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ABSTRACT

Objective: To investigate the effects of statin use in preoperative period on the development of ventricular fibrillation (VF)
following the removal of aortic cross-clamp (ACC) and on the levels of inflammation biomarker C-reactive protein (CRP) in
patients who undergo elective isolated coronary artery bypass grafting (CABG).

Study Design: Observational study.

Place and Duration of Study: Department of Cardiovascular Surgery, Yuksek Ihtisas Training and Research Hospital, Bursa,
Turkey, between May 2019 and January 2020.

Methodology: A total of 104 patients, who underwent elective isolated CABG with cardiopulmonary bypass, were included in
this prospective study. Fifty patients, who received statin treatment for at least 16 weeks in preoperative period, were identified
as Group S; and 54 patients, who did not receive statin treatment, were identified as Group N. The frequency of VF and defibrilla-
tion counter shock (DCS) requirement and postoperative CRP levels were compared in groups after ACC removal.

Results: VF development and related DCS counts were lower at significant levels in Group S compared to Group N (p <0.001 for
both). Although no statistically significant differences were detected between the median preoperative CRP levels of the groups;
median CRP levels, which were measured in postoperative 2™ and 7" days, were found to be significantly lower in Group S (p
<0.001 for both).

Conclusion: Preoperative statin use significantly reduced VF development after the removal of ACC, and decreased postopera-
tive CRP levels.
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INTRODUCTION

The most effective option in the treatment of ischemic heart
disease is coronary artery bypass grafting (CABG), whichis applied
to a large number of patients every year.' Despite all the improve-
ments and increased surgical experience in surgical procedures
and in cardiac anesthesia; nowadays, CABG-related complications
stillremainimportant.
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Inflammatory response due to cardiopulmonary bypass (CPB)
is blamed in the pathogenesis of many of these complications.
Preventing complications and decreasing morbidity and
mortality depends not only on perioperative, butalso on preop-
erative patient management.’

Ventricular fibrillation (VF) is a complication associated with
CPB; andis very common. Despite effective myocardial protec-
tion methods, it may develop afterthe removal of aortic cross--
clamp (ACC). The most important factor in VF development is
ischemia-reperfusion damage. The effective treatmentis elec-
trical defibrillation counter shock (DCS) application; however,
it causes secondary damage to myocardium, and deteriorates
the ventricularfunction.> For thisreason, preventing VF devel-
oping after the removal of ACC provides an advantage in main-
taining myocardial functionfollowing CPB.
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Table I: Comparison of demographic and preoperative data.

Variables Group N (n = 54) Group S (n = 50) p-value
Mean = S.D/median (IQR)/n (%) Mean = S.D/median (IQR)/n (%)
Gender (male) 40 (74.1%) 42 (84%) 0.216°
Age (years) 60.9 + 7.8 60 +9.2 0.596"
Height (cm) 166.2 = 8.5 168.7 = 6.4 0.086"
Weight (kg) 79.9 +£11.9 822 +12.2 0.331°
Smoking 23 (42.6%) 20 (40%) 0.789°
Hypertension 27 (50%) 31 (62%) 0.218°
Diabetes mellitus 20 (37%) 21 (42%) 0.605°
Peripheral artery disease 1(1.9%) 2 (4%) 0.607°
Use of calcium channel blocker 8 (14.8%) 5(10%) 0.458°
Use of ACE inhibitor 10 (18.5%) 8 (16%) 0.734°
Use of beta-blocker 6(11.1%) 5(10%) 0.854°
Left atrium diameter (mm) 383+44 39.3+3.8 0.197°
Ejection fraction (%) 55.0 (47.8-60.0) 55.0 (50.0-60.0) 0.724°

S.D: Standard deviation, ACE: Angiotensin converting enzyme.

a: Chi-square test, b: Student’s t-test, c: Mann-Whitney U-test, d: Fisher's Exact test was used for values less than five. IQR: 25" percentile-75" percentile,

Table Il: Comparison of perioperative and postoperative data.

Variables Group N (n = 54) Group S (n = 50) p-value
Mean + S.D/median (IQR) Mean = S.D/median (IQR)
CPB time (min) 86.1 + 23.8 96.2 £ 25 0.036"
ACC time (min) 58.1 £ 18 63.9 + 19.6 0.125°
Number of grafts used 3.0 (3.0-4.0) 3.0 (3.0-4.0) 0.115°
pH (measured during ACC) 7.41 = 0.09 7.41 £ 0.08 0.659"
Potassium (measured during ACC, mmol/L) 4.05 (3.6-4.5) 4.2 (3.8-4.9) 0.081¢
Transvezikal sicaklik (measured during ACC, °C) 32.0 (31.0-32.0) 32.0 (31.0-32.0) 0.458°
VF counts (after ACC removal) 1.0 (0.0-3.0) 0.0 (0.0-1.0) <0.001°
DCS counts (after ACC removal) 1.0 (0.0-2.0) 0.0 (0.0-1.0) <0.001°
Duration of intensive care unit (day) 2.0 (2.0-3.0) 2.0 (2.0-2.3) 0.434°
Duration of hospitalisation (day) 7.0 (7.0-8.0) 7.0 (7.0-8.0) 0.994°
Preoperative CRP level (mg/dL) 3.3(3.0-11.2) 4.0 (3.0-9.4) 0.783¢
Postoperative 2™ day CRP level (mg/dL) 174.5 (140.3-228.8) 103.5 (78.9-125.5) <0.001°
Postoperative 7" day CRP level (mg/dL) 83.3 (64.7-102.3) 34.1 (20.5-64.8) <0.001°

b: Student’s t-test, c: Mann-Whitney U-test. IQR: 25" percentile-75" percentile, S.D: Standard deviation. CPB: Cardiopulmonary bypass, ACC: Aortic cross-
clamp, VF: Ventricular fibrillation, DCS: Defibrillation counter shock, CRP: C-reactive protein.
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Figure 1: C-reactive protein level change (T0: Preoperative, T1: Post-
operative 2" day, T2: Postoperative 7" day).

Since there is a strong relation between ischemic heart
disease and hyperlipidemia, hyperlipidemia treatment is added
to the treatment of patients with ischemic heart disease.
Statins (3-hydroxy-3-methylglutaryl coenzyme A inhibitors) are

used for this purpose. It is already known that statins show
pleotropic activity on endothelial functions, inflammation, and
coagulation metabolism in addition to their antihyperlipidemic
effects. C-reactive protein (CRP) is an inflammation biomarker.
Statins cause a decrease indirectly in CRP levels with their
anti-inflammatory effects.>® Statins reduce complications
related to CPB in cardiac surgery with their anti-inflammatory,
antioxidant, and indirect antiarrhythmic effects.”

The purpose of the present study was to compare the
frequency of VF developing after ACC removal and DCS require-
ments, and CRP levels, which is an inflammation biomarker, in
patients who underwent elective isolated CABG, with and
without statin use in the preoperative period.

METHODOLOGY

A total of 104 patients, who underwent elective isolated
CABG with CPB between May 2019 and January 2020 in
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Cardiovascular Surgery Clinic, University of Health Sciences,
Bursa Yuksek lhtisas Training and Research Hospital, Bursa,
Turkey, were included in this prospective study. Local Ethics
Committee approval was received. (Approval No. 2011-
KAEK-25 2019/04-15). The patients were divided into two
groups. A total of 50 patients, who had been receiving statin
treatment for at least 16 weeks at the time of admission to
the clinic, were identified as Group S; and 54 patients, who
did not use any antihyperlipidemic agents, were identified as
Group N. Patient who underwent emergency surgical inter-
vention, reoperation, patients with under 40% ejection frac-
tion, additional cardiac disease requiring surgical interven-
tion, arrhythmia other than sinus rhythm, antiarrhythmic
treatment, chronic renal or hepatic disease, inflammatory
disease requiring anti-inflammatory treatment, electrolyte
imbalance, mortality in the first 7 days, and those intubated
for more than 24 hours in postoperative period, were
excluded from the study.

Patients in Group S used one of the atorvastatin, rosuvas-
tatin, pravastatin, simvastatin or fluvastatin group statins as
antihyperlipidemic drugs. The statin treatments of these
patients were stopped on the day of the operation, and was
started again on the first postoperative day. The demo-
graphic data, comorbidities, and perioperative and postoper-
ative data of all patients were recorded. Routine 12-lead
electrocardiography (ECG) results were recorded in preopera-
tive period. CRP levels were recorded from the blood
samples taken with antecubital vein at the time of admission
to our clinic, and on postoperative 2™ and 7" days.

Midazolam 0.003 mg/Kg, fentanyl 5 pg/Kg, and vecuronium
bromide 0.1 mg/kg IV were applied in anesthesia induction;
and 5 pg/Kg fentanyl and 0.5-1 mg/Kg vecuronium bromide
were applied for the maintenance dose. Standard median
sternotomy was performed and left internal thoracic artery
and saphenous vein grafts were prepared. CPB was entered
with venous cannulation with two-stage cannulation from
the right atrium and with arterial cannulation from the
ascending aorta. Cold crystalloid cardioplegia was given
from the anterograde route to protect the myocardium after
ACC, and cold blood cardioplegia was given after each anas-
tomosis or every 15 minutes for maintenance. Hot blood
cardioplegia was given to avoid reperfusion damage before
the ACC was removed. Right after ACC was removed, 100
mg lidocaine was administered. Moderate hypothermia
(28°C - 32°C) was applied in CPB, and roller pump and
membrane oxygenator were used. The pump flow was set
between 2.2-2.4 It/min/m” to obtain an average arterial pres-
sure of 50-60 mmHg during ACC. Hematocratic levels were
kept between 20-25%. Heating was performed until the
bladder temperature reached 36°C after ACC, and CPB was
terminated after proper blood pressure and cardiovascular
stability were achieved. In postoperative period of the
patients, continuous ECG and arterial pressure monitoring
was carried out with standard D Il derivation in intensive

care unit. Patients who had normal clinical progression were
transferred to the unit bed after the removal of the drainage
on the second day of postoperative.

Statistical analyses were done with SPSS 21 (IBM SPSS
Statistic Inc. version 21.0, Chicago, IL, USA). Continuous vari-
ables were expressed as mean = standard deviation,
median (25" percentile-75" percentile) and nominal vari-
ables were expressed as frequency and percentage. The Chi-
square test or Fisher’'s Exact test were used to compare two
independent groups for nominal variables. The Kolmo-
gorov-Smirnov normality test was used to determine the
distribution of continuous variables. The Student’s t-test was
used to compare two independent groups for continuous vari-
ables that fit normal distribution. The Mann-Whitney U-test
was used to compare two independent groups for contin-
uous variables that did not fit normal distribution. Tests of
significant differences between different CRP levels
measured at each time point and at different time points
were performed using the Friedman test and the Wilcoxon
Signed-Rank tests. A p <0.05 was considered to be statisti-
cally significant in all tests.

RESULTS

A total of 104 patients were included in the present study.
There were 54 patients (74.1% males, mean age: 60.9 = 7.8
years) in Group N; and there were 50 patients (84% males,
mean age: 60 £ 9.2 years) in Group S. The demographic char-
acteristics and preoperative data of the patients are
presented in Table I. No significant differences were detected
between the patient groups in terms of age, gender, height,
weight, smoking status, hypertension, diabetes mellitus,
peripheral artery disease, calcium channel blocker use,
angiotensin converting enzyme inhibitor use, beta blocker
use, left atrium diameter and ejection fraction.

Among the evaluated perioperative variables, ACC duration,
number of grafts used, pH and potassium values in blood gas
were evaluated during ACC, and transvesical temperature
measurement were not significantly different among patient
groups. VF development after ACC removal, and related DCS
counts were significantly higher in Group N (both p <0.001).
In Group S, lower mean CPB time due to faster sinus rhythm
and faster cardiac stability due to less VF development and
less need for DCS after ACC removal were expected; but
contrary to expectations, it was found to be significantly
higher (p = 0.036, Table II).

When preoperative CRP levels were evaluated, although
patients in Group S had lower median values, these differ-
ences were not statistically significant. It was found that the
median CRP levels measured on postoperative 2" and 7"
days were significantly lower in Group S (p <0.001 and p
<0.001) (Table I, Figure 1). It was also seen that VF develop-
ment, DCS need, and postoperative CRP levels were low in
Group S, and this did not have a significant effect on the dura-
tion of intensive care unit and hospitalization (Table I1).
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When CRP levels of patients measured in preoperative
period were called T0, those measured on postoperative 2™
day were called T1, and those measured on postoperative 7"
day were called T2; statistically significant difference was
found in Group N in the overall effect of time on CRP levels
(p <0.001). Similarly, statistically significant difference was
found in Group S (p <0.001). In addition, the increase in CRP
levels in the T1-TO and T2-TO periods and the decrease in
the CRP levels in the T2-T1 periods were found to be statisti-
cally significant in both groups (all p <0.001, respectively).

DISCUSSION

In the present study, the effects of statin use in the preopera-
tive period in patients with isolated CABG on VF frequency
after ACC removal, DCS need, and levels of CRP, which is an
inflammation marker, were investigated. In the patient
group using statins in preoperative period, VF development
following the removal of ACC and related DCS counts were
significantly lower. The fact that statins decrease the
frequency of VF, which is thought to be caused by ischemi-
a-reperfusion injury after ACC removal, suggests that it is
due to their anti-inflammatory effects. In this study, the fact
that postoperative CRP levels were significantly lower in the
group of patients who used statins in the preoperative
period, supports this. With this study, to the best of authors’
knowledge, it was determined for the first time in the litera-
ture that preoperative statin use reduces the frequency of
VF developing after the removal of ACC, and postoperative
CRP levels.

VF is a complication increasing the CPB-related morbidity
and mortality. Specially, the VF incidence after the removal
of ACC was reported to be 45-90%, although it depended on
surgical procedure, cardioplegia solution and technique
applied.” Myocardial ischemia, reperfusion damage, inflam-
matory response, and electrical instability are blamed in its
pathophysiology. The most effective treatment for VF after
ACC removal is DCS. However, although cardiac arrhythmia
is corrected with DCSs, it is known that secondary damage
occurs to the myocardium.® This situation has created a
need for prophylactic treatment.

Statins have pleiotropic effects besides their cholesterol
reducing effects, which are their main use. Pleiotropic effects
of statins are anti-inflammatory effects, such as improving
endothelial functions, reducing proliferation in vascular
smooth muscle cells, increasing atherosclerotic plaque
stability, antioxidant effects, preventing platelet activation,
and decreasing proinflammatory cytokines through mono-
cytes and macrophages.”™ Among the pleiotropic effects,
the most important one is mentioned as anti-inflammatory
effects in many studies. Diamantis et al. reported that
statins provide improvements in coronary artery disease
prognosis with its anti-inflammatory effects on endothelial
cells and on atherosclerotic plaques.' In the review, which
was published by Soulaidopoulos et al., it was reported that

the useful effects of statins on cardiovascular risks that are
associated with rheumatoid arthritis, which is an inflamma-
tory disease appear with their anti-inflammatory effects.” It
was reported that statin treatment should be used for an
average period of 14-16 weeks to improve endothelial func-
tions and to reduce serum inflammatory markers.”" For this
reason, we included those patients who had received statin
treatment for at least 16 weeks at the time of admission to
this clinic in to the patient group using statins; and conse-
quently, low postoperative CRP levels in patient group using
statins were indicative of treatment efficacy.

An inflammatory response occurs due to CPB in cardiac
surgery. The earlier the patient is protected against this
inflammatory response, which is given by the body as a
natural self-defense mechanism, the less the patient is
affected by the complications that might develop after the
operation. Proinflammatory and inflammatory mediators
have been investigated in this regard, and specially the
increase in CRP levels, which is a primitive inflammatory
acute phase protein, is an important marker in inflammatory
response.” In cardiovascular diseases, anti-inflammatory
treatments improve the prognosis of the disease and reduce
the development of complications, and studies have been
conducted on the use of statin for this purpose. It was seen
in a randomised controlled trial that was conducted by
Ridker et al. with 17,802 apparently healthy people without
hyperlipidemia and with high CRP levels, that there was 37%
decrease in CRP levels and a significant decrease in major
cardiovascular event incidence in the group of patients
receiving statins.’ In their observational study that included
126 non-ST-segment elevation acute coronary syndrome
patients, Jiao et al. reported that statin (rosuvastatin) treat-
ment alleviated the increase in CRP levels due to percuta-
neous coronary intervention, and also reduced myocardial
damage.' In the present study, it was seen that there were
lower CRP levels at significant levels in the postoperative
period in the group of patients who used statin in preopera-
tive period compared to the group that did not use it (postop-
erative 2™ day (median): 103.5 mg/dL vs. 174.5 mg/dL, p
<0.001; postoperative 7" day (median): 34.1 mg/dL vs. 83.3
mg/dL, p <0.001).

In addition to the anti-inflammatory effects of statins, they
are known to improve cardiovascular autonomic balance and
thus reduce arrhythmia tendency.” In a systematic review
that was published by Bazoukis et al., it was reported that
statins decreased the frequency of ventricular arrhythmia
with antiarrhythmic effect in heart failure patients with
implantable cardioverter defibrillator.”® In the review
published by Oesterle et al., the antiarrhythmic effects of
statins and their positive effects on the development of
atrial fibrillation and ventricular tachyarrhythmias in cardio-
vascular diseases were emphasised.”

There are more studies in the literature on the preventive
effects of statins on the development of atrial fibrillation in
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cardiac surgery, rather than ventricular arrhythmias. Aydin
et al., in their prospective randomised controlled study,
reported that the use of statins in the early postoperative
period in CABG patients reduced the risk of postoperative
atrial fibrillation by 49%.” In a meta-analysis of 12 studies
(8,458 patients), published by Zheng et al, it was reported
that preoperative statin therapy reduced the incidence of
postoperative atrial fibrillation.” Unlike these studies, in this
study, in which VF development after ACC removal was eval-
uated, the median values of VF and DCS counts that devel-
oped after ACC removal in patients who used statins in
preoperative period, were significantly lower than in
patients who did not use statins (both <0.01 vs. 1.0, p
<0.001, respectively). According to these results, it is indi-
rectly seen that preoperative statin treatment reduces
myocardial injury due to CPB with anti-inflammatory and
antiarrhythmic effects.

Nowadays, antiarrhythmic such as amiodarone and lido-
caine are used to prevent the development of VF after ACC
removal in the perioperative period. Samantaray et al.
conducted a randomised controlled prospective study and
reported that VF developed at lower rates in the patient
group they administered 150 mg amiodarone before the
ACC was removed when compared with the control group
without extra medication (18% vs. 65%, p = 0.01).” In their
prospective study that included 34 CABG patients, Baraka et
al. reported that 11% developed VF in the group of patients
they administered 100 mg lidocaine before ACC was
removed, and 70% in the control group (p <0.0005); and
they observed higher cardiac output after leaving CPB in the
group to which lidocaine was administered, and this was
associated with a decrease in DCS requirement.? In this
clinic, as a routine practice, lidocaine is administering to
patients right after ACC removal; and in order not to affect
the results of this study, equal doses of lidocaine were
administered in both of these study groups without
upsetting the routine practice.

This study had some limitations. Firstly, it had a single-cen-
tred design, and relatively low patient number. Secondly,
only CRP was evaluated as an inflammation marker in this
study in which the anti-inflammatory properties of statins
were emphasised. Thus, more comprehensive studies
should be planned with other inflammation markers. Thirdly,
the use of different statin group drugs in the perioperative
period. Fourthly, the effects of statin group drugs on the
complications after CABG were reported to be dose-depen-
dent.”

In this study, however, only the lower limit was determined
in the usage period of statin treatment for standardisation
purposes in patient selection; and the LDL cholesterol
levels, with which the effectiveness of the treatment could
be evaluated, were not considered. For this reason, studies
should be planned on which effective dose should be used

to ensure prophylaxis reliability of complications with statin
group drug usage in preoperative period in CABG patients.

CONCLUSION

The use of statins during preoperative period in patients with
isolated CABG resulted in significant decreases in VF
frequency after the removal of ACC, and postoperative CRP
levels. The authors believe that applying routine statin treat-
ment is useful in preoperative period in patients who
undergo elective isolated CABG.
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