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Abstract

Objectives: This study compared cardiac function, morphology, and tissue characteristics
between two common subtypes of primary aldosteronism (PA) using a 3T MR scanner. » aldosterone-induced
Design: A retrospective, single-center, observational study. cardiac damage
Methods: We retrospectively reviewed 143 consecutive patients with PA, who underwent > aldosterone-producing
both adrenal venous sampling and cardiac magnetic resonance. We acquired cine, late afienoma
gadolinium enhancement, and pre- and postcontrast myocardial T1-mapping images. > E;;t;;al;ostemmsm
Results: PA was diagnosed as unilateral aldosterone-producing adenoma (APA) in

70 patients and bilateral hyperaldosteronism (BHA) in 73. The APA group showed
significantly higher plasma aldosterone concentration (PAC) and aldosterone to

renin rate (ARR) than the BHA group. After controlling for age, sex, antihypertensive
drugs, systolic and diastolic blood pressure, and disease duration, the parameters
independently associated with APA were: left ventricular end-diastolic volume index
(EDVI: adjusted odds ratio (aOR) =1.06 (95% CI: 1.030-1.096), P < 0.01), end-systolic
volume index (ESVI: 1.06 (1.017-1.113), P < 0.01), stroke index (SI: 1.07 (1.020-1.121),

P <0.01), cardiac index (ClI: 1.001 (1.000-1.001), P < 0.01), and native T1 (1.01 (1.000-1.019),
P =0.038). Weak positive correlations were found between PAC and EDVI (R=0.28,

P <0.01), ESVI (0.26, P < 0.01), and SI (0.18, P = 0.03); and between ARR and EDVI (0.25,

P <0.01), ESVI (0.24, P < 0.01), and native T1 (0.17, P =0.047).

Conclusions: APA is associated with greater LV volumetric parameters and higher native T1
values, suggesting a higher risk of volume overload and myocardial damage.
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Introduction

Primary aldosteronism (PA) is one of the most frequent
forms of secondary hypertension with an estimated
prevalence of approximately 11% in hypertensive
populations (1, 2). Some patients with PA suffer from
refractory hypertension due to excessive and autonomous
aldosterone production.

Independent of its effect on blood pressure, such excess
in aldosterone has been associated with cardiovascular
damage (3), including myocardial inflammation (4),
excessive collagen deposition and fibrosis in myocardial
tissue (5, 6), vascular remodeling, arterial stiffening,
and endothelial dysfunction (7). In aldosterone-induced
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cardiac fibrosis, it causes extracellular matrix deposition
by enhancing the transcription of the collagen type I and
III genes via mineralocorticoid receptor or angiotensin
II receptors in the myocardium (8). Patients with PA
suffer from cardiovascular events such as coronary artery
disease, atrial fibrillation, and heart failure more than
those with essential hypertension (EH) and matched
cardiovascular risk profile, resulting in
cardiovascular mortality (9, 10).

The two most common causes of PA are unilateral
aldosterone-producing adenomas (APAs) and bilateral
hyperaldosteronism  (BHA) (1, 2). Distinguishing
APAs from BHA in patients with PA is important
because the APAs can be treated by unilateral or partial
adrenalectomy. APAs often secrete higher amounts of
corticosterone, deoxycorticosterone, and the hybrid
steroids,  18-hydroxycortisol =~ and  18-oxocortisol,
compared with the adrenals of BHA patients (11, 12). In
echocardiographic assessments, the left atrial volume, left
ventricular end-diastolic and end-systolic diameters, left
ventricular mass (LVM), and prevalence of left ventricular
hypertrophy (LVH) were found to be greater in patients
with APA than in those with BHA (13). However, there
have been few reports about the differences in myocardial
tissue characteristics among subtypes of PA.

Cardiac magnetic resonance (CMR) is a valuable tool
for the non-invasive, highly accurate, and reproducible
assessment of cardiac morphology and function, and
for myocardial tissue characterization. Cine MR images
allow the evaluation of left ventricular morphology and
volumetric parameters. Late gadolinium enhancement
(LGE) can be used to detect focal myocardial fibrosis
using gadolinium-based contrast agents. Moreover,
myocardial T1 mapping provides native T1 values
reflecting myocardial tissue properties such as edema
or fibrosis, and extracellular volume (ECV) indicating
the extent of extracellular space, which is increased due
to excessive collagen deposition and fibrosis (14). This
technique is a sensitive tool to detect diffuse myocardial
pathophysiological changes (15).

Past CMR studies about PA demonstrated a significant
increase in the frequency of cardiac volume overload, left
ventricle hypertrophy, and non-infarct LGE compared with
essential hypertension (16, 17). Another study compared
ECV between patients with PA and healthy subjects, using
T1 mapping, and demonstrated no significant differences
between the two groups; however, the study sample size
was small, and the difference among subtypes of PA was
not taken into consideration (18). Among PA patients, the
ones with APA, with higher hormonal activity than those

increased
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with BHA, should also have higher cardiac risk, even in
the absence of clinical symptoms. The demonstration
of subclinical cardiac risk in APA patients by CMR could
support the clinical importance of adrenal venous
sampling (AVS) and surgical intervention in PA patients.

The purpose of this study was to compare myocardial
morphology and function, and tissue characteristics,
between patients with APA and BHA who had no history
of cardiac disease using a 3T MR scanner.

Methods
Ethics

This retrospective study was approved by the Ethics
Committee of the Tohoku University School of Medicine
(approval #2019-1-142), who waived the requirement of
written informed consent.

Patients

One hundred fifty-seven consecutive patients with newly
diagnosed PA, who underwent both AVS and CMR, were
included in this study. All patients were diagnosed by
endocrinologists from September 2015 to May 2018 with
the captopril challenge test and/or saline infusion test,
in addition to plasma aldosterone concentration (PAC),
aldosterone to renin ratio (ARR), and plasma renin activity,
in accordance with the current Japanese guidelines (19).
Exclusion criteria were previous history of cardiac
events (heart failure, ischemic heart disease, valvular
disease, cardiomyopathy, congenital heart disease, and
arrthythmia), and severe renal dysfunction (estimated
glomerular filtration rate < 30 mL/min) (Fig. 1). Patient
demographic characteristics were collected, including sex,
age, BMI, family history of EH, medical history of diabetes
mellitus, smoking history, number of antihypertensive
drugs (counted at the first visit and at AVS), systolic and
diastolic blood pressure (measured at the first visit and at
AVS), pulse rate (measured at the first visit and at AVS),
and disease duration (the interval from the appearance
of subjective symptoms or detection of hypertension to
diagnosis). Blood pressure was measured three times with
an appropriate-sized cuff (medium or large) in the sitting
position after a rest period of greater than 5 min using
an automated blood pressure measuring device (WatchBP
Office; Microlife Corporation, Taipei, Taiwan); the average
value of recorded measurement was considered for the
present study. Antihypertensive drugs counted at first visit
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157 patients with newly diagnosed PA
who underwent both of AVS and CMR

14 patients with previous history of cardiac
events and severe renal dysfunction
heart failure (1), ischemic heart disease (2),
cardiomyopathy (1), congenital heart disease (3),
arrhythmia (5), severe renal dysfunction (2)

| 143 patients with PA enrolled |

l l

[ 70 patients with APA | [ 73 patients with BHA |

Figure 1

Flow diagram and patient disposition. One hundred fifty-seven
consecutive patients newly diagnosed with primary aldosteronism (PA),
who underwent both adrenal venous sampling (AVS) and cardiac
magnetic resonance (CMR), were included. Fourteen patients were
excluded due to previous history of cardiac events (heart failure, ischemic
heart disease, cardiomyopathy, congenital heart disease, or arrhythmia)
or severe renal dysfunction (estimated glomerular filtration rate

<30 mL/min). Among the 143 patients analyzed, the subtypes of PA were
diagnosed by AVS as unilateral aldosterone-producing adenoma (APA) in
70 patients and bilateral hyperaldosteronism (BHA) in 73.

included calcium channel blockers (CCB), angiotensin-
converting enzyme (ACEIs), angiotensin
receptor blockers (ARBs), alpha-blockers, beta-blockers,
diuretics, and aldosterone antagonists (Supplementary
Table 2, see section on supplementary materials given at
the end of this article). Blood pressure at AVS was measured
free of aldosterone antagonists including spironolactone
(Supplementary Table 3).

A fixed-dose combination incorporating two
antihypertensive drugs into one pill was counted as
two drugs. Blood examination data were also collected,
including plasma aldosterone concentration (PAC),
aldosterone/renin ratio (ARR), and brain natriuretic
peptide (BNP).

inhibitors

CMR protocol

All patients were imaged with a 3T whole-body MR
scanner (MAGNETOM Trio A Tim System; Siemens
Healthineers) at around the same time of the diagnosis
of PA. Scan protocols included cine, precontrast and
postcontrast T1 map, and late gadolinium enhancement
(LGE). Cine images were acquired at 20 frames per slice
per beat in the short axis, long axis, and four-chamber
views. LGE and postcontrast T1 map were acquired 10-15
min after the administration of 0.1 mmol/kg body weight
of gadolinium-contrast agent (gadobutol, Gadovist; Bayer,
Osaka, Japan). We obtained LGE images in the short axis,
long axis and four-chamber view, and three-slice T1 maps
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in the short axis view. T1 maps were acquired by using
a modified Look-Locker inversion recovery (MOLLI)
technique. To accurately measure longer native T1 times
independently of heart rate, we applied the (8(2)2) scheme
indicating two inversion pulses with the acquisition of
images for eight heartbeats, followed by a recovery of
two heartbeats, and a second inversion pulse with images
acquired for two heartbeats. Postcontrast T1 mapping was
acquired using a 3(3)3(3)5 scheme, targeting a shortened
T1 time. In-plane motion correction was performed and
T1 maps were automatically generated. Details of the
cine, LGE, and T1 mapping parameters are provided in
Supplementary Table 1.

Image analysis

We analyzed MR images using a workstation (Ziostation2;
Ziosoft, Tokyo, Japan). The observers were blinded to
patient characteristics. We measured end-systolic and end-
diastolic ventricle septum wall thickness, end-diastolic,
end-systolic, and stroke volume index (EDVI, ESVI, and
SI, respectively) and cardiac index (CI) from short-axis
cine images. The left ventricular myocardial mass index
(LVMI) was also acquired with short-axis cine images
using the Simpson technique. An expert cardioradiologist
evaluated the presence of LGE. LGE was defined as the
signal intensity of greater than two times s.p. above the
average of normal myocardium (20).

Two radiologists independently measured native T1
values, so as to analyze interobserver reproducibility. One
of the two radiologists measured pre- and postcontrast
myocardial T1 and blood T1 values twice, with an
interval greater than 3 months, to analyze intraobserver
reproducibility. Regions of interests for the evaluation
of native T1 and postcontrast myocardial T1 were
placed on the mid-myocardial layers of the basal septum
(Fig. 2). T1 values measured by one reviewer were taken
to be representative of individual segments. ECVs were
calculated using the following formula: (1 — hematocrit)
X (1/T1myo post — 1/Tlmyo pre)/(l/lelood post — 1/T1blood pre)‘

Adrenal venous sampling for subtype diagnosis

All patients underwent AVS to differentiate between
APA and BHA 2 or 3 days after CMR. We performed AVS
with cosyntropin (ACTH) stimulation to maximize the
gradient in cortisol concentration from the adrenal veins
to the IVC and confirm the successful sampling from the
adrenal veins (21). To correct non-uniform dilution effects
between the right and left adrenal veins, we calculated
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Figure 2

Region of interest for the evaluation of myocardial T1 value. Image of native
T1 map from a 49-year-old man with aldosterone-producing adenoma. A
sample region of interest (arrow and circle) for the evaluation of myocardial
T1 values is shown on the mid-myocardial layers of the basal septum.

the lateralization index (LI), the ratio of the higher to the
lower aldosterone/cortisol (A/C) ratio (22). Unilateral APAs
were diagnosed when the LI after cosyntropin stimulation
was 2.6 or greater (23).

Statistical analysis

Descriptive statistics are presented as mean * s.p.,
for continuous variables and as number of cases and
percentages per group for categorical variables. Non-
normally distributed variables are shown as median with
interquartile range (IQR). The normality of MR parameters
and demographic data were tested using the Kolmogorov-
Smirnov test (P > 0.05). Variables were compared between
the APA and BHA groups using Student’s t-tests for normal
variables or Mann-Whitney’s U tests for non-normal ones.
For dichotomous data, the Fisher’s exact test was used to
analyze differences in proportions between the groups.
Multivariable logistic regression models were used to
analyze theassociation between MR parameters and the APA
group (the BHA group being defined as the reference group)
adjusting for age, sex, number of antihypertensive drugs,
systolic and diastolic blood pressure, and disease duration
considered as confounders. The Pearson correlation
coefficient was used to evaluate correlations between
parameters. Intra- and interobserver reproducibility of
pre- and postcontrast myocardial T1 values were evaluated

using the intraclass correlation coefficients (ICC).
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Based on the 95% CI of the ICC, values less than 0.5, 0.5-
0.75, 0.75-0.9, and greater than 0.9 are indicative of poor,
moderate, good, and excellent reliability, respectively.
Statistical analyses were performed using SPSS, version
21.0 (IBM). P-values < 0.05 were considered statistically
significant.

Results
Patient characteristics

Among the 157 patients with PA, 143 were included in
the analysis, as 14 had a history of cardiovascular diseases
or severe renal dysfunction: heart failure (n=1), ischemic
heart disease (n=2), cardiomyopathy (n=1), congenital
heart disease (n=3), arrhythmia (n=35), and severe renal
dysfunction (n=2).

Subtypes of PA were diagnosed by AVS as unilateral
APA in 70 (male, 45) and BHA in 73 (male, 30) patients.
Among the 70 patients with APA, 59 underwent unilateral
or partial adrenalectomy and the diagnosis was confirmed
pathologically, 6 underwent CT-guided radiofrequency
ablation, and 5 were waiting for or unwilling to undergo
surgical intervention. The baseline patient characteristics
are summarized in Table 1.

In demographic data, the male proportion (APA vs
BHA=64% vs 41%, P < 0.01), disease duration (8.5 (IQR,
4-15) vs 5 (2-10.5) years, P=0.03), and the number of
antihypertensive drugs (2 (IQR, 1-3) vs 1 (1-2), P < 0.01)
were significantly larger in the APA than in the BHA
group. There were no significant differences between the
two groups in the other demographic parameters.

Hormonal data and brain natriuretic peptide (BNP)

The APA group showed significantly higher PAC levels
and ARR than the BHA group (PAC: 41.3 (IQR: 29.0-61.7)
vs 22.7 (17.8-27.2) ng/dL, P < 0.01; ARR: 152.3 (76.0-298)
vs 63.0 (40.5-92.6) ng/dL per ng/(mL h), P < 0.01). BNP
demonstrated no significant difference between the
groups (Table 1).

LV volumetric parameters and tissue characteristics

The left ventricular (LV) end-systolic walls
significantly thicker in the APA than in the BHA group
(16.3+2.4vs15.4+2.1 mm, P=0.02). The APA group also
showed significantly higher left ventricular EDVI (76.9
(IQR 69.7-85.7) vs 67.0 (59.4-77.9) mL/m?, P < 0.01),

were
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Table 1 Patient demographic characteristics.
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Table2 MR parameters between APA and BHA.

APA group BHA group
(n=70) (n=73) P value
Age (years) 52+ 11 52+12 0.76
Male? 45 (64%) 30 (41%) <0.012
BMI (kg/m?) 24.6+4.0 253+4.2 0.29
Family history of 50 (71%) 57 (79%) 0.33
hypertension
DM 10 (14%) 8 (11%) 0.62
Smoking history 35 (50%) 42 (58%) 0.4
Number of 2(1-3) 1(1-2) <0.012
antihypertensive drugs®
Systolic BP (mmHg) 148 + 16 148 + 21 0.89
at first visit
Diastolic BP (mmHg) 96+ 10 97 +14 0.73
at first visit
Systolic BP (mmHg) 138+17 138+ 16 0.45
at AVS
Diastolic BP (mmHg) 90+ 11 89+ 11 0.39
at AVS
Pulse rate (b.p.m.) 74 (67-83) 74 (70-85) 0.45
at first visit
Pulse rate (b.p.m.) at AVS 76 (68-85) 81 (70-90) 0.08
Disease duration (years)? 8.5 (4-15) 5(2-11) <0.012
PAC (ng/dL)? 41.3(29.0-61.7) 22.7(17.8-27.2) <0.012
ARR? 152.3(76-298) 63 (40.5-92.6) <0.012
BNP (pg/mL) 9.4 (0-16.5) 6.3(0-13.4) 0.13
Ht (%) 40.9 £ 0.5 40+0.5 0.21

Values are n (%), mean t s.p., or median (interquartile range).

2Indicates statistical significance.

APA, aldosterone-producing adenoma; ARR, aldosterone to renin ratio;
AVS, adrenal venous sampling; BHA, bilateral hyperaldosteronism; BNP,
brain natriuretic peptide; BP, blood pressure; DM, diabetes mellitus; Ht,
hematocrit; PAC, plasma aldosterone concentration.

ESVI (32.8 (25.7-38.2) vs 259 (19.0-32.3) mL/m?,
P < 0.01), SI (46.4 + 8.6 vs 41.5 + 8.4 mL/m?, P < 0.01),
CI (3140 + 637 vs 2856 + 593 mL/min/m?, P < 0.01),
MI (55.4 £ 15 vs 49.3 + 12.2 g/m?, P=0.02). Other MR
parameters (end-diastolic wall thickness, LVEF, Native T1,
and ECV) demonstrated no significant differences between
the two groups in the univariate analysis (Table 2).

Seven patients with APA and four with BHA did not
undergo postcontrast scan due to mild to moderate renal
dysfunction (eGFR; 30-45 mL/min/1.73 m?) or allergy
to contrast medium. The presence of LGE demonstrated
no significant difference between APA and BHA (16%
(10/63) vs 20% (14/69), P=0.65). After controlling for
age, sex, number of antihypertensive drugs, systolic
and diastolic blood pressure, and disease duration, the
following parameters were independently associated
with the presence of APA, the BHA group being taken as
the reference group (Fig. 3): EDVI (adjusted odds ratio
(@OR)=1.06 (95% CI: 1.030-1.096), P < 0.01), ESVI (aOR
=1.06 (1.017-1.113), P < 0.01), SI (1.07 (1.020-1.121),
P < 0.01), CI (1.001 (1.000-1.001), P < 0.01), and native
T1 (1.01 (1.000-1.019), P=0.038).

APA group BHA group P value
LV EDWT (mm) 12.2+£2.0 11.8+2.1 0.21
LV ESWT (mm)? 163124 15.4+2.1 0.022
LV EF (%) 58.9 £ 7.1 61.1+8.5 0.42
LV EDVI (mL/m?)? 76.9 (69.7-85.7)  67.0(59.4-77.9) <0.01°
LV ESVI (mL/m?)? 32.8(25.7-38.2)  25.9(19.0-32.3) <0.01°
LV SI (mL/m?)? 46.4 £ 8.6 41.5+84 <0.012
LV CI (mL/min/m?)? 3140 + 637 2856 + 593 <0.01°
LV Ml (g/m?)2 55.4+15 49.3+12.2 0.02°
Native T1 (ms) 1255+ 45 1253+ 49 0.73
ECV (%) 29.2+33 29.8+3.5 0.44

aIndicates statistical significance.

APA, aldosterone-producing adenoma; BHA, bilateral hyperaldosteronism;
Cl, cardiac index; ECV, extra cellular volume; EF, ejection fraction; EDVI,
end-diastolic volume index; EDWT, end-diastolic wall thickness; ESVI,
end-systolic volume index; ESWT, end-systolic wall thickness; LV, left
ventricle; Ml, mass index; SI, systolic volume index.

Correlation between MR parameters and
logarithmic PAC and ARR

We performed a logarithmic transformation to obtain a
normal distribution of PAC and ARR. The logarithmic PAC
showed a weak but significant positive correlations with
EDVI (R=0.28, P < 0.01), ESVI (R=0.26, P < 0.01), and SI
(R=0.18, P=0.03). The logarithmic ARR also showed a weak
positive correlation with EDVI (R=0.27, P < 0.01), ESVI
(R=0.26, P <0.01), and native T1 (R=0.20, P=0.02) (Fig. 4).

aOR [95% CI] p Value
LV EDWT (mm) 0.95[0.771-1.155] 0.81
LV ESWT (mm) 1.07 [0.875-1.302] 0.32
LV EF (%) ——— 0.98 [0.937-1.035] 0.42
LV EDVI (ml/m?) —— 1.06 [1.024-1.091] <0.01
LV ESVI (ml/m?) — 1.06[1.015-1.110]  <0.01
LV Sl (ml/m?) —— 1.08 [1.025-1.129] <0.01
LV CI (ml/min/m?) 1.001 [1.000-1.002]  <0.01
LV MI (g/m?) —a— 0.99 [0.965-1.032] 0.17
Native T1 (ms) uid 1.01[1.000-1.019] 0.04
ECV (%) s s 1.04 [0.890-1.207] 0.73

08 0.9 1.0 1.4 12 13
adjusted Odds Ratio (aOR)

Figure 3

Association between MR parameters and subtypes of primary
aldosteronism. Forest plot showing the adjusted odds ratio (aOR) and
95% ClI of the aldosterone-producing adenoma group vs the bilateral
hyperaldosteronism group (reference) for cardiac MR parameters. The
aOR arises from the multivariable logistic regression analysis after
controlling for age, sex, number of antihypertensive drugs, systolic and
diastolic blood pressure, and disease duration. The horizontal lines show
the 95% Cl of the aOR for each parameter. Cl, cardiac index; ECV, extra
cellular volume; EF, ejection fraction; EDVI, end-diastolic volume index;
EDWT, end-diastolic wall thickness; ESVI, end-systolic volume index; ESWT,
end-systolic wall thickness; LV, left ventricle; MI, mass index; SI, systolic
volume index.
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Intra- and interobserver reproducibility

The intraobserver ICCs of the native T1, postcontrast
myocardial T1, and ECV measured in all patients were
0.90 (95% CI: 0.87-0.93), 0.95 (0.85-0.96) and 0.86
(0.80-0.90), respectively. The interobserver ICCs of the
native T1 values measured in all patients were 0.80 (95%
CI: 0.85-0.96), indicating good reliability.

Discussion

In this study, we demonstrated that APA, with higher
hormonal activity than BHA, was associated with
increased left ventricle EDVI, ESVI, SI, CI, and native
T1 values on multivariable logistic regression analysis
adjusted for age, sex, number of antihypertensive drugs,
systolic and diastolic blood pressure, and disease duration.
Furthermore, we revealed that these LV volumetric
parameters and native T1 values had positive correlations
with hormonal activity, namely PAC and ARR.

This is the first study evaluating LV volumetric
parameters between the two groups by CMR, which
provides a highly accurate and reproducible assessment of
cardiac morphology and function. Hidaka et al. reported the
differences in cardiac structure between APA and BHA using
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two-dimensional echocardiography (13). Their multiple
linear regression analyses showed significantly larger left
atrial volumes and left ventricular end-diastolic diameters
in the APA than in the BHA group. Our results strongly
support theirs in terms of the larger LV size in the APA
group. PA patients demonstrate hyperkinetic circulation
due to the increase of plasma volume, an inotropic effect
of aldosterone, and/or enhanced sympathetic activity
(24). Moreover, high aldosterone levels are associated
with intravascular and intracardiac volume overloads (16).
Therefore, our results indicate that APA patients with higher
aldosterone activity promote more sodium and water
retention, resulting in left ventricular dilatation and more
hyperkinetic condition compared with the BHA group.
Our study showed no significant difference in
LVMI between the two groups, in contrast to a previous
echocardiographic study, which showed significantly
increased LVM and higher prevalence of LVH in the APA
group (13). The influence of aldosterone on LVM has been
controversial. In a clinical study, Rossi et al. demonstrated
that LVH was more pronounced in PA compared with EH
due to increased deposition of collagen in the myocardial
tissue (5), whereas Freel et al. demonstrated no significant
differences in LVM or LVMI between the two groups in
an MR study (16). This discrepancy may derive from the
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Figure 4

Correlation between MR parameters and hormonal data. Logarithmic transformation of plasma aldosterone concentration (PAC) and aldosterone to

renin ratio (ARR) was performed to obtain normal distributions. The logarithmic PAC showed weak positive correlation with EDVI (R=0.28, P < 0.01), ESVI
(R=0.26, P <0.01), and SI (R=0.18, P=0.03). The logarithmic ARR showed weak positive correlation with EDVI (R=0.27, P <0.01), ESVI (R=0.26, P < 0.01),
and native T1 (R=0.20, P=0.02). ARR, aldosterone to renin ratio; EDVI, end-diastolic volume index; ESVI, end-systolic volume index; SI, systolic volume

index; PAC, plasma aldosterone concentration.
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different populations included in the studies. In a previous
echocardiogram study by Hidaka et al., all APA patients
had LVH, defined as LVMI greater than 115 g/m? in men
and 95 g/m? in women. However, in our study, both groups
showed LVMI values within normal limits, reflecting
relatively mild hypertension. The effect of aldosterone on
LVH may depend on the degree of hypertension or disease
duration more than on plasma aldosterone levels.

In our study, the presence of LGE reflecting myocardial
fibrosis was not significantly different between the PA
subtypes (16% in APA vs 20% in BHA). The prevalence of
LGE appears to be different from that reported in a previous
MR study (70% of PA patients and in 13% of EH patients)
(16). This discrepancy might derive from differences in
the study populations, with our cohort characterized by
relatively mild myocardial fibrosis. T1 mapping s a sensitive
tool to detect and quantify diffuse and mild myocardial
fibrosis or edema, but the normal value of native T1 varies
depending on various parameters, including magnetic
field strength, scan parameters, measurement method,
age, and sex (25, 26, 27). In our study, a larger proportion
in the BHA group of female patients, whose normal value
of native T1 is significantly higher than in males, did not
result in a significant difference of native T1 between the
two groups in univariable analysis; however, the difference
became significant after controlling for demographic data
in multivariable logistic regression analysis. Our results
indicated that APA patients have mild myocardial fibrosis
or edema, which could not be detected by LGE, more
often than BHA patients. Past studies reported that T1
values played a role in discriminating cardiac events and
prognosis in some cardiomyopathies (28, 29, 30). Native
T1 allowed the early detection of myocardial damage based
on PA subtypes, which may become an important factor
for cardiac risks in PA patients, however, the relationship
between T1 values and cardiovascular events is still under
investigation for patients with PA. Grytaas et al. reported
that T1 mapping could not detect significant differences
between PA and EH patients (18), but they did not take
into account the subtypes of PA or demographic data that
might have affected T1 values.

Moreover, our finding of a positive correlation
between MR parameters and hormonal activity also
supports the higher subclinical cardiac risk in APA patients
and highlights the clinical importance of adrenal venous
sampling (AVS) and surgical intervention in PA patients.

This study had several limitations. First, it is a
retrospective, observational, single-center study, with the
risk of selection bias. Second, follow-up MR studies are
needed to reveal whether resection of the functioning

Cardiac damage in primary
aldosteronism

adrenal tumors improves the MR findings in the APA group.
Moreover, clinical follow-up is also needed to determine
the long-term clinical significance of these results.

In conclusion, using a 3T MR
demonstrated that APA patients, characterized by higher
hormonal activity than BHA patients, are associated with
greater LV volumetric parameters and higher native T1
values, suggesting they have a higher risk of LV volume
overload and mild myocardial damage. The results
indicated the patients should be counseled about the
potential for surgical intervention for unilateral disease
after the diagnosis of PA. Larger sample sizes and follow-up
studies are needed to determine whether these subclinical
findings are related to clinical prognosis and whether
early intervention can minimize the aldosterone-induced
volume overload and myocardial injury.
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