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Plasma volume (PV) is the level of intravas-
cular fluid minus the red blood cells, white
blood cells and platelets. PV in heart failure
(HF) patients is associated with increases
in fluid compartments. For example, PV
could increase by nearly 40% in patients
with decompensated HF (Kobayashi et al.
2021). PV can also expand due to accu-
mulated fluid volume leading to impaired
pulmonary circulation and hospitalisation.
Therefore, a reliable assessment of PV is
essential in HF patients. Haemoconcentra-
tion is typically determined by a change in
haemoglobin or haematocrit concentrations.
This can function as an indirect marker of
changes in PV.

Estimated plasma volume (ePVS), derived
from haemoglobin and haematocrit, has
also been shown to have an association
with other congestion biomarkers (p.e.
E/e’ measured in echocardiography). It is
a useful diagnostic and prognostic tool in
HF management. Elevated ePVS has been
repeatedly shown to be associated with
clinical outcomes in patients with acute
or chronic HF.

Formulas to Estimate ePVS
Two formulas estimate PV.

The first formula was initially proposed
by Strauss to estimate changes in PV, solely
using haemoglobin and haematocrit.

hemoglobin (g/dL)(before)
hemoglobin (after)

100 — hematocrit (%) (after)
100 — hematocrit (before)

AePVS = 100 x

An extension of this formula was first
published by Duarte et al. It provides an
instantaneous measurement of PV using

ePVS IN HEART FAILURE

Diagnostic and Prognostic
Value of Estimated Plasma
Volume Status

An overview of estimated plasmavolume (ePVS), recent evidence supporting
the association of ePVS with clinical congestion and whether it can help
improve outcomes in patients with heart failure (HF).

haematocrit and haemoglobin data from
a single time-point.

ePVS = (100 — hematocrit (%)) / hemoglobin (g/dL)

The second formula, the Kaplan/Hakim
formula, is also used to calculate actual and
ideal PV using haematocrit and dry body
weight.

actual PV = (100 — hematocrit (%)) / 100 x [a + (b x dry weight (kg)]

ideal PV = ¢ x dry weight (kg)

These formulas both were reported to
predict clinical outcomes in patients with
HEF. However, in clinical practice, ePVS
estimates from Duarte formula represent
an easy-to-use tool as it only relies on
haemoglobin and haematocrit (and not
on dry body weight — something that
is difficult to assess in acute settings).
An association between classical conges-
tion markers and ePVS has been reported
only with the Duarte formula, possibly
because the Hakim formula incorporates
dry body weight. ePVS derived from the
Duarte formula has been reported in a
haemodynamic study to be a marker of
left-sided haemodynamic congestion.
These data suggest that ePVS estimation
using the Duarte formula could become a
useful congestion marker in the manage-
ment of HF, but there is a need for large-
scale multicentre studies to ascertain the
clinical usefulness of ePVS in HF patients
(Kobayashi et al. 2021).

There is some controversy as to what
ePVS actually measures. Indeed, in some
studies, ePVS derived from haemoglobin

and haematocrit were sizably different
from calculated PV for isotope. The answer
is unsettled. However, it is important to
note that the methods may not necessar-
ily be measuring the same variable. By
essence, ePVS based on haemoglobin and
haematocrit are instantaneous estimates,
whereas isotopes based method may provide
more steady estimates. These differences in
timings may be the cause for the variation.
Importantly, regardless of these discrepan-
cies, ePVS undeniably has an important
prognostic value in the field of HF and HF
and can provide a phenotypic characteristic.
This can provide clinicians the opportunity
to tailor personalised therapy for patients
with HF (Kobayashi et al. 2021).

Congestion and ePVS

Congestion is a well-known predictor of
outcome in patients with HF, including
higher rates of readmission and death.
Congestion at the time of admission and
residual congestion are both associated with
poor clinical outcomes and a major cause
for HF hospitalisation (Tamaki et al. 2019).
Despite this clearly established association,
HF patients are often discharged with clear
symptoms of congestion without a pre-
discharge clinical assessment. It is important
to detect and monitor congestion before it
progresses to decompensation. Similarly,
post-discharge assessment of congestion
is also not a matter of routine practice.
This contributes to increased cost and a
higher burden of rehospitalisation. An
evaluation of physical symptoms, labora-
tory reports and net fluid change should
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be considered part of a pre-discharge
assessment. ePVS data is usually available
but is rarely looked at despite evidence that
it could be associated with improvement
in patient outcomes. This is especially true
since evaluating congestion in heart failure
with reduced ejection fraction (HFrEF) can
be difficult.

There is a need for clinicians to identify
and use approaches that could improve
the management of congestion to prevent
readmissions and improve patient outcomes.

ePVS and Acute and Chronic HF
A post-analysis of the EPHESUS (Eplerenone
Post-Acute Myocardial Infarction Heart
Failure Efficacy and Survival Study) first
showed that in patients with HF and left
ventricular systolic dysfunction complicat-
ing acute myocardial infarction (AMI),
a short-term decrease in ePVS using the
Strauss formula is associated with better
cardiovascular outcomes. In addition, an
instantaneous estimation of PV derived
from the Strauss formula reported a greater
prognostic value (Duarte et al. 2015). Find-
ings from the EPHESUS have been tested
and validated in a wide range of other
heart failure settings, whether it is acute,
chronic, heart failure with preserved ejec-
tion fraction (HFpEF) or heart failure with
reduced ejection fraction (HFrEF). ePVS
and its association with clinical outcomes
has also been reported in patients with
chronic HE.

Patients with acute heart failure have
more interstitial fluid volume. Several
reports have found an association between
an increase in ePVS and a higher risk of clini-

Disclaimer

ePVS IN HEART FAILURE

cal outcomes. Increased ePVS at discharge
has been found to be associated with
poor prognosis. Hence, the clinical and
prognostic value of ePVS at discharge and
post-discharge can be valuable. While this
may be challenging, it can help optimise
patient management and prevent hospital

d 4 a higher level of
ePVS is independently
associated with
a higher risk of
in-hospital death
and a lower possibility
of survival during

hospitalisation PP

readmissions (Kobayashi et al. 2021).

In a recent study by Chen etal. (2021),
higher ePVS calculated from the Duarte
formula was found to be associated with
poor prognosis in patients with AMI. The
main findings from the MIMIC-II study show
that a higher level of ePVS is independently
associated with a higher risk of in-hospital
death of patients and that patients with
higher-level ePVS have a lower possibility
of survival during hospitalisation compared
with patients with a lower-level ePVS.

Overall, it is important to recognise the
clinical and prognostic value of ePVS and a
careful pre — and post-discharge congestion
assessment. Estimation of PV with the Strauss
formula or Duarte formula can be a useful
strategy and can have important clinical

implications for patient management and
improved patient outcomes. It should be
assessed and closely monitored, and this
can be done through serial measurements
of ePVS using either blood count or body
weight. ePVS has been repeatedly shown
to be associated with outcome, even in
patients hospitalised for AMI. However, ePVS
estimation remains probably an underused
strategy even though it can be useful to
guide treatment strategies in patients with
HE. Yet, we still need large-scale outcome
clinical trial to clarify the impact of ePVS-
guided management in patients with HE..

Key Points

e Estimated plasma volume (ePVS) is a
useful diagnostic and prognostic tool
in heart failure (HF) management.

e  Elevated ePVS can be an important
predictor of all-cause mortality in
patients with HF.

e The Strauss formula and Duarte
formula are routinely used to estimate
plasma volume.

e ePVS enables repeated (and unex-
pensive] evaluations of congestion.

e Large-scale outcome clinical trials
are needed to determine whether
ePVS-guided management should
become the standard of care in patients
with HF.

For more details visit https://iii.hm/Teiy
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One of the
Most Important Critical Care Assays

PLASMA VOLUME

Now Available on a Blood Gas Analyzer
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Prime Plus screen showing ePV values

Plasma volume status is vital in testing critically ill patients but is extremely difficult and
costly to obtain, particularly as a POC test. Plasma volume assessment affects almost
every aspect of a patient’s care, including giving IV fluids, diuresing, starting vasopressors,
initiating renal replacement therapy, deciding on transfusion requirements and intubation
and extubation.1,2

Nova’s Prime Plus® blood gas analyzer automatically calculates patient plasma volume
status using the Strauss formula, which requires measured hemoglobin (Hb) and measured
hematocrit (Hct) in order to calculate ePV (estimated plasma volume). Prime Plus reports
ePV as part of a comprehensive panel including tests for kidney function, electrolytes,
metabolites, gases, and acid/base. It also stores prior ePV values and displays them as

a patient trend (AePV) graph.

1. Kalantari, I et al. Assessment of intravascular volume status and volume responsiveness in critically ill patients. Kidney Int, 2013.83(6): 1017-28.
2. Kobayashi M, Girerd M et al. Estimated plasma volume status in heart failure: clinical implications and future directions. Clinical Research in
Cardiology 2021. 110(8):1159-1172.

nova

biomedical

novabiomedical.com


https://iii.hm/1eiy

INTENSIVE CARE | EMERGENCY MEDICINE | ANAESTHESIOLOGY

icu-management.org Y @ICU_Management



	Nova Bio Ad: 


