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eMethods 
 
Standardized anesthetic, surgical, and postoperative management  
 Patients received general endotracheal anesthesia, consisting of midazolam, 
propofol, and fentanyl induction and isoflorane, vecuronium or rocuronium, and fentanyl 
maintenance. Monitoring included standard modalities (EKG, temperature, invasive 
blood pressure, pulse oximetry, and gas monitoring), central venous pressure and 
pulmonary artery catheter monitoring, and transesophageal echocardiography (TEE). 
 Anticoagulation for cardiopulmonary bypass (CPB) consisted of 400 U/kg 
unfractionated porcine heparin and maintenance of activated coagulation time > 400 
seconds. Temperature management involves cooling to 28 C to 30 C, temperature-
uncorrected blood gas management (-stat), and cold ventricular fibrillation and 
cardioplegia techniques. At the conclusion of CPB, anticoagulation was reversed with 
250 mg protamine, with an additional 50 mg administered in the next 10 minutes in the 
presence of ongoing microvascular bleeding and an activated coagulation time 10% 
greater than baseline. Off-pump cardiac surgery patients were anticoagulated with 150 
U/kg unfractionated heparin before revascularization and supplemented with 3000 U 
every 30 minutes if necessary to maintain an ACT of 300 seconds.  Anticoagulation was 
reversed with 100 mg protamine following revascularization. 
 Vasopressors and inotropes were used for separation from CPB for the following 
criteria: left ventricular ejection fraction <40%, CPB time >120 minutes, a cardiac index 
<2 l/min/m2, or evidence of new-onset ventricular dysfunction by TEE. Patients were 
transfused with packed red blood cells to a hemoglobin concentration of 8 or 10 g/dl in 
the setting of persistent hemorrhage. Platelets were administered pooled platelets if 
hemorrhage persisted following protamine reversal of heparin, poor clot quality existed, 
and the absolute platelet count was <80,000/μl, or if CPB time exceeded 120 minutes. 
Likewise, fresh frozen plasma was administered if hemorrhage persisted following 
protamine reversal of heparin, poor clot quality exists, and the INR exceeded 1.5. 
Isotonic crystalloid solution (saline, lactated ringers or plasmalyte) was administered if 
the patient was hypotensive, cardiac filling pressures were low, and the left ventricle 
reflected hypovolemia by TEE.   
 Patients were transported to the intensive care unit (ICU) intubated, mechanically 
ventilated, and sedated by propofol infusion. Postoperative care was at the discretion of 
the intensivist with consultation from the patient’s surgeon. If patients were 
normothermic and hemodynamically stable, and chest tube drainage was <100 ml/h, 
propofol was discontinued, and patients were assessed for extubation. Postoperative 
medication use and fluid management was at the discretion of the intensive care 
physicians. Isotonic crystalloid solution was administered if a patient was hypotensive 
(mean arterial pressure < 60 mmHg), cardiac filling pressures were low (central venous 
pressure < 10 mmHg and pulmonary artery occlusion pressure < 18 mmHg), and cardiac 
index was less than 2.0 l/min/m2.  
 Angiotensin converting enzyme inhibitors and angiotensin receptor blockers were 
held 24 hours prior to surgery and resumed when patients were transferred out of the ICU 
prior to discharge from the hospital at physician discretion. 
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Adverse event monitoring 
 Adverse events (AEs) were defined as any untoward medical occurrence in a 
participant. Prespecified AEs included fever, defined as temperature > 38.0 degrees 
Celsius; tachycardia, defined as heart rate > 120 bpm; hypotension, defined as mean 
arterial blood pressure < 60 mmHg; vasoplegia, defined as need for postoperative 
norepinephrine dose > 5 μg/min; decreased cardiac output, measured with a pulmonary 
artery catheter and defined as cardiac index < 2.0 l/min/m2; anemia, defined as hematocrit 
< 30%; leukocytosis, defined as white blood cell count > 15,000 wbc’s/μl; 
thrombocytopenia, defined as platelet count < 50,000 platelets/μl; and lactic acidosis, 
defined as arterial lactate > 3 mmol/l postoperatively. The incidences of these AEs, as 
well as the distributions of these characteristics, were compared between treatment 
groups on the day of surgery and daily postoperative up to postoperative day 10 for all 
patients that remained in the hospital for that duration, using the Pearson’s chi-square test 
for incidences and the Wilcoxon rank sum test for distributions. 
 Serious adverse events (SAEs) were defined as any untoward medical occurrence 
that results in death, is life-threatening, requires prolongation of existing hospitalization, 
or results in persistent or significant disability/incapacity. Prespecified SAEs included 
severe arrhythmia or cardiac arrest, defined as need for advanced cardiac life support 
(ACLS) protocol resuscitation [cardiopulmonary resuscitation (CPR), chest compressions, 
and/or direct current defibrillation]; and severe infectious complication, defined as deep 
sternal wound infection requiring surgery, septic shock with organ failure, clostridium 
difficile requiring colectomy; and severe peripheral vascular ischemia, defined as 
ischemia requiring surgical intervention such as lower extremity revascularization or 
intestinal ischemia. 
 
Propensity Score-adjusted Analyses  
 To construct the propensity scores used in secondary propensity-adjusted analyses, 
we regressed the randomized treatment assignment on outcome-specific risk factors and 
potential confounders using multivariable logistic regression. Covariates common to all 
propensity score models were age, sex, body mass index, Charlson index, history of 
congestive heart failure, current smoking, history of diabetes, coronary artery bypass 
grafting surgery, valve surgery, and use of cardiopulmonary bypass. Additional 
covariates specific to AKI and creatinine change outcomes were baseline creatinine 
concentration, glomerular filtration rate estimated using the CKD-Epi formula,1 baseline 
hematocrit, history of cardiac surgery, and coronary artery catheterization within 10 days 
of surgery. Covariates specific to delirium outcomes were history of dementia, baseline 
minimental status exam score, and baseline Trails-b score.2 Covariates specific to 
creatine kinase myocardial band (CK-MB) outcome were baseline hematocrit, history of 
cardiac surgery, history of coronary artery disease, history of myocardial infarction, 
baseline left ventricular ejection fraction, and number of coronary artery vessels bypassed. 
Covariates specific to atrial fibrillation outcome were history of atrial fibrillation. 
Covariates specific to stroke outcome were baseline hematocrit, history of coronary 
artery disease, history of peripheral vascular disease, history of cerebral vascular accident, 
and history of transient ischemic attack. Covariates specific to pneumonia and duration of 
mechanical ventilation outcomes were history of chronic obstructive pulmonary disease 
and history of obstructive sleep apnea.  
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 For the analyses of outcomes, the estimated propensity scores (on the log odds 
scale) were included in regressions of each outcome on randomized treatment assignment.  
The effects of statin treatment are presented as rate ratios with their 95% CIs for binary 
outcomes with event rates great than 10%, odds ratios for binary outcomes with event 
rates less than 10%, difference in means for creatinine changes, and geometric mean or 
median ratio for log-transformed CK-MB and log-transformed duration of mechanical 
ventilation outcomes. A proportional odds model was used for the delirium duration 
outcomes due to severe skewness. 



Statistical Analysis 	  

The primary objective of the analysis will be to compare the effect of short-term statin therapy on the incidence 
of AKI (Yes/No) as defined by the AKIN consensus guidelines for the staging of AKI. AKI (Yes/No) includes 
stage 1 AKI, defined as a 50% or 0.3 mg/dL increase in serum creatinine concentration within 48 hours of 
surgery, stage 2 AKI, defined as a 100% increase in serum creatinine within 48 hours of surgery, and stage 3 
AKI, defined as a 200% increase in serum creatinine within 48 hours of surgery or serum creatinine > 4.0 
mg/dL with an acute increase of at least 0.5 mg/dL. The AKIN urine output criteria for AKI diagnosis will not be 
used due to confounding by intravascular hypovolemia and diuretic use, both of which are common among 
cardiac surgery patients.  
 
Randomization	  
	  
Subjects will be block randomized in block sizes of 2 or 4. Randomization will be stratified by history of 
diabetes and baseline stage of chronic kidney disease (CKD 1 and 2 versus CKD > 3), as these preoperative 
subject characteristics affect risk of AKI, and randomization imbalance of diabetic or CKD subjects could 
confound an effect of study drug on AKI. We use the modification of diet in renal disease formula to estimate 
glomerular filtration rate (eGFR) and classify subjects into five stages of CKD. This scheme provides ample 
subject assignment to all strata. 
	  
Sample Size and Power Calculation 	  

Preliminary data indicate that 27.6% of cardiac surgery patients develop AKI. We plan to study 820 patients in 
order to detect a 30% relative risk reduction of AKI between treatment groups with an assumed AKI incidence 
of 27.6% in the placebo group, a type-1 error probability of 0.05, and 80% power. 	  

Preliminary data also indicate that perioperative statin use is associated with a decrease in AKI in both statin-
naïve patients and statin users, and we recognize that statin-naïve patients and statin users are two different 
populations and that the duration of preoperative and postoperative statin use may impact AKI. Therefore we 
will analyze the effect of perioperative statin use separately in the subpopulations enrolled in AIMS 1a (statin-
naïve) and 1b (statin-using). 	  

Data Analysis Plan 	  

Standard graphing and screening techniques will be used to detect outliers and to ensure data accuracy. Data 
include patient demographics, baseline and intraoperative clinical characteristics, treatment toxicity and clinical 
outcomes. Summary statistics of study arms for both numerical and categorical variables will be provided to 
describe the study sample. Continuous variables will be summarized with the 50th (10th, 25th, 75th, 90th) 
percentiles, mean and standard deviation, and categorical variables will be summarized with the counts and 
percentages. Between-group comparisons of randomized study arms will be performed using the Pearson chi-
square test for categorical variables and the Wilcoxon rank sum test for continuous variables. 	  

AKI incidence rate will be analyzed as the primary endpoint and will be compared between the statin and 
placebo subject groups using the Pearson chi-square test. Effect of treatment will be analyzed in pre-study 
statin naïve arms and pre-study statin using arms separately as well as in statin naïve subjects with CKD and 
statin using subjects with CKD subgroups.  

Despite prospective randomization, a propensity-score adjusted analysis will be performed to adjust for 
imbalanced allocation. The propensity score will be derived from a binary logistic regression of randomized 
treatment assignment on risk factors for AKI predictors. These AKI predictors will include age, gender, body 
mass index, smoking, baseline congestive heart failure, diabetes, CABG, valve surgery, cardiac surgery and 
cardiopulmonary bypass use. Linear regression and ordinal logistic regression will be performed to evaluate 
treatment effect on 48 hour creatinine change from baseline and AKI severity (stage 1, 2, or 3), respectively, as 
secondary analyses. 	  

We will also compare differences in delirium, CKMB, atrial fibrillation, stroke, pneumonia, extubation, and in-
hospital mortality between stain and placebo groups as the analysis of secondary endpoints. Similar to the 



primary analysis, we will construct logistic, proportional odds and linear regression models for binary, ordinal or 
highly skewed, and continuous outcomes, respectively, using a propensity score approach. Potential 
confounding variables included in these models will be specific to each outcome. 	  

Every effort will be made to avoid missing data in this inpatient study. Any methods of missing data imputation 
will be used cautiously as sensitivity analyses; and the analysis of results with imputation would be interpreted 
in the context of corroboration with the analyses without imputation. The primary analysis will be intention-to-
treat. Before data unblinding, Drs. Billings will examine any protocol deviations and identify a list of protocol 
violators. In addition to the intention-to-treat analysis, a secondary per-protocol analysis will be conducted. 	  

Specific inferences on the effects of interest will be made by reporting point estimates, along with 95% 
confidence intervals. Hypotheses will be tested at a two-sided significance level of α=0.05. This data analysis 
plan will be carried out using the statistical analysis package R (R Development Core Team). 	  

	  



eResults 
 
Propensity Score-adjusted Analyses 

Propensity-adjusted analyses yielded results that were largely consistent with the 
intention-to-treat unadjusted analyses, although the evidence for harm of statin treatment 
in the statin-naïve patients with preexisting CKD tended to be weaker than in unadjusted 
analyses (eTable 1).  
 
Protocol adherence and per-protocol analyses of treatment effects 

Treatment adherence was achieved in 2356 of 2400 (98.2%) total doses of study 
drug, yielding 44 protocol violations for inappropriate study drug administration. 
Thirteen of the 44 violations were due to an additional dose of treatment prior to surgery 
due to surgery delay from the original scheduled date, and one was due to two additional 
doses being administered to a pre-study statin-using patient on postoperative days 2 and 3 
during which treatment should have been discontinued. A missed preoperative treatment 
dose accounted for twelve protocol violations, a missed postoperative treatment dose 
accounted for fourteen violations, and administration of a statin outside of study drug 
during the treatment period accounted for the remaining five violations. There were no 
missing treatment doses due specifically to study drug intolerance, although 
postoperative nausea prevented treatment administration in four of the fourteen patients 
that missed a postoperative dose. Excluding the 44 patients with any protocol violation, 
per protocol analyses of treatment effects were consistent with the intention-to-treat 
analyses (eTable 2).  
 
Adverse Events 

The number, type, timing, and severity of AEs and SAEs were similar between 
patients randomized to atorvastatin versus placebo in the total cohort and in pre-study 
statin-naïve and statin-using subgroups. Thirty-eight SAEs occurred. These included 
seven cardiac arrests, six severe infections, and two cases of severe peripheral vascular 
ischemia. None of these SAEs were deemed possibly, probably, or definitely related to 
study intervention and were not different between treatment groups. Rates of the 
prespecified AEs fever, tachycardia, hypotension, vasoplegia, decreased cardiac output, 
anemia, leukocytosis, thrombocytopenia, and lactic acidosis during surgery, at ICU 
admission, and on each of the first ten postoperative days were also similar between 
treatment groups. 
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eTable 1. Propensity score-adjusted analyses for primary and secondary outcomes among 
all patients that completed the study (intention to treat cohort) 
 
Patient group and outcome Propensity score-adjusted estimates 

(95% CI) 
All patients (n=615)  

Acute kidney injury (Stage 1, 2, or 3)* RR, 1.11 (0.81, 1.53) 
Acute kidney injury (Stage 2 or 3) RR, 1.64 (0.60, 4.45) 
48h Creatinine change, mg/dl† diff, 0.00 (-0.05, 0.05) 
Delirium‡ RR, 0.92 (0.69, 1.23) 
Delirium duration, days OR, 0.87 (0.60, 1.26) 
CK-MB on postoperative day 1, ng/ml GM, 0.96 (0.75, 1.22) 
Atrial fibrillation RR, 1.11 (0.90, 1.38) 
Stroke RR, 1.53 (0.57, 4.09) 
Pneumonia RR, 0.39 (0.17, 0.92) 
Time-to-extubation (minutes) GM, 1.00 (0.82, 1.21) 
ICU duration, days OR, 0.98 (0.74, 1.30) 
In-hospital death§   

Statin-naïve (n=199)  
Acute kidney injury (Stage 1, 2, or 3)* RR, 1.37 (0.71, 2.63) 
Acute kidney injury (Stage 2 or 3) RR, 2.19 (0.43, 11.21) 
48h Creatinine change, mg/dl† diff, 0.06 (-0.01, 0.13) 
Delirium‡ RR, 0.99 (0.62, 1.59) 
Delirium duration, days OR, 0.91 (0.48, 1.71) 
CK-MB on postoperative day 1, ng/ml GM, 1.36 (0.85, 2.20) 
Atrial fibrillation RR, 1.47 (0.99, 2.18) 
Stroke RR, 0.82 (0.21, 3.31) 
Pneumonia RR, 0.56 (0.12, 2.56) 
Time-to-extubation (minutes) GM, 0.86 (0.63, 1.17) 
ICU duration, days OR, 1.44 (0.86, 2.42) 
In-hospital death§  

Statin-using (n=416)  
Acute kidney injury (Stage 1, 2, or 3)* RR, 1.01 (0.69, 1.48) 
Acute kidney injury (Stage 2 or 3) RR, 1.12 (0.28, 4.45) 
48h Creatinine change, mg/dl†  diff,  -0.03 (-0.10, 0.03) 
Delirium‡ RR, 0.84 (0.58, 1.22) 
Delirium duration, days OR, 0.81 (0.50, 1.29) 
CK-MB on postoperative day 1, ng/ml GM, 0.88 (0.66, 1.18) 
Atrial fibrillation RR, 0.98 (0.75, 1.27) 
Stroke RR, 3.76 (0.73, 19.35) 
Pneumonia RR, 0.35 (0.12, 1.02) 
Time-to-extubation (minutes) GM, 1.08 (0.84, 1.38) 
ICU duration, days OR, 0.84 (0.60, 1.19) 
In-hospital death§  

Chronic kidney disease (n=179)  
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*Acute kidney injury was defined according to Acute Kidney Injury Network criteria. 
Stage 1 was defined as an increase of 0.3 mg/dl or 50% within 48 hours of surgery; Stage 
2, a 100% increase; and Stage 3, a 200% increase or initiation of dialysis. †Maximum 

Acute kidney injury (Stage 1, 2, or 3)* RR, 1.17 (0.76, 1.80) 
Acute kidney injury (Stage 2 or 3) RR, 3.09 (0.80, 11.96) 

Patient group and outcome Propensity score-adjusted estimates 
(95% CI) 

48h Creatinine change, mg/d† diff, 0.02 (-0.11, 0.16) 
Delirium‡ RR, 1.28 (0.80, 2.06) 
Delirium duration, days OR, 1.33 (0.70, 2.55) 
CK-MB on postoperative day 1, ng/ml GM, 0.87 (0.53, 1.44) 
Atrial fibrillation RR, 0.99 (0.67, 1.46) 
Stroke RR, 0.44 (0.07, 2.73) 
Pneumonia RR, 0.64 (0.19, 2.20) 
Time-to-extubation (minutes) GM, 1.39 (0.92, 2.10) 
ICU duration, days OR, 0.92 (0.54, 1.57) 
In-hospital death§   

Statin-naive with chronic kidney disease 
(n=36) 

 

Acute kidney injury (Stage 1, 2, or 3)* RR, 3.28 (0.80, 13.50) 
Acute kidney injury (Stage 2 or 3) RR, 4.02 (0.25, 65.11) 
48h Creatinine change, mg/dl† diff, 0.10 (-0.26, 0.45) 
Delirium‡ RR, 2.31 (0.72, 7.47) 
Delirium duration, days OR, 3.34 (0.54, 20.56) 
CK-MB on postoperative day 1, ng/ml GM, 0.81 (0.27, 2.48) 
Atrial fibrillation  RR, 4.32 (1.06, 17.57) 
Stroke§  
Pneumonia§  
Time-to-extubation (minutes) GM, 0.89 (0.44, 1.78) 
ICU duration, days OR, 1.70 (0.32, 9.05) 
In-hospital death§   

Statin-using with chronic kidney disease 
(n=143) 

 

Acute kidney injury (Stage 1, 2, or 3)* RR, 0.93 (0.57, 1.53) 
Acute kidney injury (Stage 2 or 3) RR, 2.72 (0.35, 20.99) 
48h Creatinine change, mg/dl†  diff, -0.02 (-0.18, 0.14) 
Delirium‡ RR, 0.97 (0.54, 1.75) 
Delirium duration, days OR, 1.05 (0.48, 2.32) 
CK-MB on postoperative day 1, ng/ml GM, 0.82 (0.44, 1.53) 
Atrial fibrillation RR, 0.77 (0.50, 1.20) 
Stroke RR, 1.58 (0.19, 13.52) 
Pneumonia RR, 0.38 (0.09, 1.66) 
Time-to-extubation (minutes) GM, 1.50 (0.89, 2.53) 
ICU duration, days OR, 0.82 (0.44, 1.52) 
In-hospital death§  
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change in serum creatinine within 48 hours of surgery from baseline. ‡Delirium was 
defined as any positive confusion assessment method for the ICU exam. Study personnel 
assessed for delirium once in the morning and once in the afternoon while patients were 
in the ICU. §Adjusted odds ratios not calculated for concern for overfitting for rare events 
Log-linear, Poisson regression was used for binary outcomes with event rates greater than 
10%, logistic regression for binary outcomes with event rates less than 10%, and linear 
regression was used for creatinine change, log-transformed creatine kinase myocardial 
band (CK-MB), and time-to-extubation outcomes. A cumulative logistic, proportional 
odds model was used for the delirium and ICU duration outcomes due to severe skewness. 
The effect estimates and confidence intervals (CI) should be interpreted as risk ratios 
(RR) for dichotomous outcomes of both log-linear models and logistic models to ease 
interpretation since odds ratios closely approximate risk ratios with low event rates 
(<10%) and logistic models are more stable with low event rates, differences in means 
(diff) for creatinine change outcomes, geometric mean ratios (GM) for CK-MB and time-
to-extubation outcomes, and odds ratios (OR) for being in the higher response category 
across all dichotomizations of delirium duration and ICU duration outcomes. 



eTable 2. Unadjusted and propensity score-adjusted analyses of primary and secondary 
outcomes among all patients that completed the study per protocol 
 
Patient group and 
outcome 

Statin Placebo Estimate 
(95% CI) 

Adjusted 
estimate (95% 

CI) 

P-
value

All patients  n = 287 n= 284    
Acute kidney injury 
(Stage 1, 2, or 3)* 

61 
(21.3%) 

52 
(18.3%) 

RR, 1.16 
(0.83, 1.62) 

RR, 1.18 (0.84, 
1.64) 

0.42 

Acute kidney injury 
(Stage 2 or 3) 

6 (2.1%) 9 (3.1%) RR, 1.48 
(0.53, 4.12) 

RR, 1.67 (0.55, 
5.04)  

0.61 

48h Creatinine 
change, mg/dl* 

0.07 (-
0.13 to 
0.51) 

0.06 (-0.12 
to 0.51) 

diff, 0.00 (-
0.06, 0.05) 

diff, 0.00 (-
0.05, 0.05) 

0.66 

Delirium‡ 60 
(20.9%) 

65 
(22.9%) 

RR, 0.91 
(0.67, 1.25) 

RR, 0.92 (0.67, 
1.25) 

0.61 

Delirium duration, 
days 

0.0 (0.0 to 
1.0) 

0.0 (0.0 to 
1.0) 

OR, 0.86 
(0.58, 1.28) 

OR, 0.87 (0.58, 
1.29) 

0.46 

CK-MB on 
postoperative day 1, 
ng/ml 

23 (6 to 
82) 

24 (6 to 
84) 

GM, 0.99 
(0.84, 1.18) 

GM, 0.98 
(0.76, 1.26) 

0.94 

Atrial fibrillation 103 
(35.9%) 

96 
(33.8%) 

RR, 1.06 
(0.85, 1.33) 

RR, 1.05 (0.84, 
1.32) 

0.67 

Stroke 8 (2.8%) 6 (2.1%) RR, 1.33 
(0.46, 3.88) 

RR, 1.44 (0.49, 
4.25) 

0.78 

Pneumonia 6 (2.1%) 16 (5.6%) RR, 0.36 
(0.14, 0.93) 

RR, 0.31 (0.12, 
0.81) 

0.03 

Time-to-extubation 
(minutes) 

465 (240 
to 1224) 

450 (225 
to 1134) 

GM, 0.97 
(0.80, 1.17) 

GM, 0.95 
(0.78, 1.15) 

0.42 

ICU duration, days 3 (2 to 6) 3 (2 to 6) OR, 1.02 
(0.76, 1.37) 

OR, 1.02 (0.76, 
1.37) 

0.88 

In-hospital death§ 4 (1.4%) 1 (0.4%) RR, 3.00 
(0.55, 
30.05) 

  0.37 

Statin-naïve  n = 93 n = 88    
Acute kidney injury 
(Stage 1, 2, or 3)* 

20 
(21.5%) 

11 
(12.5%) 

RR, 1.72 
(0.88, 3.37) 

RR, 1.48 (0.73, 
2.99) 

0.11 

Acute kidney injury 
(Stage 2 or 3) 

4 (4.3%) 2 (2.3%) RR, 1.89 
(0.35, 
10.14) 

RR, 1.61 (0.27, 
9.56)  

0.68 

48h Creatinine 
change, mg/dl* 

0.11 (-
0.11 to 
0.50) 

0.04 (-0.11 
to 0.32) 

diff, 0.08 
(0.00, 0.15) 

diff, 0.06 (-
0.02, 0.13) 

0.01 

Delirium‡ 24 
(25.8%) 

21 
(23.9%) 

RR, 1.08 
(0.65, 1.80) 

RR, 0.96 (0.57, 
1.63) 

0.87 

Delirium duration, 0.0 (0.0 to 0.0 (0.0 to OR, 1.02 OR, 0.89 (0.45, 0.95 
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days 0.9) 1.1) (0.53, 2.00) 1.78) 
CK-MB on 
postoperative day 1, 
ng/ml 

25 (10 to 
97) 

26 (13 to 
84) 

GM, 0.97 
(0.73, 1.27) 

GM, 1.39 
(0.84, 2.28) 

0.73 

Atrial fibrillation 37 
(39.8%) 

24 
(27.3%) 

RR, 1.46 
(0.96, 2.22) 

RR, 1.41 (0.92, 
2.18) 

0.08 

Stroke 3 (3.2%) 4 (4.5%) RR, 0.70 
(0.15, 3.22) 

RR, 0.77 (0.16, 
3.74) 

0.7 

Pneumonia 2 (2.2%) 4 (4.5%) RR, 0.46 
(0.08, 2.59) 

RR, 0.48 (0.08, 
2.96) 

0.44 

Time-to-extubation 
(minutes) 

475 (245 
to 1148) 

475 (232 
to 1190) 

GM, 0.88 
(0.64, 1.21) 

GM, 0.86 
(0.61, 1.20) 

0.99 

ICU duration, days 3 (2 to 6) 3 (2 to 6) OR, 1.49 
(0.88, 2.52) 

OR, 1.49 (0.87, 
2.57) 

0.14 

In-hospital death§# 1 (1.1%) 0 (0%)    1.00 
Statin-using n = 194 n =196    

Acute kidney injury 
(Stage 1, 2, or 3)* 

41 
(21.1%) 

40 
(20.9%) 

RR, 1.01 
(0.69, 1.49) 

RR, 1.06 (0.71, 
1.56) 

1 

Acute kidney injury 
(Stage 2 or 3) 

5 (2.6%) 4 (2.0%) RR, 1.26 
(0.34, 4.65) 

RR, 1.31 (0.35, 
4.96)  

0.76 

Patient group and 
outcome 

Statin Placebo Estimate 
(95% CI) 

Adjusted 
estimate (95% 

CI) 

P-
value

48h Creatinine 
change, mg/dl* 

0.07 (-
0.15 to 
0.51) 

0.08 (-0.12 
to 0.57) 

  diff, -0.04 
(-0.11, 0.03) 

  diff, -0.03 (-
0.10, 0.04) 

0.28 

Delirium‡ 36 
(18.6%) 

44 
(22.4%) 

RR, 0.83 
(0.56, 1.23) 

RR, 0.82 (0.55, 
1.23) 

0.37 

Delirium duration, 
days 

0.0 (0.0 to 
1.0) 

0.0 (0.0 to 
1.0) 

OR, 0.78 
(0.48, 1.28) 

OR, 0.77 (0.47, 
1.27) 

0.32 

CK-MB on 
postoperative day 1, 
ng/ml 

23 (5 to 
64) 

22 (5 to 
78) 

GM, 1.00 
(0.81, 1.23) 

GM, 0.91 
(0.68, 1.23) 

0.84 

Atrial fibrillation 66 
(34.0%) 

72 
(36.7%) 

RR, 0.93 
(0.71, 1.21) 

RR, 0.92 (0.70, 
1.20) 

0.59 

Stroke 5 (2.6%) 2 (1.0%) RR, 2.57 
(0.49, 
13.39) 

RR, 3.21 (0.60, 
17.15) 

0.29 

Pneumonia 4 (2.1%) 12 (6.1%) RR, 0.32 
(0.10, 1.02) 

RR, 0.30 (0.09, 
0.94) 

0.07 

Time-to-extubation 
(minutes) 

465 (240 
to 1225) 

420 (225 
to 1058) 

GM, 1.02 
(0.80, 1.29) 

GM, 1.00 
(0.79, 1.27) 

0.34 

ICU duration, days 3 (2 to 6) 3 (2 to 6) OR, 0.87 
(0.61, 1.24) 

OR, 0.88 (0.61, 
1.25) 

0.43 

In-hospital death§ 3 (1.5%) 1 (0.5%) RR, 2.38 
(0.39, 

 0.35 
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24.74) 
CKD n = 76 n = 85    

Acute kidney injury 
(Stage 1, 2, or 3)* 

28 
(36.8%) 

28 
(32.9%) 

RR, 1.12 
(0.73, 1.71) 

RR, 1.14 (0.73, 
1.79) 

0.60 

Acute kidney injury 
(Stage 2 or 3) 

5 (6.6%) 3 (3.5%) RR, 1.86 
(0.46, 7.59) 

RR, 2.78 (0.63, 
12.22)  

0.46 

48h Creatinine 
change, mg/dl* 

0.08 (-
0.26 to 
0.80) 

0.07 (-0.23 
to 0.95) 

  diff, -0.02 
(-0.17, 0.12) 

diff, 0.00 (-
0.15, 0.15) 

0.79 

Delirium‡ 21 
(27.6%) 

23 
(27.1%) 

RR, 1.02 
(0.61, 1.70) 

RR, 1.08 (0.64, 
1.83) 

1.00 

Delirium duration, 
days 

0.0 (0.0 to 
1.5) 

0.0 (0.0 to 
2.3) 

OR, 0.97 
(0.49, 1.91) 

OR, 1.03 (0.51, 
2.08) 

0.92 

CK-MB on 
postoperative day 1, 
ng/ml 

27 (9 to 
65) 

23 (5 to 
76) 

GM, 1.18 
(0.87, 1.60) 

GM, 0.94 
(0.57, 1.56) 

0.21 

Atrial fibrillation 26 
(34.2%) 

36 
(42.4%) 

RR, 0.81 
(0.54, 1.20) 

RR, 0.84 (0.55, 
1.26) 

0.34 

Stroke 1 (1.3%) 4 (4.7%) RR, 0.27 
(0.03, 2.47) 

RR, 0.20 (0.02, 
2.02) 

0.38 

Pneumonia 3 (3.9%) 7 (8.2%) RR, 0.46 
(0.11, 1.84) 

RR, 0.33 (0.08, 
1.42) 

0.34 

Time-to-extubation 
(minutes) 

540 (272 
to 1372) 

540 (265 
to 1185) 

GM, 1.20 
(0.85, 1.71) 

GM, 1.14 
(0.79, 1.64) 

0.94 

ICU duration, days 4 (2 to 7) 4 (2 to 6) OR, 0.85 
(0.49, 1.48) 

OR, 0.79 (0.45, 
1.39 

0.58 

In-hospital death§# 3 (3.9%) 0 (0%)    0.10 
Statin-naïve with 
CKD  

n = 14 n = 17    

Acute kidney injury 
(Stage 1, 2, or 3)* 

8 (57.1%) 3 (17.6%) RR, 3.24 
(1.08, 9.75) 

RR, 2.83 (0.78, 
10.28) 

0.03 

Acute kidney injury 
(Stage 2 or 3) 

2 (14.3%) 1 (5.9%) RR, 2.43 
(0.23, 
25.69) 

RR, 0.81 (0.03, 
20.42)  

0.59 

48h Creatinine 
change, mg/dl* 

0.34 (-
0.25 to 
0.98) 

-0.05 (-
0.16 to 
0.42) 

diff, 0.25 (-
0.05, 0.55) 

diff, 0.04 (-
0.32, 0.40) 

0.15 

Delirium‡ 8 (57.1%) 4 (23.5%) RR, 2.43 
(0.92, 6.42) 

RR, 1.89 (0.50, 
7.07) 

0.07 

Delirium duration, 
days 

0.5 (0.0 to 
1.5) 

0.0 (0.0 to 
2.2) 

OR, 3.04 
(0.70, 
13.23) 

OR, 2.48 (0.35, 
17.41) 

0.15 

CK-MB on 
postoperative day 1, 
ng/ml 

36 (12 to 
178) 

18 (9 to 
66) 

GM, 1.57 
(0.68, 3.61) 

GM, 1.14 
(0.33, 3.94) 

0.34 

Atrial fibrillation 5 (35.7%) 3 (17.6%) RR, 2.02 RR, 3.13 (0.59, 0.43 
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(0.57, 7.24) 16.63) 
Stroke§# 0 (0%) 2 (11.8%)   0.51 
Pneumonia§# 1 (7.1%) 0 (0%)   0.47 
Time-to-extubation 
(minutes) 

578 (358 
to 2105) 

635 (316 
to 1219) 

GM, 1.18 
(0.68, 2.04) 

GM, 0.72 
(0.32, 1.58) 

0.97 

ICU duration, days 5 (2 to 8) 4 (3 to 6) OR, 3.33 
(0.88, 
12.63) 

OR, 2.07 (0.31, 
13.76) 

0.10 

In-hospital death§# 1 (7.1%) 0 (0%)   0.46 
Statin-using with 
CKD  

n = 62 n = 68    

Acute kidney injury 
(Stage 1, 2, or 3)* 

20 
(32.3%) 

25 
(36.8%) 

RR, 0.88 
(0.54, 1.42) 

RR, 0.90 (0.54, 
1.52) 

0.71 

Acute kidney injury 
(Stage 2 or 3) 

3 (4.8%) 2 (2.9%) RR, 1.65 
(0.28, 9.64) 

RR, 2.98 (0.29, 
30.37)  

0.69 

Patient group and 
outcome 

Statin Placebo Estimate 
(95% CI) 

Adjusted 
estimate (95% 

CI) 

P-
value

48h Creatinine 
change, mg/dl* 

0.06 (-
0.24 to 
0.70) 

0.15 (-0.24 
to 0.98) 

  diff, -0.09 
(-0.25, 0.07) 

  diff, -0.03 (-
0.20, 0.15) 

0.29 

Delirium‡ 13 
(21.0%) 

19 
(27.9%) 

RR, 0.75 
(0.40, 1.39) 

RR, 0.81 (0.42, 
1.56) 

0.43 

Delirium duration, 
days 

0.0 (0.0 to 
1.4) 

0.0 (0.0 to 
2.3) 

OR, 0.69 
(0.31, 1.53) 

OR, 0.78 (0.33, 
1.85) 

0.36 

CK-MB on 
postoperative day 1, 
ng/ml 

27 (9 to 
53) 

23 (5 to 
73) 

GM, 1.11 
(0.80, 1.53) 

GM, 0.89 
(0.47, 1.69) 

0.44 

Atrial fibrillation 21 
(33.9%) 

33 
(48.5%) 

RR, 0.70 
(0.46, 1.06) 

RR, 0.69 (0.44, 
1.08) 

0.11 

Stroke 1 (1.6%) 2 (2.9%) RR, 0.54 
(0.05, 6.12) 

RR, 0.79 (0.06, 
10.43) 

1 

Pneumonia 2 (3.2%) 7 (10.3%) RR, 0.29 
(0.06, 1.46) 

RR, 0.21 (0.04, 
1.16) 

0.17 

Time-to-extubation 
(minutes) 

540 (266 
to 1188) 

498 (259 
to 1156) 

GM, 1.22 
(0.80, 1.85) 

GM, 1.24 
(0.79, 1.94) 

0.81 

ICU duration, days 3 (2 to 6) 4 (2 to 6) OR, 0.66 
(0.35, 1.22) 

OR, 0.69 (0.36, 
1.31) 

0.19 

In-hospital death§# 2 (3.2%) 0 (0%)   0.24 
*Acute kidney injury was defined according to Acute Kidney Injury Network criteria. 
Stage 1 was defined as an increase of 0.3 mg/dl or 50% within 48 hours of surgery; Stage 
2, a 100% increase; and Stage 3, a 200% increase or initiation of dialysis. †Maximum 
change in serum creatinine within 48 hours of surgery from baseline. ‡Delirium was 
defined as any positive confusion assessment method for the ICU exam. Study personnel 
assessed for delirium once in the morning and once in the afternoon while patients were 
in the ICU. §Adjusted odds ratios not calculated for concern for overfitting for rare events. 
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#Estimates and confidence intervals were not calculated for outcomes with zero events in 
the statin or placebo treatment group. 
Binary outcomes are reported as No. (%). and continuous outcomes as median (10th 
percentile to 90th percentile). P-values correspond to the Pearson chi-square test for binary 
outcomes and the Wilcoxon rank sum test for continuous outcomes.  Log-linear, Poisson 
regression was used for binary outcomes with event rates greater than 10%, logistic 
regression for binary outcomes with event rates less than 10%, and linear regression was 
used for creatinine change, log-transformed creatine kinase myocardial band (CK-MB), 
and time-to-extubation outcomes.  A cumulative logistic, proportional odds model was 
used for the delirium and ICU duration outcomes due to severe skewness. The effect 
estimates and confidence intervals (CI) should be interpreted as risk ratios (RR) for 
dichotomous outcomes of both log-linear models and logistic models to ease 
interpretation since odds ratios closely approximate risk ratios with low event rates 
(<10%) and logistic models are more stable with low event rates, differences in means 
(diff) for creatinine change outcomes, geometric mean ratios (GM) for CK-MB and time-
to-extubation outcomes, and odds ratios (OR) for being in the higher response category 
across all dichotomizations of delirium duration and ICU duration outcomes. 



Data and Safety Monitoring Board Charter 
 

The Statin Acute Kidney Injury Cardiac Surgery 
Randomized Clinical Trial 

 
1. Introduction 

 
1.1. Abbreviations 
 AE  Adverse event 
 AKI  Acute kidney injury 
 CRF  Case report forms 
 DSMB  Data safety monitoring board 
 IDS  Investigational drug service 
 IRB  Institutional review board 
 NIH  National institutes of health 
 PI  Principal investigator 
 RCT  Randomized clinical trial 
 SAE  Serious adverse event 
 
1.2 Study Contacts 
 

Role                                           Name                                          Contact Information 
 
Principal 
Investigator 
 
 
 
 

Frederic Billings, MD, MSCI 
 
 
 
 

3161 MCE (office) 
936-8487 
566 RRB (Brown Lab) 
343-6479 
835-0684 (pager) 
frederic.t.billings@vanderbilt.edu 

Research Nurse 
 
 
 
 
 

Patty Hendricks, RN 566 RRB 
936-3458 (desk) 
835-1212 (pager) 
patricia.a.swartz@vanderbilt.edu 

Biostatistician 
 

Jonathan Schildcrout, PhD D-2214 MCN 
343-5432 (office) 
jonny.schild@vanderbilt.edu 
 

Investigational Drug 
Services (IDS) 
 

Richard Malone, PharmD B-101 VUH 
343-1641 
richard.e.malone@vanderilt.edu 
 



2. Data Safety Monitoring Board Members 
       

Name Title Contact Information 
     
Mias Pretorius, MD 
(Chair) 
 
 
 
 
  

Associate Professor of 
Anesthesiology and Clinical 
Pharmacology  

835-5774 (pager) 
mias.pretorius@vanderbilt.edu 
 

Julia Lewis, MD 
 
 
 
  

Professor of Medicine 
 

343-7592 (office) 
julia.b.lewis@vanderbilt.edu 

Stephen Ball, MD 
 
 
 
  

Associate Professor of Cardiac 
Surgery 
 

343-9195 (office) 
stephen.k.ball@vanderbilt.edu 
 Leena Choi, PhD 

 
Assistant Professor of 
Biostatistics 
 

343-3497 
leena.choi@vanderbilt.edu 

 
2.2. Roles and Responsibilities 
 

The role of the DSMB is to ensure, to the extent possible, the safety of all patients in the “Statin 
AKI cardiac surgery RCT” study through periodic review of relevant data and information.  
Responsibilities will include: 
 
1. Reviewing the validity and safety of the study design. 
 
2. Reviewing clinical data at planned intervals during the trial for safety. 
 
3. Reviewing clinical data and other related data at unplanned intervals when appropriate or 

when safety issues occur. 
 
4. Providing recommendations to the PI whether or not to continue patient enrollment in 

this study. 
 
5. Ensuring that any analysis performed by or provided to the DSMB is recorded, handled 

and stored in a way that allows the PI to accurately interpret, verify and report the data. 
 

 
2.2.1. DSMB Members 

 
1. The DSMB will be composed of 1 statistician and 3 physicians with relevant critical care 

experience. 
 
2. All members will be voting members. 
 
3. All members will have completed an Annual Conflict of Interest Disclosure statement as 

per Vanderbilt University policy. 



 
4. All members will review data prior to meetings. 
 
5. The DSMB will approve recommendations by a majority vote.  If a split vote occurs the 

DSMB chair will make the final recommendation. 
 
6. The study biostatistician will serve as a resource to the DSMB during all meetings 

(planned and unplanned).  The biostatistician will not be a member of the DSMB and will 
not be present during the voting process. 

 
2.2.2. Chair 

 
1. Informs the PI when unscheduled meetings will occur. 
 
2. At the beginning of each meeting, reviews DSMB roles and responsibilities as well as 

confidentiality of data and records. 
 
3. Ensures that appropriate records are established and maintained. 
 
4. Approves the minutes from each meeting. 
 
5. Maintains records (minutes) of all DSMB meetings. 
 
6. Communicates DSMB recommendations to the PI. 
 

2.2.3. Principal Investigator 
 
1. Takes responsibility for all aspects of conducting the study, “Statin AKI cardiac surgery 

RCT.” 
 
2. Ensures that the DSMB is updated with safety data and reports safety issues. 
 
3. Notifies DSMB immediately of any SAEs determined to be related to study drug. 
 
4. Schedules interim analyses and DSMB-related meetings. 
 
5. Identifies the 274th and 547th patient randomized, received study drug and completed the 

study.  These patients will signify the cut-off point for data that will be evaluated during 
the interim analysis. 

 
6. Requests transfer of data to the study biostatistician at least 15 working days before the 

planned interim analysis.  These data include: 
 

a. Patient therapy assignments from IDS 
 
b. CRF data formatted as an Excel spread sheet file 



 
c. SAE case summary reports 

 
7. Reviews all SAEs in a blinded manner. 
 
8. Reports all SAEs and unexpected AEs to the IRB and DSMB. 
 
9. Evaluates potential safety issues and, when appropriate, contacts the DSMB chair to 

discuss whether an unplanned interim analysis should be scheduled. 
 
10. Submits DSMB recommendations to the IRB. 
 
11. Documents implementation of DSMB recommendations. 
 

 2.2.4. Study Biostatistician 
 
1. Prepares interim reports and DSMB presentations. 
 
2. Receives data and reports in a timely manner before each interim analysis.  These will 

include: 
 

a. Patient therapy assignments from IDS 
 
b. SAE case summary reports 

 
3. Sends each DSMB member appropriate reports at least 3 days before the interim analysis 

meeting.  These will include: 
 

a. Patient therapy assignments partially blinded with mock codes 
 
b. Designated summary reports and listings 

 
4. Presents the interim data to the DSMB at each meeting and is available in person to query 

available data sets and to respond to data questions that arise during the planned interim 
analyses. 

 
5. Provides SAE data at each DSMB meeting. 
 
6. Maintains a copy of the interim report and data sets to be forwarded to the PI after 

completion of the study. 
 
7. Documents all data requests including justification and resolution. 
 

 2.2.5. Investigational Drug Services (IDS): central randomization 
 
1. Manages patient therapy assignment. 



 
2. Transfers partially blinded patient therapy assignment data to the study biostatistician 

when requested by the PI for each interim analysis. 
 
   
 2.3. Confidentiality 
 
All clinical data reviewed by the study biostatistician, investigators, and DSMB will be held in 
strict confidence.   
 
 2.4. Term and Additional Expertise 
 
The length of DSMB membership includes the duration of the clinical trial through post- 
study report generation.  If a member leaves the DSMB, the PI will be responsible for  
selecting a replacement. 
 
Should the DSMB require additional expertise for data evaluation, external consultants  
may be added to the DSMB.  The DSMB’s minutes should reflect the board’s consensus 
that additional expertise is needed as well as the special requirements of the new 
member(s) and a list of recommended candidates. 
 
 
3. DSMB Meetings and Votings 
 
Minutes must be taken at all DSMB meetings.  These minutes will include the names of  
the attendees, a summary of the  discussion, recommendations, and the rationale for these  
recommendations.  Minutes will be prepared by the DSMB secretary, Ronan Walker, 
administrative assistant, and approved by the study statistician and the DSMB Chair.  Mr. 
Walker will distribute the approved minutes to the other members of the DSMB.   
 
All DSMB members have one vote.  The DSMB will approve recommendations by 
majority vote.  If a split vote occurs, the DSMB Chair will make the final  
recommendation. 
 

3.1. Organizational Meeting 
 
The PI is responsible for scheduling the organizational meeting and for providing appropriate 
reports and information in a timely and confidential manner.  DSMB members are expected to 
review this information before the meeting.  At the organizational meeting, the PI will briefly 
summarize background information, the study protocol, the DSMB charter and planned interim 
analyses. 
 
 3.2 Planned Interim Analyses 
Two interim analyses have been planned.  The interim analyses will occur after the 274th and 
547th patient, respectively, have received study drug and completed the protocol.  The interim 



analysis will be conducted with patient therapy assignments partially blinded to the 
biostatistician.  Members of the DSMB will receive partially blinded therapy assignments (mock 
codes assigned), clinical data listings and summaries prior to each DSMB meeting.  The DSMB 
will be given a key to the partially blinded codes by the investigational pharmacy, but the 
biostatistician and PI will not have access to this key. 
 
 3.3. Procedures for Interim Analysis DSMB Meetings 
 
1. The PI identifies when the 274th and 547th patient has been randomized, received study 

drug and completed the study, schedules the DSMB meeting, and notifies all parties. 
 
2. The data manager transfers the data set to the biostatistician at least 15 working days 

prior to the DSMB meeting. 
 
3. The biostatistician prepares analyses and reports for the DSMB meeting using listings 

and data received before the meeting. 
 
4. At least 3 working days before the interim analysis meeting, the biostatistician sends each 

DSMB member the appropriate reports.  These will include: 
 (a) Patient therapy assignments partially blinded with mock codes 
 (b) Designated summary reports and listings 
 
5. Members of the DSMB and the PI and the biostatistician will convene at a pre-
 determined location. 
 
6. Before review of the partially blinded data, the PI may present the following 
 summaries: 
 (a) Objectives of the interim analyses 
 (b) Study progress, including recruitment and logistical issues 
 (c) Data quality 
 (d) Any appropriate scientific or study related issues 
 
7. The data review will include: 

(a) Review of the partially blinded patient therapy assignment, clinical data, and 
reports, as well as analysis summaries. These data will include: 

1. Baseline data between treatment groups. 
2. Protocol deviations separated by treatment group. 
3. Study withdrawals separated by treatment group. 
4. Adverse events separated by treatment group. 
5. Treatment toxicity (myalgia and creatinine kinase data) separated by 

treatment group. 
6. Incidence of AKI separated by treatment group. 
7. Incidence of stroke and hemodialysis separated by treatment group. 
8. In-hospital all cause mortality separated by treatment group. 

 



The primary analysis (statin vs. placebo, partially unblinded) will be presented as well as 
subgroup analyses of statin vs. placebo intervention among statin-naïve subjects (Arm 1a) and 
among statin-using subjects (Arm 1b). 
 
 (b) Discussion of the partially blinded data and analyses. 
 (c) Preparation of the DSMB recommendations in closed session. 
 
8. The biostatistician will present the data and analyses to the DSMB.  The biostatistician 

and PI will be present during review and discussion to address questions about the data 
and the analyses, but will not be present during voting and drafting of DSMB 
recommendations. 

 
9. The DSMB has the authority to request additional data not available at the time of the 

DSMB meeting.  This request should be made to the biostatistician.  This request should 
be made in such a way as to not reveal a specific concern. 

 
10. The DSMB will approve the recommendations by voting. 
 
11. After the meeting has concluded: 

(a) All copies of the Interim Analyses Summaries and Listings Report and all other 
written material (e.g. minutes, personal notes) will be stored by the PI until after 
patient enrollment in the study has ceased, all patients have completed the study, 
and final data lock has occurred. 

 (b) The DSMB chair will communicate DSMB trial recommendations to the PI. 
 
12. As a general guideline, the DSMB may make recommendation to the PI in  
 the following form: 

(a) Suspend study enrollment in one or more study arms due to safety concerns or 
futility as outlined. 

 (b) Recommend changes to the informed consent document. 
 (c)  Continue the current study. 
 
13. DSMB recommendations will be provided without disclosing treatment differences or 

DSMB voting results. 
  
 3.4 Additional Data Requests 
 
Ongoing monitoring Serious Adverse Events for the study will be conducted by the PI.  When 
potential safety concern is identified, the PI will contact the Chair of the DSMB to discuss 
whether an unplanned interim analysis should be scheduled.  The DSMB Chair has the authority 
to convene the DSMB.  All available safety and efficacy data will be provided to the 
biostatistician within 15 days of notification.  The biostatistician will provide reports to the 
DSMB members at least 3 working days before a meeting. 
 
 3.5  
 



1. The DSMB Chair ensures proper documentation of all DSMB recommendations. 
 
2. All DSMB recommendations must be documented in the meeting minutes. 
 
3. All data requests, with justification and resolutions, must be documented by the DSMB 

secretary and provided to the PI at the end of the study after final data lock. 
 
4. Maintenance of the Study Blind 
 
1. All individuals conducting the clinical study will be blinded to patient therapy 

assignments until patient enrollment in the study has ceased, all enrolled patients have 
completed the study, and final data lock has occurred.  At the DSMB’s request the PI and 
DSMB may be unblinded to the therapy assignments for regulatory safety reporting of 
serious adverse events.   

 
2. Patient treatment assignments will be managed through a central randomization system 

by investigational drug services (IDS).  Aside from regulatory safety reporting 
requirements, IDS will not provide the PI with any information that could potentially un-
blind the therapy assignment of any enrolled patient.  IDS will also be responsible for the 
storage, preparation and labeling of drugs.  Richard Malone, Clinical Research 
Pharmacist, will devise standard operating procedures of the pharmacy to follow with 
regard to preparing, labeling, blinding and dispensing study drug. 

 
3. Clinical data management will be performed by the research nurse and the data base 

manager. Clinical data management will occur without access to patient treatment 
assignments. 

 
4. The biostatistician will complete and prepare interim report data and present these results 

to the DSMB.  This individual will receive data sets created by IDS (mock blind) and the 
study data manager.  The biostatistician will perform specified statistical analyses. 

 
5. Decision Making 
 
5.1 DSMB Recommendations 
  
The DSMB has the authority to deviate from the guidelines if safety concerns suggest a more 
appropriate decision.  The DSMB may use all available reports to recommend modifications to 
the study design and/or protocol.  If there are safety concerns other than mortality, the DSMB 
has the authority to make recommendations to modify study design.  The DSMB Chair is 
responsible for communicating recommendations to the PI. 
 
5.2 PI Actions 
 
 1.  The PI is responsible for documenting the receipt of a DSMB recommendation. 

 



2.  The PI will document action taken on all DSMB recommendations.  This report will 
be sent to the DSMB and the IRB. 

 
5.3 Guidelines for Decision-Making 
  
 As a general rule, the DSMB recommendations should be based on a review of in-
 hospital all-cause mortality information.  The DSMB may also recommend 
 suspending enrollment if major safety concerns are uncovered and updating the 
 informed consent document is required.   
  

The DSMB recommendation guidelines for each interim analysis are provided below.  
The DSMB must not convey to the PI any details about this interim analysis unless the 
trial recommendation is to suspend enrollment. 

 
5.3.1. First interim analysis decision making 

 
The first interim analyses has been planned to evaluate safety after the 274th 
patient has been randomized, received study drug and completed the study. 

 
 The DSMB may recommend the following:  

 
  1.  Suspend enrollment in any study arm (Arm 1a or Arm 1b) due to safety  
  concerns secondary to study intervention (A or B). Safety concerns include: 

• Increase in in-hospital all-cause mortality in subjects randomized to A or 
B such that the DSMB deems the increase is excessive compared to A or 
B.  

• Increased treatment toxicity in either treatment group deemed excessive.  
Toxicity is defined as moderate or severe myalgias. 

• Increased severity of adverse events deemed “Probably Related” or 
“Possibly Related” to study intervention in either treatment group. 
Itemized adverse event reports separated by treatment will be provided. 

• Increased AKI incidence in either treatment group deemed excessive. 
• Increased incidence of stroke or hemodialysis requirement in either 

treatment group deemed excessive.   
 

 2.  Continue enrollment. 
 

5.3.2. Second interim analysis decision making 
 

The second interim analyses has been planned to evaluate safety, efficacy, and 
futility after the 547th patient has been randomized, received study drug, and 
completed the study. 
 
The DSMB may recommend the following: 

 



1.  Suspend enrollment in any study arm (Arm 1a or Arm 1b) due to safety  
 concerns based on study intervention (A or B). Safety concerns include: 

• Increase in in-hospital all-cause mortality in subjects randomized to A or B 
such that the DSMB deems the increase is excessive compared to A or B.  

• Increased treatment toxicity in either treatment group deemed excessive.  
Toxicity is defined as moderate or severe myalgias. 

• Increased severity of adverse events deemed “Probably Related” or 
“Possibly Related” to study intervention in either treatment group. Itemized 
adverse event reports separated by treatment will be provided. 

• Increased AKI incidence in either treatment group deemed excessive. 
• Increased incidence of stroke or hemodialysis requirement in either group 

(secondary endpoints) deemed excessive.   
 
2.  Terminate the trial in any study arm (Arm 1a or Arm 1b) for efficacy if there is 
strong evidence supporting that AKI incidence is less in the treatment (statin) 
group.  
 
3.  Terminate the trial for futility if, assuming the true treatment effect is 
consistent with what has been observed, there is little chance of finding strong 
evidence supporting that AKI incidence is less in the treatment (statin) group at 
the conclusion of the study. 

 
4.  Continue enrollment. 

 
5.3.3. Other Safety monitoring 
 

In addition to the two planned interim analyses, un-validated partially unblinded 
mortality and SAE summary reports will be provided to the DSMB Chair every 
12 months. If the reports raise safety concern, the DSMB Chair will contact the 
PI and may recommend suspension of enrollment until an unplanned interim 
analysis by the full DSMB can occur.  All requests to un-blind the data will be 
documented by the biostatistician.  The PI will remain blinded to this process 
unless suspension of enrollment has been recommended. 

 
6. Documentation 
 

 6.1   The following will be available to the DSMB at the interim analyses: 
 
 1. Interim safety report: 
 

• Adverse event case summaries 
• Unverified mortality information 
• Protocol violations and reason for violations 
• Withdrawal and reason for withdrawal 
• Summary of baseline characteristics 



• Incidences of AKI 
• Incidences of stoke and dialysis 

 
 2. Interim efficacy report (2nd interim analysis only) 
 

• Analyses of the incidence of AKI 
 

6.2    Protocol File Reports 
 

 The following information will be stored in the protocol file. 
 

• Approved DSMB charter 
• All communication between the PI and the DSMB 
• DSMB minutes 
• Documentation of receipt of the DSMB recommendation by the PI 
• Final decision based upon the recommendation received by the DSMB 

 



Timeline'of'events'related'to'second'interim'analysis'and'decisions'to'
terminate'the'Statin'AKI'Cardiac'Surgery'RCT'
'
June'5,'2014:"The"DSMB"meets"to"discuss"the"second"interim"analysis"–"2/3"of"
patients"had"been"recruited"and"completed"the"study"(547/820)."
"
June'20,'2014:"The"DSMB"requests"a"conditional"power"analysis"to"assess"the"
likelihood"of"finding"a"treatment"effect"assuming"the"treatment"effect"of"future"
patients"would"be"consistent"with"that"in"the"enrolled"patients."The"DSMB"also"
requests"the"Investigational"Drug"Service"to"unblind"the"DSMB"because"there"is"a"
possible"signal"of"a"treatment"effect"in"the"statinLnaïve"subgroup,"particularly"among"
patients"with"CKD."
"
August'7,'2014:"The"DSMB"sends"the"Principal"Investigator"a"letter"(letter"dated"
July"23,"2014)"recommending"discontinuation"of"recruitment"of"both"study"arms"
because"1)"there"is"evidence"of"harm"in"statinLnaïve"patients"randomized"to"
atorvastatin"particularly"in"patients"with"CKD,"and"2)"among"the"statinLusers"arm"“it"
appears"there"may"be"harm"in"patients"randomized"to"placebo."Conditional"power"
analysis"for"all"patients"indicated"that"there"is"very"little"chance"of"finding"a"positive"
outcome.”"(see'July'23,'2014'letter)'
"
September'26,'2014:"The"Principal"Investigator"informs"the"DSMB"that"
recruitment"of"statinLnaïve"subjects"into"the"statinLnaïve"study"arm"has"been"
terminated"but"requests"the"DSMB"reconsider"the"recommendation"to"discontinue"
the"statinLusing"arm"because"1)"it"appeared"the"DSMB"acted"under"the"pretense"that"
cardiac"surgery"patients"continue"taking"statins"throughout"the"operative"period"
and"therefore"the"higher"but"insignificant"rate"of"AKI"among"statinLusers"
randomized"to"placebo"was"evidence"that"study"participation"may"be"harmful"(in"
clinical"practice"patients"are"withdrawn"from"statins,"so"any"harmful"effect"of"
placebo"would"be"evidence"that"study"treatment"may"be"beneficial),"and"2)"the"letter"
from"the"DSMB"stated"the"conditional"power"analysis"was"completed"for"all"subjects"
(statinLnaïve"and"statinLusers"combined)"and"the"Charter"states"the"DSMB"should"
make"recommendation"specific"to"either"study"arm"(see"section"5.3.2"in"the"
Charter)."(see'Sept'26,'2014'letter)'
"
October'15,'2014:"The"DSMB"meets"to"review"the"request"to"reevaluate"the"
recommendation"to"discontinue"the"statinLusers"arm"and"reviews"a"conditional"
power"analysis"performed"only"on"statinLusing"subjects.""
"
October'20,'2014:"The"DSMB"sends"final"letter"to"the"Principal"Investigator"
recommending"discontinuation"of"the"statinLusing"arm"based"on"futility."(see'Oct'
20,'2014'letter)'
"
October'21,'2014:"Principal"Investigator"terminates"recruitment"of"additional"
patients."
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September 26, 2014 
Mias Pretorius, MD, MSCI 
Chair, Data and Safety Monitoring Board, The Statin Acute Kidney Injury Cardiac Surgery RCT 
 
Re: Second interim analysis of The Statin Acute Kidney Injury Cardiac Surgery RCT 
 
 
Dear Dr. Pretorius and members of the Board: 
 
Thank you for the letter dated 7/23/2014. In response to the recommendations: 

1. We have discontinued recruitment into the statin naïve arm (arm 1a) due to a concern for 
increased AKI in patients randomized to statin, particularly among patients at high risk 
for AKI, prespecified as those patients with an eGFR < 60 ml/min/1.73 m2.  

2. We request the board reconsider the recommendation to discontinue the statin-using arm 
(arm 1b) based on futility. Following receipt of the Board’s letter, I asked the study’s 
statistician, Jonathan Schildcrout, to perform a conditional power analysis as outlined in 
the DSMB charter to examine if we were to recruit patients only into arm 1b to assess our 
ability to detect a drug effect. Based on existing rates of AKI in arm 1b treatment groups, 
there appears to be a signal towards benefit, in particular among patients with preexisting 
kidney disease (the prespecified eGFR<60 ml/min/1.73 m2 subgroup).  

 Current clinical practice in statin-using cardiac surgery patients at Vanderbilt and 
nationally is to withdraw statin treatment on the day of surgery and postoperatively until patients 
resume oral home medications (i.e., current clinical practice is the same as being randomized to 
placebo). If receiving a statin on those days (i.e., being randomized to statin) is beneficial, we 
may be harming patients if we stop the study prematurely, particularly among those patients in 
whom we have the most concern for AKI, those being patients with baseline eGFR < 60 
ml/min/1.73 m2. Dr. Schildcrout will provide a conditional power analysis, using existing AKI 
event rates from the trial, in preoperative statin users with eGFR < 60 ml/min/1.73 m2. Please 
consider this conditional power analysis in your assessment of futility among this prespecified 
subgroup. This trial may determine that the current practice of statin withdrawal on day of 
surgery and postoperative day 1 is harmful and continuation of statin treatment during this period 
is beneficial in patients at high risk for AKI. 

 Thank you for your time and consideration. 
 
Sincerely, 

 
Frederic T. Billings IV, MD, MSCI 
Assistant Professor of Anesthesiology 
Vanderbilt University School of Medicine 
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