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Abstract: The aim of this study was to compare and analyze the site-specific accuracy of mixture of lipiodol and 
methylene blue (MLM) (0.6 ml, 1:5) and pure methylene blue (0.5 ml) on the rabbit lungs. In this study, CT-guided 
percutaneous injection of MLM and methylene blue. Compare the staining degree by biopsy of lung tissue. Use 4 
points system to evaluate the site-specific accuracy at 6h and 24 h after injection. For MLM, evaluate its radiopac-
ity by radiation. When evaluate the positioning, 2 points mean acceptable, 3 points mean excellent. The results 
indicated that the staining range of MLM is obvious less than that of methylene blue (0.6 vs. 1.0 cm, P<0.01), but 
the staining capacity of MLM is higher than that of methylene blue (2.8 vs. 2.2, P = 0.01). About the staining abili-
ties which are evaluated as excellent, MLM group accounts for 81%, methylene blue group accounts for 38% (P = 
0.011). About the radiopacity which are evaluated as acceptable or excellent, MLM group accounts for 62%. With 
good direct vision, the suitable positioning rate of MLM can be 100%, which is better than that of methylene blue. 
In conclusion, percutaneous injection of MLM can be used to lung positioning. The result shows that use MLM is 
better than only using methylene blue. But it is necessary to do the investigation in human beings in order to confirm 
the feasibility of its clinical application.
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Introduction 

It is very important to find the visceral pleura 
distal small nodules which are used for posi-
tioning with the help of video assisted thoraco-
scopic surgery (VATS). The failure of positioning 
will influence the thoracoscopic resection and 
finally we will need to use the traditional tho-
racic incision [1]. At present, there are two pre-
operative positioning Method: composed by 
perspective materials or use radiopaque mate-
rial. The former includes silk thread, methylene 
blue and indocyanine green; the latter includes 
lipiodol, barium, diodone and etc. Every kind of 
material has its own advantages and disadvan-
tages. The silk thread is easily to be operated 
but it can cause aerothorax and abscission. 
Methylene blue or indigo will cause a large area 
of diffusion with the long time of operation 
which will influence the site-specific accuracy. 
We have to use radiopaque materials (barium 
or lipiodol). We need intraoperative fluoroscopy 

which will increase the operation radiation. It is 
reported that mixed material can cover the 
shortage of existing materials [2-5]. Cyanacry- 
late adhesive or the mixture of collagen and 
dyestuff can improve the dispersion of dyestuff. 
Due to the difficult manufacture and usage, it 
can’t be used widely in clinical. Lipiodol and 
methylene blue are the materials which are 
always used for positioning before operation. 
We can imagine that lipiodol can reduce the dif-
fusion of methylene blue, at the same time; it 
can increase the accuracy of positioning before 
operation with its own radiopacity. Using the 
percutaneous injection of the mixture of lipiodol 
and methylene blue needs to possess high suc-
cess rate and low incidence of complications. 
At present, there are a few feasibility reports of 
injecting MLM into human lung. This paper uses 
rabbits as model, compare the site-specific 
accuracy of MLM and pure methylene blue 
before thoracoscopic lung surgery. Thereby pro-
vides a reference and guidance for clinical prac-
tice [6, 7].
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cuted after 6 h and 24 h and 
then evaluate the effect of 
positioning. The materials of 
percutaneous injection are 
lipiodol, mixture of lipiodol 
and methylene blue (MLM) 
and pure methylene blue. The 
dosage of methylene blue  
(1% 100 mg/mL, TERA Phar- 
maceuticals, Buena Park, CA, 
USA) in Wicky and other 
experiments is 0.3-0.9 ml. In 
the preliminary experiment, 
inject 0.1 ml or 0.05 ml MLM 
or methylene blue to the 4 
animals. The result shows 
that the dosage of 0.1 ml of 
these two reagents cannot 
show the injection site clearly 
because of the extensive 
staining (> 1/2 lobi pulmonis). 
The dosage of 0.05 ml can 
stain partially (diameter is 
around 1 cm). So the ideal 
dosage is 0.05 ml. In order to 
find the ideal lipiodol (480 mg 
Iodine/mL, Andre Guerbet, 
Aulnay-sous-Bois, France) 
and the ratio of methylene 
blue. During the study, we 
make the proportion of 
reagent are 1:1, 1:2, 1:3, 1:4 
and 1:5 respectively. Because 
of fat solubility of lipiodol and 
water solubility of methylene 
blue. They become stratified 
immediately when they mix 
up. Especially the high con-
centration of lipiodol makes 
the mixture is uneven and 
rapid stratification. The ratio 
is lower than 1:6 which makes 
poor perspective effect. Fi- 
nally, we adopt the mixture of 
lipiodol and methylene blue 

Materials and methods

Prepare for animal 

Twenty-four New Zealand rabbits are divided 
into group A and group B randomly. We treat 
these animals with percutaneous injection of 
MLM and methylene blue at different parts of 
the lung. The two groups of animals will be exe-

with the ratio of 1:5, the total amount is 0.06 
ml.

CT-guided percutaneous injection

Before operating, using CT scanning (Brilliance 
TM CT, Philips Brilliance, Holland) to determine 
the appropriate position of the needle. The 
ideal position is both sides of the base of the 

Figure 1. Staining evaluation of lung tissue surface. A. Extensive staining 
(1 point). B. Local disperses staining (2 points). C. Ideal staining (3 points).

Figure 2. Perspective assessment. A. Barely visible radiopaque area (1 
point). B. Acceptable signal strength but a little bit weak (2 points). C. Excel-
lent, nodules radiopacity is well (3 points).
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caudal lobe which is close to the scapula line. 
We try to fix the needle under visceral pleura 5 
mm to avoid passing through pulmonary vascu-
lar. The scanning parameters which used by CT 
are 120 kV tube voltage, 25 mA tube current, 2 
mm slice thickness and 350 ms screw speed. 
Put the needle in the ideal position after with-
drawing without blood. Remove the needle 
after injecting reagent. In the CT image, we 
measure the distance from needle point to nee-
dle head and the distance from visceral pleura 
to needle head. At the same time, we record 

the related complications, such as the leakage 
of injection material, aerothorax and etc, includ-
ing dispersion degree of MLM, shape and the 
density of radiopacity. The dispersion degree is 
the largest diameter of radiopaque area. The 
shape is defined as 3 classes (the weak signal 
of small nodules, scattered nodules and high 
density nodules separation).

X-ray detection 

Do the X-ray perspective detection at 6 h and 
24 h after injecting group A and group B respec-

Figure 3. CT and results of the corresponding lung section. A-D. Represents MLM in group B. A. Coalescing nodules 
(arrowheads). B. Local infiltration of neutrophils, necrosis (arrowheads). C. Scattered lipid nodules (the long arrows). 
D. Local hemorrhage necrosis with infiltration of neutrophils (the short arrows). E, F. Represents MLM in group A. E. 
The weak lipid nodules signal. F. Local bleeding. G, H. Represents methylene blue in group A. G. Weak nodule signal. 
H. Local infiltration of neutrophils, necrosis (arrowheads).

Table 1. Comparison of staining degree and positioning capacity between MLM and methylene blue. 
N/A means no related data or no statistical differences
Item compared Group MLM Methylene blue P value
Staining degree of fresh lung tissue cm A (n = 11) 0.5 ± 0.3 (0.1-1.2) 0.8 ± 0.3 (0.4-1.4) 0.580

B (n = 10) 0.6 ± 0.3 (0.3-1.1) 1.2 ± 0.4 (0.7-2.0) 0.001
Total 0.6 ± 0.3 (0.1-1.2) 1.0 ± 0.4 (0.4-2.0) <0.001

Staining score of fresh lung tissue surface A (n = 11) 2.9 ± 0.3 (2-3) 2.5 ± 0.5 (2-3) 0.020
B (n = 10) 2.6 ± 0.7 (1-3) 2.0 ± 0.8 (1-3) 0.100

Total 2.8 ± 0.5 (1-3) 2.2 ± 0.7 (1-3) 0.010
Preliminary perspective radiopacity score A (n = 11) 1.8 ± 1.3 (0-3) N/A N/A

B (n = 10) 2.2 ± 1.2 (0-3) N/A N/A
Total 2.0 ± 1.2 (0-3) N/A N/A

Late perspective radiopacity score A (n = 11) 1.8 ± 1.3 (0-3) N/A N/A
B (n = 10) 2.0 ± 1.3 (0-3) N/A N/A

Total 1.9 ± 1.2 (0-3) N/A N/A
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tively. Then record the radiation parameters of 
relevant size and shape of MLM.

Staining and radiopacity analysis

Assess fresh lung tissue staining under direct 
vision and use 4 points system to evaluate radi-
opacity results of MLM radioexmination. Com- 
pare the positioning features of MLM and pure 
methylene blue. The assessor has no idea 
about grouping situation. Use 4 points system 
to evaluate staining quality of the fresh lung tis-
sue in the picture before being fixed by forma-
lin. 0 means no staining, 1 means barely visible 
radiopaque area, 2 means acceptable signal 
strength but a little bit weak, 3 means excel-
lent, nodular radiopacity is well. Then the initial 
and later data of these two groups were com-
pared. (Figures 1, 2).

Tissue examination

Take out both sides of the lungs of animals as 
samples. Use 10% neutral formalin to fix and 
use ceresin wax to embed. Use photos to record 
the slices after being stained the surface (thick-
ness is about 5 um). Four axial slices cover the 
center of stained area which is assessed the 
changes in the lung by HE staining. Evaluate 
the infiltration of neutrophils, vasculitis, necro-

sis, haemorrhage and foam cells in pulmonary 
alveoli. According to under direct vision of the 
scoring to evaluate the degree of pathological 
changes: 0 (none), 1 (part), 2 (diffusion). Local 
substantive change of surrounding normal lung 
tissue (<50% the whole area) is defined as focal 
change. Extensive changes in the lung paren-
chyma (≥50% the whole area) replace the nor-
mal tissue is defined as diffusion. The physi-
cian who has rich experience will read all the 
pathological sections. We will get the overall 
change level of pulmonary parenchyma by the 
sum of scoring under direct vision and compare 
MLM group and methylene blue group.

Data analysis

Using SPSS 20.0 (IBM Corp. in Armonk, NY, 
USA) to record and analyze all the data. The 
data are obtained from average value ± stan-
dard deviation. Comparisons between groups 
are tested by Student’s t-test or Mann-Whitney. 
Do the linear correlation analysis of the extent 
of changes in the lung parenchyma and the 
injection material. P<0.05 is defined as the 
results have statistical significance.

Results

Features of animals, operation record, the 
injection and detection time interval

In 24 animals, there are 21 animals (11 in 
group A, 10 in group B) receive local injection of 
percutaneous lung tissue for positioning with 
the assistance of CT successfully and 3 ani-
mals died of anesthesia. The middleweight of 
group A and group B are 3.2 ± 0.2 kg and 3.3 ± 
0.2 kg respectively. The distance from visceral 
pleura to needle tip in MLM group is 0.4 ± 0.1 
cm (range: 0.3-0.6cm), methylene blue group is 
0.4 ± 0.1 cm (range: 0.3-0.7 cm) (P = 0.43). The 

Table 2. Evaluation of staining and radiopacity positioning capability of MLM and methylene blue

Evaluation item Group Reagent
Score

0 1 2 3
Resect lung tissue surface staining positioning capability rating A (n = 22) MLM 0 0 1 (9) 10(91)

Methylene blue 0 0 6 (55) 5 (46)

B (n = 20) MLM 0 1 (10) 2 (20) 7 (70)

Methylene blue 0 3 (30) 4 (40) 3 (30)

Resected lung tissue surface radiopacity positioning capability score A (n = 11) Starting time 2 (18) 3 (7) 1 (9) 5 (46)

6 h 2 (18) 3 (27) 1 (9) 5 (46)

B (n = 10) Starting time 2 (20) 0 2 (20) 6 (60)

24 h 2 (20) 1 (10) 2 (20) 5 (50)

Table 3. Comparison of the overall positioning 
capability between MLM and methylene blue (n 
= 42)

Item compared Reagent Cases 
number

P 
value

Suitable for staining MLM 20 (95) 0.606
Methylene blue 18 (86)

Excellent staining MLM 17 (81) 0.011
Methylene blue 8 (38)
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distance from the point of puncture to the tip 
position of the two groups are 2.8 ± 0.6 cm 
(range: 2.1-5.0 cm) and 2.8 ± 0.3 cm (range: 
2.2-3.5 cm) (P = 0.83) respectively. Forty-two 
times of puncturing under the guidance of CT, 
there are 10 cases (24%) appear operation 
related complications, 7 cases (all in MLM 
group) leak and 3 cases appear aerothorax (2 
cases in MLM group, 1 case in methylene blue 
group). The incidence rate of complications for 
injecting MLM is significantly higher than meth-
ylene blue group (43% vs. 5%, P = 0.004).

CT and results of the corresponding lung sec-
tion

Using CT image to inspect, the radiopaque 
range of MLM in group A is 1.3 ± 0.4 cm (range, 
0.7-2.0 cm); group B is 0.6 ± 0.3 cm (range, 0.3-
1.1 cm). There are 15 animals (72%) appearing 
scattered dense nodules, 3 animals (14%) only 
appear scattered nodules, 3 (14%) animals 
appear weak nodules. The average value of 
radiopaque value for MLM group is 1415 ± 856 
HU (range, 307-2768HU). The injection and exe-
cution time interval for group A is 7.9 ± 0.1 h 
(7.8-8.0 h), group B is 23.5 ± 0.1 h (23.4-23.7 

h). The radiographic fluoroscopy time of being 
injecting to the first time and later stage for 
group A are 3.4 ± 0.5 h (2.5-4.2 h), 6.8 ± 0.4 h 
(6.3-7.7 h), for group B are 1.5 ± 0.4 h (0.9-2.1 
h), 22.6 ± 0.4 h (21.9-23.2 h) (Figure 3).

Evaluation, staining and radiopaque range

Table 1 describes the staining range and the 
positioning features of MLM and methylene 
blue. The staining range of MLM group is obvi-
ously less than that of methylene blue group 
(0.6 cm vs. 1.0 cm, P<0.001). Staining capacity 
scores of MLM is significantly higher than that 
of methylene blue group (2.8 vs. 2.2, P = 0.01). 
There is no obvious difference between the 
radiopacity in initial stage and later stage (2.0 
vs. 1.9, P = 0.49). Table 2 shows each score 
corresponds to the number of animals. The 
appropriate staining rate of MLM and methy-
lene blue in group A are all 100%, while in group 
B are 90% and 70% respectively. There is  
no statistical difference between appropriate 
staining of MLM and methylene blue (95% vs. 
86%, P = 0.61). While the excellent staining 
rate of MLM group is much higher than that of 
methylene blue group (81% vs. 38%, P = 0.011) 
(Table 3). Table 4 shows the positioning ability 

Table 4. Positioning capability of MLM, radiopacity and staining score

Evaluation item
Late fluoroscopy radiopacity

Score 0 1 2 3 Total
Surface staining of resected lung tissue 0 0 0 0 0 0

1 0 0 0 1 1 (5)
2 2 1 0 0 3 (14)
3 2 3 3 9 17 (81)

Total 4 (19) 4 (19) 3 (14) 10 (48) 21(100)

Table 5. Pathological examination for lung tissue after percutaneous injection

Feature Reagent
Group A Group B

P 
valueCase 

number
Local 

extension Diffusion P 
value

Case 
number

Local 
extension Diffusion P 

value
The infiltration of neutrophils MLM 0 4 (36) 7 (64) 1.000 0 9 (90) 9 (90) 1.000 0.167

Methylene blue 1 (9) 2 (18) 8 (73) 0 9 (90) 9 (90) 0.268

Nodular vasculitis MLM 11 (100) 0 0 N/A 3 (30) 3 (30) 3 (30) 0.533 0.002

Methylene blue 11 (100) 0 0 3 (30) 1 (10) 1 (10) 0.002

Necrosis MLM 1 (9) 9 (82) 1 (9) 0.570 0 4 (40) 4 (40) 1.000 0.074

Methylene blue 0 10 (91) 1 (9) 0 4 (40) 4 (40) 0.105

Haemorrhage MLM 0 10 (91) 1 (9) 0.544 0 2 (20) 2 (20) 0.342 0.486

Methylene blue 0 9 (82) 2 (18) 0 4 (40) 4 (40) 0.281

Foam cells in alveolar MLM 0 11 (100) 0 N/A 0 1 (10) 1 (10) 1.000 0.294

Methylene blue 0 11 (100) 0 0 1 (10) 1 (10) 0.294
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if MLM. No animal score of radiopacity and 
staining ≤1 point. In 21 animals, appropriate 
staining of MLM and radiopacity reach 100%.

Pathologic examination

Table 5 shows MLM group and methylene blue 
group have acute pulmonary parenchymal 
changes in all lung tissue samples, including 
the infiltration of neutrophils, haemorrhage, 
foam cells in alveolar and etc. The number of 
samples that appear this change for the two 
groups are almost the same. The dispersion 
number of group B is higher than that of group 
A. There is no obvious association among the 
degree of pathological changes, types of 
reagents and histopathological features (Table 
5). Vasculitis in all pathological changes is 
related with grouping situation (P values are all 
0.002). It is easier to appear vasculitis in group 
A (P = 0.001). About the overall changes in the 
lung parenchyma, the differences between 
MLM group and methylene blue group is not 
obvious (5.6 ± 1.6 vs. 5.7 ± 1.5, P = 0.839), but 
the value of group B is much higher than that of 
group A (6.6 ± 1.6 vs. 4.7 ± 0.9, P = 0.005) 
(Figure 3).

Discussion

This study has initially confirmed that MLM is 
percutaneous injection of reagents which can 
achieve the positioning for lungs. The average 
staining score of MLM is significantly higher 
than methylene blue group. About staining, the 
proper positioning rate (acceptable or excel-
lent) of MLM group is 95%. Some previous stud-
ies have confirmed that the positioning accu-
rate rate of lipiodol is 99%-100%. The result is 
basically the same with this study. While the 
proper positioning rate of methylene blue group 
is only 86% which is obviously different with the 
reported result 96%-100%. But generally, the 
acceptable staining rate of MLM and methy-
lene blue is no significant difference. While the 
staining positioning excellent rates of MLM is 
81% which is obviously higher than methylene 
blue group 38%. The result shows that lipiodol 
can limit the diffusion of methylene blue. This 
study first proved that the characteristic of 
using MLM to do percutaneous injection of lung 
positioning is better than only use methylene 
blue. 

The complication rate of MLM and methylene 
blue are 3% and 5% respectively. The potential 
complications of lungs positioning by percuta-
neous injection include aerothorax, leakage, 
haemorrhage, hemoptysis, haemothorax, thro- 
mbus and etc. It is reported that the incident 
rate of complications of lipiodol and methylene 
blue are 17-29% and 33% respectively [8]. In 
this study, the incident rate of complications by 
using MLM is higher. Mainly because MLM 
leaks into the pleural cavity (9 cases). It may be 
that the distance between pleura and needle 
tip is inappropriate. In previous study of lipiodol 
positioning, the distance between pleura and 
the target nodule is 1.0-1.9 cm which is nearly 
2 times of the distance in this study. So the inci-
dent of complications may relate with opera-
tions instead of MLM.

The diffusion of methylene blue in the whole 
lung always causes the wide excision of unnec-
essary tissue during the operation. Other stud-
ies show that the failure rate of using methy-
lene blue is nearly 0%-13% which is consistent 
with the results of this study (14%). The diffu-
sion of methylene blue in the lung is obvious 
less than that in pure methylene blue group. 
The result shows that lipiodol can limit the dis-
semination of methylene blue in lung tissue.

Radiopacity assessment results show that 38% 
MLM reagent present no under direct vision or 
slight perspective signal. That means the dos-
age of lipiodol is not enough. CT image shows 3 
animals have minor radiation impermeable sig-
nal after injecting MLM which means the mix of 
lipiodol and methylene blue is uneven. The fat-
soluble of lipiodol and water-solubility of methy-
lene blue cause the mechanical mixing uneven. 
So the further study on reducing the anisotropy 
of MLM is necessary.

Some studies show that use the mixture of 
methylene blue and collagen or autoblood to fix 
position [9, 10]. Then do the endoscopic resec-
tion operation after positioning. In this study, 
we estimate the positioning performance of 
MLM at 6 h and 24 h after injection. In the clini-
cal practice, operation and fixed position can 
be done on the same day. But CT examination 
and operation are needed at the same time 
which is always difficult to achieve. Some stud-
ies arrange the operation in the second day 
after positioning. MLM shows the fixed position 
feature of extension of time in staining and 
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radio-opacity. And its positioning stability is one 
of the most important advantages. But there 
are also corresponding disadvantages, such as 
undermixing, producing radiation and etc. 
[11-13].

Histopathologic examination shows that MLM 
and methylene blue can cause acute pulmo-
nary parenchyma injury, including the infiltra-
tion of neutrophils, nodular vasculitis, necrosis, 
haemorrhage, lung bubble foam cells and etc. 
The result is consistent with Kwon and other 
studies which confirm that lipiodol can cause 
acute lung injury. At the same time, the lung 
injury severity score show that there is no obvi-
ous difference between MLM and methylene 
blue. That mans MLM and methylene blue on 
the pulmonary parenchyma image are basically 
the same. The injury severity score of group B is 
obviously higher than that of group B. At the 
same time, the lung parenchyma injury is relat-
ed with time interval. 

Some animal experiments report that the acute 
lung injury which is caused by percutaneous 
injection of lipiodol and methylene blue. But the 
side effect of acute lung injury is still unclear 
[14, 15]. Pathological diagnosis can inject the 
barium reagent due to acute inflammation 
which can cause target lesion complexity. At 
present, there is no study confirm that lipiodol 
and methylene blue can hinder pathologic diag-
nosis of target lesion. Generally speaking, 
inject a small amount of reagent into human 
lung can not cause serious substantive change 
or destroy the potential lung disease. But the 
direct injection of target lesion should be avoid 
(such as ground glass opacity nodules, poten-
tial benign lesions and etc) to prevent the 
induction of adverse reactions [16-18].

In conclusion, percutaneous injection of MLM 
can be used to lung positioning. The result 
shows that using MLM is better than only using 
methylene blue. But it is necessary to do the 
investigation in human beings in order to con-
firm the feasibility of its clinical application.

Disclosure of conflict of interest

None

Address correspondence to: Dr. Hua-Long Yu, 
Department of Radiology, Affiliated Hospital of 
Qingdao University, Qingdao University, 59 Haier 
Road, Qingdao 266101, Shandong, People’s 

Republic of China. Tel: +86-532-82913093; Fax: 
+86-532-82913093; E-mail: yuhualll@yeah.net

References

[1] Chen S, Zhou J, Zhang J, Hu H, Luo X, Zhang Y, 
Chen H. Video-assisted thoracoscopic solitary 
pulmonary nodule resection after CT-guided  
hookwire localization: 43 cases report and lit-
erature review. Surg Endosc 2011; 25: 1723-
1729.

[2] Yi L, Cheng D, Shi H, Zhang K, Liao Y, Ao Q, 
Zhen G. Pulmonary epithelioid hemangioendo- 
thelioma coexisting with pulmonary nodular 
amyloidosis: case discussion and review of the 
literature. Int J Clin Exp Med 2014; 7: 1891-
1897.

[3] Suzuki K, Nagai K, Yoshida J, Ohmatsu H, 
Takahashi K, Nishimura M, Nishiwaki Y. Video-
assisted thoracoscopic surgery for small inde-
terminate pulmonary nodules: indications for 
preoperative marking. Chest 1999; 115: 563-
568.

[4] Seo JM, Lee HY, Kim HK, Choi YS, Kim J, Shim 
YM, Lee KS. Factors determining successful 
computed tomography-guided localization of 
lung nodules. J Thorac Cardiovasc Surg 2012; 
143: 809-814.

[5] Pittet O, Christodoulou M, Pezzetta E, Schmidt 
S, Schnyder P, Ris HB. Video-assisted thoraco-
scopic resection of a small pulmonary nodule 
after computed tomography-guided localiza-
tion with a hook-wire system. Experience in 45 
consecutive patients. World J Surg 2007; 31: 
575-578.

[6] Chen W, Chen L, Yang S, Chen Z, Qian G, Zhang 
S, Jing J. A novel technique for localization of 
small pulmonary nodules. Chest 2007; 131: 
1526-1531.

[7] Martin AE, Chen JY, Muratore CS, Mayo-Smith 
WW, Luks FI. Dual localization technique for 
thoracoscopic resection of lung lesions in 
children[J]. J Laparoendosc Adv Surg Tech A 
2009; 19 Suppl 1: S161-S164.

[8] Kawanaka K, Nomori H, Mori T,Ikeda K, 
Tomiguchi S, Yamashita Y. Marking of small 
pulmonary nodules before thoracoscopic re-
section: injection of lipiodol under CT-
fluoroscopic guidance. Acad Radiol 2009;16: 
39-45.

[9] Iwasaki Y, Nagata K, Yuba T, Hosoqi S, Kohno 
K, Ohsugi S, Kuwahara H, Takemura Y, 
Yokomura I. Fluoroscopy-guided barium 
marking for localizing small pulmonary lesions 
before video-assisted thoracic surgery. Respir 
Med 2005; 99: 285-289.

[10] Nomori H, Horio H. Colored collagen is a long-
lasting point marker for small pulmonary nod-
ules in thoracoscopic operations. Ann Thorac 
Surg 1996; 61: 1070-1073.

mailto:yuhualll@yeah.net


Effect of MLM on thoracoscopic preoperative positioning

7576 Int J Clin Exp Med 2015;8(5):7569-7576

[11] Mcconnell PI, Feola GP, Meyers RL. Methylene 
blue-stained autologous blood for needle local-
ization and thoracoscopic resection of deep 
pulmonary nodules. J Pediatr Surg 2002; 37: 
1729-1731.

[12] Hu J, Zhang C, Sun L. Localization of small pul-
monary nodules for videothoracoscopic sur-
gery. ANZ J Surg 2006; 76: 649-651.

[13] Ikeda K, Nomori H, Mori T, Kobayashi H, Iwatani 
K, Yoshimoto K, Kawanaka K. Impalpable 
pulmonary nodules with ground-glass opacity: 
Success for making pathologic sections with 
preoperative marking by lipiodol. Chest 2007; 
131: 502-506.

[14] Watanabe K, Nomori H, Ohtsuka T, Kaji M, 
Naruke T, Suemasu K. Usefulness and 
complications of computed tomography-
guided lipiodol marking for fluoroscopy-
assisted thoracoscopic resection of small 
pulmonary nodules: experience with 174 
nodules. J Thorac Cardiovasc Surg 2006; 132: 
320-324.

[15] Mayo JR, Clifton JC, Powell Ti, English JC, Evans 
KG, Yee J, McWilliams AM, Lam SC, Finley RJ. 
Lung nodules: CT-guided placement of mi-
crocoils to direct video-assisted thoracoscopic 
surgical resection. Radiology 2009; 250: 576-
585.

[16] Lee NK, Park CM, Kang CH, Jeon YK, Lee HJ, 
Goo JM. CT-guided percutaneous transthoracic 
localization of pulmonary nodules prior to vid-
eo-assisted thoracoscopic surgery using bari-
um suspension. Korean J Radiol 2012; 13: 
694-701.

[17] Okumura T, Kondo H, Suzuki K, Asamura H, 
Kobayashi T, Kaneko M, Tsuchiya R. 
Fluoroscopy-assisted thoracoscopic surgery 
after computed tomography-guided broncho-
scopic barium marking. Ann Thorac Surg 
2001; 71: 439-442.

[18] Ou J, Lei X, Fu Z, Huang Y, Liu E, Luo Z, Peng D. 
Pulmonary sequestration in children: a clinical 
analysis of 48 cases. Int J Clin Exp Med 2014; 
7: 1355-1365.


