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Abstract 

Background: Acute kidney injury (AKI) after cardiac surgery is associated with short-term and 
long-term adverse outcomes. Novel biomarkers have been identified for the early detection of 
AKI; however, examining these in every patient who undergoes cardiac surgery is prohibitively 
expensive. Society of Thoracic Surgeons (STS) and Age, Creatinine, and Ejection Fraction (ACEF) 
scores have been proven to predict mortality in bypass surgery. The aim of this study was to 
determine whether these scores can be used to predict AKI after mitral valve repair. 
Materials and Methods: Between January 2010 and December 2013, 196 patients who un-
derwent mitral valve repair were enrolled. The clinical characteristics, outcomes, and scores of 
prognostic models were collected. The primary outcome was postoperative AKI, defined using the 
Kidney Disease Improving Global Outcome 2012 clinical practice guidelines for AKI.  
Results: A total of 76 patients (38.7%) developed postoperative AKI. The STS renal failure 
(AUROC: 0.797, P < .001) and ACEF scores (AUROC: 0.758, P < .001) are both satisfactory tools 
for predicting all AKI. The STS renal failure score exhibited superior accuracy compared with the 
ACEF score in predicting AKI stage 2 and 3. The overall accuracy of both scores was similar for all 
AKI and AKI stage 2 and 3 when the cut-off points of the STS renal failure and ACEF scores were 
2.2 and 1.1, respectively. 
Conclusion: In conclusion, the STS renal failure score can be used to accurately predict stage 2 
and 3 AKI after mitral valve repair. The ACEF score is a simple tool with satisfactory power in 
screening patients at risk of all AKI stages. Additional studies can aim to determine the clinical 
implications of combining preoperative risk stratification and novel biomarkers. 

Key words: acute renal failure, cardiothoracic surgery, valvular heart disease, mitral valve repair, patient out-
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Introduction 
Acute kidney injury (AKI) has been associated 

with increased mortality, length of intensive care unit 
(ICU) stay, and medical costs after open heart surgery. 
AKI has been reported in 12%–30% of patients after 
cardiac surgery. This statistical variation is due 
largely to differing definitions of AKI and heteroge-

neous study populations.[1-4] Postoperative AKI not 
only increases in-hospital mortality and reduces 
long-term survival, but results in high medical ex-
penditure, chronic kidney disease, and dialysis de-
pendence.[5-7] Even a minimal increase in the serum 
creatinine level after coronary artery bypass grafting 

 
Ivyspring  

International Publisher 



Int. J. Med. Sci. 2016, Vol. 13 

 
http://www.medsci.org 

20 

(CABG) is independently associated with increased 
risk of both long-term mortality and adverse cardio-
vascular events.[8] In a previous study, 23.8% of pa-
tients undergoing mitral valve intervention experi-
enced AKI following MitraClip implantation.[9] Lim-
ited data exist on the occurrence of AKI with conven-
tional mitral repair surgery. 

Numerous prognostic risk models for cardiac 
surgery are currently practiced. Among them, the 
Society of Thoracic Surgeons (STS) score, published in 
2008,[10] is one of the most widely used. The Age, 
Creatinine, and Ejection Fraction (ACEF) score was 
first published in 2009 to allow a quick bedside as-
sessment for risk of mortality.[11] Existing risk mod-
els for AKI following cardiac surgery focus largely on 
need for dialysis.[12] In patients who undergo CABG, 
the STS score is reported to accurately predict the risk 
of postoperative dialysis.[13] However, a validated 
score to predict milder AKI not requiring dialysis is 
lacking. No studies have used these contemporary 
preoperative risk models to predict the occurrence of 
AKI and its severity after mitral valve repair. The aim 
of this investigation was to compare the utility of dif-
ferent scoring systems for predicting postoperative 
AKI in patients undergoing mitral valve repair.  

Material and Methods 
Study design and patient population 

This post hoc analysis of a prospectively col-
lected database was approved by an institutional re-
view board of Chang Gung Memorial Hospital, and 
the need for individual consent was waived. Between 
January 2010 and December 2013, the medical records 
of 312 consecutive patients who received mitral valve 
repair in a single tertiary referral hospital were re-
viewed. We excluded patient who had undergone 
concomitant coronary artery bypass surgery or aortic 
surgery (n = 95), had end-stage renal disease (n = 11), 
had undergone prior cardiac surgery (n = 7), had AKI 
before surgery (n = 2), or died on the day of surgery (n 
= 1). The final cohort comprised a total of 196 patients. 

Data collection and definitions 
The clinical characteristics and demographic 

data of the patients were examined and their STS 
scores were recalculated using an online calculator. 
The ACEF score was calculated as age 
(years)/ejection fraction (%) +1 (if creatinine >2.0 
mg/dL).[11] The primary outcome was AKI within 7 
days after surgery. The Kidney Disease Improving 
Global Outcome (KDIGO) 2012 clinical practice 
guidelines defined AKI as being indicated by an in-
crease in SCr of ≥0.3mg/dL within 48 hours or in-
crease in SCr to ≥1.5 times the baseline within 7 days. 
Finally, the patients were categorized into 3 severities 

according to the KDIGO guidelines.[14, 15] A simple 
model for classifying AKI severity was developed as 
follows: non-AKI (0 points), stage 1 (1 point), stage 2 
(2 points), and stage 3 (3 points).[16, 17] 

Statistical analysis 
Continuous variables were summarized by 

mean and standard error unless otherwise stated. The 
primary end point was the comparison between AKI 
and non-AKI groups. The Kolmogorov–Smirnov test 
was used to determine the normal distribution for 
each variable. The Student t test was used to compare 
the means of continuous variables and normally dis-
tributed data; otherwise, the Mann–Whitney U test 
was used. Categorical data were tested using the 
chi-square test or Fisher exact test. Furthermore, dis-
crimination was assessed using the area under the 
receiver operating characteristic curve (AUROC), 
which was compared using a nonparametric ap-
proach. The AUROC analysis calculated cutoff values, 
sensitivity, specificity, and overall correctness. Final-
ly, cutoff points were calculated by acquiring the op-
timal Youden index, defined as sensitivity + specific-
ity – 1, where sensitivity and specificity are calculated 
as proportions. A P value < .05 was considered statis-
tically significant. Overall accuracy was used to 
evaluate the validity of the screening models.[18] 

Results 
Study population characteristics 

We investigated 196 adult patients with a mean 
age of 57 ± 1.0 years, 51% of whom (n = 100) were 
male. Table 1 lists all patient characteristics. Com-
pared with the patients without AKI, those with AKI 
were older and more likely to have diabetes mellitus 
(DM), hypertension, and function class III or IV heart 
failure. They also exhibited higher levels of serum 
creatinine and lower levels of albumin and hemoglo-
bin.  

Table 2 lists the reasons for mitral valve repair, 
cardioechograhic results, and preoperative risk 
scores. Compared with non-AKI, the AKI group had 
more patients diagnosed with dilated cardiomyopa-
thy. Furthermore, the echograms of the patients with 
AKI exhibited lower ejection fractions (EFs), higher 
left ventricular end-systolic diameters (LVESDs), and 
greater left ventricular end-systolic volumes 
(LVESVs), indicating long-term left ventricular over-
load. Unexpectedly, regurgitation severity did not 
differ significantly between the AKI and non-AKI 
groups. The mean values of the STS scores for mor-
tality risk and renal failure and ACEF score of all 
study patients were 4.3 ± 0.6, 4.1 ± 0.4, and 1.1 ± 0.1, 
respectively. The observed in-hospital mortality of 
this study was 5.1%, which was similar to the STS 
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score prediction. The STS mortality, renal failure, and 
ACEF scores differed significantly between the AKI 
and non-AKI groups.  

 
 

Table 1. Demographic data and clinical characteristics according 
to the patients with and without AKI  

 All Patients 
 (n=196) 

Non AKI 
(n=120) 

AKI 
(n=76) 

p-value  

Preoperative demographic 
data 

    

Age (years) 57±1 52±1 65±1 <0.001 
Gender, male (%) 100 (51.0) 59 (49.2) 41 (53.9) 0.514 
Diabetes mellitus (%) 26 (13.3) 8 (6.7) 18 (23.7) 0.001 
Hypertension (%) 74 (37.8) 35 (29.2) 39 (51.3) 0.002 
Pulmonary hypertension (%) 124 (63.3) 72 (60.0) 52 (68.4) 0.233 
COPD (%) 3 (1.5) 2 (1.7) 1 (1.3) 0.845 
Old CVA (%) 22 (11.2) 13 (10.8) 9 (11.8) 0.827 
CHF Fc III /IV (%) 92 (49.6) 49 (40.8) 43 (56.6) 0.031 
Atrial fibrillation (%) 91 (46.4) 50 (41.7) 41 (53.9) 0.093 
Mechanical ventilation (%) 6 (3.1) 3 (2.5) 3 (3.9) 0.567 
Mean arterial pressure 
(mmHg) 

89±1 89±1 89±1 0.874 

ALT (units/L) 29±3 28±3 30±6 0.581 
Serum Creatinine (mg/dL) 0.9±0.1 0.7± 0.0 1.1±0.1 <0.001 
Albumin (g/L) 3.9±0.0 3.9±0.1 3.7±0.1 0.015 
Hemoglobin (g/dL) 12.6±0.1 12.9±0.2 12.0±0.2 0.001 
Abbreviation: AKI, acute kidney injury; ALT, alanine transaminase; CHF Fc, con-
gestive heart failure functional class; COPD, chronic obstructive pulmonary dis-
ease; CVA, cerebral vascular accident. 
Continuous variables are presented as mean ± standard error, and categorical 
variables, as number (percentage). 

 
 

Table 2. Comparison of mitral valve pathology, cardioecho-
graphic parameters and pre-operative scores of patients with and 
without AKI 

 All Patients 
 (n=196) 

Non AKI 
(n=120) 

AKI 
(n=76) 

p-value  

Mitral valve pathology     
Rheumatic 35 (17.9) 22 (18.3) 13 (17.1) 0.827 
Degeneration 88 (44.9) 60 (50.0) 28 (36.8) 0.071 
Infective Endocarditis 25 (12.8) 17 (14.2) 8 (10.5) 0.457 
Dilated cardiomyopathy 40 (20.4) 14 (11.7) 26 (34.2) <0.001 
Others 8 (4.1) 7 (5.8) 1 (1.3) 0.119 
Pre-operative echogram     
Ejection fraction (%) 62±1 64±1 58±2 0.022 
LVESD (mm) 38±1 36±1 40±2 0.031 
LVESV (mm3) 63±4 54±4 77±9 0.016 
LVEDD (mm) 57±1 57±1 57±1 0.918 
LVEDV (mm3) 163±9 155±8 174±10 0.115 
Tricuspid Regurgitation III/IV 26 (13.3) 12 (10.0) 14 (18.4) 0.129 
Pre-operative scores     
STS risk of mortality 4.3±0.6 2.8±0.6 6.5±1.2 0.007 
STS renal failure 4.1±0.4 2.6±0.3 6.5±0.9 <0.001 
ACEF 1.1±0.1 0.9±0 1.3±0.1 <0.001 
Abbreviation: ACEF, age, creatinine, and ejection fraction; AKI, acute kidney 
injury; LVESD, left ventricular end-systolic diameter; LVESV, left ventricular 
end-systolic volume; LVEDD, left ventricular end-diastolic diameter; LVEDV, left 
ventricular end-diastolic volume; STS: Society of Thoracic Surgeons. 
Continuous variables are presented as mean ± standard error, and categorical 
variables, as number (percentage). 

 
 
 

Table 3 lists the surgical details and postopera-
tive outcomes. The patients with AKI had a longer 
bypass time and more tricuspid valve (TV) repair than 
did the patients without AKI. However, no significant 
difference in aortic clamp time, maze procedure, or 
TV replacement was observed. The patients with AKI 
had longer ICU stays and ventilator time. Of the pa-
tients with AKI, 45 were stage 1, 18 were stage 2, and 
13 were stage 3. Overall, 6 patients received dialysis 
within 7 days after surgery. 

 
 

Table 3. Surgical details and postoperative outcomes of patients 
with and without AKI 

 All Patients 
 (n=196) 

Non AKI 
(n=120) 

AKI 
(n=76) 

p-value  

Surgical detail 
Urgent operation, n (%) 7 (3.6) 4 (3.3) 3 (3.9) 0.821 
On pump-clamp time 
(minutes)  

112.9±3.3 108.4±3.6 119.9±6.3 0.117 

On pump-bypass time 
(minutes)  

166.5±4.4 156.3±4.7 182.5±8.5 0.008 

Concomitant procedures     
TV repair 66 (33.7) 30 (25.0) 36 (47.4) 0.001 
TV replacement 5 (2.6) 3 (2.5) 2 (2.6) 0.955 
Maze procedure 77 (39.3) 43 (35.8) 34 (44.7) 0.214 
Patient outcomes     
ICU stay (day) 4.5±0.8 3.0±0.4 6.2±0.8 0.001 
Ventilator duration (hour) 39.9±5.5 23.2±4.5 66.2±11.7 0.001 
AKI stage 1/2/3 - - 45/18/13 - 
Renal replacement therapy n 
(%) 

6 (3.1) - 6 (7.9) - 

In hospital mortality n (%)  10 (5.1) 3 (2.5) 7 (9.2) 0.037 
Abbreviation: AKI, acute kidney injury; ICU, intensive care unit; TV, tricuspid 
valve 
Continuous variables are presented as mean ± standard error, and categorical 
variables, as number (percentage). 

 
 

STS renal failure and ACEF scores in AKI 
prediction 

The scores were tested for discriminatory power 
in predicting all AKI, and AKI stage 2 and 3. For all 
AKI, both scoring systems exhibited satisfactory dis-
criminatory power (AUROC of STS renal failure 
score: 0.797 ± 0.032, 95% confidence interval [CI] 
0.733-0.860, AUROC of ACEF score: 0.758 ± 0.034, 95% 
CI 0.692-0.825; P < .001) (Figure 1). For the subgroup 
analysis, the STS renal failure score showed greater 
discriminatory power for AKI stage 2 and 3 than did 
the ACEF score (AUROC 0.835 ± 0.032, 95% CI 
0.773-0.896 and AUROC 0.747 ± 0.045, 95% CI 
0.659-0.836, respectively; P < .001) (Figure 2). To assess 
the values of selected cutoff points for predicting AKI, 
the prediction sensitivity, specificity, and overall ac-
curacy were determined (Table 4). The STS renal fail-
ure score had a superior Youden index and exhibited 
the higher overall prediction accuracy compared with 
the ACEF score in predicting all AKI stages. The STS 
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renal failure score also had a superior Youden index 
but a similar overall accuracy compared with the 
ACEF score in predicting AKI stage 2 and 3. Com-
pared with the ACEF score, the STS renal failure score 
was more sensitive (80% in the all AKI group and 97% 
in the stage 2 and 3 AKI groups) but lower specificity 
in all subgroups. 

 

Table 4. Prediction of AKI in different scoring systems 

Predictive Factors Cutoff 
Point 

Youden 
Index 

Sensitivity 
(%) 

Specificity 
(%) 

Overall Ac-
curacy 

All AKI      
STS renal failure 2.2 0.53 80 73 0.76 
ACEF 1.1 0.38 54 83 0.72 
AKI stage 2 and 3      
STS renal failure 2.2 0.62 97 65 0.76 
ACEF 1.1 0.42 65 77 0.75 
Abbreviation: ACEF, age, creatinine, and ejection fraction; AKI, acute kidney 
injury; STS, Society of Thoracic Surgeons. 

 
 

 
Figure 1. Area under operating curve for all AKI stages according to different predictors. (a) STS renal failure score (AUROC 0.797 ± 0.032, 95% CI 
0.733-0.860) (b) ACEF score (AUROC 0.758 ± 0.034, 95% CI 0.692-0.825) 

 
Figure 2. Area under operating curve for AKI stage 2 and 3 according to different predictors. (a) STS renal failure score (AUROC 0.835 ± 0.032, 95% CI 
0.773-0.896) (b) ACEF score (AUROC 0.747 ± 0.045, 95% CI 0.659-0.836) 

 

Discussion 
This study confirmed that the STS renal failure 

and ACEF scores are both effective tools for predict-
ing postoperative AKI in patients undergoing mitral 

valve repair. Patients who develop AKI also had 
longer ICU stays and a higher risk of in-hospital 
mortality.  

Over the past few decades, AKI has been over-
looked because of low clinical awareness and the lack 
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of an effective method for early detection. AKI de-
velopment is associated with unfavorable outcomes 
and high mortality in patients who undergo cardiac 
surgery. Patients undergoing cardiac surgery typi-
cally exhibit complex syndromes with numerous 
pathways that affect renal function and involve he-
modynamic changes, tissue breakdown, reactive ox-
ygen species, infection, and drug toxicity. All of these 
factors can result in endothelial dysfunction, inflam-
matory response, and tubular cell damage. AKI fol-
lowing cardiac surgery can be classified as a form of 
cardiorenal syndrome type 1, a bidirectional condition 
that reflects an abrupt decline of renal function sec-
ondary to acute cardiac disease or procedures.[19]  

Patients who undergo mitral valve surgery typ-
ically demonstrate low stroke volume related to mi-
tral regurgitation, which increases the vulnerability of 
the kidney to injury during cardiac surgery. Our data 
showed that 38.7% of the patients who received mitral 
valve repair had AKI. These patients had more func-
tional class III and IV heart failure, more dilated car-
diomyopathy, and lower EFs, which might lead to 
renal hypoperfusion and higher baseline creatinine. 
Critically, our data revealed that compared with the 
non-AKI group, the AKI group exhibited higher rates 
of DM and hypertension, which are risk factors for 
occult renal disease. The AKI group also exhibited 
lower albumin and hemoglobin levels, suggesting the 
presence of malnutrition because of heart failure. We 
found that the patients with AKI had larger LVESD 
and LVESV in cardioechograms. Tribouilloy et al. 
demonstrated that patients with LVESD ≥40 had un-
favorable outcomes and that LVESD is a powerful 
predictor of survival in patients with organic mitral 
regurgitation.[20] Although no publication has dis-
cussed the association between LVESD and renal 
dysfunction, suspecting that chronic left ventricular 
dysfunction indicated by larger LVESD might affect 
the kidney is reasonable. Furthermore, the AKI group 
in the current study exhibited longer bypass time and 
more TV repair, which is consistent with the CABG 
finding that cardiopulmonary bypass time might be 
an essential factor for AKI during cardiac surgery.[21] 
Finally, mortality was higher in the AKI group than in 
the non-AKI group. 

Accurate prediction models can facilitate clinical 
decision making, patient counseling, and preopera-
tive medical optimization.[22] Currently, the predic-
tion models for severe AKI requiring dialysis are the 
most robust and externally validated. Among these, 
the STS renal failure score has exhibited high dis-
crimination in most tested populations.[12] However, 
because of low dialysis rates (1%-2%) and late occur-
rence, the benefits of using these risk models may be 
limited. More effort is required to develop and vali-

date different prediction scores for all AKI severities, 
particularly because stage 1 AKI is highly common 
and contributes to numerous short-term and 
long-term adverse outcomes.[8]  

The STS score has been developed and widely 
used for mortality risk assessment in cardiac surgery. 
These risk scores are based on a collected database 
and, by inputting patient demographics and clinical 
variables into an easy-to-use online calculator, can 
predict the risk of cardiac surgery mortality. Recently, 
scoring systems incorporating patient clinical charac-
teristics specific to risk assessment for cardiac surgery 
have been applied widely to patients undergoing 
percutaneous coronary intervention. Contemporary 
preoperative mortality risk scoring systems have also 
been used to predict major complications such as 
postoperative AKI.[16] In line with this evidence, 
Ando et al. demonstrated that the ACEF score can be 
used to predict AKI in patients undergoing primary 
percutaneous coronary intervention.[23] This suggests 
that major postoperative complications or mortality 
share similar risk factors that may contribute to AKI, 
such as decreased left ventricular EF and increased 
serum creatinine level, as we indicated in this study. 
Collectively, these data confirm the value of using 
current mortality risk scores to predict AKI following 
mitral valve repair.  

The ACEF score is based on the “law of parsi-
mony” to exclude confounders that might produce 
bias in the other current scoring system.[11] Incorpo-
rating excessive variables results in inaccuracy, severe 
overfitting, and the risk of multicollinearity. Recent 
studies found that the ACEF score exhibited similar or 
superior accuracy compared with previously estab-
lished scores in stratifying mortality risk in patients 
undergoing CABG[11] and percutaneous coronary 
intervention.[24] This simpler score combines 3 criti-
cal clinical natural continuous variable characteristics, 
namely, age, creatinine (renal insufficiency), and left 
ventricular EF. Each of these preoperative variables 
has been clearly demonstrated as independent risk 
factors for postoperative AKI in cardiac surgery. 
Therefore, this ACEF scoring system is extremely 
useful and applicable for predicting postoperative 
AKI. Furthermore, because calculating the score is 
quick and easy, the system is appropriate for none-
lective surgery. A previous study demonstrated that 
the performance of the ACEF score in predicting 
in-hospital mortality in elective and nonelective car-
diac surgery is comparable.[25] This finding is con-
sistent with our current results, which suggest that the 
score has similar applications in predicating all AKI, 
including for elective and nonelective surgery. Cur-
rently, novel biomarkers are used for the early post-
operative detection of AKI; however, screening every 
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case is not financially feasible. Hence, combining risk 
assessment and postsurgical biomarkers might im-
prove the cost effectiveness of diagnostic strategies in 
daily care. 

Despite the favorable results obtained in this 
study, several key limitations should be noted. First, 
the study was limited by its adoption of post hoc 
analysis. Second, the sample size was relative small 
with heterogeneity of etiology and of urgent and 
elective surgery. Third, because the etiology of AKI is 
often multifactorial, intraoperative factors and 
postsurgical care not considered in the scoring sys-
tems may have affected the prediction of AKI occur-
rence. Finally, we did not obtain information regard-
ing mitral valve replacement; the extent of the 
above-mentioned results in patients with valve re-
placement should be carefully interpreted. 

Conclusions 
To the best of our knowledge, this is the first as-

sessment to compare the prognostic utility of con-
temporary risk scoring systems for predicting post-
operative AKI in mitral valve repair. The STS renal 
failure score is a more accurate predictor of postoper-
ative stage 2 and 3 AKI. Both the STS renal failure and 
ACEF scores exhibited satisfactory predictive ability 
for all AKI severities. However, the ACEF method is 
simpler and much more user-friendly. We suggest 
that future biomarker research examine the urine 
neutrophil gelatinase-associated lipocalin of patients 
with an STS renal failure score exceeding 2.2 or an 
ACEF score exceeding 1.1; such research may im-
prove the clinical outcomes of patients with AKI by 
guiding preventive and early therapeutic strategies. 
Future studies could also investigate the combination 
of preoperative risk models and postoperative AKI 
biomarkers to enhance the prediction accuracy for the 
future clinical management of AKI. 
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