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Abstract

Objectives: Assess the relationship of measured intravascular
volume to resting right heart catheterization hemodynamics
in patients with chronic heart failure (HF).

Background: The hemodynamic assessment of cardiac
filling pressures (CVP, PCWP) has played a prominent role
In evaluating volume status in patients with HF. And more
recently implantable ambulatory hemodynamic monitoring
devices (CIEDs) have been employed to guide out-patient
volume management. But does pressure tell us about
Intravascular volume?

Methods: Total blood volume (TBV) was prospectively
measured in patients with chronic HF (NYHA Class

[11-1V) using a standardized radiolabeled albumin
indicator-dilution blood volume technique (BVA). These
patients also underwent clinically indicated right heart
catheterization (RHC) within 24 hours of BVA to assess
cardiac and pulmonary hemodynamics most commonly

as part of a pre-transplant/LVAD candidacy evaluation.
Linear regression analyses were used to assess associations
between variables.

Results: Sixty-three patients were evaluated (age 60+11

yrs., /3% male, LVEF 33+16%, mRAP 11+6mm Hg,

PCWP 18+7mm Hg, dPAP 19+7mm Hg, C.l. 2.3+0.6, TBV
6.5+1.8L). Average BV was expanded above normal by
+21% with range of -1/% to +116% of normal. CVP (mRAP)
and left-sided filling pressure (PCWP) were shown to have
only limited association with quantitated TBV. Diastolic PAP
was also weakly associated with volume status.

Conclusions: Cardiac filling pressures have been used
clinically as surrogate indicators of volume expansion and
overload In patients with HF. However, the findings of this
analysis reveal that neither CVP, PCWP, nor dPAP accurately
reflect intravascular volume status. Patients with low filling
pressures can have marked expansion of intravascular volume
while patients with elevated filling pressures can have normal
or even contracted volumes. Elevated central pressures

may, therefore, reflect hemodynamic congestion but not
necessarily clinical volume overload-related congestion.
Thus, quantitative BV and cardiac hemodynamics provide
complementary but different information — Pressure is not
volume and volume Is not pressure. This has implications for
the approach to volume management and potentially patient
outcomes.

NO DISCLOSURES TO REPORT

Background

Volume overload from fluid accumulation and
fluid redistribution are front-line features of the
syndrome of chronic heart failure.

The clinical assessment of volume status,
particularly in identifying guideline recommended
“euvolemia” with diuretic therapy, remains a
significant challenge.

Standard surrogate markers of clinical assessment
such as the presence or absence of elevated JVP,
edema, +S3, or dyspnea lack sensitivity and
reliability.

Hemodynamics - Cardiac filling pressures (CVP,
PCWP) have traditionally played a prominent role
In evaluating volume status in patients with heart
failure.

But does pressure tell you about volume and
volume overload?

Methods and Study Design

Total blood volume (TBV) was prospectively
measured In 63 patients with chronic HF (NYHA
Class I11-1V) using a standardized radiolabeled

albumin indicator-dilution blood volume technique
(BVA).

These patients also underwent clinically indicated
right heart catheterization (RHC) within 24

hours of BVA to assess cardiac and pulmonary
hemodynamics.

Linear regression analyses were used to assess
assoclations between variables.

Volume and Pressure Iin Heart Fallure:
Complementary, But Not Two Sides of the Same Coin

Results

Table 1

Clinical and Demographic Characteristics (N=63)

Duration of Heart Failure, months 44+30

Range 14 t0 /72
Etiology of HF: Ischemic/Non-Ischemic 21/42

Coronary artery disease, % A4 %

Beta Blocker, %

Mean + SD, or percent in category
W Miller, 2018
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Table 2 Figure 1

Clinical and Hemodynamic Characteristics (N=63)
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Hemoglobin, g/dL 12.9+1.8
37+
1508 (671, 4883)
11+6
18+7
19+24
1.96+4.1
0.8+bH.1
2.8+1.9
2.3+0.6

Association of Central Venous Pressure (RAP)
with Quantitated Total Blood Volume in
Patients with Chronic Heart Failure
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Hematocrit, %

NT-proBNP, pg/mL

MRAP, mm Hg

PCWP, mm Hg

dPAP, mm Hg

DPG (dPAP-PCWP), mm Hg
Preload (PCWP-RAP), mm Hg
PVR, Wood Units

Cardiac Index, L/min/m?
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Mean + SD, median with 25th, 75th percentile, or percent in category
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Figure 2

T b| 3 Association of Central Venous Pressure
apie (RAP) with Quantitated Plasma Volume in

Intravascular Volume Profiles (N=63) Patients with Chronic Heart Failure

. Variable ]

Total Blood Volume (TBV),

Liters 6.5+ 1.8
Range 3.4t012.5

TBV, % Excess/Deficit +20.6 £ 26.8%
Range -17% to +113%

Plasma Volume (PV),
Liters
Range

PV % Excess/Deficit +31.4 + 30.4%
Range -12% to+116%
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Data expressed as mean + standard deviation.

Volumes shown as absolute values and as percent deviation (excess or deficit) from normal
expected volumes

W Miller, 2018
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Figure 3

Association of LV Filling Pressure (PCWP)
with Quantitated Total Blood Volume in Patients
with Chronic Heart Failure

r=0.318
p=0.011
n=63

PCWP (mm Hgq)
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Figure 4

Association Of Diastolic Pulmonary Artery
Pressure with Quantitated Total Blood Volume In
Patients with Chronic Heart Failure

r=0.367
P=0.003
n=63

dPAP (mm Hg)

LVEF=33%116
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Figure 5

Pressure Can Vary Dramatically Based on
Venous Capacitance with No or Minor Change in Volume

As a result, when we use pressure as a surrogate to evaluate volume
we are only looking at part of the equation

Pressure = Volume X Venous Capacitance

Summary and Conclusions

Cardiac filling pressures have been used clinically as surrogate indicators
of volume expansion and overload in patients with HF.

However, the findings of this analysis reveal that neither CVP, PCWP, nor
dPAP accurately reflect intravascular volume status.

Patients with low filling pressures can have marked expansion of
Intravascular volume while patients with elevated filling pressures can have
normal or even contracted volumes — reflecting venous capacitance.

Elevated central pressures may, therefore, reflect central hemodynamic
congestion but not necessarily clinical volume overload-related congestion.

Quantitative blood volume measurements and cardiac hemodynamics
provide complementary but different information.

Pressure is not volume and volume is not pressure.

This has implications for the approach to volume management (diuretics,
vasodilators, or inotropes) and potentially patient outcomes.
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