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Introduction

Primary aldosteronism (PA) is a frequent cause of  secondary 
hypertension. Jerome W Conn was the first physician who 
described it, reporting the case of a 34-year-old woman pre-
senting with muscle spasms, weakness, hypertension and 
hypokalemia, hence the name Conn’s syndrome.1 Recent 
studies show that the prevalence of PA ranges between 
5.9% and 6.8% in unselected hypertensive patients,2,3 
reaching an even higher prevalence among selected 
patients4 and/or patients with resistant hypertension.5

Aldosterone is a mineralocorticoid hormone produced 
in the glomerulosa cell layer of the adrenal cortex. In the 
kidney, aldosterone acts on renal tubular epithelial cells 
where it increases sodium reabsorption and potassium 
excretion. Not surprisingly, excess aldosterone secretion is 
associated with hypokalemia, which is estimated to be pre-
sent in 40% of patients with Conn’s adenoma, usually in the 
most severe cases. As for sodium, its concentration is gen-
erally unaffected by PA because it is regulated primarily by 
the antidiuretic hormone (ADH) thirst system.6

If PA is due to a documented unilateral adrenal ade-
noma, adrenalectomy is the treatment of choice. Several 
authors7 have reported that patients with Conn’s syndrome 
may develop postoperative hyperkalemia, such that it is 
recommended to monitor potassium levels after adrenalec-
tomy.8 As for sodium, on the other hand, the Endocrine 
Society guidelines do not mention sodium disorders before 
and after surgery.

Here we report the case of a patient with Conn’s syn-
drome who developed hyponatremia after surgery. This 
was an unexpected event in the course of the treatment, 
which sheds light on the fact that low levels of aldoster-
one strongly influence sodium concentration, and advises 
clinicians to monitor sodium after surgery for Conn’s 
adenoma.

Case presentation

A 50-year-old woman presented with a 2-month history 
of tachycardia and hypokalemia. Her family and past 
medical history were unremarkable. She did not take 
any medication. On admission, her body mass index 
was 18.14 kg/m2, her blood pressure (BP) was 140/90 
mmHg and her heart rate was 110 beats per minute. The 
basic metabolic panel showed hypokalemia (potassium 
2.75 mEq/L). Sodium, creatinine, complete blood count 
and thyroid-stimulating hormone levels were normal. 
ECG showed atrial tachycardia without any structural 
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abnormality by echocardiography; 24-hour ambulatory 
BP monitoring revealed hypertension (24 h 143 ± 15/97 
± 9 mmHg; daytime 139/95 mmHg; night time 151/102 
mmHg).

Given the coexistence of hypokalemia and hyperten-
sion, we aimed at excluding adrenal cortex disorders. 
While the 24-hour urinary free cortisol level was within 
reference ranges, the plasma aldosterone–renin ratio was 
high (aldosterone 18 ng/dL and renin 1 μIU/mL; aldoster-
one-renin ratio [ARR] 18).8 PA was confirmed by the 
saline infusion test, as post-infusion aldosterone was 10.2 
ng/dL and renin was 1.5 μIU/mL. Imaging showed a radi-
olucent nodule of 17 mm at the tip of the left adrenal 
gland, with low density (< 10 Hounsfield units) on unen-
hanced computed tomography (CT) (Figure 1 (a) and 
(b)), and low vascularity on contrast-enhanced CT. Given 
the presence of PA, hypokalemia, glomerular filtration 
rate (GFR) of 113 mL/min/1.73m2 and typical Conn’s 
adenoma on CT scan,9 we diagnosed a left aldosterone 
hypersecretion and – in agreement with the patient – we 
scheduled left laparoscopic adrenalectomy. Pathology 
examination showed an adenoma of 20 mm made of zona 
glomerulosa-like cells (Figure 1(c)–(e)).

After surgery, the patient discontinued potassium and 
spironolactone, and in the following days she was 
released from hospital. At discharge, her BP was 124/80 
mmHg, pulse was 64 bpm and potassium was 4.26 

mEq/L. Unexpectedly, however, the patient presented to 
the emergency department three weeks later, complain-
ing of tachycardia (pulse 110 bpm; BP 110/60 mmHg). 
This time, the basic metabolic panel showed hypona-
tremia and hypokalemia (sodium 128 mEq/L, potassium 
3.41 mEq/L) (Figure 2). We prescribed a beta-blocker 
and intravenous saline with potassium. The following 
analyses showed hypoaldosteronism (aldosterone 1 ng/
dL with renin 3.1 μIU/mL), without hypocortisolism 
(cortisol 102 ng/mL, adrenocorticotrophic hormone 
(ACTH) 24.5 pg/mL), and the presence of hypotonic 
hyponatremia (osmolality 274 mOsm/kg with sodium 
128 mEq/L) with high urine osmolality (516 mOsm/Kg) 
and high urine sodium concentration (115 mEq/L). This 
was interpreted as dilutional hyponatremia with dilu-
tional hypokalemia due to ADH stimulation in a patient 
with hypoaldosteronism.10 The patient was treated with 
saline and a generous sodium diet for one week and 
monitored until normalisation.

Discussion

PA is considered much more common than was previously 
thought.2–5 The clinical features of PA are not specific, 
some patients are completely asymptomatic, while others 
have symptoms related to hypertension and/or hypoka-
lemia.11 When these two are present, patients should be 

Figure 1. Coronal (a) and axial (b) images of a left radiolucent adrenal nodule with low density (< 10 Hounsfield units) on 
unenhanced computed tomography. Solid red arrows indicate the adrenal nodule. Representative H&E stained sections (c-e). 
Original magnification 2.5× (c); 10× (d); 20× (e). Tumour cells have a predominantly nesting or alveolar pattern. The tumour 
consists mostly of pale-staining, lipid-rich cells that resemble zona glomerulosa cells. Focal areas within the lesion have cells with 
granular and eosinophilic cytoplasm.
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screened for PA. If the ARR is greater than cutoff values, 
a definitive biochemical diagnosis of PA should be made 
by a confirmatory test, such as saline infusion, and sub-
type differentiation should be made by CT scan and adre-
nal venous sampling (AVS). AVS is considered the gold 
standard test to distinguish between unilateral and bilat-
eral disease.8 Nevertheless, the results of a recent ran-
domised controlled trial have challenged this concept, as 
treatment of PA on the basis of CT or AVS did not show 
significant differences in clinical benefits after 1 year of 
follow-up.12 In addition, AVS is expensive, invasive and 
complicated.13 The main difficulty is encountered during 
right-side selective catheterisation, such that the rate of 
non-selective AVS can be as high as 20–40%.14 Several 
authors have suggested that systematic AVS is not neces-
sary if there is a well-defined lesion on CT scan,13 and that 
AVS could be omitted in patients with a typical Conn’s 
adenoma, hypokalemia and GFR greater than 100 mL/
min.9 Here, based on the patient’s hypokalemia, biochem-
ical PA and CT scan image of a typical Conn’s adenoma 
we suggested left laparoscopic adrenalectomy.

After adrenalectomy, it is recommended to monitor potas-
sium levels.8 This is based on the case reports of postopera-
tive hyperkalemia,7 which can occur in up to 16% of patients 

after surgery and require fludrocortisone replacement ther-
apy in 5%.7 Postoperative hyperkalemia has been ascribed to 
the ability of aldosterone excess to inhibit the remaining con-
tralateral zona glomerulosa by way of suppressed plasma 
renin levels,15 leading to hypoaldosteronism with impaired 
potassium clearance and hyperkalemia. Overall, the occur-
rence of postoperative hyperkalemia due to transient hypoal-
dosteronism, as well as the hypokalemia featuring in patients 
with PA, highlight the importance of aldosterone for the 
regulation of plasma potassium concentration.

The relationship between sodium and aldosterone is dif-
ferent. Sodium concentration is controlled mainly by the 
ADH thirst system, which overshadows the renin–angio-
tensin–aldosterone system under normal conditions. This 
concept relies on landmark experimental studies by Young 
and Guyton,6 who demonstrated that a 20-fold increase in 
sodium intake led to a significant increase in plasma sodium 
concentration only in the case that the ADH thirst system 
was blocked, while it had no effect if aldosterone remained 
unchanged. Nevertheless, in the same work it was proved 
that a minimum level of aldosterone was required to avoid 
a fall in sodium concentration. In other words, hypoaldo-
steronism affects the plasma sodium concentration, while 
hyperaldosteronism does not. This is due to the fact that 
hypoaldosteronism stimulates ADH increase, through uri-
nary loss of sodium and volume depletion, which in turn 
stimulates water retention, leading to a dilution of plasma 
sodium concentration. As a matter of fact, patients with 
Addison’s disease have high levels of ADH.16

A few weeks after surgery our patient presented with 
hypotonic hyponatremia. Urine osmolality and urinary 
sodium levels were high, indicating unsuppressed levels of 
ADH.10 This is consistent with the concept that the patient’s 
hypoaldosteronism might have led to loss of sodium and 
water, ADH stimulation, and subsequent water retention with 
dilutional hyponatremia and hypokalemia. Dilutional hypona-
tremia has been increasingly described in runners,17 who lose 
sodium and fluids during sweating, which can activate ADH, 
through a similar mechanism to that of hypoaldosteronism-
induced hyponatremia. Interestingly, during marathons, 
women seem to be at increased risk of dilutional hypona-
tremia, because of a tendency to drink/receive more fluids 
than men in proportion to their body weight.18 We hypothe-
sise that our patient developed postoperative hyponatremia 
because of a transient hypoaldosteronism, which activated 
ADH, causing abnormal fluid retention in a woman who was 
slightly underweight. The slow increase in the serum values 
of potassium could also be attributed to a dilutional effect, 
further supporting the theory of fluid overload.18

In conclusion, this case highlights that a minimum level 
of aldosterone is essential for keeping sodium within nor-
mal ranges. Clinicians should be alert to the possibility of 
postoperative hyponatremia in patients undergoing unilat-
eral adrenalectomy for Conn’s adenoma. Women and 
underweight patients may be a subset at increased relative 
risk of this occurrence.

Figure 2. Demonstration of chronological potassium (a) and 
sodium (b) levels. Solid arrows indicate left adrenalectomy.



4 Journal of the Renin-Angiotensin-Aldosterone System  

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

Patient consent

Written informed consent for patient information and images to 
be published was provided by the patient.

References

 1. Conn JW. Presidential address. I. Painting background. II. 
Primary aldosteronism, a new clinical syndrome. J Lab Clin 
Med 1955; 45: 3–17.

 2. Monticone S, Burrello J, Tizzani D, et al. Prevalence and clinical 
manifestations of primary aldosteronism encountered in pri-
mary care practice. J Am Coll Cardiol 2017; 69: 1811–1820.

 3. Ito Y, Takeda R, Karashima S, et al. Prevalence of primary 
aldosteronism among prehypertensive and stage 1 hyperten-
sive subjects. Hypertens Res 2011; 34: 98–102.

 4. Rossi GP, Bernini G, Caliumi C, et al. A prospective 
study of the prevalence of primary aldosteronism in 1,125 
hypertensive patients. J Am Coll Cardiol 2006; 48: 2293–
2300.

 5. Calhoun DA, Nishizaka MK, Zaman MA, et al. 
Hyperaldosteronism among black and white subjects with 
resistant hypertension. Hypertension 2002; 40: 892–896.

 6. Young DB and Guyton AC. Steady state aldosterone dose-
response relationships. Circ Res 1977; 40: 138–142.

 7. Fischer E, Hanslik G, Pallauf A, et al. Prolonged zona glo-
merulosa insufficiency causing hyperkalemia in primary 
aldosteronism after adrenalectomy. J Clin Endocrinol 
Metab 2012; 97: 3965–3973.

 8. Funder JW, Carey RM, Mantero F, et al. The management 
of primary aldosteronism: case detection, diagnosis, and 
treatment: an Endocrine Society clinical practice guideline. 
J Clin Endocrinol Metab 2016; 101: 1889–1916.

 9. Kupers EM, Amar L, Raynaud A, et al. A clinical prediction 
score to diagnose unilateral primary aldosteronism. J Clin 
Endocrinol Metab 2012; 97: 3530–3537.

 10. Spasovski G, Vanholder R, Allolio B, et al. Clinical practice 
guideline on diagnosis and treatment of hyponatraemia. Eur 
J Endocrinol 2014; 170: G1–G47.

 11. Ganguly A. Primary aldosteronism. N Engl J Med 1998; 
339: 1828–1834.

 12. Dekkers T, Prejbisz A, Kool LJ, et al. Adrenal vein sam-
pling versus CT scan to determine treatment in primary 
aldosteronism: an outcome-based randomised diagnostic 
trial. Lancet Diabetes Endocrinol 2016; 4: 739–746.

 13. Pirvu A, Naem N, Baguet JP, et al. Is adrenal venous 
sampling mandatory before surgical decision in case of 
primary hyperaldosteronism? World J Surg 2014; 38: 
1749–1754.

 14. Harvey A, Kline G and Pasieka JL. Adrenal venous sampling 
in primary hyperaldosteronism: comparison of radiographic 
with biochemical success and the clinical decision-making 
with “less than ideal” testing. Surgery 2006; 140: 847–853; 
discussion 53–55.

 15. Taniguchi R, Koshiyama H, Yamauchi M, et al. A case 
of aldosterone-producing adenoma with severe post-
operative hyperkalemia. Tohoku J Exp Med 1998; 186: 
215–223.

 16. Ahmed AB, George BC, Gonzalez-Auvert C, et al. Increased 
plasma arginine vasopressin in clinical adrenocortical insuf-
ficeincy and its inhibition by glucosteroids. J Clin Invest 
1967; 46: 111–123.

 17. Siegel AJ. Exercise-associated hyponatremia: role of 
cytokines. Am J Med 2006; 119 (7 Suppl 1): S74–S78.

 18. Hew TD, Chorley JN, Cianca JC, et al. The incidence, risk 
factors, and clinical manifestations of hyponatremia in 
 marathon runners. Clin J Sport Med 2003; 13: 41–47.




