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over an 18-month period at a tertiary care referral center. A total of 96 patients
with indeterminate adrenal (n = 44) or hepatic (n = 52) lesions detected on prior
ultrasonography or CT were included. All patients underwent MRI with in-
phase and opposed-phase gradient-echo sequences. Quantitative assessment
was performed using signal intensity index and percentage signal loss
calculations. Imaging findings were systematically correlated with lesion size,
margins, internal architecture, and enhancement characteristics. Biochemical
correlation included hormonal assays for adrenal lesions and liver function tests
with relevant serum tumor markers for hepatic lesions. Final diagnosis was
established based on histopathology where available, or by clinicoradiological
follow-up.

Results: Significant signal loss on opposed-phase imaging, indicative of
microscopic fat, was observed in the majority of benign lesions. Among adrenal
lesions, 30 of 34 adenomas (88.2%) demonstrated marked signal drop on
opposed-phase sequences, whereas malignant adrenal lesions showed minimal
or no signal loss. Similarly, 28 of 31 benign hepatic lesions, including hepatic
adenomas and focal fatty lesions (90.3%), exhibited significant signal loss, in
contrast to malignant hepatic lesions. The mean percentage signal intensity loss
was significantly higher in benign fat-containing lesions compared to malignant
lesions (p < 0.001). CSI findings showed strong concordance with biochemical
profiles, including normal hormonal evaluation in lipid-rich adrenal adenomas
and non-elevated tumor markers in benign hepatic lesions. Integration of CSI
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with anatomical MRI features improved diagnostic confidence and reduced

diagnostic ambiguity.

Conclusion: Chemical shift imaging is a reliable, non-invasive MRI technique
for detecting microscopic fat in adrenal and hepatic lesions. When combined
with detailed anatomical assessment and biochemical correlation, CSI
significantly enhances lesion characterization, helps differentiate benign from
malignant pathology, and reduces the need for invasive diagnostic procedures.
Its routine incorporation into MRI protocols for indeterminate adrenal and
hepatic lesions can facilitate accurate diagnosis and optimized patient

management.
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INTRODUCTION

Accurate characterization of adrenal and hepatic
lesions is a common yet critical challenge in daily
radiological practice. With the widespread use of
ultrasonography and computed tomography,
incidental detection of adrenal and liver lesions has
increased substantially.'! While many of these
lesions are benign, a significant proportion remain
indeterminate on conventional imaging, leading to

diagnostic  uncertainty, repeated  follow-up
examinations, or invasive procedures such as
biopsy.?!

Adrenal lesions, particularly adenomas, are
frequently encountered incidental findings. Lipid-
rich adrenal adenomas can usually be identified on
CT by low attenuation values; however, lipid-poor
adenomas often overlap in appearance with
malignant lesions such as metastases or
adrenocortical ~carcinoma.’®!  Similarly, hepatic
lesions such as focal fatty infiltration, hepatic
adenomas, and well-differentiated hepatocellular
carcinoma may show overlapping imaging features
on routine  sequences, making confident
differentiation difficult based on morphology
alone.[

Magnetic resonance imaging offers superior soft-
tissue contrast and multiparametric evaluation,
making it an invaluable problem-solving tool for
indeterminate lesions. Among MRI techniques,
chemical shift imaging plays a pivotal role by
exploiting the slight difference in precessional
frequencies between fat and water protons.’] By
acquiring in-phase and opposed-phase images, CSI
enables detection of microscopic intracellular fat,
which is a characteristic feature of several benign
adrenal and hepatic lesions and is typically absent or
minimal in malignant pathology.[®’

Beyond visual assessment, quantitative analysis
using signal intensity index and percentage signal
loss has further improved the objectivity and
reproducibility of CSI interpretation. These
quantitative parameters help reduce inter-observer
variability and increase diagnostic confidence,
especially in lesions with subtle fat content. However,
imaging findings should not be interpreted in
isolation, as lesion behavior is closely linked to

underlying biochemical and functional
characteristics.”]

Correlation of CSI findings with anatomical features,
enhancement patterns, and relevant biochemical
markers such as hormonal assays in adrenal lesions
and liver function tests or tumor markers in hepatic
lesions provides a comprehensive diagnostic
framework. Such an integrated approach not only
improves lesion characterization but also assists
clinicians in determining appropriate management
strategies, avoiding unnecessary biopsies or
surgeries.[®!

The present study was undertaken to evaluate the role
of chemical shift imaging in detecting microscopic fat
within adrenal and hepatic lesions and to assess its
diagnostic performance when combined with detailed
anatomical MRI assessment and biochemical
correlation.

MATERIALS AND METHODS

Study design

This study was designed as a prospective cross-
sectional observational study aimed at evaluating the
diagnostic role of chemical shift MRI in the
characterization of indeterminate adrenal and hepatic
lesions.

Study setting and duration

The study was conducted at a tertiary care teaching
hospital over a period of 18 months. Patients referred
to the radiology department for further evaluation of
adrenal or hepatic lesions detected on prior
ultrasonography or computed tomography were
screened for inclusion.

Study population

A total of 96 patients were included in the study. Of
these, 44 patients had adrenal lesions and 52 patients
had hepatic lesions. All lesions were considered
indeterminate on prior imaging and required further
characterization.

Inclusion criteria

Patients of either sex and all adult age groups with
incidentally detected or clinically suspected adrenal
or hepatic lesions on ultrasound or CT were included.
Only those patients who underwent MRI with in-
phase and opposed-phase sequences and had
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available biochemical evaluation or follow-up data
were enrolled.

Exclusion criteria

Patients with known contraindications to MRI, prior
surgical or interventional treatment of the lesion, poor
image quality due to motion or artifacts, or
incomplete biochemical or follow-up data were
excluded from the study.

MRI protocol

All patients underwent MRI examination using a
dedicated body coil. The imaging protocol included
axial and coronal T1-weighted and T2-weighted
sequences, in-phase and opposed-phase gradient-
echo sequences, and contrast-enhanced sequences
where clinically indicated. Chemical shift imaging
was performed using dual-echo gradient-echo
sequences, with in-phase and opposed-phase images
acquired during a single breath-hold to minimize
motion artifacts.

Image analysis

Lesions were evaluated for size, location, margins,
internal architecture, signal characteristics, and
enhancement pattern. For chemical shift analysis,
regions of interest were placed over the lesion on both
in-phase and opposed-phase images, avoiding areas
of necrosis, hemorrhage, or calcification. Signal
intensity index and percentage signal loss were
calculated to quantitatively assess microscopic fat
content.

Biochemical correlation

For adrenal lesions, relevant hormonal assays
including cortisol, aldosterone, catecholamines, and
other clinically indicated parameters were reviewed.
For hepatic lesions, liver function tests and serum
tumor markers were analyzed where available.
Imaging findings were correlated with biochemical
profiles to assess concordance between CSI-detected
fat content and functional lesion behavior.
Reference standard and follow-up

Final diagnosis  was established  using
histopathological examination when biopsy or
surgery was performed. In cases where
histopathology was not available, diagnosis was
based on clinical, biochemical, and imaging follow-
up findings.

Statistical analysis

Data were compiled and analyzed using appropriate
statistical methods. Quantitative variables were
expressed as mean and standard deviation, while
categorical variables were expressed as frequencies
and percentages. Comparison between benign and
malignant lesions was performed using suitable
statistical tests, with a p value of less than 0.05
considered statistically significant.

RESULTS

A total of 96 patients with indeterminate adrenal and
hepatic lesions were evaluated using chemical shift
MRI during the study period. Of these, 44 patients
had adrenal lesions and 52 patients had hepatic

lesions. All examinations were technically adequate
for qualitative and quantitative chemical shift
analysis.

Distribution and basic characteristics of lesions
Adrenal lesions were more commonly unilateral,
with a slight predominance on the left side. Hepatic
lesions were predominantly located in the right lobe.
Lesion size varied across both groups, with benign
lesions generally demonstrating smaller mean
dimensions compared to malignant lesions, although
size alone was not a reliable discriminator.
Chemical shift imaging findings in adrenal lesions
Among the 44 adrenal lesions, 34 were finally
categorized as benign and 10 as malignant based on
histopathology or follow-up. Significant signal loss
on opposed-phase imaging was observed in the
majority of benign adrenal lesions. Thirty out of 34
adrenal adenomas (88.2%) demonstrated marked
signal drop, consistent with the presence of
microscopic intracellular fat. In contrast, malignant
adrenal lesions showed minimal or absent signal loss
on opposed-phase images.

Quantitative analysis revealed that the mean signal
intensity index and percentage signal loss were
significantly higher in benign adrenal lesions
compared to malignant lesions. This difference was
statistically significant, reinforcing the diagnostic
value of CSI in differentiating adrenal adenomas
from malignant pathology.

Chemical shift imaging findings in hepatic lesions
Of the 52 hepatic lesions evaluated, 31 were
classified as benign and 21 as malignant. Benign
hepatic lesions, including hepatic adenomas and focal
fatty lesions, frequently demonstrated significant
signal loss on opposed-phase imaging. Signal drop
suggestive of microscopic fat was noted in 28 of 31
benign hepatic lesions (90.3%). Malignant hepatic
lesions, including hepatocellular carcinoma and
metastatic deposits, largely failed to demonstrate
appreciable signal loss.

Quantitative CSI parameters showed a clear
separation between benign and malignant hepatic
lesions, with benign lesions exhibiting significantly
higher mean percentage signal loss. This difference
was statistically significant and consistent across
lesion subtypes.

Correlation with anatomical MRI features
Lesions demonstrating significant signal loss on
opposed-phase imaging were more likely to show
well-defined margins, homogeneous internal
architecture, and benign enhancement patterns.
Conversely, lesions without signal loss often
exhibited irregular margins, heterogeneous signal
intensity, and aggressive enhancement
characteristics, supporting malignant etiology.
Biochemical correlation

In adrenal lesions, CSl-detected microscopic fat
showed strong concordance with biochemical
findings. Lipid-rich adrenal adenomas demonstrating
signal loss were associated with normal or non-
functional hormonal profiles. Malignant adrenal
lesions without signal loss were more frequently
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associated with abnormal biochemical parameters or
known primary malignancy.

In hepatic lesions, benign lesions with significant
signal loss correlated with relatively preserved liver
function tests and non-elevated serum tumor markers.
Malignant hepatic lesions, which lacked signal loss
on CSI, more commonly demonstrated abnormal
liver biochemistry or elevated tumor markers.

Diagnostic impact of chemical shift imaging

Incorporation of chemical shift imaging into the MRI
evaluation  significantly —improved diagnostic
confidence in both adrenal and hepatic lesions. CSI
findings allowed confident characterization of a
substantial proportion of lesions as benign, thereby
reducing diagnostic ambiguity and limiting the need
for invasive biopsy or prolonged imaging follow-up.

Table 1: Distribution of adrenal and hepatic lesions in the study population

Lesion type Number of patients (n) Percentage (%)
Adrenal lesions 44 45.8

Hepatic lesions 52 54.2

Total 96 100.0

Table 1 shows the distribution of lesions evaluated in the study, with hepatic lesions slightly more frequent than

adrenal lesions.

Table 2: Final diagnosis of adrenal lesions based on reference standard (n = 44)

Adrenal lesion type Number (n) Percentage (%)
Adrenal adenoma 34 773

Malignant adrenal lesions 10 22.7

Total 44 100.0

Table 2 demonstrates that benign adrenal lesions constituted the majority of cases.

Table 3: Chemical shift imaging findings in adrenal lesions

CSI finding Adrenal adenomas (n = 34) Malignant lesions (n = 10)
Significant signal loss 30 (88.2%) 1 (10.0%)
Minimal / no signal loss 4 (11.8%) 9 (90.0%)

Table 3 shows the distribution of signal loss on opposed-phase imaging in adrenal lesions.

Table 4: Quantitative CSI parameters in adrenal lesions

Parameter Benign adrenal lesions (Mean + SD) | Malignant adrenal lesions (Mean £+ SD) | p value
Signal intensity index (%) 28.6+64 6.2+3.1 <0.001
Percentage signal loss (%) 314+7.2 7.1+3.8 <0.001
Table 4 compares quantitative CSI parameters between benign and malignant adrenal lesions.
Table 5: Final diagnosis of hepatic lesions based on reference standard (n = 52)
Hepatic lesion type Number (n) Percentage (%)
Benign hepatic lesions 31 59.6
Malignant hepatic lesions 21 40.4
Total 52 100.0
Table 5 shows that benign hepatic lesions were more frequent than malignant lesions.
Table 6: Chemical shift imaging findings in hepatic lesions
CSI finding Benign hepatic lesions (n = 31) Malignant hepatic lesions (n =21)
Significant signal loss 28 (90.3%) 2 (9.5%)
Minimal / no signal loss 3(9.7%) 19 (90.5%)
Table 6 demonstrates CSI signal loss patterns in hepatic lesions.
Table 7: Quantitative CSI parameters in hepatic lesions
Parameter Benign hepatic lesions (Mean + SD) | Malignant hepatic lesions (Mean + SD) p value
Signal intensity index (%) 26.9+58 54£29 <0.001
Percentage signal loss (%) 29.7+6.6 63+34 <0.001

Table 7 compares quantitative CSI measurements between benign and malignant hepatic lesions.

Table 8: Correlation of CSI findings with biochemical profile

Lesion type CSI signal loss present Normal biochemical profile Abnormal biochemical profile
Adrenal lesions 31 28 3
Hepatic lesions 30 26 4

Table 8 shows the concordance between CSI findings and biochemical results.

Table 1 shows that out of 96 patients evaluated,
hepatic lesions were observed in 52 patients (54.2%),
while adrenal lesions were seen in 44 patients
(45.8%), indicating a slightly higher prevalence of

hepatic lesions in the study population. Table 2
demonstrates that among the 44 adrenal lesions,
benign adrenal adenomas constituted the majority
with 34 cases (77.3%), whereas malignant adrenal
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lesions accounted for 10 cases (22.7%). Table 3
reveals that significant signal loss on opposed-phase
imaging was present in 30 out of 34 adrenal
adenomas (88.2%), while minimal or no signal loss
was noted in 9 of 10 malignant adrenal lesions
(90.0%), highlighting a clear distinction between
benign and malignant adrenal pathology. Table 4
indicates that benign adrenal lesions showed a higher
mean signal intensity index (28.6 + 6.4%) and
percentage signal loss (31.4 = 7.2%) compared to
malignant lesions (6.2 + 3.1% and 7.1 + 3.8%,
respectively), with the difference being statistically
significant. Table 5 shows that among the 52 hepatic
lesions, benign hepatic lesions were identified in 31
patients (59.6%), while malignant hepatic lesions
were observed in 21 patients (40.4%). Table 6
demonstrates that significant signal loss on chemical
shift imaging was seen in 28 of 31 benign hepatic
lesions (90.3%), whereas 19 of 21 malignant hepatic
lesions (90.5%) showed minimal or no signal loss.
Table 7 highlights that benign hepatic lesions
exhibited a higher mean signal intensity index (26.9
+ 5.8%) and percentage signal loss (29.7 + 6.6%)
compared to malignant hepatic lesions (5.4 + 2.9%
and 6.3 = 3.4%, respectively), confirming the
diagnostic utility of quantitative CSI parameters.
Table 8 demonstrates strong concordance between
chemical shift imaging findings and biochemical
profiles, with 28 adrenal lesions and 26 hepatic
lesions showing both CSI signal loss and normal
biochemical parameters, supporting the reliability of
CSlI in predicting benign lesion behavior.

DISCUSSION

Accurate differentiation between benign and
malignant adrenal and hepatic lesions is essential for
guiding appropriate clinical management and
avoiding  unnecessary  invasive  procedures.
Conventional imaging modalities such as
ultrasonography and computed tomography often
identify these lesions but may fail to characterize
them confidently, particularly when lesions
demonstrate indeterminate attenuation or atypical
enhancement patterns.”” The present study highlights
the value of chemical shift imaging as a problem-
solving MRI technique for detecting microscopic
intracellular fat and improving lesion
characterization.['”]

In adrenal lesions, the presence of intracellular lipid
is a well-recognized feature of adrenal adenomas.
While lipid-rich adenomas are easily identified on
unenhanced CT, lipid-poor adenomas often overlap
with malignant lesions in terms of attenuation
values.'!l Chemical shift imaging overcomes this
limitation by detecting even small amounts of
intracellular fat through signal loss on opposed-phase
images.['?] In this study, a high proportion of benign
adrenal adenomas demonstrated significant signal
loss, whereas malignant lesions consistently lacked
this feature. These findings reinforce the role of CSI

as a reliable non-invasive tool for distinguishing
adrenal adenomas from malignant adrenal
pathology.['3]

Similarly, characterization of hepatic lesions poses a
diagnostic challenge due to the wide spectrum of
benign and malignant entities with overlapping
imaging appearances. Benign hepatic lesions such as
focal fatty infiltration and hepatic adenomas may
contain microscopic fat, which is not always
appreciable on routine MRI sequences.['¥ The high
frequency of signal loss observed in benign hepatic
lesions in this study underscores the sensitivity of
CSI in detecting intracellular fat. In contrast,
malignant hepatic lesions largely failed to
demonstrate signal loss, supporting the utility of CSI
in narrowing the differential diagnosis when lesion
morphology is equivocal.l'”]

An important strength of this study is the integration
of chemical shift imaging findings with anatomical
MRI features and biochemical parameters. Lesions
showing significant signal loss were more likely to
demonstrate benign morphological characteristics
and concordant biochemical profiles, such as normal
hormonal assays in adrenal adenomas and non-
elevated tumor markers in benign hepatic lesions.
This combined approach enhances diagnostic
confidence and provides a more comprehensive
assessment than imaging or biochemical evaluation
alone.l'617

Quantitative assessment using signal intensity index
and percentage signal loss further strengthened
diagnostic accuracy by reducing subjectivity in
image interpretation. Quantitative CSI parameters
showed a clear and statistically significant distinction
between benign and malignant lesions in both adrenal
and hepatic groups. Such objective metrics are
particularly valuable in borderline cases where visual
assessment alone may be inconclusive.['®

From a clinical perspective, the incorporation of CSI
into routine MRI protocols has important
implications. Confident identification of benign
lesions can reduce the need for invasive biopsies,
repeated imaging, or unnecessary surgical
interventions. This not only minimizes patient
anxiety and procedural risks but also contributes to
more cost-effective healthcare delivery.!'”)

Despite its strengths, the study has certain limitations.
The sample size, particularly for malignant
subgroups, was relatively modest. Histopathological
confirmation was not available for all lesions, with
some diagnoses based on clinical and imaging
follow-up. Additionally, chemical shift imaging may
be limited in lesions with hemorrhage, calcification,
or very small size, which can affect accurate signal
measurement. 2]

Overall, the findings of this study support the
growing evidence that chemical shift imaging is a
robust and reliable MRI technique for detecting
microscopic fat and differentiating benign from
malignant adrenal and hepatic lesions. When used in
conjunction with anatomical imaging and
biochemical  correlation, CSI  provides a
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comprehensive, non-invasive diagnostic strategy that
can significantly influence patient management.

CONCLUSION

Chemical shift imaging proved to be a valuable and
reliable MRI technique for the detection of
microscopic intracellular fat in both adrenal and
hepatic lesions. In this study, CSI demonstrated a
high ability to differentiate benign fat-containing
lesions from malignant lesions by identifying
significant signal loss on opposed-phase imaging.
The clear separation observed between benign and
malignant lesions using both qualitative assessment
and quantitative parameters such as signal intensity
index and percentage signal loss highlights the
robustness of this technique.

When CSI findings were interpreted in conjunction
with anatomical MRI features and biochemical
profiles, diagnostic confidence improved
substantially. Benign adrenal and hepatic lesions
showing signal loss on CSI were consistently
associated with non-aggressive imaging
characteristics and concordant normal biochemical
parameters, while malignant lesions largely lacked
signal loss and were more often associated with
abnormal biochemical findings. This integrated
approach reduced diagnostic ambiguity and limited
the need for invasive procedures such as biopsy.
Overall, routine incorporation of chemical shift
imaging into MRI protocols for indeterminate
adrenal and hepatic lesions can significantly enhance
lesion characterization, support accurate clinical
decision-making, and optimize patient management.
Limitations

This study has certain limitations that should be
considered while interpreting the results. The sample
size, particularly within the malignant lesion
subgroups, was relatively limited, which may affect
the generalizability of the findings. Not all lesions
had histopathological confirmation; in several cases,
final diagnosis was based on clinical, biochemical,
and imaging follow-up, which may introduce a
degree of diagnostic uncertainty.

Chemical shift imaging can also be influenced by
technical factors such as motion artifacts, partial
volume effects, and susceptibility from hemorrhage
or calcification, which may affect accurate signal
measurement in small or complex lesions.
Additionally, very small lesions may not allow
precise region-of-interest placement for quantitative
analysis. Despite these limitations, the consistent
correlation observed between CSI findings,
anatomical features, and biochemical profiles
supports the clinical utility of this technique.

REFERENCES

1. Lanoix J, Djelouah M, Chocardelle L, Deguelte S, Delemer B,
Dohan A, Soyer P, Barat M, Hoeffel C. Differentiation
between heterogeneous adrenal adenoma and non-adenoma
adrenal lesion with CT and MRI. Abdom Radiol (NY). 2022

12.

14.

15.

Mar;47(3):1098-1111.  doi:  10.1007/s00261-022-03409-4.
Epub 2022 Jan 17. PMID: 35037990.

Nagayama Y, Hayashi H, Taguchi N, Yoshida R, Harai R,
Kidoh M, Oda S, Nakaura T, Hirai T. Diagnostic performance
of hepatic CT and chemical-shift MRI to discriminate lipid-
poor adrenal adenomas from hepatocellular carcinoma
metastases. Abdom Radiol (NY). 2024 May;49(5):1626-1637.
doi: 10.1007/s00261-024-04228-5. Epub 2024 Mar 8. PMID:
38456897.

Guo H, Liu W, Wang J, Xing Y. Extrahepatic alveolar
echinococcus on multi-slice computed tomography and
magnetic resonance imaging. Sci Rep. 2021 Apr
30;11(1):9409. doi: 10.1038/541598-021-89101-x. PMID:
33931712; PMCID: PMC8087791.

Thorin-Savouré A, Tissier-Rible F, Guignat L, Pellerin A,
Bertagna X, Bertherat J, Lefebvre H. Collision/composite
tumors of the adrenal gland: a pitfall of scintigraphy imaging
and hormone assays in the detection of adrenal metastasis. J
Clin Endocrinol Metab. 2005 Aug;90(8):4924-9. doi:
10.1210/jc.2004-2572. Epub 2005 May 24. PMID: 15914530.
Bernini GP, Moretti A, Mannelli M, Ercolino T, Bardini M,
Caramella D, Taurino C, Salvetti A. Unique association of
non-functioning ~ pheochromocytoma,  ganglioneuroma,
adrenal cortical adenoma, hepatic and vertebral hemangiomas
in a patient with a new intronic variant in the VHL gene. J
Endocrinol  Invest. 2005  Dec;28(11):1032-7.  doi:
10.1007/BF03345345. PMID: 16483185.

Nakano S, Tsushima Y, Higuchi T, Taketomi-Takahashi A,
Amanuma M. Contrast- and non-contrast-enhanced
ultrasonography (US) findings of hepatic metastasis from
malignant pheochromocytoma/paraganglioma. Jpn J Radiol.
2012 May;30(4):310-6. doi: 10.1007/s11604-012-0051-1.
Epub 2012 Jan 24. PMID: 22271156.

Hung PC, Wang HS, Hsia SH, Wong AM. Plasmapheresis as
adjuvant therapy in Stevens-Johnson syndrome and hepatic
encephalopathy. Brain Dev. 2014 Apr;36(4):356-8. doi:
10.1016/j.braindev.2013.05.010. Epub 2013 Jun 15. PMID:
23777679.

Morgan DE, Weber AC, Lockhart ME, Weber TM, Fineberg
NS, Berland LL. Differentiation of high lipid content from low
lipid content adrenal lesions using single-source rapid kilovolt
(peak)-switching dual-energy multidetector CT. J Comput
Assist  Tomogr. 2013  Nov-Dec;37(6):937-43.  doi:
10.1097/RCT.0b013e3182aaf996. PMID: 24270116.

Mahani MG, Morani AC, Lu JC, Dehkordy SF, Jeph S,
Dorfman AL, Agarwal PP. Non-cardiovascular findings in
clinical cardiovascular magnetic resonance imaging in
children. Pediatr Radiol. 2016 Apr;46(4):473-82. doi:
10.1007/s00247-015-3512-8. Epub 2016 Jan 11. PMID:
26754539.

. Chue KM, Goh GH, Kow AWC. Right adrenal gland

pseudocyst masquerading as a large symptomatic hepatic cyst:
Single incision laparoscopic (SILS) resection and a review of
current literature. Ann Hepatobiliary Pancreat Surg. 2018
Feb;22(1):75-78. doi: 10.14701/ahbps.2018.22.1.75. Epub
2018 Feb 26. PMID: 29536059; PMCID: PMC5845614.

. Oikarinen H, Karttunen A, Paakko E, Tervonen O. Survey of

inappropriate use of magnetic resonance imaging. Insights
Imaging. 2013 Oct;4(5):729-33. doi: 10.1007/s13244-013-
0276-2. Epub 2013 Aug 15. PMID: 23949843; PMCID:
PMC3781254.

Bauditz J, Quinkler M, Beyersdorff D, Wermke W. Improved
detection of hepatic metastases of adrenocortical cancer by
contrast-enhanced  ultrasound. ~ Oncol ~ Rep. 2008
May;19(5):1135-9. PMID: 18425368.

. Homma K, Hayashi K, Wakino S, Irie R, Mukai M, Kumagai

H, Shibata H, Saruta T. Primary malignant hepatic
pheochromocytoma with negative adrenal scintigraphy.
Hypertens Res. 2006 Jul;29(7):551-4. doi:
10.1291/hypres.29.551. PMID: 17044668.

Wassal EY, Habra MA, Vicens R, Rao P, Elsayes KM.
Ovarian thecal metaplasia of the adrenal gland in association
with Beckwith-Wiedemann syndrome. World J Radiol. 2014
Dec 28;6(12):919-23. doi: 10.4329/wjr.v6.i12.919. PMID:
25550997; PMCID: PMC4278153.

Fareau GG, Vassilopoulou-Sellin R. Diagnostic challenges in
adrenocortical carcinoma: recommendations for surveillance

1018

International Journal of Medicine and Public Health, Vol 16, Issue 1, January-March 2026 (www.ijmedph.org)



16.

17.

18.

after surgical resection of selected adrenal nodules. Endocr
Pract. 2007 Oct;13(6):636-41. doi: 10.4158/EP.13.6.636.
PMID: 17954420.

Wang LY, WuMZ, Yen RF, Tzen KY. Asymptomatic thymic
carcinoma with solitary hepatic metastasis detected by
fluorodeoxyglucose positron emission tomography. J Formos
Med Assoc. 2009 Aug;108(8):677-80. doi: 10.1016/s0929-
6646(09)60389-2. PMID: 19666356.

Qin MQ, Zhao YP, Xie JP. Ectopic adrenal gland in the liver
leading to a misdiagnosis of hepatocellular carcinoma: A case
report. World J Hepatol. 2025 Aug 27;17(8):108443. doi:
10.4254/wjh.v17.i8.108443. PMID: 40901591; PMCID:
PMC12400313.

Li A,Ren S, Yang X, Yang C, Lu T. Case Report: A rare case
of primary hepatic paraganglioma: a mimicker of

19.

20.

hepatocellular  carcinoma. Front Oncol. 2025 Sep
4;15:1570896. doi: 10.3389/fonc.2025.1570896. PMID:
40978045; PMCID: PMC12444761.

Sampol Bas C, Pefia Viloria C. Captacion de 1231-MIBG en
un hemangioma hepatico en el estudio gammagrafico de una
lesion suprarrenal [Uptake of 123I-MIBG in a hepatic
hemangioma in the scintigraphic study of an adrenal gland
lesion]. Rev Esp Med Nucl. 2005 May-Jun;24(3):191-4.
Spanish. doi: 10.1157/13073790. PMID: 15847786.

Reyes MA, Ciancio G, Singal R, Manoharan M.
Adrenocortical carcinoma with tumor thrombus in the right
hepatic vein. Int J Urol. 2006 Sep;13(9):1233-5. doi:
10.1111/7.1442-2042.2006.01547.x. PMID: 16984559.

1019

International Journal of Medicine and Public Health, Vol 16, Issue 1, January-March 2026 (www.ijmedph.org)



