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Abstract
Objectives: Assess the impact of volume-kidney interactions on 
outcomes in clinically “euvolemic” chronic heart failure (HF) 
patients with co-existing chronic kidney disease (CKD).  

Background: Cardio-renal interactions are complex and 
bi-directional and may in part be mediated by the extent of 
intravascular volume overload. The impact of subclinical volume 
expansion on outcomes in HF patients with CKD has not been 
previously examined. 

Methods: Plasma volume (PV) was prospectively measured in 
110 stable HF patients with varying degrees of CKD using a 
standardized radiolabeled albumin indicator-dilution technique. 
To examine the interactive roles of volume expansion and CKD the 
cohort was dichotomized by median PV and then further stratified 
by cohort median creatinine (sCr), eGFR, and BUN and analyzed 
for outcomes of HF-related mortality or 1st hospitalization using 
Kaplan-Meier method.

Results: Subclinical volume overload was demonstrated in 76% of 
the cohort.  Over 1.5 years, sCr and BUN above and eGFR below 
cohort median values identified highest risk for the composite 
end-point but only in severe PV expansion (≥ median expansion 
of +26%) (p=0.02). In normal to moderate PV expansion (<+26% 
expansion) worse renal function was not associated with increased 
risk (p=0.578).

Conclusions: In clinically stable chronic HF patients with 
co-existing CKD, subclinical PV expansion is common, and 
importantly the extent of PV expansion impacts outcomes 
including early HF mortality. However, better kidney function 
mitigates the deleterious effects of severe PV expansion, while 
mild-moderate expansion balances the risks of worse renal 
function. Thus, volume-kidney interactions are complex with 
volume status modulating the impact of CKD on outcomes in 
chronic HF. 
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Figure 1A
Risk Stratifi cation by Median Serum Creatinine 

in Chronic Heart Failure Patients with 
Severe Plasma Volume Expansion 

(PV ≥ Median of +26% Above Normal Volume)

Time to HF death or 1st HF-related 
hospitalization (years)
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Log-rank P=0.017
Wilcoxon P=0.020
n=55

sCr ≥1.4 mg/mL

sCr <1.4 mg/mL

RR 2.88 (1.17, 8.08) p=0.02

No. at risk
26 24 18                               11
29 21 16 13

W Miller, 2018

Table 1. Clinical and Demographic Characteristics (N=110)
Variable

Age, years 64±13
Gender, female/male 31/79
Body Mass Index, kg/m² 32±8
Systolic blood pressure, mm Hg 112±18
Duration of Heart Failure, months 44±30
LVEF, % 
Range

36 ±17
14 to 70

Diabetes, % 40%
Hypertension, % 61%
Coronary artery disease, % 49%
Atrial fi brillation, % 49%
Hemoglobin, g/dL 12.4±2.1
Hematocrit, % 37±6
Serum creatinine, mg/dL 1.6±0.8 

1.4 (1.1,1.8)
eGFR, mL/min/1.72m2     54±24 

51 (34,  72)
BUN, mg/dL 36±23 

29 (19, 46)
Plasma Albumin, g/dL 3.8±±0.6
Plasma glucose, mg/dL 116±32
NT-proBNP, pg/mL 3412(1175, 7506)

Mean ± SD, median with 25th, 75th percentile, or percent  in category
W Miller, 2018
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Background
• Persistent volume overload congestion and renal dysfunction 

have been hallmarks of poor outcome and shown to be signifi cant 
prognostic factors in patients with chronic heart failure (HF).

• However, how the heterogeneity in intravascular volume plays a 
role in this cardio-renal interaction is  not defi ned. 

• Whether volume interacts with renal function or markers of renal 
function to exacerbate or mitigate the risk associated with chronic 
kidney disease (CDK) in patients with HF remains an incompletely 
understood issue. 

• Therefore, we sought to assess the outcomes contribution 
of intravascular volume status (mild-moderate vs. severe PV 
expansion) to the modulation of CKD-related risk markers in 
patients with chronic HF.   

Study Hypothesis
• The relative extent of PV expansion will impact the risk prediction capability 

of parameters of renal function - serum creatinine level, eGFR, BUN, and                                                                                      
NT-proBNP in patients with heart failure.

• Renal function parameters would stratify risk only in patients with severe PV 
expansion.

• Renal function parameters would not be predictive of risk in patients with lesser 
degrees of PV expansion (<+26%).

Methods – Study Design
• Plasma volume was measured in 110 non-consecutive clinically stable Class III-

IVa chronic heart failure patients.

• Median plasma volume  for the patient cohort was  +26% above expected 
normal volume (severe PV expansion) 

 - Study duration was 1.5 years

• Patients stratifi ed above and below the median 

 - PV expansion (+26%) and then by median sCr (1.4mg/dL), eGFR (51ml/
min/1.73m²), BUN (29mg/dL), and NT-proBNP (3412 pg/mL) as clinical 
biomarkers of renal function and volume status.

Results

Table 2. Intravascular Volume Profi les 
(N=110)

Variable

Plasma Volume, Liters 
Range

4.3±1.1 
2.4 to 7.4

PV, % Excess/Defi cit 
Range

+31.0±25.3% 
-12% to +100.5%

RBCM, Liters 
Range

2.2 ± 0.7 
0.83 to 5.1

RBCM, % Excess/Defi cit 
Range

+3.1±25.7% 
-38% to +100.6%

TBV, Liters 
Range

 6.5±1.6 
3.2 to 10.1

TBV, % Excess/Defi cit 
Range

+20.3±21% 
-17% to +70%

Median % PV Expansion for the Cohort = +26% above normal volume
Data expressed as mean ± standard deviation. 
Volumes shown as absolute values and as percent deviation (excess or defi cit) 
from normal expected volumes 
W Miller, 2018

 Table 3. Intravascular 
Volume Profi les Stratifi ed by                                                                                                           

Cohort Median Plasma Volume (N=110)
Variable Plasma Volume 

<+26%  Expanded 
Above  Normal 
Volume (N=55)

Plasma Volume 
≥+26% Expanded 

Above Normal 
Volume (N=55)

Intergroup 
Comparison

Plasma Volume, 
Liters 
Range

3.6±0.8 
2.3 to 6.3

4.9±0.9 
3.1 to 7.4

p=0.001

PV, % Excess/
Defi cit 
Range

+10.6±9.7% 
-12% to +25%

+51±19% 
+26 to +100.5%

p<0.001

RBCM, Liters 
Range

2.4 ± 0.5 
1.1 to 3.7

2.0±0.8 
0.9 to 5.1

p=0.002

RBCM, % 
Excess/Defi cit 
Range

-7.0±25% 
-38% to +101%

+12.8±22% 
-32% to +52%

p<0.001

TBV, Liters 
Range

 5.6±1.4 
3.2 to 9.1

7.4±1.1 
4.3 to 10.1

P<0.001

TBV, % Excess/
Defi cit 
Range

+4.1±13% 
-17% to +48%

+36±13% 
+13% to +70.2%

p<0.001

Median % PV Expansion for the Cohort = +26% of normal volume
Data expressed as mean ± standard deviation; 
W Miller, 2018

Figure 1B
Risk Stratifi cation by Median Serum Creatinine 

in Chronic Heart Failure Patients With 
Mild-Moderate Plasma Volume Expansion 

(PV < Median of +26% Above Normal Volume)

Time to HF death or 1st HF-related 
Hospitalization (years)
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Log-rank P=0.530
Wilcoxon P=0.632
n=55

sCr ≥1.4 mg/mL

sCr <1.4 mg/mL

RR 1.33 (0.549,, 3.79), P=0.530

No. at risk
26 20                            18 16
29 25 16                                14

W Miller, 2018

Figure 2A
Risk Stratifi cation by Median eGFR in Chronic Heart Failure 

Patients with Severe Plasma Volume Expansion 
(PV ≥ Median of +26% Above Normal Volume)

Time to HF death or 1st HF-related 
hospitalization (years)
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Log-rank P=0.022
Wilcoxon P=0.027
n=55

eGFR ≥51 mL/min/1.73 m2

eGFR <51 mL/min/1.73 m2

RR 0.34 (0.12, 0.85), P=0.021

W Miller, 2018

Figure 2B
Risk Stratifi cation by Median eGFR in Chronic Heart Failure 

Patients with Mild-Moderate Plasma Volume Expansion 
(PV < Median of +26% Above Normal Volume)

Time to HF death or 1st HF-related 
hospitalization (years)
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Log-rank P=0.370
Wilcoxon P=0.220
n=55

eGFR ≥51 mL/min/1.73 m2

eGFR <51 mL/min/1.73 m2

RR 0.66 (0.26, 1.65), P=0.376

W Miller, 2018

Figure 3A
Risk Stratifi cation by Median BUN in Chronic Heart Failure 

Patients with Severe Plasma Volume Expansion 
(PV ≥ Median of +26% Above Normal Volume)

Time to HF death or 1st HF-related 
hospitalization (years)
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Log-rank P=0.047
Wilcoxon P=0.038
n=55

BUN ≥29 mg/dL

BUN <29 mg/dL

RR 2.66 (1.04, 8.15) p=0.04
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Figure 3B
Risk Stratifi cation by Median BUN in Chronic Heart Failure 

Patients with Mild-Moderate Plasma Volume Expansion 
(PV < Median of +26% Above Normal Volume)

Time to HF death or 1st HF-related 
hospitalization (years)
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Log-rank P=0.580
Wilcoxon P=0.753
n=55

BUN ≥29 mg/dL

BUN <29 mg/dL

RR 1.28 (0.52, 3.24), P=0.582

W Miller, 2018

Figure 4A
Risk Stratifi cation by Median NT-proBNP in Chronic Heart 

Failure Patients with Severe Plasma Volume Expansion 
(PV ≥ Median of +26% Above Normal Volume)

Time to HF death or 1st HF-related 
hospitalization (years)
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Log-rank P=0.211
Wilcoxon P=0.243
n=55

NT-proBNP≥ 3412 pg/mL

NT-proBNP <3412 pg/mL

RR 1.88 (0.74, 5.74) p=0.196

W Miller, 2018

Figure 4B
Risk Stratifi cation by Median NT-proBNPin Chronic 

Heart Failure Patients withMild-Moderate Plasma Volume 
Expansion (PV < Median of +26% Above Normal Volume)

Time to HF death or 1st HF-related 
hospitalization (years)
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Log-rank P=0.023
Wilcoxon P=0.048
n=55

NT-proBNP≥3412 pg/mL

NT-proBNP <3412 pg/mL

RR 2.80 (1.10, 7.36) p=0.031

W Miller, 2018

Summary
1. Plasma volume interacts with measures 

of renal function to impact  prediction of 
risk in patients with chronic HF.

2. Risk stratifying capacity of biomarkers of 
renal function is impacted by the extent 
of volume overload.

3. In the presence of severe PV expansion 
sCr, eGFR, and BUN effectively 
discriminate increased risk of HF 
mortality or HF-related hospitalization 
but not when less severe (mild to 
moderate) PV expansion is present. 

4. NT-proBNP also discriminates increased 
risk but only with mild-moderate PV 
expansion and not when severe PV 
expansion is present.

Conclusions
• The extent of PV expansion, therefore, 

impacts the capacity of common clinical risk 
markers to be effective indicators of increased 
or decreased risk.

• Severe PV expansion is associated with 
markers of CKD which identify increased risk 
while mild-moderate PV expansion appears 
to mitigate risk prediction for these same 
markers.

• Therefore, knowing intravascular volume 
status informs risk discrimination by 
common clinical markers - sCr, eGFR, BUN, 
NT-proBNP – and this information impacts 
approach to management.

• Also, Is there any implication for response to 
therapy?


