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Abstract
Objective

To analyze and compare the e�cacy of contrast-enhanced ultrasound (CEUS) and magnetic resonance
(MRI) in the diagnosis of di�cult renal tumor with CT.

Methods

A total of 136 patients with renal space occupying who received CEUS and MRI in the Second A�liated
Hospital of Kunming Medical University from January 2013 to December 2020 after improved abdominal
enhanced CT was di�cult to distinguish between benign and malignant patients were retrospectively
analyzed. The diagnostic results of the two examination methods were compared with the pathological
examination results to analyze the diagnostic e�cacy of the two methods.

Results

61 cases were benign and 75 cases were malignant. The sensitivity, speci�city, accuracy, positive
predictive value and negative predictive value of CEUS, MRI and combined examination for the
differential diagnosis of benign and malignant renal tumors di�cult to be determined by CT were
(CEUS:94.42%, 87.69%, 91.18%, 89.33%, 93.44%;MRI:81.63%, 91.84%, 85.29%, 94.67%,
73.77%;MRI+CEUS:94.67%, 93.44%, 92.65%, 94.67%, 93.44%). Comparison of the sensitivity of single and
combined CEUS and MRI in the differential diagnosis of benign and malignant renal tumors that were
di�cult to be identi�ed by CT: χ2=11.34, P =0.001, there was statistical signi�cance; χ2=0.86, P =0.35,
there was no statistical signi�cance; χ2=5.73, P =0.02, between MRI and CEUS +CEUS.CEUS with single
and combined MRI examination of CT qualitative differential diagnosis of benign and malignant renal
tumors ROC curve shows that applied to the differential diagnosis of benign versus malignant tumor CT
is qualitative the MRI + CEUS is better than that of CEUS, CEUS is better than that of MRI, the area under
the curve comparison(accurate):MRI compar-ed with CEUC no statistical signi�cance (p = 0.26), magnetic
resonance imaging (MRI) and CEUS were compared with MRI + CEUS were statistically signi�cant (p =
0.02, p = 0.01).

Conclusion

Both CEUS and MRI can be used to distinguish between benign and malignant renal tumors that are
di�cult to be characterized by CT. However, CEUS alone has more clinical application value in the
diagnosis of benign and malignant renal tumors that are di�cult to be characterized by CT considering
economic effects, indications and side effects.

Introduction
Ultrasonogram,CT,MRI are useful radiological tools in diagnosis of renal tumor.Most renal tumors are
found after ultrasound, CT, MRI and other imaging examinations. Due to the economical and practical
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type of ultrasound, ultrasound is currently the preferred examination method for primary screening of
renal tumors [1, 2].Identifying the benign and malignant renal tumors from imaging has guiding
signi�cance for the selection of treatment methods. Identifying the benign and malignant renal tumors as
early as possible can help patients choose the optimal treatment plan.The diagnosis of benign and
malignant renal tumor gold standard is pathology examination, but the pathological examination for
have a check, not the �rst choice for the benign and malignant tumor as a clear plan, benign and
malignant tumor imaging examination is the identi�cation of the main basis, but not yet studies have
shown that any kind of imaging examination in benign and malignant tumor in the identi�cation
accuracy can reach 100%.[3-5].

Different imaging examinations have different accuracy in the differential diagnosis of benign and
malignant renal tumors. CT, as a commonly used means of clinical diagnosis for the differentiation of
benign and malignant renal tumors and stages, has obvious advantages compared with contrast
enhanced ultrasound and MRI in renal tumors with diameter less than 3cm and cystic renal tumors and
other complex renal space occupying [6, 7].Current studies suggest that the combination of B-mode
ultrasound, CT and MRI for some atypical renal space-occupying lesions such as small diameter and
complex lesions can improve the accuracy of differentiating benign and malignant renal tumors [8, 9].A
number of meta-analyses suggest that CEUS has a high accuracy in differentiating benign and malignant
renal cysts with small renal mass and complex renal cysts, which is higher than or equal to CT and MRI.
Compared with CT, CEUS can reduce the use of nephrotoxic contrast agents, and can reduce the
economic burden of the medical care system compared with MRI.But all the studies suggest that more
research is needed [10-12].

CEUS has been widely used in the qualitative diagnosis of tumors. At present, existing studies have
shown that CEUS is superior to CT. Therefore, it is suggested to promote the application of CT combined
with CEUS in the qualitative diagnosis of complex renal tumors [13, 14].MRI is also widely used in the
qualitative diagnosis and staging of tumors, but there are currently no studies to compare the accuracy
and clinical application value of CEUS and MRI in complex renal tumors. The application of CEUS to the
qualitative diagnosis of renal tumors is gradually being promoted in the clinic. Combined with other
imaging examinations, the accuracy of the qualitative diagnosis of tumors can be improved. This study
reviewed and analyzed the cases in our hospital and compared CEUS and MRI on enhanced CT for
di�cult to characterize renal tumors. The clinical value of the differential diagnosis of malignancy is to
compare the pros and cons of the two tests.

1. Clinical Remarks
A retrospective analysis was performed in the Second A�liated Hospital of Kunming Medical University
from January 2013 to December 2020. A total of 136 cases of renal occupying cases, which were di�cult
to distinguish between benign and malignant renal masses, were performed by abdominal enhanced CT
outside the hospital. After admission, these patients have undergone renal magnetic resonance imaging
(MRI) and contrast-enhanced ultrasound (CEUS). Among them, 67 were males and 69 were females; they
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were 27 to 80 years old, with an average age of 57 years. After admission, 7 patients underwent �exible
ureteroscopy, and 129 patients underwent surgical treatment and sent specimens for medical
examination. All patients had no contraindications to MRI and CEUS examinations, and they voluntarily
signed an informed consent form before the examination.

2. Diagnostic Methods
2.1 CEUS uses Mylab Twice color Doppler ultrasound system and GE Logic 9 color Doppler ultrasound
system. The probe frequency is 2-4.5 MHz. First, use the conventional ultrasound mode to determine the
best examination surface for renal tumors, switch the examination mode to CEUS mode, use sonovi
contrast agent, dilute and mix with 5 mL of saline for injection, and extract 2 ml of the contrast agent
through the anterior cubital vein for rapid bolus injection , Inject 5m normal saline into the tube,
continuously observe and enhance CT imaging of di�cult-to-characterized renal tumor lesions and
surrounding tissues for 3-5 minutes. While injecting the contrast agent, start the built-in timer of the
instrument and store dynamic images. After the contrast, the ultrasound diagnosis physician Analyze the
image to get a color Doppler ultrasound report.

2.2 MRI imaging uses GE1.5T superconducting scanner to routinely perform MRI plain scan and dynamic
enhanced scan. All patients had undergone multi-parameter MRI examination before the biopsy. Before
the examination, the patients were instructed to abstain from drinking for 4 hours, and the patients were
instructed to apnea training. All patients were given T1WI/T2WI plain scans of the transverse and coronal
planes. Quickly inject 15 ml of contrast agent (Gd-DTPA) from the elbow vein at a speed of 2ml/s, and
perform dynamic enhanced scanning, divided into renal cortex, renal medulla, excretion and renal pelvic
phase. Delayed scanning of renal pelvic phase 4 6 min.

2.3 Histopathology After surgical resection of the renal mass, the patient will be sent for pathological
biopsy immediately, and the pathology department will perform the corresponding treatment and then cut
the section and perform immunohistochemical staining on the specimen.

2.4 Statistical Methods The sensitivity, speci�city, and accuracy of CEUS, MRI and the combined
examination method for enhancing the sensitivity, speci�city and accuracy of the differential diagnosis
of benign and malignant renal tumors with di�cult to characterize on CT are expressed as a rate (%).
SPSS 25.0 statistical software was used for data analysis, CEUS and MRI and combined examination
methods were used to compare the sensitivity of enhanced CT in the differential diagnosis of benign and
malignant renal tumors. The chi-square test was compared. P<0.05 was considered statistically
signi�cant; for CEUS and Logistic regression analysis of MRI results was performed to obtain the
predicted probability of combined diagnosis, and then the predicted probability, CEUS and MRI results
were used to create the ROC curve for the differential diagnosis of benign and malignant renal tumors
with enhanced CT using CEUS and MRI and combined methods. Use Medcalc19.0.4 statistical software
to compare the area under the ROC curve, perform Z test, and P<0.05 is considered statistically
signi�cant.
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3. Results
3.1 Among the 136 patients with renal tumors that were di�cult to characterize with enhanced CT, 75
were malignant tumors, accounting for 55.15% of all cases, and 61 were benign tumors, accounting for
44.85% of all cases. Among them, according to the type of pathology, the number of speci�c pathological
types and CEUS and MRI alone and in combination for the diagnosis of benign and malignant types of
kidney tumors with different pathological types that are di�cult to characterize with enhanced CT are
shown in Table 1.

3.2 Statistical analysis of the sensitivity of CEUS and MRI alone or in combination in the differential
diagnosis of benign and malignant renal tumors with enhanced CT

The sensitivity, speci�city and accuracy of CEUS and MRI alone and in combination for the diagnosis of
benign and malignant lesions of di�cult-to-characterized kidney tumors with enhanced CT are shown in
Table 2 (Table 2). , Positive predictive value, negative predictive value (Table 3). CEUS and MRI alone and
in combination with enhanced CT in the differential diagnosis of benign and malignant renal tumors that
are di�cult to characterize (Table 4). The sensitivity comparison of CEUS and MRI alone and in
combination in the differential diagnosis of benign and malignant renal neoplasms with enhanced CT:
χ2=6.21, p=0.04. The comparison of sensitivity between CEUS and MRI alone in the differential diagnosis
of benign and malignant renal tumors with di�cult-to-enhance enhanced CT: χ2=11.34, p=0.001.
Comparison of sensitivity between CEUS and MRI+CEUS in the differential diagnosis of benign and
malignant renal tumors with enhanced CT: χ2=0.86, p=0.35. Comparison of sensitivity between MRI and
MRI+CEUS in the differential diagnosis of benign and malignant renal neoplasms with enhanced CT:
χ2=5.73, p=0.02.

3.3 The statistical analysis of the accuracy of CEUS and MRI alone or in combination in the differential
diagnosis of benign and malignant renal tumors with enhanced CT

The ROC curve of CEUS and MRI alone and in combination for the differential diagnosis of benign and
malignant renal tumors with enhanced CT is shown (Figure 1). The area under the ROC curve of CEUS,
MRI, and CEUS combined with MRI are 91.4%, 84.2%, and 94.1%, respectively. The comparison of the area
under the ROC curve between MRI and CEUC was not statistically signi�cant (p=0.26), that is, CEUS and
MRI had no difference in the accuracy of the differential diagnosis of benign and malignant renal tumors
with di�cult to characterize enhanced CT. The area under the ROC curve of MRI and CEUS were
statistically signi�cant compared with the area under the ROC curve of MRI combined with CEUS (p=0.02,
p=0.01), that is, MRI combined with CEUS can distinguish benign and malignant renal tumors that are
di�cult to characterize with enhanced CT The accuracy of diagnosis is higher than that of MRI and CEUS
alone.

4. Discussion
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The main method of screening for kidney tumors in healthy people is ultrasound, which is also the most
commonly used examination method for the diagnosis of kidney tumors. During ultrasound examination,
most of the sonograms of renal malignant tumors are hypoechoic or isoechoic, and a small number of
them are hyperechoic; the presence of anechoic areas in the tumor and hypoechoic halo around the
tumor is also considered to be an indication for judging malignancy , But some renal malignant tumors
do not have these characteristics, and it is necessary to use CT or MRI for differential diagnosis [15].The
sensitivity and speci�city of ultrasound in the diagnosis of renal malignant tumors are closely related to
the size of renal tumors. The sensitivity of ultrasound to detect renal malignant tumors with a maximum
tumor diameter of <5mm is almost zero, but CT can reach more than 40%, which is the largest for tumors.
For renal tumors larger than 30mm in diameter, the sensitivity of ultrasound and CT detection can reach
100%[16, 17].

In recent years, the research of ultrasound contrast agents has made progress. Intravenous injection of
ultrasound contrast agents can improve the echo of blood �ow and enhance the Doppler signal. It can
well show the branches of blood vessels in the kidney, the renal tissue and the peripheral or internal small
blood vessels of the tumor. The perfusion condition improves the diagnostic accuracy rate of renal
masses, especially in the diagnosis of cystic renal cancer or cyst inner wall nodules or cyst malignant
transformation. It can signi�cantly improve the low blood �ow display rate of ordinary color Doppler
ultrasound, thereby con�rming the diagnosis, and Increased the coincidence rate of ultrasound and
pathological diagnosis [18].After injection of ultrasound contrast agent, the blood �ow display in benign
and malignant tumors is correspondingly enhanced, but the enhancement degree and duration are
signi�cantly different. The enhancement degree of malignant tumor blood �ow imaging is signi�cantly
higher than that of benign tumors (except renal hemangioma). The clearance of the agent is also faster
than that of benign tumors, and the benign and malignant tumors can be judged based on these
characteristics [19].

The identi�cation and detection rate of CEUS for small tumors is higher than that of enhanced CT, and
the scope of application, cost-effectiveness, inspection time and radiation of CEUS are all lower than that
of enhanced CT. [20, 21].The Meta-analysis of the value of CEUS and enhanced CT in the differential
diagnosis of renal cystic space occupying benign and malignant is believed to be better than CEUS in the
differential diagnosis of renal cystic space occupying benign and malignant based on its clinical
application value [22].In recent years, clinical studies have concluded that the accuracy and sensitivity of
CEUS in the differential diagnosis of benign and malignant renal tumors are signi�cantly better than that
of CT, but the advantages of CEUS and CT in clinical staging and three-dimensional reconstruction need
to be explored [23].CEUS and MRI have a higher compliance rate in pathological diagnosis of complex
cystic than CT. Both CEUS and MRI can be used to evaluate complex cystic kidney masses. CEUS is more
sensitive than MRI but has lower speci�city [24, 25].Marschner et al[26] Studies have shown that CEUS,
MRI and CT are equally accurate in distinguishing benign and malignant kidney tumors, but CEUS can be
applied to patients with contraindications in MRI and CT examinations.
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This study retrospectively analyzed the clinical value of CEUS and MRI alone and combined with
enhanced CT in the diagnosis of benign and malignant renal tumors. The results of the study showed
that CEUS and MRI alone and combined with enhanced CT were effective in the differential diagnosis of
benign and malignant renal tumors. It is statistically signi�cant (p<0.05), that is, the diagnostic sensitivity
of the three inspection programs is different. The sensitivity of CEUS and MRI alone in the differential
diagnosis of benign and malignant renal tumors with enhanced CT is statistically signi�cant (p<0.05),
that is, CEUS scheme is more sensitive than MRI in the differential diagnosis of benign and malignant
renal tumors with enhanced CT. It can be seen from Table 1 that in this study, CEUS and MRI have almost
the same malignant detection rates of renal cystic and solid renal masses. The current study also
believes that CEUS and MRI are in the diagnosis of complex renal cystic. MRI is more sensitive than MRI
in distinguishing benign and malignant complicated renal cystic diseases.[27, 28].CEUS and MRI+CEUS
have no statistical signi�cance in the differential diagnosis of benign and malignant renal tumors with
enhanced CT (p>0.05), that is, there is no difference in the diagnostic sensitivity of the two inspection
schemes. MRI and MRI+CEUS have no statistical signi�cance in the differential diagnosis of renal tumors
with enhanced CT. The sensitivity of the differential diagnosis of benign and malignant is statistically
signi�cant (p<0.05), that is, the sensitivity of MRI+CEUS in enhancing the diagnosis of benign and
malignant renal tumors with di�cult to determine CT is better than that of MRI. Although MRI+CEUS
improves the sensitivity, it is in actual clinical practice. The application value of MRI is not high, the price
of MRI is expensive, the inspection is time-consuming, and the sensitivity is not much different from the
sensitivity of CEUS alone. In this study, the diagnosis results of CEUS alone were consistent with
pathology in 124 cases. MRI+ There are 128 cases of CEUS[29].The ROC curve analysis of CEUS and MRI
alone or in combination in the differential diagnosis of benign and malignant renal tumors with enhanced
CT. The value of CEUS and MRI in the differential diagnosis of benign and malignant renal tumors with
enhanced CT is that CEUS+MRI is better than CEUS. In terms of accuracy comparison between CEUS and
MRI, the combination of the two examinations can improve the accuracy of the diagnosis of benign and
malignant renal tumors that are di�cult to characterize by enhanced CT, but there is no signi�cant
difference in the accuracy of separate examinations, so the combined examination can indeed improve
the correct diagnosis of tumors. However, the clinical application value of this combination of multiple
imaging examinations needs to be further explored [30].

In summary, CEUS is better than MRI in the differential diagnosis of benign and malignant renal tumors
with enhanced CT, but its speci�city is lower than that of MRI. Both CEUS and MRI can be used to
differentiate between benign and malignant renal tumors with enhanced CT. The combined diagnosis of
these examinations can improve the e�ciency of enhancing the differential diagnosis of benign and
malignant renal tumors with di�cult CT. However, from the consideration of economic effects,
indications, and side effects, CEUS alone has more clinical application value in the differentiation of
benign and malignant renal tumors with di�cult CT. Combined with this study, the best plan for the
diagnosis of renal tumors with di�cult-to-characterized enhanced CT is ultrasound and contrast-
enhanced ultrasound, and then MRI is selected according to the needs of clinical diagnosis and
treatment.
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Figure 1

ROC curves of the differential diagnosis of benign and malignant renal tumors di�cult to be determined
by enhanced CT alone or in combination with CEUS and MRI
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