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Abstract

Objective: Adrenal haemorrhage (AH) is an uncommon, usually incidental imaging

finding in acutely unwell patients. AH has been reported during coronavirus disease

2019 (COVID‐19) infection and following ChAdOx1 nCoV‐19 (Oxford‐AstraZeneca)

vaccination. The Society for Endocrinology (SfE) established a task force to describe

the UK experience of COVID‐19‐related AH.

Design: A systematic literature review was undertaken. A survey was conducted

through the SfE clinical membership to identify patients with COVID‐19‐related AH

using a standardized data collection tool.

Results: The literature search yielded 25 cases of COVID‐19‐related AH (19

bilateral; 13 infection‐related, and 12 vaccine‐related). Eight UK centres responded

to the survey with at least one case. A total of 18 cases were included in the

descriptive study, including 11 from the survey and 7 UK‐based patients from the

systematic review. Seven patients (4 males; median age 53 (range 26–70) years), had

infection‐related AH (four bilateral). Median time from positive COVID‐19 test to

AH detection was 8 (range 1–30) days. Eleven cases of vaccine‐related AH

(eight bilateral) were captured (3 males; median age 47 (range 23–78) years).

Median time between vaccination (nine Oxford‐AstraZeneca and two Pfizer‐

BioNTech) and AH was 9 (range 2–27) days; 9/11 AH occurred after the first

vaccine dose. Acute abdominal pain was the commonest presentation (72%) in AH of

any cause. All 12 patients with bilateral AH and one patient with unilateral AH

required glucocorticoid replacement.

Conclusion: Adrenal haemorrhage with consequential adrenal insufficiency can be a

complication of COVID‐19 infection and vaccination. Adrenal function assessment is

mandatory to avoid the potentially fatal consequences of unrecognized adrenal

insufficiency.

K E YWORD S

adrenal apoplexy, adrenal infarction, adrenal insufficiency, COVID‐19 vaccine, SARS‐CoV‐2

Clinical Endocrinology. 2023;1–13. wileyonlinelibrary.com/journal/cen | 1

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non‐commercial and no modifications or adaptations are made.

© 2023 The Authors. Clinical Endocrinology published by John Wiley & Sons Ltd.

http://orcid.org/0000-0002-2735-6053
http://orcid.org/0000-0001-7256-7880
http://orcid.org/0000-0001-5020-2071
mailto:C.L.Ronchi@bham.ac.uk
https://wileyonlinelibrary.com/journal/cen


1 | INTRODUCTION

Adrenal haemorrhage (AH) is a heterogeneous condition that is most

frequently detected incidentally on abdominal imaging in acutely

unwell or trauma patients. It is considered uncommon but is likely

underrecognized as no clinical features can immediately alert to the

diagnosis.1 Several risk factors are associated with an increased risk

of atraumatic AH including underlying adrenal tumour, sepsis, and

adrenal vein thrombosis.2 Whereas unilateral AH can be clinically

silent, bilateral AH leads to adrenal insufficiency in as many as 100%

of patients3 with the risk of fatal adrenal crisis without prompt

recognition and glucocorticoid treatment.

The coronavirus disease 2019 (COVID‐19), caused by the

severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2),

is predominantly a respiratory illness but can also be associated

with extra‐pulmonary manifestations, that include the endocrine

system.4 Thrombotic complications are common during a COVID‐

19 illness, linked to the dramatic cytokine response; these occur

in 9.5% of all patients 5 and up to 31% of patients in an intensive

care setting.6 Several vaccines against SARS‐CoV‐2 have been

approved, with one of the most widely administered being the

adenoviral vector‐based ChAdOx1 nCoV‐19 (Oxford‐

AstraZeneca). Shortly after rollout, concerns developed regarding

a rare risk of thrombocytopenia and thrombosis among people

who received the Oxford‐AstraZeneca vaccine; a phenomenon

subsequently termed vaccine‐induced immune thrombocytopenia

and thrombosis (VITT).7

We encountered patients identified to have unilateral or bilateral

AH during COVID‐19 illness or following the Oxford‐AstraZeneca

vaccine in the context of VITT. Indeed, in the last two years, an

increasing number of case reports have emerged in the literature (see

Table 1 for references). In response, the Society for Endocrinology

established a task force to describe the United Kingdom's experience

of COVID‐19‐related AH with the aim to improve awareness and

rapid diagnosis of this potentially life threatening COVID‐19

complication.

2 | METHODS

2.1 | Overview of the literature

To assess the international experience of COVID‐19‐related AH, a

systematic review of the literature was undertaken. Systematic Ovid

Medline search using the keywords “adrenal adj3 h?emorrhag*” AND

“COVID‐19” combined with the MeSH terms “adrenal gland diseases”

AND “haemorrhage” AND “COVID‐19”. Ovid Embase search using

the keywords “adrenal adj3 h?emorrhag*” AND “COVID‐19”. The

search period was 1 January 2020 to 15 June 2022. Case reports in

conference proceedings have also been considered. Two members of

the task force independently identified the case reports of COVID‐19

infection or COVID‐19 vaccine‐related AH. The complete list of

identified reports is summarized in Table 1.

2.2 | Design of the United Kingdom national
survey and data collection

The task force consisted of endocrinologists and a haematologist

with expertise in thrombotic disorders. A survey was designed by the

task force with the purpose of identifying specialists and centres that

encountered patients with diagnosed AH during COVID‐19 illness or

following the Oxford‐AstraZeneca vaccine in the context of VITT. An

invitation to participate was emailed to the Society for Endocrinology

UK clinical membership and separately to 150 clinical leads of

endocrinology departments across the country between February

and July 2022. Timelines to express an interest to participate in the

survey were defined. Clinicians who responded to the survey and

expressed their interest in the following national audit aimed to

collect data regarding the presentation of patients with COVID‐19

illness‐ or vaccine‐related AH via a standard anonymized data

capture EXCEL sheet that they completed and returned to the task

force, adhering to the Caldicott Principles.

2.3 | Definition of COVID‐19 illness‐ or
vaccine‐related adrenal haemorrhage

AH was defined as potentially COVID‐19 illness‐related if the patient

had a positive PCR test within 30 days before the detection of the

adrenal abnormality. AH was defined as COVID‐19 vaccine‐related if

the adrenal mass was detected 5–30 days after receiving a COVID‐

19 vaccine.7 For the diagnosis of VITT, the Expert Haematology

Panel's case definition criteria were used, whereby VITT was

classified as ‘definite’, ‘probable’, ‘possible’, or ‘unlikely’. VITT

was considered definite if symptom onset occurred 5–30 days

post‐COVID‐19 vaccination, in the presence of thrombosis, throm-

bocytopenia (platelet count < 150 × 109/L), D‐Dimer > 4000 μ/mL,

and positive antiplatelet factor 4 antibodies,7 and probable if only

four of these criteria were fulfilled.

2.4 | Data collection and interpretation

The requested data included: age of patients at diagnosis of AH,

gender, COVID‐19 PCR test result (if applicable), type of COVID‐19

vaccine received and date of administration (if applicable), laterality

of AH (right, left, or bilateral), radiological characteristics of the

haematoma (size of haematoma, contrast enhancement and density

on computerized tomography (CT), magnetic resonance imaging

(MRI) characteristics, presence of surrounding soft tissue stranding or

retroperitoneal haematoma), presence of other risk factors for

haemorrhage (such as anticoagulants use or coagulopathy, underlying

adrenal tumour), clinical features (such as asymptomatic, abdominal

pain, fever, and hypotension), laboratory investigations (blood counts,

clotting profile, platelet factor‐3 ELISA, cortisol, renin, and aldoster-

one), presence of extra‐adrenal thrombosis, details on treatment

received, and adrenal function and medications taken at last follow
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up. Information about previous publication in a peer‐reviewed journal

or conference proceedings were also requested.

All the provided data were collated, and data consistency was

verified by at least two members of the task force. Inconsistencies

and incomplete data were raised with the local endocrinologists by

specific queries until they were subsequently resolved.

The same clinical, radiological, biochemical and outcome data as

above were extracted from the case reports available in the literature

from UK‐based centres that were not captured through the survey.

Final data were evaluated to highlight differences and similarities

in terms of demographics, presentation, and clinical outcome of

patients with COVID‐19 illness‐ or vaccine‐related AH.

2.5 | Statistical analysis

This is a descriptive study, and therefore no statistical analysis

was involved. Wherever relevant, data are presented as median

and range.

3 | RESULTS

3.1 | Overview of the literature

Our search identified a total of 25 cases of COVID‐19‐related AH

(Figure 1). In particular, these included 9 cases of AH8–17 and four

cases of adrenal infarction18–21 in the context of COVID‐19

infection. All four cases of adrenal infarction were bilateral, with no

radiological features of haemorrhage, while 6/9 cases of AH were

bilateral (66%) with three unilateral (2 left and 1 right sided). The

median age of the patients with COVID‐19 infection‐related AH or

adrenal infarction was 64 years (range 46–76). The sex distribution

was near equal with seven males and five females (excluding one case

where sex was unknown).

Moreover, 12 cases22–32 of AH following COVID‐19 vaccination

were identified. Eight (66.7%) of the reported cases were females,

and median age was 46 years (range 23–83). All reported cases

presented 7–12 days following COVID‐19 AstraZeneca vaccination.

Most cases (9/12) presented with bilateral AH (75%).

Of note, 10 of the 26 cases identified through the literature

search originated from the UK (three COVID‐19 infection‐related

and seven vaccine‐related). A full description of available data from

published reports is reported in Table 1.

3.2 | Overview of the survey and descriptive study

Eight UK centres reported encountering patients that met the

definition criteria of COVID‐19‐related AH, while six centres replied

that no such cases were faced. Overall, the survey returned 11

patients that met the definition criteria above for COVID‐19‐related

AH. For a comprehensive overview, we also included 7 of the 10T
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UK‐based patients from the systematic review, who were not

captured through the survey resulting in a total of 18 cases

(Figure 1). The details regarding the patient's demographic and

clinical characteristics, the clinical presentation, and the outcome are

reported in Tables 2–4, respectively.

3.3 | COVID‐19 infection‐related adrenal
haemorrhage

We identified seven patients (four men and three women) with

COVID‐19 infection‐related AH (Table 2). The median age was 53

years (range 26–70). Four patients had bilateral AH (57%); diameters

of adrenal haematoma/abnormality ranged from 42mm to 125mm.

All patients had positive COVID‐19 PCR tests and CT scan was

initially undertaken to evaluate clinical deterioration. The median

duration between the positive COVID‐19 PCR test and radiological

detection of AH was 8 days (range 1–30). Two patients (one bilateral

and one unilateral AH) had associated pulmonary embolism and one

(bilateral AH) had lower limb deep vein thrombosis.

Among the four patients with bilateral AH, two had other risk

factors for haemorrhage, that is, one patient was on low molecular

weight heparin, and another was known to have an underlying

unilateral nonfunctioning adrenal adenoma. Moreover, three of them

(75%) presented with acute abdominal pain whilst in one case the

detection of AH was incidental on imaging undertaken to exclude

pulmonary embolism (Table 3). Hypotension was evident in 50% of

patients with bilateral AH and hyponatraemia occurred in another

50%. In two patients with bilateral AH, random cortisol levels were

considered reassuring being 734 nmol/L and 625 nmol/L and

therefore patients were not treated with glucocorticoids. In the

other two patients with bilateral AH, the random cortisols were con-

sidered inconclusive at 458 nmol/L and 215 nmol/L and as the

patients were symptomatic with hypotension and tachycardia,

glucocorticoid, and mineralocorticoid replacement was commenced.

One glucocorticoid‐treated patient with bilateral AH subsequently

failed an ACTH stimulation test (baseline cortisol 242 nmol/L; 30‐min

cortisol 264 nmol/L) and died of COVID‐19 pneumonitis. The second

glucocorticoid‐treated patient subsequently passed an ACTH stimu-

lation test (baseline cortisol, 171 nmo/L; 30‐min cortisol 458 nmol/L)

and hydrocortisone and fludrocortisone were discontinued. One

nonglucocorticoid treated patient died of massive pulmonary

embolism (Table 4).

Unilateral AH was diagnosed incidentally in all three patients

(two right sided and one left sided) who underwent imaging to

evaluate COVID‐19 chest infection or to exclude pulmonary

embolism (Tables 2 and 3). One patient was pregnant at the time

of the diagnosis of AH and had a previously unknown underlying

indeterminate nonfunctioning adrenal tumour, but the other two had

no identifiable risk factors for haemorrhage. None of the patients

with unilateral AH presented with abdominal pain or hypotension, or

had adrenal insufficiency based on cortisol assessments that were

considered reassuring or no assessment was undertaken as adrenal

insufficiency was not suspected.

3.4 | COVID‐19 vaccine‐related adrenal
haemorrhage

We uncovered 11 cases of COVID‐19 vaccine‐related AH, eight of

whom were women (Table 2). The median age of patients was 47

years (range 23–78). Most patients had bilateral AH (N = 8; 73%). The

size of AH ranged from 30mm to 89mm. In nine patients, AH

followed Oxford‐AstraZeneca vaccine administration (82%) while in

two cases AH was associated with the Pfizer‐BioNTech mRNA

vaccine. The median time between the receipt of vaccine and

detection of AH was 9 days (range 2–27). AH was reported in

association with the first dose of the vaccine in nine patients (82%;

eight Oxford‐AstraZeneca vaccine and one Pfizer‐BioNTech), one

case (Pfizer‐BioNTech) followed the second dose, and one (Oxford‐

AstraZeneca) followed booster dosing. At the time of AH detection,

27% (N = 3) of patients were taking anti‐coagulants (two on apixaban

and one edoxaban), one of whom had bilateral AH on a background

of bilateral adrenal adenomas. Another patient with unilateral AH

showed fluorodeoxyglucose avid uptake at PET‐CT scan suggestive

of an underlying adrenal tumour. Otherwise, no pre‐existing risk

F IGURE 1 An outline of the number of pateints identified through the systematic literature search and the UK survey and the cohort of
patients included in the descriptive study. COVID‐19, coronavirus disease 2019.
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factors for AH were observed. Regarding the diagnosis of VITT, six

patients were definite, two probable, one possible and two unlikely

(Pfizer‐BioNTech). Six patients had associated pulmonary embolism,

four had cerebral venous sinus thrombosis, and other sites of

thrombosis included cardiac ventricles (two patients), splenic vein

(two patients), renal infarcts (two patients), and portal, hepatic and

ovarian veins (one patient each).

Bilateral AH was always associated with the Oxford‐AstraZeneca

vaccine. Seven patients (88%) presented with acute abdominal pain

and in one patient imaging was undertaken to re‐evaluate pulmonary

embolism (Table 3). Two patients with bilateral AH (25%) had

hypotension, and none had hyponatraemia. In the acute setting, 5

patients with bilateral AH (63%) had very low cortisol levels ranging

from undetectable to 87 nmol/L, and therefore glucocorticoid and

mineralocorticoid replacement were commenced. Three patients

were empirically treated with glucocorticoids before their adrenal

function was checked, with the later addition of mineralocorticoids;

two subsequently failed their ACTH stimulation test and one is

awaiting further investigations. Two patients had ACTH stimulation

tests during follow up which showed suboptimal response (Table 4).

Two of the three patients with unilateral AH received the Pfizer‐

BioNTech vaccine, 20 and 27 days beforehand (Table 2). In two

patients, AH was left sided and one right sided. Two patients

presented with acute abdominal pain whilst in the third the detection

of haemorrhage was incidental; none had hypotension or electrolyte

disturbance (Table 3). One patient had associated cerebral venous

sinus thrombosis. One patient (presented with abdominal pain and

vomiting) had adrenal insufficiency confirmed by an ACTH stimulation

test, another was on long‐term prednisolone, and the third patient

was not treated with glucocorticoids and did not undergo adreno-

cortical function testing (Table 4).

4 | DISCUSSION

This survey describes the largest data set thus far characterizing

patients with COVID‐19‐related AH. Early studies suggested that AH

is an underrecognized entity as the incidence in autopsy of patients

died in shock was 15%33 compared with 0.14%–1.8% in unselected

autopsies.34,35 One cannot infer the incidence of AH from these data

as the numerator is minute compared to a denominator of millions of

people who contracted the COVID‐19 infection and received the

vaccines. However, these data enable us to make useful observations

for clinicians in guiding timely recognition and treatment that may

prevent fatal adrenal crisis.

The vascular structure of the adrenal glands makes them

susceptible to turbulent flow or stasis due to their abundant arterial

supply with relatively limited drainage via a single vein.36 This so‐

called “adrenal dam” renders the adrenal gland highly susceptible to

haemorrhage in any pro‐thrombotic state, with adrenal vein

thrombosis the likely primary event. COVID‐19 illness represents a

prothrombotic state in many cases5,6 which may predispose to

haemorrhage, though sepsis also increases the risk of AH byT
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six‐fold.37 Adrenal vein thrombosis was evident in 6 out of 220 (3%)

VITT patients in the UK 7 and associated with thrombosis in other

sites.

Although there was no predilection to either sex in COVID‐19

infection‐related AH, most patients with vaccine‐related hae-

morrhage were women (73% in the UK survey and 67% in the

systematic review). This female predilection has previously been

highlighted,38 although the cause is unclear. Noteworthy,

VITT‐related AH was always associated with the first dose of

Oxford‐AstraZeneca vaccine.

Most patients (72%) underwent imaging for acute abdominal pain

which was commoner with bilateral, compared with unilateral AH.

Therefore, during the COVID‐19 pandemic and as the vaccines roll

out continues, it is important to consider AH in the differential

diagnosis of acute abdominal pain, particularly in the context of VITT.

As expected, adrenal insufficiency was more evident in bilateral

AH but also reported in unilateral AH associated with VITT. Adrenal

insufficiency following unilateral AH has previously been

observed,2,39,40 likely suggesting microinfarction in the contralateral

adrenal gland. Therefore, in bilateral AH, glucocorticoid treatment

should be commenced without delay whilst clinicians should have a

low threshold to start treatment in patients with unilateral AH, if they

display features of adrenal insufficiency. Adrenal function testing

should be undertaken when patients are stable, ideally in an

outpatient setting. It is important to recognize that the rapidity of

haemorrhage and primary adrenal insufficiency may not allow

sufficient time for skin hyperpigmentation to manifest.

Patients with COVID‐19 infection‐related AH presented with more

clinical manifestations of adrenal insufficiency (hypotension), compared

to AH that followed vaccination, likely due to the added stress of the

infection and cytokine storm. Furthermore, two patients with

COVID‐19 infection‐related AH died while no death was recorded in

the captured patients with vaccine‐related AH. Of relevance, AH has

been associated with poor clinical outcomes in patients with sepsis for

possibly being a marker of severe physiological stress.2,41

Most patients in this study did not have other identifiable risk

factors for AH. When AH is detected, it is important to exclude an

underlying adrenal tumour as outside of the context of COVID‐19

half of haemorrhagic adrenal masses turn out to be phaeochromo-

cytomas, and 20% are malignancy‐related.42 Therefore, a period of

radiological surveillance is usually required to ensure the resolution of

haematoma.1

There is a paucity of data that studied the natural history of

primary adrenal insufficiency from AH, however, recovery of adrenal

function was uncommonly observed in case series.2,3,43

The survey identified two patients who developed adrenal

haemorrhage in the days following the Pfizer‐BioNTech mRNA‐

based vaccine. The UK Medicines and Healthcare Products Regula-

tory Agency (MHRA) received reports of AH and thrombocytopenia

following vaccination with Pfizer‐BioNTech and Moderna. As mRNA‐

based vaccine will dominate future vaccine development, it remains

important to be alert to this possible association.

More generally, as AH has no specific clinical features, vigilance

is key to suspect the diagnosis in acutely unwell patients, particularly

in prothrombotic and florid infective states.

The strengths of our study include the comparatively large number

of cases reported, with data collection undertaken systematically after a

widely circulated survey. However, our study was limited by the

retrospective nature of the data collection and lack of long‐term

follow‐up. Finally, whilst we highlight the importance of timely

recognition and treatment of AH in relation to COVID‐19 vaccination,

it is crucial to emphasize that this complication appears to be rare. In the

UK, the competent authority, MHRA, concluded that the benefits of the

Oxford‐AstraZeneca vaccine far outweigh any potential risks.44

5 | CONCLUSION

AH can be a serious complication of COVID‐19 infection and

vaccination. Adrenal insufficiency is present in most cases of bilateral

AH and can occur in unilateral adrenal haemorrhage associated with

VITT. A high index of suspicion for AH is required, particularly in the

presence of unexplained abdominal pain, to avoid the potentially fatal

consequences of unrecognised adrenal insufficiency.
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