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Abstract

Aims Plasma volume status (PVS), a measure of plasma volume, has been evaluated as a prognostic marker for chronic heart
failure. Although the prognostic value of PVS has been reported, its significance in patients with acute decompensated heart
failure (ADHF) admitted to the cardiovascular intensive care unit (CICU) remains unclear. In this study, we examined the rela-
tionship between PVS and long-term mortality in patients with ADHF admitted to the CICU.

Methods Between January 2018 and December 2020, 363 consecutive patients with ADHF were admitted to the Nippon
Medical School Hospital CICU. Of the 363 patients, 206 (mean age, 74.9 + 12.9 years; men, 64.6%) were enrolled in this study.
Patients who received red blood cell transfusions, underwent dialysis, were discharged from the CICU or died in the hospital
were excluded from the study. We measured the PVS of the patients at admission, transfer to the general ward (GW) and
discharge using the Kaplan—Hakim formula. The patients were assigned to four groups according to the quartiles of their
PVS measured at each of the three abovementioned timepoints. We examined the association between PVS and all-cause
mortality during the observation period (1134 days). The primary endpoint of this study was all-cause mortality.

Results The Kaplan—Meier analysis showed that the high PVS group had a significantly higher mortality rate at admission,
transfer to the GW and discharge than the other groups (log-rank test: P = 0.016, P = 0.005 and P < 0.001, respectively).
Univariate Cox regression analysis showed that age, body mass index, history of heart failure, use of beta-blockers, albumin
level, blood urea nitrogen level, N-terminal pro-brain natriuretic peptide level and left ventricular ejection fraction were
significantly different among the PVS groups and thus were not significant prognostic factors for ADHF. Furthermore, the
multivariate analysis revealed that PVS at discharge [hazard ratio (HR) = 1.06 (1.00-1.12), P = 0.048] was an independent poor
prognostic factor for ADHF.

Conclusions This study highlights the effect of PVS measured at different timepoints on the prognoses of ADHF patients.
Regular assessment of PVS, particularly at discharge, is crucial for optimising patient management and achieving favourable
outcomes in cases of ADHF.
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Introduction (PV). PVS is a prognostic marker for patients with heart

failure (HF),** and the validity of actual PV has
Plasma volume status (PVS) is a differential marker used been confirmed.? Actual PV is derived from the haematocrit
for discrepancies between actual and ideal plasma volume value and weight of a patient compared with the
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patient’s directly measured PV using the curve fitting
technique:

Methods

This was a retrospective, observational cohort study of

actual PV = (1 — haematocrit) x [a 4 (b x body weight in kgtonsecutive patients with ADHF admitted to the CICU at

where haematocrit is a fraction, a is 1530 in men and 864 in
women and b is 41 in men and 47.9 in women. Using body
weight, the ideal PV is calculated using this well-established
formula:

ideal PV = ¢ x body weight (kg),

where c is 39 in men and 40 in women.
Relative PVS, an index of the degree of ideal PV deviation,
is calculated using the Kaplan—Hakim formula:

PVS = [(actual PV — ideal PV)/ideal PV] x 100 (%).

Elevated PVS at admission is associated with a worse prog-
nosis in acute decompensated heart failure (ADHF).*”” How-
ever, the effect of PVS measured at different timepoints
during hospitalisation on the prognoses of patients with HF,
particularly those admitted to cardiovascular intensive care
unit (CICU), remains unclear.

Nippon Medical School Hospital between 1 January 2018
and 31 December 2020.

This study was approved by the Institutional Review Board
of our institute (Reference No. B-2021-433) and conducted
according to the revised Declaration of Helsinki. The require-
ment of written informed consent was waived, as this study is
observational. We used an opt-out method for participant
recruitment.

Overall, 363 consecutive patients with  ADHF
admitted to the hospital CICU were included. Patients
who received red blood cell transfusions, underwent

haemodialysis, died in the hospital, underwent emergency
cardiac surgery, were transferred to another hospital or
were discharged directly from the CICU were excluded
(Figure 1).

We measured the patients’ PVS at admission, transfer to
the general ward (GW) and discharge using the Kaplan—Ha-
kim formula. Patients were categorised into four groups ac-
cording to the quartiles of their PVS values measured at each

Figure 1 Flow chart of patient inclusion. The patients were divided into quartiles based on their plasma volume statuses (PVSs) at three timepoints:
admission, transfer to the general ward (GW) and discharge. They were categorised into Quartiles 1, 2, 3 and 4, with Quartile 1 representing the
highest PVS group. ADHF, acute decompensated heart failure; CICU, cardiovascular intensive care unit; RBC, red blood cell.

363 patients admitted to our CICU with ADHF between January 2018 and December 2020

+ 82 received RBC transfusion
+ 31 hemodialysis
+ 6 death in hospital

» 157 Patients exclusion

* 6 emergency cardiac surgery
- 5 transfer to another hospital
+ 27 direct discharge from CICU

Rank for . . . .
Variable PVS Quartile 1|Quartile 2|Quartile 3|Quartile 4
el N 52 51 51 52
At admission
. Minimum (%) -44.7 -7.8 4.8 13.2
v Maximum (%) -8.2 4.7 13 394
| 206 ADHF patlents R.ank for Quartile 1|Quartile 2|Quartile 3|Quartile 4
, Variable PVS
At transfer to the GW N 52 51 51 52
Minimum (%) -30.5 -4.0 7.9 16.2
Maximum (%) -3.9 7.8 16.1 47.9
Rank for . " . .
Variable PVS Quartile 1{Quartile 2|Quartile 3|Quartile 4
At discharge N 52 51 51 52
Minimum (%) -32.6 -1.4 8.5 18.2
Maximum (%) -1.5 8.4 18.1 56.4
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timepoint. The association between PVS and all-cause mor-
tality during the observation period (1134 days) was also
examined.

Data on patient demographics, medical history, clinical
presentation, including vital signs, blood sampling findings
and left ventricular ejection fraction (LVEF), length of hospital
stay and clinical outcomes were extracted from patients’
medical records. The primary endpoint of this study was
all-cause mortality.

All continuous and categorical variables are expressed as
mean * standard deviation or number and percentage. Stu-
dent’s t-test and Fisher’s exact test were used to analyse con-
tinuous and categorical variables, respectively. The four
groups classified by quartiles were compared using one-way
analysis of variance. The mortality rate was estimated using
the Kaplan—Meier method, and survival estimates were com-

Table 1 Baseline patient characteristics.

pared using the log-rank test. A two-sided P-value < 0.05 was
considered statistically significant. Statistical analyses were
conducted using SPSS software Version 27 (IBM, Armonk,
NY, USA).

Results

In total, 206 patients were analysed. Table 1 shows group
clinical characteristics stratified according to discharge PVS
quartiles. No significant differences were observed in sex,
systolic blood pressure, reduced LVEF (<40%), CICU stay
length, hospital stay length, medical history (except HF), oral
medical therapy before admission (except beta-blockers), dis-
charge blood urea nitrogen (BUN) levels or discharge creati-

PVS at discharge

Q1,n =52 Q2,n =51 Q3,n =51 Q4,n =52
All patients —1.4% < PVS 8.5% < PVS

Variable (n = 206) PVS < —1.4% < 8.5% < 18.2% 18.2% < PVS P-value
Age, years 749 £ 129 66.8 = 15.0 74.9 = 141 79.3 £ 8.2 749 £ 129 <0.001
Male, n (%) 133 (64.6) 37 (70.2) 29 (56.9) 33 (64.7) 34 (65.4) 0.508
Body weight at discharge, kg 55.8 + 13.8 68.6 + 13.8 55.9 + 9.5 53.7 =+ 10.6 45.0 £ 9.0 <0.001
BMI, kg/m? 239 5.0 26.6 £5.9 243 49 23.2 £ 3.0 204 €29 <0.001
Systolic blood pressure, mmHg 155.8 + 39.1 164.7 + 40.5 153.8 + 445 154.3 + 35.2 150.4 = 35.6 0.284
Reduced LVEF (<40%), n (%) 127 (61.7) 37 (71.2) 31 (60.8) 31 (60.8) 28 (53.8) 0.340
CICU stay length, days 7.1 +58 6.9 =49 77 £4.6 6.6 £5.3 74+79 0.692
Hospital stay length, days 29.9 = 335 32.2 + 53.7 26.0 = 14.8 29.1 = 19.6 32.2 +32.0 0.523
Aetiology of heart failure, n (%)

Ischaemic heart disease 81 (39.3) 15 (28.8) 22 (43.1) 26 (51.0) 18 (34.6) 0.108

Hypertensive heart disease 40 (19.4) 16 (30.8) 3(5.9) 9(17.6) 12 (23.1) 0.012

Valvular heart disease 32 (15.5) 3 (5.8) 12 (23.5) 6(11.8) 11 (21.2) 0.044

TIC 20 (9.7) 10 (19.2) 6(11.8) 2 (3.9 2 (3.8) 0.022

Dilated cardiomyopathy 23 (11.2) 8 (15.4) 5(9.8) 6(11.8) 4(7.7) 0.664

Others 10 (4.9) 0 (0) 3(5.9) 2 (3.9) 5(9.6) 0.145
Medical history, n (%)

Heart failure 57 (27.7) 5(9.6) 12 (23.5) 20 (39.2) 20 (38.5) 0.002

Cerebrocardiovascular disease 76 (36.9) 2 (3.8) 7 (13.7) 6(11.8) 8 (15.4) 0.251

Hypertension 160 (77.7) 32 (61.5) 30 (58.8) 28 (54.9) 31 (59.6) 0.072

Dyslipidaemia 121 (58.7) 32 (61.5) 30 (58.8) 28 (54.9) 31 (59.6) 0.962

Diabetes 93 (45.1) 17 (32.7) 26 (51.0) 29 (56.9) 21 (40.4) 0.051
Medical therapy, n (%)

Beta-blocker 80 (38.8) 12 (23.1) 21 (41.2) 26 (51.0) 21 (40.4) 0.032

Diuretic 74 (35.9) 16 (30.8) 18 (35.3) 24 (47.1) 16 (30.8) 0.289

ACE-I/ARB 84 (40.8) 17 (32.7) 21 (41.2) 27 (52.9) 19 (36.5) 0.206
Blood parameters at discharge

Haemoglobin, g/dL 121 = 2.1 145 +15 12414 11.1+£1.2 103 £ 1.1 <0.001

Haematocrit, % 36.9 = 5.8 43.6 = 4.1 37.9 £ 3.7 343 + 35 31.5=3.0 <0.001

Albumin, g/dL 34+05 3604 35+05 3304 32 +05 <0.001

BUN, mg/dL 23.5+ 129 20.0 + 9.3 24.8 +14.9 26.6 + 10.7 24.3 + 14.8 0.104

Creatinine, mg/dL 1.13 0.8 1.11 £ 0.6 1.11 £ 0.7 1.15+ 05 1.26 = 1.1 0.382

Log NT-proBNP, pg/mL 3.26 = 0.55 2.87 + 0.56 3.33 £ 0.49 3.42 + 0.48 3.42 = 0.50 <0.001
Echocardiographic findings

LVEF, % 36.6 = 16.1 31.9 =144 34.2 = 13.6 38.7 = 15.8 41.4 =199 0.012

Note: Continuous data are presented as mean = standard deviation.

Abbreviations: ACE-l, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BUN, blood
urea nitrogen; CICU, cardiovascular intensive care unit; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-brain natriuretic
peptide; PVS, plasma volume status; Q1, Quartile 1; Q2, Quartile 2; Q3, Quartile 3; Q4, Quartile 4; TIC, tachycardia-induced

cardiomyopathy.
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nine levels. The high PVS group (Q3 + Q4) was significantly
older and had a lower body weight and body mass index
(BMI) than the other groups. Regarding blood tests, the high
PVS group (Q3 + Q4) exhibited significantly lower
haemoglobin, haematocrit and albumin levels at discharge
but showed significantly higher N-terminal pro-brain natri-
uretic peptide (NT-proBNP) levels at discharge than the other
groups. Table S1 shows blood test and weight data at admis-
sion and GW transition for each group, according to the quar-
tiles of PVS at discharge. The mean PVS trends at admission,
transfer to the GW and discharge were 2.75 + 13.99%,
6.87 + 14.66% and 8.26 + 14.25%, respectively (Figure S1).
The number of deaths (survival rates) during the observation
period for the four groups divided by PVS at admission was 0
(100%) in Q1, 4 (89.6%) in Q2, 7 (62.4%) in Q3 and 8 (35.1%)
in Q4. Similarly, at transfer to the GW, the number of deaths
(survival rates) was 0 (100%) in Q1, 4 (89.2%) in Q2, 5 (63.5%)
in Q3 and 10 (32.1%) in Q4. At discharge, the number of
deaths (survival rates) was 1 (97.8%) in Q1, 1 (97.4%) in Q2,
8 (46.3%) in Q3 and 9 (34.8%) in Q4. Of the 19 deaths, 10
were due to cardiovascular causes, 2 were attributed to infec-

tious diseases and the remaining 7 were due to other causes.
Kaplan—Meier analysis showed that the high PVS group
(Q3 + Q4) had a significantly higher mortality rate at admis-
sion, transfer to the GW and discharge than the other groups
(log-rank test: P = 0.016, P = 0.005 and P < 0.001, respec-
tively; Figure 2A-C). Univariate Cox regression analysis
showed that age [hazard ratio (HR) = 1.05 (1.00-1.10),
P = 0.040] and PVS at admission [HR = 1.07 (1.03-1.12),
P = 0.001], transfer to the GW [HR = 1.07 (1.03-1.12),
P < 0.001] and discharge [HR = 1.09 (1.04-1.13),
P < 0.001] were significant poor prognostic factors for ADHF
(Table 2) and revealed that age, BMI, history of HF, use of
beta-blockers, albumin level, BUN level, NT-proBNP level
and LVEF, which were significantly different among the
groups, were not significant prognostic factors for ADHF.
Furthermore, multivariate Cox regression analysis indicated
that only PVS at discharge was an independent risk factor
associated with all-cause mortality in patients with ADHF af-
ter adjusting for age and haemoglobin level at discharge
[HR = 1.06 (1.00-1.12), P = 0.048; Table 2]. PVS at admission
or transfer to the GW was not an independent risk factor for

Figure 2 Kaplan—Meier analyses stratified according to the quartiles of the plasma volume statuses of patients with acute decompensated heart fail-
ure at (A) admission, (B) transfer to the general ward (GW) and (C) discharge. Q1, Quartile 1, Q2, Quartile 2; Q3, Quartile 3; Q4, Quartile 4.
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Table 2 Cox regression analysis of factors associated with all-cause mortality in patients with acute decompensated heart failure.
Univariate Multivariate

Variables HR (95% Cl) P-value HR (95% ClI) P-value

PVS at admission 1.07 (1.03-1.12) 0.001 -

PVS at transfer to the GW 1.07 (1.03-1.12) <0.001 -

PVS at discharge 1.09 (1.04-1.13) <0.001 1.06 (1.00-1.12) 0.048

Age 1.05 (1.00-1.10) 0.040 1.03 (0.98-1.09) 0.301

Sex 0.59 (0.21-1.67) 0.322 -

BMI 0.92 (0.83-1.02) 0.123 -

Left ventricular ejection fraction 1.02 (0.99-1.05) 0.144 -

History of heart failure 2.35(0.95-5.78) 0.063 -

Cerebrocardiovascular disease 0.04 (0.00-34.74) 0.355 -

Use of beta-blocker 0.44 (0.17-1.11) 0.080 -

Log NT-proBNP at admission 2.09 (0.83-5.25) 0.117 -

Log NT-proBNP at discharge 2.08 (0.87-5.01) 0.101 -

Creatinine at discharge 0.96 (0.55-1.67) 0.878 -

Haemoglobin at discharge 0.60 (0.44-0.82) 0.001 0.79 (0.51-1.23) 0.299

BUN at discharge 1.00 (0.97-1.04) 0.923 -

Albumin at discharge 0.46 (0.19-1.11) 0.085 -

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; Cl, confidence interval; GW, general ward; HR, hazard ratio; NT-proBNP,

N-terminal pro-brain natriuretic peptide; PVS, plasma volume status.

all-cause mortality in patients with ADHF after adjusting for
age and haemoglobin level at discharge [HR = 1.04, 95% con-
fidence interval (Cl) (0.98-1.10), P = 0.193 and HR = 1.04, 95%
Cl (0.99-1.09), P = 0.111, respectively].

Aims

This study aimed to examine the relationship between PVS
measured at various timepoints during hospitalisation and
the prognosis of CICU patients with ADHF.

Discussions and conclusions

To our knowledge, this is the first study in which the PVS
of patients with ADHF was measured at three specific
timepoints (admission, transfer to the GW and discharge)
and the correlations between the measured PVS values and
patient prognoses were analysed.

The study findings indicate that PVS measured at admis-
sion, transfer to the GW and discharge have a significant in-
fluence on the prognosis of patients with ADHF. Remarkably,
the results highlight that PVS measured at discharge provides
the most accurate reflection of prognosis. Consequently, reg-
ular assessment of PVS at each of these critical timepoints is
clinically important to facilitate optimisation of patient man-
agement and successful discharge.

According to the European Society of Cardiology 2021
guidelines, the recommended approach for diagnosing
and treating HF with a reduced ejection fraction includes
early administration of medications from all four mortality-
lowering drug classes: angiotensin-converting enzyme inhibi-

tors or angiotensin receptor Il blocker-neprilysin inhibitors,
beta-blockers, mineralocorticoid receptor antagonists and so-
dium-glucose-linked transporter-2 inhibitors (SGLT2is).” Dap-
agliflozin and empagliflozin reduce the combined risk of
worsening HF and cardiovascular death among patients with
HF, regardless of their LVEF.5™** We previously reported that
empagliflozin effectively reduces body weight and PVS.*?
Lower PVS may improve the prognosis of patients with HF,
regardless of their LVEF. However, the extent to which
SGLT2is were utilised after discharge was not investigated
in the present study. Furthermore, administration of diuretics
to individuals with high PVS before discharge from the hospi-
tal is not always advisable, as it deteriorates renal function.
Regarding clinical implications, the study findings indicate
that patients with high PVS at discharge should be closely
followed up on an outpatient basis after discharge, and their
medications should be more carefully up-titrated for
guideline-directed medical therapy.

This study has some limitations. First, the overall sample
size and number of women in this study were small. Second,
outpatient treatment, including comprehensive disease-
modifying pharmacological therapy received after discharge
from the hospital, was not considered in the analysis. This
limitation restricts our understanding of the long-term effect
of PVS on prognosis. Third, we excluded patients who
underwent blood transfusion or haemodialysis. This may
have introduced bias and limited the generalisation of the
findings to a broader population. Fourth, a previous report
has suggested that formula-based PVS estimation, as used
in this study, is not suitable for clinical decision-making in
compensated chronic HF.** This study examined PVS up
to the time of discharge in hospitalised patients with
non-compensated acute HF and found that the usefulness
of PVS as a prognostic factor is limited. Fifth, we focused
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solely on patients admitted to the CICU and did not consider
patients with HF who presented directly to the hospital. Such
cases should be included in future studies for a more repre-
sentative sample.

In conclusion, this study highlights the significant effect of
PVS measured at different timepoints on the prognosis of pa-
tients with ADHF. Regular assessment of PVS, particularly at
discharge, is crucial for optimising patient management and
achieving favourable outcomes in ADHF cases.
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