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Abbreviations
ACE2  Angiotensin-converting enzyme 2
ACTH  Adrenocorticotropic hormone
AI  Adrenal insufficiency
COVID-19  Coronavirus disease 2019
ICU  Intensive care unit
SARS-CoV-1  Severe acute respiratory syndrome corona-

virus 1
SARS-CoV-2  Severe acute respiratory syndrome corona-

virus 2

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, which can result in coronavirus disease 
2019 (COVID-19), has caused an unprecedented global pan-
demic. The epicenter of that pandemic in Latin America was 
Brazil, where more than 670,000 deaths have been attrib-
uted to COVID-19 [1]. The receptor-binding domain of the 
SARS-CoV-2 spike protein uses host angiotensin-converting 
enzyme 2 (ACE2) as the receptor for membrane fusion, thus 
potentially disrupting hypothalamic expression of ACE2. 
Anti-SARS-CoV-2 antibodies might interfere with circu-
lating adrenocorticotropic hormone (ACTH), which could 
blunt the stress-induced cortisol response [2].

In this research letter, we describe 13 patients with 
COVID-19–associated renal failure who, despite undergoing 
dialysis in the intensive care unit (ICU), presented persistent 
hyperkalemia, hyponatremia, or both. We hypothesized that 
these patients, while in the ICU and on dialysis, could have 
had adrenal insufficiency in addition to acute kidney injury. 

The patients were admitted to a tertiary hospital in the 
Brazilian cities of São Paulo and Goiânia, respectively, 
between April 1 and August 16, 2020. Twelve of the 
patients were dialysis dependent and treated with continu-
ous venovenous hemodiafiltration or continuous venovenous 
hemodialysis, at 35 mL/kg/h, and presented  persistent 
hyperkalemia, hyponatremia, or both, despite > 48 h of 
hemodialysis and clinical measures. There was no rhabdo-
myolysis or severe acidosis to explain the hyperkalemia. 
Ten of the patients were male. The median age was 69 years 
(Q1-Q3: 65–73 years), and the median ICU stay was 26 days 
(Q1-Q3: 19–40 days). Six patients had diabetes, 10 had 
hypertension, 4 class III obesity, and one had a history of 
cancer. Eleven patients required mechanical ventilation and 
vasopressor support. Two patients were on chronic dialysis. 
Among the patients evaluated, the ICU mortality rate was 
76.9%. Additional clinical and biochemical data are reported 
in Table 1. Unfortunately, we were not able to collect all of 
the hormonal results to make a clear diagnosis of AI. How-
ever, after the suspicion of AI had been raised, all of the 
patients received glucocorticoid therapy, which normalized 
serum electrolytes and bicarbonate, while the same dialysis 
dose was  maintained.

Cortisol deficiency can be difficult to diagnose in ICU 
patients because the clinical indicators are frequently non-
specific [3]. In ICU patients with cortisol deficiency who are 
on dialysis, findings such as hyperkalemia and hyponatremia 
can be misleading [4]. However, the persistence of such 
disturbances after initiation of efficient dialysis treatment 
should raise the suspicion of cortisol deficiency [5], as in the 
cases reported here [5]. Our hypothesis that SARS-CoV-2 
can induce adrenal insufficiency is supported by the find-
ings of many other studies. In one recent systematic review 
[6], the authors summarized data on the occurrence of adre-
nal insufficiency in patients with COVID-19. Among the 
included studies, the reported prevalence of adrenal insuf-
ficiency ranged from 3.1% to 64.3%, suggesting that adrenal 
insufficiency is  quite common in patients with COVID-19. 
In an autopsy study of adrenal pathology in COVID-19 [7], 
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seven cases showed necrosis, which was mostly ischemic. 
Four of those cases showed cortical lipid degeneration, 
whereas two showed hemorrhage and one nonspecific focal 
adrenalitis. Focal inflammation was observed in combina-
tion with other findings in three patients, whereas vascu-
lar thrombosis was seen in one. In that same study, plasma 
samples collected 1 or 2 days before death were sent for 
cortisol measurement and none were found to have a cortisol 
level < 10 µg/dL. In another autopsy study evaluating adrenal 
vascular changes in patients who died from COVID-19 [8], 
the authors demonstrated acute fibrinoid necrosis of small 
vessels, mainly arterioles, in the adrenal parenchyma, adre-
nal capsule, and immediately adjacent periadrenal adipose 
tissue. They also detected subendothelial vacuolization and 
apoptotic debris. The vascular involvement was dispropor-
tionately conspicuous in the adrenal gland (i.e., not as evi-
dent in the other organs examined). The authors stated that 
it was unclear whether the adrenal vascular involvement was 
attributable to hypoxia, abnormal vascular reaction/blood 
flow patterns, a direct viral cytopathic effect, immune-medi-
ated injury, or a combination of such factors.

Furthermore, in a very elegant autopsy study, Paul et al. 
[9] demonstrated inflammation, accompanied by inflam-
matory cell death, in the adrenal glands of patients who 
died  with severe COVID-19. Histopathologic analysis 
revealed widespread microthrombosis and severe adrenal 
injury. The authors suggested that SARS-CoV-2 infec-
tion favors the onset of adrenalitis. They called atten-
tion to the fact that, given the central role of the adrenal 
glands in immunoregulation and the significant adrenal 
injury observed, it is important to screen for adrenal insuf-
ficiency during acute SARS-CoV-2 infection and during 
recovery. One unique finding of their study was the detection 
of the SARS-CoV-2 spike protein by immunohistochemistry 
in the adrenal cortical cells of all 19 study patients. Viral 
tropism for adrenal cells was further validated by in situ 
hybridization. The authors were also able to identify  SARS-
CoV-2 spike protein RNA in the adrenal cortex.

In summary, our clinical series, within the limits of lack 
of  in-depth studies, further stresses that adrenal insuffi-
ciency should be considered in all patients with COVID-19 
who present hyponatremia or hyperkalemia of no known 
cause, and that this possibly overlooked complication should 
be kept in mind also in patients treated with hemodialysis.
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