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ABSTRACT
Objectives: Cardiac surgery with cardiopulmonary bypass provokes systemic inflammatory response, which may cause
organ dysfunction. Studies have suggested that pre-operative statin therapy can reduce morbidity and mortality associated with cardiac surgery; the mechanism for this remains unclear. We hypothesise that underlying mechanism of action
for these effects of statins is through inhibition of neutrophil transendothelial migration. Methods: We recruited 151
patients undergoing cardiac surgery. Of these 41 patients were on no-statin; 48 patients on low-dose (10 - 30 mg) and
62 patients were on high-dose statin (40 - 80 mg). Ex vivo neutrophil migration was performed on pre-operative blood
samples of 90 patients. Of these 90 patients we used 36 patients to assess the levels of TNF-α and sICAM-1. Clinical
parameters of total 151 patients were assessed to analyse outcome. Results: Ex vivo neutrophil migration was decreased
in high-dose statin group when compared to neutrophils isolated from no-statin or low-dose statin groups (p < 0.001).
Serum TNF-α levels were lower in the high-dose statin group (p = 0.002) and sICAM-1 levels were decreased in both
low (p = 0.02) and high-dose statin (p = 0.01) groups. Conclusion: Our study demonstrates that high-dose statins reduce ex-vivo transendothelial neutrophil migration, TNF-α and sICAM-1 serum levels suggesting that statins may help
in decreasing the post-cardiac surgery morbidity.
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1. Introduction
Cardiac surgery with extracorporeal circulation is associated with neutrophil activation, inflammation and oedema,
which may lead to organ dysfunction [1]. The most undesirable effect of cardiopulmonary bypass (CPB) is the
systemic inflammatory response syndrome (SIRS) [2].
Multiple factors are involved in initiating SIRS, which
include exposure of blood to non-physiologic surfaces,
surgical trauma, ischemia-reperfusion injury, changes to
body temperature and release of endotoxins. All these factors are well established to induce complex inflammatory
responses including complement activation, release of cytokines, leukocyte activation and production of various
substances like oxygen free radicals, arachidonic acid metabolites, platelet activating factors and endothelins [3].
These inflammatory cascades can lead to the development
of post operative complications like renal dysfunction,
respiratory failure, neurological dysfunction or ultimately
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multi organ dysfunction.
Neutrophils are activated in response to inflammatory
stimuli, trauma or surgery. After being stimulated, neutrophils migrate out of the blood stream to the site of inflammation or trauma. Neutrophil transmigration into tissue is a multistep process that results from coordinated
rearrangement of the cytoskeleton and adhesion complexes.
Chemotactic factors bind to transmembrane receptors
and activate G-proteins; after which complex interrelated
signalling pathways are activated [4]. Rho GTPases
regulate a wide range of fundamental cell functions and
play an important role in neutrophil transmigration. Statins inhibit Rho activity and as a result lead to inhibition
of neutrophil migration [4,5].
Statins or Hydroxymethylglutaryl coenzyme A (HMGCoA) reductase inhibitors are potent cholesterol-lowering
drugs. Statins are the most studied drugs available today.
Like all medication, statins have potential side effects
that are usually mild, easy to recognize, reversible and
very rarely dangerous. Statins can also lead to liver dysfunction and the incidence of this abnormality with difWJCS
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ferent statins is less than 3% [6]. Statins beneficially regulate atherogenesis, plaque stability and myocardial ischemia in significant coronary artery disease by influencing
lipid metabolism and intracellular signalling pathways
other than cholesterol [7]. Their efficacy in reducing morbidity and mortality associated with cardiovascular events
has been demonstrated in a number of clinical studies
[7,8]. One of the key effects of statins appears to be inhibition of leukocyte-endothelium interaction. This effectively
attenuates the infiltration of leukocytes (particularly neutrophils) into inflamed regions, thus curtailing tissue injury in these areas. The mechanisms of this off-target
effect may be both cellular and non-cellular.
Tumor necrosis factor alpha (TNF-α) is an important
pro-inflammatory cytokine and potent chemoattractant for
neutrophils by inducing the expression of adhesive molecules on the endothelial cells and facilitating their adherence [9]. Inter-Cellular adhesion molecule 1 (ICAM1), a member of adhesion molecules, also plays an important role in the regulation of adhesion and migration
of all types of inflammatory cells [10]. It has been demonstrated that the in vitro and in vivo expression of
ICAM-1 on endothelial cells is up regulated by cytokines
like TNF-α and interleukin-1 [11]. Studies have also
shown that statin treatment decreases the levels of TNF-α
and ICAM-1 [12,13]. In view of these previous studies
we hypothesized that the use of statins pre-operatively
may inhibit neutrophil migration and lower circulating
levels of TNF-α and sICAM-1, reducing inflammatory
responses and can result in a better clinical outcome.

2. Materials and Methods
2.1. Ethical Approval
Approval was obtained from the Mater Misericordiae University Hospital Ethics Committee and informed consent
was obtained from patients undergoing open heart surgery.

2.2. Patient Recruitment and Blood Sample
Collection
We prospectively recruited 151 consecutive patients. Blood
samples were collected from first 90 patients to perform
neutrophil migration and additional 61 patients were then
recruited for assessment of in-hospital clinical outcome.
We analysed the pre operative levels of TNF-α and sICAM-1 in 36 patients undergoing open heart surgery
who were matched for pre-operative clinical factors including age, associated co-morbidities and procedure.
Based on the pre-operative statin usage patients were
divided into three groups, non-statin (n = 41), low-dose
statin (10 - 30 mg) (n = 48) and high-dose statin (40 - 80
mg) (n = 62). Patients on antibiotics, anti inflammatory
Copyright © 2012 SciRes.
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medication or steroids or undergoing emergency surgery
were excluded from the study.

2.3. Neutrophil Isolation
Neutrophils were isolated from (pre-operative) venous
blood samples by Dextran (3%) sedimentation and centrifuged through a discontinuous ficoll gradient, as described by Maher et al. [5].

2.4. Collagen Coating of Transwell Filters
Human type IV collagen (Sigma-Aldrich) was diluted 1
in 10 with 0.25% acetic acid solution to give a working
stock solution of 50 µg/ml. Of this solution, 50 µl was
added to each Transwell polycarbonate membrane filter
(6.5 mm diameter, 3.0 µm pore size, Corning Costar).
The collagen was allowed to air-dry overnight in a laminar airflow cabinet with airflow switched on. On the following day, filters were seeded with Human pulmonary
artery endothelial cells (HPAECs) as described below.

2.5. Cell Culture
HPAECs, (Cambrex) were cultured in 100% humidity and
5% CO2 at 37˚C in endothelial growth medium supplemented with 5% foetal bovine serum, epidermal growth
factor (10 ng/ml), hydrocortisone (1 µg/ml), bovine brain
extract (10 µg/ml) and gentamicin (50 µg/ml). When
approximately 80% confluent, cells were harvested, resuspended in fresh medium and seeded at a concentration
of 0.1 × 106 cells in 200 µl onto Transwell polycarbonate
membrane filters (6.5 mm diameter, 3.0 µm pore size,
Corning Coster) that had been coated with human type
IV collagen. Culture medium, 600 µl was added to the
lower compartment and the cells were cultured for a further 4 days. All experiments were carried out on HPAECs
between passages 6 to 10.

2.6. Transendothelial Migration Assay
The transmigration assay utilized in these experiments
was developed by Mackarel et al. [14]. After 4 days in
culture, HPAECs on the Transwell filter inserts were transferred to a fresh 24-well tissue culture plate. Culture medium was carefully removed from filters and after gentle
rinsing of the cells with Hank’s balanced salt solution
(HBSS) pre-warmed to 37˚C, medium was replaced with
100 µl of Dulbecco’s modified eagle’s medium (DMEM).
Prior to the addition of neutrophils to the apical compartment of the system, 600 µl of DMEM (control) or
Formyl-Methionyl-Leucyl-Phenylalanine (fMLP) 10–8 M
in DMEM was added to the basolateral compartment and
the plate was incubated for 45 minutes at 37˚C in the
incubator. Isolated neutrophils were re-suspended at a
concentration of 1 × 107 per ml. 100 µl of neutrophil cell
WJCS
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suspension (1 × 106) was added to each filter to initiate
the migration assay. Once the neutrophils were added, an
extra 100 µl of DMEM or fMLP (10–8 M) was added to
the basal compartment to equalize the liquid levels of the
apical and basolateral compartments. Transwell filters were
incubated for 3 hours at 37˚C in humidified CO2 incubator after which plate were placed on ice. Non-migrated
and migrated neutrophils were separated by lifting the
filter inserts out of the well in which they have been suspended. Any migrated neutrophils loosely bound to the
under surface of the filter were added into the migrated
neutrophils in the lower compartment to the Transwell.
Both populations of neutrophils were collected by centrifugation at 1300 rpm for 10 minutes at 4˚C. The neutrophils were then lysed in 0.25% Brij. To harvest the
filter samples and attached neutrophils, the filter inserts
were cut out using a sharp scalpel and lysed with 0.25%
Brij detergent. All lysates were then assayed for myleoperoxidase (MPO) activity. Briefly the pH of neutrophil
lysates was adjusted to 4.2 by the addition of 100 mM
citrate buffer. Aliquotes of each sample were then transferred to a 96 well plate and incubated for 10 minutes
with 100 µl of 2 mM ABTS in 100 mM citrate buffer, pH
4.2, containing 0.06% H2O2. The reaction was then stopped
by the addition of 2% sodium dodecyl sulphate. Absorbance was measured at 405 nm using a Microplate EL 309
Autoreader (Bio-tek Instruments, Inc., Winooski, VT).

2.7. Tumor Necrosis Factor Alpha (TNF-α) and
sICAM-1 Analysis
At the time of neutrophil isolation, serum samples were
stored at −80˚C and thawed just before the analysis. TNFα and sICAM-1 levels were measured by the use of enzyme linked immune-sorbent assay (ELIZA kits by R&D
Systems, UK).

2.8. Statin Pre-Treatment
Clinical outcome data was collected from 90 patients recruited as a part of the neutrophil migration study and an
additional 61 patients were recruited consecutively who
were admitted for planned cardiac surgery. Statin pretreatment occurred in 110 patients who were compared
with non-statin group (n = 41). Out of 110 patients who
were on statins, 86.4% were on atorvastatin, 7.3% were
on pravastatin, 3.6% were on simvastatin and only 2.7%
were on rosuvastatin. Minimum duration of statin therapy was 6 weeks. We assessed and ensured at the time of
recruitment that the patients on statins were tolerating the
medicine well, had no signs/symptoms of side effects (including liver dysfunction) and had no compliance issues.
Pre-operative parameters included; age, gender, pre operative co-morbidities like recent history of myocardial
infarction (MI) in the past 90 days, diabetes mellitus
Copyright © 2012 SciRes.
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(DM), peripheral vascular disease (PVD) and renal impairment. Other pre-operative factors included left ventricular ejection fraction of heart and EuroSCORE [15].
Post operative factors included laboratory parameters including white cell count (WCC) at day 1, 3 and 5; similarly serum creatinine levels at day 1, 3 and 5 were determined to assess underlying renal function. Other factors included Intensive Care Unit (ICU) stay, post operative hospital stay, post operative dialysis and mortality.

2.9. Statistical Analysis
Statistical analysis was performed by using SPSS 15.0.
Normal distributed or non-parametric data was determined
by conducting Shapiro normality, Dago normality and
Anderson Darling normality tests. Normally distributed
data was analysed by using t test and ANOVA as appropriate. Non parametric data was analysed by using Mann
Whitney U or Kruskal Wallis test as appropriate. For
categorical data analysis chi-square test was applied. A p
value of <0.05 was considered to be significant.

3. Results
3.1. Effects of Statins on Neutrophil
Transendothelial Migration
Neutrophil migration across collagen-coated filters was
performed on consecutive 90 patients (Non-statin: n = 24;
low-dose statin: n = 31 and high-dose statin: n = 35).
Neutrophils isolated from the high-dose statin group
had significantly (p < 0.00l) lower migration (3.4% ± 1.4%)
than the non-statin group (6.8% ± 2.7%) and low-dose
statin group (5.9% ± 2.3%) (Figure 1). There was no
significant difference between non-statin and low-dose
statin groups (p = 0.308). The analysis was appropriately
powered by using t test showing sample size of 12.2 (p =
0.05) for non-statin and high-dose statin groups.

Figure 1. Effects of statins on neutrophil migration. Neutrophils were isolated from three patients groups and migrated across endothelial cells in response to fMLP (10−8 M)
as described in material and methods section. Results are
mean ± SD for the three groups respectively. *p < 0.01 vs
non statin group, statistical analysis carried out by using
ANOVA.
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3.2. Effects of Statins on Serum TNF-α and
sICAM-1 Levels

ered by using ANOVA showing p = 0.0183 for TNF-α
and p = 0.0097 for sICAM-1.

We analysed the pre operative levels of TNF-α and sICAM-1 in a matched group of 36 patients undergoing
open heart surgery. Non-statin group (n = 12) results
showed mean TNF-α concentration of 10.2 ± 1.8, lowdose statin group (n = 12): 9.4 ± 2.7 and high-dose statin
group (n = 12): 7.5 ± 1.8 (Figure 2). There was no significant difference between non-statin and low-dose statin
groups (p = 0.37) or low-dose and high-dose statin groups
(p = 0.08), however there was a significant difference
between non-statin and high-dose statin groups (p = 0.002).
sICAM-1 analysis revealed high levels of concentration
in the non-statin group (n = 12): 68.8 ± 6.9 as compared
to low-dose statin (n = 12): 60.6 ± 9.5 and high-dose
statin groups (n = 12): 58.8 ± 9.8 (Figure 2). There was a
significant difference between non-statin and low-dose
statin groups (p = 0.02) and non-statin and high-dose statin
groups (p = 0.01). The analysis was appropriately pow-

3.3. Effects of Statins on In-Hospital Clinical
Outcome Post Cardiac Surgery
Patients in the high-dose statin group were older in age
group (66.6 ± 9.46 years), had significant history of MI
(n = 31, 50%) and significant history of peripheral vascular disease (n = 21, 51%) as compared to the non-statin
group who were comparatively younger in age (57.8 ±
18.8 years) and had no significant history of MI (n = 5,
12%) or PVD (n = 4, 10%). There was no difference in
history of renal impairment, left ventricular ejection fraction and EuroSCORE between the groups (Table 1). Results from non-statin group vs high-dose statin group
showed the rate of MI (12% vs 50%, p < 0.001), PVD
(10% vs 51%, p = 0.005), DM (12% vs 24%, p = 0.132)
and age (Mean 57.8 vs 66.6, p = 0.025).
There was no difference identified in factors like op-

Figure 2. Effects of statins on TNF-α (left) and sICAM-1 (right) levels. Serum samples isolated from the three patient groups
(n = 36) and assessed by ELIZA in accordance to the material and methods section. Values expressed as mean ± SD. *p < 0.05
is considered significant vs the non-statin group.
Table 1. Comparison of pre-operative variables in all three groups.
Pre-Operative Variables

Non-Statin
(n = 41)

LD-Statin
(n = 48)

HD-Statin
(n = 62)

p Value
Anova

p Value
Chi Sq

p Value
K-Wallis

Age (yrs) Mean(SD)

57.8 (18.8)

63.9 (7.95)

66.6 (9.46)

-

-

0.05

n (%)

n (%)

n (%)

Gender: Male
Female

25 (61%)
16 (39%)

36 (75%)
12 (25%)

50 (81%)
12 (19%)

-

0.062

-

History of MI

05 (12%)

18 (37.5%)

31 (50%)

-

0.000

-

History of DM

05 (12%)

11 (23%)

15 (24%)

-

0.296

-

History of PVD

04 (10%)

8 (19.5%)

21 (51%)

-

0.007

-

History of Renal Disease

11 (27%)

8 (17%)

9 (14.5%)

-

0.272

-

Copyright © 2012 SciRes.
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Continued
Ejection Fraction: Good
Fair
Poor

27 (66%)
10 (24%)
04 (10%)

25 (52%)
17 (35%)
06 (13%)

32 (52%)
24 (39%)
06 (10%)

-

0.573

-

EuroScore Mean (SD)

6 (3.01)

5.43 (5.37)

5.90 (3.26)

0.282

-

-

Logestic EuroScore Mean (SD)

7.78 (8.34)

7.25 (9.05)

7.66 (7.69)

-

-

0.142

Table 1: Normally distributed data of all three groups was analysed by using ANOVA and non parametric data by Kruskal Wallis test. For categorical data
analysis chi-square test was applied. A p value of <0.05 was considered to be significant. HD-statin = High dose statin; LD-Statin = Low dose statin; (-) = Not
applicable; MI = Myocardial Infarction; DM = Diabetes Mellitus; PVD = Peripheral Vascular Disease.

eration priority and use of intra-aortic balloon pump (IABP)
between all the three groups. Patients in non-statin group
mainly underwent valve surgery {n = 24 (58%), p < 0.001}
as compared to the low-dose statin group {n = 5 (10%)}
and high-dose statin group {n = 10 (16%)} but there was
no difference in cardiopulmonary bypass time or aortic
cross clamp (x-clamp) time between all the three groups
(Table 2).
No statistically significant difference in serum white
cell count (WCC) and serum creatinine levels at days 1, 3
and 5 was found. Similarly when applying multivariate
analysis no difference was noticed in Intensive Care Unit
(ICU) stay. The post operative hospital stay of high dose
statin group was lower 10 (6 - 27) days when compared
to non-statin group, 12 (7 - 32) and low dose statin group,
11 (5 - 26) days, however it did not reach statistical significance (Tables 3 and 4). Similarly there was no difference in post operative dialysis (p = 0.471 by chi sq test
and 0.532 by Fisher’s exact test) and mortality.

4. Discussion
CPB can lead to postoperative complications like SIRS.
These changes are associated with a risk of post-operative
organ dysfunction and increased morbidity and mortality
in the postoperative period [8,16]. We have previously
demonstrated that statins inhibit neutrophil migration in
vitro by specific inhibition of Rho activity [5].
In this study we have illustrated the in vivo effects of
statins on transendothelial neutrophil migration. We have
established that high dose statins inhibit ex vivo transendothelial neutrophil migration and also attenuate the leukocyte-endothelium interaction by altering the levels of
TNF-α and sICAM-1. We demonstrated that high dose
statins (40 - 80 mg) reduce neutrophil transendothelial
migration significantly as compared to the lower dose
(10 - 30 mg) or non-statin groups (Figure 1).
We noted that patients in the non-statin group were
younger in age and had less co-morbidities as compared
to patients in the low dose and high dose statin groups;
which might create a biasness in the patient selection and
procedure and may have affected the neutrophil migration results. However, this might be clarified when we
look at patients in the low and high dose statin groups.
Copyright © 2012 SciRes.

They were of the same age, had similar co-morbidities
and underwent the same procedure; but still there was a
significant difference in their neutrophil migration.
A recently published study has shown that statin therapy improves outcome after valvular heart surgery [17].
It has been demonstrated in another study that the use of
statins in healthy volunteers significantly reduces neutrophil migration within two weeks of therapy [18]. Unlike
many studies, our patient population was not restricted to
patients undergoing coronary artery bypass grafting (CABG)
only but also included patients undergoing valve repair or
replacement procedure and combination of both (CABG +
Valve Procedure). This increases the generalizability of
our findings and might also indicate that effect of statin
pre-treatment is not influenced by cardiac disease but influences more intrinsic biologic process. This confirms
that effects of statins on neutrophil migration are independent of the patient or procedure related factors.
We have demonstrated in a sub-group of patients with
statistically similar age and pre-operative factors including
operative procedure that high dose statins inhibited preoperative TNF-α levels compared to the non-statin and
low dose statin groups (Figure 2).
Soluble ICAM-1 can reflect the inflammatory activity
and can be used as an indirect measure of endothelial
ICAM-1 levels [19]. Studies have shown the ICAM-1 expression on endothelial cells is up-regulated by TNF-α
and other cytokines [11]. We observed that level of sICAM-1 was higher in the non-statin group as compared
to low dose statin and high dose statin groups (Figure 2).
These findings suggest that statins modulate the expression of TNF-α, which in turn directly or indirectly alters
the function of sICAM-1, leading to decreased leukocyteendothelium interaction and ultimately attenuate the migration process.
We assessed patient’s outcome following open heart
surgery in total 151 patients and observed that patients
referred for cardiac surgery had a high incidence of
pre-existing co-morbidities such as Diabetes Mellitus
(DM), peripheral vascular disease (PVD) and history of
myocardial infarction (MI). Also, the age of patients referred for cardiac surgery has increased in the recent years,
which leads to limited physiological reserves within their
WJCS
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Table 2. Comparison of operative variables in all three groups.
Non-Statin
(n = 41)

LD-Statin
(n = 48)

HD-Statin
(n = 62)

p Value
Anova

p Value
Chi Sq

p Value
K-Wallis

n (%)

n (%)

n (%)

19 (46%)
22 (54%)

14 (29%)
34 (71%)

19 (31%)
43 (69%)

-

0.170

-

05 (12%)
24 (58%)
12 (30%)

30 (62%)
05 (10%)
13 (28%)

39 (63%)
10 (16%)
13 (21%)

-

0.001

-

IABP

04 (09%)

05 (10%)

05 (10%)

-

0.529

-

Bypass Time: Median
(mins)
Range

94
(42 - 242)

96
(45 - 147)

101
(42 - 294)

X-Clamp Time: Median
(mins)
Range

59
(26 - 119)

54
(25 - 110)

65
(31 - 143)

Operative Variables

Operative Priority: Elective
Urgent
Procedure: CABG
Valve Surgery
Combination

0.113

0.060

-

-

Table 2: Normally distributed data of all three groups was analysed by using ANOVA and non parametric data by Kruskal Wallis test. For categorical data
analysis chi-square test was applied. A p value of <0.05 was considered to be significant. Mins= minutes. CABG = Coronary Artery Bypass Grafting; IABP =
Intra Aortic Balloon Pump; Combination = CABG + Valve Surgery; X-Clamp = Cross Clamp Time.

Table 3. Comparison of post-operative variables in all three groups.

Post-Operative Variables

Non-Statin
(n = 41)

LD-Statin
(n = 48)

HD-Statin
(n = 62)

p Value
Anova

p Value
Chi Sq

p Value
K-Wallis

Pre-Op Creatinine (µmol/L): Median
Range

100
(59 - 289)

95
(57 - 193)

91.5
(55 - 157)

-

-

0.543

Day 1 Creatinine (µmol/L): Median
Range

97
(62 - 512)

92
(64 - 177)

101.9
(55 - 213)

-

-

0.434

Day 3 Creatinine (µmol/L): Median
Range

91
(54 - 451)

91
(51 - 327)

96
(45 - 384)

-

-

0.816

Day 5 Creatinine (µmol/L): Median
Range

88
(58 - 305)

98
(62 - 264)

91.5
(50 - 391)

-

-

0.952

Pre-op WCC: Median
Range

7.42
(3.9 - 10.9)

8.13
(4.4 - 11.6)

7.80
(3.7 - 14.2)

0.525

-

-

Day 1 WCC: Median
Range

10.6
(6.3 - 25.7)

10.8
(5.0 - 17.5)

10.4
(5.8 - 20.5)

-

-

0.498

Day 3 WCC: Median
Range

10.32
(4.6 - 26.37)

9.5
(2.6 - 25.8)

10.7
(5.1 - 22.5)

-

-

0.243

Day 5 WCC: Median
Range

8.4
(6.02 - 21.81)

8.9
(4.8 - 16.5)

9.5
(4.9 - 23.5)

-

-

0.637

Table 3: Normally distributed data of all three groups was analysed by using ANOVA and non parametric data by Kruskal Wallis test. For categorical data
analysis chi-square test was applied. A p value of <0.05 was considered to be significant. µmol/L = micromoles per litre; Pre-op = Pre-operative; WCC=White
Cell Count.
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Table 4. Comparison of post-operative variables in all three groups.
Post-Operative Variables

Non-Statin
(n = 41)

LD-Statin
(n = 48)

HD-Statin
(n = 62)

p Value
Anova

p Value
Chi Sq

p Value
K-Wallis

ICU Days: Median
Range

1
(1 - 13)

1
(1 - 26)

1
(1 - 7)

-

-

0.915

Post-Op Stay: Median
Range

12
(7 - 32)

09
(5 - 26)

10
(6 - 27)

-

-

0.349

Post-Op Dialysis n (%)

06 (15%)

03 (06%)

04 (06%)

-

0.471

-

27 (66%)
13 (32%)
01 (02%)

28 (58%)
19 (40%)
01 (02%)

42 (68%)
19 (30%)
01 (01%)

-

0.957

-

Destination: Home
Care
30 Day Mortality

Table 4: Normally distributed data of all three groups was analysed by using ANOVA and non parametric data by Kruskal Wallis test. For categorical data
analysis chi-square test was applied. A p value of <0.05 was considered to be significant. ICU = Intensive Care Unit; Care = Nursing home care.

organ systems. Notably, the incidence of co-morbidities
was significantly higher in the high dose statin group
along with a higher age factor (Table 1). Despite the
increased risk conferred by these co-morbidities, the inhospital outcome of the statin pre-treated group was the
same as compared to non-statin group (Tables 3 and 4).
There was a higher requirement of dialysis in non statin
group when compared with low/high dose statin groups.
Pre-operative renal impairment was noted to be 27%
(higher) in non statin group as compared to 17% and 14.5%
in low/high dose statin groups. This explains why more
patients in non statin group (15%) required dialysis post
operatively.
Challenging patients with post cardiac surgery systemic
inflammatory response and ischemia-reperfusion injury
can create dramatic increases in post-operative multi-organ
dysfunction or failure. Our study shows reduced neutrophil migration and inflammatory markers like TNF-α and
sICAM-1 with the use of statins. Therefore, we suggest
that the benefits of statins outweigh their reversible sideeffects and so they may be used pre-operatively in selective patients undergoing cardiac surgery, to reduce the
inflammatory response leading to better outcome.
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