
phoscintigraphy is a simple and noninvasive
examination designed to help us see the regional lymph
nodesofa cancer-affectedpatient. Rosenbiumand Hill
demonstrated the presence of both the axillary and the
internal mammary nodes by using technetium-99m
(99mTc)sulfide colloid first for subcostal and then for
areolar injections (1,2). Mclean did the same thing for
the subcostal and interdigital injections, respectively
(3). Hultborn and associates, with the aid of radioactive
colloidal gold, showed the way a lymph drainage
spreads from every quadrant of the breast to both the
axillary and the internal mammary lymph nodes (4).
As is well known, some of the lymph from the mam
mary glands is transported by the lymphatk@s that go
through the pectoralis major muscle and the intercostal
spaces and then run along and amid the internal mam
mary vessels (5). It is here in the lymphatic system that
we apply our method whose aim is to achieve the most
effective visualization of the respective regional lymph
nodes. In order to identify the exact location of these
lymph nodes, we inject [@Tc]rhenium colloid (to be
more fully explained below), superimposing the ob
tamed image (lymphoscintigram) on the patient's chest
roentgenogram (6). In such a superimposed image, we
evaluated tumor spread.
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MATERIALS AND METHODS

From January 1985 to June 1987, at our National Cancer
Center Hospital in Tokyo, 100 pre-operative patients with
breast cancer were examined according to the new lympho
scintigraphicmethod. Of these 100 patients, 48 were subse
quently subjected to the excision of the internal mammary
lymph nodes. The location ofthe tumor and the clinical stage
of the patients are classifiedaccordingto the UICC Classifi
cation (7) and are summarized in Table 1. To obtain our
lymphoscintigram, we used the above-mentioned [@TcJrhen
ium colloid (8). Although the injection technique of [@â€œTcJ
Re appears to be rather simple, the interdependenceof each
step of the technique is essentialto the procedureand, there
fore, steps should be followed closely (6). On the day before
the projectedsurgery,a total of 10mCi of [@â€œTc]Rein 2 ml
is injected into the penosteum in the following way: while
exerting pressure on the skin of the rib with one's free hand,
a 23-gauge,1.25-in.needleis pushed verticallyinto the skin,
first on the fourth rib, always in the direction of the midcla
vicular line, that is medial to this line. The needle traverses
the mammary glandsand the pectoralismusclesto reach the
middleof the respectiverib; here 0.5 ml of [@â€œTc]Reis then
injected. The same procedure is followed for the fifth rib. If,
however, the tumor has been perceived as closer to the mid
clavicular line, we inject [@Tc]Re between the tumor and
the sternum, that is, if the tumor is in the upper inner
quadrant;if, however, it is in the upper outer quadrant, we
inject medial to the midclavicular line. In either case, a similar
injection is given to the fourth and fifth ribs in the direction
ofthe midclavicularline in the healthybreast.This procedure
alwayscauses some unavoidablepain, but the procedure is
completedin <1 mm.
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To achieve the visualizationof regional lymphnodes using lymphoscintigraphy,100 pre
operative patients with breast cancer were studied, wfth I@Tc]rhanium col@d having bean
Injected into the periosteum of their nbs. Inorder to identifythe exact location of the
visualized nodes, the Obtainedlymphoscintigramwas superimposed onto the patient's chest
roentgenogram. The Visibilityof the internal mammary rag@nwas 91% on the affected side,
and 93% on the healthy side, whereas the visibilityof the axillaryregion was 85% and 86%,
respectivaly. The injection resulted in simultaneous visualization of both the internal mammary
and the axillarynodes: Inour series, it meant the visualizationof 82 patients (82%)on the
affected side and 83 patIents (83%) on the healthy side. Our technique appears to be a rather
efficient method for imaging the regional lymph nodes in breast cancer patients.
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FIGURE 1
A life-sizedlymphoscintigramtaken with the 35 x 43 cm
film.The tumor was located in the left lower-outer quadrant
(Ti Ni MO).Many hot nodes were noticed in the image.
White round spots are injectionsites covered with leaden
plates. The sternal notch is marked on the lymphoscinti
gram (x).

dissectednodes were then studied histologically,and corre
lated with the visualized ones.

RESULTS

The visibility ofthe internal mammary region is 91%
(9 1/100) in the affected side and 93% (93/100) in the
healthy side, whereas the visibility ofthe axillary region
is 85% (85/100) and 86% (86/100), respectively (Table
2). The injection of the [99mTc]Reinto the periosteum
of the ribs results in a fairly extensive simultaneous
visualization of both the internal mammary nodes and
the axillary ones: in our case, it visualized 82 patients
(82%) on the affected side and 83 patients (83%) on the
healthy side. The number of patients who showed no
lymph nodes on the affected side was six, on the healthy
side four. Thus, the total of ten patients could not be
visualizedas to theirlymph nodes.Ofthese ten patients,
only two patients, however, could not be visualized at
all on the SI either as to their healthy lymph nodes or
the involved ones; one ofthese patients belonged to the
clinical stage I, and the other to the clinical stage II.
This might have been the result of defective labeling of
99mTc

A total of 600 lymph nodes were visualized in both

Lymphoscintigraphic images are taken in the following
way: 3 hr after the injections, an antenor-view-lymphoscinti
gram is obtained on the 35 x 43 cm film (KODAK T-Mat G

Film) with a large field gamma camera. The collimator is of
the low-energy,parallel hole type and results in at least
1,300,000counts per image.The injection sites are covered
with leaden plates because of high radioactivity. The sternal
notch is marked mechanically by a technician. The technical
apparatus used sounds complicated, but with practice is re
duced to the followingconcrete procedure. The patient lay
under the gammacamera;the radioactivepointer in the hand
ofthe surgeon then localizes the patient's sternal notch, which
at the same time is automatically marked on the lymphoscin
tigraphic film; in this way we are able to obtain a realistic life
sized lymphoscintigram (Fig. 1). This life-sized lymphoscinti
gramis then superimposedupon the previouslytaken postero
antero chest roentgenogram with the patient in the upright
positionâ€”the ribs, clavicles, and the contours of the breasts
are marked with inerasableink onto the lymphoscintigram
(Fig. 2) thus obtaining what may be called a superimposed
image (SI) (Fig. 3). By this SI, the regions of the visualized
(hot) nodes are easily assessed as belonging to anatomic groups
such as axillary (low, middle), axillary apex, infraclavicular
(referredto as levelsI, II, and III, respectively),and intercostal
spaces (9). Terminology concerning the so-called intercostal
space is not yet unified; in this paper we understand it sur
gically as, for example, first, second, third one, and so on,
with its adjacent space, excluding only the rib coming next;
thus, from the point of view of surgery, the first intercostal
space would mean the nodes ofthe first rib encompassing also
the intervening intercostal space between the first and second
rib. On the other hand, concerning those levels on the SI, we
have found it useful to call level I the lower part ofthe second
rib, level II that between the first and the second rib, and level
III the upper part ofthe first rib.

After the regions of the visualized (hot) nodes have been
assessed, we proceed to count them.

Following the operation, the lymph nodes are dissected
from the specimens and divided into the anatomic groups
above-mentioned which are then mapped on the appropriate
paperand given running numbers.

Of the 100cases,the 48 specimensof the regionallymph
nodes were examined scintigraphicallyonce more under the
gamma camera as to their actual hot spots (Fig. 4). The
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FIGURE 3
A superimposedimage. The tumoris 4 x 3.5 cm in size
and located in the lower-outer quadrant of the right breast
(T2NOMO).One hot internal mammary node was noticed
in the second intercostal space and five nodes in the
axillary region of the affected side. Of these five nodes,
we diagnosed one node to be on the level IIIand four
nodes on the level I. No difference was detected concern
ing the number and the visibilityof the nodes both on the
healthy side and the affected one. By the way, it is not
easy to diagnose the existence of the lymphnodes in both
the thirdand fourth intercostal space because of the leaden
plates, necessarily imposed for safety.

removed operationally from the internal mammary
region and as many as 152 (62.8%) nodes could be
observed visually on the scintigram of the postsurgical
specimen. By comparison, 126 (52. 1%) nodes had been
visualized on the SI pre-surgically. The number of the
visualized nodes of the pertinent specimen was greater
than that of the SI except for the second intercostal
space.

Speaking of the axillary region, on the other hand, a
total of 1,026 nodes were removed operationally from
the axillary region, but only 87 (8.5%) nodes could be
visualized on the scintigram ofthe specimen. The num
ber of the visualized nodes of the pertinent specimen
was less than that of the pre-surgical SI. The visibility
of the levels I, II, and III was 6.9% (48/69 1), 10.2%
(29/284), and 19.6% (10/5 1), respectively. Histologi
cally, there was no lymph node metastasis with Stage I
patients. In the stage II patients, metastases were only

found in the axillary region.
Concerning the stage-Ill patients, a total of 84 nodes

were removed surgically from the internal mammary
region of 15 patients (Table 5). Histologically metes
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I A
FIGURE 2
The life-sizedlymphoscintigramsuperimposedupon the
patient's chest roentgenogram. The roentgen image of an
object is larger than the object itself, because of the
divergence of the x-rays. There appears, with our method
of procedure, only a negligibledifference between the life
sized lymphoscintigram and the chest roentgen image,
thus enhancing an almost exact location.

the left and the right internal mammary region (average
six nodes per patient and within the range of from 1 to
8, Table 3). There were 287 nodes in the affected side
(average 2.9 nodes per person) and 313 (average 3.1
nodes) in the healthy side. The visualized nodes could
be seen spreading from the infraclavicular right down
to the fifth intercostal space. The best visualized region
ofthe internal mammary nodes is the second intercostal
space. Compared with the internal mammary nodes, a
grand total of 567 nodes could be visualized in the
axillary region (average 5.7 nodes per patient and within
the range of 1 to 11).

Figure 5 shows the visibility of regions of the ana
tomic groups according to their clinical stages. The
visibility of the stages I, II, and lilA reveals the same
pattern and also there is no difference in visibility
between the healthy side and the affected one. Intercos
tal spaces of the first and second ribs showed a higher
visibility than those of the third and fourth ribs. How
ever, according to our examination, the visibility of the
stage IIIB was remarkably decreased to only 33% for
the intercostal spaces ofthe first, second, and third ribs,
respectively.It was also only 16.7%for the levelsI, II,
and III, respectively.

Table 4 summarizes the number of the visualized
nodes on the SI, the number of the dissected nodes (of
the specimen), and the number of the visualized nodes
on the scintigram of a pertinent specimen. As to the
internal mammary region, a total of 242 nodes were
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FIGURE 4
A scintigramof the specimen of the
Figure 3 patient. The scintigram of
the specimen was superimposed
upon the sheet of paper with ana
tornical schema on which the dis
sacted nodes had bean mapped after
the operation. By this method, the
hot nodes are easily assessed as
belonging to anatomical groups. The
total of 22 nodes were dissected;
there ware 19 nodes of the level I
and three nodes of the internal mam
mary region. One hot node in the
internal mammary region (No. 21)
and six nodes on the level I (Nos. 9,
11, 12, 13, 15, and 19) were visual
ized as hot on the scintigram. Histo
logically,four nodes (Nos. 12, 16, 17,
and 19)werefoundw@h cancer.
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tases were found in 13 out of 84 nodes (15.5%). Forty
four nodes out of84 (52.4%) could be observed visually
on the scintigram; 40 nodes (47.6%), however, could
not. Three of 44 nodes (6.8%) were visualized as hot
nodes with cancer. Ten ofthose 40 (25.0%) nonvisual
ized, so-called cold nodes, had metastasis. On the other
hand, a total of 335 nodes were removed from the
axillary region. Only 26 nodes out of 369 (7.8%) could
be observed visually on the scintigram. The percentile
visibility of cancerous lymph nodes of the levels I, II,
and III amounted to 25%, 44.4%, and 20%, respec
tively. One hundred forty-five of those 369 (46.9%)
nonvisualized nodes had metastasis.

DISCUSSION

To obtain a simultaneous visualization ofthe internal
mammary and the axillarynodes using lymphoscintig
raphy, the combination of the subcostal and areolar
injections as well as the subcostal and interdigital injec
tions have been tried (1â€”3).In our experience, radio
active colloid should be injected near the primary site
ofthe tumor where it will then follow the same pathway
taken by the metastatic process itself. The protuberant

breast extends from the second or third rib to the sixth
or seventh costal cartilage (10); we inject the fourth and
the fifth rib penosteum located in the very middle of
the breast; in this way, the radioactive colloid spreads
simultaneously both to the internal mammary nodes
and the axillary ones (Fig. 3), with simultaneous vis
ualizationof both the internal mammary and the axil
lary nodes reaching 82% (82/100) on the affected side
and 83% (83/100) on the healthy side, respectively
(Table 2). Concerning the internal mammary region
only, its visibility was 91% on the affected side and 93%
on the healthy side. The visibility of the internal mam
mary region was the same as that obtained by Ege (11).

1201Volume30 â€¢Number7 â€¢July1989



IntercostalspaceLevelFirstSecondThirdFourth(Total)IIIIll(Total)Total

no.ofdiSSeCted75836222(242)69128451(1026)Hot

nodes of the patti50513714(152)482910(87)nent
specimenVisualized

nodesonthe3657267(126)834413(140)SI

%
100

(n=23)
(n=54)
(n=i1)
(n= 6)
(n=94)

.â€”. Stase I

@ Stage II

oâ€”.â€”oStage ifiA
Aâ€”A Sth$O ifi B

S .â€¢Healthy site

80

60â€¢

40

20

.@

.0
U)
>FIGURE 5

The visibilityof the healthyside of
thefirst,second,third,and fourth
intercostal space was 59%, 78%,
39%, and 11%, respectively.Also
the visibilityof the levels I, II, and Ill
was 65%, 54%, and 18%, respac
tively.The visibilityof the stages I, II,
and lIlAshows the same pattern as
that of the healthy side. However,
the visibilityof the stage IIIBappears
to be remarkably decreased in both
the intercostal spaces and the axil
lary region, because of a cancerous
invasion of the lymphatic system.

lst2nd3rd4th i II III

Intercostal space Axillary level

However, we were not able to image as many as six
internal mammary nodes per patients (Table 3). Many
investigators have reported that they have seen as many
as 12 internal mammary nodes per patient (11-16). In
our injection technique, the visibility of the third and
fourth intercostal space was less than that of first and
second ones, because of the deposition of the radioac
tivity in the injected sites (Fig. 3).

The axillary nodes visualized by our method spread
to levels I, II, and III ofthe axillary region (Table 3, 4).
Comparingthis with the visualizationof axifiarynodes
obtained by both the areolar and the interdigitalinjec
tion (1-3), these visualized nodes would be identified
as spreading mostly to level I of the axillary region. Of
course, all of these levels are difficult areas to diagnose
both as to the existence and the extent of the lymph
nodes in question.

On the negative side, there was a difference between

the SI and the scintigram of the specimens concerning
the number ofthe visualized nodes (Table 4). As to the
internal mammary region,the number ofthe visualized
nodes on the pertinent specimen was greater than that
of the SI. On the other hand, it was reversed for the
axillary region. This discrepancy is because of the fact
that one hot node may sometimes cover two or more
nodes, and vice versa. Or it may be that the dissected
nodes (especially tiny ones) were overlooked by the
surgeon and were not mapped out adequately.

Many papers have been published on the usefulness
of lymphoscintigraphy in breast cancer (1-4,11,12,14,
17). Relying on photographs, these reports only show
the accumulation of radioactive colloid in the form of
hot spots against a crudely sketched, handdrawn ana
tomic background. The reason is clea.c it has always
been difficult to diagnose the exact location of those
lymph node&Thus Sirr used a video imaging system

TABLE 4
Correlationof the Numbers of LymphNodes Visualizedon the SI and of the DIssected Nodes of 48 Patients
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TABLE 5
Results of the LymphNode Metastases of the Stage IIIPatients

and superimposed chest radiographs as well as aerosol
ventillation scans (18). By such a superimposing
method, he was able to show a precise anatomic distri
bution of functional abnormality. Our SI method of
superimposing a life-sized lymphoscintigram on a chest
roentgenogram reveals the exact location of the lymph
nodes against the anatomic background of the struc
tures (Fig. 2). Such images are easy to produce and easy
to grasp as to the spread and exact location of the
visualized lymph nodes (Fig. 3). Ofcourse, the roentgen
image ofan object is larger than the real object, because
ofthe divergence ofthe roentgen rays (19). To find the
true object dimension, the image dimension is multi
plied by a correction factor. In our 100-case history,
there has been only a negligible difference between the
life-sized lymphoscintigram and the chest roentgen im
age, thus enhancing the exactness of the location.

Our injection technique in conjunction with the SI
provides a rather efficient and easily manageable
method for imaging the regional lymph nodes of breast
cancer patients. Besides, the SI may be applied to
determine the exact field for radiation therapy (20,21).

Lymph nodes with cancerous invasion are usually
depicted as cold. We may add one more interesting fact
concerning the probability of lymph node metastases
in those visualized nodes of the stage-Ill patients: the
visibility of the axillary region is low but there is a
higher tendency to visualize nodes involved with cancer
compared with the frequency obtained in the internal
mammary region (Table 5). We as yet cannot explain
why the axillary nodes of those stage-Ill patients have
shown such a high percentage of visualized nodes with
cancer compared with the nodes ofthe stage I and stage
II patients. We will have to study systematically many
more patients in this respect.

As for the identification of lymph node metastases
with hot nodes on the lymphoscintigram, it is our
hypothesis that a radionucide labeled with a mono
clonal antibody promises to be of special clinical value
(22-24). Our use ofthe lymphoscintigraphy to diagnose
the spread of the cancer in a lymph node constitutes a
normative model of a highly manageable usefulness:

the radionucide with a monoclonal antibody near the
primary site of the tumor runs along the metastasis of
the cancer cell itself. But more research on this line is
at present blocked by the fact that necessary materials
for research and surgery are not available.
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