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Abstract 

Purpose:  Statins, 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors have the potential to 
reduce acute kidney injury (AKI) after cardiac surgery through their pleiotropic properties. Here we studied the pre‑
ventive effect of atorvastatin on AKI after valvular heart surgery.

Methods:  Two-hundred statin-naïve patients were randomly allocated to receive either statin or placebo. Atorvas‑
tatin was administered orally to the statin group according to a dosage schedule (80 mg single dose on the evening 
prior to surgery; 40 mg on the morning of surgery; three further doses of 40 mg on the evenings of postoperative 
days 0, 1, and 2). AKI incidence was assessed during the first 48 postoperative hours on the basis of Acute Kidney 
Injury Network criteria.

Results:  The incidence of AKI was similar in the statin and control groups (21 vs. 26 %, respectively, p = 0.404). Bio‑
markers of renal injury including plasma neutrophil gelatinase-associated lipocalin and interleukin-18 were also simi‑
lar between the groups. The statin group required significantly less norepinephrine and vasopressin during surgery, 
and fewer patients in the statin group required vasopressin. There were no significant differences in postoperative 
outcomes.

Conclusions:  Acute perioperative statin treatment was not associated with a lower incidence of AKI or improved 
clinical outcome in patients undergoing valvular heart surgery. (ClinicalTrials.gov NCT01909739).
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Introduction
Cardiac surgery with cardiopulmonary bypass (CPB) 
induces decreased renal perfusion and bursts of 

inflammatory mediators or emboli that may lead to 
acute kidney injury (AKI), and its incidence still remains 
30–50 % despite advances in CPB technology [1, 2]. Con-
sidering the adverse clinical impact of AKI [3, 4], clini-
cal strategies to limit the risk of AKI seem imperative for 
cardiac surgical patients.

Statins, 3-hydroxy-3-methylglutaryl coenzyme  A 
(HMG-CoA) reductase inhibitors, have gained atten-
tion as a way to reduce AKI after cardiovascular surgery 
through their anti-inflammatory and antioxidant activi-
ties [5]. Indeed, results of randomized controlled studies 
showed that not only continuing or postprocedural statin 
treatment but also short-term pretreatment with statins 
significantly reduced contrast-induced AKI [6] and major 
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Take-home message: The effect of statin in ameliorating acute kidney 
injury induced by valvular heart surgery with cardiopulmonary bypass 
was studied. Acute perioperative statin treatment was not associated 
with the reduction of incidence of acute kidney injury.

This study was presented in part as an abstract at American Society of 
Anesthesiologists Annual Meeting 2015, San Diego, CA, USA, October 
24–28, 2015.
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adverse cardiac events [7], which were also depicted by 
meta-analyses [8, 9].

Conversely, the effects of statins on cardiac surgery-
induced AKI are inconsistent in randomized controlled 
[10], retrospective [11], and observational studies [12]. 
Above all, only a few studies evaluated the impact of 
statins on patient outcomes after cardiac surgery pro-
spectively, while most studies described retrospective or 
observational data. So far, two randomized controlled 
studies prospectively investigated the effect of statins on 
AKI following cardiac surgery and both reported a neu-
tral effect. Yet, both studies included statin users [10], 
and only a subanalysis of statin-naïve patients of a large 
randomized controlled trial revealed that atorvastatin did 
not reduce the cardiac surgery-induced AKI incidence 
[13]. Studies addressing the effect of short-term statin 
treatment on cardiac surgery-induced AKI in only statin-
naïve patients is lacking heretofore.

In this prospective, double-blind, randomized, placebo-
controlled trial, we investigated the effect of perioperative 
atorvastatin on AKI in statin-naïve patients undergoing 
valvular heart surgery.

Methods
Patients
This study was conducted at Severance Hospital, Yon-
sei University Health System, Seoul, Korea, approved 
by our institutional review board (IRB number, 4-2013-
0334), and registered at http://www.ClinicalTrials.gov 
(NCT01909739). Two-hundred statin-naïve patients 
(older than 20 years) scheduled for elective valvular heart 
surgery were randomly assigned in a 1:1 ratio to either 
the statin or control group using a computerized rand-
omization table. From both groups, 100 patients were 
randomly selected at a 1:1 ratio for the measurement 
of plasma neutrophil gelatinase-associated lipocalin 
(NGAL) and interleukin (IL)-18 levels. Exclusion criteria 
were pre-existing renal dysfunction (estimated glomeru-
lar filtration rate less than 15 ml/min/1.73 m2; calculated 
from the Modification of Diet in Renal Disease Study 
equation) [14], left ventricular ejection fraction less than 
30  %, severe coronary artery occlusive disease, active 
liver disease or cirrhosis, preoperative unexplained eleva-
tion of serum transaminases, history of rhabdomyolysis, 
preoperative unexplained elevation of creatinine kinase, 
hemodynamically unstable arrhythmia, preoperative car-
diogenic shock, or mechanical support.

Treatment
Atorvastatin was administered orally for the statin group 
according to the following protocol: 80  mg single dose 
on the evening prior to surgery; 40  mg on the morn-
ing of surgery; and three further doses of 40 mg on the 

evenings of postoperative days (POD) 0, 1, and 2. Placebo 
was administered in the control group according to the 
same schedule. Patients received study drugs through a 
nasogastric tube if mechanical ventilation was continued. 
A nurse who was not involved in this study prepared the 
study drug according to the randomization table.

Clinical evaluations
The primary end point was the incidence of postopera-
tive AKI as defined by the Acute Kidney Injury Network 
(AKIN) criteria [15] as an absolute increase in serum 
creatinine (sCr) concentration of at least 0.3 mg/dl from 
baseline or at least 50 % increase in sCr concentration or 
urine output (UO) less than 0.5  ml/kg/h for more than 
6 h within 48 h after surgery. The secondary end points 
were changes in serum biomarkers including sCr, plasma 
NGAL, and IL-18 during the perioperative period. sCr 
was recorded 24 h before surgery; on arrival to the inten-
sive care unit (ICU); and on POD 1, 2, 3, and 5. Plasma 
NGAL and IL-18 were measured in 100 randomly 
selected patients after anesthetic induction and at 1 and 
6 h after removal of the aortic cross clamp (ACC). Plasma 
NGAL was measured with a human lipocalin-2/NGAL 
ELISA kit (R&D System Inc., Minneapolis, MN, USA). 
IL-18 was measured with a quantitative test for human 
IL-18 ELISA kit (MBL, Nagoya, Japan).

White blood cell counts (WBCs) and percentage of 
neutrophil counts were assessed 1  day before surgery 
and on POD 1, 2, 3, and 5. C-reactive protein (CRP) was 
measured 1 day before surgery and on POD 1. Total cho-
lesterol and low-density lipoprotein (LDL) levels were 
measured 1 day before surgery and POD 5.

Preoperative variables included demographic data, 
type of surgery, cardiovascular risk factors [age greater 
than 65  years, hypertension, diabetes, smoking (current 
or former), and hyperlipidemia] [16], history of stroke, 
preoperative contrast use within 7 days, New York Heart 
Association Functional Classification, preoperative left 
ventricular ejection fraction, medications, logistic Euro-
SCORE, and the Cleveland Clinic Score to assess the risk 
of renal failure (low risk, scores 0–2; intermediate risk, 
3–5; high risk, more than 6) [17]. Intraoperative variables 
included operation time, durations of ACC and CPB, use 
of vasopressors or milrinone, fluid balance, and transfu-
sion requirement. Postoperative variables included the 
dose of vasopressors or milrinone, fluid balance, chest 
tube drainage, and transfusion requirement.

Need for renal replacement therapy, reoperation, rein-
tubation, readmission to ICU, length of ICU and hospital 
stays, prolonged mechanical ventilation for more than 
48  h, postoperative new-onset atrial fibrillation, stroke, 
in-hospital mortality, and readmission within 30  days 
after discharge were assessed. Significantly elevated 
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serum transaminase levels (more than three times the 
upper limit of normal on two or more measurements) 
[18] and elevated serum creatinine kinase were assessed 
as safety outcomes. All assessed perioperative vari-
ables were recorded by anesthesiologists who were not 
involved in the study according to the prescribed case 
report forms.

Perioperative management
Clinicians involved in the patients’ perioperative man-
agement were blinded to the patients’ groups and fol-
lowed institutional standard protocols [19]. In brief, 
anesthesia was maintained with sevoflurane and sufen-
tanil. CPB was instituted with a membrane oxygenator 
primed with 1.6  l priming solution consisting of 100 ml 
20 % human albumin, 20 % mannitol (0.5 g/kg), sodium 
bicarbonate (20  mEq), heparin (2000  IU), and acetated 
Ringer’s solution (Plasma Solution A Inj.; CJ Pharma, 
Seoul, Korea). A non-pulsatile pump flow rate was main-
tained at 2.0–2.4  l/min/m2 under mild hypothermia 
(32–33  °C) using alpha-stat management. Ultrafiltration 
was applied to patients with clinical evidence of excessive 
body water before surgery (peripheral edema, rales, radi-
ographic evidence of fluid overload in lung), hematocrit 
level less than 18 % during CPB, or expected CPB dura-
tion of longer than 2  h. After heparin was antagonized 
with protamine, salvaged blood from the CPB circuit was 
washed through a cell saver and then transfused before 
the end of surgery. Packed red blood cells (pRBC) were 
transfused when hematocrit was less than 20  % during 
CPB or less than 25 % before and after CPB. Fresh frozen 
plasma (FFP) and platelets were transfused according to 
the institutional guidelines [19, 20]. During the operation 
including CPB, mean arterial blood pressure was main-
tained at 60–80 mmHg using norepinephrine and vaso-
pressin [21]. First, norepinephrine was started at 0.01 µg/
kg/min (titrated to a maximum of 0.3 µg/kg/min). If the 
target mean arterial pressure could not be maintained 
with escalating doses of norepinephrine, vasopressin was 
added and infused at 2.4–4 unit/h. Milrinone was prefer-
entially used if the left ventricular ejection fraction was 
less than 30 % or in cases of right ventricular dysfunction 
and/or pulmonary hypertension. For fluid resuscitation, 
acetated Ringer’s solution [6–8 ml/kg/h (intraoperatively) 
or 2–4  ml/kg/h (postoperatively)] and colloid solution 
(Voluven; Fresenius Kabi, Graz, Austria; to compen-
sate for blood loss up to a maximal dose of 20 ml/kg per 
day) were used. All patients were transferred to the ICU. 
When UO decreased below 1 ml/kg/h for 30 min, 200 ml 
of acetated Ringer’s solution was infused first, and then 
a bolus of fluid was administered at most twice until the 
response was adequate. If UO was not recovered after 
the third bolus, intravenous furosemide was repeatedly 

administered with an escalating dose of 10–60 mg until 
the UO exceeded 1 ml/kg/h. Renal replacement therapy 
was started when fluid overload, oliguria, or hyper-
kalemia (plasma potassium concentration greater than 
6.5  mEq/l) persisted or metabolic acidosis (pH  <  7.1), 
rapidly rising plasma potassium levels, or signs of uremia 
were observed.

Statistical analysis
Sample size was calculated on the basis of the most 
recent published trial preformed in our institution that 
addressed postoperative AKI in patients undergoing 
valvular heart surgery when we designed the study. The 
incidence of AKI in patients undergoing valvular heart 
surgery in our institution was 36 %, and the incidence of 
AKI was reduced by 50 % with reported effective drugs 
[20]. Therefore, 94 patients were required in each group 
to obtain a power of 80 %, detecting a 50 % reduction in 
AKI considering a type I error of 0.05. Taking into con-
sideration a 5  % dropout rate, we decided to enroll 100 
patients in each group.

Continuous variables are shown as mean ±  standard 
deviation or median (Q1–Q3). Dichotomous variables 
are expressed as number of patients (percentage). Con-
tinuous variables were compared using independent 
Student’s t tests or Mann–Whitney U tests, and dichoto-
mous variables were compared using Chi-square or Fish-
er’s exact tests as appropriate. A linear mixed model with 
patient indicator as a random effect, and group, time, 
and group-by-time as fixed effects was used to analyze 
repeatedly measured variables such as sCr, inflamma-
tory mediators, and neutrophil count. When the interac-
tions of group, time, and group-by-time of the variables 
were statistically significant, post hoc analyses were car-
ried out with Bonferroni correction to adjust for multi-
ple comparisons. All data were analyzed according to 
the intention-to-treat principle. Additionally, per pro-
tocol analysis was done. SPSS 20 (SPSSFW, SPSS, IBM, 
Armonk, NY, USA) statistical software was used. P values 
less than 0.05 were considered statistically significant.

Results
Between July 2013 and August 2015, a total of 200 
patients were studied. Informed consent was obtained 
from all patients before study enrollment. In two patients 
in the statin group, one or more postoperative doses of 
study drug were accidentally omitted, but those patients’ 
data were included in the statistical analysis (Fig. 1).

The patients’ demographic data, preoperative renal 
function, and Cleveland Clinic Score [17] were similar 
between the groups (Table 1). AKI occurred in 21 (21 %) 
and 26 (26  %) patients in the statin and control group, 
respectively (p =  0.404). Of the patients with AKI, one 
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patient in each group corresponded to AKI stage  3 and 
required dialysis.

sCr and plasma NGAL levels were comparable 
between the groups throughout the study period. No 
patients met the AKIN urine output criteria [15] owing 
to the early treatment of oliguria with diuretics, and 
furosemide requirements were comparable between the 
groups. WBCs and percentage of neutrophil were sig-
nificantly increased on POD  1, 2, 3, and 5, and serum 
CRP levels were significantly increased on POD  1 
compared to their baseline values in both groups (all 
p  <  0.001) without intergroup differences. IL-18 levels 
were reduced from their corresponding baseline val-
ues 1  h after ACC off and recovered 6  h after ACC off 
in both groups (all p  <  0.001), although all values were 
within the normal reference range without any inter-
group differences. Total cholesterol and LDL levels were 
significantly reduced on POD  5 in both groups com-
pared to their baseline value (all p  <  0.001), and they 

were significantly lower in the statin group on POD 5 (all 
p < 0.001, Table 2).

Operative data including durations of ACC and CPB, 
and fluid balance were similar between the groups. pRBC 
requirement and the number of patients transfused with 
FFP (18 vs. 27, p = 0.128) and platelet concentrates (21 
vs. 20, p = 0.861) were comparable between the groups. 
The statin group required significantly less norepineph-
rine and vasopressin during operation, and the number 
of patients who required vasopressin was significantly 
lower in the statin group (Table  3). Postoperative fluid 
balance, pRBC requirement, and the number of patients 
transfused with FFP (26 vs. 22, p =  0.508) and platelet 
concentrates (14 vs. 13, p = 0.836) during the first post-
operative 48 h were all similar between the groups. Hem-
atocrit levels were not significantly different throughout 
the study period (p = 0.076). Vasopressor and milrinone 
use during the first postoperative 48 h were comparable 
between the groups (Table 3).

Assessed for eligibility (n = 252)

Excluded  (n =52)
♦ Not meeting inclusion criteria (n = 52)
♦ Declined to participate (n = 0)
♦ Other reasons (n = 0)

Analysed  (n = 100)
♦ Excluded from analysis (n=0)

Lost to follow-up (n = 0)

Discontinued intervention due to omission of 
study drug (n = 2)

Allocated to the statin group (n = 100)
♦ Received allocated intervention (n = 100)
♦ Did not receive allocated intervention (n = 0)

Lost to follow-up (n = 0)

Discontinued intervention (n= 0)

Allocated to the control group (n = 100)
♦ Received allocated intervention (n = 100)
♦ Did not receive allocated intervention (n = 0)

Analysed  (n= 100)
♦ Excluded from analysis (n=0)

Allocation

ITT Analysis

Follow-Up

Randomized (n=200)

Enrollment

Analysed  (n = 98)
♦ Excluded from analysis (n=2)

Analysed  (n= 100)
♦ Excluded from analysis (n=0)

PP Analysis

Fig. 1  CONSORT diagram showing the flow of participants. ITT intention-to-treat, PP per protocol
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Postoperative outcomes were comparable (Table 4). One 
patient in the statin group died from multi-organ failure on 
POD 57. Eight patients in the statin group and one patient 
in the control group experienced significant increases in 
serum transaminase (p = 0.121) or serum creatinine kinase 
(p > 0.999) until POD 5, without statistical significance.

Finally, per protocol analysis excluding the data of two 
patients in the statin group in whom postoperative doses 

of statin were accidentally omitted yielded the same 
results as those of the intention-to-treat analysis men-
tioned above (data not shown).

Discussion
Statins are commonly used lipid-lowering drugs, 
and their anti-inflammatory and antioxidant effects 
are thought to prevent vascular events by stabilizing 

Table 1  Demographic and perioperative clinical data

Values are mean ± standard deviation or number of patients (percent)

NYHA New York Heart Association Functional Classification, eGFR estimated glomerular filtration rate, EuroSCORE European System for Cardiac Operative Risk 
Evaluation, MVR mitral valve replacement, TAP tricuspid annuloplasty, MAZE operation surgical approach to treat atrial fibrillation
a  Cardiovascular risk factors consisted of age (>65 years), hypertension, diabetes, smoking (current or former), and hyperlipidemia
b  Low risk group, patients with 0–1 cardiovascular risk factor; high risk group, patients with ≥2 cardiovascular risk factors
c  Stages of chronic kidney disease; stage 1, eGFR ≥ 90; stage 2, eGFR 60–90; stage 3, eGFR 30–59 ml/min/1.73 m2

d  Cleveland Clinic Foundation Acute Renal Failure Scoring System (minimum score = 0; maximum score = 17)

Variables Statin (n = 100) Control (n = 100) p value

Age (years) 58 ± 12 58 ± 14 0.728

Female 49 (49 %) 52 (52 %) 0.671

Body mass index (kg/m2) 23.3 ± 3.8 23.0 ± 3.5 0.660

Cardiovascular risk factorsa

 Age > 65 years 32 (32 %) 32 (32 %) >0.999

 Hypertension 40 (40 %) 36 (36 %) 0.560

 Diabetes 11 (11 %) 12 (12 %) 0.825

 Smoking (current or former) 28 (28 %) 30 (30 %) 0.755

 Hyperlipidemia 7 (7 %) 6 (6 %) 0.788

 Low risk/high risk groupb 62/38 64/36 0.770

Preoperative ejection fraction (%) 63 ± 9 61 ± 10 0.169

History of stroke 12 (12 %) 11 (11 %) 0.825

NYHA (1/2/3/4) 37/55/8/0 30/57/13/0 0.376

Current medications

 Beta blocker 34 (34 %) 30 (30 %) 0.544

 Calcium channel blocker 16 (16 %) 14 (14 %) 0.692

 Renin–angiotensin system inhibitors 36 (36 %) 41 (41 %) 0.467

 Diuretics 59 (59 %) 68 (68 %) 0.186

Preoperative contrast use within 7 days 71 (71 %) 65 (65 %) 0.363

Preoperative eGFR (ml/min/1.73 m2) 90 ± 24 92 ± 30 0.516

Stages of chronic kidney disease (1/2/3)c 49/44/7 49/45/6 0.957

Cleveland Clinic Scored 2.1 ± 1.2 2.4 ± 1.2 0.147

 Low (0–2) 73 (73 %) 63 (63 %) 0.373

 Intermediate (3–5) 26 (26 %) 35 (35 %)

 High (6–) 1 (1 %) 2 (2 %)

EuroSCORE 4 ± 3 4 ± 3 0.807

Preoperative hematocrit (%) 39 ± 6 38 ± 6 0.070

Surgical procedure name

 Mitral valve surgery alone 21 (21 %) 18 (18 %) 0.592

 MVR + TAP or MAZE operation 37 (37 %) 28 (28 %) 0.174

 Aortic valve operation 13 (13 %) 18 (18 %) 0.329

 Double valve operation 20 (20 %) 29 (29 %) 0.139

 Valve + aortic surgery 9 (9 %) 7 (7 %) 0.602
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atherosclerotic plaques [22]. Statins can also improve 
endothelial function, release vasodilator substances such 
as nitric oxide, and reduce levels of the endothelin-1, a 
potent vasoconstrictor [23]. Accounting for these pleio-
tropic properties, clinicians hypothesized that statins 
could preserve major organ function in various patient 
subsets. In the context of contrast-induced AKI, the 
renoprotective effect of statins could be demonstrated 

in a large prospective randomized controlled trial [24]. 
Moreover, results of another randomized controlled 
study showed that short-term periprocedural treatment 
with statins in statin-naïve patients as well as continuing 
statin therapy could significantly attenuate the develop-
ment of contrast-induced AKI [6].

In the cardiac surgical setting, preoperative statins pro-
tected renal function in both prospective observational 

Table 2  Degree of renal injury and changes in renal function and biomarkers

Values are mean ± standard deviation, median [Q1–Q3] or the number of patients (percent)

POD postoperative days, ICU intensive care unit, pNGAL plasma neutrophil gelatinase-associated lipocalin, ACC aorta cross clamp, WBC white blood cell count, CRP 
C-reactive protein, IL interleukin, LDL low-density lipoprotein

* Compared to the baseline value (all p < 0.001)
a  Pgroup × time = P value of the group and time interaction obtained by the linear mixed model

Variables Statin (n = 100) Control (n = 100) p value

Acute kidney injury 21 (21 %) 26 (26 %) 0.404

 Stage 1 15 (15 %) 20 (20 %) 0.817

 Stage 2 5 (5 %) 5 (5 %)

 Stage 3 1 (1 %) 1 (1 %)

Diuretics usage (mg)

 POD 0–1 25 [15–25] 25 [15–30] 0.191

 POD 1–2 20 [20–40] 25 [20–40] 0.357

Postoperative dialysis 1 (1 %) 1 (1 %) >0.999

Serum creatinine (mg/dl) 0.549a

 Baseline 0.8 ± 0.2 0.8 ± 0.2 0.727

 ICU arrival 0.7 ± 0.2 0.7 ± 0.2 0.757

 POD 1 0.9 ± 0.4 0.9 ± 0.4 0.822

 POD 2 0.9 ± 0.4 0.9 ± 0.3 0.834

 POD 3 0.8 ± 0.3 0.7 ± 0.2 0.348

 POD 5 0.7 ± 0.3 0.7 ± 0.2 0.436

pNGAL (ng/ml) 0.114a

 Post induction 40 [29–55] 31 [22–48] 0.079

 1 h after ACC off 110 [74–156] 101 [55–151] 0.508

 6 h after ACC off 142 [89–181] 166 [94–234] 0.211

WBC/percentage of neutrophil (103/μl/ %) 0.685a/0.456a

 Baseline 6.0 [4.8–7.0]/56 6.2 [4.6–7.4]/58 0.661/0.458

 POD 1 15.5 [11.9–19.9]*/91* 16.4 [11.6–20.1]*/91* 0.981/0.973

 POD 2 14.3 [11.8–17.8]*/85* 13.8 [11.5–18.5]*/85* 0.713/0.687

 POD 3 11.1 [9.2–13. 9]*/81* 10.5 [8.4–13.2]*/81* 0.146/0.216

 POD 5 7.7 [5.9–10.0]*/68* 7.1 [5.6–9.0]*/66* 0.128/0.186

CRP (mg/L) 0.942a

 Baseline 1.0 [0.6–3.4] 1.7 [0.6–5.3] 0.399

 POD 1 75.2 [57.1–94.4]* 73.4 [60.4–92.1]* 0.983

IL-18 (pg/ml) 0.413a

 Post induction 129 [69–191] 101 [53–159] 0.169

 1 h after ACC off 73 [47–110]* 74 [33–127]* 0.948

 6 h after ACC off 112 [71–149] 105 [51–184] 0.654

Cholesterol/LDL (mg/dl) <0.001a/<0.001a

 Baseline 171 ± 33/100 ± 25 164 ± 32/98 ± 30 0.151/0.594

 POD 5 107 ± 24*/59 ± 18* 128 ± 27*/80 ± 23* <0.001/<0.001
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[12] and retrospective studies [11] involving all types of 
operation. In contrast, a recent meta-analysis involving 
only prospective randomized controlled studies evaluat-
ing the efficacy of statins on preserving major organ func-
tion after cardiac surgery concluded that preoperative 
statins did not affect the incidence of postoperative AKI 
[25]. However, only a single randomized controlled study 
out of the seven included in that analysis addressed AKI 
as the primary end point [10], and that study reported a 
neutral effect.

Statins are currently recommended as a routine medi-
cation for coronary patients; thus, the clinical implication 
of perioperative statin treatment is difficult to evalu-
ate in those patients undergoing surgery. Conversely, 
assessment of the renoprotective effect of statins in val-
vular heart surgery patients, who are at increased risk of 

postoperative AKI, would be of high priority and feasible 
because a large subset of these patients is statin-naïve. 
We, therefore, prospectively evaluated the impact of 
perioperative statin treatment on AKI in valvular heart 
surgery patients using a short-term treatment regimen to 
allow statins to be easily integrated into our routine clini-
cal practice.

Among the statins, rosuvastatin has the highest 
potency and yet no difference could be depicted regard-
ing the efficacy of various statins in terms of the renal 
function [26]. Atorvastatin has the most favorable phar-
macokinetic profile rapidly achieving a peak plasma 
concentration within 2  h following oral intake with a 
longer half time (approximately 14 h) compared to other 
statins [27]. Atorvastatin exerted an anti-inflamma-
tory effect shortly after treatment [28], and the highest 

Table 3  Perioperative data

Values are median [Q1–Q3] or the number of patients

CPB cardiopulmonary bypass, ACC aorta cross clamp, pRBCs packed red blood cells, n number of patients treated

Variables Statin (n = 100) Control (n = 100) p value

Operation time (min) 235 [183–280] 215 [161–289] 0.240

CPB time (min) 119 [92–155] 118 [88–152] 0.634

ACC time (min) 90 [66–122] 84 [59–118] 0.435

Vasopressors and milrinone

 Intraoperative

  Norepinephrine (μg/kg/min)/n 0.02 [0.01–0.04]/95 0.03 [0.15–0.56]/96 0.008/>0.999

  Vasopressin (unit)/n 0 [0–1]/43 0.35 [0–2.2]/60 0.003/0.016

  Milrinone (mg)/n 0 [0–1]/28 0 [0–3]/38 0.070/0.133

 Postoperative for 48 h

  Norepinephrine (μg/kg/min)/n 0.001 [0–0.01]/55 0.002 [0–0.01]/57 0.822/0.776

  Vasopressin (unit)/n 0 [0–0]/13 0 [0–0]/15 0.882/0.684

  Milrinone (mg)/n 0.80 [0–34.4]/51 0.41 [0–36.4]/50 0.901/0.888

Fluid balance

 Intraoperative

  Crystalloid (ml) 1200 [900–1500] 1150 [900–1500] 0.908

  Colloid (ml) 200 [150–300] 200 [100–300] 0.534

  Urinary output (ml) 1090 [795–1380] 1005 [703–1359] 0.271

  Ultrafiltration (ml)/n 1900 [1288–2100]/50 1900 [1300–2450]/40 0.497/0.155

 Postoperative for 48 h

  Crystalloid (ml) 3985 [2933–5142] 4174 [3117–5195] 0.582

  Colloid (ml) 335 [0–530] 320 [0–518] 0.887

  Urinary output (ml) 4988 [3741–6046] 5008 [4054–6179] 0.607

  Chest tube drainage (ml) 550 [370–890] 515 [341–825] 0.578

Lowest hematocrit (%)

 Intraoperative 24 [21–26] 23 [21–26] 0.147

 Postoperative for 48 h 25 [23–29] 25 [23–29] 0.918

pRBCs transfused (units)/n

 Intraoperative 0 [0–1]/32 0 [0–1]/41 0.112/0.186

 Postoperative for 48 h 0 [0–2]/34 0 [0–1]/32 0.576/0.764
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recommended dose was preoperatively administered to 
maximize its effect in the current study. Still, administra-
tion of atorvastatin from the day before surgery to POD 2 
did not reduce the incidence of AKI or attenuate the 
increase in biomarkers for renal injury including NGAL 
after valvular heart surgery in statin-naïve patients. We 
also could not observe any beneficial influence on the 
other major outcome variables.

Our results contrast with the beneficial effects 
observed regarding the contrast-induced AKI, but are in 
agreement with the result of a recent large prospective 
randomized controlled trial showing that a short-term 
perioperative atorvastatin treatment could not prevent 
AKI after cardiac surgery regardless of the statin-naïve 
nature of the patients [13]. This discrepancy might be 
related to differences in the degree of inflammatory 
reaction. Short-term statin treatment alone might not 
be sufficient to ameliorate the renal insult from CPB 
accompanied by marked systemic inflammation and 
oxidative stress. Similar randomized controlled studies 
were published with N-acetylcysteine [29] and sodium 
bicarbonate [30], both of which failed to prevent AKI 
after CPB, despite their proven efficacies in contrast-
induced AKI in a randomized controlled trial [31] or 
meta-analysis [32], respectively. It is also possible that 
statins might be less effective in patients undergoing val-
vular heart surgery compared to those with established 

vascular disease. In a meta-analysis of observational 
studies [33] and a retrospective study [34], preopera-
tive statin failed to exert a renoprotective effect in iso-
lated valve surgery. Moreover, results of an observational 
study showed that statins exerted better organ-protec-
tive effects in patients at high cardiovascular risk [35], 
whereas results of a retrospective study showed that 
statin-naïve patients undergoing valvular heart surgery 
had fewer cardiovascular morbidities than statin-treated 
patients [34]. Indeed, more than 60  % of patients had 
none or just one cardiovascular risk factor in the present 
study, suggesting that they had a relatively lower poten-
tial of benefitting from statins. Also, considering that the 
positive effects of statins are related to the stabilization 
of atherosclerotic plaque and a subsequent reduction of 
cholesterol emboli, statin-naïve patients potentially pos-
sessing less cholesterol embolic load might get limited 
benefit from statins. Finally, given the inconsistencies in 
the relationship between statin therapy and postopera-
tive AKI, the benefits of statins may be overestimated in 
the literature.

In this study, atorvastatin did not influence the plasma 
concentration of IL-18, which plays a pivotal role in a var-
ious renal disease processes including ischemia–reperfu-
sion injury [36]. IL-18 levels are significantly increased 
in patients with vascular events [37] or severe cardio-
vascular risk [38], and statins have been shown to exert 
anti-inflammatory effects by attenuating the increase in 
IL-18 [38]. Nevertheless, IL-18 levels were consistently 
within the normal range in both groups in the current 
study. Although IL-18 is an immunomodulatory cytokine 
in innate and adaptive inflammatory reactions, its levels 
seem to be more closely related to atherosclerotic and 
vascular events rather than inflammatory reactions fol-
lowing cardiac surgery.

Notably, intraoperative requirements for vasopres-
sors were significantly lower in the statin group. Since 
all patients were managed to meet certain hemodynamic 
goals and the use of vasopressor was done in stepwise 
fashion, the lack of difference in fluid balance or hemo-
dynamic variables indicates that the vascular tone may be 
better preserved with statins in the present study. Similar 
results showed that statin therapy increased vasopressor-
free days in patients with sepsis-associated acute respira-
tory distress syndrome [39]. This observation might be 
related to decreased nitric oxide production and attenu-
ation of vascular hyporeactivity to vasopressors follow-
ing statin therapy [40, 41]. Although less vasopressor 
requirements may lead towards a lower incidence of AKI, 
its effect on cardiac surgery-induced AKI remains to be 
proven.

The strengths of the present study are that it was con-
ducted prospectively and employed a double-blinded, 

Table 4  Postoperative outcomes

Values are median [Q1–Q3] or the number of patients

ICU intensive care unit, A.fib atrial fibrillation, ALT alanine transaminase, ULN 
upper limit of normal, CK creatinine kinase

Variables Statin (n = 100) Control (n = 100) p value

Reoperation 
for bleeding

8 5 0.390

Reintubation 9 3 0.074

Mechanical ventilation 
time (min)

995 [780–1268] 960 [713–1334] 0.124

Mechanical ventilation 
>48 h

6 3 0.498

Length of ICU stay (day) 2 [2, 3] 2 [1–3] 0.164

Length of hospital stay 
(day)

13 [11–17] 14 [11–20] 0.105

Postoperative A.fib 42 50 0.256

New-onset A.fib 11 10 0.818

Stroke 4 4 >0.999

Readmission to ICU 8 7 0.788

Readmission within 
30 days

3 5 0.721

Hospital death 1 0 >0.999

Safety outcomes

 ALT × 3 ULN 8 3 0.121

 CK > 5000 0 1 >0.999
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randomized, placebo-controlled design. Moreover, we 
included statin-naïve patients to specifically assess the 
effect of statin on AKI after CPB.

The limitations of this study are as follows. Although 
we included a fairly large number of patients compared 
to previous prospective studies, the power of this study 
is insufficient since the actual incidence of AKI was less 
than we predicted. Additionally, measurements of urinary 
NGAL and IL-18 instead of serum for longer postopera-
tive days would have been more helpful for evaluation of 
the changes in renal function [42, 43]. Finally, as patients 
with low UO were given diuretics, the incidence of AKI 
might have been underestimated using the AKIN criteria.

In conclusion, acute perioperative statin treatment was 
not associated with a lower incidence of AKI or attenu-
ation of biomarkers related to renal injury in patients 
undergoing valvular heart surgery. The actual incidence 
of AKI was less than expected in both groups and this 
limited the statistical power.
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