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Diagnostic performance of magnetic
resonance imaging features to differentiate
adrenal pheochromocytoma from adrenal
tumors with positive biochemical testing
results
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Abstract

Background It is extremely essential to accurately differentiate pheochromocytoma from Adrenal incidentalomas
(Als) before operation, especially biochemical tests were inconclusive. We aimed to evaluate the value of magnetic
resonance imaging (MRI) features to differentiate pheochromocytomas among adrenal tumors, among which the
consequences of biochemical screening tests of catecholamines and/or catecholamine metabolites are positive.

Methods With institutional review board approval, this study retrospectively compared 35 pheochromocytoma
(PHEO) patients with 27 non-pheochromocytoma(non-PHEO) patients between January 2022 to September

2023, among which the consequences of biochemical screening tests of catecholamines and/or catecholamine
metabolites are positive. T test was used for the independent continuous data and the chi-square test was used for
categorical variables. Univariate and multivariate logistic regression were applied to find the independent variate of
the features to differentiate PHEO from non-PHEO and ROC analysis was applied to evaluate the diagnostic value of
the independent variate.

Results We found that the T2-weighted (T2W) signal intensity in patients with pheochromocytoma was higher than
other adrenal tumors, with greatly significant (p < 0.001). T2W signal intensity ratio (T2W nodule-to-muscle Sl ratio)
was an independent risk factor for the differential diagnosis of adrenal PHEOs from non-PHEOs. This feature alone
had 91.4% sensitivity and 81.5% specificity to rule out pheochromocytoma based on optimal threshold, with an area
under the receiver operating characteristics curve (AUC-ROC) of 0.910(95% C I: 0.833-0.987).
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Conclusion Our study confirms that T2W signal intensity ratio can differentiate PHEO from non-PHEO, among which
the consequences of biochemical screening tests of catecholamines and/or catecholamine metabolites are positive.

Keywords Pheochromocytoma, Adrenal tumor, Magnetic Resonance Imaging (MRI), Hormone, Catecholamine

Introduction

Adrenal incidentalomas (Als) were detected to indicate
that there is a rising clinical trouble with the augment-
ing use of abdominal computed tomography (CT), and
magnetic resonance imaging (MRI) [1]. Adrenal tumors,
which account for roughly 5-7% of the adult people [2],
are generally nonfunctioning-adrenocortical adenomas
(AAs); however, it may also be diseases that required
deeper examination and special clinical treatment (e.g.,
pheochromocytomas(PHEOs), adrenocortical carci-
noma, or metastatic lesions) [3]. The main clinical issue
to be determined in this setting is the hormonal activity
of these lesions [4]. Catecholamines are usually produced
in PHEOs, causing typical symptoms such as hyperten-
sion. Most pheochromocytoma can be diagnosed by clin-
ical symptoms while 5-58% of cases can be asymptomatic
[5, 6]. Therefore, it is extremely crucial to accurately
differentiate pheochromocytoma from Adrenal inci-
dentalomas (Als) before operation, although pheochro-
mocytoma (PHEO) represents less than 5% of all adrenal
incidentalomas [7]. Accurate preoperative identification
of pheochromocytoma is essential for appropriate treat-
ment planning. Unrecognized pheochromocytomas are
associated with high mortality, with the most common
complication being cardiovascular disease [8, 9]. It is
known to all that biochemical screening tests of catechol-
amines and/or catecholamine metabolites play essential
roles (“golden standard”) in the diagnosis of PHEOs. Bio-
chemical testing is advised for the workup of incidental
adrenal nodules with reported accuracy of over 90% for
diagnosis of pheochromocytoma [1, 3, 10]. However,
the measurement of these hormones and metabolites is
expensive, cumbersome, and time-consuming, and can
be confounded by multiple medications and dietary com-
ponents [11]. And, these tests may be falsely negative or
falsely positive [12]. Therefore, imaging examinations,
especially MR, are extremely vital in clinical practice and
have an irreplaceable function in the diagnosis of PHEOs,
particularly in the cases that the biochemical screening
tests come back false positive.

It is reported that the radiological features of the adre-
nal incidentalomas have been proved to be very precise
in determining whether the adrenal lesion is a PHEO or
not [13-16]. Washout CT were reported to have a greatly
specific value for differentiating adenomas from non-ade-
nomas [16—18]. However, they are limited by a hetero-
geneous control group of “non-adenomas” [19, 20], and
there is overlap in the imaging features of pheochromo-
cytoma and adenoma compared at CT washout [17, 21,

22]. PHEOs misdiagnosis as lipid-poor adenomas (LPAs)
emerged based on washout criteria in a number of cases
[17, 18]. In patients received MRI, the diagnosis of adre-
nal adenomas depends on the ability to record micro-
scopic fats in lipid-rich adenomas by quantitative signal
strength (SI) ratios measured using dual-echo chemi-
cal shift MRI [23, 24]. However, it has been reported
that approximately 30% of adrenal adenomas are lipid-
poor [25]. Previous investigators have shown that pheo-
chromocytoma tend to be of higher T2-weighted SI
compared with adenomas [26]. Nevertheless, the charac-
teristic T2-weighted (T2W) hyperintensity is not present
in approximately 30% of pheochromocytomas [27].

However, it is rarely reported that the diagnostic abil-
ity of multiparameter magnetic resonance in distinguish-
ing pheochromocytoma from adenoma, especially the
consequences of biochemical screening tests of catechol-
amines and/or catecholamine metabolites are positive.
The purpose of the present study was therefore to evalu-
ate the multiparameter MRI for the differentiation of
PHEO from adrenal adenomas, in a population of pheo-
chromocytomas and adenomas with positive biochemi-
cal results and to evaluate accuracy of diagnosis. This
method is used to compensate for the inaccurate detec-
tion of catecholamines and metabolites, so as to improve
the diagnostic accuracy of pheochromocytoma in clinical
practice.

Materials and methods

Patients

This retrospective study was approved by the Institu-
tional Ethical Committees of the Affiliated Drum Tower
Hospital of Medical School of Nanjing University, and a
waiver of informed consent was granted. We finally iden-
tified 62 patients (35PHEOs, 27non-PHEOs) who met
the inclusion criteria between January 2022 to September
2023. Inclusion criteria were as follows: (1) final diagnosis
of adrenal tumors documented by histology(n=423), (2)
the complete information of multiparameter magnetic
resonance(n=206), (3) received biochemical screening
tests of catecholamines and/or catecholamine metabo-
lites (n=191), (4) the results of biochemical screening
tests beyond the upper reference limit (n=62). Therefore,
this study was focused on MRI imaging values. Figure 1
shows the flow chart of the study profile.

MRI technique
MRI was performed at a single tertiary care referral cen-
ter using one of three clinical 3-T systems (Symphony or
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PHEOs and non-PHEOs are confirmed by pathology
from January 2022 to September 2023(n=423)

Excluded: lack the complete

information of MRI(n=217)

Excluded: lack biochemical testing or
MRI(n=15)

191 patients

<

Excluded: the results of biochemical
tests beyond the upper reference
limit(n=129)

62 patients (35PHEOs,
27non-PHEOs)

Fig. 1 Flowchart shows exclusion criteria for the study. PHEOs, pheochromocytomas. non-PHEOs, non- pheochromocytomas

TRIO, Siemens Healthcare or Discovery 750 W, General
Electric Healthcare). All prebiopsy magnetic resonance
images, consisting of T1 weighted imaging, T2-weighted
imaging and T2-SPAIR (Spectral Attenuated Inversion
Recovery) imagine, diffusion-weighted imaging, and
Apparent Diffusion Coefficient (ADC), (HASTE, Sie-
mens Healthcare and SSFSE, GE Healthcare).

MRI image analysis

Three radiologists, blinded to the pathologic diagnosis
reviewed all existing MRI images in each patient, respec-
tively and independently, the first radiologist with 5 years
of experience, and the second radiologist with 14 years of
experience, and the last radiologist with 18 years of expe-
rience. Disagreements regarding image analyses were
worked out by consensus. The following multiparameter
MRI findings were recorded: (a) size: long (LD) and short
(SD) diameters; (b) axial in-phase [IP] and opposed-
phase [OP] T1-weighted images signal intensity (SI); (c)
axial T2-weighted images and T2-SPAIR signal inten-
sity (SI); (c) diffusion-weighted imaging (DWI, b1000)

signal intensity; (d) the value of Apparent Diffusion
Coefficient (ADC). Measurements were performed on
axial T2-weighted images, by three radiologists, utilizing
the largest central slice of the lesion. For homogeneous
lesions, we performed a circular region of interest (ROI)
within the nodule to encompass as large as the adrenal
nodule for the purpose of covering the entire size of the
lesion as far as possible. (Fig. 2). In addition, as for het-
erogeneous tumors, a circular ROI was also performed
within the lesion, involving most of the T2W hyperin-
tensity of the nodule By subjective judgment, and mea-
sured Range size of at least 5 mm diameter, as previously
reported [28], to explain the potential average of SI values
of heterogeneous nodules. A fixed diameter (5 mm) size
ROI was located in the skeletal muscle on the same side
to measure T2W muscle SI, allowing the ratio of T2W
nodule to muscle SI to be counted (SI nodule /SI muscle)
[29]. The skeletal muscle could be served as an internal
reference criterion on T2W-MRI since calculations could
be performed at approximately the same anteroposte-
rior level as the adrenal nodules to minimize variations
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Fig.2 MRimages in a man with right 5.2 cm pheochromocytoma(a-b) and in a man with left 1.7 cm adrenal adenoma (c-d). (@) Axial T2-weighted single-
shot turbo spin-echo image depicts the right adrenal nodule (arrow) with high signal intensity (SI). (c) Axial T2-weighted single-shot turbo spin-echo
image depicts the left adrenal nodule (arrow) with low signal intensity (SI). (b, d) shows method of measurement of T2-weighted Sl ratio. Circular (red)
region of interest (ROI) depicts method of measurement of adrenal T2-weighted SI for homogeneous nodules. A ROl was placed in the ipsilateral skeletal

muscle (not shown) to measure the adrenal-to-muscle T2-weighted Sl ratio

associated with the design of the receiver coil [30]. Mea-
surements for T2-SPAIR, T1-IP, T1-OP, DWI (b1000),
ADC, a circular ROI was placed in the nodule as was
performed for T2-weighted images.; As for chemical shift
(in-phase [IP] and opposed-phase [OP]). A fixed diam-
eter (5 mm) ROI was also placed in the spleen to measure
T1-IP spleen SI and T1-OP spleen SI so that the chemical
shift adrenal-to-spleen (ASR) SI ratio could be calculated
[31, 32]. ASR = (SI lesion OP/SI spleen OP)/ (SI lesion IP/
SI spleen IP).

Statistical analysis

All statistical data analyses are performed with SPSS
(version 25.0, SPSS, Chicago, IL). In order to determine
statistical significance, a commonly accepted threshold
of P<0.05 was employed. Continuous data were pres-
ent as meantstandard deviation (with range provided);
however, for categorical variables are expressed as a pro-
portion. Independent t-tests were used for comparison of
normally distributed continuous data, while Mann-Whit-
ney U tests were implemented for non-normally distrib-
uted continuous data. The chi-square test was applied to
compare proportions and diagnostic accuracy using 2x2
tables for categorical variables. A receiver operating char-
acteristic (ROC) analysis was used to determine diagnos-
tic accuracy. The cutoff values of the maximum sensitivity
and specificity at the maximal value of the Youden’s index

were obtained by operating ROC. Significant statistical
variables on univariate analysis were included as available
factors in the logistic regression analysis to determine the
finally significant parameter.

Result

Patient overview

Patient demographic characteristics are summarized
in Table 1. As can be seen from this table, the size of
lesions with pheochromocytoma have significant differ-
ence compared to those non-pheochromocytoma (LD:
39.83+£19.23 mm versus 24.19£9.43 mm; p=0.001; SD:
32.03£13.71 mm versus 21.19+8.69 mm, p=0.002),
according to MRI lesions evaluation. The age of patients
with pheochromocytoma (49.8 years+14.42) were
younger compared to that adrenal adenoma (57.2
years19.80), p=0.024, but the difference was not signifi-
cant. Otherwise, there is no difference in laterality, BMI,
hypertension, diabetes, cardiovascular events and cere-
brovascular events between PHEOs and non-PHEOs.

Univariate analyses of the imaging characteristics

According to univariate analyses, we can see that T1 in-
phase (T1-IP) and opposed-phase (T1-OP) and diffusion-
weighted imaging (DWI, b1000) signal intensity have no
significant difference between PHEOs and non-PHEOs
(p=0.185; p=0.924; p=0.141, respectively). In addition,
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Table 3 Multivariable logistic regression analysis for identifying

PHEOs PHEOs
PHEO(n=35) non-PHEO(n=27) Pvalue Variables B Wald Pvalue OR 95%Cl
Age(years) 49.8+1442 57.2+£9.80 0.024* Chemical shift -0.045 1.161 0.281 0.956 0.881-1.037
Gender Chemical shiftindex -0.022 0.117  0.732 0978 0.862-1.110
Men 20(57.1%) 13(48.1%) 0482w T28I 0000 0012 0912 1.000  0.994-1.006
Women 15(42.9%) 14(51.9%) T2Sl-ratio 1.948 4463 0035 7016 115142757
Weight(kg) 62.63+£1280 6650+£9.24 0.190* T2-spair 0.004 1.048 0.306 1.004 0.996-1.012
BMI (kg/m2) 22.56+3.18 24.98+2.80 0.619*% ADC -0.001 0096 0.757 0.999 0.996-1.003
Hypertension 21(60.0%) 22(81.5%) 0.069v OR=o0dds ratio; CI=confidence interval
Diabetes 7(20%) 5(18.5%) 0.884w
Cerebrovascular events  2(5.7%) 3(11.1%) 0.762w . Lo . .
Cardiovascular events 2(5.7%) 1(3.7%) 1.000w Binary logistic regrgsspn analysis ) ) R
LD(mm) 308341993 24194043 0.007* Based on the univariate analysis result, six variables
SD(mm) 320341371 21194869 0.002* (chemical shift, chemical shift index, T2SI, T2SI radio,
LD/SD 1244025 12540015 0.900* T2-spair and ADC) were involved in the binary logis-
Laterality tic regression analysis (Table 3). Ultimately, the result of
Left 16(45.7%) 17(63%) 0177y statistical significance was only found in T2SI ratio for
Right 19(54.3%) 10(37%) distinguishing PHEOs from non-PHEOs (p=0.035, 95%

Numbers of patients in each group are indicated in brackets. *Data are
meanststandard deviation, and the statistical values are the independent
sample t-test resultsvData in parentheses are percentages, and the statistical
values are the chi-square test results. PHEOs, pheochromocytomas. non-
PHEOs, non- pheochromocytomas

T2-weighted signal intensity (T2SI) and T2-SPAIR
signal intensity, and the value of ADC in PHEOs are
higher than non-PHEOs (p=0.001, 95%CI: 1.003—
1.010; p=0.003, 95%CI: 1.002-1.010; p=0.001, 95%CI:
1.001-1.005, respectively). Moreover, significant differ-
ences are observed in the chemical shift (13.95+11.03
versus 56.07154.04, p<0.001), chemical shift index
(11.54+6.85, versus 35.40%20.19, p<0.001) and T2SI-
ratio (3.33+1.38 versus 1.7710.37, p<0.001). However,
there was no difference in adrenal-to-spleen chemical
shift SI ratio (ASR) (0.820%1.100, versus 0.771+0.270,
p=0.335). Univariate analyses of the imaging paraments
are summarized in Table 2.

CI: 1.151-42.757, OR=7.016). ROC analysis was per-
formed of the quantitative variables, we established that
T2SI ratio (>=2.01) was independent predictive factor
for differentiating PHEOs. Area under ROC curve (AUC)
for diagnosis of PHEOs utilizing T2-weighted SI ratio
evaluated independently was 0.910 (95% CI: 0.833—0.987)
(Fig. 3). At the maximal value of the Youden’s index
(0.729), the maximum sensitivity and specificity were
91.4% and 81.5%, respectively. The sensitivity, specific-
ity, and accuracy for diagnosis of pheochromocytoma are
summarized in Table 4.

Discussion

Though biochemical testing is recommended for the
workup of incidental adrenal nodules with reported accu-
racy of over 90% for diagnosis of pheochromocytoma
[3, 10, 33], these tests may be falsely positive [12]. The
specificity of the detection of catecholamines and their
metabolites depends largely on preanalytical criteria,

Table 2 Univariable analyses of MRI features between PHEOs and non-PHEOs

Variables PHEO non-PHEO(n=27) P value OR 95%Cl
(n=35)

T1-IP 129.63+97.29 169.63+128.39 0.185 0.997 0.992-1.002
T1-OP 115.69+90.65 113.30+11047 0.924 1.000 0.995-1.005
Chemical shift 13.95+11.03 56.07 £54.04 <0.001 0.932 0.897-0.968
Chemical shift index 11.54+6.85 3540+20.19 <0.001 0.884 0.830-0.942
ASR 0.820+1.100 0.771+£0.270 0335 3.682 0.261-52.012
T28I 657.80+250.40 417.56+149.21 0.001 1.006 1.003-1.010
T2SI-ratio 333+£1.38 1.77+0.37 <0.001 20.553 3.881-108.837
T2-spair 478.80+217.61 310.96+147.68 0.003 1.007 1.002-1.010
ADC 1515.51+441.25 1154.93+188.62 0.001 1.003 1.001-1.005
b1000 305.11+165.53 24848+112.82 0.141 1.003 0.999-1.007

Imaging features of PHEO and non-PHEO lesions. Data are means+standard deviation. p<0.05 indicate a significant difference between lesions. T1-IP, T1-weighted
images in-phase signal intensity; T1-OP, T1-weighted images opposed-phase signal intensity; Chemical shift, T1-IP subtract T1-OP; T2SI: T2-weighted images signal
intensity; Chemical shift index, (T1-IP-T1-OP)/ T1-IP*100; ASR = (Sl lesion OP/SI spleen OP)/ (Sl lesion IP/SI spleen IP); T2-weighted images signal intensity; T2Sl-ratio,

T2SI nodule /T2SI muscle



Huang et al. BMC Medical Imaging

(2024) 24:175

10 7
| /’
I Vs
D4
st
08 J /
| P

2 0s ///
3
s e
S
(7]

04

/ y AUC=0.910
02
/ d
P
00
0.0 02 04 06 08 10
1 - Specificity

Fig. 3 ROC of T2Sl-ratio for differentiating PHEOs from nonPHEQs. The
AUC was 0.910 (95% Cl: 0.833-0.987), with sensitivity, specificity of 91.4%,
81.5%, respectively

Table 4 Diagnostic accuracy of the MRI features for diagnosis of
pheochromocytomas

Sensitivity (95%  Specificity Overall ac-
confidence (95% curacy (95%
intervals) confidence confidence
intervals) intervals
Chemical shift 0.889 0.800 0.856
Chemical shift ~ 0.815 0.886 0.880
index
T2SI 0.743 0.815 0.803
T2SI-ratio 0914 0815 0910
T2-spair 0.714 0.889 0.800
ADC 0.686 0.889 0.772

which are susceptible to some drugs (e.g., dopamine
D2-receptor antagonists), and the need for proper col-
lection of 24-hour urine and blood samples [34]. There-
fore, the measurement of epinephrine is quite expensive
and demanding. In addition, although PET-CT can be
highly sensitive to observe pheochromocytoma and para-
ganglioma, and in the case of malignant tumors, it can
show metastasis [35]. However, due to the high cost of
the examination and the difficulty in promoting it in pri-
mary hospitals, its application is limited. To differentiate
the PHEOs from incidental adrenal nodules, especially
the result of biochemical testing is positive, we inves-
tigate the magnetic resonance imaging characteristics.
In our study, there is distinct significance in tumor size
(LD: 39.83£19.23 mm versus 24.19£9.43 mm; p=0.001)
among PHEOs from non-PHEOs, although we didn't
include it in the final logistic regression analysis. On one
hand, pheochromocytomas demonstrated higher T2W
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and T2-spair signal intensity compared to adenoma,
similar to what has been published previously [36]. Var-
ghese et al. were the first to assess adrenal lesions SI at
T2-weighted MRI comparing pheochromocytomas and
adenomas, showing that a majority of adenomas showed
low T2-weighted signal [27]. As we all know that very
high T2W signal intensity is a representative character-
istic of pheochromocytoma; nevertheless, approximately
30% of pheochromocytomas are not bright on T2W [27].
Besides, pheochromocytoma may show atypical features
when cystic, hemorrhagic, and necrotic lesions occur,
making it difficult to distinguish it from other adrenal
tumors [37, 38]. Maurea et al. [39]. systematically stud-
ies the typical or atypical MRI features of PHEOs, the
results of their study found that more than half (54%) of
PHEOs patients with atypical lesions, and the atypical
lesions were mostly cystic. In addition, most of the typi-
cal PHEOs indicated no signal loss in T1 chemical shift,
nevertheless may increase heterogeneity because of vary-
ing degrees of lesion. Furthermore, radionuclide imaging
associated with MRI was also used to compare typical and
atypical pheochromocytoma features [40, 41]. The find-
ings showed MRI imaging features similar to the atypical
PHEOs described above, and the uptake of non-pheo-
chromocytomas on metaiodobenzylguanidine(MIBG)
and fluorine-deoxy-glucose(FDG)-PET was additionally
explored. Moreover, the results of research suggested
that residual MIBG uptake reminder the characteristics
and diagnosis of PHEOs, whereas residual FDG cumu-
lation usually indicates the presence of an active solid
composition in neoplastic lesion. On the other hand,
T2-weighted SI ratio was also significantly higher in
PHEOs adenomas compared with non-PHEOs, inde-
pendent predictive factor for differentiating PHEOs.
Moreover, for chemical shift and chemical shift ratio,
significant differences obtained to distinct pheochromo-
cytomas from adrenal nodules in our study. Our study is
concordant with what has been proved previously [42].
Our study suggested that the values of ADC might add
helpful information in differentiating pheochromocyto-
mas from non-pheochromocytomas. Adenomas indi-
cate with low ADC values on MRI which was attributed
to lipid content and intensive packed cells [43, 44]. Fur-
thermore, using different radioactive marker compounds
of adrenal nuclide scan can display the corresponding
biological pathways, is advantageous to the character-
ization of adrenal masses, with morphological imaging
diagnosis of complementary information [45]. There-
fore, the related research conducted by nuclear medicine
used in indicating the biological functions of different
radionuclides in the role of adrenal characterization and
diagnosis, especially in patients with hypersecretory and
non-hypersecretory adrenal tumors [46—49]. The results
illustrated that nor-cholesterol uptake was highly specific
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in adenomas, with a positive uptake rate of 100% both in
hypersecretory and hypersecretory adenomas; similarly,
MIBC uptake was highly specific in pheochromocy-
toma [47, 49]. In addition, FDG and MIBC also have high
capacity to distinguish benign and malignant adrenal
tumors, such as carcinoma, sarcoma [48, 49]. However,
despite the high specificity of radionuclides, false posi-
tives can occur, two and one false positive results were
found for non-cholesterol and MIBC, respectively, in the
previous investigation [46]. Furthermore, it may be lim-
ited to use by the absence of available radioactive mate-
rial and nuclear facility.

Our study specifically evaluated a common clinical
problem, which is the management of an incidentally dis-
covered adrenal nodule in a patient that shows the result
of biochemical testing beyond the upper reference limit.
The most efficient variable was selected to differentiate
PHEOs from adrenal incidentalomas by logistic regres-
sion analysis, with the high sensitivity, specificity and
accuracy. The results of our study have a high accuracy,
which can be used to fill the shortage of catecholamine
detection accuracy that is easily affected by external
influences. Alternatively, it may be combined with bio-
chemical tests to improve the diagnostic accuracy of
pheochromocytoma in clinical practice. In addition, MRI
can be performed in a clinical setting that reduces radia-
tion exposure during regular repeat imaging in patients
with tumor-predisposition gene mutations (e.g., chil-
dren, young women of childbearing age). Therefore, it
can reduce some unnecessary invasive or expensive and
cumbersome examinations in the diagnosis of pheo-
chromocytoma in clinical practice. However, our present
study has some limitations that need to be addressed in
future studies. First, the number of samples included is
limited, which might limit the capacity of the data anal-
yses. It may be that inclusion criteria are quite strict,
received MRI and biochemical testing must be present is
positive. However, only patients with pathological diag-
nosis have been included in the investigation, which is
also considered a strength. Second, it was a single-center
retrospective study that may have been subject to selec-
tion bias, may limit broader applicability of our results;
verification of our results in other institutions is neces-
sary. Third, we didn't compare the effects of heteroge-
neity on them, although attempted to reduce impact by
measuring methods. Moreover, three radiologists are
blinded to the pathologic diagnosis reviewed all existing
MRI images to reduce differences. However, we included
more magnetic resonance parameters to study the char-
acteristics of magnetic resonance imaging to differenti-
ate pheochromocytomas among adrenal tumors more
comprehensively compared to previous studies. Future
research should include a great deal of samples to evalu-
ate for potential improvements in accuracy by adding
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additional variables (including size and demographic
variables) into logistic regression analysis.

In conclusion, our study demonstrates that the
T2-weighted SI ratio, with highly sensitivity, specificity,
and overall accuracy to differentiate adrenal pheochro-
mocytomas from adrenal tumors. Pheochromocytoma
is badly dangerous and needs to be treated with cau-
tion. Therefore, it is crucial to identify PHEOs accurately,
when the outputs of biochemical testing exceed the upper
limit of the reference value. The results of this study can
be used as a complementary method to improve the diag-
nostic accuracy of pheochromocytoma. These observa-
tions and propose thresholds are required to validate in
the future multicenter studies, which could enable diag-
nosis in clinical practice.
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