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ABSTRACT 
 

 

This study aimed to explore the application of Yb(OH)CO3 nanoparticles in the prediction model of 

computed tomography (CT) contrast lung biopsy pneumothorax (LBP) by synthesizing a new type of 

Yb(OH)CO3 nanoparticles, which provides a basis for clinical application. Yb(OH)CO3 nanoparticles 

were prepared by a homogeneous precipitation process based on urea, and the samples were 

characterized by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). 

Methyl thiazolyl tetrazolium (MTT) assay was adopted in vitro cytotoxicity test, optical density (OD) 

value was measured with a microplate reader at a wavelength of 570 nm, the cell viability was analyzed, 

and the cytomorphological changes were observed with an optical microscope. Besides, 40 selected 

patients with CT-guided percutaneous needling biopsy (PTNB) were rolled into a control group and an 

observation group. A pneumothorax prediction model was constructed under the support vector machine 

(SVM) model. The accuracy, sensitivity, and specificity of SVM for pneumothorax prediction were 

88.7%, 71.3%, and 100%, respectively; while those of CT imaging with Yb(OH)CO3 nanoparticles 

were 96.7%, 84.3%, and 100%, respectively. Mean squared errors (MESs) of Yb(OH)CO3 

nanoparticles-based CT contrast agent and conventional contrast agent were 14,532 and 7,021, 

respectively, and mutual information (MI) was 0.1232 and 0.2354, respectively, so the difference 

between the two groups was significant (P < 0.05). In summary, Yb(OH)CO3 nanoparticles-based CT 

contrast agents showed good histocompatibility and low toxicity, and the Yb(OH)CO3 nanoparticles-

based CT images showed high accuracy in the prediction of LBP. 
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Introduction  

The incidence of lung cancer is remarkably 

increasing, especially in some industrialized countries 

(1-3). According to the latest statistical analysis data 

of lancet, the survival rate of patients with lung cancer 

for 5 years is very low. From 2005 to 2009, the 5-year 

survival rate for lung cancer in Europe and American 

countries were both lower than 20%. In contrast, that 

in Asian countries was much lower, and it was even as 

low as 7%-9% in Mongolia and Thailand. In China, 

the 5-year survival rate for lung cancer reached 7.5% 

between 1995 and 1999, while that between 2000 and 

2004 amounted to 18.1%. From 2005 to 2009, the 5-

year survival rate for lung cancer was 17.5% (4,5). 

According to the global statistical data released in 

2018, lung cancer is one of the commonest tumors 

worldwide. The number of new cases with lung 

cancer was about 2.09 million, and the number of 

death cases reached about 1.76 million, accounting for 

11.6% of the total number of new cases with 

malignant tumors and 18.4% of that of death cases 

with malignant tumors, respectively. Two values were 

ranked in the first place among the number of new 

patients with different types of malignant tumors and 

that of dead patients with different types of malignant 

tumors, respectively (6). According to domestic data 

statistics, lung cancer is not only the commonest 

malignant tumor in China, but it is also the primary 

cause of the death of domestic patients with malignant 

tumors. Patients who died from malignant tumors 

accounted for 23.91% of all domestic residents who 

died from different diseases National cancer statistical 

data released domestically in January 2019 showed 

that the number of new cases of lung cancer in China 

in 2015 reached about 0.787 million with the 

incidence being 57.26/0.1 million. In addition, the 

https://creativecommons.org/licenses/by/4.0/
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number of patients dying from lung cancer was about 

0.631 million with the mortality reaching 45.87/0.1 

million (7). The high mortality and low 5-year 

survival rate were caused mainly by the failure in 

early detection and diagnosis, the heterogeneity of 

tissue typing, and the lack of a profound and thorough 

understanding of the molecular mechanism in the 

tumorigenic progression. To reduce the high mortality 

caused by lung cancer, enhance the 5-year survival 

rate of patients, and improve the living quality during 

patient prognosis, the early detection and diagnosis of 

lung cancer were of great significance (8). Because of 

the lack of the clinical manifestations of specificity of 

lung cancer, most patients suffered from metastatic 

diseases with poor diseases when diagnosed with lung 

cancer clinically. Hence, the increase in the diagnosis 

rate of lung cancer could diagnose patients with lung 

cancer as early as possible, prolong patients’ survival 

time, improve the survival quality of patients, and 

benefit patients. Therefore, it is vital to enhance the 

diagnosis rate of lung cancer. 

Computerized tomography (CT) is an effective 

method of lung cancer screening. The greatest 

research achievement so far was published in 2011. In 

this experiment, the mortality of patients during the 

screening of patients with lung cancer in the chest X-

ray examination group and lung low-dose CT group 

was compared. The results of the study showed that 

the mortality of patients in the lung low-dose CT 

group was reduced by 20.0% compared with that in 

the chest X-ray examination group among the high-

risk population (9). CT-guided lung biopsy 

pneumothorax (LBP) was an effective method of the 

diagnosis of pathological diagnosis of lung lesions. It 

was reported that the accuracy of CT-guided 

percutaneous lung biopsy could reach 64%-97% (10). 

Besides, the incidence of its complications was very 

high at the initial stage of the adoption of the technical 

method, amounting to 61%. The commonest 

complication of LBP is pneumothorax. Because lung 

tumor tissue is very close to normal tissue density, the 

utilization of a CT contrast agent is necessary to 

realize better CT imaging effects. However, most CT 

contrast agents for clinical use are iodine compounds 

with high X-ray absorption coefficients. Freely 

moving iodized small-molecule compounds contact 

frequently vascular walls. When the vascular walls in 

the human body or cells in other tissues are allergic to 

iodine, allergic reactions occur among patients 

injected with contrast agents. Besides, drugs flow 

through the body via blood after small-molecule drugs 

enter the human body. Because the radius of small-

molecule particles in drugs is too small, most of the 

particles leak from vascular sides into the gaps in 

extra-vascular tissues or are removed by the kidney 

quickly. The leakage and the removal of small-

molecule drugs exert toxic and side effects on normal 

tissues and organs. What’s more, the drug 

concentration in target tissues can’t reach imaging 

concentration. Therefore, the amount of drugs injected 

into the human body usually needs to be increased to 

obtain ideal imaging effects. In this case, the human 

body is negatively harmed more seriously. New 

imaging contrast agents with longer imaging time, 

better imaging effects, and few side effects and new 

tumor treatment methods are the hot topics in present 

research, development, and exploration. 

With the development of bionanotechnology, 

nanoprobe-based CT contrast agents are expected to 

overcome the above shortcomings (11-13). Because 

the small-sized nanoparticle matches the size of 

biomolecules, it can be adopted as a contrast agent to 

detect the pathology in the body. Besides, it also can 

be utilized to design nanoprobes that can manipulate 

biological functions (14). Compared with traditional 

small-molecule contrast agents, nanoparticles can load 

a large number of imaging elements. Nanoparticles 

result in long blood circulation, and low renal 

clearance as well as capillary leakage rate. 

Furthermore, they can passively accumulate at tumor 

positions by the high permeability and retention of 

solid tumors (15). By different surface modifications, 

nanoparticles can also acquire the function of active 

targeting, or treatment and multi-modal imaging. 

Iodine is adopted as the imaging element in the nano-

CT contrast agents firstly prepared. Iodide was made 

into nano-emulsion or embedded into carriers to 

enhance blood circulation time and biocompatibility. 

At present, the metal-based nanomaterial is widely 

applied in the studies on CT contrast agents, which are 

based on its unique physical, chemical, and biological 

features. Rabin et al. (2006) (16) adopted Bi2S3 

nanocrystals modified by polyvinylpyrrolidone in CT 

imaging of living blood vessels, livers, and lymph 

nodes. The results of the study demonstrated that 

Bi2S3 nanomaterial enhanced the detection sensitivity 
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and accuracy. Meanwhile, it reduced the dosage of 

contrast agents and improved toxic and side effects. 

The metal ytterbium (Yb) is a rare earth element with 

a rich electronic structure, and it shows many optical, 

electrical, and magnetic properties. With a high 

operating voltage (120KVp), Yb can offer a high 

degree of X-ray attenuation. The voltage CT machines 

adopt is usually 120KVp. After the 

nanocrystallization of Yb, it demonstrates many 

properties, such as small size effect, high specific 

effect, quantum effect, extremely strong optical, 

electrical, and magnetic properties, and chemical 

activity whose superconductivity is much higher than 

that of conventional substances. Nano-Yb can 

enhance the performance and function of materials 

greatly and can be utilized to produce multiple-

function materials. It is a new research direction in 

current CT contrast agents. However, there are little 

research data on nano-Yb at present. Based on this, 

Yb(OH)CO3 nanoparticles were prepared by a 

homogeneous precipitation process and their 

representation was analyzed in the research. After 

that, the cytotoxicity of Yb(OH)CO3 nanoparticles 

was studied by in vitro experiment. Besides, the 

pneumothorax prediction model was constructed by a 

support vector machine (SVM), and the effects and 

puncture accuracy of CT imaging adopting 

Yb(OH)CO3 nanoparticles were discussed to offer 

references to the optimization of puncture path to 

reduce the incidence of pneumothorax by clinicians in 

the research. 

 

Materials and methods 

Preparation methods of Yb(OH)CO3 nanoparticles 

Yb(OH)CO3 nanoparticles were prepared by 

homogeneous precipitation method, which was based 

on urea in the research. In the experimental process, 

the utilized reagents, including urea (CH4N2O) and 

ethyl alcohol (C2H6O), were both analytically pure. 

The main methods of preparing Yb(OH)CO3 

nanoparticles were explained as follows. With the 

growth of temperature, urea could be decomposed as 

OH- and CO3
2-. As a result, it could be used as a metal 

ion precipitator. Yb(NO3)3·5H2O(7.5mmoL) and 

urea (15g) were dissolved into deionized water, and 

the total volume of the solution reached 500mL. Then, 

the solution was stirred until it became uniform. At 

room temperature, the above solution was stirred by 

magnetic stirring apparatus for 2 hours to make it 

become uniform. After that, the acquired uniform 

solution was bathed in oil at 90℃ for 3 hours. Then, 

the obtained suspension liquid was separated by 

centrifugation. Next, the obtained product, which was 

a white powder, was wrapped by gauze and placed 

into a Soxhlet extractor. After being washed with 

deionized water three times, it was washed with ethyl 

alcohol three times. Finally, it was stored in a vacuum 

at thermostatic 60℃ for 24 hours for subsequent 

experimental study. Figure 1 showed the preparation 

technical process below. 

 

 

Figure 1. The preparation process of Yb(OH)CO3 

nanoparticles. 

 

Morphology representation of prepared 

Yb(OH)CO3 nanoparticles 

Scanning electron microscopy (SEM) was usually 

utilized to observe the morphology, structure, and 

components of nanomaterials. Its operating principle 

was the selection of very narrow electron beams to 

scan specimens. Trigger actions occurred between 

electron beams and substances, which generated 

scattered electrons, secondary electrons, and 

CH4N2O Yb(NO3)3·5H2O 

Dissolve and stir 
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transmission electrons. The physical information of 

the samples could be obtained by generated electronic 

signals. Next, the information was converted into 

images by systems to present relevant information, 

including the composition and morphology of 

samples. Consequently, the adoption of SEM could 

not only observe the surface features of different 

nanomaterials but also could help obtain more three-

dimensional and morphological features with a wider 

range of observation. In the research, S-3700N SEM 

was utilized to observe the micro-morphology of 

Yb(OH)CO3 nanoparticles, and the operation voltage 

was set to 25KV. 

The operation principle of transmission electron 

microscopy (TEM) was very similar to that of general 

microscopes in many aspects. In general, the light 

source of optical microscopes was natural light, and 

the lens was made of transparent glass. In contrast, 

TEM adopted the electron beams with short 

wavelengths as the light source. Because a shorter 

wavelength meant stronger penetrability, the 

scattering of substances was more significant. The 

electromagnetic field is the lens of TEM. Electron 

beams were transmitted to the tested samples, and 

then atoms collided and interacted with others to 

generate different solid angle scattering. After that, 

different specimens produced various images due to 

their different density and crystal structure. Hence, 

TEM could be adopted to obtain the crystal 

orientation and structure of the selected areas. What’s 

more, selected area electron diffraction was also 

utilized. In the research, HI-TACHIH-800 TEM was 

utilized to observe the structure of Yb(OH)CO3 

nanoparticles. 

 

Cytotoxicity of Yb(OH)CO3 nanoparticles 

Hepatoma carcinoma cells (HePG2) were selected 

and utilized in the research, and cell lines were 

provided by The Fifth Hospital of Wuhan. Before the 

cell experiment, the prepared Dulbecco's modified 

eagle medium (DMEM) cell culture medium (10% 

fetal calf serum+1% anti-body), phosphate buffer 

solution (PBS), 0.25% of trypsin, and Yb(OH)CO3 

cell suspension were placed into a super clean bench 

for ultraviolet ray sterilization for 1 hour. Meanwhile, 

culture flasks and centrifugal tubes adopted in the 

experiment were sterilized at high temperatures in 

advance. After that, HePG2 cells were extracted from 

liquid nitrogen tanks at -80℃ and then shaken 

constantly in a water bath cauldron at 37℃ to dissolve 

them completely within 1 minute. After that, they 

were centrifuged at 1,000rpm for 5 minutes and then 

added with the proper amount of complete culture 

medium. After that, they were percussed evenly and 

the cell suspension was transferred into culture flasks. 

Then, they were cultured at 37℃ in cell thermostatic 

incubators containing 5% CO2.  The routine culture 

was performed after the fluid was changed every other 

day. Cells growing into the log phase were taken and 

inoculated into 96-well cell culture plates at the 

density of 5×103cells/wells. Next, they were placed at 

37℃ in thermostatic incubators containing 5% 

CO2overnight. When the cell density reached 80%, 

Yb(OH)CO3 nanoparticle suspension with the final 

concentration of 0 μg/mL, 20 μg/mL, 50 μg/mL, 75 

μg/mL, and 100 μg/mL were added into the 96-well 

plates. In each group, there were 3 compound wells, 

and Yb(OH)CO3 nanoparticle suspension was 

cultured for 48 hours. After the culture, each well was 

added with a 10μL methyl thiazolyl tetrazolium 

(MTT) solution. Next, they were incubated in cell 

culture incubators for 4 hours. After 4 hours, each 

well was added with 100μL Formazan solving liquid 

and mixed properly. After that, they were continued to 

be incubated in cell incubators until formazan was 

completely dissolved by the observation under a 

general optical microscope. Then, an enzyme-labeled 

instrument was adopted to measure the absorbance 

(optical density) at the wavelength of 570nm. 

Equation (1) was utilized to calculate the cell survival 

rate below. Besides, the changes in cell morphology 

were observed by an optical microscope. 

cell survival rate =
ODexperiment

ODcontrol
× 100%                     [1] 

 

Toxicity of Yb(OH)CO3 nano contrast agents in 

mice body 

In the research, 20 mice were selected randomly 

and divided into 2 groups. Appropriate humidity as 

well as temperature, and single cage feeding were 

offered to mice 1 week before the experiment. The 

feeding and management of mice conformed to the 

standards of the Animal Ethics Committee. 10 of the 

selected mice were injected with normal saline and 

included in the control group, and the rest of the 10 

mice were injected with the prepared Yb(OH)CO3 
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nanoparticle suspension and included in the 

experimental group. The dosage of the injected the 

above liquid was 20mg NPs/kg. The dissected mice 

were sacrificed 30 days after the experiment, and then 

the toxicity of Yb(OH)CO3 was analyzed by 

hematoxylin (HE) staining analysis. 

 

Construction of pneumothorax prediction models 

The construction methods of pneumothorax 

prediction models in the research were based on the 

published articles with slight modifications. Figure 2 

demonstrated the specific process of constructing the 

model. The process was divided into three steps. In 

the preprocessing step, data sets were normalized. In 

the feature extraction step, the features most related to 

the incidence of pneumothorax were detected. The 

most effective feature was found from the original 

features to optimize the prediction precision and 

reduce feature dimensions. The prediction step was 

based on SVM and other machine learning models to 

train the sample data and construct pneumothorax 

prediction models. In addition, whether patients would 

suffer from pneumothorax was predicted. Meanwhile, 

the reinforcement learning (RF) model was compared 

with the SVM model. The quantitative evaluation of 

the constructed models was implemented with the 

sensitivity, specificity, and accuracy being adopted as 

the indexes. 

 

 

Figure 2. SVM prediction model process. 

 

Research objects of LBP 

A total of 40 patients receiving CT-guided 

percutaneous needling biopsy (PTNB) at The Fifth 

Hospital of Wuhan were selected for the research. 

Among all the selected patients, there were 26 males 

and 14 females aged between 35 and 79. All the 

patients were divided into 20 observation groups (CT 

imaging adopting Yb(OH)CO3 nanoparticles) and 

control groups (conventional CT imaging) according 

to random numbers. The implementation of the 

research had been approved by The Fifth Hospital of 

Wuhan Ethics Society. Besides, all patients and their 

family members had been informed of the research 

and signed the informed consent forms. The cases 

were included in the research based on the following 

standard. The clinical data and imaging data of 

patients were both complete. The cases were excluded 

from the research based on the following standard. 

The maximum diameter of patients’ lesions was less 

than 5mm, and patients suffered from a mental 

disorder or conscious disturbance. 

 

Lung puncture biopsy 

In the research, the 16-slice spiral CT scanner of 

American General Electric Company was adopted. 

The scanning parameters were set as follows. Tube 

voltage was 120kV, tube current was 120mAs, 

scanning layer thickness, and spacing was both 2mm. 

Patients were placed in the supine or prone position. 

Besides, the body surface puncture point, angle, and 

depth were determined at the workstation, and then 

they were marked on the body surface. Next, the body 

surface puncture point was sterilized, covered with 

towels, infiltrated, and anesthetized locally with 1% 

lidocaine. After that, 18G coaxial biopsy needles were 

pierced into lesions along the predetermined puncture 

route, and then samples were extracted twice in 

different positions of lesions combined with cutting 

needles and automatic biopsy guns. After the surgery, 

needles were withdrawn, and chest CT scanning was 

performed to observe if pneumothorax and 

hemorrhage occurred after the puncture point was 

compressed and bound up. Finally, the imaging 

effects of CT imaging and puncture accuracy in the 

observation group and control group were compared. 

 

Results and discussion  

Morphological features of Yb(OH)CO3 

Yb(OH)CO3 nanoparticles were prepared by the 

homogeneous precipitation method. Figure 3 showed 

the results of SEM and TEM of Yb(OH)CO3 

Image preprocessing 

Testing data Training data 

Feature extraction 

Predict 

Raw data 

SVM decision 
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nanoparticles below. Figure 3I and Figure 3II 

demonstrated that the obtained Yb(OH)CO3 

nanoparticles after preparation were spherical with the 

average diameter reaching about 170nm. Each 

Yb(OH)CO3 nanoparticle had a clear boundary, and 

its surfaces were smooth with excellent dispersibility.   

 

  
I II 

Figure 3. SEM and TEM diagrams of prepared 

Yb(OH)CO3 nanoparticles. (Figure I represented the SEM 

diagram of Yb(OH)CO3 nanoparticles, and Figure II 

displayed the TEM diagram of Yb(OH)CO3 nanoparticles) 

 

Influences of Yb(OH)CO3 nanoparticles on 

HePG2 cell morphology 

Figure 4 presented the morphology of HePG2 cells 

processed by 100 μg/mLYb(OH)CO3 nanoparticles. 

According to Figure 4, the proliferation of cells in 

Figure 4I and Figure 4II was significant, and they 

were diffused outward. Besides, the morphology of 

cells added with 100 μg/mLYb(OH)CO3 

nanoparticles was not inhibited compared with that in 

the blank control group (without being added with 

Yb(OH)CO3 nanoparticles), while the diffusion of 

cells added with 100 μg/mLYb(OH)CO3 

nanoparticles was close to that in the control group. 

The results of the above comparisons demonstrated 

that Yb(OH)CO3 nanoparticles with the highest 

concentration in the research had little influence on 

the morphology of HePG2 cells. 

 

  
I II 

Figure 4. HePG2 cell morphology. (Figure I represented 

the blank control group, and Figure II presented the status 

of cells added with 100μg/mL Yb(OH)CO3 nanoparticles) 

Influences of Yb(OH)CO3 nanoparticles on 

HePG2 cell viability 

The role of Yb(OH)CO3 nanoparticles in HePG2 

cell viability was studied by the MTT experiment, and 

Figure 5 demonstrated the results of the experiment. 

According to Figure 5, the growth of cells was not 

inhibited after the culture of HePG2 cells with 

Yb(OH)CO3 nanoparticles being added. The cell 

morphology was still long spindle. Besides, the cell 

viability level was above 92% when the concentration 

of Yb(OH)CO3 nanoparticles amounted to 200 

μg/mL. The results revealed that the toxicity of the 

prepared Yb(OH)CO3 nanoparticles in the research 

for HePG2 cells was very low. 

 

  
I IV 

  
II V 

  
III  

Figure 5. Influences of Yb(OH)CO3 nanoparticles on 

HePG2 cell viability. (Figure I represented 0μg/mL 

Yb(OH)CO3 nanoparticles, Figure II denoted 50μg/mL 

Yb(OH)CO3 nanoparticles, Figure III presented 100μg/mL 

Yb(OH)CO3 nanoparticles, Figure IV displayed 100μg/mL 

Yb(OH)CO3 nanoparticles, and Figure V showed 

200μg/mL Yb(OH)CO3 nanoparticles. *P<0.05 indicated 

that the comparison with the control group demonstrated 

statistical significance)  
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Influences of Yb(OH)CO3 nanoparticles on mice 

HE staining 

In the research, mice were sacrificed and their 

livers, lungs, and kidneys were extracted after they 

were raised for 1 month. HE staining was performed 

on the mice added with 200μg/mL Yb(OH)CO3 

nanoparticles and on the mice without being added 

with Yb(OH)CO3 nanoparticles, respectively. The 

results of HE staining were shown in Figure 6 as 

follows. According to Figure 6, the tissue damage was 

not observed in the results of HE staining for mice 

tissues in two groups. Therefore, the results of HE 

staining indicated that the prepared Yb(OH)CO3 

nanoparticles caused no damage to mice. 

 

  
I IV 

  
II V 

  
III VI 

Figure 6. Results of HE staining for mice in two groups. 

(Figures I, II, and III represented HE staining for mice 

livers, lungs, and kidneys without being added with 

Yb(OH)CO3 particles, respectively. Figures IV, V, and VI 

denoted HE staining for mice livers, lungs, and kidneys 

added with Yb(OH)CO3 particles, respectively) 

 

Results of evaluation of SVM pneumothorax 

prediction models 

Figure 7 displayed the prediction results of LBP by 

SVM. According to Figure 7, the prediction accuracy 

of pneumothorax by SVM reached 88.7%, the 

sensitivity was 71.3%, and the specificity amounted to 

100%. In contrast, the prediction accuracy of 

pneumothorax by RF was 79.8%, the sensitivity 

reached 74.5%, and the specificity amounted to 

77.9%. The above results showed the prediction 

indexes of pneumothorax by SVM were significantly 

higher than those by the RF model, which 

demonstrated that the prediction performance of 

pneumothorax by SVM was more excellent than that 

by RF model. Hence, SVM could be utilized to 

construct a pneumothorax prediction model. 

 

 

 

 

Figure 7. Prediction indexes of pneumothorax by two 

models. 

 

Clinical data of all patients 

A total of 40 patients receiving CT-guided PTNB 

were included in the research. Table 1 presented the 

general data on 20 patients in the control group and 20 

patients in the observation group. There was no 

significant difference between patients in the two 
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groups in terms of gender, age, and body mass 

indexes (P>0.05). The above values could be utilized 

in subsequent comparisons. Among the included 40 

patients, there were 26 males and 14 females aged 

between 35 and 79, and 18 out of them suffered from 

pneumothorax. 

 

Table 1. General data on patients in two groups 

Classification Gender(male/female) Age BMI 

Control group 14/6 55.4±3.7 23.4±2.9 

Observation group 12/8 54.7±3.3 23.8±3.7 

 

Evaluation indexes of CT imaging of patients in 

two groups 

In the research, SVM was adopted to construct 

pneumothorax prediction models. The results of the 

quantitative evaluation of the CT imaging effects on 

patients demonstrated that the CT imaging accuracy 

of the observation group was 96.7%, the sensitivity 

reached 84.3%, and the specificity amounted to 100%. 

CT imaging effects on the observation group were 

better than those in the control group. Figure 8 

displayed the evaluation indexes of CT imaging 

effects on patients in two groups. 

 

 

 

Figure 8. CT imaging evaluation indexes of patients in two 

groups. 

Evaluations of puncture effects of different CT 

contrast agents on patients in two groups 

Mean squared error (MSE) and MI (mutual 

information) were adopted to evaluate the puncture 

effects of contrast agents on patients in two groups, 

and the evaluation results of puncture effects were 

shown in Figure 9 below. According to Figure 9, the 

MSE of CT contrast agents and conventional agents of 

Yb(OH)CO3 nanoparticles were 14532 and 7021, 

respectively, and MI was 0.1232 and 0.2354, 

respectively. The comparison between the two groups 

indicated that the differences showed statistical 

meaning (P<0.05).   

 

 

Figure 9. Evaluation indexes of puncture effects of 

different contrast agents on patients in two groups. 

 

Cancer is the main disease that poses a threat to 

human life and health at present. World Cancer 

Report 2014 published latest by World Health 

Organization reveals that the current global incidence 

of cancer is constantly rising. Among all death cases, 

nearly 30% die from cancer. Besides, it is predicted in 

the report that there will be nearly 20 million new 

cancer patients per year in the following 20 years, and 

nearly 13 million death cases die from cancer every 

year. In China, cancer becomes the most deadly 

disease threatening residents. According to the 

statistical data released by China's Three-year Action 

Plan for Cancer Prevention and Treatment (2015-

2017), which is published by the National Health and 

Family Planning Commission, the number of new 

cancer patients in China is about 3.1 million every 

year, and nearly 2 million out of them die. The current 
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situation of cancer prevention and treatment is very 

serious (17). In the detection of cancers, imaging 

diagnosis is adopted clinically as the result of the 

auxiliary diagnosis. CT scanning is one of the most 

widely adopted non-traumatic clinical imaging 

technologies because of its wide applications, 

relatively low price, high efficiency, and high 

resolution. Although the resolution of CT is far higher 

than that of traditional X-ray and other several 

imaging technologies, CT can hardly detect subtle 

changes in soft tissues due to the limitations of 

imaging principles. To enhance the contrast of soft 

tissues and the diagnostic accuracy of diseases, 

multiple CT contrast agents are developed. The CT 

contrast agent firstly applied clinically is small-

molecule iodide. In general, materials with high 

density or high atomic number (Z) all can absorb X-

rays, such as iodine, barium, gold, bismuth, and 

tantalum. All the above elements can be utilized as the 

contrast agents of X-ray imaging. Iodide is the earliest 

and the most widely used CT contrast agent in clinical 

practice. However, the imaging time of this contrast 

agent is short. In addition, the high osmotic pressure, 

high viscosity, and electric charge it possesses usually 

trigger contrast agent reactions, which jeopardize 

patients’ lives and safety (18). As a result, its further 

application is restricted to a large degree due to the 

above shortcomings. 

With the rise of nanotechnology, it is applied to CT 

contrast agents by researchers. Compared with 

traditional small-molecule contrast agents, 

nanoparticles can load a large number of contrast 

elements, nanoparticles result in long blood 

circulation, and low kidney clearance as well as 

capillary leakage. By different surface modifications, 

nanoparticles can also acquire the function of active 

targeting or treatment and multi-modal contrast. 

Iodine is still utilized as the contrast element in the 

firstly prepared nano CT contrast agent. Iodide is 

made into nano-emulsion or embedded into carriers to 

enhance blood circulation time and biocompatibility. 

Inorganic metallic nano contrast materials (gold, 

bismuth, tantalum, ytterbium, and lutetium) receive 

more and more attention from a wide range of 

researchers. Inorganic metallic nanoparticles are 

widely adopted in the study and application of nano 

VT contrast agents because of high stability, high 

transmittance into immune system barriers, high 

density, large atomic number, and excellent 

biocompatibility. The element ytterbium shows a very 

strong imaging capacity. Freedman, et al. (2014) (19) 

designed, developed, and combined the binary CT 

imaging systems of ytterbium and barium. The 

composite imaging system could offer good imaging 

effects with CT voltage ranging between 80kVp and 

140kVp, and it is adopted mainly under in vivo 

imaging (20). Yi, et al. (2014) (21) reported the 

chemical modification of polyethylene glycol to Na 

LuF4: Yb/Er, which is utilized in the contrast agents 

of fluorescence/X-ray dual-mode imaging. The 

experiment proved that nanoparticles accumulated in 

the lung of mice at first after Na LuF4: Yb /Er was 

intravenously injected into mice bodies, which caused 

the appearance of significantly enhanced signal 

shadows in the lungs firstly. After that, nanoparticles 

gradually gathered in livers and spleens and showed 

corresponding strong signal shadows. The special 

metabolic feature of this nano-imaging contrast agent 

offered a novel nano-contrast agent for CT diagnosis 

of lung diseases. Besides, the research was based on 

urea, and Yb(OH)CO3 nanoparticles were 

successfully prepared by the homogeneous 

precipitation method, which was a classical 

preparation method. Based on chemical reaction and 

intermediate reaction products, crystalline ions were 

released slowly and uniformly from the solution. 

Furthermore, precipitates were separated uniformly. 

In general, there was no immediate chemical reaction 

between the added precipitant and the precipitated 

component right away. Instead, precipitant was 

induced to form slowly throughout the solution by 

external factors. Meanwhile, particle locality as well 

as inhomogeneity, the formation of large particle size, 

serious aggregation, and wide distribution of particles 

were avoided, all of which were caused by the uneven 

concentration of ions in solution in the direct 

precipitation method. Yb(OH)CO3 nanoparticles 

prepared by the homogeneous precipitation method in 

the research were spherical with the average diameter 

being about 170nm. Besides, each Yb(OH)CO3 

nanoparticle showed a clear boundary with a smooth 

surface and excellent dispersibility. The above 

features of Yb(OH)CO3 nanoparticles proved that 

Yb(OH)CO3 nanoparticles were successfully 

prepared. To verify the non-toxicity of the prepared 

Yb(OH)CO3 nanoparticles for cells, the in vitro and 
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in vivo toxicity was studied and analyzed by MTT 

experiment and mice experiment. The results showed 

that the cell viability of Yb(OH)CO3 was still 92% 48 

hours after being processed. In addition, the mice in 

vivo experiment confirmed that the prepared 

Yb(OH)CO3 nanoparticles showed no negative 

influence on mice, which was similar to the published 

articles (22). 

The complications of CT-guided percutaneous lung 

biopsy include pneumothorax, hemorrhage, 

cardiopulmonary arrest, shock, acute cardiac 

tamponade, mediastinal emphysema and hematoma, 

air embolism, and spreading of the tumor. 

Pneumothorax is a common complication of lung 

puncture biopsy, and serious pneumothorax may 

result in ventilation-perfusion ratio abnormality and 

the incidence of respiratory failure. The accurate 

detection of pneumothorax is the prerequisite of the 

quantitative assessment of pneumothorax. Because 

pneumothorax appears on sternums with curved 

outlines and smooth areas. A dark area forms at 

thoracic walls and ribs, and it is very easy to confuse 

the dark area with other tissues in the chest. The 

changes in the shape, size and locations of 

pneumothorax are significant. As a result, missed 

diagnosis or misdiagnosis of pneumothorax as other 

diseases, such as pulmonary emphysema, pulmonary 

bulla, and inflammatory cavity, usually occurs (23). 

According to the report of related articles (24), More 

than 70 thousand pneumothorax patients are not 

properly treated every year, including missed patients 

and those diagnosed with other diseases. In China, 

missed diagnosis and misdiagnosis are also common. 

In addition, it is also difficult to diagnose some 

micropneumothorax (25). Therefore, the construction 

of pneumothorax prediction models in advance shows 

excellent preventive effects on the incidence of 

pneumothorax. Anzidei, et al. (2015) (26) proposed 

the pneumothorax risk model called modulus of 

rupture to predict pneumothorax based on multiple 

risk factors. The results showed that the model could 

well predict the risk in the incidence of the 

complications of patients receiving CT-guided 

percutaneous lung biopsy. In the research, the SVM 

method was adopted to construct pneumothorax 

prediction models, and the results demonstrated that 

the prediction accuracy of pneumothorax by SVM 

reached 88.7%, the sensitivity was 71.3%, and the 

specificity reached 100%. Besides, 40 patients with 

lung punctures were included in the research. The 

detection accuracy of CT imaging of patients in the 

observation group with Yb(OH)CO3 nanoparticles 

reached 96.7%, the sensitivity amounted to 84.3%, 

and the specificity reached 100%. The above values 

further proved that SVM could help doctors predict 

the risk in the incidence of lung puncture biopsy 

pneumothorax automatically. To conduct the 

quantitative evaluation of the different imaging results 

of patients in two groups, two indexes including MSE 

and MI were adopted as the evaluation indexes. The 

results showed that the MSE of CT contrast agents of 

Yb(OH)CO3 nanoparticles and that of conventional 

contrast agents were 14532 and 7021, respectively. 

Besides, MI of the above two contrast agents were 

0.1232 and 0.2354, respectively. The comparison 

between the two groups revealed that the differences 

showed significant meaning (P<0.05). 

 

Conclusions 

Yb(OH)CO3 nanoparticles adopted in CT imaging 

were successfully prepared based on urea in the 

research. The prepared Yb(OH)CO3 nanoparticles 

showed excellent histocompatibility and low toxicity. 

In addition, CT imaging of Yb(OH)CO3 nanoparticles 

demonstrated high accuracy in lung puncture biopsy 

pneumothorax prediction models. However, there 

were still some disadvantages. For example, whether 

the prepared Yb(OH)CO3 nanoparticles would be 

toxic to the human body if the retention time of 

Yb(OH)CO3 in vivo was long. In future research, a 

more detailed study on this issue would be carried out. 

To conclude, the research provided the reference basis 

for the adoption of Yb(OH)CO3 nanoparticles as the 

new CT contrast agents. 
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