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INTRODUCTION
Preoperative medical consultation and perioperative management 
of surgical patients before non-cardiac surgery is one of the most 
important issues in the clinical practice of the anesthesiology 
and surgery. The preoperative assessment process is designed to 
evaluate risk factors related to the perioperative period, including 
anesthesia, surgery and the recovery period. Preoperative medical 
status and the intensity and/or invasiveness of surgery are the 
main factors that determine the risk to the patient for surgery and 
anesthesia[1].
    Urological conditions are seen more frequently in the elderly. 
Most of urological problems particularly malignancies are highly 
age related thus the medical practitioners facing with urological 
patients will have to encounter the added challenges associated 
with aging. Older age is characterized by aging of tissues and 
organs, a greater occurrence of cognitive decline, and functional 
impairment and an increasing number of additional problems that 
may affect perioperative mortality and morbidity[2,3]. The patient 
population over 65 years has increased rapidly in the recent years 
and demographic data projects a progressive increase in the 
future[4]. Medical specialties enhance with improvements in both 
science, technology and pharmacology, and social and economic 
changes. Along with the development of anesthesia and surgical 
technical methods, many more elderly patients are scheduled 
for both elective and emergency surgical operations. There is a 
prediction that the rate of surgical operations for elderly people is 
four times of the rest of the population[5]. 
    Cardiac complications occur in 1-5% of patients undergoing non-
cardiac surgery, and associated increased mortality makes them the 
center of interest in preoperative evaluation[6,7]. There are several 
significant clinical risk factors listed in The European Society of 
Cardiology (ESC) guidelines for cardiac risk stratification[8] (Table 
1). Definition and diagnosis of perioperative cardiac risk factors 
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ABSTRACT 

Elderly patient undergoing major urologic surgery can be a complex 
case and anesthesiologist usually has to pay great attention to the 
patient due to comorbid medical and/or surgical conditions and 
related medications. Number of this group of patients who are 
chronically taking a range of cardiovascular medications increased 
rapidly in the recent years and demographic data projects a 
progressive increase in the future. This review article presents the 
most frequent issues of commonly cardiac medications encountered 
with this group of patients, and strategies and maneuvers regarding 
these medications during a perioperative period according to 
the current literature, which may be a major challenge for the 
anesthesiologist.
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such as angina pectoris, prior myocardial infarction, and heart 
failure vary and can be highly subjective. Therefore, to perform 
essential preoperative examination having objective information 
about the patient (e.g. functional capacity, results of single photon 
emission computed tomography (SPECT), echocardiographic LV 
assessment, and ongoing medical therapies) is an important issue in 
the daily clinical practice.
    Type of surgery is a significant factor in estimating the cardiac 
risk for non-cardiac surgical procedures when evaluating a 
particular patient undergoing surgical intervention[9,10]. Surgical 
interventions can be divided into different surgical risk groups 
regarding risk of myocardial infarction (MI) and cardiac death 
within 30 days after surgery[6] (Table 2). Although urologic surgery 
covers a wide variety of surgical interventions (Table 3), most of 
common urologic surgical interventions do not locate in a high-
risk group (Table 1). Hence perioperative consultation in urologic 
surgery has to focus on both patients’ co-morbid conditions and 
complications[11]. 
    In urological procedures, to reduce perioperative cardiac 
morbidity and mortality, various pharmacological agents have 
been used. These are ranked as beta-blockers, statins, calcium 
(Ca) channel blockers, alpha 2 adrenoceptor agonists, angiotensin 
converting enzyme II inhibitors, and angiotensin II receptor 
blockers. 
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Table 1 Clinical risk factors used for preoperative cardiac risk stratification.
1. Ischemic heart disease (angina pectoris and/or myocardial infarction)
2. Surgical risk
3. Heart failure
4. Stroke/transient ischemic attack
5. Diabetes mellitus requiring insulin therapy
6. Renal dysfunction/hemodialysis
7.  Age

Table 2 Surgical risk estimate (risk of MI and cardiac death within 30 days 
after surgery) (Modified from Glance et al).
Low-risk (<1%)
•Superficial surgery
•Breast
•Dental
•Endocrine: thyroid
•Eye
•Reconstructive
•Carotid 
asymptomatic (CEA 
or CAS)
•Gynecology: minor
•Orthopedic: minor 
(meniscectomy)
•Urological: minor 
(transurethral 
resection of the 
prostate)

Intermediate-risk (1-5%)
•Intraperitoneal: 
splenectomy, hiatal 
hernia repair, 
cholecystectomy
•Carotid symptomatic 
(CEA or CAS)
•Peripheral arterial 
angioplasty
•Endovascular 
aneurysm repair
•Head and neck surgery
•Neurological or 
orthopedic: major (hip 
and spine surgery)
•Urological or 
gynecological: major
•Renal transplant
•Intra-thoracic: non-
major

High-risk (>5%)
•Aortic and major 
vascular surgery
•Open lower limb 
revascularization 
or amputation or 
thromboembolectomy
•Duodeno-pancreatic 
surgery
•Liver resection, bile 
duct surgery
•Oesophagectomy
•Repair of perforated 
bowel
•Adrenal resection
•Total cystectomy
•Pneumonectomy
•Pulmonary or liver 
transplant

Table 3 Type and extent of most common urologic surgery.
Major Surgery
•Nephrectomy
•Percutanous 
nephrolithotripsy
•Bladder 
augmentation
•Urinary diversion

Intermediate Procedure
•Retropubic 
prostatectomy
•Urinary bladder 
diverticulectomy
•Transurethral resection 
of prostate
•Transurethral resection 
of bladder tumor

Minor Surgery
•Internal 
urethrotomy
•Cystoscopy with/
without biopsy
•Extracorporeal 
shock-wave 
lithotripsy

Table 4 Beta-blockers in different categories.
Cardioselective 
beta-blockers
Acebutolol
Atenolol
Betaxolol
Bisoprolol
Esmolol
Nebivolol
Metoprolol

ISA (+) beta-
blockers
Acebutolol
Carteolol
Penbutolo
Pindolol

Alpha and 
beta-blockers
Carvedilol
Labetolol

Others

Levobunolol
Metipranolol
Nadolol
Propranolol
Timolol

    Beta blockers are used in the treatment of various medical 
conditions such as cardiac arrhythmias, heart failure, high coronary 
artery disease risk, diabetes, angina pectoris and myocardial 
infarction, and hypertension as well as glaucoma, anxiety, 
hyperactive thyroid gland, and migraine. 
    Beta-blocker drugs reduce the effects of epinephrine and other 
stress hormones so they have negative chronotropic and inotropic 
effect. They may also restrict the activation of inflammatory 
activity including leukocyte recruitment, metalloproteinase activity, 
monocyte activation, growth factor release, and inflammatory 
cytokine responses[12]. They prevent coronary endothelial damage 
and inhibit the atheroma formation and plaque rupture. Beta-
blockers reduce energy usage of myocardium via decreasing 
catecholamine release. They prevent lipolysis and reduce the 
amount of free fatty acids. In this way, myocardium may be 
protected from ventricular fibrillation and sudden cardiac death. 
Anti-renin/angiotensin attribution is another mechanism that 
reduces blood pressure[13].
    Originally there was a compelling and a small number of 
publications about the usage of beta-blockers in the perioperative 
period. More recent and extensive studies have been made including 
different inclusion criteria, doses and types of beta-blockers[14-20]. 
Among them, the largest multicenter randomized controlled trial is 
the Perioperative Ischemic Evaluation (POISE) Study[14]. This study 
reported an increase in mortality, disabling strokes, and hypotension 

BeTA BlOCkeRS
Most of the studies of patients undergoing non-cardiac surgery 
have focused on beta-blockers. Beta-blockers are drugs that bind to 
beta adrenoceptor and prevent the binding of norepinephrine and 
epinephrine to these receptors and inhibit sympathetic effects. So, 
beta-blockers are sympatholytic drugs. There are three types of beta 
receptors, beta1 (β1), beta2 (β2) and beta3 (β3). 
    Some beta-blockers partially activate the receptor while 
preventing norepinephrine from binding to the receptor. These are 
called partial agonist beta-blockers and their effects on sympathetic 
activity are referred to as intrinsic sympathomimetic activity 
(ISA). These partial agonists have special sympathetic activity 
while preventing regular and enhanced sympathetic activity. Some 
beta-blockers have membrane stabilizing activity (MSA) similar 
with sodium-channels blockers that are identified as Class I anti-
arrhythmic. 
    Usually, beta-blockers are categorized in a few different ways 
(Table 4). Cardioselective beta-blockers affect the heart and blood 
vessels rather than other parts of the body. There are also ISA (+) 
beta-blockers that have intrinsic sympathomimetic activity and dual 
blockers that block alpha-receptors, as well as beta-receptors. Some 
beta-blockers fall into more than one category. Sotalol is unique 
among beta-blockers because it also blocks potassium channels in 
the heart.
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    The anti-anginal effects are obtained from their vasodilator 
and cardiodepressant features. Systemic vasodilation reduces 
arterial pressure and causes ventricular afterload reduction thereby 
decreases myocardial oxygen demand. Verapamil and diltiazem, 
more cardioselective Ca+2 channel blockers, decrease heart rate and 
contractility and used as antianginal drugs. Ca+2 channel blockers 
also increase oxygen supply to the myocardium by dilating coronary 
arteries and prevent reverse coronary vasospasm. The antiarrhythmic 
features of Ca+2 channel blockers (Class IV antiarrhytmics) related 
to their ability to reduce the firing rate of aberrant pacemaker 
pathways. Also, especially at the atrioventricular node, they decrease 
conduction velocity and prolong repolarization that helps to suppress 
the formation of supraventricular tachycardia and prevent reentry 
block mechanisms. 
    There are three classes of Ca+2 channel blockers according to their 
chemical structure and smooth muscle selectivity. Dihydropyridines 
that include amlodipine, felodipine, isradipine, nicardipine, 
nifedipine, nimodipine, and nitrendipine are the most smooth muscle 
selective ones. These drugs primarily reduce systemic vascular 
resistance and arterial blood pressure because of their high vascular 
selectivity; consequently they are ranked among in antihypertensive 
drugs. They are less desirable choice for cardiac angina treatment 
because of their systemic vasodilatation, and pressure-lowering 
effects can lead to reflex cardiac stimulation. They also activate 
sympathetic reflexes, and can cause side effects such as flushing, 
headache, and reflex tachycardia. 
    Non-dihydropyridines are verapamil (phenylalkylamine class) and 
diltiazem (benzothiazepine class). Verapamil differs from other Ca+2 
channel blockers with their relative selectivity for the myocardium. 
This drug has a role in angina and arrhythmia treatment. Verapamil 
reduces myocardial oxygen demand and prevents coronary 
vasospasm. Diltiazem is more selective for vascular calcium channels 
than verapamil. Conversely to dihydropyridines, diltiazem can 
reduce arterial pressure without generating the same level of reflex 
cardiac stimulation. Especially, non-dihydropyridines should not be 
administered with beta-blockers because addition of a Ca+2 channel 
blocker augments the effects of beta-blockade[23].
    Calcium channel blockers’ documented vasoactive and cardiac 
effects that include a reduction in systemic vascular resistance, 
negative inotropic and chronotropic effects can raise questions 
regarding dangerous additive interactions with potent general 
anesthetics. According to the evidence from studies, Ca+2 channel 
blockers have minimal effect on preventing myocardial infarction 
and cardiac death when compared with beta-blockers[24]. However, 
it appears to be no significant problem about continuing with these 
medications throughout the perioperative period in the absence 
of other contributing factors[25,26]. A combination therapy of beta-
blockers and calcium channel blockers for hypertension can 
induce significantly more episodes of hypotension and bradycardia 
during the anesthesia induction than in patients treated with only 
beta-blockers[27]. However, these episodes are relatively mild and 
can be easily treated with small bolus doses of vasoactive drugs. 
Hypertensive patients should continue to take their antihypertensive 
medication in the perioperative period. However, if hypertension is 
current diagnosed and/or initiating antihypertensive therapy is crucial 
to prevent perioperative risk, delaying elective surgery may be 
inevitable[28]. 
    Another theoretical concern in patients chronically treated with 
calcium channel blockers is the potential for heart block. Calcium 
channel blockers tend to affect sinoatrial and atrioventricular nodes 
and to prolong atrioventricular conductivity. In a randomized 
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besides significant cardiac protection. According to this study, 
only indicated patient population to continue perioperative beta-
blocker therapy is the patients who are treated chronically with 
beta-blockers. Bangalore et al confirmed cardiac protection and 
same risks in their meta-analysis in 2008 when beta-blockers 
launched shortly before surgery[15]. After POISE study beta-blocker 
treatment described in two guidelines in 2009; American College 
of Cardiology/American Heart Association (ACC/AHA[16] and ESC 
endorsed by the European Society of Anesthesiology (ESA). Both 
of these guidelines recommended continuing long-term beta-blocker 
therapy with avoiding high-doses. Considering the introduction 
of beta-blockers in patients with known coronary artery disease, 
reversible ischemia on stress test, and in those at risk for coronary 
artery disease undergoing high-risk surgery, especially vascular 
surgery is also recommended[16]. ESC guideline suggested different 
from ACCF/AHA guideline that beta-blockade could be initiated 
in patients undergoing intermediate-risk surgery[8]. In both of these 
guidelines titration of beta-blockade to slow heart rates (ESC 60-70 
beats min-1; ACCF/AHA 60-80 beats min-1) with a limit of at least 
100 mmHg systolic arterial pressure before administration of the 
next dose of beta-blocker (ESC), or no hypotension (ACCF/AHA) 
was recommended. Both advocated starting beta-blockade at least 
7 days, preferably 30 days before surgery. Besides these guidelines, 
there are also some studies that support the continuing of chronic 
beta-blockade in the perioperative period[17-20]. 
    Discontinuing antihypertensive therapy before surgery due 
to interference with hemodynamic adjustments and profound 
cardiovascular collapse can be seen as an option but more recent 
studies have shown that this approach is associated with significant 
increases in perioperative morbidity and mortality[17-19]. Also, 
Ellenberger et al found that a chronic treatment was superior to the 
introduction of beta-blockers within the first two days of surgery[21]. 
    In light of the current literature a reasonable approach to the 
perioperative beta-blockade may be as follows: (1) Current beta-
blockade should be maintained; (2) Initiating beta-blockade should 
be limited to high-risk patients undergoing high-risk surgery, 
particularly in those who would be given b-blockade for co-
existing medical reasons such as coronary artery disease, reversible 
ischemia on stress test; (3) High-dose beta-blockade should be 
avoided; (4) Titration is recommended but avoidance is also 
critical; (5) Starting beta-blockade and titrating its effects over at 
least 7 days is seen reasonable; (6) Because anemia has been shown 
to markedly increase the risk of cardiac morbidity and mortality in 
the face of beta-blockade, blood transfusion should be considered 
for these patients. 

CAlCIUm ChANNel BlOCkeRS
Calcium channel blockers are used to treat various conditions such as 
hypertension, myocardial ischemia, cardiac arrhythmias, pulmonary 
hypertension, cerebral vasospasm, and esophageal spasm. They 
bind to L-type Ca+2 channels located on the vascular smooth muscle, 
cardiac myocytes, and sinoatrial and atrioventricular nodes. These 
channels regulate the influx of the Ca+2 into the muscle cells and 
stimulate smooth muscle and cardiac myocyte contraction. The role 
of L-type Ca+2 channels in cardiac nodal tissue is important. They 
prevent Ca+2 entry into the cell and cause vascular smooth muscle 
relaxation (vasodilation), decreased myocardial contraction force 
(negative inotropy), decreased heart rate (negative chronotropy), and 
decreased conduction velocity especially on the atrioventricular node 
(negative dromotropy)[22].
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    Alpha-2 agonists’ significant side effects are sedation, dry mouth 
and nasal mucosa (due to increased vagal activity), bradycardia, 
orthostatic hypotension[39]. Fluid retention and edema is also a 
problem for especially urological patients with chronic therapy; 
therefore, concurrent treatment with a diuretic may be necessary. 
Sudden disconnection of clonidine can lead to rebound hypertension 
hence maintaining therapy with this drug is recommended. 
Perioperative discontinuation of chronic medication of this drug 
class can be dangerous in hypertensive patients due to possible 
complications such as delirium, rebound hypertension, and 
myocardial ischemia[40]. 

ReNIN ANgIOTeNSIN AlDOSTeRONe SySTem 
ANTAgONISTS
Renin Angiotensin Aldosterone system (RAAS) antagonists include 
ACE inhibitors (ACEIs), angiotensin receptor blockers (ARBs) and 
direct renin inhibitors. Many elderly patients scheduled for surgery 
are already on RAAS antagonist treatment for hypertension[41], 
congestive heart failure[42], coronary artery disease[43], or diabetic 
nephropathy[44,45]. 
    Perioperative continuation of the management of ACEIs or ARBs 
has traditionally been controversial because of the risk of worsening 
myocardial conditions. The vasodilatory actions of RAAS antagonists 
include various mechanisms such as direct sympathetic blockade, 
increased bioavailability of vasodilators such as bradykinin, 
nitric oxide and prostacyclins, inhibition of the direct and indirect 
vasoconstrictor effects of angiotensin II, and reduced secretion of 
aldosterone and antidiuretic hormone resulting in a decrease in salt 
and water reabsorption by the kidney[46]. The RAAS, together with 
sympathetic nervous system activation and arginine vasopressin 
(AVP) release, is one of the major responsible for the maintenance 
of venous return and systemic blood pressure during periods of 
acute hemodynamic stress such as the induction of anesthesia. Thus, 
patients chronically treated with RAAS antagonists are potentially at 
higher risk of developing clinically significant hypotension after the 
induction of anesthesia because of the decreased vascular resistance 
and cardiac filling[47,48]. Intraoperative hypotension due to RAAS 
blockade can be treated with replacement of intravascular volume 
and AVP agonists (terlipressin, vasopressin) and/or adrenergic 
agonists. 
    Own genetics is a significant factor that may influence the 
hemodynamic response to RAAS antagonists in the perioperative 
period. Variable genetic susceptibility to RAAS antagonists via 
single-nucleotide polymorphisms in the genes that is functional for 
RAAS was proved[49,50]. One of these RAAS polymorphisms is ACE 
insertion/deletion polymorphism that is associated with resistance 
to ACE inhibitors and increased adverse cardiovascular and renal 
effects[51,52]. 
    Several studies focused on the effect on hemodynamic responses 
after intubation in patients taking ACEIs before surgery. In a 
randomized controlled study, effect of sublingual captopril on the 
pressor response to intubation was studied and the patients in the 
captopril group developed more hypotension than the patients in 
the placebo group[53]. In another randomized controlled study, two 
groups of patients undergoing non-cardiac surgery chronically 
treated with ACEIs for hypertension were compared, and rate of 
post-induction hypotension was significantly higher in patients who 
were administered ACEIs on the morning of surgery than in patients 
ACEIs were withdrawn[54]. 
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controlled trial, there was not any difference among all groups in 
the frequency of first degree heart block and it was concluded that 
calcium channel blockers could be continue, even concurrently with 
beta blockers, without any cardiac conduction abnormalities[29]. 
    It will be better to be aware that calcium channel blockers can 
potentiate not only the paralysis produced by neuromuscular 
blocking drugs, but also the theophylline and digoxin effects. 
The bioavailability of calcium channel blockers was affected by 
cimetidine and ranitidine in a positive manner while barbiturates 
reduce their bioavailability. There is also a concern about dangerous 
interaction between verapamil and dantrolene that is used to treat 
malignant hyperthermia. Although dantrolene’s mechanism of action 
is not understood precisely, it is thought that reducing calcium release 
from the sarcoplasmic reticulum and intracellular calcium levels 
is the main effect. Verapamil can potentiate dantrolene’s effects by 
decreasing calcium influx and produce hyperkalemia and critically 
serious myocardial depression[30]. 

AlphA-2 ADReNOReCepTOR AgONISTS
Alpha-2 agonists are known as centrally acting vasodilators and 
alpha-2 receptors in the vasomotor center of the medulla oblongata 
are the main target in decreasing the production of systemic 
adrenaline and noradrenaline and enhancing vagal tone[31,32]. The 
most widely known of the members of the group are clonidine, 
α-methyldopa, and dexmedetomidine. Clonidine has a partial agonist 
effect with an alpha-2 to alpha-1 selectivity of 39:1 and its half-
life is approximately 20 hours while Dexmedetomidine is a much 
shorter-acting intravenous alpha-2 agonist, the distribution half-life 
of 8 minutes and a terminal half-life of 3.5 hours, with an alpha-2 
to alpha-1 selectivity ratio of 1300:1[33]. Besides its antihypertensive 
action, clonidine reduces the anesthetic requirement (by≥40%) 
for volatile drugs or opioids and provides central analgesia and 
anxiolysis. It also has a beneficial anti-shivering effect. Withdrawing 
of chronic clonidine treatment may result in rebound hypertension 
thus continuing clonidine treatment is recommended. 
    Dexmedetomidine exerts its antihypertensive, analgesic and 
sedative properties by inhibiting the release of endogenous 
catecholamine at adrenoreceptors located on vascular smooth muscle 
cells, substantia gelatinosa of the spinal cord, and locus ceruleus of 
the brain, respectively[34]. It is typically used for sedation rather than 
for its antihypertensive effect.
    Alpha-2 agonists decrease the adrenergic response to the trauma of 
surgery[35] and improve hemodynamic stability in the perioperative 
period[36,37]. This effect may also create cardioprotective effect in the 
perioperative period. A meta-analysis of alpha-2 agonists to prevent 
perioperative cardiovascular complications found that their usage 
reduced mortality and myocardial infarction in patients undergoing 
non-cardiac, vascular surgery[37]. In the same meta-analysis, it was 
found that hypotensive response was not significantly occurred in the 
non-cardiac surgical patients and the side-effect profile of alpha-2 
agonists might be preferable to that of beta-blockers. Authors of this 
review conducted another meta-analysis according to the Cochrane 
methodology to determine the efficacy and safety of alpha-2 agonists 
for reducing mortality and cardiac complications among adult 
patients undergoing surgery. They found that alpha-2 adrenergic 
agonists were associated with statistically significant reductions in 
all-cause mortality, cardiac mortality, and myocardial ischemia after 
surgery and they also concluded that these potential benefits were 
counterbalanced by a significantly increased risk for perioperative 
hypotension and bradycardia[38].  
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    ARBs are increasingly being used as alternatives to ACE 
inhibitors in patients intolerant to the side effects. The difference in 
hemodynamic response between ACEIs and ARBs was demonstrated 
in several studies. It is showed in one pre-study report that all 
patients taking ARBs for hypertension on the morning of surgery 
experienced hypotension after induction of anesthesia compared 
with 60% taking beta-blockers or calcium channel blockers up to the 
same time and 67% of those taking ACE inhibitors up to the night 
before vascular surgery[55]. In addition, the degree of hypotension was 
increased in patients receiving ARBs. In a follow-up study from the 
same group, patients taking ARBs in the morning of the surgery had 
longer duration and increased level of hypotension, with an increased 
demand for vasoconstrictor therapy, than those in whom ARBs were 
stopped the day before surgery[56]. The effects of ARBs appear to be 
more exaggerated in patients receiving diuretic therapy but, as ACE 
inhibitors, serious adverse outcomes, such as myocardial infarction 
and renal failure are not seen mostly[57].  
    The timing of withdrawing of RAAS antagonists before surgery 
was investigated in several studies[56,58,59] and it was found that the 
administration of ARBs on the morning of surgery was associated 
with more frequent episodes and longer duration of hypotension than 
if ARBs was withheld. Moreover, hypotension was more common 
in patients receiving an ARB/ACEI dose within 10 h of anesthesia 
induction than 10 h before the induction of anesthesia[56,58]. It is 
recommended that patients chronically treated with ACEIs and ARBs 
should receive the last dose on the day before surgery. 
    Despite the recommendations regarding withholding the RAAS 
antagonists on the morning of surgery, some authors suggest the 
continuation of them in some circumstances. The American College 
of Physicians supports the continuation of RAAS antagonists with 
the condition of maintaining normovolemia[60]. In the presence of 
congestive heart failure, continuation of ACEIs is recommended 
as it was found more beneficial than interruption and probable 
hypotensive episodes due to ACEIs are usually responsive to volume 
expansion and vasoconstrictors[43,61]. 
    Preoperative use of RAAS antagonists may induce the 
development of postoperative renal failure[62,63]. Also, it is known that 
combination of ARBs or ACE inhibitors, diuretics and NSAIDs has 
been responsible in drug-induced renal failure[64]. In a retrospective 
cohort study, it is reported that preoperative use of ACEI/ARB was 
associated with a higher risk for AKI postoperatively[65]. 
    In line with the current literature, the decision of continuation or 
discontinuation of RAAS antagonists depends on the factors related 
to the patient such as cardiovascular status, surgical operation. 
A consideration after a full discussion with the anesthesiologist 
and surgeon, along with the maintenance of careful intraoperative 
hemodynamic monitoring and adequate intravenous volume status 
before induction of anesthesia will be better. Careful selection of 
proper anesthetic agents for induction and maintenance that do not 
disrupt hemodynamic stability (eg. Etomidate) is also necessary to 
prevent hypotensive response. 

STATINS
Statins inhibit the enzyme HMG-CoA reductase in order to reduce 
low-density lipoprotein (LDL) and triglyceride levels and increase 
high-density lipoprotein (HDL) effectively. In addition to this, 
statins, or HMG-CoA reductase inhibitors, have pleiotropic effects 
by different mechanisms that promote endothelial morphology and 
function and stabilize coronary plaques[66,67]. Thus, statins are being 
evaluated for their potential benefit in the perioperative period for 
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different mechanisms.
    In the literature many studies have focused on non-lipid-lowering 
or pleiotropic effects of statins[68-70]. In the West of Scotland Coronary 
Prevention Study (WOSCOPS) cardiovascular event rates were 
examined in statin and control groups with the same cholesterol 
level and it was found that the risk was lower in the statin group[69]. 
Statins have vasodilatory, anti-inflammatory, and anti-thrombogenic 
effects through increased endothelial nitric oxide synthase expression 
and the reduced expression of cytokines, chemokines, and adhesion 
molecules[70]. They also tend to lower C-reactive protein (CRP) 
levels that have been shown to correlate with cardiovascular 
disease risk[71,72]. In healthy persons without hyperlipidemia but 
with elevated high-sensitivity C-reactive protein levels, it was 
found that rosuvastatin significantly reduced the incidence of major 
cardiovascular events such as stroke, myocardial infarction, and 
death from cardiovascular causes[73]. Many of these pleiotropic effects 
of statins occur before a significant reduction in serum cholesterol 
levels and endothelial function improved within 24 hours of statin 
initiation[74,75]. 
    There is strong evidence that statins decrease coronary artery 
plaque size, reduce the incidence of coronary events, and improve 
survival and cardiovascular outcomes in patients with coronary heart 
disease[76-80]. However, the role of statin use in the perioperative 
period is less clear and all of the few studies were conducted in 
patients undergoing vascular surgery. Durazzo et al randomized 100 
patients undergoing vascular surgery to 20 mg atorvastatin daily or 
placebo 30 days prior to surgery for a total of 45 days and they found 
that the incidence of cardiovascular complications was significantly 
lower in the atorvastatin group than the placebo group[81]. The 
evidence for a beneficial effect of statins has also been augmented 
by a large randomized controlled trial, DECREASE III[82]. This 
trial showed that extended-release fluvastatin significantly reduces 
myocardial ischemia and the combined endpoint of cardiovascular 
death and MI in high-risk patients undergoing major vascular surgery. 
In DECREASE IV study the effect of bisoprolol and fluvastatin on 
30-day cardiac outcome in intermediate-risk patients after elective 
non-cardiac surgery was evaluated. But the study was terminated 
early because of slow patient recruitment, and as a result, it may have 
lacked statistical power to detect clinically relevant differences with 
respect to fluvastatin therapy[83]. These trials conclude that statins 
may have a greater benefit in patients with more cardiovascular risk 
factors.  
    Statins are tolerated well however low frequency of side effects 
can be seen. The possible side effects associated with statin therapy 
are gastrointestinal symptoms, headache, rash that are relatively mild 
and often transient, asymptomatic increases in liver transaminases 
and myopathy that can range from myalgia to myositis and, most 
severely, rhabdomyolysis[84,85]. Kashani et al performed a systematic 
overview of randomized statin trials to quantify the risks of 
musculoskeletal, renal, and hepatic complications associated with 
therapy and they concluded that statin therapy is associated with a 
small excess risk of transaminase elevations, but not of myalgias, 
creatine kinase elevations, rhabdomyolysis, or withdrawal of therapy 
compared with placebo[86]. Patient age, statin dosage and comorbid 
conditions are the factors that can induce the side effects. 
    There is evidence that preoperative discontinuing of chronic 
statin therapy is associated with adverse perioperative outcome. In a 
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CONClUSION
Performing an individual risk-benefit analysis is one of the most 
important parts of preoperative assessment of geriatric urologic 
patients. There is unequivocal evidence that current beta-blockade 
should be maintained in the perioperative period and initiating beta-
blockade should be limited to high-risk patients undergoing high-risk 
urological surgery. Starting beta-blockade and titrating its effects over 
at least seven days is seen reasonable. High-dose beta-blockade can 
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medication along with the perioperative period, it should be better to 
be aware of possible drug interactions. The use of RAAS antagonists 
on the day of surgery has been associated with a variable incidence 
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be reduced by stopping these drugs the day before. Although there is 
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postoperative adverse effects including worsening of renal function, 
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that focused on perioperative cardiac medications particularly in the 
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CONFlICT OF INTeReSTS      
There are no conflicts of interest with regard to the present study.

ReFeReNCeS 
1 Poldermans D, Hoeks SE, Feringa HH. Pre-operative risk assess-

ment and risk reduction before surgery. J Am Coll Cardiol 2008; 
51: 1913-1924

2 Fried LP, Tangen CM, Walston J, For the Cardiovascular Health 
Study Collaborative Research Group. Frailty in older adults: evi-
dence for a phenotype. J Gerontol. A: Biol. Sci. Med. Sci. 2001; 
56: M146-M156

3 Blaum CS, Ofstedal MB, Liang J. Low cognitive performance, 
comorbid disease, and task specific disability: findings from a na-
tionally representative survey. J. Gerontol. A: Biol. Sci. Med. Sci 
2002; 57: M523-M531

4 United Nations Publications, ED., & Dept. of Economics and 
Social Affairs, Population Division. Demographic Profile of the 
Older Populations: World Population Aging: 1950–2050. New 
York, 2002: 23-27

5 Naughton C, Feneck RO. The impact of age on 6-month survival 
in patients with cardiovascular risk factors undergoing elective 
non-cardiac surgery. Int J Clin Pract 2007; 61: 768-776

217 © 2014 ACT. All rights reserved.

Arun F et al.  Cardiac Medications and Surgery



1962-1976
16 Fleisher LA, Beckman JA, Brown KA, Calkins H, Chaikof EL, 

Fleischmann KE, Freeman WK, Froehlich JB, Kasper EK, Ker-
sten JR, Riegel B, Robb JF. 2009 ACCF/AHA focused update on 
perioperative beta blockade incorporated into the ACC/AHA 2007 
guidelines on perioperative cardiovascular evaluation and care for 
noncardiac surgery. American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines; 
American Society of Echocardiography; American Society of Nu-
clear Cardiology; Heart Rhythm Society; Society of Cardiovascu-
lar Anesthesiologists; Society for Cardiovascular Angiography and 
Interventions; Society for Vascular Medicine; Society for Vascular 
Surgery, Collaborators: Jacobs AK, Smith SC jR, Anderson JL, 
Buller CE, Creager MA, Ettinger SM, Guyton RA, Halperin JL, 
Hochman JS, Krumholz HM, Kushner FG, Lytle BW, Nishimura R, 
Page RL, Stevenson WG, Tarkington LG, Yancy CW. J Am Coll 
Cardiol 2009 Nov 24; 54(22): e13-e118

17 Shammash JB, Trost JC, Gold JM, Berlin JA, Golden MA, Kim-
mel SE. Perioperative beta-blocker withdrawal and mortality in 
vascular surgical patients. Am Heart J 2001; 141: 148-53

18 Hoeks SE, Scholte Op Reimer WJ, van Urk H, Jörning PJ, Boers-
ma E, Simoons ML, Bax JJ, Poldermans D. Increase of 1-year 
mortality after perioperative beta-blockerwithdrawal in endovas-
cular and vascular surgery patients. Eur J Vasc Endovasc Surg 
2007; 33: 13-19

19 Wallace AW, Au S, Cason BA. Association of the pattern of use of 
perioperative beta-blockade and postoperative mortality. Anesthe-
siology 2010; 113: 794-805

20 Ponten J, Biber B, Bjuro T, Henriksson BA, Hjalmarson A. Beta-
receptor blocker withdrawal. A preoperative problem in general 
surgery? Acta Anaesthesiol Scand Suppl 1982; 76: 32-37

21 Ellenberger C, Tait G, Beattie WS. Chronic beta blockade is asso-
ciated with a better outcome after elective noncardiac surgery than 
acute beta blockade: a single-center propensity-matched cohort 
study. Anesthesiology 2011; 114: 817-823

22 Conti CR. Ion channel therapy of ischemic heart disease: from 
calcium channel blockers to late sodium current inhibition. Clin 
Cardiol 2011 Feb; 34(2): 66-67

23 Elliott WJ, Ram CV. Calcium channel blockers. J Clin Hypertens 
(Greenwich) 2011 Sep; 13(9): 687-689

24 Stevens RD, Burri H, Tramer MR. Pharmacologic myocardial pro-
tection in patients undergoing noncardiac surgery: a quantitative 
systematic review. Anesth Analg 2003; 97: 623-633

25 Merin RG. Calcium channel blocking drugs and anesthetics: is the 
drug interaction beneficial or detrimental? Anesthesiology 1987; 
66: 111-113

26 Schlanz KD, Myre SA, Bottorff MB. Pharmacokinetic interactions 
with calcium channel antagonists (part II). Clin Pharmacokinet 
1991; 21: 448-460

27 Samad K, Khan F, Azam I. Hemodynamic effects of anesthetic in-
duction in patients treated with beta and calcium channel blockers. 
Middle East J Anesthesiol 2008; 19: 1111-1128

28 Howell SJ, Sear JW, Foe¨xP. Hypertension, hypertensive heart dis-
ease and perioperative cardiac risk. Br J Anaesth 2004; 92: 570-
583

29 Henling CE, Slogoff S, Kodali SV, Arlund C. Heart block after 
coronary artery bypass: effect of chronic administration of calci-
um-entry blockers and beta blockers. Anesth Analg 1984; 63: 515-
520

30 Rubin AS, Zablocki AD. Hyperkalemia, verapamil, and dan-
trolene. Anesthesiology 1987; 66: 246-249

31 Raskind MA1, Peskind ER, Veith RC, Beard JC, Gumbrecht G, 
Halter JB. Increased plasma and cerebrospinal fluid norepineph-
rine in older men: differential suppression by clonidine. Journal of 
Clinical Endocrinology and Metabolism 1988; 66: 438-443

32. Veith RC, Best JD, Halter JB. Dose-dependent suppression of 
norepinephrine appearance rate in plasma by clonidine in man. 

218© 2014 ACT. All rights reserved.

Journal of Clinical Endocrinology and Metabolism 1984; 59: 151-
155

33 Kamibayashi T, Maze M. Clinical uses of α’32-adrenergic ago-
nists. Anesthesiology 2000; 93: 1345-1349

34 Ebert TJ, Hall JE, Barney JA, Uhrich TD, Colinco MD. The ef-
fects of increasing concentrations of dexmedetomidine in humans. 
Anesthesiology. 2000; 93: 382-394

35 Aantaa R, Kanto J, Scheinin M, Kallio A, Scheinin H. Dexme-
detomidine, an alpha 2-adrenoceptor agonist, reduces anesthetic 
requirements for patients undergoing minor gynecologic surgery. 
Anesthesiology 1990; 73: 230-235

36 McSPI-EUROPE Research Group. Perioperative sympatholysis. 
Beneficial effects of the alpha 2-adrenoceptor agonist mivazerol 
on hemodynamic stability and myocardial ischemia. McSPI-
Europe Research Group. Anesthesiology 1997; 86: 346-63

37 Wijeysundera DN, Naik JS, Beattie WS. Alpha-2 adrenergic 
agonists to prevent perioperative cardiovascular complications: a 
meta-analysis. American Journal of Medicine 2003; 114: 742-752

38 Wijeysundera DN, Bender JS, Beattie WS. Alpha-2 adrenergic ag-
onists for the prevention of cardiac complications among patients 
undergoing surgery. Cochrane Database Syst Rev 2009 Oct 7; 4: 
CD004126

39 Biccard BM, Goga S, de Beurs J. Dexmedetomidine and cardiac 
protection for non-cardiac surgery: a meta-analysis of randomised 
controlled trials. Anaesthesia 2008; 63: 4-14

40 Simic J1, Kishineff S, Goldberg R, Gifford W. Acute myocardial 
infarction as a complication of clonidine withdrawal. J Emerg 
Med 2003; 25: 399-402

41 Matchar DB, McCrory DC, Orlando LA, Patel MR, Patel UD, 
Patwardhan MB, Powers B, Samsa GP, Gray RN. Systematic 
review: comparative effectiveness of angiotensin-converting en-
zyme inhibitors and angiotensin II receptor blockers for treating 
essential hypertension. Ann Intern Med 2008; 148: 16-29

42 Lakhdar R, Al-Mallah MH, Lanfear DE. Safety and tolerability of 
angiotensinconverting enzyme inhibitor versus the combination of 
angiotensin-converting enzyme inhibitor and angiotensin receptor 
blocker in patients with left ventricular dysfunction: a systematic 
review and meta-analysis of randomized controlled trials. J Card 
Fail 2008; 14: 181-188

43 Winkelmayer WC, Fischer MA, Schneeweiss S, Levin R, Avorn J. 
Angiotensin inhibition after myocardial infarction: does drug class 
matter? J Gen Intern Med 2006; 21: 1242-1247

44 Casas JP, Chua W, Loukogeorgakis S, Vallance P, Smeeth L, Hin-
gorani AD, MacAllister RJ. Effect of inhibitors of the reninangio-
tensin system and other antihypertensive drugs on renal outcomes: 
systematic review and meta-analysis. Lancet 2005; 366: 2026-
2033

45 Stojiljkovic L, Behnia R. Role of renin angiotensin system inhibi-
tors in cardiovascular and renal protection: a lesson from clinical 
trials. Curr Pharm Des 2007; 13: 1335-1345

46 Varin R, Mulder P, Tamion F, Richard V, Henry JP, Lallemand F, 
Lerebours G, Thuillez C. Improvement of endothelial function by 
chronic angiotensin-converting enzyme inhibition in heart failure: 
role of nitric oxide, prostanoids, oxidant stress, and bradykinin. 
Circulation 2000; 102: 351-356

47 Behnia R, Molteni A, Igic R. Angiotensin-converting enzyme 
inhibitors: mechanisms of action and implications in anesthesia 
practice. Curr Pharm Des 2003; 9: 763-776

48 Groban L, Butterworth J. Perioperative management of chronic 
heart failure. Anesth Analg 2006; 103: 557-575

49 Su X, Lee L, Li X, Lv J, Hu Y, Zhan S, Cao W, Mei L, Tang YM, 
Wang D, Krauss RM, Taylor KD, Rotter JI, Yang H. Association 
between angiotensinogen, angiotensin II receptor genes, and blood 
pressure response to an angiotensin-converting enzyme inhibitor. 
Circulation 2007; 115: 725-732

50 Jeunemaitre X. Genetics of the human renin angiotensin system. J 
Mol Med 2008; 86: 637-641

Arun F et al.  Cardiac Medications and Surgery



219 © 2014 ACT. All rights reserved.

Arun F et al.  Cardiac Medications and Surgery

A B
51 Brugts JJ, den Uil CA, Danser AH, Boersma E. The renin-

angiotensin-aldosterone system: approaches to guide angiotensin-
converting enzyme inhibition in patients with coronary artery 
disease. Cardiology 2009; 112: 303-312

52 Rudnicki M, Mayer G. Significance of genetic polymorphisms of 
the renin- angiotensin-aldosterone system in cardiovascular and 
renal disease. Pharmacogenomics 2009; 10: 463-476

53 McCarthy GJ, Hainsworth M, Lindsay K, Wright JM, Brown TA. 
Pressor responses to tracheal intubation after sublingual captopril. 
A pilot study. Anaesthesia 1990; 45: 243-245

54 Coriat P, Richer C, Douraki T, Gomez C, Hendricks K, Giudicelli 
JF, Viars P. Influence of chronic angiotensin-converting enzyme 
inhibition on anesthetic induction. Anesthesiology 1994; 81: 299-
307

55 Brabant SM, Bertrand M, Eyraud D, Darmon PL, Coriat P. The 
hemodynamic effects of anesthetic induction in vascular surgical 
patients chronically treated with angiotensin II receptor antago-
nists. Anesth Analg 1999; 88: 1388-1392

56 Bertrand M, Godet G, Meersschaert K, Brun L, Salcedo E, Coriat 
P. Should the angiotensin II antagonists be discontinued before 
surgery? Anesth Analg 2001;92:26–30

57 Kheterpal S, Khodaparast O, Shanks A, O’Reilly M, Tremper KK. 
Chronic angiotensin converting enzyme inhibitor or angiotensin 
receptor blocker therapy combined with diuretic therapy is associ-
ated with increased episodes of hypotension in noncardiac surgery. 
J Cardiothorac Vasc Anesth 2008; 22: 180-186

58 Comfere T, Sprung J, Kumar MM, Draper M, Wilson DP, Wil-
liams BA, Danielson DR, Liedl L, Warner DO. Angiotensin 
system inhibitors in a general surgical population. Anesth Analg 
2005;100:636-44

59 Schirmer U, Schurmann W. Angiotensin system inhibitors in a 
general surgical population. Anesth Analg 2005; 100: 636-644

60 Cohn SL. Perioperative cardiovascular medication management. 
In: ACP PIER: Perioperative Medication Management. 2010. 
http://pier.acponline.org/physicians/ diseases/d835/pdf/d835.pdf.

61 Cohn SL. Perioperative cardiovascular medication management. 
In: ACP PIER: Perioperative Medication Management. 2010. 
http://pier.acponline.org/physicians/ diseases/d835/pdf/d835.pdf.

62 Cittanova ML, Zubicki A, Savu C, Montalvan C, Nefaa N, Zaier K, 
Riou B, Coriat P. The chronic inhibition of angiotensin converting 
enzyme impairs postoperative renal function. Anesth Analg 2001; 
93: 1111-1115

63 Miceli A, Capoun R, Fino C, Narayan P, Bryan AJ, Angelini GD, 
Caputo M. The chronic inhibition of angiotensin converting en-
zyme impairs postoperative renal function. Anesth Analg 2001; 
93: 1111-1115

64 Boyd IW, Mathew TH, Thomas MC. Effects of angiotensin-con-
verting enzyme inhibitor therapy on clinical outcome in patients 
undergoing coronary artery bypass grafting. J Am Coll Cardiol 
2009; 54: 1778-1784  

65 Arora P, Rajagopalam S, Ranjan R, Kolli H, Singh M, Venuto R, 
Lohr J. Preoperative use of angiotensin converting enzyme inhibi-
tors/angiotensin receptor blockers is associated with increased risk 
for acute kidney injury after cardiovascular surgery. Clin J Am Soc 
Nephrol 2008; 3: 1266-1273

66 Libby P, Aikawa M. Mechanisms of plaque stabilization with 
statins. Am J Cardiol 2003; 91: 4B–8B

67 Klingenberg R, Hansson GK. Treating inflammation in athero-
sclerotic cardiovascular disease: emerging therapies. Eur Heart J 
2009; 30: 2838-2844

68 Laufs U, Wassmann S, Hilgers S, Ribaudo N, Bohm M, Nickenig 
G. Rapid effects on vascular function after initiation and with-
drawal of atorvastatin in healthy, normocholesterolemic men. Am 
J Cardiol 2001; 88: 1306-1307

69 Influence of pravastatin and plasma lipids on clinical events in the 
West of Scotland Coronary Prevention Study (WOSCOPS). Cir-
culation 1998; 97: 1440-1445

70 Liao JK. Effects of statins on 3-hydroxy-3-methylglutaryl coen-
zyme a reductase inhibition beyond low-density lipoprotein cho-
lesterol. Am J Cardiol 2005; 96: 24F-33F

71    Albert MA, Danielson E, Rifai N, Ridker PM. Effect of statin 
therapy on C-reactive protein levels: the pravastatin inflammation/
CRP evaluation (PRINCE): a randomized trial and cohort study. 
JAMA. 2001; 286: 64-70

72 Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM Jr, 
Kastelein JJ, Koenig W, Libby P, Lorenzatti AJ, MacFadyen JG, 
Nordestgaard BG, Shepherd J, Willerson JT, Glynn RJ; JUPITER 
Study Group. Measurement of C-reactive protein for the target-
ing of statin therapy in the primary prevention of acute coronary 
events. N Engl J Med 2001; 344: 1959-1965

73   Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM Jr, 
Kastelein JJ, Koenig W, Libby P, Lorenzatti AJ, MacFadyen JG, 
Nordestgaard BG, Shepherd J, Willerson JT, Glynn RJ; JUPI-
TER Study Group. Rosuvastatin to prevent vascular events in 
men and women with elevated C-reactive protein. N Engl J Med. 
2008;359:2195-2207.

74 Omori H, Nagashima H, Tsurumi Y, Takagi A, Ishizuka N, Hagi-
wara N, Kawana M, Kasanuki H. Rosuvastatin to prevent vascular 
events in men and women with elevated C-reactive protein. N 
Engl J Med 2008; 359: 2195-2207

75 Wassmann S, Faul A, Hennen B, Scheller B, Bohm M, Nickenig G. 
Rapid effect of 3-hydroxy-3-methylglutaryl coenzyme a reductase 
inhibition on coronary endothelial function. Circ Res 2003; 93: 
e98-e103

76 Randomised trial of cholesterol lowering in 4444 patients with 
coronary heart disease: the Scandinavian Simvastatin Survival 
Study (4S). Lancet 1994; 344: 1383-1389

77 Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, 
Cole TG, Brown L, Warnica JW, Arnold JM, Wun CC, Davis BR, 
Braunwald E. The effect of pravastatin on coronary events after 
myocardial infarction in patients with average cholesterol levels: 
Cholesterol and Recurrent Events Trial investigators. N Engl J 
Med 1996; 335: 1001-1009

78 Prevention of cardiovascular events and death with pravastatin in 
patients with coronary heart disease and a broad range of initial 
cholesterol levels. The Long-Term Intervention with Pravastatin 
in Ischaemic Disease (LIPID) Study Group. N Engl J Med 1998; 
339: 1349-1357

79 MRC/BHF Heart Protection Study of cholesterol lowering with 
simvastatin in 20,536 high-risk individuals: a randomized place-
bo-controlled trial. Lancet 2002; 360: 7-22

80  Shepherd J, Blauw GJ, Murphy MB, Bollen EL, Buckley BM, 
Cobbe SM, Ford I, Gaw A, Hyland M, Jukema JW, Kamper AM, 
Macfarlane PW, Meinders AE, Norrie J, Packard CJ, Perry IJ, 
Stott DJ, Sweeney BJ, Twomey C, Westendorp RG; PROSPER 
study group. Pravastatin in elderly individuals at risk of vascular 
disease (PROSPER): a randomised controlled trial. Lancet 2002; 
360: 1623-1630

81 urazzo AE, Machado FS, Ikeoka DT, De Bernoche C, Monachini 
MC, Puech-Leão P, Caramelli B. Reduction in cardiovascular 
events after vascular surgery with atorvastatin: a randomized trial. 
J Vasc Surg 2004; 39: 967-975

82 Schouten O, Boersma E, Hoeks SE, Benner R, van Urk H, van 
Sambeek MR, Verhagen HJ, Khan NA, Dunkelgrun M, Bax JJ, 
Poldermans D; Dutch Echocardiographic Cardiac Risk Evaluation 
Applying Stress Echocardiography Study Group. Fluvastatin and 
perioperative events in patients undergoing vascular surgery. N 
Engl J Med 2009;361:980-989.

83 Dunkelgrun M, Boersma E, Schouten O, Koopman-van Gemert 
AW, van Poorten F, Bax JJ, Thomson IR, Poldermans D; Dutch 
Echocardiographic Cardiac Risk Evaluation Applying Stress 
Echocardiography Study GroupBisoprolol and fluvastatin for the 
reduction of perioperative cardiac mortality and myocardial in-
farction in intermediate-risk patients undergoing noncardiovascu-



220© 2014 ACT. All rights reserved.

Arun F et al.  Cardiac Medications and Surgery

lar surgery: a randomized controlled trial (DECREASE-IV). Ann 
Surg. 2009;249:921-926.

84 Expert Panel on Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults. Third Report of the National Cho-
lesterol Education Program (NCEP) Expert Panel on Detection, 
Evaluation, and Treatment of High Blood Cholesterol in Adults 
(Adult Treatment Panel III). Final report. Circulation 2002; 106: 
3143-3421

85 Bellosta S, Paoletti R, Corsini A. Safety of statins: focus on clini-
cal pharmacokinetics and drug interactions. Circulation 2004; 
109: III50-III57

86 Kashani A, Phillips CO, Foody JM, Wang Y, Mangalmurti S, Ko 
DT, Krumholz HM. Risks associated with statin therapy: a sys-
tematic overview of randomized clinical trials. Circulation 2006; 
114: 2788-2797

87 Le Manach Y, Godet G, Coriat P, Martinon C, Bertrand M, Fléron 
MH, Riou B. The impact of postoperative discontinuation or con-
tinuation of chronic statin therapy on cardiac outcome after major 
vascular surgery. Anesth Analg 2007; 104: 1326-1333

88 Schouten O1, Hoeks SE, Welten GM, Davignon J, Kastelein JJ, 
Vidakovic R, Feringa HH, Dunkelgrun M, van Domburg RT, Bax 
JJ, Poldermans D. Effect of statin withdrawal on frequency of car-
diac events after vascular surgery. Am J Cardiol 2007; 100: 316-
320

89 Beri A, Sural N, Mahajan SB: Non-atheroprotective effects of 
statins: a systematic review. Am J Cardiovasc Drugs 2009; 9: 361-
370

90 Biccard BM, Sear JW, Foëx P: The pharmaco-economics of peri-
operative statin therapy. Anaesthesia 2005; 60: 1059-1063                       

Peer reviewers: Minmin Zhu, Department of Anaesthesiology, 
Fudan University Shanghai Cancer Centre, Department of 
Oncology, Shanghai Medical College, Fudan Universi ty 
Department of Anesthesiology, Fudan University Shanghai Cancer 
Center, No270 DongAn Road, Shanghai, 200032, P.R.China; 
Antonio Perez Ferrer, Department of Pediatric Anesthesiology and 
Critical care, La Paz University Hospital, Paseo de la Castellana nº 
261. Madrid, 28046, Spain.


