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Background. Few data are available on adrenal morphology in patients with acute dis- 
eases, although it is known that endogenous glucocorticoids are essential for survival 
under stress conditions and that an adequate response is driven by activation of the 
hypothalamic-pituitary-adrenal (HPA) axis. 

Aims. The aim of this study was to assess adrenal morphology in patients with acute 
disease compared with patients with non-acute disease. 

Methods. This cross-sectional study included: 402 patients admitted to the emergency 

department (ED) for suspected SARS-CoV-2 infection (March–May, 2020) [main co- 
hort]; 200 patients admitted to the ED for acute conditions (December 2018–February 

2019) [control group A]; 200 outpatients who underwent radiological evaluation of non- 
acute conditions (January–February 2019) [control group B]. Chest and/or abdominal 
CT scans were reviewed to identify adrenal nodules or hyperplasia. 

Results. In the main cohort, altered adrenal morphology was found in 24.9% of the 
patients (15.4% adrenal hyperplasia; 9.5% adrenal nodules). The frequency of adrenal 
hyperplasia was higher both in the main cohort (15.4%) and control group A (15.5%) 
compared to control group B (8.5%; p = 0.02 and p = 0.03, respectively). In the main 

cohort, 14.9% patients died within 30 d. According to a multivariate analysis, adrenal 
hyperplasia was an independent risk factor for mortality ( p = 0.04), as were older age 
( p < 0.001) and active cancer ( p = 0.01). 

Conclusions. The notable frequency of adrenal hyperplasia in patients with acute dis- 
eases suggests an exaggerated activation of the HPA axis due to stressful condi- 
tions. The increased risk of short-term mortality found in patients with adrenal hy- 
perplasia suggests that it may be a possible hallmark of worse prognosis. © 2024 

The Authors. Published by Elsevier Inc. on behalf of Instituto Mexicano del Se- 
guro Social (IMSS). This is an open access article under the CC BY-NC-ND license 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Introduction 

Incidental radiological findings are reported with increas-
ing frequency due to the steep increase in the use of
cross-sectional imaging. Extensive literature is available on
adrenal incidentalomas, defined as discrete adrenal lesions
of 1 cm or more, found serendipitously in patients who
presented without overt clinical features of adrenal hor-
mone hypersecretion ( 1 ). The frequency of adrenal inciden-
talomas has reached 5–7% in the most recent studies ( 2–4 ),
which is close to findings described in autopsy series ( 5 ).
Conversely, adrenal hyperplasia is neglected outside the
context of congenital adrenal hyperplasia. A retrospective
radiology study assessing 564 abdominal computerized to-
mography (CT) scans carried out for different clinical con-
ditions (excluding patients with abdominal trauma, known
cancer or endocrine disorders) reported a total of 64 pa-
tients with adrenal enlargement, of which 11 had nodular
enlargement, with a frequency of serendipitous adrenal hy-
perplasia of 9.4% ( 6 ). 

Given that endogenous glucocorticoids are essential
for survival under conditions of stress ( 7 ), and that an
adequate stress response is driven by activation of the
hypothalamic-pituitary-adrenal (HPA) axis ( 8 , 9 ), the as-
sessment of adrenal morphology is even more revealing
in the context of acute conditions. 

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection, which caused the COVID-19
pandemic, has become the most prevalent acute disease
globally in the past few years ( 10 ). Knowledge of the ef-
fects of SARS-CoV-2 infection on the HPA axis is still
limited and to date few data are available on adrenal mor-
phology in patients with COVID-19. 

Autopsy studies in patients with severe COVID-19
reported microscopic adrenal lesions (ischemic or hem-
orrhagic necrosis, cortical lipid degeneration and focal
adrenalitis) which can result from adrenal hyperactivity in
critical illnesses ( 11 , 12 ). Older age and the presence of
comorbidities, such as arterial hypertension, cardiovascular
disease, diabetes mellitus, and obesity have been identified
as risk factors for severe or fatal COVID-19 ( 13–17 ).
Interestingly, the same comorbidities have been found in
patients with cortisol-secreting adrenal tumors ( 18 , 19 ),
even when these tumors produce minimal cortisol excess,
as happens in adrenal incidentalomas ( 1 , 2 , 20–26 ). 

Given that the adrenal region is usually included in
chest CT scans, we designed a study to assess the mor-
phology of the adrenal glands visualized by a chest CT in
patients admitted to the emergency department with sus-
pected SARS-CoV-2 infection. We assessed the frequency
and features of the alterations observed, and evaluated
whether they were linked to specific characteristics, or pa-
tient outcomes. We compared the adrenal findings of these
patients with those of two control cohorts who had under-
gone a CT for different reasons before the pandemic. 
Methods 

Design 

This was a cross-sectional study. 

Study Participants 

Patients with Suspected SARS-CoV-2 Infection 

(Main Cohort) 
We retrospectively assessed a consecutive series of pa-

tients admitted to the Emergency Department of the San
Luigi Gonzaga Hospital in Orbassano (northern Italy) for
suspected SARS-CoV-2 infection during the first wave of
the pandemic, between March 1 and May 15, 2020. 

Inclusion criteria were: age at admission ≥18 years;
available nasopharyngeal or oropharyngeal swab for poly-
merase chain reaction (PCR) testing of SARS-CoV-2 in-
fection; and available chest CT study including the adrenal
region. Patients with known adrenal disease, or recent
(within one week) glucocorticoid use were excluded. 

The following demographic and clinical characteristics
were included: date of birth, sex, date of admission, body
mass index (BMI), and comorbidities (arterial hyperten-
sion, diabetes mellitus, dyslipidemia). Death and related
causes were noted over a period of 30 d after admis-
sion. Hypertension was defined as blood pressure ≥140/90
mmHg, or current use of antihypertensive medications. Di-
abetes mellitus was defined when the patient reported fast-
ing glycemia ≥7 mmol/L, glycemia at 2 h during the oral
glucose tolerance test ≥11.1 mmol/L, glycated hemoglobin
(HbA1c) ≥6.5%, a previous diagnosis of diabetes, or cur-
rent use of anti-diabetic medications. Dyslipidemia was
defined by the current use of cholesterol-lowering medi-
cations. Any history of cerebrovascular or cardiovascular
disease (TIA, stroke, angina pectoris, myocardial infarc-
tion, or revascularization procedures), or history of cancer
was carefully investigated. 

The study was approved by the ethical committee of San
Luigi Gonzaga Hospital (n.11/2020), and was conducted in
accordance with the Declaration of Helsinki. The need to
obtain informed consent from the study participants was
waived due to the observational nature of the study and
the use of anonymized data. 

Control Groups 

We retrospectively reviewed abdominal CT scans and/or
chest CT scans including images of the adrenal region of
two groups of patients who were referred to our hospital
before the first SARS-CoV-2 outbreak. Applying the same
exclusion criteria as the main cohort ( Figure 1 ), we retro-
spectively reviewed abdominal CT scans and/or chest CT
scans including the adrenal region of two groups of pa-
tients who were referred to our hospital before the first
SARS-CoV-2 outbreak. 
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Figure 1. Flow diagram of study participants. ED: Emergency department; CT: Computerized tomography; GC: Glucocorticoid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group A consisted of 200 patients admitted to the emer-
gency department for a variety of acute conditions (50.5%
acute abdominal disease, 20.5% pulmonary embolism, 9%
acute renal failure, 8% trauma, 7% aortic dissection, and
5% pulmonary infection) from December 2018–February
2019. Group B consisted of 200 out-patients admitted
for radiological evaluation of non-acute conditions (25.5%
follow-up of abdominal diseases and 74.5% follow-up of
urological diseases) from January 2019–February 2019. 

Adrenal CT Scans 

All CT studies were performed on a Philips Ingenuity CT
scanner (Philips Healthcare, Cleveland OH, USA) and on
a GE Optima 660 CT scanner (General Electric, Milwau-
kee, WI, USA). The CT imaging technique was not stan-
dardized due to the variety of different clinical indications;
however, all scans had a maximum section thickness of 2
mm. For each patient, both adrenal glands were reviewed
a posteriori on axial images with an abdominal soft tissue
setting (window level 60, width 360) by three indepen-
dent radiologists (F.S., D.C., G.M.T.) blinded to the clin-
ical data and to the original report. Mismatches between
readers were resolved by consensus. 

To be included in the study, patients had to have a
visible adrenal region on chest CT, with at least one
gland entirely visible. All measurements were acquired
in consensus using standardized methods, considering the
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maximum width of the gland as the largest width perpen-
dicular to the long axis of the body, as previously described
( 19 ). Diffuse hyperplasia was defined as an enlargement of
the gland with a regular outline and no identifiable nodule;
maximum width was recorded for each adrenal gland. 

To qualify as an enlargement, one of the limbs, or body
measurements of either adrenal gland had to exceed the
upper limit of normal, which was set at 10 mm for the
adrenal body and 5 mm for each adrenal limb ( 27–29 ). 

Nodular enlargement was defined if the adrenal gland
had an irregular outline, included nodules, and had nor-
mal adrenal tissue interspersed between the nodules. For
each adrenal nodule, size, margin, and mean Hounsfield
Unit (HU) values were assessed. A mean unenhanced at-
tenuation value of 10 HU, or less, was considered as sug-
gestive of benign adenomas ( 1 , 30 ). For nodules with an
unenhanced attenuation > 10 HU, a CT histogram analysis
was used to differentiate between lipid-poor adenomas and
non-adenomatous lesions ( 30 ). 

CT histogram measurements were performed on Intel-
liSpace Portal 11 (Philips Healthcare). For each adrenal
nodule, a circular region of interest (ROI) was located to
include a large portion of the lesion but avoiding the ex-
ternal portion, to prevent partial volume effects. A CT his-
togram and a graph of the number of pixels on the y-axis
versus the pixel attenuation on the x-axis were obtained
from the ROI. The analysis was based on the calculation
of the pixels with a negative HU. When available, previous
CT scans of the same patients were reviewed to determine
whether adrenal enlargement had been reported in the orig-
inal radiological report. 

Statistical Analysis 

Continuous variables are presented as the means and stan-
dard deviations (SDs), or medians and ranges as measures
of variability, as appropriate. Categorical variables were
presented with frequencies and percentages. Differences
between groups were analyzed with the Mann-Whitney test
for continuous variables and the χ2 test, or Fisher’s exact
test when appropriate, for categorical variables. To evaluate
the factors associated with the risk of mortality, a multi-
variate analysis was carried out to estimate the odds ratio
(OR) and the corresponding 95% confidence interval (95%
CI) with the binomial logistic regression analysis. 

All reported p values were two-sided. p -values less than
0.05 were considered as statistically significant. The sta-
tistical analyses were performed with Jamovi - v. 2.3.18. 

Role of the Funding Source 

The University of Turin funded the study but had no role
in the study design, data collection, data analysis, data in-
terpretation, or writing of the report. 
Results 

Characteristics of the Study Population 

We included 402 patients ( Figure 1 ) who were recruited
during the first SARS-CoV-2 outbreak (222 men, 55.2%;
180 women, 44.8%) in the main cohort. 

One hundred patients had a PCR-confirmed diagnosis of
SARS-CoV-2 infection (24.9%). Table 1 reports the clin-
ical characteristics of the patients stratified by PCR test
confirmation of SARS-CoV-2 infection. 

Patients in the main cohort and those in group B were
comparable in ages , however they were older than pa-
tients included in group A ( p < 0.001) ( Table 2 ). Group B
also included mainly males (86%), since most of the pa-
tients were referred for follow-up for urological diseases
( Table 2 ). 

Adrenal CT Findings 

In the main cohort, altered adrenal morphology was found
in 100 patients (24.9%), consisting of adrenal hyperplasia
in 62 (15.4%), and adrenal nodules in 38 (9.5%) patients.
Discrete adrenal nodules were unilateral in 34 (89.4%) pa-
tients, and bilateral in 4 (10.6%) patients. No significant
differences in adrenal morphology were detected between
patients with a positive or negative PCR test for SARS-
CoV-2 infection ( Table 1 ). 

Of the 38 patients with adrenal nodules, 44 discrete
nodules were identified, with a median size of 16 mm
(10–50 mm) and a median density of 10 HU (from –41
HU to 42 HU). Twenty-two nodules (50%) had a density
≤10 HU, which is consistent with the diagnosis of ade-
noma. For the remaining 22 nodules with a mean density
> 10 HU, the CT histogram analysis revealed that 14 had
> 10% pixel values below 0 HU, and 8 less than 10% pixel
values below 0 HU. In these patients with uncertain radi-
ological characteristics, the histogram analysis was con-
sistent with a presumptive diagnosis of lipid-poor adeno-
mas ( n = 10), adrenal metastasis ( n = 8), or myelolipoma
( n = 1), while three nodules were of indeterminate ori-
gin. Note that the eight nodules that qualified as adrenal
metastases were found in patients with a previous history
of cancer. 

In 17 patients with adrenal hyperplasia, a previous CT
was available for comparison, which in all cases showed
an increase in the thickness of the adrenal glands at the
most recent CT, with a median increase of 1.9 mm (1–15
mm). 

An increased frequency of adrenal hyperplasia was
found both in the main cohort (15.4%) and in the con-
trol group A (15.5%) compared to the control group B
(8.5%; p = 0.02 and p = 0.03, respectively) ( Table 2 ). 

In the main cohort, we did not observe a significant
correlation between the presence of adrenal morphological
changes with some biochemical indices of disease sever-
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Table 1. Baseline characteristics of the main cohort 

Characteristics Overall cohort 
N = 402 

Negative PCR test N = 302 
(valid cases) 

Positive PCR test N = 100 
(valid cases) 

p ∗

Age, year (302) (100) < 0.001 
Mean (SD) 72.4 (15.1) 74.2 (14.8) 67.1 (14.9) 
Female, N (%) 180 (44.8) 140 (46.4) 40 (40) 0.27 
BMI class, (302) (100) 0.55 

Normal, N (%) 185 (46.1) 132 (43.7) 53 (53) 
Overweight, N (%) 144 (35.8) 117 (38.7) 27 (27) 
Obese, N (%) 73 (18.1) 53 (17.6) 20 (20) 

Type 2 Diabetes Mellitus (285) (88) 0.41 
N (%) 93 (24.9) 74 (26) 19 (21.6) 

Arterial Hypertension (293) (92) 0.88 
N (%) 236 (61.3) 179 (61.1) 57 (62.0) 

Dyslipidemia (288) (89) 0.33 
N (%) 113 (30.0) 90 (31.2) 23 (25.8) 

History of CV event (283) (85) 0.37 
N (%) 96 (26.1) 77 (27.2) 19 (22.4) 

History of cancer (265) (85) 0.39 
Active cancer, N (%) 76 (21.7) 62 (23.4) 14 (16.5) 
Previous cancer, N (%) 32 (9.1) 21 (7.9) 11 (12.9) 

Adrenal morphology (302) (100) 
Adrenal hyperplasia N (%) 62 (15.4) 50 (16.6) 12 (12.0) 0.274 
Adrenal nodules N (%) 38 (9.5) 26 (8.6) 12 (12.0) 0.315 

CT = computed tomography; BMI = body mass index; CV = cardiovascular; SD = standard deviation. 
∗p values refer to the comparison between patients with positive or negative PCR test for SARS-CoV-2. 

Table 2. Comparison of the main cohort and control groups. 

Main cohort 
( N = 402) 

Control Group A 

( N = 200) 
Control Group B 

( N = 200) 
p 

Age, years, mean (SD) 72.4 (15.1) 64.7 (17.3) 70.4 (9.3) Main cohort vs. Group A, < 0.001 
Group A vs. Group B, < 0.001 

Female, N (%) 180 (44.8) 95 (47.5) 28 (14.0) Main cohort vs. Group B, < 0.001 
Group A vs. Group B, < 0.001 

Adrenal nodules, N (%) 38 (9.5) 10 (5.0) 14 (7.0) 0.141 
Adrenal hyperplasia, N (%) 62 (15.4) 31 (15.5) 17 (8.5) Main cohort vs. Group B, 0.02 

Group A vs. Group B, 0.03 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ity, such as white blood cell count, lactate dehydrogenase,
ultra-sensitive C-reactive protein and procalcitonin (Sup-
plemental Table 1). Furthermore, we collected data on pa-
tient admission from the emergency room (high intensity
care unit or low intensity care unit) to assess disease sever-
ity. However, even after analyzing these data, we did not
observe any differences related to adrenal morphological
changes (Supplemental Table 1). 

Mortality 

In the main cohort, 60 patients (14.9%) died within 30 d.
The patients who died were older (80.7 vs. 71.0 years, p
< 0.001), and showed a higher prevalence of adrenal hy-
perplasia (26.7 vs. 13.5%, p = 0.009) and active cancer
(34 vs. 19.7%, p = 0.04) ( Table 3 ). 

In a multivariate model (overall model test χ ² 35.6,
p < 0.001), adrenal hyperplasia was an independent risk
factor for mortality ( p = 0.04), together with older age ( p
< 0.001) and active cancer ( p = 0.01) ( Table 4 , Figure 2 ).
The causes of death were: COVID-related complica-
tions in 28.3% of patients, unrelated respiratory diseases in
36.7%, sepsis in 11.7%, cardiovascular disease in 13.3%,
and malignancy in 10.0%. 

The radiological characteristics of adrenal masses, such
as margins, pattern, mean density value, and histogram
analysis, did not differ between patients who survived or
died ( Table 3 ). 

Discussion 

In the present study, the morphology of the adrenal glands
was evaluated in a series of consecutive patients admitted
to the emergency department with suspected SARS-CoV-2
infection. In order to have a control group of patients with
either acute or non-acute conditions, the CT findings of
these patients were compared to a group of subjects ad-
mitted to the emergency department in the previous winter
period, and to a group of outpatients admitted for radio-
logical evaluation for non-acute conditions, before the first
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Table 3. Comparison between patients stratified by survival status at 30 d 

Characteristics Alive patients N = 342 Dead patients N = 60 p 

Age, years (valid cases) (342) (60) < 0.001 
Mean (SD) 71 (15.3) 80.7 (10.8) 
Adrenal hyperplasia (valid cases) (342) (60) 0.009 
N (%) 46 (13.5) 16 (26.7) 
Adrenal nodules (valid cases) (342) (60) 0.748 
N (%) 33 (9.6) 5 (8.3) 
Nodule size, mm (valid cases) (33) (5) 0.825 
Mean (SD) 18.9 (10.4) 17.8 (6.5) 
Nodule margins (valid cases) (33) (5) 0.951 
Regular, N (%) 26 (78.8) 4 (80.0) 
Irregular, N (%) 7 (21.2) 1 (20.0) 
Nodule pattern (valid cases) (33) (5) 0.770 
Homogenous, N (%) 22 (66.7) 3 (60.0) 
Inhomogeneous, N (%) 11 (33.3) 2 (40.0) 
Nodule density, HU (valid cases) (33) (5) 0.571 
Mean (SD) 12.2 (17.2) 17.0 (19.2) 
BMI class, (valid cases) (342) (60) 0.558 
Normal, N (%) 159 (46.5) 26 (42.9) 
Overweight, N (%) 126 (36.8) 20 (33.3) 
Obese, N (%) 57 (16.7) 14 (23.8) 
Type 2 Diabetes Mellitus (valid cases) (319) (54) 0.601 
N (%) 78 (24.5) 15 (27.8) 
Arterial Hypertension (valid cases) (329) (56) 0.923 
N (%) 202 (61.4) 34 (60.7) 
Dyslipidemia (valid cases) (324) (53) 0.351 
N (%) 100 (30.9) 13 (24.5) 
History of CV event (valid cases) (315) (53) 0.691 
N (%) 81 (25.7) 15 (28.3) 
History of cancer (valid cases) (300) (50) 0.039 
Active cancer, N (%) 59 (19.6) 17 (34.0) 
Previous cancer, N (%) 26 (8.7) 6 (12.0) 
PCR test for SARS-CoV-2 (valid cases) (342) (60) 0.502 
Positive, N (%) 83 (24.3) 17 (28.3) 

HU = Hounsfield Unit; CV = cardiovascular. 

Table 4. Multivariate model for the risk of dying within 30 d 

OR 95% CI p 

Age 1.07 1.04–1.10 < 0.001 
Active cancer 2.44 1.19–4.99 0.01 
Adrenal hyperplasia 2.16 1.03–4.55 0.04 
Confirmed SARS-CoV-2 1.73 0.81–3.69 0.15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SARS-CoV-2 outbreak. To the best of our knowledge, this
is the largest study on adrenal morphology in patients ad-
mitted to the emergency department. The key finding of
the study is the notable frequency of serendipitous adrenal
hyperplasia (15.4%) found in our patients with acute con-
ditions. 

Although a direct comparison with previous studies is
difficult due to the different inclusion criteria and method-
ologies, the frequency of adrenal hyperplasia found in our
study is higher than the 9.4% reported in a radiology study
which included patients who underwent an abdominal CT
for unspecified conditions ( 6 ). 

There is scant evidence on adrenal morphology in pa-
tients with COVID-19. Recently, some case reports showed
the presence of bilateral adrenal hemorrhage ( 31–35 ),
while two retrospective studies reported that patients with
a diagnosis of COVID-19 showed features compatible with
adrenal infarction on unenhanced CT scans in 23% of 219
patients ( 36 ) and 16% of 343 patients ( 37 ), respectively. In
both studies, radiological signs of acute adrenal infarction
were associated with an increased risk of hospitalization in
the intensive care unit and a longer length of stay, although
association with increased mortality was only found in one
study ( 36 , 37 ). 

In our study CT features suggestive of adrenal infarc-
tion were identified in only five patients with COVID-19.
However, other conditions may mimic adrenal infarction
on unenhanced CT, which has a lower diagnostic accuracy
than enhanced CT. In fact, the typical feature of adrenal
infarct is an enlarged hypodense adrenal gland with subtle
peripheral rim enhancement after intravenous contrast ma-
terial injection caused by adrenal venous thrombosis ( 38 ).

It is well known that patients with COVID-19 are
exposed to thrombotic complications ( 39 ), and a few
cases have been reported of adrenal insufficiency follow-
ing COVID-19 infection, mostly due to adrenal infarction
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Figure 2. Kaplan Meier curves for overall survival in patients with (orange line) or without (blue line) adrenal hyperplasia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in the context of antiphospholipid syndrome ( 40 ). The fact
that no significant differences were found in the frequency
of adrenal hyperplasia between patients with proven or un-
proven SARS-CoV-2 infection does not support the view
that adrenal infarction is a leading cause of adrenal hyper-
plasia. Moreover, in our study the frequency of adrenal hy-
perplasia was comparable between patients recruited dur-
ing the SARS-CoV-2 outbreak and patients admitted to the
emergency department for a variety of acute conditions in
the previous winter period, while being significantly higher
than findings in out-patients with non-acute conditions. 

This suggests that adrenal hyperplasia may be the re-
sult of an activated HPA axis in stressful conditions. This
hypothesis is corroborated by the other key finding of our
study that the presence of adrenal hyperplasia was linked
to increased short-term mortality in patients admitted to
the emergency department for suspected COVID. Several
studies have shown that in patients who need intensive care
for medical emergencies, serum cortisol has a prognostic
role for both in-hospital and 28 d mortality ( 41–43 ). More-
over, higher baseline cortisol values have been found to be
associated with increased mortality also in patients with
COVID-19 ( 44 , 45 ). 

However, studies assessing the volume of adrenal glands
in patients with acute conditions have reported mixed find-
ings. Previous studies have shown an increased volume of
the adrenal glands in patients with septic shock compared
to control subjects; however, they also reported an inverse
correlation between adrenal volume and short-term mor-
tality ( 46 , 47 ). Studies have also found that the shape of
the adrenal glands and their pattern of enhancement after
intravenous contrast were associated with in-hospital mor-
tality in patients with sepsis; however, adrenal volume was
not reported in such studies ( 48 , 49 ). 

We found serendipitous adrenal masses in 9.5% of pa-
tients in the cohort admitted to the emergency department
for suspected SARS-CoV-2 infection, without any signifi-
cant difference between patients with or without confirmed
infection. In the two parallel control groups, adrenal in-
cidentalomas were found in 5 and 7% of patients, re-
spectively. These frequency values are expected for the
advanced age of our patients ( 2–4 ). However, a recent
study carried out in a large, unselected population in China
found a much lower frequency of adrenal incidentalomas,
of 1.4% ( 50 ). Interestingly, in the Chinese study patients
were relatively young, with a median age of 48 years,
while the patients enrolled in other previous studies were
older and had medical reasons for undergoing imaging as-
sessment ( 4 ). 

The findings in a Chinese population apparently free
of selection bias challenge the current view of a high fre-
quency of adrenal incidentalomas. In fact, the frequency
of serendipitous adrenal masses reported in our cohort is
quite high and can be explained by the selection of a dis-
eased population. Our new evidence is that the frequency
of adrenal incidentalomas does not seem to be higher in
patients with acute medical conditions compared to those
with non-acute conditions ( 4 ). 

We believe that strengths of our study are the availabil-
ity of different, large cohorts of patients assessed in ei-
ther acute or non-acute clinical settings which provide new
data on the frequency of a neglected entity, serendipitous
adrenal hyperplasia, and also of adrenal incidentalomas. 

Our study has several limitations including its retrospec-
tive design and the lack of hormonal testing. 

It is important to take into account the extreme work
overload faced by physicians in northern Italy at the time
when the study was carried out. In fact, of the 2989
patients admitted to the emergency room for suspected
SARS-CoV-2 infection, 2463 were discarded because a CT
scan was not performed or the adrenal gland was not visi-
ble. This means that we cannot rule out that patients who
did not undergo a CT scan were less severely ill, but also
other factors, above all clinical judgment, could have in-
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fluenced this decision. Indeed, the study protocol did not
involve capturing data of this cohort. 

Given that we do not know the mortality level in group
A, there might have been a potential influence of non-
included variables on the observed mortality in the main
cohort. In fact, factors such as the overall impact of the
pandemic, changes in healthcare delivery, and patient de-
mographics could all contribute to variations in mortality
rates. 

In conclusion, the prevalence of serendipitous adrenal
hyperplasia was higher in patients admitted to the emer-
gency department (15%) compared to outpatients (8.5%),
who showed a frequency comparable to previous reports in
non-acute settings. Conversely, the frequency of serendip-
itous adrenal nodules did not differ between patients ad-
mitted to the emergency department or out-patient clinics,
and is line with previous data on elderly subjects with a
medical referral. 

Adrenal hyperplasia is associated with increased short-
term mortality. Although it is biologically plausible to hy-
pothesize that adrenal enlargement may be the expression
of enhanced stimulation by the HPA axis in conditions of
significant stress, or of destructive processes (i.e., adrenal
infarction) triggered by critical diseases leading to adrenal
insufficiency, our study cannot definitively prove this hy-
pothesis due to the absence of hormonal evaluation. 

The evidence that adrenal hyperplasia is linked to short-
term mortality suggests that the assessment of the adrenal
glands in critically ill patients may have prognostic im-
plications. Future studies are needed to correlate adrenal
imaging data with patient outcome in a controlled prospec-
tive setting. 
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