
OBJECTIVE: To demonstrate the usefulness of activated carbon particles (CH40) as a vital staining dye for
visualizing lymphatic vessels and lymph nodes in breast cancer.
DESIGN: A retrospective evaluation.
SETTING: Department of Surgery in Sendai National Hospital, Japan, a 716-bed teaching hospital.
METHODS: To identify as many lymph nodes as possible in the axillary fat, by which we might decrease the
possibility of the presence of undetected metastatic nodes, an emulsion of activated carbon particles
(CH40) was injected into the centre of the mammary gland, close to the tumour site, 3 days before radical
surgery.
MAIN OUTCOME MEASURE: The number of lymph nodes found by the traditional method and by the CH40-
injection method were recorded.
RESULTS: After injection, the CH40 was readily adsorbed into regional lymphatics and streamed along with
the lymph flow to blacken regional lymph nodes. The CH40-guided method increased the mean number
of nodes per case found in the axilla from 8.4, by the traditional method, to 14.0 nodes per case. 
CONCLUSIONS: The use of the CH40 technique has two technical advantages; one is that it allows surgeons
to locate the blackened lymph nodes at the time of surgery and the other is that it allows pathologists to
look for the nodes in fatty tissue. Lymph-node dissection with the aid of activated carbon particles is inex-
pensive, easy to perform and enables the smallest lymph nodes to be easily recognized.CH40 is the tech-
nique of choice for the detection of axillary lymph nodes in cases where the number of lymph nodes de-
tected by the traditional method is too small for accurate surgery. In conclusion, the present study
demonstrates that CH40 could be an appropriate tool for more accurate staging of breast cancer axillary
specimens.

OBJECTIF : Démontrer l’utilité des particules de carbone activé (CH40) comme colorant vital pour visua-
liser les vaisseaux lymphatiques et les ganglions lymphatiques dans les cas de cancer du sein.
CONCEPTION : Évaluation rétrospective.
CONTEXTE : Département de chirurgie de l’Hôpital Sendai National, Japon, hôpital d’enseignement de 716 lits.
MÉTHODES : Afin d’identifier, dans le gras axillaire, le plus grand nombre possible de ganglions lympha-
tiques, ce qui permettrait de réduire la possibilité qu’il y ait des métastases non détectées dans les
ganglions, on a injecté une émulsion de particules de carbone activé (CH40) dans le centre de la glande
mammaire, à proximité du site de la tumeur, trois jours avant une intervention chirurgicale radicale.
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Lymph-node status is a major
determinant in the staging and
ultimate prognosis of patients

with breast carcinoma.1–4 For accurate
staging, several lymph nodes need to
be resected from the axillary fat 5 In
some cases, only a few lymph nodes
can be detected by traditional meth-
ods, because it is technically difficult,
in a blood-stained operative field, to
identify lymph nodes and draining
lymphatic vessels hidden in the adja-
cent fat. Some patients found to have
negative lymph nodes by the standard
method have metastatic breast carci-
noma within a few years.6 It is there-
fore questionable whether all the
metastases along the lymphatic
drainage system can be detected by
conventional methods.

To identify as many lymph nodes
as possible in the axillary fat, in order
to decrease the possibility of unde-
tected metastatic nodes in patients
with primary breast cancer, an emul-
sion of activated carbon particles
(CH40)7–13 was injected into the cen-
tre of the mammary gland, close to
the tumour site, 3 days before radical
surgery. After injection, the CH40
was readily absorbed into regional
lymphatics and streamed along with
the lymph flow to blacken regional
lymph nodes. Lymph-node dissection
after injection of activated carbon par-
ticles is inexpensive, simple and easy
to perform and will aid in the detec-
tion of small lymph nodes.

PATIENTS AND METHODS

Between July 1997 and January
1998, we studied 25 patients with op-
erable primary breast cancer who were
scheduled to undergo modified radi-
cal mastectomy at the Department of
Surgery, Sendai National Hospital in
Japan. We excluded the following pa-
tients: those who had previously un-
dergone biopsy or who had received
radiotherapy to the tumour, those
having clinically extensive metastases
and those with tumours that were his-
tologically non-infiltrating. Thirty-
four patients who underwent modi-
fied radical mastectomy with
lymph-node dissection by the tradi-
tional method without injection of
CH40 were included as controls. The
resected neoplasms were classified ac-
cording to the TNM system on the
basis of data from the pathology and
operative reports. Activated carbon
CH40 (50 mg/mL) (Mitsubishi
Chemicals Co., Ltd., Tokyo) contain-
ing very small carbon particles (21 nm
in diameter) as determined by scan-
ning electron microscopy, was com-
bined with 20 mg/mL of polyvinyl-
pyrrolidone (K-30; Nakarai Chemicals
Co., Ltd., Kyoto, Japan) (40 000 d)
mixed in saline and then kneaded
with 3 rollers to make a carbon sus-
pension.

Three days before operation, 0.5
mL of CH40 was administered sub-
dermally, immediately adjacent to the

nipple to map the axillary lymphatic
system. At modified radical mastec-
tomy, blunt dissection was done until
a black-stained node was identified.
The dye-filled tract was dissected to
the first black lymph node. If possible,
the tract was followed distally to the
soft tissue around the subclavian vein
to ensure that the identified lymph
node was the most distal one. All re-
sections included levels I and II, and,
at least some level III nodes; the pec-
toralis minor muscle was left intact.
After operation, the axillary fat was
dissected, and the axillary pad was ex-
amined pathologically by manual dis-
section, including visual examination
and palpation, for both groups of pa-
tients. The nodes were excised, em-
bedded in paraffin, sectioned and
stained with hematoxylin–eosin. The
numbers of lymph nodes found by the
traditional method and by the CH40-
injection method were recorded.

The t-test was used for statistical
analysis of the findings. A p value of less
than 0.05 was considered significant.

RESULTS

The women ranged in age from 20
to 77 years (mean 49 years). The tu-
mour size and histologic axillary nodal
status for each patient are shown in
Table I. The 2 study groups were
comparable in terms of basal clinical
characteristics. Carbon-stained axillary
lymph nodes were identified in all pa-
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PRINCIPALE MESURE DE RÉSULTATS : On a consigné le nombre de ganglions lymphatiques découverts au
moyen de la méthode classique et de la méthode à l’injection de CH40.
RÉSULTATS : Après l’injection, le CH40 a été rapidement absorbé dans le système lymphatique régional
qu’il a suivi pour noircir les ganglions lymphatiques régionaux. La méthode guidée par le CH40 a
augmenté le nombre moyen de ganglions par cas découverts dans la région axillaire pour porter les 8,4
ganglions découverts par la méthode traditionnelle à 14,0 ganglions par cas.
CONCLUSIONS : L’utilisation de la méthode au CH40 offre deux avantages techniques : elle permet au
chirurgien de localiser les ganglions lymphatiques noircis au moment de l’intervention chirurgicale et au
pathologiste de chercher des ganglions présents dans le tissu gras. L’exérèse de ganglions lymphatiques au
moyen de particules de carbone activé est peu coûteuse, facile à pratiquer et permet de reconnaître facile-
ment les ganglions lymphatiques les plus petits. La méthode au CH40 est la technique de choix pour dé-
tecter les ganglions lymphatiques axillaires lorsque le nombre de ganglions lymphatiques détectés par la
méthode classique est trop limité pour permettre une intervention chirurgicale précise. En conclusion, l’é-
tude démontre que le CH40 pourrait constituer un outil approprié qui aiderait à déterminer avec plus de
précision le stade de spécimens axillaires dans les cas de cancer du sein.



tients in the CH40-injected group
(Fig. 1). The nodes stood out as
blackened nodules against a back-
ground of yellow fat. The total num-
ber of lymph nodes removed from pa-
tients in the CH40-injected group
was 350, with an average of 14.0
nodes per patient at the first axillary
level; 1.8 at the second level, and 4.5
at the third level (Table II). By the tra-
ditional method, an average of only
8.4 nodes, 0.8 nodes and 2.8 nodes
were detected in each patient at the
first, second and third axillary levels,
respectively. The number of nodes de-
tected by the CH40-injection method
was significantly (p = 0.0001) greater
than those detected by the traditional
method. As the techniques used by
the pathologists to locate the nodes
were the same for both groups (visual
examination and palpation), this dif-
ference is considered to be due to the
efficacy of the carbon particles in mak-
ing the nodes more visible.

DISCUSSION

The treatment of breast cancer has
continued to change during the past
decade, with a trend toward more
conservative surgical procedures, usu-
ally combined with irradiation of the
breast and axilla.14–22 The prognosis of
breast cancer is reported to be essen-
tially the same for patients with clini-
cally positive nodes who undergo
either a radical mastectomy or a mas-
tectomy combined with radiotherapy.
These findings raise doubts about the
popularly held concept that dissection
of more nodes will improve the prog-
nosis of patients with carcinoma of 
the breast.2,23

Despite convincing evidence in
support of the notion that an axillary
dissection does not affect the inci-
dence of distant disease or the survival
of patients with carcinoma of the
breast, there are still valid reasons for
performing some type of axillary dis-
section. First, the true axillary nodal

status provides the best index of prog-
nosis and helps to identify those who
should be considered for systemic ad-
juvant therapy. More accurate staging
should improve the survival of patients
with breast cancer by identifying those
who benefit from either the surgical
procedure or the accompanying adju-

vant therapy. In addition, some pa-
tients will not be unnecessarily ex-
posed to the toxic effects of adjuvant
therapy. Second, since a proportion of
patients who do not undergo axillary
dissection at the time of resection sub-
sequently have axillary involvement in
the form of palpable nodes containing

ACTIVATED CARBON TO DETECT AXILLARY LYMPH NODES

CJS, Vol. 43, No. 3, June 2000 193

FIG. 1. Intraoperative mapping in a patient undergoing mastectomy for invasive breast cancer. Lymph
nodes stained with carbon can be seen (arrows).

Table I

Characteristics of Patients Who Had Primary Breast Cancer and Were Included in the Study*

Group

Characteristic CH40, n = 25 Control, n = 34 p value

Mean (and standard error) age, yr 49.9 (3.4) 54.2 (2.1) NS

Tumour size, no. of patients NS

  T1 12 12

  T2 10 15

  T3   3   7

Lymph-node metastasis, no. of
patients

NS

  N0 11   9

  N1 11 19

  N2   3   6

*Patients were classified according to the TNM system on the basis of data from the pathology and operative reports.
NS = not significant.



tumours, the use of axillary dissection
with mastectomy could not only
enhance the control of local regional
recurrence but also reduce the need
for further operative intervention. Al-
though the finding of micrometastatic
disease in a single lymph node was ini-
tially considered unimportant, more
recent studies have shown a poorer
survival rate for patients in whom mi-
crometastases are detected by either
serial sectioning, immunohistochemi-
cal staining or polymerase chain reac-
tion analysis.24,25

At the time of resection, all nodules
suspected of being lymph nodes are
removed, but small nodes are often
more easily located by palpation than
by visual examination. Thus, it is pos-
sible that the surgeon may not remove
all the axillary nodes. This study was
designed to assess whether lymph-
node mapping with carbon facilitates
identification and dissection of axillary
lymph nodes. This technique was
originally proposed by Hagiwara and
associates26 for gastric cancer and by
Fujii and associates27 and Sawai and
colleagues28 for breast cancer, in which
lymphatic drainage from primary tu-
mours can be mapped to regional
lymph nodes. After administration,
the CH40 particles are readily ad-
sorbed into regional lymphatic vessels
and blacken axillary lymph nodes. It is
of note that the number of dissected
axillary lymph nodes in the CH40
group was significantly larger than
that in the control group. Kjaergaard
and associates29 demonstrated that ax-

illary recurrence in patients with breast
cancer who have low-risk primary le-
sions decreased as the number of ex-
cised lymph nodes increased. The rate
of axillary recurrence in their patients,
resulting from missed lymph nodes
was 12% when no lymph nodes were
removed, 7% when 2 lymph nodes
were removed and only 2% when
more than 3 lymph nodes were re-
moved. In a similar study by Gra-
versen and associates,30 the rate of ax-
illary recurrence after removal of 5 to
10 axillary lymph nodes was 3%.
Fisher and associates5 demonstrated
that increasing the number of axillary
nodes removed does not lead to an in-
crease in the number of patients in
whom positive nodes are diagnosed.
However, increasing the number of
the examined axillary lymph nodes
does lead to an increase in the num-
ber of patients demonstrating 4 or
more positive nodes. When 10 or less
axillary nodes are removed, patients
identified as having 1 to 3 positive
nodes will likely actually have 4 or
more positive nodes. Mathiesen and
colleagues31 compared complete axil-
lary dissection to simple sampling and
reported that the probability of find-
ing at least 1 metastatic node in-
creased continuously up to about 10
removed nodes. They suggested 10 as
the minimum number of dissected
lymph nodes for an adequate sampling
procedure. Axillary recurrence is asso-
ciated with the number of metastatic
nodes,32 especially when 4 or more
nodes are involved or when fewer than
10 nodes have been sampled.33 Thus,
complete axillary dissection markedly
decreases the incidence of axillary re-
currence.34 Senofsky and colleagues35

demonstrated that complete axillary
dissection results in recurrence rates
approaching zero at 50 months and
provides accurate staging. A sampling
accuracy equivalent to complete node
dissection can only be achieved if sam-
pling procedures include enough
lymph nodes to detect skip metastases

to any levels of the axilla and if the
number of nodes is large enough to
detect metastatic involvement by
chance alone.

It is generally accepted that axillary
lymph-node dissection provides only
prognostic information and has mini-
mal therapeutic benefit because nodal
metastases in breast cancer represent
systemic disease. Recently, however,
several researchers have argued that the
control of local disease may translate to
an improvement in overall survival.
Sosa and colleagues36 examined the re-
lationship between the extent of axil-
lary lymph-node dissection in patients
with stage I breast cancer and survival.
They concluded that in patients with
stage I breast cancer, improved survival
was associated with a more complete
axillary lymph-node dissection. The
fact that improved locoregional control
might decrease secondary systemic
spread and improve survival is sup-
ported by several reports.37–39

Although the histologic status of
axillary lymph nodes is one of the
most important prognostic indicators
in patients with breast cancer, over
80% of women who undergo axillary
dissection suffer at least 1 postopera-
tive complication in the arm, includ-
ing pain, paresthesia, lymphedema,
seroma, infection and limitation of
shoulder motion. A potential alterna-
tive to axillary lymph-node dissec-
tion is sentinel-node resection.40,41 In
sentinel-lymph-node mapping, a ra-
dioactive substance or a blue dye is
injected into the area around the tu-
mour. After administration, the lower
axilla is explored through a small inci-
sion and the lymph node that has
taken up the dye or radioactive sub-
stance is excised. If histologic exami-
nation reveals no tumour involve-
ment, the rest of the axillary lymph
nodes are likely to be tumour free.
Many patients with negative nodes
could be spared an axillary lymph-
node dissection if the sentinel node
was found to be negative. This
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Table II

Mean (and Standard Error) Number of Lymph
Nodes Resected by Level

Group

Level CH40 Control p value

I 14.0 (1.1) 8.4 (0.8) 0.0001

II   1.8 (0.3) 0.8 (0.5) NS

III   4.5 (0.8) 2.8 (0.7) NS
NS = not significant.



method is less invasive than a com-
plete axillary dissection and lowers
both morbidity and cost. Although
sentinel-node biopsy has not been ac-
cepted as the standard treatment, axil-
lary node dissection and lymph-node
research for staging in breast cancer is
certain to move in this direction. In
this study, sentinel nodes could be
identified with our carbon technique
in all cases. This method, however, by
waiting 3 days between injection and
the harvest, stains all the nodes in the
axilla. Therefore, it may be difficult to
identify which node in the basin is the
sentinel node. If the time interval be-
tween the injection and the harvest
was shorter (1 to 3 hours), the carbon
would stain only the sentinel node and
not higher nodes. Sentinel-lymph-
node biopsy, using dyes, radiographic
contrast agents or radioactive tracers
is reported to be technically challeng-
ing.42 Since activated carbon particles
in suspension are less than 200 nm in
size, the particles are absorbed
smoothly into lymphatic vessels. After
injection of CH40 peritumorally, the
regional lymphatic capillaries turn
black due to the absorption of carbon
particles into the lymphatics, and the
suspension also reaches the regional
lymph nodes. The CH40 is retained
in the sentinel node and other nodes
by active phagocytosis, but some of it
passes through the sentinel node to
higher nodes if sufficient time is given,
and some of it will pass through
the axilla.

CONCLUSIONS

Dissection using the activated car-
bon particle technique for lymph-
node dissection is inexpensive, easy to
perform and enables the smallest
lymph nodes to be easily recognized,
even by inexperienced residents. Our
study demonstrated that CH40 could
be an appropriate tool for more accu-
rate staging of breast cancer axillary
lymph-node specimens.
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