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Summary:

The aim of the*present study was to assess structural
characteristics of the left ventricle by echocardiography
in a group of patients with Cushing’s syndrome com-
pared with a control population. Eighteen patients with
Cushing’s syndrome and 18 controls, matched for sex,
age, body weight, body surface area, blood pressure
(BP) and duration of hypertension were investigated by
M-mode (2-D derived) echocardiography. In each of the
two groups, 11 of 18 subjects were hypertensive. Relative
wall thickness (RWT) was above normal (> 0.45) in 11
(five normotensive and six hypertensive) of 18 patients
with Cushing’s syndrome and in two (hypertensive) of
18 controls. Left ventricular mass index was abnormal
in three (one normotensive and two hyper-

tensive) patients with Cushing’s syndrome and in four
hypertensive controls. All other systolic function in-
dices were within normal and similar in both groups. No
correlation was found between RWT and BP as well as
between RWT and urinary cortisol levels in patients with
Cushing’s syndrome. A significant correlation was
found between RWT and duration of disease. Echo-
cardiography after successful surgery showed normal-
isation of RWT in five of six patients in whom it was
previously abnormal. Our data suggest that time factor,
i.e. long-lasting exposure to increased cortisol, rather
than hormone or BP levels is the most relevant deter-
minant of left ventricular concentric remodeling in pa-
tients with Cushing’s syndrome.
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Introduction

The mortality of patients with Cushing’s syndrome
without effective treatment is four times that of
the general population when matched for age and
sex and much of this excess mortality is due to
cardiovascular disease.! Regardless of ACTH levels,
endogenous overproduction of cortisol is often
associated with hypertension®® resistant to con-
ventional pharmacological treatment,® which is
considered an important risk factor for the develop-
ment of atherosclerosis. Signs of cardiovascular
damage are also observed in a high proportion of
normotensive patients indicating that several fac-
tors (neurohumoral, metabolic, hereditary) may be
involved.® A high prevalence of left ventricular
hypertrophy, whose pathogenesis is unclear, has
been reported in Cushing’s syndrome.®~® The aim of
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the present study was to assess the structural
characteristics of the left ventricle by echocardio-
graphy and to relate the findings with their possible
determinants in a group of patients with Cushing’s
syndrome compared with a control population.

Subjects and methods
Subjects

We studied 18 consecutive patients with newly
diagnosed Cushing’s syndrome and 18 controls
purposely matched for sex, age, body weight (BW),
body surface area (BSA), BP levels and duration of
hypertension, admitted to our hospital during the
past three years. Hypertension was defined as
SBP/DBP > 140/90 mmHg on three measurements
taken by mercury sphygmomanometer at intervals
of one week, in the absence of any antihypertensive
treatment. According to these criteria, 11 of 18
patients (61.1%) were hypertensive in both groups.
The diagnosis of Cushing’s syndrome was based on
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standard criteria and proven at surgery in all cases.®
Among patients with Cushing’s syndrome, 11 had
pituitary-dependent bilateral adrenal hyperplasia,
one had ectopic ACTH production, five had an
adrenal adenoma and one had an adrenal carci-
noma. Duration of disease (ranging from two to 18
months) was obtained from careful investigation of
the patient’s history, including early symptoms. In
the 11 hypertensive patients with Cushing’s syn-
drome, onset of hypertension was coincidental with
the appearance of other clinical features. Individual
clinical data, levels of urinary cortisol and duration
of illness of patients with Cushing’s syndrome are
reported in Table I. Controls were diagnosed as
having essential hypertension after extensive
hormonal and instrumental work-up. BP response
to therapy was unsatisfactory (i.e. supine DBP
> 90 mmHg) in eight of 11 patients with Cushing’s
syndrome despite a combination of at least two
antihypertensive drugs, including diuretics and/or
calcium antagonists and/or ACE inhibitors, at full
doses. To match hypertensive patients with Cush-
ing’s syndrome, hypertensive controls were selected
choosing patients never treated or unsatisfactorily
treated in eight of 11 cases and with similar dura-
tion of hypertension. BP values used in the analysis
were the mean of three readings taken with patients
in the supine position at the time of echocardio-
graphic study. All patients were off any antihyper-
tensive drug and were following a diet containing
120-150 mmol sodium and 60 mmol potassium for
at least two weeks before echocardiograpy. None of
the patients had any signs or symptoms of is-
chaemic heart disease, heart failure, valvular dis-
ease and/or thyroid hyperfunction. Three patients

(two hypertensive and one normotensive) with
Cu_shino’s syndrnmn had f‘]inhnfes mellitiie con-

trolled at the time of the study by oral hypo-
glycaemic agents. Mean values for age, BW, BSA,

SBP, DBP and duration of hypertension of the two
groups of subjects are reported in Table II. SBP/DBP

TableI Details of patients with Cushing’s syndrome

Table Il Baseline characteristics of the study groups

Controls Cushing’s syndrome
(n=18) (n=18)
Age (years) 38.6 2.6 36.2 = 3.8
Sex (female/male) 14/4 14/4
BSA (m?) 1.7 £ 0.02 1.8 + 0.04
BW (kg) 73.1%29 77.4 3.7
SBP (mmHg) 158.8 £ 6.4 157.9+£5.3
DBP (mmHg) 98.0 £ 2.6 97.6 £3.3
Duration of hypertension 8+1 9+1

(months) (n = 11)

All values are mean = SEM
BSA: body surface area; BW: body weight

values were 169.0 +5.3/108.1 + 2.6 mmHg in the
11 hypertensive patients with Cushing’s syndrome
and 175.4 * 6.4/105.4 = 2.0 mmHg in the 11 hyper-
tensive controls, with no statistically significant
difference. Echocardiography was repeated one year
after successful surgery in eight patients with Cush-
ing’s syndrome (four previously normotensive and
four previously hypertensive). Informed consent
was obtained in all cases.

Methods

Echocardiography From a parasternal long axis
view a M-mode tracing was obtained with two-
dimensional monitoring using a 2.5 or 3.5 Mhz
transducer on a ALOKA-870 (Japan) echocardio-
graphic machine. Recordings were made on photo-
graphic paper at a speed of 50 mm/s. Each patient
was examined in the left lateral decubitus position.
Left ventricular posterior wall thickness (PWT),
interventricular septal thickness (IVST), left ven-
tricular end-diastolic dimension (LVDd) and left
ventricular end-systolic dimension (LVDs) were
measured according to the American Society of

Patient no. Age Sex Aetiology Blood Urinary Duration

(years) (F/M) pressure cortisol of disease

(mmHg) (nmol/day) (months)
1 33 F Pituitary adenoma 163/116 480 2
2 43 F Adrenal adenoma 153/105 2782 10
3 25 F Pituitary adenoma 151/98 1328 12
4 53 F Pituitary adenoma 146/103 651 4
5 45 F Adrenal adenoma 173/100 1181 4
6 34 F Pituitary adenoma 140/93 508 2
7 43 F Ectopic ACTH 213/121 2622 18
8 29 F Pituitary adenoma 133/83 552 16
9 45 F Pituitary adenoma 140/81 1648 14
10 50 F Adrenal adenoma 161/113 1250 8
11 48 F Adrenal adenoma 181/103 1424 4
12 50 F Pituitary adenoma 163/100 857 16
13 16 F Pituitary adenoma 125/78 867 3
14 26 M Adrenal carcinoma 188/116 3621 8
15 17 M Pituitary adenoma 180/106 593 16
16 50 M Adrenal adenoma 133/78 1982 4
17 16 M Pituitary adenoma 138/80 883 12
18 28 M Pituitary adenoma 151/83 1325 10
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Echocardiography recommendations using leading
edge methodology.’® Fractional shortening (FS) of
the left ventricle was determined as the percentage
difference between systolic and diastolic internal
diameter. Left ventricular mass was derived using
the formula of Devereux et al.'’ and was indexed
for BSA (left ventricular mass index (LVMI)). Rela-
tive wall thickness (RWT) was calculated at as
2 X (PWT/LVDd). Increased LVMI was defined as
> 135 g/m?* for males and > 110 g/m?® for females
and increased RWT as > 0.45. Echo tracings were
analysed by two independent observers in a blind
manner. Measurements were obtanined for at least
three consecutive cardiac cycles and results were
averaged. In our laboratory, the reproducibility of
echocardiographic indices has been tested with the
same ultrasonic technique on 10 normal and 10
hypertensive subjects, each examined three times.
Coefficients of variation (CVs) are within 8%.

Statistical analysis The statistical significance of
differences between the two groups was assessed by
the Wilcoxon ranked sign test, or chi-square test
corrected with the continuity, as appropriate.
Relationships between RWT and SBP, DBP, urinary
cortisol, duration of disease were investigated by
calculating the rank order Spearman’s coefficient.
A P of <0.05 was considered significant. Results
are expressed as mean = SEM.

Hormone measurements Urinary cortisol was
measured by radioimmunoassay after extraction
with dichloromethane using a kit from Diagnostic
Products Co. (Los Angeles, USA). Normal range
55-330 nmol/day.

Results

The echocardiographic parameters of patients with
Cushing’s syndrome and matched controls are re-
ported in Table III. No differences in heart rate were
found between patients and controls. A significant

Table III Echocardiographic findings in the study groups

Controls Cushing’s P value
(n=18) syndrome
(n=18)

LVDd (mm) 47.0+ 1.3 44,3+ 1.3 NS
LVDs (mm) 29.3 1.0 28.3t1.0 NS
PWT (mm) 91104 10.1 £ 0.3 NS
IVST (mm) 10.0 £ 0.5 11.3 £ 0.6 NS
IVST/PWT 0.8 + 0.05 0.9 +0.07 NS
LVMI (g.m?) 90.5 + 6.1 92.2 * 6.6 NS
RWT 0.36 = 0.02 0.47 = 0.02 <0.01
%FS 33.6 1.0 31.1 2.7 NS

All values are mean + SEM

LVDd: left ventricular end-diastolic dimension; LVDs: left ven-
tricular end-systolic dimension; PWT: posterior wall thickness;
IVST: interventricular septal thickness; LVMI: left ventricular
mass index; RWT: relative wall thickness; FS: fractional short-
ening

Echocardiography in Cushing’s syndrome

difference between the two groups was found only
for RWT (P < 0.05). Among patients with Cushing’s
syndrome, RWT was 0.46 = 0.03 in the 11 hyper-

tensive and 0.49 + 0.03 in the seven normotensive,

with no significant difference (P, NS).

The prevalence of increase in RWT was equal to
11 of 18 (61.1%) patients with Cushing’s syndrome
and in two of 18 (11.1%) controls (Table IV).
Chi-square test revealed a significant difference
(¢* 16.94, P <0.001) between these two subsets.
Five of seven (71.4%) patients with Cushing’s syn-
drome showing increased RWT were normotensive
and six of 11 (54.5%) were hypertensive. Two of 11
(11.1%) hypertensive controls had increased RWT.
RWT was not correlated with SBP, DBP or urinary
cortisol levels. At variance, RWT was correlated
with the duration of disease in patients with Cush-
ing’s syndrome (r = 0.82, P <0.01) (Figure 1). Two
of 18 (11.1%) patients with Cushing’s disease, one
normotensive and one hypertensive, and three of 11
(27.2%) hypertensive controls showed increased
LVMI with normal RWT (i.e. eccentric hyper-
trophy). In one case of Cushing’s syndrome and in
one control, both hypertensive, increase in LVMI
was associated with increase in RWT (i.e. con-
centric hypertrophy) (Table IV).

Six patients (three normotensive and three hyper-
tensive) with Cushing’s syndrome having abnormal
RWT and two patients (one normotensive and one
hypertensive) having normal RWT pretreatment,
were examined in the follow-up study after surgery.
RWT normalised in three of three normotensive and
in two of three hypertensive patients. RWT re-
mained normal in the other two. In all four hyper-
tensive subjects, BP normalised soon after surgery

Table IV Left ventricular patterns in the study groups

Controls Cushing’s syndrome

(n=18) (n=18)
Normal pattern 12 (7 NT, 5 HT) 4 (1NT, 3HT)
Concentric remodelling 2 (HT) 11 (5 NT, 6 HT)
Eccentric hypertrophy 3 (HT) 2 (1NT, 1 HT)
Concentric hypertrophy 1 (HT) 1 (HT)

NT: normotensive subjects; HT: hypertensive subjects
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Figure 1 Scatter plot showing the correlation between duration
of disease and relative wall thickness in patients with Cushing'’s
syndrome. r = 0.82.
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and remained normal up to the time of the study.
BP and RWT data reported in Table V.

Discussion

Relation of left ventricular muscle thickness to cav-
ity size (i.e. RWT) has been shown to be a sensitive
indicator of the geometric pattern of hyper-
trophy,"* ™" with a potential limitation to its valid-
ity in abnormally shaped ventricles.* This study
demonstrates a significantly higher frequency of
increased RWT with normal left ventricular mass,
i.e. cardiac concentric remodelling, in patients with
Cushing’s syndrome compared with controls. The
frequency of this structural pattern increased with
the duration of disease but was not related to either
cortisol or BP levels.

There is little detailed information on left ven-
tricular anatomy assessed by means of echocardio-
graphy in patients with Cushing’s syndrome. Only
one not case controlled study recently reported a
75% prevalence of left ventricular hypertrophy in
these patients, based on the increased ratio of the
thickness of interventricular septum to that of left
posterior wall, but RWT values were not men-
tioned.® Discrepancy with our findings of normal
left ventricular mass in the great majority of pa-
tients with Cushing’s syndrome could be due to 2
much shorter duration of the disease (9+1 vs.
47 * 14 months) in our population.

Left ventricular concentric remodelling can be an
important predictor of cardiovascular morbidity in
essential hypertension'” but is not very frequent
either in essential®® or in different forms of second-
ary hypertension.”®"” This suggests that other
mechanisms beside increased aortic pressure play a
role in such cardiac anatomical change. Indeed, in
our study hypertension per se does not seem to be a
relevant factor in causing left ventricular concentric
remodelling as its frequency was similar in both our
normotensive and hypertensive patients with Cush-
ing’s syndrome. A possible interfering factor could
be the effect of previous pharmacological treatment
on haemodynamics or ventricular morphology.'®*?
This should not be so our case because patients

Table V BP levels and relative wall thickness values of patients
with Cushing’s syndrome before and one year after surgical
treatment. Patient numbers refer to those reported in Table T

Patient no. Before treatment After treatment
BP (mmHg) RWT BP (mmHg) RWT
1 163/116 0.53 133/80 0.42
2 153/105 0.55 138/80 0.50
7 213/121 0.63 125/81 0.44
8 133/83 0.37 133/80 0.38
9 140/81 0.52 133/83 0.43
12 163/100 0.40 138/80 0.38
16 133/78 0.53 140/83 0.43
17 138/80 0.50 140/83 0.42

RWT: relative wall thickness
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with essential hypertension were carefully selected
to match hypertensive patients with Cushing’s syn-
drome as to BP duration, levels and response to
treatment. The matching of our two groups of pa-
tients for sex, age, body weight and BSA also al-
lowed us to rule out the influence of such factors in
the pathogenesis of cardiac alterations.?’~*2
Regarding other possible determinants of ab-
normal RWT in Cushing’s syndrome, no relation-
ship was found in our patients between this para-
meter and urinary cortisol. A significant correlation
of RWT with the duration of disease was observed,
suggesting that a long-lasting exposure to abnor-
mally high cortisol might be more relevant than the
magnitude of hermone levels. It has been shown
that in a hypertensive population the cardiac pat-
tern of concentric remodelling is mainly associated
with increased total peripheral resistance.'® This
haemodynamic parameter indeed characterises
glucocorticoid-induced  hypertension®*® and is
thought to be due to direct or indirect glucocorti-
coid effect on peripheral vascular tone.” An elev-
ated DBP at night has been considered another
possible explanation for the concentric remodelling
showed by subsets of patients with essential hyper-
tension.’® In fact, patients with Cushing’s syndrome
show a lack of nocturnal BP decline.”® Another
mechanism could be a direct myocardial effect of
cortisol. Glucocorticoid receptors have been shown
in animal heart®® and a direct cellular effect of
adrenal steroids has been reported.”*® Also, gluco-
corticoid excess has been proposed as a direct cause
of hypertrophic cardiomyopathy, without hyper-
tension, in vivo.*** Tissue effects of cortisol could
include potentiation of noradrenaline and angioten-
sin II responsiveness in cardiac muscle®*? or

stimulation of the local n

leading to ventricular hypertrophy by paracrine ac-
tion on myocardial cells.®®3*

Finally, our study documented the regression of
left ventricular concentric remodeling in five of six
patients with Cushing’s syndrome one year after
they were cured. RWT normalisation was also seen
in the cases without hypertension, further indicat-
ing other factors rather than high BP as the possible
underlying cause of cardiac abnormality in this
disease. Our findings confirm reports by others®
showing regression of left ventricular hypertrophy,
unrelated to BP decrease, in patients with different
forms of secondary hypertension after surgical
and/or medical therapy.

3

in-anointencin cvate
renin-angiotensin syste

e

References

1. Christy, N.P. Cushing’s syndrome: the natural history.
In: Christy NP, (ed) The Human Adrenal Cortex.
New York: Harper & Row, 1971, pp. 359-394.

2. Fraser, R., Davies, D.L. & Connell, J.M.C. Hormones
and hypertension. Clin Endocrinol 1989, 31:
701-746.

3. Sonino, N., Fallo, F., Opocher, G. & Boscaro, M.
Hypertension in Cushing’s syndrome. Med Sci Res
1992, 20: 431-434.

4, Fallo, F., Paoletta, A., Tona, F., Boscaro, M. & Sonino,



10.

11.

12.

13.

14.

15.

16.

17.

18.

hypertensive treatment and/or steroidogenesis inhibi-
tors in Cushing’s syndrome. ] Intern Med 1993, 234:
595-598.

. Nashel, D.J. Is atherosclerosis a complication of long-

term corticosteroid treatment? Am ] Med 1986, 80:
925-929.

. Scholz, D.A., Sprague, R.G. & Kernohan, J.W. Cardio-

vascular and renal complications of Cushing’s syn-
drome. New Engl ] Med 1957, 256: 833—-837.

. Luton, J.P., Richard, C., Laudat, M.H., Pinon, J.C. &

Bricaire, H. Manifestations cardiovasculaires et ano-
malies lipidiques au cours du syndrome de Cushing.
Nouv Press Med 1982, 11: 2693—-2698.

. Sugihara, N., Shimizu, M., Kita, Y. et al. Cardiac

characteristics and postoperative courses in Cush-
ing’s syndrome. Am J Cardiol 1992, 69: 1475—1480.

. Boscaro, M., Rampazzo, A., Sonino, N., Merola, G.,

Scanarini, M. & Mantero, F. Corticotropin-releasing-
hormone stimulation test: diagnostic aspects in
Cushing’s syndrome. ] Endocrinol Invest 1987, 10:
297-302.

Sahn, D.J., DeMaria, A., Kisslo, J. & Weyman, A. The
Committee on M-mode Standardization of the Ameri-
can Society of Echocardiography. Recommendations
regarding quantitation in M-mode echocardiography:
results of a survey of echocardiographic measure-
ments. Circulation 1978, 58: 1072—-1083.

Devereux, R.B., Alonso, D.R., Lutas, EM. et al.
Echocardiographic assessment of left ventricular
hypertrophy: comparison to necropsy findings. Am |
Cardiol 1986, 57: 450—458.

Koren, M.]., Devereux, R.B., Casale, P.N. et al. Re-
lation of left ventricular mass and geometry to mor-
bidity and mortality in men and women with essen-
tial hypertension. Ann Intern Med 1991, 114:
345-352.

Ganau, A., Devereux, R.B., Roman, M.]. et al. Patterns
of left ventricular hypertrophy and geometric remod-
elling in essential hypertension. ] Am Coll Cardiol
1992, 19: 1550-1558.

Devereux, R.B. Detection of left ventricular hyper-
trophy by M-mode echocardiography. Anatomic vali-
dation, standardisation, and comparison with other
methods. Hypertension 1987, 9 (Suppl. II): [119-1126.
Shub, C., Cueto-Garcia, L., Sheps, S.G., Ilstrup, D.M.
& Tajik, A.J. Echocardiographic findings in phaeo-
chromocytoma. Am J Cardiol 1986, 57: 971-975.
Suzuki, T., Abe, H., Nagata, S. et al. Left ventricular
structural characteristics in unilateral renovascular
hypertension and primary aldosteronism. Am ] Car-
diol 1988, 62: 1224-1227.

Agabiti-Rosei, E., Muiesan, M.L., Romanelli, G. et al.
Cardiac anatomy and function in patients with
phaeochromocytoma. Am ] Hypertens 1989, 2: 124
(abstract).

Liebson, P.R. & Savage, D.D. Echocardiography in
hypertension: a review. II. Echocardiographic studies
of the effects of antihypertensive agents on left ven-
tricular wall mass and function. Echocardiography
1987, 4: 215-249.

Echocardiography in Cushing’s syndrome

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Frohlich, E.D. Effect of antihypertensive therapy in
left ventricular hypertrophy in essential hyper-
tension. Adv Nephrol 1990, 19: 87—-100.

Culpepper, W.S. Cardiac anatomy and function on
juvenile hypertension. Current understanding and
future concerns. Am J Med 1983, 26: 57—-61.

Savage, D.D., Garrison, R.J., Kannel, W.B. et al. The
spectrum of left ventricular hypertrophy in a general
population sample: the Framingham study. Circula-
tion 1987, 75 (Suppl. I): 26-33.

Devereux, R.B., Pickering, T.G., Harshfield, G.A. et al.
Left ventricular hypertrophy in patients with hyper-
tension: importance of blood pressure responses to
regularly recurring stress. Circulation 1983, 68:

470—-476.
Whitworth, J.A. Mechanisms of glucocorticoid-
induced hypertension. Kidney Int 1987, 31:
1213-1224.

Pirpiris, M., Sudhir, K., Yeung, S., Jennings, G. &
Whitworth, J.A. Pressor responsiveness in corti-
costeroid-induced hypertension in humans. Hyper-
tension 1992, 6: 567-574.

Imai, Y., Abe, K., Sasaki, S. et al. Altered circadian
blood pressure rhythm in patients with Cushing’s
syndrome. Hypertension 1988, 12: 11-19.

Funder, J.W., Duval, D. & Meyer, P. Cardiac gluco-
corticoid receptors: the binding of tritiated dexa-
methasone in rat and dog heart. Endocrinology 1973,
93: 1300-1308.

Baxter, J.D. Glucocorticoid hormone action. Phar-
macol Ther (B) 1976, 2: 605—613.

Nichols, N.R., McNally, M., Campbell, J.H. & Funder,
J.W. Overlapping but not identical protein synthesis
domains in cardiovascular cells in response to gluco-
corticoid hormones. J Hypertens 1984, 2: 663—669.
Kurowski, T.T., Chatterton, R.T. Jr & Hickson, R.C.
Glucocorticoid-induced cardiac hypertrophy: addi-
tive effects of exercise. | Appl Physiol 1984, 57:
514-519.

Alpert, B.S. Steroid-induced hypertrophic cardio-
myopathy in an infant. Pediatr Cardiol 1984, 5:
117-118.

Ritchie, C.M., Hadden, D.R., Kennedy, L., Sheridan,
B., Riddel, J. & Atkinson, A.B. Pathogenesis of hyper-
tension in Cushing’s disease. | Hypertens 1987, 5
(Suppl. 5): S497-5499.

Sudhir, K., Jennings, G.J., Esler, M.D. et al. Hydro-
cortisone-induced hypertension in humans: pressor
responsiveness and sympathetic function. Hyper-
tension 1989, 13: 416-421.

Dzau, V.J. Cardiac renin-angiotensin system. Am ]
Med 1988, 80 (Suppl. 3A): 22-27.

Becker, R.H.A., Linz, W. & Scholkens, B.A. Pharmaco-
logical interference with the cardiac renin-angio-
tensin system. ] Cardiovasc Pharmacol 1989, 14
(Suppl. 4): S10-S15.

Denolle, T., Chatelier, G., Julien, J., Battaglia, C., Luo,
P. & Plouin, P.F. Left ventricular structural modifica-
tions following treatment of secondary hypertension.
J Hypertens 1992, 10 (Suppl. 4): S1 (abstract).

513






