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ABSTRACT

Background: Coronary artery disease (CAD) is the most
common cause of heart failure (HF), and impaired ejection
fracdon (EF<50%) is a crucial precursor to HFE. Coronary
artery bypass grafting (CABG) is an effective surgical solution
to CAD-related HE. In light of the high risk of cardiac surgery,
appropriate scores for groups of patients are of great impor-
tance. We aimed to establish a novel score to predict in-hospital
mortality for impaired EF patients undergoing CABG.

Methods: Clinical information of 1,976 consecutive
CABG patients with EF<50% was collected from January
2012 to December 2017. A novel system was developed using
the logistic regression model to predict in-hospital mortal-
ity among patients with EF<50% who were to undergo
CABG. The scoring system was named PGLANCE, which
is short for seven identified risk factors, including previ-
ous cardiac surgery, gender, load of surgery, aortic surgery,
NYHA stage, creatinine, and EF. AUC statistic was used to
test discrimination of the model, and the calibration of this
model was assessed by the Hosmer-lemeshow (HL) statistic.
We also evaluated the applicability of PGLANCE to predict
in-hospital mortality by comparing the 95% CI of expected
mortality to the observed one. Results were compared
with the European Risk System in Cardiac Operations
(EuroSCORE), EuroSCORE 1II, and Sino System for
Coronary Operative Risk Evaluation (SinoSCORE).

Results: By  comparing  with  EuroSCORE,
EuroSCORE II and SinoSCORE, PGLANCE was well cali-
brated (HL P = 0.311) and demonstrated powerful discrimi-
nation (AUC=0.846) in prediction of in-hospital mortality
among impaired EF CABG patients. Furthermore, the 95%
CI of mortality estimated by PGLANCE was closest to the
observed value.

Conclusion: PGLANCE is better with predicting in-
hospital mortality than EuroSCORE, EuroSCORE II, and
SinoSCORE for Chinese impaired EF CABG patients.
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INTRODUCTION

Few health problems over past decades have affected the
socio-medical landscape worldwide like heart failure (HF).
Coronary artery disease (CAD) is the most common cause of
HF [Yancy 2013]. Coronary artery bypass grafting (CABG)
invariably is recommended for CAD-related HF disease
[ WSKPA 2014]. However, for a variety of reasons, the
perioperative mortality of CABG in HF patients is higher
than in general patients [Velazquez 2011]. As an independent
risk factor, HF was thought to be associated with a higher
in-hospital mortality in clinical practice [Nashef 1999; Hu
2000; Gardner 2004; Nashef 2012]. Impaired EF (EF<50%)
is of importance to exclude HFpEF (heart failure with pre-
served EF, EF>50%) which indicates a favorable prognosis
[Ponikowski 2016]. As a crucial precursor to HF, patients
with impaired EF usually have systolic or diastolic left ven-
tricular dysfunction [Ponikowski 2016]. Hence, close atten-
tion should be paid to EF value in clinical practice. To avoid
severe morbidities of HE, CAD patients with impaired EF
should undergo timely revascularization therapies, including
CABG. In addition, EF value is an objective and standardized
parameter that is more accepted in clinical research.

Aiming to lower postoperative mortality, the risk stratifica-
tion system is of critical importance to assess operative risk,
which could help with risk control. Recently, many opera-
tive risk evaluation models for CABG have been established.
Some are extensively utilized; examples include the model
of the Society of Thoracic Surgeons (STS) [Edwards 1997],
EuroSCORE [Nashef 1999], EuroSCORE II [Nashef 2012],
and SinoSCORE [Zheng 2013]. But all the published models
are based on general CAD patients and theoretically may not
be applicable to particular patients with impaired EF. These
models also mostly use data collected 10 years ago, which may
not reflect the current situation [Choong 2009]. In light of
lacking appropriate prediction models for impaired EF CABG
patients, developing a novel risk stratification system for
impaired EF patients undergoing CABG became necessary.

MATERIALS AND METHODS

Enrolled in the study were all patients (N = 1978), whose
EF values were impaired (LVEF<50%, which is a precursor to
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Table 1. Demographics and risk factors for univariate analysis

Mean+SD or
Variable Definition No. (%)
Patient-related
Age - 60.1+9.1
Female - 293 (14.8)
BMI Body mass index 24.9+3.9
History of myocardial infarction Documented history or ECG evidence including recent myocardial infarction (<21 days) 899 (45.5)
Hypertension Documented past history or SBP>140 mmHg and /or DBP>90 mmHg 1055 (53.4)
Diabetes mellitus Documented past history or fulfilled the criteria of WHO 1999 501 (25.4)
Previous PCI Documented history 174 (8.8)
Increased serum creatinine Measured before surgery or any previous serum creatinine>176 umol /L 18 (0.9)
Previous cardiac surgery One or more previous major cardiac operation involving opening the pericardium 77 (3.9)
History of smoking Prior history of smoking, regardless of whether the patients quit smoking 1627 (82.3)
COPD Long-term use of bronchodilators or steroids for lung disease 9 (0.5)
T T S o TS T S T e
Cerebrovascular accident Documented past history of coma =24 h or central nervous system dysfunction =272 h 63 (3.2)

Any one or more of the following occurring preoperatively:
Critical preoperative state ver\trifular tachycardia. or ﬁbrillétion or ab'orted sud.den death; cardiac mas?age; ventilat.ion befor.e 3(02)
arrival in the anaesthetic room; inotropes; intra-aortic balloon counterpulsation or ventricular-assist
device before arrival in the anaesthetic room; acute renal failure (anuria or oliguria <10 ml/h)

Cardiac-related
CCS angina class=4 CCS class 4 angina (inability to perform any activity without angina or angina at rest) 183 (9.3)
Preoperative atrial fibrillation or flutter Within 2 weeks 8 (0.4)
NYHA class lll or IV NYHA classification 189 (60.2)
LVEF Assessed by echocardiography (measured before surgery)
<35% - 226 (11.4)
35%<EF<45% - 940 (47.6)
245% - 810 (41.0)
Operation-related
Other than isolated CABG Operations ‘heavier’ than the isolated CABG 432 (21.9)
Aortic surgery Combined with aortic surgery 34 (1.7)
Non-elective surgery Not routine admission for operation 102 (5.2)
On-pump surgery With extracorporeal circulation 1214 (61.4)

HF) and measured by echocardiogram, and who underwent
CABG at Fuwai Hospital from January 2012 to December
2017. Detailed information on patient demographics, pre-
operative risk factors, operative risk factors, and in-hospital
mortality was collected. The data collected included 24 pre-
operative factors and four operative parameters (Table 1).

All data were carefully examined. Patients under 18 years
of age and those with incomplete data records were excluded.
Among the patients, two were excluded because of incom-
plete data. Both had no ejection fraction values. In total, 1976
patients were analyzed. These patients were randomly divided
into two subsets with a 3:1 ratio, according to the method
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used to develop the EuroSCORE II model [Nashef 2012].
These subsets were the developmental data set (N = 1479),
which was used to construct the risk model, and the valida-
tion subset (N = 497), which was used to test and validate
the model. SPSS 20.0 (SPSS Inc., Chicago, Illinois, USA) was
used to perform the statistical analysis.

In the developmental data set, all the possible risk factors
associated with early mortality were screened (univariable
analysis) using chi-square tests for categorical covariates and
t-tests or Wilcoxon rank sum tests for continuous covariates.
Variables with P values > 0.1 were excluded. A stepwise multi-
variable logistic regression was performed using the backward
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Table 2. Risk factors for multivariable analysis

Variable Definition P-value
Patient-related
Female - .046
BMI Body mass index .001
. Measured before surgery or any pre-
Increased serum creatinine .004
vious serum creatinine>176 umol /L
One or more previous major cardiac
Previous cardiac surgery operation involving opening the <.001
pericardium
Cardiac-related
P tive atrial
reoperative atria Within 2 weeks <.001
fibrillation or flutter
NYHA class lll or IV NYHA classification .01
LVEF Assessed by echocardiography
(measured before surgery)
<35% - .004
35%<EF<45% - .017
245% - .013
Operation-related
O ti ‘heavier’ than th
Other than isolated CABG e crions heavier-than the <.001
isolated CABG
Aortic surgery Combined with aortic surgery <.001

Non-elective surgery Not routine admission for operation  <.001

method (criteria for entry and removal of variables were 0.05
and 0.10) with one variable eliminated at a time. The stability
of the model was checked every time a variable was elimi-
nated. When all statistically non-significant variables were
eliminated, the goodness of fit of the final model was tested
using the Hosmer-Lemeshow statistic. The logistic equation
used was:
(BO+ZBiX)

Predicted mortality =
1+ e(BO+Z]3iXi)

B0 is the constant of the logistic regression equation. f3i is the
coefficient of the variable Xi. PGLANCE risk factors and their
coefficients are detailed in Table 3. The area under the ROC
curve (AUC) was utilized to assess the discriminatory power.

The discriminatory power was then tested in the valida-
tion data set. Here, we compared predicted mortality (respec-
tively calculated by PGLANCE, EuroSCORE, EuroSCORE
II, and SinoSCORE) to the observed value to evaluate their
prediction accuracy.

RESULTS

A total of 1976 patients were analyzed. Elective pro-
cedures were 94.8%, and isolated CABG accounted for
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Table 3. Final risk factors by multivariable regression for the
model

Variable (Xi=1) Coefficient (i) P-value
Female 0.972 .03
Increased serum creatinine 1.933 .027
Previous cardiac surgery 1.993 <.001
NYHA class Ill or IV 1.388 .003
LVEF

<35% 2.01 .005
35%<EF<45% 1.516 .017
Other than isolated CABG 0.866 .048
Aortic surgery 1.682 .016
Constant (B0) -6.553 <.001

78.1%. Overall in-hospital mortality was 1.4%. The mean
age was 60.1 years old, with a standard deviation of 9.1,
and 85.2% were male. The mean BMI was 24.9+3.9 with
62.0% > 24 and 0.76% < 18. A history of hypertension
occurred in 53.3% of patients. Diabetes was present in
25.4% of patients.

Risk factors identification: The demographics and risk
factors for univariable analysis were listed in Table 1. Uni-
variable analysis demonstrated that a number of risk factors
are associated with increased mortality. These are detailed in
Table 2. Multivariable analysis identified seven risk factors
related to in-hospital mortality. All the independent risk fac-
tors and their coefficients Bi are listed in Table 3.

Risk model construction: Using the above risk factors
listed in Table 3, the final logistic model was constructed from
the developmental data set. The calibration of the model was
satisfactory as the P value of the HL test was 0.311 (P > .05).
The model was then applied to the validation data set with
very satisfactory results (Table 4).

Risk model application: When applied to the validation
data set, the area under ROC curve (AUC) of PGLANCE
was 0.847 (95% confidence interval 0.723-0.971), indicating
very good discrimination. The discrimination powers of dif-
ferent models characterized by AUC are listed in Table 4. It
suggests that PGLANCE had a better discrimination than
EuroSCORE and SinoSCORE, similar to EuroSCORE 1I
(0.847 versus 0.878). Figure 1 displays the ROC curves of this
model validated in the validation data set (Figure 1). Figure 2
displays the ROC curves of this model validated in the whole
cohort (Figure 2). This system, which is similar to the EuroS-
CORE I, is logistic.

In the validation data set and the entire population
(developmental and validation), predicted mortalities of dif-
ferent models are listed in Table 5. When compared with
observed mortality, we could confirm that PGLANCE pre-
dicted more accurately than the other three models whose
predicted mortalities were significantly higher than the
observed value.
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Figure 1. [MISSING]

Over the past decade, an increasing number of impaired
EF or heart failure patients have undergone CABG.
Chinese CABG Registry [Zheng 2012] and a survey from
India [Varma 2014] have reported that about 10% of all the
CABG patients have EF values less than 50%. However,
few predictive models have been specially applied to certain
patients. Some of the famous models remarkably have over-
predicted mortality, according to our study (Table 5). This
may severely affect any critical assessment of clinical results
and may lead to an incorrect therapeutic decision, necessitat-
ing the development of a more appropriate model.

EuroSCORE was one of the most successful predic-
tive models of cardiac surgery 10 years ago, but its ability
to stratify the risk has been criticized. It has been proven
to markedly over-estimate individual patient risk [Choong
2009; Zheng 2009]. Correspondingly, in 2011, EuroSCORE
investigators developed a revised version, EuroSCORE 1I,
which soon was confirmed to improve the quality of clinical
research and patient care. The updating from EuroSCORE
to EuroSCORE II implies that logistic modeling is the best
technique for mortality prediction in cardiac surgery. In this
study, according to the method adopted in EuroSCORE II
construction, we set up a logistic model that identified the
risk factors for in-hospital mortality of impaired EF (LVEF <
50%) patients undergoing CABG surgery.

The strength of our model and database was that our
series was most recent, consecutive, large and that patients
came from the whole country, which could represent Chinese
characteristics of CAD. In addition, our study pertinently col-
lected information on the patients whose EF was less than
50%. Consequently, it was supposed to outperform other
models for mortality prediction among certain patients.

Focusing on impaired EF patients, we used the most
recent data that could exactly reflect the levels of current
techniques and skills to set up the model. PGLANCE incor-
porated seven variables, which all turned out to be related
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Figure 2. [MISSING]

to in-hospital mortality and included in previous models
[Nashef 2012; Zheng 2013]. Unlike EuroSCORE II, which
has 21 variables for mortality calculation, PGLANCE with
just seven variables is easier to use and worthy of clinical pop-
ularizing. It is our opinion that better categorization of the
EF value might contribute to an improved predictive ability
among impaired EF patients. In terms of EF categorization,
EuroSCORE II divided EF values (<50%) into three catego-
ries: moderate (31-50%), poor (21-30%) and very poor (20%
or less). In European countries, it obtained a good fit as a
result of clinical use. Unfortunately, in China, patients with
EF <30% seldom undergo surgery. In our study, only 67 (3%)
of CABG patients had an EF value of 30% or less, let alone
those whose EF values were 20% or less (N = 3). Consider-
ing the notable difference between subgroups’ sample sizes if
we adopted EuroSCORE II’s categorization, the EF values
of newly divided patients using PGLANCE were below 50%
into three categories: <35%, 36-45%, and >45%, which can
be attributed to experience with some previous research
[Nagendran 2013; Mark 2011] and balance between sample
sizes of different groups. Besides, significant differences in
mortality were revealed between groups (P < .01), indicating
that in CABG patients with impaired EFs, a lower EF value
implies a poorer prognosis. Subclassification of the EF values
tailored for Chinese CABG patients contributes to a better
predictive capacity of the risk model.

To evaluate the predictive capability of the new model,
we compared PGLANCE to EuroSCORE, EuroSCORE II,
and SinoSCORE in the validation data set. PGLANCE per-
formed better in predicting the in-hospital mortality of certain
patients (Table 4 and Table 5). The AUC value of PGLANCE
in the validation cohort was 0.847, which is higher than
EuroSCORE and SinoSCORE, and similar to EuroSCORE
IL. But in terms of prediction accuracy, PGLANCE had sig-
nificant benefit over the other three models.

EuroSCORE 1I, as an improved edition of the original
EuroSCORE, collected prospective risk and outcome data
on more than 20,000 consecutive patients undergoing major
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Table 4. Discrimination powers of different models

PGLANCE EuroSCORE EuroSCORE Il SinoSCORE
Validation set (AUC) 0.847 0.775 0.878 0.698
Table 5. Mortalities predicted by different models
Observed mortality % Predicted mortality % (95% Cl)
PGLANCE EuroSCORE EuroSCORE Il SinoSCORE
Validation 1.41 1.05-1.73 3.79-4.20 2.09-2.61 7.30-8.02
Total 1.42 1.26-1.57 4.07-4.28 2.30-2.54 7.61-7.99

cardiac surgery in 154 hospitals in 43 countries. However, in
our study, the predicted mortality (95% CI) for the validation
data set by EuroSCORE II was 2.09-2.61% (whole cohort
2.30-2.54%), which is significantly higher than the observed
mortality (1.41% with validation and 1.42% with whole
cohort), indicating that EuroSCORE II cannot accurately
predict mortalities of Chinese impaired EF patients under-
going CABG. This result may be attributed to two reasons.
First, like many other models, EuroSCORE II was based on
western populations. Unlike European institutions, in our
center, CABG patients with risk factors like non-elective
surgery [5.2% versus 23.3% (compared with EuroSCORE II
database)], critical preoperative state (0.2% versus 4.1%), and
female gender (14.8% versus 30.9%) were less. Moreover, the
patients in our database were younger, with a mean age of 60.1
years whereas the average age was 64.7 years in EuroSCORE
II. The characteristics of Chinese CABG patients imply a
lower mortality. Similar results were drawn by a previous study
[Zheng 2009]. The difference between populations highlights
the need to construct a model for Chinese patients. Second,
nearly all of the existing risk models, such as the model of
the Society of Thoracic Surgeons (STS), EuroSCORE II and
SinoSCORE, were based on general CAD populations, not
specific for impaired EF patients.

SinoSCORE, as the only published model based on a
Chinese population, also markedly over-predicted mortal-
ity (Table 5) and had poorer AUC values. This result may
be because SinoSCORE does not categorize EF values which
were less than 50% as well as its old data. Theoretically, it
cannot discriminate patients with impaired EF well, let alone
provide accurate prediction.

Our study also had some limitations: (1) This is a single-
center study. Further multi-center studies with larger sample
sizes are needed. The model may be improved by refining
and modifying some of the risk factors and the way the model
handles them. In spite of the single-center research, pend-
ing further studies, we thought this model would fit in the
Chinese population for two reasons. First, our patients came
from across the whole country, making the data representa-
tive of the entire Chinese population. Second, given the nar-
rowing gaps of the operative and perioperative managing
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techniques between large cardiac centers in China, as the
largest cardic center, our institution is likely to represent the
national level. (2) The results of this study were not validated
using external data, thus, the PGLANCE model should be
applied to non-Chinese populations with great caution. (3)
We utilized in-hospital mortality as the major endpoint
rather than 30-day mortality, which was used in EuroS-
CORE [Nashef 1999]. However, the use of in-hospital death
as the endpoint is justified by the following reasons. First,
other studies also used in-hospital mortality [Hannan 2006;
Carosella 2009]. Second, the length of postoperative hospital
stay is much longer in China than the US and Europe: the
mean postoperative length of stay (PLOS) in our study popu-
lation was 13.5 days, whereas a study that utilized data (496
797 procedures from 1997 to 2001) from the STS database
had a mean PLOS of 6.9 days [Peterson 2002].
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