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Abstract

Introduction: There is an increasing number of adrenal tumours discovered incidentally during imaging examinations performed for
many different indications. Based on imaging results, it is possible to differentiate benign from malignant adrenal masses, although there
is still a number of equivocal imaging findings. Our study presents 77 cases of adrenal tumours in which imaging was inconclusive and
the final diagnosis was stated only after surgery and histopathological examination.
Material and methods: Retrospective data analysis: 77 cases of indeterminate adrenal tumours with a presumptive diagnosis of “nonadenoma” in patients operated within a 16-year period (2004–2019). None of the patients had a history of malignancy, and all tumours were
hormonally inactive. On contrast-enhanced computed tomography (CT), the native density of all tumours was higher than 10 Hounsfield
Units (HU), and the absolute percentage washout (APW) and relative percentage washout (RPW) were lower than 60% and 40%, respectively.
Results: The most common findings were adrenal adenoma (25.9%), macronodular adrenal hyperplasia (16.9%), ganglioneuroma (15.6%),
and haemorrhage with posthaemorrhagic changes (13%). In total, there were 12 various histopathological diagnoses in this group. There
were only 2 (2.6%) malignant (adrenal cancer and leiomyosarcoma) and 3 (3.9%) potentially malignant (pheochromocytoma) lesions in
this group.
Conclusions: It is often impossible to make a correct diagnosis in a clinical setting until it is histologically verified. “Nonadenoma” adrenal
tumours constitute a heterogeneous group including very rare pathologies. The risk of malignancy in indeterminate adrenal tumours is
relatively low. (Endokrynol Pol 2021; 72 (5): 492–497)
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Introduction
Incidental adrenal masses are detected in approximately
4–5% of patients undergoing computed tomography (CT)
examinations. The incidence of adrenal incidentalomas
increases with age, from less than 0.5% of adrenal nodules
revealed in patients in their 20s compared with up to 7%
in patients older than 70 years [1–4]. The majority of adrenal incidentalomas are non-functional, benign lesions
that account for 82.5% of cases. These non-functional,
benign lesions comprise adenomas (61%), myelolipomas
(10%), adrenal cysts (6%), and ganglioneuromas (5.5%).
The remaining adrenal pathologies include malignant
adrenocortical carcinomas and metastatic lesions, as well
as potentially malignant pheochromocytomas [5–7].
According to all guidelines, CT is currently the
imaging of choice in the evaluation of the “benign” or
“suspicious” (i.e. potentially malignant) character of
the adrenal lesions.

In this evaluation, the first step is to measure the
tumour radiodensity in an unenhanced CT. The recommended threshold for CT density measurements to
identify benign lipid-rich adenomas is ≤ 10 Hounsfield
Units (HU). At this threshold, pooled sensitivity and
specificity were 71% and 98%, respectively [8]. However, lipid-poor adenomas with an attenuation value of
more than 10 HU represent 10–40% of all adenomas [9].
Malignant lesions and pheochromocytomas have density > 10 HU, although metastases of clear cell renal cell
carcinoma or (in incidental cases) pheochromocytoma
may have density lower than 10 HU before contrast
medium [10]. Characterization of adrenal masses using
contrast-enhanced CT has the advantage of a specific
perfusion pattern of adenomas. They enhance rapidly
after contrast administration and demonstrate a rapid
loss of contrast medium; this phenomenon is termed
contrast enhancement washout. An absolute contrast
washout of > 50% 10 minutes (or > 60% 15 minutes)
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after the contrast injection and a relative contrast washout of > 40% characterize an adenoma with sensitivity
and specificity of 98 and 92%, respectively [11, 12]. Malignant lesions, including metastases, enhance rapidly
but demonstrate a slower washout of contrast medium
[13]. Pheochromocytomas demonstrate both patterns
of contrast washout: sometimes named “radiological
chameleon”, adrenal medulla tumours can imitate both
adenoma and carcinoma or metastatic tumour.
Other features that indicate a risk of adrenal tumour
malignancy are large tumour size, irregular margins,
presence of necrosis, area of haemorrhage, and calcifications. Regardless of all these features, presumptive
diagnosis is often delusive because of numerous pathologies, which may exist in the adrenal area.
The “indeterminate adrenal mass” term appears
to have arisen from the inability of unenhanced CT to
distinguish adrenal adenomas with high attenuation
from benign or malignant adrenal lesions [14].
This study aimed to present our experience with 77
patients who underwent adrenalectomy with presumptive diagnosis of “nonadenoma”. All these tumours had
native density higher than 10 HU, and contrast washout
was lower than 60% and 40%, for absolute and relative,
respectively.

Material and methods
This is a single-centre retrospective analysis of patients with a presumptive diagnosis of “nonadenoma” referred to our centre from
departments of endocrinology throughout Poland. To identify
patients with such a diagnosis, medical records were reviewed.
Pre-operative clinical, radiological, and biochemical data and details
of operations and histology reports were retrieved from patients’
medical records, either in paper form or from computerized files.
Hence, radiology and pathology reports were intentionally not
re-evaluated, implying the data were purely observational. All the
patients were initially evaluated and followed outside our hospital.
All the patients had had CT with adrenal protocol performed. Native, enhanced, and delayed density was measured, and absolute
contrast washout and a relative contrast washout were calculated.
Between 2004 and 2019, 564 patients with various adrenal tumours were referred for surgical treatment to our centre. Initial
diagnostic procedures (hormonal status, imaging examinations)
were performed mostly in referring centres. The indications for
surgery were based on appearance in cross-sectional imaging and/
or hormonal activity.
In this group 77 (13.6%) patients with tumours classified preoperatively as “nonadenoma” were identified. In these cases, a presumptive diagnosis was not established, but their phenotype was
estimated as not typical for adenoma. Patients with tumours with
apparent suspicion of malignancy, i.e. with suspicious hormonal
activity and /or with radiographic features such as irregular margins, presence of necrosis, or area of calcifications, were not included
in this analysis. The reason for initial imaging was unrelated to
endocrine or local tumour-related symptoms in all cases. Fifty-four
patients were female, and 23 patients were male. The female/male
ratio was 2.3, and the age range was 25–82 years. The mean age at
the time of operation was 54.3 ± 14 years (mean ± SD), and it was
similar for men 54.4 (SD 16) and for women 53.9 (SD 14).
All patients underwent laboratory tests to exclude hormonal
activity. Subclinical hypercortisolaemia, pheochromocytoma, and

primary hyperaldosteronism were excluded. None of the patients
had a previous history of any malignancy.
All patients were operated under general anaesthesia with appropriate antibiotic prophylaxis using the second generation of
cephalosporin (cefuroxime) according to hospital standards. All
patients received perioperatively low-molecular-weight heparins as
venous thromboembolism prophylaxis. Cross-matched blood was
reserved for patients with large tumours or essential comorbidities.
The typical surgical approach was transabdominal lateral flank.
Forty-three left adrenalectomies and 34 right adrenalectomies were
performed. A total of 37 laparoscopic operations were done. The
laparoscopic technique has been used in our facility since 2013;
therefore, most adrenalectomies are performed by laparoscopic
transabdominal access.

Results
Tumour appearance and CT characteristics are presented in Table 1. Mean tumour size on preoperative
CT was 42.33 mm (SD 21.7), range 11–108 mm. All
these tumours had native density higher than 10 HU,
and contrast washout was lower than 60 and 40% for
absolute and relative, respectively.
In total, 12 various histopathological diagnoses were
stated. Histopathological findings are presented in
Table 2. Only 2 (2.6%) of the tumours were malignant
(leiomyosarcoma and adrenocortical adenoma).
Of all tumours, 16 (20.8%) were 5 cm or more in
diameter on preoperative CT. In this group, non-functioning adenomas prevailed — 6/16 followed by ganglioneuromas 5/16, haemorrhage with posthaemorrhagic changes — 3, haemangioma — 1, schwannoma
— 1, and macronodular hyperplasia — 1. None of the
tumours larger than 5 cm was malignant.
There were 3 patients with a history of tumour
growth in the subsequent CT-examinations. Histopathological findings for these tumours were: 2 cases
of macronodular hyperplasia and 1 adenoma with
haemorrhage; tumour sizes before operation were 30,
42, and 52 mm, respectively.
In 15 patients (19,5%), progressive enhancement
on delayed phase postcontrast imaging was observed.
For this group, postoperative histopathological diagnosis was as follows: ganglioneuroma — 6, haemangioma — 3, schwannoma — 2, leiomyoma — 1,
leiomyosarcoma — 1, adenoma — 1, haemorrhage with
post-haemorrhage changes — 1.
A total of 2 malignant tumours (2.6% — adrenocortical cancer and leiomyosarcoma) and 3 potentially
malignant tumours (3,9% — pheochromocytomas)
were found. All of them were smaller than 5 cm on preoperative CT. Adrenocortical cancer had 45 mm on CT
with density 29/114/47 (native, post-contrast, delayed)
and value of APV and RPV 79 and 59, respectively. The
corresponding parameters for leiomyosarcoma were
33 mm and 30/37/60 with progressive enhancement in
all phases of CT.
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Table 1. Characteristics of CT tumours
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Non missing

Density [HU]

Mean

SD

Native

77

14–84

29.0

11.6

Enhanced

70

17–114

54.7

21.3

Delayed

68

16–78

50.4

15.3

Absolute percentage
washout (APW)

68

PE*–50

38.1

21.8

Relative percentage
washout (RPW)

68

PE*–41

18.8

13.2

*PE — progressive enhancement, applies to cases in which density in delayed phase was higher than 1 minute after contrast media; SD — standard deviation

Table 2. Histopathological diagnosis
Diagnosis

Number

Percentage
(%)

Sex
F/M

Age

Tumour size
CT [mm]

Density [HU]

APV (%)

Adenoma

20

26

15/5

32–81

13–91

14–59

*PE––61

Macronodular hyperplasia

13

16.99

11/2

43–75

13–43

15–84

21–56

Ganglioneuroma

12

15.6

6/6

29–61

11–92

19–40

*PE–61

Haemorrhage with
posthaemorrhagic changes
(incl. 4 in adenoma)

10

13

4/6

45–82

25–96

23–34

*PE–53

Haemangioma

7

9.1

5/2

34–77

20–49

19–37

*PE–NA

Schwannoma

4

5.2

3/1

25–78

26–108

33–44

*PE–NA

Cysts (incl. pseudocyst)

3

4.61

3/0

25–70

34–44

16–18

50

Pheochromocytoma

3

3.9

3/0

34–60

39–48

23–38

25

Leiomyoma

2

2.6

1/1

54.60

12.38

32.34

*PE

Collision tumour
(adenoma +
ganglioneuroma)

1

1.3

1/0

52–70

18–42

15.21

24–25

Leiomyosarcoma

1

1.54

1/0

80

33

30

*PE

Cortical carcinoma

1

1.54

1/0

40

45

29

79

*PE — progressive enhancement on delayed phase; NA — non available

None of the 2 malignant and 3 potentially malignant lesions had features that might indicate a risk
of malignancy, such as irregular margins, presence
of necrosis, areas of haemorrhage, and calcifications,
because tumours with such features were not included
in the study.
Malignant and potentially malignant lesions together — 5/77 (6.5%).

Discussion
Within this study, we have found that hormonally
inactive adrenal masses that are indeterminate on CT
represent a large variety of pathologies, ranging from
benign non-functioning cortical adenoma to very rare
leiomyoma or leiomyosarcoma.
The risk of malignancy of adrenal tumour is determined by several factors, including tumour size and
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radiographic features such as irregular margins, high
density, slow washout of contrast medium, presence of
necrosis, area of haemorrhage, and calcifications. Regardless of all these features, a presumptive diagnosis is
often delusive because of numerous different pathologies that may exist in the adrenal area. A wide spectrum
of histological profiles of the removed adrenal tumours
was described previously [15].
The number of medical check-ups increases with
abdominal imaging such as computed tomography
(CT), magnetic resonance imaging (MRI), and ultrasonography (US), which are widely used. Consequently,
the detection of adrenal incidentalomas is expected
to increase. An incidental adrenal mass (or adrenal
incidentaloma AI) is defined as an adrenal lesion > 1
cm identified in an imaging examination, performed
as a result of a clinical question, not related to a suspicious-for-adrenal disease in patients who have no

clinical suggestion of adrenal disease [16]. In patients
who have non-functioning AI that is indeterminate by
imaging, which means it is not clearly benign or possibly
malignant, adrenalectomy is indicated. In fact, most
AIs in this category turn out to be atypical adenomas
or other benign lesions, such as ganglioneuromas or
atypical myelolipomas [17].
We decided to analyse only preoperational CT imaging because, currently, despite several limitations, CT
is considered the most useful imaging technique in the
differential diagnosis of adrenal masses. Generally, CT
represents the primary modality for both detection and
characterization of adrenal tumours.
The absolute percentage washout (APW) and relative percentage washout (RPW) can be derived using
a set formula [18, 19]. Both lipid-rich and lipid-poor benign adenomas show a faster wash-out of contrast medium than other adrenal masses. Wash-out is measured
either as absolute or relative, and the diagnostic results
of both methods seem to be equivalent [20]. Chemical
shift imaging (CS-MRi) has decreased performance in
lesions > 20 HU, and a lack of incremental diagnostic
information has been shown when using both techniques for detection of benign lipid-rich lesions [21, 22].
High-density adenomas (20–30 HU on unenhanced CT)
may remain indeterminate on CS-MRI, and adrenal CT
with washout has been shown to outperform CS-MRI.
Therefore, adrenal CT using a dedicated adrenal CT
protocol remains the primary tool in the workup of
an adrenal mass. When choosing between adrenal CT
and CS-MRI, there are also practical considerations,
such as availability, patient convenience for a single
examination, and cost, which usually favour CT [23].
Direct comparisons of CS-MRI with contrast-enhanced
CT are in favour of the latter [24]. In the presented
group of patients, all had non-typical appearance on
CT. Although in nearly half of our patients a CS-MRI
was performed, this examination revealed only “lack
of lipids” or “small amount of lipids”, and this finding
didn not resolve the problem if the lesion seemed to
be malignant.
When an AI lesion is detected, the main task is to
exclude malignant disease. However, accurate physical
examination, checking for subtle signs and symptoms
of adrenal dysfunction, and a laboratory work-up to
exclude hormonal activity are mandatory.
All our patients underwent laboratory tests to exclude a hormonal overproduction: subclinical hypercortisolaemia, pheochromocytoma and primary hyperaldosteronism were ruled out according to up-to-date
recommendations [25, 26].
Despite the fact that hormonal evaluation revealed no abnormalities, in the presented group three
pheochromocytomas were finally recognized in the

pathology report. It seems that in patients with no
symptoms of unstable hypertension such misdiagnosis
is unavoidable. Measurement of urinary fractionated
metanephrines, as used in our centres, has a sensitivity
varying from 85.7 to 97.1% and specificity from 68.6 to
95.1% [27].
We decided to classify pheochromocytomas as potentially malignant. According to current World Health
Organization (WHO) guidelines, the terms “malignant
pheochromocytoma” and “benign pheochromocytoma”
are no longer in use in the WHO classification from
2004. This is because there is currently no histological
system approved for the biological aggressiveness of
this group of tumours. Thus, all pheochromocytomas
could have metastatic potential, and the term “metastatic pheochromocytoma/paraganglioma” is used
to replace “malignant pheochromocytoma/paraganglioma” [28].
In the presented material, the risk of adrenal malignancy in patients with indeterminate lesions is relatively low. It has been shown that most adrenal masses
in patients with no known malignancy are benign [29].
In the absence of known primary malignancy, the risk
of the adrenal lesion being malignant is approximately
one in a thousand. [30]. In our material, comprising only
tumours with “suspicious imaging phenotype”, the risk
was still low — it was only 2.6% when pheochromocytomas were excluded and 6.5% including potentially
malignant pheochromocytoma.
The size of the adrenal lesion, suspicious radiological findings, and history of malignancy are known
factors associated with malignancy [31–33]. The most
important oncological recommendation for surgical
treatment of an incidentaloma is a suspicious radiological tumour image that does not correspond to
adrenal adenoma. Additional criteria include tumour
size (diameter > 5 cm) and fast tumour growth [25].
In the presented study, all malignant and potentially
malignant lesions were smaller than 5 cm. In contrast,
all lesions larger than 5 cm were benign.
The presented material also shows a great variety of
pathologies preoperatively estimated as nonadenoma.
Among 12 pathologic diagnoses, we found some uncommon and unexpected lesions, like Schwannoma,
haemangioma, cysts, leiomyoma, and leiomyosarcoma.
Ganglioneuromas more frequently than the
above-mentioned ones are benign; most of them are
asymptomatic and detected by chance. Proper preoperative diagnosis is challenging, and most of these
masses are described as poor lipid adenomas or pheochromocytomas. Low washout or progressive enhancement on delayed phase postcontrast imaging observed
in presented material was previously observed [34, 35]
and may be characteristic for these tumours. An adre-
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nal cyst is an uncommon lesion detected by chance.
On CT examination, it generally appears as a round,
well-defined, non-enhancing adrenal mass. Sometimes
the cysts may be complex, thus showing atypical imaging appearances. Haemangioma of the adrenal gland
is a non-functional benign tumour, which is quite
infrequent and generally asymptomatic. There are no
characteristic signs on radiological studies, and most
adrenal haemangiomas are diagnosed postoperatively
because of the low frequency and the lack of specific
symptoms [36].
Tumours like primary adrenal leiomyosarcoma are
extremely rare, and to date, only approximately 30 cases
with no typical appearance on cross-sectional imaging
have been reported the English literature [37].
Since we introduced laparoscopy for adrenal
surgery in our centre, all adrenalectomies in patients
with tumours not larger than 8 cm and not suspected
for ACC are performed this way. Based on increased
laparoscopic expertise, the positional statement of the
European Society of Endocrine Surgeons (ESES) on
primary malignant tumours recommends laparoscopic
resection of ACC/potentially malignant tumours with
a diameter of less than 10 cm. This procedure should
include removal of surrounding periadrenal fat, and it
should result in an R0 resection without a rupture of
the tumour capsule [38].
Even though in incidentally detected adrenal masses
the available imaging and laboratory test can identify
functional and malignant lesions with high diagnostic
precision, many benign lesions still undergo surgery
because of equivocal imaging findings. The principal
challenge of managing incidental adrenal masses is to
correctly identify rare, unexpected malignant lesions
or hyperfunctioning adenomas. When we do not
make every attempt to distinguish clinically significant
from insignificant disease, we are at risk of overdiagnosis — a circumstance that arises when a disease is
detected that will never affect patients over the course
of their lifetime [39]. Most of the evidence on adrenal
incidentalomas stems from retrospectives studies only.
Consequently, indications given in currently available
guidelines vary. There is very limited evidence about
which recommendations can be made for the management of a small number of adult patients with an indeterminate adrenal mass with no hormonal function.
In the clinical setting, it is often not possible to make
a correct diagnosis until it can be verified histologically,
because adrenal malignancies constitute a heterogeneous group. Even up-to-date publications reveal
discordant conclusions. Whereas cystic appearance in
adrenal tumours on contrast-enhanced CT may have
high specificity for distinguishing pheochromocytoma
and malignant adrenal masses from adenomas [40],
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at the same time others investigators conclude that
lipid-poor adenomas and pheochromocytomas may
have similar imaging and washout characteristics [41].
Considering these disagreements, and the safety of
adrenalectomy with the in-hospital mortality associated
with the procedure for non-malignant tumours (including hormonally active) at 0.2% [42], it seems that in the
case of doubts concerning an indeterminate adrenal
mass, surgery is a reasonable option.
If adrenalectomy is not to be recommended or performed, based on the clinician’s opinion and patient
choice, appropriate follow-up according to local protocols is essential. A subsequent increase in tumour size
is an indication for surgical treatment [43].
It is difficult to pre-operatively definitively exclude
or establish malignancy in patients with adrenal lesions
referred for surgery, although based on our own experience it seems that the risk of malignancy in “nonadenoma” adrenal tumours is relatively low. The disadvantage
of this study is the retrospective, single-centre nature
of the data. Numbers in adrenal surgery are often too
small for large-scale, randomised investigations; hence,
research must make do with observational data.

Conclusions
In the clinical setting, it is often impossible to make
a proper diagnosis until it can be verified histologically.
“Nonadenoma” adrenal tumours constitute a heterogeneous group including very rare pathologies. The
risk of malignancy in indeterminate adrenal tumours
is relatively low.
The authors declare that there are no conflicts of
interest — financial or otherwise — related to the
presented material. The authors received no specific
funding for this work.

References
1.
2.
3.

4.

5.
6.
7.

Young WF. Clinical practice. The incidentally discovered adrenal mass. N
Engl J Med. 2007; 356(6): 601–610, doi: 10.1056/NEJMcp065470, indexed
in Pubmed: 17287480.
Blake MA, Cronin CG, Boland GW. Adrenal imaging. AJR Am J Roentgenol. 2010; 194(6): 1450–1460, doi: 10.2214/AJR.10.4547, indexed in
Pubmed: 20489083.
Lattin GE, Sturgill ED, Tujo CA, et al. From the radiologic pathology archives: Adrenal tumors and tumor-like conditions in the adult:
radiologic-pathologic correlation. Radiographics. 2014; 34(3): 805–829,
doi: 10.1148/rg.343130127, indexed in Pubmed: 24819798.
Grossman A, Koren R, Tirosh A, et al. Prevalence and clinical characteristics of adrenal incidentalomas in potential kidney donors. Endocr
Res. 2016; 41(2): 98–102, doi: 10.3109/07435800.2015.1076455, indexed in
Pubmed: 26541634.
Androulakis II, Kaltsas G, Piaditis G, et al. The clinical significance of
adrenal incidentalomas. Eur J Clin Invest. 2011; 41(5): 552–560, doi: 10.
1111/j.1365-2362.2010.02436.x, indexed in Pubmed: 21210792.
Davenport C, Liew A, Doherty B, et al. The prevalence of adrenal incidentaloma in routine clinical practice. Endocrine. 2011; 40(1): 80–83,
doi: 10.1007/s12020-011-9445-6, indexed in Pubmed: 21547511.
Bittner JG, Brunt LM. Evaluation and management of adrenal incidentaloma. J Surg Oncol. 2012; 106(5): 557–564, doi: 10.1002/jso.23161,
indexed in Pubmed: 22623268.

8.
9.

10.

11.

12.
13.

14.

15.
16.

17.
18.
19.

20.

21.

22.

23.

24.

25.

Barzon L, Sonino N, Fallo F, et al. Prevalence and natural history
of adrenal incidentalomas. Eur J Endocrinol. 2003; 149(4): 273–285,
doi: 10.1530/eje.0.1490273, indexed in Pubmed: 14514341.
Birsen O, Akyuz M, Dural C, et al. A new risk stratification algorithm
for the management of patients with adrenal incidentalomas. Surgery. 2014; 156(4): 959–965, doi: 10.1016/j.surg.2014.06.042, indexed in
Pubmed: 25239353.
Blake MA, Krishnamoorthy SK, Boland GW, et al. Low-density pheochromocytoma on CT: a mimicker of adrenal adenoma. AJR Am J Roentgenol. 2003; 181(6): 1663–1668, doi: 10.2214/ajr.181.6.1811663, indexed in
Pubmed: 14627592.
Peña CS, Boland GW, Hahn PF, et al. Characterization of indeterminate (lipid-poor) adrenal masses: use of washout characteristics at contrast-enhanced CT. Radiology. 2000; 217(3): 798–802,
doi: 10.1148/radiology.217.3.r00dc29798, indexed in Pubmed: 11110946.
Ilias I, Sahdev A, Reznek RH, et al. The optimal imaging of adrenal
tumours: a comparison of different methods. Endocr Relat Cancer. 2007;
14(3): 587–599, doi: 10.1677/ERC-07-0045, indexed in Pubmed: 17914090.
Szolar DH, Kammerhuber FH. Adrenal adenomas and nonadenomas:
assessment of washout at delayed contrast-enhanced CT. Radiology.
1998; 207(2): 369–375, doi: 10.1148/radiology.207.2.9577483, indexed in
Pubmed: 9577483.
Peña CS, Boland GW, Hahn PF, et al. Characterization of indeterminate (lipid-poor) adrenal masses: use of washout characteristics at contrast-enhanced CT. Radiology. 2000; 217(3): 798–802,
doi: 10.1148/radiology.217.3.r00dc29798, indexed in Pubmed: 11110946.
Taskin HE, Berber E. Retroperitoneal tumors that may be confused as adrenal pathologies. J Surg Oncol. 2012; 106(5): 600–603,
doi: 10.1002/jso.23133, indexed in Pubmed: 22532070.
NIH Consens State Sci Statements NIH state-of-the-science statement on
management of the clinically inapparent adrenal mass („incidentaloma”)
2002, Feb 4–6; 19(2):1–25. https://consensus.nih.gov/2002/2002AdrenalIn
cidentalomasos021Program.pdf.
Bittner JG, Brunt LM. Evaluation and management of adrenal incidentaloma. J Surg Oncol. 2012; 106(5): 557–564, doi: 10.1002/jso.23161,
indexed in Pubmed: 22623268.
Sahdev A, Willatt J, Francis IR, et al. The indeterminate adrenal lesion.
Cancer Imaging. 2010; 10: 102–113, doi: 10.1102/1470-7330.2010.0012,
indexed in Pubmed: 20299300.
Choyke PL. ACR Committee on Appropriateness Criteria. ACR Appropriateness Criteria on incidentally discovered adrenal mass. J Am
Coll Radiol. 2006; 3(7): 498–504, doi: 10.1016/j.jacr.2006.02.031, indexed
in Pubmed: 17412112.
Terzolo M, Stigliano A, Chiodini I, et al. Italian Association of Clinical
Endocrinologists. AME position statement on adrenal incidentaloma.
Eur J Endocrinol. 2011; 164(6): 851–870, doi: 10.1530/EJE-10-1147, indexed
in Pubmed: 21471169.
Haider MA, Ghai S, Jhaveri K, et al. Chemical shift MR imaging of
hyperattenuating (>10 HU) adrenal masses: does it still have a role?
Radiology. 2004; 231(3): 711–716, doi: 10.1148/radiol.2313030676, indexed
in Pubmed: 15118113.
Outwater EK, Siegelman ES, Huang AB, et al. Adrenal masses: correlation between CT attenuation value and chemical shift ratio at MR
imaging with in-phase and opposed-phase sequences. Radiology.
1996; 200(3): 749–752, doi: 10.1148/radiology.200.3.8756926, indexed in
Pubmed: 8756926.
Mayo-Smith WW, Song JH, Boland GL, et al. Management of Incidental Adrenal Masses: A White Paper of the ACR Incidental Findings
Committee. J Am Coll Radiol. 2017; 14(8): 1038–1044, doi: 10.1016/j.
jacr.2017.05.001, indexed in Pubmed: 28651988.
Park BK, Kim CK, Kim B, et al. Comparison of delayed enhanced CT and
chemical shift MR for evaluating hyperattenuating incidental adrenal
masses. Radiology. 2007; 243(3): 760–765, doi: 10.1148/radiol.2433051978,
indexed in Pubmed: 17517932.
Bednarczuk T, Bolanowski M, Sworczak K, et al. Adrenal incidentaloma in adults — management recommendations by the Polish
Society of Endocrinology. Endokrynol Pol. 2016; 67(2): 234–258,
doi: 10.5603/EP.a2016.0039, indexed in Pubmed: 27082051.

26. Fassnacht M, Arlt W, Bancos I, et al. Management of adrenal incidentalomas: European Society of Endocrinology Clinical Practice Guideline
in collaboration with the European Network for the Study of Adrenal
Tumors. Eur J Endocrinol. 2016; 175(2): G1–G34, doi: 10.1530/EJE-16-0467,
indexed in Pubmed: 27390021.
27. Lenders JWM, Duh QY, Eisenhofer G, et al. Endocrine Society. Pheochromocytoma and paraganglioma: an endocrine society clinical
practice guideline. J Clin Endocrinol Metab. 2014; 99(6): 1915–1942,
doi: 10.1210/jc.2014-1498, indexed in Pubmed: 24893135.
28. Lam AKY. Update on Adrenal Tumours in 2017 World Health Organization (WHO) of Endocrine Tumours. Endocr Pathol. 2017; 28(3): 213–227,
doi: 10.1007/s12022-017-9484-5, indexed in Pubmed: 28477311.
29. Song JH, Chaudhry FS, Mayo-Smith WW. The incidental adrenal mass on
CT: prevalence of adrenal disease in 1,049 consecutive adrenal masses in
patients with no known malignancy. AJR Am J Roentgenol. 2008; 190(5):
1163–1168, doi: 10.2214/AJR.07.2799, indexed in Pubmed: 18430826.
30. Song JH, Chaudhry FS, Mayo-Smith WW. The incidental indeterminate adrenal mass on CT (> 10 H) in patients without cancer: is
further imaging necessary? Follow-up of 321 consecutive indeterminate adrenal masses. AJR Am J Roentgenol. 2007; 189(5): 1119–1123,
doi: 10.2214/AJR.07.2167, indexed in Pubmed: 17954649.
31. Wright L, Nordenström E, Almquist M. Determinants for malignancy in
surgically treated adrenal lesions. Langenbecks Arch Surg. 2012; 397(2):
217–223, doi: 10.1007/s00423-011-0849-9, indexed in Pubmed: 21935703.
32. Cichocki A, Samsel R, Papierska L, et al. Adrenal tumour bigger than 5
cm - what could it be? An analysis of 139 cases. Endokrynol Pol. 2017;
68(4): 411–415, doi: 10.5603/EP.a2017.0039, indexed in Pubmed: 28604945.
33. Cyranska-Chyrek E, Szczepanek-Parulska E, Olejarz M, et al. Malignancy
Risk and Hormonal Activity of Adrenal Incidentalomas in a Large Cohort of Patients from a Single Tertiary Reference Center. Int J Environ
Res Public Health. 2019; 16(10), doi: 10.3390/ijerph16101872, indexed in
Pubmed: 31137898.
34. Shawa H, Elsayes KM, Javadi S, et al. Adrenal ganglioneuroma:
features and outcomes of 27 cases at a referral cancer centre. Clin Endocrinol (Oxf). 2014; 80(3): 342–347, doi: 10.1111/cen.12320, indexed in
Pubmed: 24033606.
35. Samsel R, Cichocki A, Papierska L, et al. [Adrenal gangliuoneuroma
— features of 10 cases in own material]. Pol Merkur Lekarski. 2018;
44(263): 233–235.
36. Guerrisi A, Marin D, Baski M, et al. Adrenal lesions: spectrum of imaging findings with emphasis on multi-detector computed tomography
and magnetic resonance imaging. J Clin Imaging Sci. 2013; 3: 61,
doi: 10.4103/2156-7514.124088, indexed in Pubmed: 24605256.
37. Zhou Y, Tang Y, Tang J, et al. Primary adrenal leiomyosarcoma: a case report and review of literature. Int J Clin Exp Pathol. 2015; 8(4): 4258–4263,
indexed in Pubmed: 26097622.
38. Henry JF, Peix JL, Kraimps JL. Positional statement of the European Society of Endocrine Surgeons (ESES) on malignant adrenal tumors. Langenbecks Arch Surg. 2012; 397(2): 145–146, doi: 10.1007/s00423-011-0893-5,
indexed in Pubmed: 22203016.
39. Welch HG, Black WC. Overdiagnosis in cancer. J Natl Cancer Inst. 2010;
102(9): 605–613, doi: 10.1093/jnci/djq099, indexed in Pubmed: 20413742.
40. Corwin MT, Mitchell AS, Wilson M, et al. Accuracy of focal cystic appearance within adrenal nodules on contrast-enhanced CT to distinguish
pheochromocytoma and malignant adrenal tumors from adenomas. Abdom Radiol (NY). 2021; 46(6): 2683–2689, doi: 10.1007/s00261-020-02925-5,
indexed in Pubmed: 33415383.
41. Akbulut S, Erten O, Kahremangi B, et al. A Critical Analysis of Computed
Tomography Washout in Lipid-Poor Adrenal Incidentalomas. Ann Surg
Oncol. 2021; 28: 2756–2762, doi: 10.1245/s10434-020-09329-1, indexed in
Pubmed: 33210268.
42. Patel N, Egan RJ, Carter BR, et al. Outcomes of surgery for benign and
malignant adrenal disease from the British Association of Endocrine and
Thyroid Surgeons’ national registry. Br J Surg. 2019; 106(11): 1495–1503,
doi: 10.1002/bjs.11297, indexed in Pubmed: 31424578.
43. Harrison B. The indeterminate adrenal mass. Langenbecks Arch
Surg. 2012; 397(2): 147–154, doi: 10.1007/s00423-011-0845-0, indexed in
Pubmed: 21947480.

497

ORIGINAL PAPER

Endokrynologia Polska 2021; 72 (5)

