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Abstract

Background

Plasma volume (PV) estimated from Duarte's formula (based on hemoglobin/hematocrit) has been
associated with poor prognosis in patients with heart failure (HF). There are, however, limited data
regarding the association of estimated PV status (ePVS) derived from hemoglobin/hematocrit with
clinical profiles and study outcomes in patients with HF and preserved ejection fraction (HFpEF).
Methods and results

Patients from North and South America enrolled in the Treatment of Preserved Cardiac Function Heart
Failure with an Aldosterone Antagonist trial (TOPCAT) with available hemoglobin/hematocrit data
were studied. The association between ePVS (Duarte formula and Hakim formula) and the composite
of cardiovascular mortality, HF hospitalization or aborted cardiac arrest was assessed.

Among 1,747 patients (age 71.6 years; males 50.1%), mean ePVS derived from Duarte formula was
4.9+1.0 ml/g. Higher Duarte-derived ePV'S was associated with prior HF admission, diabetes, more
severe congestion, poor renal function, higher natriuretic peptide level and E/e’. After adjustment for
potential covariates including natriuretic peptide, higher Duarte-derived ePV'S was associated with an
increased rate of the primary outcome [highest vs. lowest ePVS quartile: adjusted-HR (95%CI1)=1.79
(1.28-2.50), p<0.001]. Duarte-derived ePVS improved prognostic performance on top of clinical and
routine variables (including natriuretic peptides) (NRI=11, P<0.001), whereas Hakim-derived ePVS
did not (P=0.59). The prognostic value of Duarte-derived ePVS was not modified by renal function (p
interaction>0.10 for all outcomes).

Conclusion

ePVS from Duarte’s formula was associated with congestion status and improved risk-stratification,
regardless of renal function. Our findings suggest that Duarte-derived ePVS is a useful congestion

variable in patients with HFpEF.



Introduction

Patients with heart failure (HF) often present signs and symptoms of congestion, which is one
of the main causes of hospitalization. Hospitalization for worsening HF has been associated with a
higher risk of cardiovascular death * % There is a large body of literature regarding the clinical
importance of assessing and monitoring congestion repeatedly before its progression to
decompensation or during decongestion therapy * *°. However, there is little consensus among
clinicians with regard to the strategy for the quantification and monitoring of congestion. A readily
available and inexpensive monitoring tool to assess patients’ congestion status may represent a

valuable avenue of investigation.

Plasma volume (PV) is a marker of volume overload "®, and patients with decompensated HF
exhibit a 40% increase in PV compared with healthy controls °. PV may be estimated from the Duarte
formula (based on hemoglobin and hematocrit) or from the Hakim formula (based on hematocrit and
dry body weight), both of which have been reported to be associated with clinical outcomes in patients
with acute HF and HF with reduced ejection fraction (HFrEF) . However, despite published data
on the different fluid distributions between HFrEF and preserved ejection fraction (HFpEF) *"*8,
whether estimated plasma volume status (ePVS) contributes to poor clinical outcome in patients with
HFpEF has not been sufficiently investigated ** %°. Recent data showed that the Duarte formula rather
than Hakim formula was associated with left-sided hemodynamic marker of congestion %*. It is
however unclear which ePVS formula, between the Duarte formula and Hakim formula, has better risk
stratification in this setting. Furthermore, previous studies have shown a significant association

12,13, 16, 20, 22

between ePVS and renal function , although whether the prognostic value of ePVS may be

influenced by renal function is yet to be studied in HFpEF.

The main objectives of the present study were to: 1) determine the association between clinical
characteristics and other congestion variables using Duarte-derived ePVS; 2) study the association
between Duarte-derived ePVS and study outcomes; 3) compare the discriminative prognostic values of
Duarte-derived ePVS and Hakim-derived ePVS on top of the clinical model; 4) assess whether the
prognostic value of Duarte-derived ePVS is modified by renal function, i.e. the presence of chronic

kidney disease as defined by an estimated glomerular filtration rate (eGFR) below 60ml/min/1.73m?.



Methods
Study Population

The present study consists of a post-hoc analysis of data obtained in the Treatment of Preserved
Cardiac Function Heart Failure with an Aldosterone Antagonist (TOPCAT) trial #. Inclusion criteria
were age 50 years or older, >1 sign and at least one symptom of HF, left ventricular ejection fraction
(LVEF)>45%, controlled systolic blood pressure and serum potassium <5.0 mmol/L. Additional
criteria were either a history of HF hospitalization within the prior 12 months, or B-type natriuretic
peptide (BNP) >100 pg/mL or N-terminal pro-BNP (NT-proBNP) >360 pg/mL within 60 days prior to
randomization. Due to previously published regional differences in patient characteristics, outcomes,
and response to spironolactone between patients enrolled in Russia/Georgia and the Americas %, the
current study was analyzed in patients who had available hemoglobin/hematocrit data in the Americas
(United States, Canada, Brazil and Argentina). Each site approved the protocols and all patients signed
informed consent prior to randomization. This study complies with the Declaration of Helsinki and the

local Institutional Review Board has approved this research.

Estimated Plasma VVolume Status

ePV'S was calculated from the Strauss-derived Duarte formula using hematocrit and hemoglobin ** %

as follows:
ePVS (mL/g)=100 x (1-hematocrit) / hemoglobin in g/dL

The Hakim formula was also used for calculating PV estimation derived from hematocrit and

dry body weight using the following equations *:

Actual plasma volume=(1-hematocrit) x (a + b x body weight in kg)
Ideal plasma volume=c x body weight in kg

(males: a=1530, b=41.0, c=39; females; a=864, b=47.9, c=40),

ePVS=[(actual plasma volume - ideal plasma volume)/ideal plasma volume]x100.



Study Outcomes

The primary outcome of TOPCAT was the composite of cardiovascular mortality, HF hospitalization
or aborted cardiac arrest. The current analysis also included all-cause mortality, cardiovascular
mortality and HF hospitalization as previously published #. Cardiovascular mortality was defined by
any death from myocardial infarction, pump failure, sudden death, stroke, pulmonary embolism or
others. Patients hospitalized for worsening HF needed to meet at least one symptom, 2 signs of

congestion and requiring decongestion treatment.

Statistical Analysis

Categorical variables are expressed as frequencies (percentages) and continuous variables as means +
standard deviation or median (25th and 75th percentiles) according to the distribution of the variables.
Comparisons of demographic, clinical, biological and echocardiographic parameters among ePVS
quartiles were analyzed using y? tests for categorical variables and ANOVA or Kruskal-Wallis test for
continuous variables. Patients were also divided into four groups according to the categories of ePVS

and eGFR calculated by the Modification of Diet in Renal Disease formula #'.

Linear regression analyses were performed to assess the associations of clinical, biological and
echocardiographic variables with ePVS. Variables were entered into the multivariable model with
backward selection. Covariates considered to be of potential predictive impact comprised 34 baseline
patient characteristics (Supplementary table 1). These variables had a small proportion of missing
values (<10%), and no multiple imputation was performed. Internal validation of the model was
performed by bootstrapping (x200).

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 ePVS quartiles and ePVS/eGFR categories, respectively. Cox proportional hazards models
were then used to obtain unadjusted and covariate adjusted hazard ratios (HRs). Time-to-event
analysis for HF hospitalization was conducted using a competing risk model as described by Fine and
Gray %, with HF hospitalization as the outcome and all-cause mortality as the competing risk. The

covariates used for adjustment included age, sex, BMI, previous myocardial infarction, NYHA 111 or



IV, LVEF, potassium and eGFR at baseline. An additional adjustment consisting of the
aforementioned covariates plus log-transformed standardized (z-score) natriuretic peptide (i.e., BNP or
NT-proBNP) was also performed. Interactions between ePVS and eGFR on clinical outcomes were
assessed using both continuous and categorical variables.

Continuous net reclassification improvement (NRI) and integrated diagnostic improvement
(I1D1) were calculated to estimate an improvement in risk prediction of the primary outcome by the
addition of ePVS on top of the aforementioned variables .

All analyses were performed using R (R Development Core Team, Vienna, Austria). A two-

sided p-value <0.05 was considered statistically significant.

Results
Baseline Characteristics

Among the 1,747 patients included in this study, half of the patients (N=875) were male, mean
age was 71.6+9.7 years, mean BMI was 33.8+8.1 kg/m? and over half had a prior admission for HF
(58.8%) (Table 1).

Mean ePVS was 4.9+1.0 ml/g. Patients with higher ePV'S were more likely to have atrial
fibrillation, prior HF admission, more severe congestion, poorer renal function, higher natriuretic

peptide level, E/e’ and a more impaired quality of life (Table 1).

Clinical Determinants of Estimated Plasma Volume Status

In the linear regression models, poorer renal function, prior HF admission, congestion
signs/symptoms (i.e., NYHA, orthopnea, jugular venous distention and leg edema), female sex,
diabetes and use of beta-blocker remained significantly associated with higher ePVS levels (Table 2).
Similar results were obtained in considering the highest ePVS quartiles as outcome (Supplementary

table 2).



Survival Analysis

During a median follow up of 2.5 years, 29.6%, 22.0% and 22.7% of patients met the primary
outcome, all-cause mortality and HF hospitalization, respectively. The primary outcome occurred
more frequently in patients with higher ePVS (Figure 1). Compared with the lowest quartile, the
highest ePV'S quartile (>5.5ml/g) was associated with a doubling of the rates of the primary outcome
[adjusted-HR (95%CI1)=2.00 (1.55-2.59), p<0.001] (Table 3). After further adjustment for covariates
including natriuretic peptide, the highest ePVS quartiles remained significantly associated with the
primary outcome [adjusted-HR (95%Cl)=1.79 (1.28-2.50), p<0.001]. Similarly, the highest ePVS
level was associated with increased HF hospitalization rates (Supplementary table 3).

In univariable model, when compared with patients with low ePVS (<5.5ml/g) and high eGFR
(>60ml/min/1.73m2), patients with high ePVS (>5.5ml/g) with either lower eGFR (<60ml/min/1.73m?)
or higher eGFR (>60ml/min/1.73m2) had a significantly higher risk of the primary outcome
[respectively HR (95%CI)=2.65 (2.08-3.37), p<0.001; HR (95%CI1)=1.90 (1.41-2.55), p<0.001]. After
adjusting for potential confounders including natriuretic peptide, patients with high ePV'S expressed an
increased risk of similar magnitude for the primary outcome in patients with lower and higher eGFR
(Table 3). Concordantly, patients with higher ePVS were associated with a higher risk of other clinical
outcomes irrespective of eGFR level (Supplementary table 3).

There was no significant interaction between ePVS and eGFR on study outcomes (all-P
interaction>0.1). In addition, no interaction was found between ePV'S and spironolactone (all-P

interaction>0 . 1) '

Estimated Plasma Volume Status on Top of the Clinical Models

In the current analysis, patients in the highest quartile of Duarte-derived ePVS (>5.5ml/g) had
a worse prognosis. The addition of Duarte-derived ePVS (>5.5ml/g) significantly improved
reclassification [NRI (95%CI)=10.1 (3.2-16.5), p=0.004 and IDI (95%Cl)=1.3 (0.4-2.7), p<0.001] on
the aforementioned potential covariates, whereas the addition of higher Hakim-derived ePVS (>0%)

did not (Figure 2 & Supplementary table 4). Furthermore, Duarte-derived ePVS still significantly



improved reclassification [NRI (95%CI)=10.3 (2.9-18.5), p<0.001 and IDI (95%CI)=0.80 (0.01-2.10),

p=0.04] on top of a model containing the Hakim-derived ePVS and baseline clinical variables.

Discussion

The present study investigated the clinical and prognostic impact of Duarte-derived ePVS in
patients with HFpEF. Our main findings were; 1) higher Duarte-derived ePVS was associated with a
more severe congestion status; 2) higher Duarte-derived ePVS was independently associated with a
higher-risk of study outcomes; 3) the Duarte-derived ePVS prognosis value persisted irrespective of
renal function; 4) Duarte-derived ePVS significantly improved risk-stratification on top of clinical and
routine biological variables (including natriuretic peptides), whereas the Hakim-derived ePVS did not.
Our findings suggest that PV estimated from the Duarte formula may provide better patient risk
stratification than the Hakim formula in patients with HFpEF.
Duarte-Derived Estimated Plasma Volume Status as a Better Prognostic Marker

In the present analysis, median Duarte-derived ePVS was 4.9+1.0 ml/g, which is in line with
previous reports ** ***°_Our results furthermore showed that Duarte-derived ePVS was associated
with the primary outcome. In a previous post-hoc analysis of TOPCAT, ePVS values were calculated
based on the Hakim formula in 3,414 patients with CHF and LVEF>45% %. Within 5 years (during
which 19.2% of patients met the primary outcome), higher ePVS (>0%) was significantly associated
with a higher incidence of the primary outcome. However, given the well-known regional differences
in the TOPCAT trial #, analyzing the individuals enrolled in the Americas has proven to be more
informative. In this latter subset, and contrary to the results herein using the Duarte-derived formula,
higher ePVS was not significantly associated with study outcomes in multivariable Cox models
adjusted for natriuretic peptide (e.g. HR=1.06 (0.98 - 1.16) p=0.17 for the primary endpoint). In a
previous report assessing the association between Duarte-derived ePVS and the composite of HF
hospitalization or all-cause mortality in 449 patients with HFpEF", after a median follow-up of 10.7
years, the best-cut off point, ePVS>5.5ml/g, was found to associated with poor outcomes (21.6% of
patients died and 24.7% had HF hospitalization)™. However, the analyses were not adjusted for

natriuretic peptide, which could result in residual confounding.



To the best of our knowledge, the present study is the first to assess the prognostic/risk-
stratification value of Duarte-derived ePVS and Hakim-derived ePV'S on top of clinical and routine
biological covariates (including natriuretic peptides). By demonstrating a significant reclassification
improvement of ePVS derived from Duarte formula but not Hakim formula, our findings suggest a
better prognostic utility of Duarte-derived ePVS in patients with HFpEF. The main difference in the
aforementioned ePV'S formulas is the use of dry body weight in the Hakim formula. Given the
complex interplay between congestion and cardiac cachexia in patients with HF *-*!, dry body weight

may represent a difficult variable to assess and could introduce major bias in the formula.

Previous reports have shown different fluid profiles between patients with HFpEF and HFrEF
3233 Miller et al. compared body fluid profiles measured using the **'I-labeled albumin method
between patients with HFpEF and HFrEF *'. Their results showed that patients with HFpEF had a
higher interstitial fluid volume with higher body weight compared with those with HFrEF, suggesting
greater extravascular volume distribution in patients with HFpEF. These results may explain why dry

body weight is less associated with PV in patients with HFpEF, leading to the limited prognostic value

of the Hakim-derived ePVS in this setting.

Duarte-Derived ePVS as a Congestion Marker and its Interplay with Renal Function

In the current study, patients with higher Duarte-derived ePVS were associated with a more
severe congestion status as assessed by clinical variables (NYHA I11 or IV, orthopnea, jugular venous
distention and leg edema), NT-proBNP and E/e’. These results support the premise that ePVS derived
from hemoglobin/hematocrit is an integrative congestion marker in HFpEF. Previous studies assessing
the change in hemoglobin or hematocrit showed an association with clinical assessments of congestion
%435 Recent reports also showed a significant association of hemoglobin with biological, ultrasound or
radiographic measures of congestion in ambulatory HF patients with fewer signs/symptoms of
congestion *"*, Hemoglobin itself is thus likely to be the preferred marker with high sensitivity for
the assessment or monitoring of congestion in conjunction with lung ultrasound or natriuretic peptide

3% Furthermore, a recent meta-analysis assessed the association between clinical profiles and
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measured blood volume components in 368 patients with HF. Their results showed that hemoglobin
was significantly associated with measured PV, but not with blood volume *°. These findings further
strengthen that Duarte-derived ePV'S could potentially become an easy-to-use and promising
assessment tool for evaluating congestion/plasma volume in patients with HF.

Renal functional deterioration enhances neurohormonal activation, leading to increased PV
values **. Renal venous congestion due to increased PV has been implicated in the pathogenesis of
renal impairment 2 \whereas decreased PV, similar to hemoconcentration, is also associated with
worsening renal function **, Despite this reported intimate relationship between PV and renal
function, we did not find any statistical interaction between ePVS and eGFR with regard to study
outcomes. Our observations thus suggest that Duarte-derived ePVS may help clinicians in better

identifying patients at higher risk of cardiovascular events regardless of renal function.

Clinical perspective

Hemodynamic congestion begins gradually and ultimately results in symptomatic congestion
and/or urgent hospitalization. Close biological monitoring of congestion may therefore provide better
stratification of patient risk. Accordingly, plasma volume, estimated from hemoglobin/hematocrit
using Duarte’s formula, may represent an easy-to-use marker in patients with HFpEF in clinical

routine.

In the present study, the highest quartile of PV estimated from Duarte's formula (>5.5ml/g)
appeared to drive a higher risk of study outcomes regardless of renal function. This threshold for the
prognostic value of ePV'S (>5.5ml/g) is in keeping with recent data regarding ePVS in patients with
acute or chronic HF ' Further studies are needed to determine whether this threshold may help

optimize decongestion therapy and the monitoring of ambulatory patients.

Limitations

The present study has several limitations. This is a post-hoc analysis of the TOPCAT trial and
thus, given its inherent limitations, we are unable to infer causality nor exclude residual confounders.

First, no direct measurement of PV was performed by conventional radioisotope-labeled albumin or
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red blood cell assays, although these techniques are relatively impractical in routine clinical practice
given their high cost and technical requirements. Second, we did not have access to serial
hemoglobin/hematocrit measurements. Changes in ePVS, especially by the effect of mineralocorticoid
receptor antagonist, may also provide good patient risk stratification **. Third, we cannot exclude
analytical or laboratory variability introduced by natriuretic peptide measured at the clinical site

laboratories.

Conclusion

Duarte-derived ePV'S appears as an integrative congestion variable capable of improving
patient risk-stratification, whereas the Hakim-derived ePVS did not. Duarte-derived ePVS provided
prognostic information irrespective of renal function. Our findings suggest that ePVS derived from
hemoglobin/hematocrit alone could be clinically useful for quantifying congestion status in patients

with HFpEF.
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Table 1. Baseline Characteristics according to Quartiles of Duarte-Derived Estimated Plasma
Volume Status
Values are expressed as mean £SD, n (%) or median (25th to 75th percentile)

ePVS, estimated plasma volume status; HF, heart failure; NYHA, New York Heart Association; BP, blood pressure; LVEF,
left ventricular ejection fraction; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; eGFR,
estimated glomerular filtration rate; BNP, brain natriuretic peptide; NT-proBNP, N-terminal-pro brain natriuretic peptide;
LVM, left ventricular mass; LAV, left atrial volume; GLS, global longitudinal strain; KCCQ, Kansas City Cardiomyopathy
Questionnaire.

* p-value adjusted for age and sex at entry.

**Natriuretic peptide z-score was calculated using both BNP and NT-proBNP.

Table 2. Multivariable Model of the Association between Clinical Profiles and Estimated Plasma
Volume Status (per 1ml/g)

Cl, confidence interval; HF, heart failure; NYHA, New York Heart Association; eGFR, estimated glomerular filtration rate;
KCCQ, Kansas City Cardiomyopathy Questionnaire.

Table 3. Cox Proportional Hazard Model of Duarte-Derived Estimated Plasma Volume Status for the
Primary Outcome

Model 1, univariable model.

Model 2, adjusted for age, female gender, body mass index, previous myocardial infarction, left ventricular ejection fraction,
New York Heart Association Il or 1V, potassium and estimated glomerular filtration rate at baseline.

Model 3, adjusted for covariables in Model 2 plus natriuretic peptide (BNP or NT-proBNP) transformed by z-score.

HR, hazard ratio; CI, confidence interval; ePVS, estimated plasma volume status; eGFR, estimated glomerular filtration rate.
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Table 1. Baseline Characteristics according to Quartiles of Duarte-Derived Estimated Plasma

Volume Status

ePVS quartiles

QliaZFlllg " ?Tg r—tlzlf729’ ??g r—tIISe.S% Qu>agt.|5I8 + p-value AdeSteS
(N=438) (N=437) (N=437) (N=435) p-value
Age, yrs 70.2+9.5 719+9.7 723+9.5 72.0+9.8 0.005 —
Female gender, N (%) 145 (33.1 %) 219 (50.1 %) 238 (54.5 %) 270 (62.1 %) <0.0001 —
Body mass index, kg/m? 33875 33174 339+8.38 34.2 +£8.6 0.24 0.14
Obesity, N (%) 283 (65.1 %) 278 (63.8 %) 276 (63.2 %) 284 (65.7 %) 0.85 0.87
Medical history, N (%0)
Hypertension 389 (88.8 %) 391 (89.5 %) 393 (90.1 %) 399 (91.7 %) 0.52 0.64
Diabetes 142 (32.4 %) 181 (41.4 %) 208 (47.7 %) 248 (57.0%)  <0.0001  <0.0001
Atrial fibrillation 206 (47.0 %) 185 (42.3 %) 190 (43.6 %) 156 (35.9 %) 0.008 0.004
Myocardial infarction 89 (20.3 %) 83 (19.0 %) 86 (19.7 %) 100 (23.0 %) 0.49 0.10
Prior HF hospitalization 234 (53.4 %) 242 (55.4 %) 268 (61.5 %) 284 (65.3 %) 0.001 <0.0001
Clinical profile
NYHA HI1+IV, N (%) 128 (29.3 %) 131 (30.0 %) 150 (34.3 %) 202 (46.7%)  <0.0001  <0.0001
Orthopnea, N (%) 110 (25.5 %) 107 (24.9 %) 149 (34.3 %) 173 (40.0%)  <0.0001  <0.0001
Jugular venous distention, N (%) 63 (15.3 %) 65 (15.6 %) 77 (18.8 %) 92 (22.6 %) 0.02 0.03
Leg edema, N (%0) 285 (65.2 %) 316 (72.3 %) 318 (72.8 %) 329 (75.6 %) 0.006 0.001
Systolic BP, mmHg 126.4 £15.0 128.4£16.5 126.6 £ 15.8 128.6 £16.1 0.08 0.18
Heart rate, bpm 69.5+115 69.2 +11.0 68.5+£11.5 68.7 £12.2 0.54 0.39
LVEF, % 58.1+7.6 58.0+8.1 579+75 58.8+7.9 0.36 0.24
Medications, N (%0)
ACEI/ARB 349 (79.7 %) 332 (76.0 %) 335 (76.7 %) 352 (80.9 %) 0.23 0.27
Beta-blocker 332 (75.8 %) 327 (74.8 %) 344 (78.7 %) 360 (82.8 %) 0.02 0.003
Calcium channel blocker 139 (31.7 %) 182 (41.6 %) 163 (37.3 %) 185 (42.5 %) 0.004 0.009
Loop diuretics 374 (85.4 %) 380 (87.0 %) 402 (92.0 %) 391 (89.9 %) 0.01 0.007
Spironolactone 212 (48.4 %) 234 (53.5 %) 221 (50.6 %) 210 (48.3 %) 0.36 0.38
Laboratory findings
Hemoglobin, g/dl 15.0+0.9 134+04 123+04 10.8+0.8 <0.0001 <0.0001
Sodium, mmol/l 139.8+3.0 139.9+3.0 1395+3.1 139.5+34 0.22 0.09
Potassium, mmol/I 42+04 42+04 42+04 42+04 0.61 0.63
Blood urea nitrogen, mg/dl 17.0+13.6 19.3+135 23.0+15.0 25.6+15.9 <0.0001 <0.0001
eGFR, ml/min/1.73m? 69.4+21.1 67.1+22.4 61.7£20.3 59.3+20.7 <0.0001 <0.0001
Natriuretic peptide z-score* (N=1,046) -02+1.0 -0.0+0.9 00£1.0 02+11 0.003 0.001
BNP, pg/ml (N=690) (145 ‘-1%110) (155 ?3123) (154% ??141) (165’ (-)5566) 0.09 0.041
NT-proBNP, pg/ml (N=356) (5009-O f404) (5288-85665) (6049-13424) (631l ‘-1521582) 0.01 0.08
Echocardiography
LVM index, g/m? (N=635) 110.0+30.1 108.9 +£33.5 109.2 + 30.4 112.6 +£30.9 0.69 0.20
LAV index, mm®/m?2 (N=575) 30.4+10.5 325+16.0 31.0+£13.7 30.9+135 0.61 0.76
E/A ratio (N=397) 1.3£0.8 1.4+£0.7 14+07 14+07 0.85 0.75
E/e’ ratio (N=275) 11.7+54 152+6.9 141+5.38 16.0+5.5 0.0005 0.0007
GLS (N=333) -15.1+3.2 -15.1+38 -15.2+34 -16.4 +3.3 0.047 0.09
KCCQ overall score 62.1+23.4 59.9+231 57.8+£225 52.8 +23.7 <0.0001 <0.0001




Table 2. Multivariable Model of the Association between Clinical Profiles and Estimated
Plasma Volume Status (per 1ml/g)

R2=0.16

Beta 95% ClI p-value
(Constant) 441 3.76 - 5.05 <0.001
Age, yrs (per 5 yrs) 0.04 0.01-0.07 0.006
Female gender 0.42 0.32-0.52 <0.001
Body mass index -0.01 -0.02 - -0.003 0.004
Diabetes 0.32 0.22-0.43 <0.001
Atrial fibrillation -0.13 -0.23--0.03 0.009
Prior HF hospitalization 0.25 0.15-0.35 <0.001
Coronary artery revascularization 0.15 0.04 - 0.25 0.008
NYHA Ill or IV 0.13 0.02-0.24 0.018
Orthopnea 0.13 0.02-0.24 0.019
Jugular venous distention 0.17 0.04 -0.30 0.011
Leg edema 0.16 0.06 - 0.27 0.003
Use of Beta-blocker 0.17 0.05-0.29 0.005
eGFR, ml/min/1.73m2 (per 5ml/min/1.73m?2) -0.03 -0.04 - -0.02 <0.001

KCCQ overall summary score (per 5) -0.02 -0.03--0.01 <0.001




Table 3. Cox Proportional Hazard Model of Duarte-Derived Estimated Plasma Volume Status for the Primary Outcome

Primary endpoint Model 1 Model 2 Model 3
HR 95% ClI p-value HR 95% ClI p-value HR 95% ClI p-value
ePVS Continuous (per 1ml/g) 133 124-144 <0.001 127 1.18-1.37 <0.001 123 1.10-1.37 <0.001
ePVS Categorical
Q1 (reference) (reference) (reference)
Q2 1.02 0.78-1.35 0.87 1.07 081-141 0.63 115 0.80-1.65 0.44
Q3 140 1.08-1.82 0.01 139 1.07-1.80 0.01 125 0.88-1.78 0.22
Q4 216 1.69-2.75 <0.001 200 1.55-259 <0.001 179 1.28-250 <0.001
ePVS and eGFR interplay
ePVS<5.5 ml/lg & eGFR>60 ml/min/1.73m2 (reference) (reference) (reference)
ePVS<5.5 ml/g & eGFR<60 ml/min/1.73m2z 153 1.23-1.89 <0.001 128 0.94-175 0.12 199 1.31-3.00 0.001
ePVS>5.5 miig & eGFR>60 ml/min/1.73m2 190 1.41-255 <0.001 183 1.35-247 <0.001 200 1.36-2092 <0.001
ePVS>5.5 ml/g & eGFR<60 ml/min/1.73m?z 2.65 2.08 —3.37 <0.001 213 1.51-3.00 <0.001 259 1.63-4.11 <0.001
p-value for interaction
with eGFR
Continuous 0.45
Categorical 0.65
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Graphic abstract

| STUDY DESIGN

RESULTS

1,747 patients with HFpEF in the TOPCAT Americas

Duarte-derived ePVS
ePVS (mL/g) = (1-Hct) / Hb x 100

Hakim-derived ePVS

Actual PV (mL) ={1-Hct) = (a + b = body weight)
Ideal PV (mL) =c = body weight
ePVs (%) =[(actual PV -ideal PV)/ideal PV]x100

(male; a=1530, b=41.0, c=39: female; a=864, b=47.9, c=40)

Prediction of cardiovascular outcomes in patients
with HFpEF with plasma volume estimation

OBJECTIVE

1) To study associations of Duarte-derived ePVS with clinical
characteristics and outcomes

2) To compare the discriminative prognosticvalues of Duarte-
derived ePVS and Hakim-derived ePVS on top of the clinical
model

| Clinical prediction model

Duarte formula

+ePVS>5.5ml/g

NRI=11 (2 to 20)
P<0.001

Hakim formula
+ ePV5>0%

NRI=2 (-7 to 12)
p=0.59

| Clinical and plasma volume prediction model
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Figure 1. Kaplan-Meier Survival Curves for the Primary Outcome according to Estimated
Plasma Volume Status

Higher ePVS increases the risk of major cardiovascular events, and the combination of ePVS and eGFR was associated
with a higher risk of cardiovascular events.

Estimated plasma volume status (ePVS): Quartile 1, <4.15 ml/g; Quartile 2, 4.15-4.79 ml/g; Quartile 3, 4.79-5.50 ml/g;
Quartile 4, >5.50 ml/g.

ePVS, estimated plasma volume status; eGFR, estimated glomerular filtration rate.

Figure 2. Comparison of the Discriminative Values of Plasma Volume Estimated from the Duarte and
Hakim Formulas for the Primary Outcome

PV estimated from Duarte formula improved prognostic performance on top of clinical and routine variables (including
renal function and natriuretic peptides), whereas PV estimated from Hakim formula did not.

BMI, body mass index; MI, myocardial infarction; LVEF, left ventricular ejection fraction; NYHA, New York Heart
Association; eGFR, estimated glomerular filtration rate; BNP, B-type natriuretic peptide; NT proBNP, N-terminal pro-B-
type natriuretic peptide; ePVS, estimated plasma volume status; NRI, net reclassification improvement.
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Figure 1. Kaplan-Meier Survival Curves for the Primary Outcome according to Estimated Plasma Volume Status
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Figure 2. Comparison of the Discriminative Values of Plasma Volume Estimated from the Duarte and
Hakim Formulas for the Primary Outcome

age, sex, BMI, prior MI, LVEF, NYHA Il or IV, potassium, eGFR and natriuretic
peptide (BNP or NT-proBNP)

+ ePVS>5.5 ml/g + ePVS>0%
(Duarte) (Hakim)
NRI=11 (2 to 20) NRI=2 (-7 to 12)
P<0.001 p=0.59

v v

age, sex, BMI, prior MI, LVEF, NYHA Il or IV, potassium, eGFR and natriuretic
peptide (BNP or NT-proBNP)

+ ePVS>5.5 ml/g + ePVS>0%
(Duarte) (Hakim)

+ ePVS>0% + ePVS>5.5 ml/g
(Hakim) (Duarte)
NRI=6 (-9 to 14) NRI=10 (3 to 19)
p=0.44 P<0.001




Supplementary table 1. Candidate Clinical Variables Predicting Duarte-Derived Estimated Plasma Volume Status

Variables % missing Variables % missing Variables % missing
value value value

Age 0 Clinical profiles Laboratory findings
Female 0 NYHA Il or IV 0.2 White blood cell 0.2
Body mass index 0.4 Orthopnea 1.1 Alkaline phosphatase 11
Medical history Jugular venous distention 5.9 Albumin 5.9

Hypertension 0.1 Leg edema 0.1 Sodium 0.1

Diabetes 0.1 Systolic BP 0.1 Potassium 0.1

Dyslipidemia 0.1 Heart rate 0.2 eGFR 0.2

Use of Insulin 0.1 Left ventricular ejection fraction 0 KCCQ overall score 0

Atrial fibrillation 0.1 Medications 0

Previous myocardial infarction 0.1 ACEi or ARB 0

Coronary artery revascularization 0.1 Beta-blocker 0

Prior HF admission 0.1 Calcium channel blocker 0

Stroke 0.1 Loop diuretics 0

Peripheral artery disease 0.1 Spironolactone 0

Chronic obstructive pulmonary disease 0.1

HF, heart failure; NYHA, New York Heart Association; BP, blood pressure; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; eGFR, estimated
glomerular filtration rate; KCCQ, Kansas City Cardiomyopathy Questionnaire.
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Supplementary table 2. Multivariable Model for the Association between Clinical Profiles and

the Highest Quartile of Estimated Plasma Volume Status (>5.5 ml/g)

OR 95% CI p-value
Age>75yrs 1.33 1.04-1.70 0.02
Female 1.85 1.46-235  <0.001
Diabetes 1.88 1.47-241  <0.001
Prior HF hospitalization 1.23 0.96 - 1.58 0.10
NYHA Ill or IV 1.65 1.30-2.10  <0.001
Systolic BP>110mmHg 0.69 0.46 - 0.99 0.05
Albumin >3.7mg/dI 2.27 1.78-290  <0.001
eGFR >60ml/min/1.73m?2 0.68 0.53-0.86 0.001

OR, odd ratio; CI, confidence interval; HF, heart failure; NYHA, New York Heart Association; BP, blood pressure;

eGFR, estimated glomerular filtration rate.
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Supplementary table 3. Cox Proportional Hazards Models of the association between Estimated Plasma
Volume Status and Clinical Outcomes

All-cause mortality Model 1 Model 2 Model 3
HR 95% CI p-value  Categorical 95% CI p-value HR 95% CI p-value
ePVS Continuous (per 1ml/g) 125 1.14-1.37 <0.001 1.21 1.10-1.32 <0.001 1.07 0.94-1.22 0.29
ePVS Categorical
Q1 (reference) (reference) (reference)
Q2 092 0.68-1.27 0.62 0.94 0.68 - 1.29 0.69 081 054-1.23 0.33
Q3 145 1.09-1.93 0.011 1.41 1.05-1.89 0.02 1.06 0.72-1.57 0.76
Q4 1.60 1.20-2.12 0.001 1.52 1.13-2.05 0.005 1.04 0.71-154 0.83
ePVS and eGFR interplay
ePVS<5.5 & eGFR>60 (reference) (reference) (reference)
ePVS<5.5 & eGFR<60 186 1.45-2.38 <0.001 1.46 1.02-2.10 0.04 212 1.28-3.49 0.003
ePVS>5.5 & eGFR>60 157 1.09-2.26 0.02 1.59 1.10-2.31 0.01 161  0.99-2.60 0.051
ePVS>5.5 & eGFR<60 229 171-3.07 <0.001 1.82 1.21-2.74 0.004 200 1.13-351 0.02
p-value for interaction with eGFR
Continuous 0.52
Categorical 0.30
CV mortality Model 1 Model 2 Model 3
HR 95% ClI p-value HR 95% ClI p-value HR 95% ClI p-value
ePVS Continuous (per 1ml/g) 122 1.08-1.38 0.001 1.18 1.04 - 1.33 0.01 1.09 0.92-1.29 0.34
ePVS Categorical
Q1 (reference) (reference) (reference)
Q2 0.93 0.62-1.40 0.74 0.93 0.62 - 1.40 0.72 0.66  0.38-1.16 0.14
Q3 136 0.94-1.99 0.11 1.29 0.88-1.90 0.19 086 0.51-1.46 0.57
Q4 153 1.05-2.21 0.03 1.39 0.95 - 2.06 0.09 1.004 0.61-1.66 0.99
ePVS and eGFR interplay
ePVS<5.5 & eGFR>60 (reference) (reference) (reference)
ePVS<5.5 & eGFR<60 1.95 1.41-2.69 <0.001 1.61 0.99 - 2.59 0.052 290 1.49-5.65 0.002
ePVS>5.5 & eGFR>60 152 0.93-248 0.09 1.51 0.91-2.49 0.11 202 1.06-3.84 0.03
ePVS>5.5 & eGFR<60 222 150-3.29 <0.001 1.82 1.05-3.14 0.03 261  1.22-555 0.01
p-value for interaction with eGFR
Continuous 0.59
Categorical 0.36
HF hospitalization* Model 1 Model 2 Model 3
HR 95% CI p-value HR 95% ClI p-value HR 95% CI p-value
ePVS Continuous (per 1ml/g) 140 1.30-152 <0.001 1.33 1.22-1.45 <0.001 1.32 1.18-1.49 <0.001
ePVS Categorical
Q1 (reference) (reference) (reference)
Q2 115 0.83-1.59 0.39 1.21 0.88 - 1.68 0.25 144  0.94-2.20 0.10
Q3 145 1.07-1.97 0.02 1.41 1.03-1.93 0.03 142 093-2.18 0.11
Q4 258 1.95-3.43 <0.001 2.36 1.75-3.17 <0.001 234  157-3.47 <0.001
ePVS and eGFR interplay
ePVS<5.5 & eGFR>60 (reference) (reference) (reference)
ePVS<5.5 & eGFR<60 135 1.05-1.74 0.02 1.14 0.79 - 1.64 0.48 143 0.89-2.30 0.14
ePVS>5.5 & eGFR>60 1.99 1.43-2.77 <0.001 1.85 1.32-2.58 <0.001 178 116-2.72 0.01
ePVS>5.5 & eGFR<60 289 221-3.78 <0.001 2.30 1.56 - 3.39 <0.001 257 154-4.28 <0.001
p-value for interaction with eGFR
Continuous 0.25
Categorical 0.73

Model 1, univariable model.

Model 2, adjusted for age, female, body mass index, previous myocardial infarction, left ventricular ejection fraction, New Y ork

Heart Association of I11 or IV, potassium and estimated glomerular filtration rate at baseline.

Model 3, adjusted for covariables in Model 2 plus natriuretic peptide (BNP or NT-proBNP) transformed by z-score.

*Time-to-event analysis was performed using the Fine-Gray competing risk model with HF hospitalization as outcome
event and all-cause mortality as competing risk.

HR, hazard ratio; CI, confidence interval; ePVS, estimated plasma volume status; eGFR, estimated glomerular filtration

rate; CV, cardiovascular.
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Supplementary table 4. Comparison of Discriminative Values of Estimated Plasma Volume Status according the Duarte and Hakim formulas on the
Top of Clinical Covariates for the Primary Outcome

NRI (95%Cl) p-value IDI (95%CI) p-value
ePVS>5.5 ml/g on the top of clinical variables* 11.0 (2.0 -19.6) <0.001 0.70 (0.01 - 2.20) 0.04
by Duarte formula  on the top of clinical variables* + ePVS>0% by Hakim 10.3 (2.9 - 18.5) <0.001 0.80 (0.01 - 2.10) 0.04
ePVS>0% on the top of clinical variables* 21(-7.4-11.7) 0.59 -0.01 (-0.11 - 0.56) 0.99

by Hakim formula  on the top of clinical variables* + ePVS>5.5 ml/g by Duarte 5.8 (-8.5 - 14.03) 0.44 0.10 (-0.05 - 1.15) 0.24

*clinical variables included age, sex, body mass index, prior myocardial infarction, left ventricular ejection fraction, New York Heart Association class of 111 or IV,
potassium, estimated glomerular filtration rate and natriuretic peptide (z-score) at baseline.

NRI, net reclassification improvement; I1DI, integrated discrimination index; Cl, confidence interval; ePVS, estimated plasma volume status.



