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Background: According to recent advances in operative techniques, an increasing number of patients with liver
dysfunction have been subjected to cardiac surgery. Model of End-Stage Liver Disease (MELD and MELD-XI)
scores allow risk stratification of patients undergoing cardiac and non-cardiac surgeries.
Methods: We retrospectively analyzed 1856 consecutive patients (69.3% male, mean 66.8 ± 12.2 years)
undergoing cardiac surgery between 2008 and 2013 at our institution.
Results: The mean values of MELD/MELD-XI scores obtained from the total cohort were 9.7 ± 4.6/11.9 ± 4.8. Pa-
tients with high MELD/MELD-XI scores (N12) were older, more anemic, and had lower left ventricular ejection
fraction than those with low scores (all p b 0.0001). High scores were associated with longer hospitalization
(36.8 ± 33.0 vs. 23.6 ± 21.5 days for MELD, 36.7 ± 34.0 vs. 23.5 ± 21.0 days for MELD-XI, both p b 0.0001)
and higher in-hospital all-cause mortality (6.6% vs. 1.0% for MELD, 7.7% vs. 0.7% for MELD-XI). Atrial fibrillation
occurred more frequently in the high MELD group, but this difference was not found for MELD-XI. MELD/
MELD-XI could predict mortality with a sensitivity of 64.3%/60.0% and specificity of 79.1%/85.3%. Comparison
of AUC values among MELD scores, individual MELD components, and Child–Turcotte–Pugh (CTP) classification
showed that the predictive strength ofMELD scores formortalitywas stronger than individual parameters or CTP
classification (AUC: 0.7702 for MELD, 0.7655 for MELD-XI, 0.5799 for CTP classification with pairwise p b 0.0001
and p = 0.0002 vs. MELD and MELD-XI, respectively).
Conclusions: Assessment of liver dysfunction using the MELD scores can be useful for predicting postoperative
morbidity and mortality, which may allow additional risk stratification in patients undergoing cardiac surgery.

© 2015 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Because of the aging of the population and recent advances in cardi-
ac surgery, an increasing number of patientswith liver dysfunction have
been subjected to cardiac surgery [1,2]. The etiology of liver dysfunction
in patients undergoing cardiac surgery may be directly related to their
heart failure status, referred to as cardiac or congestive hepatopathy
and cardiac cirrhosis [3,4], or from other liver diseases such as fatty
liver disease, amiodarone toxicity, or viral hepatitis. Irrespective of the
etiology of preoperative liver disease, patients with liver dysfunction
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who require surgery are at greater risk for pre- and postoperative com-
plications than thosewith a healthy liver [5]. Notably, cardiac surgery in
patients with liver dysfunction is associated with increased mortality
compared to other surgical procedures [6]. Therefore, careful evaluation
of the severity of preoperative liver dysfunction in order to risk stratify
patients requiring cardiac surgery would be of great clinical value.
Indeed, several studies have investigated postoperative mortality in
patients with liver cirrhosis undergoing cardiac surgery [1,2,5,6,7,8].

A number of measures of liver function have been proposed as
predictors of operative risk in patients with liver disease. For over 30
years, the principal indicator of liver dysfunction has been Child–
Turcotte–Pugh (CTP) classification [9]. However, recent studies suggest
that theModel of End-Stage LiverDisease (MELD) is amore robust score
andmay be a better index than CTP classification because it does not in-
clude subjective variables [10]. First developed to predict mortality in
patients undergoing transjugular intrahepatic portosystemic shunt
procedures [11], MELD has since been verified as a measure of liver
dysfunction and adopted as a tool for prioritizing liver transplant candi-
dates on the basis of disease severity [12]. Although several studies have
shown the postoperative prognostic value of both CTP classification and
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Table 1-1
Preoperative clinical characteristics, laboratory data, and echocardiographic findings dichotomized by MELD scores.

Total MELD MELD-XI

N12 ≤12 p-Value N12 ≤12 p-Value

Number of patients 1856 407 (21.9) 1449 (78.2) 415 (22.4) 1441 (77.6)
Age (years) 66.8 ± 12.2 68.9 ± 10.0 66.1 ± 12.6 b0.0001 69.1 ± 10.5 66.1 ± 12.6 b0.0001
Male gender (n, %) 1286 (69.3) 292 (71.7) 994 (68.6) 0.2242 329 (79.3) 957 (66.4) b0.0001
Type of surgery (n, %) b0.0001 b0.0001

CABG alone 800 (43.1) 141 (34.6) 659 (45.5) 178 (42.9) 622 (43.2)
Valvular alone 802 (43.2) 182 (44.7) 620 (42.8) 151 (36.4) 651 (45.2)
CABG + valvular 251 (13.5) 83 (20.4) 168 (11.6) 85 (20.5) 166 (11.5)
Others 3 (0.1) 1 (0.2) 2 (0.1) 1 (0.2) 2 (0.1)

MELD scores
MELD 9.7 ± 4.6 17.5 ± 3.7 7.6 ± 1.3 b0.0001 16.0 ± 4.9 7.9 ± 2.4 b0.0001
MELD-XI 11.9 ± 4.8 17.3 ± 9.9 5.0 ± 3.7 b0.0001 19.2 ± 5.6 9.8 ± 0.6 b0.0001

Echocardiography
LVEDD (mm) 52.0 ± 18.4 53.2 ± 9.0 51.7 ± 20.5 0.3924 53.4 ± 8.1 51.7 ± 20.4 0.1054
LVEF (%) 58.1 ± 14.9 52.4 ± 16.3 59.7 ± 14.0 b0.0001 52.8 ± 16.4 59.6 ± 14.1 b0.0001
LAD (mm) 41.8 ± 8.5 46.5 ± 9.7 40.5 ± 7.6 b0.0001 43.8 ± 8.2 41.2 ± 8.4 b0.0001

Laboratory examination
Hb (g/dL) 12.7 ± 1.8 11.8 ± 2.0 12.9 ± 1.7 b0.0001 11.6 ± 2.0 13.0 ± 1.7 b0.0001
Plt (×104/μL) 19.5 ± 5.8 18.1 ± 6.1 19.9 ± 5.7 0.0137 18.4 ± 7.6 20.0 ± 6.1 b0.0001
Na (mmol/L) 140 ± 3.0 139 ± 3.3 140 ± 2.8 b0.0001 139 ± 3.3 140 ± 2.8 b0.0001
BUN (mg/dL) 20.8 ± 12.5 34.4 ± 18.8 17.0 ± 5.8 b0.0001 35.5 ± 18.1 16.5 ± 5.0 b0.0001
Cre (mg/dL) 1.5 ± 2.1 3.8 ± 3.5 0.8 ± 0.2 b0.0001 3.8 ± 3.4 0.8 ± 0.2 b0.0001
T-bil (mg/dL) 0.8 ± 0.6 0.9 ± 1.0 0.8 ± 0.3 0.0004 0.9 ± 1.0 0.7 ± 0.3 b0.0001
AST (U/L) 21 (17–27) 20 (14–28) 21 (18–27) 0.0062 19 (14–26) 22 (18–27) 0.0030
ALT (U/L) 18 (10–18) 15 (10–23) 19 (14–27) 0.0074 15 (10–23) 19 (14–27) 0.0137
Alb (g/dL) 4.0 ± 0.6 3.8 ± 0.6 4.1 ± 0.6 b0.0001 3.8 ± 0.6 4.1 ± 0.5 b0.0001
PT-INR 1.2 ± 0.3 1.5 ± 0.6 1.1 ± 0.1 b0.0001 1.2 ± 0.3 1.1 ± 0.3 0.0068

Abbreviations not described in text; left ventricular end-diastolic dimension, LVEDD; hemoglobin, Hb; Platelet, Plt; sodium, Na; blood urea nitrogen, BUN; creatinine, Cre; total bilirubin, T-
bil; aspartate aminotransferase, AST; alanine aminotransferase, ALT; albumin, Alb.
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MELD scores in patients undergoing cardiac surgery, these observations
were limited by being derived from small cohorts of fewer than 100
patients with definite diagnosis of liver cirrhosis [7,13,14,15,16]. Liver
cirrhosis represents a late stage of hepatic fibrosis of any etiology,
suggestive of irreversible hepatic damage, but the degree of liver dys-
function in patients requiring cardiac surgery may include mildly dete-
riorated liver function and liver congestion reversible through surgery
[3,4]. In other words, a preoperative risk stratification model based on
Table 1-2
Preoperative clinical characteristics, laboratory data, and echocardiographic findings dichotom

Total MELD

N12 ≤12

Number of patients 800 141 (17.6) 659 (82.4
Age (years) 68.1 ± 9.9 68.8 ± 10.0 67.9 ± 9.9
Male gender (n, %) 658 (82.3) 123 (87.2) 520 (81.2
MELD scores

MELD 9.4 ± 4.5 18.1 ± 3.6 7.5 ± 1.2
MELD-XI 11.9 ± 4.9 20.5 ± 9.3 5.0 ± 3.6

Echocardiography
LVEDD (mm) 49.3 ± 6.8 52.7 ± 7.3 48.6 ± 6.5
LVEF (%) 55.0 ± 14.5 48.1 ± 15.4 56.5 ± 13
LAD (mm) 38.9 ± 5.7 42.0 ± 6.0 38.2 ± 5.4

Laboratory examination
Hb (g/dL) 12.8 ± 1.8 11.5 ± 1.9 13.0 ± 1.7
Plt (×104/μL) 20.3 ± 7.0 19.0 ± 6.3 20.6 ± 7.1
Na (mmol/L) 140 ± 2.9 138 ± 3.3 140 ± 2.8
BUN (mg/dL) 19.9 ± 12.6 37.1 ± 20.1 16.2 ± 5.4
Cre (mg/dL) 1.6 ± 2.3 5.0 ± 3.9 0.9 ± 0.2
T-bil (mg/dL) 0.7 ± 0.5 0.7 ± 1.1 0.7 ± 0.3
AST (U/L) 21 (17–27) 18 (13–24) 22 (18–28
ALT (U/L) 19 (14–29) 14 (9–23) 20 (15–29
Alb (g/dL) 4.0 ± 0.6 3.7 ± 0.6 4.0 ± 0.6
PT-INR 1.1 ± 0.3 1.3 ± 0.5 1.0 ± 0.1

Abbreviations not described in text: left ventricular end-diastolic dimension, LVEDD; hemoglobi
bil; aspartate aminotransferase, AST; alanine aminotransferase, ALT; albumin, Alb.
liver functional parameters should include a wider spectrum of patients
with various stages of liver dysfunction, from slight changes in liver
parameters to suspicion of liver cirrhosis. Indeed, MELD scores reflect
dynamic changes in liver function that may respond to heart failure
therapies and hemodynamic stabilization [17,18].

In the present study, we investigated the impact of preoperative
MELD scores on postoperative morbidity and mortality in patients
undergoing cardiac surgery.
ized by MELD scores (CABG only).

MELD-XI

p-Value N12 ≤12 p-Value

) 178 (22.3) 622 (77.8)
0.3467 69.3 ± 9.4 67.7 ± 10.0 0.0599

) 0.0879 155 (87.1) 503 (80.9) 0.0559

b0.0001 15.9 ± 4.8 7.5 ± 1.8 b0.0001
b0.0001 19.6 ± 5.6 9.7 ± 0.6 b0.0001

b0.0001 52.1 ± 7.1 48.5 ± 6.5 b0.0001
.9 0.1893 49.9 ± 15.4 56.5 ± 13.9 b0.0001

b0.0001 41.3 ± 5.8 38.2 ± 5.5 b0.0001

b0.0001 11.3 ± 1.9 13.1 ± 1.6 b0.0001
0.0146 19.5 ± 9.1 20.5 ± 6.2 0.0763

b0.0001 139 ± 3.2 140 ± 2.8 b0.0001
b0.0001 35.1 ± 18.5 15.5 ± 4.5 b0.0001
b0.0001 4.3 ± 3.7 0.8 ± 0.2 b0.0001
0.8415 0.7 ± 1.0 0.7 ± 0.2 0.8315

) 0.5997 19 (13–24) 22 (18–28) 0.9474
) 0.0012 15 (9–25) 20 (15–30) 0.0003

b0.0001 3.7 ± 0.5 4.0 ± 0.6 b0.0001
b0.0001 1.1 ± 0.2 1.1 ± 0.3 0.0421

n, Hb; Platelet, Plt; sodium, Na; blood urea nitrogen, BUN; creatinine, Cre; total bilirubin, T-



Table 1-3
Preoperative clinical characteristics, laboratory data, and echocardiographic findings dichotomized by MELD scores (valvular only).

Total MELD MELD-XI

N12 ≤12 p-Value N12 ≤12 p-Value

Number of patients 802 182 (22.7) 620 (77.3) 151 (18.8) 651 (81.2)
Age (years) 64.1 ± 14.1 68.1 ± 10.5 63.0 ± 14.8 b0.0001 67.7 ± 12.2 63.3 ± 14.4 0.0005
Male gender (n, %) 458 (57.1) 108 (59.6) 350 (56.5) 0.4887 105 (69.5) 353 (54.2) 0.0006
MELD scores

MELD 9.7 ± 4.4 16.8 ± 3.7 7.6 ± 1.3 b0.0001 15.5 ± 5.1 8.3 ± 2.8 b0.0001
MELD-XI 11.3 ± 4.0 14.0 ± 9.1 4.9 ± 3.8 b0.0001 17.9 ± 5.4 9.8 ± 0.6 b0.0001

Echocardiography
LVEDD (mm) 54.8 ± 25.8 53.3 ± 10.1 55.2 ± 28.9 0.3777 54.4 ± 9.1 54.9 ± 28.3 0.8832
LVEF (%) 61.7 ± 13.6 57.4 ± 1.0 62.9 ± 12.7 b0.0001 57.6 ± 16.2 62.6 ± 12.8 b0.0001
LAD (mm) 44.4 ± 10.2 50.7 ± 11.2 42.6 ± 9.0 b0.0001 46.8 ± 10.1 43.9 ± 10.1 0.0012

Laboratory examination
Hb (g/dL) 12.7 ± 1.8 12.2 ± 2.1 12.9 ± 1.7 b0.0001 11.8 ± 2.0 13.0 ± 1.7 b0.0001
Plt (×104/μL) 19.3 ± 6.3 17.7 ± 6.2 19.8 ± 6.3 b0.0001 17.4 ± 6.3 19.8 ± 6.3 b0.0001
Na (mmol/L) 140 ± 2.9 139 ± 3.3 140 ± 2.8 b0.0001 139 ± 3.5 140 ± 2.7 b0.0001
BUN (mg/dL) 20.3 ± 11.0 30.1 ± 16.7 17.4 ± 6.1 b0.0001 33.5 ± 17.4 17.2 ± 5.4 b0.0001
Cre (mg/dL) 1.2 ± 1.5 2.5 ± 2.7 0.8 ± 0.2 b0.0001 2.9 ± 2.7 0.8 ± 0.2 b0.0001
T-bil (mg/dL) 0.9 ± 0.5 1.1 ± 0.9 0.9 ± 0.4 b0.0001 1.2 ± 1.1 0.8 ± 0.3 b0.0001
AST (U/L) 21 (18–27) 22 (17–31) 21 (18–26) 0.0065 20 (16–30) 21 (18–27) 0.0013
ALT (U/L) 17 (13–24) 17 (11–24) 17 (14–24) 0.0019 15 (11–22) 18 (14–25) 0.0010
Alb (g/dL) 4.1 ± 0.6 3.9 ± 0.5 4.2 ± 0.5 b0.0001 3.8 ± 0.6 4.2 ± 0.5 b0.0001
PT-INR 1.2 ± 0.4 1.7 ± 0.6 1.1 ± 0.1 b0.0001 1.3 ± 0.4 1.2 ± 0.4 0.0082

Abbreviations not described in text: left ventricular end-diastolic dimension, LVEDD; hemoglobin, Hb; Platelet, Plt; sodium, Na; blood urea nitrogen, BUN; creatinine, Cre; total bilirubin,
T-bil; aspartate aminotransferase, AST; alanine aminotransferase, ALT; albumin, Alb.
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2. Methods

2.1. Study design

The data collection protocol was approved by the Institutional
Review Board of Juntendo University. A total of 1856 consecutive
patients who underwent cardiac surgery at our institution from January
2009 to October 2013 were eligible for retrospective entry into the
present analysis. Patients who underwent vascular surgery alone,
such as ascending aorta replacement, were not included in the
study. Patient data were obtained from hospital medical records.
Preoperative laboratory values and echocardiograms were obtained
for the period 2 weeks prior to surgery. For patients with multiple
examinations, the last set of results immediately prior to surgery
was used for the analysis. Postoperative outcome analysis included
in-hospital all-cause mortality and cardiac-related mortality, lengths
of intensive care unit (ICU) and total hospital stays, duration of ven-
tilator support, requirement of renal replacement therapy (hemodi-
alysis or continuous hemodiafiltration), and adverse events such as
stroke or new-onset atrial fibrillations (AF). In-hospital mortality
was defined as death occurring during the same admission as
Table 2-1
Postoperative outcome dichotomized by MELD scores.

Total MELD

N12 ≤1

Number of patients 1856 407 (21.9) 14
Length of ICU stay (days) 2.0 (1.0–3.0) 3 (2–5) 1 (
Perioperative bleeding amount (ml) 304 (200–490) 361 (221–620) 30
Respiratory support duration (hours) 8.0 (5.0–13.0) 12 (8–20) 7 (
Total length of hospital stay (days) 26.5 ± 25.1 36.8 ± 33.0 23
Postoperative complications

AF (n, %) 787 (42.4) 204 (50.1) 58
CHDF/HD (n, %) 269 (14.5) 199 (48.9) 70
Wound infection (n, %) 28 (1.5) 11 (2.7) 17
Stroke (n, %) 40 (2.4) 13 (3.2) 27

All-cause death (n, %) 42 (2.3) 27 (6.6) 15
Cardiac-related death (n, %) 16 (0.9) 10 (2.5) 6 (

Abbreviations not described in text: continuous hemodiafiltration, CHDF; hemodialysis, HD.
surgery. Cardiac-related mortality was defined as death attributable
to myocardial ischemia and infarction, heart failure, and cardiac arrest
because of other or unknown causes, including fatal arrhythmia and
sudden intrathoracic bleeding.

The preoperative scores for MELD and MELD-XI (eXcluding interna-
tional normalized ratio (INR)) were calculated for all patients, and their
impacts on postoperative outcomewere analyzed. Further, we dichoto-
mized our patients byMELD andMELD-XI scores into high-score groups
(N12) and low-score groups (≤12). A MELD score cutoff point of 13 has
been used in several previous studies investigatingmortality in patients
with cirrhosis undergoing cardiac surgery [14,15], and a recently pub-
lished study investigating the impact of MELD scores on prognosis in
heart failure patients, based on over 300 patients undergoing heart
transplant evaluation, used a cutoff point of 12 [19]. Since our patient
cohort included those with normal liver function and those with only
mild liver dysfunction, we decided to use a MELD score of 12 as a cutoff
in the present study. The outcome parameters were compared between
patients with high and low MELD scores. We also performed
subanalysis based on the types of cardiac surgery. Furthermore, we
calculated CTP scores for all patients and sorted them according to CTP
classification, as previously described [20].
MELD-XI

2 p-Value N12 ≤12 p-Value

49 (78.1) 415 (22.4) 1441 (77.6)
1–2) b0.0001 3 (1–5) 1 (1–2) b0.0001
0 (196–461) b0.0001 370 (207–605) 300 (197–461) 0.0009
5–11) b0.0001 11 (7–20) 7 (5–12) b0.0001
.6 ± 21.5 b0.0001 36.7 ± 34.0 23.5 ± 21.0 b0.0001

3 (40.2) 0.0004 191 (46.0) 599 (41.6) 0.1057
(4.8) b0.0001 207 (49.9) 62 (4.3) b0.0001
(1.2) 0.0253 8 (1.9) 20 (1.4) 0.0573
(1.9) 0.1024 15 (3.6) 25 (1.7) 0.0202
(1.0) b0.0001 32 (7.7) 10 (0.7) b0.0001
0.4) b0.0001 8 (1.9) 8 (0.6) b0.0001



Table 2-2
Postoperative outcome dichotomized by MELD scores (CABG only).

Total MELD MELD-XI

N12 ≤12 p-Value N12 ≤12 p-Value

Number of patients 800 141 (17.6) 659 (82.4) 178 (22.3) 622 (77.8)
Length of ICU stay (days) 1 (1–2) 2 (1–4) 1 (1–2) b0.0001 2 (1–4) 1 (1–2) 0.0004
Perioperative bleeding amount (ml) 300 (200–435) 294 (200–416) 300 (200–440) 0.3468 292 (175–441) 302 (200–434) 0.7488
Respiratory support duration (hours) 7 (5–11) 10 (6–16) 6 (5–10) b0.0001 9 (6–16) 6 (5–10) 0.0004
Total length of hospital stay (days) 22.8 ± 23.9 34.5 ± 35.3 20.3 ± 19.8 b0.0001 31.5 ± 33.0 20.4 ± 20.0 b0.0001
Postoperative complications

AF (n, %) 264 (33.0) 55 (39.0) 209 (31.7) 0.0946 61 (34.3) 203 (32.6) 0.6829
CHDF/HD (n, %) 104 (13.0) 87 (61.7) 17 (2.6) b0.0001 90 (50.6) 14 (2.3) b0.0001
Wound infection (n, %) 11 (1.4) 6 (4.3) 5 (0.8) 0.0012 5 (2.8) 6 (1.0) 0.0624
Stroke (n, %) 10 (1.3) 7 (5.0) 3 (0.5) b0.0001 5 (2.8) 5 (0.8) 0.0337

All-cause death (n, %) 13 (1.6) 9 (6.4) 4 (0.6) 0.0157 9 (5.0) 4 (0.6) b0.0001
Cardiac-related death (n, %) 9 (1.1) 6 (4.3) 3 (0.5) b0.0001 5 (2.8) 4 (0.6) b0.0001

Abbreviations not described in text: continuous hemodiafiltration, CHDF; hemodialysis, HD.
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Informed consent was obtained from each patient prior to surgery,
and the study protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki as reflected in an approval by the institution's
human research committee.

2.2. MELD and MELD-XI definitions

For each patient, we calculated the United Network for Organ
Sharing modification of the MELD score, which uses the formula
MELD = 11.2 ∗ (ln INR) + 0.378 ∗ (ln total bilirubin) + 0.957 ∗ (ln
creatinine) + 0.643 [11]. Any variable with a value less than 1 is
assigned a value of 1 to avoid negative scores. Thus, the minimum
possible MELD score is 6.43. We also calculated the MELD-XI score
using the formula developed by Heuman et al.: 5.11 ∗ (ln total
bilirubin) + 11.76 ∗ (ln creatinine) + 9.44 [21].

2.3. Statistical analysis

Continuous variables were expressed asmean± standard deviation
for a normal distribution, but median with an interquartile range for a
non-normal distribution. Categorical data were presented as percent-
ages. Normality was evaluated for each variable from normal distribu-
tion plots and histograms. Continuous variables were compared
between groups using the student's unpaired two-tailed t-test, whereas
categorical variables were compared with the Fisher's exact test. The
Mann–Whitney test was performed when the variables were not nor-
mally distributed. A p-value of less than 0.05 was considered statistical-
ly significant. Pearson's correlation analysis was performed between
MELD scores and length of ICU and total hospital stay, intubation time,
and the amount of perioperative blood loss. The prognostic strength of
theMELD scores and MELD component variables was compared by cal-
culating each area under the curve (AUC) from the receiver operating
Table 2-3
Postoperative outcome dichotomized by MELD scores (valvular only).

Total MELD

N12 ≤1

Number of patients 802 182 (22.7) 62
Length of ICU stay (days) 2 (1–3) 2 (2–5) 1 (
Perioperative bleeding amount (ml) 298 (187–500) 393 (200–676) 27
Respiratory support duration (hours) 8 (5–13) 12 (7–20) 8 (
Total length of hospital stay (days) 27.6 ± 24.1 34.9 ± 28.1 25
Postoperative complications

AF (n, %) 391 (48.8) 107 (58.8) 28
CHDF/HD (n, %) 99 (12.3) 61 (33.5) 38
Wound infection (n, %) 14 (1.5) 3 (1.7) 7 (
Stroke (n, %) 26 (3.2) 5 (2.8) 21

All-cause death (n, %) 18 (2.2) 10 (5.5) 8 (
Cardiac-related death (n, %) 6 (0.7) 3 (1.6) 3 (

Abbreviations not described in text: continuous hemodiafiltration, CHDF; hemodialysis, HD.
characteristic (ROC) curve analysis for in-hospital mortality and
morbidity. The AUCs were then quantitatively compared by using the
DeLong test [19,22]. Statistical analyses were performed using JMP
11.0; SAS Institute Inc.

3. Results

3.1. Patient baseline characteristics

Table 1-1 shows the baseline characteristics of all patients in the
study cohort and comparisons between patients with high and low
MELD/MELD-XI scores. Of the 1856 adult patients reviewed, 1449
(78.2%) had a low MELD score (≤12) and 407 (21.9%) had a high
MELD score (N12) preoperatively. Regarding MELD-XI, 1441 patients
(77.6%) had a low score (≤12) and 415 patients (22.4%) had a high
score (N12). Patients with high MELD and MELD-XI scores were older
and had a lower left ventricular ejection fraction (LVEF) and a larger
left atrium diameter (LAD) than those with low scores. Laboratory
examination showed that the high MELD and MELD-XI groups were
more anemic, had lower serum sodium and albumin (Alb) concentra-
tion, and more likely to have impaired renal and liver function as
compared to the lowMELD andMELD-XI groups. Regarding the interna-
tional normalized ratio of prothrombin time (PT-INR), the value was
higher in the high MELD/MELD-XI group than in the low MELD/MELD-
XI group, even thoughMELD-XI did not include PT-INR as a component.

3.2. Baseline characteristics of patients stratified according to type of
surgery

Baseline characteristics and laboratory values of patients undergoing
coronary artery bypass graft (CABG) alone and those undergoing
valvular surgery alone are shown in Tables 1-2 and 1-3, respectively.
MELD-XI

2 p-Value N12 ≤12 p-Value

0 (77.3) 151 (18.8) 651 (81.2)
1–3) 0.0012 3 (2–6) 1 (1–2) 0.0002
4 (180–464) 0.0086 399 (200–673) 279 (180–465) 0.0033
5–12) 0.0071 12 (7–29) 8 (5–12) 0.0076
.4 ± 22.4 b0.0001 37.1 ± 30.2 25.3 ± 22.0 b0.0001

4 (45.8) 0.0021 82 (54.3) 311 (47.8) 0.1480
(6.1) b0.0001 62 (41.1) 37 (5.7) b0.0001
1.1) 0.5788 1 (0.7) 11 (1.7) 0.3488
(3.4) 0.6683 7 (4.6) 19 (3.0) 0.2831
1.3) 0.0008 15 (9.9) 3 (0.5) b0.0001
0.5) 0.1089 4 (2.6) 2 (0.3) b0.0001



Table 3-1
Summary of receiver operating characteristics analysis of MELD scores for postoperative morbidity and mortality.

MELD MELD-XI

Cutoff AUC SENS (%) SPEC (%) p-Value Cutoff AUC SENS (%) SPEC (%) p-Value

Perioperative respiratory support ≥48 (hours) 8.0 0.7000 72.6 59.0 b0.0001 12.0 0.6650 50.8 79.6 b0.0001
Length of ICU stay ≥5 (days) 9.8 0.6761 59.0 75.6 b0.0001 12.0 0.7232 50.4 81.6 b0.0001
Total hospital stay ≥30 (days) 7.5 0.6861 73.3 55.5 b0.0001 10.7 0.6340 49.9 74.1 b0.0001
Postoperative complications

AF 7.8 0.5748 54.1 59.4 b0.0001 9.5 0.5446 51.3 58.4 0.4292
CHDF/HD 11.5 0.8832 76.6 85.5 b0.0001 14.3 0.8783 73.2 93.8 b0.0001
Wound infection 12.6 0.5683 39.3 79.8 0.0949 25.7 0.5667 21.4 92.3 0.0689
Stroke 7.5 0.6407 67.2 49.7 0.0328 10.8 0.6117 52.5 69.6 0.1474

All-cause death (n, %) 12.0 0.7702 64.3 79.1 b0.0001 14.4 0.7655 60.0 85.3 b0.0001
Cardiac-related death (n, %) 12.3 0.7450 62.5 79.4 b0.0001 13.0 0.7611 68.8 82.1 b0.0001

Abbreviations not described in text: continuous hemodiafiltration, CHDF; hemodialysis, HD; sensitivity, SENS; specificity, SPEC.
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Comparison between CABG patients with high and lowMELD/MELD-XI
scores showed similar results to those derived from the total cohort,
except for the age distributions, which were not significantly different
between the high and low groups (Table 1-2). The results of compari-
sons for patients undergoing valvular surgery alone were also similar
to those for the total cohort. The mean PT-INR value for patients in the
high MELD group undergoing valvular surgery was 1.7 (Table 1-3),
which was higher than in the total cohort or CABG patients, probably
because valvular patients tend to be anticoagulated preoperatively.

3.3. Postoperative outcomes of patients with high and low MELD scores

Table 2-1 shows the comparison of postoperative in-hospital mor-
tality and morbidity between patients with high and low MELD scores.
Both high MELD and MELD-XI scores were associated with longer ICU
and hospital stays, longer ventilation time, and more blood loss as
compared to low MELD scores. Comorbidities including postoperative
requirement of renal replacement therapy and stroke more frequently
occurred in the high MELD/MELD-XI groups. AF occurred more
frequently in the high MELD than the low MELD group, but this
difference was not found in the comparison for MELD-XI. Postoperative
all-cause mortality and cardiac-related mortality were higher in the
high MELD/MELD-XI groups.

3.4. Postoperative outcome of patients stratified according to type of
surgery

Postoperative outcomes of patients undergoing CABG alone and those
undergoing valvular surgery alone are shown in Tables 2-2 and 2-3, re-
spectively. The resultswere similar to those derived from the total cohort.
However, among patients undergoing CABG alone, the amount of periop-
erative bleeding was not significantly different between high- and low-
scoring groups. Among patients undergoing valvular surgery alone,
significant differences were found in perioperative bleeding between
Table 3-2
Summary of receiver operating characteristics analysis of MELD scores for postoperative morb

MELD

Cutoff AUC SENS (%) S

Perioperative respiratory support ≥48 (hours) 11.9 0.6857 54.6 8
Length of ICU stay ≥5 (days) 10.1 0.7644 66.7 8
Total hospital stay ≥30 (days) 7.4 0.6923 72.9 5
Postoperative complications

AF 9.0 0.5473 34.1 7
CHDF/HD 11.5 0.9316 85.6 9
Wound infection 12.6 0.5702 54.6 8
Stroke 11.9 0.7215 80.0 8

All-cause death (n, %) 8.1 0.8429 92.3 6
Cardiac-related death (n, %) 8.1 0.8247 65.2 8

Abbreviations not described in text: continuous hemodiafiltration, CHDF; hemodialysis, HD; se
the high and low MELD and MELD-XI groups. Furthermore, stroke
incidence was higher in the high MELD/MELD-XI group than in the low
MELD/MELD-XI group only among CABG patients. Postoperative AF inci-
dence was not significantly different between the groups among CABG
patients, but it was higher in the high MELD/MELD-XI groups in patients
undergoing valvular surgery.

3.5. Association between MELD scores and morbidity/mortality in the total
cohort

The association between MELD/MELD-XI scores and in-hospital
mortality/morbidity was analyzed using ROC curve analysis, and
optimal cutoff values were calculated (Table 3-1). The cutoff values of
MELD and MELD-XI for postoperative all-cause mortality were 12.0
and 14.4, respectively. These scores were associated with a sensitivity
of 64.3% and a specificity of 79.1% for MELD and of 59.5% and 85.3% for
MELD-XI. Regarding cardiac-relatedmorality, the cut-off value, sensitiv-
ity, and specificity for MELD were 12.3, 62.5%, and 79.4%, respectively,
and for MELD-XI, 13.0, 68.8%, and 82.1%, respectively. The cutoff values
of MELD/MELD-XI, and the AUCs varied depending on the type of mor-
bidity. For example, bothMELDandMELD-XI showed strong correlation
with postoperative renal replacement therapy, with AUCs of 0.8832 and
0.8783, respectively. Neither MELD nor MELD-XI could predict wound
infection.

3.6. Association between MELD scores and morbidity/mortality in patients
undergoing different types of surgery

Analysis for patients undergoing CABG alone (Table 3-2) revealed
that both MELD and MELD-XI scores were associated with all-cause
mortality, with cutoff values of 8.1 and 14.4, respectively. These scores
showed sensitivities of 92.3 and 65.6%, and specificities of 61.5 and
84.4%, respectively. In the same manner, both MELD and MELD-XI
were predictive of cardiac-related mortality in CABG patients.
idity and mortality (CABG only).

MELD-XI

PEC (%) p-Value Cutoff AUC SENS (%) SPEC (%) p-Value

3.4 b0.0001 14.1 0.6519 48.5 84.5 0.0010
1.4 b0.0001 12.1 0.7140 60.0 80.8 b0.0001
5.9 b0.0001 10.9 0.6389 50.7 75.0 b0.0001

5.4 0.0362 9.7 0.5420 48.5 61.8 0.4052
1.2 b0.0001 14.3 0.9259 84.6 93.7 b0.0001
3.7 0.6369 9.7 0.5708 72.7 58.4 0.6674
2.7 0.0096 14.1 0.6484 50.0 83.5 0.2738
5.6 b0.0001 14.4 0.7585 61.5 84.4 0.0006
8.9 0.0005 10.3 0.7968 88.9 71.5 0.0019

nsitivity, SENS; specificity, SPEC.



Table 3-3
Summary of receiver operating characteristics analysis of MELD scores for postoperative morbidity and mortality (valvular only).

MELD MELD-XI

Cutoff AUC SENS (%) SPEC (%) p-Value Cutoff AUC SENS (%) SPEC (%) p-Value

Perioperative respiratory support ≥48 (hours) 7.5 0.6868 86.0 48.7 b0.0001 12.0 0.6348 42.1 82.8 0.0005
Length of ICU stay ≥5 (days) 7.4 0.6949 82.6 48.6 b0.0001 12.0 0.6609 43.1 84.9 b0.0001
Total hospital stay ≥30 (days) 7.5 0.6812 76.2 54.4 b0.0001 10.7 0.6260 46.3 76.7 b0.0001
Postoperative complications

AF 7.8 0.5892 56.0 60.6 0.0013 9.6 0.5463 50.4 60.2 0.7841
CHDF/HD 9.9 0.8096 71.7 76.2 b0.0001 14.4 0.8044 57.6 94.5 b0.0001
Wound infection 13.2 0.5145 100 18.9 0.3778 11.0 0.5247 91.7 25.3 0.2720
Stroke 7.4 0.5976 84.6 45.4 0.5060 10.5 0.5962 53.9 68.8 0.2843

All-cause death (n, %) 14.5 0.7165 55.6 85.0 0.0004 14.7 0.7274 50.0 89.8 b0.0001
Cardiac-related death (n, %) 14.7 0.6267 50.0 85.1 0.1079 16.2 0.6679 50.0 91.6 0.0269

Abbreviations not described in text: continuous hemodiafiltration, CHDF; hemodialysis, HD; sensitivity, SENS; specificity, SPEC.
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Whenwe analyzed patients undergoing valvular surgery alone, both
MELD and MELD-XI showed a significant association with all-cause
mortality. However, regarding cardiac-related morality, the association
with MELD was no longer apparent, although MELD-XI continued to
show a significant association (Table 3-3).

3.7. Comparison of AUC values for mortality for MELD, MELD-XI, and clini-
cally relevant factors

The predictive strength of MELD, MELD-XI, and clinically relevant
variables for prognosis [23,24,25,26,27,28], including MELD compo-
nents for prediction of all-cause and cardiac-related mortality, were
compared using AUC values and the DeLong test (Tables 4-1 and 4-2).
The MELD score was associated with the largest AUC value, followed
byMELD-XI for all-cause mortality, whereas MELD-XI showed the larg-
est ACU value for cardiac-related morality. The associations with mor-
tality of both scores were statistically significant than total bilirubin
value (Tables 4-1 and 4-2, Fig. 1).

3.8. Relationship between Child–Turcotte–Pugh classification and MELD
scores

CTP classification has been conventionally used as an index of preop-
erative hepatic function. Therefore, the proportion of patients classified
into each CTP class was obtained. Furthermore, MELD/MELD-XI scores
for patients in each CTP class were calculated.

The proportions of patients in CTP classes A, B, and C were 91.8%
(n = 1704), 8.1% (n = 151), and 0.05% (n = 1), and their mean MELD
scores were 9.4 ± 4.3, 13.4 ± 5.6, and 36.7, respectively. CTP classes B
and C predicted mortality with a sensitivity and specificity of 23.7%
and 92.2%, respectively, associated with an AUC value of 0.5799.
Table 4-1
Receiver–operator characteristic curve analysis for all-cause mortality.

AUC (95%CI) p-Values obtained from AUC comparison with o

Age (years) Alb (g/dL) T-bil (mg/dL

Age (years) 0.6876 (0.6013–0.7626) n/a 0.2428 0.0570

Alb (g/dL) 0.7463 (0.6517–0.8223) 0.2428 n/a 0.0107
(Alb better)

T-bil (mg/dL) 0.5518 (0.4472–0.6519) 0.0570 0.0107 (Alb better) n/a

Na (mmol/L) 0.6658 (0.5723–0.7479) 0.6996 0.1100 0.1286

MELD 0.7702 (0.6951–0.8313) 0.1456 0.5535 0.0017
(MELD bette

MELD-XI 0.7655 (0.6856–0.8302) 0.1774 0.6718 0.0015
(MELD-XI be

CTP 0.5799 (0.5134–0.6436) 0.0290
(age better)

b0.0001
(Alb better)

0.6489

Abbreviations not described in text: CI, confidence interval; albumin, Alb; total bilirubin, T-bil;
Comparison of the predictive strength of MELD and MELD-XI scores
and CTP class (B/C vs. A) based on AUC by the DeLong test revealed
that both MELD scores were stronger predictors for mortality (pairwise
comparison, both p b 0.0001 for MELD, p = 0.0002 for MELD-XI) than
CTP classification.

4. Discussion

Hepatic dysfunction is a major factor for poor postoperative progno-
sis in patients undergoing cardiac surgery [29,30]. CTP classification has
been widely used for evaluation of preoperative hepatic function, but
use of MELD scores has recently evolved as a promising indicator for
prognosis because it is considered to be simpler and more objective
than CTP classification [29,31]. However, fewpapers neither have inves-
tigated in detail the usefulness of MELD scores in patients undergoing
cardiac surgery, nor has direct comparison of the usefulness of CTP clas-
sification vs. MELD scores been carried out. Therefore, in the research
presented here, we used a large database of patients undergoing cardiac
surgery at our institution to investigate the association of liver dysfunc-
tion estimated by MELD scores and postoperative clinical course.

In the present study, we found that (i)more than 20% of patients un-
dergoing cardiac surgery showed high MELD/MELD-XI scores (defined
as N12); (ii) older age, impaired cardiac function, anemia, and liver
and renal insufficiency were associated with high MELD scores; (iii)
both high MELD and MELD-XI scores were associated with longer hos-
pitalization and higher mortality andmorbidity (however, AF incidence
was more frequent in the high MELD group, but the incidence was not
different between high and low MELD-XI groups); (iv) greater blood
loss was confirmed in patients with high MELD/MELD-XI scores com-
pared to low MELD/MELD-XI scores for patients undergoing valvular
surgery but not for those undergoing CABG; (v) stroke incidence was
ther factors

) Na (mEq/L) MELD MELD-XI CTP

0.6996 0.1456 0.1774 0.0290
(age better)

0.1100 0.5535 0.6718 b0.0001
(Alb better)

0.1286 0.0017
(MELD better)

0.0015
(MELD-XI better)

0.6489

n/a 0.0346
(MELD better)

0.0598 0.1327

r)
0.0346 (MELD better) n/a 0.8444 b0.0001

(MELD better)

tter)
0.0598 0.8444 n/a 0.0002

(MELD-XI better)
0.1327 b0.0001

(MELD better)
0.0002
(MELD-XI better)

n/a

sodium, Na.



Table 4-2
Receiver–operator characteristics curve analysis for cardiac-related mortality.

AUC (95%CI) p-Values obtained from AUC comparison with other factors

Age
(years)

Alb
(g/dL)

T-bil (mg/dL) Na (mEq/L) MELD MELD-XI CTP

Age (years) 0.5934 (0.4498–0.7226) n/a 0.2946 0.3224 0.3235 0.1496 0.0764 0.5865
Alb (g/dL) 0.6683 (0.5115–0.7950) 0.2946 n/a 0.1752 0.8611 0.3242 0.1763 0.1227
T-bil
(mg/dL)

0.4854 (0.3243–0.6495) 0.3224 0.1752 n/a 0.0248 (Na better) 0.0443
(MELD better)

0.0269
(MELD-XI better)

0.5295

Na (mmol/L) 0.6857 (0.5625–0.7874) 0.3235 0.8611 0.0248 (Na better) n/a 0.3927 0.2607 0.1242
MELD 0.7450 (0.5947–0.8533) 0.1496 0.3242 0.0443 (MELD better) 0.3927 n/a 0.6301 0.0143

(MELD better)
MELD-XI 0.7611 (0.6063–0.8683) 0.0764 0.1763 0.0269 (MELD-XI

better)
0.2607 0.6301 n/a 0.0071

(MELD-XI
better)

CTP 0.5533 (0.4535–0.6489) 0.5865 0.1227 0.5295 0.1242 0.0143 (MELD
better)

0.0071 (MELD-XI
better)

n/a

Abbreviations not described in text: CI, confidence interval; albumin, Alb; total bilirubin, T-bil; sodium, Na.
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higher in high MELD/MELD-XI than in low MELD/MELD-XI groups for
CABG patients but not for valvular surgery patients; (vi) both MELD
and MELD-XI scores could predict all-cause mortality as well as
cardiac-related morality with a sensitivity of over 60% and a specificity
of around 80% in the total cohort, but the association between MELD
and cardiac-relatedmortalitywas not borne out for valvular surgery pa-
tients; and (vii) comparisons of predictive strength showed that MELD
andMELD-XI scoreswere associatedwith higher AUC values than single
MELD components, age and CTP classification.

Of note, the patients in our cohort had mostly preserved liver
function as reflected by CTP score, with only one patient in CTP class C
and 8% of patients in CTP class B. According to theMELD scoring system,
however, more than 20% of patients showed high scores and suscepti-
bility to liver impairment.

Our results indicate that patients with high MELD/MELD-XI scores
tended to be elderly and anemic and in an unstable and vulnerable
condition with regard to liver dysfunction. Therefore, high MELD scores
are useful for predicting poor postoperative course. However, although
AF occurrence was more frequent in the high MELD group than the low
MELD group, this difference was not found between high and low
MELD-XI groups. We assume that the reason for this discrepancy was
because patients in the high MELD group, including those undergoing
valvular surgery, were possibly under anticoagulant therapy using
warfarin. Therefore, the MELD scores for such patients may have been
elevated due to prolongation of PT-INR induced by warfarin, making
them more prone to development of postoperative AF. Because PT-INR
is not used in calculating the MELD-XI score, the underlying cardiac
disease of patients with high and lowMELD-XI scores may have seemed
more uniform; therefore, AF frequency did not differ between the groups.
Fig. 1. Comparison of ROC curves for all-cause mortality (left panel) and cardiac-related mortal
MELD score; and blue, MELD-XI score. MELD and MELD-XI showed larger AUC values as comp
Further, our results show that a high MELD score did not predict
increased perioperative bleeding in CABG patients. Our institution
routinely performs off-pump coronary bypass surgery on the majority
of our patients, and a requirement for cardiopulmonary bypass is an
extreme exception [32]. Therefore, few patients in the study cohort
suffered from a difficulty of hemostasis after CABG, whereas patients
undergoing valvular surgery may have been at higher risk for abnormal
hemostatic conditions due to cardiopulmonary bypass usage.Moreover,
there was a significant difference in stroke incidence between high and
low MELD/MELD-XI groups only in patients undergoing CABG. This
suggests that patients who require CABGmay have background athero-
sclerotic disease. Therefore, those with high MELD scores due to high
PT-INR and liver dysfunction were more prone to develop intracranial
events induced by coagulation abnormalities in addition to possible
subclinical cerebrovascular narrowing.

In the present study, we showed that both MELD and MELD-XI
scores could predict postoperative outcome; however, the predictive
power of theMELD score is limited in patients undergoing valvular sur-
gery, especially regarding cardiac-relatedmorality. Thismay be because
such patients are often treated with an anticoagulant. In addition, we
found that the cutoff value of MELD for mortality was 14.5, which was
higher than the value (12) we used for dichotomization of patients in
this study. Therefore, our results suggest that MELD-XI may be a more
suitable predictor of outcome for valvular surgery patients, and if the
conventional MELD score is used, we should consider a value of 14 or
higher as a cutoff. Indeed, optimal cutoff values for MELD or MELD-XI
may vary depending on patient characteristics and surgery type.
Aydin et al. reported a MELD score cutoff point of 16 as a predictor of
mortality in liver transplant patients [33]. Thielmann et al. showed
ity (right panel). The ROC curves are as follows: red, age; orange, CTP classification; green,
ared to other parameters.



689M. Murata et al. / International Journal of Cardiology 203 (2016) 682–689
that a MELD score cutoff value of 13.5 was highly predictive for postop-
erative in-hospital mortality after cardiac surgery [34].

Of note, our study clearly proves for the first time that MELD and
MELD-XI scores are superior predictors compared to each component
of the MELD score and other clinically relevant variables. Although
CTP classification is an established maker for evaluating preoperative
liver function, our results show thatMELD/MELD-XI predictive strength
for mortality overwhelmed that of CTP classification because there was
substantial overlap of MELD scores in patients classified into CTP classes
A and B. The greatest advantage of the MELD score is that it is able to
assess hepatic function easily and objectively. Wiesner et al. reported
that the MELD score is an extremely powerful predictor of the
probability of death in patients with chronic liver disease [35].

Preoperative high MELD/MELD-XI scores are a strong prognostic
marker for patients undergoing cardiac surgery. Attention to correct
nutrition, inflammation, and hepatic function to normalize MELD/
MELD-XI scores prior to surgery could be an effective way to improve
the postoperative clinical course.

Some limitations exist in this study. First, we conducted a retrospec-
tive cohort study in a single facility, although this limitation may be
mitigated by the fact that our institution is one of the highest-volume
centers for cardiac surgery in the Asian region. Second, we did not
include perioperative information, such as the amount of blood
transfused. Finally, we reviewed only the short-term postoperative
clinical course and did not review long-term outcomes.

5. Conclusion

In conclusion, assessment of liver dysfunction using MELD scores
provides additional risk information and is useful for predicting
postoperative mortality and morbidity in patients undergoing cardiac
surgery. MELD scores were a stronger predictor of mortality than CTP
classification.
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