3

CLINICAL TRIAL REPORT

Prognostic Values of Three Equations in Estimating
Glomerular Filtration Rates of Patients Undergoing
Off-Pump Coronary Artery Bypass Grafting

Zhi Li('*
Wen Ge?*

Chunyan Han?*
Mengwei Lv***
Yanzhong He®
Juntao Su®

Ban Liu®

Yangyang Zhang(®

'Department of Cardiovascular Surgery,
Jiangsu Province Hospital, The First
Affiliated Hospital of Nanjing Medical
University, Nanjing, People’s Republic of
China; ?Department of Thoracic and
Cardiovascular Surgery, Shuguang
Hospital, Shanghai University of TCM,
Shanghai, People’s Republic of China;
3Department of Cardiology, Shanghai
Tenth People’s Hospital, Tongji University
School of Medicine, Shanghai, People’s
Republic of China; “Shanghai East
Hospital of Clinical Medicine College,
Nanjing Medical University, Shanghai,
People’s Republic of China; *Department
of Cardiovascular Surgery, Shanghai East
Hospital, Tongji University School of
Medicine, Shanghai, People’s Republic of
China; ®Tongji University School of
Medicine, Shanghai, People’s Republic of
China

*These authors contributed equally to
this work

Correspondence: Yangyang Zhang; Ban
Liu

Email zhangyangyang wy@tongji.edu.cn;
20 3liuban@tongji.edu.cn

This article was published in the following Dove Press journal:
Therapeutics and Clinical Risk Management

Background: Renal dysfunction is independently associated with both short-term and long-
term mortality after coronary artery bypass grafting (CABG). The estimated glomerular filtration
rate (eGFR) is a convenient and effective indicator of renal function. However, the ability of
eGFR calculated by various equations to predict the outcomes of patients undergoing off-pump
CABG (OPCABQ) is still unclear. This study was aimed to compare the predictive ability of in-
hospital and long-term mortality in three equations of estimating renal functions after OPCABG.
Methods: Totally, 1362 patients undergoing OPCABG were retrospectively reviewed.
Preoperative and postoperative serum creatinine (Scr) levels were detected. The renal func-
tion was evaluated by the Cockcroft-Gault (CG) equation, the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation, and the full-age spectrum (FAS) equation.
The endpoints were in-hospital and long-term all-cause mortality rates. Receiver operating
characteristic curves, net reclassification index, decision curve analysis (DCA), multivariable
logistic model, and Cox regression model were used for comparisons.

Results: The CG equation had the significantly highest discriminatory power to predict in-
hospital mortality (area under the curve=0.815). Valuable clinical net benefits of the CG
equation were greater than the other two equations regardless of before or after operation by
DCA. Multivariable logistic and Cox regression analysis illustrated that the eGFR calculated
by the CG equation was a significant independent risk factor of both in-hospital mortality
(odds ratio=3.390) and long-term mortality (hazard ratio=1.553).

Conclusion: The CG equation outperformed the FAS and CKD-EPI equations in predicting
the mortality of patients after OPCABG. Postoperative renal function was more efficiently
predicted compared with the preoperative one.

Keywords: coronary artery bypass grafting, off-pump, estimated glomerular filtration rate,

mortality

Introduction

The glomerular filtration rate (GFR) is an ideal indicator of renal function. Due to
the complexity and economy of GFR measurement, various alternative formulas to
calculate GFR have been recommended in clinical practice." Serum creatinine (Scr)
is a very common clinical examination and GFR can be estimated by several Scr-
based equations, such as the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation and the full-age spectrum (FAS) equation. The serum creati-
nine clearance can be calculated by the Cockcroft-Gault (CG) equation.”” In
clinical practice, serum creatinine clearance is often used to replace GFR.
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Coronary heart disease (CAD) is a frequently-occur-
ring disease that seriously threatens the life and health of
humans. Coronary artery bypass grafting (CABG) is an
effective treatment for severe CAD and off-pump CABG
(OPCABQG) is the common cardiac surgical procedure in
China.®” Many reports focus on the accuracy of the equa-
tions above to estimate GFR.*'® However, the higher
accuracy of GFR does not necessarily mean the better
predicting of postoperative outcomes. To the best of our
knowledge, few studies have evaluated the prognosis abil-
ity of those estimated GFR (eGFR) equations in a cohort
of patients undergoing OPCABG. The aim of this study
was to assess and compare the predictive power of the CG,
CKD-EPI, and FAS equations applied to patients under-
going OPCABG.

Methods

Patients

This retrospective observational study involved consecu-
tive patients undergoing CABG in the Department of
Cardiovascular Surgery between August 2005 and
October 2018. The exclusion criteria were as follows:

() under 18 years old; (II) preoperative treatment with
any type of renal replacement therapy; (III) any type of
cardiac surgery preoperatively; (IV) CABG combined
other cardiac surgery; (V) requiring cardiopulmonary
bypass; (VI) incomplete medical records.

Finally, this study enrolled 1362 individuals. All clinical
information was obtained from medical records and the
hospital information system, and all data were de-identified.
All patients were operated by the same group of surgeons.
This study was approved by the respective Ethics Committee
of Shanghai East Hospital (ID 2018101) and registered at

www.chictr.org.cn (No.ChiCTR1800020130).

Measurements of eGFR

Preoperative Scr levels in pumol/L (within 48 hours
before operation and more than 7 days prior to coronary
angiography) of all patients were measured by standard
techniques in the central laboratory of the hospital. The
Scr levels of all patients on the first day after operation
were also obtained and were used to determine the
postoperative eGFR. The reference interval of Scr was
44 to 132 pmol/L. eGFR was calculated separately by
three common equations: CG equation, CKD-EPI equa-
tion, and FAS equation. All those equations were
adjusted with body surface area (BSA).

The CG equation is as follows:*

(140 — age)/(72 x Scr) x weight x (0.85iffemale) x Scr
x BSA

The CKD-EPI equation is as follows:*

Female : Scr < 0.7mg/dL144 x (Scr/0.7) %%
x0.99348 x (1.159 if Black)

Ser>0.7mg/dL144 x (Scr/0.7)" 2%
x0.99342 x (1.159 if Black)
Male : Scr < 0.9mg/dL144 x (Scr/0.9)~041!
x0.9934% x (1.159 if Black)

Scr>0.7mg/dL144 x (Scr/0.7)”"2%
x0.993% (1159 if Black)

The FAS equation is as follows:’

Female : 18 < Age < 40years Q = 0.70mg/dL
107.3/(Ser/Q)
Age>40years  107.3/(Scr/Q) x 0.998(Age—40)
Male : 18 < Age < 40yearsQ = 0.90mg/dL
107.3/(Scr/Q)
Age>40years 107.3/(Scr/Q) x 0.998(Age—40)

The BSA was calculated as follows:'!
BSA = Weight(kg)’** x height(cm)™™ x 0.007184

According to the Kidney Disease Improving Global
Outcomes (KDIGO) guideline 2012," renal function was
defined by GFR (in mL/min/1.73 m? as normal
(GFR>90), mild (60<GFR<90), moderate (30<GFR<60),
severe (15<GFR<30), and failure (GFR<15).

The three equations were used separately to calculate
eGFR of each patient both before and after operation.
According to the KDIGO2012 guideline, the patients
were divided into groups I to IV, which corresponded to
normal, mild, moderate, severe, and failed renal function,

respectively.

Statistical Analysis
Continuous data were presented as meantstandard devia-
tion (normally distributed) or median and interquartile
ranges (not normally distributed). Comparisons among
groups were performed using Student’s ¢ test or Mann—
Whitney U-test. Categorical variables were expressed as
number and percentage and compared using Fisher’s exact
test or Chi-square test.

Bland—Altman plots were drawn to evaluate mean differ-
ences and 95% limits of agreement of eGFR estimated by the
three equations. The degree of categorical agreement with
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the KDIGO guideline was studied using weight kappa
values. The kappa value<0.20, 0.21-0.40, 0.41-0.60, 0.61—
0.80, and >0.81 indicated the categorical agreement was
poor, fair, moderate, good, and excellent, respectively.12

Net reclassification index (NRI) was calculated to detect
the consistency of the three equations in predicting mortality.
According to the method described by Pencina et al,'* patients
were divided into four groups based on eGFR. Both preopera-
tive and postoperative eGFRs were calculated. A change into a
higher eGFR group means upward movement (up), and a
change into a lower eGFR group means downward movement
(down). The NRI was calculated as follows:

NRI =P (up|event) -P (down|event) +P (down|nonevent)
-P (up|nonevent)

Receiver operating characteristic (ROC) analysis was used to
evaluate the ability of each equation to predict postoperative
prognosis. The area under the ROC curve (AUC) was used to
compare the diagnostic accuracy of each equation according
to the Delong test. Decision curve analysis (DCA) was used
to calculate the clinical practicability. The net benefits of the
three equations were assessed after joining the baseline in the
way of DCA weighed by the relative harm of a false-positive
and false-negative result.'*

Multivariable logistic regression and multivariable Cox
regression analysis were employed to identify independent
predictors of in-hospital mortality and long-term mortality.
All variables with P<0.25 or clinically considered as risk
factors were entered into the multivariable logistic regression
model, including age, gender, weight, hyperlipemia, type of
CAD, hypertension, cerebrovascular disease, left ventricular
ejection fraction (LVEF), number of diseased coronary ves-
sels, pulmonary hypertension, chronic obstructive pulmon-
ary disease (COPD), and previous percutaneous coronary
intervention (PCI). Multivariable Cox proportional hazards
models were adjusted by relevant confounders, including
age, gender, weight, New York Heart Association (NYHA)
stage, hyperlipemia, type of CAD, hypertension, diabetes,
cerebrovascular disease, LVEF, number of diseased coronary
vessels, peripheral vascular disease, pulmonary hyperten-
sion, previous PCI, number of bypass graft, postoperative
acute kidney injury (AKI) and COPD. These regression
models were created to compare the CG, CKD-EPI, and
FAS equations in predicting in-hospital mortality and long-
term mortality. Odds ratio and hazard ratio were shown with
95% confidence intervals (CIs). The Kaplan—-Meier method
illustrated the cumulative incidence of the four groups.
Differences among groups were assessed by a Log-rank test.

Statistical analysis was performed on SPSS22.0 for
windows (IBM, Chicago, USA). Two-sided P<0.05 was
considered statistically significant. DCA was conducted on
R software 3.4.0 (the F Foundation for Statistical
Computing, Jersey, Austria) with package Decision curve.

Outcome

The primary outcome was in-hospital mortality, which was
defined as death from any cause during hospitalization or
within 30 days after operation. The secondary outcome was
long-term mortality, including cardiac and renal mortality
during the follow-up period.

Follow-Up

According to the follow-up criteria of the hospital, surviv-
ing discharged patients were revised in the outpatient
clinic or through telephone consultation firstly at one and
three months after discharge and then at an interval of six
months. Survival rates and the cause of death were the
main events analyzed.

Results

A total of 1362 patients undergoing OPCABG were enrolled,
including 1059 males and 303 females with median age of 66
(60; 71) years. The median levels of preoperative and post-
operative Scr were 77.60 (65.50; 91.00) and 69.63 (56.43;
88.09) pumol/L, respectively. Detailed demographics and
clinical characteristics of the total cohort are revealed in
Table 1. A total of 28 (2.1%) patients died in hospital after
operation. According to the three equations, in-hospital mor-
tality rates in group IV were 14.3%, 10.0%, and 10.5%,
respectively, which were significantly higher than in other
groups (Table S1). The mortality increased with the degree of
renal insufficiency and the trends were consistent among the
equations (Figure 1).

Bland-Altman plot showed that the agreements of the
three equations were satisfactory (Figure 2). The CG equa-
tion showed good agreements in the range of eGFR <60 mL/
min/1.73m?, but the CKD-EPI and FAS equations displayed
good consistency at eGFR<100 mL/min/1.73 m?.

Preoperative eGFR and postoperative eGFR as the only
variables in ROC analysis were used to evaluate and compare
the ability to predict in-hospital mortality. The preoperative
and postoperative AUCs are shown in Table 2. The CG
equation had the highest prediction ability for both preopera-
tive eGFR and postoperative eGFR, compared with the other
equations (preoperative AUC, 0.815; 95% CI 0.756-0.874
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Table | Demographics and Clinical Characteristics of Total Cohort

Variables Total (n=1362)
Age (y) 66 (60; 71)

Female (n, %) 303 (22.2)

Weight (kg) 70 (62; 76)

Height (cm) 168.00 (161.00; 171.25)
BMI (kg/m?) 24.98 (22.99; 26.99)
BSA (m?) 1.78 (1.66; 1.88)
Smoking (n, %) 522 (38.3)

Diabetes (n, %) 443 (32.5)
Hypertention (n, %) 955 (70.1)
Hyperlipemia (n, %) 81 (5.9)

Preoperative Scr (umol/l) 77.60 (65.50; 91.00)
69.63 (56.43; 88.09)
76.74 (62.97; 92.69)
75.93 (62.53; 89.90)
83.34 (70.05; 94.34)
69.63 (56.43; 88.09)
69.06 (54.67; 84.52)

76.05 (59.24; 90.30)

Postoperative Scr (umol/l)

Preoperative eGFRcg (mL/min/1.73 m?)
Preoperative eGFR pas (mL/min/1.73 m?)
Preoperative eGFRckp.gri (ML/min/1.73 mz)
Postoperative eGFR g (mL/min/1.73 m?)
Postoperative eGFRgas (mL/min/1.73 mz)

Postoperative eGFRckp.gr (mL/min/1.73 mz)

Cerebrovascular Disease

Lacunar infarction (n, %) 204 (15.0)

Cerebral infarction (n, %) 65 (4.8)

COPD (n, %) 26 (1.9)
Peripheral vascular disease (n, %) 27 (2.0)
Previous PCI (n, %) 48 (3.5)
Atrial flutter and fibrillation (n, %) 31 (2.3)
Pulmonary Hypertension

Moderate (n, %) 112 (8.2)

Severe (n, %) I (0.1)
Types of CAD

Ml (n, %) 147 (10.8)

Unstable angina (n, %) 839 (61.6)
Number of diseased vessels (n) 3(33)
Three-vessel disease (n, %) 1198 (88.0)
NYHA

1 (n, %) 136 (10.0)

Il (n, %) 935 (68.6)

1l (n, %) 268 (19.7)

IV (n, %) 23 (1.7)

LVEF (%) 63.30 (60.00; 65.80)
STS Score 0.77 (0.47; 1.21)
Euro Score 1.43 (0.97; 2.12)
Bypass graft number (n) 434
In-hospital mortality (n, %) 28 (2.1)
Postoperative AKI

Stage | (n, %) 279 (20.5)

Stage 2 (n, %) 19 (1.4)

Stage 3 (n, %) 21 (1.5)
Long-term mortality (n, %) 124 (9.3)

Abbreviations: BMI, body mass index; BSA, body surface area; Scr, serum creatinine;
eGFR, estimated glomerular filtration rate; COPD, chronic obstructive pulmonary
disease; PCI, percutaneous coronary intervention; CAD, coronary artery disease; MI,
myocardial infarction; NYHA, New York Heart Association; LVEF, left ventricular
ejection fraction; STS, Society of Thoracic Surgeons; AKI, acute kidney injury.

15+
— CG
— FAS
10 CKD-EPI
S
z
E
S
04
1 1 1 1

T T T 1
0 20 40 60 80 100 120 140 160

eGFR(ml/min/1.73m?)

Figure | Fitting curve for the mortality increased with the degree of renal
insufficiency by 3 eGFR equations: CG, FAS, and CKD-EPI.

P<0.001 and postoperative AUC, 0.857; 95% CI 0.809-
0.905, P<0.001).

Based on the preoperative eGFR, no significant differ-
ences in NRI were found among the three equations.
However, it was better for the CG equation compared to
the other two equations. According to the postoperative
eGFR, there was a better NRI for the CG equation com-
pared to the FAS equation (P<0.0158). No significant NRI
was found in CG versus CKD-EPI or FAS versus CKD-
EPI. It was also a tendency that it was better NRI for CG
compared to CKD-EPI (Table 3).

The clinical benefits of preoperative eGFR and post-
operative eGFR calculated by the three equations in pre-
dicting in-hospital mortality were analyzed by DCA. The
preoperative eGFRs of the FAS and CKD-EPI equations
were close to the decision curves, and their net benefits
were significantly smaller than the eGFR of the CG equa-
tion between 1.5% and 4.8% (Figure 3A). The net benefit
of postoperative eGFR estimated by the CG equation was
also greater than the other two equations between 0% and
3.2% (Figure 3B).

Multivariate logistic regression models were used to
identify independent risk factors of in-hospital mortality.
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Figure 2 Bland-Altman plots for the difference between 3 eGFR equations. Preoperative and postoperative eGFR were calculated and analyzed, respectively. (A) The
Bland—Altman plot determined by preoperative CG and CKD-EPI; (B) the Bland—-Altman plot determined by preoperative CG and FAS; (C) the Bland—Altman plot
determined by preoperative CKD-EPI and FAS; (D) the Bland—-Altman plot determined by postoperative CG and CKD-EPI; (E) the Bland—Altman plot determined by
postoperative CG and FAS; (F) the Bland—Altman plot determined by postoperative CKD-EPI and FAS.

Regardless of the eGFR equations, renal insufficiency as
low eGFR was a significant risk factor for postoperative
mortality. Preoperative eGFR calculated by the CG equa-
tion had the maximum OR of 3.390 in predicting in-
hospital mortality, followed by the CKD-EPI equation
(3.186) and the FAS equation (2.930). The same compar-
isons in postoperative eGFR showed the CG equation still
had the best predictive power with OR of 8.041 (Table 4).

Multivariable Cox regression analysis showed that
decreasing preoperative and postoperative eGFR was
related to higher long-term all-cause mortality (HR:
1.553, 95% CI 1.125-2.145 for CG; HR 1.563, 95% CI

Table 2 Comparison of AUC for CG, FAS, and CKD-EPI Equations

AUC 95% CI P value

Preoperative

CG equation 0.815 0.756 to 0.874 0.000

FAS equation 0.769 0.697 to 0.841 0.000

CKD-EPI equation 0.734 0.648 to 0.821 0.000
Postoperative

CG equation 0.857 0.809 to 0.905 0.000

FAS equation 0.822 0.755 to 0.888 0.000

CKD-EPI equation 0.809 0.738 to 0.979 0.000

Abbreviations: AUC, area under the curve; CG, Cockeroft-Gault; FAS, full-age
spectrum; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; Cl, con-
fidence interval.

1.157-2.110 for FAS; HR: 1.540, 95% CI 1.167-2.032 for
CKD-EPI). The postoperative decrease of eGFR was more
closely related to long-term mortality (Table 4).

Patients who died after operation were excluded from
the long-term survival analysis in order to better assess the
impact of eGFR estimated by different equations. During
the 50.17+£35.96 months of follow-up, the long-term all-
cause mortality was 8.17% (n=109) in the total cohort. The
demographics and clinical characteristics were compared
between patients who died and survived in the followed-
up. No matter which equations were used to evaluate renal
function, the renal function of the dead patients was worse

Table 3 Comparison of NRI for CG, FAS, and CKD-EPI Equations

NRI (%) | 95% CI (%) P value

Preoperative

CG versus FAS —11.86 —25.87 to 2.14 0.0516

CG versus CKD-EPI —6.53 —24.09 to 11.02 0.2483

FAS versus CKD-EPI 5.63 —6.02 to 17.27 0.8133
Postoperative

CG versus FAS —19.08 —35.59 to —2.56 | 0.0158

CG versus CKD-EPI —12.65 —-31.02 to 5.70 0.1093

FAS versus CKD-EPI | 6.73 —3.01 to 16.46 0.9032

Abbreviations: NRI, net reclassification improvement; CG, Cockcroft-Gault; FAS,
full-age spectrum; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration;
Cl, confidence interval.
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Table 4 Multivariate Logistic Regression Models for In-Hospital Mortality and Multivariable Cox Proportional Hazards Models for

Long-Term Mortality

OR 95% CI P value HR 95% ClI P value

Preoperative

CG equation 3.390 1.847-6.223 0.000 1.553 1.125-2.145 0.008

FAS equation 2.930 1.615-5.313 0.000 1.563 1.157-2.110 0.004

CKD-EPI equation 3.186 1.873-5.420 0.000 1.540 1.167-2.032 0.002
Postoperative

CG equation 8.041 4.008-16.051 0.000 1.697 1.212-2.377 0.002

FAS equation 6.057 3.106-11.814 0.000 1.510 1.078-2.116 0.017

CKD-EPI equation 4971 2.815-8.781 0.000 1.498 1.113-2.017 0.008

Abbreviations: OR, odds ratio; HR, hazard ratio; CG, Cockeroft-Gault; FAS, full-age spectrum; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; Cl,

confidence interval.

than that of the living patients (Table S2). Kaplan—Meier
curves showed group IV had significantly poor survival
regardless of the equations used to compute eGFR
(Figure 4).

Discussion

After an extensive literature review, we find this is the first
study to compare the efficiency of different creatinine-
based equations for predicting short-term and long-term
mortality after OPCABG in China. Renal function mea-
sured by the CG -equation demonstrated the best
ability of predicting in-hospital mortality among the three
commonly used equations. Regardless of different equa-
tions, low eGFR was a significant risk factor for long-term
mortality. There were quite amount of researches support-
ing that CG formula was confirmed the best in terms of
discrimination and calibration in patients undergoing PCI,
but few researches about its value in OPCABG.">*° Our

A Preoperative

cG
FAS
CKD-EPI

@
e Al

None

Standardized Net Benefit

r T T T T 1
0.00 0.02 0.04 0.06 0.08 0.10

High Risk Threshold

study aimed to explore this problem and found that the CG
equation performed better in predicting long-term out-
come, which confirms the findings in previous studies.'>
20 The discriminatory power of postoperative eGFR mea-
sured by the three equations was higher than preoperative
eGFR.

GFR estimation, as the gold standard to estimate renal
function, is complicated and time-consuming. Therefore,
some practical creatinine-based equations to estimate GFR
are widely used in clinical practice, including the CG,
FAS, and CKD-EPI equations. These equations were not
specifically developed for patients with cardiac disease,
and most of the relevant studies focused on comparing
the accuracy between eGFR and measured GFR.*'°
Even for the same population, the eGFR assessments
from different equations are remarkably different.?'
There is little literature on the predictive efficiency of
different equations applied

to patients undergoing

B Postoperative
o

— CG
—— FAS
CKD-EPI

£
< Al

——  None

Standardized Net Benefit

0.00 0.02 0.04 0.06 0.08 0.10

High Risk Threshold

Figure 3 Decision curve analysis for the in-hospital death by 3 eGFR equations: CG, FAS, and CKD-EPI. (A) The decision curves determined by preoperative eGFR; (B) the

decision curves determined by postoperative eGFR.
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GrowpIV 31 23 14 6 3 1 1 0 GrowpIV 26 21 14 7 3 1 1 0 GrowpIV 31 23 15 8 3 1 1 0

Figure 4 Kaplan—Meier curves for the survival rate of 4 renal function grades determined by 3 eGFR equations. Preoperative and postoperative renal function grades were
calculated and analyzed, respectively. (A) Kaplan—Meier curves determined by preoperative CG; (B) Kaplan—Meier curves determined by preoperative FAS; (C) Kaplan—
Meier curves determined by preoperative CKD-EPI; (D) Kaplan—Meier curves determined by postoperative CG; (E) Kaplan—Meier curves determined by postoperative FAS;

(F) Kaplan—Meier curves determined by postoperative CKD-EPI.

OPCABG. Although a higher eGFR is related to the better
prognosis after OPCABG, they are not the same thing. The
CG, FAS, and CKD-EPI equations, which are mostly
based on the data of Western populations, should be well
validated before clinical application into Chinese patients.

As reported, renal insufficiency is a common co-mor-
bidity and a clear risk factor among patients undergoing
cardiac surgery worldwide. In the present study, the in-
hospital and long-term mortality rates were both signifi-
cantly higher in group IV.

The CG equation was the first creatinine clearance esti-
mating equation in the world and performed well in clinical
applications.®'>2° With deeper understanding into the clin-
ical significance of GFR, many new GFR estimation equa-
tions have been developed. The CKD-EPI equation
published in 2009 was recommended for adults in the
KDIGO 2012 guideline."*** The FAS equation was recently
developed and validated by Caucasian populations in 2016.
At present, many studies focus on comparing and validating
the accuracy of different equations in estimating the GFR of
patients with specific diseases. Due to different reasons (eg,
race, disease, age, data size), each equation has its character-
istics, and none of the equations for estimating GFR has an
absolute advantage. In addition, some clinical researchers
have studied the ability of different equations to predict
mortality or other end-point. Most studies show that the CG

equation is superior over other new equations for patients
with cardiologic diseases.'>° The results are consistent with
a cohort study involving 5559 CABG patients in China,'
which demonstrate that the CG equation outperforms other
equations in predicting in-hospital mortality. The same con-
clusion was reached in the study of 9987 CABG patients in
the Netherlands.'®

This study suggests that the CG equation is better than
the FAS and CKD-EPI equations in predicting in-hospital
and long-term mortality. One possible reason is that the CG
equation includes the basic and important parameters of
body weight, while the FAS and CKD-EPI equations lack
these parameters. In the pre-experiment, when all data were
unadjusted by BSA, the results were not ideal, which
implies the importance of height and weight of patients.
Body mass index is considered as an independent factor for
in-hospital mortality after CABG, especially in Chinese
patients.****

Interestingly, the ability of the CG equation to predict
adverse outcomes has been clearly reported, while its
performance to evaluate GFR is less good than other
new equations.>*> Thus, there seems to be a delicate
balance in overall ability. All the three equations indicate
that the predictive efficiency of postoperative eGFR is
higher than preoperative eGFR. This is because postopera-
tive renal function is affected by both preoperative renal
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function and the trauma of operation. To some extent, it
reflects the situation and effect of surgical operation.
Logically, postoperative renal dysfunction is closely
related to short-term and long-term outcomes.

Long-term survival analysis suggests that postoperative
renal function is more sensitive than the preoperative one.
Because the weight of preoperative renal function is sig-
nificantly reduced after surgical intervention, preoperative
renal function is not a meaningful predictor of long-term
outcomes, as confirmed by this cohort study too.

Limitation

This retrospective observational design was based on a
single institution. Although neither the detection method
nor the standard of serum creatinine changed, the surgical
practice, anesthesia, and postoperative care all changed
over the study period, which can lead to selection bias.
The non-randomized study population was small and no
standard measured GFR was available in the cohort study.
Furthermore, eGFR was estimated by a single serum crea-
tinine before and after operation.

Conclusions

The three equations show the similar trend that short-term
and long-term mortality rates increase with the degree of
renal insufficiency. Postoperative eGFR is strongly predic-
tive of short-term and long-term mortality compared with
preoperative eGFR. The CG equation is better than FAS
and CKD-EPI equations in predicting mortality in Chinese
patients after OPCABG.
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