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Table 1
Baseline clinical characteristics.
All patients HF-PEF HF-REF p-Value
(n=313) (n=151) (n=162)
Age, years 67 +13 69+12 67+13 0.088
Female, n (%) 127 (41) 71 (47) 56 (35) 0.025
NYHA functional class, I/1I/11I 42/162/109 22/89/40 20/73/69 0.011
Etiology, n (%) <0.001
Dilated cardiomyopathy 81(26) ¢] 81 (50)
Hypertensive heart disease 80 (26) 70 (46) 10(6)
Ischemic heart disease 60(19) 22 (15) 38(24)
Valvular heart disease 45(14) 29(19) 16(10)
Tachycardia-induced heart failure 26 (8) 18(12) 8(5)
Other 21(7) 12(8) 9(5)
Atrial fibrillation, n (%) 108 (35) 54 (36) 54(33) 0.710
Diabetes mellitus, n (%) 84(27) 37(25) 47 (29) 0334
Dyslipidemia, n (%) 78 (25) 35(23) 43 (27) 0.452
Current smoker, n (%) 83(27) 34(23) 49 (30) 0.079
Presentation profile
Systolic pressure, mmHg 117+20 1174+21 118+17 0.838
Heart rate, bpm 70+14 71+14 69+14 0.351
Body mass index, kg/m? 22.7+£35 23.1+£33 225+£3.7 0.149
eGFR, mL/min/1.73 m? 66 +22 67 +21 64423 0.284
Blood biomarkers
BNP, pg/mL (IQR) 186 (76-584) 124 (51-332) 328 (126-846) <0.001
Troponin T, ng/mL (IQR) 0.01(0.01-0.02) 0.01(0.01-0.02) 0.01(0.01-0.03) 0.261
H-FABP, ng/mL (IQR) 43(2.9-6.6) 3.8(2.8-6.1) 5.0(3.1-7.8) 0.005
High sensitive CRP, mg/dL (IQR) 0.18(0.09-0.519) 0.12 (0.06-0.40) 0.20(0.10-0.60) 0.001
Echocardiographic data
LA diameter, mm 43.7+7.8 437484 43.8+7.2 0.878
LV end-diastolic diameter, mm 54.1+9.9 493:+8.8 58.6+8.7 <0.001
LV ejection fraction, % 49.1+18.4 65.44+9.2 33.8+9.7 <0.001
LV mass index, g/m? 190+68 176+60 203 +71 <0.001
E/A ratio 1.14+0.84 0.95+0.54 1.29+1.01 0.005
Medications, n (%)
ACE inhibitors and/or ARBs 216(69) 97 (64) 119(73) 0.078
B Blockers 124 (40) 51(34) 73 (45) 0.041
Ca channel blockers 62 (20) 42 (28) 20(12) <0.001

Data are presented as mean +SD or % unless otherwise indicated. ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BNP, brain natriuretic peptide;
CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HF, heart failure; H-FABP, heart-type fatty acid-binding protein; IQR, interquartile range; LA, left atrial;
LV, left ventricular; NYHA, New York Heart Association; PEF, preserved ejection fraction; REF, reduced ejection fraction.

plasma levels ranged from 6 to 1920 pg/mL (median 124 pg/mL)
(Table 1). In patients with HF-REF, serum levels of H-FABP ranged
from 0.1 to 31 ng/mL(median 5.0 ng/mL), serum levels of troponin T
ranged from <0.01 to 1.45 ng/mL (median 0.01 ng/mL), and plasma
levels of BNP ranged from 6 to 2000 pg/mL (median 328 pg/mL)
(Table 1).

Serum H-FABP levels increased with advancing NYHA functional
class, both in patients with HF-PEF and in those with HF-REF. How-
ever, serum levels of H-FABP did not differ between each NYHA
functional class (Fig. 1).

Clinical features of patients with ongoing myocardial damage

The cut-off values used in this analysis were 4.3 ng/mL for H-
FABP, and 0.01 ng/mL for troponin T. Myocardial membrane injury,
as defined by elevated H-FABP levels (>4.3 ng/mL), was more fre-
quently observed than myofibrillar injury, as defined by elevated
troponin T levels (>0.01 ng/mL), in patients with HF-PEF (41% vs.
26% of patients, p <0.05). When either H-FABP or troponin T levels
were above the cut-off values, patients with HF were consid-
ered to have ongoing myocardial damage [12]. There were 62
HF patients with elevated serum H-FABP levels (Table 2), and
39 HF patients with elevated serum troponin T levels (Table 3).
Patients with ongoing myocardial damage were older, were in a
more severe NYHA functional class, had a lower mean BMI, worse
renal function, higher levels of BNP, troponin T, H-FABP, and hs-
CRP, and were treated with 3 blockers more frequently than those
without myocardial damage. The etiology of HF did not differ

between patients with or without ongoing myocardial damage.’
Echocardiographic findings, LV end-diastolic diameter, LVEF, and
LV mass index did not differ between the two groups. Although
the prevalence of atrial fibrillation, LA diameter, and E/A ratio were
significantly greater in patients with high H-FABP levels than in
those with low H-FABP levels (Table 2), these differences were not
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Fig. 1. Serum levels of heart-type fatty acid binding protein (H-FABP) in patients
with heart failure and preserved ejection fraction (PEF) or reduced ejection fraction
(REF). H-FABP levels did not differ between patients in different New York Heart
Association (NYHA) functional classes.
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Table 2 )
Clinical characteristics of the patients with heart failure, preserved ejection fraction and high or low heart-type fatty acid binding protein levels,
High H-FABP Low H-FABP p-Value
(n=62) (n=89)
Age, years 74+8 64413 <0.001
Female, n (%) 32(52) 39 (44) 0345
NYHA functional class, I/1/II1 1/35/26 21/54/14 <0.001
Etiology, n (%) 0.228
Hypertensive heart disease 29 (46) 41 (46)
Valvular heart disease 10(16) 19(21)
Ischemic heart disease 6(10) 16(18)
Tachycardia-induced heart failure 11(18) 7(8)
Other 6(10) 6(7)
Atrial fibrillation, n (%) 29(47) 25 (28) 0.018
Diabetes mellitus, n (%) 13(21) 24 (27) 0.392
Dyslipidemia, n (%) 13(21) 22 (25) 0.591
Current smoker, n (%) 14(23) 20(22) 0.987
Presentation profile
Systolic pressure, mm Hg 115+22 118+22 0.430
Heart rate, bpm 71+£13 71+14 0.975
Body mass index, kg/m? 223+£37 23.7+£2.9 0.009
eGFR, mL/min/1.73 m? 58+18 73+£20 <0.001
Blood biomarkers
BNP, pg/mL (IQR) 235(89-593) 90 (38-210) <0.001
Troponin T, ng/mL (IQR) 0.01 (0.01-0.05) 0.01 (0.01-0.01) 10.012
H-FABP, ng/mL (IQR) 6.6 (5.2-8.4) 2.9(2.2-3.5) <0.001
High sensitive CRP, mg/dL (IQR) 0.29 (0.08-0.67) 0.10(0.05-0.29) <0.001
Echocardiographic data
LA diameter, mm 45.8+10.2 42.1+6.4 0.009
LV end-diastolic diameter, mm 484+7.5 499+9.7 0.326
LV ejection fraction, % 65.1+9.7 65.6+8.9 0.737
LV mass index, g/m? 181+59 172 +61 0.409
E/A ratio 1.19:+£0.69 0.82+0.38 0.002
Medications, n (%)
ACE inhibitors and/or ARBs 42 (68) 55 (62) 0.453
3 Blockers 28(45) 23 (26) 0.014
Ca channel blockers 13(21) 29 (33) 0.117

Data are presented as mean £ SD or % unless otherwise indicated. ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BNP, brain natriuretic peptide;
CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; H-FABP, heart-type fatty acid-binding protein; IQR, interquartile range; LA, left atrial; LV, left ventricular;

NYHA, New York Heart Association.

apparent in patients with high troponin Tlevels, compared to those
with low troponin T levels (Table 3).

Correlation between biomarkers and other variables measured

The correlations between biomarker levels and other vari-
ables measured were assessed (Table 4). Serum H-FABP levels
were weakly correlated with age (r=0.371, p<0.001) and eGFR
(r=-0.295, p<0.001). Weak relationships were also observed
between H-FABP levels and LA diameter (r=0.326, p<0.001) and
E/A ratio (r=0.273, p=0.01). However, serum H-FABP levels were
not correlated with LV parameters, including LV end-diastolic
diameter, LVEF, or LV mass index. Serum troponin T levels were
weakly correlated with eGFR (r=-0.264, p=0.026). However, tro-
poninTlevels were not correlated with echocardiographic findings.
Plasma BNP levels were weakly correlated with age (r=0.184,
p=0.024), eGFR (r=-0.239, p=0.003), LV mass index (r=0.322,
p<0.001), and E/A ratio (r=0.261, p=0.014).

Predictors of subsequent cardiovascular events

During the follow-up period, cardiovascular events were
observed in 42 of 151 patients (28%). These included 17 cardio-
vascular deaths (12 due to progression of HF, 3 due to myocardial
infarction, 1 due to stroke, and 1 sudden death), and 25 re-
hospitalizations for worsening HF. By univariate Cox analysis, age,
NYHA functional class, the presence of atrial fibrillation, plasma
BNP levels, serum H-FABP levels, and LA diameter were signifi-
cantly associated with cardiovascular events (Table 5). Multivariate

Cox analysisrevealed that only the serurn H-FABP level was an inde-
pendent predictor of cardiovascular events (Table 5). Kaplan-Meier
survival curves showed that patients in the highest tertile of H-
FABP had a significantly increased risk of adverse cardiovascular
events (log-rank test p< 0.001; Fig. 2). Patients in the third ter-
tile of H-FABP (5.0-24 ng/mL) had a significantly increased risk of
all cardiovascular events, compared with those in the lowest ter-
tile of H-FABP (0.5-3.0 ng/mL) [hazard ratio 4.394, 95% confidence
interval (ClI) 1.967-9.815, p<0.001]. Patients in the third tertile of
H-FABP were older, were in a more severe NYHA functional class,
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Fig. 2. Kaplan-Meier curves showing cardiac event-free survival in patients with
heart failure and preserved ejection fraction, according to tertiles of heart-type
fatty acid binding protein (H-FABP). All cardiac events at 5years: 15.7% for patients
in the first tertile of H-FABP (0.5-3.0ng/mL), 16.0% for patients in the second ter-
tile of H-FABP (3.1-4.9 ng/mL), and 47.0% for patients in the third tertile of H-FABP
(5.0-24 ng/mL). Log rank p<0.001.

—136—



458 ‘ D. Kutsuzawa et al. / Journal of Cardiology 60 (2012) 454-461

Table 3
Clinical characteristics of the patients with heart failure, preserved ejection fraction and high or low troponin T levels.
High troponin T Low troponin T p-Value
(n=39) (n=112)
Age, years 74£10 67£12 o 0.001
Female, n (%) 20(51) 51 (46) 0.395
NYHA functional class, I/11/1I1 0/21/18 22(68/22 <0.001
Etiology, n (%) 0.306
Hypertensive heart disease 20 (51) 50(45)
Valvular heart disease 6(15) 23 (21)
Ischemic heart disease 4(10) 18(16)
Tachycardia-induced heart failure 7(18) 11(10)
Other 2(5) 10(9)
Atrial fibrillation, n (%) © 17 (44) 37(33) 0.162
Diabetes mellitus, n (%) 7(18) 30(28) 0.126
Dyslipidemia, n (%) 7(18) 28(25) 0.196
Current smoking, n (%) 7(18) 27(24) 0.240
Presentation profile
Systolic pressure, mmHg 116+23 118+21 0.690
Heart rate, bpm 70+13 71+14 0.530
Body mass index, kg/m? 22.0+3.6 23.6+3.1 0.006
eGFR, mL/min/1.73 m? 56+19 72+19 <0.0001
Blood biomarkers
BNP, pg/mL (IQR) 167 (83-584) 112 (41-260) 0.013
Troponin T, ng/mL (IQR) 0.06 (0.04-0.16) 0.01(0.01-0.01) <0.001
H-FABP, ng/mL (IQR) . 6.8(53-8.4) 3.1(2.5-4.0) <0.001
High sensitive CRP, mg/dL (IQR) 0.30(0.10-0.68) 0.10(0.05-0.30) 0.002
Echocardiographic data
LA diameter, mm 453+10.8 429+7.0 0.114
LV end-diastolic diameter, mm 47.6+6.7 50.0+9.6 0.120
LV ejection fraction, % 65.4+9.3 65.4+9.1 0.995
LV mass index, g/m? 186+54 171+£63 0.163
E/A ratio 1.11+0.56 0.89+0.52 0.079
Medications, n (%)
ACE inhibitors and/or ARBs 29(74) 68 (61) 0.060
B Blockers 18 (46) 33(29) 0.032
Ca channel blockers 7(18) 35(31) 0.090

Data are presented as mean = SD or % unless otherwise indicated. ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BNP, brain natriuretic peptide;
CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; H-FABP, heart-type fatty acid-binding protein; IQR, interquartile range; LA, left atrial; LV, left ventricular;

NYHA, New York Heart Association.

had worse renal function, higher levels of BNP, troponin T, H-FABP,
and hs-CRP, and were treated with 8 blockers more frequently than
those in the lower tertile of H-FABP. Echocardiographic findings
showed that patients in the highest tertile of H-FABP had higher
E/A ratios than in those with lower H-FABP levels (Table 6).

Discussion
Main findings

The findings from this study were as follows: (1) Latent myocar-
dial injury was frequently observed in patients with HF-PEF.
Myocardial membrane injury was more frequently observed than
myofibrillar injury. (2) The serum level of H-FABP was an indepen-
dent predictor of subsequent cardiovascular events.

Ongoing myocardial damage in patients with HF-PEF

Although many large cohort studies have shown that HF-PEF
predominantly afflicts elderly, hypertensive patients [1-5], the
pathophysiological differences between HF-PEF and HF-REFremain
poorly elucidated. The current understanding of the progression
of HF-REF invokes progressive ventricular remodeling in response
to myocardial injury [15,16]. Several factors, including ischemic
myocardial damage, activation of sympathetic nerve function,
inflammatory processes, and autophagic degeneration, have been
implicated in myocyte injury and death. All these pathways con-
verge on myocardial damage and death by progressive necrosis or
apoptosis [15-17]. ’

Importantly, the results clearly show that latent myocardial
injury was frequently observed in patients with HF-PEF. These
results imply that myocardial injury is important in HF-PEF.

Table 4 .
Relationships between clinical parameters and biomarkers in patients with heart failure and preserved ejection fraction.
H-FABP Troponin T BNP
r p-Value r p-Value r p-Value
Age 0371 <0.001 0.019 0.878 0.184 0.024
eGFR -0.295 <0.001 -0.264 0.026 - -0.239 0.003
Echocardiographic data
LA diameter 0.326 <0.001 0.060 0.622 0.108 0.206
LV end-diastolic diameter -0.039 0.639 —0.068 0.571 0.012 0.889
LV ejection fraction -0.010 0.906 0.002 0.985 0.005 0.952
LV mass index 0.082 0.334 0.170 0.160 0.322 <0.001
E/A ratio 0.273 0.010 0.165 0.280 0.261 0.014

BNP, brain natriuretic peptide; eGFR, estimated glomerular filtration rate; H-FABP, heart-type fatty acid-binding protein; LA, left atrial; LV, left ventricular.
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Table 5
Univariate and multivariate analyses of factors predicting cardiovascular events in patients with heart failure and preserved ejection fraction.
Univariate analysis Multivariate analysis
HR 95% Cl of HR p-Value HR 95% Cl of HR p-Value

Age, per 10-year increase 1.616 1.015-1.086 0.005 1.296 0.983-1.072 0.239
Female gender 1.254 0.674-2.333 0.476 1.142 0.474-2.753 0.767
NYHA functional class 1l 3.752 1.995-7.057 <0.001 2.103 0.749-5.903 0.158
Presence of '

Atrial fibrillation 2132 1.142-3.982 0.018 0.971 0.357-2.642 0.955

Diabetes mellitus 1.445 0.733-2.847 0.288

Dyslipidemia 1.089 0.532-2.230 0.815
Presentation profile

Systolic pressure, per SD increase 0.887 0.981-1.006 0328

Heart rate, per SD increase 1.251 0.992-1.041 0.205

Body mass index, per SD increase 0.900 0.867-1.081 0.568 0.903 0.850-1.107 0.649

eGFR, per SD increase 0.803 0.973-1.007 0.233 1.013 0.977-1.023 0.996
Blood biomarkers

BNP, per 100 pg/mL increase 1.105 1.000-1.001 0.011 1.030 0.999-1.001 0.552

Troponin T, per 0.01 ng/mL increase 1.990 0.849-4.665 0.113

H-FABP, per 1 ng/mL increase 1.198 1.122-1.279 <0.001 1.165 1.034-1.314 0.012

High sensitive CRP, per 0.1 mg/dL increase 1.029 0.914-1.921 0.137
Echocardiographic data »

LA diameter, per SD increase 1.641 1.002-1.122 0.041 1.244 0.957-1.101 0.461

LV end-diastolic diameter, per SD increase 0.817 0.941-1.014 0.218

LV ejection fraction, per SD increase 1.191 0.986-1.053 0.262

LV mass index, per SD increase 1.197 0.998-1.008 0.285

E/A ratio, per SD increase 1.376 0.915-3.561 0.088
Medications

ACE inhibitors and/or ARBs 1.036 0.534-1.992 0915

[ Blockers 1.159 0.604-2.221 0.657

Ca channel blockers 0.895 0.454-1.764 0.749

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BNP, brain natriuretic peptide; Cl, confidence interval; CRP, C-reactive protein; eGFR, estimated
glomerular filtration rate; H-FABP, heart-type fatty acid-binding protein; HR, hazard ratio; LA, left atrial; LV, left ventricular; NYHA, New York Heart Association; SD, standard

deviation.
Table 6 )
Clinical characteristics by tertile of heart-type fatty acid binding protein levels in patients with heart failure and preserved ejection fraction.
1st tertile H-FABP 0.5-3.0 ng/mL 2nd tertile H-FABP 3.1-4.9ng/mL 3rd tertile H-FABP 5.0-24 ng/mL p-Value
(n=50) (n=50) (n=51)
Age, years 61+14 71+£8 7348 <0.001
Female, n (%) 24(48) 22 (44) 25 (49) 0.868
NYHA functional class, /1111 20/23/7 1/39/10 1/27/23 <0.001
Etiology, n (%) 0.214
Hypertensive heart disease 21(42) 24 (48) 25 (49)
Ischemic heart disease 8(16) 9(18) 5(10)
Valvular heart disease 15(30) 7(14) 7(14)
Tachycardia-induced heart failure 2(4) 7(14) 9(18)
Other 4(8) 3(6). 5(10)
Atrial fibrillation, n (%) 15(30) 19 (38) 20(39) 0.578
Diabetes mellitus, n (%) 11(22) 15 (30) 11(22) 0.542
Dyslipidemia, n (%) 13 (26) 13 (26) 9(18) 0.516
Current smoker, n (%) 13 (26) 11(22) 10 (20) 0.079
Presentation profile
Systolic pressure, mm Hg 114£23 123+18 114+£23 0.073
Heart rate, bpm 69+13 74+14 70+13 0.154
Body mass index, kg/m? 23.4+£25 23.7+£3.2 222438 0.054
eGFR, mL/min/1.73 m? 79+19 63+18 58419 <0.001
Blood biomarkers
BNP, pg/mL (IQR) 112 (38-253) 93 (43-215) 250(86-589) 0.006
Troponin T, ng/mL (IQR) 0.01(0.01-0.01) 0.01 (0.01-0.01) 0.05 (0.02-0.16) <0.001
H-FABP, ng/mL (IQR) 2.4(1.8-2.8) 3.8(3.4-43) 6.9 (6.1-9.1) <0.001
High sensitive CRP, mg/dL (IQR) 0.10 (0.04-0.27) 0.10 (0.05-0.24) 0.32(0.12-0.79) <0.001
Echocardiographic data
LA diameter, mm 42.6+6.5 425+6.4 45.8+11.1 0.094
LV end-diastolic diameter, mm 51.8+9.6 47.1£89 49.0+7.5 0.127
LV ejection fraction, % 65.1+9.6 67.0£7.6 64.3+10.1 0.315
LV mass index, g/m? 181+ 66 16053 187 £59 0.069
E/A ratio 0.90+0.43 0.74+0.32 1.21£0.69 0.002
Medications, n (%)
ACE inhibitors and/or ARBs 28 (56) 33 (66) 36 (71) 0.295
B3 Blockers 14(28) 13 (26) 24 (47) 0.047
Ca channel blockers 13 (26) 17 (34) 12(24) 0.472

Data are presented as mean =SD or % unless otherwise indicated. ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BNP, brain natriuretic peptide;
CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; H-FABP, heart-type fatty acid-binding protein; IQR, interquartile range; LA, left atrial; LV, left ventricular;

NYHA, New York Heart Association.
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Unfortunately, the detailed processes involved in myocardial cell
death in patients with HF-PEF have not been fully clarified. How-
ever, at least in the present study, ischemic myocardial injury was
not associated with myocardial damage. A large number of patients
with ischemic heart disease were included among those without
ongoing myocardial damage. In agreement with previous reports
[9-13], age, being in NYHA functional class llI, renal function,
and plasma BNP levels were associated with ongoing myocardial
damage. The present findings, therefore, confirmed the close rela-
tionship between advanced HF and latent myocardial damage in
patients with HF-PEF.

Ongoing myocardial damage and LV function

Progressive loss of myocytes is recognized as one of the patho-
physiological mechanisms in the evolution of cardiac dysfunction
in HF[15-17]. Latent loss of cardiomyocytes was detected clinically
asincreased serum levels of H-FABP and cardiac troponins. Previous
studies confirmed asignificant correlation between serum troponin
levelsand LV function [18,19]. However, in the present study, serum
troponin T levels were not correlated with any echocardiographic
parameters. One explanation for these different findings may be
that troponin T levels were only measured once during the study
period. Indeed, LVEF decreased by 5.9% in patients with high tro-
ponin T levels compared to those with normal troponin T levels,
during a follow-up period of 20.8 + 11.2 months [20]. Follow-up
measurements of troponin T and echocardiographic findings may
provide additional information on cardiac function.

The association between H-FABP and LV function has not been
clarified. Serurn H-FABP levels were also not correlated with LVEF,
LV end-diastolic diameter, or LV mass index in patients with HF-
PEF. Conversely, weak correlations were observed between serum
H-FABP levels and LA diameter, and E/A ratio. There was a signifi-
cant association between circulating H-FABP levels and LV diastolic
function. As well as measuring cardiac troponin, additional mea-
surements of H-FABP may be necessary to accurately assess the
relationship between serum H-FABP levels and cardiac function.

Prognostic value of H-FABP in patients with HF-PEF

This study confirmed the superior sensitivity of H-FABP com-
pared with that of troponin T, as demonstrated in this and earlier
studies[12,21,22]. Basicand clinical research, using rats and human
autopsy cases, revealed that leakage of H-FABP occurred despite the
absence of myocyte necrosis [21]. H-FABP is alow molecular weight
protein that is confined to the cytoplasm, and is released into the
circulation through the porous membranes of damaged myocardial
cells [22]. '

An association between BNP and outcomes in patients with HF-
PEF has been reported previously [23,24]. Conversely, BNP did not
independently predict cardiovascular events in the present study.
Possible explanations for these different findings may be that H-
FABP is not only just a marker of myocardial damage, but may also
be a biomarker for several clinical characteristics. Consistent with
our results, a large community-based population study demon-
strated that serum H-FABP levels were associated with age, gender,
and renal function [25]. In addition, circulating H-FABP levels were
significantly correlated with cardiac sympathetic dysfunction [26].
Moreover, serum H-FABP levels were weakly correlated with LA
diameter and E/A ratio, which are indicators of LV diastolic dys-
function. On the other hand, neither troponin T nor BNP levels were
correlated with LA diameter. A persistent increase in LA filling pres-
sure leads to dilation of the chamber and stretching of the atrial
myocardium. Increased LA size is a more sensitive prognostic indi-
cator than BNP levels in HF patients [27]. Several clinical indicators
that provide prognostic information were significantly associated

with serum levels of H-FABP. Therefore, H-FABP may be a more
sensitive prognostic indicator than troponin T and BNP levels in
patients with HF-PEF.

H-FABP levels were categorized into tertiles because the normal
range for H-FABP in patients with HF-PEF has not been established.
Although, in the adjusted model, there was no difference between
patients in the first and second tertiles of H-FABP, patients in the
highest tertile had a 4.4-fold increased risk of cardiac events. In this
regard, awareness of latent myocardial damage is important during
long-term follow-up of patients with HF-PEF, especially in patients -
with H-FABP levels >5.0ng/mL.

Study limitations

First, this single-center study included a population of referred
HF patients. Therefore, the characteristics of these patients with HF-
PEF differed from those of patients enrolled in community-based
studies. This study population showed arelatively high proportion
of patients with valvular heart disease and tachycardia-induced
cardiomyopathy. This study did not include patients with congen-
ital heart disease and moderate or severe valvular heart disease.
Second, the present findings in patients with HF-PEF may not
be applicable to patients with severe HF. Consistent with previ-
ous research, the circulating level of H-FABP, but not BNP, was
a predictor of cardiovascular events in patients with early stage
HF [11]. However, BNP may also have better prognostic accu-
racy in other clinical settings. Third, detailed echocardiographic
assessments were not performed in the present study. Patients
with myocardial damage had higher E/A ratios than those without
myocardial damage. This is referred to as the pseudonormalized
mitral flow filling pattern, and may represent a moderate stage
of diastolic dysfunction in patients with high levels of H-FABP.
Advanced echocardiography may help to clarify the relationship
between ongoing myocardial damage and LV diastolic function in
patients with HF-PEF. Finally, serum H-FABP levels were measured
once on the day of admission. Although patients with acute decom-
pensated HF were excluded, serum H-FABP levels in patients in
NYHA functional class I1Il may be correlated with volume over-
load/wall stress in the setting of acute heart failure. Additional
measurements of H-FABP may provide useful information during
follow-up.

Conclusions

Ongoing myocardial injury was frequently observed in patients
with HF-PEF. Circulating H-FABP level was a significant predic-
tor for increased risk of cardiovascular events in patients with
HF-PEF. H-FABP may be a novel, useful biomarker for identify-
ing patients with HF-PEF, who are at increased risk of death and
re-hospitalization.
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Aims

Methods
and results

Heart failure with preserved ejection fra.étion (HFpEF) is characterized by multiple co-morbidities; includingchrbnic
kidney disease that is one of the prognostic risks for these patients. This study was performed to evaluate the value of
determination of albuminuria using a urine dipstick test (UDT), combined with estimated glomerular filtration rate
(eGFR), for predicition of mortality in HFpEF.

We enrolled 2465 consecutive patients with overt HF with EF >50% in our Chronic Heart Failure Analysis and Registry
in the Tohoku District 2 (CHART-2) study (NCT00418041). We defined trace or more UDT as positive. We divided the
patients into the following four groups based on eGFR and UDT; group 1 (G1) (eGFR >60, negative UDT), G2 (eGFR
>60, positive UDT), G3 (e'GFR‘ <60, negative UDT), and G4 (eGFR <60, positive UDT). In total, 29.5% of the HFpEF
patients had a positive UDT. HFpEF patients with a positive UDT were characterized by higher brain natriuretic peptide
levels and frequent histories of hypertension or diabetes. During a mean follow-up of 2.5 years, HFpEF patients with a
positive UDT showed higher mortality in each stratum of eGFR levels. A multivariable adjusted Cox model showed that
when compared with G1 (reference), the hazard ratio of all- ~cause death for G2, G3,and G4 was 2.44 (95% confidence

~ interval 1.47—4.05, P=0.001), 1.43 (0.92~2.23, P=:0.12),and 2.71 (1.72—4.27, P<0: 001) respectively. Furthermore, the

prognostic value of a positive UDT was robust for both cardiovascular and non-cardiovascular deaths.

Conclusions These results indicatéthat measurenhent of albuminuria in addition to eGFR is useful for appropriate risk stratification
in HFpEF patients.

Keywords Heart failure with pfesér‘\led 'e}éction fraction e Albuminuria e Urine dipstick test e Estimated glomerular filtration
rate '

Intr'oduction guidelines recommend the inclusion of objective evidence of dia-

stolic dysfunction in diagnosing HFpEF;* however, diagnostic

A meta-analysis reported that patients with heart failure with pre-
served ejection fraction (HFpEF) might have a lower risk of death
compared with those with heart failure with reduced ejection frac-
tion (HFrEF); however, the mortality in HFpEF is still high"‘ Fur-
thermore, there are no authorized treatment guidelines for

HFpEF due to its pathophysiological he‘cerogeneity.z‘3 Recent

methods for diastolic dysfunction using echocardiography are clin-
ically difficult. Therefore, simple diagnosing tools are needed for
appi’opriate risk stratification in HFpEF patients.

HFpEF is typically characterized by muitiple co-morbidities.® The
co-existence of HF and chronic kidney disease (CKD) carries an

extremely poor prognosis.® Furthermore, the prognosis of
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HFpEF patients may be more influenced by the existence of CKD
compared with for those with HFrEF>7 Thus, the effective treat-
ment of CKD may be more essential in HFpEF than in HFrEF.

Albuminuria is a well-known independent risk factor for mortal-
ity in the general population,” and in those with hypertension® and
diabetes, " reflecting glomerular injury, systemic inflammation, and
activation of the renin—angiotensin system (RAS). Therefore, the
use of the urine albumin to creatinine ratio (UACR) is currently
emphasized to evaluate the severity of CKD."' However, the
severity of CKD is usually defined by a reduced estimated glomeru-
lar filtration rate (eGFR). In HF patients, it has been reported that
the prevalence of patients with albuminuria (>30 mg/g) was
~30%."%"? Furthermore, HF patients with albuminuria (=30 mg/g)
had poorer prognosis.”> ' However, most of the HF patients
included in these studies had HFrEF.

The aim of this study was to evaluate the prognostic value of
albuminuria using a urine dipstick test (UDT) combined with
eGFR in HFpEF patients in our Chronic Heart failure Analysis
and Registry in the Tohoku district 2 (CHART-2) study.

Methods

Population and inclusion criteria

Details of the design, purpose, and basic characteristics of the
CHART-2 study have been described previously (NCT00418041)."”
Briefly, eligible patients were aged >20 years with significant coronary

artery disease or in stage B, C, or D defined by the Guidelines for the
Diagnosis and Management of Heart Failure in Adults."® Patients were
classified as having HF by experienced cardiologists using the criteria of
the Framingham Heart Study.' ‘We excluded patients consuming
alcohol or drugs, using alternative therapies, and undergoing chemo-
therapy. The present study was approved by the local ethics commit-
tee in each participating hospital. Eligible patients were consecutively
recruited after written informed consent was obtained. The
CHART-2 study was started in October 2006 and the entry period
was successfully closed in March 2010 with 10 219 patients registered
from the 24 participating hospitals. All data and events will be surveyed
at least once a year until March 2013.

In the CHART-2 study, left ventricular ejection fraction (LVEF) was
measured by echocardiography at the time of enrolment. In the
present study, patients with LVEF >50% were classified as having
HFpEF, whereas those with LVEF <50% were classified as having
HFrEF." The study flow diagram is shown in Figure 1. In the present
study, we excluded patients in stage B and those with severe valvular
heart disease (VHD), congenital heart disease, pulmonary arterial
hypertension, pericardial disease, or on haemodialysis (Figure 7).
Severe VHD was defined by the Guidelines for the management of
patients with VHD.2 We also excluded patients who did not have
UDT measurement. Therefore, 2465 HFpEF patients were finally
included in the present study (Figure 1).

Measurements of albuminuria

Albuminuria in the study population was qualitatively evaluated using
UDT. UDT was performed at the outpatient department of each

The CHART-2 study
(N=10,219)
o| 5,484 excluded
v “1 No HF Patients
Overt HF patients
(N=4,735)
4| 1,649 excluded based on
" LVEF <50%
A 4
HFpEF patients
(LVEF 250%) 621 excluded
(N=3,088) Severe valvular heart disease (N=262)
s/ Congenital heart disease, pulmonary
hypertension or pericardial disease (N=137)
. Hemodialysis (N=29)
Included No dipstick measurement (N=193)
(N=2,465)

Figure | Study flow diagram. eGFR, estimated glomerular filtration rate; HF, heart failure; HFpEF, heart failure with preserved ejection

fraction; LVEF, left ventricular ejection fraction.
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institute but not in a central laboratory. In those patients who agreed
to participate in this study during their admission for HF, UDT was per-
formed at discharge. Eight kinds of UDTs marketed by five medical
corporations were used in the participating hospitals. The names of
the corporations and percentage of patients were as follows:
ARKLEY, Inc., Kyoto, Japan (39.4%), Eiken Chemical Co. Ltd, Tokyo,
Japan (26.2%), Siemens AG, Munich, Germany (21.9%), SYSMEX Cor-
poration, Kobe, Japan (8.6%), Roche Diagnostics, Basel, Switzerland
(3.6%), and unknown, 0.4%. Alt UDTs were calibrated to indicate
14 qualitatively at a urine protein concentration of >0.3 g/L. The dip-
sticks of the four corporations (ARKELEY, Siemens AG, Eiken Chem-
ical, and SYSMEX) were calibrated to indicate trace proteinuria at
>0.15g/L, =0.1 gL, >0.15g/L, and >0.1 g/L, respectively.

It has been reported that trace proteinuria evaluated by UDT could
be a useful indicator of albuminuria (>30 mg/g) in subjects at high risk
of cardiovascular disease.”’ Furthermore, a recent study reported that
trace UDT could identify urine albuminuria (>30 mg/g) with high spe-
cificity and negative predictive value.*? Thus, in the present study, we
defined a positive UDT for proteinuria as trace or more and the re-
mainder as a negative UDT.

Renal function

Estimated GFR (mL/min/1.73 m?) was calculated using the modified
Modification of Diet in Renal Disease equation with the Japanese co-
efficient®® at the time of enrolment. We defined reduced eGFR as
<60 mbL/min/1.73 m? according to the guideline."’

Follow-up survey and study outcomes

-We conducted the first survey of survival in August 2010, and the
mean follow-up period of the study population was 2.5 + 1.0 [standard
deviation (SD)] years. The outcomes of this study included all-cause
death, cardiovascular death (CVD), and non-cardiovascular death
(NCVD). CVD was defined as deaths due to myocardial infarction,
HF, cerebrovascular disease, aortic aneurysm rupture, and sudden
death. Deaths other than CVD were classified as NCVD. The mode
of death was determined by the attending physician and was confirmed
by one independent physician who was a member of the Tohoku
Heart Failure Association.'”

Statistical analysis

To evaluate the usefulness of UDT, we divided the 2465 patients into
the following four groups: group 1 (G1) with eGFR >60 with a nega-
tive UDT (n=1043), G2 with eGFR >60 with a positive UDT
(n=342), G3 with eGFR <60 with a negative UDT (n=703), and
G4 with eGFR <60 with a positive UDT (n=386) (Figure 1).

Comparisons of data among the four groups were performed by
analysis of variance (ANOVA), with reduced eGFR and a positive
UDT as factors, including a test for interaction. Continuous data
were described as mean + SD. Kaplan—Meier curves were plotted
to evaluate the association between the results of UDT and all-cause
death, CVD, and NCVD.

We also constructed the following four Cox proportional hazard
regression models: (a) unadjusted; (b) age- and sex-adjusted; (c)
adjusted by the clinical status and co-morbidities in addition to
model (b); and (d) fully adjusted including medical treatments. In
model (c), we included the following covariates that potentially influ-
ence the outcomes; age, sex, New York Heart Association class,
history of admission for HF and malignant tumour, body mass index,
systolic blood pressure,24 heart rate,”® serum sodium, serum potas-
sium, co-morbidities?* (anaemia defined as haemoglobin <12 g/dL in
females and <13 g/dL in males, diabetes mellitus, hyperuricaemia,

atrial fibrillation. history of coronary artery disease, and cerebrovascu-
lar disease), and brands of UDT. In model (d), we included treatment
(beta<<SeA>R</deA>-blockers, RAS inhibitors, calcium channel
blockers, loop diuretics, and aldosterone antagonists) in addition to
model (c). Finally, to determine the prognostic value of UDT in add-
ition to eGFR, we constructed Cox proportional hazard models in
patients with eGFR >60 or <60 separately including all covariates
in model (d) plus eGFR level.

All statistical analyses were performed using SPSS Statistics 19.0
(SPSS Inc., Chicago, IL, USA) and statistical significance was defined
as a two-sided P-value <0.05.

Results

Baseline characteristics (Table 1)

Mean age was 69.6 + 11.7 years and male patients accounted for
68.2% of the study population. Coronary artery disease was
observed in 52.1% and the mean LVEF and eGFR were
653+9.0% and 624+ 243 mL/min/1.73 m% respectively. The
prevalence of patients with eGFR <60 was 44.1% (n=1089).
The prevalence of patients with a positive UDT was 29.5%
(n = 728). Furthermore, the prevalence of patients with a positive
UDT and with eGFR <60 was higher (35.4%, n = 386) than that
of patients with a positive UDT and with eGFR >60 (24.9%,
n = 342). Among the positive dipsticks, the prevalence of trace
proteinuria was the highest. Male and older patients had higher
prevalence of positive UDT. Furthermore, the patients with
eGFR <60 had more severe positive dipsticks compared with
those with eGFR >60.

The patients with eGFR <60 (G3 and G4) were characterized
by older age and higher prevalence of HF admission. Furthermore,
they had a lower haemoglobin level and were more likely to be
taking furosemide, an angiotensin Il receptor blocker, and a
calcium channel blocker. The G1 and G3 patients had a negative
UDT. The patients in G1 who had an eGFR =60 were character-
ized by younger age and had the lowest brain natriuretic peptide
(BNP) level compared with other groups. The G3 patients who
had eGFR <60 were characterized by more females compared
with other groups. There were no differences in the prevalence
of past history of coronary artery disease, atrial fibrillation, body
mass index, LVEF, or use of beta-blockers among the groups.
However, some baseline characteristics of patients with a positive
UDT were different from those with a negative UDT. Regardiess of
eGFR decline, HFpEF patients with a positive UDT (G2 and G4)
were characterized by higher prevalence of diabetes mellitus,
higher systolic blood pressure, and elevated heart rate compared
with those with a negative UDT. Furthermore, those with a posi-
tive UDT had a lower haemoglobin level, higher blood urea nitro-
gen level, lower eGFR level, and higher BNP level with interaction.

Impact of a positive urine dipstick test
for all-cause death

During the mean follow-up period of 2.5 4+ 1.0 years, 213 patients
(8.6%) died. Figure 2A shows Kaplan—Meier survival curves for all-
cause death. Groups with a positive UDT (G2 and G4) had poorer
prognosis than those with a negative UDT (G1 and G3) within
each stratum of eGFR (both P<<0.001). Importantly, patients with
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Table I Baseline characteristics of the study patients

Reduced eGFR
Urine dipstick test

Group 1

(n=1034)

Negative

Group 2
(n=342)

Positive

Group 3
{n=703)
+

Negative

Group 4
{(n=386)
+

Positive

P-value among
the four groups

Positive UDT

Interaction

Age (years)
Male (%)
History of admission for HF (%)
History of malignant tumour (%)
Co-morbidities (%)
Hypertension
Diabetes
Hyperuricaemia
Atrial fibrillation
Coronary artery disease
Cerebrovascular disease
Clinical status
NYHA class Il and IV (%)
Body mass index (kg/mz)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart rate (b.p.m.)
Measurement
LVEF (%)
LVDd (mm)
Haemoglobin (g/dL)
Blood urea nitrogen (mg/dL)
Serum sodium (mEg/L)
Serum potassium (mEg/L)
GFR (mL/min/1.73 m?)
Brain natriuretic peptide (pg/mL)

662+ 118
69.4

388

9.5

70.8
22.0
26.0
27.8
522
122

6.3
239445
127 +171
741+ 111
709+ 139

652490
488+ 69
13.7+17
153442
141426
43+04
7651296
95+118

6731124
76.3
484
120

756
292
26.6
330
485
16.7

56
239456
132+189
751+ 126
736+ 158

650+94
490473
138424
155 £ 4.1
141£29
42404
773+ 157
135+ 162

739495
62.2
531
131

76.4
21.6
55.0
352
511
19.8

12.1
23.7+47
128+19.2
717 £12.3
70.7+ 138

65.7+9.1
48.7+75
12.7+20
223+88
141428
45405
45.6 +£11.0
160+ 177

7314108
689
561
132

851
332
60.1
317
567
215

115

237 +44
1334201
725+12.1
725+12.1

64.8 +85
491474
1224241
2624120
141432
44405
40.5 +£129
242 £ 467

<0.001
<0.001
<0.001
0.05
0.15
<0.001

<0.001
0.87

<0.001

<0.001
0.003

0.40

0.74
<0.001
<0.001

040
<0.001
<0.001
<0.001

0.003
0.35
<0.001

<<0.001

<0.001

0.24

<0.001
0.45

<0.001
<0.001

<0.001
<0.001
<0.001
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<0.001
<0.001
0.17

0.06

0.06

<0.001

0.08
<0.001

0.002
<0.001

0.005
0.002
<0.001

0.62
0.62
0.28

0.40
040
0.38

0.82
0.63

0.001
<0.001

0.38
<0.001
0.047
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Medications

0.002
0.09

023
0.96

0.06
<0.001

0.01
<0.001

50.3 435 394

40.9

ACE inhibitor (%)

ARB (%)

40.9

374

27.2

30.7

0.20

0.03
<0.001
<0.001
<0.001

49.7 44.4 44.8

43.0

Beta-blocker (%)

028
0.73
0.51
0.01

<0.001

<0.001
<0.001
<0.001

48.0 48.4 59.3

41.8

Calcium channel blocker (%)

0.56
0.08
0.19

348 523 52.8

32.8

Loop diuretics (%)

1344191

174
433

126+ 192

23.8

8.7+17.0

16.1

6.8+ 137

14.1
40.1

Furosemide dose (mg)

0.001

Aldosterone inhibitor (%)

Statin (%)

0.17

41.8

357

Analysis-of variance (ANOVA) with reduced eGFR and positive urine dipstick test (UDT) as factors, including a test for interaction, was used to identify variables that were associated with reduced eGFR and/or positive urine dipstick test.”

Numerical data are shown as mean 4 standard deviation.

ACE, angiotensin-converting enzyme; ARB, angiotensin Il receptor blocker; GFR, glomerular filtration rate; HF, heart failure; NYHA, New York Heart Association; LVDd, left ventricular end-diastolic diameter; LVEF, left ventricular ejection

fraction.

a positive UDT and eGFR >60 (G2) showed significantly poorer
prognosis compared with those with a negative UDT and eGFR
>60 (G1). _

Table 2 shows the results of multivariable Cox proportional
hazard regression analysis for all-cause death (the upper
portion). In the unadjusted model (a), as compared with G1 (ref-
erence), G2, G3, and G4 showed 202, 239, and 500% increases
in the risk for all-cause death, respectively (all P<<0.001). In
model (c), as compared with G1, the hazard ratios (HRs) (95%
confidence intervals) for all-cause death of G2, G3, and G4 were
2.60 (1.59-4.24), 1.47 (0.94-2.27), and 2.63 (1.67-4.13), respect-
ively. Importantly, the significance of HRs for all-cause death in G2
and G4 remained robust after the adjustment by HF treatments in
model (d).

Impact of a positive urine dipstick test for
cardiovascular and non-cardiovascular
death

Of the 213 deaths noted, 86 (40.4%) were due to a cardiovascular
cause. Figure 2B shows Kaplan—Meier survival curves for CVD. G2
showed significantly higher cardiovascular mortality compared
with G1 (P<<0.001). However, there was no significant difference
in CVD between G3 and G4. Table 2 shows the results of multi-
variable Cox proportional hazard regression analysis for CVD
(the middle portion). In the fully adjusted model (d), as compared
with G1 (reference), the HRs (95% Cl) for CVD of G2, G3, and G4
were 3.58 (1.50-8.58), 2.34 (1.10-4.98), and 3.29 (1.48-7.31),
respectively. Importantly, the significance of HRs for CVD in G2
and G4 remained robust in models (b), (c), and (d).

Non-cardiovascular death was observed in 127 patients during
the study period. Figure 2C shows Kaplan—Meier survival curves
for NCVD. Groups with a positive UDT had significantly more
NCVDs than those with a negative UDT within each stratum of
GFR (both P<<0.001). Table 2 shows the results of multivariable
Cox proportional hazard regression analysis for NCVD (the
lower portion). In model (a), as compared with G1 (reference),
the HRs (95% Cl) for NCVD of G2, G3, and G4 were 275
(1.52-4.98), 2.41 (1.45-4.01), and 5.37 (3.26—8.83), respectively.
However, in models (b), (c). and (d), the HR for NCVD in G3
was not significantly higher compared with those in G1 (Table 2).
Again, the significance of HRs for NCVD in G2 and G4 remained
robust in models (b), (c), and (d).

Prognostic importance of urine dipstick
test in addition to estimated glomerular
filtration rate

About one-third of HFpEF patients in the present study had a posi-
tive UDT. Figure 3 shows the results of Cox proportional hazard
regression analysis for eGFR >60 or <60 adjusted by the covari-
ates including eGFR. In HFpEF patients with eGFR >60, as com-
pared with G1, G2 showed a 227, 293, and 216% increase in the
risk for all-cause death, CVD, and NCVD, respectively (all
P<<0.001). In HFpEF patients with eGFR <60, as compared with
G3, G4 showed a 174% and 212% increase in the risk for all-cause
mortality and NCVD, respectively, whereas there was no signifi-
cant difference for CVD.
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A All-cause death B CV death C Non-CV death
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weema Group 3 mme GPOUP 3 e GrOUp 3
wees GrOUp 4 wsens - Group 4 s GTOUP 4
- Group 1 vs. 2, 3, 4: P < 0.001 Group 1 vs. 2: P = 0.002 Group 1vs. 2, 3, 4: P < 0.001
ol Group 2 vs. 3: P=0.64 Group 1vs. 3,4: P <0.001 Group 2vs. 3: P=0.62
£ | Group3vs.4:P <0001 | o5 Group2vs. 3:P =022 55/ Group 3vs. 4: P <0.001
£ Group 3 vs. 4: P=0.26
S
=
/Mjf-ﬂ
0 O ey
0 1 2 3 9 3 2 3 0 3 2 3
Time (years) Time (years) Time (years)
G1 1034 944 755 426 1034 944 755 426 1034 944 7556 426
G2 342 289 216 119 342 289 216 119 342 289 216 119
G3 703 641 495 276 703 641 495 276 703 641 495 276
G4 386 331 243 128 386 331 243 128

386 331 243 128

Figure 2 Kaplan—Meier survival curves for all-cause. death (A), cardiovascular (CV) death (B), and non-CV death (C). The four groups were
categorized based on the estmated glomerular filtration rate (eGFR) and urine dipstick test (UDT): group 1 (G1) (eGFR >60, negative UDT),
G2 (eGFR =60, positive UDT), G3 (eGFR <60, negative UDT), and G4 (eGFR <60, positive-UDT). P-values indicate the comparison between

each groups.

Discussion

The novel findings of the present study are as follows. First, ~30%
of the HFpEF patients had a positive UDT. Secondly, HFpEF
patients with a positive UDT had significantly higher mortality as
compared with those with a negative UDT in each stratum of
eGFR levels. Thirdly, the prognostic impact of a positive UDT
was significantly enhanced after adjustment by the covariates in-
cluding eGFR. These findings indicate that we need to perform
UDT in addition to eGFR in all HFpEF patients for appropriate
risk stratification, especially in HFpEF patients with eGFR >60.

Albuminuria as a marker of cardiorenal
syndrome in heart failure with preserved
ejection fraction

Albuminuria is known to be an independent risk factor for mortal-
ity in the general population and in patients with hypertension or
diabetes.® "% In HF patients, the prevalence of patients with albu-
minuria (=30 mgfg) is ~30%."*"3 Furthermore, HF patients with
albuminuria (>30 mg/g) had a poorer prognosis independent of
diabetes, hypertension, or renal function.”®*~ " Anand et al
reported that proteinuria was associated with abnormal physical
findings and clinical indicators of volume overload, which suggests
a possible pathogenic role of increased intravascular volume." Fur-
thermore, RAS activation and inflammation have been suggested to
play causal roles in increasing albuminuria.'® Therefore, HF patients
with albuminuria (>30 mg/g) may have higher RAS activity com-
pared with those without albuminuria. However, most of the HF
patients included in these studies had HFrEF.

To our knowledge, this is the first report of the relationship
between HFpEF and albuminuria using UDT. In HFpEF patients,

the prevalence of albuminuria (=30 mg/g) was almost similar to
that in those with HFrEF. Furthermore, HFpEF patients with a posi-
tive UDT had a significantly poorer prognosis. The mechanisms
linking albuminuria and HFpEF remain unknown. However, there
may not be a large difference between HFrEF and HFpEF in
terms of the mechanism of elevated albuminuria.

Chronic kidney disease is a frequent complication of HF, and this
close association has been called the cardiorenal syndrome
(CRS).2 Both CKD and HF are associated with an increased activ-
ity of the sympathetic nervous system, and RAS activation, oxida-
tive stress, and inflammation.*®
attention to renal function in HF patients. Compared with HFrEF
patients, HFpEF patients were considered to have lower RAS activ-
ity.27 However, according to the pathophysiology of elevated albu-
minuria in HF patients, HFpEF patients with albuminuria (> 30 mg/g)

Therefore, we usually pay

may have higher RAS activity than those with normal albuminuria.
Therefore, the linkage between the heart and kidney in HFpEF
patients with albuminuria (>30 mg/g) may be greater than in
HFpEF patients with normal albuminuria. So, the measurement al-
buminuria is essential to evaluate CRS in addition to eGFR in all HF
patients.

Benefit of the combination of estimated
glomerular filtration rate and urine
dipstick test in predicting the prognosis in
heart failure with preserved ejection

fraction

Patients with HFpEF usually tend to be older and female." In most
clinical settings, eGFR is calculated by age, sex, and serum creatin-
ine*® Therefore, some HFpEF patients may have an eGFR <60
without significant renal damage. Indeed, in the present study,
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Table 2 Cox proportional hazard model for all-cause death, cardiovascular death, and non-cardiovascular death

HR categories

eGFR Dipstick No. of

<60

events
(%)

No. of
events/
100
person/
year

{a) Unadjusted

{b) Age- and sex-adjusted

(c) All baseline adjusted

(d) Fully adjusted

including treatment

All-cause death
Group 1
(reference)
Group 2
Group 3
Group 4
Cardiovascular
death Group 1
(reference)
Group 2
Group 3
Group 4
Non-cardiovascular
death Group 1
(reference)
Group 2
* Group 3
Group 4

o+t

|

+

'
-

_|..

_|,.

34 (3.3)
31 (9.0)

78 (11.0)
70 (18.1)

10 (1.0)
11 (3.2)
39 (5.5)
26 (67)

24 (23)

20 (5.8)

139 (5.5)

44 (11.4)

15

40
44
79

04

14
22
29

1.1

2.6
22
50

1.00

3.02
339
6.00

1.00

3.65
572
753

1.00

275
241
537

1.85-4.91
2.26-507
3.98-9.04

155-8.59
2.85-1145
3.63-15.63

152-498
145-4.01
326-883

<0.001
<0.001
<0.001

<0.001

0.003
<0.001
<0.001

<0.001

0.001
0.001
<0.001

1.00

2.60
2.07
3.78

1.00

3.30
3.68
5.06

1.00

2.29
142
3.24

1.59-4.24
137-313
248-574

1.40-7.80
1.80-7.49
2.40-10.60

126-4.16
0.84-2.40
195-540

<0.001
0.001
<0.001

<0.001

0.006
<0.001
<0.001

<0.001

0.007
0.18
<0.001

1.00

2.57
146
2,63

1.00

3.66
234
325

1.00

2.03
1.06
241

1.56-425
094-227
1.67-4.13

153-8.72
1.13-5.09
147-7.18

1.09-3.78
0.61-1.86
1.39-4.19

<0.001
0.09
<0.001

<0.001

0.003
0.023
0.004

<0.001

0.026
0.83
0.002

2.44
143
2.71

1.00

3.58
2.34
3.29

1.00

1.89
1.05
2.51

1.47-4.05
0.92-223
1.72-427

1.50-8.58
1.10-4.98
1.48-7.31

1.01-354
0.60-1.84
1.44-4.37

0.001
0.12
<0.001

<0.001

0.004

0.03
0.003

<0.001

0.048
0.88
0.001

Cl, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
In model (c}, we adjusted the model by age, sex, and clinical status (New York Heart Association class, systolic blood pressure, heart rate, body mass index, left ventricular ejection fraction), serum sodium, serum potassium, history of malignant
tumour, and admission for heart failure, and co-morbidities (diabetes, hyperuricaemia, anaemia, coronary artery disease, cerebrovascular-disease, atrial fibrillation), and five urine dipstick test brands. In model (d), in addition to model (c), we

adjusted the model by treatment (beta-blocker, angiotensin-converting-enzyme. inhibitor, angiotensin |l receptor blocker, calcium channel blocker, loép’ diuretics, aldosterone antagonist).
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A eGFR260(G2vs. G1)

All-cause death

CV death

Non-CV death

HR  95%Cl P value

B eGFR<60(G4vs. G3)

2.27 (1.32,3.92) 0.003 ‘ L

2.93 (1.12,7.66) 0.001 —

2.16 (1.10, 4.24) < 0.001 S —
1 —>

Positive dipstick worse

HR  95%Cl P value
All-cause death 1.74 (1.21, 2.48) 0.003 —
CV death 1.35 (0.78,2.33) 0.29 ——
Non-CV death 212 (1.30, 3.44) 0.003 et
Relative risk (95%Cl) 1 >

Positive dipstick worse

Figure 3 Hazard ratios (HRs) for all-cause death, cardiovascular (CV) death, and non-CV death after adjustment by multiple covariates in-
cluding estimated glomerular filtration rate (eGFR). (A) eGFR >60 (G2 vs. G1), (B) eGFR <60 (G4 vs. G3). 95%Cl, 95% confidence interval.

HFpEF patients in G3 were older and there were more females as
compared with other groups. The present result shows that HFpEF
patients with a negative UDT tend to have a better prognosis than
those with a positive UDT.

The UDT has been widely used as an initial screening method
for evaluation of proteinuria on the basis of low cost and the
ability to provide rapid point-of-care information to clinicians and
patients.22 Furthermore, UDT is very sensitive to albumin but is
less sensitive to globulins and secreted proteins.’” Konta et al.
reported the significant usefulness of trace or more UDT to
predict albuminuria (=30 mg/g) in the general population?’
Furthermore, the negative predictive value of UDT for identifica-
tion of albuminuria (>30 mg/g) was higher than the threshold
of >14.2" Thus, in the present study, we defined positive UDT
for albuminuria (=30 mg/g) when the analysis showed trace or
more.

Anand et al. reported that the percentage of positive UDTs in
HF patients was 8.9%."" However, they defined a positive UDT
as 1+ or more. In the present study, the prevalence of patients
with a positive UDT was 29.5%. Among the patients with a positive
UDT, the percentage of trace proteinuria was the highest. There-
fore, the difference in the definition of a positive UDT may influ-
ence the difference in the percentage. Albuminuria (>30 mg/g) is
observed in approximately one-third of HF patients.'>"* Thus,
our findings indicate that a positive UDT defined as trace or
more is useful for detection of albuminuria (>30 mg/g) and
could be a reasonable surrogate of UACR measurement in
HFpEF patients.

In HFpEF patients with eGFR >60, those with a positive UDT
showed about twice as high mortality as those with a negative
UDT. Furthermore, in HFpEF patients with eGFR <60, those
with a positive UDT also showed significantly higher mortality
compared with those with a negative UDT. This result indicates
that we should perform UDT in addition to eGFR evaluation in
HFpEF patients regardless of the eGFR level

Implications of a positive urine dipstick
test in heart failure with preserved
ejection fraction

The reason for the poorer prognosis of HFpEF patients with a
positive UDT remains to be fully clarified. In the present study,
HFpEF patients with a positive UDT were characterized by a
higher BNP level, suggesting that venous filling pressure is signifi-
cantly increased. Venous congestion was shown to cause protein-
uria in dogs.28 suggesting that elevated venous pressure may be
associated with the development of albuminuria. Furthermore, al-
buminuria may attenuate the effect of furosemide because filtered
albumin may bind furosemide in the tubular fluid and impair the
interaction with the luminal co-transporting proteins.29 Resistance
to diuretics may cause a deterioration of the venous congestion
status with a resultant vicious cycle of albumin excretion into
the urine. Thus, the therapeutic strategy for reducing albuminuria
is important in HFpEF patients.

In the present study, 40% of deaths were caused by cardiovascu-
lar events. Zile et al. also reported that 60% of deaths in HFpEF
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patients were CVDs.>° Albuminuria reflects glomerular injury, Sys-
temic inflammation, and endothelial dysfunction that lead to car-
diovascular events.'”  Furthermore, albuminuria  has been
associated with changes in coagulation factors.®" In the present
study, the rate of CVD was relatively low; however, a positive
UDT could predict CVD in HFpEF patients, especially in those
with an eGFR >60. In HFpEF patients with eGFR <60, those
with a positive UDT showed no significant difference in the devel-
opment of CVD after adjustment by eGFR compared with those
with a negative UDT. This result indicated that the influence of
eGFR decline on CVD may be larger than that of albuminuria in
patients with eGFR <60. However, Perkins et al. reported that
cases of early eGFR decline occurred in 9% of the normal albumin-
uria group and 31% of the albuminuria (>30 mg/g) group in dia-
betes pa‘cients.32 Therefore, in the follow-up period, there may
be a considerable eGFR decline in patients with a positive UDT
compared with those with a negative UDT that leads to poor
outcome. Therefore, we need to perform UDT in addition to
measurement of eGFR even in HFpEF patients with eGFR <60.

In the present study, a positive UDT was also associated with
increased NCVD, a finding consistent with a previous report by
Hillege et al*" Approximately one-third of the NCVDs were due
to malignant tumours in the present study. Although the underlying
mechanisms remain to be elucidated, patients with advanced malig-
nant tumours have a significantly higher urinary albumin excretion
rate than those with localized disease.*®

In the present study, the remaining one-third of NCVDs were
due to infectious diseases. HFpEF patients with albuminuria
(=30 mg/g) tended also to have cerebrovascular disease that
leads to impaired activities of daily living (Table 7). Such patients
are particularly at high risk of contracting infectious disease. The

present results also indicate that the prevention of infectious dis- - -

eases and cerebrovascular disease is important to reduce the mor-
tality of HFpEF patients.

Treatment strategy of patients with heart
failure with preserved ejection fraction
with a positive urine dipstick test

The underlying mechanisms of the close relationship between the
heart and the kidney include inflammation and an activated RAS
and/or sympathetic nervous system.” Importantly, these mechan-
isms are also involved in the pathogenesis of albuminuria.” It was
reported that RAS inhibitors cause a significant decrease in albu-
minuria and a trend of a decrease in cardiovascular events in
patients with hypertension, LV hypertrophy, and diabetes** On
the other hand, RAS inhibition in HFpEF is not associated with a
consistent reduction in HF admission or mortality.”” The overall
failure of RAS inhibitors to improve morbidity and mortality of
HFpEF patients suggests a relatively smaller contribution of neuro-
humoral activation on HF progression as compared with the case
for HFrEF patients.’” However, HFpEF patients with a positive
UDT may have higher RAS activity than those with a negative
UDT. It was reported that telmisartan treatment was associated
with an increased risk of adverse renal events in patients without
albuminuria, whereas it tended to improve outcomes of patients
with albuminuria.®® Thus, the baseline albuminuria level may be

an important factor when selecting patients for treatment with
RAS inhibitors®® Again, the importance of UDT should be
emphasized before we start to use RAS inhibitors for HFpEF
patients.

Study limitations

Several limitations should be mentioned regarding the present
study. (i) We had no information on LV function other than the
LVEF, and it therefore remains unknown whether the study popu-
lation had objective evidence of diastolic dysfunction recom-
mended by the recent guidelines in the diagnosis of HFpEF.*
However, we excluded patients with severe VHD, congenital
heart disease, pulmonary arterial hypertension, and pericardial
disease. Therefore, our study subjects can be categorized as prob-
able diastolic HF as defined by Vasan et al.® (i) UDT is a qualitative
measurement of proteinuria and, furthermore, UDT is a less accur-
ate and less sensitive measure of urinary albumin excretion. (iii) In
the present study, UDTs from five different companies were used
in the participating hospitals. Moreover, UDT was not measured at
a central laboratory. Four dipsticks were calibrated to indicate
trace at >0.1g/L or >0.15g/L of proteinuria and one dipstick
did not originally indicate trace. Furthermore, the sensitivity and
specificity for detecting albuminuria may be different among
these dipsticks. However, multivariate analyses including all covari-
ates with the UDT brands clearly showed the significant prognostic
impact of a positive UDT in HFpEF patients. (iv) The present
results were analysed using data collected at study entry and we
did not take into consideration the possible changes in UDT
during the follow-up period. (v) The primary design of the
present study did not cover chronic lung disease, which has been
recognized as one of the important prognostic factors of HFpEFS
(vi) All subjects in the CHART-2 study were Japanese people,
which may limit extrapolation of the present results to patients
in Western countries. Finally, since the CHART-2 study is an
observational study, the present results need to be carefully
interpreted especially when the effects of treatment are evaluated.

Conclusions

The present results demonstrate that albuminuria predicts the
mortality of HFpEF patients in each stratum of eGFR levels, sug-
gesting its usefulness for appropriate risk stratification in these
patients.
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Intrathoracic Impedance Monitoring in
Patients With Heart Failure
— Correlation With Dehydration and Bleeding Events —

Kazuo Asada, MD; Katsuhito Fujiu, MD, PhD; Yasushi Imai, MD, PhD;
Toshiya Kojima, MD, PhD; Hiroaki Sugiyama, MD; Takeki Suzuki, MD, PhD;
Koichiro Kinugawa, MD, PhD; Yasunobu Hirata, MD, PhD; Ryozo Nagai, MD, PhD

Background: Cardiac resynchronization therapy/defibrillators (CRTD) and implantable cardioverter defibrillators
(ICD) with continuous intrathoracic impedance monitoring might provide an early warning of thoracic fluid retention.
In contrast, volume loss events such as dehydration and bleeding are also common events in heart failure patients
treated with diuretics and a'nticoagulants. The correlation between intrathoracic impedance and a volume loss event
is not known.

Methods and Results: This study evaluated the association between intrathoracic impedance and volume loss
events in 36 patients with chronic heart failure (New York Heart Association [NYHA] Il, Il and IV) who had received
CRTD/ICD implantation. Elevation of thoracic impedance above the reference line was defined as a positive devia-
tion of thoracic impedance (PDI). This study recorded 249 PDis inciuding 60 spike PDis defined as over 5ohms
elevation from the reference line and 17 large PDIs as over 5ohms elevation and continuing for at least 4 days.
Clinically, 96 dehydration events and 2 bleeding events were observed over a 1-year petiod. The sensitivity and
positive predictive value (PPV) for spike PDI was 31.6% and 51.7%, respectively, while those for large PDI were
17.3% and 100%, respectively.

Conclusions: A large PDI reflected dehydration and bleeding events with a high PPV in severe heart failure pa-
tients. The large PDI criteria might therefore be useful for predicting volume loss events in chronic heart failure

ORIGINAL ARTICLE

Heart Failure

patients. (Circ J 2012; 76: 2592-2598)

Key Words: Cardiac resynchronization therapy; Heart failure; Implantable cardioverter defibrillator

Repeated hospitalization due to heart failure increas-

es medical costs and is also associated with the prog-
nosis of these patients.* Early identification of heart failure-as-
sociated problems and early intervention before hospitalization
would relieve some of this burden.® Fluid retention is the most
common cause of heart failure-associated hospitalization.®’
The fluid retention detection algorithm (Fluid index in OptiVol,
Medtronic Inc, Minneapolis, MN, USA) was designed to de-
tect this common cause of heart failure-associated events. How-
ever, volume loss events such as low output syndrome due to
dehydration as a result of excessive diuresis and gastrointesti-
nal bleeding due to anticoagulation agents are often observed
and are also severe problems.

H eart failure is a life-threatening and costly disease.!-*

Editorial p 2538

Thoracic impedance reflects not only fluid retention, but also
fluid depletion. Actually, the feasibility of early detection of
volume loss events has been shown in an animal model * How-
ever, the clinical feasibility of a change in thoracic impedance
to detect volume loss events associated with heart failure is not
known. '

The present study investigated the association between vol-
ume loss events and increased thoracic impedance in heart
failure patients (New York Heart Association [NYHA] II, I
and IV) with cardiac resynchronization therapy/defibrillators
(CRTD) and implantable cardioverter defibrillators (ICD) with
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Intrathoracic Impedance Reflects Volume Loss Event
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continuous intrathoracic impedance monitoring.

Methods

This study retrospectively analyzed continuously monitored
thoracic impedance for 18,615 days from 51 consecutive chron-
ic heart failure patients (NYHA 11, Il and IV) undergoing CRTD

Circulation Journal

or ICD implantation with the OptiVol Fluid Status Monitoring
System (Medtronic Inc) between September 2009 and Sep-
tember 2011 at the University of Tokyo Hospital. Blood sam-
pling performed once a month for the evaluation of volume
loss or bleeding events was required for inclusion in this study.
The most recent 1 year record of continuous thoracic imped-
ance of each patient was analyzed. The analyzed period in-
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‘Table 1. Patients Characteristics (n=36)

Age 59.6+15.0
Male 30 (83.3%)
Cardiomyopathy

Ischemic 11 (30.6%)

Non-ischemic 25 (69.4%)
NYHA '

1] 8 (22.2%)

1 19 (52.8%)

v 9 (25.0%)
QRS 13034 (ms)
EF 38.6+19.3 (%)
Cardiovascular disease

CAD 14 (38.9%)

HT 20 (55.6%)

DM 10 (27.8%)
Ventricular conduction disorders

LBBB 15 (41.7%)

RBBB 10 (27.8%)

Other 3 (8.3%)
Rhythm disorders

[SISN 10 (27.8%)

AF

Paroxysmal 7 (19.4%)

Persistent or Chronic
HF medication

10 (27.8%)

B-blocker 27 (75.0%)
ACE inhibitor 24 (66.7%)
Diuretics 24 (66.7%)
Aldosterone antagonist 19 (52.8%)
Digitalis 3 (8.3%)

Anti-platelet drug 14 (39.0%)

Anticoagulant 18 (50.0%)

Values are expressed as mean+=SD

NYHA, New York Heart Association; GRS, QRS wiath; EF, ejection
fraction; CAD, coronary artery disease; HT, hypertension; DM,
diabetes mellitus; LBBB, left bundie branch block; RBBB, right
bundle branch block; SSS, sick sinus syndrome; AF, atrial fibrilla-
tion; HF, heart failure; ACE, angiotensin converting enzyme.

cluded the time from the pacemaker/defibrillator clinic visit
until after over 1 year from device implantation in order to avoid
non-specific thoracic impedance changes arising from inflam-
matory changes, fluid accumulation or infection around the
. generator. Upward deviation of thoracic impedance was de-
fined as a positive deviation of thoracic impedance above the
reference line (PDI). Small changes within 3 ohms for imped-
ance change from the reference line was not counted as a PDI.
Elevation impedance over 3 ohms up to 5ohms above the ref-
erence was defined as a small PDI. Spike PDI was defined as
elevation over 5ohms over the reference line for a short time
(within 4 days). A large PDI was defined as an elevation of the
impedance over 5ohms and continuing for at least 4 days.
Three different types of PDI were defined by the degree of
deviation and the duration of the deviated period from the
reference line (Figure 1). .
Volume loss events were analyzed using the following cri-
teria: increases in blood urea nitrogen/serum creatinine ratio 2
times that observed on the prior blood test, the existence of
clinical features of dehydration such as thirst, cutaneous dry-
ness or low output syndrome that required clinical manipula-

Circulation Journal

: }Taﬁlétz;“:ﬁécmdéq PDIs FromCo n ""ugy‘u Intrathoracm G
. ImpedanceMonitoring
Age Event (-} Event (+)

No PDI ) ND 12
All PDI 151 86
Small PDI 122 38
Spike PDI 29 31
Large PDI 0 17

PDI, positive deviation of thoracic impedance; ND, not done.

Age Sensitivity (%) PPV (%)

All PDI 87.8 34.8
Small PDI 38.8 221
Spike PDI 31.6 51.7
Large PDI 17.3 100.0

PDI, positive deviation of thoracic impedance; PPV, positive predic-
tive value.

tion, including education regarding water intake, changing
medications, rehydration therapy, blood infusions, catechol-
amine administration for low output syndrome and/or hospital
admission.

A newly developed scale defined the clinical severity of the
volume loss events as follows: 1 point, only education regard-
ing water intake was required for recovery from dehydration;
2 points, adjustments to medications were required for recov-
ery from dehydration or bleeding; 3 points, admission was re-
quired for recovery from dehydration, low output syndrome or
bleeding; 4 points, catecholamine administration or blood in-
fusion was required for recovery from dehydration, low output
syndrome or bleeding.

The exclusion criteria were NYHA I patients at 1 year after
device implantation, device-associated complications such as
infection at the implanted site, lead troubles and the require-
ment of additional surgical manipulation after the first implan-
tation. Those with right side implantation and device infection,
thus leading to difficulties or hemodialysis, were also excluded
from the study.

For each patient, blood tests were performed at least once a
month to regularly evaluate dehydration and bleeding. If the
interval between consecutive blood tests was more than 2
months, then the patient was excluded from this study.

The established protocol was in accordance with the Helsinki
Declaration (2000 revision) and was approved by the institu-
tional review board of the University of Tokyo Hospital. Writ-
ten information consent was obtained from each patient before
participation in the study.

Statistical Analysis ,

All data are expressed as the mean*SD. The positive predic-
tive values (PPVs) were calculated using Bayes’ formula. Lin-
ear regression was used for the correlation analyses, which were
expressed as Pearson correlation coefficients between thoracic
impedance and the dehydration and bleeding event scale.

Results

Patients
There were a total of consecutive 51 chronic heart failure pa-
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Figure 3. A typical large positive deviation of thoracic impedance (PDI) in intrathoracic impedance in the dehydration event dur-
ing treatment of chronic heart failure patients. The OptiVol fluid trends report presents up to 14 months of ralling information on
patient’s OptiVol fluid index, average daily impedance and reference impedance (A,B). The time-course of intrathoracic imped-
ance during acute decompensated heart failure (Decompensation: left closed box) and dehydration event (Dehydration: right
closed box) after heart failure management including diuresis is shown (A,B). A large PDI was recorded and was consistent with
the period of dehydration (B). The time-course of blood urea nitrogen/serum creatinine (BUN/Cr) ratio over the same periods in
Figure 2B is shown. Thoracic impedance increased prior to BUN/Cr ratio elevation (C).
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tients undergoing CRT/ICD implantation during the period of
enrollment. Fifteen patients were excluded from the analysis
based on the exclusion criteria (irregularity of blood sampling
intervals (n=13) or hemodialysis (n=2)), thus a total of 36 adults
patients (30 males, 6 females) were investigated (Table 1).
Over 1 year passed after device implantation in all patients.
The mean+SD age was 59.6+15.0 years. The causes of chron-
ic heart failure were: ischemic cardiomyopathy (n=11) and
non-ischemic cardiomyopathy (dilated cardiomyopathy) (n=25).
All patients were of NYHA functional class I to IV at the time
of implantation. In addition, 52.8% of patients were of NYHA
class Il and 25.0% were of class IV at the time of enrollment.
The standard treatments were administered for chronic heart
failure including renin-angiotensin inhibitors, S-blockers, di-
uretics, aldosterone antagonist, and anticoagulants.

PDI Data Obtained During 1-Year Follow-up Periods

Two hundred and thirty-seven PDIs and 98 volume loss events,
including 96 dehydrations and 2 bleedings, were recorded dur-
ing the 1-year follow-up period, which was more than 1 year
after device implantation (Table 2). All PDIs were analyzed
for peak level and duration (Figure 1). This result suggests
that PDIs with high peaks and long duration might reflect de-
hydration or bleeding events with high PPV, For clinical con-
venience, 4 categories of PDI were defined, including spike

PDI, large PDI, small PDI and no PDI (Figure 2). The PPVs
for detecting dehydration and bleeding events were analyzed
based on these criteria.

Large PDIs Reflected Volume Loss Events With a High
Positive Predictive Value

The sensitivity and PPV for a small PDI was 38.8% and 22.1%,
respectively, for a spike PDI it was 31.6% and 51.7%, respec-
tively, and for a large PDI it was 17.3% and 100%, respec-
tively (Table 3). Although all PDI showed a high sensitivity,
the PPV was low. In contrast, a spike PDI showed an interme- .
diate high PPV for volume loss events. In addition, a large
PDI showed a high PPV for volume loss events.

Volume Loss Case 1: Dehydration Case

Figures 3A—C summarizes a case in which a patient with di-
lated cardiomyopathy was hospitalized due to volume reten-
tion. A CRT (Concerto C174AWK, Medtronic Inc) had been
performed for repeated acute decompensated heart failure 2
years before this hospitalization. Intensive care was adminis-
tered for congestive heart failure with diuretics and infusion
of atrial natriuretic peptide to improve pulmonary congestion.
However, excessive use of diuretics provoked significant de-
hydration after recovery from fluid retention. The time-course
of thoracic impedance showed a dip below the reference line,
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