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ABSTRACT 

Objective: This case report aimed to highlight the prominence of considering Cushing's 

disease (CD) in the differential diagnosis of severe hypokalemia and metabolic alkalosis.  

Case Report: A 63-year-old woman who was admitted to the emergency room with 

fatigue and severe weakness of extremities. Biochemistry results indicated severe 

hypokalemia (potassium = 1.2 mmol/L) and metabolic alkalosis (pH = 7.83) and based on 

further endocrinological investigations, the final diagnosis of CD was confirmed, and 

magnetic resonance imaging revealed a microadenoma in the right side of the pituitary 

gland. Transsphenoidal surgery was performed. After surgery, biochemical assessments 

showed normal potassium levels and corrected metabolic alkalosis without any further 

treatment. The hypothalamic–pituitary–adrenal axis recovered in nearly eight months and  

the patient was in remission. 

Conclusions: Although hypokalemia could be present in CD, none of the previous studies 

have reported hypokalemia as severe as in this case. This case report highlighted the 

prominence of considering CD in the differential diagnosis of severe hypokalemia and 

metabolic alkalosis that could be a crucial part of biochemical features in CD. 
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INTRODUCTION 

Cushing’s syndrome (CS) is an endocrine disease characterized by chronic exposure to 

glucocorticoids and the most common reason for CS is therapeutic administration of 

exogenous glucocorticoids (1). ACTH-dependent CS (ADCS) is mostly caused by a 

pituitary corticotrope adenoma [Cushing’s disease (CD)] in approximately 80% of cases, 

and less frequently by an extra pituitary tumor (ectopic ACTH syndrome). In addition to 

that, CS may be ACTH independent (AICS) when it is caused by excess production of 

cortisol by unilateral adrenocortical tumors or by bilateral surrenal hyperplasia or 

dysplasia (2). CS can precipitate several biochemical alterations such as hypokalemia, 

metabolic alkalosis, and hypernatremia, this may be caused by mineralocorticoid effects 

of cortisol. However, these alterations caused nonspecific clinical findings and their role 

in CD is still matter of debate. Hypokalemia and metabolic alkalosis are found rarely in 

CD although it is present 57% in ectopic ACTH syndrome (3). Previous limited studies 

have suggested that many patients with AICS are associated with hypokalemia and 

metabolic alkalosis, there are a few numbers of cases reported with hypokalemia and 

metabolic alkalosis in CD (4-7). The patient presented here is an unusual case of CD in 

which severe hypokalemia and metabolic alkalosis were the presenting findings. 

CASE REPORT 

A 63-year-old woman was admitted to the emergency room with a two-week history of 

fatigue, severe weakness of the lower and upper extremities, mild hypertension, and 

confusion.  
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Her medical history consisted of hypertension well controlled 

with perindopril and indapamide. She was diagnosed with 

type 2 diabetes mellitus  (Hba1c 11.2%) 4 months ago and 

treated with metformin 1000 mg twice daily, insulin glargine 

24 units plus insulin aspart 8 units with meals three times 

daily.  She was a non-smoker and non-drinker, and her family 

history was insignificant. 

 Her physical examination revealed facial puffiness with 

plethora, petechiae over her abdomen, purple striae on the 

inner surfaces of the upper arms and obesity with a 

protuberant abdomen. Blood pressure was 150/90 mmHg 

with a pulse rate of 82/min respiratory rate was 10/min, and 

the temperature was 37.1oC in the supine position. The 

patient was 162.3 cm tall and weighed 76 kg. Neurological 

findings showed that she was confused without a sign of 

lateralization or focalization. Initial biochemistry results 

indicated severe hypokalemia and metabolic alkalosis (Table 

1). 

Table 1: Initial Biochemical Parameters 

 Plasma  

value 

Reference  

Range 

Na (mmol/L) 136 136-145 

Cl (mmol/L) 70 98-107 

K (mmol/L) 1.2 3.5-5.1 

Glucose (mg/dL) 234 70-100 

Creatinine (mg/dL) 0.8 0.5-0.9 

Urea (mg/dL) 50 10-50 

Leukocyte (x103/µL) 7.9 3.8-10 

Hemoglobin (gr/dL) 11.6 11.5-15.5 

Platelet (x103/µL) 205 150-400 

pH 7.83 7.35-7.45 

PCO2 (mmHg) 57.2 32-45 

PO2 (mmHg) 77 75-100 

SaO2 (%) 97.9 95-100 

HCO3 (mmol/L) 68.1 24-28 

C-reactive protein (mg/dL) 0.2 0-0.5 

 

CS was suspected and endocrinological investigations 

(urinary free cortisol, 1 mg, and 2 days 2 mg dexamethasone 

suppression test) showed ACTH-dependent hypercortisolism 

and 8 mg dexamethasone suppression test indicated a 

pituitary origin of ACTH secretion (Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

Pelvis, chest, and abdomen CTs were insignificant. Bilateral 

inferior petrosal sinus sampling (BIPSS) showed a maximal 

central / peripheral plasma ACTH ratio of 2.1 before and 3.7 

after the intravenous administration of Corticotrophin-

releasing hormone (CRH) 100 μg, also showed a significant 

right to the left gradient of 14.9 times (higher on right side). 

Magnetic resonance imaging (MRI) of the pituitary gland 

determined a 7 mm x 5 mm the late enhancement area in the 

right side.  

Imaging assessment confirmed that the patient has a pituitary 

microadenoma without any symptoms by local mass effect. 

She underwent transsphenoidal surgery (TSS) with 300 mg 

hydrocortisone infusion and the histological findings were 

consistent with a pituitary adenoma. Immunohistochemistry 

showed strong positivity with ACTH and revealed weak 

immunostaining for prolactin, follicle-stimulating hormone 

also p53 stain shows rare positivity and Ki-67 was 2% 

(Figure 1). 

 

Figure 1 A) Pituitary adenoma stained with H&E (X200) B) 

ACTH immunostaining of the pituitary adenoma (X200), 

heavy brown staining of cells indicating ACTH production. 

After surgery, hormonal evaluation verified the lack of 

hypercortisolism, and biochemical assessments showed 

normal potassium levels and corrected metabolic alkalosis 

without any further treatment for these conditions (Table 2). 

Postoperative early cortisol level was 1.7 μg/dL and patient 

received 5mg/day prednisolone treatment after surgery.  In 

follow-up examinations, the hypothalamic–pituitary–adrenal 

axis recovered in nearly eight months and prednisolone 

treatment was stopped. Plasma cortisol level was suppressed 

to 0.9 μg/dL with 1mg dexamethasone suppression test and 

the patient was in remission. 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Initial and Follow-up Endocrinological and Biochemical Parameters 

 Initial Pre-op* Post-op Reference Range 

Plasma Active Renin (uIU/ml) 28.1 - - 4.2-69.7 

Plasma Aldosterone (ng/dL) 3.8 - - 3.7-31 

Serum Cortisol (µg/dL) 67.7 36.7 1.7 4.6-22.8 

Urinary free cortisol (µg/24h) 3846.4 - - 36-137 

Plasma ACTH (pg/mL) 133 89.2 38.6 7.2-63.3 

Serum cortisol after 1 mg dexamethasone (µg/dL) 6.98 - - <1.8 

Serum cortisol after 2 mg dexamethasone (µg/dL) 10.3 - - <1.8  

Serum cortisol after 8 mg dexamethasone (µg/dL) 37 (55%suppression) - - ** 

Ph 7.83 7.76 7.42 7.35-7.45 

HCO3 (mmol/L) 68.1 62.2 27.4 24-28 

K (mmol/L) 1.2 2.6 3.6 3.5-5.1 

ACTH: Adrenocorticotropic hormone, * Patient received intravenous administration of 10 mEq/h potassium chloride infusions and oral potassium 

chloride (40 mEq/8 h.), **Suppression of plasma cortisol by at least 50% indicates Cushing’s Disease 
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DISCUSSION 

CD is a rare endocrine disorder caused by ACTH-secreting 

pituitary tumors with an incidence of 80-85% in all patients 

with ADCS. The major manifestations of CS are centripetal 

obesity, facial plethora, skin atrophy and wide purplish striae, 

proximal muscle weakness, glucose intolerance, 

hypertension, and psychological changes (2). After 

performing initial diagnostic tests for CD, BIPSS is the most 

accurate test for diagnosing and lateralization, with a 

sensitivity of up to 97% and specificity of up to 100% when 

CRH stimulation is used (8). We performed BIPSS which 

showed a significant right to left gradient and MRI revealed a 

microadenoma in the right side of the pituitary. Successful 

TSS was performed to the patient and treatment was 

achieved. 

The main point of this case was severe hypokalemia and 

metabolic alkalosis, despite these are more expected findings 

in ectopic CS than CD. Torpy et al. identified 58 patients with 

ectopic CS in a retrospective case review and they showed 

hypokalemia was much more related with ectopic CS than in 

patients with other causes of CS, affecting 57% of patients. 

Additionally, they found a significant relationship with 24-

hour urine cortisol excretion and the presence of hypokalemia 

(3). Giraldi et al. evaluated gender-related differences in the 

presentation of CD, as regards biochemical results of 

hypercortisolism, and found hypokalemia was independently 

associated with 24-hour urine cortisol levels (9). Titan et al. 

have reported deep hypokalemia and metabolic alcoholics in a 

patient with ectopic adrenocorticotropic hormone syndrome 

and have suggested possible mechanisms (10). Consistent 

with this finding, 24-hour urine cortisol level was elevated to 

30 times normal values in our patient with severe 

hypokalemia. To our knowledge, none of the previous studies 

have reported hypokalemia as severe as in our patient. This 

finding suggests that severe hypokalemia should be 

considered not only in patients with CS but also in patients 

with CD. 

Plausible mechanisms have been postulated to explain the 

reasons of hypokalemia and metabolic alkalosis in CS. The 

influence of CS on these biochemical alterations and 

pathological mechanisms involved are still not clarified.  

High cortisol concentration which has an in vitro binding 

affinity to the mineralocorticoid receptor (MR) similar to 

aldosterone could play a role as a mineralocorticoid. This 

mineralocorticoid effect of cortisol is insignificant in normal 

situation because of 11 beta-hydroxysteroid dehydrogenase 2 

(11β-HSD2) enzyme which converts cortisol to inactive 

cortisone. High levels of cortisol concentration may saturate 

11β-HSD2 and mineralocorticoid effects appear (11). 

Moreover, a deficient 11β-HSD2 enzyme activity causes by 

mutations in the 11β-HSD2 gene results in cortisol saturation 

of MR. This excess stimulation of MR causes renal sodium 

retention, hypokalemia, and decreased of plasma renin and 

aldosterone secretion (12). In the light of these findings, a 

possible mutation or polymorphism in 11β-HSD2 gene may 

be the reason for differences in blood pressure levels and 

variations of serum potassium and sodium levels in patients 

with CS.  

Another mechanism to explain hypokalemia and metabolic 

alkalosis in CD could be that direct ACTH contribution to the 

mineralocorticoid excess-like state of ADCS. ACTH can 

inhibit 11β-HSD2 both directly and/or triggering an inhibitory 

adrenal product (3). In consistence with these, it was 

suggested that increased levels of corticosterone and 

deoxycorticosterone, which controls mineralocorticoid 

activity, could be correlated with hypokalemia in CD (13, 

14). Further investigations are needed to explain the role of 

11β-HSD2 gene and its relation to biochemical and clinical 

findings in patients with CS.    

CONCLUSION 

In conclusion, this case highlighted the prominence of 

considering CD in the differential diagnosis of severe 

hypokalemia and metabolic alkalosis that could be a crucial 

part of biochemical features in CD. Large series are needed to 

assess the true incidence and severity of hypokalemia and 

metabolic alkalosis and to explain the mechanisms involved 

in CD. 
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