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Abstract

Aims The value of Forrester’s perfusion/congestion profiles assessed by invasive catheter evaluation in non-inotrope ad-
vanced heart failure patients listed for heart transplant (HT) is unclear. We aimed to assess the value of haemodynamic eval-
uation according to Forrester’s profiles to predict events on the HT waitlist.

Methods and results All non-inotrope patients (n = 837, 79% ambulatory at listing) registered on the French national HT
waiting list between 1 January 2013 and 31 December 2019 with right heart catheterization (RHC) were included. The primary
outcome was a combined criteria of waitlist death, delisting for aggravation, urgent HT or left ventricular assist device implan-
tation. Secondary outcome was waitlist death. The ‘warm-dry’, ‘cold-dry’, ‘warm-wet’, and ‘cold-wet’ profiles represented
27%, 18%, 27%, and 28% of patients, respectively. At 12 months, the respective rates of primary outcome were 15%, 17%,
25%, and 29% (P = 0.008). Taking the ‘warm-dry’ category as reference, a significant increase in the risk of primary outcome
was observed only in the ‘wet’ categories, irrespectively of ‘warm/cold’ status: hazard ratios, 1.50; 1.06-2.13; P = 0.024 in
‘warm-wet’ and 1.77; 1. 25-2.49; P = 0.001 in ‘cold-wet’.

Concl H; dynamic of advanced HF patients using perfusion/congestion profiles predicts the risk of the
combine endpoint of waitlist death, delisting for aggravation, urgent heart transplantation, or left ventricular assist device im-
plantation. ‘Wet’ patients had the worst prognosis, independently of perfusion status, thus placing special emphasis on the
cardinal prominence of persistent congestion in advanced HF.
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Introduction

Heart failure (HF) is a general health burden affecting 1-2%
of the adult population in Western countries." Advanced
heart failure is defined by the severity of symptoms and the
instability of clinical status despite optimized treatment, ulti-
mately leading to substantial rates of congestive, rhythmic or
low-output episodes.? Heart transplant (HT) remains the ref-
erence treatment for advanced HF patients. Risk stratification
of these high-risk patients is of major importance given organ
shortage leading to a sizeable waiting time after transplant

listing.
In 1976, Forrester et al. described four haemodynamic pro-
files by the combined luation of pull y capillary

wedge pressure (PCWP) and cardiac index (CI).>* The ‘cold’
feature refers to low cardiac index, whereas the ‘wet’ feature
corresponds to elevated capillary wedge pressure. These four
‘Forrester’ profiles (i.e. warm/cold x dry/wet) were empha-
sized as useful in the 2021 European Society of Cardiology
(ESC) HF guidelines in context of acute heart failure using
bedside physical examination.! Whether Forrester’s profiles
are useful in a population of advanced heart failure patients
that share certain characteristics with acute HF patients has
not been assessed.

The aim of the present study is to describe and assess the
prognostic value of Forrester’s profiles in non-inotrope pa-
tients with advanced HF listed for HT.

Methods
Study population

A total of 2089 newly registered adult patients (18 years or
older), without previous solid organ transplants (heart, kid-
ney, liver, or pancreas) listed on the French national waiting
list for heart transplantation between 1 January 2013 and
31 December 2019 were deemed eligible. Of the latter,

hined

data were registered prospectively at time of transplant list-
ing. H; nic variables ok d during catheterization
included systolic blood pressure (mmHg), diastolic blood
pressure (mmHg), cardiac index (I/min/m?), pulmonary capil-
lary wedge pressure (mmHg), pulmonary vascular resistance
(Wood unit), and mean pulmonary arterial pressure (mmHg).

Forrester’s classification

Patients were allocated in four groups according to PCWP
and Cl. ‘warm-dry’ was defined by Cl > 2.0 L/min/m? and
PCWP < 20 mmHg; ‘cold-dry’ by Cl < 2.0 L/min/m? and
PCWP < 20 mmHg; ‘warm-wet’ by CI > 2.0 L/min/m? and
PCWP > 20 mmHg; and ‘cold-wet’ by CI < 2.0 L/min/m? and
PCWP > 20 mmHg, according to 2021 ESC guideline values
to assess eligibility for implantation of a left ventricular
device."

Follow-up and study outcomes

The primary outcome was a combined criteria of the occur-
rence of waitlist death, delisting fort aggravation, urgent
heart transplantation, or left ventricular assist device implan-
tation stratified by congestion/hypoperfusion classification.
Secondary outcomes were components of the primary
outcome.

A new system based on a score ranking all candidates was
implemented in January 2018 resulting in the dropping of
high-urgency status.® Urgent heart transplant was defined
by the use of intravenous inotrope or extracorporeal me-
chanical assistance at the time of transplant. For all analysis,
patients were censored at time of non-urgent transplant or
delisting for improving medical condition. Delisting for wors-
ening medical condition was left at the discretion of the clini-
cian and considered as an outcome in the primary analysis
but as a censoring for the analysis of individual events such
as urgent transplant, survival, and left ventricular assist de-

1000 patients without indication for combi tr -
tion, intravenous inotrope, mechanical assistance, or dialysis
at time of listing were included. One hundred sixty-three pa-
tients were excluded from further analysis due to the lack of
right heart catheterization or missing cardiac index or PCWP
values. Overall, the cohort included 837 non-inotrope ad-
vanced heart failure patients with right heart catheterization,
Cl, and PCWP evaluation allowing a classification according to
Forrester’s profiles.

Right heart catheterization

Cardiac catheterization measurements constituted part of the
assessment process for heart transplant listing in order to es-
timate y vascular r e. Cardiac catheterization

vice il ion.

Data collection and variables

This national multicentre study was performed using the data
of the French registry (CRISTAL). The registry is administered
by the Ministry of Health (Agence de la Biomédecine), which
prospectively collects data on all organ transplant candidates
in France along with their outcomes. A description of the
CRISTAL registry has previously been published.® Data were
registered in CRISTAL at the time of patient listing and during
follow-up as part of routine care. The study was conducted
according to French legislation stipulating that anonymized
research studies based on the national CRISTAL registry do
not require institutional review board or ethic approval.



Statistical analysis

All results were first ized overall and sub ly
stratified according to the four Forrester’s profiles and there-
after dichotomized between ambulatory and hospitalized
patients.

Baseline continuous variables are expressed as medians
with interquartile 25-75% (IQys-75) range or as means
(+standard deviation). Comparisons of continuous variables
were carried out using the Kruskal-Wallis test and t test
as required. Categorical variables are expressed as frequen-
cies (percentages) and compared using the y® test. The
two-tailed significance level was set at P < 0.05. Due to
the use of BNP or N terminal pro brain natriuretic
peptide (NTproBNP) depending on the collection year and
centres, a combined BNP or NTproBNP Z-score value was
created.

Outcomes were stratified according to Forrester’s classifi-
cation. Primary outcome was assessed and illustrated by
Kaplan—Meier analyses. After graphically verifying the as-
sumption of proportional hazard model, multivariable Cox
proportional hazard regression was used to examine the as-
sociation between Forrester’s profile and primary and sec-
ondary outcomes. The ensuing multivariable model was ad-
justed for baseline characteristics (age and gender) and
laboratory variables known to be associated with outcome
in advanced heart failure (total bilirubin, estimated glomeru-
lar filtration rate and BNP, or NTproBNP Z-score). In the first
multivariable model (Model 1), associations were adjusted
for age, gender, and estimated glomerular filtration rate. In
order to further evaluate the added value of the Forrester’s
profile on top of other congestion variables, a second model
(Model 2) was further adjusted on total bilirubin and BNP or
NTproBNP Z-score.

Al analyses were performed using SPSS version
27.0.1.0 (IBM SPSS Statistics for Windows, NY, USA: I1BM
Corp).

Results
Baseline characteristics

Among the 837 studied patients (median age 55 years, 70%
men), 79% were ambulatory at time of listing, 45% had di-
lated cardiomyopathy and 30% had ischaemic cardiomyopa-
thy (Table 7). Median HF duration was 7.0 years, a minority
of patients had comorbidities (20% hypertension and 15% di-
abetes). Patients had severe left ventricular systolic dysfunc-
tion with a median ejection fraction of 25% and a left ventric-
ular end-diastolic diameter of 64 mm. Median BNP,
NTproBNP, and estimated glomerular filtration rate (eGFR)
were 681 ng/L, 2590 ng/L, and 63 mL/min/1.73 m?, respec-

tively. Overall, cardiac index was severely reduced (2.1 L/
min/m?), and mean pulmonary artery pressure and pulmo-
nary capillary wedge pressure were increased with values of
29 and 20 mmHeg, respectively. Pul y vascular r

was normal (2.0 Wood units).

Forrester’s profile characteristics

‘Warm-dry’, ‘Cold-dry’, ‘Warm-wet’, and ‘Cold-wet’ profiles
represented 27%, 18%, 27%, and 28% of cases, respectively.
Medical characteristics such as hypertension, smoking his-
tory, heart failure duration, cardiac resynchronization ther-
apy, or implantable cardioverter defibrillator were not signif-
icantly different between groups (Table 1). Furosemide
equivalent dose, NTproBNP and total bilirubin levels signifi-
cantly varied according to Forrester’s profile with ‘cold-
wet’ > ‘warm-wet’ > ‘cold-dry’ > ‘warm-dry’ (Table 1). Cl,
PCWP, mean pulmonary artery pressure, and pulmonary vas-
cular resistance were significantly different among groups
(P < 0.001) and are presented in Table 2.

Outcomes on waitlist

Overall, ‘wet’ patients had the worst prognosis whereas ‘dry’
patients (independently of perfusion status) experienced best
outcome. At 12 months, death on waitlist mortality occurred
in 3.2%, 3.4%, 4.8%, and 6.5% for ‘warm-dry’, ‘cold-dry’,
‘warm-wet’, and ‘cold-wet’ profiles, respectively. At
12 months, waitlist death, delisting for aggravation, urgent
heart transplantation, or left ventricular assist device implan-
tation occurred in 35 (15.2%), 25 (16.8%), 56 (24.7%), and 66
(28.6%) for ‘warm-dry’, ‘cold-dry’, ‘warm-wet’, and ‘cold-wet’
patients, respectively. Of the patients 440 (53%) were
transpl d without intr inotrope or extracorporeal
mechanical assistance at time of transplant. ‘Wet’ patients
had the worst prognosis irrespective of perfusion status
(Figure 1), P = 0.008 for log-rank test. The patients who did
not have haemodynamic data available were not significantly
different from the patients included in the main analysis ex-
cept for heart failure d 1, fur ide eq dose
and implantable cardioverter defibrillator prevalence
(Supporting information Table S1).

Similarly, other waiting list events increased gradually ac-
cording to the Forrester’s classification with ‘warm-
dry’ < ‘cold-dry’ < ‘warm-wet’ < ‘cold-wet’. ‘Waitlist mortal-
ity or urgent heart transplant’ and ‘waitlist mortality, urgent
heart transpl or LVAD i ion” occurred in 13.0%,
15.4%, 20.7%, and 23.8% (P = 0.037 for log-rank test) and in
13.0%, 16.8%, 22.5%, and 26.0% (P = 0.007 for log-rank test)
for ‘warm-dry’, ‘cold-dry’, ‘warm-wet’, and ‘cold-wet’ pa-
tients, respectively.
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Missing Whole cohort Warm-dry Cold-dry Warm-wet Cold-wet
At listing time (%) n =837 n =229 n =149 n =227 n=231 P value
Haemodynamic variables
Mean PAP, mmHg 2(0) 29 (22-36) 22 (18-26) 20 (16-24) 35 (30-40) 34 (30-40) <0.001
PCWP, mmHg 0 20 (15-26) 14 (11-17) 14 (10-17) 25 (22-29) 26 (23-30) <0.001
cl, Umin/m® 0 2.1(1.7-2.4) 24(2.2-2.7) 1.8 (1.5-1.9) 24(2.2-2.7) 1.7 (1.5-1.9) <0.001
PVR, Wood units 132 20(1.4-2.8) 1.8(1.1-2.3) 2.1(1.4-3.0) 2.0(1.4-2.7) 2.4(1.8-3.5) <0.001
Clinical and functional variables
Systolic blood pressure, mmHg 70 (8) 101 (93-111) 102 (95-112) 100 (92-110) 104 (95-112) 100 (91-109) 0.022
Diastolic blood pressure, mmHg 69 (8) 65 (60-73) 65 (59-72) 65 (60-74) 67 (60-74) 65 (60-72) 0.611
NYHA | 5(1) 5(1) 2(1) 1(1) 1(0) 1(0) 0.790
NYHA Il 87 (10) 23(10) 16 (11) 21(9) 27 (12)
NYHA 1l 571 (69) 159 (70) 109 (73) 155 (68) 148 (65)
NYHA IV 169 (20) 43 (19) 23 (15 50 (22, 53 (23)
VO, max 269 (30) 12.5 (10.2-15.0) 12.6 (10.3-15.6) 12.6 (10.5-15.0) 12.9 (10.5-15.0) 12.0 (10.0-14.8) 0.269

Cl, cardiac index; IV, intravenous; NYHA, New York Heart Association;
pressure; PVR, pulmonary vascular resistance.

Figure 1_Likelihood of different outcomes according to Forrester’s profiles.
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Impact of hospitalization status

Hospitalized patients had worse outcome irrespective of con-
gestion/perfusion status, P < 0.001 for log-rank test (Figure 2).
The association of congestion/perfusion profile with the pri-
mary outcome was not significantly different across hospital-
ized and ambulatory patients (P for interaction >0.05).

Clinical and haemodynamic predictors of waitlist
death

The ‘cold-wet’ profile had a trend for an increased
risk of waitlist death in univariable analysis [hazard
ratio (HR), 1.96; 95% confidence interval (Cl), 0.95-4.05,
P = 0.069] (Table 3) but not after adjustment.



Figure 2 Likelihood of waitlist death, delisting for
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cording to Forrester’s profiles and hospitalization status.
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Clinical and haemodynamic predictors of waitlist
outcomes

In crude analyses, significant associations with outcomes on
waitlist were observed only for wet profiles, irrespectively
of the perfusion status. The ‘warm-wet’ profile was associ-
ated with a 77% increase in the primary outcome of the study
[waitlist death, delisting for aggravation, urgent heart trans-
plant, or left ventricular assist device (LVAD) implantation]
(HR, 1.77; 95% Cl, 1.25-2.49; P = 0.001) whereas the ‘cold-
wet’ was associated with a 50% increase in this outcome
(HR, 1.50; 95% Cl, 1.06-2.13; P = 0.024) (Figure 3). In con-
trast, cold and dry profiles were not significantly associated
with considered outcomes.

When adjusting for age, gender and eGFR at listing (Model
1), the association with primary outcome remained signifi-
cant for both warm-wet and cold-wet profiles (Table 3).
When further adjusting for other congestion variables (total
bilirubin and NTproBNP—Model 2), cold-wet patients experi-
enced the worst outcome, with a 73% increased risk of pri-
mary outcome (HR, 1.73; 95% Cl, 1.18-2.53; P = 0.005). The
‘warm-wet’ profile remained significantly associated with
the primary outcome (HR, 1.54; 95% Cl, 1.05-2.27;
P =0.029) whereas the cold-dry profile only tended to be as-
sociated with the primary outcome (HR, 1.53; 95% Cl, 0.98—
2.37; P = 0.061) (Table 3).

Sensitivity analysis

When considering only New York Heart Association (NYHA)
1I1/IV patients (i.e. excluding NYHA Il patients) the association
of Forrester profile with outcome was similar [waitlist mortal-
ity (P = 0.296); waitlist mortality or urgent heart transplant
(P = 0.039); waitlist mortality, urgent heart transplant, or

LVAD implantation (P = 0.008); waitlist mortality, delisting
for aggravation, urgent heart transplant, or LVAD implanta-
tion (P = 0.016)].

Discussion

In this national prospective cohort of heart transplant waiting
list with h 1it, we demon-
strate that Forrester’s profiles are associated with waitlist
death, delisting for aggravation, urgent heart transplantation,
or assist device implantation in non-inotrope advanced heart
failure patients while accounting for other clinical and labora-
tory criteria. Overall, wet patients, regardless of their output
status, experienced the worse outcome. Interestingly,
low-output patients (most of whom were ambulatory -ap-
proximately 75%) did not consistently have an increased risk
of waitlist mortality, delisting for aggravation, urgent heart
transplant, or LVAD implantation in the absence of
congestion.

1amic

Relevance of Forrester’s classification in acute
and advanced heart failure

Forrester’s classification was initially described in a popula-
tion of cardiogenic shock patients in 1976>* and based on a
haemodynamic evaluation. In 2003, Nohria et al. described
the value of congestion and perfusion assessment in a popu-
lation of advanced heart failure patients.” However, only 17%
of the patients were admitted for elective heart transplant
evaluation and the majority were hospitalized for acute de-
compensation (49%), arrhythmia (12%), or angina (12%). Im-
portantly, in contrast with Forrester’s initial publication, con-
gestion and perfusion were evaluated clinically. In their study,




Table 3 Adjusted association of Forrester’s profiles with outcomes

Cold-wet

Warm-wet

Cold-dry

Warm-dry

Model 1 adjusted on age, gender, and eGFR at listing

0.116

1.80 =

0.635

0.686

1.2 =

1.2
1.3

Reference

(0.87-3.72) P
(1.12-2.48) P

(1.23-2.65) P

1.21 (0.55-2.64) P
1.43 (0.95-2.14) P
1.67 (1.14-2.46) P

0 (0.50-2.90) P

0.012
0.003

1.66
1.80

0.087
0.009

0.420
0.168

1(0.76-1.94) P
.37 (0.88-2.15) P

Reference
Reference

or urgent heart transplant
urgent heart transplant,

0.003

1.68 (1.19-2.38) P

0.025

1.49 (1.05-2.12) P

0.326

1.23 (0.81-1.86) P

Reference

delisting for aggravation,

urgent heart transplant or LVAD implantation

0.284

0.70-3.42) P

0.047
0.007

1.01-2.40) P

(
(
(

7 (1.17-2.68) P

.54

.55
7

1
1
1.

0.862

0.46-2.53) P

0.172
0.030

0.87-2.12) P
1.05-2.42) P

1.08
1.36
1.59 (

0.504

Reference

Model 2 adjusted on age, gender, eGFR, BNP, or NTproBNP Z-score and total bilirubin at listing

1.37 (0.55-3.43) P
1.42 (0.87-2.32) P
1.63 (1.02-2.61) P

0.165
0.041

Reference
Reference

or urgent heart transplant
urgent heart transplant

0.005

1.73(1.18-2.53) P

0.029

1.54 (1.05-2.27) P

0.061

1.53 (0.98-2.37) P

Reference

Waitlist mortality, delisting for aggravation,
urgent heart transplant or LVAD implantation

‘wet-warm’ and ‘wet-cold’ patients had a worse prognosis
compared with ‘warm-dry’ patients with respective hazard
ratios of 2.23 and 2.737 for heart transplantation or death.
Moreover, this p report included only 16

(3.5%) classified as ‘dry-cold’ rendering any statistical analysis
inconclusive.”

More recently, the 2016 and 2021 ESC Heart Failure guide-
lines promoted the use of Forrester’s classification in acute
HF to guide therapy at the initial phase as well as add prog-
nostic information.™® Chioncel et al. assessed the value of
this classification in acute HF patients from the ESC-EORP-
HFA Heart Failure Long-Term Registry.® Similarly, ‘cold and
dry’ patients accounted for only 0.4% of the total population
at admission and 1.6% at discharge.

Our study adds new and useful data on the prognostic
value of haemodynamic profiling in advanced HF. First, we
were able to demonstrate the value of this classification in
non-inotrope-dependent advanced heart failure patients
treated with contemporary HF drugs whether they were am-
bulatory or hospitalized (no heterogeneity between ambula-
tory/hospitalized profile in light on a non-significant P value
for interaction). Second, while the proportion of ‘cold-dry’
profile was low, our findings show that it repr d at least
18% of patients waiting for heart transplant. Discordance be-
tween clinical and haemodynamic evaluation has been re-
ported in numerous advanced or acute HF studies'**! leading
to an underestimation of the ‘cold-dry’ profile (which is actu-
ally fairly frequent in our cohort). Our study suggests that
low-output status is a rather frequent condition in patients
listed for HT even in ambulatory setting (as less than 25%
of low-output patients were hospitalized).

Congestion or perfusion for prediction of events
in advanced HF patients

Persistence of clinical congestion at discharge in patients hos-
pitalized for acute HF has been acknowledged as a risk factor
for HF hospitalization and mortality in many studies.>*? In the
present study, congestion assessed by PCWP > 20 mmHg was
associated with the risk of primary outcome (waitlist death,
delisting for worsening medical condition, urgent heart trans-
plantation or LVAD implantation) in non-inotrope-dependent
patients listed for heart transplant. To the best of our knowl-
edge, this is the first study to provide contemporary data on
the deleterious impact of PCWP elevation in patients awaiting
heart transplantation. Interestingly, this association between
PCWP and outcomes remained significant after adjustment
for gender, age, renal function, peptide natriuretic, and biliru-
bin. These results are in concordance with the results of a
study by Stevenson et al. showing that patients referred for
heart transplantation who were unable to normalize filling
pressure during tailored therapy were at higher risk of
death.®® Similarly, patients from the Escape trial with elevated



Figure 3 Crude association of Forrester’s profiles with outcomes. LVAD, left ventricular assist device.
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pressure at discharge were also found at higher risk of
combined risk of death, cardiovascular hospitalization, and
transplantation (HR, 2.03; 95% Cl, 1.31-3.15, P < 0.01)."

In contrast with the results related to congestion, the im-
pact of hypoperfusion on heart transplant waitlist mortality
is unclear. In a study by Morley et al. in 1994, univariate
but not multivariate association between cardiac output
and 1 year mortality was observed.’ In a recent
meta-analysis comprised of 18 studies, most of which were
published prior to drug treatments of the current era, no as-
sociation was reported after adjustment between cardiac in-
dex and prognosis.'® In our study, the Cold-Dry profile only
tended to be associated with the primary outcome after ad-
justment on biological variable related to congestion (natri-
uretic peptide and total bilirubin), which intrinsically disad-
vantage other congestion variables (such as PCWP). Our
findings further confirm the lack of firm association between
cardiac index and prognosis in a much more contemporary
HF population, especially in non-congestive patients. Indeed,
only the congestion aspect of the Forrester classification pro-
vided prognostic information. The lack of impact of cardiac
index on cardiac outcomes in the current study is, to some ex-
tent, in keeping with the studies on inotrope therapy, which
failed to improve prognosis in advanced heart failure.”°

Implications for clinical practice

In a position statement on advanced heart failure from the
Heart Failure Association,? right heart catheter parameters
were not listed as risk markers in patients with advanced
heart failure and none of the prognostic scores proposed in
this position statement included haemodynamic assessment
(Heart Failure Survival Score, Seattle Heart Failure Model,

Metabolic Exercise test data combined with Cardiac and
Kidney Indexes, Meta-Analysis Global Group in Chronic Heart
Failure).222* In the advanced heart failure population, right
heart catheterization is part of the assessment process prior
to waitlist inscription, although it typically does not partici-
pate in the risk stratification of these patients. Results of
the present study suggest that special focus on PCWP should
be devoted to further enhance risk stratification. Moreover,
neither Eurotransplant nor US allocations systems uses PCWP
in allocation scores.® Given the demonstration herein that
Forrester’s classification is associated with outcome in addi-
tion to other risk markers such as age, gender, eGFR, total bil-
irubin, and NTproBNP or BNP, further consideration to
Forrester’s profiles in allocation systems may be useful.
Prospective studies are needed to assess whether PCWP
normalization (i.e. decongestion) could improve outcome in
patients on the heart transplant waiting list. If congestion be-
comes an actionable target of advanced HF management, re-
peated assessment of congestion could prove useful.
Non-invasive methods such as lung ultrasound, inferior vena
cava quantification, renal venous ultrasound, and jugular vein
Doppler have been shown to be strongly associated with out-
come in HF.2>2® As congestion appears similarly important in
advanced HF patients, this non-invasive quantification of con-
gestion, in particular lung ultrasound which is correlated with
pulmonary pressure,?’ could be of particular interest. Two
studies using either lung ultrasound or pulmonary artery pres-
sure (PAP) monitoring to assess congestion have shown their
utility in guiding HF therapy with a reduction in HF urgent
visits or hospitalization.”®? These findings were however
not confirmed in a haemodynamic-guided HF study, although
this latter study was impacted by the COVID-19 pandemic.*®
Our results also raise another concern regarding the place
of diuretics in advanced heart failure. Association between
high loop diuretic dose and prognosis has been reported in



numerous studies.>*2 Whether the elevated loop diuretic
dose was simply a marker of disease severity or could be as-
sociated with side effects remains unclear. Congestive pa-
tients were also treated with higher doses of loop diuretic
in the present study. Cardiorenal syndrome and diuretic resis-
tance could explain the failure to reach PCWP normalization
despite the increase in diuretic dose. Experts recommend
the use of intravenous loop diuretic or adding a second class
of diuretic in this setting.>*3* In a recent study by Cox et al.,
metolazone, IV chlorothiazide, or tolvaptan added to loop di-
uretics showed excellent weight loss without significant dif-
ferences between treatments.>® However, most studies on di-
uretic strategies or diuretic resistance focus on acute settings;
whether these treatment strategies are feasible or useful in
chronic conditions remains unclear, and further studies are
needed, particularly in ambulatory populations.

Limitations

Several limitations in the present study should be
highlighted. First, only non-inotrope patients without me-
chanical assistance who had available right heart catheteri-
zation at time of listing were included in our analysis; these

Conclusions

Haemodynamic assessment using Forrester’s profiles of ad-
vanced HF patients is associated with clinical outcome on
heart transplant waiting list. Wet patients exhibited the worst
prognosis, independently of perfusion status.

Clinical perspectives and translational
outlook portion of your manuscript

Clinical perspectives

Right heart catheter parameters is not listed as risk markers in
patients with advanced heart failure and none of the prognos-
tic scores routinely used. As in the advanced heart failure pop-
ulation, right heart catheterization is part of the assessment
process prior to waitlist inscription, our results suggest that
PCWP can further enhance risk stratification. Further consid-
eration to Forrester’s profiles in allocation systems may be
useful. In addition, our results also highlight the importance
of diuretics/congestion in advanced heart failure. Whether

criteria likely excluded the most severe pati Hi 3

C ion treatment optimization based on right heart cath-

right heart catheterization interpretation is difficult in pa-
tients with haemodynamic instability and/or treated by in-
travenous inotrope venoarterial extracorporeal membrane
oxygenation (VA-ECMO)/LVAD. NYHA Stage Il patients were
included in our analysis; according to 2021 ESC-HF guide-
lines, patients with NYHA Stage Il dyspnoea and another
characteristic (such as systolic blood pressure <90 mmHg,
>1 admission or unplanned visit to HF clinic within last
12 months, and prior inotropic use) are defined as ‘ad-
vanced heart failure patients’. Importantly, analyses per-
formed only in NYHA lII-IV patients yielded similar results
than in the whole cohort. Second, this is an observational
study, and causality cannot be ascertained. Third, conges-
tion and perfusion were only assessed by haemodynamic
evaluation without symptoms data, leading to a different
profile distribution compared with ‘clinical evaluation’ stud-
ies. Nevertheless, this weakness also represents a strength
because haemodynamic congestion was found to be associ-
ated with poor prognosis regardless of symptoms. Fourth,
data regarding treatments during follow-up were not avail-
able. Whether the treatments of cold status (i.e. inotropes
and VA-ECMO) have mitigated its prognostic significance of
cold status cannot be evaluated. However, the 2021 Euro-
pean Society of Cardiology HF guidelines* do not recom-
mend treating patients based on haemodynamic values at
right heart catheterization without a context of clinical or
biological hypoperfusion. It seems unlikely that intravenous
inotropes or VA-ECMO were introduced in the setting of
ambulatory low cardiac output.

eter parameters in the specific setting of pre-transplant pa-
tients would improve outcome is yet to be evaluated.

Translational outlook portion of your manuscript

Mechanistic studies are needed to determine why PCWP is
associated with outcome in advanced heart failure patients.
We do not know the biological profile of these patients, even
if Bio-adr dullin has been d recently as a key
biological feature.® This lack of translational evidence is sur-
prising given the central place of congestion in HF. A better
understanding of the pathophysiology of congestion could ac-
tually lead to the discovery of new therapeutic targets.
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