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INTRODUCTION

Primary aldosteronism (PA) is a major form of secondary 
hypertension, which is caused by excessive aldosterone 
secretion from the adrenal glands [1]. The proportion of 
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PA in the hypertensive population remains unclear. Some 
studies reported that patients with PA accounted for  
> 5%, and possibly > 10%, of patients with hypertension 
[2]. Patients with PA are at a higher risk of experiencing 
cardiovascular events, including coronary artery disease, 
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atrial fibrillation, and heart failure compared to patients 
with essential hypertension (EH) [3,4]. Ventricular 
remodeling plays an essential role in the pathogenesis, 
progression, and prognosis of heart disease [5,6]. Therefore, 
we explored ventricular remodeling in patients with early-
stage PA in comparison with patients with EH and healthy 
controls (HCs). A better understanding of ventricular 
remodeling may guide the prompt implementation of 
interventions after the diagnosis of PA and prevent 
ventricular remodeling.

Echocardiography is the imaging modality of choice for 
assessing ventricular remodeling due to its low cost and 
convenience of operation [5,7]. Several echocardiographic 
studies have demonstrated that diastolic dysfunction was 
significantly higher in patients with PA compared to those 
with EH [8-10]. However, echocardiography is beset by 
limitations, such as its relatively low signal-to-noise ratio, 
repeatability, and acoustic window [11,12], which tend to 
become more pronounced during imaging of the early stages 
of ventricular remodeling.

Cardiac magnetic resonance imaging (MRI), a steady 
and precise imaging modality, is widely used to assess 
ventricular function and dimensions, while late-gadolinium 
enhancement (LGE) can also be used to evaluate focal 
myocardial fibrosis. However, LGE depends on the visual 
comparison between damaged and undamaged myocardium; 
thus, it cannot detect diffuse myocardial fibrosis [13-
15]. T1 mapping derived from cardiac MRI has emerged as 
a sensitive method that can detect early changes in the 
characteristics of myocardial tissue, especially quantitative 
changes in diffuse myocardial fibrosis that exist during the 
early stages of ventricular remodeling [16-21]. However, 
few studies have comprehensively investigated the function 
of T1 mapping with cardiac MRI for examining ventricular 
function and tissue characteristics to distinguish between 
patients with EH and those with PA. In a recent study, 
Redheuil et al. [22] found that patients with PA had a 
significantly larger left ventricular (LV) chamber, greater 
LV mass, and greater extracellular volume (ECV) compared 
to patients with EH. Nevertheless, the sample size of their 
study was small, which necessitated the validation of 
their results; moreover, the influence of ethnicity on LV 
remodeling cannot be ignored [23]. Therefore, the present 
study aimed to determine the LV remodeling characteristics 
of patients with PA using cardiac MRI by comparing the 
LV structure, function, and tissue characteristics among 
patients with PA, patients with EH, and HCs.

MATERIALS AND METHODS

Each study participant provided written informed 
consent for enrollment in this prospective study, which 
was approved by the Local Ethics Committee in accordance 
with the Declaration of Helsinki, as revised in 2013 (IRB 
No. 2016 355). Patients with PA, and age- and sex-
matched adult patients with EH, and HCs were recruited 
between September 2018 and May 2019. The diagnosis 
of PA was based on the 2016 guidelines [2]. Participants 
were matched for age within 5 years and sex-matched 
at a proportion of 1:1:1. Participants with a plasma 
aldosteroneto-renin ratio (ARR) ≥ 30, those with an ARR 
≥ 20, and plasma renin activity (PRA) < 1 ng/mL/h, and 
participants with a plasma aldosterone concentration ≥ 
15 ng/dL were further evaluated using confirmatory tests. 
Confirmatory tests included a saline infusion and/or a 
captopril challenge. A post-infusion plasma aldosterone 
concentration of > 10 ng/dL was the cut-off value for PA 
with the saline infusion test, while a 30% captopril-induced 
suppression of plasma aldosterone after the captopril 
challenge was indicative of PA. The diagnostic criterion 
for patients with EH was a systolic blood pressure (SBP) 
≥ 140 mm Hg or diastolic blood pressure (DBP) ≥ 90 mm 
Hg to eliminate the possibility of secondary hypertension. 
HCs were included if they did not have any known chronic 
disease (including cardiovascular disease, neurological 
disease, chronic lung disease, diabetes mellitus, cancer, 
autoimmune disease, etc.), or systemic infection, severe 
trauma, or history of surgery within the past month. 
This information was obtained through medical history 
questionnaires. All HCs underwent a physical examination 
to exclude the possibility of abnormal physical signs. HCs 
were also excluded if they demonstrated abnormal cardiac 
structure, function, or tissue characteristics on cardiac MRI. 

Participants were excluded if they met the following 
criteria: 1) patients with known cardiovascular disease, 
such as myocardial infarction, unstable angina, atrial 
fibrillation, severe arrhythmia, systolic heart failure, 
cardiomyopathy, or valvular disease with the exception of 
hypertension; 2) patients with cardioverter defibrillator or 
pacemaker implantation; 3) patients with claustrophobia 
or other conditions that could lead to scan termination; 
and 4) participants with artifacts on MRI. The baseline 
characteristics, including the demographic data, laboratory 
examination results, and cardiac MRI-derived parameters, 
were collected. 
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Cardiac MRI Acquisition
All participants underwent cardiac MRI using a 3T scanner 

(MAGNETOM Trio A Tim System; Siemens Healthcare) with an 
18-channel phased-array body coil combined with a spine 
coil. Image acquisition was performed as per the standard 
protocol [24]. Ventricular function was assessed using 
balanced steady-state free precession cine images in short-
axis planes from the base of the heart to the apex. The 
parameters were as follows: repetition time (TR), 3.4 ms; 
echo time (TE), 1.3 ms; voxel size, 1.4 x 1.3 x 8 mm3; flip 
angle (FA), 50º; field of view (FOV), 320–340 mm2; matrix 
size, 256 x 144; and cardiac time frame temporal resolution, 
42 ms. The native T1 value was assessed using a motion-
corrected modified Look-Locker inversion recovery sequence 
(MOLLI) with a scan scheme of 5b(3b)3b (where b stands 
for heartbeat) on the mid-ventricular short-axis slice. 
The imaging parameters for MOLLI were as follows: total 
acquisition, 11 heartbeats; TR, 2.9 ms; TE, 1.12 ms; in-plane 
spatial resolution, 2.4 x 1.8 mm; FA, 35°; bandwidth, 930 
Hz/pixel; inversion time (TI) of the first experiment, 100 
ms; TI increment, 80 ms; parallel imaging, 2; and matrix, 
192 x 144. LGE images were acquired 10–15 minutes after 
injection of the gadolinium contrast agent (0.15 mmoL/kg) 
using the inversion recovery method with phase-sensitive 

reconstruction (PSIR) on identical views as the cine images 
in the short- and long-axis planes (TR, 700 ms; TE, 1.56 
ms; FA, 20°; and matrix, 256 x 244). T1 measurements were 
repeated in the same mid-ventricular slice approximately 15 
minutes post-injection using the same MOLLI sequence (scan 
scheme: 4b(1b)3b(1b)2b). Hematocrit (HCT) was assessed 
within 24 hours of cardiac MRI to calculate the ECV. The 
short-axial cine and T1 mapping imaging are demonstrated 
in Figure 1.

Cardiac MRI Analysis 
Anonymized cardiac MRI data were analyzed by two 

blinded independent observers (each with experience of 
more than 3 years and 800 cases) using dedicated software 
(Argus; Siemens Healthcare). The LV and right ventricular 
(RV) volumetric parameters, including the LV end-diastolic 
volume index (EDVi), LV end-systolic volume index (ESVi), 
LV ejection fraction (EF), RV-EDVi, RV-ESVi, RVEF, and LV 
mass index (Massi) were obtained from the short-axis cine 
images. 

LGE Assessment
The presence of myocardial LGE was determined by 

consensual agreement of two blinded independent observers 

PA

EH

HC

Pre T1 mapping ECV Cine LGE

Fig. 1. Comparison of native T1, ECV, cine, and LGE images among patients with PA, patients with EH, and HCs. T1 mapping; PA: 
1296 ms, EH: 1193 ms, HC: 1167 ms. ECV; PA: 27.1%, EH: 24.1%, HC: 23.1%. ECV = extracellular volume, EH = essential hypertension, HC = 
healthy control, LGE = late gadolinium enhancement, PA = primary aldosteronism



1622

Wu et al.

https://doi.org/10.3348/kjr.2020.1291 kjronline.org

who reviewed all the PSIR images. LGE was determined to 
be present if local myocardial enhancement was visible on 
the short-axis and corresponding long-axis views.

T1 Mapping Assessment
The endocardial and epicardial contours were traced 

manually on the pre- and post-contrast T1 mapping 
images on the mid-ventricular LV short-axis slice for global 
analysis. A myocardial region of interest was carefully 
demarcated, excluding the papillary muscles, trabeculae, 
blood pool, and epicardial tissue. The mean myocardial 
native T1 values were acquired using post-processing 
software (Qmass 7.6; Medis) based on the MOLLI images. 
Meanwhile, a region of interest was created in the blood 
pool of the LV cavity on the pre- and post-contrast T1-
mapping images to acquire the blood T1 (Supplementary 
Fig. 1). The ECV was calculated from the combined T1 and 
HCT values using the following equation [25]: 

The presence of myocardial LGE was determined by consensual agreement of 

two blinded independent observers who reviewed all the PSIR images. LGE was 

determined to be present if local myocardial enhancement was visible on the 

short-axis and corresponding long-axis views. 

 

T1 Mapping Assessment 

The endocardial and epicardial contours were traced manually on the pre- and 

post-contrast T1 mapping images on the mid-ventricular LV short-axis slice for global 

analysis. A myocardial region of interest was carefully demarcated, excluding the 

papillary muscles, trabeculae, blood pool, and epicardial tissue. The mean myocardial 

native T1 values were acquired using post-processing software (Qmass 7.6; Medis, 

The Netherlands) based on the MOLLI images. Meanwhile, a region of interest was 

created in the blood pool of the LV cavity on the pre- and post-contrast T1-mapping 

images to acquire the blood T1 (Supplementary Fig. 1). The ECV was calculated 

from the combined T1 and HCT values using the following equation [25]:  
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Statistical Analysis
The Kolmogorov-Smirnov test was employed to determine 

the normality of distribution of the continuous variables. 
Normally distributed continuous variables were expressed as 
the mean ± standard deviation, while continuous variables 
with non-normal distribution were expressed as the median 

and interquartile range. Differences in the continuous 
variables among the three groups were analyzed using the 
analysis of variance. Multiple post-hoc comparisons were 
performed using Fisher’s least significant difference when a 
significant inter-group difference was detected. Comparisons 
involving only two groups were conducted using Student’s 
t test or the Mann-Whitney U test for continuous variables 
and the chi-squared test for categorical variables. 
Univariable and multivariable linear regression were used 
to analyze the relationships between the LV remodeling 
parameters and physiological variables. PRA and ARR were 
log-transformed for the regression analysis, owing to their 
non-normal distribution. Variables with a p value of < 0.10 
on univariable regression were included in the multivariable 
regression analysis. Standardized β and adjusted R2 values 
were calculated. Statistical analysis was performed using 
IBM SPSS Statistics for Windows, Version 19.0. (IBM Corp.). 
p values < 0.05 were considered statistically significant.

RESULTS

Clinical Characteristics
A total of 105 participants were included in this 

prospective study: 35 patients with PA, 35 age- and sex-
matched patients with EH, and 35 age- and sex-matched HCs. 
The participants’ clinical characteristics are summarized in 
Table 1. The HCs had the lowest body mass index (PA: 25.6 ± 
3.4 kg/m2, EH: 25.4 ± 2.9 kg/m2, HC: 22.3 ± 3.3 kg/m2;  

Table 1. Demographic and Clinical Characteristics of Patients with PA, Patients with EH, and HCs
Characteristic PA (n = 35) EH (n = 35) HC (n = 35) P

Sex, male:female 14:21 14:21 14:21 NA
Age, years   44 ± 11    43 ± 11    44 ± 14 0.968
BMI, kg/m2 25.6 ± 3.4 25.4 ± 2.9 22.3 ± 3.3 < 0.001
Heart rate, min-1   81 ± 13    85 ± 12 76 ± 8 0.002
SBP, mm Hg 146 ± 16 144 ± 13 121 ± 10 < 0.001
DBP, mm Hg   95 ± 13    96 ± 11 73 ± 7 < 0.001
HCT, % 41 ± 4 42 ± 4 43 ± 3 0.042
Ald, ng/dL   37.6 ± 17.7 28.8 ± 8.9 NA 0.011*
ARR, ng/dL per ng/mL/h 108.6 (64.1–617.0) 7.8 (4.1–12.0) NA < 0.001*
PRA, ng/mL/h 0.23 (0.07–0.46) 4.23 (2.28–7.14) NA < 0.001*
Serum potassium, mmoL/L   3.5 ± 0.5    3.9 ± 0.4 NA 0.003*
Hypertension course, months 36 (8–72) 24 (5–2) NA 0.580*

Data are mean ± standard deviation, except for ARR, PRA, and hypertension course presented as median (interquartile range) and sex 
presented as patient number. p values are for comparing the three groups using analysis of variance, except for characteristics asterisked (*) 
for which the groups were compared using the student’s t test or the Mann–Whitney U test. Ald = aldosterone, ARR = plasma aldosterone-
to-renin ratio, BMI = body mass index, DBP = diastolic blood pressure, ECV = extracellular volume, EH = essential hypertension, HC = 
healthy control, HCT = hematocrit, NA = not applicable, PA = primary aldosteronism, PRA = plasma renin activity, SBP = systolic blood 
pressure
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p < 0.001), SBP (PA: 146 ± 16 mm Hg, EH: 144 ± 13 mm 
Hg, HC: 121 ± 10 mm Hg; p < 0.001), DBP (PA: 95 ± 13 mm 
Hg, EH: 96 ± 11 mm Hg, HC: 73 ± 7 mm Hg; p < 0.001), 
and heart rate (PA: 81 ± 13 min-1, EH: 85 ± 12 min-1, HC: 
76 ± 8 min-1; p = 0.002) of all three groups, as well as the 
highest HCT percentage (PA: 41% ± 4%, EH: 42% ± 4%, HC: 
43% ± 3%; p = 0.042). 

Comparison of Cardiac MRI Parameters 
The LV volume, systolic function, and mass index of the 

three groups are displayed in Table 2. The EDVi (PA: 85.1 ± 
13.0 mL/m2, EH: 75.9 ± 14.3 mL/m2, HC: 77.3 ± 12.8 mL/m2; 
p = 0.01), ESVi (PA: 35.2 ± 9.8 mL/m2, EH: 30.7 ± 8.1 mL/m2, 
HC: 29.5 ± 7.0 mL/m2; p = 0.013), and Massi (PA: 65.8 ± 16.5 
g/m2, EH: 56.9 ± 12.1 g/m2, HC: 44.1 ± 8.9 g/m2; p < 0.001) 
were the highest in the PA group. However, statistically 
significant differences were not observed in the LVEF, RV-EDVi, 
RV-ESVi, or RVEF among the three groups. 

Comparison of Cardiac MRI Tissue Characteristics 
LGE was observed in 2 patients (5.7%) with PA. 

Enhancement was observed at the inferior insertion point in 
one patient, while patchy enhancement was observed over 
the anterior lateral wall in the other. LGE also presented 
as patchy enhancement over the inferior lateral wall in 1 
patient (2.8%) with EH. However, no significant difference 
was observed in the LGE in the PA and EH groups. The 
native T1 and ECV values are presented in Table 2. Patients 
with PA had a significantly higher native T1 values 
compared to patients with EH and the HCs (PA: 1224 ± 39 
ms, EH: 1201 ± 47 ms, HC: 1200 ± 44 ms; p = 0.041), while 
the ECV was similar among the three groups.

Analysis of Factors Related to Ventricular Remodeling
Linear regression analysis was performed to determine 

the factors influencing the LV remodeling parameters, 
including the EDVi, ESVi, Massi, and native T1 (Tables 3, 4). 

Table 2. Comparison of Cardiac Magnetic Resonance Parameters among Patients with PA, Patients with EH, and HCs

PA (n = 35) EH (n = 35) HC (n = 35) P (ANOVA)
P (Post-Hoc Test)

PA vs. EH PA vs. HC EH vs. HC
EDVi, mL/m2 85.1 ± 13.0 75.9 ± 14.3 77.3 ± 12.8 0.010 0.005 0.015 0.681
ESVi, mL/m2 35.2 ± 9.8 30.7 ± 8.1 29.5 ± 7.0 0.013 0.027 0.005 0.529
LVEF, % 59.0 ± 7.3 59.7 ± 5.7 62.1 ± 4.4 0.081 NA NA NA
Massi, g/m2 65.8 ± 16.5 56.9 ± 12.1 44.1 ± 8.9 < 0.001 0.005 < 0.001 < 0.001
RV-EDVi, mL/m2 74.1 ± 13.5 68.7 ± 13.2 68.2 ± 15.4 0.154 NA NA NA
RV-ESVi, mL/m2 34.7 ± 9.8 31.4 ± 7.8 33.4 ± 10.5 0.340 NA NA NA
RVEF, % 53.5 ± 8.8 54.5 ± 5.7 52.8 ± 7.7 0.619 NA NA NA
Native T1, ms 1224 ± 39 1201 ± 47 1200 ± 44 0.041 0.031 0.027 0.954
ECV, % 26.2 ± 2.8 25.1 ± 3.4 25.8 ± 2.6 0.286 NA NA NA

All data are presented as mean ± standard deviation. ANOVA = analysis of variance, ECV = extracellular volume, EDVi = end-diastolic 
volume index, EF = ejection fraction, EH = essential hypertension, ESVi = left ventricular end-systolic volume index, HC = healthy control, 
LV = left ventricular, Massi = left ventricular mass index, NA = not applicable, PA = primary aldosteronism, RV = right ventricular

Table 3. Univariable and Multivariable Linear Regression Analysis of EDVi and ESVi in Patients with PA (n = 35)
EDVi (R2 = 0.364) ESVi (R2 = 0.102)

Univariable Multivariable Univariable Multivariable
β P β P β P β P

Age, years 0.141 0.419 0.182 0.296
Sex 0.180 0.301 0.089 0.611
BMI, kg/m2 -0.061 0.728 0.009 0.959
SBP, mm Hg 0.435 0.009 0.303 0.041 0.120 0.494
DBP, mm Hg 0.281 0.102 0.028 0.874
Ald, ng/dL 0.212 0.222 0.187 0.282
logARR 0.458 0.006 0.338 0.024 0.359 0.034 0.359 0.034
Serum potassium, mmoL/L -0.197 0.258 -0.190 0.274
Hypertension course, months 0.410 0.014 0.326 0.025 0.348 0.041 0.307 0.060

Ald = aldosterone, ARR = plasma aldosterone-to-renin ratio, BMI = body mass index, DBP = diastolic blood pressure, EDVi = left ventricular 
end-diastolic volume index, ESVi = left ventricular end-systolic volume index, PA = primary aldosteronism, SBP = systolic blood pressure
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We found that logARR was independently associated with 
EDVi (β = 0.338, p = 0.024) and ESVi (β = 0.359, p = 0.034), 
respectively, and that plasma aldosterone levels were 
independently associated with native T1 (β = 0.318,  
p = 0.028).

DISCUSSION

In this study, we used cardiac MRI to analyze the 
structure, function, and tissue characteristics of the 
LV in 35 patients with PA and compared them with the 
corresponding parameters in 35 patients with EH and 35 
HCs. Our results demonstrated that patients with PA had 
myocardial hypertrophy and ventricular enlargement with 
significantly higher Massi, EDVi, and ESVi values compared 
to patients with EH and the HCs. Patients with PA also 
demonstrated a reduction in the LVEF. The native T1 value 
was higher in patients with PA; however, no significant 
difference was observed in the ECV of patients with PA, 
patients with EH, and HCs. The EDVi, ESVi, and native T1 
were associated with logARR.

In our study, the EDVi and ESVi values were higher in 
patients with PA compared to those with EH. These results 
are inconsistent with previous studies, which reported that 
the LV geometry was similar in patients with PA and those 
with EH [8,26,27]. However, Gaddam et al. [28] found that 
only the EDVi was higher in patients with PA compared to 
those with EH. Most previous studies used echocardiography 
to measure cardiac volume. Furthermore, Freel et al. [27] 
study used cardiac MRI to measure cardiac volume, but their 
patients were older and primarily men, and did not include 
a multivariable regression analysis of age and sex. Herein, 

we found that patients with PA demonstrated a reduction 
in the LVEF compared to the HCs, and these results were 
contrary to those of Mark et al. [29]. However, Mark et al. 
[29] did not match patients with PA, patients with EH, and 
the HCs by age and sex, which could have influenced the 
LVEF. Although Su et al. [30] found no difference between 
patients with PA and HCs, the two groups were only 
matched for age.

Several previous studies reported no difference in the 
Massi between patients with PA and patients with EH 
[8,27,28]; however, our results demonstrated a greater 
Massi in the PA group compared to the EH group. 
Nevertheless, our findings are supported by animal studies, 
which demonstrated that a chronic elevation in aldosterone 
can cause LV hypertrophy [31-33]. Moreover, the course of 
hypertension was significantly shorter in the patients in our 
study course compared to other studies, which may explain 
the inconsistency in the results. Heterogeneity in the course 
of hypertension and sex distribution may also explain these 
discrepancies. This implies that aldosterone can directly 
stimulate hypertrophy of the ventricular cardiomyocytes in 
the early stages of hypertension in PA. 

The PA group in our study had a higher native T1 
value, suggesting that patients with PA have more severe 
myocardial fibrosis; however, the ECV was similar in the 
PA and EH groups, refuting this theory. Our ECV results 
are consistent with those of Grytaas et al. [34], who did 
not detect myocardial fibrosis in patients with PA, when 
compared to HCs. The native T1 values and ECV parameters 
are associated with diffuse myocardial fibrosis [35-38]. 
One study indicated that the native T1 possessed a higher 
discriminatory performance than that of the ECV [38]. In 

Table 4. Univariable and Multivariable Linear Regression Analysis of Native T1 and Massi in Patients with PA (n = 35)
Native T1 (R2 = 0.350) Massi (R2 = 0.376)

Univariable Multivariable Univariable Multivariable
β P β P β P β P

Age, years 0.076 0.666 0.017 0.925
Sex -0.536 0.001 -0.549 < 0.001 0.445 0.007 0.408 0.005
BMI, kg/m2 -0.100 0.568 -0.194 0.265
SBP, mm Hg 0.032 0.853 0.497 0.002 0.465 0.002
DBP, mm Hg 0.055 0.752 0.217 0.210
Ald, ng/dL 0.295 0.085 0.318 0.028 0.110 0.530
logARR 0.204 0.241 0.134 0.441
Serum potassium, mmoL/L 0.068 0.696 -0.365 0.031 -0.087 0.578
Hypertension course, months -0.010 0.956 0.356 0.036 0.217 0.123

Ald = aldosterone, ARR = plasma aldosteroneto-renin ratio, BMI = body mass index, DBP = diastolic blood pressure, Massi = left 
ventricular mass index, PA = primary aldosteronism, SBP = systolic blood pressure



1625

LV Remodeling in Primary Aldosteronism Evaluated Using Cardiac MRI

https://doi.org/10.3348/kjr.2020.1291kjronline.org

this study, patients with PA and EH had a relatively shorter 
course of hypertension, and all patients with PA had been 
diagnosed recently, implying that the alterations in the 
myocardium of patients with PA may include myocardial 
fibrosis, in contrast to patients in the early stages of 
hypertension (early EH). In our study, patients with PA 
demonstrated more severe ventricular remodeling compared 
to patients with EH. This cannot be explained solely by the 
greater degree of hypertension, since the baseline blood 
pressure was balanced between the two groups. Instead, 
we found that the ARR and plasma aldosterone were 
independently correlated with LV remodeling parameters in 
patients with PA. Hence, we speculated that the high levels 
of plasma aldosterone contributed to myocardial damage 
in patients with PA. In a recent study, Redheuil et al. [22] 
also found that patients with PA had a significantly larger 
LV chamber and greater LV mass compared to patients with 
EH. However, they found that the ECV was significantly 
greater in patients with PA compared to patients with EH, 
while the native T1 did not differ significantly between the 
two groups. It is worth noting that the baseline plasma 
aldosterone levels were significantly lower in our study 
compared to their study. There is also the possibility that 
some patients with EH in our study were admitted to the 
department of endocrinology and metabolism because 
their baseline plasma aldosterone was relatively higher 
than average, and these participants were excluded from 
the PA group via a confirmatory test. Since the difference 
between the plasma aldosterone levels in patients with PA 
and patients with EH was not as significant as that shown 
by Redheuil et al. [22], the results of the two studies are 
discordant.

Animal experiments have shown that chronic elevation 
of aldosterone can cause myocardial fibrosis, which may 
result from oxidative stress, inflammation, and fibrillar 
collagen accumulation [31,39-41]. The Eplerenone in 
Mild Patients Hospitalization And SurvIval Study in Heart 
Failure (EMPHASIS-HF) trial showed that mineralocorticoid 
receptor antagonists (MRAs) may have a beneficial effect 
in the early stages of heart failure [41], implying that 
excessive exposure to aldosterone may lead to ventricular 
remodeling in patients with PA. MRAs are also recommended 
in the 2016 guidelines [2]. We found that patients 
with PA demonstrated significantly greater ventricular 
remodeling compared to those with EH. It is important that 
patients with PA should undergo evaluation for ventricular 
remodeling using either echocardiography or cardiac MRI 

immediately after diagnosis. As the emergence of newer 
techniques, such as compressed sensing, might make cardiac 
MRI more accessible, it could be used more commonly for 
the multi-parametric evaluation of ventricular remodeling 
[42]. Moreover, useful information derived from cardiac MRI 
could guide early intervention with pharmacotherapy aimed 
at reversing remodeling in patients demonstrating early-
stage ventricular remodeling.

Some limitations of the present study should be noted. 
First, the sample size of our study was relatively small; 
thus, future studies with larger sample sizes with patients 
of different ages and PA subtypes that represent both sexes 
are needed. Second, this was a single-center cross-sectional 
study. Further research is needed to confirm and expand 
these findings. Third, echocardiography is a commonly used 
cardiac imaging method for evaluating LV structure and 
function, and the study lacked a comparison between the 
cardiac MRI and echocardiography results of LV remodeling 
in patients with PA versus those with EH. A systematic 
comparison between echocardiography and cardiac MRI is 
required in future research.

In conclusion, patients with PA exhibited greater 
ventricular hypertrophy and enlargement, as well as 
myocardial fibrosis, compared to patients with EH. Cardiac 
MRI T1 mapping possesses the ability to detect myocardial 
fibrosis in patients with PA.
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