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Background: Left ventricular (LV) wall thickening relative to the LV radius, known as a concentric LV structure, is a
mechanism that compensates for pressure overload and is related to the risk of cardiovascular events and heart
failure. The prognostic value of a concentric LV structure, however, has not been examined in acute decompen-
sated heart failure (ADHF).
Methods: This single-center, observational, retrospective, cohort study analyzed 385 consecutive patients hospi-
talized due to ADHF. On hospital admission, relative wall thickness (RWT) and the ratio of LV mass to LV end-di-
astolic volume (LVM/LVEDV) were measured by transthoracic echocardiography as markers of a concentric LV
structure. The association of either RWT or LVM/LVEDV with all-cause death as the primary outcome was ana-
lyzed.
Results: During the follow-up period (median, 235 days), 95 (25%) patients died. The high-RWT group had a
poorer prognosis than the low-RWT group (log-rank test, P = 0.009). High RWT was a significant risk (HR:
1.95, 95% CI: 1.28-2.97, P = 0.002) in the Cox proportional hazard model analysis adjusted by the Get With
The Guideline score, which is an established risk score. In contrast, there was no significant difference in survival
between the low and high-LVM/LVEDV groups (P = 0.42). In the non-severe valvular disease subgroup, patients
with high RWT consistently showed worse survival than the low-RWT group (P = 0.028 by log-rank test, HR:
1.96, 95% CI: 1.24-3.11, P = 0.004). There was no significant difference in survival between the low and high-
LVM/LVEDV groups (P = 0.42).
Conclusions: A concentric LV structure represented by a high RWT was associated with a poor prognosis in ADHF.
The lack of association between LVM/LVEDV and mortality may result from methodological issues.

© 2018 Published by Elsevier B.V.
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1. Introduction factor for heart failure in a large cohort study [5]. A concentric LV struc-

ture is thought to contribute to the development of heart failure under

The left ventricle adapts to stress to maintain the wall stress close to
normal by altering its structure [1,2]. Pressure overload in particular re-
sults in a concentric left ventricular (LV) structure, which is a high ratio
of LV wall thickness to the LV radius as a compensatory mechanism
[1,2]. However, this structural alteration might be a maladaptation. A
concentric LV structure involves systolic and diastolic dysfunction and
is an independent predictor for cardiovascular events in patients with
hypertension [3,4]. Furthermore, a concentric LV structure was a risk
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LV pressure overload.

Despite the knowledge of the risk of a concentric LV structure in de-
veloping chronic heart failure, evidence regarding the prognostic value
of a concentric LV structure in acute decompensated heart failure
(ADHF) is lacking. A concentric LV structure involves historical changes,
including interstitial fibrous accumulation [6]. Our hypothesis is that
such historical changes persist if the ADHF patient recovers from con-
gestive symptoms, and a concentric LV structure is related to a worse
prognosis.

Transthoracic echocardiography (TTE) can evaluate LV concentricity
during hospital admission of patients with congestive symptoms. Either
the relative wall thickness (RWT) or the ratio of LV mass to LV end-
diastolic volume (LVM/LVEDV) is an index that represents the concen-
tricity of the LV [7-9]. Those indices are computed using TTE
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measurements on two-dimensional imaging from a parasternal long-
axis view [7] and can be measured during hospital admission from a
technical viewpoint even if the ADHF patient is uncooperative with
the examination due to congestive symptoms. The RWT is the ratio of
the LV wall thickness to the radius on a two-dimensional image, and
RWT = 2 x (PWth)/(LVDd), in which PWth = posterior wall thickness
at end-diastole and LVDd = LV dimension at end-diastole [2]. LVM/
LVEDV is the ratio of mass to volume. LV mass (LVM) and LV end-dia-
stolic volume (LVEDV) are calculated by established equations on the
basis of assumptions in which LV should be ellipsoid [2,7]. Both LVM
and LVEDV requires the only linear measurements in a TTE parasternal
long axis view [7] and calculated as follows; LVM = 0.8 x 1.04 [(IVSth
+ LVDd + PWth)? - LVDd?] + 0.6 as Cube formula and LVEDV = {7/
(2.4 + LVDd)} x LVDd? as Teichholz formula, in which IVSth = intra-
ventricular septal thickness [7,10]. Given that advanced heart failure
may change the LV structure from an elliptical to more-spherical cham-
ber [11], LVM/LVEDV may be inadequate to estimate the concentricity.

The primary purpose of this study was to investigate the prognostic
value of a concentric LV structure in AHDF, and the secondary purpose
of this study was to compare the prognostic value of RWT and LVM/
LVEDV in ADHF.

2. Methods

2.1. Participants

The present study was a single-center, retrospective, observational study conducted
at a community hospital in Japan. A total of 426 consecutive patients admitted due to
ADHF through our clinic or emergency room was recruited between June 2014 and April
2016 and were followed-up from June 2014 to October 2016. The diagnosis of ADHF
was based on the Framingham criteria [12]. All participants had heart failure symptoms
with New York Heart Association Class Ill or IV, and at least one of the following congestion
signs; pulmonary edema, lower extremities pitting edema, distended jugular and or pleu-
ral effusion. A total of 41 patients were excluded for any of the following reasons: no TTE
on admission (n = 35); and RWT or LVM/LVEDV not measured (n = 6). Finally, 385 pa-
tients were eligible for the analysis (Group A; Fig. A1). The patients were sub-grouped
by excluding severe valvular diseases: severe aortic valve stenosis (AS) [13] (n = 21) in
moderate and severe AS (n = 24); severe aortic valve regurgitation (AR) [14] (n = 8)
in moderate and severe AR (n = 24); and severe mitral valve regurgitation (MR) [14] (n
= 12) in moderate and severe MR (n = 59). Finally, 344 patients were enrolled in the
non-severe valvular disease group (Group B; Fig. A1).

The present study followed the tenets of the Declaration of Helsinki and the Ethical
Guidelines for Medical and Health Research Involving Human Subjects proposed by the
Ministry of Health and Welfare in Japan. The institutional ethics committee at Tomishiro
Central Hospital approved the present study and waived informed consent because of
the observational nature of the study.

2.2. Transthoracic echocardiography

Comprehensive TTE (GE Vivid 7 ultrasound system, GE Healthcare, UK) was per-
formed during hospital admission by four medical technicians who had at least five
years of experience in TTE. Their measurement followed established and standardized
manner recommended by American Society of Echocardiography (ASE) and European So-
ciety of Cardiology [7]. At least two attending cardiologists certified by the Japanese Circu-
lation Society and an experienced sonographer reviewed the echocardiography reports
immediately after comprehensive TTE.

LV geometry including [VSth in diastole, PWth in diastole, and LVDd were measured in
M-mode in a parasternal long axis view [7]. All measurements were performed from the
leading edge to the leading edge according to the ASE Recommendation [7,15,16]. RWT
was calculated as RWT = 2 x PWth/LVDd [7]. LVM was calculated by the Cube formula
recommended by ASE and the European Association of Cardiovascular Imaging (EACVI)
[7,15,16]. LVEDV was computed using the Teichholz formula as LVEDV = {7/(2.4
+ LvDd)} x LVDd? [10]. LVM and LVEDV were indexed to body surface area as LVMI
and LVEDVI. LV ejection fraction (LVEF) was measured by the biplane Simpson's method
[7]. Peak transmitral early diastolic wave (E wave) velocity, atrial contraction wave (A
wave) velocity, and deceleration time (DCT) were measured by the pulse wave Doppler
signals of the mitral inflow in the apical four-chamber view [17]. AS, AR, and MR were
graded as none, mild, moderate, and severe [18].

Prior to the allocation, the one-year mortality rate was estimated to be 10% in the
lower risk group and 20% in the higher risk group [19]. With a power of 0.8 and alpha
error of 0.05, each group required >155 patients. Considering the feasibility, the partici-
pants were divided by the median RWT and LVM/LVEDV. The patients with higher RWT
than the median were allocated to the high-RWT group, and the others were allocated
to the low-RWT group in the overall population (Fig. A1; Group A) and the non-severe val-
vular disease population (Fig. A1; Group B). The patients were also allocated into low and

high-LVM/LVEDV groups according to the median LVM/LVEDV in the same manner
(Fig. A1).

2.3. Data collection

Patients' medical charts were reviewed to collect their demographic characteristics
and clinical data, including medications, laboratory tests, and hemodynamic data on ad-
mission. The primary outcome was all-cause death. Death was confirmed by the medical
chart, telephone call with a patient's family, or obituary in local newspapers.

2.4, Statistical analysis

Continuous variables with normal and skewed distributions are expressed as means
(SD) and medians [25%, 75%], respectively. The distribution of continuous variables was
evaluated by a histogram. Categorical variables are expressed as numbers (%). Demo-
graphic characteristics, TTE parameters, and clinical characteristics on hospital admission
were summarized. The data were compared between the low and high-RWT groups, and
between the low and high-LVM/LVEDV groups in the overall population (Group A) and
the non-severe valvular disease population (Group B). Student's t-test and the Mann-
Whitney U test were used to compare normally distributed and non-normally distributed
continuous variables, respectively, and Fisher's exact test was used for categorical
variables.

2.5. Survival analysis

Survival analysis for all-cause death was performed. Time zero was the date of hospi-
tal admission, and observations were censored at all-cause death as the event or the last
hospital visit without an event. Non-informative censoring was used, and no events at
the end of follow-up had right-censoring at October 30, 2016. Kaplan-Meier curves of
the low and high-RWT and low and high-LVM/LVEDVI groups were plotted. The log-
rank test was used to compare survival curves.

2.6. Cox proportional hazard models

Univariate Cox proportional hazard models were used to compute hazard ratios (HRs)
with 95% confidence intervals (Cls). Univariate linear regression models were built for the
overall population (Group A). Each of the following 18 factors was entered into a model:
clinical factors reported as prognostic factors in previous studies (sex [20], BMI [21],
LVM [22], LVEDV [23], hemoglobin [24]); the Get With The Guideline score (GWGS) as
an established scoring system for predicting short-term mortality in ADHF [25]; therapeu-
tic drugs such as angiotensin-converting enzyme inhibitors (ACE-Is) [26] and/or angioten-
sin receptor blockers (ARBs) [26] and beta blockers [27]; possible confounders such as
significant valvular diseases (AS [28], AR [29], MR [30]); comorbidities including hyper-
tension, chronic obstructive pulmonary disease (COPD) [31] and old myocardial infarction
(OMI) [32]; TTE parameters including a systolic function marker (LVEF) [28,33] and dia-
stolic function markers [34] (E wave, A wave, and the ratio of the E wave to the A wave
(E/A)); concentric LV structure indices (high RWT, high LVM/LVEDV), and log-trans-
formed brain natriuretic peptide (LogBNP). LVEF and E/A were binarized by 50% and 2.0
[17,35]. LVH and LV dilation were defined as LVMI> 115 g/m?, LVEDVI> 75 mL/m?, respec-
tively [7,36].

Cox proportional hazard models adjusted by GWGS were also built. The same 18 fac-
tors other than GWGS as above were entered in each model for the overall population
(Group A). To avoid collinearity, Spearman's correlation coefficients between GWGS and
each of the other continuous variables were calculated, and a scatter plot matrix including
all of the continuous variables was drawn. There were no significant correlations between
GWGS and each of the other factors.

In the same manner, univariate and adjusted Cox proportional hazard models were
also built using 15 factors and 14 factors, respectively, other than valvular disease (AS,
AR, and MR) in the non-severe valvular disease population (Group B).

As a sensitivity analysis, we performed multivariate Cox proportional hazard analysis
including co-morbidities which previous study documented as prognostic clinical factors
and are frequently co-existing in heart failure [31,32,37], and RWT or LVM/LVEDVI.

Potential effect modifiers of the prognostic value of RWT or LVM/LVEDV were pre-
sumed to be as follows: sex, old myocardial infarction, hypertension, LVEF, left ventricular
hypertrophy (LVH), LV dilation, AS, AR, and MR. The interaction between potential effect
modifiers and RWT or LVM/LVEDVI in the Cox model was assessed in the overall popula-
tion (Group A).

2.7. Reliability of measurement of RWT and LVM/LVEDV

We examined the reliability of TTE measurements of RWT and LVM/LVEDVI in 25 pa-
tients whose TTE image quality was good and, all of those patients were performed TTE by
the same one of four medical technicians. The medical technician and one another exam-
iner re-measured IVSth, LVDd, and PWth using an off-line image analysis system (Nahri
Aqua, Mehergen Group, Fukuoka, Japan), and RWT and LVM/LVEDV were computed.
Bland-Altman plots were used for assessing the agreement between the measurement
by the same examiner and different examiners [38].
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2.8. Software

The statistical software used was R 3.4.3 (R Foundation for Statistical Computing, Vi-
enna Austria). All reported P value are two-tailed, and a P value <0.05 was considered
significant.

3. Results

3.1. Demographic data and echocardiographic parameters in the overall
population (Table 1)

In the overall population (Group A), the age was 81 [70, 88] years,
and there were 181/385 (47%) men. The GWGS was 38 + 7. RWT and
LVMI/LVEDV were 0.36 + 0.12 and 1.41 + 0.56, respectively.

In comparisons between the low and high-RWT groups, the high-
RWT group had more elderly patients, women, and severe AS compared
to the low-RWT group. There was no significant difference in the GWGS
between groups. LVEF was greater in the high-RWT group than in the
low-RWT group. LVEDV and LVEDVI were smaller in the high-RWT
group than in the low-RWT group. There were no significant differences
in LVM and LVMI between the groups. Systolic blood pressure was
higher in the high-RWT group than in the low-RWT group.

In the comparison between the low and high-LVM/LVEDV groups,
the high-LVM/LVEDV group had a higher body mass index (BMI) and
more severe AS than the low-LVM/LVEDV group. There was no signifi-
cant difference in the GWGS between the groups. LVEF was greater in
the high-LVM/LVEDV group than in the low-LVM/LVEDV group.
LVEDV and LVEDVI were smaller in the high-LVM/LVEDV group than

Table 1
Demographic data and echocardiographic parameters on admission for acute decompensated heart failure in the overall population.
Overall Relative wall thickness LVM/LVEDV
Low High Pvalue Low High Pvalue
n =385 n=193 n=192 n=193 n=192

Demographic data
Age,y 8170, 88] 80 [68, 87] 83[73,89] 0.021 8171, 88] 81[70, 88] 0.82
Male, n (%) 181/385 (47) 104/193 (54) 77/192 (40) 0.008 90/193 (47) 91/192 (47) 0.92
Body weight, kg 60 + 16 60 + 15 60 + 17 0.95 58 £15 61 + 17 0.068
Height, cm 154 +£ 10 156 4+ 10 153 4+ 10 0.002 154 4+ 10 154+ 10 0.79
Body surface area, m? 1.51 £ 0.22 1.53 £ 0.22 1.49 4+ 0.23 0.11 1.50 & 0.22 1.53 £ 0.23 0.17
Body mass index, kg/m? 228 +£46 226 +£45 23.0 £+ 48 0.42 222 +45 235 +48 0.009
Past medical history, n (%)
Hypertension 187/385 (49) 92/193 (48) 95/192 (49) 0.76 84/193 (44) 103/192 (54) 0.053
Chronic obstructive pulmonary disease 18/385 (4.7) 7/193 (3.6) 11/192 (5.7) 035 7/193 (3.6) 11/192 (5.7) 035
Diabetes mellitus 132/385 (34) 68/193 (35) 64/192 (33) 0.75 71/191 (37) 61/192 (32) 033
0ld myocardial infarction 62/385 (16) 37/193 (19) 25/192 (13) 0.13 34/193 (18) 28/192 (15) 0.49
Get With The Guideline score 38+7 38+6 38+8 0.99 39+7 38+38 0.19
Valvular disease, n (%)
Moderate severe aortic valve stenosis 24/385 (6.2) 14/193 (7.3) 10/192 (5.2) 0.53 11/193 (5.7) 13/192 (6.8) 0.68
Severe aortic valve stenosis 21/385 (5.5) 3/193 (1.6) 18/192 (9.4) 0.001 5/193 (2.6) 16/192 (8.3) 0.014
Moderate severe aortic valve regurgitation 24/365 (6.2) 14/193 (7.3) 10/192 (5.2) 0.53 11/193 (5.7) 13/192 (6.8) 0.68
Severe aortic valve regurgitation 9/385 (2.3) 7/193 (3.6) 2/192 (1.0) 0.18 3/193 (1.6) 6/192 (3.1) 034
Moderate severe mitral valve regurgitation 59/385 (15) 39/193 (20) 20/192 (10) 0.01 40/193 (21) 19/192 (9.9) 0.004
Severe mitral valve regurgitation 14/385 (3.6) 9/193 (4.7) 5/192 (2.6) 0.42 9/193 (4.7) 5/192 (2.6) 0.42
Echocardiographic parameters
Left ventricular ejection fraction, (%) 46 + 17 41+ 16 51+ 16 <0.001 42 + 17 50 + 17 <0.001
LVEDV, mL 136 &+ 58 166 + 58 105 + 40 <0.001 156 + 59 115 + 49 <0.001
LVEDVI, mL/m? 90 + 34 107 4+ 33 72 4+ 24 <0.001 104 4+ 33 75 4+ 28 <0.001
Left ventricular mass, g 168 [132, 211] 173 [135, 211] 164 [132, 208] 0.51 159 [127, 194] 181 [142, 228] <0.001
Left ventricular mass index, g/m? 113 [91, 138] 112 91, 137] 116 [91, 139] 04 106 [85, 126] 121 [98, 146] <0.001
LVDd, mm 52 £ 11 57+9 47 £ 8 <0.001 56 +9 48 +9 <0.001
Intraventricular septum thickness, mm 94+ 24 85+20 104 + 24 <0.001 78 +15 11.0+ 2.0 <0.001
Posterior wall thickness, mm 9.1+21 78 £13 103 £ 2.0 <0.001 79 +12 103 £ 2.1 <0.001
Relative all thickness 0.36 £+ 0.12 0.28 + 0.05 0.45 + 0.12 <0.001 0.29 £ 0.06 0.44 + 013 <0.001
LVM/LVEDV, g/mL 1.43 4+ 0.56 1.10 £ 0.23 1.75 £+ 0.61 <0.001 1.07 £ 0.18 1.79 4 0.58 <0.001
E wave peak velocity, cm/s 97 £29 97 £ 30 97 + 28 0.94 97 +£29 97 +£29 0.96
A wave peak velocity, cm/s 76 + 32 70 £ 29 82 + 34 0.011 74 + 31 77 + 33 0.59
E/A 1.21[0.84,1.83] 1.29[0.89, 2.04] 1.15[0.82, 1.68] 0.18 1.18[0.84, 1.85] 1.27[0.88, 1.75] 0.99
Deceleration time, msec 150 [123, 195] 150 [121, 196] 150 [128, 192] 0.49 150121, 184] 150 [129, 200] 0.16
Laboratory test
Blood urea nitrogen, mg/dL 24[17,35] 24 (17, 34] 24 [17,36] 0.77 24[17,35] 2416, 35] 0.83
Creatinine, mg/dL 1.14[0.81,1.52] 1.15[0.83, 1.54] 1.09[0.79, 1.51] 0.31 1.14[0.80, 1.54] 1.13[0.81, 1.51] 0.76
Na, mEq/L 13945 13945 13845 0.5 138+ 6 13945 0.22
Brain natriuretic peptide, pg/mL 666 [427, 1266] 737 (449, 1376] 638 [403, 1154] 0.056 688 [446, 1374] 641 [406, 1154] 0.12
Hemoglobin, g/dL 120+ 24 120+ 24 1194+ 24 0.84 11.7 £ 24 121+ 24 0.12
Medication, n (%)
ACE-I or ARB 124/385 (32) 71/193 (37) 53/192 (28) 0.064 68/193 (35) 56/192 (29) 0.23
Beta blocker 153/385 (40) 78/193 (40) 75/192 (39) 0.84 78/193 (40) 75/192 (39) 0.84
Hemodynamics
Systolic blood pressure, mmHg 132 4+ 26 128 + 24 135+ 29 0.006 128 + 23 135+ 29 0.006
Heart rate, bpm 84 4+ 21 83 + 21 84 + 21 0.81 82419 85422 0.26

A wave, transmitral atrial contraction wave; ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; E wave, transmitral early diastolic wave; LVDd, left ven-
tricular dimension at end-diastole; LVEDV; left ventricular end-diastolic volume; LVEDVI, left ventricular end-diastolic volume index; LVM, left ventricular mass.
Continuous variables with normal and with skewed distribution were expressed as mean + SD and median [25%, 75%]. Categorical variables were expressed as the number (%).
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in the low-LVM/LVEDV group. The high-LVM/LVEDV group had greater
LVM and LVMI than the low-LVM/LVEDV group. Systolic blood pressure
was higher in the high-LVM/LVEDV group than in the low-LVM/LVEDV
group.

3.2. Demographic data and echocardiographic parameters in the non-se-
vere valvular disease population (Table 2)

In the non-severe valvular disease population (Group B), the age
was 81 [69, 88] years, and there were 166/344 (48%) men. The GWGS
was 38 + 7. RWT and LVMI/LVEDV were 0.36 4+ 0.12 and 1.41 + 0.56,
respectively.

In the comparison between the low and high-RWT groups, the high-
RWT group had more elderly patients and women than the low-RWT
group. There was no significant difference in the GWGS between the

groups. LVEF was greater in the high-RWT group than in the low-RWT
group. LVEDV and LVEDVI were smaller in the high-RWT group than
the in low-RWT group. There were no significant differences in LVM
and LVMI between the groups. Systolic blood pressure was higher in
the high-RWT group than in the low-RWT group.

In the comparison between the low and high-LVM/LVEDV groups,
the high-LVM/LVEDV group had higher BMI and more hypertension
than the low-LVM/LVEDV group. There was no significant difference
in the GWGS between the groups. LVEF was higher in the high-LVM/
LVEDV group than in the low-LVM/LVEDV group. LVEDV and LVEDVI
were smaller in the high-LVM/LVEDV group than in the low-LVM/
LVEDV group. The high-LVM/LVEDV group had greater LVM and
LVMI than the low-LVM/LVEDV group. Systolic blood pressure was
higher in the high-LVM/LVEDV group than in the low-LVM/LVEDV
group.

Table 2
Demographic data and echocardiographic parameters on admission for acute decompensated heart failure in the non-severe valvular disease population.
Overall Relative wall thickness LVM/LVEDV
Low High P value Low High Pvalue
n =344 n=172 n=172 n=172 n=172

Demographic data
Age,y 8169, 88] 79 [68, 86] 82[71, 88] 0.043 80[72,87] 8167, 88] 0.68
Male, n (%) 166/344 (48) 94/172 (55) 72/172 (42) 0.023 83/172 (48) 83/172 (48) 1
Body weight, kg 61 4+ 16 61+ 15 61+ 17 0.81 59415 63 + 17 0.058
Height, cm 155+ 10 156 + 10 153 £ 10 0.009 1554+ 10 154 £ 10 0.87
Body surface area, m* 1.52 + 0.22 1.54 4 0.22 1.51 £ 0.23 0.16 1.51 4+ 0.22 1.54 4+ 0.23 0.16
Body mass index, kg/m? 231+ 46 229 (44) 23.2 (4.8) 0.5 224 +£43 23.7 £ 48 0.008
Past medical history, n (%)
Hypertension 168/344 (49) 84/172 (49) 84/172 (49) 1 74/172 (43) 94/172 (55) 0.04
Chronic obstructive pulmonary disease 16/344 (4.7) 6/172 (3.5) 10/172 (5.8) 0.44 5/172 (2.9) 11/172 (6.4) 0.2
Diabetes mellitus 123/344 (36) 64/172 (37) 59/172 (34) 0.65 65/172 (38) 58/172 (34) 0.5
0ld myocardial infarction 58/344 (17) 34/172 (20) 24/172 (14) 0.2 31/172 (18) 27/172 (16) 0.67
Get With The Guideline score 38+7 38+6 37+8 041 38+6 37+8 0.21
Valvular disease, n (%)
Moderate aortic valve stenosis 14/344 (4.1) 7/172 (4.1) 7/172 (4.1) 1 8/172 (4.7) 6/172 (3.5) 0.79
Moderate aortic valve regurgitation 14/344 (4.1) 7/172 (4.1) 7/172 (4.1) 1 8/172 (4.7) 6/172 (3.5) 0.79
Moderate mitral regurgitation 41/344 (12) 29/172 (17) 12/172 (7) 0.007 28/172 (16) 13/172 (7.6) 0.019
Echocardiographic parameters
Left ventricular ejection fraction, (%) 46 + 17 41+ 16 52 + 16 <0.001 42 + 17 50 £ 17 <0.001
LVEDV, mL 136 &+ 58 166 + 58 106 + 40 <0.001 158 4+ 60 114 + 47 <0.001
LVEDVI, mL/m? 89 + 33 107 £33 71 £23 <0.001 104 + 34 74 £ 26 <0.001
Left ventricular mass, g 168 [132, 208] 170 [134,211] 164 [132, 207] 0.57 157 [126, 191] 181 [142, 226] <0.001
Left ventricular mass index, g/m? 111[90, 137] 110[90, 136] 11291, 137] 0.46 104 [85, 125] 118 [96, 141] <0.001
LVDd, mm 52.1+9.7 572 + 87 469+ 79 <0.001 55.8 £ 9.2 483 4+ 88 <0.001
Intraventricular septum thickness, mm 93+24 84+20 103 + 24 <0.001 78 + 1.5 109 + 2.0 <0.001
Posterior wall thickness, mm 9.0+ 2.1 78 +1.2 102 £2.0 <0.001 78 £ 1.1 102 +£ 2.1 <0.001
Relative all thickness 0.36 £+ 0.12 0.28 + 0.05 0.45 £+ 0.12 <0.001 0.29 £ 0.06 0.44 + 0.13 <0.001
LVM/LVEDV, g/mL 1.41 4+ 0.56 1.09 4+ 0.22 1.73 £+ 0.61 <0.001 1.05 + 0.17 1.77 £ 0.58 <0.001
E wave peak velocity, cm/s 96 + 28 98 + 31 94 + 25 0.32 97 £29 95 £+ 27 0.5
A wave peak velocity, cm/s 76 £ 31 70 + 28 82+ 33 0.014 75 £ 30 77 £33 0.62
E/A 1.20[0.84,1.82] 1.27 [0.89, 2.04] 1.12[0.80, 1.62] 0.084 1.18 [0.81, 1.85] 1.21[0.86, 1.69] 0.81
Deceleration time, msec 150 [125, 200] 150 [123, 200] 152 [125, 196] 0.61 150 (122, 192] 152 [129,201] 0.14
Laboratory test
Blood urea nitrogen, mg/dL 24[17,35] 24 (17, 34] 24[17,35] 0.83 24[17,35] 2416, 35] 0.96
Creatinine, mg/dL 1.14[0.82,1.52] 1.16 [0.85, 1.53] 1.09[0.79, 1.51] 0.24 1.13[0.80, 1.54] 1.15[0.86, 1.51] 0.96
Na, mEq/L 13945 139+5 139+5 0.78 138 +6 139+5 0.12
Brain natriuretic peptide, pg/mL 627 [403, 1187] 682 [427,1348] 572 (384, 981] 0.025 669 [427, 1276] 598 [380, 981] 0.077
Hemoglobin, g/dL 120+ 2.5 121+ 24 119+ 25 0.615 118+ 24 122+ 25 0.11
Medication, n (%)
ACE-1 or ARB 112/344 (33) 63/172 (37) 49/172 (28) 0.14 58/172 (34) 54/172 (31) 0.73
Beta blocker 140/344 (41) 70/172 (41) 70/172 (41) 1 71/172 (41) 69/172 (40) 0.91
Hemodynamics
Systolic blood pressure, mmHg 132 4+ 27 128 + 24 136 + 29 0.003 128 + 24 136 + 29 0.007
Heart rate, bpm 84 4+ 21 84 4+ 20 84 + 21 0.94 82418 86 4+ 23 0.089

A wave, transmitral atrial contraction wave; ACE-, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; E wave, transmitral early diastolic wave; LVDd, left ven-
tricular dimension at end-diastole; LVEDV; left ventricular end-diastolic volume; LVEDV], left ventricular end-diastolic volume index; LVM, left ventricular mass.
Continuous variables with normal and with skewed distribution were expressed as mean + SD and median [25%, 75%]. Categorical variables were expressed as the number (%).
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3.3. Survival analysis (Fig. 1)

During follow-up (235[92,425] days), 95/385 (25%) patients died in
the overall population (Group A), and 80/344 (23%) patients died in the
non-severe valvular disease population (Group B).

Kaplan-Meier curves for all-cause death comparing the high and
low-RWT groups and comparing the high and low-LVM/LVEDV groups
in the overall population and in the non-severe valvular disease popula-
tion are shown in Fig. 1.

In the overall population, the high-RWT group had a higher inci-
dence of death than the low-RWT group (31% vs. 19%, P = 0.009). The
high-RWT group had worse survival than the low-RWT group (Log-
rank, P = 0.009; Fig. 1A). In contrast, there were no significant differ-
ences in the mortality rate (27% vs. 22%, P = 0.33) and survival (log-
rank, P = 0.42; Fig. 1B) between the low and high-LVM/LVEDV groups.

In the non-severe valvular disease population, the high-RWT group
had a higher incidence of death than the low-RWT group (29% vs.
18%, P = 0.03). The high-RWT group had worse survival than the low-
RWT group (P = 0.028; Fig. 1C). In contrast, there were no significant
differences in the mortality rate (26% vs. 21%, P = 0.37) and survival
(log-rank, P = 0.42; Fig. 1D) between the low and high-LVM/LVEDV
groups.

3.4. Univariate and adjusted cox proportional hazard models (Table 3)

In the overall population, univariate Cox proportional hazard models
demonstrated that GWGS, sex, BMI, LVCOPD, RWT, severe AS, hemoglo-
bin, A wave, and LogBNP were the significant factors related to the risk
of all-cause death in ADHF patients. Cox proportional hazard models ad-
justed by the GWGS demonstrated that BMI, LV dilation, RWT, severe
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AS, and A wave were the significant factors related to the risk of all-
cause death in ADHF patients.

In the non-severe valvular disease population, univariate Cox pro-
portional hazard models demonstrated that GWGS, sex, BMI, COPD, LV
dilation, RWT, hemoglobin, E wave, A wave, and LogBNP were the sig-
nificant factors related to the risk of all-cause death in ADHF patients.
Cox proportional hazard models adjusted by the GWGS demonstrated
that BMI, LV dilation, RWT, hemoglobin, and A wave were the signifi-
cant factors related to the risk of all-cause death in ADHF patients.

3.5. Interaction between clinical factors and RWT or LVM/LVEDVI

There were no interactions between high RWT and clinical factors
(sex, OMI, hypertension, LVEF, LVH, LV dilation, severe AS, severe AR,
and severe MR; Fig. A2) and between high LVM/LVEDV and clinical fac-
tors (Fig. A2).

3.6. Reliability of measurement of RWT and LVM/LVEDV

In intra-observer reliability, Bland-Altman plots showed no system-
atic error in both of RWT and LVM/LVEDVI (Fig. A3A, A3B). In inter-ob-
server reliability, Bland-Altman plots showed no systematic error in
both of RWT and LVM/LVEDVI neither (Fig. A3C, A3D).

3.7. Sensitivity analysis
Cox-proportional hazard models demonstrated that high RWT was a
significant factor associated with mortality in overall and non-severe

valvular disease populations (Table 3). In contrast, high LVM/LVEDV
was not a significant factor.
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Fig. 1. Kaplan-Meier curves for all-cause death stratified by left ventricular concentricity in patients with acute decompensated heart failure. LVM/LVEDV, ratio of left ventricular mass to
left ventricular end-diastolic volume; RWT, relative wall thickness. Patients were allocated to two groups according to the median RWT or LVDVI. The cut-off was based on the median RWT
or LVM/LVEDV. (A) Kaplan-Meier curves stratified by RWT in the overall population. (B) Kaplan-Meier curves stratified by LVM/LVEDV in the overall population. (C) Kaplan-Meier curves
stratified by RWT in the non-severe valvular disease population. (D) Kaplan-Meier curves stratified by LVM/LVEDV in the non-severe valvular disease population.
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Table 3
Cox proportional hazard models for all-cause death.

Overall population

Non-severe valvular disease

Univariate Adjusted by GWGS Univariate Adjusted by GWGS
Factor HR 95% CI Pvalue HR 95% CI Pvalue HR 95% CI Pvalue HR 95% CI Pvalue
GWGS 1.1 1.07 - 113 <0.001 (Adjustment factor) 1.09 106 - 112 <0.001 (Adjustment factor)
Male 057 037 - 0.86 0.008 071 046 - 1.09 0.11 062 039 - 097 0.036 075 047 - 12 0.23
BMI, kg/m? 087 082 - 092 <0001 089 084 - 095 <0.001 087 082 - 093 <0001 09 084 - 095 <0.001
Hypertension 103 069 - 154 0.88 1.06 071 - 16 0.77 1.03 069 - 154 088 093 059 - 145 073
COPD 217 109 - 432 0.027 14 069 - 284 035 241 116 - 501 0.018 154 072 - 329 026
OoMI 063 034 - 115 013 0.7 038 - 129 0.26 067 035 - 126 021 072 038 - 137 032
LVEF <50% 082 055 - 124 035 0.76 0.5 - 115 02 082 055 - 124 035 0.76 0.5 - 115 02
LVH 057 031 - 1.05 0.073 066 035 - 125 021 057 031 - 105 0.073 066 035 - 125 021
LV dilation 198 13 - 3.02 0.002 182 118 - 279 0.006 198 13 - 3.02 0.002 182 118 - 279 0.006
RWT, high 1.72 114 - 261 0.01 195 128 - 297 0.002 165 105 - 258 0.03 196 124 - 311 0.004
LVM/LVEDV, high 118 079 - 177 042 135 09 - 204 015 1.2 077 - 186 042 135 086 - 212 0.19
Severe AS 276 143 - 532 0.002 225 115 - 439 0018
Severe AR 075 018 - 3.03 0.68 056 0.14 - 228 042
Severe MR 0.9 028 - 283 085 083 026 - 263 075
Hemoglobin, g/dL 089 081 - 098 0.013 091 082 - 1 0.051 0.88 0.8 - 097 0013 0.9 081 - 1 0.048
E wave, cm/s 099 099 - 1 0.22 099 099 - 1 0.19 099 098 - 1 0.04 099 098 - 1 0.056
A wave, cm/s 1.01 101 - 1.02 0.002 1.01 101 - 1.02 <0001 1.01 1 - 1.02 0.006 1.02 101 - 1.03 0.003
E/A>2 047 022 - 101 0.054 058 027 - 125 0.16 047 022 - 101 0.054 058 027 - 125 0.16
ACE-1 or ARB 092 059 - 141 069 095 061 - 148 081 093 059 - 149 0.78 097 06 - 158 091
Beta blocker 077 051 - 118 023 074 049 - 113 0.16 082 052 - 128 038 077 049 - 121 026
LogBNP, log(pg/mL) 1.61 121 - 213 <0.001 132 099 - 175 0.06 148 110 - 201 0.011 123 091 - 168 0.18

A wave, peak transmitral atrial contraction wave; ACE-I, angiotensin converting enzyme inhibitor; AR, aortic valve regurgitation; ARB, angiotensin receptor blocker; AS, aortic valve ste-
nosis; BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; E wave, peak transmitral early diastolic wave; E/A, ratio of peak transmitral early di-
astolic wave to peak transmitral atrial contraction wave; GWGS, Get With The Guideline Score; HR, hazard ratio; LogBNP, log-transformed brain natriuretic peptide; LVEDV, left ventricular
end-diastolic volume; LVEF, left ventricular ejection fraction; LVM/LVEDV, ratio of left ventricular mass to left ventricular end-diastolic volume; LVH, left ventricular hypertrophy; MR, mi-

tral valve regurgitation; OMI, old myocardial infarction; RWT, relative wall thickness.
LVH and LV dilation were defined as LVMI >115 g/m?, LVEDVI >75 mL/m?.

4. Discussion

To the best of our knowledge, the present study is the first to
show that a concentric LV structure evaluated by RWT is associated
with mortality in ADHF patients. From the present study, two
major findings emerged. First, high RWT was the risk factor for all-
cause death in both the overall and the non-severe valvular disease
populations (Fig. 1A, C; Table 3). Second, LVM/LVEDV was not asso-
ciated with prognosis in ADHF (Fig. 1B, D; Table 3). In previous stud-
ies, RWT was found to be an echocardiographic marker associated
with poor cardiovascular outcomes in patients with hypertension
[4]. The present study suggested that RWT may also predict progno-
sis in patients with ADHF.

This epidemiological study cannot address the pathophysiologi-
cal mechanism that the concentric LV structure had worse prognosis.
Possible explanations are as follows. A previous magnetic resonance
imaging (MRI) study suggested that concentric LV structure had
myocardial fibrous from the MRI findings, resulting in poor LV
diastolic function or stroke volume in hypertensive patients [39].
Given that echocardiography finding in the present high-RWT pa-
tients showed a greater A wave (Tables 1, 2), impaired LV relaxation
accompanied with a concentric LV structure may persist and prog-
ress the stage of heart failure after discharge. Considering Frank-
starling law, less physiological reserve of LV function should be ex-
pected in patients with concentric LV structure.

4.1. The difference in the prognostic values of RWT and LVM/LVEDV

Univariate and adjusted Cox proportional hazard models also
showed that LV dilation, high RWT were the significant factors. LV dila-
tion has been reported as a LV geometry which is associated with mor-
tality in ADHF. Our study revealed that LV concentric structure
evaluated by RWT was also the risk for mortality.

RWT was directly measured on a two-dimensional image [2,7]. In
contrast, both LVM and LVEDV were calculated by equations based

on the assumption that the LV should be ellipsoid [10]. Suzuki et al.
demonstrated that ADHF model dogs induced by right heart rapid
pacing have spherical LV dilation [40]. LV shape would have shifted
from an elliptical to a more-spherical chamber in the present study
population. Thus, the equations for LVM and LVEDV might be inade-
quate, and LVM/LVEDV may not accurately represent the concentric-
ity of the LV.

The high-LVM/LVEDV group had greater LVM than the low-LVM/
LVEDV group. This finding was not observed in the comparison between
the high and low-RWT groups. In light of this finding, LVM/LVEDV
might reflect increased LVM, not LV concentricity (Tables 1, 2). Concen-
tricity was more precise in evaluating the severity of LV stress in devel-
oping heart failure than LVM.

In sensitivity analysis, multivariate Cox proportional hazard models
including RWT or LVM/LVEDV as a continuous variable demonstrated
that both RWT and LVM/LVEDV were the significant factors. This result
regarding with RWT was consistent.

4.2. Sub-group analysis

The present study population included both valvular and non-valvu-
lar diseases. The effects of hemodynamic alternations on LV structure
may differ with or without valvular diseases. Less prognostic impact of
RWT is expected in chronic AR that imposes volume overload resulting
in LV dilatation [41]. In contrast, AS imposes pressure overload. Previous
studies implied that the prognostic impact of RWT might be more
prominent under co-existing AS [42]. Lack of an interaction between
AR or AS and the risk of death in the high-RWT group suggest that
there is consistency in terms of the prognostic value of RWT between
the presence and absence of AR or AS. However, combinations of valvu-
lar diseases may distort the prognostic value of RWT. Several co-existing
valvular diseases occur frequently in ADHF patients. One should be cau-
tious when using RWT for risk assessment in ADHF patients with valvu-
lar diseases. The present study included a few valvular diseases. Further
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studies including sufficient numbers of patients with each valvular dis-
ease to confirm the prognostic value of RWT are warranted.

4.3. Clinical significance

The position during TTE on hospital admission in ADHF patients may
be restricted to Fowler's position or the sitting position because of the
patients' congestive symptoms [43]. The strong point of this study is
that the RWT that was obtained by simple measurement in the
parasternal long axis view has prognostic value. Physicians other than
cardiologists may see ADHF patients and treat them in primary care set-
tings because ADHF is common [44]. Handy portable echocardiography
that can measure IVSth and PWth is developing and spreading [45]. The
measurement of [VSth and PWth in the parasternal long axis view is not
very difficult. Thus, RWT is a clinically acceptable and feasible tool for
risk stratification in patients with ADHF, regardless of the examiner's
expertise or the device. RWT, as well as established prognostic markers,
should be included in patient evaluation. ADHF treatment and manage-
ment are still challenging because of the progressive nature of the dis-
ease even if congestive symptoms are treated and disappeared. Early
recognition of the risk in ADHF would be beneficial.

5. Study limitations

The present study had several limitations. Diastolic dysfunction
could not be diagnosed according to the guideline recommended by
the ASE and EACI [17], because almost all patients did not undergo tis-
sue Doppler echocardiography or have measurements of tricuspid re-
gurgitation velocity or left atrial volume on hospital admission. The
relatively new parameters, such as global longitudinal strain, were not
measured. Furthermore, detailed studies to investigate the relationships
between LV concentric structure and such functional parameters in
ADHF patients are warranted. Cardiac magnetic resonance imaging,
considered the gold standard for the measurement of LV structure,
was not used to validate RWT measured by TTE. LVEDV by the biplane
Simpson method could not be obtained from the echocardiography re-
ports. Further, the possibility of cardiomyopathy and sarcoidosis was
not excluded by biopsy, contrast magnetic resonance, or positive emis-
sion tomography. The number of participants had been planned for
two-group comparison according the sample size estimation consider-
ing the mortality rate in patients with ADHF [19]. However, to confirm
the trend, it needs more number of study population for three or more
group comparison. The design of this study was retrospective and con-
ducted at a single center. Single center design might be a merit regard-
ing with transthoracic echocardiography (TTE) measurement as a pilot
study. In fact, the reliability of RWT and LVM/LVEDV were confirmed in
25 patients (Fig. A3). From this observation, less technical variety
sonographers at our institution was confirmed. To validate robustness
of the present study, well-designed a large number of prospective mul-
ticenter study in which standardization of measurement technique
should be assured is warranted.

6. Conclusions

LV concentric structure represented by the RWT in a parasternal
long axis view on TTE during hospital admission had a significant prog-
nostic impact in patients with ADHF.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2018.07.097.
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