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Adrenal myelolipomas are benign, lipomatous tumours with elements of myeloid cells, most of which present as 
adrenal incidentalomas and comprise 3·3–6·5% of all adrenal masses. Adrenal myelolipomas are usually unilateral 
(in 95% of cases), variable in size, most often found during midlife, and affect both sexes almost equally. On imaging, 
adrenal myelolipomas show pathognomonic imaging features consistent with the presence of macroscopic fat. Large 
adrenal myelolipomas can cause symptoms of mass effect, and can occasionally be complicated by haemorrhage. In 
the event of a concomitant adrenal cortical adenoma or hyperplasia, adrenal hormone excess might be detected in 
patients with adrenal myelolipoma. Patients with congenital adrenal hyperplasia exhibit a higher prevalence of 
adrenal myelolipomas than other patient groups, and are at risk of developing large and bilateral lesions. This Review 
discusses the pathogenesis, clinical presentation, and management of adrenal myelolipomas

Introduction
Myelolipomas were first described in 1905 as an adrenal 
tumour composed of mature fat mixed with myeloid and 
erythroid cells.1 Adrenal myelolipomas are the second 
most common benign type of tumour in the adrenals, 
following after adrenocortical adenomas.2,3 On imaging, 
adrenal myelolipomas appear as rounded tumours 
containing macroscopic fat and varying amounts of 
myeloid components.4 Most myelolipomas are slow-
growing tumours, which might occasionally cause 
pressure symptoms.5,6 Seldomly, patients might present 
to the emergency room due to haemorrhage or rupture of 
myelolipomas.

Despite being so common, the entity is still unfamiliar 
for many physicians, and there is therefore a need to 
make the condition better known. This Review discusses 
the pathogenesis, epidemiology, clinical presentation, 
association with congenital adrenal hyperplasia, histology, 
differential diagnosis, radiological features, as well as 
management and outcome of adrenal myelolipoma, and 
additionally addresses clinically important questions on 
follow-up and gaps of knowledge.

Pathogenesis
Adrenal myelolipomas consist of adipose tissue and 
haematopoietic cells arising in patients with a healthy 
bone marrow. In the fetus, this extramedullary haemato
poiesis is a physiological process until the bone marrow 
matures, and erythropoietin receptors are expressed in the 
adrenal cortex.7 Extramedullary haematopoiesis also occurs 
in adult life, secondary to defective haemoglobin synthesis.8 
In rare instances, patients with adrenal myelolipoma 
might have a concomitant haematological disease, such as 
thalassaemia.9 In patients with chronic anaemia, increased 
concentrations of erythropoietin can stimulate the 
development of adrenal myelolipoma, similarly to the 
reported bilateral large myelolipomas that are secondary to 
erythropoietin administration.10

Most scientific data suggest an association between 
increased adrenocorticotropic hormone (ACTH) concen
trations and an increased risk of developing adrenal 
myelolipomas, given that these lesions are frequently 
reported in patients with Cushing’s syndrome or 

congenital adrenal hyperplasia.11–13 Although the concen
trations of ACTH can be very high in primary adrenal 
insufficiency (eg, Addison’s disease), to our knowledge, 
adrenal myelolipomas have not been reported in these 
patients. In Thomas Addison’s original paper from 1855, 
one of the 11 patients had tuberculosis deposits to the 
adrenals, but also “opaque matter exhibited a copious 
amount of fatty matters, but no nucleated cells”.14 This 
finding might have been a first description of adrenal 
myelolipoma driven by high ACTH concentration in a 
patient with primary adrenal insufficiency. Sufficient 
amounts of remaining adrenocortical tissue in patients 
with autoimmune Addison’s disease could make them 
susceptible to developing myelolipomas. However, auto
immune Addison’s disease causes atrophy and fibrotic 
derangement of the adrenal glands, which might explain 
why adrenal myelolipomas have not been reported in this 
setting, despite chronically increased ACTH concen
trations.

Pituitary extracts injected in rat adrenals have been 
shown to give rise to a myeloid phenotype, thereby 
possibly suggesting that ACTH could influence the 
development of myelolipomas.15 However, the few 
available studies regarding ACTH receptor expression in 
adrenal myelolipomas are not consistent, with some 
studies reporting overexpression and others a complete 
absence of ACTH receptor immunoreactivity.16–18 How
ever, most patients with myelolipoma have normal 
concentrations of ACTH, indicating other drivers of 
myelolipoma development.

Other postulated mechanisms include metaplasia of 
reticuloendothelial cells in the adrenal glands due to 
stress, infection, or trauma, or via embolism of bone 
marrow cells.19 Speculations suggest that myelolipomas 
result from adrenocortical adipocytes derived from 
mesenchymal stem cells and circulating bone marrow 
released and recruited by granulocyte stimulating factor.20

Molecular and genetic characteristics
Apart from the potential physiological association of 
ACTH and erythropoietin with myelolipoma development, 
little is known about the underlying molecular events 
driving the formation of an adrenal myelolipoma. To our 
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knowledge, studies of next-generation DNA sequencing 
on these tumours have yet to be published; therefore, most 
genetic information is based on targeted gene sequencing 
analyses. The first somatic genetic aberrancy associated 
with adrenal myelolipoma was the finding of a balanced 
translocation between chromosomes 3q25 and 21p11 in a 
single patient, thereby providing the earliest genetic 
evidence for a tumoural origin.21 Another suggested 
mechanism could be non-random X chromosome 
inactivation in haematopoietic cells and fat cells, which 
could suggest a clonal origin.22 Moreover, initial molecular 
studies involved the investigation of a potential menin 1 
(Multiple Endocrine Neoplasis type 1, MEN1) gene 
dysregulation, a theory based on the fact that a subset of 
adrenal myelolipomas could have hormonal activity, and 
were also reported in conjunction with other endocrine 
tumours in the same patient.23–26 However, no MEN1 gene 
mutations or MEN1 loss of heterozygosity were noted in 
that patient.27 Additionally, an miRNA signature for adrenal 
myelolipoma was identified, in comparison with 
adrenocortical tumours.28 Specifically, hsa-miR-451a, 
hsa-miR-486–5p, hsa-miR-363–3p, and hsa-miR-150–5p 

were overexpressed in myelolipomas, of which 
hsa-miR-451a overexpression was also reproduced in the 
plasma of patients with myelolipomas. The observed 
miRNA dysregulation suggests that one or several of the 
aberrantly expressed miRNAs could influence myeloli
poma development through translational regulation of 
various mRNAs.28 These biomarkers need further 
validation and might be useful in making a non-invasive 
diagnosis of adrenal myelolipoma.

Histopathological aspects
Adrenal myelolipomas are characterised by a yellow-to-
brown red cut surface, representing adipose tissue with 
scattered areas of haemorrhage reflecting the dispersed 
marrow tissue. Histologically, adrenal myelolipomas are 
well circumscribed and heterogenous, with variable 
amounts of mature adipose tissue admixed with an extra
medullary trilinear haematopoiesis with full maturation 
(figure 1). Therefore, pathologists should be able to identify 
megakaryocytes as markers of thrombocytopoiesis, various 
erythroid cells as evidence of erythropoiesis, and 
granulocytic cells as part of the myeloid lineage. 
Occasionally, areas of degeneration (haemorrhage and 
calcifications) are observed. Immunohistochemical verifi
cation of the diagnosis of adrenal myelolipoma is usually 
not required because the histological appearance is 
straightforward on routine haematoxylin and eosin 
staining, but rare differentials with lipomatous appear
ances of clinical importance, such as liposarcoma, myxoid 
liposarcoma, and myofibrosarcoma, should not be 
overlooked.29–31 In these instances, the identification of 
high-grade nuclear changes and increased mitotic activity 
are indications to the diagnosis, although well-differ
entiated liposarcomas might be devoid of lipoblasts and 
only show adipocytes with scarce amounts of nuclear 
atypia. Because immunohistochemical analyses are of little 
value in differentiating between sarcomas and 
myelolipomas, molecular testing for MDM2 and CDK4 
amplifications (liposarcomas) or DDIT3 gene fusions 
(myxoid liposarcomas) could be considered.32–35 Other fatty 
adrenal tumours, such as lipomas, teratomas, and 
angiomyolipomas, are also potential confounders; however, 
these tumours are associated with a favourable prognosis 
and are not alarming in the same sense as sarcomas if 
misclassified.29,36 Notably, an angiomyolipoma is a triphasic 
tumour consisting of dysmorphic blood vessels, smooth 
muscle elements admixed with mature adipose tissue, and 
positive for smooth muscle actin, and to differentiate the 
cases, a desmin immunostaining could be useful for the 
diagnosis.29 Moreover, subsets of adrenocortical tumours 
can also exhibit myelolipomatous change and should not 
be confused with bona fide adrenal myelolipomas.37,38

Epidemiology
Most adrenal myelolipomas are identified incidentally and 
comprise 3·3–3·6% of all adrenal tumours in a population, 
and in up to 6·0–6·5% of all adrenal tumours reported in 

Figure 1: Macroscopic and histological attributes of a bilateral adrenalectomy specimen in a patient with 
congenital adrenal hyperplasia
(A) Gross image of the resected adrenals showing multiple foci of adrenal myelolipoma (dark brown-red areas) 
intermingled with hyperplastic adrenal cortical tissue (bright yellow). Metric ruler is depicted for size estimations. 
(B) Representative photomicrographs of sections stained with haematoxylin and eosin from each adrenal 
specimen (magnified ×40 and ×100, respectively) showing myelolipoma and hyperplastic cortical tissue.
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endocrine clinics.2,3,13,39–41 In published cohorts undergoing 
adrenalectomy, the prevalence of myelolipomas was 4–10% 
overall, and represented 15–20% in tumours larger than 
4 cm in size (table).3,13,29,42–51 Prevalence of myelolipomas in 
62 279 patients receiving CT at a tertiary centre was 0·24%,6 
but a 2020 analysis has shown that, in the general 
population (at 40 years of age), the prevalence of 
myelolipomas has been estimated to be 0·32%.11 Notably, 
patients with congenital adrenal hyperplasia present with a 
much higher prevalence (8·6%) of adrenal myelolipomas.11

Clinical presentation
Adrenal myelolipomas are usually diagnosed in adults, at 
a median age of 55–65 years, and affect both sexes almost 
equally (table).2,3,6,13,42,47,49 Most adrenal myelolipomas 
(85–90%) are incidentalomas, diagnosed on imaging 
done for reasons other than adrenal disease, or during 
cancer staging (5–10%).2,6,13,39,46 Symptoms of adrenal mass 
effect with abdominal discomfort leads to eventual 
detection of a myelolipoma in 5% of cases.13,47 Rarely, 
symptoms of overt hormone excess, due to concomitant 
primary aldosteronism or Cushing’s syndrome, can lead 
to detection of an adrenal myelolipoma along with an 
adrenal cortical adenoma.13 Notably, 6% of patients with 
adrenal myelolipomas have a concomitant functioning or 
non-functioning adrenal cortical adenoma.13 Only few 
patients with adrenal myelolipomas undergo work-up 
with dexamethasone suppression testing; therefore, the 
true prevalence of autonomous cortisol secretion in these 
patients is unknown.

At the time of initial diagnosis, patients usually present 
with a unilateral adrenal myelolipoma (in 95% of cases), 
with a median tumour size of 2·0–2·5 cm; however, the 
size ranges widely (between 0·5 cm and >10 cm).3,6,47 In 
comparison with patients who have smaller tumours, 
those with large adrenal myelolipomas (>6·0 cm) are 
more likely to present with bilateral disease (3% vs 21%) 
and report symptoms of mass effect (0% vs 32%).13 
Symptoms of mass effect include abdominal, back and 
flank pain, and positional shortness of breath.13 
Additionally, acute haemorrhage necessitating surgery 
was reported only in patients with large adrenal 
myelolipomas, occurring in 6·8% of cases.13 Rupture of 
adrenal myelolipoma is exceedingly rare, described to 
occur mainly in tumours larger than 8 cm to 10 cm in 
size.52–54

Association with congenital adrenal hyperplasia
Congenital adrenal hyperplasia is a group of autosomal 
recessive disorders affecting the steroid synthesis in the 
adrenal cortex.55 As a response to this hormone deficiency, 
increased ACTH secretion from the pituitary gland 
ensues due to a reduction in negative feedback.  
Congenital adrenal hyperplasia can be classified as 
classic, including the salt-wasting and simple virilising 
phenotype, and the non-classic phenotype.56 Since the 
introduction of neonatal screening of congenital adrenal 

hyperplasia in many countries during the past few 
decades, almost all classic cases are diagnosed in the 
neonatal period.57,58 The non-classic phenotype has 
20–70% residual enzyme activity and, therefore, has less 
symptoms and signs than classic congenital adrenal 
hyperplasia.59 Because non-classic congenital adrenal 
hyperplasia often is not detected at neonatal screening, 
most patients are probably never diagnosed.59

ACTH as an adrenal growth stimulating factor can 
result in large adrenals (adrenal cortical hyperplasia) in 
untreated or poorly managed patients with congenital 
adrenal hyperplasia. Whether continuous high 
concentrations of ACTH also can cause tumour growth 
is less clear. In a 2020 meta-analysis of adrenal tumours 
in patients with congenital adrenal hyperplasia, 63 
(29·3%) of  215 patients were affected with adrenal 
tumours, and when only patients with genetically 
confirmed congenital adrenal hyperplasia were included, 
41 (23·6%) of 174 patients were affected (table).11 

Moreover, in another meta-analysis, undiagnosed 
congenital adrenal hyperplasia was the cause of adrenal 
incidentalomas in 58 (5·9%) of  990 patients when only 

Population-
based or 
nationwide 
cohorts2,3

Endocrine clinic 
and radiology 
referral 
cohort13,39–41

Adrenalectomy 
cohort3,13,29,42–51

Congenital adrenal 
hyperplasia cohort11

Proportion of all 
adrenal tumours

3·3–3·6% 1·8–6·5% 4–10% of all 
adrenal tumours; 
15–20% of large 
adrenal tumours 
(>4 cm)

25·4% (all congenital adrenal 
hyperplasia) 36·6% 
(genetically verified 
congenital adrenal 
hyperplasia)

Proportion of 
benign adrenal 
tumours

3·7% ·· ·· 25·4% (all congenital adrenal 
hyperplasia) 36·6% 
(genetically verified 
congenital adrenal 
hyperplasia)

Median age at 
diagnosis, years

·· 60–65 50–55 44

Female sex ·· 45% 35–75% 35·7%

Mode of discovery

Incidental 95% 86% 35–70% Almost all occur due to poor 
hormonal control with either 
incidental discovery, or based 
on symptoms of mass

Symptoms of 
mass effect

0% 5% 20–50% Almost all occur due to poor 
hormonal control with either 
incidental discovery, or based 
on symptoms of mass

Other 5% 9% 2–5% Almost all occur due to poor 
hormonal control with either 
incidental discovery, or based 
on symptoms of mass effect

Median tumour 
size at diagnosis

.. 2–4 cm 5–7 cm 10·2 cm

Bilateral 
myelolipomas

.. 5% 5–10% 59·6%

Unilateral 
myelolipomas

.. 95% 90–95% 40·4%

Table: Epidemiology and clinical presentation of patients with adrenal myelolipomas
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biochemical diagnosis with 17-hydroxyprogesterone 
(17-OHP) was made, and in two (0·8%) of 252 patients if 
genetic confirmation had been done.61,62 When analysing 
patients with already diagnosed congenital adrenal 
hyperplasia and subsequent adrenal tumours, 16 (25·4%) 
of 63 patients harboured adrenal myelolipomas, which 
changed to 15 (36·6%) of 41 patients when only studies 
with genetically confirmed congenital adrenal hyperplasia 
were included (table).11 Of the patients with congenital 
adrenal hyperplasia and concomitant adrenal 
myelolipoma, 26 (46%) of 57 patients were asymptomatic 
and 19 (33%) of 57 patients had abdominal pain or flank 
pain.11 Patients with congenital adrenal hyperplasia and 
adrenal myelolipomas were older than those with 
congenital adrenal hyperplasia and a non-myelolipoma 
adrenal tumour (44 years vs 33 years), the adrenal 
tumours were larger (10·2 cm vs 1·0 cm) and were more 
frequently bilateral (59·6% vs 10·7%). Most 
(93·5%) patients with adrenal myelolipomas had been 
diagnosed late with congenital adrenal hyperplasia or 
had been poorly managed,11 further indicating that 
prolonged periods of increased ACTH concentration 
probably have a role in the development of adrenal 
myelolipomas.

In a review of literature that included 440 patients with 
adrenal myelolipomas, 44 (10%) had concomitant 
congenital adrenal hyperplasia.9 Whether congenital 
adrenal hyperplasia should be screened for with 17-OHP 
in all patients with a myelolipoma is, however, unclear. 
The Endocrine Society guidelines do not recommend 
routine screening for adrenal masses, including 
myelolipomas, in the case of congenital adrenal 
hyperplasia.57

Association with adrenal hormone excess
In a single-centre study of 126 patients with adrenal 
myelolipomas who were evaluated for adrenal hormone 
excess, autonomous cortisol secretion was diagnosed 
in three (3%) of 92 patients and primary aldosteronism  
was diagnosed in nine (12%) of 74 patients.13In another 
study of 65 patients with a surgically treated adrenal 
myelolipoma, adrenal hormone excess was reported 
in 4·6% of patients, although the diagnostic work-up 
was incompletely described.47 Another study of 
150 patients with adrenal myelolipoma, in which only 
20 patients were tested for endocrine dysfunction, 
reported three patients with autonomous cortisol 
secretion and one patient with primary aldosteronism.6 
A small case series of concomitant aldosterone, cortisol, 
or androgen excess in patients with myelolipomas has 
shown adrenal cortical hyperplasia on pathology.54 
Adrenal myelolipoma has also been reported in Carney 
complex.63,64 Other very rare reported coincidental 
associations with adrenal myelolipoma include an 
aldosterone-secreting adrenocortical carcinoma,65 
pheochromocytoma,66,67 and also adrenal medullary 
hyperplasia.68

Association with other disorders
Adrenal myelolipomas associated with haematologic 
diseases have sometimes been reported, and these 
patients often have chronic anaemia. Patients with various 
forms of thalassaemia and myelolipoma have been 
described,69 as well as those with hereditary spherocytosis70,71 
and sickle cell disease.72 In 27 patients with thalassaemia, 
sickle cell anaemia, or myelofibrosis, myelolipomas were 
reported in five (19%) patients.73 Lin and colleagues74 
reported that two (9%) of 23 patients had plasma cell 
myeloma within myelolipomas.74 These adrenal 
myelolipomas contained huge aggregates of dysplastic 
plasma cells in individuals who previously did not have a 
myeloma diagnosis.

Diagnosis of adrenal myelolipoma
A diagnosis of myelolipoma is established on imaging, 
either on CT or MRI with or without contrast enhance
ment, by identifying the macroscopic fat components. The 
typical CT or MRI appearance of an adrenal myelolipoma 
is a rounded tumour mainly comprising macroscopic fat 
(figure 2A),4 but also with a higher quantity of attenuating 
myeloid components, either appearing as a cloudy pattern 
(figure 2B), as solid strands (figure 2C), or forming a 
separate solid nodule within the fat (figure 2D).75 However, 
there is huge variation in the proportions of fat and 
myeloid tissue between myelolipomas. In myelolipomas 
almost totally comprising macroscopic fat, the CT 
attenuation is very low (pure fat: –100 Hounsfield units) 
and appear dark on CT and white on T1-weighted and 
T2-weighted MRI (appendix p 1).75 With increasing myeloid 
components (figure 2D), the CT attenuation increases and 
many myelolipomas measure between –50 Hounsfield 
units and –20 Hounsfield units.46 Sometimes, the myeloid 
and fat components are distinctly separated and are of 
approximately similar proportions (figure 2E), and in other 
myelolipomas the myeloid components can be very 
dominating, with merely one or a few small islands of 
macroscopic fat (appendix p 2) in an otherwise solid 
myeloid tumour. Sometimes, the fat components are very 
small to non-existent in quantity and do not allow for 
supporting the CT or MRI diagnosis of myelolipoma by 
attenuation measurement of the fat components. The 
solid myeloid components are typically contrast-enhancing 
(figure 2H, appendix p 3).76 The myelolipomas are generally 
clearly demarcated, which is facilitated by the fairly 
frequent appearance of a pseudocapsule.77 Adrenal 
myelolipomas can be bilateral, typically when they are 
large (figure 2I). Sometimes, calcifications (usually small 
in size) are found within the myelolipoma (figure 2J).78 
Differential diagnoses constitute adrenocortical carci
nomas with macroscopic fat or retroperitoneal 
liposarcoma,9,79,80 both of which are extremely unusual.

Notably, adrenal biopsy (either fine-needle aspiration 
biopsy or core needle biopsy) is not recommended in the 
diagnostic work-up of adrenal myelolipoma, mainly due 
to the high accuracy of imaging.

See Online for appendix
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Adrenalectomy is usually reserved for a minority of 
patients with adrenal myelolipomas and is more common 
in patients with large tumours, those with tumour growth, 
acute haemorrhage, symptoms of abdominal mass effect, 
or uncontrolled congenital adrenal hyperplasia.13,47,49 In 
several case series of surgically treated myelolipomas, the 
median tumour size was around 5–8 cm.13,45,47–49 
Adrenalectomy has also been the treatment of choice in 
patients with ipsilateral concomitant adrenal hormone 
excess.13,44,54 In a series of 305 patients with adrenal 
myelolipomas, surgery was done on 37 (12%) patients 
because of increasing tumour size in a large myelolipoma, 
symptoms of mass effect, ipsilateral adenoma with 
adrenal hormone excess, acute haemorrhage, or 
concomitant resection for other reasons, and to confirm a 
questionable diagnosis on imaging.13 Patients undergoing 
adrenalectomy were younger, had larger tumours with 
accelerated tumour growth, and a higher likelihood of 
haemorrhagic changes on imaging than those who were 
managed conservatively.13

Long-term outcomes
Most patients with myelolipomas are asymptomatic and 
do not exhibit tumour growth or develop adrenal 
malignancy. In a series of 163 patients with myelolipomas 
followed up with imaging over a median of 7 years (range 
0·5–20 years), the overall median tumour growth was 
0 cm, ranging from 1 cm tumour shrinkage to 11 cm 
tumour growth.13 The maximum tumour growth per year 
was 1·4 cm. Only 26 (16%) of 163 patients had an overall 
tumour growth of at least 1 cm.13 A tumour larger than 
3·6 cm at diagnosis was reported to be a risk factor for 
future tumour growth. In another study of 69 patients with 
adrenal myelolipomas followed up for a median of 

Figure 2: Transversal CT images and coronal CT image of myelolipoma
(A–I) Transverse CT images, (J) coronal CT image. (A) Typical myelolipoma in the 
right adrenal gland (long arrow), comprising almost exclusively macroscopic fat, 

spreading the lateral and medial adrenal limbs apart (short arrows), extending 
posteriorly but demarcated from the periadrenal fat by a thin capsule. 

(B) The myelolipoma in the left adrenal gland is dislocating the lateral adrenal 
limb ventrally and extends laterally to the spleen. The capsule is clearly shown 
(short arrows), and the myeloid components have a cloudy appearance (long 

arrow). (C) In the myelolipoma in the right adrenal gland, the myeloid 
components are shown as a nodule (long arrow) in the ventromedial part of the 

tumour and as strands (small arrows) in its posterior aspects. (D) In this 
myelolipoma in the right adrenal gland (arrow), the myeloid and fat 

components are mixed and are evenly spread throughout the whole tumour. 
(E) By contrast, in this myelolipoma in the left adrenal gland, the myeloid (short 
arrow) and fat components (long arrow) are distinctly separated and are located 
in the medial and lateral part of the tumour, respectively. (F) The myelolipoma in 

the left adrenal gland comprises almost exclusively myeloid tissue, in which 
there is a small island of macroscopic fat in the posterolateral aspect of the 
tumour (arrow). (G) CT without intravenous contrast enhancement. In this 

myelolipoma in the left adrenal gland, with a similar appearance as that in (F), 
there are two small fatty islands (short arrows). (H) CT with intravenous contrast 

enhancement in the venous phase shows in the same tumour shown in (G) 
contrast enhancement of the myeloid components, similar to that of the liver 
and spleen. (I) Myelolipomas are sometimes bilateral, especially when large in 

size (arrows). (J) Sometimes, calcifications are observed in myelolipomas, which 
are usually small (arrow).
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H
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3·9 years, 11 (16%) patients had a median tumour growth 
of 1·1 cm (range 0·6–8·4 cm), a median growth per year of 
0·16 cm (range 0·08–0·71 cm).6 In this study, younger age 
and duration of follow-up, but not the initial tumour size, 
were associated with tumour growth.6 In another series of 
15 patients followed up for an average of 3·2 years 
(0·3–10·8 years), 13 (87%) remained asymptomatic and 
two (13%) continued to have some abdominal discomfort 
during follow-up.44 Imaging follow-up showed a minor 
increase in tumour size in six (40%) of 15 patients.44 
Patients with large myelolipomas might develop new onset 
symptoms of mass effect when tumour growth continues. 
Acute haemorrhage and tumour rupture are very rare 
events, which almost always occur in very large 
myelolipomas (usually >8 cm to 10 cm). When 
adrenalectomy is done, it is a definite treatment for 
myelolipoma, with no recurrence reported.13,29,46

Management
Any patient with a newly identified adrenal mass needs 
to undergo a parallel work-up to determine the cause of 
the adrenal mass and the presence of hormonal excess. 
Due to scarcity of original literature regarding the 
management of myelolipomas, guidance is mostly based 
on expert opinion.

After determining the likelihood of myelolipoma on the 
basis of the imaging characteristics (most with pathogno
monic features), we also recommend considering 
hormonal work-up informed by the clinical presentation 
(figure 3). Patients with suspected hormone excess should 
be investigated with a 1-mg overnight dexamethasone 
suppression test as well as measurements of aldosterone 
concentrations, renin plasma activity, and potassium 
concentrations (figure 3). In very rare situations of 
diagnosed adrenal hormone excess, management should 
be targeted to the type and site of adrenal hormone excess, 
which could be ipsilateral or contralateral to the 
myelolipoma (figure 3).

Patients with large or bilateral myelolipomas, or both, 
should be investigated for a possibility of congenital 
adrenal hyperplasia, with measurement of 17OHP concen
trations. Bilateral adrenalectomy is occasionally used in 
poorly controlled congenital adrenal hyperplasia,81 some
times with concomitant bilateral adrenal myelolipomas. 
ACTH concentrations usually increase after the procedure, 
which might stimulate the growth of ectopic adrenal rest 
tumours.82 Since adrenal rest tumours, especially in the 
testicles, might impair fertility,83 surgical removal of 
adrenal myelolipomas in congenital adrenal hyperplasia 
should only be done after careful consideration.

In most patients with adrenal myelolipoma, imaging 
diagnosis is clear and no further imaging follow-up or 
adrenalectomy is required (figure 3). In rare selected cases 
of very large myelolipomas, clinical or imaging follow-up 
could be considered. However, adrenalectomy in these 
cases is usually reserved only if symptoms of mass effect or 
acute haemorrhage is present (figure 3). In other rare 
instances when imaging is not completely typical of 
myelolipoma, such as tumours with a high abundance of 
calcifications, or when identification of macroscopic fat is 
difficult, management should be discussed at a 
multidisciplinary meeting with options, including imaging 
follow-up, another type of imaging (eg, ¹⁸F-fluoro
deoxyglucose-PET), or adrenalectomy. Given that most 
myelolipomas are discovered as incidentalomas, in the 
occasional instances of atypical imaging findings, 
myelolipomas are frequently managed as such, whereby the 
patient might be discharged when the tumour size and 
appearance is unchanged on follow-up imaging at 6 months 
(or in comparison to imaging ≥6 months previously).

Gaps in knowledge
Most adrenal myelolipomas are small, non-functioning, 
and asymptomatic. A minority of myelolipomas might 
grow, and rarely cause symptoms of mass effect. 

Figure 3: An algorithm on imaging characteristics, investigations, and management of adrenal myelolipomas

Suspected adrenal myelolipoma 

Management

Consider hormonal work-up
Clinical evaluation 
• Careful history suggestive of adrenal hormone 
 excess
• Physical examination
• Comorbidities related to adrenal hormone excess
Hormonal work-up
Notes:
• Adrenal myelolipomas are not capable of adrenal 
 hormone excess; however, associated 
 adrenocortical hyperplasia or adenoma can occur
• In some adrenal myelolipomas, imaging diagnosis 
 is difficult (eg, due to a low proportion of fat)
Hormonal work-up should be done if:
• Hypertension +/- hypokalaemia: work-up for 
 primary aldosteronism 
• Features of overt hypercortisolism or associated 
 comorbidities: work-up for autonomous cortisol 
 secretion (dexamethasone suppression test) 
• 17-hydroxyprogesterone: consider in large or 
 bilateral adrenal myelolipomas

Small (<4–6 cm) adrenal myelolipoma (most common) 
• No further imaging follow-up is required for adrenal myelolipomas with pathognomonic features on imaging, 
 regardless of size, because even when large in size symptoms are uncommon

Large (>6–10 cm) adrenal myelolipoma (rare) 
• Tumour growth is more common in large lesions: consider clinical evaluation for symptoms of adrenal mass 
 effect, or imaging follow-up (interval depends on concern)
• Adrenalectomy is rarely needed and is usually reserved for very large lesions with substantial symptoms of mass 
 effect, or acute haemorrhage

Imaging indeterminate for adrenal myelolipoma (very rare)
• When imaging is indeterminate (features are not fully consistent with myelolipoma), consider interval imaging 
 or adrenalectomy depending on the differential diagnosis and other clinical and biochemical parameters

Adrenal hormone excess and adrenal myelolipoma (extremely rare)
• Management is targeted to the type and site of adrenal hormone excess
• Management of congenital adrenal hyperplasia if newly diagnosed or suboptimally controlled

Examine imaging characteristics
Tumour size
• Median tumour size: 2–4 cm
• Ranges between 0·5 cm and  greater than 10 cm
• If interval imaging is available, tumour growth is 
 usually less than 0·5cm  to 1 cm per year
Laterality
• All myelolipomas: unilateral in 95%, bilateral in 5%
• Congenital adrenal hyperplasia: unilateral in 40%,
 bilateral in 60%
Fat content
• Various proportions of fat and myeloid tissue: can 
 be heterogenous
• Unenhanced CT:
 • Hounsfield units of -100 when macroscopic fat
 • Depending on the amount of fat, most have 
  Hounsfield units of –20 to –50
• MRI: appear white on T1-weighted and 
 T2-weighted images
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However, the predictors of growth or development of 
haemorrhage are not clear and therefore management 
should be individualised. The adequate duration and 
interval of monitoring via imaging in patients with 
atypical imaging features are unknown. Future studies 
should clarify the approach to hormonal assessment in 
patients with myelolipomas. The pathogenic drivers of 
myelolipoma development and growth are not known, 
but there is an association between myelolipoma 
development and increased ACTH concentration and 
possibly of erythropoietin concentration, but other 
paracrine drivers could be identified in the future. 
Adrenal tumours might occasionally exhibit local ACTH 
secretion,62,84 causing Cushing’s syndrome and potentially 
myelolipomas. Genetic explanations might also be 
identified, as well as differently expressed mRNAs.

Conclusion
Adrenal myelolipomas are indolent tumours that are 
usually discovered incidentally. Imaging presents a 
tumour with fat and myeloid components. Patients with 
adrenal myelolipoma might seldom exhibit adrenal 
hormone excess due to concomitant adrenocortical 
adenoma or hyperplasia, and decision by a physician on 
hormonal work-up should be individualised. Association 
with congenital adrenal hyperplasia needs to be 
considered in any patient with adrenal myelolipoma, but 
especially in patients with large and bilateral lesions. 
Large lesions might warrant follow-up because growth 
could develop, which might cause mass effect symptoms, 
although this outcome is rare. In tumours with atypical 
appearance on imaging (ie, low fat content), repeated 
imaging should be considered. Adrenalectomy might 
very rarely be discussed in selected patients.
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