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Abstract
The purpose of this retrospective study was to explore the advantages of computed tomography (CT) nano-contrast agent in tumor
diagnosis.
A total of 100 patients with malignant tumor who were diagnosed in Shaanxi Province Public Hospital between January 2018 and

January 2019 were included in this retrospective study. They were randomly divided into observation and control groups with 50
patients in each group. The patients in the observation group used new type of nano-contrast agent for examination, and the patients
in the control group used traditional iohexol contrast agent for examination. The detection rate, misdiagnosis rate, and incidence of
adverse reactions were observed. In addition, single photon emission computed tomography or CT scan was performed on patients
to observe the radioactive concentration.
The detection rate was 100% in the observation group and 84% in the control group, and the difference between the 2 groups was

statistically significant (x2=8.763, P= .001). The incidence of adverse reactions was 2% in the observation group and 30% in the
control group, and the difference between the 2 groups was significantly different (x2=12.683, P= .000). The radioactive
concentration in the observation group was markedly higher than that in the control group (t=19.692, P= .001).
The use of CT nano-contrast agent in tumor diagnosis had higher detection rate of tumor and radioactive concentration, and it had

lower misdiagnosis rate and adverse reaction rate than traditional iohexol contrast agent.

Abbreviations: CT = computed tomography, SPECT = single photon emission computed tomography, T/NT = tumor and
nontumor.
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1. Introduction

Computed tomography (CT) is one of the noninvasive clinical
diagnostic methods, which has the advantages of wide applica-
tion range, high efficiency and low cost.[1] In recent years, with
the continuous advancement of medical standards, the applica-
tion of CT enhanced examination has become more and more
common. Many tumor diseases need to be diagnosed by
enhanced examinations.[2]

In particular, exogenous CT contrast agents are required for
CT enhanced examination. At present, iohexol is the most
commonly used contrast agent in clinic.[3] However, the short
circulating time of iodine contrast agent is not conducive to its
wide application.[4] In addition, although iodides are usually safe,
serious adverse reactions sometimes occur due to their high
osmolality and viscosity.[5]

In order to reduce the occurrence of anaphylaxis, medical
researchers have made continuous efforts to develop a
new tungsten oxide nano-contrast agent.[6] Some studies have
shown that it can effectively reduce the incidence of allergic
reactions in patients.[7] The main purpose of this retrospective
study was to explore the advantages of tungsten oxide nano-
contrast agent in tumor diagnosis. We hypothesized that
tungsten oxide nano-contrast agent could improve tumor
detection rate and reduce the incidences of adverse reactions
andmisdiagnosis in comparison with traditional iohexol contrast
agent.
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Table 1

The detection rate and misdiagnosis rate in the t2wo groups.

Groups n Detection rate (%) Misdiagnosis rate (%)

Observation group 50 50 (100%) 0
Control group 50 42 (84%) 8 (16%)
x2 8.763 8.759
P .001 .001
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2. Patients and methods

2.1. Patients

This studywas approved by the ethics committee of Shaanxi Province
Public Hospital. Each patient signed an informed consent form. A
totalof100patientswithmalignant tumorwhowerediagnosed inour
hospital between January 2018 and January 2019 were included in
this study. All the patients were diagnosed as tumor patients by
pathology. Inclusion criteria[8,9]: all patients were confirmed to be
malignant tumors by pathology; and all patients had no symptoms
such as cold, fever, dizziness, and nausea within 2weeks before the
examination. Exclusion criteria[10,11]: patients with severe heart, liver
and other important organ failure; patients with severe cognitive
dysfunction, unable to cooperate with the examination; and patients
with infectious diseases such as hepatitis B.

2.2. Diagnostic method

The patients were randomly divided into observation group and
control group with 50 patients in each group. The patients in the
observation group used new type of nano-contrast agent for
examination, and those in the control group used traditional
iohexol contrast agent for examination. All patients were scanned
by 64-slice CTwith the thickness of 1mm.[12] When single photon
emission computed tomography (SPECT)/CT scanning was
performed, technetium salt solution[13] was injected into the
newtypeof tungstenoxidenanoparticle contrast agent and iohexol
contrast agent. After being thoroughly mixed, they were placed at
95°C and heated for 30min, respectively. When the temperature
drops to room temperature, theywere injected into the patients.[14]

After imaging, SPECT/CT postprocessing software was used to
draw the regionof interest. The total countof 4pixelswere taken to
calculate the tumor and nontumor (T/NT) ratio,[15] so as to
compare the radioactive concentration.

2.3. Evaluation standard

The detection rate, misdiagnosis rate, incidence of adverse
reactions and radioactive concentration of the patients in the 2
groups were compared. Mild anaphylaxis[16]: pruritus, urticaria,
dizziness, and nausea. Moderate anaphylaxis[17]: systemic skin
redness, swelling, pruritus, and urticaria, and mild laryngeal
edema. Severe anaphylaxis[18]: severe laryngeal edema, dyspnea,
and shock. Detection rate: the positive rate of tumor examination.
Different contrast agents have different development conditions
and diagnosis conditions, so the detection rate is different.

2.4. Statistical analysis

Statistical analysis was made by software SPSS 20.0 (Interna-
tional Business Machines, corp., Armonk, NY). Count data were
expressed as percentage (%), and x2 test was used to assess the
differences between the 2 groups. Measurement data were
expressed as means± standard deviation, and t test was used to
assess the differences between the 2 groups. Five radiologists
participated in the result analysis of detection rate. Differences
were considered statistically significant when P< .05.

3. Results

3.1. The general clinical data

In this retrospective study, all participants concluded the study. There
were 50 patients in the observation group, including 22males and 28
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females, with an average age of (56.85±16.23) years. Among them,
there were 15 with lung cancer, 13 with liver cancer, 8 with prostate
cancer and 14 with ovarian cancer. There were 50 patients in the
control group, including29malesand21 females,withanaverageage
of (58.62±15.69) years. Among them, there were 18 with lung
cancer, 15 with liver cancer, 10 with prostate cancer and 7 with
ovarian cancer. There was no statistical significance in age, gender,
and tumor type between the 2 groups (P> .05).
3.2. The detection rates and misdiagnosis rates

The detection rate was 100% (50/50) in the observation group
and 84% (42/50) in the control group, and the difference between
the 2 groups was statistically significant (x2=8.763, P= .001).
Furthermore, the misdiagnosis rate was 0% (0/50) in the
observation group and 16% (8/50) in the control group, and
the difference between the 2 groups was statistically significant
(x2=8.759, P= .001). The results were shown in Table 1.
3.3. The incidences of adverse reactions

The overall incidence of adverse reactions in the observation group
was 2% (1/50), and only 1 patient hadmild adverse reactions. The
overall incidence of adverse reactions in the control group was
30% (15/50). Twelve patients had mild adverse reactions, 2
patients had moderate adverse reactions, and 1 patient had severe
adverse reactions. The difference between the 2 groups was
statistically significant (x2=12.683, P= .000) (Table 2).
3.4. The radioactive concentration

The results showed that T/NT ratio in the observation group was
3.26±0.27, and that in the control group was 1.79±0.23
(Table 3). The difference between the 2 groups was statistically
significant (t=19.692, P= .001).
4. Discussion

In recent years, the incidence of tumors has been increasing year
by year, and the population is becoming younger and younger.[19]

However, with the continuous advancement of medical stand-
ards, the tumor is not an incurable disease. If many malignant
tumors are treated promptly, the 5-year survival rate is generally
higher.[20] Therefore, early detection and diagnosis of tumors
play very significant roles in the prognosis of patients.
CT enhanced examination is a noninvasive examination with a

high detection rate for tumors, which is close to the detection rate
of gold standard pathological examination.[21] CT enhanced
examination is mainly through intravenous injection of contrast
agent. The absorption of contrast agent by tumor tissue is higher
than that by normal tissue. The tumor can be diagnosed by
contrast imaging and accurately located. The accuracy of CT
examination mainly depends on the absorption of contrast



Table 2

The incidences of adverse reactions in the 2 groups.

Incidence (%)

Groups n Mild adverse reactions Moderate adverse reactions Severe adverse reactions Overall adverse reactions

Observation group 50 1 (2%) 0 0 1 (2%)
Control group 50 12 (24%) 2 (4%) 1 (2%) 15 (30%)
x2 6.621 5.698 4.782 12.683
P .007 .010 .016 .000
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medium by tumor,[22] so the choice of contrast medium plays a
crucial role in the diagnosis of tumor. As a new type of contrast
agent, tungsten oxide nano-contrast agent has the characteristics
of high sensitivity, high accuracy and low adverse reaction rate.[6]

The purpose of this study is to compare the difference between
tungsten oxide nano-contrast agent and traditional contrast
agent in CT diagnosis for tumor. This study not only explores the
detection rate, misdiagnosis rate and adverse reaction rate, but
also explores the radioactive concentration of tungsten oxide
nano-contrast agent and traditional iohexol contrast agent under
SPECT/CT.
Our results show that the overall incidence of adverse reactions

is 2% in the observation group and 30% in the control group.
Tungsten oxide nanoparticles can be coupled with proteins or
biologically active ligands, which can improve their stability and
the effectiveness of cell absorption. Therefore, the tungsten oxide
nano-contrast agent is more stable than that of iohexol, which is
not easy to cause allergic reaction.
In addition, the detection rate is 100% in the observation

group and 84% in the control group. Themisdiagnosis rate is 0%
in the observation group and 20% in the control group.We think
that the main reason is that the tungsten oxide nano-contrast
agent can be targeted to the tumor site, and the tumor cells have
good absorption of tungsten oxide nano-contrast agent, so its
detection rate is high, and misdiagnosis rate is low. On the
contrary, the normal tissues can also absorb iohexol contrast
agent, and the absorption rate of thyroid tumor cells for iohexol
is not high, which is easy to be misdiagnosed as other diseases.[23]

It is also a major reason for the high misdiagnosis rate in the
control group.
Moreover, our results suggest that the T/NT value of the

observation group is higher than that of the control group. It
shows that the radioactive concentration in the observation
group is significantly higher than that in the control group, which
further explains the reason for the high detection rate of tungsten
oxide nanoparticles, making the tumor imaging clearer and
diagnosis more sensitive.
Our research filled a gap about new type of nano-contrast

agent in domestic research. However, there are also some
limitations. Firstly, there are several types of tumor diseases,
which are different in the 2 groups. To some extent, it also has a
Table 3

The T/NT ratio in the 2 groups.

Groups n T/NT ratio

Observation group 50 3.26±0.27
Control group 50 1.79±0.23
t 19.692
P .001
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certain impact on the results. Besides, the evaluation of this study
is still largely focused on rates and ignores the image.
Furthermore, we have not collected the types of malignant
tumors of the study population. The age, gender, and the types of
tumors may affect the detection rate. Moreover, the sample size is
small. In future, large sample size will be needed.
In conclusion, tungsten oxide nano-contrast agent had the

advantages of high accuracy and high sensitivity. It can achieve
targeted delivery, effectively reduce the incidence of adverse
reactions, and can be widely used in clinical.
Acknowledgments

Not applicable.
Author contributions

YZ and YFZ are responsible for the guarantor of integrity of the
entire study, study concepts & design, definition of intellectual
content, literature research, clinical studies, experimental studies,
data acquisition & analysis, statistical analysis, manuscript
preparation & editing & review; JL is responsible for the
guarantor of integrity of the entire study, study concepts &
design, definition of intellectual content, literature research,
clinical studies, experimental studies, data acquisition, statistical
analysis, manuscript preparation& editing& review. All authors
read and approved the final manuscript.
Conceptualization: Yong Zhou, Yufen Zhu, Jian Li.
Data curation: Yong Zhou, Yufen Zhu, Jian Li.
Formal analysis: Yufen Zhu, Jian Li.
Investigation: Yong Zhou, Yufen Zhu, Jian Li.
Methodology: Yong Zhou, Yufen Zhu, Jian Li.
Project administration: Yong Zhou, Yufen Zhu, Jian Li.
Resources: Yong Zhou, Yufen Zhu, Jian Li.
Software: Yong Zhou, Yufen Zhu.
Supervision: Yong Zhou.
Writing – original draft: Yong Zhou, Yufen Zhu, Jian Li.
Writing – review & editing: Yong Zhou, Yufen Zhu, Jian Li.
References

[1] Lee N, Choi SH, Hyeon T. Nano-sized CT contrast agents. Adv Mater
2013;25:2641–60.

[2] Wu B, Lu ST, Yu H, et al. Gadolinium-chelate functionalized bismuth
nanotheranostic agent for in vivo MRI/CT/PAI imaging-guided photo-
thermal cancer therapy. Biomaterials 2017;159:37–47.

[3] Almassi N, Gorin MA, Purysko AS, et al. Use of 99m Tc-Sestamibi
SPECT/CT in the diagnosis of hybrid oncocytic/chromophobe tumor in a
pediatric patient. Urology 2017;113:206–8.

[4] Semaan H, Bazerbashi MF, Siesel G, Aldinger P, Obri T. Diagnostic
accuracy of non-contrast abdominal CT scans performed as follow-up
for patients with an established cancer diagnosis: a retrospective study.
Acta Oncol 2018;57:426–30.

http://www.md-journal.com


Zhou et al. Medicine (2021) 100:37 Medicine
[5] Kawano T, Murata M, Kang JH, et al. Ultrasensitive MRI detection of
spontaneous pancreatic tumors with nanocage-based targeted contrast
agent. Biomaterials 2018;152:37–46.

[6] Van Hamersvelt RW, Eijsvoogel NG, Mihl C, et al. Contrast agent
concentration optimization in CTA using low tube voltage and dual-
energy CT in multiple vendors: a phantom study. Int J Cardiovasc
Imaging 2018;34:1265–75.

[7] Stéen EJL, Edem PE, Nørregaard K, et al. Pretargeting in nuclear imaging
and radionuclide therapy: improving efficacy of theranostics and
nanomedicines. Biomaterials 2018;179:209–45.

[8] Haas LA, Iyer VR, Thomas KB, Bartlett DJ. Implementation of a new
oral contrast agent for CT andMR enterography in pediatric ibd clinical
practice: impact on tolerability, distension, image quality and diagnostic
confidence. Gastroenterology 2018;154:S77.

[9] Budjan J, Attenberger UI, Schoenberg SO, Pietsch H, Jost G. The impact
of injector-based contrast agent administration in time-resolved MRA.
Eur Radiol 2018;28:2246–53.

[10] Ding S, ShiY, SunX,CaoQ,DaiH,Guan J. Contrast agent dose and slow/
no-reflow in percutaneous coronary interventions. Herz 2019;44:69–75.

[11] Li Y, Yu M, Li W, Lu Z, Wei M, Zhang J. Third generation dual-source
CT enables accurate diagnosis of coronary restenosis in all size stents
with low radiation dose and preserved image quality. Eur Radiol
2018;28:2647–54.

[12] SriramV,Arpita C,Mackie SL, ScarsbrookAF. Comparative effectiveness
of 18F-FDG PET-CT and contrast-enhanced CT in the diagnosis of
suspected large-vessel vasculitis. Br J Radiol 2018;91:20180247.

[13] Sheng D, Liu T, Deng L, et al. Perfluorooctyl bromide & indocyanine
green co-loaded nanoliposomes for enhanced multimodal imaging-
guided phototherapy. Biomaterials 2018;165:1–13.

[14] Nimi N, Saraswathy A, Nazeer SS, Francis N, Shenoy SJ, Jayasree RS.
Multifunctional hybrid nanoconstruct of zerovalent iron and carbon
4

dots for magnetic resonance angiography and optical imaging: an, in
vivo, study. Biomaterials 2018;171:46–56.

[15] Yoon H, Yarmoska SK, Hannah AS, Yoon C, Hallam KA, Emelianov
SY. Contrast-enhanced ultrasound imaging in vivo with laser-activated
nanodroplets. Med Phys 2017;44:3444–9.

[16] YangW,Wu X, Dou Y, et al. A human endogenous protein exerts multi-
role biomimetic chemistry in synthesis of paramagnetic gold nano-
structures for tumor bimodal imaging. Biomaterials 2018;161:256–69.

[17] Wu Q, Yu J, Li M, et al. Nanoengineering of nanorattles for tumor
treatment by CT imaging-guided simultaneous enhanced microwave
thermal therapy and managing inflammation. Biomaterials 2018;179:
122–33.

[18] Kerckhofs G, Stegen S, Van Gastel N, et al. Simultaneous three-
dimensional visualization of mineralized and soft skeletal tissues by a
novel micro CT contrast agent with polyoxometalate structure.
Biomaterials 2018;159:1–12.

[19] Berger F, Kubikhuch RA, Niemann T, et al. Gadolinium distribution in
cerebrospinal fluid after administration of a gadolinium-based MR
contrast agent in humans. Radiology 2018;288:703–9.

[20] Abdalla D, Cavalcante M, Turato W, et al. PET-CT imaging of
atherosclerosis in Ldlr-/- mice treated with an anti-LDL (-) nano-
formulation. Atherosclerosis 2017;263:e17.

[21] Ghazanfari A, Marasini S, Tegafaw T, et al. X-ray attenuation properties
of ultrasmall Yb2O3 nanoparticles as a high-performance CT contrast
agent. J Korean Phys Soc 2019;74:286–91.

[22] Kingston MJ, Perriman DM, Neeman T, Smith PN, Webb AL. Contrast
agent comparison for three-dimensional micro-CT angiography: a
cadaveric study. Contrast Media Mol Imaging 2016;11:319–24.

[23] Choi JS, Kim J, Kwak JY, Kim MJ, Chang HS, Kim EK. Preoperative
staging of papillary thyroid carcinoma: comparison of ultrasound
imaging and CT. AJR Am J Roentgenol 2009;193:871–8.


	Advantages of CT nano-contrast agent in tumor diagnosis
	1 Introduction
	2 Patients and methods
	2.1 Patients
	2.2 Diagnostic method
	2.3 Evaluation standard
	2.4 Statistical analysis

	3 Results
	3.1 The general clinical data
	3.2 The detection rates and misdiagnosis rates
	3.3 The incidences of adverse reactions
	3.4 The radioactive concentration

	4 Discussion
	Acknowledgments
	Author contributions
	References


