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1 | INTRODUCTION

The number of heart failure (HF) patients in Japan is es-
timated to be approximately 1.2 million," with projections
suggesting that it will reach approximately 1.3 million by
2030.> As the incidence of HF increases with age,' the
number of elderly HF patients in Japan, a superaging soci-
ety, is growing. This indicates the arrival of a HF pandemic
and the consequent strain on the healthcare system, which
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Extracellular fluid volume, rather than body weight, should guide chronic heart
failure management in home-care patients. Enhancing muscle mass through
pharmacotherapy, nutrition, and exercise is essential to prevent heart failure
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has begun to be recognized as a societal issue.’ Therefore,
the clinical importance of HF management to prevent
readmission is increasingly recognized, highlighting the
challenge of providing high-quality care by interdisciplin-
ary teams. In addition to ongoing pharmacotherapy, nutri-
tional management and exercise tailored to cardiac pump
function are essential for preventing the exacerbation of
chronic HF. Daily blood pressure monitoring and body
weight measurements are indispensable.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2024 The Author(s). Clinical Case Reports published by John Wiley & Sons Ltd.

Clin Case Rep. 2024;12:¢9434.
https://doi.org/10.1002/ccr3.9434

wileyonlinelibrary.com/journal/ccr3 1of12


https://doi.org/10.1002/ccr3.9434
www.wileyonlinelibrary.com/journal/ccr3
mailto:shidaj@med.id.yamagata-u.ac.jp
https://orcid.org/0000-0001-6683-3812
mailto:shidaj@med.id.yamagata-u.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/

MWI LEy_ClinicaI Case Reports

SHIDA ET AL.

Open Access,

In particular, body weight is an essential monitoring pa-
rameter in HF management. Rapid weight gain, specifically
an increase of more than 3kg within 3days, is considered
a worsening of HF and is significant enough to warrant
consideration of diuretic dose adjustment according to
the acute and chronic HF treatment guidelines.* In-home
care relies on weight to evaluate HF when the immediate
and simple acquisition of objective indicators is limited.
However, recent studies have highlighted the drawbacks of
using weight as the sole indicator of fluid status.’

The issue with using body weight is that it often does
not accurately reflect the patient's fluid status, such as fluid
overload or dehydration.® Therefore, weight fluctuations
do not necessarily indicate direct changes in fluid volume
and are particularly susceptible to the effects of edema and
nutritional status.” Consequently, it is challenging to assess
the distribution of fluids within the body of HF patients
precisely through weight monitoring alone. Nevertheless,
in current HF management, body weight, despite its lack
of reliability and accuracy as an indicator of fluid manage-
ment, is still emphasized. Weight monitoring that neglects
body composition may not lead to appropriate decisions re-
garding cardiac function, body fluid volume, and nutritional
status in patients with chronic HF, potentially preventing
HF management tailored to an individual's overall condi-
tion and circumstances. Therefore, monitoring chronic HF
should not rely solely on body weight but rather adopt a
comprehensive approach that includes fluid status, nutri-
tional assessment, and functional capacity.® Additionally,
using biomarkers such as brain natriuretic peptide (BNP)
is crucial in managing HF and should be comprehensively
used in diagnosis and evaluation.’

Therefore, the method focused on in this study is bio-
impedance analysis (BIA). BIA is recognized for its supe-
riority over body weight as a more accurate method for
quantitatively assessing the fluid status of patients at the
bedside.’ In this study, we attempted to monitor home-
based patients with chronic HF by regularly measuring
the extracellular fluid volume (ECF volume) and other pa-
rameters via BIA and body weight. Studies have reported
that using BIA to measure the extracellular fluid volume
and total body water volume can be helpful in clinical
risk stratification and fluid monitoring in HF patients.'>'!
Additionally, the prognostic significance of chronic HF
and its management efficacy have been highlighted by the
edema index,'° calculated from body fluid volume, under-
scoring the importance of regular monitoring of extracel-
lular and total body water volumes in HF management.
In summary, this study has the potential to challenge the
disease management paradigm in chronic HF patients,
which heavily emphasizes weight monitoring despite its
objective shortcomings. This study aims to demonstrate
a superior method of disease management via BIA. The

bioimpedance devices used for BIA and portable echocar-
diography equipment enable noninvasive, simple bedside
measurements, enabling immediate result verification.
Thus, utilizing the measurement results on the spot en-
hances the utility of our approach to patient care.

11 | Aim

This report aimed to continuously monitor the body
composition of two home-based patients with chronic HF
using BIA and to analyze its correlation with objective
indicators, including body weight and BNP levels. We
aimed to explore the utility of body composition in
addition to body weight as a monitoring indicator for the
management of HF.

1.2 | Equipment

A Toray Medical MLT-550N body'? composition analyzer
was used. Compared with the single-frequency bioelectrical
impedance method, MLT-550N employs a “multifrequency
bioelectrical impedance analysis method,” which uses mul-
tiple frequencies (2.5~350kHz) of current for a more sophis-
ticated analysis of body composition and the distribution of
body fluids (intracellular and extracellular fluid volumes).
Our preliminary experiments confirmed that the device in
question produces measurements with minimal error, com-
parable to those obtained from the more advanced medical-
grade body composition analyzer (Inbody970)."* Therefore,
the data obtained via this device are accurate and reliable.

1.3 | Measurement methods

Measurements were conducted with the consent of the
patients. To obtain stable results, the following consistent
conditions were maintained:

1. Measurements were taken during hospital stays and
regular outpatient visits in the morning, at least 2h
after meals, to avoid impacting the measurement
values.

2. The measurement posture was supine. The limbs were
extended with slight gaps between the legs, arms, and
torso. Four electrode patches were applied to the right
wrist and left ankle, with measurements taking approxi-
mately 15s, during which the patients remained still.

3. Three measurements were taken per session to mini-
mize measurement error. After confirming no outliers
or abnormal values, the average value was used as the
data.
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Spearman's correlation coefficient was calculated for
each patient for the analysis method, with a significance
level set at p <0.05. Statistical analysis was performed via
JMP Pro ver.17.

2 | CASE PRESENTATION

We evaluated two male patients in their 70s who began
home care after hospital treatment for chronic HF. Both
patients lived independently.

2.1 | Patient A (Figure 1, Table 1)

2.1.1 | Clinical course

The patient was urgently transported to the hospital with
complaints of dyspnea and chest discomfort and was
diagnosed with congestive HF and mild functional mitral
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regurgitation. Upon admission, the patient's vital signs
were as follows: blood pressure (BP) 163/94 mmHg, heart
rate (HR) 117 beats per minute (bpm), oxygen saturation
(Sp0O,) 99% (room air), body temperature (BT) 36.8°C,
brain natriuretic peptide (BNP) 2718 pg/dL, and ejection
fraction (EF) 20%. The patient weighed 62.8kg (an
increase of approximately 10kg), with significant edema
in both lower limbs.

Treatment was initiated with dobutamine (dobutamine
hydrochloride; DOB) 150mg, furosemide (diuretics) 20mg,
and enalapril (angiotensin-converting enzyme inhibitor;
ACEI) 2.5mg, followed by the sequential addition of spi-
ronolactone (aldosterone antagonist) 25mg, dapagliflozin
(sodium-glucose cotransporter 2; SGLT2 inhibitor) 10mg,
carvedilol (p-blocker) 2.5mg, and pimobendan (cardiac
agents) 2.5mg. The DOB was gradually reduced and discon-
tinued on the 13th day of hospitalization, while the pimoben-
dan dosage was increased to 5mg, and the carvedilol dosage
was increased to 12.5mg. Additionally, 15mg of azosemide
(diuretics) was added on the 25th day of hospitalization.

The patient responded well to pharmacological treat-
ment from the beginning of hospitalization. With disease

Medication ~ Diuretics Azosemide 30mg
Cardiac agents Pimobendan 5mg
B -blocker Carvediol T25mg 1 10.5me
ACE-inhibitor Enalapril 5mg

Aldosterone antagonist Spironolactone 12.5mg

SGLT2-inhibitor Dapagliflozin 10mg

EF 24%

44%

Symptoms  Edema, Difficulty of breathing
Fatigue
Appetite/ Dietary intake
Daily activity

Activity Aerobic training

Resistance training

Facility heart rehabilitation

Wt/ECF (ke)
ECF/Wt (%)

4.0

00

At discharge

BNP
(pg/mL)

200

100

14.8

3 months later

1 month later 2 months later

ECF [kg] ECF/Wt (%

Wilkg]

BNP (pg/mL

FIGURE 1 Post-discharge progression of chronic heart failure patient A: Stable course. The patient was diagnosed with congestive heart
failure and mild functional mitral valve regurgitation and demonstrated a stable clinical course without renal impairment. Postdischarge
management included medication adjustments, rehabilitation changes, and dietary adherence, which supported improved clinical
outcomes. Spearman correlation coefficient (7) is as follows: BNP and ECF (r=0.48, p=0.51), Wt and BNP (r=-0.89, p=0.11).
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TABLE 1 Changesin BNP, ECF,

BNP (pg/
. . . and EF over 3 months post-discharge in
Time point mL) ECF (kg) EF (%) Interpretation . P &
patient A.
At discharge 304.3 16.1 24
1 month later 122.11) 16.7 — - BNP||, ECF -
2months later 40.50] 16.2 —» - BNP||, ECF —
3months later 14.8) 13.0) ) 441 BNP|, ECF| |, EF?
Note: Arrows: Use arrows to indicate the trend (1 for increase, | for decrease, — for almost no change:
+1.0). Double arrows (11 or |]) can indicate a more significant change.
Medication ~ Cardiac agents Pimobendan 5mg
Metildigoxin 0.1mg
B -blocker Carvedilol 10mg
ACE-inhibitor Enalapril 5mg
Aldosterone antagonist Spironolactone 12.5mg
Anticoagulant Edoxaban 30mg
Antiarrhythmic agent Amiodarone 100mg
EF 40% 44%
Symptoms  Edema, Difficulty of breathing none
Fatigue b none
Appetite/ Dietary intake - Good appetite and intake==>1,440Kcal/day
Activity Daily activity Increased sitting and moving time :without a wheel chear |
Aerobic training Walking outside 5min  =esssesssees> A5 min |
Resistance training none
Wt/ECF (kg) BNP
ECF/Wt (%) (pg/mL)
400
100
200 26.0

0o

At discharge

— Vt[kg)

3 weeks later 6 weeks later 9 weeks later

m— ECF [kg] @ ECF/Wt (% BNP (pg/mL

FIGURE 2 Post-discharge progression of chronic heart failure patient B: Unstable course. The patient was diagnosed with chronic heart

failure, left ventricular dysfunction, atrial fibrillation, and pulmonary emphysema without renal impairment and had an unstable clinical

course and persistent symptoms after discharge. Spearman correlation coefficient () is as follows: BNP and ECF (r=0.25, p=0.63), Wt and

BNP (r=—0.28, p=0.58).

management, which included cardiac rehabilitation and
nutritional management (1600kcal, 70g protein, 35g
fat, and <6g salt), the patient's condition progressed,
with a blood pressure of 100-110/50-60 mmHg, heart
rate of 60 bpm, and weight of 50-51 kg. The dyspnea and
edema in both lower limbs disappeared. At discharge
(on the 26th day of hospitalization), the patient's EF
was 24%, BNP was 304.3pg/dL, and the inferior vena
cava (IVC) diameter was 10 mm. After discharge, the
patient's blood pressure stabilized at approximately
110/70 mmHg, and the heart rate remained stable at ap-
proximately 70bpm, with no significant changes from

discharge. Additionally, no dyspnea or edema was ob-
served at rest or during daily activities.

2.1.2 | Medication

The discharge prescription was the same as the treat-
ment during hospitalization, including azosemide (diu-
retics) 15mg and pimobendan (cardiac agents) 5mg, as
shown in Figure 1. One month after discharge, carve-
dilol (p-blocker) was reduced from 12.5 to 10 mg, with
no other changes in the prescription or dosage. The
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TABLE 2 Changesin BNP, ECF, and
EF over 9weeks post-discharge in patient
B.

Time Point
At Discharge
3Weeks Later
6 Weeks Later
9Weeks Later

BNP (pg/

mL) ECF (kg) EF (%) Interpretation
56.6 12.5 40

140.511 13.81 BNP11, ECF?
142.31 19.811 BNP?, ECF11
26.00] 15.2) 441 BNP| |, ECF|, EF t

Note: Arrows: Use arrows to indicate the trend (1 for increase, | for decrease). Double arrows (11 or ||)
can indicate a more significant change.

patient maintained good adherence to the medication
regimen at home.

2.1.3 | Dietary management

Following nutritional guidance before discharge, the
patient consumed 1600kcal, 75g protein, 35g fat, and
<6 g salt daily, utilizing commercially processed foods. No
supplements were consumed; protein-rich foods such as
meat, fish, legumes, and dairy products were included in
every meal.

2.1.4 | Exercises

Cardiac rehabilitation sessions, which were previously
frequent during hospitalization, were adjusted once per
month because of difficulties in commuting. Additionally,
the patient engaged in daily home-based resistance
exercises, including standing toe raises and squats, for
approximately 5min at a moderate intensity, which
allowed conversation. The aerobic exercise included
approximately 30min of walking almost daily. The
patients lived alone, managed all household chores, and
walked or used public transport.

2.1.5 | Outcomes

Compared with those at the third month after discharge,
the patient's weight increased by 5.2kg (approximately
10.4%), his ECF decreased by 3.1kg (approximately 19.3%),
and his BNP decreased by 289.5pg/mL (approximately
95.1%). Despite the increase in weight, the significant re-
ductions in ECF and BNP indicated a substantial improve-
ment in HF. There were no subjective symptoms, such as
edema or dyspnea. The ratio of ECF to total body fluid fol-
lowed a trend similar to that of extracellular fluid to body
weight, with an increase in lean body mass proportional to
body weight. The diameter of the IVC was maintained at
10mm at 9weeks after discharge. Three months later, the
EF improved from 24% at discharge to 44%.

2.2 | Patient B (Figure 2, Table 2)

2.2.1 | Clinical course

During a routine follow-up for COPD, the patient
experienced worsening dyspnea and was admitted with
a diagnosis of left ventricular dysfunction and atrial
fibrillation. Upon admission, the patient's vital signs were
as follows: BP 85/54 mmHg, HR 100-131bpm (AF), SpO,
98% (room air), BT 36.7°C, BNP 104 pg/dL, EF 25%, and
weight 74.0kg (an increase of approximately 5kg).

Treatment was initiated with DOB 150 mg, furosemide
(diuretics) 10 mg, enalapril (ACEI) 2.5 mg, spironolactone
(aldosterone antagonist), carvedilol (f-blocker) 2.5mg,
and edoxaban (anticoagulant) 30 mg, along with bilateral
pulmonary vein isolation. Owing to recurrent atrial fibril-
lation and HF exacerbation from a urinary tract infection,
diuretic management is challenging. Amiodarone (anti-
arrhythmic agent) 100mg and landiolol hydrochloride
(B-blocker) 50 mg were added, with discontinuation and
resumption based on the patient's overall condition, and
electrical cardioversion was performed. The patient sub-
sequently maintained sinus rhythm, with a stable heart
rate of approximately 70 bpm.

On the 16th day of hospitalization, tolvaptan (va-
sopressin receptor antagonist) 3.75mg was added, and
on the 27th day, pimobendan (cardiac agents) 2.5mg of
was introduced. DOB was gradually reduced beginning
on the 30th day and was discontinued on the 34th day.
During this period, the carvedilol concentration was
progressively increased to 10mg. While the subjective
symptoms of HF, such as edema and dyspnea, disap-
peared, the patient developed fatigue and loss of appe-
tite, which are considered signs of low cardiac output
syndrome (LOS). Therefore, tolvaptan (3.75mg) was
discontinued on the 41st day of hospitalization. The
patient's diet during hospitalization was 1400kcal (65g
protein, 35g fat, and <6g salt). Still, their food intake
was unstable, necessitating supplemental fluids based
on their condition. Additionally, cardiac rehabilitation
was conducted.
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The patient's condition progressed, with BP 90-
100/50-60mmHg, HR 50-66 bpm (sinus rhythm), and
weight 66-67 kg. There was no edema or dyspnea at rest,
but the symptoms of loss of appetite and fatigue per-
sisted even after the discontinuation of tolvaptan. There
were no other notable symptoms, and the cause could
not be identified beyond the LOS, including the possibil-
ity of depression. At discharge (45th day of hospitaliza-
tion), the patient's BNP was 56.6 pg/dL, the EF was 40%,
and the IVC diameter was 11 mm. After discharge, the
patient's blood pressure remained at 100-110/60 mmHg,
and the heart rate was approximately 70bpm (sinus
rhythm).

2.2.2 | Medication

At discharge, the patient continued to receive
pimobendan 2.5mg, metildigoxin 0.1mg (cardiac
agents), and carvedilol 10 mg (p-blocker), among other
medications (Figure 2). Between 3 and 6weeks after
discharge, metildigoxin (cardiac agents) 0.1 mg was
added, but there were no changes in the prescription or
dosage of enalapril (ACEI) or other medications. The
patient maintained good adherence to the medication
regimen.

2.2.3 | Dietary management

Based on the nutritional guidance provided before
discharge, the patient's meals prepared by his wife were
aimed at 1440kcal, 60g protein, 35g fat, and less than 6g
salt per day. However, for approximately 5weeks after
discharge, the patient continued to experience a lack
of appetite and could consume only 40% of the target
nutritional intake. The loss of appetite gradually subsided
after 5weeks postdischarge, and the patient could meet
the target nutritional intake. The proportion of protein-
and fat-rich foods increased during this period according
to the patient's preferences.

2.24 | Exercises

From discharge to the fourth week after discharge, the
patient primarily led a bedridden lifestyle. After the
improvement in appetite in the fifth week after discharge,
the patient spent more time sitting and engaging in
household activities. Initially, the patient experienced
dyspnea after walking approximately 50m, but by the
sixth week, he could walk around his home without
any issues. By the ninth week, he could walk for 15min

at a conversational pace. No resistance exercises were
performed during this period.

2.2.5 | Outcomes

When comparing the sixth and ninth weeks postdischarge,
the patient's weight increased by 2.8kg (approximately
4.3%), ECF decreased by 4.6 kg (approximately 23.2%), and
BNP decreased by 116.3pg/mL (approximately 81.7%).
Despite the increase in weight, the significant reductions
in ECF and BNP indicated an improvement in HF. There
were no symptoms, such as edema, dyspnea, or fatigue.
The ratio of ECF to TBW peaked at the sixth-week post-
discharge and then decreased, whereas the fat-free mass
increased proportionally to weight gain. The IVC diam-
eter was 16 mm at the ninth week post-discharge. The EF
improved from 40% at discharge to 44%.

The difference between patients A and B in terms
of disease and treatment lies in the fact that patient A
had congestive HF with a reduced EF and recovered
smoothly with the early introduction of an SGLT?2 inhib-
itor. In contrast, patient B had left ventricular dysfunc-
tion due to atrial fibrillation complicated by a urinary
tract infection, which delayed diuretic management.
Additionally, patient B underwent bilateral pulmonary
vein isolation, electrical cardioversion, and treatment
with antiarrhythmic drugs, which distinguishes them
from patient A. Despite these differences in disease
and recovery processes, both patients responded well to
treatment with diuretics, inotropes, f-blockers, and ACE
inhibitors. Patient A's EF improved by approximately
80%, and they experienced a weight loss of roughly
12kg. Patient B achieved sinus rhythm, and their EF
improved by 10%. Although there was no statistically
significant correlation between BNP and ECF, a positive
correlation was suggested. Despite the limited number
of EF measurements, EF improvement was observed
alongside BNP reduction and ECF decrease (Figures 1
and 2; Tables 1 and 2).

3 | DISCUSSION

3.1 | Inefficiency of weight monitoring
in HF management and the potential of
ECF for predicting BNP

Although no statistically significant differences were ob-
served because the data were limited to two patients, the
measurement of body composition in home-based pa-
tients with chronic HF in this study highlighted two key
findings:
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1. A general correlation among BNP levels, EF, and ECF
volume.

2. Aninverse correlation among BNP levels, EF, and body
weight was detected.

In patient A, a reduction in ECF volume and BNP
levels was observed 1month postdischarge, accompa-
nied by an improvement in the EF, indicating an im-
provement in HF. A similar phenomenon was observed
in patient B at 6 weeks post-discharge when their con-
dition stabilized. Additionally, in patient B, who did
not achieve stable HF status by the third week postdis-
charge, an increase in both BNP and ECF volume was
noted, suggesting a positive correlation between the two
variables despite the lack of statistical significance (pa-
tient A: r=0.48, p=0.51; patient B: r=0.25, p=0.63).
Patient A's weight consistently increased during this pe-
riod, whereas patient B's weight fluctuated. This finding
indicates that the variable correlated with BNP trends
was not body weight, which is emphasized in clinical
practice, but ECF.

In this study, Spearman’s correlation analysis was con-
ducted, and given the patients’ differing conditions, the
analysis was performed individually for each patient. The
lack of statistical significance is likely due to the limited
analyzable data. Nonetheless, a clear positive correlation
trend between BNP and ECF was observed. The accumu-
lation of a larger dataset is expected to elucidate further
the correlations between BNP, EF, and ECF.

Several factors have been identified as contributing
to the inefficiency of weight monitoring in patients with
chronic HF:

1. Weight fluctuations can be influenced by factors other
than fluid retention, particularly changes in muscle
mass.

2. Weight monitoring cannot accurately visualize changes
in muscle mass.

For patients with chronic HF, weight gain associated
with increased muscle mass is desirable. Both Patients A
and B experienced weight gain of more than 2kg with-
out any worsening symptoms of HF, such as lower limb
edema or dyspnea. Despite this, the current HF manage-
ment that relies on body weight could misinterpret weight
gain owing to increased muscle mass as a worsening of
HF.

In traditional HF management, body weight is an es-
sential indicator for adjusting medications, including di-
uretics.* However, this study reaffirms that body weight
is not always a reliable indicator for home-based chronic
HF patients.” While HF treatment guidelines recommend
contacting a physician or adjusting diuretics in response
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to rapid weight gain, the clinical effectiveness of this ap-
proach is limited. Recent findings indicate that weight
monitoring is not necessarily a highly reliable indicator for
the early detection of HF progression.* The cases in this
study where HF improved despite weight gain contradict
the guidelines and are not commonly reported.

An example of weight not correlating with clinical sta-
tus is observed in chronic HF patients with cachexia who,
after consuming high-calorie, high-protein nutritional
supplements, experienced significant weight gain due to
increased adipose tissue without worsening HF symptoms
and showed improved quality of life."> This aligns with
our study, indicating that weight gain is not necessarily a
helpful indicator in chronic HF management.

Based on these observations, our study proposes in-
cluding body composition analysis, rather than body
weight alone, as an evaluation metric in chronic HF man-
agement. This introduces a novel perspective, suggesting
a shift from the traditional weight-centric approach to a
more comprehensive management strategy.

Furthermore, a novel finding of this study is that
ECF can predict BNP. Previous research has reported the
usefulness of ECF volume as an indicator of fluid reten-
tion in chronic HF patients.'® Patients with a high ECF/
TBW (extracellular water to total body water) ratio are at
a greater risk of fluid overload, contributing to elevated
BNP levels. An increase in ECF volume is associated with
an increase in BNP, indicating its utility in predicting HF.”
This finding suggests that extracellular fluid and BNP are
correlated, supporting the findings of this study that ECF
volume can predict BNP levels.

BNP is a hormone secreted when the ventricles are ex-
cessively stretched, and volume overload from increased
ECF volume promotes BNP secretion.'” Conversely, BNP
decreases with decreasing ECF volume due to HF treat-
ment. This mechanism logically supports this study's
finding that BNP changes follow ECF volume changes,
making the prediction of BNP based on ECF volume rea-
sonable. Moreover, NT-proBNP is a biomarker considered
more sensitive and capable of detecting HF earlier than
BNP."” Future research should explore the relationships
between ECF and other biomarkers, such as NT-proBNP,
to further validate these findings.

Although BNP and proBNP are valuable biomark-
ers for diagnosing HF, their measurement requires the
collection of blood samples by a physician. Therefore,
measuring ECF volume can be considered convenient
and beneficial, particularly in home care settings where
nurses need immediate and objective indicators. This
study indicated that changes in ECFs greater than 1kg
could influence BNP levels. A practical application would
be to perform an immediate ultrasound examination
via a portable echocardiogram'® when a rapid increase
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of >1kg in ECF volume is detected. This can facilitate
the measurement of the EF and IVC diameters. Suppose
signs of HF exacerbation, such as a decrease in EF or an
IVC diameter exceeding 20 mm, are observed.*!® In that
case, prompt consultation with the primary physician is
recommended to facilitate early intervention. Even when
echocardiographic findings do not indicate worsening
HF, an increase in ECF volume can still be considered a
sign of potential exacerbation.

It has been hypothesized that there is a lag between
the increase in ECF volume or body weight and the
manifestation of HF symptoms. The use of body compo-
sition monitors for tracking such changes helps manage
pre-exacerbation conditions of HF and facilitates earlier
and more appropriate care before the typical symptoms
of HF exacerbation become apparent, potentially help-
ing to prevent hospital readmissions. Given the analy-
sis results regarding weight changes, ECF volume, and
BNP levels, measuring ECF volume appears to be a more
useful objective indicator than measuring body weight
in home-based patients with chronic HF. This finding
underscores the potential of adopting ECF volume mon-
itoring as a routine practice in enhancing the efficacy
of home care and preventive strategies in chronic HF
patients.

3.2 | Mechanisms behind weight
gain and a decrease in ECF volume in
patients with HF

A notable feature of the two patients studied was improved
HF symptoms and increased body weight, whereas the
ECF volume decreased. This contradicts the current
interpretation of HF treatment, in which weight gain is
commonly associated with an increase in ECF volume
and is considered an indicator of worsening HF.* The
following factors might have reduced the ECF volume in
these patients:

1. Improving the EF due to pharmacotherapy

2. Adequate nutritional intake, particularly protein
consumption, and the resulting increase in muscle cells
and metabolism.

3.3 | Medication effects

Both patients received standard HF treatment, which
notably included diuretics and inotropes, and these
treatments can be interpreted as having reduced venous
pressure. Specifically, inotropes improve myocardial
contractility, enhance cardiac function and cardiac

output,19 decrease venous pressure, and alleviate edema.
Additionally, diuretics promote the excretion of sodium
and water,” resulting in reduced circulating blood
volume and venous pressure, directly contributing to
the reduction in ECF volume. For patient A, who had
a significant decline in EF, using an SGLT2 inhibitor
was notable. SGLT2 inhibitors induce osmotic diuresis,
reducing the circulating blood volume and decreasing
the preload and afterload on the heart.?* Moreover,
these inhibitors are thought to increase myocardial
efficiency through cardioprotective effects.”’ These
combined effects likely contributed to the reduction in
ECF volume.****

Although ACE inhibitors, beta-blockers, and spirono-
lactone do not directly reduce ECF volume, their role
in blood pressure management and the suppression of
myocardial remodeling likely indirectly improves cardiac
function and prevents HF exacerbation,** leading to a
decrease in ECF volume.

The observed decrease in ECF volume owing to med-
ication aligns logically with the pharmacological goals of
HF management. However, the simultaneous increase in
body weight observed in both patients cannot be explained
solely by the effects of medication. This weight gain likely
resulted from increased muscle mass following appropri-
ate exercise, improving heart pump function, and effective
medicines and nutritional intake.

3.4 | Nutritional impact: The effects of
enhanced protein intake

Both patients exhibited weight gain attributed to ad-
equate nutritional intake, and the data collected sug-
gested that the increase in body composition was
primarily in muscle mass rather than in extracellular
fluid or fat. Ethical considerations regarding patient
burden and its impact on patient's lives precluded this
study's collection of detailed dietary records. Despite
these data acquisition and analysis limitations, patient
A's targeted protein intake at discharge was set at 75
grams, significantly exceeding the 60 grams recom-
mended for his age glroup.26 In contrast, Patient B, who
did not engage in resistance exercise, maintained an
adequate intake of protein-rich foods such as meat and
fish, even with a reduced appetite. The common factor
between the two cases was the proactive consumption
of protein. Adequate protein intake prevents muscle
mass loss and promotes muscle recovery irrespective of
age, sex, or exercise.?’ Both individuals are free from
renal dysfunction, so maintaining such dietary habits
likely minimizes muscle loss and facilitates muscle
mass recovery.
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3.5 | Exercise benefits: Increases in
muscle cell numbers and enhanced
metabolism

Patients A and B, both of whom showed signs of recovery
from HF (after discharge for 6 weeks), engaged in aerobic
exercise, which was consistent across their treatment
protocols. Patient A engaged in moderate-intensity
aerobic and resistance exercises daily, as recommended
for cardiac rehabilitation.?® On the other hand, although
patient B did not engage in resistance training, he
could perform moderate-intensity aerobic exercises
centered around walking after the initial 6 weeks post-
discharge, eventually adopting these exercises daily. The
physiological significance of exercise in patients with
HF includes improved cardiac function,” enhanced
muscle strength,3° better blood circulation,®! reduced
inflammation,?® and improved autonomic function.*
In our study, the primary benefit of exercise was the
increase in muscle strength.*® Strengthening the skeletal
muscles improved the efficiency of oxygen utilization in
the muscles, impacting their capacity for daily activities.
In conjunction with pharmacotherapy, the increased
oxygen supply to the myocardium may have contributed
to increased cardiac output and improved cardiac
efficiency.”

The weight gain observed in these two patients can
be attributed to division and the consequent increase in
muscle satellite cells during exercise.’* Moreover, ade-
quate nutritional intake and energy expenditure, par-
ticularly protein consumption, further activate muscle
satellite cells and promote muscle protein synthesis,***
which causes myofibril hypertrophy and weight gain. An
increase in lean-free mass and a decrease in the ratio of
ECF to total body water were observed in both individuals.
Notably, a lower ratio of ECF to total body water indicates
a change in water balance and a state of muscle tonicity,
indicating muscle quality.*® These findings support the in-
terpretation that weight gain is due primarily to increased
muscle cells and skeletal muscle protein mass caused by
hypertrophy.**

An increase in muscle mass is believed to suppress
the increase in ECF volume within the homeostasis
range. An increase in exercise and muscle mass en-
hances energy consumption, that is, metabolism, which
not only results in a transcellular shift from extracel-
lular to intracellular fluid'® but also consumes ECFs.
Specifically, increased metabolism will likely facilitate
energy production, active cellular membrane transport,
and intracellular synthesis. During these catabolic and
anabolic reactions, the oxygen and nutrients stored in
the extracellular fluid are transported and utilized, in-
hibiting the increase in ECF volume.'®* Typically, older
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adults experience a decrease in metabolism and muscle
mass, leading to a reduction in the intracellular fluid
volume and an increase in the ECF volume.'® However,
the opposite reaction occurred due to increased muscle
mass and metabolism in Cases A and B, unlike in the
general elderly population.

Particularly for patient A, who consistently engaged
in aerobic and resistance exercises, these activities may
have improved insulin sensitivity and activated glucose
transporters and enzymes involved in glucose metabo-
lism, thereby increasing nutrient uptake from skeletal
muscles.’” Additionally, resistance training improves mi-
tochondrial function, which is essential for energy pro-
duction,*® increasing energy efficiency.

Thus, in patient A, increased nutrient uptake and met-
abolic efficiency in the skeletal muscles likely facilitated
the efficient removal of metabolic products from the ex-
tracellular fluid. Neither patient A nor B engaged in the
respiratory muscle training recommended for cardiac re-
habilitation.”® If both patients had undergone respiratory
muscle training and patient B had performed resistance
exercises, further improvements in BNP levels and reduc-
tions in ECF volume may have occurred.

These factors underpin the mechanisms by which
weight gain occurs alongside a reduction in ECF vol-
ume, improving HF symptoms in these two patients with
chronic HF.

3.6 | Effectiveness of nutritional and
exercise therapy

The observed changes in the study subjects included
weight gain associated with increased muscle mass, a re-
duction in ECF, and improvement in BNP levels. For the
management of HF in patients at home, it is essential not
only to continue pharmacotherapy but also to combine it
with appropriate nutritional intake and exercise therapy
tailored to cardiac pump function and living conditions.
These sustained interventions are believed to have in-
creased muscle mass and facilitated the improvement of
HF.

This study indicated that proactive protein intake is
beneficial. For more effective protein digestion and ab-
sorption, oral nutritional supplements containing whey
peptides and branched-chain amino acids,” as well as
meal supplements based on essential amino acids,* can
potentially increase fat mass and physical capability in
patients with chronic HF and offer beneficial treatments
for elderly individuals with poor physical function. Home-
based food substitution methods improve nutritional sta-
tus and enhance cardiopulmonary function and exercise
endurance in elderly patients with chronic HF.** Although
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the patients did not use supplements, it is crucial to use
nutritional support products to intake protein according
to the patients' conditions efficiently.

Additionally, exercise is of paramount importance.
Cardiac rehabilitation, including a combination of aero-
bic exercises, resistance training, and respiratory muscle
exercises, is highly recommended by evidence-based re-
search.”® However, neither of our patients consistently per-
formed resistance or respiratory muscle exercises; everyday
activities included increased daily activities and aerobic
training. Therefore, exercise therapy focused primarily on
aerobic activities can improve HF. Thus, for patients with
chronic HF who find it challenging to maintain all recom-
mended exercises, such as cardiac rehabilitation, it may be
advisable to prioritize daily activities and aerobic training
according to symptoms and living conditions, gradually in-
creasing the variety and intensity of activities.

As outlined above, maintaining appropriate nutritional
intake, continued exercise, and other lifestyle improve-
ments is not easy for patients to manage independently at
home with minimal involvement from healthcare profes-
sionals. Therefore, exercise and nutritional therapy must
be tailored to meet each patient's individual needs and
supported continuously. This requires not only physician-
centered support in outpatient settings but also the prac-
tice of team-based care through collaborative efforts with
multidisciplinary professionals.

3.7 | Practical application: Proposal for
continuous monitoring via BIA

Support for pharmacotherapy, nutrition, and exercise
therapy, which contribute to the prevention of worsen-
ing conditions and improvement in quality of life (QOL)
in home-based patients with chronic HF, should not be
limited to outpatient visits. Instead, these interventions
are carried out by a multidisciplinary team according
to patient needs, including home nursing and rehabili-
tation visits. Furthermore, I propose shifting from cur-
rent weight-centric evaluations to incorporating regular
body composition assessments via BIA into standard
home care practices to analyze the patient's condition
and treatment effects more accurately. This approach
would enable more reliable and precise management
of HF, nutritional status, and the impact of physical
activity.

This allows for immediate assessment of HF manage-
ment, nutritional status, and the impact of physical ac-
tivity. Based on these measurements, supporters should
provide feedback to patients and deliver on-the-spot di-
etary and exercise guidance, facilitating personalized care
to help prevent worsening HF and improve QOL.

4 | CONCLUSION

For patients managing chronic HF at home, the volume
of ECF serves as a more reliable and objective indicator
than weight fluctuations. It may act as a predictor of BNP
levels. Furthermore, increasing muscle mass through
pharmacotherapy, nutritional, and exercise therapy is
essential for preventing the worsening of HF, and BIA
is an effective tool for this assessment. Therefore, I pro-
pose the incorporation of BIA into standard protocols
for home management of HF. Future research should
evaluate the outcomes of incorporating BIA into HF
management and explore the correlations with addi-
tional biomarkers, including NT-proBNP, in large-scale
studies.
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