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ABSTRACT INTRODUCTION

The technique of radiographic examination
by lymphography of normal lymphatic struc-
tures regional to the hind limbs is described
in the rabbit, dog and rhesus monkey. Radio-
graphic appearances of normal lymph nodes
and possible applEcations to veterinary science
are indicated.
Normal lymph node microstructure is il-

lustrated using in vivo intralymphatic in-
jection of a brightly colored radiopaque sili-
cone rubber. Angiogenesis in active germinal
follicles during the period of an immune re-
sponse is displayed. Further applications of
the casting technique are suggested.

RESUME

Les auteurs d6crivent l'application de la
technique de l'examen radiographique des
structures lymphatiques normales drainant les
membres posterieurs, au moyen de la lympho-
graphie, chez le lapin, le chien et le singe
rhesus. Ils commentent l'apparence radiogra-
phique des ganglions lymphatiques normaux,
ainsi que ses applications eventuelles a la
science v6t6rinaire.

L'illustration de la microstructure d'un gan-
glion lymphatique normal s'effectue in vivo
par l'injection intralymphatique d'un silicone
opaque aux radiations et de couleur vive. On
met en evidence l'angiogenese dans les folli-
cules germinatifs fonctionnels, au cours d'une
reaction immunologique. On suggere d'autres
applications de cette technique de moulage.
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The advantages of a safe in, vivo method
of displaying pelvic and retroperitoneal
glands in humans include early detection
of disease and correct choice of optimal
sites for biopsy. During the past two
decades, study on radiographs of lymphatic
structures regional to the limbs, by can-
nulating lymph vessels and introducing
iodinated contrast media, has become a
well-established technique in man (14, 15,
22). Becatuse pelvic and retroperitoneal
lymph glands are impalpable, lymphography
has found its principal application in
evaluating the extent of malignant lym-
phomas and the spread of neoplasms via
lymphatic structures (10-16).

In animals, lymph vessels were first dis-
covered by Gaspar Aselius (1581-1626) of
Milan who recognized lacteals in the mes-
entery of the dog during vivisection. The
topography and anatomy of lymphatic
structures in man was appreciated by Wil-
liam Hunter (1784), but it was not until
1929 that radiographic demonstration of
lymph trunks was possible following injec-
tion of iodinated media (11). Since then,
lymphatic cannulation has been frequently
performed in animals to study the physio-
logy of lymph flow (6, 7). Studies of the
radiographic appearances of metastatic
disease from the V2x tumour in the popli-
teal nodes of the rabbit (21) led to more
widespread application of lymphography
using Ultra Fluid Lipiodol, an oily contrast
medium, which displayed both lymph ves-
sels and nodes (17).
To date undue emphasis on difficulties

in the technique of lymphography has pre-
cluded its extensive use in veterinary prac-
tice. In this laboratory, interest in exam-
ining lymph nodes of rabbits, dogs and
monkeys during immune reactions arose
from a lack of understanding of radio-
graphic appearances in man (4). This com-
munication describes the technique of
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Fig. IA. Rabbit Hindleg - Medial aspect -
Lymphatics.

- Blue stained lymph trunks. +

Dye in

- Occluding suture. *s-

- Loose tie suture. _t

lymphography and the resulting radio-
graphic appearances in animals. In ad-
dition, a further application of in vivo
intralymphatic injection using a brightly
coloured radiopaque silicone rubber is
illustrated.

MATERIALS AND METHODS

LYMPHOGRAPHY

Lymiiphatic Cannulation - For sedation,
intra-muscular Innovar Vet', 0.25 ml per
kg body weight in the New Zealand white
rabbit, and 0.10 ml per kg in the domestic
dog or rhesus monkey (Macacca mulatta)
was used because of the minor nature of
the procedure. This possibly avoided the
pulmonary complications of more prolonged
and deep barbiturate anaesthesia. However,
many other forms of sedation or light
anaesthesia are equally suitable and dis-
advantages of Innovar Vet included occa-
sional muscle twitching and incontinence.
Lymphatic channels were visualized by in-
jecting sub-dermally 0.5 ml of a mixture
of equal parts of Patent Blue V2 dye and
1% Lignocaine' into a toe web on the

'Pitman-Moore Ltd., Don Mills, Ontario.

2Sterilab, Toronto, Ontario.

3Xylocaine, 1%, Astra Pharmaceutical Division, Missis-
sauga, Ontario.

dorsum of each hind foot. After a few
minutes the blue dye was transported in
superficial lymph vessels which were clear-
ly seen through the skin of the leg.
With local anaesthesia a 2 cm skin inci-

sion adjacent to a lymph trunk was made
on the medial aspect of the distal hindleg.
The blue dye was milked up the lymph
trunks making them easily seen. The most
suitable vessel for cannulation was dis-
tended by placing a firmly tied black linen
suture around both the lymph channel and
a small amount of surrounding soft tissue,
near the upper end of the incision. Removal
of this suture after lymphatic cannulation
was facilitated by inserting it through the
skin edge where it could be cut with min-
imal movement (Fig. lA).
The animal was then kept immobile. A

supine position with the legs extended was
suitable to align the lymphography needle
and lymph vessel. Alternatively the animal
was placed in lateral recumbency, and
lymphatic cannulation on one side was fol-
lowed by turning the animal and repeating
the procedure on the opposite leg. The
fascial planes overlying the lymphatic were
gently cut in the direction of the vessel
using a sharp scalpel. Fragility of lymph
vessels contraindicated attempting to isol-
ate them completely by removing the sur-
rounding fat. A suture was then placed
around the vessel 1.5 cm distal to the oc-
chLiding suture.

It was eventually used to tie the
lymphography needle within the lumen,

Fig. IB. Rabbit Hindleg Medial aspect Dye in
Lymphatics.

Note immobilizing needle behind lymphatic. v Can-
nulating needle aligned with vessel. +
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Fig. I C. Rabbit Hindleg medial aspect - Dye in
Lymphatics.

The lymphography needle has been advanced into the
lymph trunk.

and therefore a single loose knot was made
with the ends left in an easily accessible
position. Experience made it possible to
often thread the lymphography needle up
the lumen of the lymphatic for 0.5 to 1 cm,
in which case no tie suture was required.

Prior to cannulation the lymph vessel
was immobilized by a 25 gauge needle in-
serted from left to right behind its sur-
rounding soft tissues (Fig. 1B). The lym-
phatic was kept perfectly still and slightly
stretched, and by holding a 30 gauge
needle with the left hand it was introduced
into the lumen and advanced for approx-
imately 0.5 cm with the right hand (Fig.
1C). The operator had to ensure that no
tension on the connecting tube caused
withdrawal or displacement of this needle
when the hands were removed to tighten
the suture which anchored it within the
lumen. At this time small wet gauze swabs
-laced on the tubing facilitated immobili-
:ation. The occluding suture was then cut
vith a scalpel adjacent to the skin edge
ind removed without movement (Fig. 1D).
rhe success of cannulation could then tv
ested by injection of a small amount of

z ormal saline with minimal pressure on
the plunger of the syringe. A few tiny air
bubbles through the lymphatic or disten-
sion of the lymph trunk meant an intact
system through which radiographic con-
trast material could be introduced.

Radiography - Ultra Fluid Lipiodol4, a
37% iodine-containing mixture of the

4Denver Laboratories (Canada) Limited, 451 AUiance
Avenue, Toronto 334, Ontario.

Fig. ID. Rabbit Hindleg - Medial aspect - Dye in
Lymphatics.

Removal of occluding suture. +Note tie suture has
been tightened around the needle within the lymphatic.

esters of natural poppy seed oil, is the most
suitable contrast medium for lympho-
graphy. The total dose of 0.15 ml UFL
per kg body weight was divided equally
between the two limbs. Because a slow rate
of injection, approximately 1 ml per ten
min was most suitable, an inexpensive
syringe holder was made to allow constant
pressure by a lead weight on the plunger
of a 10 or 20 cc syringe (Fig. 2). A 2 lb
lead weight on the plunger of the syringe
resulted in an injection pressure at the
end of the needle of approximately 50 mm
of mercury or less, levels often reached
during rapid passive movement and exer-
cise in the intact animal (12). Immediately
after the contrast medium had been intro-
duced, the needles were removed and the
incisions closed. It was important to leave
lymph vessels intact by careful removal

Fig. 2. Simple syringe holder with two pound lead
weight on plunger.
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Fig. 3. Rabbit - Ventrodorsal Radiograph - Pelvis
and Hindlimbs.

- Popliteal lymph nodes. o* -OK

- Lymphatics ascending to inguinal region.

- Para-arotic lymph trunks.

of sutures to avoid subsequent lymphedema
and slow wound healing.
A ventrodorsal radiograph of the abdo-

men, pelvis and limbs of the animal showed
lymph trunks from both popliteal nodes
to the para-aortic regions (Fig. 3). Suit-
able exposure factors were approximately
90kv and 200 Mas using a 0.3 mm focal spot
and 36" film focus distance for a 3 kg
rabbit or 5 kg dog.
Non-screen RPM5 fine grain film gave

excellent radiographic definition in small
laboratory animals, but a cassette and grid
are recommended for larger subjects.
Simple primary magnification techniques
gave useful additional enhancement of ra-
diographic detail (2).

After twenty-four hours UFL had left
the lymph vessels and was trapped within
the parenchyma of regional nodes which
could be seen on ventrodorsal, oblique and
lateral radiographs. Homogeneously opaci-
fied lymph nodes with a slightly granular
texture and smooth contour were seen in

5Rapid Processing Mammography (Kodak Ltd.).

the normal mammal (Fig. 4). These nodes
remained radiopaque for several months
and could be observed on subsequent radio-
graphic examinations to detect changes in
the contrast patterns indicating progres-
sive disease. Slow loss of the opaque
medium over the ensuing months was a
normal finding, after which a second ex-
amination could be performed when fur-
ther study was necessary.

Precautions - Aseptic surgical tech-
nique was essential to prevent wound in-
fection and skin sutures were removed
after approximately five days. The most
important complications described shortly
after the introduction of lymphograph3
were due to deposition of excessive amounts
of oily contrast material in the vascular
bed of the lung (5, 13). This resulted in a
chemical pneumonitis (10). Such sequelae
in our studies were almost totally avoid-
able with good technique. 131I labelling of
UFL has shown that a minute amount of
oily contrast medium is filtered in the
vascular bed of the lung after all lympho-
grams (18) and causes slight alteration in
respiratory function (9). However, using

Fig. 4. Rabbit - Ventrodorsal Radiography - Pelvis
and Hindlimbs.

- Popliteal lymph nodes.

- Ilio-lumbar lymph nodes. #
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Fig. SA. Dog - Lateral Radiography - Pelvis and
Hindlegs.

Fig. 5B. Dog - Lateral Radiograph - Thorax and
Abdomen.- Lymph vessels from hind limb. -UWA69 U...

Popliteal lymph nodes. ~ - Upper para-aortic trunk. 4.

- Ascending vessels in lumbar region. - Thoracic duct. _

Lumbar lymph nodes. - Termination of thoracic duct. 4a

- Para-aortic lymph trunks.

the dosage recommended, this was of no
clinical significance and pulmonary
changes due to break-down of UFL to free
fatty acids usually result from poor clinical
judgment, such as failure to reduce the
dose in subjects with a decrease in lympho-
reticular tissue due to administration of
immunosuppressive drugs (3). Allergic
reactions to iodine-containing contrast
media (5), Patent Blue V, or Lignocaine
(10), giving localized or generalized mani-
festations are rare with normal dosage,
and did not occur in our experience.

SILICONE RUBBER CASTING OF __
LYMPH MICROCIRCULATION

Lymphatic cannulation was performed by
a method similar to that already described
for lymphography. Microfil6, a brightly
coloured radiopaque silicone rubber com-
pound, was introduced using a 30 gauge
needle with a 4 lb weight on the plunger
of the syringe (Fig. 2). This allowed a
steady flow of the casting medium. Vessels
and nodes in the popliteal, femoral and
ilio-lumbar groups were filled in approx-
imately 15 min (Fig. 8). The gel time of Fig. 5C. Dog - Lateral Radiograph - Hindlegs.

- Popliteal lymph node. Note homogeneously granular
6Canton Biomedical Products Inc., P.O. Box 2017, parenchyma. The right node (top) is somewhat larger
Boulder, Colorado, U.S.A. than the left.
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RESULTS

LYMPHOGRAPHY

Radiographs taken during or imme-
diately following injection of the contrast
media, showed the normal trunks afferent
and efferent to the popliteal and aorto-
iliac glands in the rabbit (Fig. 3). A
beaded appearance of vessels due to normal
valves was seen and from one or two large
calibre efferent popliteal trunks, several
smaller lymphatics ran alongside the major
vessels to the level of the pelvic brim. At
a higher level two or more periaortic
channels conduct the contrast material to
the thoracic duct which was not normally
visualized using the dosage described.
After 24 hr the lymphadenogram (Fig. 4)
displayed single unilateral superficial pop-
liteal lymph nodes. Small groups of femoral
glands were visualized. At the level of the

Fig. 5D. Dog - Ventrodorsal, Right Posterior-Oblique
Radiograph - Pelvis.

- Pelvic and ilio-lumbar lymph nodes.

the radiopaque casting medium was ap-
proximately 100 min varying as the colour
used. The nodes and vessels were removed
by careful dissection once it was set. These
were cleared in alcohol and methyl sali-
cylate as follows: (this procedure was
usually done two to three hours post-injec-
tion) 1. Tissue-containing node was im-
mersed in saline for twenty-four hours.
2. On the following consecutive days speci-
mens were dehydrated for twenty-four
hours each in fresh ethyl alcohol solutions
of 25, 50, 75 and 95% as well as absolute
alcohol at room temperature. 3. The speci-
mens were placed in synthetic methyl sali-
cylate until the surrounding tissues became
transparent. The casts were examined
using a stereo-binocular microscope on the
external or cut surfaces. A coloured cast
of the lymphatic microcirculation within
each individual lymph gland was revealed
by sectioning. Minute detail of the sinu-
soidal system within the gland could then
be examined with a stereo-binocular micro-
scope or simple photographic enlargement.

Fig. 6. Rhesus 'Monkey - Ventrodorsal Radiograph -

Pelvis.

- 24 hour film showing femoral, iliac and aortic lymph
glands with homogeneously opacified parenchyma.

Vol. 37 - April, 1973 135



Fig. 7. Polyethylene catheter for lymphatic cannulation.

pelvic brim, two or more larger ilio-lumbar
nodes were projected over the sacrum on
each side.

In the dog (Figs. 5A, B, C, D) the ap-
pearances were similar to those of the
rabbit except that small para-aortic nodes
at the upper lumbar level were also opaci-
fied. In unusual circumstances, such as
suspected injury to the thoracic duct,
larger amounts of contrast material may
be used. Normally this is to be avoided as
UFL which enters the thoracic duct will
eventually be deposited in the lung.

In the rhesus monkey, one or two long
saphenous trunks were visualized follow-
ing lymphatic cannulation in the hind leg
(Fig. 6). These normally branched in the
upper thigh into numerous afferent vessels
to small groups of femoral and iliac lymph
nodes. Efferent trunks led to peri-aortic
channels and thence to the cisterna chyli
at the level of Ll above which the thoracic
duct conducts lymph to the junction of the
jugular and subclavian veins. At 24 hr the
vessels were empty and radiopaque lymph
nodes (the lymphadenogram - Fig. 6) were
seen in femoral, iliac and para-aortic
groups. The radiographic appearance of
these nodes was similar to that in man.
Clearly demarcated margins with slightly
mottled parenchyma and radiolucent de-
fects due to hila were easily identified in
normal glands.

SILICONE RUBBER CASTING OF
LYMPH MICROCIRCULATION

The normal cast of rabbit lymph nodes
studied showed a marginal sinus of ap-
proximately 50 to 100 ,u in diameter from
which numerous intermediate sinusoids led
around the follicles to a sponge-like net-
work in the centre of the node (Fig. 9).

Lymph canniculi efferent to the system
at the hila of individual nodes led directly
to one or two larger major trunks through
which flow occurred to adjacent nodes or
vessels. The minute detail of intranodal
sinusoids*of extremely small size (approx-
imately 24L) demonstrated the large sur-
face area of the intranodal lymphatic
microcirculation.
The use of such a cast to study changes

due to an immune response in the popli-
teal lymph node regional to an injection
of the antigen Keyhole Limpet Hemocya-
nin7 is illustrated (Fig. 10). Microfil was
injected to elicit possible changes in lym-
phatic structures during the time when
antibody is known to be produced by the
rabbit (22, 23). New lymph vessel forma-
tion within the germinal follicles (angio-
genesis) was clearly demonstrated in a
popliteal node regional to an injection of
the antigen after a period of eight days.
This interesting finding was not detect-
able by either in vivo or in vitro radio-
graphy of whole lymph nodes by current
techniques (Fig. 11). However, the radi-
opacity of the silicone rubber allowed com-
parison in vivo of radiographs of the lymph
nodes with the true microstrutcture in vitro.

7Biomarine Laboratories, Venice, California, U.S.A.

I."W .A

Fig. 8. Rabbit - Photograph During Necropsy of Dis-
sected Hindlimbs and Abdomen.

- Radiopaque silicone rubber in lymphatic system.

-Popliteal lymph glands. e'

- Femoral trunks.

- Lumbar lymph nodes.
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Fig. 9. Cast of the popliteal lymph node in the rabbit.

1 Afferent lymph trunk.

2 Marginal sinus.

3 Spaces for follicles. e

4 Network &f sinusoids in medullary parenchyma.

5 Efferent lymphatic canniculi and vessels.

Fig. 10. Cast of rabbit popliteal lymplh node regional
to antigen.

1 Afferent lymphatic.

2 Marginal sinus.

3 Note new lymphatic sinusoids and follicles.

4 New follicle formation.

5 Increase in medullary sinusoidal system.

Fig. 11. Radiograph on high resolution plate of silicone
rubber cast of rabbit lymph node.

- Afferent lymphatic with valves.

- Marginal sinus. 4
- Individual follicles. K

- Large calibre efferent lymph trunk. %_

DISCUSSION

Minor variations in the instrumentation
and technique of lymphography will prove
equally successful according to the prefer-
ence of individual operators (20). A mag-
nifying binocular is often useful. Some
may prefer polyethylene catheters of sim-
ilar size to the 27 and 30 gauge needles
used for lymphatic cannulation in man
(Fig. 7). In our experience this decreased
the success rate unless a more expensive
operating binocular was available. After
some experience, the technique described
should result in successful examination in
the vast majority of subjects. The simpli-
city and low morbidity of such radio-
graphic studies of impalpable lymph nodes
in comparison with extensive diagnostic
laparatomies indicate possible applications
to diagnostic difficulties in valuable ani-
mals or in detecting carriers of endemic
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lymphoreticular disease in groups of
animals.

Present knowledge of lymph node ana-
tomy has been derived from serial his-
tological sections of whole node slices or
camera lucida pictures (6). Arterial casts
and partial lymphatic casts by direct in-
jection of nodes have also provided useful
information (19). The method described
differs from previous studies as it allows
comparison of three dimensional detail
within whole lymph nodes with radio-
graphy in vivo or in vitro following their
removal. This technique seems particularly
applicable for demonstrating the microcir-
culation of nodes in different regions
which are already known by T3 thymidine
uptake studies to have functional dif-
ferences (1) of basic importance to the
understanding of immune mechanisms. Our
preliminary studies, which show that
lymphatic sinusoidal growth into active
germinal centres occurs in an immune
response, delineate formation of an im-
portant new transport mechanism during
this predominantly humoral reaction. This
is not unlike angiogenesis in developing
neoplastic disease (8).
Many features of microcirculation in

disease, particularly in malignancy, are at
present unknown. These may be demon-
strated by sequential injection in the live
animal of the afferent lymphatics and ar-
terial supply to lymph nodes giving a
simultaneous view of both lymphatic sinu-
soids and blood supply. The radiopacity of
the silicone rubber compounds described
makes them particularly suitable for ex-
perimental examination of in vivo radio-
graphic appearances and the true micro-
circulation. This principle applies not only
to lymph nodes but to all organs and avoids
some of the pitfalls inherent in attempting
comparison of radiographs with serial his-
tological sections.
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