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ABSTRACT

Ectopic ACTH production occurs in about 10% of all cases of Cushing’s syn-
drome, and about 25% of cases of ACTH-dependent Cushing’s syndrome. Di-
verse tumor types are able to produce ACTH ectopically, including small cell
lung carcinoma. Ectopic ACTH secretion by malignant neoplasm has been
reported to have earlier and more aggressive metabolic effects. We report a
59-year-old male patient with severe hypertension, metabolic alkalosis and
hypokalemia as the first clinical manifestations of an ACTH-secreting small
cell lung carcinoma, although the typical phenotypic features of Cushing’s
syndrome were not present. Ectopic Cushing’s syndrome should always be
ruled out in patients with severe hypertension and hypokalemia. (Arq Bras
Endocrinol Metab 2008; 52/6:1066-1070)

Key words: Cushing’s syndrome; Ectopic ACTH production; Small cell lung
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RESUMO

Hipertensao Grave e Hipocalemia Como Primeiras Manifestacoes Clinicas
em Casos de Sindrome de Cushing Ectopica.

A producao de ACTH ectépico ocorre em aproximadamente 10% dos casos
de sindrome de Cushing, e em aproximadamente 25% dos casos de sindrome
de Cushing dependentes de ACTH. Diversos tipos de tumores sdo capazes de
produzir ACTH ectopicamente, incluindo carcinoma pulmonar de células
pequenas. Relatérios indicam que a secregcdo de ACTH ectdpico por neoplas-
ma maligno causa efeitos metabdlicos prematuros e mais agressivos. Apre-
sentamos um paciente, 59 anos, com hipertensao grave, alcalose metabdlica
e hipocalemia, tendo estas como as primeiras manifestacdes clinicas de um
carcinoma pulmonar de células pequenas com secregcdao de ACTH, embora as
caracteristicas fenotipas tipicas da sindrome de Cushing nao estavam pre-
sentes. A sindrome de Cushing ectdpica deveria ser excluida sempre em pa-
cientes com hipertensao grave e hipocalemia. (Arq Bras Endocrinol Metab
2008; 52/6:1066-1070)

Descritores: Sindrome de Cushing; Producado de ACTH ectdpica; Cancer pul-
monar de células pequenas; Hipocalemia

INTRODUCTION

crorIC SECRETION OF ACTH (by a nonpituitary tumor) accounts for about
10% of cases of Cushing’s syndrome, and about a quarter of ACTH-depen-
dent cases (1). Many types of tumor can secrete ACTH, including carcinoid
tumors, small cell lung cancer, and medullary carcinoma of thyroid. Clinical
course is influenced by the type of tumor: ectopic ACTH secretion by malignant
neoplasms typically leads to early-appearing and rapidly augmenting metabolic
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alterations. In contrast, in cases of ectopic ACTH secre-
tion by less aggressive tumors, diagnosis may be delayed
and clinical characteristics will often be similar to those of
pituitary Cushing’s syndrome. Hypokalemia is a com-
mon finding in many endocrinology disorders which may
be always excluded as hypermineralocortisolism or
Cushing syndrome, including ectopic ACTH secretion.
Here we report a patient with severe arterial hyperten-
sion, metabolic alkalosis and hypokalemia as presenta-
tions of ACTH secretion by a small cell lung carcinoma.

CASE REPORT

A 59-year-old man was admitted to the Endocrinology
Department of our hospital in view of severe arterial
hypertension, metabolic alkalosis and hypokalemia. His
history included arterial hypertension first noted more
than 20 years previously to that and it was required
three drugs for control (a beta-blocker, a calcium anta-
gonist and a thiazidic diuretic). He smoked 60 cigaret-
tes per day,and reported moderate alcohol consumption.
He had already presented at the Emergency Depart-
ment of his reference hospital in view of general malaise
commencing 24 hours previously, with paresthesias in
both arms and legs, and in the peribuccal region. He
also showed severe and intractable arterial hyperten-
sion, and analysis indicated metabolic alkalosis and se-
vere hypokalemia (pH 7.57, HCO, 40 mmol /L, pCO,
55,9 mm Hg, K* 1.6 mmol /L) with normal calcemia.
He was therefore referred to our Department.

On arrival, arterial tension was high (202 /102 mm
Hg) despite the antihypertensive medication. He also
presented pitting edema on both legs extending to the
upper thighs, and a holosystolic murmur. Other exam
findings were normal. Chest radiography revealed a
mass in the right hilum suggestive of neoplasm.

Admission biochemistry indicated mild hyponatre-
mia and severe hypokalemia (134 and 1.6 mmol/L,
respectively), together with metabolic alkalosis. Calce-
mia, phosphatemia and magnesemia were all within
normal limits.

In view of these findings we initiated a protocol for
detection of endocrine hypertension, including tests for
Cushing’s syndrome, primary hyperaldosteronism and
pheochromocytoma. Basal pituitary hormone tests indi-
cated raised levels of plasma cortisol (normal range:
5-25pg/dl) and ACTH (normal range: 0-46pg/ml)
(Table 1), without changes in other pituitary hormones.
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The method used to determinate ACTH, cortisol and
FUC (normal range: 40-258ng,/24h) was the quimiolu-
miniscence (Siemens). Inter and intraassay coethicients of
variation were 10% and <9.5%, respectively for ACTH
and <9.4% and 7.4% respectively for cortisol and FUC.

Urinary catecholamines, metanephrines and nor-
metanephrines were normal, and tests for hyperaldoste-
ronism were negative. 24-hour wurinary cortisol
excretion was very high (>5000ug). An overnight dexa-
methasone suppression test (single dose of 8 mg of dexa-
methasone) resulted a morning cortisol level of 42ug/
dL (6.6% suppression with respect to the basal level of
45png/dL) (Table 1).

These results, together with the clinical and radio-
logical findings, supported the diagnostic hypothesis of
ectopic ACTH-dependent Cushing’s syndrome.

On the second day of hospitalization the patient
presented severe delusions of persecution and extreme
agitation, requiring neuroleptic medication for control.
The hypokalemia persisted, requiring high intravenous
K supply (up to 280 mEq per day; [Figure 1]), and the
arterial hypertension could not be effectively control-
led despite administration of enalapril /amlodipine /
spironolactone (once primary hyperaldosteronism was
excluded).

No further complications were noted until the day
15, when the patient presented abdominal pain and vo-
miting, leading to a diagnosis of acute pancreatitis with
torpid course requiring antibiotic therapy. When remis-
sion commenced, the patient suffered a hypertensive
crisis with severe respiratory failure due to acute pul-
monary edema. Intensive treatment with loop diuretics
and oxygen therapy achieved full recovery.

Table 1. Time-course of biochemical determinations.
DAY FUC (ug/24h)  Cortisol (ug/dl)  ACTH (pg/ml)
NR: 40-258 (08:00 am) NR: 0-46
NR: 5-25
7 42
11 5235 41 Q0
19 45
19 5203
21 42 114
25 3392
31 1026
36 445
FUC = free urinary cortisol; NR = normal range.
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Figure 1. Relationship between K+ supply and serum K+ level
over the period of study.

Chest CT scans showed a 3-cm hilar mass with in-
filtration of the left lobe bronchus and moderate left
pleural effusion. Bronchoscopic biopsies indicated small
cell lung carcinoma, with negative immunostaining for
ACTH. Abdominal CT revealed two bilateral suprare-
nal masses with maximum 6cm diameter and heteroge-
neous enhancement, suggestive of neoplasm.

While waiting for the patient’s basal situation to
improve before starting chemotherapy, ketoconazole
was started at 900mg/day, leading to a clear improve-
ment in the psychotic symptoms, a gradual reduction in
24-h urinary cortisol excretion, and adequate control
of the hypertension and alkalosis. K* levels were main-
tained within the normal range with daily administra-
tion of 50 — 70 mEq (Figure 2).

Palliative chemotherapy with carboplatin and eto-
poside was subsequently commenced. The patient was
discharged 9 days later, but readmitted after 48 h be-
cause of febrile neutropenia probably due to respiratory
infection. Despite a good initial response to treatment
with ceftazidime-amikacin, the patient worsened and
developed septic shock, dying a few days later.

DISCUSSION

Ectopic Cushing’s syndrome accounts for scarcely 10%
of cases of hypercortisolism. About one half of cases are
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Figure 2. Influence of ketokonazole on high blood pressure
and its relationship with cortisoluria. SBP: Systolic Blood Pres-
sure, DBP: Diastolic Blood Pressure, FUC: Free urinary cortisol.

associated with a small cell lung cancer. The prevalence
of Cushing’s syndrome among small cell lung carcino-
ma patients is about 5% (2).

The case reported here presented as an intractable
hypertensive crisis associated with hypokalemia and
metabolic alkalosis. High urinary cortisol excretion and
the hilar mass observed in chest radiographs strongly
suggested that the clinical symptoms were due to a ma-
lignant ACTH-secreting neoplasm. Although the asso-
ciation of arterial hypertension and hypokalemia is
often attributable to primary hyperaldosteronism, other
causes should not be ruled out, in view of the minera-
locorticoid action of high cortisol concentrations. Un-
der normal conditions the mineralocorticoid effect of
cortisol is insignificant, due to local conversion to cor-
tisone by the action of 11 beta-hydroxysteroid dehydro-
genase. When plasma concentrations of cortisol are
very high, the action of this enzyme is insufficient, and
mineralocorticoid effects appear.

In our patient, the initial response to antihypertensi-
ve treatment was weak, in part because the initial need to
test for endocrine hypertension restricted the therapeu-
tic options available. The severity of the hypertension,
leading to acute pulmonary edema, was probably due to
the association of essential hypertension and severe en-
dogenous hypercortisolism. Cushing’s syndrome can
cause high blood pressure via diverse mechanisms, to
which we should add the mineralocorticoid effect of our

Arq Bras Endocrinol Metalb 2008;52/5



Ectopic Hypercortisolism: Clinical Debut
Fernadndez-Rodriguez et al.

patient’s severe hypercortisolemia. In fact, high blood
pressure was well-controlled once hypercortisolemia was
reduced by ketokonazole treatment.

Noteworthy were the pronounced and persistent
psychotic signs seen in our patient, associated with the
severe hypercortisolism, and improving after its con-
trol. The presence of neuropsychiatric symptoms in
Cushing’s syndrome is widely documented (3), with a
prevalence of over 40% in some series (4). The most
frequent disorder is depression, with psychosis less fre-
quently, probably because it is more difficult to be de-
tected, due to the tendency of psychotic patients to
hide or attenuate symptoms, and also to a lack of awa-
reness of the disorder (4,5).

The test of choice for differential diagnosis of pitui-
tary and ectopic ACTH-dependent Cushing’s syndro-
me is blood sampling from the inferior petrosal sinuses
after administration of CRH: a pituitary-peripheral ra-
tio of more than 2 indicates pituitary rather than ecto-
pic ACTH secretion (sensitivity 97%, specificity 100%)
(6). Desmopressin can also be an option for ACTH sti-
mulation during this procedure, improving the accu-
racy of the differential diagnosis of ACTH-dependent
Cushing’s syndrome by amplifying the pituitary-peri-
pheral ratio (7). Moreover, recent published data has
suggested that the application of a combined stimula-
tion with CRH plus desmopressin is associated with a
high sensitivity without losing specificity (8).

High-dose dexametasone suppression tests, though
reinforcing the diagnosis, have lower sensitivity (81%) and
specificity (67%) (9). In the present patient, the rapid cli-
nical course meant that it was not possible to perform pi-
tuitary MR imaging or the tests generally considered as
gold standards for ectopic ACTH-independent Cushing’s
syndrome: nevertheless, we can establish this diagnosis
with high probability, since this was a patient with ACTH-
dependent Cushing’s syndrome, without characteristic
phenotype, with severe metabolic alkalosis and hypokale-
mia, with a tumor type that can cause Cushing’s syndro-
me, with raised ACTH, and with a positive result in the
high-dose dexamethasone suppression test.

The fact that ACTH immunohistochemistry results
were negative is not surprising, since ACTH-immuno-
negative cases of ectopic Cushing’s syndrome have
been described previously (10). However, we cannot
rule out the possibility that the lung carcinoma was
producing CRH, not ACTH (11,12).

We considered the adrenal masses to have been me-
tastases, despite the lack of histological confirmation, in
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view of CT scan characteristics indicating malignancy,
and given that metastatic lesions of this type occur in
about 20% of cases of lung cancer. Necropsy to confirm
this suspicion was not possible.

It has been reported that small cell lung carcinoma
patients with ectopic Cushing’s syndrome show poorer
course than patients without this syndrome, and the
course seen in the present case is in line with this view
(1,3). In addition, these patients develop more fre-
quent complications, such as infections, gastrointesti-
nal bleeding and gastric ulcer perforation.

Ketoconazole is used for treatment of Cushing’s
syndrome because it inhibits adrenal glucocorticoid
synthesis. However, there have been few published stu-
dies on its utility in ectopic Cushing’s syndrome, and
the results have been controversial. Winquist et al. (13)
conclude that ketoconazole does not prolong survival
but promotes a palliative hormonal response in 2/3 of
patients. In our patient, ketoconazole at 900 mg/day
resolved the hypokalemia, reduced the hypercortiso-
lism and improved the psychotic symptoms.

Carboplatin/etoposide chemotherapy is currently
considered the standard treatment for small cell lung
carcinoma (14).

Bilateral adrenalectomy may play a role in the ma-
nagement of these patients, as it provides long-term
benefit from the metabolic and catabolic manifestations
of glucocorticoid excess (15)

Moreover, bilateral laparoscopic adrenalectomy has
been suggested as the procedure of choice in the man-
agement of patients who have persistent hypercorti-
solism despite tumour directed treatments (16).

In conclusion, ectopic Cushing’s syndrome is an
uncommon cause of hypercortisolism, but should be
ruled out in patients with hypokalemic metabolic alka-
losis and arterial hypertension, despite the absence of a
characteristic phenotype, and especially in the context
of lung neoplasm.
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