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Absorption and lymphatic drainage of several lipi
odol emulsions injected intra peritoneally have been 
studied in the rabbit and rat. Good opacification 
of the lymphatic channels and mediastinal lymph 
nodes is obtained in several hours with fine emul
sions and in several days with coarse emulsions. 
The tolerance is related to dose, and the peritoneal 
reaction was moderate with the low doses, similar 
to that caused by the adminjstration of physiologic 
saline alone. Computerized tomography in detect
ing low contrasts attained with small doses could 
render thjs method of indirect lymphography 
possible in man. 

The diagnostic potential of lymphographic 
opacification of mediastinal lymph nodes has 
led to a series of experin1ents employing 
various constrast media since 1933. Although 
direct intranodal injection has been performed, 
the usual method of opacification has employ
ed pleural or pericardia! routes ( 1, 2) or 
preferentially peritoneal (3 , 4) drainage 
because of abdomino-thoracic pathways. Saito 
(5) found that intraperitoneal injections of 
thorotrast opacified the mediastinal gang] ions 
in the dog. However it rapidly became ap
parent that thorotrast could not be used in 
man. Bennett used angiopac (6), but severe 
peritoneal reactions ensured. In 1956, Oury 
(7) used lipid emulsions which were also 
employed later by Koehler (8), Dumont (9) 
and Jonsson (10) . These emulsions remain 
the most interesting contrast products. Barium 
sulfate (11), tantalum (12), and water soluble 
iodine compounds (13) are too toxic or 
inadequate. 
We have previously evaluated the use of a 
stable lipiodol emulsion injected intraperi
toneally (14) . It remained necessary to evalu-

ate peritoneal reactions , to quantitate the 
type and the amount of emulsion necessary, 
and to determine the timing of the exami
nation. 

Material and Methods 

Simple lipiodol emulsions in water are unstable. 
There are two types of stabilized lipiodol 
emulsions available: 
1) AG 52315 Laboratoires Guerbet is a deriv
ative of ultrafluid lipiodol with polyethylene
glycol monostearate, containing 46 g of iodine 
per 100 mi. The emulsion is obtained by 
mechanical dispersion, the average diameter 
of particles being related to the length of the 
agitation period. We have prepared two prod
ucts: 
a) coarse emulsion : 15 microns average dia-

meter 
b) fine emulsion : 4 microns average diameter 
2) Stabilised iodolipid emulsion. AG 6099 
Laboratoires Guerbet is a milky fluid prod
uced from ultrafluid lipiodol, which contains 
soya lecithin (J .6 g/1 00 ml) and polyethylene 
monostearate (1.6 g/100m1). The iodine con
tent is 20 g per I 00 mi. 
The first series of experiments involved the 
comparison of the three emulsions (fine AG 
52315, coarse AG 52315 , AG 6099) including 
radiographic study and the sacrifice of three 
groups of 7 Wistar adult rats (225 to 3 75 g) 
receiving different quantities by the intraperi
toneal route. Tables I and II detail the experi
mental plan. The second series of experiments 
concerned the minimum dose for the lymph 
node opacification. The rabbit was used be
cause its larger size permitted better evaluation 
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Table I Coarse AG 52315 emulsion 2 ml/kg intra-
peritoneal injection 

Number Sacrifice Opaci- Peritoneal 
of Rats fication reaction 

1 15 min. 0 + 
2 6 hr. 0 ++ 

12 24 hr . ± ++ 
2 10 days + + (fibrosis) 

of the abdominal and thoracic lymphatic 
channels. 

Lastly, an anatomo-pathologic study was per
formed on six groups of rats : 

7 receiving 2 ml/kg of coarse AG 52315 
emulsion. 
7 receiving 2 ml/kg of fine AG 52315 
emulsion. 
10 receiving 0.15 ml/kg of AG 6099 emul
sion, sacrificed at 4 days. 
5 receiving 0.15 rnl/kg of AG 6099 emul
sion, sacrificed at 5 weeks. 
10 receiving 0.15 rnl/kg of physiologic 
saline sacrificed at 4 days a control group 
of 5 rats receiving no injections. 

All X rays were performed using non screen 
ftlm (Kodak PE 4006). The anatomo-patholo
gic specimens were interpreted without know
ledge of the group to which the animal belong
ed. 

Results 

l. Lymphatic drainage of the peritoneum. 

Abdomina-thoracic lymphatic channels in the 
rat are too fine to be seen on standard X ray. In 
the rabbit, intraperitoneal injection opacifies 
anterior latero-sternal channels and a poste
rior channel analogous to the thoracic canal 
(fig. 1). The anatomic distribution is shown 
by the diffusion of patent blue injected intra
peritoneally. There is a median anterior 
abdominal channel which divides in two 
laterosternal channels and a posterior channel 
which joins the thoracic canal (fig. 2) . The 
lymphatic drainage pathways of the rabbit 
are very similar to those in man ( 1 5). 
Lymph node opacification was present in rats 
receiving coarse emulsion at high doses 
(2 ml/kg). In this case the best images were 
seen late (3th to 14th days). No opacification 

Table li Fine AG 52315 emulsion 2 ml/kg intra-
peritoneal 

Number Sacrifice Opaci- Peritoneal 
of Rats fication reaction 

l 15 min. 0 + 
2 6 hr . 0 ++ 
2 24 hr . + ++ 
2 10 days ++ + (fibrosis) 

was seen with fme AG 52315 emulsion. The 
best results in the rabbit were seen with the 
stabilised AG 6099 emulsion . Opacification 
was rapid and of good quality with 0 .8 rnl/kg. 
Four to six pre and laterotracheallymph 
nodes were visible (fig. 3). The distribution 
of the contrast in the node was studied by 
microradiography (fig. 4 ); opacification 
was dense and complete, with a slight pre
dominance in the cortical zone . 

Fig. 1 Lateral radiography of the chest of a rabbit 
30 min. after the intraperitoneal injection of 
0.8 ml/kg of emulsion. Filling of laterosternal 
channels and thora cic duct. 
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Fig. 2 Anatomy of abdomino thoracic lymphatic 
pathways. 

In the rat, the 6099 emulsion also gave good 
results and permitted visualisation of posterior 
abdominal nodes analogous to coeliac and 
mesenteric nodes in 40 p. cent of cases (fig. 5). 

2. Minimum dose. 

Intraperitoneal injection of 2 ml/kg gives a 
good opacification of lymph nodes , but 
produces severe peritoneal reactions. With 
0.14 rnl/kg, opacification is less dense but 
still pennits satisfactory analysis . 0.05 ml/kg 
was insufficient to opacify the ganglions 
(table III). The mirllinal useful dose is in the 
order of 0.15 to 0 .20 ml/kg of AG 6099 in 
the rat and the rabbit. 

Table IV 

Product 
Intraperitoneal 

6099 . 2 ml/kg 
6099.0.15 ml/kg 
Phys. saline 0 .15 ml/kg 
6099 . 0.15 ml/kg 
No injection 

Number of 
rats 

10 
10 
10 
5 
5 

Table lli Fine AG 6099 . Intraperitoneal injection. 

Number of Dose ml/kg Lymphoid opaci-
Rats fication at 24 hrs 

1 0 ,05 0 
3 0,14 0 
2 0 ,83 ± 
2 2 ± 

3. Peritoneal reactions. 

High doses (2ml/kg) of emulsion injected 
intraperitoneaily always led to peritoneal 
reactions. We studied this experimentally by 
sacrificing animals at variable times after the 
injection . 

At 15 minutes mesothelial desquamation 
was seen throughout the peritoneum. 

- At 6 hours a fibrinous exsudation with 
polymorphonuclear blood cells and macro
phages was seen. A localized fibrinous 
exsudate was grossly visible. 
At 24 hours diffuse edema and a frank 
exsudative reaction with vasculitis was 
apparent. 
At 8 days moderate fibrosis was present. 
After the 15th day a fairly dense 
collagenous sclerosis was seen with 
several granulomatous foci. Residual 
fatty material was seen in the middle 
layers. 

Similar reactions were seen in the groups of 
animals receiving either the fine or coarse 
emulsion. Inflammatory peritonitis was 
found in the 15 animals of the first two 
groups, resulting in a fibrosis by the 8th day. 
Reducing the dose to 0.15 ml/kg did not 
avoid this reaction. The 10 rats sacrificed 
on the 4th day also had a peritoneal reaction. 
Two of the ten had signs of necrosis (table IV). 

Sacrifice Peritoneal reaction 
moderate strong necrosis 

4 days 10 6 
4 days 6 4 2 
4 days 6 I 0 
5 weeks 4 0 0 
5 weeks 0 0 0 
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Fig. 3 Intraperitoneal injection of 0.8 ml/kg 6099 in a rabbit. Good filling of pre and laterotracheal 
lymph nodes. 

This reaction apparently is a transitory , 
because late control (5 weeks) of a second 
group of rats showed a moderate peritoneal 
reaction without residual necrosis. 
The control groups receiving physiologic 
saline also showed a peritoneal reaction usually 
moderate, but never with signs of necrosis. 
The control group which had never received 
injections showed normal peritoneum. 
Modifications of composition and particle size 
of the emulsion 
The peritoneal reaction was always seen and 
is not influenced by the type of materials 
used in the emulsion, as we saw it always 
both with glycol monostearate or soya leci
thin . Actually, all intraperitoneal injections 
even with saline, resulted in transitory 
exsudative and macrophagic reactions in the 
rat. Necroticallesions, much more serious, 
were only seen with high doses and with strong 
concentrations. Dilution of the emulsion 

diminishes the intensity of the reactions, but 
also diminishes the density of the lymph node 
opacification. 

Discussion 

Incidental opacification of mediastinal lymph 
nodes is seen in 4.5 per cent of lymphangio
graphies performed by pedal injection (16 , 
17). The observation of adenopathies revealed 
by this mean and not seen with other radio
logic studies of the mediastinum suggests the 
value of a radiologic evaluation of these lymph 
nodes groups. 
Our studies show that a new stable lipiodol 
emulsion can be used for indirect lympho
graphy . Peritoneal drainage is rapid for fine 
particles (10 to 15 min.) and slower for coarse 
particles (I to 5 days) . Inconstant early 
opacification of the nodes is seen with the 
fine emulsion 6099 . Late visualisation (8 
to 13 days) was seen with the coarse AG 
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Fig. 4 Microradiographic study of a 
latero tracheallymphnode. Opacifi
cation is dense, with a slight pre
dominance in the cortical zone. 

52315 emulsion. These results should be 
compared with Jonsson's (10). Nodal 
opacification is dense, and comparable to 
that obtained with pedal lymphography . 
It is persistent with sharp images remaining 
up to five weeks after injection. Mesenteric 
and coeliac ganglions were visible , but their 
morphology is not easily evaluated because 
of the residual intraperitoneallipiodol which 
did not disappear until after several weeks. 
Only pre and laterotracheal mediastinal 
lymph nodes were visible, the interbronchial 
or intertracheo-bronchial nodes were not 
seen. The possible diagnostic usefulness of 
the opacification of the mediastinal lymph 
nodes groups, even if this is only partial , is 
sufficient to justify this experiment. 
Peritoneal reactions constitute the major 
problem with this type of examination. 
Lipiodol produces serious reactions. The pure 
Jipiodol employed in hysterography is well 
tolerated by the peritoneum, but intraarti
cu lar injection leads to severe arthritis and 
intense synovial reaction ( 18) . Emulsi-
fication of lipiodol does not eliminate this 
problem . As others reported (19, 20), we 
also observed more or less intense peritoneal 
reactions with both fine and coarse emul
sion. The emulsifying agents are probably 
partly respf)nsible , but the reactions are 
identical with polyoxyethylene glycol and 
lecithin. Other Jess toxic agents must be 
found. 

Fig. 5 Intraperitoneal injection of 2 ml/kg of fine 
emulsion in a rat. Opacification of laterotracheal 
lymphnodes. 
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However some conclusions can be drawn 
from our experiments: 

the disquieting histologic reactions did 
not accord with the clinical state of 
the animals , except when there were 
necrotic lesions. The inflammatory 
reaction is transitory; by the sixth week, 
four of five rats had a nearly normal 
peritoneum. 
Comparison of the groups receiving emul
sions and those receiving physiologic saline 
showed that peritoneal injections can result 
in an inflammatory reaction, regardless of 
the product employed. This means that 
it is necessary to have at least three series 
in the study of any product injected in the 
peritoneum : untreated animals, those 
injected with sterile water or physiologic 
saline, and the tested product. It is this 
protocol that we have followed. 
The relation between the dose and the 
severity of reaction was clear. Severe 
reactions, including necrotic lesions were 
present in 6 of 10 cases with high doses 
(2 ml/kg) and 1 in 10 cases at low doses 
(0.15 m1/kg) . The use of the low doses 
of a diluted contrast product was acceptable 
from the point of view of tolerance, but was 
usually insufficient to visualize the lymph 
nodes with conventional X rays. Computer
ized tomography migth be useful in this 
connection by detecting small differences 
in attenuation created by an injection of 
very small quantities of contrast. 

Mediastinal lymphography remainsexperiment
al, but our results showed that it is feasible 
and potentially valuable. If side effects 
may be diminished to an acceptable level, the 
clinical use of this technique could be interest
ing. But this requires less toxic emulsions, lower 
doses and evaluation by computerized tomo
graphy. 
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