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used in clinical practice to evaluate left ventric‑
ular systolic dysfunction, diagnose heart failure 
(HF), and monitor the effectiveness of treatment 
in patients with HF.2-4 Natriuretic peptides can 
also provide important prognostic information in 
patients with different stages of HF.2,5 It is com‑
monly known that a rise in the NT ‑proBNP lev‑
el is linked with an increased risk of death or HF 
hospitalization, while its fall is associated with 

INTRODUCTION The N ‑terminal pro ‑B‑type na‑
triuretic peptide (NT ‑proBNP) is released along 
with other natriuretic peptides by cardiac myo‑
cytes in response to increased wall stress result‑
ing from myocardial dysfunction. This prohor‑
mone is processed into a biologically active natri‑
uretic peptide, which can counteract the stress by 
inducing diuresis, natriuresis, and vasodilation.1 
The measurement of NT ‑proBNP is commonly 
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ABSTRACT

INTRODUCTION The N ‑terminal pro ‑B‑type natriuretic peptide (NT ‑proBNP) is secreted by cardiomyocytes 
in response to increased wall stress resulting from pressure and volume overload. The modified Model 
for End ‑Stage Liver Disease (modMELD) score reflects the systemic effect of heart failure (HF), which 
includes end ‑organ congestion and subsequent hepatic and renal dysfunction.
OBJECTIVES The aim of this study was to assess the prognostic accuracy of NT ‑proBNP and the mod‑
MELD score, as well as to compare their usefulness in the risk stratification of patients with end ‑stage 
HF awaiting orthotopic heart transplantation (OHT).
PATIENTS AND METHODS We retrospectively analyzed the data of 641 consecutive adult patients await‑
ing OHT between 2012 and 2016. Exclusion criteria included “urgent status,” OHT, and removal from 
the waiting list. Clinical and laboratory data were obtained on inclusion on the waiting list. The primary 
endpoint was all ‑cause mortality during a 1 ‑year follow‑up.
RESULTS In the overall population of 370 patients, the median age was 54.0 (46.0–60.0) years, and 
87.6% of patients were male. During the follow ‑up, the mortality rate was 27.6%. The areas under 
the curve (AUCs) were 0.619 (95% CI, 0.557–0.681) for NT ‑proBNP and 0.870 (95% CI, 0.833–0.906) for 
the modMELD score. The difference between the AUCs for modMELD and NT ‑proBNP was 0.251 (95% CI, 
0.179–0.322; P <0.0001).
CONCLUSIONS The usefulness of NT ‑proBNP in evaluating the prognosis of patients with end ‑stage HF 
awaiting OHT is limited. The modMELD score is a better prognostic marker of waiting list mortality than 
the serum NT ‑proBNP concentration.
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list because of improvement, deterioration, or 
consent withdrawal during the 1 ‑year follow ‑up 
(n = 81) were also excluded. The resulting study 
sample included 370 participants.

Pulmonary hypertension was defined as an in‑
crease in mean pulmonary arterial pressure of 
25 mm Hg or higher at rest, as measured by right 
heart catheterization.15

Renal insufficiency was defined as a glomerular 
filtration rate of less than 60 ml/min/1.73 m2 of 
body surface area, as calculated with the use of 
the simplified Modification of Diet in Renal Dis‑
ease (MDRD) formula.16

Based on the obtained data, the modMELD 
score was calculated according to the follow‑
ing formulas: if the plasma level of albumin 
was higher than 4.1 g/dl: modMELD = 1.12 × (ln 
1) +  0.378 × (ln total bilirubin, in  mg/dl) 
+ 0.957 × (ln creatinine, in mg/dl) + 0.643; and 
if the plasma level of albumin was lower than 
4.1 g/dl: modMELD = 1.12 × (ln [1 + 4.1 – albu‑
min, g/dl)]) + 0.378 × (ln total bilirubin, in mg/dl) 
+ 0.957 × (ln creatinine, in mg/dl) + 0.643. As 
with the standard MELD score, these raw scores 
were multiplied by 10.13,14

The lower limit of all variables used to obtain 
the modMELD score was set at 1.0 to prevent 
negative scores, and the upper limit for creati‑
nine was set at 4.0 mg/dl.

Laboratory data were obtained at the time of 
inclusion on the transplant waiting list. Liver 
and renal function parameters used to calculate 
the modMELD score were determined with a CO‑
BAS Integra 800 analyzer (Roche Instrument 
Center AG, Rotkreuz, Switzerland). NT ‑proBNP  
levels were measured with a commercially avail‑
able test (Roche Diagnostics, Mannheim, Germa‑
ny), using an Elecsys 2010 analyzer with an an‑
alytical sensitivity of less than 5 pg/ml (upper 
limits of normal: 100 pg/ml in men and 150 pg/
ml in women, as proposed by the manufacturer).

The follow ‑up lasted 12 months (from the mo‑
ment of inclusion on the waiting list). Follow ‑up 
data were obtained during control visits and from 
telephone interviews with patients or their fam‑
ilies at the end of the 1 ‑year follow‑up. No pa‑
tient was lost to follow ‑up. The primary endpoint 
was all ‑cause mortality during the follow ‑up. If 
there was no indication of death, the patient was 
recorded to be alive at the end of the follow ‑up. 
All the included patients were treated in accor‑
dance with the guidelines of the European Soci‑
ety of Cardiology at the time of their inclusion 
on the waiting list (as shown in TABLE 1).2

Statistical analysis The statistical analysis was 
performed using the  SAS software, version 
9.4 (SAS Institute Inc., Cary, North Carolina, 
United States). Continuous variables were ex‑
pressed as means (SD), if normally distributed, 
or medians (25th–75th percentile) if skewed. 
Categorical variables were expressed as percent‑
ages of the sample in a given category. Continu‑
ous variables were compared between the groups 

a trend towards risk reduction.2,3 It should be 
noted, however, that the prognostic value of NT‑
‑proBNP may change as a result of medical prog‑
ress, as manifested by the updated management 
standards for patients with HF.2,3

Higher levels of natriuretic peptides have been 
shown to be associated with renal impairment, 
diabetes mellitus, cardiac arrhythmias, pulmo‑
nary hypertension, anemia, and hyperthyroid‑
ism.1,4-8 Therefore, in the presence of comorbid‑
ities associated with HF, the prognostic value of 
NT ‑proBNP may be limited.1 A number of stud‑
ies have reported the utility of NT ‑proBNP in 
the diagnosis, treatment, and prognosis in pa‑
tients with different stages of HF; however, we 
found no studies about the prognostic accuracy of 
NT ‑proBNP in patients with end ‑stage HF await‑
ing orthotopic heart transplantation (OHT).7,9 -

12 It can be presumed that, in patients with end‑
‑stage HF, fluid ‑regulating hormones, such as 
NT ‑proBNP, may be of limited prognostic value 
because kidney function becomes the most im‑
portant.5 This raises the question whether NT‑
‑proBNP remains a sensitive biomarker for prog‑
nosis in patients with end ‑stage HF.

The modified Model for End ‑Stage Liver Dis‑
ease (modMELD) is a scoring system that re‑
flects the systemic effects of HF, which include 
end ‑organ congestion and subsequent hepatic 
and renal dysfunction. It is composed of 3 lab‑
oratory measures, which are routinely collected 
and easy to use. Two of them are noncardiac bio‑
markers which reflect the severity of the effect of 
hepatic dysfunction on metabolism (total biliru‑
bin) and synthesis (albumin). The third compo‑
nent of the modMELD score system is the cre‑
atinine level.11 A few studies have investigated 
the utility of the modMELD score as an indica‑
tor of multiorgan dysfunction (renal, cardiac, 
hepatic), which is the primary manifestation of 
end ‑stage HF, and as a predictor of outcomes in 
this population of patients.11-14

The aim of this study was to assess the prog‑
nostic accuracy of the serum NT ‑proBNP con‑
centration and the modMELD score in ambula‑
tory patients with advanced HF awaiting OHT 
during a 1 ‑year follow ‑up. Furthermore, we com‑
pared the prognostic values of the NT ‑proBNP 
level and the modMELD score.

PATIENTS AND METHODS We retrospective‑
ly analyzed the clinical records of consecutive 
641 adult patients who were placed on the wait‑
ing list for OHT in our institution from Janu‑
ary 1, 2012, to September 1, 2016. Data on clini‑
cal characteristics, medical treatment, as well as 
laboratory, echocardiographic, and hemodynam‑
ic results were collected by reviewing the elec‑
tronic records that had been used as the basis 
for including the patients on the waiting list. 
Patients awaiting OHT with the “urgent status” 
(n = 150) and those who underwent OHT (n = 40) 
during the 1 ‑year follow ‑up were excluded from 
the study. Patients removed from the waiting 
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or defibrillator therapy (41.1% and 58.9% of pa‑
tients, respectively). The devices were implant‑
ed more often in primary than in secondary pre‑
vention of sudden cardiac death (84% vs 16% of 
patients, respectively). The primary endpoint of 
all ‑cause mortality was reached in 102 patients 
(27.6%). The results obtained from the ROC anal‑
ysis of the modMELD score and NT ‑proBNP for 
1 ‑year endpoint events are summarized in TABLE 4. 
The AUC for modMELD and NT ‑proBNP was 
0.870 and 0.619, respectively (FIGURES 1 and 2). 
The difference between between the AUCs was 
0.251 (95% CI, 0.179–0.322; P <0.0001). The cut‑
off for the NT ‑proBNP level at 5513 pg/ml had 
a sensitivity of 51% (95% CI, 41%–61%) and 
a specificity of 71% (95% CI, 65%–77%). The cut‑
off for the modMELD score at 12.7 had a sensitiv‑
ity of 88% (95% CI, 80%–94%) and a specificity 
of 78% (95% CI, 73%–83%). The respective Ka‑
plan–Meier curves for the NT ‑proBNP level and 
the modMELD score are shown in FIGURES 3 and 4. 
Although the log ‑rank test showed a significant 
result (FIGURE 3), the AUC for NT ‑proBNP (0.619; 
95% CI, 0.557–0.681), did not indicate the use‑
fulness of this marker for the assessment of prog‑
nosis in the analyzed population (FIGURE 2).

DISCUSSION Based on a single ‑center study, 
we found that the modMELD score can predict 
1 ‑year waiting list mortality in the population 
of heart transplant candidates unsupported by 
left ventricular assist devices. To the best of our 

by using the t test or the Mann–Whitney test, 
whereas categorical variables were compared by 
using the χ2 test.

The prognostic strength of the model was as‑
sessed by calculating each area under the curve 
(AUC) from the receiver operating characteristic 
(ROC) analysis for the 1 ‑year endpoint events. 
The ROC curves were quantitatively compared 
with the DeLong test, and the optimal cutoff val‑
ue for the model was determined by the Youden 
criterion. The results were presented as AUC, 
sensitivity, and specificity with 95% confidence 
intervals (CIs). Statistical significance between 
the AUC values was tested with the method of 
Hanley and McNeil. P values lower than 0.05 were 
considered significant. The Kaplan–Meier meth‑
od and the log ‑rank test were used to assess and 
compare survival among groups.

RESULTS Our analysis comprised 370 ambu‑
latory patients with HF in New York Heart As‑
sociation (NYHA) classes III (71.1% of patients) 
and IV (28.9% of patients) and with an Inter‑
agency Registry for Mechanically Assisted Cir‑
culatory Support (INTERMACS) scores of 4 to 
5 (28.9% of patients) and 6 (71.1% of patients), 
who were accepted for the OHT waiting list be‑
tween 2012 and 2016. The baseline demograph‑
ic and biochemical characteristics of the study 
population are summarized in TABLES 1 and 2. All 
patients were receiving optimal medical thera‑
py for HF (TABLE 3) as well as resynchronization 

TABLE 1 Baseline patient characteristics on inclusion on the waiting list

Parameter All patients 
(n = 370)

Survivors 
(n = 268)

Nonsurvivors 
(n = 102)

P value

Age, y, median (IQR) 54.0 (46.0–60.0) 54.0 (45.0–59.0) 54.5 (49.0–60.0) 0.64a

Male, n (%) 324 (87.6) 234 (87.3) 90 (88.2) 0.81b

Ischemic etiology of HF, n (%) 164 (44.3) 124 (46.3) 40 (39.3) 0.03b

NYHA class III, n (%) 263 (71.1) 211 (78.7) 52 (51) <0.001b

NYHA class IV, n (%) 107 (28.9) 57 (21.3) 50 (49) <0.001b

BMI, kg/m2, mean (SD) 26.0 (4.4) 25.9 (4.4) 26.5 (4.3) 0.17c

Hypertension, n (%) 151 (40.8) 116 (43.3) 35 (34.3) 0.23b

Type 2 diabetes, n (%) 134 (36.2) 87 (32.5) 47 (46.1) 0.04b

Pulmonary hypertension, n (%) 202 (54.6) 136 (50.7) 68 (66.7) 0.006b

Persistent atrial fibrillation, n (%) 162 (43.8) 117 (43.7) 45 (44.1) 0.94b

VO2max, ml/kg/min, median (IQR) 12.3 (10.3–14.1) 13.1 (11.4–14.6) 12.3 (10.0–14.6) 0.12a

FEV1, %, median (IQR) 74.0 (64.0–85.0) 76.0 (67.0–86.0) 67.0 (55.0–77.0) <0.001a

FVC, %, median (IQR) 78.0 (67.0–89.0) 80.0 (71.0–90.0) 73.0 (62.5–82.0) 0.002a

RVEDd, mm, (IQR) 34.0 (30.0–41.0) 33.0 (30.0–40.0) 36.0 (31.0–44.0) 0.02a

LVEDd, mm, mean (SD) 73.0 (11.0) 72.9 (10.6) 73.17 (11.92) 0.85c

LVEF, %, median (IQR) 18.0 (15.0–20.0) 18.0 (15.0–20.0) 17.5 (15.0–20.0) 0.15a

MPAP, mm Hg, median (IQR) 27.0 (18.0–33.0) 25.0 (18.0–32.0) 29.0 (22.5–36.0) 0.003a

MPAWP, mm Hg, median (IQR) 17.0 (11.0–23.0) 16.0 (10.0–22.0) 20.0 (13.0–25.0) 0.003a

a Mann–Whitney test;   b χ2 test;   c t test

Abbreviations: BMI, body mass index; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; HF, heart 
failure; IQR, interquartile range; LVEDd, left ventricular end ‑diastolic diameter; LVEF, left ventricular ejection fraction; 
NYHA, New York Heart Association; MPAP, mean pulmonary artery pressure; MPAWP, mean pulmonary capillary 
wedge pressure; RVEDd, right ventricular end ‑diastolic diameter; VO2, oxygen consumption
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knowledge, this is also the first study to demon‑
strate that the modMELD score is better than 
the serum concentration of NT ‑proBNP in eval‑
uating the risk of death in this population of 
patients.

The relatively modest prognostic accuracy 
of NT ‑proBNP in the present study may result 
from the fact that our population included a se‑
lected optimally treated group of ambulato‑
ry patients with end ‑stage HF. Optimal neuro‑
hormone suppression with background ther‑
apy may have limited the prognostic perfor‑
mance of this marker. Another explanation of 
this finding may be that, in optimally treat‑
ed patients with end ‑stage HF, the prognos‑
tic value of fluid ‑regulating hormones such as 
natriuretic peptides might be limited, because 
kidney function as the morphologic substrate 
of fluid regulation becomes the most impor‑
tant.5,17 Furthermore, kidney dysfunction has 
been shown to affect the concentration of NT‑
‑proBNP, and the diagnostic value of its lev‑
el in the presence of chronic kidney disease is 

TABLE 2 Baseline laboratory parameters at listing

All patients  
(n = 370)

Survivors 
(n = 268)

Nonsurvivors 
(n = 102)

P value

Hemoglobin, mmol/l, median (IQR) 8.7 (8.0–9.5) 8.7 (8.0–9.4) 8.7 (8.0–9.6) 0.94a

Creatinine, µmol/l, median (IQR) 103.0 (85.0–130.0) 94.5 (81.5–118.0) 127.5 (103.0–143.0) <0.001a

GFR, ml/min/1.73 m2, median (IQR) 68.2 ( 52.7–85.8) 74.9 (58.9–90.1) 52.8 (45.4–68.6) <0.001a

GFR <60 ml/min/1.73 m2, n (%) 132 (35.7) 73 (27.2) 65 (63.7) <0.001b

Total bilirubin, µmol/l, median (IQR) 18.4 (12.10–27.4) 15.9 (11.1–23.1) 27.2 (20.1–37.5) <0.001a

Albumin, g/l, median (IQR) 41.0 (36.0–45.0) 42.0 (39.0–45.0) 35.5 (33.0–38.0) <0.001a

Uric acid, µmol/l, mean (SD) 469.2 (151.2) 441.0 (141.6) 543.3 (151.2) <0.001c

Sodium, mmol/l, median (IQR) 136.0 (133.0–140.0) 137.5 (134.0–141.0) 132.5 (130.0–136.0) <0.001a

ModMELD score, median (IQR) 10.7 (7.5–15.1) 8.61 (6.86–11.99) 15.81 (13.90–18.18) <0.001a

AST, U/l, median (IQR) 25.0 (20.0–32.0) 25.0 (20.0–31.0) 27.0 (22.0–35.0) 0.052a

ALT, U/l, median (IQR) 23.0 (18.0–34.0) 23.0 (17.5–32.5) 23.5 (19.0–38.0) 0.38a

ALP, U/l, median (IQR) 92.0 (69.0–127.0) 89.0 (66.0–127.0) 97.0 (78.0–131.0) 0.14a

GGTP, U/l, median (IQR) 102.0 (46.0–184.0) 87.0 (41.0–169.0) 143.0 (63.0–231.0) 0.02a

Cholesterol, mmol/l, median (IQR) 4.18 (3.47 – 5.10) 4.11 (3.50–4.96) 4.29 (3.37–5.52) 0.22a

Hs ‑CRP, mg/l, median (IQR) 4.37 (1.85–10.90) 3.86 (1.69–10.58) 5.88 (2.83–13.22) 0.07a

HbA1c, %, median (IQR) 6.1 (5.7–6.6) 6.1 (5.7–6.5) 6.4 (5.9–6.8) 0.006a

NT ‑proBNP, pg/ml, median (IQR) 3760 (2100–6839) 3490 (1720–6134) 5556.5 (2781–8503) <0.001a

a Mann–Whitney test;   b χ2 test;   c t test

Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; GFR, glomerular filtration rate; GGTP, γ ‑glutamyl 
transpeptidase; HbA1c, glycated hemoglobin A1c; hs ‑CRP, high ‑sensitivity C ‑reactive protein; modMELD, modified Model for End ‑Stage Liver Disease; 
NT ‑proBNP, N ‑terminal pro ‑B‑type natriuretic peptide; others, see TABLE 1

TABLE 3 Treatment in the study group

Treatment All patients 
(n = 370)

Survivors 
(n = 268)

Nonsurvivors 
(n = 102)

P valuea

β ‑Blockers 347 (93.8) 253 (94.4) 94 (92.2) 0.61

ACEIs/ARBs 343 (92.7) 252 (94.0) 91 (89.2) 0.11

Loop diuretics 370 (100) 268 (100) 102 (100)

Thiazide diuretics 120 (32.4) 80 (29.9) 40 (39.2) 0.09

MRA 358 (96.8) 263 (98.1) 95 (93.1) 0.02

Digoxin 155 (41.9) 108 (40.3) 47 (46.1) 0.31

Statin 227 (61.4) 177 (66) 50 (49) 0.003

Coumarin 
derivatives

188 (50.8) 136 (50.7) 52 (51) 0.97

Acetylsalicylic 
acid

153 (41.1) 113 (42.2) 40 (39.2) 0.61

ICD/CRT ‑D 370 (100) 268 (100) 102 (100)

Data are presented as number (percentage) of patients.

a χ2 test

Abbreviations: ACEI, angiotensin ‑converting enzyme inhibitor; ARB, angiotensin II 
receptor blocker; CRT ‑D, cardiac resynchronization therapy with defibrillator; ICD, 
implantable cardioverter ‑defibrillator; MRA, mineralocorticoid receptor antagonist

TABLE 4 Summary of the receiver operating characteristic curve analysis for 1 ‑year death

AUC ±95% CI Cutoff Sensitivity ±95% CI Specificity ±95% CI

ModMELD score 0.870 0.833–0.906 >12.7 0.88 0.80–0.94 0.78 0.73–0.83

NT ‑proBNP 0.619 0.557–0.681 >5513 0.51 0.41–0.61 0.71 0.65–0.77

Abbreviations: AUC, area under the curve; others, see TABLE 2
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due to its impaired degradation and elimination, 
particularly in the presence of a more severe left 
ventricular dysfunction. The strong effect of re‑
nal dysfunction on NT ‑proBNP levels contrib‑
utes to the decreased sensitivity and specificity 

questionable.18,19 We observed kidney dysfunc‑
tion (defined as estimated glomerular filtration 
rate <60 ml/min/1.73 m2) in 36% of the patients 
in our study. The serum NT ‑proBNP concentra‑
tion is profoundly affected by renal dysfunction 

FIGURE 2  Receiver 
operating characteristic 
curve for NT ‑proBNP 
levels

FIGURE 1 Receiver 
operating characteristic 
curve for the modMELD 
score
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have affected or modulated the NT ‑proBNP con‑
centration in our study population.

The above findings suggest that the severity of 
HF and ventricular dysfunction is not the only de‑
terminant of the NT ‑proBNP level. Thus, the NT‑
‑proBNP level reflects the integrality of the risk 
factors resulting in the current cardiovascular sta‑
tus of the patient and cannot be seen as a pure 

of NT ‑proBNP in patients with advanced sys‑
tolic HF. Reduced utility of NT ‑proBNP in HF 
is observed in each stage of kidney disease, and 
reduced renal function is a strong independent 
clinical determinant of an elevated NT ‑proBNP 
level.20,21 Furthermore, the presence of such co‑
morbidities as diabetes mellitus, arrhythmias, 
pulmonary hypertension, and anemia may also 

FIGURE 3  Kaplan– 
–Meier survival curve 
according to NT ‑proBNP 
levels

FIGURE 4  Kaplan– 
–Meier survival curve 
according to the 
modMELD score
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which could have affected the results. It is well 
known that the predictive value of the variable 
used for risk stratification is markedly influenced 
by optimal pharmacological treatment, especially 
β ‑blockers, as well as the administration of min‑
eralocorticoid receptor antagonists and ACEIs.

In their analysis of patients representing 
the entire spectrum of HF severity, Neuhold 
et al5 reported modest prognostic accuracy of 
NT ‑proBNP (AUC, 0.71) with respect to 2 ‑year 
all ‑cause mortality. In their study, copeptin was 
superior to serum brain natriuretic peptide and 
NT ‑proBNP concentrations in predicting mor‑
tality during a 2 ‑year follow ‑up. In an analysis 
of patients with chronic symptomatic HF from 
the GISSI ‑HF trial, Masson et al10 found good 
prognostic accuracy of NT ‑proBNP (AUC, 0.73; 
specificity, 71%; sensitivity, 65%) in predicting 
mortality during a long ‑term follow ‑up (median, 
3.9 years).10 The percentages of patients with dia‑
betes and kidney failure in their study were com‑
parable to ours; however, most of their patients 
were in functional NYHA classes II and III, and 
the follow ‑up was longer.

Several different scales for the prediction of 
outcome in patients with end ‑stage HF have 
been developed over the years, but we believe 
that the MELD scale and its modifications may 
become particularly useful in clinical practice for 
several reasons.27,28 Firstly, the scores are calcu‑
lated on the basis of simple, low ‑cost, and com‑
monly used laboratory parameters. Secondly, 
the scores reflect multiorgan dysfunction, es‑
pecially kidney and liver damage, commonly ob‑
served in end ‑stage HF. Numerous clinical stud‑
ies have considered kidney and liver dysfunction 
as one of the factors with the highest prognostic 
value in HF.19,21,27 Therefore, markers or scales 
reflecting the varying degrees of kidney and liv‑
er dysfunction may provide valuable information 
about the prognosis in end ‑stage HF. The original 
MELD score provides objective prognostic infor‑
mation based on creatinine (an indicator of re‑
nal function), bilirubin (reflecting metabolic liver 
function), and international normalized ratio (re‑
flecting the secretory function of the liver).29 In 
the present study, we used the modMELD score, 
which excludes the effects of anticoagulation by 
substituting albumin for international normal‑
ized ratio. The serum level of albumin reflects 
the synthesizing function of the liver, and hypo‑
albuminemia is a remarkably strong prognostic 
indicator of poor prognosis in HF.30,31 

Kato et al32 demonstrated that a novel risk‑
‑stratification model containing modMELD can 
sufficiently predict 1 ‑year prognosis of ambulato‑
ry patients with advanced HF. The population an‑
alyzed in their study differed from ours, because 
it included patients referred for consideration of 
OHT. In addition, Kato et al32 used modMELD as 
part of a risk stratification model, while we ana‑
lyzed only the modMELD score. Also, the percent‑
age of patients using ACEIs or ARBs (71.3%) and 
mineralocorticoid receptor antagonists (61.8%) 

surrogate of left ventricular ejection fraction and 
the clinical severity of HF.

In the available literature, we found no cur‑
rent studies about the prognostic accuracy of NT‑
‑proBNP in the population of heart transplant 
candidates. The only such analysis was conduct‑
ed in patients from the Polish Prospective Na‑
tional Registry POLCARD HF awaiting OHT be‑
tween 2003 and 2007 when other guidelines for 
HF were applicable.22,23 The registry differed from 
our analysis in terms of the applied pharmacolog‑
ical treatment and duration of follow ‑up.22 Fur‑
thermore, the study group analyzed by Zieliński 
et al22 included all waiting ‑list patients (ambula‑
tory and urgent), and the authors used a differ‑
ent endpoint (death or urgent transplantation). 
In the above study, the ROC analysis revealed 
an AUC of 0.653 for NT ‑proBNP, which was clin‑
ically insignificant.24,25

Several other authors analyzed the utility of 
NT ‑proBNP in evaluating prognosis in patients 
with advanced HF.5,9 -11 Their studies, however, 
differed significantly from our analysis in terms 
of the advancement of the disease, the applied 
pharmacological treatment, or the duration of 
follow ‑up.

In contrast to our analysis, Adlbrecht et al9 
showed that NT ‑proBNP can be a potential mark‑
er for risk stratification in patients with advanced 
HF during long ‑term follow ‑up. It should be not‑
ed that the duration of follow ‑up in their study 
was 53.4 (20.6) months, which was significantly 
longer than in our study. In a subanalysis of pa‑
tients with advanced HF, Adlbrecht et al9 reported 
good discriminatory power of serum NT ‑proBNP 
concentrations in predicting all ‑cause mortality 
during a long ‑term follow ‑up. The ROC analysis 
revealed an AUC of 0.810 for log ‑transformed 
NT ‑proBNP. However, it should be emphasized 
that they classified patients into the advanced HF 
group based only on the subjective NYHA clas‑
sification, while we applied the criteria that are 
used to select patients for OHT, that is, NYHA 
functional class, INTERMACS classification, and 
the peak oxygen consumption value of 2 ml/kg/
min or higher in cardiopulmonary exercise test.26 
Furthermore, patients in the study by Adlbrecht 
et al9 did not receive optimal therapy. Although 
there was an optimal percentage of patients 
who received β ‑blockers (92%) and angiotensin‑
‑converting enzyme inhibitors (ACEIs) or angio‑
tensin II receptor blockers (ARBs) (96%), the per‑
centage of patients with implantable cardioverter‑
‑defibrillators (21%) or cardiac resynchronization 
therapy defibrillators (26%) in their group was 
relatively small.

A study by Gardner et al11 showed that a sin‑
gle measurement of NT ‑proBNP can help identi‑
fy patients at high risk of death in a population 
with advanced HF. The authors analyzed a co‑
hort with advanced HF referred for consideration 
of OHT. Furthermore, relatively few patients in 
their study were prescribed β ‑blockers (69%) and 
mineralocorticoid receptor antagonists (59.8%), 
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ropean Society of Cardiology (ESC) and the European Respiratory Society 
(ERS). Eur Respir J. 2015; 46: 903‑975.
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timate GFR from serum creatinine: a new prediction equation. Modifica‑
tion of Diet in Renal Disease Study Group. Ann Intern Med. 1999; 130: 
461‑470. 

17 Hillege HL, Nitsch D, Pfeffer MA, et al. Candesartan in heart failure. 
Assessment of Reduction in Mortality and Morbidity (CHARM) Investiga‑
tors. Renal function as a predictor of outcome in a broad spectrum of pa‑
tients with heart failure. Circulation. 2006; 113: 671‑678. 

18 Wiley CL, Switzer SP, Berg RL, et al. Association of B ‑type natriuretic 
peptide levels with estimated glomerular filtration rate and congestive heart 
failure. Clin Med Res. 2010; 8: 7‑12. 

19 Vanderheyden M, Bartunek J, Filippatos G, et al. Cardiovascular dis‑
ease in patients with chronic renal impairment: role of natriuretic peptides. 
Congest Heart Fail. 2008; 14: 38‑42.

20 Luchner A, Hengstenberg C, Löwel H, et al. Effect of compensated 
renal dysfunction on approved heart failure markers: direct comparison 
of brain natriuretic peptide (BNP) and N ‑terminal pro ‑BNP. Hypertension. 
2005; 46: 118‑123. 

21 Ahmed A, Campbell RC. Epidemiology of chronic kidney disease in 
heart failure. Heart Fail Clin. 2008; 4: 387‑399. 

22 ZielińskiT,BrowarekA,ZembalaM,etal.Riskstratificationofpa‑
tients with severe heart failure awaiting heart transplantation ‑prospective 
national registry POLKARD HF. Transplant Proc. 2009; 41: 3161‑3165. 

23 Nieminen MS, Böhm M, Cowie MR, et al. Executive summary of 
the guidelines on the diagnosis and treatment of acute heart failure: 
the Task Force on Acute Heart Failure of the European Society of Cardiolo‑
gy. Eur Heart J. 2005; 26: 384‑416. 
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Southwest Respiratory and Critical Care Chronicles. 2017; 5: 34‑36. 

25 Mandrekar JN. Receiver operating characteristic curve in diagnostic 
test assessment. J Thorac Oncol. 2010; 5: 1315‑1316.

in their group was relatively low. The AUC for 
modMELD in our analysis was higher than in 
the above study (AUC, 0.639). Our previous study 
also showed that an elevated modMELD score is 
a significant risk factor for 1 ‑year death in am‑
bulatory patients with end ‑stage HF accepted 
for OHT. The AUC for modMELD in our previ‑
ous study indicated good discriminatory power 
in the prediction of death (AUC, 0.868).14

The major limitation of this study is its ret‑
rospective design; thus, the data on changes in 
variables over time are not available for analysis. 
Moreover, it was performed at a single center, and 
our findings may not be generalizable to all cen‑
ters worldwide. Our study was not sufficiently 
powered to comment on the mode of death, and 
we limited our analysis to all ‑cause mortality. 
Furthermore, our patients underwent symptom‑
‑limited cardiopulmonary exercise testing, with 
the goal of achieving a respiratory exchange ra‑
tio higher than 1.05. Some patients could not 
reach this value, but we used their data as their 
best effort.

In conclusion, we showed that the utility of 
a single NT ‑proBNP measurement in evaluat‑
ing the prognosis of patients with end ‑stage 
HF awaiting heart transplantation is limited. 
Our study is also the first to demonstrate that 
the modMELD score is a better prognostic mark‑
er of 1 ‑year waiting list mortality than the serum 
NT ‑proBNP level.
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