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Summary 

The deep hepatic lymph drainage of 9 cholecystectomized dogs was analyzed after radiographic visualization 
with retrograde biliary infusion of Ethiodol. No drainage from the deep to the superficial lymph system of 
the liver was found with the descnbed method. Primary stations of the deep hepatic lymph drainage are the 
hepatic, left gastric and splenic lymph nodes although the latter two were not always opacified. On the 
average 9 (6-11) hepatic lymph nodes were opacified which is a significantly higher number than previously 
reported. Retrograde contrast material filling of splenic, mesenteric, aortic, iliac and some intrathoracic lymph 
nodes occurred with various frequencies but the opacification of these nodes was usually incomplete. 

Radiographic visualization of the lymph system with diagnostic quality could only be achieved 
until now by direct lymphography which is performed by injecting contrast material directly 
into the lymph vessels, lymph nodes or occasionally lymph cysts. Radiological investigation of 
the lymph drainage of internal organs has remained outside the range of diagnostic possibilities 
because indirect lymphography, that is .the injection of the contrast agent into an organ outside 
the lymphatic system could not provide diagnostic radiographic results (4). 

Anatomic and physiologic characteristics of the liver made this organ suited for indirect lympho­
graphy. Backflow of bile to the lymph occurs and the rate of backflow is approximately pro­
portional to the intraductal pressure {2). The maximum bile secretion pressure amounts to about 
35 em of water in the dog {3). To force a retrograde into the biliary system infused agent out 
of the sm~ bile ducts, the maximum bile secretion pressure has to be overcome, or stated dif­
ferently, the agent has to be infused at a hydrostatic pressure exceeding 35 em of water {4). If 
Ethiodol (Savage Laboratories, Inc., Missouri City, Texas), an iodized poppy seed oil used for 
lymphography, is infused slowly into the biliary system of a dog with a hydrostatic pressure 
slightly exceeding the biliary excretion pressure, excellent visualization of the deep hepatic lymph 
drainage was obtained without any complications except for a transient increase of bilirubin 
and liver enzymes in the serum (5). The purpose of this report is to analyze the deep hepatic 
lymph drainage of the dog by this new method. 

Material and Methods 

The investigation was conducted on nine male mongrel dogs weighing 20-44 kg. They were 
prepared by cholecystectomy and implantation of a modified Thomas cannula {12) in the second 
portion of the duodenum which allows cannulation of the common bile duct under direct visual­
ization. 

The paper was presented in part at the Sth International Congress of Lymphology, March 23-29, 1975 in 
Buenos Aires (Argentina) and Rio de Janeiro (Brasil). 
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Fig. 1 Dog. No. 4. Lymphangiographic phase. 
Lateral view. Catheter in inferior vena and hepatic 
vein. Contrast material left in common bile duct (c). 
Lymph vessels in porta hepatis (vertical arrow) and 
along hepatic vein (horizontal arrow). 

The procedure was perfonned under general 
anesthesia with 25 mg/kg sodium pentobarbi tal 
with additional supplements when needed. A 
Foley catheter French size 8 was introduced 
via the Thomas cannula in the common bile 
duct. The balloon of the catheter was inflated 
to a degree that prevented leakage of bile and 
contrast material. After aspiration of the bile, 
the biliary system was filled to capacity with 
Ethiodol and then an additional 10 ml or 
slightly more of the contrast agent was infus· 
ed with a hydrostatic pressure of 50 to 100 
100 em of water. The contrast material in· 
fusion time amounted usually to about 30 
minutes. 

Anteroposterior and lateral radiographs of the 
abdomen and chest were routinely taken with 
standardized technique (focus - film distance 
40 inches) before and at regular intervals after 
completion of the procedure. Additional 
oblique views were only taken when necessary 
for better identification of lymph nodes or 
vessels. About a month later an aortogram and 

selective celiac and superior mesenteric angiograms were perfonned in two projections in all 
animals for accurate anatomical localization of the opacified lymph nodes. 

R esults 

At the end of the ·retrograde contrast material infusion into the biliary system the lymph vessels 
of the deep hepatic lymph system were already visible. One hour later the cisterna chyli and 
the thoracic duct were opacified. At the same time beginning contrast material filling of the 
lymph nodes occurred. Lymph vessels and thoracic duct remained visualized for several hours 
but were no longer fJ.Iled with contrast material on the following day. The lymph nodes were 
at that time well visualized but the opacification still improved slightly over the next few weeks. 
This was due to the slow release of contrast material stored in the liver parenchyma which caus­
ed a dense hepatogram lasting for several weeks. The contrast material density in the lymph 
nodes began to fade out slowly after about 3 months but all lymph nodes could still be seen 
adequately one year later. 

Lymphangiographic phase (first day): In all nine animals numerous lymph vessels were found 
emerging from the porta hepatis and passing through the hepatic lymph nodes situated along 
the course of the hepatic artery (Fig. 1). The efferent vessels of the hepatic lymph nodes tennin­
ated in the cisterna chyli. Lymph drainage along the hepatic veins was sometimes difficult to 
identify radiographically because of the dense hepatogram and the superimposition of small bile 
ducts still containing contrast material. Direct lymph drainage from the liver to a gastric lymph 
node was observed whenever this node became opacified (Fig. 2). Direct fJ.IIing of splenic lymph 
nodes occurred in some instances when these nodes were visualized (Fig. 2). In other cases, how­
ever, splenic lymph nodes were opacified by contrast material refluxing to these nodes from 
the hepatic lymph nodes. Only retrograde contrast material filling occurred in the mesenteric, 
aortic and iliac nodes. Lymph vessels running over the liver convexity or beneath the diaphragm 
were never observed. The lymph nodes opacified in the chest were all filled with contrast materi· 
al from the thoracic duct either via collaterals or in retrograde fashion. Direct retrosternal lymph 
drainage from the liver to the sternal lymph nodes did not occur. 

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY.



Analysis of the Radiographically Visualized Deep Hepatic Lymph Drainage in the Dog 107 

F ig. 2 Dog No. 7. Lymphangiographic phase. 
2a Anteroposterior view. Lymph vessels draining 
direct to splenic lymph node (wi th arrow). Thoracic 
duct (black arrows), common bile duct (c) , hepatic 
d ucts (h). 

Fig. 2b La teral view. Lymph vessels draining direct 
to gastric lymph node (thin arrow). Thoracic duct 
(large thick arrow), cisterna chyli (small thick arrow), 
common bile d uct (c), hepatic duct (h) . 

Table l Opacified Lymph Nodes After Re trograde Infusion of Ethiodol into the Blllury System. 

Dog # hepatic* splenic gastric mesenteric 
Lymph nodes 
aoruc iliac tracheo- subclavian sternal 

bronchial 

9 3 5 2 
2 11 4 
3 10 6 2 
4 9 12 13 4 2 3 
5 8 4 
6 9 5 2 11 4 3 
7 6 4 2 8 
8 7 
9 8 2 

*The gastroduodenal lymph nodes are included in the hepatic lymph nodes. 

Lymphadenographic phase (second day and later): The number of opacified lymph nodes in each 
animal are summarized in Table 1. Between 6 and 11 almost always completely opacified lymph 
nodes (average 9) were fou nd in the porta hepatis (Fig. 3 and 4). These nodes were arranged in 
one or two chains along the course of the gastroduodenal and common hepatic artery . They were 
termed "hepatic lymph nodes" although more correctly they should have been subdivided into 
gastroduodenal and hepatic nodes. This was however not done because the gastroduodenal artery 
is the direct continuation of the common hepatic artery after giving off the last proper hepatic 
artery as a side branch. The hepatic lymph nodes varied in size and shape considerably: Anything 
between round lymph nodes of a few millimeters in diameter to long and fl attened nodes up to 
4 em in length was found . 

Between I and 5 splenic lymph nodes were opacified in 6 animals (Fig. 4). The degree of opacific­
ation varied from only fragmentary to almost complete contrast material filling. These nodes usual-
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Fig. 3 Dog No.3. Lymphadenographic phase. Antero· 
posterior view. Hepatic lymph nodes in two chains. 

Fig. 4 Dog No. 7. LymphadenogrJphic phase. 
4a Anteroposterior view. Right hepatic lymph node 
chain incomplete. Left gastric lymph node (oblique 
arrow). Spenic lymph nodes (vertical arros). 

Discussion 

ly had an ovoid shape and measured up to 
1.5 em in their longest diameter. In each of 
3 animals a single gastric lymph node of 
elliptical shape measuring around 2 em in its 
longest diameter was completely opacified 
(Fig. 4). 

Opacification of mesenteric lymph nodes 
which were situated along the superior mes-

- enteric artery and vein and their branches oc­
curred in 4 animals. These nodes were only 
fragmentarily opacified and varied greatly in 
number and size (Fig. 5). 

In 7 animals between 2 and 13 very small 
aortic (lumbar) lymph nodes were incomplete­
ly opacified. Included in this group were also 
lymph nodes located around the take-off of 
the very short celiac axis. In one animal even 
iliac lymph nodes were opacified. Tracheo­
bronchial, subclavian and/ or sternal lymph 
nodes were incompletely opacified in 4 ani­
mals (Fig. 6). 

Fig. 4b Lateral view. Left gastric lymph node (oblique 
arrow). Splenic lymph nodes partially superimposed 
on each other (ho rizontal arrows). Multiple small 
aortic lymph nodes posteriorly . 

The hepatic lymph drainage was previously investigated by antegrade or retrograde injection of 
a dye into a lymph vessel on the liver surface or localized intraparench ymatous dye injections 
(1, 8 , 11 ). This type of investigation was hampered by the fact that only part of the hepatic 
lymph drainage was visualized at one time. Intravenous injec tion of tantalum dust resulted 
pri.ma-rily in a hepatosplenogram (9) followed by a slow opacification of hepatic lymph nodes Permission granted for single print for individual use. 

Reproduction not permitted without permission of Journal LYMPHOLOGY.



Analysis of the Radiographically Visualized Deep Hepatic Lymph Drainage i.n the Dog 109 

Fig. 5 Dog No. 4. Lymphade nographic phase. 
Numerous partially ftllcd mesenteric lymph nodes 
(arrows). 

Fig. 6 Dog No. 4 .. Lymphadenographic phase. Later­
al view of U1e chest. Incomplete opacification of 
tracheobro nchial lymph nodes (U1in horizontal arrows), 
subclavian ly mph nodes (thin vertical arrows) and 
sternal lymph nodes (thick arrow). 

within the next 5- 14 days (7) or 18-2 1 days (6), respectively. A rapid radiographic opacification 
of the entire deep lymph drainage was however possible with our method, since an even intra­
hepatic distribu tion of the contrast agent was instantly obtained by its retrograde biliary infusion. 
It is therefore not surprising that our results differ to some degree from previous reports. 

The lymph drainage o f the liver is divided into a superficial and deep system. The superficial 
lymph vessels run in the sub serous areolar tissue over the whole surface of the organ (13). The 
lymph vessels of liver convexity of the dog reach the inferior surface of the diaphragm via the 
coronary , triangular and falciform ligaments and run beneath tl1e diaphragm to the upper aortic 
lymph nodes or join the deep lymph vessels of the liver when they emerge on the liver surface 
with the hepatic veins (1). In man however the lymph vessels draining the anterio r part of tl1e 
liver convexity penetrate the diaphragm between its sternocostal insertions and drain along the 
course of the internal mammary arte ries to the sternal lymph nodes ( 11 ). The superficial lymph 
vessels of the visceral hepatic surface drain to the porta hepatis in both man and dog (1, 8). 

The deep lymph vessels fonn ascending and descending trunks. The ascending trunks accompany 
the hepatic veins and the descending trunks emerge from the porta hepatis and end in the he­
patic lymph nodes (13) . The efferents pass in man through the celiac lymph nodes and in the 
dog direc tly to the cisterna chy li ( 1, 13). 

Anastamoses between tl1e superficial and deep hepatic lymph system are scarce in man (8) and 
selective contrast material injection into superficial lymph vessels never resul ted in visualization 

of the deep system (11). A farge portion of the superficial lymphatics of the canine liver pene­
trates into the liver parenchyma and drain the lymph into the deep system (1). Lymph flow in 
the opposite direction, that is from the deep to the superficial system did however not occur in 
our experiment. 
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Eighty percent of the hepatic lymph in the dog drains to the porta hepatis and the remaining 
20% travels by the hepatic venous lymph route (10). Accordingly the best and most constant 
opacification occurred in our experiment in the hepatic lymph nodes. The number of opacified 
hepatic lymph nodes (portal lymph nodes of Baum) varied in our experiment between 6 and 
11 (average. 9) and was significantly greater than what was found in previous anatomical studies 
in the dog. Baum (1) reported· two hepatic lymph node groups situated on each side of the 
portal vein· and its contributories. The right group consisted of 1 to 5 lymph nodes and the 
left usually of 1 and rarely of 2 or 3 nodes (1). Ritchie and coworkers (10) subdivided the 
hepatic lymph drainage to the porta hepaiis into a· main hilar and an accessory hilar lymph 
system. Lymph from the right liver lobes drains according to these authors in 92% to a single 
hepatic lymph node, in the remaining cases to 2 or 3 hepatic lymph nodes. The accesocy hilar 
lymph system drains the remaining lymphatics of the liver in the porta and consists in 88% of 
2 nodes, in the remaining cases between 1 and 4. The reason why more hepatic lymph nodes 
are found radiographicylly is probably due to the fact that small nodes embedded in fat can 
easily escape anatomical detection. 

Lymph vessels accompanying the hepatic veins ascend in man through the diaphragmatic hiatus 
for the vena cava and enter the thoracic duct directly or after passing through lymph nodes at 
the termination of the inferior vena cava (13). The difference from our experiment in the dog 
is that those lymph vessels always terminate in the thoracic duct below the diaphragm or in 
the cisterna chyli, respectively. In one third of the animals direct opacification of a gastric 
lymph node in the lesser curvature occurs, presumably via the cardia and the lesser omentum. 
This lymph node is according to Baum (l) not constantly present in the dog. The splenic 
lymph nodes are more often visualized. Their opacification occurs by two entirely different 
routes: 1) in direct (antegrade) fashion from the hepatic venous lymphatic system similar to 
the left gastric lymph node an 2) from the porta hepatis via hepatic lymph nodes by contrast 
material reflux~ Despite the fact that the lymph vessels possess valves to direct the flow, retro­
grade contrast material filling of the aortic and mesenteric nodes is found frequently too but 
these nodes are usually incompletely opacified. Occasionally the contrast material can even 
reflux back to the iliac lymph nodes. Retrograde lymph flow might be an important route in 
the lymphangitic spread of hepatic infections and tumors. 

Conclusion 

1. Excellent experimental opacification of the deep hepatic lymph system can be obtained by 
retrograde infusion of Ethiodol into the biliary tree with a hydrostatic pressure exceeding the 
biliacy excretion pressure slightly. 

2. Primacy lymph stations of the deep hepatic system of the dog are .the hepatic, gastric and 
splenic lymph nodes. The latter two are however not constantly opacified. 

3. ·The number of hepatic lymph nodes varies in the dog between six and eleven (average 9) 
and is significantly higher than previously reported in anatomical investigations. 

4. Retrograde filling of splenic, mesenteric, aortic and iliac lymph nodes occurs in a significant 
number of dogs with retrograde biliacy Ethiodol infusion. 

5. No lymph drainage through anastamoses from the deep to the superficial hepatic lymph 
·system is found with the described method in the healthy dog. 
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