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Abstract

Purpose To describe the feasibility of lymphangiography

and the visibility of the lymphatic system using post-lym-

phangiographic multidetector CT (MDCT) for preclinical

lymphatic interventions in a rabbit model.

Materials and Methods Lymphangiography via the popli-

teal lymph node or vessel after surgical exposure was

performed, using six healthy female Japanese White rab-

bits. Lipiodol was manually injected for lymphangiogra-

phy. Post-lymphangiographic MDCT examinations were

performed in all rabbits. The dataset images were subjected

to image processing analysis utilizing the three-dimen-

sional maximum intensity projection technique. Three

reviewers evaluated the degree of depiction of the lym-

phatic system using a four-point visual score (1, poor; 2,

fair; 3, good; 4, excellent). The distance between the body

surface and cisterna chyli was measured on post-lym-

phangiographic MDCT axial image.

Results Lymphangiography was successfully performed in

all rabbits. The popliteal lymph node was detectable in

90%. The visualization of lymphatic system via the

popliteal node was achieved in 89%. Mean visual scores of

[ 3.0 were realized by the right femoral lymphatic vessel,

left femoral lymphatic vessel, left iliac lymphatic vessel,

left lumbar lymphatic trunks and cisterna chyli, whereas

mean visual scores of\ 3.0 were yielded by the right iliac

lymphatic vessel, right lumbar lymphatic trunks and tho-

racic duct. The distance between the body surface and

cisterna chyli on post-lymphangiographic MDCT axial

images was 4.33 ± 0.14 cm.

Conclusion Lymphangiography is feasible, and the visi-

bility of the lymphatic system on post-lymphangiographic

MDCT in a rabbit model provides enough information for

interventional radiologists to perform preclinical lymphatic

interventions.
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Introduction

The number of reports on lymphatic interventions including

pedal or intranodal lymphangiography for detecting or

treating lymphatic leaks [1–7] and thoracic duct emboliza-

tion for postoperative chylothorax [8–11] has been increas-

ing. However, lymphatic leakage remains a challenging

clinical problem with high mortality in post-esophageal

surgery [12]. Furthermore, while lymphangiography and

thoracic duct embolization offer an attractive and viable

alternative to surgery, the technique is demanding, and the

requisite expertise is not always widely available [12].

Despite this problem, a universal animal model for lym-

phatic interventions has not yet been developed. There have

been a limited number of reports on the swine model of

intranodal lymphangiography using Lipiodol (Andre Guer-

bet, Aulnay-Sous-Bois, France) [13] and thoracic duct

embolization [14]. While it is true that the swine model

mimics human lymphatics, swine have higher maintenance

costs and are harder to handle than rabbits. Specialized

infrastructure and trained personnel are therefore a prereq-

uisite for the experimental study in swine. On the other hand,

rabbits are inexpensive, easy to manage in a laboratory set-

ting and have an organ system like that of humans. Rabbits

had been used in lymphangiography utilizing only X-ray

imaging without multidetector CT (MDCT) imaging in a

previous study [15]. With the advent of MDCT, image res-

olution has increased owing to thinner collimation. The high-

quality image data forthcoming can be processed further into

multiplanar reformatted (MPR) or maximum intensity pro-

jection (MIP) images and three-dimensional volumetric

(3D) images. Therefore, the objective of our present study is

to describe the feasibility of lymphangiography and the

visibility of the lymphatic system on post-lymphangio-

graphic MDCT for preclinical lymphatic interventions in

rabbits.

Materials and Methods

Animal Models

The study was approved by the institutional Animal Care

and Use Committee of Tokai University. Six healthy

female Japanese White rabbits weighing 3.0–3.5 kg

(Tokyo Laboratory Animals Science Co., Ltd., Tokyo,

Japan) were used. During lymphangiography, all rabbits

were anesthetized with 3.0% isoflurane.

Lymphangiography Protocol (Fig. 1)

Initially, we performed the intranodal lymphangiography

via the right popliteal lymph node in all rabbits. All rabbits

were supine positioned, and intracutaneously injected with

0.1 mL of 1% patent blue violet dyes (Fisher Scientific

Corp., Shirley, NY) into the right bottom of the foot to

facilitate the identification of the popliteal lymph node and

lymphatic vessel. Linear cut-down was performed 5 min

later on the right popliteal fossa between the biceps femoris

and the semimembranosus, and the right popliteal node was

isolated. After the puncture of the right popliteal node

using a 30-gauge needle for lymphangiography (Hakko

Medical, Tokyo, Japan) (Fig. 2), the insertion site was

immediately fixed by a medical tissue glue, Aron-alpha-A

(Daiichi Sankyo, Tokyo, Japan). After the fixation proce-

dure, Lipiodol was warmed to 40 degrees Celsius (�C),

using it as a contrast agent for lymphangiography, with

manual injection at a rate of 0.1 mL over 2–3 min with a

2.5-mL syringe (Terumo, Tokyo, Japan). The total volume

of Lipiodol was 1 mL. After injecting 1 mL of Lipiodol,

we confirmed the transport of Lipiodol through the lym-

phatic system under fluoroscopy. When Lipiodol had

reached the left venous angle, which we defined as the

inflow part of a Lipiodol droplet into the venous system

under fluoroscopy, the rabbits were euthanized by excess

pentobarbital administration to stop lymphatic flow. When

Lipiodol had reached the cisterna chyli or thoracic duct, we

waited for the natural flow of lymph to carry Lipiodol up

through the thoracic duct before the rabbits were eutha-

nized by excess pentobarbital administration. Intranodal

lymphangiography via the left popliteal lymph node was

carried out in the same way as described above when

Lipiodol had reached only the femoral lymphatic vessel,

iliac lymphatic vessel, or lumbar lymphatic trunks under

fluoroscopy, or when the lymphatic system had not been

visualized under fluoroscopy or the right popliteal lymph

node had not been detectable. In one of the remaining

rabbits, it was not possible to detect the left popliteal lymph

node, and therefore the lymphangiography procedure via a

left popliteal lymphatic vessel was performed. After the

left popliteal lymphatic vessel was isolated, the surround-

ing tissues were stripped, thereby giving good access to the

lymphatic vessel, which was then cannulated. Next, lym-

phangiography was carried out in the same way as

described above. The rabbits were euthanized by excess

pentobarbital administration after injecting 1 mL of Lipi-

odol through the left popliteal lymph node or left popliteal

lymphatic vessel in the same process of fluoroscopy

evaluation.
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Post-lymphangiographic MDCT Examinations

Post-lymphangiographic 128-row MDCT (SOMATOM

Definition Edge; Siemens Medical Solutions, Inc., Forch-

heim, Germany) examinations were performed in all rabbits.

Images were acquired with the following parameters:

0.6 mm thickness, 512 9 512 matrices, 120 kV, 77 mAs,

0.5 s/rot.

3D MIP Image Postprocessing

The Digital Imaging and Communications in Medicine

(DICOM) files were imported into OsiriX v.2.8.1 64-bit

image processing software (Pixmeo, Geneva, Switzerland)

for Macintosh. The dataset images were subjected to image

processing analysis by use of the 3D MIP technique.

Image Analysis

All 3D MIP images were independently analyzed by three

radiologists. Reviewer 1 (T.M.) had 15 years of experi-

ence; reviewer 2 (T.H.), 21 years of experience; and

reviewer 3 (K.T.), 6 years of experience. Reviewers eval-

uated the degree of depiction of the femoral lymphatic

vessel, iliac lymphatic vessel, lumbar lymphatic trunks,

cisterna chyli, and thoracic duct using a four-point visual

score. For these lymphatics, a score of 4 indicated excellent

delineation with no structural discontinuity along the full

length; 3, good delineation with minimal discontinuity; 2,

fair delineation with some acceptable discontinuity; and 1,

poor delineation with markedly unacceptable discontinuity.

Moreover, interobserver reliability for the overall lym-

phatic visualization was calculated using the Cohen kappa

coefficient.

We measured the distance between the body surface and

cisterna chyli on post-lymphangiographic MDCT axial

images.

Results

Lymphangiography was successfully performed in all

rabbits. In one rabbit (Fig. 1), Lipiodol reached the left

venous angle under fluoroscopy just after injecting 1 mL of

Lipiodol via the right popliteal lymph node (Fig. 3A). In

Fig. 1 Flowchart showing the

lymphangiography protocol

used in this study. *The number

of rabbits is shown in

parentheses. **After Lipiodol

has reached the cisterna chyli or

thoracic duct just after injection

of 1 mL of Lipiodol via the rt.

popliteal lymph node, the right

venous angle is visualized by

the transport of Lipiodol

through the lymphatic system.

Rt. right, lt. left, MDCT

multidetector CT

Fig. 2 Picture showing a 30-gauge needle for lymphangiography

(arrowheads) inserted into right popliteal lymph node (arrow)
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one rabbit (Fig. 1), Lipiodol reached the cisterna chyli

under fluoroscopy just after injecting 1 mL of Lipiodol

(Fig. 3B). The left venous angle was visualized 1 min after

injecting 1 mL of Lipiodol additionally via the right

popliteal lymph node (Fig. 3B). In three out of the

remaining four rabbits (Fig. 1), intranodal lymphangiog-

raphy via the left popliteal lymph node was performed

because Lipiodol, which was injected via the right popliteal

lymph node, had reached only the right femoral lymphatic

vessel in one rabbit and the right iliac lymphatic vessel in

one rabbit (Fig. 3C); and no visualization of lymphatics

was found in one rabbit because of extravasation of the

total dose of Lipiodol around the right popliteal lymph

node (Fig. 4). In the only remaining rabbit (Fig. 1), lym-

phangiography via the left popliteal lymphatic vessel was

carried out because it was not possible to detect the left

popliteal lymph node. The popliteal lymph node was

detectable in 9/10 (90%) (Table 1). The popliteal lymph

node maximum diameter was 7.2 ± 1.9 (5–11) mm

(Table 1). Leakage of total (Fig. 4) or partial dose of

Lipiodol around the popliteal lymph node was found in 7/9

(78%). The visualization of the lymphatic system via the

popliteal node was 8/9 (89%) on the 3D MIP image

(Figs. 4 and 5).

Mean visual score of the three reviewers decreased in

order from the femoral lymphatic vessel, iliac lymphatic

vessel to lumbar lymphatic trunks on the 3D MIP image

(Table 2). Mean visual scores of[ 3.0 were realized by the

right femoral lymphatic vessel, left femoral lymphatic

vessel, left iliac lymphatic vessel, left lumbar lymphatic

trunks and cisterna chyli, whereas mean visual scores of

\ 3.0 were found for the right iliac lymphatic vessel, right

lumbar lymphatic trunks and thoracic duct on the 3D MIP

image (Table 2). The Cohen kappa coefficient between

reviewer 1 and 2, 2 and 3, and 1 and 3 was 0.916 (95%

confidence interval [CI] 0.834–0.998), 0.757 (95% CI

0.633–0.882), and 0.838(95% CI 0.736–0.941),

respectively.

Fig. 3 Lymphangiography under fluoroscopy in rabbits. A Fluoro-

scopic image in anteroposterior view showing Lipiodol reaching the

left venous angle (white arrowheads). B Fluoroscopic images in

anteroposterior view, showing: (left) Lipiodol reaching only cisterna

chyli just after injecting 1 mL of Lipiodol via the right popliteal

lymph node (black arrowheads); and (right) the right venous angle as

visualized 1 min after injecting 1 mL of Lipiodol via the right

popliteal lymph node (white arrow). C Fluoroscopic images in

anteroposterior view; showing: (left) Lipiodol injected via the right

popliteal lymph node reaching only the right iliac lymphatic vessel

(black arrowheads); and (right) left lumbar lymphatic trunks (black

arrow) and iliac lymphatic vessel found after injecting Lipiodol via

the left popliteal lymph node

Fig. 4 Three-dimensional maximum intensity projection (3D MIP)

image on post-lymphangiographic multidetector CT in anteroposte-

rior view showing the lymphatic system in a rabbit: (1) thoracic duct,

(2) cisterna chyli, (3) left lumbar lymphatic trunks, (4) left iliac

lymphatic vessel, (5) left femoral lymphatic vessel, (6) left popliteal

lymph node. Note that no visualization of lymphatics was found in the

rabbit because of the extravasation of total dose of Lipiodol around

the right popliteal lymph node (arrowheads)
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The distance between the body surface and cisterna

chyli on post-lymphangiographic MDCT axial image was

4.33 ± 0.14 cm.

Discussion

In our study, the popliteal lymph node could be rendered

easily detectable by injecting 1% patent blue violet dyes

into the bottom of the foot (90%). There was leakage of the

total or a partial dose of Lipiodol around the popliteal

lymph node in 78%. The main causes are as follows: The

needle perforates the popliteal lymph node, Lipiodol may

be forced back outside the needle because of its high vis-

cosity, or the fast injection rate of Lipiodol may produce

leakage. However, intranodal lymphangiography via the

popliteal lymph node could be performed with a high

success rate in the visualization of the lymphatics (89%).

The advent of intranodal lymphangiography under ultra-

sound guidance [16–18] has clinically allowed lymphatic

interventions to be much more easily performed and to be

adopted more readily by interventional radiologists.

Therefore, our outcome suggests that intranodal lymphan-

giography in rabbits would be able to be performed by

interventional radiologists.

Table 1 Identification and diameter of respective popliteal nodes

Rabbit

No.

Right popliteal lymph

node

Diameter of right popliteal lymph node

(mm)

Left popliteal lymph

node

Diameter of left popliteal lymph node

(mm)

1 Detectable 5 Detectable 7

2 Detectable 5 Detectable 7

3 Detectable 9 Detectable 8

4 Detectable 6 N/A N/A

5 Detectable 11 Undetectablea N/A

6 Detectable 7 N/A N/A

aLymphangiography via the left popliteal lymphatic vessel was carried out because it was not possible to detect the left popliteal lymph node

No. number, N/A not applicable

Fig. 5 Three-dimensional maximum intensity projection (3D MIP)

image on post-lymphangiographic multidetector CT in anteroposte-

rior view showing the lymphatic system in a rabbit: (1) thoracic duct,

(2) cisterna chyli, (3) right lumbar lymphatic trunks, (4) right iliac

lymphatic vessel, (5) right femoral lymphatic vessel, (6) right

popliteal lymph node

Table 2 Degree of depiction of lymphatic system on 3D MIP

Rt. femoral lymphatic vessel 3.11 ± 1.32 (1–4)

Rt. iliac lymphatic vessel 2.78 ± 1.53 (1–4)

Rt. lumbar lymphatic trunks 2.33 ± 1.24 (1–4)

Lt. femoral lymphatic vessel 4 (4)

Lt. iliac lymphatic vessel 3.58 ± 0.51 (3–4)

Lt. lumbar lymphatic trunks 3.16 ± 1.03 (1–4)

Cisterna chyli 3.28 ± 0.83 (2–4)

Thoracic duct 2.33 ± 0.59 (1–3)

Data are presented as mean ± standard deviation (range)

Degree of depiction was graded by using a four-point visual score, in

which a score of 1 indicated poor; a score of 2, faint; a score of 3,

good; and a score of 4, excellent

3D MIP three-dimensional maximum intensity projection, rt. right, lt.

left
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We chose lymphangiography using Lipiodol because

intranodal lymphangiography using Lipiodol facilitates

further preclinical lymphatic interventions in a rabbit

model. Lipiodol, an oil-based contrast agent, remains for

prolonged periods within the lymphatic structures, as

opposed to water-based agents that easily leak out [19].

Generally, warming Lipiodol reduces its viscosity. Kora

et al. [20] demonstrated that warming miriplatin–Lipiodol

suspension to 40 �C reduces its viscosity to almost half of

that at 25 �C. For this reason, Lipiodol was warmed to

40 �C in our study.

For thoracic duct embolization, which was first descri-

bed by Cope and Kaiser where the thoracic duct is

catheterized and subsequently embolized to treat chy-

lothorax [8], the opacified cisterna chyli or retroperitoneal

lymphatic duct is usually accessed through a transabdom-

inal approach under fluoroscopic guidance [11]. In our

study, visual scores of cisterna chyli were 3.28 ± 0.83. The

Cohen kappa coefficient was 0.757–0.916. The distance

between the body surface and cisterna chyli was

4.33 ± 0.14 cm. These results suggest that rabbits may be

suitable for thoracic duct embolization following lym-

phangiography using Lipiodol.

In rabbits, the VX2 squamous tumor model, which is a

longstanding model used in preclinical oncology studies,

can be prepared. This animal tumor model may be used for

imaging, as well as for the development of potential novel

lymphatic interventions including intralymphatic agent

delivery such as the use of chemotherapy, antibiotics and

antigenic molecules, and potentiation of the immune sys-

tem [21–23]. Itkin and Nadolski [23] predict that the

potential for further growth of lymphatic interventions is

vast and further development of lymphatic interventions

will be a game-changing technique for patients suffering

from numerous lymphatic diseases. Considering these

aspects, lymphangiography and post-lymphangiographic

MDCT in healthy rabbits in our study are useful for the

development of further preclinical lymphatic interventions.

However, to use a rabbit model for long-term study, further

investigation regarding the tolerance volume of Lipiodol is

required.

In conclusion, lymphangiography is feasible and the

visibility of the lymphatic system on post-lymphangio-

graphic MDCT in a rabbit model provides enough infor-

mation for interventional radiologists to perform

preclinical lymphatic interventions.
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