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ABSTRACT

Context: Atorvastatin is considered as lipid reductive drugs with anti-inflammatory and pleotherapic effects in coronary artery bypass
graph (CABG).

Aim: This study is conducted to evaluate the effects of atorvastatin in CABG.

Setting and Design: Patients with a coronary bypass graph procedure in Nemazee hospital in Shiraz were divided into two 50-groups
receiving high-dose (80 mg) and low-dose (20 mg) atorvastatin.

Materials and Methods: Troponin |, creatinine kinase-MB (CK-MB), atrial fibrillation (AF) after CABG, duration of mechanical ventilation,
inotrope duration of consumption, blood sugar profile, liver and renal function, death during 30 days of CABG, MACE (major advance cardiac
events) during admission in ICU, and 1 month follow up were surveyed.

Statistical Analysis: Collected data were analyzed by independent and paired t-test and Chi square.

Results: AST was increased, ALT, ALK-P after CABG were decreased, and urine volume in the second day of admission in ICU was increased
in the high-dose group. There was an increase and following decrease in blood sugar of patients in the high-dose after CABG. An inflammatory
marker after CABG was raised in both groups, ck-mb had an increase, and then followed by a reduction. Troporin had no significant differences
between groups. Patients with high-dose atorvastatin had better glomerular filtration rate and renal performance. Along with decreasing AF in
the case group, hemodynamics’ disorder reduced and there was less bleeding.

Conclusion: According to the above, it seems that a short-time prescription of high dose of atorvastatin in CABG can lead to better renal
function, decreasing of arrhythmia and AF.
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INTRODUCTION peri-procedural myocardial injury that leads to short- and

long-term clinical complications.!'”

Coronary artery bypass graft (CABG) is a familiar surgery
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Ischemic preconditioning alludes to the transient periods
of ischemia, which increases the resistance of myocardium
to consequent repetfusion events and ischemia injury.P!
Nevertheless, intracellular mechanisms’ discernment of
ischemic preconditioning reveals new possibilities for
introduction of pharmacological preconditioning in human
models.!

Recently, some clinical trials suggested that the beneficial
effect of statins is due to their lipid lowering properties
and some other pleiotropic function like anti-inflammatory
effect on endothelial cells, regulatory immune mechanism,
antioxidant effect, and antithrombotic action of these
drugs.b>

A randomized trial of atorvastatin for reduction of
myocardial damage during angiography showed that
preoperative adjuvant pharmacological therapy with
atorvastatin for 7 days resulted in 81% reduction in the risk
of heart failure in patients with stable angina undergoing
the percutancous revascularization.I! In another study
conducted in Iran, it was concluded that high doses of
atorvastatin for 6 months prior to open heart surgery
may reduce the plasma serum high sensitivity c-reactive
protein (hs-CRP).F

Considering the existence of diverse studies and lack
of a comprehensive study showing the preconditioning
effect of atorvastatin, we decided to investigate the
short-term pretreatment influence of high and low doses
of atorvastatin in reducing mortality and morbidity,
myocardial ischemia, arrhythmias, and the pattern of
inflammatory response characterized by inflammatory
markers associated with surgery, after CABG in patients
that chronically use low dose of atorvastatin. The results
of this study can be an important step in the treatment
of CABG complications and reduces the cost of health
care in cardiovascular status.

MATERIALS AND METHODS

After receiving approval from ethics committee of Shiraz
University of Medical Sciences and completing the
informed consent by patients, 100 patients were enrolled
in this triple-blind, randomized, clinical trial. The sample
size was calculated based on the obtained results of similar
studies with the p1 = 0.16, p2 = 0.7, &L = 5%, and the power
of 85%. This prospective triple blind randomized clinical
trial (IRCT No.: 2017080619470N61) was performed in
a sample population of patients who were undergoing
on-pump CABG at Nemazee hospital in Shiraz, southern
Iran cardiology center and were selected by Randomized
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block design and divided into two groups of A and B.
Fifty patients were assigned in the intervention group and
50 patients in the control group. The study was conducted
according to the CONSORT criteria [Figure 1].

The inclusion criterion was patients who had been taking
(atorvastatin 20 mg daily) at least one year prior to the cardiac
surgery. Although the exclusion criteria included unstable
angina, all of the patients with the history of MI or hospital
admission or any evidence related to MI for the 6 previous
months before the study, history of cardiac surgery, congenital
heart disease, history of cardiac arrhythmias (arterial
fibrillation) before surgery, receiving antiarrhythmic
drugs (except Beta blockers), having pacemaker, left ventricle
ejection fraction less than 30%, uncontrolled hypertension,
arterial or ventricular arrhythmia, pregnancy, patient who
are undergoing diabetes treatment, increased level of liver
enzymes, renal failure with creatinine more than 2 mg/dl,
active inflammation or immune deficiency, positive history
of muscle disease, or reaction to the stations. Confidential
patients data were gathered by a code (ID).

Patients in the study group received 80 mg atorvastatin
daily, for 3 days before surgery and low dose of 20 mg
atorvastatin daily during the ICU stay, after surgery, and
after discharge, the treatment continued at home with a
single dose of 20 mg atorvastatin daily. On the other side,
patients in the control group received 20 mg atorvastatin
up to surgery and during the one month follow-up period
they continued their medication with 20 mg atorvastatin
daily, while a single dose of atorvastatin was given to the
patients every night, an hour after the meal.

The atorvastatin pills were prepared in separated packages
(each package contains 3 pills of 80 mg or 3 pills of
20 mg atorvastatin). The subject, tester, and monitoring
committee were unaware of which package is 80 mg or
20 mg atorvastatin, so the experiment was carried in a triple
blinded way through groups A and B. Moreover, to avoid
the effects of anesthetic drugs on the patient’s outcome,
the method of anesthesia in all patients was the same.

Before induction of anesthesia, arterial line was obtained
from the left radial artery to hemodynamic and heart
monitoring. Premedication in all patients of both groups
was with midazolam, fentanyl, morphine, and induction
was administered by thiopental and Pancuronium, while
1 MAC of isoflurane was administered during surgery
and also central line and folly catheter were inserted
after induction. Surgical procedures in all patients were
similar. After the surgery, patients were transferred to
the (cardiac surgery) ICU and the pills were given via
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Figure 1: CONSORT flow chart

the nasogastric tube if the patient was under mechanical
ventilation, postoperatively.

The primary outcomes of this study were troponin I,
creatinine kinase-MB (CK-MB) and hs-CRP levels, the
incidence of postoperative arrhythmia and ventricular
fibrillation, mechanical ventilation duration in the 1CU.
Secondary outcomes included DC shock frequency, ICU
and hospital stay length, ejection fraction level, ICU blood
intake, need for inotrope at the pomp off time or in the
ICU, blood glucose profile, liver status glomerular filtration
rate (GFR), and urine output. Postoperative complications
such as delirium rate, postsurgery bleeding, low cardiac
output, hemodynamic instability (any perturbation in
heart rate, blood pressure, or central vein pressure), major
advance cardiac events including death, nonfatal myocardial
infarction, repeated revascularization incidence due to
stroke, and cardiac arrest either during ICU stay or one
month of follow up were also recorded.

Troponin I measured using electrochemiluminescence
immunoassay method (Cobas, E411, Japan), CK-MB
assessed by enzymatic method of clut sampling
(autoanalyser dirui, Cs-800, China), and hs-CRP appraised
with turbidimetry method (Biosystems SA, Barcelona,
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Spain) before, 24 and 48 hours after operation. Any type of
arrhythmia that needs intervention or last over 20 minutes
was studied at different time intervals containing aorta
declamping term, off pump time, and during ICU stay.
Peri- and postoperative Inotrope consumption, the
incidence of arrhythmic events in ICU, the type of
inotrope, and duration of its administration were also
monitored.

Kidney function tests (e.g., GFR, creatinine, and bilirubin)
were checked before surgery and at the first 3 days of ICU
stay. Urine output volume was monitored at the beginning
and during the operation; also, at off pump time and
every day during the ICU stay. Liver function alkaline
phosphatase (ALK-P), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), direct, and total bilirubin
were evaluated preoperatively and in the second day after
surgery to follow the effects of stations on the liver. Patients
blood sugar was checked preoperative, during surgery and
after the off pump and then every 6 hours a day in ICU for
48 hours, and then it was daily monitored by glucometer
kit during the hospitalization. In addition to hemodynamic
status (blood pressure, heart rate and central Venus pressure)
monitoring, delirium was also followed daily in ICU by CAM
ICU (confusion assessment method for the ICU).
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Moreover, one month after surgery, all of the patients were
followed by the surgeon considering their cardiac function
using echocardiography (ejection fraction and cardiac
output measures), probability of cardiac risk occurrence,
cardiac arrest, and revascularization necessitation.

Data analysis and statistical description was performed
by SPSS 16 software (SPSS Inc., Chicago, 1L) enrolling
statistical tests including repeated measurement test,
Man—Whitney U-test, Chi-square test, #-test, paired
#-test, Kolmogorov—Smirnov test, and fisher exact test.
P value =0.05 was considered as significant.

RESULTS

Out of 130 patients who were screened for enrollment,
30 patients were excluded. In total, 5 patients declined
to participate and 25 patients did not fulfill the inclusion
criteria. Therefor, 100 patients participated in the study,
50 patients were in the treatment group and 50 patients in
the control group [Figure 1].

Demographic criteria including age, gender, BMI,
probability of any pre-existence disease (like hypertension,
diabetic mellitus, chronic obstructive pulmonary disease,
and hyperlipidemia), smoking condition and rate, the
ejection fraction value, cardio pulmonary support, aortic
cross clamp, total time of CABG, intraaortic balloon pomp,
perioperative inotrope, and perioperative arrhythmias were
not significantly different in control and case groups.

Heart markers consisting of troponin I and CK-MB
increased postoperatively in both groups and subsequently
decreased 24 hours after surgery; troponin I variation
was not different between two groups (P-value >0.05),
but CK-MB was significantly lower in case group
(P-value = 0.018) |Figure 2: right a and b]. Moreover,
inflammatory marker (hs-CRP) was raised in both groups
without any significant difference between groups
(P-value >0.05) [Figure 2: right c].

The number of arrhythmia related to off pump time and
during ICU stay days, inotrope utilized cases and its dosage
during ICU stay and postoperatively, ejection fraction
values and length of ICU or hospital stay of patients in
two groups did not show statistical differences; however,
the incidence of arrhythmia during declamping, the AF
cases count per day, mechanical ventilation, blood bag
consumption in ICU, and the number of employed DC
shock were significantly lower in high dose atorvastatin
group. Moreover, postoperative complication assessment
showed no differences in delirium event, low cardiac
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output existence, mortality rate, myocardial infarction
incidence, and revascularization happening during ICU
stay or 1 month follow-up. Nevertheless, hemodynamic
instability degree and bleeding prevalence after surgery
were significantly lower in the patients of high dose
atorvastatin group [Table 1].

The blood glucose profile of included patients were
increased in both groups during the follow-up period up
to 12 hours in control group and 6 hours after surgery in
intervention group and had a consequent decrease soon
after without significant differences in two groups, except
the blood sugar sample of intervention group at hour
6, which was significantly upper than the control group
(P-value = 0.005) [Figure 3].

AST alteration of high-dose atorvastatin group was
significantly more than low-dose atorvastatin group;
nevertheless, in the case of ALT, ALK-P, and bilirubin
variation, there were no differences in two groups [Table 2].

Furthermore, at the second day of ICU stay, kidney
function markers including GFR and urine output volume
in the treatment group were higher than the control group
(P-value <0.05 and P value = 0.23, respectively), but the
statistical analysis of other evaluated days showed no
difference between two groups |[Figure 2: right].

DISCUSSION

Our data showed that pharmacological adjuvant therapy
with high-dose atorvastatin did not influence the values
of troponin I changes after surgery in consistent with
the results of Ludman ¢f a/., which reports administration
of high-dose atorvastatin does not further reduce the
troponin I values after coronary artery bypass surgery.”
So, it may assume that it does not lessen the perioperative
myocardial injury. But CK-MB value, as a cardiac marker,
shows an increase and soon after a reduction in both group
a significant decrease in the case group. Accordingly, it is
identified that the mean CK-MB is significantly increased
in the patients who medicated with high-dose statin
comparing to low dose after off-pump coronary artery
bypass."”! This could be considered as a profitable effect
of high-dose pretreatment with atorvastatin in patients
who undergo surgery, although more studies are needed
to provide better insight into the impact of this cardiac
protection effect.

Although it is shown in other studies that high-dose statin
medication may lead to further hs-CRP value reduction
and head to lower cardiovascular events and better results
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Figure 3: Glucose profile in patients undergoing coronary artery bypass
graft surgery pretreated with high and low doses of atorvastatin

in the patients’ quality of life,! we did not recognize any
difference between postoperative hs-CRP changes in two
groups. In spite of our study, administration of different
doses of atorvastatin reduces the hs-CRP amount in most
patients; although this diminution is not significant at all
doses and in all patients, in high-dose patients, it occurred
faster and greater than other groups.”! Thus, it can be
concluded that high-dose administration of atorvastatin
with long-time hs-CRP follow-up is needed to conduct
more accurate results according to the beneficial effects of

statins medication.

Here, on the contrary of other articles that only have
examined the AF incidence, all arrhythmias peri- and
postoperatively and during the ICU stay were assessed.
Moreover, type and length of arrhythmia and treatment
were completely considered which as it is clear, in the
high dose atorvastatin group; number of utilized DC
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shock in operating room, incidence of arrhythmia during
declamping, and AF in the ICU was lower in comparison
with the low-dose group. Distinctly, atrial fibrillation
is the most common arrhythmia following open heart
surgery associated with the events such as postoperative
thromboembolism, impaired hemodynamic, ventricular
dysthythmias, and higher mortality rate."'! Reduction
in AF significantly has diminished the hemodynamic
instability but did not moderate mortality. Several factors
are associated with postoperative AF, including inotropes,
prolonged ventilation, acute kidney injury, intra-aortic
balloon pump, and central venous pressure elevation,!'”
as was seen in our study; the length of ventilation was
shorter and renal function was improved in the case group
in favor of AF reduction. Conversely, a study carried out
by Koutliouros e# al., the beneficial effect of pretreatment
by high-dose atorvastatin 80 mg compared to 10 mg on
postoperative AF has not improved.!"”

These results demonstrate that, in the case of the ICU
mortality rate, ICU and hospital stay length, delirium
and low cardiac output incidence, MI occurrence either
in the ICU or during one month follow-up, and also
revascularization probability, no differences were found
between the two groups. But the duration of mechanical
ventilation in the group of high-dose atorvastatin was
significantly less than the low-dose group and the patients
get off from the ventilator in a shorter time which may
lead to minor side effects due to long-term mechanical
ventilation (e.g., Ventilator-Associated Pneumonia).
Furthermore, the intervention group had more stable
hemodynamic status and, interestingly, bleeding and blood
transfusion requirement was significantly lower comparing
to the control group.
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Declamping arrhythmia 15 (30.00%) 26 (52.00%) 0.025
Off pomp arrhythmia 1(2.00%) 3(6.00) 0.617
Atrial fibrillation /day 2.20+0.83 5.00£2.6 0.017
ICU arrhythmia/day 0.42+0.81 0.20£0.53 0.173
Mechanical ventilation duration (hour) 11.81£3.30 14.48+4.51 0.001
DC shock 0.44+0.99 0.86+1.27 0.046
Postoperative inotrope 15 (30.00%) 23 (46.00%) 0.099
Postoperative inotrope dosage (ug/min) 0.045+0.027 0.049+0.026 0.52
ICU inotrope consumption 23 (46.00%) 25 (50.00%) 0.689
Inotrope dosage (pg/kg/min) 0.10£0.39 0.10£0.42 0.936
Inotrope consumption duration (day) 5.82+9.09 9.12+12.69 0.138
ICU stay length (hour) 52.12+20.94 58.30£19.80 0.133
Hospital stay length (hour) 99.82+21.71 106.42+19.76 0.115
Ejection fraction 54.6045.3 52.7+7.64 0.146
ICU Blood consumption (bag) 1.73+0.86 2.30£1.60 0.029
Postoperative complication
ICU Myocardial infarction 0 (0.00%) 0 (0.00%) 1
ICU Death 1(2.00%) 0 (0.00%) 1
Low cardiac output 7 (14.00) 7 (14.00%) 1
Postsurgery bleeding 0 (0%) 4 (8%) 0.041
Hemodynamic instability 2 (4.00%) 9 (18.00%) 0.025
Delirium 3.00 (6.00%) 1.00 (2.00%) 0.617
1 month Follow up
Myocardial infarction 1(2.00%) 3 (6.00%0) 0.617
Revascularization 0 (0.00%) 1(2.00%) 1

AST, (mg/dl) 23.10£9.06 29.64£21.09  0.406
AST, (mg/dl) 52.34+28.95 43.10+18.69 0.139
Diff AST 29.24+31.53 13.46+£23.39  0.043
ALT, (mg/dl) 26.96+20.21 29.76£24.15  0.600
ALT, (mg/dl) 26.56%13.23 27.76x14.75  0.885
Diff ALT, -4.00+19.58 -2.00+19.58  0.738
Alk-p, (U/L) 194.12£77.19 205.96+78.19  0.448
ALK-P, (U/L) 142.24+51.32 155.20+£58.51  0.242
Diff ALK-P_ -51.88455.27  -50.76£100.67 0.945
Bilirubin Total, (mg/dl) 0.69+0.27 0.63+0.29 0.299
Bilirubin Total, (mg/dl) 1.25+0.67 1.28+0.71 0.830
Diff bilirubin total 0.56+0.64 0.65+0.71 0.846
Bilirubin direct, (mg/dl) 0.21x0.27 0.23+0.23 0.721
Bilirubin direct, (mg/dl) 0.36+0.24 0.40£0.26 0.388
Diff bilirubin direct, 0.14+0.34 0.17+0.35 0.404

Our findings are in consistent with the result of Youn e a/,
which shows no significant difference in major cardiovascular
events observed over the 30 days after pretreatment with high
dose of rosuvastatin."”! On the contrary, in L.aRos ¢ a/. study,
high dose of atorvastatin adjuvant therapy showed significant
reduction in the rate of major cardiovascular events which is
probably due to the difference in duration of the follow-up
period or the lack of any surgical procedures and even can be as
aresultof prolonged treatmentwith high dose of atorvastatin."*

We have found a peak rise in blood glucose profile 6 hours
after operation in high-dose atorvastatin group which returned
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to normal range without any intervention. Thus, it can be
assumed that short-term medication of high-dose atorvastatin
has no noticeable diabetogenic effect on post CABG cases.
Similarly, Masanal® has not detected any alteration in insulin
sensitivity in patients who teceived rosuvastatin 20 mg/day.
Moreover, some other studies clarified the LDL lowering
effect of atorvastatin in patients with type 2 diabetes without
(1169 1n spite of our study,
a number of investigations highlighted conceivable relation
among statin therapy and elevated risk of diabetic mellitus.
For instance, Preiss ¢/ a/. meta-analysis!'” and Ray™ study

exacerbating the insulin resistance.

revealed a significant association between statin therapy and
increase in type 2 diabetes.

Recent written reports clearly support the liver toxicity
effect of atorvastatin as the most frequently used statin.!'**"
Further investigation in the hepatotoxicity effect of satins
shows higher incidence of this side effect with high-dose
atorvastatin comparing to the other type of statins.”!
Accordingly, we have found a significant increase in the
postoperative AST level with no alteration in the amount
of other liver markers. However, the hepatotoxic possibility
of statins remains as a controversial issue, as in one study
in India none of the patients had liver enzymes elevation
or hepatotoxicity, which may be due to genetic differences
ot duration of atorvastatin administration.””

In the current study, GFR and urine output was improved
in the patients receiving high dose of atorvastatin that
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may enable us to progress the renal function by high-dose
atorvastatin administration without adverse effects in short
term. Our finding is in consistence with other reports
that indicated GFR in the statin treated group was higher
than placebo group in patient without any chronic renal
disease, while in the group of chronic renal disease, such
difference was not reported that may be as a result of
patients characteristics variation rather than statin effects.*!
Furthermore, it is demonstrated that the creatinine level and
its clearance reduced in atorvastatin pretreatment patients
with acute coronary syndrome undergoing percutaneous
coronary procedure, which may be due to protective effect
of statins on renal function.? Although atorvastatin may
protect patients receiving radio contrast materials from
nephropathy, usefulness of pretreatment with high dose
of atorvastatin in contrast-induced nephropathy declining
in patients with preexisting chronic renal disease is not
established.”*! Thus, we can conclude that high dose of
atorvastatin may not be equally effective in all situations, or
in patients with chronic kidney disease may have different
effects.

Two major limitations are detectable in our study. First
of all it is clarified that atorvastatin administration leads
to lower cholesterol value and arthrosclerosis risk, which
similarly reduces the MI occurrences in long term.”” So,
it seems necessary to follow the patients in longer time
duration than 48 hours for MI probability and compare
the effects of acute high-dose effects of atorvastatin in
a somewhat chronic way. Second, here we did not study
the mechanistic effect of acute high-dose atorvastatin
on different factors containing the cardiac, kidney, liver
markers, and especially its influence on glucose levels either
through insulin resistance or insulin secretion alteration.
Moreover, we did not perform a dose and response
atorvastatin analysis, which should be considered in future
investigation.

CONCLUSION

In summary, we found that high-dose atorvastatin
pretreatment in adult patients who already receive an
atorvastatin medication regimen would improve their
preconditioning after CABG surgery. However, the
encountered myocardial injury during operation did not
show further reduction.
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