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ABSTRACT

INTRODUCTION  Pulmonary hypertension (PH) is a common complication of heart failure (HF) that re-
sults in worse prognosis and heart complications following heart transplantation. To better define and
understand left-sided PH, it is necessary to integrate the clinical context, noninvasive assessment, and
invasive hemodynamic variables.

0BJECTIVES The aim of the study was to search for noninvasive factors related to the presence of PH
with elevated pulmonary vascular resistance (PVR) in patients with advanced HF.

PATIENTS AND METHODS The study is a retrospective analysis of 282 patients with end-stage HF ac-
cepted for transplantation in the cardiology department between 2016 and 2018. A panel of laboratory
tests, echocardiography, ergospirometry, and right heart catheterization were performed in all included
patients. The Model for End-Stage Liver Disease Excluding INR (MELD-XI) and the Heart Failure Survival
Score (HFSS) were calculated according to the appropriate formulas.

RESULTS The median age was 57 (51-60) years and 87.6% of patients were men. Pulmonary hyperten-
sion with elevated PVR was found in 30.1% of patients. The multivariable logistic regression analysis
confirmed that lower HFSS (OR, 0.59; 95% CI, 0.383-0.908; P = 0.016), and higher MELD-XI scores
(OR, 1.13; 95% Cl, 1.024-1.24; P = 0.014), as well as higher alkaline phosphatase levels (OR, 1.02;
95% CI, 1.007-1.024; P <0.001) were independent factors associated with increased PVR.
concLusions To the best of our knowledge, this is the first study to demonstrate that high MELD-XI
and low HFFS scores, as well as high alkaline phosphatase serum concentrations were independently
associated with increased PVR in patients with advanced HF referred for transplantation.

INTRODUCTION Pulmonary hypertension (PH)
with elevated pulmonary vascular resistance
(PVR) in patients with end-stage heart failure
(HF) presents a significant risk factor for mor-
tality and heart complications following heart
transplantation (HT), mainly secondary to right
ventricular failure. Increased PVR often compli-
cates standard treatment approaches and has sig-
nificant prognostic implications."-* Pulmonary
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hypertension secondary to HF develops in re-
sponse to a passive backward transmission as
a result of increased left ventricular filling pres-
sures, which occur as a consequence of systolic
or diastolic left ventricular dysfunction.®* Ini-
tially, left-sided PH is described as “passive,” be-
cause the elevation of pulmonary artery pres-
sure is a consequence of left ventricular dys-
function, and there are no pathologic changes in



WHAT'S NEW?

In this study, we evaluated noninvasive and simple indicators associated with
increased pulmonary circulation resistance in patients with advanced heart
failure. We demonstrated that in patients with end-stage heart failure referred
for transplantation simple and routinely used heart failure scales, the Model
for End-Stage Liver Disease excluding INR (MELD-XI) and the Heart Failure
Survival Score (HFSS), as well as alkaline phosphatase concentrations were
independently associated with increased pulmonary vascular resistance.

the pulmonary arterial bed.** Over time, chron-
ic elevation of left-sided filling pressures leads to
the activation of neurohormonal and other medi-
ators, endothelial dysfunction, and neurogenic ef-
fects that may cause excess vasoconstriction and
structural remodeling of the pulmonary arterial
bed, which in turn causes an increase in PVR. This
stage of PH is known as “reactive” PH.**57 Early
identification of elevated PVR in HF is of critical
importance because it determines the correct ap-
proach to management.8 Introduction of appro-
priate therapy at the reversible stage of PVR sig-
nificantly improves the outcomes and the possi-
bility of HT.*® A right-sided heart catheterization
is the gold standard for hemodynamic evalua-
tion of patients with PH including PVR estima-
tion.? It should be emphasized that the patho-
physiology of PH in left HF is complex and high-
ly heterogeneous.” Therefore, clinical character-
istics accompanied by the history of comorbidi-
ties and laboratory variables considered together
with hemodynamic parameters facilitate the fi-
nal diagnosis of PH-HF. Notwithstanding recent
advances in the understanding of pathophysiol-
ogy of PH-HF as well as its clinical assessment,
the interrelations between noninvasive variables
and PH remain only partially understood. Provid-
ing a better definition and understanding of PH
requires integration of the clinical context, non-
invasive assessment, and invasive hemodynam-
ic variables.*?*

Therefore, the aim of the study was to search
for noninvasive factors related to PH with elevat-
ed PVR in patients with end-stage HF referred for
heart transplantation.

PATIENTS AND METHODS The study is a ret-
rospective analysis of 341 consecutive patients
with end-stage HF hospitalized for HT evalua-
tion in the cardiology department between 2016
and 2018. Exclusion criteria included: acute HF,
HF due to valvular heart diseases, any previous
valvular heart surgery, a device implanted in
the previous 6 months (implantable cardioverter-
-defibrillator, cardiac resynchronization therapy-
-defibrillator, and left ventricular assist device),
a history of severe chronic obstructive pulmo-
nary disease or pulmonary embolism, PH with
irreversible PVR, irreversible renal dysfunction
(glomerular filtration rate <30 ml/min/1.73 m?),
inotropic support at presentation, as well as no
right heart catheterization. The resulting study

sample included 282 participants. A panel of lab-
oratory tests, chest X-ray, echocardiography, ergo-
spirometry, and right heart catheterization were
performed in all included patients.

The Medical University of Silesia’s local Insti-
tutional Review Board approved the study proto-
col and all patients provided informed consent.

Right heart catheterization was performed
with a Swan-Ganz catheter (Edwards LifeSciences,
Irvine, California, United States) inserted transcu-
taneously through the right internal jugular vein
and advanced into the pulmonary artery. The fol-
lowing hemodynamic parameters were measured:
mean pulmonary capillary wedge pressure; sys-
tolic, diastolic, and mean pulmonary artery pres-
sures; and cardiac output (CO). Cardiac output
was measured by thermodilution with the use
of a rapid bolus injection of 10 ml cold saline (in
the absence of severe tricuspid regurgitation) or
by the estimation of oxygen uptake with the use
of the Fick method (if tricuspid regurgitation was
present). Cardiac index was calculated as the ra-
tio of CO to the body surface area (I/min/m?) us-
ing the Du Bois formula. The transpulmonary gra-
dient (TPG) was calculated as the difference be-
tween mean pulmonary artery pressure and mean
pulmonary capillary wedge pressure. Pulmonary
vascular resistance was calculated by dividing
TPG by CO and expressed in Wood units (WU).

After collecting baseline hemodynamic data,
patients with systolic pulmonary artery pressure
greater than 50 mm Hg and either TPG greater
than 15 mm Hg or PVR greater than 3 WU were
subjected to a reversibility test with sodium ni-
troprusside.® The infusion of sodium nitroprus-
side started with a dose of 10 ng/kg/min. After
5 minutes, hemodynamic parameters were mea-
sured again. The dose of nitroprusside was rapid-
ly titrated until one of the following was reached:
anormalization of PVR and TPG values, a reduc-
tion in systolic blood pressure below 85 mm Hg,
or the patient was intolerant. Pulmonary vascu-
lar resistance was defined as reversible if it de-
creased below 2.5 WU and systolic blood pres-
sure was above 85 mm Hg. In patients with re-
versible PVR, sildenafil treatment was included,
starting at a dose of 3 x 25 mg, which was grad-
ually increased to the maximum tolerated dose.

The complete blood count and hematologic pa-
rameters were analyzed using automated blood
cell counters (Sysmex XS1000i and XE2100, Sys-
mex Corporation, Kobe, Japan). The intra-assay
and inter-assay coefficients of variation of blood
samples were 5% and 4.5%, respectively. Hepat-
ic and renal function parameters, cholesterol, tri-
glycerides, and albumin plasma concentrations
were determined with a COBAS Integra 800 an-
alyzer (Roche Instrument Center AG, Rotkreuz,
Switzerland). Plasma concentration of fibrino-
gen was measured using the STA Compact ana-
lyzer (Roche). A highly sensitive latex-based im-
munoassay was used to detect plasma C-reac-
tive protein with the Cobas Integra 70 analyzer
(Roche Diagnostics, Ltd). The C-reactive protein
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levels were determined with a typical detection
limit of 0.0175 mg/dl. Plasma N-terminal brain
natriuretic peptide (NT-proBNP) concentrations
were measured with a commercially available kit
from Roche Diagnostics (Mannheim, Germany)
on an Elecsys 2010 analyzer (Roche Diagnostics,
Bellport, New York, United States) with analytical
sensitivity of less than 5 pg/ml. Glomerular filtra-
tion rate was estimated with the use of the Mod-
ification of Diet in Renal Disease study equation.

To calculate the Heart Failure Survival Score
(HFSS) and the Model for End-Stage Liver Dis-
ease Excluding INR (MELD-XI), the following for-
mulas were used:

- HFES = ([0.0216 x resting heart rhythm]
+ [-0.0255 x mean arterial blood pressure]
+ [-0.0464 x (left ventricular ejection frac-
tion (LVEF)] + [-0.0470 x serum sodium]
+ [-0.0546 x peak oxygen consumption (VO,)]
+ [0.6083 x presence (1) or absence (0) of in-
terventricular conduction defect (QRS dura-
tion 20.12 due to any cause)] + [0.6931 x presence
(1) or absence (0) of ischemic etiology of HF])'?

« MELD-XI = 5.11 xIn total bilirubin [mg/dl]
+11.76 xIn creatinine [mg/dl] + 9.44"

The lower limit of all variables used to calcu-
late the MELD-XI score was set at 1.0 to prevent
negative values, and the upper limit for creati-
nine was set at 4.0 mg/dl.

Statistical analysis ~ Statistical analysis was per-
formed using the SAS software, version 9.4
(SAS Institute Inc, Cary, North Carolina, United
States). Categorical variables were expressed as
count (percentage) and compared with the ¥? test.
Continuous variables were expressed as mean
(SD) or median (interquartile range) and com-
pared with the ¢ test or the Mann-Whitney U
test, according to their distribution. The Shapiro-
-Wilk test was used to determine whether a ran-
dom sample came from a normal distribution.
A univariable logistic regression analysis was em-
ployed to select the potential factors of PH for in-
clusion in the multivariable analysis. Factors for
univariable analyses were selected based on clini-
cal relevance and data from the existing literature.
The examined covariables included: the MELD-
-XI scale, HESS, fibrinogen, NT-proBNP, alkaline
phosphatase (ALP), y-glutamyl transpeptidase
(GGTP), urea, creatinine, bilirubin, erythrocyte
sedimentation rate, sodium, right ventricular
end-diastolic dimension, LVEF, left atrium, albu-
min. The relationship between the variables was
evaluated by the Spearman rank correlation co-
efficient. Because several covariates were highly
correlated (eg, the correlation of regression coef-
ficients was 0.38 for NT-proBNP with MELD-XI,
0.41 for fibrinogen with erythrocyte sedimenta-
tion rate, and 0.47 for bilirubin with MELD-XI),
those that provided a better fit for the model were
selected for further analysis. The univariable fac-
tors of PH with a P value of 0.05 or less, which
did not correlate significantly, were entered into
the multivariable logistic regression model with
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stepwise selection. The results are presented as
odds ratios (ORs) with 95% Cls and their statis-
tical significance. A P value of less than 0.05 was
considered significant.

RESULTS The median age of the population
was 57 (51-60) years, of whom 87.6% were
men. The study population included patients
with the New York Heart Association (NYHA)
class III (89.4%) and IV (10.9%) and with pro-
files 4 to 6 according to the Interagency Regis-
try for Mechanically Assisted Circulatory Sup-
port (INTERMACS) classification. The patients
were all managed with standard medical therapy,
following the guidelines of the European Society
of Cardiology, consisting of B-blockers (99.3%),
angiotensin-converting enzyme inhibitors, or an-
giotensin II receptor blockers (97.5%), aldoste-
rone antagonists (99.3%), and diuretics (100%).
All patients with reversible PVR were treated with
sildenafil. Sildenafil was well tolerated and all
patients continued medication without side ef-
fects. In all patients, implantable cardioverter-
-defibrillator (59.9%) or cardiac resynchroniza-
tion therapy-defibrillator (40.1%) were implanted.
The devices were implanted more often in prima-
ry than in secondary prevention of sudden cardi-
ac death (81.9% vs 18.1%, respectively). Measure-
ments of CO were taken using the Fick method
and the data were available for 26.2% of includ-
ed patients. The details of clinical characteristics
of the analyzed population are provided in TABLE 1.

To identify factors for PH with elevated PVR,
patients were categorized into 2 groups: PVR
of less than 3 WU and PVR higher than 3 WU
(TABLE 1). Pulmonary hypertension with elevated
PVR was found in 30.1% of patients.

The results of the univariable and multivari-
able logistic regression analysis for the pres-
ence of PH with elevated PVR are summarized
in TABLE 2. The multivariable logistic regression
analysis confirmed that lower HESS (OR, 0.59; 95
CI, 0.383-0.908; P = 0.016), and higher MELD-XI
scores (OR, 1.127; 95% CI, 1.024-1.24; P = 0.014),
as well as higher ALP level (OR, 1.016; 95% CI,
1.007-1.024; P <0.001) were independent factors
associated with elevated PVR.

DISCUSSION  Although various prognostic scales
have been developed for patients with HE,'? none
was dedicated explicitly to the assessment of pa-
tients with PH and elevated PVR. To the best of
our knowledge, this is the first study to demon-
strate that a lower HESS score is independently
associated with increased PVR. The HFSS is com-
monly used for predicting survival in ambulatory
patients with advanced HF awaiting HT.'%'2'3 This
scale indirectly reflects the severity of HF by as-
sessing simple and noninvasive parameters close-
ly related to the development and progression of
HE.'0.13.14 By contrast, PH reflects the progression
of HE, the severity of adverse hemodynamics, and
hormonal changes that result in the structural re-
modeling of the pulmonary circulation, leading to



TABLE 1 Baseline characteristics of the study population divided into groups with pulmonary vascular resistance <3 and>3 (continued on the next page)

Characteristics

Baseline data

General population (n = 282)

PVR <3 (n = 197)

PVR >3 (n = 85)

P value

Age, y 57 (51-60) 57 (52-60) 57 (48-59) 0.31
Male sex, n (%) 247 (87.6) 174 (88.3) 73 (85.9) 0.57
NYHA I, n (%) 252 (89.4) 179 (90.9) 73 (85.9) 0.21
NYHA IV, n (%) 30(10.9) 18(9.1) 12(14.1)

Ischemic etiology of HF, n (%) 154 (54.6) 105 (53.3) 49 (57.6) 0.8
BMI, kg/m? 27.28 (24.16-30.51) 27.11 (24.1-30.76) 27.28 (24.57-29.47) 0.35
Rest HR, bpm 72 (65-79) 71.5 (65-717.5) 72 (65-80) 0.53
Rest mean BP, mm Hg 74.68 (9.59) 75.18 (9.34) 73.51 (10.11) 0.18
Comorbidities

Hypertension, n (%) 169 (59.9) 116 (58.9) 53 (62.4) 0.59
Type 2 diabetes, n (%) 106 (37.6) 70 (35.5) 36 (42.4) 0.28
Persistent AF, n (%) 136 (48.2) 89 (45.2) 47 (55.3) 0.19
Laboratory parameters

Hemoglobin, mmol/l 8.84 (1) 8.85(0.98) 8.81(1.04) 0.79
Creatinine, umol/l 109.5 (92-136) 104 (89-132) 121 (106-145) 0.002
eGFR, ml/min/1.73 m? 60.90 (47.75-75.37) 64.41 (49.45-78.73) 54.71 (45.79-69.62) 0.003
Total bilirubin, umol/l 16.45 (11.7-22.8) 15.4 (11.5-21.4) 18.9(12.8-24.6) 0.01
Albumin, g/l 43 (41-46) 44 (41-46) 42 (39-44) <0.001
Uric acid, umol/l 410 (350-505) 403 (352-490) 433 (349-521) 0.44
Urea, mmol/l 8.4 (5.9-12.9) 1.8 (5.7-11.1) 9.7 (6.3-15.8) 0.01
Sodium, mmol/l 139 (137-141) 140 (137-141) 139 (136-140) 0.007
Fibrinogen, mg/dl 379 (313-443) 369 (306-425) 413 (354-485) 0.001
AST, U/l 26 (20-32) 26 (20-32) 25 (19-35) 0.99
ALT, U/l 21.5(15-32) 22 (16-33) 20 (14-30) 0.3
ALP, U/l 77 (62-100) 75 (60-92) 93 (68-114) <0.001
GGTPR, U/ 70 (34-130) 54 (29-114) 104 (56-147) <0.001
Cholesterol, mmol/l 4.02 (1.04) 4.06 (1.04) 3.93(1.05) 0.32
LDL cholesterol, mmol/l 2.11(1.61-2.72) 2.06 (1.62-2.7) 2.23 (1.6-2.85) 0.43
hs-CRP, mg/I 4.1 (2.05-6.81) 3.76 (1.81-6.84) 4.62 (3.02-6.32) 0.2
ESR, mm/h 14 (8-21) 12 (8-20) 17 (9-22) 0.0497
HBA,, % 5.8 (5.3-6.3) 5.7 (5.3-6.2) 6 (5.4-6.4) 0.16
NT-proBNP, pg/ml 2967.5 (1714-6041) 2223 (1598-5178) 4609 (2138-6710) <0.001
Hemodynamic parameters

mPCWP, mm Hg 14 (12-18) 13 (11-15) 20 (18-25) <0.001
sPAP, mm Hg 34 (30-50) 31 (29-35) 53 (51-54) <0.001
mPAP, mm Hg 21 (18-32) 19 (17-21) 37 (34-40) <0.001
TPG, mm Hg 7(6-12) 6 (5-8) 15 (13-18) <0.001
Cardiac index, I/min/m? 1.93 (1.77-2.01) 1.94 (1.87-2.01) 1.93 (1.68-1.99) 0.04
PVR, WU 1.95 (1.56-3.5) 1.68 (1.42-1.99) 4.52 (3.71-5.09) <0.001
Echocardiographic parameters

LA, mm 53 (47-58) 50 (46-57) 55 (49-59) <0.001
RVEDd, mm 39 (35-41) 38 (34-40) 40 (35-44) 0.02
LVEDd, mm 70.5 (65-80) 70 (63-80) 72 (66-78) 0.37
LVEF, % 17 (15-20) 17 (15-20) 16 (14-20) 0.04
Cardiac medications

B-Blockers, n (%) 280 (99.3) 195 (99) 85 (100) 0.35
ACEI/ARB, n (%) 275 (97.5) 193 (98) 82 (96.5) 0.46
Loop diuretics, n (%) 282 (100) 197 (100) 85 (100) -
MRA, n (%) 280 (99.3) 196 (99.5) 84 (98.8) 0.54
Digoxin, n (%) 86 (30.5) 52 (26.4) 34 (40) 0.02
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TABLE 1 Baseline characteristics of the study population divided into groups with pulmonary vascular resistance <3 and >3 (continued from the previous page)

Characteristics

General population (n = 282)

PVR <3 (n = 197)

PVR >3 (n = 85) P value

Ivabradine, n (%) 57 (20.2) 42 (21.3) 15(17.6) 0.48
Statin, n (%) 215 (76.2) 149 (75.6) 66 (77.6) 0.72
Coumarin derivatives, n (%) 167 (59.2) 106 (53.8) 61(71.8) 0.005
Acetylsalicylic acid, n (%) 106 (37.6) 87 (44.2) 19 (22.4) <0.001
ICD, n (%) 169 (59.9) 121 (61.4) 48 (56.5) 0.44
CRT-D, n (%) 113 (40.1) 76 (38.6) 37 (43.5) 0.44
Scales

MELD-XI 12.79 (10.84-15.42) 12.14 (10.53-14.88) 14.16 (12.16-16.27) <0.001
HFSS 7.63 (0.67) 1.72 (0.67) 7.43 (0.61) <0.001
Other parameters

Severe TR, n (%) 74 (26.2) 50 (25.4) 24 (28.2) 0.62
Vo,,... mi/kg/min 11.3(10.3-12.3) 11.3(10.4-12.2) 11.1(9.7-12.3) 0.22
IVCD, n (%) 120 (42.6) 76 (38.6) 44 (51.8) 0.04

Data are presented as median (interquartile range) or mean (SD) unless otherwise indicated.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ALP, alkaline phosphatase; ALT, alanine aminotransferase; ARB,
angiotensin Il receptor blocker; AST, aspartate aminotransferase; BMI, body mass index; BP, blood pressure; CRT-D; cardiac resynchronization
therapy-defibrillator; eGFR, estimated glomerular filtration rate; ESR, erythrocyte sedimentation rate; GGTF, y-glutamyl transpeptidase; HBA, .,

hemoglobin A

1C’

HF, heart failure; HFSS, Heart Failure Survival Score; HR, heart rhythm; hs-CRP, high-sensitivity C-reactive protein; ICD, implantable

cardioverter-defibrillator; IVCD, intraventricular conduction defect; LA, left atrium; LDL, low-density lipoprotein; LVEDd, left ventricular end-diastolic
dimension; LVEF, left ventricular ejection fraction; MELD-XI, Model for End-Stage Liver Disease excluding INR; mPAP, mean pulmonary artery pressure;
mPCWP, mean pulmonary capillary wedge pressure; MRA, mineralocorticoid receptor antagonists; NT-proBNP, N-terminal prohormone of brain
natriuretic peptide; NYHA, New York Heart Association; PVR, pulmonary vascular resistance; RVEDd, right ventricular end-diastolic dimension;

sPAP, systolic pulmonary artery pressure; TPG, transpulmonary gradient; TR, tricuspid regurgitation; VO
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an increase in PVR.34 The HFSS-validated risk
stratification model involves a calculation using
7 parameters.'’ The first component of the HFSS
is the serum sodium concentration, a commonly
known prognostic marker in HE'® Low sodium
concentrations in HF result from a decreased CO
and organ perfusion, as well as neurohormonal
changes, and those mechanisms are closely related
to PH."® In addition, the degree of hyponatremia
reflects the severity of HE.'® Another component
of the HFSS, maximal oxygen uptake (VO,_ ), in
combination with PVR provides an accurate risk
stratification tool, underlining the important and
complementary prognostic information obtained
from cardiopulmonary exercise testing and rest-
ing invasive hemodynamic data.'” Furthermore,
factors such as resting heart rhythm, mean ar-
terial blood pressure, and interventricular con-
duction defect are also known predictors of HF
and reflect the severity of HE. LVEF has a signif-
icant impact on the course and prognosis of pa-
tients with PH, and an improvement of LVEF is
associated with favorable outcomes in this group
of patients."®

In addition, we have demonstrated for the first
time the validity of another parameter associat-
ed with PH with elevated PVR, namely, a high-
er MELD-XI score, which is a modification of
the classic MELD scoring system. The MELD score
is calculated on the basis of the international nor-
malized ratio (INR), serum bilirubin, and serum
creatinine levels, and reflects cardiorenal and car-
diohepatic interactions in HE."*'%20 In order to ex-
clude the impact of oral anticoagulation on INR in
HF patients treated with vitamin K antagonists,
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maximal oxygen uptake

2max’

we used a modified version of the MELD score,
MELD-XI."® Recent studies confirmed that a high-
er MELD-XI score was an indicator of HF progres-
sion and worse outcomes.'*2%2! In turn, the pres-
ence of elevated PVR observed in advanced stage
PH reflects the progression of HF and is a con-
sequence of vasoconstriction and remodeling of
the pulmonary arterial bed leading to the right
ventricular overload and failure.*” Right ven-
tricular dysfunction and systemic venous con-
gestion secondary to PH affect the liver and kid-
neys and result in the derangement of their func-
tion. The first component of the MELD-XI score,
the serum creatinine level, reflects kidney dys-
function.!" The main reason for kidney dysfunc-
tion in left-sided PH is elevated right atrial pres-
sure leading to renal venous congestion, and its
downstream influence on intra- and extrarenal he-
modynamics, as well as endothelial activation.????
Another important pathophysiologic mechanism
of kidney dysfunction in advanced HF is that of
decreased CO, with a series of maladaptive he-
modynamic and neurohormonal changes, which
consistently lead to a decrease in the estimated
glomerular filtration rate.®?%?3 The second com-
ponent of MELD-XI is the serum bilirubin lev-
el that reflects liver dysfunction,'" which is also
linked to the combination of passive congestion
from the elevated hepatic venous pressure cou-
pled with a low CO.54-26 Impaired liver perfusion
causes an increase in liver enzyme and serum bil-
irubin levels, as well as an impaired hepatic pro-
tein and lipid synthesis.?* In our study, patients
with end-stage HF and increased PVR had signif-
icantly higher concentrations of GGTP, ALP, and



TABLE 2  Univariable and multivariable analyses of elevated pulmonary vascular
resistance indicators

Parameter

Univariable data

OR (95% Cl)

Multivariable data

P value OR (95% ClI) P value

MELD XI 1.175(1.074-1.287)  <0.001 1.127(1.024-1.24)  0.01
HFSS 0.509 (0.339-0.766)  0.001 0.59 (0.383-0.908)  0.02
Fibrinogen ~ 1.005 (1.002-1.008)  0.001 - -
ALP 1.017 (1.009-1.026)  <0.001 1.016 (1.007-1.024) <0.001
GGTP 1.009 (1.005-1.014)  <0.001 - -
ESR 1.033 (0.999-1.069)  0.06 - -
Sodium 0.895 (0.826-0.970)  0.007 - -
RVDd 1.046 (1-1.094) 0.05 - -
LVEF 0.926 (0.863-0.993)  0.03 - -
LA 1.046 (1.1.014-1.078)  0.005 - -
Albumin 0.902 (0.845-0.963)  0.002 - -

Abbreviations: OR, odds ratio; others, see TABLE 1

bilirubin as well as lower levels of albumin, which
indicates the impairment of both the metabolic
and synthetic function.?® These abnormalities rep-
resent a typical liver profile for HF, which is pre-
dominantly of cholestatic nature, with normal
transaminase levels but with increased bilirubin,
GGTP, and ALP levels. This reflects the pathophys-
iology of liver function abnormalities in progres-
sive HF, which is a combination of both conges-
tion and reduced CO."*2%-26 ALP and GGTP are lo-
calized in the bile epithelium and may be elevated
in conditions that cause damage to the bile can-
aliculi.?’ By contrast, transaminases are released
on cell damage or death, and due to the double
blood supply to the liver (from the portal system
and hepatic artery), hepatocytes are relatively re-
sistant to necrosis.'*2%2° In our study, out of all
liver markers, only higher serum ALP concen-
trations were independently associated with in-
creased PVR.?%25:28.29 A more recent study by Poel-
zl et al*® demonstrated a high prevalence of ele-
vated levels of cholestatic liver enzymes (GGTP
and ALP) in patients with HF and their direct as-
sociation with the severity of HF. Lau et al*' also
confirmed that the most common liver function
abnormalities in HF included increased choles-
tatic parameters and that the severity of PH was
significantly associated with abnormal liver func-
tion tests. It seems that elevated ALP levels in pa-
tients with increased PVR reflect part of the cho-
lestatic profile related to subclinical liver conges-
tion secondary to the increased left ventricular
filling and right ventricular dysfunction as well
as to reducing CO. In addition, worsening liver
function in patients with HF and elevated PVR
reflects advanced HE.

Our study has several limitations. It was
a single-center retrospective study involving a rel-
atively small population. In addition, we did not
perform a serial assessment of parameters and
scales over time, and our analysis is limited to sin-
gle measurements. Furthermore, our study lacks
detailed data of the right ventricular function,

and the analysis is limited only to the right ven-
tricular dimension. Prospective and multicenter
studies with a larger number of patients are re-
quired to confirm the usefulness of the HESS and
MELD-XI scores, as well as ALP in the assessment
of patients with HF and elevated PVR. It is also
necessary to develop simple prognostic models
dedicated to patients with PH secondary to HF
to facilitate the assessment and management of
this population.

In conclusion, this study evaluated noninvasive
and simple indicators associated with the pres-
ence of increased pulmonary circulation resis-
tance in patients with advanced HE. To the best
of our knowledge, this is the first study to dem-
onstrate that simple and routinely used HF scales,
MELD-XI and HEFSS, as well as alkaline phospha-
tase levels were independently associated with
increased PVR in patients with end-stage HF ac-
cepted for transplantation.
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