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LYMP H AN GI OGR A P H Y , the radiographic
demonstration of the lymphatic sys

tem by intralymphatic injection of con
trast material, has opened a new field of
investigation. Earlier attempts at indirect
lymphography were made by injection of
radiopaque material into the subcutaneous
tissue with uptake in the adjacent nodes (1).
Direct injection into large palpable nodes,
lymphadenography, was introduced by
Carvalho in 1931 (6,26,31). Kinmonth in
1955 developed lymphangiography as a
method of study of lymphedema of the
lower extremities (20). Hreshchyshyn and
Sheehan recently modified this approach
(13). We have utilized the procedure with
only minor variations to study the dynam
ics of the lymphatic system and the ab
normalities in the nodes in various disease
states. We have correlated our findings
in man with those of animal investigations
as summarized by Drinker, Yoffey, and
Courtice (8, 29). Our investigation was
initiated at Jefferson Medical College Hos
pital and later extended to include the
group at Philadelphia General Hospital.

METHOD

The method of lymphangiography to be
described here applies to both the upper
and lower extremities. Half a milliliter

(0.5 ml.) of a mixture containing equal
parts of 0.5 per cent Evans blue dye and 1
per cent procaine hydrochloride is injected
intradermally into the interdigital web
space between the first and second or
fourth and fifth digits of the extremity.
The procaine hydrochloride is added to
minimize the transitory pain which occurs
when the dye is injected alone. The
blue dye is selectively absorbed by the
lymphatics, making them readily identifi
able within fifteen to thirty minutes (Fig.
1). At that time, with aseptic technic, a
small skin incision is made proximal to the
injection site and a lymphatic conveying
the blue dye is identified and isolated. An
untied ligature is placed around the vessel
proximally to obstruct and distend it
temporarily (Fig. 2). A small, narrow
gauge needle (25 to 30 depending on lym
phatic size), which has previously been
fitted to a polyethylene tube, is then
threaded into the vessel and secured in
place by a ligature. Ethiodol, an ethyl
ester of poppyseed oil containing 37 per
cent iodine, is placed in a syringe connected
by an adapter to the polyethylene tubing,
and low and constant pressure is applied
to the syringe by means of a "C-clamp"
apparatus, which is manually driven (Fig.
3). The contrast material is thus slowly

1 From the Departments of Radiology and Medicine, Jefferson Medical College Hospital of Philadelphia, and
the Department of Radiology, Philadelphia General Hospital, Philadelphia. Penna. Presented at the Forty
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Fig. 1. Evans blue dye injected in the 1st and 4th interdigital web space. The curvilinear marking on the
ulnar aspect of the hand demonstrates a lymphatic.

Fig. 2. Isolation of a lymphatic.

Fig. 3. Apparatus for constant low-pressure injection of contrast material.
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forced into the lymphatic system. Best
and most extensive visualization is
achieved when injections are prolonged
over a period of an hour and a half to two
hours, at a rate of approximately 7 ml. per
hour. Undue pressure may cause extrava
sation of the contrast material into the soft
tissues of the extremity. We generally use
5 to 7 ml. of radiopaque material in the
upper extremity and 10 to 15 ml. in the
lower extremity, not exceeding a total of
25 ml. if both legs are injected. These
amounts should be decreased for smaller
persons or children in order to avoid forc
ing the oily material into the general cir
culation.

Roentgenograms are taken at the com
pletion of the injection for best demon
stration of the lymphatic channels. We
have found that the patient must remain
supine throughout the entire procedure for
visualization of the thoracic duct. Injec
tion in the feet will demonstrate the nodes
in the inguinal, external iliac, common iliac,
and para-aortic areas, as well as the tho
racic duct and supraclavicular nodes. The
axillary and supraclavicular nodes are seen
after injection of the lymphatics of the
hand. The contrast material leaves the
vessels a few hours after the completion
of the injection. The nodes are best seen
on the twenty-four-hour films. Normally
they may be demonstrable radiographi
cally for approximately four weeks; some
abnormal nodes, however, may be visible
for as long as four to six months. Roent
genograms for the observation of changes
during this period may be obtained with
out further injection.

CLINICAL MATERIAL

This report presents our results in the
lymphangiographic study of 110 patients;
207 extremities were injected: 174 lower
and 33 upper extremities. The lesions
studied were as follows:

Carcinoma. . . . . . . . . . . . . . . . . .54
Lymphoma 28
Edema. . . . . . . . . . . . . . . . . . . . . . . . . .. 12
Jnfection . . . . . . . . . . . . . . . . . . . .1
Other.. .. . . . . . . . . . . . . . . . . . . . 11

Fig. 4. Normal lymphatic distribution of the lower
extremity. A. Both greater and lesser saphenous dis
tribution demonstrated. B. Lymphatics paralleling
greater saphenous vein in the thigh; femoral node is
visualized.

RESULTS AND DISCUSSION

Normally, the lymphatics parallel the
venous system throughout the body. In
the lower extremities they follow the
greater and lesser saphenous veins; in the
upper extremities, the basilic and cephalic
veins. One lymphatic in each extremity is
cannulated and injected, producing ade
quate visualization of the nodal areas.
In the entire lower limb, the lymphatics are
of fine caliber (Fig. 4). As they enter the
pelvis (Fig. 5, A) and continue through the
para-aortic areas, they increase in size (Figs.
5, B, C, D). In the normal limb there is a
separate lymphatic drainage for the medial
and lateral aspect, with little intercom
munication until the inguinal nodes are
reached. At the upper level of the sacrum,
there is a crossing over to the opposite side.
The para-aortic lymphatics drain into the
cisterna chyli at about L-2, where this
continues on as the thoracic duct (Fig 6).
The latter can be seen as it traverses the
thoracic cavity up to the left subclavian
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Fig. 5. Normal lymphatic distribution. A. Pelvis-inguinal, external, and common iliac areas: antero
posterior view. B. Pelvis-oblique view. C. Para-aortic lymphatics and nodes: anteroposterior view. D.
Para-aortic lymphatics and nodes: lateral view.

vein. Occasionally an anomalous right
thoracic duct is demonstrated. Generally
some supraclavicular nodes reveal consider
able uptake of the contrast medium.

The normal lymphatics of the upper ex
tremities are, as a rule, finer than those
of the lower limb (Fig. 7). The lymphatics
which follow the basilic vein, traversing
the inner aspect of the arm to the axillary
nodes, are usually outlined. Here they

branch as they continue through the axil
lary nodes, frequently going through the
supraclavicular nodes, finally to reach the
subclavian vein (Fig. 8).

Idiopathic Lymphedema: Congenital
malformations of the lymphatics are
thought to be the primary factor in the
production of idiopathic lymphedema.
Kinmonth studied 87 cases of idiopathic
lymphedema by lymphangiography (21).
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He described four primary types of ab
normality. (a) Hypoplasia (55 per cent of
all cases) was the most common finding.
Here there were fewer lymphatics, which
were usually larger in caliber than in nor
mal patients. (b) Dilated or varicose
channels (24 per cent) frequently were as
sociated with dermal backflow, which

Fig. 6. The thoracic duct.

is the demonstration of many small collat
eral channels in the skin. These dilated
vessels often drained into normal lym
phatics without evidence of obstruction.
Dilatation was occasionally associated with
other vascular anomalies. (c) Aplasia of
the lymphatics was found in 14 per cent of
the cases. (d) Dermal backflow alone was
present in 6 per cent. Kinmonth also
postulated that clinical lymphedema may
not be manifest in cases of lymphatic ab
normality until there is superimposed
trauma or infection with concomitant in
crease in tissue fluid.

One of the 2 cases of idiopathic lymph
edema which we studied demonstrates the
presence of dilatation and dermal backflow

Fig. 7. Normal lymphatic distribution of the upper
extremity. A. Radial and ulnar lymphatics were in
jected. B. Lymphatic chain in the brachium parallels
the basilic vein distribution.

Fig. 8. Normal lymphatic distribution in the
axilla. These vessels eventually drain into the subcla
vian vein.

(Fig. 9). Edema did not develop in this
patient until the age of twenty-five, ap
proximately six months after an injury to
his lower leg. The second patient had
idiopathic bilateral lymphedema; none
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Fig. 9. Idiopathic lymphedema of the lower extremity. Dermal backflow is demonstrated.

of the abnormalities which Kinm.onth de
scribed were found within the extremities
themselves, but dilated channels were
seen within the para-aortic area (Fig. 10).
The alteration may therefore be in areas
which were not demonstrated by Kin
month.

Acquired Lymphedema and Lymphatic
Obstruction: Acquired lym.phedema has
been studied extensively in animals but
has been difficult to produce experimen
tally. Reichert (1926) divided the tissues
of the thigh of a dog with the exception of
the major blood vessels and the sciatic
nerve, thereby cutting all lymphatics (25).
Edema occurred, but subsided following
regeneration of the lymphatics by the
fourth to eighth day postoperatively.
Drinker produced sclerosis of the lymphat
ics but edema failed to develop until not a
single lymphatic trunk could be demon
strated in the extremity. The onset of

edema was hastened by preliminary iliac
node dissection. I t appears, therefore,
that marked damage to the lymphatic
channels must occur before lym.phedema
will result.

Of the 3 cases of acquired lymphedema
presented, one shows the appearance of
dermal backflow as seen in some of the
reported idiopathic cases (Fig. 11). This
patient received radiation therapy to the
leg (left) for a Kaposi's sarcoma. Subse
quently edema developed, involving the
left leg only. The lymphangiogram is
similar to the one reproduced in Figure 9.
Two other cases demonstrate lymphatic
obstruction with edema due to a neoplasm,
with the formation of collateral channels
(Figs. 12 and 13). These channels ap
peared inadequate to handle the increase in
tissue fluid. On the other hand, collateral
channels may adequately compensate for
lyrrphatic obstruction, in which event no
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Fig. 10. Idiopathic lymphedema of both lower ex
tremities. Congenital anomalous lymphatics in the
retroperitoneal area are shown adjacent to the 4th
lumbar vertebra.

edema will occur. This is shown in Figure
14, A with obstruction of lymph flow one
year after an inguinal lymph-node dissec
tion for metastatic carcinoma of the penis.
In Figure 14, B, there is a similar pattern
from pelvic Hodgkin's disease.

Distortion: Changes in the normal dis
tribution of the lymphatic channels may be
produced by adjacent masses. This is
most frequently seen with pelvic neo
plasms, Figure 15 presents a patient who
was thought to have pelvic metastasis
from. carcinoma of the penis.

Normal Lymph Nodes: The lymph
nodes are best evaluated by studying
roentgenograms made twenty-four hours
after injection of the contrast medium.
The normal lymph node has a globular or
kidney-shaped outline and measures ap
proximately 1.5 cm. in maximum diameter.
The margin is frequently interrupted by a
slight indentation at the hilus (Fig. 16).
The nodal architecture has a homogeneous
reticular pattern. The inguinal nodes in
adults commonly measure more than 1.5
em., which we attribute to the frequency
of low-grade inflammation in the lower ex
tremity. Our method of injection out
lines the skeletal (iliac, para-aortic or
vertebral) nodes in contrast to the vis
ceral (mesenteric or mediastinal) nodes.
The inguinal, external and common iliac,
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Fig. 11. Lymphedema following radiotherapy.
Edema of the lower extremity following radiotherapy
for Kaposi's sarcoma. Dermal backflow once again
can be seen.

para-aortic, and lower supraclavicular nodes
are seen following injection of the lymphat
ics of the lower extremity. The axillary
and a portion of the supraclavicular nodes
are visualized with upper extremity in
jection. The contrast material follows the
course of normal lymph flow, entering the
node through the sinusoids and leaving

Fig. 12. Acquired lymphedema. Lymphatic ob
struction with edema. Carcinoma of the prostate with
a large pelvic mass obstructing the left lymphatic chain.
Collateral channels can be observed.

Fig. 13. Acquired lymphedema. Lymphatic ob-
struction with edema. Superior vena caval obstruc
tion was also present. Collateral channels are demon
strated.

through the efferent lymphatics at the
hilus. According to Collette (7), there are
eight to twelve afferent and fewer efferent
channels.

I nfiammation of the Lymph Nodes: In
acute inflammation, as demonstrated by a
case of acute thrombophlebitis, there is
dilatation of the local lymphatics (Fig. 17).
The local nodes are considerably enlarged,
but the normal architecture is main-
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Fig. 14. Lymphatic obstruction without edema.
A. Adequate collateral pathways developing after in
guinal node dissection for carcinoma of the penis. B.
Extensive collateral lymphatic circulation. Pelvic mass
due to Hodgkin's disease obstructing the lymphatic
chain.

Fig. 15. Distortion of the left iliac lymphatic chain
by a pelvic mass in a patient with carcinoma of the
penis.

tained. In one patient with a generalized
viral disease, this same pattern was seen
in the majority of the nodes visualized.

Carcinoma of the Lymph Nodes: Meta
static carcinoma of the lymph nodes can be

Fig. 16. Normal lymph node. Mu.tiple fine af-
ferent lymphatics are seen entering the node and
larger efferent lymphatics leaving at the hilus. The
node has a homogeneous reticular pattern with a well
defined margin.

demonstrated by lymphangiography. In
metastatic areas there is an increase in the
number and size of nodes visualized. A
characteristic pattern is produced, which
consists of irregular filling defects in the
margin of the node, giving it a "moth
eaten" appearance. This is presumably
due to embolic carcinomatous metastases.
Collette has described such nodes in the
pelvis as having enlarged afferent lymphat
ics; because of the poor filling of the si
nusoids, the nodes are of irregular shape,
with the defects primarily at the margins,
at the site of entrance of the afferent ves
sels. Fischer demonstrated experiment
ally in animals that space-taking lesions
within the nodes can be dearly visualized.
These lesions were simulated by the im
plantation of polyethylene balls or by the
production of sterile abscesses with elec
trocautery. Intralymphatic injections
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Fig. 17. A. Normal femoral nodes and lymphatics. B. Acute inflammatory changes in the femoral nodes.
Note the dilated lymphatics and the enlarged nodes.

Fig. 18. Metastatic carcinoma. A. Axillary lymph nodes involved by metastatic carcinoma from the
breast. B. Metastatic carcinoma of the para-aortic nodes from a primary carcinoma of the rectum.

satisfactorily demonstrated these defects.
Zeidman, Copeland, and Warren (30)

injected blue dye and radioactive gold into
carcinomatous nodes of rabbits. Radio
autography revealed no freely communi
cating channels between the normal por
tions of the node and its contained cancer.
Even with injection under high pressure

with the efferent lymphatics occluded,
there was no perfusion through the neo
plasm. The carcinoma invades and blocks
the lymph spaces; therefore the oil base
contrast material will outline only normally
functioning lymphoid tissue.

The "moth-eaten" pattern of partial
nodal replacement is illustrated by 3 cases.
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Fig. 19. Effect of total replacement of nodes by metastatic carcinoma. A. This patient had carcinoma of the
prostate with extensive metastatic carcinoma of the retroperitoneal nodes. The nodes are not demonstrated.
B. The lymphatics circumvent the totally replaced nodes.

Figure 18, A demonstrates metastatic
nodes from carcinoma of the breast. The
second case is one of carcinoma of the rec
tum with metastasis to the para-aortic
nodes (Fig. 18, B). The last case shows
the effect of complete replacement of the
para-aortic nodes in a case of metastasis
from a prostatic carcinoma (Fig. 19).
Although the enlarged nodes cannot them
selves be visualized, the deviated lym
phatics give away their presence, With
metastatic nodal involvement there is an
increase in the number of lymphatics and
nodes seen, which may be due to the
visualization of different pathways or new
node formation.

Lymphoma: In lymphomatous diseases,
the lymph nodes are enlarged and have a
foamy or lacy pattern which produces an
almost ghost-like appearance. In contrast

to invasion by metastatic carcinoma, the
important finding is preservation of the
outer margin of the node. This is consist
ent with the pathologic change in lympho
matous disease, which is initiated within
the node and spreads diffusely through it.
Our experience suggests that some lym
phomatous diseases have characteristic
patterns. Nodes involved with lympho
sarcoma, as seen in Figures 20, A and B, are
enlarged, the margins are maintained, and
there is a foamy or lacy pattern. In
Hodgkin's disease, as shown in Figure 20, C,
the nodes are large, with the borders pre
served but scattered areas of moth-eaten
replacement are present within the node.
In 2 patients with chronic lymphatic leu
kemia, an identical pattern was seen, with
enlarged nodes having basically a lacy
architecture, continuous margins, and areas
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Fig. 20. Lymphomatous involvement of lymph nodes. These nodes show a foamy internal architecture,
with preservation of the nodal margins. A. Lymphosarcoma, early manifestations. B. Lymphosarcoma, late
stage. C. Hodgkin's granuloma. D. Chronic lymphocytic leukemia.

of increased collections of opaque medium
(Fig. 20, D). These basic criteria are em
ployed in the evaluation of the patient
studied by lymphangiography.

APPLICATIONS AND COMPLICATIONS

Lymphangiography is a practical method
of radiographic demonstration of the lym
phatic system. It can be utilized as a
diagnostic tool and as a therapeutic aid
which has definite practical clinical ap
plications. The procedure requires a

minimum of surgical proficiency, so that
under the usual circumstances the tech
nical aspects are accomplished in approxi
mately half an hour.

Diagnosis: In cases of lymphedema,
localized abnormalities of the lymphatic
system can be demonstrated. Perhaps
surgical approach to these congenital
anomalies may be of value in correction of
"idiopathic lymphedema."

Postoperative edema following radical
mastectomy is frequently a distressing
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Fig. 21. Postmastectomy edema. In this patient the
lymphatics were decreased in caliber.

problem. Several such patients have been
studied in this group. In one, the lym
phatics were normal in number but de
creased in caliber (Fig. 21). This finding
differs from that of Kinmonth, who found
the vessels near-normal in caliber but
somewhat tortuous and with a tendency

Fig. 22. A. Metastatic carcinoma of the breast
with two palpable axillary nodes. All these nodes
demonstrate evidence of metastatic disease.

B. Operative specimen: The nodes from the same
patient were dissected free of the surrounding tissues.
The nodes without contrast medium were totally re
placed by carcinoma.

toward increased collateral flow. In a
recent investigation by Smedal and Evans
(27), by means of venography, several
patients were found to have thrombophle
bitis as the prime causative factor. In
an attempt at a better study of post
mastectomy edema, we are now using com
bined venography and lymphangiography.
It is of interest that in a case of chronic
thrombophlebitis of the lower extremity the
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Fig. 23. Determination of the gross type and extent of disease. Hodgkin's granuloma with extensive involve
ment of retroperitoneal nodes. A. Roentgenogram taken immediately after the injection of the contrast material.
B. Twenty-four-hour roentgenogram of the chest. The supraclavicular and lower cervical nodes are demon
strated. C. The retroperitoneal nodes are best visualized on the twenty-four-hour roentgenogram. D. These
retroperitoneal nodes demonstrate the findings characteristic of Hodgkin's granuloma.

lymphatics were decreased in number and
caliber somewhat as in post-mastectomy
edema.

Diagnostically, lymphangiography can
be best applied to the patient with malig
nant diseases. Demonstration of meta-
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static carcinoma of the lymph nodes by this
technic may furnish information of critical
value in the presence of unsuspected meta
static disease, which may alter the thera
peutic approach. Even in an accessible
area such as the axilla, metastatic car
cinoma may be present at the apex, and
therefore out of reach of the palpating
fingers. Figure 22, A represents a patient
with an extensive lesion of the breast with
two large firm axillary nodes. A lymphan
giogram revealed multiple involved nodes.
Note the worm-eaten appearance. A
radical mastectomy was performed. All
the nodes removed contained metastatic
carcinoma. The areas visualized are re
sidual functioning tissue. The majority
of the nodes were totally replaced and
showed no uptake of contrast material.
Figure 22, B shows the dissected nodes.
Those which were visualized were com
pletely removed, as was shown in a post
operative chest film.

Lymphomas can also be readily shown
by this technic. The lymphangiograms will
frequently reveal diffuse malignant in
volvement where only local disease is
manifest clinically. This was demon
strated by a patient with Hodgkin's
granuloma believed to be localized in the
supraclavicular area. Examination dis
closed extensive disease in the retroperi
toneal region. The nodes were typical of
Hodgkin's disease, with a well defined outer
margin and spotty replacement within
(Fig. 23). Figure 24, A shows a reticulum
cell sarcoma producing distortion of the
ureter. Fig. 24, B reveals displacement
of the kidney by nodes involved by chronic
lymphatic leukemia.

In selected cases the exact location of
tumor-producing symptoms was depicted.
This has led to more specific therapy. In
one patient, for example, who was known
to have lymphosarcoma, urinary obstruc
tion suddenly developed. Intravenous
urography was inconclusive because of
inadequate concentration of the contrast
medium. The lymphangiogram depicted
enlarged involved nodes in close proximity
to the ureters. Radiation therapy to this

Fig. 24. Displacement of the genitourinary tract by
involved retroperitoneal nodes. A. Reticulum-cell sar
coma involving nodes, producing distortion of the left
ureter. B. Chronic lymphatic leukemia. Note the
displacement of the left kidney.

area resulted in the relief of obstruction.
In another case, a patient with a history
of laryngectomy for carcinoma ten years
previously complained of sudden back pain.
No bony involvement, however, could be
demonstrated. To our surprise the lyrn
phangiogram revealed local involvement of
retroperitoneal nodes at the level of the
symptoms. This proved to be Hodgkin's
disease, and subsequent irradiation brought
about relief.

amas
鉛筆
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Fig. 25. Lymphangiography as a guide to retroperitoneal node dissection. A. Preoperative films of the ab
domen, both anteroposterior and lateral, in a patient with teratocarcinoma of the left testicle. Note the suspicious
nodes to the left of the 2nd lumbar vertebra. B. Postoperative roentgenograms reveal residual nodes. The
questionably involved nodes are still present.

Therapeutic Applications: Lymphan
giography can be a valuable aid to the
surgeon. This procedure performed prior

to lymph-node dissection can be used to
give the surgeon a more exact visual pic
ture of the location and status of the nodes.



Fig. 26. Lymphangiography as a surgical and radiotherapeutic guide. A. The preoperative examination of a
patient with teratocarcinoma of the testicle. B. Postoperative roentgenogram showing many residual nodes. C.
Post-radiotherapy film. The nodes are markedly decreased in size but maintain the same configuration. The
change is due to the effect of treatment rather than the loss of contrast material from the node.

Fig. 27. Evaluation of the effect of radiotherapy. A. The axillary nodes show lymphosarcoma.
days following the initiation of radiotherapy.

195

B. Eleven
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Fig. 28. Effect of chemotherapy. A. Lympho
sarcoma of retroperitoneal and pelvic nodes. B. One
week after initiation of cyclophosphamide therapy. C.
Six months follow-up. The nodes are smaller, well
visualized, and have the same configuration.

An example of this is seen in Figures 25,
A and B, which show pre- and post
operative films of the retroperitoneal nodes
of a patient with teratocarcinoma of the
left testicle. Even though an apparently
complete retroperitoneal node dissection
was performed, the postoperative film re
vealed one node showing changes sugges
tive of involvement, which was left behind.
Roentgenograms taken in the operating
room may serve as a guide to complete
removal of the nodes.

Lymphangiography can be utilized to
great advantage by the radiotherapist,
particularly in the more accurate place
ment of treatment portals. Our roent
genograms of the axillary nodes have
demonstrated that some of these may lie
at a distance below the clavicle and may
therefore be missed by postmastectomy
irradiation. Portal films can be more ac
curately centered over the proper area.

Visualization of the retroperitoneal nodes
is a most helpful guide to the radiotherapist
in the treatment of testicular tumor metas
tases. Crossing-over commonly takes
place at the first sacral area and both para-
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aortic chains must be included down to
this level. Figure 26, A is the preoperative
picture; Figure 26, B postoperative, and
Figure 26, C post-radiotherapy.

Therapeutic effi.cacy can also be more
exactly determined because of the pro
longed presence of the contrast medium.

Fig. 29. Lipogranulomatous reaction in a lymph
node. The vacuolated areas represent the spaces occu
pied by the oil-based contrast material. A foreign
body reaction is shown.

A patient with far advanced lymphosar
coma received radiotherapy to the axilla.
Eleven days after the initiation of treat
ment, a follow-up film dram.atically re
vealed the regression of the nodes (Figs.
27, A and B).

The latter use also applies to chemo
therapy of disseminated malignant disease.
Not only does it give the chemotherapist a
guide to the effect of treatment in the in
dividual patient, but it also gives him an
other practical parameter for objective
evaluation of his therapeutic agents. This
is demonstrated beautifully by a case of
lymphosarcoma (Fig. 28, A) treated by
intralymphatic and oral cyclophosphamide.
Films taken in one week showed consider
able regression (Fig. 28, B). Follow-up
roentgenograms after six months once
again show the nodes to be much smaller
but with the same general configuration
(Fig. 28, C). With exacerbation of the

Fig. 30. Pulmonary embolization. Fine stippled
areas of increased density.

disease, the nodes will once again enlarge
and revert to the previous status.

Intralymphatic injection of chemothera
peutic agents following the demonstration
of nodes involved by neoplasm has been
attempted. Thus far only a few patients
have been treated, without very reward
ing results.

Complications: In performing lymphan
giography on 207 extremities in 110 pa
tients, we have encountered infrequent
and minor complications. Two of our
patients experienced a transient lymphan
gitis, which we assumed to be chemical in
nature. This rapidly responded to local
therapy. Local wound inflammation has
occurred occasionally and led to frank
wound infection in 3 instances. Histo
logic examination of nodes removed at
surgery following lymphangiography has
shown lipoid material producing a foreign
body reaction, a lipogranuloma (Fig. 29).
The significance of this observation is not
known at present. In a repeat study after
ten months we have not demonstrated
any nodal changes which could be ascribed
to the previous study. There is always the
possibility of the contrast material enter-
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ing the venous circulation either too rap
idly or in an excessive quantity. This can
lead to fine pulmonary embolization, and
we have observed this in a few patients
(Fig. 30). In 6 of these a febrile response
developed which was self-limited and sub
sided within three days without significant
morbidity. The contrast medium itself
has always cleared completely within a
week. We attempt to avoid this com
plication by limiting the quantity of in
jected material in each patient. A theo
retically possible complication is further
spread of tumor emboli as a result of
lymphangiography. This phenomenon is
difficult to investigate. The work of Zeid
man et al. (30), however, suggests that it is a
remote risk. Lastly, one must always
keep in mind the possibility of iodine sensi
tivity.

SUMMARY

By a modification of Kinmorrth's method
of intralymphatic injection, the lymphat
ics and nodes of the extremities have been
demonstrated, including the pelvic, para
aortic, axillary, and supraclavicular areas,
as well as the thoracic duct.

In lymphedema the findings vary from
an increase to an almost complete absence
of channels. Extensive collateral path
ways in the face of obstruction to lymph
flow have been shown.

Normal nodes exhibit a homogeneous
reticular pattern. In lymphadenitis, the
nodes are larger but normal in architec
ture; in lymphomas there are enlarged,
lacy, ghost-like nodes; in carcinoma the
nodes have a moth-eaten appearance.

Lymphangiography can be used to
determine the general type and extent of
disease processes; as a guide to lymph
node dissection; in radiation therapy for
portal placement; and in both radiother
apy and chemotherapy to assess the re
sponse to treatment.

ACKNOWLEDGMENTS: The authors express their
appreciation to Dr. Philip Hodes, Dr. Bernard P.
Widmann, and Dr. Stanley Dische for their assist
ance in this study. They are also grateful to the Vet
eran's Administration Hospital, St. Joseph's Hos-

pital of Philadelphia, and the Albert Einstein
Medical Center for the privilege of studying some
of their patients.

Department of Radiology
Jefferson Medical College Hospital
Philadelphia 7, Penna.

REFERENCES

1. ARNULF, G.: Practical Value of Lymphangi
ography of the Extremities. Angiology 9: 1-6,
February 1958.

2. BELLMAN, S., AND ODEN, B.: Experimental
Micro-Lymphangiography. Acta radiol. 47: 289-307,
April 1957.

3. BENNETT, H. S., AND SHIVAS, A. A.: The Visual
ization of Lymph Nodes and Vessels by Ethyl Iodo
stearate (Angiopac) and Its Effect on Lymphoid Tissue:
A Preliminary Radiological and Histological Study.
J. Fac. Radiologists 5: 261-266, April 1954.

4. BLOCKER, T. G., JR., SMITH, J. R., DUNTON,
E. F., PROTAS, J. M., COOLEY, R. M., LEWIS, S. R., AND
KIRBY, E. J.: Studies of Ulceration and Edema of the
Lower Extremity by Lymphatic Cannulation. Ann.
Surg. 149: 884-896, June 1959.

5. BRUUN, S., AND ENGESET, A.: Lyrnphadenog
raphy: A New Method for the Visualization of
Enlarged Lymph Nodes and Lymphatic Vessels (Pre
liminary Report). Acta radiol. 45: 389-395, May
1956.

6. CARVALHO, R., RODRIGUES, A., AND PEREIRA,
S.: La mise en evidence par la radiographie du systeme
lymphatique chez le vi vant. Ann. d'anat. path. 8:
193-197, February 1931.

7. COLLETTE, ]. M.: Envahissements ganglion
naires inguino-ilio-pelviens par Iyrnphographie. Acta
radiol. 49: 154-165, February 1958.

8. DRINKER, C. K., AND YOFFEY, J. M.: Lym
phatics, Lymph and Lymphoid Tissue: Their Physi
ological and Clinical Significance. Cambridge, Mass.,
Harvard Univ. Press, 1941.

9. FISCHER, H. »i., AND ZIMMERMAN, G. R.:
Roentgenographic Visualization of Lymph Nodes and
Lymphatic Channels. Am. J. Roentgenol. 81: 517
534, March 1959.

10. FISCHER, H. W.: A Critique of Experimental
Lymphography. Acta radiol. 52: 448-454, December
1959.

11. FISCHER, H. W.: Lymphangiography and
Lymphadenography with Various Contrast Agents.
Ann. New York Acad. Sc. 78: 799-808, July 2, 1959.

12. HRESHCHYSHYN, M ..M:., AND SHEEHAN, F. R.:
Lymphangiography in Patients with Pelvic Cancer and
Lymphomas. Proc. Am. A. Cancer Res. (Abst.) 3:
121, 1960.

13. HRESHCHYSHYN, M. M., AND SHEEHAN, F. R.:
Personal communication.

14. JACOBSSON, S., AND JOHANSSON, S.: Normal
Roentgen Anatomy of the Lymph Vessels of the Upper
and Lower Extremities. Acta radiol. 51: 321-328,
May 1959.

15. KAINDL, F., MANNHEIMER, E., PFLEGER
SCHWARZ, L., AND THURNHER, B.: Lymphangiographie
und Lymphadenographie der Extremitaten, Stutt
gart, Germany, Georg Thieme, 1960.

16. KINMONTH, J. B.: Lymphangiography in Man.
Method of Outlining Lymphatic Trunks at Operation.
Clin. Sc. 11 : 13-20, February 1952.

17. KINMONTH, J. B., AND TAYLOR, G. W.: The
Lymphatic Circulation in Lymphedema. Ann. Surg.
139: 129-136, February 1954.

18. KINMONTH, J. B.: Lymphangiography in Clinical
Surgery and Particularly in the Treatment of Lympho-



Vol. 76 LYMPHANGIOGRAMS 199

edema. Ann. Roy. Coll, Surgeons, England 15: 300
315, November 1954.

19. KINMONTH, J. B., HARPER, R. A. K., AND
TAYLOR, G. W.: Lymphangiography by Radiological
Methods. J. Fac. Radiologists 6: 217-223, April 1955.

20. KINMONTH, J. B., TAYLOR, G. W., AND HARPER,
R. A. K.: Lymphangiography: A Technique for Its
Clinical Use in the Lower Limb. Brit. M. J. 1: 940
942, April 16, 1955.

21. KINMONTH, J. B., TAYLOR, G. W., TRACY, G. D.,
AND MARSH, J. D.: Primary Lymphoedema: Clinical
and Lymphangiographic Studies of a Series of 107
Patients in Which the Lower Limbs Were Affected"
Brit. J. Surg. 45: 1-9, July 1957.

22. LANG, E. K.: Demonstration of Blockage and
Involvement of the Pelvic Lymphatic System by
Tumor with Lymphangiography and Scintiscanograrns.
Radiology 74: 71-73, January 1960.

23. MALAMOS, B., l\10ULOPOULOS, S. D., AND SARKAS,
A.: Lymphadenography: Its Use in Hematology.
Brit. M. J. 2: 1360-1361, Dec. 19, 1959.

24. MALEK, P., KOLC, J., AND BELAN, A.: Lym
phography of the Deep Lymphatic System of the Thigh.
Acta radiol. 51: 422-428, June 1959.

25. REICHERT, F. L.: The Regeneration of the
Lymphatics. Arch. Surg. 13: 871-881, December
1926.

26. SHANBROM, E., AND ZHEUTLIN, N.: Radio-
graphic Studies of the Lymphatic System. Arch. Int.
Med. 104: 589-593, October 1959.

27. SMEDAL, M. I., AND EVANS, r. A.: The Cause
and Treatment of Edema of the Arm Following Radical
Mastectomy. Surg. Gynec. & Obst. 111: 29-40, July
1960.

28. TJERNBERG, B.: Lymphography as an Aid to
Examination of Lymph Nodes: Preliminary Report.
Acta Soc. med. upsaliensis 61: 207-214, Nov. 30, 1956.

29. YOFFEY, J. M., AND COURTICE, F. C.: Lym
phatics, Lymph and Lymphoid Tissue. Cambridge,
Mass., Harvard Univ. Press, 1956.

30. ZEIDMAN, I., COPELAND, B. E., AND WARREN,
S. : Experimental Studies on Spread of Cancer in
Lymphatic System. III. Absence of Lymphatic
Supply in Carcinoma. Cancer 8: 123-127, J anuary
February 1955.

31. ZHEUTLIN, N., AND SHANBROM, E.: Contrast
Visualization of Lymph Nodes. Radiology 71: 702
708, November 1958.

SUMMARIO IN INTERLINGUA

Lymphangiogrammas: Lor Potential Diagnostic e Therapeutic

Per medio de un modification del
methodo de Kinmonth de injectiones in
tralymphatic, le vasos lymphatic e le
nodos esseva demonstrate in Ie extremitates
e etiam in le areas pelvic, para-aortic,
axillari, e supraclavicular, si ben como le
ducto thoracic. In lymphedema, le con
statationes varia ab un augmento usque ad
un quasi complete absentia de canales.
Extense circuitos collateral in Ie presentia
de obstruction del fluxo lymphatic esseva
demonstrate.

Nodos normal exhibi un homogenee con-

figuration reticular. In lymphadenitis, le
nodos es allargate sed de architectura nor
mal. In lymphoma, le nodos es allargate,
dentellate, e spectral. In carcinoma, Ie
apparentia del nodos es "erodite per tineas."

Lymphangiographia pote esser usate pro
determinar le typo general e le extension del
processos morbide, 1110 pote servir como
guida in le dissection de nodos lymphatic.
In radiotherapia illo assiste in le placia
mento del porta. Tanto in radiotherapia
como etiam in chimotherapia illo adjuta in
le evalutation del responsa al tractamento.




