
Vol.:(0123456789)1 3

Abdominal Radiology (2021) 46:4353–4361 
https://doi.org/10.1007/s00261-021-03121-9

KIDNEYS, URETERS, BLADDER, RETROPERITONEUM

Differentiation of lipid‑poor adenoma from pheochromocytoma 
on biphasic contrast‑enhanced CT

Yong‑yu An1 · Guang‑Zhao Yang1 · Bin Lin2 · Nan Zhang3 · Hong‑Tao Hou1 · Fang‑Mei Zhu1 · Feng‑Juan Tian4 · 
Jian Wang1 

Received: 19 January 2021 / Revised: 2 May 2021 / Accepted: 11 May 2021 / Published online: 25 May 2021 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract
Purpose  To evaluate the diagnostic performance of biphasic contrast-enhanced CT in differentiation of lipid-poor adenomas 
from pheochromocytomas.
Methods  129 patients with 132 lipid-poor adenomas and 93 patients with 97 pheochromocytomas confirmed by pathology 
were included in this retrospective study. Patients underwent unenhanced abdominal CT scan followed by arterial and venous 
phase. Quantitative and qualitative imaging features were compared between the two groups using univariate analysis. Risk 
factors for pheochromocytomas were evaluated by multivariate logistic regression analysis and a diagnostic scoring model 
was established based on odd ratio (OR) of the risk factors.
Results  Pheochromocytomas were larger and showed cystic degeneration more frequently compared with lipid-poor adeno-
mas (p < 0.01). No significant difference was found in peak enhancement phase between the two groups (p = 0.348). Attenu-
ation values on unenhanced phase (CTU), arterial phase  (CTA), and venous phase (CTV) of pheochromocytomas were 
significantly higher than that of lipid-poor adenomas while enhancement ratio on arterial and venous phase (ERA, ERV) of 
pheochromocytomas was significantly lower than that of lipid-poor adenomas (all p < 0.05). Multivariate analysis revealed 
lesion size > 29 mm (OR: 5.74; 95% CI 2.51–13.16; p < 0.001), CTA > 81 HU (OR: 2.54; 95% CI 1.04–6.17; p = 0.04), 
CTV > 97 HU (OR: 11.19; 95% CI 3.21–38.97; p < 0.001), ERV ≤ 1.5 (OR: 20.23; 95% CI 6.30–64.87; p < 0.001), and the 
presence of cystic degeneration (OR: 6.22, 95% CI 1.74–22.25; p = 0.005) were risk factors for pheochromocytomas. The 
diagnostic scoring model yielded an area under the curve (AUC) of 0.911.
Conclusions  Biphasic contrast-enhanced CT showed good diagnostic performance in differentiation of lipid-poor adenomas 
from pheochromocytomas.
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Introduction

The occurrence rate of adrenal incidentalomas is increas-
ing with wide usage of radiological examination, account-
ing for 4% of all abdominal CT scan [1]. Among adrenal 
incidentalomas, 70%-80% are adenomas and the less com-
mon masses include adrenocortical carcinomas (8%), phe-
ochromocytomas (7%), metastases (5%), and so on. [2]. 
Identification of benign leave-out masses from the ones 
that need further work-up is crucial for clinical manage-
ment. Most adenomas are nonfunctional and do not need 
management. Pheochromocytomas are catecholamine-
secreting tumors that may cause life-threatening hyperten-
sion crisis during surgery and they have the potential of 
biological aggressiveness and require early intervention 
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[3]. The typical symptoms, for instance, hypertension, 
headache, sweating, and positive biochemical test of 
plasma or 24-h urinary metanephrine, indicate the diag-
nosis of pheochromocytomas. However, up to 25% of 
patients with pheochromocytomas are asymptomatic 
[2, 4], and 50% of small pheochromocytomas may show 
modestly elevated or normal biochemical marker levels 
[5]. Under the circumstances, imaging plays a vital role 
in differentiation of adenomas from pheochromocytomas.

Most adenomas are rich in intracellular lipid, leading 
to low attenuation values on unenhanced CT. Attenua-
tion values less than 10 HU on unenhanced CT is reliable 
to diagnose lipid-rich adenomas [6]. However, approxi-
mately 29% of lipid-poor adenomas show attenuation val-
ues greater than 10 HU on unenhanced CT, making them 
indeterminate to diagnose [6]. In such settings, washout 
characteristics obtained from delayed phase are warranted 
as adenomas show rapid washout features compared with 
pheochromocytomas [7–10]. However, additional studies 
found that 33%-50% of pheochromocytomas met wash-
out criteria established for adenomas, leading to misdi-
agnosis [11–13]. Furthermore, delayed scan ranging from 
5 to 15 min is not applicable in the work practice [7, 
8]. For adrenal masses incidentally found in abdominal 
dual-phase contrast-enhanced CT, additional delayed scan 
increases medical cost and radiation dose for patients.

Several studies explored the value of biphasic contrast-
enhanced CT in differentiation of adenomas from pheo-
chromocytomas [14–16]. They found peak enhancement 
during arterial phase, higher enhancement level on arte-
rial and venous phase could assist in the identification of 
pheochromocytomas, especially those that demonstrated 
adenomas-like washout features. However, these studies 
solely focused on the individual features and other quan-
titative and qualitative imaging features were not taken 
into consideration for the differentiation of adenomas 
from pheochromocytomas. Moreover, the sample size, 
especially of pheochromocytomas, was relatively small. 
Therefore, the purpose of our study was to investigate 
whether biphasic contrast-enhanced CT could differenti-
ate lipid-poor adenomas from pheochromocytomas when 
combined with quantitative and qualitative features.

Materials and methods

This retrospective study was performed in Tongde Hospi-
tal of Zhejiang Province and Sir Run Run Shaw Hospital 
of Zhejiang University School of Medicine hospital and 
was approved by the institutional review board. Informed 
content was waived due to the retrospective analysis of 
the study.

Study population

We searched the pathology database during January 2011 
and October 2020 with key words of “adrenal adenoma” 
and “adrenal pheochromocytoma,” respectively. Initially, 
465 adrenal adenomas and 126 pheochromocytomas were 
found. The inclusion criteria of the study were as follows: 
(1) the presence of preoperative biphasic contrast-enhanced 
CT imaging, (2) lipid-poor adenomas with mean attenua-
tion values > 10 HU on unenhanced CT [6],  and  (3) the  
presence of enhanced region within masses for attenuation 
values measurement. Lesions with completely cystic degen-
eration were excluded, (4) lesion size ≥ 10 mm to ensure 
measurement accuracy and to avoid partial volume averag-
ing artifact. Finally, the study population consisted of 129 
patients with 132 lipid-poor adenomas (3 bilateral) and 93 
patients with 97 pheochromocytomas (4 bilateral). The flow-
chart of our study is shown in Fig. 1.

Images protocol

Multiple CT scanners were used due to retrospective analy-
sis of the study, including SOMATOM Sensation 16 and 
SOMATOM Definition Flash (Siemens Healthcare, Forch-
heim, Germany) and LightSpeed VCT (GE Healthcare, Mil-
waukee, WI, USA). All patients underwent unenhanced scan 
followed by arterial phase (25–30 s) and venous phase (60 s) 
after infusion of contrast material. A total of 100–120 mL 
non-ionic iodine contrast material was injected intravenously 
using a power injector at a rate of 2.5–3.0 mL/s. The CT scan 
parameters were as follows: tube voltage, 120 kVp; tube cur-
rent, 250–300 mA; slice thickness, 1.0–3.0 mm.

Imaging analysis

Two abdominal radiologists (Y. An and J. Wang, with 3 
and 15 years experience, respectively) blind to pathologi-
cal results and clinical information independently evaluated 
all preoperative CT images. Disagreement was settled by 
consensus. The following imaging data were evaluated: (1) 
size: longest diameter on axial images; (2) attenuation val-
ues measured on unenhanced phase (CTU), arterial phase 
(CTA), and venous phase (CTV). For attenuation values 
measurement, a 20–40 mm2 circular region of interest (ROI) 
was placed on the enhanced part of the lesion. The attenu-
ation values were measured 3 times and the mean of these 
values was recorded as final results; (3) enhancement ratio, 
we calculated the enhancement ratio on arterial phase (ERA) 
and venous phase (ERV) as ERA = (CTA – CTU)/CTU, 
ERV = (CTV – CTU)/CTU; (4) peak enhancement phase 
was defined as the phase in which maximum enhancement 
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level was 5 HU greater than another phase after contrast. 
If the difference of enhancement level was less than 5 HU 
between arterial and venous phases, the lesion was deemed 
as equally enhanced [14, 17];  (5) the  presence of cystic 
degeneration, which was defined as low-density region 
without enhancement; (6) the presence of hemorrhage, 
which was defined as hyperdensity region without enhance-
ment; and (7) the presence of calcification. Additionally, 
the abdominal aortic enhancement level at the level of renal 
artery on the arterial phase was measured to rule out the 
effect of cardiovascular status.

Statistical analysis

All statistical data analyses were performed with SPSS 
(version 20, SPSS, Chicago, USA) and MedCalc (version 
15.6.1, MedCalc Software bvba, Ostend, Belgium). All 
calculations of CT imaging features were performed on a 
per-lesion basis. Continuous variables were expressed as 
mean ± standard deviation and categorical variables were 
described as proportions. Student’s t test was used for com-
parison of continuous variables if the data were normally 
distributed; otherwise, the Mann–Whitney U test was used. 
Proportions for categorical variables were compared using 
the χ2 test. For quantitative variables with statistical sig-
nificance, receiver operating characteristic curve (ROC) 
analysis and Youdex index were used to obtain the best cut-
off values for maximum sensitivity and specificity. Subse-
quently, the quantitative variables were dichotomized based 
on the optimal cutoff values and then they were involved in 

the multivariate analysis. Finally, binary logistic regression 
analysis using stepwise method based on the likelihood ratio 
test was performed to identify the risk factors for diagnosis 
of pheochromocytomas. A diagnostic scoring model was 
developed based on the odd ratio (OR) of the risk factors 
for pheochromocytoma. The area under the curve (AUC) 
was calculated to assess the diagnostic performance and was 
compared with DeLong test. In addition, sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive 
value (NPV), and their 95% confidence interval (CI) were 
calculated. A two-tailed p value < 0.05 was considered sta-
tistically significant.

Results

Patients

The mean patient age of pheochromocytomas and lipid-poor 
adenomas was 51.7 ± 11.4 years, 49.7 ± 13.4 years, respec-
tively. Hypertension was found in 52.7% of pheochromocy-
tomas (49/93) and 48.1% of lipid-adenomas (62/129). There 
were no significant differences in age, gender, and hyperten-
sion between lipid-poor adenomas and pheochromocytomas 
(all p > 0.05).

Comparison of CT imaging features

Univariate analysis of CT imaging features is summa-
rized in Table 1. The size of pheochromocytomas (mean, 

Fig. 1   The flowchart of the 
study
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40.9 ± 22.7 mm; ranges, 10–130 mm) was lager than that 
of lipid-poor adenomas (mean, 23.5 ± 10  mm; ranges, 
10–72  mm) (p < 0.001). 46.4% of pheochromocytomas 
(45/97) presented cystic degeneration while only 3.0% of 
lipid-poor adenomas (4/132) did (p < 0.001). Both hemor-
rhage and calcification within tumor were uncommon in 
the two groups and no significant differences were found 
between them (p = 0.288, p = 0.344, respectively). More than 
half of pheochromocytomas (59.8%, 58/97) and lipid-poor 
adenomas (68.2%, 90/132) showed peak enhancement level 
on venous phase. Furthermore, 17.4% (23/132) of lipid-
poor adenomas and 24.7% of (24/97) pheochromocytomas 
showed peak enhancement level on arterial phase. There 
were no significant differences in peak enhancement phase 
between the two groups (p = 0.348).

The mean values of CTU, CTA, and CTV of pheo-
chromocytomas were 38.6 HU, 96.5 HU, and 102.7 HU, 
respectively, which were significantly higher than that 
of lipid-poor adenomas (CTU: 25.4 HU; CTA: 65.8 HU; 
CTV: 81.6 HU) (all p < 0.001). ERA and ERV of pheo-
chromocytomas were significantly lower than that of lipid-
poor adenomas (ERA:1.58 vs 1.78; ERV: 1.76 vs 2.64; all 
p < 0.05).

For quantitative variables with significant difference at 
the p < 0.05 level, ROC analysis was performed to obtain 
the optimal cutoff values for dichotomy. The cutoff values 
for lesion size, CTU, CTA, CTV, ERA, and ERV were as 
follows: lesion size, 29 mm; CTU, 32 HU; CTA, 81 HU; 
CTV, 97 HU; ERA, 1.05; ERV, 1.5 (Table 2). Of these 
variables, the AUC of CTU was higher than that of lesion 
size, CTA, CTV, ERA, and ERV (Fig. 2).

Table 1   Comparison of 
demographic characteristics and 
CT imaging features between 
lipid-poor adenomas and 
pheochromocytomas

CTU​ attenuation values on unenhanced phase, CTA​ attenuation values on arterial phase, CTV attenuation 
values on venous phase, ERA enhancement ratio on arterial phase, ERV enhancement ratio on venous phase

Characteristics Lipid-poor adenomas Pheochromocytomas P value

Age 51.7 ± 11.4 49.7 ± 13.4 0.250
Gender (male/female) 53/76 47/46 0.163
Hypertension 48.1% (62/129) 52.7% (49/93) 0.496
Size (mm) 23.5 ± 10.0 40.9 ± 22.7  < 0.001
Peak enhancement phase 0.348
 Venous phase 68.2% (90/132) 59.8% (58/97)
 Arterial phase 17.4% (23/132) 24.7% (24/97)
 Equally enhanced 14.4% (19/132) 15.5% (15/97)

Attenuation values (HU)
 CTU​ 25.4 ± 10.1 38.6 ± 7.2  < 0.001
 CTA​ 65.8 ± 26.1 96.5 ± 43  < 0.001
 CTV 81.6 ± 22.5 102.7 ± 33.9  < 0.001
 ERA 1.78 ± 0.98 1.58 ± 1.26 0.009
 ERV 2.64 ± 1.48 1.76 ± 1.12  < 0.001
 Cystic degeneration 3.0% (4/132) 46.4% (45/97)  < 0.001
 Hemorrhage 2.3% (3/132) 5.2% (5/97) 0.288
 Calcification 6.8% (9/132) 10.3% (10/97) 0.344
 Aortic enhancement level (HU) 248 ± 51 255 ± 47 0.454

Table 2   The optimal cutoff 
values of individual quantitative 
variables obtained from ROC 
analysis for differentiation 
of lipid-poor adenomas from 
pheochromocytomas

ROC receiver operating characteristic curve, CTU​ attenuation values on unenhanced phase, CTA​ attenua-
tion values on arterial phase, CTV attenuation values on venous phase, ERA enhancement ratio on arterial 
phase, ERV enhancement ratio on venous phase, AUC​ area under the curve, PPV positive predictive value, 
NPV negative predictive value

Variables Cutoff AUC​ Sensitivity Specificity PPV NPV

Size (mm) 29 0.781 71.1% 79.5% 71.9% 78.9%
CTU (HU) 32 0.845 83.5% 72.0% 68.6% 85.6%
CTA (HU) 81 0.727 53.6% 78.0% 64.2% 69.6%
CTV (HU) 97 0.693 51.5% 81.1% 66.7% 69.5%
ERA 1.05 0.600 46.4% 81.8% 65.2% 67.5%
ERV 1.5 0.708 55.7% 78.8% 65.9% 70.7%
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Multivariate logistic regression analysis

According to univariate analysis, seven variables—lesion 
size, CTU, CTA, CTV, ERA, ERV, and cystic degeneration, 
were involved in the multivariate logistic regression analysis. 
Finally, five variables—lesion size, CTA, CTV, ERV, and 
cystic degeneration, were considered as independent factors 
to distinguish lipid-poor adenomas from pheochromocyto-
mas. The OR of these variables is listed in Table 3. Lesion 
size > 29 mm (OR: 5.74; 95% CI 2.51–13.16; p < 0.001), 
the presence of cystic degeneration (OR: 6.22, 95% CI 
1.74–22.25; p = 0.005), CTA > 81 HU (OR: 2.54; 95% CI 
1.04–6.17; p = 0.04), CTV > 97 HU (OR: 11.19; 95% CI 
3.21–38.97; p < 0.001), and ERV ≤ 1.5 (OR: 20.23; 95% CI 
6.30–64.87; p < 0.001) were risk factors for the diagnosis of 
pheochromocytomas.

A diagnostic scoring system was established for differen-
tiation of lipid-poor adenomas from pheochromocytomas. 
Based on OR of the risk factors, the scores were assigned 
as follows: 1 point for CTA > 81 HU, 2 points for lesion 
size > 29 mm and the presence of cystic degeneration and 
CTV > 97 HU, and 3 points for ERV ≤ 1.5. Diagnostic per-
formances with different cutoff values  are listed in Table 4. 
An optimal cutoff value of ≥ 5 points yielded a sensitivity 
of 70.1% (95% CI 60.0%-79.0%) and a specificity of 90.9% 
(95% CI 84.7%-95.2%). The AUC was 0.911 (95% CI 
0.866–0.945) (Fig. 3). Additionally, a lesion with score less 

than 3 points was highly suggestive of lipid-poor adenoma 
with likelihood of 96.6%, and a lesion with score equal or 
greater than 6 points was highly suggestive of pheochromo-
cytomas with likelihood of 96.1%. Examples are given in 
Figs. 4, 5,  6.

Discussion

Adenomas are the most common masses in adrenal inci-
dentalomas and show rapid washout features compared 
with non-adenomas [18, 19]. Hence, a dedicated adrenal 
CT protocol consisted of unenhanced phase, venous phase, 
and 15-min delayed phase is recommended for characteri-
zation of adrenal masses [18, 19]. However, several stud-
ies have reported the limited value of adrenal CT protocol 
due to overlapping washout features between adenomas 
and non-adenomas [11–13]. A pooled proportion of 35% of 
pheochromocytomas met washout criteria of adenomas in a 
meta-analysis, leading to misdiagnosis [12]. Additionally, 
the delayed scan increases radiation dose and medical cost 
for patients with adrenal incidentalomas found on biphasic 
contrast-enhanced CT scan, which further limit its clinical 
application. In our study, we investigated the value of bipha-
sic contrast-enhanced CT in differentiation of lipid-poor 
adenomas from pheochromocytomas and found that lesion 
size, CTA, CTV, ERV, and the presence of cystic degenera-
tion were risk factors for identifying pheochromocytomas. 
A diagnostic scoring model combining these risk factors 
showed good diagnostic performance for differentiation of 

Fig. 2   ROC analysis using individual CT quantitative variables for 
differentiation of lipid-poor adenomas from pheochromocytomas. 
The AUC of lesion size, CTU, CTA, CTV, ERA, and ERV was 0.781, 
0.845, 0.726, 0.693, 0.600, and 0.708, respectively. CTU showed a 
higher AUC than other individual variables

Table 3   Multivariate regression analysis for identifying pheochromo-
cytomas

OR odd ratio, CI interval confidence, CTA​ attenuation values on arte-
rial phase, CTV attenuation values on venous phase, ERV enhance-
ment ratio on venous phase

Variables OR (95% CI) P value

Size  < 0.001
  ≤ 29 mm 1.0
  > 29 mm 5.74 (2.51–13.16)

CTA​ 0.04
  ≤ 81 HU 1.0
  > 81 HU 2.54 (1.04–6.17)

CTV  < 0.001
  ≤ 97 HU 1.0

  > 97 HU 11.19 (3.21–38.97)
ERV  < 0.001
  > 1.5 1.0
  ≤ 1.5 20.23 (6.30–64.87)
Cystic degeneration 0.005
 Absent 1.0
 Present 6.22 (1.74–22.25)
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lipid-poor adenomas from pheochromocytomas, with AUC 
of 0.911.

Tumor size has been considered as a vital factor for char-
acterization of adrenal masses. In our study, lesion size was 
an independent factor to identify pheochromocytomas. Com-
pared with lipid-poor adenomas, pheochromocytomas were 
larger, in line with previous studies [16, 20]. A cutoff value 
of > 29 mm showed a sensitivity of 71.1% and a specificity 
of 71.9% for the diagnosis of pheochromocytomas. However, 
there were some overlaps in size between lipid-poor adeno-
mas and pheochromocytomas. Additionally, cystic degenera-
tion within tumor was another important factor for differen-
tiation of lipid-poor adenomas from pheochromocytomas. 

The frequency of cystic degeneration was more common in 
pheochromocytomas than in lipid-poor adenomas [20, 21].

Attenuation on CT provides important values for char-
acterization of adrenal masses. Compared with lipid-poor 
adenomas, pheochromocytomas showed significantly higher 
attenuation values on unenhanced phase in our study, as well 
as higher enhancement level on arterial and venous phase, 
in line with the hypervascular nature of pheochromocyto-
mas. The results were consistent with prior studies [14–16]. 
Northcutt et al. [14] suggested arterial enhancement level 
greater than 110 HU prompted the diagnosis of pheochromo-
cytomas rather than adenomas. Mohammed et al. [16] found 
venous enhancement level provided additional values for 
identification of pheochromocytomas, especially those that 
demonstrated adenoma-like washout features. A cutoff value 
of 85 HU on venous phase afforded a sensitivity of 88.2% 
and a specificity of 83.7% for the diagnosis of pheochro-
mocytomas. However, in our study, 32 of 97 (33.0%) pheo-
chromocytomas and 7 of 132 (6.3%) lipid-poor adenomas 
enhanced greater than 110 HU on arterial phase, and 62.9% 
(61/97) of pheochromocytomas and 37.9% of lipid-poor 
adenomas enhanced greater than 85 HU on venous phase. 
Moreover, the diagnostic performances of CTA and CTV 
in our study were moderate. When the cutoff values were 
set at 81 HU and 97 HU for CTA and CTV, respectively, it 
yielded a sensitivity of 53.6% and 51.5% and a specificity of 
78.0% and 81.1% for the diagnosis of pheochromocytomas. 
The contradiction between studies may result from the dif-
ferences of study cohort. The sample size of previous studies 
was small, especially for pheochromocytomas [14–16]. Fur-
thermore, more than 50% of adenomas in previous studies 
were lipid-rich [14–16]. Studies revealed lipid-rich adeno-
mas had lower enhancement level on arterial and venous 
phases compared with lipid-poor adenomas [14, 22].

Enhancement ratio on arterial and venous phase 
reflects wash-in characteristics of adrenal masses. In our 
study, enhancement ratio on arterial and venous phases of 

Table 4   Diagnostic 
performance of the diagnostic 
score model with different 
cutoffs for pheochromocytomas

Numbers in the parentheses were 95% confidence interval
PPV positive predictive value, NPV negative predictive value

Cutoff Sensitivity (%) Specificity (%) PPV (%) NPV (%)

 ≥ 0 100 (96.3–100) 0 (0.0–2.8) 42.4 (35.9–49.0)
 ≥ 1 100 (96.3–100) 45.5 (36.8–54.3) 57.4 (49.6–65.0) 100 (94.0–100)
 ≥ 2 100 (96.3–100) 49.2 (40.4–58.1) 42.4 (35.9–49.0) 59.2 (51.2–66.8)
 ≥ 3 96.9 (91.2–99.4) 63.6 (54.8–71.8) 66.2 (57.8–73.9) 96.6 (90.3–99.3)
 ≥ 4 77.3 (67.7–85.2) 83.3 (75.9–89.3) 77.3 (67.7–85.2) 83.3 (75.9–89.3)
 ≥ 5 70.1 (60.0–79.0) 90.9 (84.7–95.2) 85.0 (75.3–92.0) 80.5 (73.3–86.6)
 ≥ 6 50.5 (40.2–60.8) 98.5 (94.6–99.8) 96.1 (86.5–99.5) 73.0 (65.9–79.4)
 ≥ 7 43.3 (33.3–53.7) 98.5 (94.6–99.8) 95.5 (84.5–99.4) 70.3 (63.1–76.8)
 ≥ 8 12.4 (6.6–20.6) 100 (97.2–100) 100 (73.5–100) 60.8 (54.0–67.4)
 ≥ 10 5.2 (1.7–11.6) 100 (97.2–100) 100 (47.8–100) 58.9 (52.2–65.4)

Fig. 3   ROC analysis of the diagnostic scoring model for pheochro-
mocytomas. A cutoff value of ≥ 5 points yielded a sensitivity of 
70.1% and a specificity of 90.9% for diagnosis of pheochromocyto-
mas. The AUC was 0.911
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pheochromocytomas was significantly lower than that of 
lipid-poor adenomas. Multivariate analysis showed that 
enhancement ratio on venous phase was an independent 
risk factor for the diagnosis of pheochromocytomas (OR: 
20.23; 95% CI: 6.3–64.87). Although wash-in characteristics 

in adrenal masses have been explored in previous studies 
[8, 17, 23], few studies investigated the difference of wash-
in characteristics between adenomas and pheochromocy-
tomas. Foti et al. [23] found that there was no significant 
difference of enhancement ratio on venous phase between 

Fig. 4   Adrenal pheochromocytoma in a 55-year-old woman. Bipha-
sic contrast-enhanced CT imaging of a unenhanced phase, b arterial 
phase,  and c venous phase showed a 31-mm mass in right adrenal. 
Attenuation values on unenhanced, arterial, and venous phase were 

43 HU, 133 HU, and 175 HU, respectively. The enhancement ratio on 
venous phase was 3.07. No cystic degeneration was observed within 
the tumor. The lesion got a score of 5 points, indicating diagnosis of 
pheochromocytoma

Fig. 5   Adrenal pheochromocytoma in a 23-year-old woman. Bipha-
sic contrast-enhanced CT imaging of a unenhanced phase, b arterial 
phase, and c venous phase showed a 53-mm mass in right adrenal. 
Attenuation values on unenhanced, arterial, and venous phase were 

36 HU, 93 HU, and 156 HU, respectively. The enhancement ratio 
on venous phase was 3.33. Cystic degeneration was seen within the 
tumor. The lesion got a score of 7 points, indicating diagnosis of phe-
ochromocytoma

Fig. 6   Adrenal adenoma in a 52-year-old woman. Biphasic contrast-
enhanced CT imaging of a unenhanced phase, b arterial phase, and 
c venous phase showed a 28-mm mass in right adrenal. Attenua-
tion values on unenhanced, arterial, and venous phase were 25 HU, 

68 HU, and 94 HU, respectively. The enhancement ratio on venous 
phase was 2.76. No cystic degeneration was seen within the tumor. 
The lesion got a score of 0 point, indicating diagnosis of lipid-poor 
adenoma
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adenomas and metastases. In the study of Goroshi et al. [17], 
enhancement ratio on venous phase of pheochromocytomas 
was significantly higher than that of other non-benign adre-
nal masses (cortical carcinomas, primary lymphomas, and 
metastases). Further studies are needed to focus on the dif-
ferences of wash-in characteristics in adrenal masses, espe-
cially between adenomas and pheochromocytomas.

In our study, 68.2% of lipid-poor adenomas showed 
higher enhancement level on venous phase, in line with pre-
vious studies [14, 23]. However, there were some discrepan-
cies on peak enhancement phase of pheochromocytomas and 
the difference of peak enhancement phase between adeno-
mas and pheochromocytomas. Northcutt et al. [14] found 
that there was significant difference on enhancement pattern 
between pheochromocytomas and adenomas. No adenomas 
enhanced greatly on arterial phase, while 25% of pheochro-
mocytomas (3/12) did [14]. In the study of Goroshi et al. 
[17], 75.8% of pheochromocytomas (25/33) showed higher 
enhancement level on arterial phase. However, the sample 
size of their studies was relatively small. In condition of the 
same methods for the evaluation of peak enhancement phase 
with previous studies [14, 17], our study found that 59.8% 
of pheochromocytomas (58/97) showed higher enhancement 
level on venous phase, and 24.7% (24/97) of pheochromocy-
tomas and 17.4% (23/132) of lipid-poor adenomas showed 
peak enhancement level on arterial phase. No difference was 
found on peak enhancement phase between adenomas and 
pheochromocytomas on biphasic contrast-enhanced CT.

Previous studies solely focused on individual CT imaging 
features for the differentiation of adenomas from pheochro-
mocytomas. However, an accurate diagnosis should based 
on multiple imaging features. The strength of our study was 
identification of independent risk factors using multivari-
ate analysis with relatively large sample and establishment 
of a diagnostic scoring model combining these risk factors 
according to the OR. The diagnostic scoring mode showed 
good performance for the differentiation of lipid-poor adeno-
mas from pheochromocytomas with an AUC of 0.911, which 
was higher than that of every individual variables.

There were several limitations in our study. First, the 
study was a retrospective analysis and thus there may be 
some selection bias. However, we have included a consecu-
tive series of patients meeting inclusion criteria in our study. 
Second, a variety of CT scanners were used due to the ret-
rospective nature of the study. The amount and injection 
rate of contrast material, cardiovascular status of patients 
may impact the enhancement level. However, the abdominal 
aortic enhancement level on the arterial phase between lipid-
poor adenomas and pheochromocytomas was comparable. 
Besides, it could be regarded as the strength of our study 
because it accorded with reality in work practice and offered 
some potential generalizability. Third, we did not calculate 
washout characteristics due to lack of delayed phase.

In conclusion, biphasic contrast-enhanced CT showed 
good diagnostic performance in differentiation of lipid-poor 
adenomas from pheochromocytomas. Lesion size, CTA, 
CTV, ERV, and cystic degeneration were independent risk 
factors for the differentiation of lipid-poor adenomas from 
pheochromocytomas. A diagnostic scoring model combining 
these risk factors showed an AUC of 0.911.
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