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Abstract: Background and Objectives: Left ventricular hypertrophy (LVH) represents a significant
cardiovascular risk in patients undergoing chronic hemodialysis (CHD). A large inferior vena cava
diameter (IVCD), potentially indicative of fluid overload and a contributing factor to elevated
cardiovascular risk, has not been sufficiently explored. Therefore, our study aims to gain further
insights into this aspect. Materials and Methods: A retrospective cohort study enrolled patients
receiving CHD in a single medical center with available echocardiography from October to December
2018. They were categorized into four groups based on LVH geometry and IVCD. Cox proportional
hazard models assessed the risk of major adverse cardiovascular effects (MACEs) and cardiovascular
and overall mortality after multivariate adjustments. Kaplan–Meier analysis depicted MACE-free
events and survival during the follow-up time. Results: Of the 175 CHD patients, 38, 42, 45, and
50 exhibited small IVCD with eccentric and concentric LVH and large IVCD with eccentric and
concentric LVH, respectively. Compared to small IVCD and eccentric LVH, large IVCD and eccentric
LVH had the highest risk of MACEs, followed by large IVCD and concentric LVH (aHR: 4.40, 3.60; 95%
CI: 1.58–12.23, 1.28–10.12, respectively). As for cardiovascular mortality, large IVCD and concentric
LVH had the highest risk, followed by large IVCD and eccentric LVH, and small IVCD and concentric
LVH. (aHR: 14.34, 10.23, 8.87; 95% CI: 1.99–103.35, 1.41–74.33; 1.01–77.87). The trend in overall
mortality risk among the groups was similar to that of cardiovascular mortality. Conclusions: LVH
geometry and IVCD co-modify the risk of MACEs and cardiovascular and overall mortality in CHD
patients. The highest risk of MACEs is associated with large IVCD and eccentric LVH, while the
highest risk of cardiovascular and overall mortality is linked with large IVCD and concentric LVH.

Keywords: concentric left ventricular hypertrophy; eccentric left ventricular hypertrophy; inferior
vena cava diameter; major cardiovascular event; mortality; hemodialysis

1. Introduction

Chronic kidney disease (CKD), affecting more than 10% of the population world-
wide [1], is a leading cause of morbidity. Cardiovascular disease (CVD) is a major cause
of morbidity and mortality in patients with end-stage kidney disease (ESKD) [2]. More
than half of ESKD patients on dialysis have CVD, which increases their risk of mortality by
20 times compared to the general population [3]. This heightened risk of CVD is attributed
to traditional risk factors including hypertension, diabetes mellitus, dyslipidemia, smoking,
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and aging, along with CKD-related risk factors such as hyperphosphatemia, secondary
hyperparathyroidism, uremic toxins, inflammation and oxidative stress, and left ventricular
hypertrophy [4]. Left ventricular hypertrophy (LVH), a form of CVD [5], is linked to coro-
nary heart disease, heart failure, arrhythmias, sudden cardiac death, stroke, and all-cause
mortality [6], particularly in those on dialysis. Systemic arterial resistance, volume-related
hypertension, anemia, and oxidative stress are common pathophysiologic risk factors of
ESKD patients with LVH [7]. With the prevalence of LVH being 75% at the time of dialysis
initiation, individuals with LVH had poor cardiovascular outcomes and a high mortality
risk [2,7].

LVH is a condition characterized by an increase in the left ventricular (LV) mass
due to wall thickening, enlargement of the LV chamber, or both [8]. Chronic pressure
overload causes an abnormal increase in LV myocardial mass, resulting in concentric LVH,
whereas volume overload is the mechanism underlying LV dilation and compensatory
eccentric LVH [9]. In ESKD patients, both volume and pressure overload are common. The
diameter of the inferior vena cava (IVCD) may be influenced by total blood volume and
heart function, which are related to LVH geometry [10].

The IVCD and its response to respiration were often used to assess right atrial (RA)
pressure [11]. Additionally, IVCD and collapsibility can be used to monitor intravas-
cular volume or central venous pressure [12]. Optimal fluid volume control in chronic
hemodialysis (CHD) patients is vital as excessive volume increases the risk for cardio-
vascular complications and mortality [13]. Therefore, a large IVCD is associated with
poor prognosis, including mortality [14]. Cardiovascular mortality, however, has been less
addressed. Furthermore, the effects of LVH geometry modified by IVCD on cardiovascular
events and mortality remain unknown.

2. Materials and Methods
2.1. Study Population

A total of 230 ESKD patients receiving hemodialysis for more than 3 months in a
single medical center, with available echocardiographic results between 1 October and
31 December 2018, were enrolled. Fifty-five CHD patients without LVH were excluded. The
patients were categorized into four groups based on LVH geometry (eccentric or concentric)
and IVCD severity (large or small), as shown in Figure 1. The cutoff point for IVCD, 1.5 cm,
was determined using receiver operating curve analysis to minimize the difference between
the sensitivity and specificity based on our previous study [15].
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2.2. Collections of Comorbid, Dialysis, and Medical History and Laboratory Data

The patients’ demographic and comorbid data, dialysis clearance efficacy, laboratory
parameters, and concurrent medications were collected initially. Baseline echocardiographic
parameters including left ventricular end-diastolic diameter (LVEDD), left ventricular end-
systolic diameter (LVESD), left ventricular posterior wall (LVPW) thickness, left atrium
diameter, interventricular septum (IVS) thickness, and IVCD were documented. The
enrolled patients were followed up until the occurrence of mortality or 31 December 2020,
whichever came first.

2.3. Measurement of IVCD and LVH

Standardized transthoracic echocardiography was performed by experienced cardiol-
ogists during the non-dialysis mid-week day. A transducer was placed in the subxiphoid
region to obtain long- and short-axis views of the inferior vena cava (IVC). The IVCD was
measured during maximal inspiration and expiration to avoid Valsalva-like effects on the
M-mode electrocardiogram. Values were obtained in the parasternal long-axis view and at
or immediately below the tips of the mitral valve leaflets, in accordance with the guidelines
of American Society of Echocardiography and European Association of Cardiovascular
Imaging Chamber Quantification [16]. The two-dimensional-echocardiography-guided
M-mode approach was used for the LV measurements. Concentric LVH was defined as an
elevated LV mass index (LVMI) (>95 or 115 g/m2 in females or males, respectively) and
a relative wall thickness (RWT) ≥ 0.42, while eccentric LVH was defined as an elevated
LVMI with an RWT < 0.42.

2.4. Outcome Definition

The primary outcome was major adverse cardiovascular events (MACEs), while the
secondary outcomes were cardiovascular and overall mortality. MACEs included any of
the following events: hospitalization for myocardial infarction, coronary revascularization,
stroke, heart failure, or death from cardiovascular causes. Cardiovascular mortality was
defined as death attributable to myocardial infarction, heart failure, cardiac arrhythmia,
sudden cardiac death, aortic dissection, aortic aneurysm rupture, cardiac tamponade,
pulmonary embolism, or ischemic or hemorrhagic cerebrovascular accident.

2.5. Statistical Analysis

Baseline characteristic and echocardiographic findings of the four groups of CHD
patients are described as percentage for categorical data and as mean ± standard deviation
(SD) for continuous data. The chi-squared test or Fisher’s exact test was used to compare
categorical variables, while one-way analysis of variance or the Kruskal–Wallis test was
used to compare continuous variables with normal and skewed distribution, respectively.
For MACE-free events, cardiovascular, and overall survival during follow-up, survival
curves were obtained via competing risk model of Kaplan–Meier method and compared
between the groups by log-rank test. Univariate Cox regression was used to estimate the
relative risk (crude hazard ratio [cHR]) of MACEs, cardiovascular, and overall mortality.
Significant variables, including age, sex, history of coronary artery disease, peripheral
artery disease, serum total cholesterol, and serum platelet were adjusted in the multivariate
Cox proportional hazard models to estimate adjusted hazard ratios (aHRs). All statistical
analyses were performed using SPSS version 28 (IBM, Armonk, NY, USA) or SAS version
9.4. A two-sided p < 0.05 indicated significance.

3. Results
3.1. Baseline Characteristics of Study Participants

Among the 175 enrolled patients, 38 (21.7%) exhibited eccentric LVH with a small
IVCD, 42 (24%) exhibited concentric LVH with a small IVCD, 45 (25.7%) exhibited eccentric
LVH with a large IVCD, and 50 (28.6%) exhibited concentric LVH with a large IVCD,
shown in Figure 1 and Table 1. The individuals with a small IVCD were significantly
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older than those with a large IVCD irrespective of LVH geometry (p = 0.008). Women had
a smaller IVCD than men in both the eccentric and concentric LVH groups (p = 0.049).
Coronary artery disease was significantly more prevalent in CHD patients with a large
IVCD (p = 0.036), and peripheral artery disease (PAD) was significantly more prevalent
in the concentric LVH groups (p = 0.011). The patients with a small IVCD had a higher
level of platelet count and serum cholesterol than those with a large IVCD (p = 0.021 and
0.005, respectively). Regarding medications, only insulin and analogs were found to be
used significantly more in the group with eccentric LVH (p < 0.022).

Table 1. Baseline characteristics of chronic HD patients according to LVH geometry and IVCD size.

Eccentric LVH,
Small IVCD

(n = 38)

Concentric LVH,
Small IVCD

(n = 42)

Eccentric LVH, Large
IVCD

(n = 45)

Concentric LVH,
Large IVCD

(n = 50)
p

Age (years) * 72.7 ± 12.1 71.8 ± 12.4 66.7 ± 11.5 65.3 ± 12.0 0.008
Female (%) † 20 (52.6) 25 (59.5) 14 (31.1) 22 (44.0) 0.049
Dry weight (kg) ** 57.0 ± 12.3 58.7 ± 13.5 63.8 ± 15.0 60.1 ± 13.5 0.135
Vintage (years) ** 6.1 ± 5.1 7.9 ± 6.5 7.1 ± 6.9 9.1 ± 8.3 0.233
Comorbidities (%)

Type 2 DM† 17 (44.7) 14 (33.3) 24 (53.3) 24 (48.0) 0.290
Hypertension † 27 (71.1) 36 (85.7) 38 (84.4) 40 (80.0) 0.341
Hyperlipidemia † 19 (50.0) 22 (52.4) 28 (62.2) 27 (54.0) 0.690
CAD † 12 (31.6) 11 (26.2) 24 (53.3) 23 (46.0) 0.036
PAD † 6 (15.8) 10 (23.8) 5 (11.1) 19 (38.0) 0.011
Heart failure † 6 (15.8) 10 (23.8) 10 (22.2) 12 (24.0) 0.788
Malignancy ‡ 4 (10.5) 6 (14.3) 4 (8.9) 8 (16.0) 0.718

Lab data
Hb (g/dL) ** 10.6 ± 1.2 9.9 ± 0.9 10.3 ± 1.0 10.2 ± 1.7 0.165
Platelet (×1000/µL) ** 178.4 ± 56.4 206.0 ± 55.9 173.6 ± 54.2 174.6 ± 54.3 0.021
Fasting sugar (mg/dL) ** 114.9 ± 61.4 109.5 ± 42.7 117.9 ± 63.4 113.8 ± 43.2 0.910
Cholesterol (mg/dL) ** 163.4 ± 42.2 174.7 ± 40.8 149.1 ± 31.8 151.2 ± 34.2 0.005
Triglyceride (mg/dL) ** 153.5 ± 177.5 163.3 ± 108.7 130.4 ± 90.8 112.2 ± 67.3 0.144
Albumin (gm/dL) ** 4.0 ± 0.3 3.8 ± 0.4 3.9 ± 0.3 3.9 ± 0.3 0.116
A.S.T. [GOT] (IU/L) ** 17.0 ± 4.7 15.8 ± 5.4 16.2 ± 6.8 17.3 ± 5.5 0.579
Alkaline-P (IU/L) ** 67.6 ± 19.5 69.3 ± 28.0 82.7 ± 42.9 80.3 ± 32.1 0.077
Ferritin (ng/mL) ** 582.4 ± 168.3 569.0 ± 237.0 539.3 ± 416.1 522.6 ± 240.3 0.762
TSAT (%) ** 29.8 ± 8.8 32.9 ± 12.4 30.8 ± 13.6 32.4 ± 15.4 0.693
Al (ng/mL) ** 6.6 ± 3.9 6.4 ± 2.3 5.5 ± 2.4 7.1 ± 3.7 0.117
Uric acid (mg/dL) ** 5.8 ± 1.9 6.5 ± 1.6 6.2 ± 1.7 5.9 ± 1.5 0.175
Na (meq/L) ** 137.6 ± 2.7 138.5 ± 3.1 138.4 ± 2.6 137.8 ± 3.2 0.517
K (meq/L) * 4.5 ± 0.6 4.7 ± 0.6 4.5 ± 0.6 4.7 ± 0.7 0.189
iCa (mg/dL) ** 4.6 ± 0.4 4.6 ± 0.5 4.6 ± 0.4 4.5 ± 0.5 0.574
P (mg/dL) ** 4.9 ± 1.2 5.2 ± 1.2 5.0 ± 1.2 5.4 ± 1.4 0.254
PTH (pg/mL) ** 240.0 ± 287.8 247.8 ± 254.2 352.8 ± 356.9 328.2 ± 262.3 0.198

Dialysis parameter
Single pool Kt/V ** 1.4 ± 0.2 1.4 ± 0.2 1.3 ± 0.2 1.4 ± 0.2 0.101

Medication (%)
Anti-HTN drugs

ACEI/ARB † 21 (55.3) 26 (61.9) 25 (55.6) 31 (62.0) 0.857
B-blockers † 21 (55.3) 27 (64.3) 20 (44.4) 30 (60.0) 0.268
CCB † 27 (71.1) 29 (69.0) 26 (57.8) 33 (66.0) 0.583
Diuretics † 10 (26.3) 7 (16.7) 15 (33.3) 8 (16.0) 0.151
Statins † 13 (34.2) 12 (28.6) 21 (46.7) 20 (40.0) 0.342

Anti-diabetic drugs
OAD † 14 (36.8) 13 (31.0) 15 (33.3) 14 (28.0) 0.841
Insulin and analogs ‡ 7 (18.4) 1 (2.4) 12 (26.7) 9 (18.0) 0.022
Statins and fenofibrate † 13 (34.2) 12 (28.6) 21 (46.7) 20 (40.0) 0.342
Antiplatelet † 16 (42.1) 14 (33.3) 25 (55.6) 22 (44.0) 0.218
Calcitriol † 15 (39.5) 11 (26.2) 22 (48.9) 23 (46.0) 0.137

Phosphate binder
Calcium-based † 21 (55.3) 25 (59.5) 28 (62.2) 29 (58.0) 0.933
Non-calcium-based † 7 (18.4) 11 (26.2) 7 (15.6) 13 (26.0) 0.516

Data are expressed as n (%) for categorical data and as mean ± standard deviation for continuous data.* One-way
ANOVA; ** Kruskal–Wallis test; † Chi-square test; ‡ Fisher’s exact test.
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According to the echocardiographic findings shown in Table 2, the individuals with
concentric LVH had a considerably larger IVS, LVPW, and RWT than those with eccentric
LVH (p < 0.001). The left atrium diameter and LVMI were greater in the groups with
a large IVCD than in those with a small IVCD (all p < 0.05). The LVEDD and LVESD
were significantly greater in the eccentric LVH groups than in the concentric LVH groups
(p < 0.001).

Table 2. Echocardiographic findings for patients with end-stage kidney disease by LVH type and
IVCD.

Eccentric LVH,
Small IVCD

(n = 38)

Concentric LVH,
Small IVCD

(n = 42)

Eccentric LVH,
Large IVCD

(n = 45)

Concentric LVH,
Large IVCD

(n = 50)
p

Aortic root (mm) ** 32.1 ± 4.4 32.4 ± 4.9 32.5 ± 3.9 32.3 ± 4.0 0.971
IVS (mm) ** 11.2 ± 1.7 12.8 ± 3.4 12.4 ± 2.1 13.6 ± 2.2 <0.001
LA diameter (mm) ** 42.7 ± 5.7 41.0 ± 7.5 46.1 ± 7.1 46.4 ± 8.4 0.001
LVEDD (mm) ** 53.6 ± 5.3 47.4 ± 5.3 56.4 ± 6.2 48.8 ± 6.7 <0.001
LVESD (mm) ** 32.9 ± 6.1 28.4 ± 5.3 37.1 ± 8.7 30.8 ± 7.3 <0.001
LVPW (mm) ** 9.6 ± 1.4 12.4 ± 2.4 10.3 ± 1.1 12.9 ± 1.6 <0.001
LVMI ** 139.8 ± 23.4 150.4 ± 50.8 161.5 ± 39.3 164.7 ± 42.7 0.022
RWT (mm) ** 0.4 ± 0.0 0.5 ± 0.1 0.4 ± 0.0 0.5 ± 0.1 <0.001
IVC diameter (cm) ** 1.2 ± 0.2 1.1 ± 0.2 1.9 ± 0.3 1.9 ± 0.3 <0.001

Data expressed as mean ± standard deviation for continuous data. LVH, left ventricular hypertrophy; IVS,
interventricular septum; LA, left atrium; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular
end-systolic diameter; LVPW, left ventricular posterior wall; LVMI, left ventricular mass index; RWT, relative wall
thickness; IVCD, inferior vena cava diameter ** One-way analysis of variance.

3.2. Association of LVH Geometry and IVCD on MACEs

After approximately 36 months of follow-up, 60 CHD patients (34.3%) developed
MACEs. The numbers were 8 (13.3%), 8 (13.3%), 23 (38.3%), and 21 (35%) in the groups of
eccentric LVH with small IVCD, concentric LVH with small IVCD, eccentric LVH with large
IVCD, and concentric LVH with large IVCD, respectively. CHD patients with an eccentric
LVH with small IVCD had the lowest risk of MACE, followed by those with concentric
LVH with small IVCD, concentric LVH with large IVCD, and eccentric LVH with large
IVCD (p = 0.004; Figure 2a).

In univariate Cox proportional hazard regression, CHD patients with a large IVCD
with either eccentric LVH (HR: 3.13. 95% CI: 1.41–6.97) or concentric LVH (HR: 2.30, 95% CI:
1.01–5.21) had a significantly increased risk of MACEs compared with those with a small
IVCD and eccentric LVH (Table 3). After adjusting for age and sex (model 1, Table 3) or for
age, sex, and other significant factors listed in Table 1, including coronary artery disease,
peripheral artery disease, cholesterol level, platelet count, and insulin analogs (model 2,
Table 3), those with a large IVCD and eccentric LVH (aHR: 3.34, 4.40; 95% CI: 1.43–7.81,
1.58–12.23, respectively) or concentric LVH (aHR: 2.72, 3.60; 95% CI: 1.13–6.53, 1.28–10.12,
respectively) still had a significantly higher risk of MACEs than did those with a small
IVCD and eccentric LVH.
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Figure 2. Event-free and survival curves of chronic hemodialysis (CHD) patients according to left ventricular hypertrophy (LVH) geometry and inferior vena cava
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Table 3. Cox proportional hazard analysis of outcome events in the four groups defined by left ventricular hypertrophy (LVH) and inferior vena cava diameter.

Events
Crude Model 1 Model 2

HR (95% CI) p HR (95% CI) p HR (95% CI) p

MACE
Eccentric LVH, small IVCD Reference - Reference - Reference -
Concentric LVH, small IVCD 0.91 (0.34–2.44) 0.851 0.95 (0.35–2.56) 0.921 1.55 (0.50–4.86) 0.449
Eccentric LVH, large IVCD 3.13 (1.41–6.97) 0.005 3.34 (1.43–7.81) 0.005 4.40 (1.58–12.23) 0.004
Concentric LVH, large IVCD 2.30 (1.01–5.21) 0.047 2.72 (1.13–6.53) 0.025 3.60 (1.28–10.12) 0.015
CV mortality
Eccentric LVH, small IVCD Reference - Reference - Reference -
Concentric LVH, small IVCD 7.70 (0.99–60.05) 0.052 8.34 (1.05–66.29) 0.045 8.87 (1.01–77.87) 0.049
Eccentric LVH, large IVCD 10.26 (1.35–77.89) 0.024 10.79 (1.51–77.19) 0.018 10.23 (1.41–74.33) 0.022
Concentric LVH, large IVCD 11.56 (1.56–85.91) 0.017 15.44 (2.15–111.0) 0.007 14.34 (1.99–103.35) 0.008
Mortality
Eccentric LVH, small IVCD Reference - Reference - Reference -
Concentric LVH, small IVCD 1.53 (0.51–4.63) 0.447 1.64 (0.54–4.97) 0.383 2.01 (0.54–7.39) 0.295
Eccentric LVH, large IVCD 2.43 (0.87–6.83) 0.092 2.75 (1.01–7.47) 0.048 3.41 (1.09–10.65) 0.035
Concentric LVH, large IVCD 2.65 (0.98–7.17) 0.055 3.79 (1.41–10.23) 0.008 4.38 (1.44–13.37) 0.009

Model 1: adjusted for age and sex; Model 2: adjusted for age, sex, and all significant variables listed in Table 1 (coronary artery disease, peripheral artery disease, cholesterol level,
platelet count, and insulin level).
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3.3. Association of LVH Geometry and IVCD on Cardiovascular and Overall Mortalities

Regarding secondary outcomes, 32 (18.3%) CHD patients died from cardiovascular
causes, and 40 (22.8%) CHD patients died during the follow-up period. A total of 1 (3.1%),
8 (25.0%), 10 (31.3%), and 13 (40.6%) died from cardiovascular causes, while 5 (12.5%),
8 (20.0%), 12 (30.0%), and 15 (37.5%) died from any cause in those with eccentric LVH
and small IVCD, concentric LVH and small IVCD, eccentric LVH and large IVCD, and
concentric LVH and large IVCD, respectively.

CHD patients with eccentric LVH and small IVCD had the lowest risk of cardiovascular
mortality, followed by those with concentric LVH and small IVCD, eccentric LVH and large
IVCD, and concentric LVH and large IVCD (p = 0.037; Figure 2b). The same trend risk of
overall mortality from eccentric LVH and small IVCD to concentric LVH and large IVCD
was noted (p = 0.044; Figure 2c).

Compared with CHD patients with eccentric LVH and small IVCD, those with concen-
tric LVH and large IVCD had a significantly greater risk of cardiovascular mortality (HR:
11.56, 95% CI: 1.56–85.91), as also did those with eccentric LVH and large IVCD (HR: 10.26,
95% CI: 1.35–77.89) (Table 3). In model 1 and model 2 of Table 3 after clinical variables
adjustment, the CHD patients with concentric LVH and large IVCD (aHR: 15.44, 14.34;
95% CI: 2.15–111.0, 1.99–103.35) and those with eccentric LVH and large IVCD (aHR: 10.79,
10.23; 95% CI: 1.51–77.19, 1.41–74.33) remained at higher risk of cardiovascular mortality
than were the patients with eccentric LVH and small IVCD. The patients with concentric
LVH and a small IVCD also exhibited a higher risk of cardiovascular mortality than did
those with eccentric LVH and small IVCD (aHR: 8.34, 8.87; 95% CI: 1.05–66.29, 1.01–77.87)
(model 1 and 2, Table 3).

All-cause mortality risk was significantly higher in the group with concentric LVH and
a large IVCD (aHR: 3.79, 4.38, 95% CI: 1.41–10.23, 1.44–13.37) and those with eccentric LVH
and a large IVCD (aHR: 2.75, 3.41, 95% CI: 1.01–7.47, 1.09–10.65) than in that with eccentric
LVH and a small IVCD after adjusting for clinical variables (model 1 and 2, Table 3).

4. Discussion

Our study suggested that older age, the female gender, and high cholesterol levels are
associated with a smaller IVCD independent of LVH type, and a larger IVCD was found
to correlate with higher rates of coronary artery disease. Peripheral artery disease (PAD)
was more prevalent in the group with concentric LVH. Furthermore, our study revealed
the lowest risk of MACEs, cardiovascular mortality, and overall mortality in individuals
with eccentric LVH and small IVCD, followed by concentric LVH with small IVCD. The
highest risk for MACEs was observed in patients with eccentric LVH and large IVCD, while
those with concentric LVH and large IVCD exhibited the highest risk for cardiovascular
and overall mortality.

The higher proportion of females in the small IVCD group compared to the large
IVCD is supported by the correlation between IVCD size and physical dimensions [17].
Additionally, patients in the small IVCD group were older than those in the large IVCD
group, consistent with the age-related decrease in an IVCD study [18]. In our study, the
small IVCD groups also had higher levels of cholesterol, possibly due to a lower proportion
of statin use in this group. In contrast, the large IVCD groups showed a higher proportion
of coronary artery disease, suggesting a potential link to higher rates of overhydration [19],
which may increase the likelihood of turbulent blood flow, endothelial dysfunction, and
ultimately, the risk of atherosclerotic cardiovascular disease [20,21]. Regarding left ventric-
ular geometry, there was a higher PAD proportion in concentric LVH, which aligns with
findings from Maimaitiaili et al. [22].

In our study, patients with eccentric LVH and large IVCD exhibited the highest risk
of MACEs, followed by those with concentric LVH and large IVCD, concentric LVH and
small IVCD, and lastly, the group with eccentric LVH and small IVCD. Previous literature
has regarded volume overload as a risk factor for MACEs [23,24], and our own prior study
also demonstrated that large IVCD, indicative of volume overload, correlated with an
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increased likelihood of MACE occurrence [15]. However, the effect of the left ventricular
geometry on MACEs across different fluid statuses has been seldom reported. A study
reported that patients with eccentric LVH had a higher risk of myocardial infarction and
decompensated heart failure compared to those with concentric LVH among individuals
with acute coronary syndrome. This disparity could be due to the Laplace equation,
which indicates that the wall stress is directly proportional to chamber pressure and radius
and inversely proportional to the thickness of the chamber wall. Consequently, eccentric
LVH experiences relatively higher wall stress, resulting in an increased myocardial oxygen
demand and contributing to myocardial infarction, and decompensated heart failure, which
are parts of MACE composites [25]. Excess fluid exacerbates the difference in wall stress
between eccentric LVH and concentric LVH; hence, eccentric LVH poses a higher risk of
MACEs than concentric LVH in cases of large IVCD but not in small IVCD.

As for secondary outcomes, concentric LVH and large IVCD showed the highest
cardiovascular mortality and overall mortality, followed by eccentric LVH and large IVCD,
concentric LVH and small IVCD, and eccentric LVH and small IVCD. High volume status
remained a risk for cardiovascular and overall mortality, which has been suggested in
some studies [26–28]; however, it seemed that concentric LVH relative to eccentric LVH,
irrespective of volume status had a higher risk for cardiovascular and overall mortality.
Our previous study demonstrated that chronic hemodialysis patients with non-to-mild
or moderate-to-severe aortic arch calcification with concentric LVH had a higher risk of
cardiovascular and overall mortality than those with eccentric LVH [29]. In our study
population, the prevalence of HTN was high. Koren et al. and Muiesan et al. reported
that concentric hypertrophy had higher risks of cardiovascular and overall mortality than
eccentric hypertrophy in patients with essential hypertension [30,31]. The poor prognosis
of concentric LVH could be explained by several factors, such as impaired myocardial
contractility, severe diastolic filling abnormalities, or increased oxygen consumption, which
result in a higher risk of arrhythmias and sudden death [30–33]. Another study demon-
strated that LVH with a low remodeling index, which is highly correlated with concentric
LVH, had a high risk of mortality [34]. Although Zuijdewijn et al. reported no difference in
cardiovascular and all-cause mortality between ESKD patients with concentric and eccen-
tric LVH [35], the inconsistent result could be attributed to the lack of various assessments
on volume status among ESKD patients, thereby impacting the outcomes.

Our study is limited by its retrospective nature, the database was extracted from a
single medical center in Taiwan, which has a predominantly Han Chinese population, and
the patients stayed mostly in urban areas; therefore, the results may not be generalizable.
Echocardiography was performed at baseline, and no longitudinal measurements of the
IVCD were recorded. More than one cardiologist performed the echocardiography exami-
nations; thus, there might have been interobserver variability in the readings. In addition,
another limitation of our study is the absence of lung ultrasound and BNP measurements,
which are valuable tools for assessing hypervolemia. Future studies should consider in-
corporating these measurements to provide a more comprehensive evaluation of patients’
volume status.

5. Conclusions

LVH geometry and IVCD influence the risk of MACEs, cardiovascular, and overall
mortality in CHD patients. CHD patients with large IVCD and eccentric LVH were at
the highest risk of MACEs, while those with large IVCD and concentric LVH faced the
highest risk of cardiovascular and overall mortality. Evaluation of the IVCD and LVH
geometry may be useful in CVD risk assessment and investigations of effective strategies
for improving the prognosis of patients undergoing CHD.
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