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ABSTRACT

BACKGROUND

Blood volume (BV) expansion is common and may serve
a compensatory role in chronic systolic heart failure (HF).
How the presence of concomitant right heart dysfunction
impacts intravascular volume expansion has not been
studied. Our hypothesis was that moderate or greater
right ventricular (RV) dysfunction would be associated
with a higher frequency of large BV expansion than left
ventricular dysfunction alone. This would potentially have
implications for patient management and prognosis.

METHODS

Blood volume was measured in 139 HF patients at the
time of hospital discharge (post-diuretic therapy and
considered clinically to be euvolemic) using a
standardized nuclear medicine radiolabeled albumin
indicator-dilution technique (Daxor Corp., NY, NY). A
quantitated BV cut-point of >+25% above normal
expected volume defined the level of greater expansion.

RESULTS

Blood volume expansion >+25% was present in 50% of
the overall cohort with normal BV present in only 27% at
the time of hospital discharge. When stratified by
presence or absence of moderate or greater RV
dysfunction based on Doppler-echocardiographic
analysis there was a trend for absolute BV to be more
expanded in patients with RV dysfunction and when
expressed as percent deviation from normal patients with
RV dysfunction demonstrated a significantly higher BV
expansion (Table). When focused on BV expansion
>+25% alone, 60% of patients with RV dysfunction
demonstrated this large extent of expansion while 40%
without RV dysfunction (p=0.019). LVEF was also lower
in patients with RV dysfunction.

CONCLUSIONS

The findings of these preliminary data and observational
analysis indicate that persistent intravascular volume
expansion (>+25% above normal volume) is more
common at the time of hospital discharge (despite
diuretic intervention) in HF patients with RV dysfunction
than those patients with preserved RV function. These
findings provide additional insight into the
pathophysiology of chronic HF while also having potential
prognostic implications. Whether greater BV expansion in
the setting of RV dysfunction reflects the action of
compensatory mechanisms or simply reflects more
advanced HF needs to be evaluated in terms of outcome
metrics. Effective methods of treatment to prevent the
development of right heart failure may be an even greater
imperative for volume homeostasis in patients with
chronic HF than previously considered.
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BACKGROUND

« Volume overload from fluid accumulation

and fluid redistribution are front-line
features of the syndrome of
decompensated chronic heart failure.

+ The clinical assessment of volume status and
particularly recognizing the intravascular
volume heterogeneity in patients with chronic
HF despite effective diuretic therapy remains a
significant challenge.

» Further, the impact of the additional burden of
RV dysfunction to reduced LV systolic function
(biventricular failure) on intravascular volume
expansion has not been studied.

HYPOTHESIS

Our hypothesis was that moderate or greater
right ventricular (RV) dysfunction would be
associated with a higher frequency of large BV
expansion than left ventricular dysfunction alone
despite diuretic therapy prior to hospital
discharge.

STUDY DESIGN AND METHODS

« Total blood volume (TBV) was prospectively
measured in 139 patients with chronic HF at
the time of hospital dismissal. Patients had
been admitted for volume overload congestion
(NYHA Class llI-1V) and underwent intravenous
loop diuretic therapy. Patients were considered
clinically compensated (euvolemic) at the time
of discharge.

+ Blood volume was measured using a
standardized radiolabeled albumin indicator-
dilution technique (BVA, Daxor Corp., NY, NY).
Mayo Clinic Nuclear Medicine Clinical
Laboratory

« A quantitated TBV cut-point of >+25% above
normal expected volume defined greater
expansion.

RESULTS

TABLE 1. CLINICALAND DEMOGRAPHIC CHARACTERISTICS (N=139)

Right Heart Dysfunction and Blood Volume Expansion in Chronic HF

Age, years
F/M
BMI

Change in Weight, kg
(Admission to Discharge)
Length of Hospital Stay,

days
Systolic BP

GFR, mL/min/1.73m?
Hemoglobin, g/dL
NT-proBNP, pg/mL
LVEF, %

(Range of LVEF)

AFib, %

TBV, liter
(Range of Volumes)

% Deviation from Normal
Volume
(Range of % Deviation)

% Normal TBV
% > +25% expanded TBV

(N=139)

+ RVSD (> moderate)
N=72
66+14
18/54
32+8
-8.5+7.2

9.6+x1.9

11114
46+20
12.24¢2.3
7217 (3702, 13704)
30 + 16%
(10 to 70%)

40%

(N=139)

+ RVSD (> moderate)
N=72

6.9+ 1.6
(4310 12.7)

+30 + 22%

(-12to +80%)

24%
60%

Mean + SD, Median or percent in category

No RVSD
N=67
69+12
22/45
34+8
-6.4+4.0

5.4+1.9

116+17
43£24
11.5£2.2
4229 (1915, 8696)
40 + 16%
(14 to 72%)

51%

Mean + SD, Median (25, 75 percentile) or percent in category

TABLE 2. BLOOD VOLUME PHENOTYPES (N=139)

Right Heart Dysfunction and Blood Volume Expansion in Chronic HF

No RVSD
N=67

6.4+17
(2.810 10.1)

+22 +21%
(-18to +113%)

31%
40%

value

0.179
0.082
0.143
0.037

0.536

0.060
0.424
0.069
0.022
<0.001

0.011

value

0.071

0.040

0.134
0.019

SUMMARY

RVSD is associated with

.

L

greater frequency of large BV expansion,
greater diuresis-related weight loss,
higher NT-proBNP,

lower LVEF,

and less atrial fibrillation

than chronic HF patients with reduced LV
function alone.

CONCLUSIONS

The findings of these data and observational
analysis indicate that persistent intravascular
volume expansion (>+25% above normal
volume) is more common at the time of hospital
discharge (despite diuretic intervention) in HF
patients with RV dysfunction than those
patients with preserved RV function and LV
dysfunction alone.

These findings provide additional insight into
the pathophysiology of chronic HF while also
having potential prognostic implications.

Whether greater BV expansion in the setting of
RV dysfunction reflects the action of
compensatory mechanisms or simply reflects
more advanced HF needs to be evaluated in
terms of outcome metrics.

Effective methods of treatment to prevent the
development of right heart failure may be an
even greater imperative for volume
homeostasis in patients with chronic HF than
previously considered.
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