period 

Table 1: Demographic data
Variables Group A 

(n=30)
Group B 

(n=30)
P

Age (year) 56.2±5.8 57.3±5.1 0.44
Sex (male:female) 29:1 28:2 1.00
Education (year) 12.5±2.2 12±2 0.8
Diabetes (number of patients) 9 9 ‑
COPD (number of patients) 3 3 ‑
Euro score (median (IQR)) 3 (1.5‑5) 3 (1.75‑4) ‑
Number of grafts 3.7±0.7 3.5±0.7 0.87
Duration of surgery (h) 2.8±0.61 2.7±0.46 0.77

COPD: Chronic obstructive pulmonary disease, IQR: Interquartile 
range
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(93.16 ± 22 vs. 67.64 ± 19.29, P = 0.001) [Table 2]. 
Duration of postoperative mechanical ventilation was 
significantly prolonged in Group B (9.7 ± 0.65 vs. 
5.64 ± 0.9, P = 0.001) [Table 2]. However, the duration 
of ICU stay and hospital stay were similar between the 
groups (P = 0.69, P = 0.17). There was no postoperative 
mortality.

The memory functions tested along with the 
preoperative and postoperative scores are summarized 
in Table 3. The patients in Group A showed significant 
postoperative deterioration in 6 of the 10 functions 
[Table 3], whereas the patients in Group B showed 
significant postoperative deterioration in 9 out of 10 
functions when compared to the preoperative scores 
[Table 3]. When intergroup comparison was done, the 
preoperative scores were similar between the groups 
[Table 4]. The postoperative memory dysfunction was 
more in Group B patients compared to statin‑treated 
group (Group A) and was statistically significant 
(P < 0.001) in 8 memory functions out of 10 tests 
[Table 4]. Delayed and immediate recall memory were 

less in postoperative period between Group A and B but 
not statistically significant (P = 0.14, 0.22) [Table 4].

After multiple regression analysis considering all 
demographic and other baseline studied confounding 
factors, we found that for each outcome the intervention 
with statin came out to be an independent factor for 
prevention of impairment in 8 mental functions of 
PGI memory scale (P < 0.05) [Table 5]. None of the 
demographic and baseline parameters had come out to 
be a statistically significant factor for reducing memory 
impairment (P > 0.05).

DISCUSSION

Cognition is the mental activity in regard to the attention 
of working memory, comprehending and producing 
language, calculating, reasoning, problem‑solving, and 
decision making. Cognition is typically assumed to be 
information processing in a participant’s or operator’s 
mind or brain.[14] Memory functions are essential for the 
daily activity of a person. Studies have detected that 
cardiac surgery performed with and without CPB reduce 
memory power of patients after surgery.[6] The POMI is 
associated with poor quality of life, delayed memory, 
and defective skillful functions after cardiac surgery.

This study detected impaired memory function in 
patients of both the groups when compared between 
presurgery and postsurgery score. This is supported by 
Grogan et al., who found a high incidence of POMI after 
CABG and they suggested for the need of preventive 
measures.[1] The memory functions such as recent 
memory, mental balance, immediate recall, retention 

Table 2: Outcome parameters
Variables Group A 

(n=30)
Group B 

(n=30)
P

CRP (mg/L)
Preoperation 9.5±15 11.24±9.7 0.59
Postoperation (after 24 h) 67.64±19.29 93.16±22 0.001

Mechanical ventilation 
duration (h)

5.64±0.9 9.7±0.65 0.001

ICU stay (day) 1.1±0.30 1.13±0.34 0.69
Hospital stay (day) 6.1±1.47 6.6±1.35 0.17
Mortality 0 0 ‑

ICU: Intensive Care Unit, CRP: C‑reactive protein

Table 3: Neurocognitive tests (PGI memory scale): Intragroup comparison
Functions tested Group A Group B

Preoperative 
score

Postoperative 
score

P Preoperative 
score

Postoperative 
score

P

Remote memory 0.24±0.06 0.21±0.06 0.07 0.22±0.08 0.16±0.04 0.006
Recent memory 0.28±0.05 0.24±0.05 0.03 0.27±0.06 0.19±0.05 0.001
Mental balance 0.68 (0.35, 0.08)* −0.27 (−0.74, −0.05)* 0.001 0.67 (0.42, 0.85)* −0.68 (−0.92, −0.34)* 0.001
Attention and 
concentration

−0.11 (−0.34, 0.11)* −0.11 (−0.23, 0.15)* 0.78 −0.09 (−0.25, 0.14)* −0.24 (−0.45, 0.19)* 0.001

Delayed recall 1.54±0.59 1.32±0.13 0.075 1.4±0.61 1.28±0.05 0.31
Immediate recall 0.35±0.05 0.28±0.04 0.001 0.34±0.05 0.27±0.05 0.001
Retention of similar pairs 0.81±0.07 0.77±0.05 0.028 0.82±0.06 0.69±0.07 0.001
Retention of dissimilar pair 1.45±0.39 1.1±0.09 0.001 1.33±0.31 0.56±0.05 0.001
Visual retention −0.356±0.04 −0.42±0.06 0.001 −0.35±0.04 −0.87±0.18 0.001
Recognition 0.45±0.06 0.42±0.05 0.084 0.45±0.07 0.36±0.05 0.001

*Nonparametric data expressed as median (minimum, maximum value). A Wilcoxon signed‑rank test used for comparison of continuous 
variables; Lower score indicate greater deterioration in neurocognitive function. PGI: Postgraduate institute
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of dissimilar pair, and visual retention were impaired 
significantly in statin‑treated patients. However, all 
10 memory functions except delayed recall showed 
significant impairment in patients not receiving statin. 
Hence, preoperative statin therapy was able to attenuate 
the memory impairment in OPCAB surgery patients. 
This might be due to the anti‑inflammatory action of 
statin.[10,11] Katznelson et al. proved inflammation after 
cardiac surgery as one of the major cause of cognitive 
dysfunction.[10] Conflicting reports detected that statins 
use are associated with memory loss.[15] However, 
Strom et al. in a retrospective cohort study compared 
482 543 statin users with 26 484 users of nonstatin and 
found that both statin and nonstatin users had acute 
memory loss.[16] They commented that the memory loss 
might be a detection bias rather than association with 
statin. Our study corroborates with the above study 
that both groups had POMI. However, statin group 
had less impairment compared to nonstatin. In our 
study, delayed recall was spared in both the groups. 

The exact mechanism was not known. The probable 
cause might be, the patients in both groups were 
>55 years age. In these subsets, the recent memories got 
impaired very easily then the delayed or old memory. As 
literature reported that the older patients have impaired 
recent memory and relatively less impairment in old 
memory.[17] Hence, delayed recall was less impaired, 
and recognition, as well as immediate recall, were 
significantly impaired in our patients.

The inter‑group comparison in this study detected the 
PGI memory score in 10 tests in the preoperative period 
was similar. However, in the postoperative period, 
the statin‑treated group showed less impairment of 
memory function in all parameters except delayed and 
immediate recall compared to control group patients. 
The multiple regression analysis of the confounding 
parameters also detected the significant impairment 
of memory in the nonstatin group compared to statin 
users. The independent factor that prevented POMI was 
statin. This might be because of the anti‑inflammatory 
effect of statin as proved by Chello et al.[11] The 
immediate and delayed recall scores had a drop in value 
from preoperative value [Tables 3 and 4], but comparing 
the postoperative values did not find any significance 
difference. The reduction in delayed recall was less in 
postoperative period than immediate recall. This was 
because of the reason mentioned previously.[17]

Our study detected the low rise of CRP serum level and 
lesser duration of postoperative mechanical ventilation 
in patients receiving statin. Kálmán et al., showed 
elevated levels of inflammatory biomarkers in the 
cerebrospinal fluid even after OPCAB graft surgery.[18] 
They conclude that inflammation was a predictor of 
cognitive decline and affects the memory function. 

Table 4: Neurocognitive tests (PGI memory scale): Intergroup comparison
Functions tested Preoperative score Postoperative score

Group A Group B P Group A Group B P
Remote memory 0.24±0.06 0.22±0.08 0.45 0.21±0.06 0.16±0.04 0.001
Recent memory 0.28±0.05 0.27±0.06 0.51 0.24±0.05 0.19±0.05 0.001
Mental balance 0.68 (0.35, 0.08)* 0.67 (0.42, 0.85)* 0.66 −0.27 (0.74, −0.05)* −0.68 (−0.92, −0.34)* 0.001
Attention and concentration −0.11 (−0.34, 0.11)* −0.09 (−0.25, 0.14)* 0.60 −0.11 (−0.23, 0.15)* −0.24 (−0.45, 0.19)* 0.001
Delayed recall 1.54±0.59 1.4±0.61 0.40 1.32±0.13 1.28±0.05 0.14
Immediate recall 0.35±0.05 0.34±0.05 0.27 0.28±0.04 0.27±0.05 0.22
Retention of similar pairs 0.81±0.07 0.82±0.06 0.68 0.77±0.05 0.69±0.07 0.001
Retention of dissimilar pair 1.45±0.39 1.33±0.31 0.20 1.1±0.09 0.56±0.05 0.001
Visual retention −0.356±0.04 −0.35±0.04 0.41 −0.42±0.06 −0.87±0.18 0.001
Recognition 0.45±0.06 0.45±0.07 0.87 0.42±0.05 0.36±0.05 0.001

*Continuous data expressed as median (minimum, maximum value). A Mann‑Whitney U‑test used for comparison of continuous variables; 
Lower scores indicate greater deterioration in neurocognitive function. PGI: Postgraduate institute

Table 5: Effect intervention after adjusting 
confounding factors between the groups

Memory function Adjusted mean±SE P*
Group A Group B

Remote memory 0.21±0.05 0.16±0.05 0.003
Recent memory 0.24±0.05 0.19±0.05 0.000
Mental balance −0.34±0.16 −0.64±0.16 0.000
Attention and concentration −0.06±0.12 −0.24±0.12 0.000
Delayed recall 1.33±0.1 1.28±0.1 0.105
Immediate recall 0.28±0.05 0.27±0.05 0.404
Retention of similar pairs 0.77±0.06 0.69±0.06 0.000
Retention of dissimilar pair 1.09±0.07 0.56±0.07 0.000
Visual retention −0.42±0.14 −0.88±0.14 0.000
Recognition 0.43±0.05 0.36±0.5 0.000

*Adjusted value after applying ANCOVA. ANCOVA: Analysis of 
covariance, SE: Standard error
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Heringa et al. detected that inflammation also affects 
the brain tissue resulting cerebral vascular endothelial 
dysfunction.[19] This contributes to reduced information 
processing speed and executive functioning in and 
reduction in memory. It has been detected in a study by 
Bettcher et al. that high levels of CRP displayed smaller 
left medial temporal lobe volumes relating to memory 
dysfunction.[20] Dantzer and Kelley showed irrespective 
of the underlying cause, these inflammatory changes 
may adversely affect learning, memory and other 
cognitive domains by altering hippocampal function.[21] 
Saleem et al. has demonstrated an association between 
CRP concentration during middle age and subsequent 
risk of dementia.[22] Chello et al. showed atorvastatin 
reduces systemic inflammatory response after coronary 
bypass surgery.[11] The significant reduction in CRP level 
in statin‑treated group in this study corroborates with 
all the above studies and lower inflammation might 
explain less POMI in statin‑treated patients.

In a meta‑analysis, Liakopoulos et al. showed stroke 
rate was lower in patients who received statin therapy 
before cardiac surgery compared with controls.[23] 
Statin therapies were associated with a 26% reduction 
in the odds for stroke.[23] McGirt et al.  showed statins 
reduces the risk of perioperative stroke and mortality 
after carotid endarterectomy.[7] Kennedy et al. also 
demonstrated statins are associated with better outcomes 
after carotid endarterectomy in symptomatic patients.[9] 
Katznelson et al. showed preoperative administration of 
statins is associated with reduced risk of postoperative 
delirium after cardiac surgery with CPB.[10] The probable 
reason for the reduction in stroke, delirium, and 
perioperative stroke was the pleotropic effect of statins 
such as antithrombotic, antioxidant, plaque stabilization, 
inhibiting the thrombogenic response, and improved 
vascular endothelial functions.[24] The same reasons would 
be the explanation for attenuation of POMI in patients 
receiving statin in preoperative period in our study.

Mathew et al. showed that the preoperative statin 
therapy did not decrease the rate of cognitive decline 
after CABG surgery.[25] However, Mathew et al. evaluated 
cognitive function 6 weeks after surgery and 46% of the 
patients receiving preoperative statins were withdrawn 
from statin therapy postoperatively due to lack of 
standardized protocol.

The authors found the duration of postoperative 
mechanical ventilation was significantly prolonged 
in nonstatin group, but the duration of ICU stay and 
hospital stay were similar between the groups. The 

prolonged mechanical ventilation in Group B might be 
due to the inflammatory mediator related pulmonary 
dysfunction.

Limitations
This study was a short‑term observational study with 
small number of patients. The patients with high risk 
of neurological insults such as a prior cerebrovascular 
disease, cardiac dysfunction, and recent myocardial 
infarction were not included in this study. The use 
of epiaortic scanning would have been better than 
TEE to detect atheroma and select the patients. The 
patients in Group B were deprived of benefits of statin 
until the postoperative 6th day to avoid the impact 
on postoperative memory testing. Group A patients 
received statin from the postoperative day 1. Hence 
small anti‑inflammatory effect might have been 
contributed on the postoperative memory function tests.

CONCLUSION

The study revealed that preoperative statin therapy 
attenuates POMIs based on PGI memory scale in 
patients undergoing OPCAB surgery. Further large‑scale 
multicenter randomized controlled trials with long‑term 
follow‑up study may be required to derive the efficacy 
of preoperative statin on memory impairment in these 
patients.
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