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Abstract
Purpose To validate the diagnostic performance of adrenal washout CT in patients without known malignancy in a Western 
Australian population.
Methods A radiology information system (RIS) search for CT reports containing “adrenal” and “washout” across six net-
worked metropolitan public hospitals between January 2005 and November 2021. Homogenous nodules ≥ 1 cm, ≥ 10 HU 
without a suspected functional component in patients without a history of malignancy were included. Reported absolute 
and relative washout percentages were recorded and re-measured from unenhanced, 60-s portal venous and 15-min delayed 
phase imaging and compared to either histopathological or CT follow up for growth (≥ 12 months) reference standards.
Results 2653 studies were screened with 191 meeting inclusion criteria. 105 nodules underwent washout CT and then had 
either histopathological (12 patients) or CT follow up (93 patients) reference standards available.
Reported absolute washout (aWO) estimated sensitivity and specificity for malignant/indeterminate nodules was low at 33% 
(95% CI 25–43%) and 77% (95% CI 68–84%) respectively. Reported relative washout (rWO) sensitivity and specificity were 
56% (95% CI 46–65%) and 69% (95% CI 60–77%) respectively. Negative predictive values for both aWO and rWO were 
reassuring at 92% (95% CI 86–96%) and 94% (95%CI 88–97%).
Conclusion Our study validates a recent report suggesting that adrenal washout has poor sensitivity for and consequent lim-
ited utility to exclude malignancy in patients with no cancer history. However, patients with incidental adrenal nodules < 4 cm 
in size with benign washout can be reassured by the high negative predictive value and worked up to exclude functional 
adenoma and re-imaged in a year to confirm no growth.
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Graphical Abstract

Adrenal washout CT in pa�ents with no history of cancer – a
waste of �me?

van Aswegen, T et al; 2023

Washout CT has limited sensi�vity and

limited u�lity to exclude malignancy in

pa�ents with no history of malignancy.

Three malignant phaeochromocytomas

were iden�fied with one true posi�ve and

two false nega�ves.

Keywords Adrenal · Nodule · Washout · Phaeochromocytoma · Adenoma

Introduction

Adrenal incidentalomas are found in approximately 5% 
of patients undergoing CT (computed tomography) imag-
ing and often bear a management problem [1]. In patients 
with no cancer history, adrenal incidentalomas are almost 
always benign [2]. However, CT-based diagnostic charac-
terization of adrenal incidentalomas is not always possible, 
with benign and malignant appearances overlapping [2]. 
As a result, there is potential for over-diagnosis of malig-
nancy with unnecessary biopsies being required to provide 
clinicians and patients with diagnostic certainty.

Adrenal incidentalomas are nodules measuring greater 
than 1 cm in diameter and can be benign with no follow up 
required, or malignant (primary or secondary) with further 
evaluation required. In addition, adrenal incidentalomas 
can also be functional or non-functional [2]. Due to wide-
spread access to cross sectional imaging, many patients 
with an adrenal incidentaloma will undergo further char-
acterization with CT imaging at diagnosis. Lesion char-
acterization is multifactorial and considers size, margin, 
heterogeneity, intracellular lipid content, macroscopic fat 
content and enhancement [3].

Previous studies have shown that an adrenal nodule 
with an unenhanced density less than 10 HU (lipid-rich), 
is highly specific for an adrenal adenoma. These lipid-rich 
adrenal adenomas comprise up to 70% of adrenal adeno-
mas [2, 4, 5]. Adrenal adenomas with an unenhanced den-
sity of more than 10 HU are lipid-poor and indeterminate 

on single phase imaging. These nodules require adrenal 
washout imaging to differentiate them from other adre-
nal tumours which can have similar unenhanced imaging 
characteristics, such as metastases or primary adrenal 
tumours such as pheochromocytoma and adrenal corti-
cal carcinoma. Adrenal washout CT involves performing 
unenhanced, portal venous and ideally 15-min enhanced 
delayed phase imaging with individual density measure-
ments being used to calculate absolute and relative wash-
out [6]. Nodules with absolute washout of 60% or greater 
are considered benign whilst absolute washout of less 
than 60% is considered indeterminate/ malignant. When 
unenhanced imaging is not available, a relative washout 
of ≥ 40% is suggestive of a benign nodule. Previous stud-
ies have shown that washout CT has high sensitivity and 
specificity for adrenal adenomas [7–9]. For example, one 
study reported absolute washout of at least 60% to have a 
sensitivity of up to 98% and specificity of up to 92% for 
differentiating lipid-poor adenomas and non-adenomas 
[9]. Unfortunately, most prior studies were performed 
in non-incidental populations i.e., patients with known 
malignancy.

Unfortunately, there is considerable overlap of washout 
characteristics between lipid poor adenomas and phaeochro-
mocytomas, with previous studies reporting up to one third 
of phaeochromocytomas demonstrating the same washout 
pattern as adenomas [10–13]. As phaeochromocytomas can-
not be accurately differentiated from adenomas with wash-
out CT, biochemical testing is often required to confirm the 
diagnosis of phaeochromocytoma, more specifically, 24-h 
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urine metanephrines are most useful, with reported sensi-
tivity and specificity of more than 90% [14]. Despite initial 
concerns regarding the potential of inducing a hypertensive 
crisis, administration of non-ionic contrast in the setting of 
suspected phaeochromocytoma is considered safe and CT 
is widely used in the work up of phaeochromocytoma [15].

Recommendations for the management of adrenal inci-
dentalomas were published by the American College of 
Radiology (ACR) in 2010 with nodules between 1 and 
4 cm and with mean density of ≤ 10 HU being essentially 
diagnostic of a benign lesion [16]. In the absence of these 
features, stability in nodule size over at least 1 year is also 
indicative of a benign nodule, particularly in patients with no 
cancer history. These guidelines were updated in 2017, with 
a salient change including the further work up of masses 
more than 2 cm in size due to the increased prevalence of 
malignancy among larger lesions. The 2017 ACR guideline 
also suggests that nodules between 2 and 4 cm in size with 
benign features on washout CT (absolute washout of > 60% 
and relative washout of > 40%) are likely benign adenomas 
and do not require follow up. Follow up CT imaging is, 
however, recommended at 6 to 12 months for nodules that 
are indeterminate based on washout imaging to assess for 
stability [17].

Variation exists among other published guidelines from 
the 2002 National Institutes of Health (NIH), 2009 Ameri-
can Association of Clinical Endocrinologists (AACE) and 
American Association of Endocrine Surgeons (AAES) and 
2007 New England Journal of Medicine (NEJM) Clinical 
Practice Guidelines. The NIH, NEJM and AACE/AAES 
guidelines differ from the current ACR guidelines in that 
they recommend all nodules that are less than 4 cm in size 
require imaging follow up at varying intervals between 3 and 
24 months after the initial diagnosis [18–20]. Biochemical 
testing has previously been recommended only in patients 
with clinical symptoms and signs of adrenal hyperfunction 
[21]. Current guidelines recommend biochemical evalua-
tion in all patients with adrenal incidentalomas [17–20]. 
This comprises of a dexamethasone suppression test as 
well as plasma and/ or urine metanephrines and catecho-
lamines with serum aldosterone and/or renin levels also 
recommended, depending on the presence of hypertension. 
In addition, recent advances in nuclear medicine imaging 
technology such as positron electron tomography (PET) 
should also be considered in the evaluation of indeterminate 
and enlarging nodules, particularly in patients with known 
malignancy [22, 23].

A recently published study performed by Corwin et al. 
[24] has called into question the diagnostic performance of 
washout CT in patients without known malignancy. It con-
cluded that washout of at least 60% had suboptimal sensitiv-
ity of 75% and specificity of 71% across all nodules, includ-
ing phaeochromocytoma. The aim of this study is to validate 

these findings within the Western Australian population as 
our public hospitals share the same PACS and service the 
majority of the state’s population.

Methods

This was a retrospective cross-sectional study. A radiology 
information system (RIS) search was conducted to identify 
all abdominal CT examinations performed between 1st Janu-
ary 2005 and 12th November 2021 with radiology reports 
containing the terms “adrenal” and “washout”. Data were 
collected across six public hospitals in Perth, Western Aus-
tralia (Sir Charles Gairdner Hospital, Fiona Stanley Hospi-
tal, Royal Perth Hospital, Osborne Park Hospital, Fremantle 
Hospital and Rockingham Hospital).

Inclusion and exclusion criteria

The inclusion criteria consisted of homogenous adrenal 
nodules of ≥ 1 cm, with a mean density of ≥ 10 HU and 
without a suspected functional component in patients of 
at least 18 years of age without a history of malignancy. 
Although nodules > 4 cm are recommended for resection in 
the ACR White Paper management guideline we included 
these lesions that had undergone adrenal washout CT as a 
subgroup, as there was follow up data available [17].

Patients were excluded if the CT examination request 
form or digital medical record noted a history of malig-
nancy or functional component suspected to be related to 
an adrenal nodule. Nodules were also excluded based on 
size (smaller than 1 cm) or if nodules demonstrated features 
of benignity such as macroscopic fat or demonstrated suspi-
cious features such as heterogeneity, irregular margins, and 
vascular invasion. Nodules confirmed as an adrenal adenoma 
on magnetic resonance imaging (MRI) were also excluded, 
as no CT characterization was done.

Imaging technique

A dedicated CT imaging protocol for the work up of adrenal 
lesions consisted of acquisitions obtained at 120 kVp, vari-
able mAs and with slice thicknesses ranging between 1 and 
5 mm. Each study consisted of three phases; unenhanced, 
portal venous (acquired at 60–80 s after contrast administra-
tion) and delayed phase imaging (acquired at 10–15 min). 
Each examination was analyzed using Agfa IMPAX software 
(version 6.7.0.6011) on radiology workstations.

Image evaluation

Nodule size, appearances and characteristics were obtained 
both from the radiology report and repeated measurements 
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performed by the primary author. Nodule size was obtained 
using the long-axis diameter. To acquire nodule attenuation 
for each phase of the washout protocol, a circular region of 
interest (ROI) marker was placed over the adrenal nodule, 
with coverage of at least two thirds of the diameter, as shown 
in Fig. 1. Effects of partial volume averaging were mini-
mized by ensuring that the peripheral margin of the nodule 
was not included in the ROI and that the nodule was visible 
on contiguous slices above and below the ROI. The brand of 
iodinated contrast material varied depending on the institu-
tion (Omnipaque 350 being the most commonly used agent), 
with volumes used ranging between 75 and 120 mL.

Washout calculation

Using nodule attenuation measurements, absolute and rela-
tive washout values were calculated. The formula used to 
calculate absolute washout was [(portal venous phase HU)—
(delayed phase HU)]/[(portal venous phase HU)—(unen-
hanced HU)] × 100. Relative washout was calculated using 
[(portal venous phase HU)—(delayed phase HU)] / (portal 
venous phase HU) × 100.

Reported absolute and relative washout percentages were 
recorded and re-measured from unenhanced, 60-s portal 
venous and 15-min delayed phase imaging. For a nodule 
to be characterized as benign based on washout, cut offs 
of ≥ 60% absolute and ≥ 40% relative were used and com-
pared with histopathological or CT growth follow up refer-
ence standards.

Reference standards

Reported and re-measured absolute and relative washout 
percentages were compared with either histopathological 
and/or CT growth reference standards. Histopathological 
reference data were obtained from the digital medical record 
(DMR) following biopsy or surgical resection of an adrenal 
nodule. Each pathology report of a confirmed phaeochro-
mocytoma also provided the Phaeochromocytoma of the 
Adrenal gland Scaled Score (PASS), a score based on the 
presence or absence of 12 histological features to improve 
the distinction between benign and malignant nodules for 

the purposes of prognostication. A score of < 4/20 was used 
to assign probable benignity and a score of ≥ 4/20 defines a 
nodule with malignant potential [25].

In the absence of a histopathological result, A CT-growth 
reference standard was used. This involved assessment of 
nodule growth on CT, MRI or PET-CT studies which dem-
onstrate the index nodule in its entirety and were performed 
at least 12 months before or 12 months after the washout CT 
study. The earliest prior study and/ or the most recent sub-
sequent study were performed when multiple studies were 
available for comparison. Nodules were classified as benign 
if there was no growth or growth of ≤ 3 mm in long-axis 
diameter. Nodules were classified as malignant if growth 
of ≥ 8 mm in long axis diameter was demonstrated. Nodules 
were classified as indeterminate if growth between 3 and 
8 mm was demonstrated.

Statistics

Demographic data were summarized using descriptive sta-
tistics. Diagnostic accuracy (sensitivity, specificity, negative 
and positive predictive values) and prevalence were calcu-
lated using 2 × 2 tables. Values were calculated for nodules 
of all size, as well as nodules < 4 cm and ≥ 4 cm. 95% con-
fidence intervals are reported. Interobserver reliability was 
calculated and reported using Cohen’s Kappa and statisti-
cally significant results were assigned a p value of < 0.05.

Results

As shown in Fig.  2, a total of 2653 CT reports were 
reviewed. A total of 296 met the initial inclusion criteria. 
Of these, 191 underwent an adrenal washout CT and 105 
had a nodule with either a histopathological or CT growth 
reference standard available. Reasons for exclusion of a large 
number of nodules are also shown in Fig. 2. Median subject 
age was 55 (range 28–82) years. Distribution of sex was 
equitable with 55 female and 50 male participants.

In this study, the disease entity was defined as indeter-
minate/ malignant nodules. The estimated prevalence of 
disease across nodules of all size was 9.5% (10/105) when 

Fig. 1  Adrenal washout computed tomography with axial slices demonstrating a left adrenal nodule with mean attenuation measurements on 
non-contrast enhanced (left), portal venous (middle left) and delayed (middle right) acquisitions. Long and short-axis measurements (right)
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including all indeterminate/ malignant nodules. The preva-
lence of malignancy alone was lower at 4.8% (5/105). The 
prevalence of malignancy in nodules under 4 cm is 3% 
(3/100), or 8% (8/100) when indeterminate/ malignant nod-
ules are grouped. Prevalence of malignancy in nodules 4 cm 
or larger was 40% (2/5).

Of the 105 nodules with a reference standard available, 
12 were assessed against a histopathological reference stand-
ard, and 93 were assessed against the CT growth interval 
reference standard. A total of five nodules were classified 
as malignant, four based on histopathology and one on the 
basis of CT growth criteria. Five nodules were indeterminate 
based on CT growth criteria and did not have a histopatho-
logical diagnosis for definitive classification. A total of 95 
nodules were classified as benign based on histopathology 
(10 nodules) and CT growth criteria (85 nodules).

Raw diagnostic accuracy values between the reported and 
remeasured absolute and relative washout across all nodules 
are highlighted in Fig. 3. The sensitivity of reported abso-
lute washout was 33% (95% CI 25–43%) and the specificity 
was 77% (95% CI 68–84%). The negative predictive value 
(NPV) was 92% (95% CI 86–96%) and the positive predic-
tive value (PPV) was 12% (95% CI 7–20%). The sensitiv-
ity of reported relative washout was 56% (95% CI 46–65%) 
and specificity 69% (95% CI 60–77%). The NPV was 94% 
(95% CI 88–97%) and the PPV was 15% (95% CI 10–23%). 

The diagnostic performance for reported relative washout 
could not be assessed for five nodules due to nodule densi-
ties and relative washout values not being conveyed in the 
study report.

Nodules were also grouped by size (< 4 cm and ≥ 4 cm), 
as shown in Table 1. For nodules < 4 cm, the reported abso-
lute washout sensitivity was 29% (95% CI 4–71%) and spec-
ificity 76% (95% CI 66–84%). Reported relative washout 
sensitivity was 56% (95% CI 21–86%) and specificity 57% 
(95% CI 43–69%). The negative predictive values for abso-
lute and relative washout were 93% (95% CI 90–96%) and 
89% (95% CI 80–95%).

For nodules ≥ 4 cm, reported absolute washout sensitiv-
ity was 50% (95%CI 1–99%) and specificity 9% (95% CI 
9–99%). Reported relative washout sensitivity was 100% 
(95% CI 16–100%) and specificity 33% (95%CI 31–69%). 
The negative predictive values for absolute and relative 
washout were 67% (95% CI 29–91%) and 100%.

Results were internally validated by investigators re-
measuring nodule size and re-calculating absolute and 
relative washout. Re-measured absolute washout values 
had good agreement with reported values (Kappa 0.697, 
p value < 0.001), as did relative washout (Kappa 0.838, p 
value < 0.001). Re-measured sensitivity and specificity for 
absolute washout were 22% (95% CI 15–31%) and 78% 
(95% CI 69–85%) respectively. Re-measured sensitivity 
and specificity for relative washout were 56% (95% CI 
46–65%) and 72% (95% CI 63–80%) respectively. NPV 

Fig. 2  Flowchart of included and excluded patients

Fig. 3  Flow chart summarizing the raw diagnostic accuracy of abso-
lute and relative washout reported and re-measured nodules. TP true 
positive, FP false positive, FN false negative and TN true negative
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was identical to reported values at 91% (95% CI 84–95%) 
and 95% (95% CI 88–98%) for re-measured absolute and 
relative washout respectively.

Table 2 summarizes the diagnoses made by histopa-
thology. Four malignant nodules had a histopathological 
diagnosis, comprising of three malignant phaeochromocy-
tomas and one adrenocortical carcinoma.

A total of five nodules were histopathologically defined 
as phaeochromocytoma, three of which were classified 
as malignant and two as benign. The average size was 
29 mm (range 17–50 mm). Mean size of the three malig-
nant phaeochromocytomas was 29 mm (range 17–52 mm). 
These were of similar NECT density, ranging between 37 
and 46 HU and demonstrated portal venous enhancement 
ranging between 61 and 81 HU. Reported absolute wash-
out for the malignant phaeochromocytomas were − 13%, 
71% and 89%. Only one malignant nodule had a follow 
up CT at 12 months, which interestingly did not dem-
onstrate any growth. Both benign phaeochromocytomas 
demonstrated hypervascular enhancement (130 and 117 
HU). Five nodules were 4 cm or greater in size with a 
mean size of 6.3 cm (range 4–14 cm). Of these, two were 
malignant (one adrenocortical carcinoma (14 cm) and one 

phaeochromocytoma (5 cm)) and three were benign (one 
benign epithelial cyst, two with no pathological diagnosis).

Discussion

This study found a low prevalence of malignancy among 
homogenous adrenal incidentalomas size 1–4 cm in patients 
without known malignancy. Expectedly, prevalence of non-
benignity was higher when indeterminate/ malignant nod-
ules were grouped, particularly among nodules less than 
4 cm in size. Washout CT has low sensitivity and specific-
ity for the detection of indeterminate/ malignant nodules. 
When stratified for nodule size, sensitivity and specificity 
of washout CT remained low, with sensitivity and specific-
ity of absolute washout reducing slightly for nodules below 
4 cm with a similar NPV. Diagnostic performance remained 
suboptimal for nodules 4 cm or above, sensitivity of washout 
improved slightly to 50% however specificity was low.

The prevalence of indeterminate/malignant nodules was 
relatively high in this study, reported as 9.5% (10/105). This 
is higher than previous studies, almost certainly due to the 
inclusion of indeterminate nodules in this group. The preva-
lence is more comparable with prior studies when reporting 
malignant nodules only (including phaeochromocytomas), at 
4.8%. For example, Corwin et al. [24] reported a prevalence 
of 4.2% across nodules of all size, 3.2% in nodules under 
4 cm and 21% in those 4 cm or larger. The prevalence of 
malignancy in nodules under 4 cm in size is similar in the 
current study (3%). The prevalence of malignancy in nodules 
over 4 cm is higher, found to be as high as 40% in this study.

This study differs from previous studies in that adrenal 
adenomas have principally been defined as the ‘disease’, i.e., 
washout CT has been used to differentiate adrenal adeno-
mas from non-adenomas. As such, the study performed by 
Corwin et al. [24] reported washout of 60% or more had 
a sensitivity of 67.6% and specificity of 77.8% for differ-
entiating adenomas from non-adenomas (including phaeo-
chromocytoma, as in this study). Given this study defined 
indeterminate/ malignant nodules as the ‘disease’ entity, the 
specificity is therefore comparable at 79%, as is the NPV, 

Table 1  Diagnostic accuracy of reported absolute washout stratified by nodule size

Nodule size Diagnostic classification Absolute washout reported Relative washout reported

 < 4 cm Indeterminate/malignant n = 8
Benign n = 92

Sensitivity 29% (95% CI 4–71%)
Specificity 76% (95% CI 66–84%)
PPV 8% (95% CI 3–24%)
NPV 93% (95% CI 90–96%)

Sensitivity 56% (95% CI 21–86%)
Specificity 57% (95% CI 43–69%)
PPV 16% (95% CI 9–27%)
NPV 89% (95% CI 80–95%)

 ≥ 4 cm Indeterminate/malignant n = 2
Benign n = 3

Sensitivity 50% (95% CI 1–99%)
Specificity 9% (95% CI 9–99%)
PPV 50% (95% CI 11–89%)
NPV 67% (95% CI 29–91%)

Sensitivity 100% (95% CI 16–100%)
Specificity 33% (95% CI 1–91%)
PPV 50% (95% CI 31–69%)
NPV 100%

Table 2  Summary of diagnoses made by histopathology

a Denotes classification of malignant potential as guided by the PASS 
(Phaeochromocytoma of the Adrenal gland Scaled Score)

Histopathological diagnosis Number of 
nodules

Phaeochromocytoma (malignant)a 3
Phaeochromocytoma (benign)a 2
Adrenal ganglioneuroma 2
Adrenocortical adenoma 1
Adrenocortical carcinoma 1
Benign epithelial cyst (> 4 cm) 1
Benign not specified 1
Myelolipoma 1
Schwannoma (benign) 1
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with the prior study reporting an NPV of 98% vs 93% in this 
study. Similarly, Akbulut et al. [26] also assessed the utility 
of washout in true adrenal incidentalomas and reported that 
absolute washout of 60% or more had a sensitivity of 67.6% 
and specificity of 77.8% for differentiation adenomas from 
non-adenomas, including phaeochromocytomas.

The sensitivity for the current study is significantly lower 
than both previously mentioned studies at 33%, presumably 
due to the combination of significant overlap in washout 
characteristics between indeterminate/ malignant nodules 
and benign nodules and a smaller sample size (336 vs 175 
vs 105 nodules respectively). Other studies have also dem-
onstrated significantly better diagnostic accuracy of washout 
CT, up to 98% sensitivity and 92% specificity, although these 
studies involved patients with known malignancy [7–9].

The prevalence of phaeochromocytoma across all adre-
nal incidentalomas has previously been reported to be as 
high as 14% [27]. Prevalence was lower in the current study, 
reported as 4.8% (5/105). Two phaeochromocytomas (40%, 
2/5) demonstrated hypervascularity on washout imaging, 
which were classified as benign on pathology. In the study 
performed by Corwin et al. [24], one third (33.3%) of phaeo-
chromocytomas demonstrated absolute washout of 60% or 
more. Although the two hypervascular nodules identified in 
this study were classified as benign on histopathology, these 
remain likely to have functional implications. In addition, 
it is well established that washout CT does not distinguish 
hypervascular phaeochromocytoma from hypervascular 
metastases such as renal cell carcinoma or hepatocellular 
carcinoma [28]. Three phaeochromocytomas were classified 
as malignant on histopathology using the PASS tool [25]. 
As shown in Fig. 4, one malignant phaeochromocytoma 
measured 20 mm in size, had absolute washout of -13% and 
relative washout of -3%, indicative of no washout, possibly 
due to intra-lesional hemorrhage or degeneration, although 
degeneration is considered uncommon in small phaeochro-
mocytomas [28]. A systematic review conducted in 2012 
found that up 50% of hemorrhagic adrenal masses were 
phaeochromocytomas, likely due to their high vascularity 
leading to rapid growth and increased intra-capsular pres-
sure, predisposing to capsular rupture and hemorrhage [29]. 

As well as being seen in the context of trauma, adrenal hem-
orrhage could also be the initial stigmata of an underlying 
adrenal mass lesion, re-iterating the importance of imaging 
to assess for resolution over the expected clinical course 
[30]. The remaining two malignant phaeochromocytomas 
were mischaracterized by washout (two false negatives). Of 
these two, one was large (52 mm) with an absolute washout 
of 71%. As demonstrated in Fig. 5, the third had the most 
benign imaging characteristics i.e., it was small (17 mm) 
and had an absolute washout of 89%. These data support 
the previously demonstrated overlap of absolute and relative 
washout values between adrenal adenoma and phaeochromo-
cytoma, particularly in smaller nodules which are less likely 
to contain regions of hemorrhage, necrosis or calcification 
[31]. This reiterates the importance of biochemical testing 
as an adjunct to washout CT.

Multiple guidelines have been proposed for the manage-
ment of adrenal incidentalomas [17–20]. The ACR white 
paper guidelines updated in 2017 informs the management 
of adrenal incidentalomas across the institutions involved 
in this study. This guideline suggests that in patients with 
no history of malignancy, incidental nodules between 1 and 
2 cm in size are likely benign and 12 month follow up should 
be considered (in the absence of prior imaging). Nodules 
between 2 and 4 cm should undergo a washout CT with 
absolute washout of 60% or more or relative washout of 40% 
or more being suggestive of a benign adenoma, with no fol-
low up imaging being recommended. The current study sup-
ports the recommendation that nodules with indeterminate 
washout features be followed up, noting that although the 
prevalence of malignancy is low among nodules < 4 cm in 
size, a significant subset could not be characterized as either 
benign or malignant. Further, we also suggest that the sensi-
tivity and specificity of CT washout is suboptimal to inform 
the need for further work up and that follow up CT without 
washout is likely to identify growing nodules that require 
further biopsy or excision, with a lower radiation dose.

The 2017 ACR guideline also supports a size threshold 
where the risk of malignancy increases significantly. As such, 
PET imaging, biopsy or resection are recommended for nod-
ules of 4 cm or greater. As with Corwin et al. [24], this study 
supports such a size threshold given the increased prevalence 

Fig. 4  Non-enhancing malignant phaeochromocytoma demonstrated 
on axial CT acquisitions; left—non-contrast phase, 530 middle—por-
tal venous phase and right—delayed phase

Fig. 5  Axial CT images of a left adrenal nodule with benign wash-
out characteristics, later proven to be malignant phaeochromocytoma 
following resection; left—non-contrast phase, middle—portal venous 
phase and right—delayed
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of malignancy (up to 40% in this study). However, due to the 
inherent low prevalence of large homogenous nodules, only a 
small number of nodules met the inclusion criteria, limiting 
statistical power.

This study has several limitations. Firstly, it was retrospec-
tive in nature. Secondly, CT growth follow up made up the 
reference standard for most nodules with only a small pro-
portion having a histopathological reference standard (93 vs 
12 respectively). This is predominantly due to the very small 
number of nodules with benign imaging appearances requiring 
excision or biopsy, particularly if they are under 4 cm in size. 
As a result, the results of this study can only be generalized 
to nodules that meet the inclusion criteria. Further, growth 
rates were based on the same thresholds used by Corwin et al. 
[24], noting there is no accepted gold standard growth rate that 
predicts malignancy in adrenal nodules [32, 33]. Thresholds 
are fundamentally designed to maximize specificity for both 
benignancy and malignancy. Thirdly, the process of includ-
ing and excluding nodules will contain inherent subjectivity. 
For example, nodule eligibility was predominantly based upon 
the description of nodules in radiology reports which includes 
subjective assessment of suspicious features such as heteroge-
neity. As such, the single adrenocortical carcinoma included 
in this study may be felt to be heterogenous depending on 
the level of experience of an investigator. We attempted to 
minimize this by investigators assessing for suspicious fea-
tures at the time of repeating measurements for each nod-
ule that met inclusion criteria, with nodules with borderline 
characteristics being assessed by the most senior investigator 
(abdominal fellowship subspecialist radiologist with 10 years’ 
post fellowship experience) for eligibility. We also reviewed 
the clinical history of the study for the purpose of excluding 
studies noting a previous history of malignancy or those with 
a suspected functional nodule, however no consideration was 
made as to whether a symptomatic nodule (i.e., causing pain) 
was the indication for the CT study. Despite assessing CT stud-
ies performed across six institutions over 15 years, the sam-
ple size was smaller than previous studies, likely exacerbated 
by the inherent low prevalence of adrenal malignancy which 
expectedly becomes less prevalent in patients with no history 
of other malignancy. Further, the results of this study can only 
be applied to incidentally detected nodules in patients with no 
history of malignancy. The assessment of nodules in patients 
with known malignancy would necessitate additional work up 
such as PET imaging or biopsy ± excision, particularly in those 
with a potentially hypervascular primary malignancy.

Conclusion

Our study validates the recent study performed by Corwin 
et al., suggesting that although the prevalence of malignancy 
is low among truly incidental nodules between 1 and 4 cm 

in size, washout CT has limited sensitivity and limited util-
ity to exclude malignancy. Reassuringly, these data reas-
sure that washout CT has a high negative predictive value 
for malignancy in patients without known malignancy, so 
after exclusion of a functional tumor, it is appropriate for 
an adrenal mass under 4 cm in size with benign washout 
to be followed up in one year to assess for interval growth. 
The data also suggests that in this population, indeterminate 
nodules under 4 cm in size may also be followed up with a 
single phase or non-contrast study, providing a functional 
component has been excluded.
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