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Liver dysfunction as a predictor of outcomes in patients
with advanced heart failure requiring ventricular assist
device support: Use of the Model of End-stage Liver
Disease (MELD) and MELD eXcluding INR (MELD-XI)
scoring system
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BACKGROUND: Liver dysfunction increases post-surgical morbidity and mortality. The Model of End-
stage Liver Disease (MELD) estimates liver function but can be inaccurate in patients receiving oral
anti-coagulation. We evaluated the effect of liver dysfunction on outcomes after ventricular assist device
(VAD) implantation and the dynamic changes in liver dysfunction that occur during VAD support.
METHODS: We retrospectively analyzed 255 patients (147 with pulsatile devices and 108 with
continuous-flow devices) who received a long-term VAD between 2000 and 2010. Liver dysfunction
was estimated by MELD and MELD-eXcluding INR (MELD-XI), with patients grouped by a score of
� 17 or � 17. Primary outcomes were on-VAD, after transplant, and overall survival.
RESULTS: MELD and MELD-XI correlated highly (R � 0.901, p � 0.0001) in patients not on oral
anti-coagulation. Patients with MELD or MELD-XI � 17 had improved on-VAD and overall survival
(p � 0.05) with a higher predictive power for MELD-XI. During VAD support, cholestasis initially
worsened but eventually improved. Patients with pre-VAD liver dysfunction who survived to transplant had
lower post-transplant survival (p � 0.0193). However, if MELD-XI normalized during VAD support,
post-transplant survival improved and was similar to that of patients with low MELD-XI scores.
CONCLUSIONS: MELD-XI is a viable alternative for assessing liver dysfunction in heart failure
patients on oral anti-coagulation. Liver dysfunction is associated with worse survival. However, if
MELD-XI improves during VAD support, post-transplant survival is similar to those without prior liver
dysfunction, suggesting an important prognostic role. We also found evidence of a transient cholestatic
state after LVAD implantation that deserves further examination.
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Liver dysfunction due to end-stage heart failure (HF) is
often referred to as cardiac or congestive hepatopathy.1 The
underlying pathophysiology is related to poor end-organ
perfusion leading to ischemic parenchymal changes with
hepatocellular necrosis, especially in cases of acute decom-
pensation. Second, passive hepatic venous congestion de-
velops in the setting of right heart dysfunction with in-
creased right atrial pressures.1,2 Cholestatic changes are the

hallmark of chronic congestive hepatopathy, with serum
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bilirubin and alkaline phosphatase concentrations often el-
evated.3 Although early stages are reversible, long-term
congestive hepatopathy leads to irreversible damage to the
liver parenchyma and cirrhosis with associated transamini-
tis.4 The management is focused on treating the underlying
cardiac abnormalities, and hepatic function has been shown
to benefit from orthotopic heart transplantation (OHT), with
normalization of liver function assays by 6 months after
transplant.5

Although individual laboratory assays can provide some
insight on a patient’s liver function, the composite Model
for End-Stage Liver Disease (MELD) is a more robust score
of liver dysfunction. It was first developed to predict death
in patients undergoing transjugular intrahepatic portosys-
temic shunt procedures6,7 and has since been verified as a
measure of liver dysfunction, providing an objective score
based on a patient’s creatinine, total bilirubin, and interna-
tional normalized ratio (INR). In 2002, the United Network
for Organ Sharing (UNOS) adopted this system for priori-
tizing liver transplant candidates based on disease sever-
ity.8,9 Elevated MELD scores also predict post-operative
death in cirrhotic patients undergoing major digestive, or-
thopedic, and cardiovascular operations.10 For patients with
a MELD score of � 8, 30-day mortality was 5.7% com-
pared with � 50% for patients with MELD of � 20.

Left ventricular assist devices (LVADs) are increasingly
used to treat patients with end-stage HF, leading to improve-
ments in survival and quality of life as a bridge to transplant
(BTT) or destination therapy (DT).11 A recent study by
Matthews et al12 demonstrated that liver dysfunction (de-
fined as a MELD � 17) before LVAD implantation predicts
increased perioperative blood product use and 6-month sur-
vival. However, no study has analyzed the effect of dynam-
ics in liver dysfunction on outcomes after LVAD insertion.
LVAD support should lead to improvements in cardiac
hepatopathy, yet no study has reported the specific factors
associated with this potential relationship or its effect on
survival. One reason has been the lack of a good measure of
liver function in HF patients during LVAD support, which
often requires oral anti-coagulation with warfarin. Because
warfarin increases INR, which is a major component of the
MELD score, MELD becomes an inaccurate gauge of liver
dysfunction.

As an alternative to the traditional MELD system, the
MELD-XI (MELD eXcluding INR) score was developed by
Heuman et al.13 It is calculated from creatinine and total
bilirubin only. MELD-XI was validated in a population of
� 7,000 patients with liver cirrhosis and highly correlated
with MELD in patients not on oral anti-coagulation, with
both scores predicting survival similarly. Given that INR is
not used in its calculation, MELD-XI will remain accurate
even if a patient receives oral anti-coagulation. Therefore, it
is potentially a more effective method of estimating liver
dysfunction in patients on LVAD support requiring con-
comitant oral anti-coagulation.

In this study, we aimed to validate the MELD-XI and
MELD scoring systems in HF patients undergoing LVAD

placement. We also followed serum markers of cholestasis,
hepatic injury, and other relevant conditions during LVAD
support and analyzed the role that changes in liver dysfunc-
tion assessed by MELD-XI may play in predicting survival
after OHT.

Methods

Approval for this study was obtained from the Institutional Review
Board at Columbia University Medical Center.

Patient selection

All patients who received a long-term VAD between January 1,
2000, and September 7, 2010, at Columbia University Medical
Center were included. Given that 85% of these patients received a
pulsatile or continuous-flow HeartMate (HM) or HeartMate II
(HMII; Thoratec, Pleasanton, CA), we restricted our study cohort
to those who received these devices. Sub-analysis was performed
for patients who were supported by continuous-flow devices. The
study excluded patients who were on temporary mechanical cir-
culatory support before long-term VAD and those whose pre-
operative laboratory values were not available.

Data collection

Patient data were obtained from hospital medical records. Pre-
operative laboratory values were defined as the last set of results
immediately before VAD implantation. Primary outcomes in-
cluded overall survival, on-VAD survival, and survival after OHT
in those who received an allograft. Post-operative laboratory val-
ues were assessed at 30 days, 3 months, and 6 months for those
who had a VAD for at least that length of time and immediately
before transplant if they underwent OHT. Post-operative right HF
(RHF) was defined as requirement of nitric oxide inhalation � 48
hours, inotropic support � 14 days, and/or a right VAD (RVAD)
after LVAD.

MELD and MELD-XI definition

We used the UNOS modification of the MELD score,8 which uses
the formula MELD � 3.78 � Ln (bilirubin) � 11.2 � Ln (INR) �
9.57 � Ln (creatinine) � 6.43. Any variable with a value � 1 is
assigned a value of 1 to avoid negative scores; thus, the minimum
possible MELD score is 6.43. MELD-XI is defined by the formula
MELD-XI � 5.11� Ln (bilirubin) � 11.76 � Ln (creatinine) �
9.44.13 Again, variables with values of � 1 were given the value
of 1, with a minimum possible MELD-XI score of 9.44.13 Accord-
ing to the MELD and MELD-XI score before VAD surgery,
patients were dichotomized into those with values � 17 and those
with values � 17, as previously described.12

Statistical analysis

Statistical analyses were performed using Stata 11 software
(StataCorp, College Station, TX). Statistical significance
was determined based on a pre-established � � 0.05. As-
sociations between categoric data were tested using chi-

square and Fisher’s exact tests. Continuous data were com-
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pared using Student’s t-tests. Survival was compared using
Kaplan-Meier analysis and log-rank tests. A Cox-propor-
tional hazards model was used to test the significance of the
individual variables as predictors of survival. The relation
between MELD and MELD-XI scores was investigated by
Pearson’s correlation analysis.

Results

Patient cohort

We captured data for 264 adults who underwent primary
long-term VAD placement between January 2000 and Sep-
tember 2010, including 158 (60%) pulsatile HM and 106
(40%) HMII recipients. Of these, the initial LVAD goal was
BTT in 215 (81.44%), DT in 46 (17.42%), and bridge to
decision in 3 (1.14%; Table 1). Owing to incomplete med-
ical records that prevented calculation of the pre-VAD
MELD, 9 patients were excluded, leaving 255 in the study.
Sub-analysis of survival after continuous-flow LVAD im-
plantation included 104 patients.

Baseline characteristics

Most pre-operative characteristics were similar between the
2 groups, except that the 79 patients with MELD � 17 and
the 98 with MELD-XI � 17 were older (Table 1). Also,
patients with elevated MELD-XI were more likely to be
men (88.8% vs 75.8%, p � 0.011) and diabetic (45.1% vs
28.8%, p � 0.011). As expected, pre-operative creatinine
and bilirubin levels were significantly greater for patients
with elevated scores. INR was similar between MELD-XI
groups but significantly higher (1.62 vs 1.25, p � 0.0001) in
the MELD � 17 group, as was expected. In addition, as-

Table 1 Clinical Characteristics of Patients Undergoing Ventri

Variablesa MELD �17 MELD �17

(n � 176) (n � 79)
Age, years 53.1 � 14.8 57.3 � 11
Sex

Female 37 (21.0) 12 (15.2)
Male 139 (79.0) 67 (84.8)

Body mass index, kg/m2 27.2 � 6.0 26.4 � 4.
Diabetes 55/165 (33.3) 28/72 (38.
Coronary artery disease 73/165 (44.2) 31/71 (43.
COPD 9/162 (5.6) 5/71 (7.0
Pre-op LVEF, % 17.6 � 6.4 18.6 � 8.
Ventilation 22/140 (15.7) 11/60 (18.
History of hepatitis 1/102 (1.0) 1/48 (2.1
History of cancer 20/161 (12.4) 6/70 (8.6
BTT (vs DT) 140/176 (79.6) 67/77 (87.

BTT, bridge to transplant; COPD, chronic obstructive pulmonary disea
of End-stage Liver Disease (MELD); MELD-XI, Model of End-stage Liver D

aContinuous variables are expressed as mean � standard deviation
partate aminotransferase and alanine aminotransferase lev-
els were generally higher and albumin levels generally
lower in the elevated MELD and MELD-XI groups (Table
2). MELD and MELD-XI values highly correlated, espe-
cially after excluding patients on oral anticoagulation within
5 days before VAD placement (R � 0.901, p � 0.0001).

Survival differences based on pre-VAD liver
dysfunction scores

During LVAD support, 48 patients died, with survival of
82.4% at 6 months and 75.8% at 1 year. On-VAD survival
was defined as survival to OHT, VAD explant (eg, for
ventricular recovery) with survival for at least 30 days, or
survival with device in place to the last date of follow-up.
Patients with lower MELD or MELD-XI scores had better
survival after VAD implantation. When dichotomized by
MELD, patients with pre-VAD scores � 17 had higher
18-month (73.5% vs 63.2%, p � 0.0050; Figure 1A) and
long-term on-VAD survival (p � 0.0069). Patients with a
MELD-XI � 17 also had higher 18-month (77.2% vs
59.8%, p � 0.0220; Figure 1B) and long-term (p � 0.0437)
on-VAD survival. Patients with high MELD-XI scores had
a 30-day post-VAD mortality of 8.0%. Most of these deaths
occurred during the early post-operative period due to mul-
tiorgan system failure, typically associated with sepsis or
pre-existing organ failure such as post-cardiotomy shock as
indication for VAD.

In addition to an on-VAD survival advantage, patients
with a MELD or MELD-XI � 17 before LVAD implanta-
tion also had an overall survival advantage (Figure 1C and
D). OHT rates were similar between groups and thus did not
account for this survival difference (Table 3). The duration
of BTT VAD support was also similar across groups.

In a sub-set of 104 patients with continuous-flow de-
vices, 71 patients had a MELD-XI � 17 before LVAD
surgery and the remaining 33 showed a MELD XI � 17.

ssist Device Placement

p-value MELD-XI �17 MELD-XI �17 p-value

(n � 157) (n � 98)
0.028 52.6 � 15.0 57.4 � 11.3 0.006

0.011
0.274 38 (24.2) 11 (11.2)

119 (75.8) 87 (88.8)
0.293 27.1 � 5.9 26.6 � 4.9 0.504
0.410 42/146 (28.8) 41/91 (45.1) 0.011
0.934 62/146 (42.5) 42/90 (46.7) 0.528
0.765 7/144 (4.9) 7/89 (7.9) 0.348
0.359 18.2 � 6.7 17.5 � 7.5 0.544
0.647 22/123 (17.9) 11/77 (14.3) 0.504
0.539 2/95 (2.1) 0/55 (0) 0.532
0.395 17/142 (12.0) 9/89 (10.1) 0.663
0.156 127/156 (81.4) 80/97 (82.5) 0.831

estination therapy; LVEF, left ventricular ejection fraction; MELD, Model
eXcluding INR.
egoric variables as number (%).
cular A

.2

3
9)
7)
)
3
3)
)
)
0)

se; DT, d
isease
The analysis of patients who were supported by continuous-
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flow devices also revealed that on-VAD survival and overall
survival were better in patients with MELD XI � 17 (log-
rank p � 0.0279) than in patients with MELD-XI � 17 (p �
0.0398, Figure 2A and B).

Impact of MELD-XI on survival

Given that those with MELD-XI � 17 and � 17 had
significantly different creatinine levels, we performed a Cox
proportional hazard analysis on creatinine alone and
MELD-XI as predictors of survival. Cox regression showed
creatinine and MELD-XI were both predictive of survival,
but multivariable analysis was not feasible due to colinear-
ity. After grouping patients by high preoperative creatinine
(� 1.5 mg/dl) and high MELD-XI (� 17), multivariable
analysis confirmed high MELD-XI was a predictive vari-
able (hazard ratio, 1.84; 95% confidence interval, 1.081–
3.135; p � 0.025) but not high creatinine levels (hazard
ratio, 1.2; 95% confidence interval, 0.716–2.081; p �
0.464). A Cox proportional hazard ratio analysis based on
MELD and MELD-XI scores, using the values as contin-
uous variables (Table 4), showed MELD and MELD-XI
scores were significantly associated with on-VAD sur-
vival and overall survival; however, the MELD score
showed only a trend of association with 2-year on VAD
survival.

Improvement of laboratory values on VAD support

Laboratory values generally improved during VAD support.
We followed the trends of these values from pre-VAD
implantation to 30 days of VAD support to late VAD
support (Table 5). “Late VAD” values were defined as at

Table 2 Baseline Laboratory Values in Patients Undergoing V

Variablea MELD �17 MELD �1

Albumin, mg/dl 3.56 � 0.54 3.38 � 0
Total protein, mg/dl 6.5 � 1.2 6.4 � 1
AST, IU/liter 48 � 78 135 � 3
ALT, IU/liter 65 � 177 143 � 3
Alkaline phosphatase, IU/liter 92 � 52 101 � 5
Bilirubin, mg/dl

Total 1.42 � 0.98 2.36 � 1
Direct 0.48 � 0.52 0.94 � 0

White blood cell count, 103/�l 8.9 � 3.3 10.2 � 4
Hemoglobin, g/dl 11.3 � 1.9 10.9 � 1
Hematocrit, % 34.2 � 5.3 33.0 � 5
Platelet count, 103/�l 200 � 77 191 � 9
International normalized ratio 1.25 � 0.20 1.62 � 0
Blood urea nitrogen, mg/dl 33 � 16 50 � 2
Creatinine, mg/dl 1.34 � 0.40 2.14 � 0
Sodium, mg/dl 134 � 5 131 � 6
Potassium, mg/dl 4.1 � 0.5 4.2 � 0

ALT, alanine aminotransferase; AST, aspartate aminotransferase; MEL
Disease eXcluding INR.

aData are shown as mean � standard deviation.
time of OHT or, for those who did not undergo transplant,
at 6 months of VAD support. The mean duration to trans-
plant for patients after VAD implantation was 180 days
(median, 124.5 days) and was not significantly different
between those with MELD-XI � 17 and � 17 (162.6 vs
183.6 days, p � 0.35).

Renal function improved overall, with concentrations of
blood urea nitrogen, creatinine, and sodium all normalizing.
Transaminases, albumin, and total protein improved on av-
erage as well.

INR was difficult to use as a gauge of synthetic function
because some patients received oral anti-coagulation during
VAD support. Given the differences in post-operative anti-
coagulation requirements, the trend in INR differed based
on device. For pulsatile HM recipients, post-operative long-
term anti-coagulation was generally not required, and there
was no significant change in INR (1.42 � 0.46 vs 1.34 �
0.46, p � 0.256). INR rose for HMII recipients, who typi-
cally received oral anti-coagulation (1.28 � 0.30 vs 1.82 �
0.6, p � 0.0001).

Cholestasis during VAD support

There was evidence that cholestasis worsened during early
VAD support. Mean alkaline phosphatase levels increased
significantly during the first 30 days of VAD support (94.6
to 156.9 IU/liter, p � 0.0001), during which 85.7% of
patients had an increased level. Although levels decreased
during further VAD support (late VAD mean: 120.5 IU/
liter; p � 0.022), they did not return to pre-VAD levels.
Hyperbilirubinemia also worsened during the first 30 days
of VAD support, with mean total bilirubin levels increasing
from 1.7 to 2.2 mg/dl, although the mean value did normal-
ize subsequently (late VAD mean: 1.0 mg/dl; p � 0.0001).

lar Assist Device Placement

p-value MELD-XI �17 MELD-XI �17 p-value

0.016 3.53 � 0.55 3.45 � 0.53 0.242
0.608 6.4 � 1.2 6.5 � 1.2 0.445
0.0007 61 � 160 97 � 234 0.156
0.018 70 � 182 121 � 321 0.106
0.183 92 � 52 100 � 55 0.219

�0.0001 1.31 � 0.73 2.36 � 1.46 �0.0001
�0.0001 0.43 � 0.35 0.93 � 0.78 �0.0001

0.011 8.9 � 3.3 10.0 � 4.1 0.026
0.136 11.2 � 1.9 11.0 � 1.9 0.442
0.081 34.1 � 5.2 33.5 � 5.6 0.371
0.422 202 � 80 191 � 89 0.304

�0.0001 1.34 � 0.41 1.42 � 0.38 0.141
�0.0001 30 � 13 51 � 22 �0.0001
�0.0001 1.26 � 0.33 2.12 � 0.64 �0.0001

0.0005 134 � 5 131 � 6 �0.0001
0.321 4.1 � 0.5 4.2 � 0.5 0.195
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Direct bilirubin had a similar trend. This data suggests that
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LVAD insertion not only fails to rapidly resolve cholestatic
disease but may also exacerbate it initially.

A separate analysis performed for patients with pulsatile
devices and those with continuous-flow devices showed
mean alkaline phosphatase levels increased significantly
during the first 30 days of VAD support, from 88.6 to 159.2
IU/liter (p � 0.0010) for the pulsatile group, and from 100.0
to 146.5 IU/liter (p � 0.0001) for continuous flow group.
However, the decrease in alkaline phosphatase levels during
long-term VAD support was only significant in patients
with pulsatile devices (late VAD mean: 1290.0 IU/liter; p �
0.0001) but not in patients with continuous flow devices

Figure 1 Survival based on the degree of liver dysfunction assess
INR (MELD-XI), scores at the time of ventricular assist device (V
(B) MELD-XI scores shows significantly worse outcomes for patie
survival based on (C) MELD and (D) MELD-XI scores demonst
score � 17 vs � 17.

Table 3 Initial therapeutic goal of Left Ventricular Assist Dev
MELD and MELD XI Groups in Bridge to Transplant Patients and

MELD �17 MELD �17

BTT, % 79.4 85.1
All patients, % 65.7 55.4

BTT, bridge to transplant; MELD, Model of End-stage Liver Disease (
(late VAD mean: 107.9 IU/liter; p � 0.1652). Hyperbil-
irubinemia also showed a trend toward worsening during
the first 30 days of VAD support, with mean total bili-
rubin levels increasing from 1.8 to 2.2 mg/dl in the
pulsatile VAD group (p � 0.4885) and from 1.5 to 2.1
mg/dl in the continuous flow group (p � 0.2854), but this
normalized subsequently in both groups, with a late VAD
mean of 1.1 mg/dl (p � 0.0001) for pulsatile VADs and
1.0 mg/dl (p � 0.0001) for continuous-flow VADs. These
data suggest that LVAD insertion is associated with an
early development of hepatic cholestasis, which is evi-
dent even after a prolonged interval of VAD support,

Model of End-stage Liver Disease (MELD) and MELD-eXcluding
plantation. Survival at 2 years on-VAD based on (A) MELD and

th a score � 17 compared with patients with scores � 17. Overall
more pronounced survival difference between patients with a

plantation and Subsequent Rate of Heart Transplantation by
tire Cohort

e MELD-XI �17 MELD-XI �17 p-value

80.9 81.6 0.883
64.3 59.2 0.409

MELD-XI, Model of End-stage Liver Disease eXcluding INR.
ed by
AD) im
nts wi
rates a
ice Im
the En

p-valu

0.293
0.124

MELD);
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whereas other parameters of liver dysfunction improve
significantly (Table 5).

RHF after VAD surgery

Because of the incomplete data for the duration of nitric
oxide inhalation after VAD support, the data regarding RHF
development after VAD surgery was obtained from 230
patients in the present study. Among those, 72 patients
(31.3%) developed RHF after VAD surgery and 36 (14.1%)
required RVAD implantation. The proportion of patients
who developed RHF was not significantly different between
patients with MELD scored � 17 vs � 17 (33.9% vs 29.4%,
p � 0.510) or MELD-XI � 17 vs � 17 (33.7% vs 28.9%,
p � 0.445). However, when we compared the proportion of
patients who eventually underwent OHT, patients who de-
veloped RHF on-VAD support were less likely to reach

Figure 2 Sub-analysis of survival is shown in patients with
continuous-flow ventricular assist devices (VADs) based on the
degree of liver dysfunction assessed by Model of End-stage Liver
Disease eXcluding INR (MELD-XI) score at the time of VAD
implantation. (A) The 12-month on-VAD survival based on
MELD-XI scores shows significantly worse outcomes for patients
with a score � 17 compared with patients with scores � 17. (B)
Overall survival up to 5 years after VAD implantation based on
MELD-XI scores demonstrate a significantly worse outcome for
patients with a score � 17 compared with patients with
scores �17.
OHT (56.9% vs 72.8%, p � 0.017) even when we only
analyzed patients with VAD for BTT (64.9% vs 79.6%, p �
0.033).

Dynamics in MELD and MELD-XI during VAD
support

MELD-XI scores improved on average (15.8 � 5.6 vs 13.3 �
3.9, p � 0.0001) after LVAD support, with 67% of patients
having a decreased MELD-XI score at time of OHT or after
6 months of LVAD support, including 92% of the patients
with elevated pre-operative MELD-XI. MELD showed a
similar but less dramatic change, improving from 14.7 �
5.4 to 13.5 � 4.9 (p � 0.027), due to the effect of warfarin
treatment on INR. Thus, MELD and MELD-XI were no
longer highly correlated (R � 0.6887, p � 0.0001). We
decided to use MELD-XI as our measure of liver dysfunc-
tion in subsequent analyses to avoid the influence of oral
anti-coagulation.

Survival effect of MELD-XI during VAD support

Because of the significant improvement in the MELD-XI
score after 1 month of VAD support, the effect of these
MELD-XI scores on overall and on-VAD survival was
assessed. Among patients whose VAD was in place for at
least 30 days, those who had a MELD-XI � 17 had signif-
icantly improved on-VAD survival (p � 0.0001) and over-
all survival (p � 0.0275, Figure 3A and B) after 30 days of
VAD support. Patients with a MELD-XI � 17 after 30 days
of LVAD support had a similar rate of OHT as those with
a lower score (57.5% vs 68.7%, p � 0.174), so rates of OHT
did not explain this overall survival difference.

Survival impact of improvement in MELD-XI
during VAD support

The effect of improving MELD-XI during VAD support
was assessed for patients successfully bridged to OHT. For
the 255 patients in our study, 164 (64.3%) eventually re-

Table 4 Cox Proportional Hazard Models of MELD and
MELD-XI as Predictors for Survivala

Outcome HR (95% CI) p-value

1 year on-VAD survival
MELD 1.058 (1.003–1.117) 0.039
MELD-XI 1.060 (1.003–1.119) 0.038

2 year on-VAD survival
MELD 1.053 (1.000–1.110) 0.051
MELD-XI 1.058 (1.004–1.116) 0.036

Overall survival
MELD 1.067(1.026–1.1.8) 0.001
MELD-XI 1.064(1.024–1.105) 0.001

CI, confidence interval; HR, hazard ratio; MELD, Model of End-stage
Liver Disease (MELD); MELD-XI, Model of End-stage Liver Disease
eXcluding INR; VAD, ventricular assist device.
aMELD and MELD-XI were analyzed as continuous variables.
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ceived an allograft, and those with a pre-VAD MELD-XI �
17 had worse post-OHT survival (log-rank test p � 0.0193).
Sub-group analysis demonstrated that this was largely due
to patients whose MELD-XI remained elevated during
VAD support (High/High group), who had worse short-term
and long-term post-OHT survival (p � 0.0182) than pa-
tients with a low MELD-XI throughout (Low/Low group;
p � 0.0295). However, patients who had an elevated
MELD-XI pre-VAD that improved to � 17 by the time of
OHT (High/Low group) had near-identical short-term post-
OHT survival compared with Low/Low patients (p �
0.5217; Figure 4), with similar 10-year post-OHT survival
as well (67.2% vs 73.5%, p � 0.1164).

Discussion

This study assessed the validity of using MELD-XI as a
reliable gauge of liver dysfunction in HF patients undergo-
ing VAD implantation regardless of oral anti-coagulation,
which can augment their INR and MELD score. The
MELD-XI score has been previously validated with MELD
on two cirrhotic cohorts that encompassed � 7,000 patients.
Similarly, we demonstrated a high level of correlation be-
tween MELD-XI and MELD in our cohort of HF patients
who were not receiving oral anti-coagulation in the days
preceding their VAD implantation.

This study confirms that pre-VAD MELD is a predictor
of survival after VAD implantation, as previously reported

Table 5 Dynamics in Laboratory Values Before and After Vent

Variablesa Pre-VAD 30

Albumin, mg/dl 3.5 � 0.6
Total protein, mg/dl 6.4 � 1.3
AST, IU/liter 75 � 191
ALT, IU/liter 89 � 245
Alkaline phosphatase, IU/liter 94.6 � 52.9 15

Bilirubin, mg/dl
Total 1.7 � 1.2
Direct 0.6 � 0.6

White blood cell count, 103/�L 9.4 � 3.7 1
Hemoglobin, g/dl 11.2 � 1.9 1
Hematocrit, % 33.9 � 5.4 3
Platelet count, 103/�L 197 � 84 2
International normalized ratio 1.36 � 0.40 1

Pulsatile HM 1.42 � 0.46 1
HM II 1.28 � 0.30 1

Blood urea nitrogen, mg/dl 38 � 20
Creatinine, mg/dl 1.6 � 0.6
Sodium, mg/dl 133 � 5 1
Potassium, mg/dl 4.2 � 0.5
MELD 14.7 � 5.4 1
MELD-XI 15.8 � 5.6 1

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HM,
MELD-XI, Model of End-stage Liver Disease eXcluding INR.

aValues are shown as mean � standard deviation.
bp-value for comparison pre-VAD vs on-VAD 30 days.
cp-value for comparison pre-VAD vs late on-VAD.
by Matthews et al.12 Patients with MELD scores � 17 had
an advantage in both an overall and on-VAD survival com-
pared with those with MELD scores of � 17. We also
demonstrated MELD-XI as a similar predictor of both on-
VAD and overall survival in this cohort. This provided
evidence that MELD-XI not only correlates with MELD but
is also a similar predictor of survival. Sub-analysis of pa-
tients who received continuous-flow devices alone also re-
vealed that MELD-XI was significantly associated with
on-VAD survival as well as overall survival.

We showed that MELD and MELD-XI scores corre-
lated highly before VAD surgery; however, the correla-
tion became weaker during VAD support. A partial ex-
planation is that we enrolled patients with pulsatile and
continuous flow VADs and that patients with continuous
flow VADs were often treated with oral anti-coagulation,
which resulted in increased INR that in turn affected the
MELD score but not the MELD-XI score. Therefore, in
the modern era with primary use of continuous-flow
VADs, the use of the MELD-XI scoring system is more
appropriate to assess liver dysfunction of patients during
VAD support.

Creatinine represents a major determinant of the MELD-XI
score. Indeed, creatinine levels were significantly differ-
ent between those with high and low MELD-XI scores in
our cohort. However, we found that MELD-XI was the
only factor highly associated with survival on multivari-
able analysis; therefore, we speculate that the MELD-XI
score is not simply serving as a surrogate for renal dys-

Assist Device Placement

n-VAD p-valueb Late on-VAD p-valuec

0.5 0.0001 3.9 � 0.7 �0.0001
1.0 0.0759 7.3 � 1.1 �0.0001
35 0.0021 40 � 98 0.0742
24 0.0003 34 � 67 0.0057
217.9 �0.0001 120.5 � 88.3 �0.0001

6.1 0.4472 1.0 � 0.9 �0.0001
3.2 0.3631 0.3 � 0.5 �0.0001
4.2 0.0254 8.5 � 3.5 0.0029
1.5 �0.0001 11.3 � 1.9 0.5760
4.5 �0.0001 35.1 � 5.6 0.0508
113 �0.0001 230 � 88 0.0027
0.69 �0.0001 1.53 � 0.56 �0.0001
0.54 0.7254 1.34 � 0.46 0.2401
0.70 �0.0001 1.82 � 0.58 �0.0001
15 �0.0001 24 � 13 �0.0001
0.7 �0.0001 1.3 � 0.6 �0.0001
3 �0.0001 137 � 3 �0.0001
0.5 0.1203 4.3 � 0.7 0.0547
5.4 0.7615 13.5 � 4.9 0.0294
5.4 �0.0001 13.3 � 3.9 �0.0001

ate; HMII, HeartMate II; MELD, Model of End-stage Liver Disease (MELD);
ricular

days o

3.4 �
6.7 �
34 �
27 �

6.9 �

2.2 �
1.0 �
0.1 �
0.2 �
2.3 �
85 �

.67 �

.38 �

.98 �
23 �

1.3 �
37 �

4.2 �
4.7 �
4.0 �

HeartM
function in this setting. In addition, patients with high
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MELD scores were possibly in more advanced HF, con-
sidering their decreased baseline sodium concentrations,
which might have contributed to their higher mortality.
Nevertheless, no differences in RV failure were found
among the various groups.

MELD and MELD-XI both improved during LVAD
support in our study group, suggesting that LV support
helped to reverse cardiac hepatopathy when present in our
cohort. However, the improvement in MELD-XI was more
clinically and statistically significant than that in MELD,
largely due to increased INR in patients taking oral anti-
coagulation while on HMII support and the effect this had
on their on-VAD MELD scores. We therefore monitored
MELD-XI scores as a more accurate measure of liver dys-
function in patients on VAD support. The mean MELD-XI
dropped by nearly 2 points after only 30 days of VAD
support and continued to decrease subsequently. In those
who received an allograft, a pre-VAD MELD-XI � 17
predicted worse post-OHT survival. However, post-OHT
survival improved for those whose MELD-XI decreased �
17 by the time of OHT. During the first 3 months after OHT,

Figure 3 (A) One year on-ventricular assist device (VAD) sur-
vival and (B) overall survival are shown based on Model of
End-stage Liver Disease eXcluding INR (MELD-XI) score �17 or
� 17 at 30 days after left VAD implant. This comparison involved
only patients who received LVAD support for at least 30 days,
omitting patients who died or underwent OHT before 30 days.
Time point zero reflects post-operative Day 30.
the survival of these High/Low MELD-XI patients was
nearly identical to that of patients who had a MELD-XI �
17 before VAD implantation. Long-term survival for the
High/Low group was likewise similar to that of the Low/
Low group. This contrasts with the post-OHT survival
curves of the High/High patients, which was significantly
worse than the Low/Low group.

These findings suggest that the MELD-XI score can help
identify appropriate candidates for OHT. End-stage HF pa-
tients with evidence of hepatopathy are reasonable candi-
dates for VAD implantation, especially given that liver
function will improve in many of these patients while on
VAD support. In fact, if liver function, as defined by
MELD-XI, improves sufficiently on VAD support, our
results suggest that post-OHT survival is generally sim-
ilar to patients without liver dysfunction. Post-OHT sur-
vival is significantly decreased, however, if a patient’s
MELD-XI remains persistently elevated before and dur-
ing VAD support. Thus, MELD-XI before and during
VAD support should be considered when evaluating can-
didates for OHT. A high MELD-XI score after LVAD
implantation alone is probably not sufficient to recom-
mend elimination of these patients from the transplant
list. However, our findings could be used as a tool for the
review of the individual transplant candidacy of these
patients after LVAD implantation based on the increased
risk associated with OHT.

Ideally, we would have monitored hemodynamic data con-
tinuously in patients who had persistently high MELD-XI after
LVAD; however, because of the risk for subsequent infection
and other complications, we did not perform prolonged and

Figure 4 Post-transplant survival of patients based on dynam-
ics in Model of End-stage Liver Disease eXcluding INR
(MELD-XI) score during ventricular assist device (VAD) sup-
port. The Low/Low patients had a MELD-XI � 17 before and
during VAD support. The High/Low patients had a MELD-XI
� 17 before VAD support that improved to � 17 with VAD
support. The High/High patients had an elevated MELD-XI
before and during VAD support. Short-term survival after trans-
plant was nearly identical between Low/Low and High/Low
groups but significantly worse for High/High patients (p �
0.0182). Longer-term post-transplant survival analysis demon-
strated a similar pattern in survival among the 3 groups; how-
ever, the small numbers of patients at risk prevented robust

comparisons among the 3 groups.
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repeated pressure monitoring post-operatively in most patients.
Therefore, we could not include more detailed post-opera-
tive hemodynamic data for these patients in the present
study.

One additional novel finding relates to cholestasis in
cardiac hepatopathy patients undergoing VAD implanta-
tion. Our results demonstrated a general improvement in
most laboratory values, even after only 30 days of VAD
support. However, alkaline phosphatase, total bilirubin,
and direct bilirubin all increased initially before they
decreased. This suggests that an LVAD may exacerbate
the cholestatic picture of cardiac hepatopathy, likely
when there is concomitant RV dysfunction. An LVAD
would increase hepatic perfusion. However, with RV
dysfunction, this increase in perfusion could actually
worsen hepatic congestion, at least temporarily, and lead
to an increase in cholestasis. This effect appears to dis-
sipate over time, possibly due to the gradual improve-
ment in RV function caused by improved LV unloading.
Of note, a separate analysis that compared patients with
pulsatile vs continuous-flow devices showed the trend of
changes in alkaline phosphatase and bilirubin levels over
time was similar to the overall population; however, the
normalization of alkaline phosphatase levels at the late
on-VAD stage was not significant in patients supported
by continuous-flow VADs.

We speculate that blood cell injury with subsequent
hemolysis and, potentially, differences in intrahepatic
blood flow are specifically associated with hemodynamic
support through continuous-flow VADs. Future studies
focusing on this entity are necessary to elucidate the
underlying pathophysiology and its specific impact on
clinical outcomes.

Several limitations of this study exist and stem largely
from its retrospective nature. Clinical decisions were made
in a non-blinded, non-protocoled fashion, possibly instilling
bias. Our patients received LVADs over a span of more than
10 years, during which time criteria for selecting patients for
a long-term LVAD and for OHT have evolved. Technology
has also changed over this time. These changes, in addition
to individual clinician variation, add variability to our find-
ings that are difficult to adjust for.

We also did not have complete data on all patients,
requiring us to omit some patients. We could not obtain
information on blood transfusions in all enrolled patients.
Therefore, we could not evaluate the relationship between
cholestasis and blood transfusions and possible hemolysis.
We also lacked pre-operative and post-operative hemody-
namic data in the present study.

Finally, we could not investigate the effect of MELD
scores in patients who could not undergo OHT because a
number of coexisting factors determined the inability to
undergo OHT in these patients, including infection and
subsequent neurologic adverse events. Therefore, we
could not analyze the specific effect of MELD-XI, and
liver dysfunction in general affected the decision to with-

hold OHT in these patients. However, we anticipate that
these omissions were made randomly with no significant
impact on our results.

In conclusion, MELD-XI is a valid measure of liver
dysfunction that does not rely on INR values and is thus
more accurate than standard MELD scores in patients on
oral anti-coagulation. MELD and MELD-XI scores, dichot-
omized as � 17 or � 17 before LVAD insertion, were both
predictive of on-VAD, overall, and post-OHT survival. A
worsening picture of cholestasis was seen shortly after
LVAD insertion but improved over time. In VAD patients
with an elevated pre-VAD MELD-XI who receive an OHT,
a decrease in score during VAD support to � 17 improved
post-OHT survival and can be used to help identify optimal
transplant candidates.
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