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Abstract

Purpose This study evaluated the clinical characteristics of bilateral leg edema during follow-up of heart failure (HF) patients
and determined the added value of monitoring fluid weight gain for deciding whether this non-specific sign is a more clinically
relevant sign.

Methods Retrospective analysis was performed on 1826 visits from 83 ambulatory patients with established mild-to-
moderate HF. Evaluated HF-related signs included leg edema, pulmonary crackles, S3, weight gain, and ultrasound pleural
effusion.

Results During follow-up, 75 patients with 161 visits had at least one of the following HF-related events: weight gain
(n = 107), leg edema (n = 90), ultrasound pleural effusion (n = 85), pulmonary crackles (n = 29), and S3 (n = 16). Compared with
the events of sole leg edema (n = 23), leg edema events with additional HF-related sign(s) (n = 67) accompanied more symp-
tomatic worsening (7% vs. 55%, P< 0.0001), and a higher incidence (61% vs. 96%, P = 0.0002) and magnitude of increased se-
rum B-type natriuretic peptide. Sole leg edema events rarely progressed to worsening HF before the next regular clinic visit.
Patients with the event of both leg edema and weight gain more often experienced worsening HF requiring extra clinic visits
and/or hospitalization. Amongst a total of 67 leg edema events with additional HF-related signs, 56 (84%) coexisted with
weight gain. Therefore, additional monitoring of weight gain efficiently distinguished the clinically significant leg edema events
from insignificant sole leg edema events.

Conclusions During follow-up of mild-to-moderate HF patients, sole leg edema appeared around 30% of the leg edema
events, which is considered clinically insignificant. Additional checking for weight gain could be useful for determining
whether this sign is a clinically relevant HF-related sign. The appearance of these both signs during follow-up of
established HF patients should be intentionally watched or treated by extra diuretics and/or drug adjustment to prevent
worsening of HF.
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Introduction

Signs of heart failure (HF) include right heart congestion (e.g. lower
leg edema, raised jugular venous pressure, ascites, and hepato-
megaly), left heart congestion [pulmonary crackles, wheezing
and the third heart sound (S3)], and fluid weight gain.1–5

Amongst these signs, bilateral leg edema and changes in body

weight are easily monitored and may be important for caring
of patients with HF, but both of these physical signs are often
not specific for worsening HF status.4–9 In suspected HF
patients, the use of lower leg edema as a predictor of HF is
reported to be the simplest sign of right-sided congestion,
but it is not considered specific enough to use as the sole basis
for an accurate diagnosis of worsening HF status.8,10–12 To
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date, the role of monitoring bilateral leg edema for detec-
ting HF worsening and the clinical validity of monitoring
body weight change during follow-up of established HF
patients are still controversial. Thus, the aim of the present
study was to thoroughly examine the clinical characteristics
of the appearance of bilateral leg edema, and to determine
the added value of monitoring fluid weight gain for deter-
mining whether this non-specific sign is a more clinically
relevant sign for worsening HF in established HF patients
during follow-up.

Materials and methods

Study protocol

The present study was a sub-study of a recently published
study5 focusing on monitoring body composition changes in
established HF patients performed in the cardiology clinic of
Nishida Hospital. Eligible patients had at least one decompen-
sated HF episode that resulted in hospitalization or treatment
with intravenous loop diuretics. Informed consent was ob-
tained from all patients before study enrollment.

At study entry, patient characteristics, history, and primary
aetiology were recorded. Study patients were instructed to
visit to the outpatient clinic every 2 to 6weeks according to
their condition. The patients enrolled in this study were
interviewed regarding changes in symptoms and examined
for the appearance of physical signs of fluid retention upon
each visit to the clinic by a clinician (H. K.). Additional routine
tests included searching for the ultrasound pleural effusion
(US-PLE),13,14 monitoring changes in the fluid status using a
digital body weight scale incorporating a bioelectrical imped-
ance analyzer4,5 and measuring B-type natriuretic peptide
(BNP) levels.15

In the present study, data from the clinical records for HF
monitoring were retrospectively reviewed to search for
events of the presence of one or more of the HF-related
sign(s) described in the succeeding text. For each event, the
following issues were examined: accompanying symptoms,
precipitating causes, patient’s response to the event (e.g. regular
or extra/urgent clinic visit), physician’s decision, and attitude
to the event (e.g. sole education/observation or drug treat-
ment and outpatient clinic or hospitalization) and clinical
course during hospitalization or up to the next regular out-
patient clinic visit after the event.

Evaluation of heart failure-related symptoms and
signs

Evaluated HF-related symptoms included dyspnea on exertion
or at rest, orthopnea, and paroxysmal nocturnal dyspnea.

Clinically significant HF-related signs adopted in the present
study included the appearance of S3, bilateral crackles be-
yond the basal lung, bilateral leg edema around, or above
the ankle, fluid weight gain (defined as body weight gain
of ≥1.5 kg with decreased body fat percentage compared
with the most recent previous clinic visit with clinical
stability),4,5 and the presence of US-PLE.13,14 Significant leg
edema was graded as mild (around the ankle) or
moderate/severe (higher than the ankle or knee.9 Efforts were
made to investigate the precipitating factors that led to the
worsening HF.16

Chest ultrasound

Chest ultrasound was performed on each patient using a
commercially available real-time, wide-angle phased-array
system.13,14 The patient was placed in a sitting position on a
bed or chair, and chest ultrasound was performed on each
hemithorax using a 3.5-MHz sector transducer through the
intercostal space and scanning along the paravertebral, scap-
ular, and posterior axillary lines. The presence of pleural effu-
sion was diagnosed by the appearance of an anechoic space
between the parietal pleura and the highly reflective visceral
pleura-lung interface (positive US-PLE sign).

Monitoring of weight gain

Evaluation of fluid body-weight gain by measuring body
weight and percent body fat was described in detail previ-
ously.4,5 Briefly, for monitoring definite HF patient, body
weight and percent body fat were measured twice and aver-
aged. Patients wore light clothes and were barefoot during
weighing. Based on prior experience,4 the criterion of signi-
ficant fluid weight gain was defined as a body weight gain
of at least 1.5 kg with a concomitant decrease in percent
body fat from the most recent visit with clinical stability to
the time of target weight gain. Adjustments of reference
dry weight, as determined by the evaluation of symptoms,
physical exam, and chest ultrasound, were made at each
clinic visit. In the case of worsening HF status, as diagnosed
at regular or extra/urgent clinic visit, target dry weight was
determined after decongestion therapy in the hospital or
outpatient clinic.

Statistical analysis

Continuous variables are presented as mean values (±stan-
dard deviation). Categorical values are reported as numbers
and percentages. For continuous variables, group data be-
tween two groups were compared using Student’s unpaired
t-test and across more than three groups using the Kruskal–
Wallis test with post hoc test. Categorical data were
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compared using Fisher’s exact test or the chi-square test. A P
value of less than 0.05 was considered statistically significant.
All analyses were performed using GraphPad Prism 4.0
(GraphPad Software, San Diego, CA).

Results

Baseline characteristics of the study patients

Table 1 shows the baseline characteristics of the study patients
during clinical stability around the time of study entry. A total
of 83 ambulatory patients (39% men, aged 77 ± 12 years) with
mild-to-moderate HF (New York Heart Association functional
class II or III) were enrolled. Over a mean follow-up of 652
± 456days, 1826 visits (mean interval, 28 days) were evalu-
ated. The mean frequency of a patient’s visit to the outpatient
clinic was 22 ± 14 times (range 5–63 times).

Appearance of heart failure-related signs

Table 2 shows the classification of outpatient visits by cumulative
number of HF-related signs and the relation to the appearance of
each worsening HF-related sign and worsening of symptoms. In
161 visits of 75 patients amongst 83 study patients, the patient
had at least 1 of the following events: fluid weight gain
(n=107), leg edema (n=90), US-PLE (n=85), pulmonary crackles
(n=29) and S3 gallop (n=16) (Figure 1 and Table 2).

Clinical characteristics of leg edema

Severity of bilateral leg edemawasmild in 58,moderate in 31, and
severe in 1 patient(s). Table 3 shows the relation of the severity of
leg edema with the other HF-associated signs. The appearance of
each HF-related sign and cumulative number of HF-related signs
was not different (P=0.49) between events of mild (1.36±1.09;
n=58) and moderate/severe bilateral leg edema (1.53±1.11;
n=32), but more symptomatic changes appeared in events of
moderate/severe bilateral leg edema (31% vs. 66%, P=0.002).

Table 1 Baseline characteristics of the study patients

Characteristics Study patients (n=83)

Age (yrs)
Mean± SD 77±12
Range 29–93

Male 32 (39%)
Body height (cm) (mean± SD) 151±10
Primary cause of HF
Hypertension 39 (47%)
Valvular 18 (22%)
Cardiomyopathy 12 (14%)
Ischemic 6 (7%)
Arrhythmia 5 (6%)
Others 3 (4%)

Left ventricular ejection fraction
Mean± SD 53±14
Range 20–77

Atrial fibrillation 29 (35%)
Lower leg varicose veins 8 (10%)
B-type natriuretc peptide (pg/mL)
Mean± SD 147± 135
Range 37–1110

NYHA-FC at stable period
II 62 (75%)
III 21 (25%)

Medication
Diuretics 81 (98%)
ACE inhibitors/ARB 54 (65%)
Beta-blockers 38 (46%)
Calcium antagonists 31 (37%)
Digitalis 7 (8%)
Nitrates 6 (7%)

Data present are values in mean± standard deviation or number
(percent).
ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor
blocker; NYHA-FC, New York Heart Association functional class;
HF, heart failure.

Table 2 Classification of 161 visits (75 patients) with the presence of heart failure-related sign(s) and their relation to the appearance of
other heart failure sign(s) and worsening symptoms

Isolated HF
sign (n=67)

Coexistence of leg
edema and
weight gain
(n=56) Leg edema and

HF sign(s) other
than weight
gain (n=11)

Weight gain and
HF sign(s) other
than leg edema

(n=20)

≥2 HF signs other
than leg edema
and weight
gain (n=7)

Leg
edema

Weight
gain Others

Additional HF sign(s)

None 1 ≥2

Classification of each
visit with HF sign(s) (n=161)

23 31 13 13 27 16 11 20 7

Appearance of each HF sign
Leg edema (n=90) 23 0 0 13 27 16 11 0 0
Fluid weight gain (n=107) 0 31 0 13 27 16 0 20 0
Positive US-PLE (n=85) 0 0 12 0 23 16 9 19 6
Pulmonary crackles (n=29) 0 0 1 0 3 11 2 8 4
S3 (n=16) 0 0 0 0 1 7 1 3 4

Worsening symptoms (n=56) 2 0 4 4 17 11 5 9 4

HF, heart failure; S3, the third heart sound; US-PLE, ultrasound pleural effusion.
Data present are values in number.
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The appearance of sole leg edema isolated from the
other HF-related signs occurred in 23 visits (26% of 90 leg
edema events; Table 4): amongst these visits, only 2 visits
were accompanied by symptomatic worsening, and the
BNP level from stable to worsening HF decreased in 9 and
was only mildly elevated (50 pg/mL>) in 10 visits. Compared
with events of the sole appearance of bilateral leg edema
(n = 23), leg edema events with the presence of additional
HF-related signs (n = 67) had frequent symptomatic worsening

(7% vs. 55%, P< 0.0001), and a higher incidence (61% vs. 96%,
P = 0.0002) and magnitude of increased serum BNP.

Clinical characteristics of fluid weight gain

Sole fluid weight gain isolated from the other HF-related signs
occurred in 31 visits (29% of 107 fluid weight gain events;
Table 4): not all of these visits were accompanied by symp-
tomatic worsening, and the serum BNP from stable to worsen-
ing HF decreased in 8 and was only mildly elevated (50 pg/
mL>) in 10 visits. Compared with events of sole appearance
of fluid weight gain (n = 31), those events with the presence
of additional HF-related signs (n = 76) were often accompa-
nied by symptomatic worsening (0% vs. 54%, P< 0.0001)
and had a higher incidence (74% vs. 95%, P=0.0047) and magni-
tude of increased serum BNP.When comparedwith sole appear-
ance of bilateral leg edema, sole appearance of fluid weight gain
presented with a trend towards higher elevation of BNP
(50> vs. ≥50pg/mL) from stable to worsening of HF (P=0.173).

Patient’s behaviour, physician’s decision, and
clinical course between events of sole leg
edema/weight gain vs. multiple heart failure signs

Table 5 shows the comparisons of patient’s behaviour, physi-
cian’ decision, and clinical course between events of sole leg
edema/fluid weight gain vs. multiple HF-related signs. Upon
the occurrence of HF-related events, there were only 3 (6%)
extra/urgent clinic visits [hazard ratio (HR) 0.07, 95% confi-
dence interval (CI) 0.02–0.24] and 1 (2%) HF-related hospital-
ization [HR 0.03, 95% CI 0.003–0.19] amongst a total of 54
events of sole leg edema or fluid weight gain, although there
happened as many as 43 (46%) extra/urgent clinic visits and
40 (43%) events of HF-related hospitalization amongst a total
of 94 events with two or more HF-related signs (P< 0.0001 for
each). None of the events with sole leg edema or fluid weight
gain progressed to HF-related death, but seven events with mul-
tiple signs resulted in HF-related death during hospitalization.

Added value of fluid weight gain to leg edema

Amongst a total of 67 leg edema events with the presence of
one or more additional HF-related signs, 56 events (84%)
coexisted with fluid weight gain (Figure 1, Table 2). Therefore,
additional signs of fluid weight gain for distinguishing sub-
stantial number of the clinically significant leg edema events
(n = 56) from the insignificant sole leg edema events (n = 23).
When taking the symptoms into consideration, five additional
events of leg edema with coexistent HF sign(s) other than
fluid weight gain (n = 11) were differentiated from the iso-
lated leg edema events.

Figure 1 Appearance of symptom and signs amongst a total of 161 clinic
visits by patients presenting with more than one heart failure-related
sign(s). Ultrasound pleural effusion. Note: There appeared combined
appearance of leg edema and fluid weight gain in 56 (84%) of a total
of 67 leg edema events.

Table 3 Relation of the severity of leg edema to other heart
failure-associated signs

Mild leg edema
Moderate/severe

leg edema

P-valuea(n=58) (n=32)

Appearance of HF-related signs
Fluid weight gain
(≥1.5 kg)

34 (59%) 22 (69%) 0.37

Positive US-PLE 29 (50%) 19 (59%) 0.51
Pulmonary crackles 11 (19%) 5 (16%) 0.78
S3 6 (11%) 3 (9%) 1

Distribution of cumulative number of HF signs
0 16 (28%) 7 (22%) 0.89
1 16 (28%) 8 (25%)
2 17 (29%) 11 (34%)
≥3 9 (15%) 6 (19%)

Number of HF signs 1.36± 1.09 1.53±1.11 0.49
Worsening of dyspnea 18 (31%) 21 (66%) 0.002*

[Correction added after online publication 2 July 2015: 69%
changed to 59% in column Moderate/severe leg edema and row
Positive US-PLE].
HF, heart failure; S3, the third heart sound; US-PLE, ultrasound
pleural effusion.
Data present are values in mean± standard deviation or number
(percent).
aP-value according to Student’s unpaired t-test or Fisher’s exact/
chi-square test.
*Significance.
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The clinical course of the 56 events with the presentation
of both leg edema and weight gain was almost similar to that
of the 38 events with the presentation of ≥2 HF-related signs
other than events fulfilling such criterion (Supporting Infor-
mation, Table S1). However, patients with the event of both
leg edema and weight gain more often experienced extra di-
uretic usage and prescription adjustment, and tended to have
a higher incidence of extra- or urgent clinic visits.

As presented in Table 6, events requiring an extra clinic visit
and/or hospitalization (n=63) presentedwithmore symptomatic

worsening of dyspnea and higher serum BNP levels compared
with other regular clinic visits and the presentation of HF-related
sign(s). Amongst these 63 events of worsening HF, 37 (59%) were
associated with both leg edema and fluid weight gain.

Amongst 19 regular clinic visits in which patients presented
with both leg edema and weight gain, extra diuretics and/or
drug adjustment was prescribed at 15 clinic visits, and outpa-
tient follow-up without hospitalization or changes in medication
was prescribed at four clinic visits. All of these visits except one
were subsequently uneventful until the next regular clinic visit.

Table 4 Comparison between the events of isolated appearance of leg edema or fluid weight gain and those of the presence of additional
heart failure sign(s)

Presence of leg edema

P-valuea

Presence of weight gain

P-valuea
Additional HF sign(s) Additional HF sign(s)

No (n=23) Yes (n=67) No (n=31) Yes (n=76)

Worsening of dyspnea 2 (7%) 37 (55%) <0.0001* 0 41 (54%) <0.0001*
BNP level (pg/mL) at stability
<100 8 (35%) 23 (34%) 0.243 16 (52%) 29 (38%) 0.24
100 to <500 13 (56%) 43 (64%) 15 (48%) 43 (57%)
500≤ 2 (9%) 1 (2%) 0 4 (5%)

BNP change from stability to worsening
Decreased 9 (39%) 3 (4%) 0.0002* 8 (26%) 4 (5%) 0.0047*
Increased 14 (61%) 64 (96%) 23 (74%) 72 (95%)

ΔBNP (pg/mL) from stability to
worsening in increased BNP events

(n=14) (n=64) (n=23) (n=72) 0.029*

<50 10 (72%) 10 (16%) 0.0002* 10 (44%) 12 (17%)
50 to <100 2 (14%) 11 (17%) 4 (17%) 11 (15%)
100 to <300 2 (14%) 25 (39%) 7 (30%) 27 (37%)
300≤ 0 18 (28%) 2 (9%) 22 (31%)

BNP, B-type natriuretic peptide; HF, heart failure.
Data present are values in number (percent).
aP-value according to Fisher’s exact/chi-square test.
*Significance.

Table 5 Comparison of patient behaviour, physician decision, and clinical course between the events of isolated leg edema or weight
gain vs. those of the appearance of multiple heart failure-related signs

Events of isolated appearance
Events of multiple
HF-related signs

(n=94)

All isolated vs. ≥2 HF signs

All
(n=54)

Leg edema Weight gain Hazard ratio
P-valuea(n=23) (n=31) (95% CI)

Extra/urgent clinic visit 3 (6%) 2 (7%) 1 (3%) 43 (46%) 0.07 (0.02–0.24) <0.0001*
Worsening of symptoms 2 (4%) 2 (7%) 0 50 (53%) 0.03 (0.08–0.15) <0.0001*
Both of the above 2 (4%) 2 (7%) 0 36 (38%) 0.06 (0.014–0.27) <0.0001*

Precipitating cause of worsening HF
Poor adherence to drugs 6 (11%) 2 (7%) 4 (13%) 14 (15%) 0.71 (0.26–1.98) 0.62
Inappropriate drug prescription
Reduction of diuretics 3 (6%) 2 (7%) 1 (3%) 5 (5%) 1.05 (0.24–4.57) 1
Use of NSAIDs 0 0 0 9 (10%) 0.08 (0.005–1.45) 0.03*

Physical/dietary/alcoholic excess 3 (6%) 1 (4%) 2 (6%) 16 (17%) 0.29 (0.08–1.03) 0.07
Unknown 42 (78%) 18 (78%) 24 (77%) 50 (53%) 3.08 (1.44–6.58) 0.005*

Drug treatment
No (education and observation) 46 (85%) 18 (78%) 28 (90%) 12 (13%) 39.3 (15–103) <0.0001*
Re-starting of regular prescription 6 (11%) 2 (7%) 4 (13%) 14 (15%) 0.71 (0.26–1.98) 0.62
Extra diuretics for several days 6 (11%) 4 (17%) 2 (6%) 81 (86%) 0.02 (0.007–0.06) <0.0001*
Adjustments of recent regular drugs 5 (9%) 3 (13%) 2 (6%) 74 (79%) 0.03 (0.01–0.08) <0.0001*

HF-related hospitalization 1 (2%) 1 (4%) 0 40 (43%) 0.03 (0.003–0.19) <0.0001*
HF-related death 0 0 0 7 (7%) 0.11 (0.006–1.9) 0.048*

CI, confidence interval; HF, heart failure; NSAIDs, non-steroidal anti-inflammatory drugs.
Data present are values in number (percent).
aP-value, hazard ratio (all isolated to ≥2 HF signs) and 95% CI according to Fisher’s exact/chi-square test.
*Significance.
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With regard to events of either leg edema or body weight
gain at a regular clinic visit with an uneventful clinical course
(n = 68), serum BNP levels were lower (P< 0.001), the cumula-
tive number of HF-related signs was smaller (P< 0.001), and
the incidence of worsening dyspnea was lower compared with
the events requiring an extra clinic visit and/or hospitalization
(n = 63). Amongst these 68 events, only two progressed to
worsening of HF before the next regular clinic visit.

Discussion

The present study evaluated the clinical significance of bilateral
leg edema in detail during follow-up of patients with mild-to-
moderate HF and evaluated the added value ofmonitoring fluid
weight gain to this frequently non-specific HF sign. The results
demonstrated that the appearance of bilateral leg edema is
one of the leading presentations of HF-related signs during
follow-up of mild-to-moderate HF patients, but ~30% of the
leg edema events were the only physical presentation isolated
from the other HF-related signs, which usually seems to be clin-
ically insignificant because of its clinical characteristics and the
lack of progress to the worsening HF-related events or death.
Furthermore, the present study indicated that additional

monitoring of fluid weight gain and symptoms could enhance
the somewhat non-specific physical sign of leg edema as a
more clinically relevant sign of evidence of HF worsening.

Revisits of bilateral leg edema in heart failure

Bilateral leg edema is one of the important factors in diagnos-
ing, monitoring, and managing HF status.1–3 This sign is a
common physical finding with numerous etiologies, however,
including venous insufficiency, adverse reaction to medica-
tion, chronic obstructive pulmonary disease, sleep apnea or
hypopnea syndrome, obesity, and elevated central venous
pressure because of HF or renal failure.6–9

Amongst adult patients with stage A cardiovascular disease
status (i.e. patients at high risk for congestive HF, but without
structural heart disease or symptoms of HF), the incidence of
bilateral leg edema is around 10%, and its severity is usually
mild.9 According to recent studies evaluating HF-related
physical findings, Mueller et al.10 observed the appearance
of lower extremity edema in a moderate percentage (23%)
of patients with non-cardiac cause of dyspnea compared with
those with a cardiac cause of dyspnea (47%) in an emergency
department setting. Kelder et al.11 reported a similar obser-
vation in the primary care setting for diagnosing new-onset

Table 6 Comparison of heart failure-related events requiring an extra clinic visit/hospitalization and those noted during regular clinic
visits not requiring hospitalization

Events requiring an extra
clinic visit and/or

hospitalization (n=63)

Events noted during regular clinic visits
requiring no hospitalization (n=98)

Both leg edema
and weight gain

Leg edema or
weight gain Others

(n=19) (n=68) (n=11)

HF-related sign
Leg edema 45 (71%) 19 (100%) 26 (38%) 0
Fluid weight gain 46 (73%) 19 (100%) 42 (62%) 0
Positive US-PLE 53 (84%) 7 (37%) 14 (21%) 11 (100%)
Pulmonary crackles 17 (30%) 5 (26%) 5 (7%) 2 (18%)
S3 15 (24%) 1 (5%) 0 0

Cumulative number of HF signsa 2.81±1.03 2.68±0.67 1.28±0.51* 1.18±0.41*
Worsening of dyspneab 50 (79%) 2 (11%) 4 (6%) 0
Both fluid weight gain and leg edema 37 (59%) 19 (100%) — 0
With worsening of symptomsc 30/37 (81%) 2/19 (11%) — —

Leg edema or fluid weight gain 16 (25%) — 4 (6%) —

With worsening of symptomsc 12/16 (75%) — 4/68 (6%) 0
Serum B-type natriuretic peptide (pg/mL)
Recent clinic visit without HF signs 281±460 131±110 141±117 194±135
Clinic visit presenting with HF sign(s)d 595±565 233±153† 199±156* 269±226

Extra diuretics and/or drug adjustment 63 (100%) 15 (79%) 3 (4%) 3 (27%)
Clinical course
Worsening HF before next clinic visit — 1 (5%) 2 (3%) 0
HF-related death 7 0 0 0

HF, heart failure; S3, the third heart sound; US-PLE, ultrasound pleural effusion.
Data present are values in mean± standard deviation or number (percent).
aP-value< 0.0001 according to Kruskal–Wallis test. Post hoc testing:
*P< 0.001, for comparison with extra clinic visit/hospitalization.
bP-value< 0.0001 according to Fisher’s exact/chi-square test.
cP-value< 0.001 according to Fisher’s exact/chi-square test.
dP-value< 0.0001 according to Kruskal–Wallis test. Post hoc testing: *P< 0.001; †P< 0.01, for comparison with extra clinic visit/
hospitalization.
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HF (bilateral ankle edema of 22% in patients without HF vs.
41% in patients with HF). In an assessment of geriatric pa-
tients with suspected HF, Oudejans et al.8 reported that the
appearance of bilateral ankle swelling is not different
between those diagnosed as not having HF (36%) and those
having new, slow-onset HF (43%). Damy et al.12 noted that
a third of the patients with ankle swelling alone, and a similar
proportion of those with lung crackles alone, do not have HF.

The present study demonstrated that the appearance of bi-
lateral leg edema is one of the leading presentations of HF-
related signs during follow-up of mild-to-moderate HF patients,
but ~30% of the leg edema events were sole appearance iso-
lated from the other HF-related signs, which usually seems to
be clinically insignificant. Recently, the prognostic value of pe-
ripheral edema in HF patients was reconfirmed.17 Indeed, one
recent study18 indicated that adherence only to this common,
and frequently non-specific, HF-related sign could enhance car-
diac event-free survival in HF patients. Therefore, health care
participants and HF patients should realize the nature and lim-
itation (non-specificity) of physical signs of leg edema as de-
scribed here and readily utilize this important clinical sign in
conjunction with searching for other HF-related signs upon
the evaluation of HF status during follow-up.

Monitoring of body weight in heart failure

Heart failure guidelines19,20 recommend that patients ex-
periencing an increase of 2 kg over stable body weight over
a period of 48 to 72 h should initiate contact with medical
or nursing personnel. Contrary to this recommendation,
Lewin et al.21 indicate that rapid weight gain is not a sensitive
measure for assessing clinical deterioration: a gain of greater
than 2 kg within 48 to 72 h predicted deterioration only 9% of
the time, and a gain of greater than 2% was sensitive only
17% of the time. A recent report by Chaudhry et al.22 showed
that increases in the weight gain of patients hospitalized for
HF become apparent about 30 days before hospitalization
and accelerate markedly in the week preceding admission.
Our recent study5 also indicates that a gradual weight gain
correlates with a worsening status in chronic HF patients over
a median duration of 30 days. Several years prior to these
publications, Schiff et al.23 reported the existence of slow
(over several weeks to months) and rapid (<8 days) worsen-
ing of HF. In the rapidly progressive type, the main mecha-
nism is suggested to be pulmonary congestion due to fluid
redistribution from the peripheral circulation to the pulmo-
nary circulation with modest body fluid accumulation.24 In
such a pathophysiologic situation, worsening HF might be ac-
companied by a negligible change in body weight. In the
slowly progressive type of worsening HF, the HF onset is
thought to be more gradual with significant body fluid retention.
In such a situation, the lag of symptomatic changes behindweight
gain might provide an opportunity for physicians and/or patients

to interrupt the spiralling course of worsening HF by monitoring
the body weight and/or changes in body composition.

Many controversies exist, however, about the clinical use-
fulness of remote monitoring of body weight changes in
established HF patients. Some recent studies25–27 have de-
nied the usefulness of the monitoring body weight at home,
and others28–30 indicate a substantial impact on reducing
hospitalization or mortality in HF patients. Based on the re-
sults of the present study, it is possible that the presence of
many (~30% of body weight gain events) sole fluid weight
gain events (normally considered clinically insignificant) could
have interfered with the meaningful information of clinically
significant body weight change (probably accompanying addi-
tional HF-related symptoms and signs/tests) during the
follow-up of HF patients by body weight monitoring. This
finding could partly explain the recent observations by Zhang
et al.31 in which many false positive alerts of weight gain for
predicting the worsening of HF occurred when using a mov-
ing average convergence divergence algorithm.

Moreover, the present study, using intensive and individual-
ized follow-up of HF patients at an outpatient clinic, suggests
that frequent adjustments of target dry weight might be re-
quired to prevent worsening of HF. In the present study, we ad-
justed the target dry weight, as determined by symptomatic
change, physical examination, and US-PLE, at approximately
30-day intervals, even in the absence of worsening HF events.
In the case of worsening HF, target dry weight was determined
after the decongestion therapy. Indeed, when and how to ad-
just the target dry weight during follow-up of HF patients might
be an important methodological problem because body
weight/composition corresponding to eu-volemic or optimal
fluid volume status may not be stable over time.32 Thus, further
study is required to develop better methods and algorithms for
determining the target dry weight to detect and treat worsen-
ing HF by monitoring changes in body weight.31,32

Utility of combined monitoring of leg edema and
body weight in heart failure

As described previously, diagnosing and monitoring HF based
on the physical signs of bilateral leg edema or body weight in
isolation is difficult, in part because of the nebulous concept
of continued assessment of a complex and ill-defined disease
process that is associated with significant disability and mor-
tality. Physicians should use all possible information, how-
ever, to make a final adjudicated diagnosis of worsening HF.
Combining two or more physical signs of right-sided and
left-sided congestion, if present, would provide higher predic-
tive value of the presence of HF, despite the lack of sensitivity
for its identification.12,33 In the present study, additional data
regarding fluid weight gain allowed for clinically insignificant
events to be distinguished from clinically significant events
of leg edema (Figure 1 and Table 2). Although a strict standard
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treatment protocol does not exist in our hospital, patients pre-
senting at clinic visits with two or more HF-related signs are, in
general, targeted for treatment. As such, administration of extra
diuretics and/or drug adjustment at the clinic visit (n=15) during
which both leg edema and fluid weight gain present (i = 19) might
have prevented these clinic visits to ultimately progress to wors-
ening HF and/or hospitalization in this study (Table 6).

Leg edema and fluid weight gain, however, do not always
appear concomitantly during worsening of HF. Therefore, an
event of either leg edema or body weight gain should be carefully
evaluated and/or monitored to determine the presence of other
HF-related symptom(s)/sign(s) or whether further deterioration
might occur in conjunction with the appearance of other
HF-related symptom(s) and sign(s), because (1) each clinical event
could be an indicator of the early stages of worsening HF in
established HF patients and (2) there are daily fluctuations in
dyspnea, edema, and body weight in HF patients.34 Readily avail-
able clinical tests could improve the ability to diagnose worsened
HF, such as measurement of serum BNP levels8,11 and notably by
using chest ultrasound examinations for US-PLE.13,14 The addition
of these tests might be useful for determining the clinical signifi-
cance of the separate appearance of either leg edema or body
weight gain (Table 6); patients showing abnormalities of the tests
at clinic visits should be carefully managed and closely followed
after an event presenting with only one of these signs.

Study limitations

The present study had certain limitations. First, the present
study was undertaken in a population of mild-to-moderate
HF patients. Therefore, the findings of the present study
could not be generalized to more advanced HF patients.
Second, the criteria to assess leg edema might somewhat af-
fect the grading of the edema. The severity of edema, from
slight to very marked, is traditionally reported on a four-point
scale based on the depth of indentation at the ankle.10 Be-
cause this scale is subjective, noting the height of the edema
may be more practical and reproducible6 and is currently
used universally, as in the present study. Third, in the present
study, we did not search for specific local cause(s) (e.g. ve-
nous insufficiency and thrombosis) of leg edema events ac-
companying HF signs at each clinic visit. Finally, this study
evaluated clinical events having one or more of HF-related
signs during follow-up. Such events as presented with only
symptoms, for example, arrhythmia or ischemia without ac-
companying HF-related signs, are not included in the analysis.

Conclusions

Advanced technology for monitoring HF, using continuous mea-
sures of the intra-thoracic impedance35 or intra-cardiac pressure36

by an implanted device, could become the ultimate systems for
patients with HF, but it is reasonable to speculate that not all HF
patients, particularly thosewithmild-to-moderate HF status, could
be covered by such an ideal health care system.37 Even in the ad-
vanced technology era, self-caring of HF-related symptoms/signs is
the first and fundamental step to prevent worsening of HF
events.38,39 Optimal self-care includes adherence to multi-drug
pharmacologic therapy, patient self-assessment of symptoms
and signs, and appropriate decision-making about therapeutic
and care-seeking actions.38–40 However, insistence of a lot of
parameters for individuals caring for HF at home decreases the
number of compliant HF patients from 81% to 55%,28 indicating
that compliance rates in HF patientsmight decrease asmore activ-
ities are required from the patients. As shown in the present study,
the appearance of bilateral leg edema and body weight gain are
leading signs of worsening of HF during follow-up, both of which
are easily accessible by HF patients or the caretaker, but are often
non-specific for HF worsening. The non-specificity of each
HF-related sign could partly be resolved by the utility of these
two physical signs combined with monitoring symptoms,41,42

which could enhance the predictive value of the presence of HF
worsening. The appearance of these both signs during follow-up
of established HF patients should be intentionally watched or
treated by extra diuretics and/or drug adjustment43 to prevent
worsening of HF. To enhance the medical adherence and efficacy,
educational efforts should pay more attention to understanding
the usefulness and limitation of these important physical signs
for those taking care of patients with HF.

Supporting information

Supporting information may be found in the online version of
this article.

Table S1 Comparison of the clinical course between two
groups of the events of ≥2 HF-related signs, one with the pre-
sentation of both leg edema and weight gain and the other
lacking this criterion.
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