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ABSTRACT

Background: The Efficacy of Vasopressin Antagonism in Heart Failure:
Outcome Study with Tolvaptan (EVEREST) score has proven useful for
risk prediction in acute decompensated heart failure (ADHF). However,
this score does not include the characterization of the splanchnic
compartment, which has been involved in worsening heart failure.
Refining this score by integrating an assessment of the splanchnic
compartment would allow for a better risk assessment. Therefore, we
aimed to characterize the patterns of portal vein pulsatility (PVP), an
ultrasound metric used for the assessment of splanchnic compartment

Heart failure (HF) is the leading cause of hospltahzatlon in
patients aged more than 65 years in North America,"** with

up to 25% of decompensated patlents being readmitted
within the 30 days after discharge.” Signs and symptoms of
congestion related to elevated filling pressure are the most
common precipitants for decompensation,”” and unresolved
congestion after an episode of acute decompensated HF
(ADHEF) has been associated with an increased rate of read-
missions. Achlevmg effective decongestlon before dlscharge is
thus a priority in this context.”” However, there is little
agreement with regard to the optimal way of assessing effective
decongestion during hospitalization and at discharge,” and
therapeutic management guided by signs and symptoms relief
has shown a lack of accuracy in this setting.

Recent data demonstrate that increased filling pressures
may occur in the absence of weight gain,”'' suggesting a
potential role for abnormal volume redistribution from the
splanchnic reservoir as an important contributor to
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RESUME

Contexte : Le score EVEREST (Efficacy of Vasopressin Antagonism in
Heart Failure: Outcome Study with Tolvaptan) s’avére utile pour la
prévision du risque dans les cas d'insuffisance cardiaque
décompensée aigué (ICDA). Cependant, ce score ne permet pas de
caractériser le compartiment splanchnique, impliqué dans I'ag-
gravation de l'insuffisance cardiaque. Affiner ce score en y intégrant
une évaluation du compartiment splanchnique permettrait une meil-
leure évaluation du risque. Par conséquent, nous avons entrepris de
caractériser les profils de la pulsatilité du flux de la veine porte (PFVP)

decompensation.'” Moreover, persistent splanchnic conges-
tion at discharge could contribute to rapid recurrent decom-
pensation  through volume redistribution.’”  Therefore,
integrating the assessment of the splanchnic compartment
into a comprehensive evaluation of volume status may allow
for a better volume management in patients with ADHF.
Portal vein flow assessment using abdominal ultrasonog-
raphy and pulsed-wave Doppler has been suggested to provide
a noninvasive evaluation of portal hypertension and
splanchnic compartment. Y15 A pulsatile pattern of portal
venous flow is interpreted as the transmission of changes in
right atrial pressure across the hepatic veins and the sinusoids
to the portal vein. 1017 Abnormal portal vein pulsatility (PVP)
has been demonstrated to correlate with elevated nght atrial
pressures'° and bowel edema in patients with HF,"” sug-
gesting the potential use of this metric as a noninvasive tool
for the assessment of splanchnic compartment. Notably,
increased venous congestion along with severe tricuspid
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and their determinants in patients with ADHF, to explore the re-
lationships between abnormal patterns of PVP and outcomes, and to
evaluate the added value of PVP to the EVEREST score for risk
assessment in ADHF.

Methods: Portal vein flow was assessed prospectively on admission
and at discharge in 95 patients with ADHF using pulsed-wave Doppler.
Abnormal PVP was defined for values > 50%. Cox proportional hazards
models were used for the assessment of the relationship between PVP
and outcomes.

Results: Overall, 64% of patients on admission and 24% at discharge
had abnormal PVP. PVP on admission was inversely correlated with
right ventricular function (tricuspid annular plane systolic excursion,
p = —0.434) and pulmonary pressure (p = 0.346), P < 0.05. Although
PVP was associated with all-cause mortality (hazard ratio, 1.028, P <
0.001), the addition of this metric to the EVEREST score had little ef-
fect on its C-index (0.813 vs 0.818) for risk assessment.
Conclusions: Abnormal PVP is frequent and associated with right
ventricular dysfunction in ADHF. Although abnormal PVP identifies
higher-risk patients, this metric does not improve the performance of
the EVEREST score for risk assessment.

regurgitation (TR) related to right heart dysfunction, and
altered compliance of the hepatic vascular bed are mechanisms
suggested to result in portal hypertension and therefore lead to
a markedly pulsatile portal flow.'®***" This being said, the
additive value of PVP to the clinical assessment of congestion
using the Efficacy of Vasopressin Antagonism in Heart Fail-
ure: Outcome Study with Tolvaptan (EVEREST) score, a
validated clinical score of congestion,22 has never been eval-
uated in a population of patients with ADHF.

We hypothesize that integrating the assessment of
splanchnic compartment using PVP to the EVEREST score
would allow for a more accurate evaluation of volume status and
a better postdischarge risk assessment. The objectives of the
present work were to (1) characterize the patterns of PVP; an
ultrasound metric used for the assessment of splanchnic
compartment; and their determinants, in patients with ADHF;
(2) explore the relationships between abnormal pattern of PVP
and outcomes; and (3) evaluate the added value of PVP to the
EVEREST score for risk assessment in ADHF.

Methods

Patient selection

Patients with signs and symptoms of ADHF, New York
Heart Association (NYHA) functional class II to IV symptoms,
and clinical signs of venous congestion managed with intra-
venous diuretics at the Montreal Heart Institute from April
2017 to November 2018 were evaluated for the present study.
Patients were excluded if they had 1 of the following: acute
coronary syndrome, uncontrolled arrhythmias, severe chronic
kidney disease (baseline estimated glomerular filtration rate <
15 mL/min/1.73 m? or chronic dialysis), severe anemia
(defined as baseline haemoglobin values < 90 g/L), sepsis,
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(mesure échographique permettant d’évaluer le compartiment
splanchnique et ses déterminants dans les cas d’ICDA) afin d’examiner
les relations entre les profils anormaux de la PFVP et les résultats, et
afin d’évaluer la valeur ajoutée de la PFVP dans I'évaluation du risque
faisant appel au score EVEREST chez des patients atteints d’ICDA.
Méthodologie : Le flux de la veine porte a été évalué prospectivement
par échographie Doppler pulsée a I'admission et a la sortie de 95
patients atteints d’ICDA. La définition d’'une PFVP anormale ciblait des
valeurs de 50 % ou plus. Des modéles a risques proportionnels de Cox
ont servi a évaluer la relation entre la PFVP et les résultats.
Résultats : Globalement, la PFVP était anormale & I'admission chez 64 %
des patients et a la sortie chez 24 % des patients. Une corrélation inverse a
été notée entre la PFVP a I'admission et la fonction ventriculaire droite
(excursion annulaire horizontale systolique de la tricuspide, p = -0,434)
ainsi que la pression pulmonaire (p =-0,346), p < 0,05. Bien que la PFVP
ait été associée a la mortalité toutes causes confondues (rapport des
risques instantanés de 1,028, p < 0,001), I'ajout de cette mesure au score
EVEREST a eu peu deffet sur son indice C (0,813 vs 0,818) pour
I'évaluation du risque.

Conclusions : Une PFVP anormale est d’observation courante et se
trouve associée a une dysfonctionn ventriculaire droite dans les cas
d’ICDA. Bien qu’une PFVP anormale permette de déceler les patients
qui présentent un risque plus élevé, son objectivation n’améliore pas la
précision du score EVEREST dans I'évaluation du risque.

pulmonary embolism and any condition potentially interfering
with the ability of free consent such cognitive dysfunction or
delirium. The study was approved by the institutional ethics
board, and all patients provided written informed consent.

Study design

Medical history (cardiovascular risk factors, known car-
diomyopathy, history of atrial fibrillation [AF], or myocardial
infarction), clinical (symptoms of HF, signs of venous and/or
pulmonary congestion, NYHA class, potential precipitating
factors), biochemical (renal and hepatic functions, cardiac
biomarkers) and echocardiographic and abdominal ultraso-
nographic measurements were obtained prospectively after
enrolment, within the first 24 hours after admission, and
again at discharge. Patients were discharged as per usual care,
at a time at which they were considered as euvolemic by the
treating team. Ultrasonographic (cardiac and extracardiac)
assessments were obtained in an independent fashion, the
results of which were blinded from the treating team, and thus
did not modify the treatment strategy. A single operator (NB),
blinded to medical management, performed the ultrasound
assessment. Echocardiographic assessment was performed at
the bedside, according to current guidelines.23 Left ventricular
ejection fraction (LVEF) was assessed visually and using the
Simpson’s equation as per most recent guidelines, and right
ventricular (RV) function was assessed using the tricuspid
annular plane systolic excursion (TAPSE).””° The simplified
Bernoulli equation (P = 4* [TR,..J° + right atrial pressure
estimate) was used to calculate pulmonary artery systolic
pressure (PASP) using peak TR velocity, and inferior vena
cava collapsibility index as an estimate for right atrial pres-
sure.””® Total diuretic dose was calculated in furosemide-
equivalent upon the whole hospital stay (20 mg intravenous
furosemide = 40 mg oral furosemide).
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Figure 1. Bedside assessment of splanchnic compartment. (A) The cardiac probe is placed between the 9th and 11th intercostal right space (mid-
axillary line, PV, LPV, RPV). (B) Direct visualization of the portal vein in 2-dimensional mode (PV, HV, IVC). (C) Normal portal venous flow is an
anterograde flow, normally directed toward the liver, and continuous throughout the cardiac cycle. (D) In the setting of portal hypertension, portal
venous flow appears biphasic, with a marked pulsatility allowing for the calculation of a portal vein pulsatility (PVP) ratio as follows: ([Vmax- Vmin]/
Vmax), where Vmax stands for peak velocity and Vmin for nadir velocity recorded during the cardiac cycle. In the present work, a PVP ratio > 50%
was considered as abnormal. HV, hepatic vein; IVC, inferior vena cava; LPV, left portal vein; PoVF, portal venous flow; PV, portal vein; RPV, right

portal vein.

Ultrasound protocol for the assessment of splanchnic
compartment

Patterns of PVP were assessed using ultrasound interroga-
tion of the portal vein and were obtained at the bedside as
previously described”” using a Sparq system (Philips Health-
care, Amsterdam, The Netherlands). Portal blood flow was
measured from the right portal vein (extra-hepatic site). For
patients in AF, measures were recorded during 5 consecutive
cardiac cycles, and mean values were considered for analysis.
Pulsatility was measured as follows: ((Vmax- Vmin)/Vmax),
where Vmax stands for peak velocity and Vmin for nadir
velocity recorded during the cardiac cycle.”” Data from our
center with regard to interobserver and intraobserver vari-
ability have been published and showed adequate interob-
server agreement.”” Figure 1 displays the ultrasound protocol
for the assessment of splanchnic compartment using portal
vein flow analysis.

Definitions

Patient weight was collected as per local practice as part of
daily assessment. In-hospital changes in body weight were
defined as the absolute difference between baseline (admis-
sion) and discharge in body weight (in kilograms). Although
effective decongestion was defined by the treating team, the
composite EVEREST score was assessed post hoc at admission
and discharge. The EVEREST score (range, 0-18) has been
developed upon patients included in the EVEREST trial and

is based on the assessment of simple clinical parameters
including dyspnea, orthognea, jugular venous distension,
rales, edema, and fatigue,” these parameters being prospec-
tively collected by the research team. An EVEREST score < 2
has been proposed as a decongestion target at discharge in
patients admitted with ADHF.”>*’ Persistent clinical
congestion at discharge was thus defined as an EVEREST
score > 2 in the present work. The EVEREST score is
detailed in Supplemental Table S1. Cardiac output was esti-
mated using the following formula: cardiac output = 3.14 *
left ventricular outflow tract (LVOT)-d*/4 * LVOT-VTI *
heart rate, LVOT diameter, mm), LVOT velocity-time inte-
gral (cm). RV systolic dysfunction was defined for TAPSE
values < 17 mm as per guidelines.”” In the present work,
markedly increased pulsatility of portal venous flow was used
for a surrogate of portal hypertension, and a high pulsatility of
portal flow (>50%) was considered as abnormal. Although
debated, a pulsatility ratio of > 50 has been suggested to
provide the optimal balance between sensitivity and sgeciﬁciry
for its association with elevated right atrial pressure.”””'

Statistical analysis

Results are presented using counts and percentages for
categorical variables and mean + standard deviation or me-
dian (interquartile range [IQR]) for continuous variables,
where appropriate. In the present work, PVP is analyzed as
continuous except for groups comparison and for the assess-
ment of Kaplan—Meier curves where PVP is used as



Table 1. Baseline characteristics according to portal vein profiles on hospital admission and at discharge

All patients PVP < 50% at admission ~ PVP > 50% at admission PVP < 50% at discharge ~ PVP > 50% at discharge
Variables (N =95) (N = 34) (N = 61) P (N =72) (N = 23) P
Demographics
Age, y 73.8 £ 11.5 73.5 £ 11.9 74.0 £ 11.4 0.857 74.3 £ 11.3 72.3 £ 12.5 0.516
Female (%, no) 27.4% (N = 26) 35.3% (N = 12) 23% (N = 14) 0.233 27.8% (N = 20) 26.1% (N = 6) 0.874
Hypertension (%, no) 75.8% (N = 72) 64.7% (N = 22) 82.0% (N = 50) 0.081 79.2% (N = 57) 65.2% (N = 15) 0.262
Diabetes (%, no) 49.5% (N = 47) 50.0% (N = 17) 49.2% (N = 30) 0.939 55.6% (N = 40) 30.4% (N =7) 0.054
AF (%, no) 68.4% (N = 65) 58.8% (N = 20) 73.8% (N = 45) 0.169 62.5% (N = 45) 87.0% (N = 20) 0.038
Medication at baseline
B-Blockers (%, no) 81.1% (N = 77) 79.4% (N = 27) 82.0% (N = 50) 0.789 81.9% (N = 59) 78.3% (N = 18) 0.762
ACEi-ARB-ARNI (%, no) 56.8% (N = 54) 58.8% (N = 20) 55.7% (N = 34) 0.831 56.9% (N = 41) 56.5% (N = 13) 0.972
MRA (%, no) 37.9% (N = 36) 35.3% (N = 12) 39.3% (N = 24) 0.826 33.3% (N = 24) 52.2% (N = 12) 0.139
Loop diuretics (%, no) 66.3% (N = 63) 55.9% (N = 19) 72.1% (N = 44) 0.119 62.5% (N = 45) 78.3% (N = 18) 0.209
Dose of loop diuretics, mg per day ~ 42.1 £ 50.5 25.0 &+ 36.7 51.6 + 54.8 0.006  39.0 £ 50.4 51.7 £ 50.6 0.133
Clinical characteristics at baseline
JVD (cmH,0) 15.8 £+ 4.3 14.5 + 4.8 16.5 + 3.9 0.011 15.0 &+ 4.0 18.1 + 4.3 0.005
Peripheral edema (%, no) 86.3% (N = 82) 85.3% (N = 29) 86.9% (N = 53) 0.829 86.1% (N = 62) 87.0% (N = 20) 0.918
NYHA:
2 (%, no) 20.0% (N = 19) 29.4% (N = 10) 14.8% (N =9) 0.011 22.2% (N = 16) 13.0% (N = 3) 0.379
3 (%, no) 66.3% (N = 63) 47.1% (N = 16) 77.0% (N = 47) 62.5% (N = 45) 78.3% (N = 18)
4 (%, no) 13.7% (N = 13) 23.5% (N = 8) 8.2% (N = 5) 15.3% (N = 11) 8.7% (N = 2)
EVEREST score at baseline 11.3+ 1.9 11.1 +£ 2.4 114 + 1.6 0.527 11.2 + 2.0 11.5 + 1.4 0.440
Laboratory findings at baselin0065
Creatinine, [lmol/L 128.7 + 45.7 118.4 + 41.4 134.4 + 47.3 0.033 127.7 + 46.5 131.7 + 44.2 0.495
eGFR, mL/min/1.73 m? 45.7 £ 13.0 489 + 12.8 44.0 £ 13.0 0.078 46.3 + 13.1 439 +£12.9 0.447
Hs-TnT, ng/mL 49.6 £ 46.2 35.4 + 22.1 57.7 £ 53.9 0.006 46.7 £ 41.9 58.6 + 57.6 0.371
NT-proBNP, ng/L 4480.0 (2536.0-7536.0) 4375.0 (2083.0-6303.0) 4619.0 (2619.0-9523.0) 0.380 4366.0 (2515.0-7380.0) 5680.0 (2702.0-10676.0) 0.390
Bilirubin, mg/dL 209 + 14.3 16.5 £ 10.7 23.5 £ 15.6 0.015 185+ 11.3 28.4 +19.5 0.010
Ultrasound findings at baseline
LVEF, % 40.5 + 16.3 43.6 + 18.9 38.7 + 14.5 0.195 41.0 + 16.8 38.9 + 14.7 0.564
LVEF > 50% (%, no) 37.9% (N = 36) 55.9% (N = 19) 27.9% (N = 17) 0.009 41.7% (N = 30) 26.1% (N = 6) 0.222
Cardiac output, L/min 45+ 1.8 47+ 1.6 45+ 1.8 0.548 45+ 1.7 45+ 1.3 0.880
Normal RV function (%, no) 57.0% (N = 49) 82.8% (N = 24) 43.9% (N = 25) 0.001 67.2% (N = 43) 27.3% (N = 6) 0.002
TAPSE, mm 17.5 £ 5.6 20.5 £ 5.2 159 £5.2 <0.001 18.8 £5.2 13.4 + 5.0 <0.001
TR grade at admission
0 (%, no) 2.1% (N = 2) 2.9% (N = 1) 1.6% (N = 1) 0.002 2.8% (N = 2) 0 0.001
1 (%, no) 16.8% (N = 16) 353% (N = 12) 6.6% (N = 4) 22.2% (N = 16) 0
2 (%, no) 35.8% (N = 34) 38.2% (N = 13) 34.4% (N = 21) 41.7% (N = 30) 17.4% (N = 4)
3 (%, no) 36.8% (N = 35) 20.6% (N = 7) 45.9% (N = 28) 29.2% (N = 21) 60.9% (N = 14)
4 (%, no) 8.4% (N = 8) 29% (N =1) 11.5% (N = 7) 4.2% (N = 3) 21.7% (N = 5)
IVC collapse > 50% (%, no) 25.3% (N = 24) 47.1% (N = 16) 13.1% (N = 8) < 0.001 31.9% (N = 23) 4.3% (N =1) 0.006
PASP, mm Hg 53.3 + 14.4 45.7 + 15.8 57.7 £ 11.6 0.001 52.0 + 14.9 58.6 + 11.2 0.067
PVP, % 57.9 + 26.5 30.6 + 10.4 73.1 £19.7 < 0.001 49.4 +22.3 84.6 + 20.4 < 0.001
Abnormal PVP (%, no) 64.2% (N = 61) 0 100% (N = 61) — 52.8% (N = 38) 100% (N = 23) < 0.001

Results are presented using counts and percentages for categorical variables and mean = standard deviation (SD) for continuous variables. For NT-proBNP, results are presented as median [interquartile range (IQR)].

ACE;], angiotensin-converting enzyme; AF, atrial fibrillation; ARB, angiotensin receptor blocker; eGFR, estimated glomerular filtration rate; EVERST, Efficacy of Vasopressin Antagonism in Heart Failure: Outcome

Study with Tolvaptan; IVC, inferior vena cava; JVD, jugular venous distension; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N terminal pro-brain natriuretic

peptide; PASP, pulmonary artery systolic pressure; PVP, portal vein pulsatility; TAPSE, tricuspid annular plane systolic excursion.

The EVEREST score (range, 0-18) is based on the assessment of simple clinical parameters including dyspnea, orthopnea, JVD, rales, edema, and fatigue.

Normal RV systolic function relates to TAPSE values > 17 mm.
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Patient screened
(n=466)

NSTEMI, n =22

Arrhythmia, n =27

Anemia,n=25

Dementia, n =35

Sepsis,n=19

Pulmonary embolism,n=3

Baseline eGFR < 15mL/min/1.73m?*n=5
Declined, n = 225

Patients excluded

(n=361)

Patients recruited
(n=105)

In-hospital death,n=1
Death after being transferred
to another facility, n =2

Transferred to another
facility, n=3
Unplanned discharge,n = 4
(n=10)

Patients discharged before
final ultrasound assessment

4

Patients analyzed at baseline
and discharge
(n=95)

Figure 2. Selection process.

categorical (< vs > 50%). To investigate the characteristics of
patients according to their PVP at admission, patients were
compared according to whether they had a PVP > or < 50%
at baseline. The groups were compared using chi-square or
exact Fisher test for categorical variables, and Student # tests or
Mann—Whitney U tests for continuous variables, as appro-
priate. To elucidate the relationships between PVP and clin-
ical, biological, and wultrasound parameters, Spearman’s
correlations were assessed. The relationships between the
EVEREST score, PVP at discharge and clinical outcomes (all-
cause mortality and all-cause hospitalization, all-cause mor-
tality alone, and all-cause hospitalization alone) were assessed
using Cox proportional hazards models, adjustments being
made for sex, age, LVEF, and creatinine. In addition,
C-indices were calculated to quantify the added value of PVP
to the EVEREST score for risk assessment. The Kaplan—
Meier method with the log-rank test was used to draw and
compare the survival curves in patients with abnormal vs
normal PVP pattern after decongestive therapy. All analyses
were conducted using SPSS version 24 (IBM, Armonk, NY),
and P values < 0.05 were considered to be statistically
significant.

Results

Baseline characteristics

Baseline characteristics are detailed in Table 1. Of 466 pa-
tients screened, 95 had a systematic assessment of their
splanchnic compartment on admission and again at discharge
(Fig. 2). Patients were predominantly male (73%) with a mean
age of 74 years. They were mostly in NYHA functional class 3

315

(66%), and had signs of congestion on clinical examination
(86% had peripheral edema and jugular venous distension was
16 cmH,0). Creatinine was 129 pmol/L, N terminal pro-brain
natriuretic peptide was 4480 ng/L, and LVEF was 41%. Mean
TAPSE values were 17.5 & 5.6 mm, PASP was 53 mm Hg, and
64% of patients displayed abnormal PVP.

Characteristics of patients according to PVP patterns

When compared with patients with normal portal vein
pattern on hospital admission (ie, PVP < 50%), those with
PVP > 50% appeared to have more advanced cardiomyopa-
thy with a more severe RV dysfunction (TAPSE 16 vs 20
mm), more severe TR, and higher pulmonary pressures (PASP
58 vs 46 mm Hg), all P < 0.05 (Table 1). They also had
higher levels of circulating cardiac high-sensitivity troponin
(58 vs 35 ng/L) and bilirubin (24 vs 17 pmol/L) when
compared with patients with normal portal vein pattern, both
P < 0.05 (Table 1). At discharge, 24% patients still had
abnormal PVP. Again, patients with abnormal PVP at
discharge had more RV dysfunction (TAPSE 13 vs 19 mm, P
< 0.001) and more moderate-severe TR (83% vs 33%, P =
0.001) when compared with patients with normal PVP
pattern. Other characteristics are detailed in Table 2.

Determinants of abnormal PVP on admission and
discharge

Abnormal PVP on admission was correlated with param-
eters of RV systolic function (TAPSE, p = —0.434, P <
0.001) and pulmonary pressure (p = 0.346, P = 0.002).
TAPSE at discharge (p = —0.401, P < 0.001) was the only
parameter significantly correlated with abnormal PVP at
discharge. No significant association was demonstrated be-
tween PVP on admission or at discharge, and parameters of
LV function including LVEF and cardiac output.

Abnormal PVP at discharge and clinical outcomes
Morbidity and mortality were high, with 70% (N = 67) of

patients dying or being hospitalized during a median period of
174 (IQR, 52-407) days of follow-up (Table 2). Patients with
abnormal PVP at discharge had significantly higher rates of
all-cause mortality when compared to those without (39% vs
18%, P = 0.024 by the log-rank test) (Table 2). Patients with
abnormal PVP at discharge did not have significantly higher
rates of hospitalization or of the combination of hospitaliza-
tion or mortality when compared with patients with normal
PVP pattern at discharge (both P> 0.05 by the log-rank test).
PVP was significantly associated with mortality (hazard ratio
[HR], 1.028; 95% confidence interval [CI], 1.012-1.044; P <
0.001 unadjusted, and HR, 1.032, 95% CI, 1.014-1.049; P
< 0.001 adjusted for age, sex, LVEF and creatinine) (Table 3
and Supplemental Table S2). No significant association was
found between abnormal PVP pattern at discharge and hos-
pitalizations from all-causes or with all-cause deaths or hos-
pitalizations (Table 3 and Supplemental Table S2).

EVEREST score, PVP at discharge, and outcomes

The EVEREST score at discharge was associated (unad-
justed and adjusted for age, sex, LVEF, and creatinine) with
the mortality (adjusted HR, 1.694; 95% CI, 1.362-2.106; P



Table 2. In-hospital and discharge characteristics according to portal vein profiles on hospital admission and at discharge

All patients

PVP < 50% at admission

PVP > 50% at admission

PVP < 50% at discharge

PVP > 50% at discharge

Variables (N =95) (N = 34) (N = 61) P (N=72) (N = 23) P
In-hospital characteristics
Hospital length of stay, d 75£72 6.7 7.4 8.0+7.1 0.413 72%£75 10.2 £ 3.5 0.193
Total furosemide, mg 480.0 (280.0-960.0) 360.0 (240.0-645.0) 640.0 (320.0-1210.0) 0.012 400.0240.0-720.0) 780.0 (400.0-1440.0) 0.008
In-hospital changes in body weight, —4.1 + 4.2 —2.6 £2.7 —5.0 £ 4.7 0.004 —3.5+ 33 —6.1 £ 5.8 0.047
kg
Congestion at discharge
JVD (cm H,0) 8.1 £238 6.8 + 1.8 8.8 £ 3.0 < 0.001 7.4 £ 2.1 10.2 £ 3.5 0.002
EVEREST score 29423 26 +19 33 £ 25 0.026 25 +22 4.1 £2.5 0.011
EVEREST score > 2 (%, no) 69.5% (N = 66) 50.0% (N = 17) 77% (N = 47) 0.039 62.5% (N = 45) 91.3% (N = 21) 0.009
Medication at discharge
B-Blockers (%, no) 84% (N = 79) 82.4% (N = 28) 85.0% (N = 51) 0.774 84.7% (N = 61) 81.8% (N = 18) 0.745
ACEi-ARB-ARNI (%, no) 58.5% (N = 55) 61.8% (N = 21) 56.7% (N = 34) 0.669 59.7% (N = 43) 54.5% (N = 12) 0.805
MRA (%, no) 73.7% (N = 70) 73.5% (N = 25) 73.8% (N = 45) 0.980 76.4% (N = 5) 65.2% (N = 15) 0.292
Loop diuretics (%, no) 93.7% (N = 89) 94.1% (N = 32) 93.4% (N = 57) 0.897 94.4% (N = 68) 91.3% (N = 21) 0.630
Dose of loop diuretics (%, no) 76.1 £+ 62.6 53.8 + 44.4 88.5 £ 67.9 0.003 68.1 £ 58.5 100.8 + 69.6 0.042
Laboratory findings at discharge
Creatinine, [tmol/L 137.4 + 53.3 124.2 + 45.2 144.7 4+ 56.3 0.056 136.9 + 56.5 138.9 + 42.5 0.355
eGFR, mL/min/1.73 m? 43.6 + 14.5 459 + 15.1 42.3 + 14.1 0.259 443 £ 15.3 413 £ 11.6 0.317
NT-proBNP, ng/L 3368 (1544-5710) 2445 (1338-5190) 3790 (1792-5974) 0.199 2936 (1356-5614) 4940 (2064-6060) 0.210
Ultrasound assessment at discharge
LVEF, % 42.7 +15.6 453 +17.7 41.5 + 14.6 0.318 42.3 + 16.0 43.7 + 14.9 0.698
Cardiac output, L/min 47 + 1.3 48 +1.3 47+ 1.3 0.815 48 +£1.3 45+ 1.3 0.319
Normal RV function (%, no) 62.0% (N = 57) 75.9% (N = 22) 55.6% (N = 35) 0.050 72.3% (N = 47) 37.0% (N = 10) 0.002
TAPSE, mm 183 £5.9 20.4 + 5.6 17.4 + 5.8 0.023 19.8 £5.3 14.8 + 5.7 <0.001
TR grade at admission:

0 (%, no) 6.3% (N = 6) 8.8% (N = 3) 4.9% (N = 3) 8.3% (N = 6) 0

1 (%, no) 33.6% (N = 32) 52.9% (N = 18) 22.9% (N = 14) 44.4% (N = 32) 0

2 (%, no) 37.8% (N = 36) 29.4% (N = 10) 42.6% (N = 26) 41.6% (N = 30) 26.0% (N = 6)

3 (%, no) 16.8% (N = 16) 8.8% (N = 3) 21.3% (N = 13) 5.5% (N = 4) 52.1% (N = 12)

4 (%, no) 5.2% (N = 5) 0 8.1% (N = 5) 0.013 0 21.7% (N = 5) <0.001
IVC collapse > 50% (%, no) 61.1% (N = 58) 88.2% (N = 30) 45.9% (N = 28) <0.001 75.0% (N = 54) 17.4% (N = 4) < 0.001
PASP, mm Hg 42.33 + 13.4 38.0 + 13.1 44,5 + 13.1 0.023 39.3 £ 12.5 50.8 + 12.5 0.001
PVP, % 34.2% + 25.7 16.8% + 11.8 43.9% =+ 26.9 < 0.001 22.4% =+ 13.5 71.3 £ 18.3 < 0.001
Abnormal PVP (%, no) 24.2% (N = 23) 0 37.7% (N = 23) < 0.001 — — —

Outcomes

All-cause deaths and all-cause
hospitalizations (%, no)

All-cause deaths (%, no)

All-cause hospitalizations (%, no)

70.5% (N = 67)

23.2% (N = 22)
65.3% (N = 62)

64.7% (N = 22)

14.7% (N = 5)
61.8% (N = 21)

73.8% (N = 45)

27.9% (N = 17)
67.2% (N = 41)

65.3% (N = 47)

18.1% (N = 13)
61.1% (N = 44)

87.0% (N = 20)

39.1% (N = 9)
78.3% (N = 18)

The EVEREST score (range 0-18) is based on the assessment of simple clinical parameters including dyspnea, orthopnea, JVD, rales, edema, and fatigue. Results are presented using counts and percentages for

categorical variables and mean =+ standard deviation (SD) for continuous variables. For NT-proBNP and total furosemide, results are presented as median [IQR].
ACE], angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; eGFR, estimated glomerular filtration rate; IVC, inferior vena cava; LVEF, left

ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N terminal pro-brain natriuretic peptide; PVP, portal vein pulsatility.
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Table 3. Associations between congestion status at discharge and clinical outcomes

Adjusted*

Unadjusted

All-cause
hospitalizations

HR (95% CI)
1.220 (1.055-1.411)

All-cause deaths and

All-cause deaths and

All-cause deaths

HR (95% CI)
1.694 (1.362-2.106)

hospitalizations

HR (95% CI)
1.265 (1.101-1.455)  0.001

All-cause hospitalizations

HR (95% CI)
1.160 (1.053-1.278)

All-cause deaths

HR (95% CI)
1.591 (1.361-1.859)

hospitalizations

HR (95% CI)
1.193 (1.091-1.305)

P
0.007

P

< 0.001

P P

0.003

P
< 0.001

P
< 0.001

Outcomes

EVEREST at

<0.001 1.004 (0.993-1.015) 0.488

1.032 (1.014-1.049)

0.071 1.028 (1.012-1.044) < 0.001 1.005 (0.994-1.016) 0.370 1.008 (0.998-1.019) 0.126

1.009 (0.999-1.019)

discharge
PVP at discharge

CI, confidence interval; HR, hazard ratio; PVP, portal vein pulsatility.

* Adjusted for sex, age, LVEF, and creatinine.
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< 0.001) (Table 3 and Supplemental Table S2), hospitaliza-
tion (adjusted HR, 1.220; 95% CI, 1.055-1.411; P = 0.007)
and the combination of mortality or hospitalization (adjusted
HR, 1.265; 95% CI, 1.101-1.455; P = 0.001) (Table 3).

In a bivariate Cox model including the EVEREST score and
PVP at discharge, PVP was no longer associated with mortality
(HR, 1.013; P=0.114) (Supplemental Table S3). Adding PVP
to the EVEREST score had little impact on the C-index (0.813
vs 0.818) for the prediction of all-cause mortality and no impact
for the prediction of all-cause deaths or hospitalization (C-index
0.630vs 0.621), and all-cause hospitalization (C-index 0.617 vs
0.613) (Supplemental Table S4). Although there were signifi-
cant differences in terms of survival (log-rank = 0.024)
according to PVP pattern at discharge (Fig. 3B), survival curves
according tended to separate late during follow-up (Fig. 3A-C).

Discussion

This study finds that abnormal PVP pattern, defined as
PVP > 50%, is highly prevalent in a population of patients
hospitalized with ADHF and that it is most closely associated
with RV dysfunction. After decongestive therapy, abnormal
PVP at discharge is less frequent than an increased EVEREST
score (>2) and may occur in different patients. Patients with
abnormal PVP at discharge may have poorer long-term clin-
ical outcomes when compared with those with normal PVP
pattern. Systematic assessment of PVP did not improve the
discrimination of the EVEREST score, nor did adding it to
the EVEREST score significantly improve its C-index for
predicting all-cause mortality postdischarge in patients with
ADHF (C-index 0.813 vs 0.818).

PVP on admission and discharge, and their determinants

In this study, we demonstrate that abnormal PVP is highly
prevalent among patients admitted with ADHF, with 64% of
patients displaying features of abnormal PVP at hosPital
admission, which is in line with data from the literature.'”*’
After decongestive therapy and at the time of hospital
discharge, 24% still had abnormal PVP despite the clinical
team having deemed the patient ready for discharge.

Measures of RV dysfunction were strongly correlated with
abnormal PVP at admission, and again with abnormal PVP at
discharge. RV function appears to be a key determinant of the
interactions between the failing heart and the splanchnic cir-
culation. RV dysfunction in patients with HF has notably
been associated with poorer outcomes’' and has shown to be a
major predisposing factor to cardiac cachexia® and the cardio-
renal syndrome.” Notably, in patients with ADHF, recent
data demonstrated similar hemodynamic features across the
whole spectrum of LVEF with the role of the RV, when it
comes to the acute impacts of congestion, proven to be in-
dependent of HF phenotype.”® These results reinforce the fact
that deleterious effects of venous congestion may be exerted
independently of other determinants of poor prognosis in HF
(LVEF, comorbidities).”

Abnormal PVP at discharge and outcomes in ADHF

In this study, associations between PVP at discharge and
outcomes were explored, and there was an association between
all-cause mortality and abnormal PVP in this patient popula-
tion. Splanchnic compartment has recently been demonstrated
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Figure 3. (A) Event-free survival for all-cause mortality and hospitalization according to high PVP at discharge. Log-rank 0.051. (B) Event-free
survival for all-cause mortality according to high PVP at discharge. Log-rank 0.024. (C) Event-free survival for all-cause hospitalization according
to congestion profiles at discharge for all-cause hospitalization alone. Log-rank 0.093.

to be an important determinant of the abdominal contribution
to cardio-renal interactions, playing a major role in worsening
renal function in patients with HF,™ as well as a key player in
the increased inflammatory activation attributable to HF.”” As
such, the assessment of PVP patterns may potentially add novel
insights into the comprehension of the complex pathophysi-
ology underlying the transition process leading patients with
HF from a compensated to a decompensated state and improve
our understandin{g2 of changes in splanchnic capacitance in
patients with HF. ~ Moreover, this noninvasive technique may
enrich the concept of abnormal fluid distribution as an
important precipitating factor for decompensation in HF'?
and may help guide new therapeutic approaches in this
setting.”” Nevertheless, although abnormal PVP was associated
with mortality, it was not significantly associated with either
hospitalization or the combination of hospitalization and
mortality, suggesting that although important, it is only one
part of a more complex syndrome in patients with ADHF.
Furthermore, survival curves separate late, suggesting that
abnormal PVP after decongestive therapy did not translate into
a higher number of events during the short-term. Whether this
observation describes a specific pathophysiological pattern by
which portal hypertension may participate into the prognosis
of HF remains unclear.

PVP vs the EVEREST score in predicting clinical
outcomes in ADHF

In this study, despite the clinical team deeming the patients
ready for hospital discharge, 70% of patients still had an
EVEREST score of > 2, indicating persistent congestion,
whereas 24% had abnormal PVP. Considering the proven
relationship between persistent congestion at discharge and
poor outcomes, this finding suggests that the high morbidity
and mortality of the patients included in this study is at least
partially related to incomplete decongestive therapy. There
was a poor correlation between the PVP and the EVEREST
score suggesting a loose relationship, meaning that an increase
in one of these measurements can occur without the other and
that more patients have an elevated EVEREST score at
discharge than abnormal PVP. Nevertheless, despite both
measures having predictive value for poor outcomes
combining them does not appear to have additive value (in
terms of discrimination) in predicting outcomes.

Limitations

The sample size and the number of events were limited,
which may limit the strength of our conclusions; however, this
is the largest study on the use of portal vein interrogation
performed at admission and after decongestive therapy in 95
patients with ADHF. The most unstable patients requiring
intensive care unit admission or severe renal failure were not
screened, as were patients with mild HF who were not
admitted to hospital. Noninvasive assessment of LV filling
pressure was not prospectively assessed in the present work.
Using PVP assessment as a surrogate for portal hypertension
or splanchnic congestion remains debated because the pulsa-
tility ratio might not only reflect volume status within
splanchnic compartment but also be influenced by splanchnic
venous compliance and intrahepatic pressure/resistance. Our
definition of abnormal PVP used a cutoff of 50% because this
value has been used in the most recent literature data,
although various cutoff values have also been used in other
settings. However, in assessing PVP's relationship with out-
comes in this study, continuous values were used, suggesting
that the use of other cutoffs would have had limited impact on
our findings.

Conclusion

In patients with ADHF, we demonstrate that abnormal
PVP is highly prevalent at hospital admission, most closely
associated with RV dysfunction, and frequently responds to
decongestive therapy. It is less frequently present at hos-
pital discharge than an increased EVEREST score and not
always present in the same patients. Patients with abnormal
PVP at discharge were at a higher risk for mortality, but
the addition of PVP values did not significantly improve
the predictive value of the EVEREST score for mortality
nor was its predictive value as good as that of the EVER-
EST score.
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