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ABSTRACT

Background: o evaluate the performance of Society of 
Thoracic Surgeons (STS) 2008 cardiac surgery risk scores for 
postoperative complications in Chinese patients undergoing 
single valve surgery at multicenter institutions. 

Methods: From January 2009 through December 2012, 
4493 consecutive patients older than 16 years who under-
went single valve surgery at 4 cardiac surgical centers were 
collected and scored according to the STS 2008 risk scores. 
The final research population included the following isolated 
heart valve surgery types: aortic valve replacement, mitral 
valve replacement, and mitral valve repair. Calibration of the 
risk scores was assessed by the Hosmer–Lemeshow (H-L) 
test. Discrimination was tested by calculating the area under 
the receiver operating characteristic (ROC) curve. 

Results: The observed incidence rate for cerebrovascu-
lar accident (CVA), renal failure (RF), prolonged ventilation 
(Vent), reoperation (Reop), prolonged postoperative length 
of stay (PLOS), and short postoperative LOS (SLOS) was 
0.90%, 1.32%, 4.18%, 2.43%, 3.64%, and 1.65%, respec-
tively. The predicted incidence rate for CVA, RF, Vent, 
Reop, PLOS, and SLOS was 0.76%, 1.55%, 4.94%, 6.69%, 
3.92%, and 2.54%, respectively. The STS 2008 risk scores 
give an accurate calibration for individual postoperative 
risk in CVA, RF, Vent, and PLOS (Hosmer–Lemeshow: P 
= .052, P = .474, P = .468, and P = .712, respectively). The 
area under the ROC curve of the STS 2008 risk scores for 
the above 4 postoperative complications were 0.714, 0.724, 
0.727%, and 0.713, respectively.

Conclusion: The STS 2008 risk scores were suitable for 
major postoperative complications in patients undergoing 
single valve surgery, except for Reop and SLOS. 

INTRODUCTION

Risk stratification plays an important role in cardiac 
surgical practice worldwide. During the last 2 decades, a 
number of excellent risk score systems have been devel-
oped for heart valve surgery, such as Veterans Administra-
tion (VA) score, European System for Cardiac Operative 
Risk Evaluation (EuroSCORE), Northern New England 
Cardiovascular Disease Study Group (NNE) score, Soci-
ety of Cardiothoracic Surgeons of Great Britain and Ire-
land (Ambler) score, and Society of Thoracic Surgeons 
(STS) score [Grover 1994; Nashef 1999, 2012; Nowicki 
2004; Ambler 2005; O’Brien 2009; Shahian 2009;]. These 
scores have been derived from  large cardiovascular surgery 
databases. Their predictions are useful in helping deter-
mine indications for surgery, providing accurate informed 
consent, and monitoring the quality of surgeons and 
institutions. 

Most predictive models have focused on operative mor-
tality as an indicator of the quality of cardiac surgery. Only 
a few models evaluate other relevant outcomes as morbid-
ity and postoperative in-hospital length of stay (LOS) or 
LOS in the intensive care unit [Kurki 2001, 2002; Huijskes 
2003; Colak 2008]. The recent STS 2008 cardiac surgery 
risk models published 8 generic risk stratification models for 
predicting in postoperative complications after heart valve 
surgery [O’Brien 2009; Shahian 2009]. However, an objec-
tive evaluation of the performance of STS 2008 risk scores 
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Table 1. Distribution of Valve Procedures*

Procedure Number Concomitant CABG (%) Unadjusted Mortality (%)

AVR 2280 138 (6.05%) 49 (2.15%)

MVR 1484 65 (4.38%) 13 (0.90%)

MVRepair 729 90 (12.35%) 11 (1.51%)

Total 4493 293 (6.52%) 73 (1.63%)

*CABG, coronary artery bypass; AVR, aortic valve replacement; MVR, 
mitral valve replacement; MVRepair, mitral valve repair.
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in postoperative complications after heart valve surgery in 
China has not been performed. Hence, the purpose of the 
present study was to evaluate the performance of STS 2008 
risk scores in the prediction of major postoperative compli-
cations in patients undergoing heart valve surgery at multi-
center institutions.

MATERIALS AND METHODS

Study Population and Data Collection
In the current retrospective study, all patients older than 

16 years who underwent single valve surgery between Janu-
ary 2009 and December 2012 at 4 cardiac surgical centers 

Table 2. Distribution of Risk Factors in Our Study Population versus STS 2008 Risk Scores*

STS 2008 Risk Scores

Risk Factors Study Population, n (%) Isolated Valve Surgery, n (%) Valve Surgery plus CABG, n (%)

All patients N = 4493 N = 109,759 N = 101,661

Age, years

<55 2603 (57.9) 28,147 (25.6) 6693 (6.6)

55-64 1260 (28.0) 23,258 (21.2) 17,188 (16.9)

65-74 569 (12.7) 28,145 (25.6) 33,628 (33.1)

≥75 61 (1.4) 30,209 (27.5) 44,152 (43.4)

Female 1895 (42.2) 49,007 (44.6) 36,073 (35.5)

BSA, m2

<1.50 934 (20.8) 4351 (4.0) 3340 (3.3)

1.50-1.74 2236 (49.8) 24,577 (22.4) 20,799 (20.4)

1.75-1.99 1144 (25.5) 40,548 (36.9) 40,017 (39.4)

≥2.00 179 (3.9) 39,517 (36.0) 36,956 (36.4)

Hypertension 1091 (24.3) 67,886 (61.9) 78,823 (77.5)

Diabetes 219 (4.9) 20,688 (19.1) 33,398 (32.9)

Chronic pulmonary disease 208 (4.6) 20,862 (20.0) 23,959 (23.6)

Peripheral vascular disease 75 (1.7) 8381 (7.6) 17,294 (17.0)

CVD 150 (3.3) 12,661 (11.5) 18,202 (17.9)

CVA 63 (1.4) 7744 (7.1) 8923 (8.8)

Dialysis 28 (0.6) 2699 (2.5) 2443 (2.4)

Active endocarditis 84 (1.9) 4238 (3.9) 823 (0.8)

Prior cardiac operation 222 (4.9) 18,052 (16.9) 11,653 (11.4)

Atrial fibrillation 858 (19.1) 16,124 (14.7) 13,386 (13.2)

Recent MI 18 (0.4) 10,110 (9.2) 33,142 (32.6)

NYHA III-IV 2211 (49.2) 54,645 (49.8) 63,164 (62.1)

Congestive heart failure 443 (9.9) 44,934 (40.9) 43,377 (42.7)

Ejection fraction, %

<25 4 (0.1) 2694 (2.5) 5805 (5.7)

25-34 49 (1.1) 5900 (5.4) 10,988 (10.8)

35-44 168 (3.7) 10,035 (9.1) 14928 (14.7)

45-54 461 (10.3) 20,481 (18.7) 20,398 (20.1)

≥55 3811 (84.8) 60,890 (55.5) 43,556 (42.8)

Left main disease 33 (0.7) 1625 (1.5) 17,175 (16.9)

Emergency or urgent or salvage surgery 30 (0.7) 25,504 (23.2) 39,191 (38.5)

*STS, Society of Thoracic Surgeons; CABG, coronary artery bypass grafting; BSA, body surface area; CVD, cerebrovascular disease; CVA, cerebrovascular  
accident; MI, myocardial infarction; NYHA, New York Heart Association.
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were included: Fu Wai Hospital in Beijing, Changhai Hos-
pital of Shanghai, Zhongshan Hospital of Fudan Univer-
sity in Shanghai, and Guangdong Cardiovascular Institute 
in Guangzhou. To meet all requirements for the STS 2008 
models, we included the following isolated heart valve sur-
gery types: aortic valve replacement, mitral valve replace-
ment, and mitral valve repair. Patients who underwent single 
valve surgery with concomitant tricuspid valve repair or coro-
nary artery bypass (CABG) were also included in this study. 
However, valve surgery combined with aortic surgery and 
congenital heart procedures were excluded from the dataset. 

Information on patients and the procedural risk factors 
for all patients were collected from the local computerized 
database, which was designed by the Department of Cardio-
thoracic Surgery, Changhai Hospital, Shanghai, China. This 
multicenter retrospective study was supported by Public Spe-
cialty Fund of Health Ministry (200802096). The steering 
committee of which includes cardiac surgeons and research-
ers from Changhai Hospital of Shanghai was in charge of 
supervision and coordination of institution recruitment and 
data collection. All 4 participating institutions received detailed 
information at the beginning of the project on 

data-collection requirements and definitions of variables. 
The review of these records was approved by our institutional 
committee for human research.  

Risk factors in the different risk models were selected strictly 
from our local database, in which all data included patient demo-
graphics, comorbidity, valve disease severity, procedural details, 
and outcomes. We also excluded patients who had missing infor-
mation on key predictors: age, gender, operation sequence, and 
major postoperative complications. The predictive morbidity 
rate for every patient in this study was calculated by using the 
published STS 2008 cardiac surgery risk models [O’Brien 2009; 
Shahian 2009], including their risk factor definition and predic-
tive risk calculation formula. The predicted morbidity was com-
pared to observed morbidity for the entire cohort population.

END POINTS 

The endpoints of this study were major postoperative 
complications referenced to STS 2008 cardiac surgery risk 

models, including (1) cerebrovascular accident (CVA): a 
central neurologic deficit persisting longer than 72 hours; 
(2) renal failure (RF): a new requirement for dialysis or an 
increase of the serum creatinine to greater than 2.0 mg/
dL and double the most recent preoperative creatinine 
level; (3) prolonged ventilation (Vent): required mechani-
cal ventilation for 24 hours or more either continuously or 
in total after reintubation; (4) reoperation (Reop) for any 
reason; (5) prolonged postoperative length of stay (PLOS): 
LOS more than 14 days (alive or dead), and (6) short post-
operative LOS (SLOS): LOS less than 6 days and patient 
alive at discharge.

Statistical Analysis
Continuous variables were expressed as mean ± standard 

deviation, and categorical variables were expressed as per-
centages. Missing data are uncommon in our study, with a 
frequency of less than 1% missing for most variables. Model 
variables with more than 1% missing were body surface area 
(BSA) (3.88%), body mass index (BMI) (3.88%), serum cre-
atinine (3.11%), and left ventricular ejection fraction (LVEF) 
(4.40%). To make full use of the available data, missing values 
were replaced by the single imputation technique [Little 
2002] before the risk score was calculated. 

Performance of the STS 2008 risk scores were assessed 
by comparing the observed and expected incidence rate for 
each postoperative complication. Model calibration (statis-
tical precision) was analyzed by Hosmer–Lemeshow good-
ness-of-fit statistic [Hosmer 2000]. A well-calibrated model 
gives a P value greater than .05. The calibration plot shows 
the mean predicted mortality against the observed mortal-
ity for 10 equally sized groups based on the ranked pre-
dicted risks calculated by the STS 2008 risk score. Model 
discrimination (statistical accuracy) was tested by calculat-
ing the areas under ROC curves, which was used to assess 
how well the model could discriminate between survivors 
and nonsurvivors [Hanley 1982]. The discriminative power 
of the model was thought to be good if the area under the 
ROC curve was ＞0.7 and very good if ＞0.8. Statistical analy-
ses were performed with IBM SPSS Statistics for Windows, 
version 19 (IBM Corp., Armonk, NY).

Table 3. Model Calibration of the STS 2008 Risk Scores* 

Observed Rate, % Predicted Rate, % H-L test, P O/E Ratio ROC Area

CVA 0.90 0.76 .052 1.18 0.714

RF 1.32 1.55 .474 0.85 0.724

Vent 4.18 4.94 .468 0.85 0.727

Reop 2.43 6.69 <.0001 0.36 0.558

PLOS 3.64 3.92 .712 0.93 0.713

SLOS 1.65 2.54 .008 0.65 0.600

*STS, Society of Thoracic Surgeons; H-L, Hosmer–Lemeshow; O/E, observed/expected; ROC, receiver operator characteristic; CVA, cerebrovascular accident 
(stroke); RF, renal failure; Vent, prolonged ventilation; Reop, reoperation; PLOS, prolonged length of stay; SLOS, short length of stay.
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RESULTS

Patient Population and Demographics
All 4493 patients who underwent single valve surgery pro-

cedures between January 2009 and December 2012 were eval-
uated for study inclusion. The distribution of valve surger-
ies performed are shown in Table 1. Overall, the average age 
49.5 ± 14.3 years; 42.2% of patients were female; mean LVEF 
was 62.2% ± 9.3%; and 0.62% had emergency valve surgery. 
Details of the prevalence of risk factors in our populations are 
listed in Table 2.

Model Calibration and Discrimination 
The observed incidence rate for CVA, RF, Vent, Reop, 

PLOS, and SLOS was 0.90%, 1.32%, 4.18%, 2.43%, 3.64%, 
and 1.65%, respectively. The predicted incidence rate for 
CVA, RF, Vent, Reop, PLOS, and SLOS was 0.76%, 1.55%, 
4.94%, 6.69%, 3.92%, and 2.54%, respectively. Table 3 shows 
the model calibration of the STS 2008 risk scores for 6 post-
operative complications. The discriminative power (ie, the 
area under the ROC curve) of the STS 2008 risk scores for 6 
postoperative complications are shown in Table 3. The results 
mean that the STS 2008 risk scores give a better prediction 
for individual postoperative complications risk in patients 
undergoing single valve surgery, except for Reop and SLOS. 

DISCUSSION

Valvular heart disease (VHD) is the most frequent acquired 
cardiac disease in China, and it also remains frequent in devel-
oped countries because of the predominance of degenerative 
valvular diseases [Nkomo 2006]. Despite an increase of aver-
age perioperative risk factors, ed or slightly reduced [Pinna 
Pintor 2002]. However, an increase of perioperative risk fac-
tors results in more complications after cardiac surgery and 
potential reduction in quality of life. Meanwhile an increase 
of postoperative complications led to an increase of prolonged 
intensive care unit (ICU) LOS and of a remarkable increase of 
individual costs. During the last 2 decades, several models to 
calculate mortality risk before heart valve surgery have been 
developed [Grover 1994; Nashef 1999, 2012; Nowicki 2004; 
Ambler 2005; O’Brien 2009; Shahian 2009]. However, most 
predictive models have focused on operative mortality, and 
a preoperative risk algorithm specifically designed to predict 
postoperative complications in heart valve surgery is fewer.  

Of current risk prediction models for heart valve surgery, 
the STS 2008 risk scores had been highly successful and used 
worldwide in the daily clinical activities. In our previous clini-
cal researches that were designed during a multicenter study 
[Wang 2014], we have analyzed the predictive value of the 
STS 2008 risk scores for predicting in-hospital mortality in 
patients undergoing heart valve surgery. However, the per-
formance of the STS 2008 risk scores for predicting postop-
erative complications after heart valve surgery in China has 
not been clear. Therefore, this present study was designed 
to evaluate the performance of STS 2008 risk scores in the 
prediction of major postoperative complications in patients 
undergoing heart valve surgery at multicenter institutions. 

Our study population was selected from 4 representative 
institutions located in the developed area of China, and the 
population was drawn from approximately half of the area of 
China. In our study, the STS 2008 risk scores give a better 
prediction for individual postoperative complications risk in 
patients undergoing single valve surgery, except for Reop and 
SLOS. The reasons are likely to be multifactorial. First, the 
candidate predictor variables were selected relatively com-
pletely by the STS 2008 risk scores for single valve surgery. 
Some valve disease–specific risk factors are included in the 
STS score development, such as valve pathological changes, 
which is related to the operative treatment of valvular heart 
disease [Nowicki 2005]. Meanwhile, the model design and 
statistical analysis method of predictor variables in the STS 
2008 risk scores were different, and 8 generic risk stratifica-
tion models for postoperative complications were designed, 
and interaction terms with 2 candidate variables were first 
used in the STS 2008 risk scores development [O’Brien 2009; 
Shahian 2009]. Therefore, it is not surprising that the STS 
2008 risk scores gives a good calibration and discriminative 
power. Second, the baseline of the prevalence of risk factors 
in our population differed from those of the United States. 
The population included in our study was younger, included 
a greater proportion of females, had less chronic lung dis-
ease, peripheral vascular disease, renal dysfunction, coronary 
artery disease, recent myocardial infarction, and emergency 
surgery, and had higher active endocarditis, atrial fibrilla-
tion, and pulmonary hypertension at the time of valve surgery 
[Wang 2014]. Moreover, different risk factors selected, dif-
ferent weighting of these risk factors, variable patient charac-
teristics in the initial derivation cohort, and change of patient 
characteristics and operative techniques could influence their 
accuracy and performance.  

As a retrospective investigation, the incorrect and missing 
data in the original medical records could not be re-collected, 
and the definitions of risk factors are not the same in a differ-
ent risk score system; this difference could affect the result of 
the risk algorithm. 

CONCLUSIONS

The STS 2008 risk scores were suitable for major post-
operative complications in patients undergoing single valve 
surgery, except for Reop and SLOS. 
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