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Background: Patients with heart failure (HF) often display dyspnea associated with
pulmonary congestion, along with intravascular congestion, both may result in urgent
hospitalization and subsequent death. A combination of radiographic pulmonary
congestion and plasma volume might screen patients with a high risk of in-hospital
mortality in the emergency department (ED).

Methods: In the pathway of dyspneic patients in emergency (PARADISE) cohort,
patients admitted for acute HF were stratified into 4 groups based on high or low
congestion score index (CSI, ranging from 0 to 3, high value indicating severe congestion)
and estimated plasma volume status (ePVS) calculated from hemoglobin/hematocrit.

Results: In a total of 252 patients (mean age, 81.9 years; male, 46.8%), CSI
and ePVS were not correlated (Spearman rho <0 .10, p > 0.10). High CSlI/high
ePVS was associated with poorer renal function, but clinical congestion markers
(i.e., natriuretic peptide) were comparable across CSI/ePVS categories. High CSl/high
ePVS was associated with a four-fold higher risk of in-hospital mortality (adjusted-OR,
95%Cl = 4.20, 1.10-19.67) compared with low CSl/low ePVS, whereas neither high
CSl nor ePVS alone was associated with poor prognosis (all-p-value > 0.10;
Pinteraction = 0.03). High CSI/high ePVS improved a routine risk model (i.e., natriuretic
peptide and lactate)(NRlI = 46.9%, p = 0.02), resulting in high prediction of risk of
in-hospital mortality (AUC = 0.85, 0.82-0.89).

Conclusion: In patients hospitalized for acute HF with relatively old age and comorbidity
burdens, a combination of CSl and ePVS was associated with a risk of in-hospital death,
and improved prognostic performance on top of a conventional risk model.
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INTRODUCTION

Congestion in heart failure (HF) is defined as a high left
ventricular filling pressure associated with signs and symptoms
of HF such as dyspnea and edema (1-3). Patients with acute
HF (AHF) often require urgent emergency department (ED)
admissions due to acute dyspnea, which may be related to
both pulmonary and intravascular congestion (2-5). Once
treatment of congestion has been initiated in the ED and
their effects have been assessed, clinical decisions are made
about subsequent hospital management. However, whether the
severity of congestion in the ED is associated with a higher
risk of in-hospital mortality has not been well documented
(6-8). Assessment of integrating pulmonary and intravascular
congestion might provide better patient risk stratification.

The congestion score index (CSI) is a semi-quantitative
method for assessing pulmonary congestion on chest
radiography (CXR) (9-11). Plasma volume (PV), on the other
hand, expresses the intravascular portion of the extracellular fluid
volume, and is estimated from hemoglobin/hematocrit levels
(12-14). Its estimation (estimated plasma volume status, ePVS)
has been associated with left ventricular (LV) filling pressure
(i.e., E/€ and invasively-measured LV end-diastolic pressure)
(15) and with pulmonary congestion (16). Recent published
reports showed that ePVS and CSI were associated with clinical
outcomes in several HF settings (10-14). Accordingly, our group
reported that increased both ePVS and CSI of AHF patients were
associated with a high risk of 90-day post-discharge outcomes
(9). We hypothesized that the combination of elevated CSI and
ePVS could potentially identify patients with markedly increased
congestion in the ED, and provide important risk-stratification
for in-hospital management.

The main objectives of the present study are to (i) assess the
interplay between CSI and ePVS in patients admitted for AHF in
the ED and (ii) explore the association of CSI and/or ePVS with
in-hospital mortality.

METHODS

Study Population
The Pathway of dyspneic patients in Emergency (PARADISE)
cohort is a retrospective cohort study including consecutive
acute dyspneic patients aged 18 years or older who admitted
for the ED of the Nancy University Hospital (France) between
January 1, 2015 and December 31, 2015 as previously reported
(14, 17, 18). These patients were systematically reviewed
and selected by investigators using the hospital’s electronic
ED charts (RESURGENCES). Then, two medical physicians
independently labeled patients with AHF per ESC guidelines
(19) based on medical admission examination records (e.g.,
echocardiogram, natriuretic peptide level and patient response
to diuretic/bronchodilators therapy). Only patients with AHF
diagnosis were included in the current analysis. Importantly, the
aforementioned physicians had no access to CSI quantification
on CXR, which was performed after this patient selection.
Among 1,589 patients included in the PARADISE
cohort, 252 AHF patients with available data on CXR and

hemoglobin/hematocrit were studied. Those with length
of hospital stay > 30 days were excluded since they likely
had either atypical degrees of congestion or non-congestion
related problem (Supplementary Figure 1). Demographic
parameters, medical history, physical examination, laboratory
findings and treatment received in the ED were retrieved
from the patient electronic records. The PARADISE cohort
was approved by the Commission Nationale de I'Informatique
et des Libertés (CNIL) (Number R2016-08) and registered
on “Clinicaltrials.gov” (NCT02800122).

Radiographic Congestion Score Index

CSI is assessed to quantify the severity of pulmonary congestion
on CXR as previously described (9, 10). After dividing the lung
field into six equal zones, each area was assessed as follows: Score
0, no congestion sign; Score 1, cephalization (superior area),
perihilar haze or perivascular/peribronchial cuffing or Kerley’s A
lines (middle area), Kerley’s B or C lines (inferior area); Score
2, interstitial or localized/mild alveolar pulmonary edema; Score
3, intense alveolar pulmonary edema (Figure 1). To enhance the
reproducibility of confluent edema severity, a portion of the lung
fields which was visually similar than the cardiac silhouette was
considered as an intense edema, whereas the field with weaker
density was considered as a mildly intense edema. Lung areas
were not scored when more than one third of the divided lung
fields were occupied by pleural effusion (including vanishing
tumor), atelectasis or cardiac silhouette. CSI was calculated as the
sum of the scores in each zone divided by the number of available
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Interstitial
pulmonary
edema
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FIGURE 1 | Radiographic congestion score index. The scoring is performed
on six lung fields. (A,B) Provide examples of grades 0-3. *Confluent edema
was regarded as intense edema when the density in an area of the divided
lung field was visually similar to that of cardiac silhouette.
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TABLE 1 | Baseline characteristics according to CSI/ePVS subsets.

Overall (N = 252) Low CSI High CSI Low CSI High CSI P-value
Low ePVS Low ePVS High ePVS High ePVS
(N = 68) (N = 58) (N =57) (N = 69)
Age, yrs 81.9+98 81.1+9.7 81.3+10.6 81.7+85 83.5+10.4 0.47
Male, N (%) 118 (46.8 %) 28 (41.2 %) 31 (53.4 %) 28 (49.1 %) 31 (44.9 %) 0.55
Body mass index, kg/m? 26.7 £ 6.4 26.9 £ 6.6 27674 256 £ 5.6 26.8 +£5.8 0.37
Medical history, N (%)
Hypertension 183 (72.6 %) 46 (67.6 %) 39 (67.2 %) 44.(77.2 %) 54 (78.3 %) 0.33
Diabetes mellitus 94 (37.3 %) 19 (27.9 %) 26 (44.8 %) 22 (38.6 %) 27 (39.1 %) 0.25
Coronary artery disease 52 (20.6 %) 14 (20.6 %) 11 (19.0 %) 15 (26.3 %) 12 (17.4 %) 0.64
Atrial fibrillation 109 (43.3 %) 26 (38.2 %) 26 (44.8 %) 22 (38.6 %) 35 (50.7 %) 0.42
COPD 94 (37.3 %) 26 (38.2 %) 23 (39.7 %) 21 (36.8 %) 24 (34.8 %) 0.95
Prior HF hospitalization 56 (22.2 %) 14 (20.6 %) 11 (19.0 %) 11 (19.3 %) 20 (29.0 %) 0.46
Medications at admission, N (%)
ACEiI/ARB 105 (43.0 %) 22 (33.3 %) 27 (48.2 %) 27 (49.1 %) 29 (43.3 %) 0.26
Beta-blocker 91 (37.3 %) 24 (36.4 %) 21 (37.5 %) 21 (38.2 %) 25 (37.3 %) 0.99
Spironolactone 16 (6.6 %) 6 (9.1 %) 3 (5.4 %) 1(1.8 %) 6 (9.0 %) 0.32
Diuretics 102 (41.8 %) 19 (28.8 %) 25 (44.6 %) 21(38.2 %) 37 (65.2 %) 0.02
Intensive treatment, N (%)
Vasodilator 52 (20.6 %) 14 (20.6 %) 19 (32.8 %) 8 (14.0 %) 11 (15.9 %) 0.054
CPAP 87 (34.5 %) 18 (26.5 %) 29 (50.0 %) 17 (29.8 %) 23 (33.3 %) 0.03
Physical examination
Leg edema, N (%) 141 (56.0 %) 35 (51.5 %) 29 (50.0 %) 31 (54.4 %) 46 (66.7 %) 0.20
Rales, N (%) 149 (61.6 %) 36 (54.5 %) 36 (65.5 %) 35 (63.6 %) 42 (63.6 %) 0.58
Systolic BP, mmHg 138.7 + 28.6 138.6 +29.5 142.4 +30.2 139.6 + 27.6 135.0 £ 27.3 0.53
Heart rate, bpm 92.6 +22.0 97.1 £19.9 90.6 +23.4 89.2 4+ 19.6 92.6 + 241 0.20
Respiratory rate, /min 272+79 281 +75 28.1+8.9 26.7+7.3 26.1+7.8 0.45
Body temperature, °C 37.1+141 372+ 141 37.3+£13 37.1+£12 37.0+ 11 0.70
Chest radiography
Congestion score index 2.2 (1.8-2.5) 2.0 2.6 1.8 2.5 <0.001
(1.4-2.0) (2.4-2.8) (1.6-2.0) (2.3-2.7)
Pleural effusion, N (%) 8 (14.3 %) 7 (10.3 %) 7(12.1 %) 8(14.3 %) 12 (17.4 %) 0.65
Biological findings
Hemoglobin, g/dl 124 +£20 141 +£1.2 13.8 £ 1.1 10.8 £1.1 108 +1.2 <0.001
Hematocrit, % 39.4 £6.0 441 +£39 442 £3.7 34.7 £ 35 34.8+3.8 <0.001
White blood count, 103/pl 124 11.9 13.7 10.9 12.9 0.20
(11.0-13.9) (8.8-14.5) (9.0-15.6) (7.3-15.4) (8.8-17.4)
CRP, mg/di 5.0 5.4 3.0 5.0 6.9 0.11
(1.8-11.9) (2.1-11.3) (1.3-9.4) (2.0-16.2) (1.9-13.6)
Sodium, mmol/I 1.49 £1.27 136.6 + 5.1 137.1 £3.9 137.2+ 4.8 137.2+£56.3 0.88
Potassium, mmol/I 4.2 +0.7 42+0.5 41+0.6 41 +0.7 45+0.8 0.005
Blood urea nitrogen, mg/dl 30.6 +20.3 258+ 16.6 256 +10.8 33.0 + 18.1 37.6 +£28.0 <0.001
eGFR, ml/min/1.73m? 66.7 + 31.7 74.8 +31.7 69.5 +29.8 65.0 + 33.0 57.4 +30.2 0.006
BNP, pg/ml 516 4083 603 550 602 0.07
(271-1001) (196-754) (291-1114) (335-1045) (340-998)
ePVS, ml/g 4.9 4.0 4.0 5.9 5.9 <0.001
(4.0-5.9) (3.6-4.4) (3.8-4.4) (5.3-6.5) (5.4-6.8)
Arterial blood gas test
Pa0O2, mmHg 65.0 67.0 68.8 63.0 59.1 0.049
(564.0-78.4) (68.0-77.0) (59.0-90.0) (562.0-78.4) (561.0-75.0)
PaCO2, mmHg 43.0 43.0 43.0 44.0 41.0 0.562
(36.0-55.0) (87.0-58.0) (38.0-58.0) (36.0-55.0) (36.0-48.0)
Lactate, mmol/I 1.10 1.00 1.40 1.00 1.20 0.01
(0.80-1.80) (0.80-1.80) (1.00-2.40) (0.80-1.50) (0.80-1.80)
In-hospital death 45 (18.0 %) 9(13.2 %) 9 (15.5 %) 8 (14.0 %) 19 (28.4 %) 0.08

Values are mean + SD, n (%) or median (25th to 75th percentile).

CSlI, congestion score index; ePVS, estimated plasma volume status;, COPD, chronic obstructive pulmonary disease; HF, heart failure; ACE/ARB, angiotensin converting enzyme
inhibitor or angiotensin receptor blocker; CPAR, continuous positive airway pressure; B, blood pressure; CRR, C-reactive peptide; eGFR, estimated glomerular filtration rate; BNF, brain
natriuretic peptide.

Values in bold style represent significant difference (o < 0.05).
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zones. An examiner also assessed the presence of pneumonia,
pleural effusion, and the difficulty in assessing CSI.

CXR was analyzed by a single emergency physician (AD),
blinded to clinical data and outcome, with no prior training
in CSIL. After a short training (~3h) using a 20-patient sample
with a radiographic CSI expert (MK), when blinded to clinical
data and outcome, intra-class correlation coefficients showed
good reproducibility (intra-observer agreement [95%CI],
0.85 [0.71-0.93]; inter-observer agreement [95%CI] with
MK, 0.81 [0.64-0.90]).

Estimated Plasma Volume Status

ePVS was calculated from the Strauss-derived Duarte formula
using hematocrit and hemoglobin (12, 20) as follows: ePVS
(ml/g) = 100 x (1-hematocrit)/hemoglobin in g/dl.

Statistical Analysis

Patients were divided into four groups according to sex-specific
median ePVS (4.64 ml/g in male and 5.03 ml/g in female) and
median CSI (2.20); low CSI/low ePVS, high CSI/low ePVS, low
CSI/high ePVS, and high CSI/high ePVS. Categorical variables
are presented as frequencies (percentages) and continuous
variables as means =+ standard deviation or median (25th
and 75th percentiles), according to variable distribution.
Comparisons of demographic, clinical and biological parameters
across CSI/ePVS categories were analyzed using variances,
Kruskal-Wallis test and y* test, as appropriate. Inter-observer
and intra-observer agreements of CSI were assessed with intra-
class correlation coefficients.

Logistic regression analysis was used to study the associations
of CSI/ePVS categories with in-hospital mortality. The relevant
covariates as previously shown were followings (7, 9): age, sex,
prior HF hospitalization, a previous use of diuretics therapy,

continuous positive airway pressure (CPAP), blood urea nitrogen
(BUN), estimated glomerular filtration rate [eGFR, as calculated
from the Chronic Kidney Disease Epidemiology Collaboration
formula (21)], brain natriuretic peptide (BNP) and lactate. An
interaction test was performed to determine the likelihood of
interaction between CSI and ePVS on in-hospital mortality.
Interactions between CSI/ePVS categories and baseline clinical
presentations on the outcome were also tested. In addition, time-
to-event comparisons were analyzed using log rank test and
Cox proportional hazards models. Survival probabilities were
estimated using the Kaplan-Meier method and plotted as survival
curves with CSI/ePVS categories.

Furthermore, net reclassification improvement (NRI) was
used to assess the increase in discriminative value of the addition
of high CSI/high ePVS on the top of the aforementioned
covariates including clinical model (i.e., age, sex, prior HF
admission, diuretics, and CPAP) plus biological model (i.e.,
BUN, eGFR, BNP and lactate at admission). The continuous
NRI method was implemented in the survIDINRI package of
the R software (22).

A p-value < 0.05 was considered significant. No imputation
was performed. Statistical analyses were performed using the R
statistical software (3.4.0).

RESULTS

Approximately a half of the 252 included patients were male
(46.8%), mean age was 81.9 & 9.8 years, mean body mass index
was 26.7 £+ 6.4 kg/m* and 22.2% had a prior admission for
HF. Median BNP was 516 (271-1,001) pg/ml (Table 1). Median
(IQR) CSI and ePVS were 2.2 (1.8-2.5) and 4.9 (4.0-5.9) ml/g,

TABLE 2 | Logistic regression models for in-hospital mortality.

Univariable model

Multivariable model*

OR (95% CI) P-value OR (95% CI) P-value
CSI admission variables
Continuous CSl (per 0.1 increment) 1.04 (0.98-1.11) 0.19 1.05 (0.95-1.17) 0.36
High CSI vs. Low CSI 1.83 (0.95-3.61) 0.07 1.95 (0.74-5.47) 0.19
ePVS admission variables
Continuous ePVS, mi/g 1.25 (0.99-1.57) 0.54 1.30 (0.92-1.82) 0.13
High ePVS vs. Low ePVS 1.67 (0.87-3.26) 0.13 2.70 (0.99-7.88) 0.06
CSl and ePVS interplay
Low CSl and Low ePVS (Reference) (Reference)
High CSI and Low ePVS 1.20 (0.44-3.31) 0.72 0.90 (0.18-4.63) 0.89
Low CSl and High ePVS 1.07 (0.38-3.00) 0.90 1.30 (0.27-6.64) 0.74
High CSI and High ePVS 2.60 (1.10-6.51) 0.03 4.20 (1.10-19.67) 0.048
Interaction test between CSl and ePVS
Continuous 0.03
Categorical 0.22

Multivariable model included age, male, prior hospitalization for heart failure, prior use of diuretics therapy, use of continuous positive airway pressure, blood urea nitrogen, estimated

glomerular filtration rate, brain naturistic peptide, and lactate at admission.

OR, odds ratio; Cl, confidence interval; CSI, congestion score index; ePVS, estimated plasma volume status. Bold values indicated statistical significance.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

January 2022 | Volume 8 | Article 752915


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Kobayashi et al.

CSl and ePVS Predict In-Hospital-Death

respectively. There was not significant correlation between them
(Spearman rho < 0.10, p = 0.44).

Description of the Population According to
CSl and ePVS

When considering subsets of patients divided according to the
median of CSI and ePVS (Table 1), high CSI/high ePVS was
associated with a frequent use of diuretics prior to admission,
poor renal function and low partial pressure of arterial oxygen
compared with other CSI/ePVS categories. Similar results were
observed across CSI/ePVS subgroups with regard to age, sex,
body mass index, comorbidities, congestion signs and BNP.

Association of CSI/ePVS Interplay With
in-hospital Mortality

In-hospital mortality occurred in 18.0% of patients (N = 45).
By univariable logistic models, neither high admission CSI nor
ePVS was associated with a higher risk of in-hospital mortality
(all p-values > 0.05) (Table 2).

However, a significant interaction between CSI and ePVS was
observed for in-hospital mortality (p-value for interaction =
0.03). The association of CSI/ePVS-derived subsets with outcome
was consequently investigated. In univariable analysis, patients
with high CSI/high ePVS were associated with a higher risk
of in-hospital mortality [OR [95%CI] = 2.60 [1.10-6.51], p
= 0.03] compared with those with low CSI/low ePVS. After
adjustment for potential clinical covariates including BNP and
lactate, patients with high CSI/high ePVS still had a four-
fold increase in the risk of in-hospital mortality (adjusted-OR
[95%CI] = 4.20 [1.10-19.67], p = 0.048) (Figure 2). In contrast,
other configurations (either high CSI alone or high ePVS alone)
were not significantly associated with in-hospital mortality.

Similarly, the prognostic value of high CSI/ high ePVS
was consistent across subgroups of age, sex and comorbidities
(coronary artery disease, COPD) or associated diagnosis
(pneumonia, pleural effusion) or quality of chest radiogram (p-
value for interaction > 0.05; Supplementary Table 1).

When considering time-to-event analyses, prognostic value
of CSI/ePVS categories for in-hospital mortality appeared to
be more prominent after 7 days following ED admission
(Supplementary Figure 2). Patients with high CSI/high ePVS
tended to be at a higher risk of outcome after 7 days (HR [95%ClI]
=6.81[0.86-53.90], p = 0.07), but not before 7 days (HR [95%CI]
= 1.16 [0.45-3.01], p = 0.76;) (Supplementary Table 2).

Improvement in Reclassification
Associated With in-hospital Mortality

Risk prediction of in-hospital mortality as assessed by the clinical
model had moderate strength (AUC [95%CI] = 0.73 [0.63-0.83]);
the addition of biological variables on top of the clinical model
significantly improved reclassification (NRI [95%CI] = 64.0
[26.4-101.6], p < 0.001) (Figure 3). Importantly, the addition
of high ePVS/high CSI significantly improved reclassification
on top of the clinical plus biological models (NRI [95%CI]
= 46.9 [8.7-85.1], p = 0.02). The combination of clinical,
biological models and high ePVS/high CSI resulted in a high

Adjusted odds ratio for In-hospital mortality

1.30
(0.27-6.64)

v Tora :

(reference) (0.108'-9:63) i

High
Low ePVS

0

Low High

csl

FIGURE 2 | Interplay of congestion score index derived from chest
radiography and plasma volume estimated from hemoglobin/hematocrit
evaluation with high risk of in-hospital mortality. OR, odds ratio; CSl,
congestion score index; ePVS, estimated plasma volume status.

level of prediction of the risk of in-hospital mortality (AUC
[95%CI] = 0.85 [0.82-0.89]) (Figure 3).

DISCUSSION

The main findings of the present study are that (1) patients with
both high CSI and high ePVS had similar clinical congestion and
BNP concentrations than other categories of CSI/ePVS; (2) these
patients had a four-fold increased risk of in-hospital mortality,
whereas patients with either high CSI or high ePVS alone did
not display a poorer prognosis compared with those with low
CSI/low ePVS and; (3) the addition of high levels of CSI and
ePVS on top of the clinical plus biological prediction models
(i.e., age, prior HF admission, renal function, natriuretic peptide,
and lactate) was associated with a significant improvement in
reclassification for in-hospital mortality. Our results highlight
that radiographic pulmonary congestion scoring and PV
(estimated from hemoglobin/hematocrit) further refined patient
prognosis on top of well-known confounders (i.e., natriuretic
peptide and lactate), thus helping emergency physicians in
triaging high-risk acute heart failure patients admitted in the
emergency department.

Association of the Combination of CSl and
ePVS With in-hospital Mortality

This study included patients with relatively old age (mean age 82
years) and/or a comorbidity burden (i.e., hypertension, chronic
obstructive pulmonary disease), which may partly explain a high
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NRI= 94% (59 — 128)
NRI=47% (9 - 85)
(%)
85
v v
C-index
NRI= 64% (26-102) 84
(76 —92)
81
v
C-index
80
(72-89)
77
73 v v
C-index
73
(63 - 83)
69
Clinical model
Clinical + Biological model
Clinical + Biological model + high ePVS/ high CSI
FIGURE 3 | Improvement in reclassification of in-hospital mortality. Clinical
model; age, sex, prior admission of heart failure, diuretics therapy and use of
continuous positive airway pressure. Biological model; blood urea nitrogen,
estimated glomerular filtration rate, brain naturistic peptide, and lactate at
admission. NRI, net reclassification improvement; CSI, congestion score index;
ePVS, estimated plasma volume status.

rate of in-hospital death when compared with other cohorts (23-
25). Patients with high CSI/high ePVS had poorer renal function
and lower partial pressure of arterial oxygen, which may express
a more severe congestion status in these patients (2, 26, 27).
However, no difference in clinical congestion (i.e., rales and leg
edema) and natriuretic peptides was observed across CSI/ePVS
categories, suggesting that CSI/ePVS categorization goes beyond
the routine assessment of congestion markers (i.e., clinical
exam and natriuretic peptides quantification). Intriguingly, we
observed a poor correlation between CSI and ePVS, which
may be partly explained by the fact that not only fluid
accumulation - as expressed by PV- but also fluid redistribution
from splanchnic venous system may contribute to degrees of
pulmonary congestion (3, 28-30). Different interplays of CSI and
ePVS may be related to different pathophysiological scenarios.
Our results showed that only the simultaneous presence of
pulmonary and intravascular congestion (namely high CSI/high
ePVS) conferred a higher risk of in-hospital mortality, whereas

patients with only one severe congestion (pulmonary congestion
or intravascular congestion) marker had a comparable risk
of adverse outcome when compared with those without. In
previously published data, a uniform definition of congestion
not acknowledging the distinction between pulmonary and
intravascular congestion provided a limited predictive value of
congestion for in-hospital mortality (6, 7). Our results, therefore,
suggest that the initial assessment of pulmonary congestion in the
ED, based on CSI sensitized by ePVS, can provide better a risk-
stratification in patients admitted for AHF. Furthermore, worse
prognosis of high CSI/ high ePVS was likely observed after 7
days of ED admission, suggesting it may not be a marker of an
immediate risk.

Discriminative Value of CSI| and ePVS

Interplay on in-hospital Mortality

The management of AHF in the ED limits available tools
of assessing the severity of congestion. Several prognostic
markers (i.e., renal function, natriuretic peptide, and lactate)
are widely used for triage assessment, allowing a determinant
of decision-making in patients admitted for AHF in the
ED (31, 32). However, these features are not specific for
pulmonary congestion, which eventually causes acute dyspnea
in HF. Importantly, in the present study, we demonstrate the
incremental value of CSI/ePVS interplay in predicting prognosis
on top of well-known prognostic markers, suggesting the need
for the plausible assessment of congestion associated with the
occurrence of dyspnea in patients admitted for AHF.

Clinical Perspectives

More than 80% of AHF patients expressing dyspnea initially
present to the ED (33, 34). Current recommendations advocate
for initiating AHF treatment including diuretic treatment within
an hour of admission, which may potentially improve in-hospital
outcome (35, 36). However, congestion assessment tools (e.g.,
echocardiogram and lung ultrasound) may not be available to
emergency physicians in routine clinical practice (25). Therefore,
our readily and widely available method of assessing congestion,
based on chest radiography and hemoglobin/hematocrit, may
provide a better identification of patients at markedly high-risk
of ED admission. An adequately powered prospective study is
further needed to confirm its prognostic value for in-hospital
mortality in the ED.

Limitations

The results should be interpreted in light of the following
limitations. First, this is a retrospective single-center cohort
study including a moderate number of relatively old patients
(mean age 82 vyears) with a high level of comorbidity
burdens, leading to limited statistical power and possible
residual confounding. Particularly, prognostic value of ePVS/CSI
interplay was corroborated by results in logistic regression model,
but not in time-to-event analyses in which high CSI/ high ePVS
subgroup had a nominal p-value of 0.07 for high risk of outcome.
Further research with a larger sample size is needed. Second,
CSI is a semi-quantitative tool with some subjective assessment.
However, in our experience, a short training period of ~3h
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is sufficient to achieve accurate and reproducible scoring. The
prognostic value of CSI/ePVS, in addition, was not significantly
influenced by the quality of the chest radiographic images,
suggesting that our findings may apply to a broad spectrum of
clinical settings. Third, chest radiogram was generally assessed as
soon as possible after ED admission, but the exact time at which
chest radiogram was performed is lacking. We, thus, cannot
ascertain that initial therapeutic interventions (i.e., furosemide,
continuous positive airway pressure) may not impact CSI
evaluation, although this would be the case in routine ED practice
in most centers. Fourth, in addition to lack of direct measured
PV, there is no accepted normal value of ePVS; however, PV
estimated from hemoglobin/hematocrit had a good correlation
with measured PV in a recent report (37), and ePVS > 5.5
g/dl may be a useful threshold to identify congestion in HF
based on previously published data (13, 14, 38). Fifth, New York
Heart Association functional class and echocardiographic data
were not available, which could potentially have modified the
prognostic value of CSI/ePVS in adjusted models (9). However,
echocardiogram is currently scarcely available to screen high-risk
patients in the ED in most countries (35, 39).

CONCLUSION

In relatively old (mean age 82 years) patients hospitalized
for acute HF with a high level of comorbidity burdens,
pulmonary/intravascular congestion scoring categories as
assessed by CXR and ePVS had similar severity of congestion
assessed by physical examination/natriuretic peptides. However,
high CSI and high ePVS identified patients at a high-risk of
in-hospital death, improving patient-risk stratification beyond
clinical plus biological prognostic models. These results suggest
that this readily and widely available congestion assessment,
integrating chest radiography and hemoglobin/hematocrit, may
represent a valuable triage tool for patients admitted for AHF
with dyspnea in the ED.

REFERENCES

1. Bozkurt B, Coats AJS, Tsutsui H, Abdelhamid CM, Adamopoulos S, Albert
N, et al. Universal definition and classification of heart failure: a report of the
Heart Failure Society of America, Heart Failure Association of the European
Society of Cardiology, Japanese Heart Failure Society and Writing Committee
of the Universal Definition of Heart Failure: Endorsed by the Canadian
Heart Failure Society, Heart Failure Association of India, Cardiac Society of
Australia and New Zealand, and Chinese Heart Failure Association. Eur |
Heart Fail. (2021) 23:352-80. doi: 10.1002/ejhf.2115

2. Gheorghiade M, Follath E, Ponikowski P, Barsuk JH, Blair JE, Cleland JG, et al.
Assessing and grading congestion in acute heart failure: a scientific statement
from the acute heart failure committee of the heart failure association
of the European Society of Cardiology and endorsed by the European
Society of Intensive Care Medicine. Eur | Heart Fail. (2010) 12:423-33.
doi: 10.1093/eurjhf/hfq045

3. Girerd N, Seronde MF, Coiro S, Chouihed T, Bilbault P, Braun F, et al
Integrative assessment of congestion in heart failure throughout the patient
journey. JACC Heart Fail. (2018) 6:273-85. doi: 10.1016/j.jchf.2017.09.023

4. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al. 2016
ESC guidelines for the diagnosis and treatment of acute and chronic heart

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by CNIL (Number R2016-08). Written
informed consent for participation was not required for
this study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

MK and AD drafted the manuscript. NG supervised the
manuscript. All authors edited the paper and/or provided
constructive comments.

FUNDING

MK was granted by the RHU Fight-HE a public grant
overseen by the French National Research Agency (ANR) as
part of the second “Investissements d’Avenir” program (ANR-
15RHUS-0004). MK, PR, KD, NG, and FZ are supported by
the RHU Fight-HE, a public grant overseen by the French
National Research Agency (ANR) as part of the second
“Investissements d’Avenir” program (ANR-15-RHUS-0004) and
by the FrenchPIA project “Lorraine Universite d’Excellence”
(ANR-15-IDEX-04-LUE).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.
2021.752915/full#supplementary-material

failure: the task force for the diagnosis and treatment of acute and chronic
heart failure of the European Society of Cardiology (ESC) Developed with the
special contribution of the Heart Failure Association (HFA) of the ESC. Eur |
Heart Fail. (2016) 18:891-975. doi: 10.1002/ejhf.592

5. Drazner MH, Hellkamp AS, Leier CV, Shah MR, Miller LW, Russell
SD, et al. Value of clinician assessment of hemodynamics in advanced
heart failure: the ESCAPE trial. Circ Heart Fail. (2008) 1:170-7.
doi: 10.1161/CIRCHEARTFAILURE.108.769778

6. Dos Reis D, Fraticelli L, Bassand A, Manzo-Silberman S, Peschanski N,
Charpentier S, et al. Impact of renal dysfunction on the management
and outcome of acute heart failure: results from the French prospective,
multicentre, DeFSSICA  survey. BMJ Open. (2019) 9:e022776.
doi: 10.1136/bmjopen-2018-022776

7. Chioncel O, Mebazaa A, Maggioni AP, Harjola VP, Rosano G, Laroche C,
et al. Acute heart failure congestion and perfusion status - impact of the
clinical classification on in-hospital and long-term outcomes; insights from
the ESC-EORP-HFA Heart Failure Long-Term Registry. Eur J Heart Fail.
(2019) 21:1338-52. doi: 10.1002/ejhf.1492

8. Javaloyes P, Miro O, Gil V, Martin-Sanchez FJ, Jacob J, Herrero P, et al. Clinical
phenotypes of acute heart failure based on signs and symptoms of perfusion
and congestion at emergency department presentation and their relationship

Frontiers in Cardiovascular Medicine | www.frontiersin.org

January 2022 | Volume 8 | Article 752915


https://www.frontiersin.org/articles/10.3389/fcvm.2021.752915/full#supplementary-material
https://doi.org/10.1002/ejhf.2115
https://doi.org/10.1093/eurjhf/hfq045
https://doi.org/10.1016/j.jchf.2017.09.023
https://doi.org/10.1002/ejhf.592
https://doi.org/10.1161/CIRCHEARTFAILURE.108.769778
https://doi.org/10.1136/bmjopen-2018-022776
https://doi.org/10.1002/ejhf.1492
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Kobayashi et al.

CSl and ePVS Predict In-Hospital-Death

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

with patient management and outcomes. Eur ] Heart Fail. (2019) 21:1353-65.
doi: 10.1002/ejhf.1502

. Kobayashi M, Bercker M, Huttin O, Pierre S, Sadoul N, Bozec E, et al. Chest

X-ray quantification of admission lung congestion as a prognostic factor in
patients admitted for worsening heart failure from the ICALOR cohort study.
Int ] Cardiol. (2019) 299:192-8. doi: 10.1016/j.ijcard.2019.06.062

Kobayashi M, Watanabe M, Coiro S, Bercker M, Paku Y, Iwasaki Y, et al.
Mid-term prognostic impact of residual pulmonary congestion assessed by
radiographic scoring in patients admitted for worsening heart failure. Int J
Cardiol. (2019) 289:91-8. doi: 10.1016/j.ijcard.2019.01.091

Melenovsky V, Andersen MJ, Andress K, Reddy YN, Borlaug BA. Lung
congestion in chronic heart failure: haemodynamic, clinical, and prognostic
implications. Eur ] Heart Fail. (2015) 17:1161-71. doi: 10.1002/ejhf.417
Duarte K, Monnez JM, Albuisson E, Pitt B, Zannad F, Rossignol P. Prognostic
value of estimated plasma volume in heart failure. JACC Heart Fail. (2015)
3:886-93. doi: 10.1016/j.jchf.2015.06.014

Kobayashi M, Rossignol P, Ferreira JP, Aragao I, Paku Y, Iwasaki Y,
et al. Prognostic value of estimated plasma volume in acute heart
failure in three cohort studies. Clin Res Cardiol. (2018) 108:549-61.
doi: 10.1007/s00392-018-1385-1

Chouihed T, Rossignol P, Bassand A, Duarte K, Kobayashi M, Jaeger D,
et al. Diagnostic and prognostic value of plasma volume status at emergency
department admission in dyspneic patients: results from the PARADISE
cohort. Clin Res Cardiol. (2018) 108:563-73. doi: 10.1007/s00392-018-1388-y
Kobayashi M, Huttin O, Donal E, Duarte K, Hubert A, Le Breton H,
et al. Association of estimated plasma volume status with hemodynamic
and echocardiographic parameters. Clin Res Cardiol. (2020) 109:1060-9.
doi: 10.1007/500392-020-01599-9

Mottola C, Girerd N, Coiro S, Lamiral Z, Rossignol P, Frimat L, et al.
Evaluation of subclinical fluid overload using lung ultrasound and estimated
plasma volume in the postoperative period following kidney transplantation.
Transplant Proc. (2018) 50:1336-41. doi: 10.1016/j.transproceed.2018.
03.007

Chouihed T, Buessler A, Bassand A, Jaeger D, Virion JM, Nace L, et al.
Hyponatraemia, hyperglycaemia and worsening renal function at first blood
sample on emergency department admission as predictors of in-hospital death
in patients with dyspnoea with suspected acute heart failure: retrospective
observational analysis of the PARADISE cohort. BMJ Open. (2018) 8:¢019557.
doi: 10.1136/bmjopen-2017-019557

Kobayashi M, Douair A, Duarte K, Jaeger D, Giacomin G, Bassand A,
et al. Diagnostic performance of congestion score index evaluated from
chest radiography for acute heart failure in the emergency department:
a retrospective analysis from the PARADISE cohort. PLoS Med. (2020)
17:€¢1003419. doi: 10.1371/journal.pmed.1003419

McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm M, Dickstein K,
etal. ESC guidelines for the diagnosis and treatment of acute and chronic heart
failure 2012: the Task Force for the Diagnosis and Treatment of Acute and
Chronic Heart Failure 2012 of the European Society of Cardiology. Developed
in collaboration with the Heart Failure Association (HFA) of the ESC. Eur J
Heart Fail. (2012) 14:803-69. doi: 10.1093/eurheartj/ehs104

Strauss MB, Davis RK, Rosenbaum JD, Rossmeisl EC. Water diuresis
produced during recumbency by the intravenous infusion of isotonic
saline solution. J Clin Invest. (1951) 30:862-8. doi: 10.1172/JCI1
02501

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AE, 3rd, Feldman
HI, et al. A new equation to estimate glomerular filtration rate. Ann
Intern Med. (2009) 150:604-12. doi: 10.7326/0003-4819-150-9-20090505
0-00006

Uno H, Tian L, Cai T, Kohane IS, Wei L]. A unified inference procedure for
a class of measures to assess improvement in risk prediction systems with
survival data. Stat Med. (2013) 32:2430-42. doi: 10.1002/sim.5647

Chioncel O, Mebazaa A, Harjola VP, Coats AJ, Piepoli MF, Crespo-Leiro MG,
et al. Clinical phenotypes and outcome of patients hospitalized for acute heart
failure: the ESC Heart Failure Long-Term Registry. Eur | Heart Fail. (2017)
19:1242-54. doi: 10.1002/ejhf.890

Logeart D, Isnard R, Resche-Rigon M, Seronde MFE, de Groote P, Jondeau
G, et al. Current aspects of the spectrum of acute heart failure syndromes

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

in a real-life setting: the OFICA study. Eur | Heart Fail. (2013) 15:465-76.
doi: 10.1093/eurjhf/hfs189

Chouihed T, Manzo-Silberman S, Peschanski N, Charpentier S, Elbaz M,
Savary D, et al. Management of suspected acute heart failure dyspnea in
the emergency department: results from the French prospective multicenter
DeFSSICA survey. Scand ] Trauma Resuscit Emerg Med. (2016) 24:112.
doi: 10.1186/s13049-016-0300-x

Daniels LB, Maisel AS. Natriuretic peptides. ] Am Coll Cardiol. (2007) 50:2357-
68. doi: 10.1016/j.jacc.2007.09.021

Van Aelst LNL, Arrigo M, Placido R, Akiyama E, Girerd N, Zannad F, et al.
Acutely decompensated heart failure with preserved and reduced ejection
fraction present with comparable haemodynamic congestion. Eur ] Heart Fail.
(2018) 20:738-47. doi: 10.1002/ejhf.1050

Kaplan E, Puestow RC, Baker LA, Kruger S. Blood volume in congestive heart
failure as determined with iodinated human serum albumin. Am Heart J.
(1954) 47:824-38. doi: 10.1016/0002-8703(54)90154-4

Miller WL. Fluid volume overload and congestion in heart failure: time to
reconsider pathophysiology and how volume is assessed. Circ Heart Fail.
(2016) 9:¢002922. doi: 10.1161/CIRCHEARTFAILURE.115.002922

Fudim M, Hernandez AF, Felker GM. Role of volume redistribution in
the congestion of heart failure. ] Am Heart Assoc. (2017) 6:e006817.
doi: 10.1161/JAHA.117.006817

Hasin T, Zalut T, Hasin Y. Managing the patient with heart failure
in the emergency department. Eur Heart ]. (2018) 39:3493-5.
doi: 10.1093/eurheartj/ehy615

Miré O, Rossello X, Platz E, Masip J, Gualandro DM, Peacock WFE, et al. Risk
stratification scores for patients with acute heart failure in the Emergency
Department: a systematic review. Eur Heart ] Acute Cardiovasc Care. (2020)
9:375-98. doi: 10.1177/2048872620930889

Adams KE, Jr., Fonarow GC, Emerman CL, LeJemtel TH, Costanzo MR,
Abraham WT, et al. Characteristics and outcomes of patients hospitalized
for heart failure in the United States: rationale, design, and preliminary
observations from the first 100,000 cases in the Acute Decompensated
Heart Failure National Registry (ADHERE). Am Heart ]. (2005) 149:209-16.
doi: 10.1016/j.ahj.2004.08.005

Weintraub NL, Collins SP, Pang PS, Levy PD, Anderson AS, Arslanian-
Engoren C, et al. Acute heart failure syndromes: emergency department
presentation, treatment, and disposition: current approaches and future aims:
a scientific statement from the American Heart Association. Circulation.
(2010) 122:1975-96. doi: 10.1161/CIR.0b013e3181f9a223

Mebazaa A, Yilmaz MB, Levy P, Ponikowski P, Peacock WE, Laribi S, et al.
Recommendations on pre-hospital & early hospital management of acute
heart failure: a consensus paper from the Heart Failure Association of
the European Society of Cardiology, the European Society of Emergency
Medicine and the Society of Academic Emergency Medicine. Eur ] Heart Fail.
(2015) 17:544-58. doi: 10.1002/ejhf.289

Matsue Y, Damman K, Voors AA, Kagiyama N, Yamaguchi T, Kuroda
S, et al. Time-to-Furosemide treatment and mortality in patients
hospitalized with acute heart failure. ] Am Coll Cardiol. (2017) 69:3042-51.
doi: 10.1016/j.jacc.2017.04.042

Dekkers CCJ, Sjostrom CD, Greasley PJ, Cain V, Boulton DW, Heerspink
HJL. Effects of the sodium-glucose co-transporter-2 inhibitor dapagliflozin on
estimated plasma volume in patients with type 2 diabetes. Diab Obes Metab.
(2019) 21:2667-73. doi: 10.1111/dom.13855

Huang CY, Lin TT, Wu YE Chiang FT, Wu CK. Long-term prognostic value
of estimated plasma volume in heart failure with preserved ejection fraction.
Sci Rep. (2019) 9:14369. doi: 10.1038/5s41598-019-50427-2

Remme WJ, McMurray JJ, Hobbs FD, Cohen-Solal A, Lopez-Sendon J,
Boccanelli A, et al. Awareness and perception of heart failure among European
cardiologists, internists, geriatricians, and primary care physicians. Eur Heart
J. (2008) 29:1739-52. doi: 10.1093/eurheartj/ehn196

Conflict of Interest: NG receives honoraria from Novartis and Boehringer. TC
receives fees from Novartis for scientific board. FZ and PR are the cofounders
of CardioRenal. FZ reports personal fees from Boehringer Ingelheim, Janssen,
Novartis, Boston Scientific, Amgen, CVRx, AstraZeneca, Vifor Fresenius,
Cardior, Cereno pharmaceutical, Applied Therapeutics, Merck, Bayer and

Frontiers in Cardiovascular Medicine | www.frontiersin.org

January 2022 | Volume 8 | Article 752915


https://doi.org/10.1002/ejhf.1502
https://doi.org/10.1016/j.ijcard.2019.06.062
https://doi.org/10.1016/j.ijcard.2019.01.091
https://doi.org/10.1002/ejhf.417
https://doi.org/10.1016/j.jchf.2015.06.014
https://doi.org/10.1007/s00392-018-1385-1
https://doi.org/10.1007/s00392-018-1388-y
https://doi.org/10.1007/s00392-020-01599-9
https://doi.org/10.1016/j.transproceed.2018.03.007
https://doi.org/10.1136/bmjopen-2017-019557
https://doi.org/10.1371/journal.pmed.1003419
https://doi.org/10.1093/eurheartj/ehs104
https://doi.org/10.1172/JCI102501
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1002/sim.5647
https://doi.org/10.1002/ejhf.890
https://doi.org/10.1093/eurjhf/hfs189
https://doi.org/10.1186/s13049-016-0300-x
https://doi.org/10.1016/j.jacc.2007.09.021
https://doi.org/10.1002/ejhf.1050
https://doi.org/10.1016/0002-8703(54)90154-4
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002922
https://doi.org/10.1161/JAHA.117.006817
https://doi.org/10.1093/eurheartj/ehy615
https://doi.org/10.1177/2048872620930889
https://doi.org/10.1016/j.ahj.2004.08.005
https://doi.org/10.1161/CIR.0b013e3181f9a223
https://doi.org/10.1002/ejhf.289
https://doi.org/10.1016/j.jacc.2017.04.042
https://doi.org/10.1111/dom.13855
https://doi.org/10.1038/s41598-019-50427-2
https://doi.org/10.1093/eurheartj/ehn196
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Kobayashi et al.

CSl and ePVS Predict In-Hospital-Death

Cellprothera, and is a founder of Cardiovascular Clinical Trialists. PR reports
grants and personal fees from AstraZeneca, Bayer, CVRx, Fresenius, and Novartis,
personal fees from Grunenthal, Servier, Stealth Peptides, Vifor Fresenius Medical
Care Renal Pharma, Idorsia, NovoNordisk, Ablative Solutions, G3P, Corvidia
and Relypsa.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Kobayashi, Douair, Coiro, Giacomin, Bassand, Jaeger, Duarte,
Huttin, Zannad, Rossignol, Chouihed and Girerd. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

January 2022 | Volume 8 | Article 752915


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	A Combination of Chest Radiography and Estimated Plasma Volume May Predict In-Hospital Mortality in Acute Heart Failure
	Introduction
	Methods
	Study Population
	Radiographic Congestion Score Index
	Estimated Plasma Volume Status
	Statistical Analysis

	Results
	Description of the Population According to CSI and ePVS
	Association of CSI/ePVS Interplay With in-hospital Mortality
	Improvement in Reclassification Associated With in-hospital Mortality

	Discussion
	Association of the Combination of CSI and ePVS With in-hospital Mortality
	Discriminative Value of CSI and ePVS Interplay on in-hospital Mortality
	Clinical Perspectives
	Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


