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INTRODUCTION

As the sentinel lymph node is most likely to be the 
initial site of regional node metastases, the possibility of 
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metastases in other lymph nodes are very unlikely when the 
sentinel node is negative for metastasis (1). Sentinel node 
navigation surgery with radiocolloid or vital dye injection 
has been widely used as an alternate, less-invasive surgical 
procedure to traditional wide lymph node dissection for 
early stage breast cancer, malignant melanoma, and early 
gastric cancer (1-7). Recently, some investigators reported 
that computed tomography (CT) lymphography using a 
water soluble contrast agent could visualize lymphatic 
drainage pathways from the primary tumor to sentinel nodes 
and provide detailed anatomy of the sentinel node based on 
CT images (8-13). However, since the water soluble contrast 
agent, iopamidol, rapidly enhances lymph nodes and washes 
out of lymph nodes, the optimal time window for sentinel 
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node detection is very short and the resected sentinel nodes 
cannot be directly matched with the detected nodes on CT 
(8-13).

Ethiodized oil (Lipiodol Ultra-Fluid; Andre Guerbet, 
Aulnay-sous-Bois, France) has been used for conventional 
lymphography owing to their characteristic of preferential 
passage along lymphatics and retention in lymph nodes. Kim 
et al. (14) demonstrated the feasibility of CT lymphography 
using ethiodized oil for sentinel node mapping in patients 
with early gastric cancer. After peritumoral submucosal 
injection of ethiodized oil, CT could successfully visualize 
sentinel nodes with ethiodized oil retention. However, the 
feasibility of CT lymphography with peritumoral injection of 
ethiodized oil for soft tissue tumor including breast cancer 
and soft tissue sarcoma has not been demonstrated. VX2 
tumor has been used to study the behaviors of various soft 
tissue tumors, including bone tumor, soft tissue sarcoma 
(15) and breast cancer (16) in rabbit models. Thus, the 
purpose of this experimental study was to assess the 
feasibility of interstitial CT lymphography using ethiodized 
oil for sentinel node mapping of experimentally induced VX2 
carcinoma in the rabbit thigh.

MATERIALS AND METHODS

Pilot Study for the Establishment of Experimental Model 
and CT Lymphography

Approval for this study was obtained from the animal 
use and care administrative advisory committee of our 
institution. All experiments were conducted in accordance 
with the general guidelines issued by the National Institutes 
of Health for the care of laboratory animals. 

The pilot study for CT lymphography and identification 
of sentinel node was performed in two adult New Zealand 
white rabbits weighing between 3.0 to 3.5 kg. The animals 
were sedated with an intravenous injection of a mixed 
solution of ketamine hydrochloride (50 mg per kg of body 
weight, Ketalar; Yuhan Yanghaeng, Seoul, Korea) and 2% 
xylazine hydrochloride (0.1 mL per kg of body weight, 
Rompun; Bayer, Seoul, Korea). Tumor implantation was 
performed with an aseptic technique; VX2 carcinoma 
was inoculated in the muscle at the right upper thigh by 
injecting 0.5 mL of tumor suspension with an 18-gauge 
needle. The experimental VX2 carcinoma was prepared 
in a manner reported previously (17). Tumor growth was 
monitored by ultrasonography (HDI-3000; Advanced 
Technology Laboratories, Bothel, WA, USA) with a 10-5-

MHz linear transducer. VX2 carcinoma nodules were allowed 
to grow to larger than 2.5 cm in diameter, which typically 
required 14 to 20 days, before CT examination. 

For CT imaging, the rabbits were fixed in a supine position 
on a board made of rigid paper. The CT examinations 
were performed by using a multidetector row CT scanner 
(Lightspeed Ultra; GE Medical Systems, Milwaukee, WI, 
USA). Before peritumoral injection of ethiodized oil (Lipiodol 
Ultra-Fluid; Andre Guerbet, Aulnay-sous-Bois, France), 
noncontrast CT images (pre-injection CT) were obtained 
with a scan coverage from the diaphragm to the knee joint, 
in order to distinguish the nodal uptake of ethiodized oil 
from pre-existing nodal or vascular calcification. Helical 
scan data were acquired using 8 x 1.25 mm collimation, a 
rotation speed of 0.5 seconds, a table speed of 13.5 mm/
rotation, 120 kVp, and 200 effective mAs. A reconstruction 
section thickness of 2.5 mm and a reconstruction interval 
of 1.25 mm were used. After obtaining the pre-injection CT, 
peritumoral ethiodized oil injection was performed under 
ultrasonographic guidance. In the first rabbit, a total of 
1 mL of ethiodized oil was injected into four peritumoral 
areas (upper; lower; right; left) with a 24-gauge needle 
attached to 5-mL volume syringe. In the second rabbit, 
a total of 2 mL of ethiodized oil was injected into the 
four peritumoral areas. After ethiodized oil injection, the 
injection sites were gently massaged for one to two minutes 
in order to facilitate the migration of the ethiodized oil 
to the draining nodes (8). Post-injection noncontrast CT 
images with the same protocol for pre-injection CT were 
obtained at 30 minutes and 1 hour after ethiodized oil 
injection. The nodular or curvilinear foci of ethiodized oil 
retention were only shown in the right femoroiliac nodes 
of the second rabbit. After obtaining post-injection CT, 
sentinel node identification was attempted. After making 
a long incision from the epigastric area to the right thigh, 
methylene blue was injected into the same four peritumoral 
areas as ethiodized oil injection. A total of 1 mL and 2 mL 
of methylene blue was injected in the first and the second 
rabbit, respectively. After 10 minutes, the right femoroiliac 
nodes began to be blue-stained only in the second rabbit. 
Therefore, we decided to inject a total of 2 mL of ethiodized 
oil and methylene blue, respectively, for the main study.

Main Study of Experimental Model and CT Lymphography
A total of 23 adult New Zealand white rabbits weighing 

between 3.0 to 3.5 kg were used. The animals were 
prepared in the same manner as the pilot study for 
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sedation, VX2 carcinoma inoculation and the acquisition of 
CT images. Under ultrasonographic guidance, a total of 2 mL 
of ethiodized oil was injected into four peritumoral areas 
(upper; lower; right; left) with a 24-gauge needle attached 
to a 5-mL volume syringe. The volume of ethiodized oil 
was equally divided into these four injection sites. After 
injection of the ethiodized oil, the injection sites were 
gently massaged for one to two minutes in order to 
facilitate the migration of the ethiodized oil to the draining 
nodes (8). Post-injection noncontrast CT images with the 
same protocol for pre-injection CT were obtained at 1 
(post-1h CT) and 2 hours (post-2h CT) after ethiodized oil 
injection. 

 
Identification and Resection of Sentinel Nodes

After post-2h CT examination, a total of 2 mL of 1% 
methylene blue was injected into the same four peritumoral 
areas as ethiodized oil injection, followed by one to 
two minutes of gentle massage at the injection site. 
Sentinel node biopsy was begun within 10 to 15 minutes 
after methylene blue injection (2, 18, 19). After a long 
incision from the epigastric area to the right thigh was 
made, sentinel nodes were identified by tracing the blue-
stained lymphatics that were draining to the blue-stained 
nodes. Following the identification of blue-stained nodes, 
all animals were euthanized by using a rapid intravenous 
injection of a lethal amount of sodium thiopental 
(Pentothal; Choong Wae Pharmacy, Seoul, Korea), and the 
right femoroiliac region including the blue-stained nodes 
was resected. A soft X-ray radiographic unit (Faxitron 
43805N; Hewlett-Packard, Sunnyvale, CA, USA) and X-Omat 
V film (Kodak, Rochester, NY, USA) were used to perform 
specimen radiography for the removed lymphatic basin. 
Radiographs of the specimens were obtained with technical 
parameters of 25 kVp, 3 mA, and 3-4-minute exposure. 
After radiographic examination, the blue-stained lymph 
nodes and other non-stained nodes were extirpated from 
the lymphatic basin; then, other lymph nodes were removed 
to the paraaortic area. The number and the location of the 
identified nodes were recorded. All removed lymph nodes 
were submitted as frozen section for lipid (Oil-Red-O) 
staining and hematoxylin-eosin staining at 2-mm interval 
section.

Image Analysis
Computed tomography image datasets were transferred 

into a workstation (Rapidia; INFINITT, Seoul, Korea) and 

reviewed by two radiologists in consensus. The lymph 
node containing nodular or curvilinear high attenuation 
foci was regarded as the ethiodized oil retention node on 
post-injection CT. The number and location of ethiodized 
oil retention nodes were recorded. According to the 
location, the ethiodized oil retention nodes were labeled 
in alphabetical order along the craniocaudal direction. 
The quantitative analysis included the measurement of the 
attenuation value in Hounsfield units (HU) of each lymph 
node containing ethiodized oil. The attenuation value 
was measured on the transverse images of pre-injection 
and two sets of post-injection CT at a window width and 
level setting of 400 HU and 20 HU, respectively. For the 
attenuation measurement, circular regions-of-interest (ROI) 
were manually drawn by consensus of the two reviewers 
in each ethiodized oil retention node identified on either 
post-1h or post-2h CT while the area of ROI was adapted 
to encompass as much of the ethiodized oil retention node 
as possible. On the same animal, the size and location of 
the ROI were kept constant for measurement at different 
time points. On the radiography of the removed lymphatic 
basin, a nodular structure with high attenuation foci was 
regarded as the ethiodized oil retention node. The number 
and the location of lymph nodes detected on radiography 
were recorded in the same manner as with the CT images. 
The number and the location of ethiodized oil retention 
nodes from CT images were compared to those from sentinel 
node mapping after methylene blue injection and from the 
radiographic images of the specimen.

Histologic Analysis
The histologic sections for removed lymph nodes were 

reviewed by a pathologist. In the lipid (Oil-Red-O)-stained 
section, the presence and location of ethiodized oil were 
determined. For the hematoxylin-eosin-stained sections, the 
presence of metastatic tumor was identified. 

Data Analysis
The sentinel node detection rate of CT lymphography 

was defined as the number of lymph nodes detected by CT 
lymphography divided by the number of methylene blue-
stained nodes. A failure of CT lymphography in identifying a 
sentinel node was defined as the absence of tumor cells in 
the sentinel node (negative sentinel node) while other non-
sentinel nodes harbored tumor cells in certain rabbits (14). 
Based on the histologic examination of the removed lymph 
nodes, the sentinel node detection rate and the number of 
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cases in which CT lymphography failed to identify a sentinel 
node were assessed. The significance of the difference in 
attenuation values among pre-injection, post-1h and 2h CT 
images was assessed by using repeated measures analysis of 
variance with a Greenhouse-Geisser correction and post hoc 
tests using the Bonferroni correction. IBM SPSS Statistics 
version 20 (IBM, Armonk, NY, USA) was used to analyze 
the data. A p-value < 0.05 was considered to indicate a 
statistically significant difference.

RESULTS

Interstitial CT Lymphography and Radiography
There were no high attenuation foci such as calcification 

within the lymph nodes on pre-injection CT images. The 
nodular or curvilinear foci of ethiodized oil retention were 
shown in 46 right femoroiliac nodes of 20 rabbits (range, 
1-3 nodes/rabbit; mean ± standard deviation [SD], 2.3 ± 0.8) 
on post-1h CT images and 53 nodes of 23 rabbits (range, 
1-4 nodes/rabbit; mean ± SD, 2.3 ± 0.8) on post-2h CT 
images. In all 23 rabbits, a total of 52 blue-stained sentinel 

nodes (range, 1-3 nodes/rabbit; mean ± SD, 2.3 ± 0.8) were 
successfully identified after methylene blue injection. All 
blue-stained nodes were located at the right femoroiliac 
region. On the specimen radiography of the removed 
specimen, a total of 66 lymph nodes (range, 1-4 nodes/
rabbit; mean ± SD, 2.9 ± 0.6) were detected at the right 
femoroiliac region. Among them, 53 lymph nodes (range, 
1-4 nodes/rabbit; mean ± SD, 2.3 ± 0.8) demonstrated 
nodular or curvilinear ethiodized oil retention. The 
ethiodized oil retention nodes on the radiography of blue-
stained basin were well matched with those on post-
injection CT images. Among 52 blue-stained lymph nodes, 
50 lymph nodes showed ethiodized oil retention on 
radiography. CT lymphography demonstrated three additional 
ethiodized oil retention nodes without methylene blue 
uptake. Therefore, the sentinel node detection rate for blue-
stained sentinel nodes by CT lymphography was 96% (50 
of 52 blue stained nodes) (Fig. 1). The mean attenuation 
values of the ethiodized oil retention nodes in HU were 
42.2 ± 4.9 HU (95% confidence interval [CI], 40.9 to 43.5; 
range, 33.8-57.3) on pre-injection CT images, 70.3 ± 32.8 

A B C

D E
Fig. 1. CT lymphography after ethiodized oil injection at peritumoral area in rabbit thigh.
A, B. Noncontrast CT images obtained 1 (A) and 2 (B) hours after ethiodized oil injection show nodular high attenuation areas (arrows), 
suggesting ethiodized oil retention in right femoroiliac lymph nodes. C. Photography obtained after resection of blue-stained lymphatic basin 
shows blue-stained lymph nodes (arrows). D. Specimen radiography shows ethiodized oil retention (arrows) in blue-stained lymph nodes. E. 
Photomicrography of removed node demonstrates intranodal lipid droplets (red droplets, arrows), indicating intra-nodal ethiodized oil retention 
(Oil-Red-O stain; original magnification, x 40).
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HU (95% CI, 61.7 to 78.8; range, 41.6-200.4) on post-1h 
CT images, and 144.7 ± 76.1 HU (95% CI, 124.9 to 164.5; 
range, 59-407.5) on post-2h CT images. The attenuation 
values on CT images differed according to the time points 
with statistical significance (F [1.248, 72.384] = 90.979, p 
< 0.0005). Post hoc tests using the Bonferroni correction 
revealed that the differences of CT attenuation values 
between all three pairs of time points were statistically 
significant (p < 0.0005, respectively) (Fig. 2). 

Histologic Findings 
The flow diagram of the histologic findings of retrieved 

lymph nodes is depicted in Figure 3. A total of 103 lymph 
nodes (range, 3-6 nodes/rabbits; mean ± SD, 4.5 ± 0.7) 
were retrieved from 23 rabbits. Among them, 68 lymph 
nodes (range, 2-4 nodes/rabbit; mean ± SD, 3.0 ± 0.5) 
were obtained from blue-stained lymphatic basin in the 
right femoroiliac area and other 35 lymph nodes were 
from other areas of 23 rabbits. Metastasis was found in 32 
lymph nodes of 17 rabbits (range, 1-4 nodes/rabbit; mean 
± SD, 1.9 ± 0.9). Of these 32 metastatic nodes, 28 nodes 
(range, 1-3 nodes/rabbit; mean ± SD, 1.7 ± 0.6) were found 
in the retrieved sentinel basin of 17 rabbits while the 
remaining four metastatic nodes were detected in non-blue 
stained basin of four rabbits. Of the 28 sentinel nodes that 
harbored metastasis, 27 lymph nodes of 17 rabbits (range, 
1-3 nodes/rabbit; mean ± SD, 1.6 ± 0.6) had ethiodized 
oil retention. One metastatic sentinel node did not have 
ethiodized oil retention; however, another metastatic node 
in the same rabbit had ethiodized oil retention. Therefore, 
the per-rabbit detection rate of ethiodized oil retention in 
the metastatic sentinel nodes was 100% (17 of 17 rabbits). 

All 53 ethiodized oil retention nodes detected on both 
post-injection CT and specimen radiography showed intra-
nodal lipid deposit mainly in the subcapsular sinusoids and 
partly in the medullary sinusoids on Oil-red-O stain. There 
was no evidence of architectural distortion of the lymph 
node by the retained ethiodized oil. 

 

DISCUSSION

In our experimental model for soft tissue tumor, we could 
demonstrate that ethiodized oil injected at peritumoral 
areas accumulated in most of the sentinel lymph nodes 
(50 of 52 nodes), including most of those harboring 
metastasis (27 of 28 nodes; 17 of 17 rabbits), in amounts 
demonstrable on CT. This result was in accordance with 

the previous report that demonstrated the feasibility of 
CT lymphography using ethiodized oil for patients with 
early gastric cancer (14). Although the lymphatic drainage 
of the gastrointestinal tract is more complicated than 
superficial soft tissue tumors and result in more frequent 
skip metastasis, one unfavorable feature of sentinel lymph 
node detection, this previous study showed promising 
results. After submucosal injection of ethiodized oil in 
patients with early gastric cancer, CT could demonstrate 
the ethiodized oil retention nodes in perigastric areas 

Fig. 2. Box-and-whisker plots of measured nodal attenuation 
values in Hounsfield unit (HU) at noncontrast CT before (pre-
injection CT), 1 hour (post-1h CT) and 2 hours (post-2h CT) 
after ethiodized oil injection. Differences of attenuation values 
between all three pairs of pre- and post-1h and post-2h CT images 
were statistically significant (p < 0.0005, respectively).
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with detailed anatomic information, and sentinel basin 
extirpation was successfully performed according to the 
anatomic information of the sentinel basin provided by 
CT lymphography. There was no patient with metastasis in 
other non-sentinel lymph nodes without metastatic foci 
in the sentinel basin (14). Given that the goals of the 
sentinel node navigation surgery is avoiding unnecessary 
wide nodal dissection with preservation of oncologic safety, 
our result that demonstrated 100% per-rabbit detection 
rate of ethiodized oil retention in metastatic sentinel nodes 
suggests that CT lymphography using ethiodized oil may 
be a feasible new technique for preoperative sentinel node 
mapping for soft tissue tumor. 

Certain histologic subtypes of soft tissue tumors such 
as epithelioid sarcoma, rhabdomyosarcoma, and clear cell 
sarcoma are known to have a higher frequency of lymph 
node metastases, ranging from 17% to 50% (20, 21), which 
is substantially higher than the overall prevalence of lymph 
node metastasis in soft tissue sarcoma, which is reportedly 
1.75% to 5.9% (20-22). Although the survival benefit of 
regional lymphadenectomy for soft tissue sarcoma is still 
undetermined, a recent retrospective study comparing 
patients with nodal metastases treated with and without 
lymphadenectomy reported improved survival at 1.5 years 
in those managed with lymphadenectomy, but subsequently 
no difference at 5 years (23). Sentinel lymph node biopsy 
has been demonstrated to be helpful for detecting clinically 
occult regional lymph node metastasis for patients with 
clear cell carcinoma from a prospective trial including 
62 consecutive patients with soft tissue sarcoma (24). 
Therefore, our method of sentinel node mapping with CT 
lymphography may be valuable in the preoperative work up 
of soft tissue sarcoma patients, especially for those with 
histologic subtypes at high risk of lymph node metastasis. 

It has been well established that sentinel node 
navigation surgery using radiocolloid scintigraphy with 
intraoperative gamma probe counting and vital blue dye 
methods is clinically useful in patients with melanoma and 
breast cancer with a high success rate of more than 95% 
and less than 3.4% rate of failure in identifying a sentinel 
node (1-6, 25). However, these conventional methods for 
sentinel node detection have some fundamental drawbacks. 
The limited spatial resolution of the lymphoscintigraphy 
impedes with providing accurate anatomic information in 
the preoperative evaluation. In addition, intraoperative 
gamma-probe counting technique has inherent subjectivity 
in the detection method itself, which requires the operator 

some experience for confident sentinel node detection. 
Moreover, the high radioactivity at the primary injection 
site can hinder the detection of radioactive hot nodes by 
gamma probe (3-5, 26-29). Furthermore, these conventional 
methods are only feasible in the intraoperative period. 
Even though our study used an experimental model, CT 
lymphography using peritumoral injection of ethiodized 
oil could show 100% technical success rate without any 
cases in which CT lymphography failed to identify a sentinel 
node. Metastasis could be found in 27 of 53 ethiodized 
oil retention nodes and five of 50 non-ethiodized oil 
retention nodes, while there were no metastatic foci in 
other non-ethiodized oil retention nodes when ethiodized 
oil retention nodes were negative for metastasis on a single 
rabbit basis. Also, the detection rate of blue-stained nodes 
by CT lymphography was 96%, which is comparable to the 
previous results (1-6, 25). Moreover, CT lymphography using 
ethiodized oil has an advantage of longer time window for 
sentinel node detection, compared to water soluble contrast 
agent such as iopamidol, which rapidly enhances and 
washes out of lymph nodes, giving a short time window for 
detection and making it impossible to directly match the 
resected nodes with the detected nodes on CT (8-13). 

After peritumoral injection of ethiodized oil, post-
2h CT could demonstrate seven additional ethiodized oil 
retention nodes than post-1h CT in three rabbits, which 
could only be shown in post-2h CT. Also, the attenuation 
values of ethiodized oil retention nodes on post-2h CT 
were significantly higher than that on post-1h CT. In our 
study, ethiodized oil injected in peritumoral areas migrated 
into the lymph nodes via lymphatics. The migration of 
interstitially administered lipid substances including 
ethiodized oil into initial lymphatics can be accomplished 
either by an extracellular pathway through the openings 
between endothelial junctions or by an intracellular pathway 
through phagocytes (30, 31). Although the ethiodized oil 
can be trapped by and migrated with phagocytes (32), 
the lymphatic intracellular pathway via phagocytosis 
usually requires more time than the extracellular pathway 
because the intracellular transport needs cascades such 
as localization of phagocytes, phagocytosis and migration 
into the initial lymphatics (31). Given that post-injection 
CT examinations were performed one and two hours after 
peritumoral injection, migration and uptake of ethiodized 
oil in our experimental study are likely to be mainly by the 
lymphatic extracellular pathway. The injected ethiodized 
oil could slowly and gradually enter the initial lymphatics 
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as small sized lipid droplets, and migrate into the sentinel 
node and be trapped within the node. 

The nodal uptake of oil contrast media including 
ethiodized oil has been well known with direct 
lymphography using the direct intra-lymphatic injection 
of ethiodized oil (33, 34). Tanaka et al. (35) reported 
the incidental lymph node uptake of ethiodized oil after 
submucosal injection during CT examinations to evaluate 
the extent of esophageal cancer spread. Also, some 
previous reports (36, 37) demonstrated the regional 
lymph node uptake of ethiodized oil based contrast media 
with mural injection into the stomach of gastric cancer 
patients (36) and with submucosal injection into the 
rectum of healthy rabbits (37). However, these studies used 
simple radiography instead of CT examination. Moreover, 
although Karanov’s (36) report demonstrated the uptake 
of ethiodized oil in almost all regional lymph nodes in 
patients with gastric cancer, this study was not inteneded 
to detect sentinel nodes, and the ethiodized oil emulsion 
was injected into predefined 20 points of the stomach. 

After direct lymphography using oil contrast media, the 
disruption of the lymph node architecture followed by 
inflammatory reaction can take place in the lymph node. 
Even on the next day of injection, a marked degree of 
architectural distortion can be noted with disruption of 
the subcapsular sinusoidal spaces by large lipid vacuoles 
(38). However, in our study, there were small lipid droplets 
mainly in the subcapsular sinusoids and some of the 
medullary sinuses without architectural distortion in the 
lymph node. Lymph nodes have afferent lymphatic vessels 
converging into the cortical surface of the lymph node and 
efferent lymphatic vessels, leaving the lymph node from 
the medullary sinus (39). Thus, lipid droplets with Oil-red-O 
stain in the subcapsular sinusoids may reflect the drainage 
by afferent lymphatics from interstitial space in our study. 

One of the limitations of our study is that the CT 
lymphography protocol may not have been fully optimized. 
We used post-1h and post-2h CT scans based on the result 
of our pilot study using two rabbits. However, a previous 
report showed that the degree of ethiodized oil retention 
in popliteal lymph nodes gradually increased even 1 week 
after injection without washout when ethiodized oil was 
injected in the hind paws of rats (40). Further delayed CT 
scan after 2 hours might have increased the sentinel node 
detection rate in our study. However, the sentinel node 
detection rate at post-2h CT was already high at 96% (50 of 
52 blue stained nodes), and there were no cases in which 

CT lymphography failed to identify a sentinel node. Hence, 
we believe that the 2-hour delayed CT scan sufficiently 
serve its role for sentinel node detection.

In conclusion, CT lymphography using ethiodized oil may 
be feasible for sentinel node mapping in experimentally 
induced VX2 carcinoma in the rabbit thigh, which has 
an advantage of longer time window for node detection 
compared to water soluble contrast agents. Therefore, CT 
lymphography using ethiodized oil may be a promising 
technique for sentinel node mapping of soft tissue tumors.
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