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Abstract A 69-year-old woman presented with periodic

hypertension, edema, and hypokalemia that occurred

within an interval of a few weeks. Her laboratory test

values showed autonomously elevated plasma adrenocor-

ticotropic hormone (ACTH) and cortisol concentrations.

The patient’s Cushingoid features were not evident on first

admission. Several weeks later, in spite of constant oral

potassium supplementation, severe hypokalemia recurred

with Cushingoid features and worsening symptoms of leg

edema and pigmentation, which spontaneously disappeared

within a few days. Her periodic symptoms occurred in

parallel with fluctuations of plasma ACTH and cortisol

concentrations. A series of endocrinological and pituitary

imaging findings led to a tentative diagnosis of cyclic

Cushing’s syndrome caused by ectopic ACTH secretion.

However, chest and abdominal computed tomography did

not reveal any candidate lesion. The patient’s periodic

hypercortisolemia and symptoms were well controlled after

treatment with metyrapone plus dexamethasone. This is a

very rare case of periodic hypokalemia and hypertension

caused by cyclic Cushing’s syndrome.
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Introduction

The differential diagnosis of hypertension associated with

hypokalemia includes a variety of diseases: essential

hypertension with diuretic use, primary aldosteronism,

renal vascular disease, Cushing’s syndrome (CS), malig-

nant hypertension, pheochromocytoma, and Liddle’s syn-

drome [1]. Although CS is a relatively rare disorder,

accounting for \0.1 % of cases of hypertension [1], it

should be considered in cases of hypertensive patients

presenting with so-called Cushingoid features, which

include moon face, central obesity, buffalo hump, skin

atrophy, and striae.

Cyclic Cushing’s syndrome (CCS), a rare subtype of CS,

is characterized by autonomous and excessive cortisol

secretion in a periodic fashion, with intervals ranging from

a few days to a few years (cyclic phase), interspaced with

periods of normal cortisol secretion (intercyclic phase) [2,

3]. Due to the periodic fluctuation in cortisol secretion, the

typical Cushingoid features of CS can be blurred and

fluctuate in patients with CCS [2, 3]. In addition, the

resultant fluctuating activity in the pituitary–adrenal axis

could mislead the interpretation of endocrinological

examinations, thus making the diagnosis of CCS chal-

lenging [2, 3].

We report herein a rare case in which the first episodes

of periodic hypertension, edema, and hypokalemia all

occurred within an interval of a few weeks. These symp-

toms were caused by CCS.

Case report

A 69-year-old woman with marked hypertension, hypoka-

lemia, metabolic alkalosis, and malaise was admitted to
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Yokosuka Kyosai Hospital on 4 June 2012. Four months

prior to admission, she had noticed episodic symptoms of

faintness, mental depression, muscle weakness of all four

limbs, and edema on both legs occurring within an interval

of a few weeks. She had no significant past medical history

other than appendicitis, and no smoking history. Her

hypertension had been treated with methyldopa hydrate,

beginning at 2 months prior to admission. On admission,

her height and weight were 140 cm and 40 kg, respec-

tively, and she presented with high blood pressure (177/

100 mmHg), marked pitting edema on both lower

extremities, and pigmentation of her nails, but without any

Cushingoid features. Laboratory examination revealed

leukocytosis with decreased lymphocyte and eosinophil

counts, hypokalemia with increased transtubular potassium

gradient (TTKG: 8.3), metabolic alkalosis, and diabetes

mellitus (Table 1).

We then conducted a series of examinations for the

differential diagnosis of hypertension with hypokalemia

and metabolic alkalosis. Her plasma renin activity (PRA:

0.3 ng/mL/h) and plasma aldosterone concentration (PAC:

54.7 pg/mL) were at subnormal levels. Kidney Doppler

ultrasound did not show any signs of renovascular stenosis.

The patient was found to have elevated plasma adreno-

corticotropic hormone (ACTH) (66.2 pg/mL) and serum

cortisol (28.5 lg/dL) concentrations and to be lacking a

circadian rhythm of cortisol (18.8 lg/dL at 23:00)

(Table 2). Meanwhile, her blood pressure, serum potassium

concentrations, and blood glucose concentrations were well

controlled by performing antihypertensive drug adjust-

ment, oral potassium supplementation, and caloric restric-

tion, respectively. She was discharged and scheduled for

further examination 1 month later.

At her second hospital admission on 17 July 2012

(Table 2), her symptoms (edema and pigmentation) were

improved compared with the first admission. Her cortisol

level was not suppressed by the overnight dexamethasone

challenge test at low dose (0.5 mg: 24.3 lg/dL), but tended

to decrease at high dose (8 mg: 13 lg/dL) (Table 2). Her

plasma ACTH concentrations in response to corticotropin-

releasing hormone (CRH) stimulation were equivocal

(basal/peak plasma ACTH concentrations: 27.9/41.4 pg/

mL). No pituitary lesion was detected by magnetic reso-

nance imaging (MRI) (Fig. 1). These results strongly

suggested a diagnosis of ACTH-dependent CS, although

her Cushingoid features were unremarkable and the results

of endocrine examinations were equivocal in differentiat-

ing between Cushing’s disease (CD) and ectopic ACTH

syndrome (EAS). She was discharged pending cavernous

sinus sampling to determine the localization of the ACTH-

secreting lesion.

On 28 August 2012 (third admission), she presented

with severe hypokalemia (2.1 mEq/L) with elevated

concentrations of serum cortisol (42.1 lg/dL) and plasma

ACTH (119.4 pg/mL), despite continuing the same doses

of oral potassium supplementation (Table 2). Physical

examination on admission revealed some Cushingoid fea-

tures (moon face, buffalo hump, and purpura) with wors-

ening symptoms of leg edema and pigmentation. However,

Table 1 Laboratory data on admission

Blood count

White blood cells 9700 /lL

Neutrophils 82.9 %

Lymphocytes 11.8 %

Monocytes 3.7 %

Eosinophils 0 %

Basophils 0.2 %

Red blood cells 424 9 104/lL

Hemoglobin 12.4 g/dL

Platelets 27.5 9 104/lL

Blood chemistry

Sodium 145 mEq/L

Potassium 2.4 mEq/L

Chloride 95 mEq/L

Urea nitrogen 18 mg/dL

Creatinine 0.45 mg/dL

Total protein 6.5 g/dL

Albumin 3.5 g/dL

AST 37 IU/L

ALT 55 IU/L

Glucose 264 mg/dL

HbA1c (NGSP) 7 %

Arterial blood gases

pH 7.527

pCO2 45.2 torr

pO2 104 torr

HCO3
- 37.3 mmol/L

BE 12.9 mEq/L

Endocrinological findings

Cortisol 45.7 lg/dL

PRA 0.3 ng/mL/h

PAC 54.7 pg/mL

Free T3 2.06 pg/mL

Free T4 1.13 ng/dL

TSH 0.68 lIU/mL

Urinalysis

Specific gravity C1.050

Protein (1?)

Sugar (2?)

Blood (1?)

Daily potassium excretion 56.2 mEq/day

AST aspartate aminotransferase, ALT alanine aminotransferase, BE

base excess, PRA plasma renin activity, PAC plasma aldosterone

concentration, TSH thyroid-stimulating hormone
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her serum potassium concentrations as well as her cortisol

concentrations spontaneously normalized at 6 days after

admission (serum K: 4.4 mEq/L, serum cortisol: 12.0 lg/

dL). This episode, taken together with the symptoms of

intermittent muscle weakness and leg edema prior to the

first admission, led us to suspect a diagnosis of CCS.

Cavernous sinus sampling without ACTH stimulation was

conducted at 8 days after admission, which revealed no

central-to-peripheral (C/P) ACTH elevation (C/P ratio\1)

from both the right and left cavernous sinuses (Table 3).

Because the results of cavernous sinus sampling could

not be accurately interpreted in the absence of hypercor-

tisolemia, a second cavernous sinus sampling procedure

Table 2 Time course of laboratory results and corresponding clinical conditions

Date 5 June 14 June 21 June 18 July 19 July 24 July

Condition 1st admission 2nd admission After DEX (1 mg) After DEX (8 mg)

K (mEq/L) 2.1 2.9 4.2 3.7

ACTH (pg/mL) 66.2 53 89.9 66.2

Cortisol (lg/dL) 45.7 28.5 39 40 24.3 13

UFC (lg/day)

TTKG 8.26

K suppl. (mEq/day) 0 48 72 72 72 72

Date 31 July 28 Aug. 3 Sept. 5 Sept. 10 Oct. 25 Oct.

Condition CRH test 3rd admission CSS CSS CRH test

K (mEq/L) 4.6 2.1 4.4 3.4

ACTH (pg/mL) 34.1 119.4 40.3 36.2 75.7 60.1

Cortisol (lg/dL) 20.3 42.1 12 18.8 31.2 28.9

UFC (lg/day) 275 [457.2 849.4

TTKG 12.9 9.89 7.4

K suppl. (mEq/day) 72 72 72 24 48 24

Date 31 Oct. 2 Nov. 9 Nov. 14 Nov. 25 Jan.

Condition 2 days after metyrapone

K (mEq/L) 5.2 5.1 4.8 3.9

ACTH (pg/mL) 18.4 42.3 52.6 26.6 18

Cortisol (lg/dL) 9.1 29.5 31.3 5.6 0.9

UFC (lg/day) 41.3

TTKG 6.39

K suppl. (mEq/day) 24 24 24 0 0

UFC urinary free cortisol of 24 h, DEX dexamethasone test, suppl. supplementation, TTKG transtubular potassium gradient

Fig. 1 Magnetic resonance imaging (MRI) scan of the patient’s

pituitary gland. T1-weighted, gadolinium-contrast-enhanced coronal

view. No candidate lesion was detectable in her pituitary

Table 3 Results of bilateral cavernous sinus sampling without CRH

stimulation just after the third admission

LCS RCS Peripheral

ACTH level (pg/mL) 46.4 51 63.6

C/P ratio 0.7 0.8

CRH corticotropin-releasing hormone, ACTH adrenocorticotropic

hormone, C/P ratio central-to-peripheral ratio, LCS left cavernous

sinus, RCS right cavernous sinus

82 CEN Case Rep (2014) 3:80–85

123



with CRH stimulation was conducted 1 month later, when

elevated concentrations of plasma ACTH (75.5 pg/mL)

and serum cortisol (31.2 lg/dL) were confirmed (Table 2).

Although catheterization to both cavernous sinuses was

successful, no central-to-peripheral ACTH elevation (C/P

ratio \3) after CRH stimulation was observed from either

cavernous sinus (Table 4). Considering all of the findings

above, we made a tentative diagnosis of CCS caused by

ectopic ACTH secretion. However, chest and abdominal

computed tomography (CT) to explore the source of the

ectopic ACTH secretion did not reveal any candidate

lesion.

The patient was referred and admitted to Tokyo Medical

and Dental University Hospital for re-evaluation of the

diagnosis and the treatment of CCS on 23 October 2012.

Repeated hormonal measurement during that admission

demonstrated distinct periodic fluctuations in serum corti-

sol and plasma ACTH concentrations (Table 2). Re-eval-

uation of hypothalamic–pituitary–adrenal (HPA) axis

function was performed at the period of hypercortisolemia.

Plasma ACTH concentrations did not respond to CRH

stimulation (basal/peak ACTH levels: 83.6/75.4 pg/mL),

while the response of plasma ACTH concentrations to

desmopressin was equivocal (basal/peak ACTH levels:

52.6/77.1 pg/mL). Imaging analysis by pituitary MRI,

neck, chest, and abdominal CT and thyroid ultrasonogra-

phy revealed no abnormal mass except for bilateral adrenal

enlargement. In order to control the periodic fluctuation in

hypercortisolemia, metyrapone (2 g) was introduced.

At 4 months after the initiation of metyrapone treatment

(as of the time of this writing), the patient’s blood pressure,

serum potassium concentrations, and blood glucose con-

centrations were normalized without any antihypertensive

drug and potassium supplementation. Serum cortisol

concentrations remained low (\5 lg/dL) with dexametha-

sone (0.5 mg) replacement, and her Cushingoid features

gradually disappeared.

Discussion

CCS is a rare subtype of CS that is characterized by peri-

odic repetition of a cortisol hypersecretion phase (cyclic

phase) ranging from 12 h to 86 days and a period of nor-

mal cortisol secretion (intercyclic phase) ranging from days

to years [2, 3]. The confirmation of alternations of at least

three cyclic phases and two intercyclic phases is required

for a diagnosis of CCS [4]. In the present case, periodic

ACTH-dependent hypercortisolemia with Cushingoid fea-

tures, which were later unmasked during the patient’s

clinical course, verified the diagnosis of CCS.

The diagnosis of CCS is often difficult because typical

Cushingoid features can be mild or can fluctuate due to

intermittent hypercortisolemia [2, 3]. The present patient

initially had hypertension, metabolic alkalosis, and hypo-

kalemia with elevated urinary TTKG values. In particular,

TTKG is used as a semiquantitative index of the activity of

the potassium secretory process, monitoring daily urinary

potassium excretion [5]. In hypokalemia, a TTKG value[2

indicates an inappropriate renal response and increased

mineralocorticoid activity [6]. Therefore, the signs and

symptoms of the present case were compatible with those

of mineralocorticoid excess. In addition, subnormal levels

of PRA and PAC accompanied by ACTH-dependent

autonomous hypercortisolemia led us to consider that a

series of these clinical manifestations in this patient could

be caused by ACTH-dependent CS, although the patient’s

Cushingoid features were initially not evident. Indeed, the

fact that these periodic symptoms were well associated

with the hypercortisolemia at the cyclic phase, together

with the resolution of these symptoms after the initiation of

metyrapone treatment, proved that a series of periodic

symptoms such as hypokalemia and hypertension in our

patient were caused by CCS.

A recent clinical review documented that the underlying

cause of CCS is CD in 54 % of cases, EAS in 26 % of

cases, and adrenal CS in 11 % of cases [2]. In ACTH-

dependent CCS cases, however, it is extremely challenging

to differentiate between CD and EAS, for two reasons.

First, periodic fluctuation in ACTH and cortisol secretion

can lead to erroneous interpretation of results from endo-

crine tests for the differential diagnosis of ACTH-depen-

dent CS [2, 3]. Second, it has been shown that each

endocrine test on its own has a relatively limited diagnostic

accuracy to differentiate between CD and EAS [7, 8].

Therefore, in addition to the combination of multiple

endocrine tests and imaging analyses, cavernous sinus

Table 4 Results of second bilateral cavernous sinus sampling with

CRH stimulation

LCS RCS Peripheral

ACTH level before stimulation (pg/mL) 67.9 69.8 77.4

C/P ratio 0.9 0.9

ACTH level 5 min after stimulation

(pg/mL)

67.3 80.3 91.5

C/P ratio 0.7 0.9

ACTH level 10 min after stimulation

(pg/mL)

88.9 82.9 75

C/P ratio 1.2 1.1

ACTH level 15 min after stimulation

(pg/mL)

93.7 85.8 78.7

C/P ratio 1.2 1.1

CRH corticotropin-releasing hormone, ACTH adrenocorticotropic

hormone, C/P ratio central-to-peripheral ratio, LCS left cavernous

sinus, RCS right cavernous sinus
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sampling, which has been regarded as the gold standard for

differential diagnosis between CD and EAS [9–11], is often

required for definitive diagnosis.

In the present case, considering the time course changes

of plasma ACTH and cortisol concentrations, a high-dose

(8 mg) dexamethasone suppression test (DST) on the sec-

ond admission appeared to be performed during the

declining part of the cyclic phase, which made its inter-

pretation difficult. Similarly, the results of the CRH stim-

ulation test conducted on the second admission were not

consistent with the results on the last admission; the former

test was conducted during the declining part of the cyclic

phase and the latter test during the inclining or peak part of

the cyclic phase. The result of the DDAVP (1-deamino-8-

D-arginine vasopression) test conducted at the peak part of

the cyclic phase, which has been shown to be useful for the

differential diagnosis of ACTH-dependent CS [12], was

also equivocal. Thus, even a combination of multiple

endocrine tests could not differentiate between CD and

EAS in the present case.

Cavernous sinus sampling is the most accurate exami-

nation for distinguishing patients with CD from those with

EAS [9–11]. In the present patient, cavernous sinus sam-

pling was conducted twice. The result of the first sampling

revealed no central-to-peripheral ACTH elevation (C/P

ratio \1). However, the sampling was conducted at the

intercyclic phase, so we considered that the result might be

a false negative due to a decrease in ACTH secretion from

the pituitary (lesion). Nevertheless, the second sampling

with CRH stimulation at the cyclic phase revealed no

central-to-peripheral ACTH elevation. Taken together with

the results of endocrine tests, imaging analyses, and cav-

ernous sinus sampling, we tentatively diagnosed the pres-

ent case as CCS caused by ectopic ACTH secretion.

Localization of an ectopic ACTH-secreting lesion is also

extremely challenging, since no lesion is found in about

15 % of patients with EAS [13, 14]. So far, we have not

been able to find any candidate lesion for ectopic ACTH

secretion in this patient. Several epidemiologic studies

have shown that nearly 50 % of ectopic ACTH-secreting

tumors are localized in the chest, including small cell lung

carcinoma and carcinoid tumors [8, 15]. In the present

case, continuous effort should be made to explore the

candidate lesion through the combination of anatomical

and functional imaging modalities, including CT, MRI, and

somatostatin receptor scintigraphy.

The most effective treatment for ACTH-dependent CS is

surgical resection of the source of the ACTH-secreting

lesion. However, if extensive imaging analysis fails to

localize the source of the ACTH-secreting lesion, medical

therapy is warranted to control hypercortisolemia [16]. In

Japan, three drugs (metyrapone, mitotane, trilostane) are

approved for this purpose. Among them, metyrapone

blocks cortisol biosynthesis through the selective inhibition

of adrenal 11b-hydroxylase without major adverse effects

during long-term use [8, 16]. As shown in the present case,

complete blockade of cortisol synthesis by metyrapone,

with glucocorticoid replacement such as dexamethasone,

could be a useful therapeutic option to control hypercorti-

solemia, even under the condition of periodic fluctuation of

serum cortisol concentrations due to CCS.

In summary, we have reported a rare case of periodic

hypokalemia caused by CCS. A series of endocrinological

and imaging findings led us to the tentative diagnosis of

CCS caused by unidentified ectopic ACTH secretion. The

patient’s periodic hypercortisolemia and symptoms were

well controlled after treatment with metyrapone plus

dexamethasone.
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