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Background: Patients with Cushing’s syndrome have left ventricular (LV) hypertrophy and dysfunction
on echocardiography, but echo-based measurements may have limited accuracy in obese patients. No
data are available on right ventricular (RV) and left atrial (LA) size and function in these patients.

Objectives: The objective of the study was to evaluate LV, RV, and LA structure and function in
patients with Cushing’s syndrome by means of cardiac magnetic resonance, currently the reference
modality in assessment of cardiac geometry and function.

Methods: Eighteen patients with active Cushing’s syndrome and 18 volunteers matched for age,
sex, and body mass index were studied by cardiac magnetic resonance. The imaging was repeated
in the patients 6 months (range 2–12 mo) after the treatment of hypercortisolism.

Results: Compared with controls, patients with Cushing’s syndrome had lower LV, RV, and LA ejection
fractions (P � .001 for all) and increased end-diastolic LV segmental thickness (P � .001). Treatment of
hypercortisolism was associated with an improvement in ventricular and atrial systolic performance, as
reflected by a 15% increase in the LV ejection fraction (P � .029), a 45% increase in the LA ejection
fraction (P � .001), and an 11% increase in the RV ejection fraction (P � NS). After treatment, the LV
mass index and end-diastolic LV mass to volume ratio decreased by 17% (P � .001) and 10% (P � .002),
respectively. None of the patients had late gadolinium myocardial enhancement.

Conclusion: Cushing’s syndrome is associated with subclinical biventricular and LA systolic dys-
functions that are reversible after treatment. Despite skeletal muscle atrophy, Cushing’s syndrome
patients have an increased LV mass, reversible upon correction of hypercortisolism. (J Clin Endo-
crinol Metab 99: E2144–E2153, 2014)
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Cardiovascular complications are a major cause of mor-
bidity and mortality in patients with Cushing’s syn-

drome (1–3). Patients with Cushing’s syndrome are at in-
creased risk of cardiovascular events, which does not fully
normalize after remission (4–7). Increased blood pressure
(BP), glucose intolerance or diabetes, central obesity, and
metabolic syndrome (8) together with chronic hypokale-
mia (9) and a direct toxic effect of cortisol can all affect
cardiac structure and function (2). Overt dilated cardiomy-
opathy with congestive heart failure is currently very rare,
thanks to improved management of hypercortisolism and
the use of antihypertensive drugs (eg, angiotensin converting
enzyme inhibitors) with cardioprotective effects (10–12).
However, subclinical structural and functional cardiac alter-
ations are nearly always present but underdiagnosed.

To date, descriptions of cardiac structure and function
in patients with Cushing’s syndrome have been limited to
two-dimensional (2D) echocardiography and restricted to
the left ventricle (LV). A few studies have shown LV hy-
pertrophy, concentric remodeling, and reduced systolic
and diastolic performance (13–19). LV dysfunction was
found to be associated with myocardial fibrosis in a single
ultrasound (US) study (18) and was potentially reversed by
normalization of the cortisol excess (17). One important
limitation of these US studies is that the measurement of
LV volumes and mass by 2D echocardiography requires
assumptions to be made concerning LV geometry, intro-
ducing a source of inaccuracy and variability (20). In ad-
dition, patients with central obesity are especially prone to
suboptimal image quality and off-axis images, which may
limit the precision of echo-based calculations of ventric-
ular mass and volumes.

In contrast, cardiac magnetic resonance imaging
(CMR) provides a highly accurate and comprehensive as-
sessment of cardiac geometry and function. CMR pro-
vides regional myocardial wall thickness, myocardial
mass, and atrial and ventricular volumes based on precise
delineation of myocardial borders without the need for
geometric assumptions (21, 22). In addition, late gadolin-
ium-enhanced CMR can depict dense myocardial fibrosis
(23). The aim of this study was to characterize the conse-
quences of cortisol excess on cardiac structure and func-
tion by means of CMR, comparing patients with Cush-
ing’s syndrome with healthy controls matched for age,
gender, and body mass index (BMI), and evaluating the
reversibility of cardiac abnormalities after the effective
treatment of hypercortisolism.

Materials and Methods

Patients
Patients were recruited in the Endocrinology Department of

a tertiary referral center from September 2009 to March 2013.

Patients aged 15–60 years were eligible if they had active en-
dogenous Cushing’s syndrome (newly diagnosed or uncon-
trolled after first surgery). Cushing’s syndrome was diagnosed
according to the usual clinical and biological criteria, including
elevated urinary free cortisol (UFC) excretion, loss of the circa-
dian plasma cortisol pattern, and lack of cortisol suppression
during the overnight 1-mg dexamethasone suppression test (1).

Healthy volunteers
Healthy asymptomatic volunteers free of overt cardiovascu-

lar disease and risk factors for atherosclerosis, such as smoking,
diabetes, dysplipidemia, and hypertension, were recruited by ad-
vertisement and matched with the patients for age, sex, and BMI.

All the patients and volunteers gave their written informed
consent, and the study protocol was approved by the Paris-Sud
Ethics Committee (Le Kremlin-Bicêtre, France). All procedures
conformed to the Declaration of Helsinki.

Investigations
Before cardiac investigations, the patients were admitted to

the Endocrinology Department of our institution for clinical and
biochemical investigations. BP (mean value of three measure-
ments made at 2 min intervals after 30 min of rest in the sitting
position) was determined with an automatic validated BP re-
corder (Press Mate BP 8800; Colin Co). The reported clinical BP
is the mean value obtained in the 3 days preceding CMR. Plasma
fasting glucose, triglycerides, total, low-density lipoprotein
(LDL), and high-density lipoprotein (HDL) cholesterol, potas-
sium and glycated hemoglobin (HBA1) were measured with stan-
dard procedures. In patients not known to have diabetes melli-
tus, glucose metabolism was assessed by a standard oral glucose
tolerance test (OGTT). In the OGTT, the plasma glucose con-
centration was measured 2 hours after an oral intake of 75 g of
glucose. Diabetes mellitus and impaired glucose tolerance were
diagnosed according to the usual diagnostic criteria (24).

The repeat CMR evaluation (second evaluation) was per-
formed when successful treatment was achieved, with clinical
and biological remission of hypercortisolism. Patients were con-
sidered in remission after treatment if they presented either with
secondary adrenal insufficiency, with low morning serum cor-
tisol concentrations and low UFC excretion rates or with eucor-
tisolism, with normal UFC excretion rates (�65 �g per 24 hours
or � 179 nmol per 24 h), normal overnight suppression of serum
cortisol after the administration of 1 mg dexamethasone and
normal sleeping midnight serum cortisol concentration (�2
�g/dL or 55 nmoL/L for both) (25). The period elapsed in the
remission of hypercortisolism needed to be at least 2 months and
no more than 12 months.

Assays
Plasma glucose, potassium, total cholesterol, LDL choles-

terol, HDL cholesterol, triglycerides, and HBA1c were deter-
mined with standard analytical methods. UFC excretion was
measured with a specific RIA using polyclonal antibodies as pre-
viously reported (26). Baseline UFC excretion is reported as the
average of individual determinations in three consecutive daily
urine samples. The normal range of UFC excretion is 10–65 �g per
24 hours (27–179 nmol per 24 hours). Serum cortisol concentra-
tions were measured with a chemiluminescent competitive immu-
noassay using a polyclonal antibody as previously reported (26).

doi: 10.1210/jc.2014-1783 jcem.endojournals.org E2145

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/99/11/E2144/2836167 by guest on 03 January 2024



Cardiac magnetic resonance imaging (MRI)
All CMR examinations were performed in a tertiary academic

referral hospital on a 1.5T (GEMS) MRI scanner using a dedi-
cated torso 8-element phased array coil and electrocardiographic
gating. All acquisitions were done with breath holding. Cine
images were acquired using a steady-state free precession se-
quence and covered the heart in axial views (10–12 slice levels)
and in cardiac short-axis views covering the entire right and left
ventricles (10–12 slice levels) with the following parameters:
echo time, 1.5 msec; repetition time, 3.5 msec; slice thickness, 8
mm; spacing, 10 mm; acquisition matrix, 224 � 192; spatial
resolution, 0.78 mm; and number of phases, 40. Late gadolinium
enhancement of the myocardium was studied with a T1-
weighted 2D inversion recovery sequence on long- and short-axis
end-diastolic views of the LV, 10–15 minutes after iv infusion of
0.2 mmol/kg of a gadolinated contrast agent (Gd-DTPA, Dota-
rem; Guerbet) with the following parameters: echo time, 1.5
msec; repetition time, 5.3 msec; slice thickness, 8 mm; spacing,
10 mm; acquisition matrix, 224 � 160; spatial resolution, 0.86
mm; and inversion time, 250 msec. These investigations were
repeated in the same conditions during the patients’ usual fol-
low-up visits after effective treatment of Cushing’s syndrome.

Image analysis
End-diastolic and end-systolic LV and right ventricular (RV)

myocardial contours were generated on short-axis images by
using semiautomated software (Qmass; MEDIS) by an experi-
enced reader and were all validated by consensus after adjust-
ment if necessary by an expert reader for all subjects. Endocardial
contours were used to estimate ventricular end-diastolic and end-
systolic volumes by the disk summation method. Similarly, end-
diastolic LV myocardial contours were used to measure LV myo-
cardial volume and, subsequently, LV mass (grams) as LV
myocardial volume � myocardial density (1.06 g/mL). Left atrial
end-diastolic and end-systolic endocardial contours were traced
manually on axial cine images with the same method and used to
measure left atrial (LA) volumes. LV and RV stroke volumes
(milliliters) were then calculated as end-diastolic volume minus
end-systolic volume, and ejection fractions were calculated (in
percentages) as stroke volume/end-diastolic volume. Segmental
wall thickness (millimeters) was measured as the mean segmental
thickness on each American Heart Association segment (27) us-
ing epicardial and endocardial LV contours and the centerline
method with 100 chords per slice level. Average wall thickness
was calculated for the basal, mid-LV, and apical slices. LV con-
centricity was assessed by calculating the LV end-diastolic mass
to volume ratio. Cardiac volumes and LV mass were indexed to
BSA.

Statistical analyses
The LV and RV ejection fractions were used as the main

measures of ventricular systolic performance. Continuous vari-
ables are expressed as the median and interquartile range. Dif-
ferences between the controls and patients with active Cushing’s
syndrome were analyzed with the Mann-Whitney test. Treat-
ment-induced changes in the patients are expressed as baseline-
adjusted changes from baseline (pretreatment value minus post-
treatment value/pretreatment value � 100%). The effects of
Cushing’s syndrome treatment were assessed with a Wilcoxon’s
rank-signed test. Univariate associations between clinical vari-
ables (age, gender, height, weight, BMI, systolic and diastolic BP)

and biological variables (fasting glucose, HBA1c, UFC, morning
plasma cortisol) and the LV, RV, and LA ejection fractions, the
LV mass index and mean wall thickness were analyzed with the
Spearman rank correlation, as were associations with treatment-
induced changes in these parameters. To evaluate the influence
of selected predictive variables on treatment-induced changes in
the LV, RV, and LA ejection fractions, the LV mass index and
mean wall thickness, we used multiple linear regression models
with adjustment for age, gender, BMI, and systolic BP, testing
each independent variable individually. Significance was as-
sumed at P � .05. Stata 11SE (StataCorp) and SAS 9.1 software
(SAS Institute) were used for statistical analyses.

Results

Baseline clinical and biological characteristics
Eighteen patients with active Cushing’s syndrome (16

women and two men) with a median age of 35 years (range
15–59 y) were included. Fourteen patients had newly di-
agnosed Cushing’s syndrome. Four patients had previ-
ously been treated by pituitary surgery and had developed
recurrent hypercortisolism before entering the study. Fif-
teen patients had Cushing’s disease, one had ectopic
ACTH secretion, and two had cortisol-secreting adrenal
adenomas. The patients’ baseline clinical and hormonal
characteristics are summarized in Supplemental Table 1.
One patient (number 16) had New York Heart Associa-
tion (NYHA) II-III dyspnea. The other patients had no
symptoms of heart failure (NYHA I). Six patients were
obese (BMI � 30 kg/m2), six were overweight (25 �

BMI � 30 kg/m2), and six had a normal BMI (�25 kg/m2).
Nine patients had arterial hypertension (World Health
Organization/International Society of Hypertension def-
inition), seven of whom were on antihypertensive treat-
ment. Five patients were diabetic (World Health Organi-
zation/International Diabetes Foundation definition), of
whom three required oral antidiabetic drugs. The OGTT
revealed impaired glucose tolerance in another four patients.
Five patients had hypertriglyceridemia and one had hyper-
cholesterolemia. Three patients were on statin therapy and
three patients required potassium supplementation.

As expected, sex, age, and BMI were similar in the pa-
tients and controls. Systolic and diastolic BPs were higher
in the patients than in the controls (Table 1).

Treatment of Cushing’s syndrome
The second evaluation was performed a median of 6

months (range 2–12 mo) after correction of the glucocor-
ticoid excess. Ten patients underwent transphenoidal
surgery, four received steroidogenesis inhibitors, and one
received both transphenoidal surgery and medical treat-
ment. The patient with ectopic ACTH secretion was pre-
pared with medical therapy before curative thoracic sur-
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gery. Both patients with cortisol-secreting adrenal
adenomas were cured by unilateral adrenalectomy. Clin-
ical and biological remission of hypercortisolism was ob-
tained in all the patients (Table 2). Fourteen operated pa-
tients had secondary corticotroph deficiency after
successful treatment of hypercortisolism and received ef-
fective hydrocortisone replacement therapy (20 mg daily).

Data for 17 patients were included in the analyses of the
response to treatment. Patient 18 was excluded from fur-
ther investigations because of pregnancy. In addition, data
for the subgroup of 13 patients with surgical remission
and secondary corticotroph deficiency also were analyzed
separately. The impact of correction of the glucocorticoid
excess on clinical and biological parameters is summarized

in Table 2. BMI and systolic and diastolic BPs fell signif-
icantly after treatment, whereas the heart rate was un-
changed. Antihypertensive therapy could be discontinued
in four patients and reduced in another two. Fasting glu-
cose levels, glucose levels 2 hours after the OGTT, and
HBA1c levels also fell after treatment. Diabetes mellitus
and impaired glucose tolerance reversed in all treated pa-
tients. Triglyceride, total cholesterol, and LDL cholesterol
levels did not change, whereas HDL cholesterol levels fell
after treatment. Statins could be discontinued in one
patient.

Baseline cardiac parameters in patients and
controls

LV, RV, and LA parameters in the patients and controls
are compared in Table 3. Patients and controls had similar
LV end-diastolic volumes, whereas LV end-systolic vol-
umes were higher in the patients. Consequently, the pa-
tients had lower LV ejection fractions (P � .001) and
tended to have a smaller LV stroke volume index (P � .08)
(Figure 1). In addition, compared with controls, patients
had markedly increased end-diastolic LV segmental thick-
ness in the basal, mid-LV and apical slices (all P � .001),
and also a trend toward higher LV mass (Figure 2). Only
one patient (number 16) had LV hypertrophy according to
conventional CMR thresholds defining LV hypertrophy
(28). At baseline, controls and patients had similar LV
mass to end-diastolic volume ratio (Figure 2). Differences
in RV parameters between controls and patients at base-
line were similar to the differences in LV parameters. RV

Table 1. Baseline Clinical Parameters of the Control
Subjects and Cushing’s Syndrome Patients

Controls
(n � 18)

Patients
(n � 18)

P
Value

Age, y 40.5 [24.2; 51.5] 35.0 [26.2; 47.2] NS
Sex, female, % 13 (72%) 16 (89%) NS
Body surface

area, m2
1.73 [1.66; 1.96] 1.80 [1.68; 2.01] NS

BMI, kg/m2 24.5 [21.8; 28.1] 27.5 [22.2; 33.0] NS
Systolic BP,

mm Hg
112 [108; 117] 120 [113; 130] .009

Diastolic BP,
mm Hg

67 [64; 72] 77 [72; 88] �.001

Heart rate,
beats/min

68 [64; 73] 72 [65; 83] NS

Abbreviation: NS, not significant. Data are expressed as the median
and interquartile range.

Table 2. Clinical, Biochemical, and Hormonal Parameters of Cushing’s Syndrome Patients Before and After
Successful Treatment

Patients

P ValueBefore T (n � 18) After T (n � 17)

Clinical parameters
Body surface area, m2 1.80 [1.68; 2.01] 1.77 [1.69; 1.98] NS
BMI, kg/m2 27.5 [22.2; 33.0] 25.5 [21.0; 30.3] .020
Systolic BP, mm Hg 120 [113; 130] 114 [100; 123] .029
Diastolic BP, mm Hg 77 [72; 88] 72 [63; 79] .020
Heart rate, beats/min 72 [65; 83] 64 [61; 71] NS

Biochemical parameters (plasma)
Fasting glucose, mmol/L 4.80 [4.45; 5.50] 4.30 [4.05; 4.50] .002
Glucose 2 h after OGTT, mmol/L 8.75 [6.85; 10.5] 5.50 [4.60; 7.40] .027
HBA1c, % 6.00 [5.80; 6.40] 5.45 [5.20; 5.82] .004
Triglycerides, mmol/L 1.06 [0.67; 1.83] 1.00 [0.83; 1.99] NS
Total cholesterol, mmol/L 5.39 [4.68; 5.75] 5.34 [4.66; 6.02] NS
LDL cholesterol, mmol/L 3.02 [2.48; 3.43] 3.24 [2.54; 3.95] NS
HDL cholesterol, mmol/L 1.67 [1.53; 1.95] 1.36 [1.23; 1.61] .029
K, mmol/L 4.00 [3.67; 4.30] 4.00 [3.82; 4.40] NS

Hormonal parameters
UFC, �g per 24 h 373 [178; 807] 6.0 [5.0; 19.0] �.001
Morning plasma cortisol, �g/dL 24.6 [19.4; 33.2] 4.8 [1.3; 8.3] .002
Midnight plasma cortisol, �g/dL 18.1 [14.0; 22.5] 1.1 [1.0; 1.9] .002

Abbreviations: K, potassium; T, treatment. Data are expressed as the median and interquartile range.
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end-diastolic volumes were similar in the patients and con-
trols, but the patients had higher RV end-systolic volumes
(P � .012), lower RV stroke volumes (P � .033), and
lower RV ejection fractions (P � .001) (Figure 1). Max-
imal LA volumes were similar in the patients and controls,
but minimal LA volumes after atrial contraction were sig-
nificantly larger in patients than controls at baseline (P �
.042). Consequently, LA ejection fractions (Figure 1) were
markedly lower in patients than controls (P � .001). In a
univariate analysis, the patients’ baseline CMR LV and
RV function estimates did not correlate with their clinical
or biological variables. The LA ejection fraction was as-
sociated only with elevated fasting glucose (r � 0.72, P �
.043), and the LV mass index was associated only with
systolic BP (r � 0.72, P � .045). No delayed myocardial
enhancement was observed.

Changes in cardiac parameters after treatment of
Cushing’s syndrome

Changes in LV, RV, and LA parameters after the treat-
ment of Cushing’s syndrome are presented in Table 3.
Treatment did not significantly affect LV end-diastolic or
end-systolic volumes. LV systolic function improved after
treatment, as reflected by, respectively, 19% and 15%
increases in LV stroke volume index (P � .042) and LV EF
(P � .029) (Figure 1). Treatment of cortisol excess was
also associated with a 17% reduction in the LV mass index
(P � .001). Segmental myocardial wall thickness de-
creased by 37%, 34%, and 35% at the basal, mid-LV, and
apical levels (all P � .001), respectively. LV mass/end-

diastolic volume decreased by 10% (P � .001), pointing to
a more eccentric LV geometry, because the decrease in LV
mass was associated with a trend toward an increase in
end-diastolic volume (Figure 2). Treatment-induced
changes in RV parameters were similar to changes in LV
parameters. RV end-diastolic volumes and end-systolic
volumes were not affected by treatment, but RV stroke
volumes and the RV EF increased by 29% (P � .033) and
11% (P � .16), respectively, reflecting the improvement in
RV systolic function (Figure 1). Maximal LA volumes
were unchanged by treatment, but minimal LA volumes
fell by 16% (P � .004) and, consequently, the LA ejection
fraction increased by 45% (P � .001) (Figure 1). The re-
sults for the subgroup of 13 patients with surgical remis-
sion and secondary corticotroph deficiency were similar to
those found for all 17 patients, except for the increase in
RV stroke volumes that did not reach statistical signifi-
cance (P � .13) when the four nonsurgically treated pa-
tients were excluded from the analysis. The effects of
Cushing’s syndrome treatment on ventricular function
and structure, as assessed by CMR in patient 16, are il-
lustrated in Figure 3.

In a univariate analysis, treatment-induced changes in
the LV, RV, and LA ejection fraction did not correlate with
changes in any of the clinical or biological parameters,
except for an association between increased RV ejection
fractions and decreased systolic BP (r � 0.68, P � .042).
The treatment-induced decrease in the LV mass index cor-
related only with the decrease in blood glucose (r � �0.82,

Table 3. LA, LV, and RV Parameters Assessed by CMR in Control Subjects and in Cushing’s Syndrome Patients
Before and After Treatment

Controls
(n � 18)

Patients
Pre T
(n � 18)

Patients
Post T
(n � 17)

P Value
Controls vs
Pre T Patients

P Value
Effect of T

Left ventricular parameters
End-diastolic volume index, mL/m2 67.9 [52.5; 77.6] 68.8 [62.5; 88.8] 71.7 [61.1; 87.9] NS NS
End-systolic volume index, mL/m2 22.4 [16.7; 29.4] 31.8 [24.2; 37.4] 31.3 [21.4; 36.6] .002 NS
Stroke volume index, mL/m2 44.8 [37.5; 49.7] 34.9 [31.4; 46.4] 42.3 [37.3; 52.6] .079 .042
Ejection fraction, % 64.3 [60.9; 69.6] 55.0 [51.0; 58.4] 57.8 [53.3; 66.7] �.001 .029
Mass index, g/m2 53.6 [50.1; 62.1] 59.1 [53.8; 69.0] 49.1 [39.8; 58.5] .085 �.001
Mass to end-diastolic volume, g/mL 0.81 [0.74; 0.87] 0.86 [0.80; 0.92] 0.62 [0.53; 0.88] NS .002
Basal wall thickness, mm 7.99 [6.78; 8.61] 11.2 [8.96; 12.2] 6.30 [5.52; 7.87] �.001 �.001
Midventricular wall thickness, mm 7.26 [6.33; 8.21] 10.3 [8.43; 11.3] 5.97 [5.54; 8.28] �.001 �.001
Apical wall thickness, mm 5.90 [5.16; 6.68] 8.45 [7.86; 9.52] 4.90 [4.61; 7.07] �.001 �.001

Right ventricular parameters
End-diastolic volume index, mL/m2 69.6 [60.1; 80.0] 73.7 [62.8; 84.7] 83.5 [61.5; 91.1] NS NS
End-systolic volume index, mL/m2 27.1 [21.6; 35.3] 36.6 [32.6; 42.5] 39.2 [28.6; 46.1] .012 NS
Stroke volume index, mL/m2 41.9 [37.1; 48.3] 34.1 [26.9; 40.3] 42.2 [35.1; 51.5] .033 .029
Ejection fraction, % 60.0 [54.6; 64.3] 49.3 [42.5; 53.4] 51.1 [44.3; 55.6] �.001 NS

Left atrial parameters
Maximal volume index, mL/m2 37.7 [29.4; 48.5] 33.2 [27.6; 39.2] 33.8 [31.0; 42.4] NS NS
Minimal volume index, mL/m2 15.6 [13.1; 20.7] 20.8 [15.5; 24.7] 15.8 [13.9; 21.2] .042 .004
Ejection fraction, % 56.1 [48.6; 61.2] 39.2 [34.8; 48.4] 52.0 [50.5; 55.2] �.001 �.001

Abbreviations: Pre T, before treatment; post T, after treatment; T, treatment. Data are expressed as the median and interquartile range.
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P � .007). In a multivariate analysis with adjustment for
age, gender, BMI, and systolic BP, the only individual vari-
able significantly associated with the increase in the LV
ejection fraction was the decrease in mean wall thickness
(r2 � 0.77, P � .030). Independent correlates of the de-
crease in the LV mass index included decreased fasting
glucose (r2 � 0.82, P � .001), decreased BMI (r2 � 0.61,
P � .017), and decreased mean wall thickness (r2 � 0.60,
P � .048). None of the patients had late gadolinium en-
hancement of the myocardium on follow-up CMR.

Discussion

This is the first CMR study of cardiac structure and func-
tion in Cushing’s syndrome. We made three important
findings. First, compared with controls, patients with
Cushing’s syndrome had a subclinical decrease in biven-

tricular systolic performance, asso-
ciated with increased LV mass and
LA dysfunction. Second, effective
treatment of hypercortisolism im-
proved the systolic performance of
both ventricles and LA, reduced LV
mass, and LV wall thickness and led
to the regression of the concentric LV
remodeling pattern. The treatment-
related decrease in LV mass was in-
dependently associated with changes
in glucose metabolism and BMI. Fi-
nally, late gadolinium enhancement
of the myocardium was absent in all
patients, suggesting the absence of
dense replacement myocardial fibro-
sis in uncomplicated Cushing’s
syndrome.

This CMR study confirms and ex-
tends echocardiographic findings on
LV systolic and diastolic dysfunction
in patients with in Cushing’s syn-
drome. Indeed, several echocardio-
graphic studies have evaluated car-
diac structure and function in
patients with Cushing’s syndrome,
either in the active phase (13–16) or
both before and after treatment in
adult (17–19) and pediatric patients
(29). However, echo-based evalua-
tion of ventricular mass and volumes
requires geometric assumptions that
may limit its accuracy, especially in
case of central obesity, which is fre-
quent in Cushing’s syndrome pa-

tients. Furthermore, US measurement of RV and LA vol-
umes is challenging, and these studies almost exclusively
focused on the LV (13–19). Here the cardiac consequences
of cortisol excess were analyzed by CMR, allowing highly
accurate, noninvasive assessment of cardiac geometry and
function. In addition to LV parameters, we were able to
analyze RV and LA structure and function. Patients with
active Cushing’s syndrome were compared with age-, sex-,
and BMI-matched control subjects. The reversibility of
cardiac abnormalities was evaluated after the effective
treatment of hypercortisolism.

One of our main findings is that LV and RV systolic
performance is diminished in active Cushing’s syndrome
and that it improves after successful treatment of hyper-
cortisolism. Compared with controls, patients had lower
LV and RV ejection fractions, which increased by 15%
and 11%, respectively, after successful treatment. End-

A B

C D

E

Figure 1. Comparison of LV ejection fractions (A), LV stroke volume indexes (B), RV ejection
fractions (C), RV stroke volume indexes (D), and LA ejection fractions between control subjects
and Cushing’s syndrome patients before and after treatment. Pre T, before treatment; post T,
after treatment.
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diastolic volumes were similar in the patients (both before
and after treatment) and controls, ruling out marked pre-
load differences (30). Previous echo-based studies showed
no changes in LV volumes or ejection fraction but revealed
subclinical alteration of LV systolic performance based on
calculated parameters requiring geometric assumptions,
such as decreased LV endocardial and midwall fractional
shortening (14, 19). Recently decreased LV circumferential
and longitudinal strain was found by 2D speckle tracking
imaging (17, 18). It is noteworthy that, except for patient 16,
the patients in this study were all asymptomatic (NYHA I).
Subclinical biventricular systolic dysfunction may therefore
be largely underestimated in patients with Cushing’s syn-
drome. Careful evaluation of cardiac structure and function
by means of high-precision quantitative imaging in a special-
ized setting is thus important for appropriate cardiovascular
management of Cushing’s syndrome patients.

In addition to biventricular systolic dysfunction, pa-
tients with Cushing’s syndrome had a markedly lower LA

ejection fraction than controls,
pointing to diastolic LV dysfunction.
This parameter showed a marked
improvement after treatment. Dia-
stolic LV dysfunction has previously
been reported in terms of abnormal
transmitral flow velocity patterns on
Doppler US (14–16, 19) and as de-
creased diastolic myocardial strain
rates on 2D speckle tracking (17,
18). This finding is important, given
the adverse prognostic value of di-
lated LA, which could potentially
promote atrial fibrillation, stroke,
and heart failure in iatrogenic hyper-
cortisolism (3).

This study further demonstrates
that cortisol excess is associated with
increased regional LV wall thick-
ness. However, no significant in-
crease in total LV mass was found,
probably owing to the small number
of patients we were able to study, this
being a rare disease. The LV mass to
end-diastolic volume ratio remained
close to young healthy control values
and lower than values associated
with an adverse prognosis in the
asymptomatic general population
(30). However, treatment of Cush-
ing’s syndrome led to a 17% reduc-
tion in the LV mass index, associated
with a noteworthy decrease in LV
segmental myocardial wall thickness

and a decrease in the LV mass to end diastolic volume ratio
(28). Previous echo-based studies of Cushing’s syndrome
patients also showed an increased relative myocardial wall
thickness of the LV (13) and an increased LV mass index
(14, 17–19). LV hypertrophy was present in 24%–42% of
patients in some of these studies, but echocardiographic
assessment may overestimate these abnormalities. In our
study, only one patient (number 16) had LV hypertrophy
according to the conventional CMR threshold (28). Ac-
curate evaluation of LV mass and remodeling are highly
relevant for risk stratification and therapeutic manage-
ment of patients with Cushing’s syndrome because in-
creased LV mass and LV concentric remodeling are inde-
pendent risk factors for cardiovascular events, incident
heart failure, and sudden death (30, 31).

The pathophysiology of cardiac hypertrophy and de-
creased systolic function in Cushing’s syndrome remains
unclear. The myocardium seems to be exempt from the

A B

C D

E

Figure 2. Comparison of LV mass indexes (A), LV mass to end-diastolic volume ratios (B), basal
wall thickness (C), midventricular wall thickness (D), and apical wall thickness (E) in control
subjects and Cushing’s syndrome patients before and after treatment. Pre T, before treatment;
post T, after treatment.
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generalized muscular atrophy seen in Cushing’s syn-
drome, resulting from increased protein catabolism (1).
Arterial hypertension, present in up to 75% of patients
with Cushing’s syndrome (1, 5), may partly explain the
increased LV mass, but hypertrophy has also been de-
scribed in patients with normal BP (13, 17, 19). In our
study the LV mass index was related to baseline systolic
BP, but no statistically significant correlation was found
between the treatment-induced changes in LV mass index
andBP.OtherCushing’s syndrome-relatedcardiovascular
risk factors such as visceral obesity, glucose intolerance,
and dyslipidemia (1, 5) may also contribute to the elevated
LV mass index. Indeed, we found that treatment-induced
changes in plasma fasting glucose and BMI were indepen-
dent correlates of the change in the LV mass index. How-
ever, patients with Cushing’s syndrome have impaired sys-
tolic performance that is not observed in obese subjects,
who have increased stroke volumes, an unchanged LV

ejection fraction, and significantly
higher LV mass values than Cushing
patients (32). Lastly, the cortisol ex-
cess per se may exert a toxic effect on
the heart, mediated directly through
glucocorticoid and/or mineralcocor-
ticoid receptors (33, 34), and indi-
rectly by inducing the expression of
adrenergic receptors (35).

Decreased systolic performance
in Cushing’s syndrome points to ul-
trastructural abnormalities in heart
muscle, altering its contractility. Re-
cently increased myocardial fibrosis,
indirectly assessed by calibrated in-
tegrated backscatter, has been de-
scribed in patients with Cushing’s
syndrome. Fibrosis was associated
with systolic and diastolic dysfunc-
tion and regressed after treatment of
hypercortisolism (18). In the present
study, however, late gadolinium-en-
hanced CMR, the reference method
for the noninvasive assessment of
dense myocardial fibrosis (23), re-
vealed no focal intramyocardial fi-
brosis or myocardial infarction scar
either at baseline or during the fol-
low-up in any of the patients. How-
ever, this does not preclude the pres-
ence of diffuse interstitial fibrosis.
Cardiac steatosis, documented by
magnetic resonance spectroscopy in
patients with impaired glucose toler-
ance or diabetes mellitus (36), could

also contribute to impairing the myocardial contractility
in Cushing’s syndrome patients, who frequently have vis-
ceral obesity and diabetes mellitus.

The heterogeneity of the treatments used to control
Cushing’s syndrome is a potential limitation of this study.
However, the results of reevaluation analysis did not
chance substantially after exclusion of patients controlled
only by medical therapy. Furthermore, we cannot rule out
a potential impact of hydrocortisone replacement on the
cardiac structure and function in patients with surgical
remission and secondary corticotroph insufficiency.

In conclusion, this CMR study shows that patients with
Cushing’s syndrome frequently have significant subclini-
cal biventricular and LA systolic dysfunction and in-
creased LV mass, in the absence of dense myocardial fi-
brosis. Successful treatment of the cortisol excess
improves systolic ventricular and atrial performance and

Figure 3. Steady-state free precession cine end-diastolic and end-systolic short- and long-axis
images before and after treatment of Cushing’s syndrome in patient 16 compared with a
matched control subject. Note the global LV wall thickening without end-diastolic LV or RV
dilatation and the decreased biventricular ejection in this symptomatic patient (NYHA II-III) prior
to treatment and the clear reversal of this phenotype after treatment.
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leads to regression of the LV mass and myocardial thick-
ness, in parallel with an improvement in glucose metab-
olism and BMI. Structural and functional abnormalities of
the myocardium occur early in Cushing’s syndrome and
shouldbeactively investigated toguide strategiesdesigned to
prevent overt heart failure. Although endogenous Cushing’s
syndrome is a rare disease, our findings may also have im-
plications for patients receiving long-term treatment with
exogenous corticosteroids, a common clinical situation.
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