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Abstract
This study aimed to compare the diagnostic efficacy of dynamic contrast-enhanced
computed tomography (CT), dynamic contrast-enhanced Magnetic Resonance Imaging
(MRI) and their combination in diagnosing adrenal tumors. 68 patients with adrenal
tumors admitted to the hospital from December 2019 to December 2020 were selected.
MRI and CT plain scans were performed on all patients, as well as dynamic contrast-
enhanced imaging. As the gold standard for evaluating diagnostic efficacy, dynamic
contrast-enhanced CT, dynamic contrast-enhanced MRI, and their combination were
compared with pathological examination results. To compare diagnostic method
differences, receiver operating characteristic (ROC) curves were plotted. MRI contour
rates at each delay point were significantly higher in adenoma patients than non-adenoma
patients (p < 0.05). CT contour rates at each delay point were also significantly higher
in adenoma patients than non-adenoma patients (p < 0.05). The sensitivity, accuracy
and negative predictive value of the combined diagnostic examination were significantly
higher than individual examinations (p< 0.05). Based on ROC curve analysis, dynamic
contrast-enhanced MRI, dynamic contrast-enhanced CT, and the combined diagnostic
had an area under the curve (AUC) of 0.818 (95% Confidence Interval (CI): 0.696–
0.940), 0.827 (95% CI: 0.706–0.949), and 0.908 (95% CI: 0.769–1.019), respectively.
The combined diagnosis showed the largest AUC with significant differences (p <

0.05). The overall model quality analysis showed that the model values of single
and combined indicators were greater than 0.5, and the highest value of the combined
index was 0.80. In summary, the combination of dynamic-enhanced CT and dynamic-
enhanced MRI is more effective at diagnosing adrenal tumors than either technique
alone. Combination diagnoses can assist in diagnosing and treating adrenal tumors with
high clinical application value.
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1. Introduction

Adrenal tumors’ develop in the adrenal glands, which are
endocrine glands [1]. Adrenal glands are a pair of small glands
located above the kidneys. They secrete various hormones,
such as epinephrine, norepinephrine and cortisol, which play
crucial roles in metabolism, stress response and homeosta-
sis [2]. Approximately 2% to 10% of people can be found
with adrenal tumors during a physical examination [3]. They
usually do not cause symptoms, but some metastatic tumors
may. In adrenal tumors, most adenomas do not require surgery,
whereas non-adenomas (which may be metastatic) do [4].
Medical imaging is the main method used today for determin-
ing the nature of tumors, which is a non-invasive test [5]. For
incidentally detected adrenal masses, the American College of

Radiology recommends making a preliminary assessment by
imaging features, including the size, density and morphology
of the mass. CT and MRI are widely used in the clinic,
but they have certain limitations in qualitative diagnosing
adrenal tumors [6]. As of now, dynamic-enhanced CT and
dynamic-enhanced MRI are superior in differential diagnosis.
With clear images, quantitative measurements of functional
parameters, multiplanar and three-dimensional reconstruction,
and non-invasiveness, they can improve the accuracy of tumor
diagnosis and the selection of appropriate treatment options
[7]. However, CT and MRI combined diagnosis of adrenal
tumors has been only studied in a few clinical trials. Efficacy
of diagnosis using both methods requires further investigation
and validation [8]. This study evaluated the diagnostic efficacy
of dynamic-enhanced CT, dynamic-enhanced MRI, and their
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combined examinations on adrenal tumors in patients admitted
to our hospital.

2. Information and methods

2.1 Clinical data
A retrospective analysis of 68 adrenal tumor patients admitted
to the hospital from December 2019 to December 2020 was
conducted. Patients ranged in age from 30 to 62 years, with a
mean age of (44.35 ± 4.06) years; all subjects were male. We
analyzed 56 patients with adenomas and 12 patients without
adenomas based on their pathological types.

2.1.1 Inclusion criteria
(1) Pathologically confirmed adrenal tumor patients who

met diagnostic criteria.
(2) Patients underwent dynamic-enhanced CT scans.
(3) Age over 18.
(4) Patients with complete clinical imaging data.

2.1.2 Exclusion criteria
(1) Patients with combined cardiac, hepatic, renal and other

systemic functional abnormalities.
(2) Pregnant women/lactating mothers.
(3) Patients with combined psychiatric system diseases.
(4) Patients with limited mobility.

2.2 Examination methods
Study subjects were admitted to the hospital and underwent
dynamic-enhanced CT and MRI examinations using
SOMATOM Magnetom Skyra 3.0 T (Siemens Shenzhen
Co., Ltd., Shenzhen, China) and SOMATOM Emotion 6
(Siemens Beijing Co., Ltd., Beijing, China). All examination
operations were performed by the same group of staff.

2.2.1 MRI scanning and dynamic
enhancement
Set the echo time (TR) to 100 ms, emission time (TE) to 4.2
ms, time to 15 s, layer thickness to 5 mm, and layer spacing
to 1 mm. Depending on the unique circumstances, these
values can be modified accordingly. Place the patient in a
supine position with both upper limbs elevated above the head.
Patient was instructed to hold his breath and wear headphones
before beginning the scan. The scanning range encompassed
the renal hilum from the top edge of T12 to the lower edge
of L1. First, a standard Spin Echo (SE) sequence scan was
performed, and T1 weighted image (T1WI) and T2WI axial
locations were requested. An axial gradient echo sequence
scan was performed after the scan to determine the greatest
tumor cross-section.
A dynamic enhancement scan was performed on a patient

at the end of the plain scan. As the contrast agent, gadopente-
tate monoglucosamine injection (Shanghai Hengrui Medicine
Co., Ltd; approval number: State Drug License H20200004;
specification: 0.5 mmol/mL, 10 mL/pack, Shanghai, China)
was used. We performed dynamic enhanced imaging 1, 5
and 7 min after injecting 0.01 mmol/kg. The enhancement
scanning parameters were as follows: 3D-FLASH continuous

multi-phase non-interval scanning, with the following specific
parameters: layer thickness 2 mm, TE: 1~4 ms, TR: 4~8 ms,
flip angle 13◦, matrix: 400 × 260, Field of View (FOV): 40
cm × 40 cm, number of excitation (NEX): 1. As part of the
scanning process, subcutaneous fat signals were observed and
recorded in detail. The average value is determined bymultiple
tests (at least 3 tests).

2.2.2 CT scanning and dynamic enhancement
Patients were given the contrast agent 2% compound pan-
tethine glucosamine (Beijing Shuangjitai Pharmaceutical Co.,
Ltd; Approval No.: State Pharmaceutical License H10990147;
Specification: 2% compound pantethine glucosamine injec-
tion, 50 mL/vial, Shanghai, China) orally 30 min and 1 minute
before the examination. Specifications of the equipment have
been changed to set layer thickness at 5 mm, layer pitch at
1.5 mm, and speed at 1 layer/s. The parameters could be
modified according to the situation. The patient remained a
supine posture during a CT scan of the adrenal region. During
scanning, the position, size and form of the patient’s localized
lesions were carefully noted, as well as the contours, interior
density, and whether or not the borders were clear.
Dynamic enhanced CT scan was performed on three con-

secutive sections with a relatively large central cross-sectional
area of the tumor found on the plain scan. Iohexol injection
(Shanghai Hengrui Medicine Co., Ltd; approval number: GBP
H20030015; specification: 0.05 g/mL, 10 mL/branch, Shang-
hai, China) was given to patients via a high-pressure syringe
(2.5mL/s). The enhancement scanning parameters were as fol-
lows: 3D-FLASH continuous multi-phase non-interval scan-
ning, with the following specific parameters: layer thickness 2
mm, TE: 1~4 ms, TR: 4~8 ms, flip angle 13◦, matrix: 400 ×
260, FOV: 40 cm × 40 cm, NEX: 1. Dynamic enhancement
scans were performed 1, 5 and 7min after the injection. As part
of the scan, the location, size and morphology of the tumor
were assessed and recorded as well as the density, boundary
and enhancement status of the tumor. Multiple tests were used
to determine the average value (at least 3 tests).

2.3 Observation indicators
Dynamic-enhanced CT, dynamic-enhanced MRI, and a com-
bined examination of the two were compared with the patho-
logical examination of the patients, and the results validated
the diagnosis.
(1) The contour rate of each delay point in patients with and

without adenomas was compared.
1⃝Dynamic-enhancedMRI contour rate = (maximum signal

value after enhancement/fat signal value at the same level −
signal value after enhancement/fat signal value at the same
level)/(maximum signal value after enhancement/fat signal
value at the same level);

2⃝ Dynamic-enhanced CT contour rate = (parenchymal CT
value − delayed CT value)/(parenchymal CT value − plain CT
value).
(2) A group of professional imaging physicians with 10

years of clinical experience interpreted dynamic-enhanced CT
and dynamic-enhanced MRI results. Findings were based on
unified viewpoints; if two physicians could not agree, a third
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physician was consulted to obtain conclusions.
(3) Three diagnostic methods were examined and their ef-

ficacy compared; sensitivity, specificity, accuracy, positive
predictive value, and negative predictive value. Receiver
Operating Characteristic Curves (ROC curves) were used to
evaluate the diagnostic accuracy of the two methods.

1⃝ Sensitivity = number of true positive cases/(number of
true positive cases + number of false negative cases) × 100%;

2⃝ Specificity = number of true negative cases/(number of
true negative cases + number of false positive cases) × 100%;

3⃝ Accuracy = (number of true positive cases + number of
true negative cases)/total number of cases × 100%;

4⃝ Positive predictive value = number of true positive
cases/(number of true positive cases + number of false
positive cases) × 100%;

5⃝ Negative predictive value = number of true negative
cases/(number of true negative cases + number of false neg-
ative cases) × 100%.

2.4 Statistical analysis methods
Data were analyzed and processed by SPSS 27.0 (International
Business Machines Corporation, Armonk, NY, USA). Mea-
surement data were presented as mean (x̄±s), and comparison
was made by t-test. Count data were presented as cases (%),
and the comparison was made by χ2. p < 0.05 indicates
statistically significant differences.
ROC curves were plotted using SPSS to further compare the

two diagnostic methods.

3. Results

3.1 Comparison of MRI contour rates at
each delay point between adenoma and
non-adenoma patients
MRI contour rates at each delay point were significantly higher
in adenoma patients than non-adenoma patients (p < 0.05)
(Table 1).

3.2 Comparison of CT contour rates at each
delay point between adenoma and
non-adenoma patients
CT contour rates at each delay point were significantly higher
in adenoma patients than non-adenoma patients (p < 0.05)
(Table 2).

3.3 Comparison of the conformity and
diagnostic efficacy of the three
examinations with the pathologic results
The sensitivity, accuracy and negative predictive value of the
combined diagnostic examinations were significantly higher
than individual examinations (p < 0.05) (Tables 3,4).

3.4 ROC curve analysis
Areas under the ROC curves and their 95% CIs for dynamic-
enhanced MRI, dynamic-enhanced CT, and the combined ex-
amination were 0.818 (95% CI: 0.696–0.940), 0.827 (95% CI:

0.706–0.949), and 0.908 (95% CI: 0.769–1.019), respectively.
The combined diagnostics showed the largest area under the
ROC curves with significant differences, suggesting the com-
bined diagnosis was superior (Tables 5,6 and Fig. 1).

3.5 Overall model quality results
The overall model quality results show that single indicators
and joint indicators have all been found to be >0.5, indicating
that all three diagnostic methods have high diagnostic values
for adrenal tumors. Among these, the joint index has the
highest model value, which indicates the greatest predictive
value (Fig. 2).

4. Discussion

In general, kidney cancer is more prevalent in men than in
women. Epidemiologic data and clinical observations indicate
that kidney cancer incidence is usually twice as high in men
as in women. There could be various factors contributing to
this gender gap, including physiology, lifestyle, risk factors
for the disease, and hormone levels. Therefore, male subjects
were selected for this study, which may aid in the under-
standing of disease characteristics in medical research and
clinical practice. Despite their commonness, adrenal tumors
are challenging to diagnose early due to their specific location,
which results in no obvious symptoms early in the disease
course [9]. Adrenal gland tumors, includingmetastatic tumors,
pheochromocytoma and cortical carcinoma are usually more
serious, with a high mortality rate. Therefore, early diagnosis
and treatment of adrenal tumors is necessary [10]. Currently,
image-guided or surgical adrenal biopsy enables definitive
adrenal tumor identification and diagnosis. It is, however, a
highly invasive procedure [11].
With the advancement of imaging technology, MRI and CT

examinations has become an option for diagnosing adrenal
tumors [12]. In particular, dynamic-enhanced MRI and CT
offer more clinical advantages. Studies [13, 14] found CT
and MRI examination methods to be effective for determining
adenomatous locations, sizes and morphologies, and to be
valuable in diagnosing adenomas. This indicates that CT
and MRI can be used for adrenal tumor clinical diagnosis.
Currently, it is rare to find clinical studies using dynamic-
enhanced CT and dynamic-enhancedMRI together to diagnose
adrenal adenomas. This study addresses and analyzes this
problem.
This study showed that MRI and CT contouring rates at all

delay points were significantly higher in adenoma patients than
in non-adenoma patients (p < 0.05). As a result, dynamic-
enhanced CT and dynamic-enhanced MRI both were found
to be diagnostically useful in identifying adenomas and non-
adenomas. As explained by [15]: there is a significant cor-
relation between the contour rate and the degree of tumor
enhancement, which measures the efficiency of removing the
contrast agent from the tumor. Blood supply is also positively
correlated with tumor enhancement. Thus, the degree of
enhancement is higher for non-adenomas, which have better
blood supplies and more intratumoral blood vessels, while it
is lower for adenomas, which have fewer intratumoral blood
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TABLE 1. Comparison of MRI contour rates at each delay point between adenoma and non-adenoma patients (x̄± s).
Type of tumor n 1 min 5 min 7 min
Adenoma 56 13.58 ± 1.25 36.54 ± 3.16 39.65 ± 3.06
Non-adenoma 12 7.68 ± 0.65 14.98 ± 1.34 18.96 ± 1.51
t value — 15.832 23.084 22.737
p value — <0.001 <0.001 <0.001

TABLE 2. Comparison of CT contouring rates at each delay point between adenoma and non-adenoma patients (x̄± s).
Type of tumor n 1 min 5 min 7 min
Adenoma 56 14.36 ± 1.05 37.26 ± 0.98 41.25 ± 3.26
Non-adenoma 12 8.26 ± 0.96 16.24 ± 0.65 20.16 ± 1.56
t value — 18.518 70.814 21.785
p value — <0.001 <0.001 <0.001

TABLE 3. Conformity between the diagnostic results of the three examinations and the pathologic results (n).
Pathological findings Dynamic contrast-enhanced MRI Dynamic contrast-enhanced CT Combined

Positive Positive Positive Positive Positive Positive
Positive 56 45 11 46 10 55 1
Positive 12 2 10 2 10 2 10
Total 68 47 19 48 20 57 15
MRI: Magnetic Resonance Imaging; CT: computed tomography.

TABLE 4. Comparison of diagnostic efficacy of three methods (n, %).
Method Sensitivity Specificity Accuracy Positive

predictive value
Negative

predictive value
Dynamic contrast-enhanced MRI 80.36 (45/56)* 83.33 (10/12) 80.88 (55/68)* 95.74 (45/47) 47.62 (10/21)*
Dynamic contrast-enhanced CT 82.14 (46/56)* 83.33 (10/12) 82.35 (56/68)* 95.83 (46/48) 50.00 (10/20)*
Combined 98.21 (55/56) 83.33 (10/12) 95.59 (65/68) 96.49 (55/57) 90.91 (10/11)

Compared with the combination of the two, *p < 0.05 indicates statistically significant differences. MRI: Magnetic Resonance
Imaging; CT: computed tomography.

TABLE 5. Results of ROC curve analysis.
Index AUC Standard error p value 95% confidence interval

Upper limit Lower limit
Dynamic contrast-enhanced MRI 0.818 0.062 <0.001 0.696 0.940
Dynamic contrast-enhanced CT 0.827 0.062 <0.001 0.706 0.949
Combined 0.908 0.057 <0.001 0.796 1.019

AUC: area under the curve; MRI: Magnetic Resonance Imaging; CT: computed tomography.

TABLE 6. Regional differences in paired samples under ROC curves.
Test results Approximation AUC Difference Standard error difference 95% confidence interval approximation

z p value Upper limit Lower limit
MRI-CT −0.227 0.820 −0.009 0.343 −0.086 0.068
MRI-Joint −3.458 0.001 −0.089 0.336 −0.140 −0.039
CT-Joint −3.245 0.001 −0.080 0.335 −0.129 −0.032
AUC: area under the curve; MRI: Magnetic Resonance Imaging; CT: computed tomography.
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FIGURE 1. ROC curve analysis graph. ROC: receiver operating characteristic; CT: computed tomography; MRI: Magnetic
Resonance Imaging.

FIGURE 2. Overall model quality map. MRI: Magnetic Resonance Imaging; CT: computed tomography.
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vessels and higher concentrations of lipid-rich hyalinocytes.

Compared to the separate examinations, the combined ex-
amination had significantly higher sensitivity, accuracy, and
negative predictive value (p< 0.05). Based on the ROC curve,
the combined diagnostics had the largest area under the curve,
indicating a significant difference (p< 0.05). According to the
results of the analysis of the overall quality of the model, the
joint indexes were the largest. The combined diagnosis of the
two appears to have the best effect and the highest predictive
value. Combined diagnosis has some advantages over single
diagnosis, mainly because CT is excellent for detecting and
evaluating adrenal tumors [16–18]. It provides high-resolution
images of the tumor that clearly show its size, shape, margins
and internal structure. By using contrast agents, CT scans can
also identify benign and malignant tumors by visualizing the
blood supply of the tumor. Also, CT scans are usually faster
and can be used in an emergency situation for a rapid diagnosis.
Dynamic-enhanced CT is based on the rapid injection of a
contrast agent through a vein, which is distributed to tissues
and organs throughout the body through blood circulation.
Successive scans at different time intervals allow the uptake,
distribution and removal of the contrast agent from a specific
organ or site to be observed. There can be differences in
the distribution and metabolism of contrast agents between
diseased and normal tissues. Normal and diseased tissues have
different blood supply and vascular permeability, which can
affect the rate of contrast agent aggregation, peak intensity, and
clearance [14, 15]. A more detailed understanding of the blood
supply of tissues and the enhancement characteristics of le-
sions can be gained by capturing and analyzing these dynamic
change processes. This allows doctors to more accurately
assess the lesions’ nature, such as their benign and malignant
nature, as well as their degree of activity. The analysis pro-
vides important basis for diagnosing, staging and developing
treatment plans. It also provides a better understanding of the
organ’s functional status and other information. MRI plays a
significant role in adrenal tumor evaluation. Due toMRI’s high
soft tissue contrast, tumor morphological features and internal
structure are clearly visible. A variety of imaging sequences,
including T1-weighted, T2-weighted, and enhancement scans,
are available with MRI that help assess the tumor’s nature and
blood supply more comprehensively. Additionally, MRI can
detect metastatic lesions and assess the tumor’s relationship to
surrounding structures. The combined examination is superior
to individual tests due to their complementary strengths. Com-
bining these two examinations is more helpful in diagnosing
adrenal tumors and clarifying their nature. However, this study
has the main drawback of a small number of participants,
which limits the scope of statistical analysis. Results may
be biased due to a small sample size, which limits their rele-
vance to the general population. A single-center study reduced
representativeness, as well. Furthermore, significant imaging
information was withheld for reasons of patient confidentiality.
Larger, multicenter, prospectively designed studies will be
conducted in the future to validate and confirm these findings,
as well as offer relevant imaging information.

5. Conclusions

In conclusion, the combination of dynamic-enhanced CT
and dynamic-enhanced MRI is more effective at diagnosing
adrenal tumors than either technique alone. Adrenal tumors
can be diagnosed and treated more effectively when the two
methods are combined, which has a wider clinical application.
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