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Background: In previous retrospective studies, we identified the 50 most influential clinical predictors of cardio-
vascular outcomes in patients with heart failure (HF). The present study aimed to use the novel limitless-arity
multiple-testing procedure tofilter these 50 clinical factors and thus yield combinations of nomore than four fac-
tors that could potentially predict the onset of cardiovascular events. A Kaplan–Meier analysiswas used to inves-
tigate the importance of the combinations.
Methods: In a multi-centre observational trial, we prospectively enrolled 213 patients with HF who were hospi-
talized because of exacerbation, discharged according to HF treatment guidelines and observed to monitor car-
diovascular events. After the observation period, we stratified patients according to whether they experienced
cardiovascular events (rehospitalisation or cardiovascular death).
Findings:Among77,562 combinations of fewer thanfive clinical parameters, we identified 151 combinations that
could potentially explain the occurrence of cardiovascular events. Of these, 145 combinations included the use of
inotropic agents, whereas the remaining 6 included the use of diuretics without bradycardia or tachycardia, sug-
gesting that the high probability of cardiovascular events is exclusively determined by these two clinical factors.
Importantly, Kaplan–Meier curves demonstrated that the use of inotropes or of diuretics without bradycardia or
tachycardia were independent predictors of a markedly worse cardiovascular prognosis.
Interpretation: Patients treatedwith either inotropic agents or diuretics without bradycardia or tachycardia were
at a higher risk of cardiovascular events. The uses of these drugs, regardless of heart rate, are the strongest clinical
predictors of cardiovascular events in patients with HF.

© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Globally, cardiovascular disease has placed a significant burden both
on individual patients and national economies [1, 2]. Despite the avail-
ability of effective medical treatments, heart failure (HF) remains a
major cause of increased morbidity and mortality [3–5]. Notably,
hospitalisation for a pathophysiologic exacerbation of HF can increase
the severity of this condition, thus activating a vicious cycle that leads
to cardiovascular death. Therefore, it is very important to identify
the strongest clinical predictors of cardiovascular events followed by
hospitalisation among patients with HF. Comorbidity (hypertension or
renal dysfunction), the presence of anaemia or cardiomegaly, age and
cine andDevelopment, National
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sex have been suggested as major determinants of hospitalisation or
cardiac death among patientswithHF [6]. However, the interactions be-
tween these comorbidities are complex, and the strongest clinical influ-
ences on the risk of a cardiovascular event remain unclear. In previous
studies, several biomarkers, including blood levels of brain natriuretic
peptide (BNP) [7], C-reactive protein [8] and albumin [9], have been
measured in patients with HF with the aim of determining the severity
and probability of cardiovascular events. Additionally, various drugs,
such as angiotensin-converting inhibitors [10], diuretics [11] and ino-
tropic agents [12], have been administered to patients with the intent
to improve the pathophysiology of HF. Still, it remains difficult to deter-
mine the most important clinical predictors of cardiovascular events
and to apply this knowledge to patients with HF in a clinical setting.

The existing limitations can be partially attributed to the use of dif-
ferent hypotheses and the lack of comprehensive or systematic investi-
gations among the various studies. Accordingly, it is important to use a
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Table 1
The clinical parameters in patients with heart failure, and the differences in the clinical pa-
rameters with or without cardiovascular events.

Clinical factors

Age, (years) 72 (60–79)
Gender, male/female 98/69
NYHA class (II/III/IV) at admission 52/54/61
Heart rate at admission (beats/min) 81 (69–104)
Leg edema 91 (54)
Etiology of HF

Cardiomyopathy 56 (34)
Hypertensive heart disease 25 (15)
Ischemic heart disease 16 (10)
Valvular heart disease 47 (28)

Comorbidity
Hypertension 81 (49)
Hyperlipidemia 47 (28)
Chronic Af 67 (40)
Cerebrovascular disease 31 (19)
Obstructive pulmonary disease 10 (6)

CRT 35 (20)
ICD 35 (20)
Pacemaker 14 (8)
Number of family members in the same household 1 (1, 2)
Albumin at admission, (g/dl) 3.7 (3.4–4.0)
CRP at admission, (mg/dl) 0.3 (0.1–0.9)
WBC at admission, (/μl) 6500 (5000–8850)
AST at discharge, (U/l) 25.0 (20.5–21.5)
BUN at discharge, (mg/dl) 21.0 (16–30.8)
Uric acid at discharge, (mg/dl) 7.0 (5.7–8.4)
CRP at discharge, (mg/dl) 0.18 (0.04–0.53)
BNP at discharge, (pg/ml) 191 (102–413)
%FS at admission, (%) 19 (11–29)

LVDs at admission, (mm) 48 (36–57)
%FS at discharge, (%) 20 (13−31)
IVST at discharge, (mm) 9 (8–11)
AR grade (≥II) at discharge 21 (13)
MR grade (≥II) at discharge 48 (29)
TR grade (≥II) at discharge 43 (26)
Oral medications at discharge

ACE inhibitor 80 (48)
Anti-allergic 12 (7)
Anti-inflammatory drug 5 (3)
Antiplatelet 45 (27)
Antithyroid drug 2 (1)
Beta-blockers 109 (65)
Bronchodilator 7 (4)
Choleretic drug 10 (6)
Digitalis 48 (29)
Diuretics 151 (90)
Inotropic agent 22 (13)
Intestinal disease drug 4 (2)
Lipid-lowering drug 37 (22)
Proton pump inhibitor 60 (36)
Purgative 49 (29)
Sedative-hypnotic (benzodiazepin) 36 (22)
Vitamins 14 (8)

Data are given as the Median (interquartile range) or n (%). ACE inhibitor, angiotensin-
converting enzyme inhibitor; ADHF, acute decompensated heart failure; Af, atrial fibrilla-
tion; AR, aortic regurgitation; BNP, B-type natriuretic peptide; BUN, Blood urea nitrogen;
CRT, cardiac resynchronization therapy; CRP, C-reactive protein; FS, fractional shortening;
ICD, Implantable Cardioverter Defibrillator; VST, interventricular septum thickness; LVDs,
Left ventricular end-systolic dimension MR, mitral regurgitation; NYHA, New York Heart
Association; TR, tricuspid regurgitation.

Research in context

Evidence before this study

Many lines of evidence from the observational or randomised
clinical studies have identified the important clinical factors for
the prediction of the cardiovascular events by multivariate
analyses of observationally collected or randomised controlled
data in patients with heart failure (HF), however, there have been
no data analyses using many clinical parameters related or
unrelated to the pathophysiology of HF patients to seek to the
strongest clinical factors by data-mining methods. Here, one of
the novel data mining methods of limitless-arity multiple-testing
procedure (LANP) could identify the strongest clinical factors to
predict the cardiovascular events among all combinations of the
clinical factors in HF patients.
We employed 167 HF patients who were admitted between
November 2007 and October 2009 and followed to monitor the
incidence of cardiovascular events until December 2014 to
narrow down 50 important clinical parameters to predict
cardiovascular events, and we generated a new cohort of 213
HF patients who received contemporary treatment in the context
of a multi-centre trial, and prospectively evaluated the
combination that could best predict cardiovascular outcomes
betweenMay 2013 and March 2015 and followed these patients
until the end of April 2016.

Added Value of This Study

Using the LANP method for the patients with HF, we found that
the patients treated with either inotropic agents or diuretics
without bradycardia or tachycardia were at a higher risk of
cardiovascular events, which are novel finding on the top of the
conventional knowledge of the current HF treatment strategy.

Implications of all the Available Evidence

The cardiologists are usually interested in the symptoms of the
patients, results of biomarkers of HF such as plasma BNP levels,
laboratory data of echocardiograms and the effectiveness and
side-effects of the drugs for HF when they examine the HF
patients. On the top of the ordinary knowledge or guidelines of
treatment of HF, the present finding cautions that the
cardiologists should focus on the present use of inotropic agents
or the use of diuretics without either bradycardia or tachycardia
as the strongest predictors of an increased risk of cardiovascular
events in patientswith HF,when cardiologists treat such patients.
Such analyses using the big data of HF patients would notify the
unexpected parameters to predict the occurrence of the
cardiovascular events such as re-hospitalisation.
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comprehensive method to determine the most essential parameters or
combinations of parameters predictive of cardiovascular events in a
cohort of patients with HF. As the combination of clinical parameters
A + B + C may have synergistic effects on cardiovascular events even
if A, B or C alone has no effect, the ability of every combination of clinical
parameters to predict the occurrence of cardiovascular events should be
tested. To overcome the difficulties associated with such testing in pa-
tients with HF, we have implemented recent, novel advances in statisti-
cal testing that will allow us to analyse all significant combinations of
clinical parameters without any limits via the limitless-arity multiple
testing procedure (LAMP) [13].
In this study, we evaluated the effects of combinations of clinical pa-
rameters on the incidence of cardiovascular events among patientswith
HF. First, we narrowed down all the combinations to those that could
best explain the occurrence of the cardiovascular events. Second, we
identified two combinations of clinical parameters, the use of inotropes
or the use of diuretics without bradycardia or tachycardia, which corre-
lated with the highest probability of cardiovascular event incidence
among patients with HF.



Table 2
The clinical parameters in patients with heart failure, and the differences in the clinical pa-
rameters with or without cardiovascular events.

Clinical factors Without
(n = 114)

With (n = 99)

Age, (years) 72 (60–79) 70 (60–79)
Gender, male/female 71/43 64/35
NYHA class (II/III/IV) at admission 34/55/25 13/53/33
Heart rate at admission (beats/min) 86 (69–102) 75 (69–87)
Leg edema 65 (57) 71 (62)
Etiology of HF

Cardiomyopathy 34 (30) 42 (37)
Hypertensive heart disease 23 (20) 6 (5)
Ischemic heart disease 12 (11) 14 (12)
Valvular heart disease 23 (20) 24 (21)
Others 22 (19) 13 (11)

Comorbidity
Hypertension 64 (56) 44 (39)
Hyperlipidemia 40 (35) 33 (29)
Chronic Af 50 (44) 54 (47)
Cerebrovascular disease 7 (6) 7 (6)
Obstructive pulmonary disease 5 (4) 1 (1)

CRT 8 (7) 16 (14)
ICD 11 (10) 20 (18)
Pacemaker 18 (16) 13 (11)
Number of family members in the same
household

1 (1, 2) 1 (1)

Albumin at admission, (g/dl) 3.8 (3.5–4.1) 3.8 (3.5–4.1)
CRP at admission, (mg/dl) 0.4 (0.1–1.2) 0.4 (0.15–1.05)
WBC at admission, (/μl) 5300 (4100–6369) 5100 (4200–6700)
AST at discharge, (U/l) 20 (18–28) 25 (20−32)
BUN at discharge, (mg/dl) 22 (18–28) 27 (20.5–44)
Uric acid at discharge, (mg/dl) 6.4 (5.3–7.6) 6.8 (5.3–8.1)
CRP at discharge, (mg/dl) 0.1 (0.1–0.4) 0.2 (0.1–0.7)
BNP at discharge, (pg/ml) 196 (117–407) 294 (165–534)
%FS at admission 18.8 (10.1–29.1) 17.2 (9.7–32.1)

LVDd at admission 58 (49–65) 58 (48–67)
LVDs at admission, (mm) 47 (34–57) 47 (32–58)

%FS at discharge, (%) 21.8 (10.5–31.5) 19 (10−32)
LVDd at discharge 57 (49–63) 59 (48–68)
LVDs at discharge 45 (33–54) 47 (32–60)

IVST at discharge, (mm) 10 (8–11) 10 (8–11)
AR grade (≥II) at discharge 13 (11) 13 (11)
MR grade (≥II) at discharge 45 (39) 48 (42)
TR grade (≥II) at discharge 24 (21) 35 (31)
Oral medications at discharge

ACE inhibitor 66 (58) 45 (39)
Anti-allergic 3 (3) 5 (4)
Anti-inflammatory drug 25 (22) 23 (20)
Antiplatelet 17 (15) 10 (9)
Antithyroid drug 1 (1) 2 (2)
Beta-blockers 88 (77) 73 (64)
Broncodilator 0 (0) 2 (2)
Choleretic drug 4 (4) 7 (6)
Digitalis 16 (14) 26 (23)
Diuretics 89 (78) 92 (81)
Inotropic agent 4 (4) 32 (28)
Intestinal disease drug 5 (4) 14 (12)
Lipid-lowering drug 44 (39) 35 (31)
Proton pump inhibitor 62 (54) 57 (50)
Purgative 28 (25) 35 (31)
Sedative-hypnotic (benzodiazepin) 6 (5) 6 (5)
Vitamins 3 4 (4)

Data are given as the Median (interquartile range) or n (%). ACE inhibitor, angiotensin-
converting enzyme inhibitor; ADHF, acute decompensated heart failure; Af, atrial fibrilla-
tion; AR, aortic regurgitation; BNP, B-type natriuretic peptide; BUN, Blood urea nitrogen;
CRT, cardiac resynchronization therapy; CRP, C-reactive protein; FS, fractional shortening;
ICD, Implantable Cardioverter Defibrillator; VST, interventricular septum thickness; LVDs,
Left ventricular end-systolic dimension MR, mitral regurgitation; NYHA, New York Heart
Association; TR, tricuspid regurgitation.
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2. Methods

2.1. Ethics Statement

This study was approved by the National Cerebral and Cardiovascu-
lar Centre Research Ethics Committee, whichwaived the requirement to
obtain informed consent from the 167 subjects according to the
Japanese Clinical Research Guideline because of the retrospective
observational design. Instead, we made a public announcement on
both the Internet homepage of our institution and the bulletin
boards in our outpatient and inpatient clinics to comply with the
Japanese Clinical Research Guideline and a request of the Ethics
Committee.

For the analysis, we created a specified database of anonymised
data in the Department of HF at our institution and analysed the
anonymous data. Additionally, we obtained written informed consent
from the 213 subjects included in the prospective observational study
after receiving approval from the Research Ethics Committees at the
National Cerebral and Cardiovascular Centre, Hokkaido University and
Kyushu University.

2.2. Protocols for the First and Second Screenings

We filtered the clinical parameters to identify those most important
with regard to the incidence of cardiovascular events in patients with
HF. Initially, we obtained data of 402 clinical parameters in 151 patients
with acute decompensated heart failure (ADHF) and used these data to
derive an equation with which to determine the probability of cardio-
vascular events (hospitalisation or death due to HF) [14]. In this step,
we narrowed the list to 251 clinical parameters. Next, after data
cleaning, we added 16 patients to the cohort from the previous study
to yield a total of 167 patients with ADHF who were admitted between
November 2007 and October 2009 and followed to monitor the inci-
dence of cardiovascular events until December 2014. HF diagnoses
were confirmed by an expert team of cardiologists using the Framing-
ham criteria. Finally, we selected the 50 most influential candidates
from among the 251 parameters identified in previous studies
(Table 1) [14, 15].

In the present study, we generated a new cohort of HF patients who
received contemporary treatment in the context of a multi-centre trial
and prospectively evaluated the combination that could best predict
cardiovascular outcomes. For this purpose, we enrolled 213
patients with ADHF who were admitted to three different hospitals in
Japan—National Cerebral and Cardiovascular Centre (n = 114),
HokkaidoUniversity (n=80) andKyushuUniversity (n=19)—between
May 2013 and March 2015 and followed these patients until the end of
April 2016. All patients underwent a careful history-taking process,
physical examinations, laboratory testing, chest X-rays, electrocardio-
grams and complete Doppler echocardiographic studies. An expert team
of cardiologists in charge of the HF department determined the timing
of patient discharge, which was recommended when the patient
presented with a stable blood pressure and improved renal function
due to an optimal treatment according to international guidelines, as
well as none of the following: signs of decompensation such as a New
York Heart Association functional class b3, rales and galloping rhythm.
Rehospitalisation of HF patients was defined as hospitalisation of an
enrolled patient for decompensated HF, and cardiovascular death was
defined as death attributed to a worsening of HF. The primary endpoint
was a cardiovascular event: either rehospitalisation or death due to a
worsening of HF, whichever occurred first. Among the 50 clinical
parameters, we determined the left ventricular dimensions at diastole
and systole from the calculated of percent fractional shortening. As we
included additional parameters related to the etiology of HF, such as
cardiomyopathy (Table 2), the LAMP analysis actually included 54
clinical parameters at the time of hospitalisation or discharge in HF
patients.
2.3. Analytic Procedures for the Third Screening

All data related to the events prior to discharge were evaluated in
our investigation of the known or unknown factors that contribute to
cardiovascular events and are listed in Table 1. We used the novel



Table 3
The combinations of clinical parameters to predict the occurrence of the cardiovascular events.

Rank The combination of clinical parameters Adjusted
p-value

1 The use of inotropic agents 0.00071
2 The use of diuretics The use of inotropic agents 0.00071
3 The use of diuretics The use of inotropic agents The abnormal value of bnp (18.4 pg/ml b)

at discharge
0.00071

4 The use of inotropic agents The abnormal value of bnp (18.4 pg/ml b)
at discharge

0.00071

5 The use of diuretics In nyha class iii or ivat admission Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

0.00237

6 The use of diuretics In nyha class iii or ivat admission Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

The abnormal value of bnp (18.4 pg/ml b)
at discharge

0.00237

7 The use of diuretics In nyha class iii or ivat admission Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

Living with family members in the same
household

0.00262

8 The use of inotropic agents In nyha class iii or ivat admission 0.00383
9 The use of inotropic agents The abnormal value of bnp (18.4 pg/ml b)

at discharge
In nyha class iii or ivat admission 0.00383

10 The use of diuretics The use of inotropic agents The abnormal value of bnp (18.4 pg/ml
b) at discharge

In nyha class iii or ivat admission 0.00383

11 The use of diuretics The use of inotropic agents In nyha class iii or ivat admission 0.00383
12 The use of inotropic agents The abnormal value of lvds (34 mm b)

at discharge
0.00383

13 The use of inotropic agents The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.00383

14 The use of diuretics The use of inotropic agents The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.00383

15 The use of diuretics The use of inotropic agents The abnormal value of lvds (34 mm b)
at admission

0.00383

16 The use of inotropic agents The abnormal value of lvds (34 mm b)
at discharge

0.00383

17 The use of inotropic agents The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.00383

18 The use of diuretics The use of inotropic agents The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.00383

19 The use of diuretics The use of inotropic agents The abnormal value of lvds (34 mm b)
at discharge

0.00383

20 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

0.00383

21 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

0.00383

22 The use of diuretics The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of bnp (18.4 pg/ml
b) at discharge

0.00383

23 The use of diuretics The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

0.00383

24 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents 0.00871

25 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvds (34 mm b)
at admission

0.00871

26 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of BNP (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.00871

27 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The use of diuretics The abnormal value of lvds (34 mm b)
at admission

0.00871

28 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of BNP (18.4 pg/ml b)
at discharge

0.00871

29 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The use of diuretics The abnormal value of BNP (18.4 pg/ml b)
at discharge

0.00871

30 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The use of diuretics 0.00871

31 The use of inotropic agents The abnormal value of lvds (34 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.00871

32 The use of inotropic agents The abnormal value of lvds (34 mm b)
at discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.00871

33 The use of diuretics The use of inotropic agents The abnormal value of lvds (34 mm b)
at admission

The abnormal value of lvds (34 mm b)
at discharge

0.00871

34 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvds (34 mm b)
at admission

0.00871

35 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.00871

36 The use of diuretics The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvds (34 mm b)
at admission

0.00871

37 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of %FS (b30%) at
discharge

0.00871

38 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of %FS (b30%) at
discharge

The abnormal value of lvds (34 mm b)
at admission

0.00871

39 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of %FS (b30%) at
discharge

The abnormal value of BNP (18.4 pg/ml b)
at discharge

0.00871
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Table 3 (continued)

Rank The combination of clinical parameters Adjusted
p-value

40 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of %FS (b30%) at
discharge

The use of diuretics 0.00871

41 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvds (34 mm b)
at discharge

0.00871

42 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.00871

43 The use of diuretics The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvds (34 mm b)
at discharge

0.00871

44 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

0.00871

45 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

0.00871

46 The use of diuretics The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

0.00871

47 The use of diuretics The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

0.00871

48 The use of diuretics Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

0.01388

49 The use of inotropic agents With leg edema 0.01857
50 The use of inotropic agents With leg edema The abnormal value of bnp (18.4 pg/ml b)

at discharge
0.01857

51 The use of diuretics The use of inotropic agents With leg edema The abnormal value of bnp (18.4 pg/ml b)
at discharge

0.01857

52 The use of diuretics The use of inotropic agents With leg edema 0.01857
53 The use of diuretics The abnormal value of bnp (18.4 pg/ml b)

at discharge
Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

0.01873

54 The use of inotropic agents Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

0.0196

55 The use of inotropic agents Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

The abnormal value of bnp (18.4 pg/ml
b) at discharge

0.0196

56 The use of diuretics The use of inotropic agents Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

The abnormal value of bnp (18.4 pg/ml b)
at discharge

0.0196

57 The use of diuretics The use of inotropic agents Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

0.0196

58 The use of inotropic agents In nyha class iii or ivat admission The abnormal value of lvds (34 mm b)
at admission

0.0196

59 The use of inotropic agents In nyha class iii or ivat admission The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.0196

60 The use of diuretics The use of inotropic agents In nyha class iii or ivat admission The abnormal value of lvds (34 mm b)
at admission

0.0196

61 The use of inotropic agents In nyha class iii or ivat admission The abnormal value of lvds (34 mm b)
at discharge

0.0196

62 The use of inotropic agents In nyha class iii or ivat admission The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.0196

63 The use of diuretics The use of inotropic agents In nyha class iii or ivat admission The abnormal value of lvds (34 mm b)
at discharge

0.0196

64 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvds (34 mm b)
at discharge

0.0196

65 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvds (34 mm b)
at admission

The abnormal value of lvds (34 mm b)
at discharge

0.0196

66 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of BNP (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.0196

67 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The use of diuretics The abnormal value of lvds (34 mm b)
at discharge

0.0196

68 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

In nyha class iii or ivat admission 0.0196

69 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

In nyha class iii or ivat admission 0.0196

70 The use of diuretics The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

In nyha class iii or ivat admission 0.0196

71 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvds (34 mm b)
at admission

The abnormal value of lvds (34 mm b)
at discharge

0.0196

72 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of %FS (b30%) at
discharge

The abnormal value of lvds (34 mm b)
at discharge

0.0196

73 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.0196

74 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.0196

75 The use of diuretics The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.0196

76 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.0196

77 The use of inotropic agents The abnormal value of lvds (34 mm b)
at discharge

The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.0196

(continued on next page)
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Table 3 (continued)

Rank The combination of clinical parameters Adjusted
p-value

78 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.0196

79 The use of diuretics The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.0196

80 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

0.0196

81 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvdd (52 mm b)
at discharge

0.0196

82 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.0196

83 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.0196

84 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

0.0196

85 The use of diuretics The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvdd (52 mm b)
at discharge

0.0196

86 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.0196

87 The use of inotropic agents The abnormal value of lvds (34 mm b)
at discharge

The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.0196

88 The use of inotropic agents The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.0196

89 The use of diuretics The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.0196

90 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.0196

91 The use of inotropic agents The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.0196

92 The use of diuretics The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.0196

93 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

0.0196

94 The use of diuretics The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

0.0196

95 The use of diuretics The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

0.0196

96 The use of inotropic agents With leg edema In nyha class iii or ivat admission 0.04253
97 The use of inotropic agents With leg edema The abnormal value of bnp (18.4 pg/ml b)

at discharge
In nyha class iii or ivat admission 0.04253

98 The use of diuretics The use of inotropic agents With leg edema In nyha class iii or ivat admission 0.04253
99 The use of inotropic agents Living with family members in the same

household
0.04356

100 The use of inotropic agents The abnormal value of bnp (18.4 pg/ml b)
at discharge

Living with family members in the same
household

0.04356

101 The use of diuretics The use of inotropic agents The abnormal value of bnp (18.4 pg/ml b)
at discharge

Living with family members in the same
household

0.04356

102 The use of diuretics The use of inotropic agents Living with family members in the same
household

0.04356

103 The use of inotropic agents The use of beta-blockers 0.04356
104 The use of inotropic agents The abnormal value of bnp (18.4 pg/ml b)

at discharge
The use of beta-blockers 0.04356

105 The use of diuretics The use of inotropic agents The abnormal value of bnp (18.4 pg/ml b)
at discharge

The use of beta-blockers 0.04356

106 The use of diuretics The use of inotropic agents The use of beta-blockers 0.04356
107 The use of inotropic agents Without either tachycardia (100 bpm b)

or bradycardia(b50 bpm)
The abnormal value of lvds (34 mm b)
at admission

0.04356

108 The use of inotropic agents Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.04356

109 The use of diuretics The use of inotropic agents Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

The abnormal value of lvds (34 mm b)
at admission

0.04356

110 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents In NYHA class III or ivat admission 0.04356

111 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvds (34 mm b)
at admission

In NYHA class III or ivat admission 0.04356

112 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of BNP (18.4 pg/ml b)
at discharge

In NYHA class III or ivat admission 0.04356

113 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The use of diuretics In NYHA class III or ivat admission 0.04356

114 The use of inotropic agents Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

The abnormal value of lvds (34 mm b)
at discharge

0.04356

115 The use of inotropic agents Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

The abnormal value of bnp (18.4 pg/ml b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.04356

116 The use of diuretics The use of inotropic agents Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

The abnormal value of lvds (34 mm b)
at discharge

0.04356
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Table 3 (continued)

Rank The combination of clinical parameters Adjusted
p-value

117 The use of inotropic agents The abnormal value of lvds (34 mm b)
at discharge

In nyha class iii or ivat admission The abnormal value of lvds (34 mm b)
at discharge

0.04356

118 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

0.04356

119 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

The abnormal value of bnp (18.4 pg/ml b)
at discharge

0.04356

120 The use of diuretics The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

0.04356

121 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

In nyha class iii or ivat admission The abnormal value of lvds (34 mm b)
at admission

0.04356

122 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of %FS (b30%) at
discharge

In NYHA class III or ivat admission 0.04356

123 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

In nyha class iii or ivat admission The abnormal value of lvds (34 mm b)
at discharge

0.04356

124 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

In nyha class iii or ivat admission 0.04356

125 The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

In nyha class iii or ivat admission 0.04356

126 The use of diuretics The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

In nyha class iii or ivat admission 0.04356

127 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

0.04356

128 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.04356

129 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of BNP (18.4 pg/ml b)
at discharge

0.04356

130 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The use of diuretics 0.04356

131 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.04356

132 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvdd (52 mm b)
at discharge

0.04356

133 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.04356

134 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of %FS (b30%) at
discharge

The abnormal value of lvdd (52 mm b)
at discharge

0.04356

135 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.04356

136 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

0.04356

137 The use of diuretics The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvdd (52 mm b)
at discharge

0.04356

138 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

0.04356

139 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.04356

140 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.04356

141 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvdd (52 mm b)
at discharge

0.04356

142 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of BNP (18.4 pg/ml b)
at discharge

0.04356

143 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of lvdd (52 mm b)
at discharge

The use of diuretics 0.04356

144 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvdd (52 mm b)
at discharge

0.04356

145 The abnormal value of %FS
(b30%) at admission

The use of inotropic agents The abnormal value of %FS (b30%) at
discharge

The abnormal value of lvdd (52 mm b)
at discharge

0.04356

146 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at admission

0.04356

147 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvds (34 mm b)
at discharge

0.04356

148 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of lvdd (52 mm b)
at discharge

0.04356

149 The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of lvdd (52 mm b)
at discharge

The abnormal value of bnp (18.4 pg/ml b)
at discharge

0.04356

150 The use of diuretics The use of inotropic agents The abnormal value of %fs (b30%) at
discharge

The abnormal value of LVDd (52 mm b)
at discharge

0.04356

151 The use of diuretics Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

Living with family members in the same
household

0.04969
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LAMP to our data-mining initiative to identify both single factors and
combinations of factors that would significantly affect the occur-
rence of cardiovascular events [13]. In our analysis, a patient with
HF was represented by both individual clinical factors and the class
labels of groups with or without cardiovascular events, and the set
of the patients was used to form a data table in which each row



Table 4
Summary of the results of LAMP procedure.

Category The combination of clinical parameters Number of the combination
of clinical parameters

1 The use of inotropic agents 145
2 The use of diuretics Without either tachycardia (100 bpm b)

or bradycardia(b50 bpm)
In NYHA class III or IVat
admission

1

The use of diuretics Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

In NYHA class III or IVat
admission

The abnormal value of BNP
(18.4 pg/ml b) at
discharge

1

The use of diuretics Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

In NYHA class III or IVat
admission

Living with family
members in the same
household

1

The use of diuretics Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

1

The use of diuretics Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

The abnormal value of BNP
(18.4 pg/ml b) at discharge

1

The use of diuretics Without either tachycardia (100 bpm b)
or bradycardia(b50 bpm)

Living with family members
in the same household

1
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represented a patient. This data table D comprises N rows, each of
which consists of M factors and a positive or negative class label of
an object. Accordingly, LAMP uses Fisher's exact test to draw conclu-
sions from a complete set of statistically significant hypotheses re-
garding a class label. Here, the hypothesis is based on a
combination of a class label and a condition defined as a subset of
the M factors in D. As the condition of the uncovered significant hy-
pothesis may include any number of factors from 1 to M, the term
‘limitless-arity’ has been used to describe this method. Accordingly,
LAMP applies a highly efficient search algorithm to quickly and
completely derive significant hypotheses from 2M candidates.

If k is the number of all hypotheses for which the conditions
exceed or remain equal to σ objects in D (σ b N), the relationship be-
tween k and σ, k= kD(σ) depends on D but is always anti-monotonic
because fewer hypothesis conditions remain true at a higher fre-
quency in D. Although the formula of kD(σ) is not analytically deter-
mined, LAMP includes a mining algorithm used to efficiently derive
all k hypothesis conditions under a given σ. The Bonferroni correc-
tion, which sets a boundary for the family-wise error rate of the
false negative in the multiple tests at b1 significance level α by
correcting the level to α/kD(σ), can be used as a standard multiple
testing procedure for the k hypotheses. Note that this level is mono-
tonic to σ, as kD(σ) is anti-monotonic. If we use a very small set value
of σ for a complete search of the significant hypotheses, α/kD(σ) is
extremely small because kD(σ) approaches 2M. In this scenario, al-
most no hypotheses will be accepted as significant. Conversely, if
the set value of σ and, consequently, α/kD(σ) is too large, kD(σ)
Fig. 1. Kaplan-Meier curves for the cardiovascular events using the use of inotropic agents (A)
will be very small and some significant hypothesis conditions will
be missed. To overcome this limitation, LAMP uses the fact that any
hypothesis with a frequency less than σ will not have a p value less
than the following level.

f σð Þ ¼ np
σ

� �
=

N
σ

� �

Here, np is the number of the objects with positive class labels in D
(np b N). Accordingly, any hypothesis with a frequency less than σ
will not be accepted if f(σ) N α/kD(σ). Because f(σ) is anti-monotonic
for σ and α/kD(σ) is monotonic, LAMP selects σ⁎ to balance f(σ⁎) and
α/kD(σ⁎). The selected value of σ⁎ yields the smallest number of candi-
date hypotheses without applying the tests or missing any significant
hypotheses.

For practical reasons, we were interested in a hypothesis that
would hold true for at least 19 patients. As all hypotheses involving
more than four factors failed to meet this criterion, we limited our
LAMP-based search of the hypotheses to a maximum of four factors.
This limitation further reduced the number kD(σ⁎) of the candidate
hypotheses and increased the level α/kD(σ⁎) in LAMP. After we ob-
tained all significant hypotheses regarding single clinical factors or
combinations of factors, we excluded each hypothesis for which
the conditionwas a superset of the conditions from other simpler hy-
potheses, as the significance of the former would be trivial in compari-
son with the significance of the latter. Once we had narrowed down all
and the use of diuretics without either bradycardia or tachycardia (B) in the HF patients.



Fig. 2. Kaplan-Meier curves for the cardiovascular events with and without the use of
angiotensin converting enzymes (ACE-Is), the conventional and effective treatment of
HF in the HF patients.
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single or combination clinical parameters to single or combinational
clinical factors, we used a Kaplan–Meier analysis to test whether these
clinical factors could predict cardiovascular events among the enrolled
patients.
3. Results

Table 1 lists the patients' clinical characteristics, whereas Table 2
stratifies the characteristics of patients who did and did not experience
cardiovascular events. We next performed a LAMP analysis that main-
tained the family-wise error rate below the required significance level
by calibrating the Bonferroni factor to examine the significant combina-
tions of these 54 clinical parameters and thus characterised the cardio-
vascular outcomes. In our analysis of 77,562 combinations with no N4
clinical parameters, we identified 151 combinations involving 54 pa-
rameters that predicted the occurrence of cardiovascular events
(Table 3). Among these 151 combinations, 145 included the use of ino-
tropic agents as a factor, which was also found to significantly correlate
with the occurrence of cardiovascular events as a single factor (Rank 1
in Table 3). Therefore, we pooled all ranks that included the use of ino-
tropic agents (Category 1 in Table 4). Of the remaining six combinations
(Category 2 in Table 4), all included the use of diuretics without either
bradycardia or tachycardia as a factor. We defined either tachycardia
and bradycardia as heart rate N100/min or b50/min. As noneof the com-
binations excluded both of these factors (Table 4), this suggests that the
use of inotropic agents or the use of diureticswithout either bradycardia
or tachycardia may be the most essential clinical factors predictive of
the likelihood of cardiovascular events in patients with HF.

Finally, we conducted a Kaplan–Meier analysis of these two clinical
factors to determine whether they could accurately predict the occur-
rence of cardiovascular events in this patient population. Notably,
both the use of inotropic agents and the use of diuretics without either
tachycardia or bradycardia were strong and significant predictors of the
occurrence of cardiovascular events among patients with HF (Fig. 1).

We further testedwhether the approved treatment of HF such as an-
giotensin inhibitors (ACE-Is) is also found to be effective in the present
cohort of the HF patients, andwe found that ACE-Is seem to be effective
in the prevention of cardiovascular events despite statistically insignifi-
cant levels of p = 0.08 (Fig. 2), indicating that the conventional and
approved treatment strategies of HF patients seem to be effective in
the present cohort. We further suggested that the use of pimobendan
or the use of diuretics without either bradycardia or tachycardia more
potently affects the severity of HF than ACE-Is, and may blunt the
cardioprotective effects of ACE-Is.
4. Discussion

The effects of the present investigation are twofold. First, this study
provides new pathophysiological evidence of the potential risk factors
indicative of more severe HF; second, this research proposes a novel
big data analysis strategy based on the newdata-miningmethod, LAMP.

4.1. Ultimate Clinical Factors Affecting the Occurrence of Cardiovascular
Outcomes

The present study has shown that either the use of inotropic agents
or the use of diuretics without either bradycardia or tachycardia is a
strong predictor of cardiovascular outcomes in patients with HF. Re-
garding the former factor, pimobendan was exclusively used in the
present study because we considered digitalis to be an independent
drug class rather than an inotropic agent. Indeed, a previous study
found that although digoxin did not reduce the overall mortality, it re-
duced the rate of hospitalisation both overall and for worsening HF
[16]. In the present study, the use of digitalis was not found to signifi-
cantly reduce the incidence of cardiovascular events. By contrast,
pimobendan was previously reported to improve the exercise capacity
in patients with HF, although it was also associated with a 1.8-fold
higher hazard of death [12]. Although pimobendan is often used for
weaning from intravenous inotropic agents (e.g. PDE III inhibitors)
[17], the present study suggests that this drug should not be adminis-
tered to patients with HF. Furthermore, patients with HF who are al-
ready treated with pimobendan should be monitored carefully, given
the high probability of the occurrence of the cardiovascular events.

As noted above, the use of diuretics also increased the risk of cardio-
vascular events among patients without either tachycardia or bradycar-
dia. Consistent with our findings, a previous report described the
difficulty of using diuretics to improve cardiovascular outcomes [18],
and another study reported that vasodilators were superior to diuretics
in terms of improved oxygen saturation and pulmonary ventilation [19].
In the present study, furosemide was the most frequently administered
diuretic. However, furosemide may have the following detrimental ef-
fects: [1] exacerbation of renal dysfunction, [2] hyponatraemia and [3]
activation of the renin–angiotensin and sympathetic nerve systems,
which may worsen the clinical outcomes [20, 21]. These findings indi-
cate that although diureticsmay reduce symptoms, they do not improve
cardiovascular outcomes [22].

Intriguingly, the second term specified diuretics ‘without either bra-
dycardia or tachycardia’ as predictive of the occurrence of cardiovascu-
lar outcomes, leading us to wonder how the heart rate is involved; we
were unable to determine an exact answer for this issue. Possibly, treat-
mentwith diuretics activates the sympathetic nervous system and, con-
sequently, heart rate. Accordingly, the condition of diuretics without
tachycardia may encompass patients in whom the sympathetic nerve
system is exhausted even in the presence of diuretics (i.e. patients
with more severe HF). Regardless of the underlying mechanism, we
should focus on the present use of inotropic agents or the use of di-
uretics without either bradycardia or tachycardia as the strongest pre-
dictors of an increased risk of cardiovascular events in patients with HF.

4.2. Novel Mathematical Evaluation Protocol and Data-Centric Medicine

The present study has proposed the expediency of big data mining
based on the LAMP [13] with the intent to identify unexpected single
or combinational factors predictive of cardiovascular events. Briefly,
data-mining methods are used to examine all possible combinations
of all clinical parameters that might affect cardiovascular outcomes
[23, 24]. This approach allowed us to employ and test both single and
combinations of clinical parameters thatmight not appear to be directly
linked to cardiovascular events. By contrast, amultivariate analysis eval-
uates the effects of each parameter on the clinical outcomes but cannot
determine the effects of combinational factors. As noted above, LAMP
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minimises false negatives by calibrating theBonferroni factor,maintains
statistical power under multiple comparisons and provides the signifi-
cant p values for each factor against the outcomes. Still, the factors iden-
tified using LAMP should be confirmed using ordinary statistical
methods. In this study, we observed significantly different ratios of pa-
tients with and without cardiovascular events after dichotomising the
patients according to each single or combinational factor (Fig. 1). Fi-
nally, these data-miningmethods can be used inmedical fields wherein
cause–effect relationships are difficult to identify [25]. As for the re-
quired number of the data to be collected, there is no upper or lower
limitation, however, when the data number is small, we cannot obtain
the large number of the combination of the factors to explain the objec-
tive function.
4.3. Limitations of the Present Study

This study had a couple of noteworthy limitations. First, the study in-
cluded a relatively small sample of patients. However, we achieved high
levels of significance whenwe applied the use of inotropic agents or the
use of diuretics without either bradycardia or tachycardia to determine
the presence or absence of cardiovascular events, which suggests that
the results in the present study are reliable. Additionally, our results
were based on data from three Japanese hospitals that specialised in
the treatment of HF. The results of the multicentre clinical trials are su-
perior to those of the single center trails because the results of the
multicetre clinical trials are more comprehensive. Interestingly, these
three hospitals are Hokkaido University located in the north of Japan,
National Cerebral and Cardiovascular Center at the center of Japan and
Kyushu University at the southern part, whichmay guarantee the appli-
cability of the present finding throughout Japan. Onemay argue that the
present results may not be valid in other countries; however, as long as
the pathophysiology and treatment strategy of HF are common world-
wide, the present results should be valid to provide the future occur-
rence of cardiovascular events in other countries.

Second, we enrolled themoderate severity of the patients withHF in
the present study, and the present resultsmay not be applicable for very
severe HF patients.

Third, it would be possible that the medications are given to sicker
patients, and that the use of such medications may naturally predict
the occurrence of the cardiovascular events. However, amongmeasured
many clinical parameters such as the BNP levels or used many drugs in
HF patients, we found the use of pimobendan or the use of diuretics
under the certain circumstance of heart rate only predicts cardiovascu-
lar events. What the present study suggest is that the patients treated
with pimobendan or diuretics are very easily re-hospitalized due to
the worsening of HF. Indeed, since pimobendan provided a 1.8-fold
higher hazard of death in HF patients, we need to be careful to treat
the HF patients with pimobendan. Although we cannot deny the possi-
bility that pimobendan is used the severe HF patients, we are cautioned
that we try not to use pimobendan for the HF patients.

Fourth, the use of beta-blockers or ACE-Is was not included among
the strongest clinical parameters in the present study, although ACE-Is
have some impacts on the prevention of cardiovascular events (Fig. 2).
Although this finding might be expected to reduce the accuracy of the
present study, both drugs are considered standard therapies for HF and
are administered to many patients. Therefore, they no longer have a sig-
nificant effect on the clinical outcomes. The other possibility is that the
use of pimobendan or diuretics may confound the cardioprotective HF
drugs such as ACE-Is in the cohort study, not in the randomised studies.

Taken together, these lines of evidence and consideration suggest
that either the use of inotropic agents or the use of diuretics without
either bradycardia or tachycardia culminated from the examination
of all combination of the important clinical parameters is the strongest
in predicting cardiovascular events in the HF patients in the contempo-
rary era.
5. Conclusion

In conclusion, this analysis, which was based on the novel big data-
mining technique, LAMP, identified the use of inotropic agents or the
use of diuretics without either bradycardia or tachycardia as the most
deleterious clinical parameters affecting patients receiving standard
therapies for HF.
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