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Abstract: Primary adrenal insufficiency (AI) due to bilateral adrenalectomy is not uncommon and
causes skin hyperpigmentation, which worsens quality of life. Case description: A 50-year-old lady
presented with skin hyperpigmentation after spare adrenalectomy for recurrent primary aldostero-
nism. In 2002 she has her first unilateral adrenalectomy and was cured at follow-up. After 16 years
she developed primary aldosteronism, which was treated by spare adrenalectomy. She thereafter
developed AI and started glucocorticoid replacing therapy, which did not prevent the development of
full-blown skin hyperpigmentation. The addition of a low dose of dexamethasone (0.5 mg/day) to the
ongoing adrenal replacement therapy normalized her plasma adrenocorticotropic hormone (ACTH)
levels and regressed skin hyperpigmentation without causing Cushing-like symptoms or signs. Con-
clusions: This clinical case provides compelling evidence for a place for low-dose dexamethasone for
regressing skin pigmentation in patients with primary AI.

Keywords: adrenalectomy; adrenal insufficiency; dexamethasone; glucocorticoid replacement therapy;
primary aldosteronism

1. Introduction

With an incidence of 4.4–6 cases per million per year [1], primary adrenal insufficiency
(AI) is not uncommon. Although epidemiological data are lacking, owing to the increased
awareness and the expanding number of adrenalectomies for primary aldosteronism (PA),
Cushing’s syndrome, and pheochromocytoma, and the treatment of these conditions some-
times with bilateral adrenalectomy, the likely incidence of post-surgical AI will increase in
the next decades. The Endocrine Society has devoted comprehensive practical guidelines
for the management of AI [2]. However, no recommendations are provided for the pre-
vention and regression of skin hyperpigmentation, which occurs as a result of the loss of
glucocorticoid negative feedback on POMC-ACTH-melanocortin. Skin hyperpigmentation
can be troublesome for many patients. We herein report a case of primary AI with overt skin
hyperpigmentation that developed soon after bilateral adrenalectomy for PA. A glucocorti-
coid replacement therapy focused on blunting the hypothalamic-pituitary axis (HPA) by
addition of low-dose dexamethasone, which completely regressed skin hyperpigmentation
within a few months without causing any symptoms or signs of AI or Cushing’s syndrome.

2. Case Description

A 50 year-old Caucasian lady was hospitalized in 2002 for a fever of unknown cause.
An abdominal computed tomography (CT) led to the incidental discovery of a 20 mm
nodule in the left side adrenal gland. At that time, she had a three year history of high
blood pressure (BP) and, therefore, she was screened for PA. Hypokalemia (3.3 mmol/L),

J. Clin. Med. 2022, 11, 5379. https://doi.org/10.3390/jcm11185379 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm11185379
https://doi.org/10.3390/jcm11185379
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0002-7963-0931
https://doi.org/10.3390/jcm11185379
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm11185379?type=check_update&version=2


J. Clin. Med. 2022, 11, 5379 2 of 5

a suppressed plasma renin activity (PRA < 0.20 ng/mL/h) and an inappropriately high
plasma aldosterone concentration (PAC 10 ng/dL) with a raised aldosterone-to-renin-ratio
(ARR) 50 (ng/dL)/(ng/mL/h)) confirmed the diagnosis. A bilaterally successful adrenal
vein sampling (AVS) showed a high lateralization index (LI) of 82 (cut-off value > 2.0) on
the right side. Right laparoscopic adrenalectomy was performed uneventfully, and cortical
nodular hyperplasia was found at pathology examination in the resected adrenal gland.

During the following seven years she showed normal BP values on no drugs, serum
potassium levels, aldosterone, and renin values were consistently normal at yearly follow-
up checks. However, in 2016, 13 years after adrenalectomy, her direct renin concentration
(DRC) showed very low values (<2.0 mIU/L), albeit with a normal PAC value (4.9 ng/dL).

From 2018 her systolic and diastolic BP values (173 ± 15/91 ± 11 mmHg) were
elevated, and borderline serum potassium values (3.7 mmol/L) were noted. Furthermore,
she showed an increase of baseline ARR [65 (ng/dL)/(ng/mL/h)]. A new AVS showed
a markedly elevated relative aldosterone secretion index (RASI) [3] (PACside/PCCside)/
(PACivc/PCCivc) of 57 (normal value < 0.90), which confirmed left adrenal hypersecretion
of aldosterone. An abdominal CT demonstrated a mass of 32 mm in the remaining left
adrenal gland. Partial (spare) adrenalectomy was, therefore, performed uneventfully in
May 2020.

After surgery, BP (<130/85 mmHg), serum potassium, and ARR values were con-
sistently normal, even though renin remained low. Moreover, she developed episodes
of hypotension, and her morning serum cortisol value was depleted, ranging from 11
to 14 nmol/L (normal value 138–635 nmol/L). Replacement treatment with cortisone
acetate 37.5/day was started by her endocrine surgeon, but six months later, while on
such replacement therapy, she developed progressive skin pigmentation, which involved
her body (Figure 1A) and entire face, which she considered very disturbing. Laboratory
findings showed a permanent increase of morning adrenocorticotropic hormone (ACTH)
to 999 ng/L, i.e., about 20 fold above the upper limit of the normal range (normal value:
<50 ng/L). In the meantime, skin pigmentation had worsened and was judged to be
unbearable, while her PRA was normal 1.59 ng/mL/h (range from 0.6 to 4.3 ng/mL/h).
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Figure 1. (A) The skin pigmentation with adrenal replacement treatment. (B,C) Skin pigmentation
regression after treatment with dexamethasone in addition to adrenal replacement therapy.

Based on the hypothesis that dexamethasone treatment, by preventing proopiome-
lanocortin (POMC) production, could reduce her skin pigmentation, we added 0.5 mg
dexamethasone to the ongoing adrenal replacing treatment. After six months of treatment,
skin hyperpigmentation vanished (Figure 1B,C) and (ACTH) values dropped to 11.6 ng/L.
At 12 months follow-up, she was normotensive (BP values 137/84 mmHg), and no symp-
toms or signs of AI or skin hyperpigmentation were noticed, and her renin value, serum
potassium, and sodium levels were normal.

At 18 months follow-up the patient showed no signs whatsoever of glucocorticoid-
related side effects including weight gain, type 2 diabetes mellitus, osteoporosis or signs of
Cushing’s syndrome.
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3. Discussion

This case provides proof of the concept that the addition of a tiny dose of dexametha-
sone to an effective replacement therapy of primary AI with cortisone acetate allowed the
suppression of excess POMC release and, therefore, regression of skin hyperpigmentation.
This observation is quite relevant because bilateral adrenalectomy might be necessary
for the treatment of recurring Cushing’s disease and PA. The latter is a common cause
of secondary hypertension as it involves between 5.9% of the hypertensive patients seen
by general practitioners and over 20% of those with drug-resistant hypertension [4,5].
Unilateral laparoscopic adrenalectomy is the treatment of choice for PA, as it leads to
complete biochemical cure in over 95% of the cases and to cure of high BP in over 45%
when a unilateral form is identified by AVS [6,7]. However, recurrence of aldosteronism
post-adrenalectomy after a long-term cure of PA has been reported, [8] suggesting that this
case is not unique. Moreover, bilateral adrenalectomy can be necessary for patients with
drug-resistant hypertension due to PA and familial hyperaldosteronism type III A [9,10].

Partial (spare) adrenalectomy has been largely abandoned in the treatment of the
primary aldosteronism because of a high rate of recurrence, likely because of the multifocal
nature of the disease. In this case, the first surgical treatment was followed by complete
biochemical and surgical cure, thus proving unambiguously that the removed adrenal
gland had been responsible for the PA. Upon recurrence of PA, after team discussion,
we offered this lady partial (spare) adrenalectomy of the nodule, because the RASI [11]
showed an unambiguous excess aldosterone production from the remnant adrenal gland
and, moreover, she wished to achieve a long-term cure. We hoped that the remaining
adrenal tissue could avoid overt AI. However, at follow-up soon after surgery, AI can
be challenging as it leads to loss of glucocorticoid and mineralocorticoid function, which
features hypotension, a rise of renin, hyponatremia, hyperkalemia, and metabolic acidosis
with a normal anion gap. At variance with this prediction, the lady developed overt AI
with skin hyperpigmentation (Figure 1A) in spite of the residual adrenal tissue. Although
she had been alerted to this possible complication, this turned out to be a major discomfort
for her.

Hence, based on the premise that dexamethasone is the most effective steroid in
inhibiting POMC [12] as shown in Table 1, the drug was added at a low dose to the ongoing
replacement glucocorticoid therapy to verify if it could regress skin hyperpigmentation.
Results were impressive: within 6 months her skin hyperpigmentation had totally vanished
(Figure 1B,C) and no sign of Cushing’s syndrome appeared at longer follow-up.

Table 1. Glucocorticoid equivalences adapted with permission from Nicolaides, N.C. et al. [12].
Copyright year 2022, Copyright owner Kenneth Feingold.

Glucocorticoid Equivalent
Dose (mg)

HPA
Suppression

Plasma
Half-Life

(min)

Biologic
Half-Life (h)

Cortisol 20.0 1.0 90 8–12

Cortisone 25.0 80–118 8–12

Prednisone 5.0 4.0 60 18–36

Prednisolone 5.0 115–200 18–36

Triamcinolone 4.0 4.0 30 18–36

Methylprednisolone 4.0 4.0 180 18–36

Dexamethasone 0.75 17.0 200 36–54

Betamethasone 0.6 300 36–54

Fludrocortisone 2.0 12.0 200 18–36

Desoxycorticosterone acetate 70
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4. Conclusions

Current guidelines for AI recommend glucocorticoid therapy by hydrocortisone or
cortisone acetate as the optimal treatment strategy, but they also warn against the usage of
dexamethasone for the risk of Cushing-like side effects and the difficulty of dose titration [2].
Furthermore, Cassarino et al. [13] reported that dexamethasone had in vitro diverging
effects on POMC expression in human corticotropin secreting adenomas. Nonetheless,
even at small doses, dexamethasone being one of the most effective agents in blunting the
HPA (Table 1), we hypothesized that it could effectively regress skin hyperpigmentation.
In order to widen the recommendation, which is suggested by this proof-of-concept study,
before using dexamethasone at low doses in all patients with adrenal insufficiency and skin
hyperpigmentation, a population-based study with a long follow-up is necessary.

This prediction was fully verified: our clinical case provides compelling evidence
in vivo for a beneficial effect of low-dose long-term dexamethasone for regressing skin
pigmentation in patients with primary AI via decreased POMC and ACTH levels. Moreover,
the potency of dexamethasone and its long biologic half-life [12] make it suitable for long-
term once-a-day dosing in the chronic treatment of AI.

Author Contributions: Conceptualization, G.P.R. and T.S.; validation, G.P.R., T.S. and V.S.; writing
original draft preparation, T.S.; writing-review and editing, G.P.R. and V.S.; visualization, G.P.R.;
supervision, G.P.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Written informed consent has been obtained from the patient to
publish this paper.

Data Availability Statement: All authors confirm that all the data that support the findings of this
report are available on request from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Charmandari, E.; Nicolaides, N.C.; Chrousos, G.P. Adrenal Insufficiency. Lancet 2014, 383, 2152–2167. [CrossRef]
2. Bornstein, S.R.; Allolio, B.; Arlt, W.; Barthel, A.; Don-Wauchope, A.; Hammer, G.D.; Husebye, E.S.; Merke, D.P.; Murad, M.H.;

Stratakis, C.A.; et al. Diagnosis and Treatment of Primary Adrenal Insufficiency: An Endocrine Society Clinical Practice Guideline.
J. Clin. Endocrinol. Metab. 2016, 101, 364–389. [CrossRef] [PubMed]

3. Rossitto, G.; Amar, L.; Azizi, M.; Riester, A.; Reincke, M.; Degenhart, C.; Widimsky, J.; Naruse, M.; Deinum, J.; Schultzekool, L.;
et al. Subtyping of Primary Aldosteronism in the AVIS-2 Study: Assessment of Selectivity and Lateralization. J. Clin. Endocrinol.
Metab. 2020, 105, 2042–2052. [CrossRef] [PubMed]

4. Monticone, S.; Burrello, J.; Tizzani, D.; Bertello, C.; Viola, A.; Buffolo, F.; Gabetti, L.; Mengozzi, G.; Williams, T.A.; Rabbia, F.; et al.
Prevalence and Clinical Manifestations of Primary Aldosteronism Encountered in Primary Care Practice. J. Am. Coll. Cardiol.
2017, 69, 1811–1820. [CrossRef] [PubMed]

5. Rossi, G.P. Primary Aldosteronism: JACC State-of-the-Art Review. J. Am. Coll. Cardiol. 2019, 74, 2799–2811. [CrossRef] [PubMed]
6. Rossi, G.P.; Cesari, M.; Cuspidi, C.; Maiolino, G.; Cicala, M.V.; Bisogni, V.; Mantero, F.; Pessina, A.C. Long-Term Control of Arterial

Hypertension and Regression of Left Ventricular Hypertrophy with Treatment of Primary Aldosteronism. Hypertension 2013, 62,
62–69. [CrossRef] [PubMed]

7. Williams, T.A.; Lenders, J.W.M.; Mulatero, P.; Burrello, J.; Rottenkolber, M.; Adolf, C.; Satoh, F.; Amar, L.; Quinkler, M.; Deinum, J.;
et al. Outcomes after Adrenalectomy for Unilateral Primary Aldosteronism: An International Consensus on Outcome Measures
and Analysis of Remission Rates in an International Cohort. Lancet Diabetes Endocrinol. 2017, 5, 689–699. [CrossRef]

8. Citton, M.; Viel, G.; Rossi, G.P.; Mantero, F.; Nitti, D.; Iacobone, M. Outcome of Surgical Treatment of Primary Aldosteronism.
Langenbeck’s Arch. Surg. 2015, 400, 325–331. [CrossRef] [PubMed]

9. Choi, M.; Scholl, U.I.; Yue, P.; Björklund, P.; Zhao, B.; Nelson-Williams, C.; Ji, W.; Cho, Y.; Patel, A.; Men, C.J.; et al. K+ Channel
Mutations in Adrenal Aldosterone-Producing Adenomas and Hereditary Hypertension. Science 2011, 331, 768–772. [CrossRef]
[PubMed]

10. Lenzini, L.; Prisco, S.; Caroccia, B.; Rossi, G.P. Saga of Familial Hyperaldosteronism. Hypertension 2018, 71, 1010–1014. [CrossRef]
[PubMed]

11. Rossitto, G.; Miotto, D.; Battistel, M.; Barbiero, G.; Maiolino, G.; Bisogni, V.; Sanga, V.; Rossi, G.P. Metoclopramide Unmasks
Potentially Misleading Contralateral Suppression in Patients Undergoing Adrenal Vein Sampling for Primary Aldosteronism.
J. Hypertens. 2016, 34, 2258–2265. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(13)61684-0
http://doi.org/10.1210/jc.2015-1710
http://www.ncbi.nlm.nih.gov/pubmed/26760044
http://doi.org/10.1210/clinem/dgz017
http://www.ncbi.nlm.nih.gov/pubmed/31536622
http://doi.org/10.1016/j.jacc.2017.01.052
http://www.ncbi.nlm.nih.gov/pubmed/28385310
http://doi.org/10.1016/j.jacc.2019.09.057
http://www.ncbi.nlm.nih.gov/pubmed/31779795
http://doi.org/10.1161/HYPERTENSIONAHA.113.01316
http://www.ncbi.nlm.nih.gov/pubmed/23648698
http://doi.org/10.1016/S2213-8587(17)30135-3
http://doi.org/10.1007/s00423-014-1269-4
http://www.ncbi.nlm.nih.gov/pubmed/25567077
http://doi.org/10.1126/science.1198785
http://www.ncbi.nlm.nih.gov/pubmed/21311022
http://doi.org/10.1161/HYPERTENSIONAHA.118.11150
http://www.ncbi.nlm.nih.gov/pubmed/29735637
http://doi.org/10.1097/HJH.0000000000001082
http://www.ncbi.nlm.nih.gov/pubmed/27512976


J. Clin. Med. 2022, 11, 5379 5 of 5

12. Nicolaides, N.C.; Pavlaki, A.N.; Magiakou, M.A.; Chrousos, G.P. Glucocorticoid Therapy and Adrenal Suppression. [Updated
19 October 2018]. In Endotext [Internet]; Feingold, K.R., Anawalt, B., Boyce, A., Eds.; MDText.com, Inc.: South Dartmouth, MA,
USA, 2000.

13. Cassarino, M.F.; Sesta, A.; Pagliardini, L.; Losa, M.; Lasio, G.; Cavagnini, F.; Pecori Giraldi, F. Proopiomelanocortin, Glucocorticoid,
and CRH Receptor Expression in Human ACTH-Secreting Pituitary Adenomas. Endocrine 2017, 55, 853–860. [CrossRef] [PubMed]

http://doi.org/10.1007/s12020-016-0990-x
http://www.ncbi.nlm.nih.gov/pubmed/27220856

	Introduction 
	Case Description 
	Discussion 
	Conclusions 
	References

