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Statins have become one of the most commonly pre-
scribed drugs worldwide in the prevention of cardiovas-
cular disease. Most benefits are secondary to inhibition 
of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA 
reductase) which lowers low-density lipoprotein cho-
lesterol levels. However, statins also have cholesterol-
independent, pleiotropic effects that occur within hours 
of initiation and include improved endothelial func-
tion, anti-apoptotic, anti-inflammatiory, antioxidant, 
antithrombotic, and immunomodulatory effects [1].

Cardiac surgery-associated acute kidney injury (AKI) 
is the second most common cause of AKI in critically ill 
patients. It is associated with poor short- and long-term 
outcome [2]. Attempts at pharmacologic prevention have 
been disappointing. Its pathogenesis is complex, but 
inflammation, oxidative stress, and endothelial dysfunc-
tion are pathogenic factors [2] that could, potentially, be 
mitigated by the pleiotropic effects of statins. Animal 
models of ischemia–reperfusion indeed show a benefi-
cial effect of statins on kidney function [3]. In patients 
receiving radiocontrast for coronary angiography and 
percutaneous coronary interventions, statins reduce 
the incidence of post-contrast AKI [4]. In the setting of 
cardiac surgery, observational trials found inconsist-
ent results regarding the association between preopera-
tive statin use and postoperative AKI [5, 6]. A Cochrane 
meta-analysis of small randomized controlled trials 
(RCTs), mostly with high risk of bias, could, however, 
not find a beneficial effect of statins on AKI after cardiac 

surgery [7]. This meta-analysis concludes that large high-
quality trials are required.

In an article published in Intensive Care Medicine, Park 
et  al. report an investigator-initiated double-blind ran-
domized placebo-controlled trial evaluating the periop-
erative short-term use of high-dose atorvastatin in 200 
statin-naïve patients scheduled for elective valvular heart 
surgery [8]. The choice for valvular surgery is motivated 
by the high prevalence of statin use in coronary artery 
bypass graft (CABG) patients and the possible rebound 
inflammatory response due to statin withdrawal [9]. Base-
line characteristics and surgical procedures were well bal-
anced. The primary endpoint, the incidence of AKI within 
the first 48  h according to the Acute Kidney Injury Net-
work (AKIN) criteria, was not affected (21 % in the statin 
group and 26 % in the control group; p = 0.404). Only 6 % 
in both groups had AKI stage 2 or 3. In addition, more 
sensitive markers of kidney injury (creatinine, NGAL) and 
inflammation (IL-18, CRP), the secondary endpoints, were 
comparable between groups. Intraoperative vasopressor 
requirement was lower in the statin group, but this did not 
reflect in clinical benefit. There was no evidence for toxic-
ity in terms of creatinine kinase (CK > 5000 U) [8].

Two other recent RCTs evaluated the renoprotec-
tive effect of statins in elective cardiac surgery [10, 11]. 
The first RCT randomized 199 statin-naïve patients and 
416 patients already taking statins before surgery to a 
short course of high-dose atorvastatin or placebo. Statin 
treatment was resumed on day 2 in those taking statins 
before surgery. AKI occurred in 20.8 % in the atorvastatin 
group versus 19.5 % in the placebo group. The trial was 
stopped early because of futility. The statin-naïve arm 
was stopped even earlier by the safety monitoring board 
because of a higher incidence of AKI with statins (21.6 
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versus 13.4  %), a difference that became significant in 
the statin-naïve group with chronic kidney disease (52.9 
versus 15.8  %; p  =  0.03). In addition, the statin-naïve 
subgroup showed a significantly higher postoperative 
increase of serum creatinine with atorvastatin (p = 0.007) 
[10]. In the second RCT the primary endpoint was the 
incidence of atrial fibrillation, with AKI being only a sec-
ondary endpoint. This trial included 1955 patients and 
found an increased incidence of AKI (24.7 versus 19.3 %) 
with rosuvastatin, despite a decrease of CRP as marker of 
inflammation [11].

The trial by Park et al. was well executed with trial reg-
istration, adequate randomization, allocation conceal-
ment, blinding, intention-to-treat analysis, complete 
follow-up, and use of objective endpoints. However, 
the sample size calculation assumed a higher baseline 
incidence resulting in the loss of power. Although the 
authors included AKIN urine output criteria, none of the 
patients reached these criteria because of an institutional 
protocol including the administration of diuretics in 
fluid-unresponsive oliguria. Other limitations include the 
single-center nature, the short follow-up (48 h for kidney 
function and 6 h for NGAL and IL-18), and the inclusion 
of elective surgery patients only.

The absence of an effect of statins on the incidence of 
postoperative AKI may have several explanations. First, 
the Park study may have lacked power. However, more 
sensitive markers of kidney injury were not affected and 
the results are confirmed by the other recent RCTs. Sec-
ond, the absence of kidney protection could be related to 
the absence of an anti-inflammatory effect. However, the 
Zheng trial found a reduction of postoperative CRP while 
the incidence of AKI was increased [11]. Third, insuf-
ficient dosing is implausible because doses of atorvasta-
tin of 20 mg or more are considered high. Alternatively, 
the dose may have caused too high serum levels because 
of interactions with cytochrome P450 3A4 inhibitors 
which delay statin breakdown [12]. However, hepatic or 
muscular toxicity was not found.

Finally, the lack of renoprotective effect may be related 
to statin-induced depletion of ubiquinone (also known 
as coenzyme Q10) and subsequent mitochondrial dys-
function [13]. Ubiquinone is an electron carrier in the 
mitochondrial respiratory chain which generates ATP. 
Low ubiquinone concentrations may limit energy pro-
duction (see Fig. 1). The ubiquinone effect might explain 
the discrepant results of statins in different forms of AKI: 
protection in contrast-induced AKI [4], lack of effect or 
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Fig. 1  The respiratory chain, which transfers electrons (e−) via redox reactions coupled to the transfer of protons (H+) across the mitochondrial 
membrane creating an electrochemical gradient that is finally used by ATP synthase to produce energy in the form of ATP. Complex I accepts elec‑
trons from the Krebs cycle and passes them to coenzyme Q (ubiquinone), which also receives electrons from complex II. Electrons are subsequently 
passed to complex III, cytochrome C (Cyt C), and complex IV, which uses the electrons and hydrogen ions to reduce molecular oxygen to water
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possible harm in cardiac surgery-induced AKI [8, 10, 11], 
and possible toxicity as manifested by fewer days of renal 
and hepatic failure in patients with sepsis-induced ARDS 
[14]. Contrary to post-contrast AKI, cardiac surgery- 
and sepsis-induced AKI might be associated with more 
ischemia/reperfusion and associated mitochondrial dam-
age, leading to bioenergetic failure, an emerging explana-
tion for multiple organ dysfunction and AKI [15].

Statins may augment this bioenergetic failure [13]. This 
does not necessarily lead to high CK concentrations, 
the common signal for statin toxicity. The kidney may 
be more sensitive to bioenergetic failure after cardiac 
surgery than muscle. Furthermore, ubiquinone also has 
antioxidant properties and low concentrations diminish 
mitochondrial antioxidant protection. While the anti-
inflammatory actions of statins may protect the kidney, 
their ubiquinone-lowering effects may decrease mito-
chondrial energy production and antioxidant protection, 
and may thereby be counterproductive [13]. High plasma 
concentrations due to critical illness- or medication-
related inhibition of statin metabolism could enhance 
these effects.

In conclusion, contrary to protective effects on AKI 
after contrast administration, statins are not renopro-
tective after cardiac surgery. Signals of possible harm in 
studies after cardiac surgery and in sepsis-induced ARDS 
warrant further research on the ubiquinone-lowering 
effect of statins, which might aggravate an already com-
promised mitochondrial energy production.

Author details
1 Division of Cellular and Molecular Medicine, Clinical Department and Labora‑
tory of Intensive Care Medicine, KU Leuven University, Herestraat 49, 3000  
Louvain, Belgium. 2 Department of Adult Intensive Care, VU University Medical 
Center, De Boelelaan 1117, 1081HV Amsterdam, The Netherlands. 

Compliance with ethical standards

Conflicts of interest
None.

Received: 10 June 2016   Accepted: 13 June 2016
Published online: 20 June 2016

References
	1.	 Kavalipati N, Shah J, Ramakrishan A, Vasnawala H (2015) Pleiotropic 

effects of statins. Indian J Endocrinol Metab 19:554–562
	2.	 Thiele RH, Isbell JM, Rosner MH (2015) AKI associated with cardiac sur‑

gery. Clin J Am Soc Nephrol 10:500–514
	3.	 Gueler F, Rong S, Park JK, Fiebeler A, Menne J, Elger M, Mueller DN, 

Hampich F, Dechend R, Kunter U, Luft FC, Haller H (2002) Postischemic 
acute renal failure is reduced by short-term statin treatment in a rat 
model. J Am Soc Nephrol 13:2288–2298

	4.	 Wang N, Qian P, Yan TD, Phan K (2016) Periprocedural effects of statins 
on the incidence of contrast-induced acute kidney injury: a systematic 
review and trial sequential analysis. Int J Cardiol 206:143–152

	5.	 Liakopoulos OJ, Choi YH, Haldenwang PL, Strauch J, Wittwer T, Dörge H, 
Stamm C, Wassmer G, Wahlers T (2008) Impact of preoperative statin ther‑
apy on adverse postoperative outcomes in patients undergoing cardiac 
surgery: a meta-analysis of over 30,000 patients. Eur Heart J 29:1548–1559

	6.	 Wang J, Gu C, Gao M, Yu W, Yu Y (2015) Preoperative statin therapy and 
renal outcomes after cardiac surgery: a meta-analysis and meta-regres‑
sion of 59,771 patients. Can J Cardiol 31:1051–1060

	7.	 Lewicki M, Ng I, Schneider AG (2015) HMG CoA reductase inhibitors 
(statins) for preventing acute kidney injury after surgical procedures 
requiring cardiac bypass. Cochrane Database Syst Rev 3:CD010480

	8.	 Park JH, Shim JK, Song JW, Soh S, Kwak YL (2016) Effect of atorvastatin on 
the incidence of acute kidney injury following valvular heart surgery: a 
randomized, placebo-controlled trial. Intensive Care Med. doi:10.1007/
s00134-016-4358-8

	9.	 Billings FT 4th, Pretorius M, Siew ED, Yu C, Brown NJ (2010) Early postop‑
erative statin therapy is associated with a lower incidence of acute kidney 
injury after cardiac surgery. J Cardiothorac Vasc Anesth 24:913–920

	10.	 Billings FT 4th, Hendricks PA, Schildcrout JS, Shi Y, Petracek MR, Byrne 
JG, Brown NJ (2016) High-dose perioperative atorvastatin and acute 
kidney injury following cardiac surgery: a randomized clinical trial. JAMA 
315:877–88

	11.	 Zheng Z, Jayaram R, Jiang L, Emberson J, Zhao Y, Li Q, Du J, Guarguagli 
S, Hill M, Chen Z, Collins R, Casadei B (2016) Perioperative rosuvastatin in 
cardiac surgery. N Engl J Med 374:1744–1753

	12.	 Neuvonen PJ (2010) Drug interactions with HMG-CoA reductase inhibi‑
tors (statins): the importance of CYP enzymes, transporters and pharma‑
cogenetics. Curr Opin Investig Drugs 11:323–332

	13.	 Brealey DA, Singer M, Terblanche M (2011) Potential metabolic conse‑
quences of statins in sepsis. Crit Care Med 39:1514–1520

	14.	 National Heart, Lung, and Blood Institute ARDS Clinical Trials Network, 
Truwit JD, Bernard GR, Steingrub J, Matthay MA, Liu KD, Albertson TE, 
Brower RG, Shanholtz C, Rock P, Douglas IS, deBoisblanc BP, Hough CL, 
Hite RD, Thompson BT (2014) Rosuvastatin for sepsis-associated acute 
respiratory distress syndrome. N Engl J Med 370:2191–2200

	15.	 Singer M (2014) The role of mitochondrial dysfunction in sepsis-induced 
multi-organ failure. Virulence 5:66–72

http://dx.doi.org/10.1007/s00134-016-4358-8
http://dx.doi.org/10.1007/s00134-016-4358-8

	Statins do not prevent cardiac surgery-associated AKI: is ubiquinone the missing link?
	References




