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Fig. 3. Storage activities in [ymph vessels in the upper arm and forearm
at lymphscintigraphy after modified radical mastectomy.

Table 3

Aspects of Brachial
Lymphscintigraphy

Quantitative:

-Arrival time of tracer

-Storage activity in axillary region

-Amount retained at site of injection

Qualitative:

-Radiomorphological assessment of
lymph ducts and their pathological storage
structure:

Congestion in upper arm
Distended vessels in forearm
Lymph lakes

-Imaging of regional lymph nodes:

Axillary
Supra-infraclavicular
Cubital

In patients with moderate and severe
brachial edema, the arrival time was de-
creased in 92%, and in all patients the
axillary storage capacity was reduced or
the axilla showed lack of tracer. In these
patients, clinical and lymph dynamic in-
vestigations revealed the typical picture of
*decompensated lymphostasis."

The healthy arm was consistently
used as the standard for the radiomor-
phologic assessment of the lymph ducts
in the contralateral arm. As a result of
the impairment of lymph drainage,
marked retention of tracer was observed

2 weeks after surgery in 58% in the upper
arm and 42% in the forearm, and "lymph
lakes" were even seen in 6% (Fig. 3).
Two years after surgery and irradiation,
30% of the women without brachial
edema had lymphostasis of the upper arm
and in half the lymphatics in the forearm
were slightly distended. "Lymph lakes"
were observed in 20% of patients. The
static pictures in the women without arm
swelling indicated the presence of "com-
pensated lymphostasis" in 30-50%. In
such patients, however, it is not clear
whether a "lymph lake® indicates that
"compensated lymphostasis" is bordering
on "decompensation" (Fig. 45).

As with the decompensated lym-
phostasis, patients with severe brachial
edema exhibited marked signs of upper
arm/forearm lymphostasis in 70-85%. In
77%, leakage of tracer into the "lymph
lakes" was observed, often accompanied
by dermal backflow (Fig. 5).

In static images, we also assessed
the axillary, supraclavicular and infraclav-
icular lymph nodes (Fig. 6). On the
healthy side there was evidence of lymph
node retention in all patients in the axil-
lary region and in 20% of patients in the
supraclavicular region. Postoperative
retention of the tracer was observed in
the axillary lymph nodes in 84% of pa-
tients. Lymph nodes in the supra-infra-
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forearms (below) show nearly

with suprafinfraclavicular storage re-
mained unchanged.

In the presence of decompensated
lymph drainage, lymph nodes were dem-
onstrable in just under one third of the
patients in the axillary region and in 23%
of the patients in the supra/infraclavicular
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Fig. 5. Dynamic and static lymphscintigram 19 months after modified radi-
cal mastectomy and supplemental irradiation. Tracer transport on the right
(RE) is further delayed with paucity of axillary nodal uptake (upper); and
moreover, there are now large "lymph lakes" with tracer extravasation

(*dermal backflow") in the abnormal forearm (below)(compare with Fig. 4).

region.

Because lymph is drained from the
arm via the superficial and deep lymph
duct systems, we chose computer tomo-
graphy to study the epifascial and subfa-
scial volume of distribution in postmas-
tectomy patients (Table 4). Quantitative
assessment was performed planimetrically,
while the clinical evaluation included the

site of edema in the upper arm and fore-
arm and soft tissue changes.

In the presence of slight brachial
swelling, the epifascial area increases
slightly in size (Fig. 7). Severe edema
simultaneously affects both the epifascial
and subfascial compartments. It is
noteworthy that the epifascial surface of
the upper arm and forearm increased by
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Fig. 6. Detection of axillary and supraclavicular Iymph nodes at brachial
Iymphscintigraphy after modified radical mastectomy.

Table 4

Aspects of Computer Tomography
to Assess Lymphedema
after Mastectomy

Quantitative:
Planimetric assessment of epifascial and
subfascial areas
Qualitative:
_Radiomorphological characteristics:
Commonest site of edema:
Upper arm - mediodorsal
Forearm - over the ulna
Tissue changes:
Thickening of skin/subcutis
Widening of lymph fissures
Formation of lacunae with fibrous
tissue
Dissociation of muscle fiber bun-
dles
Muscular atrophy
Increase in cross-sectional area of vessels

44 and 67% respectively in the presence of
severe edema. As the volume of the epi-
fascial region increased, the subfascial
region sometimes paradoxically decreased
even when lymphostasis was severe. This
fluid shift probably resulted from the
rising pressure in the epifascial space
causing maximum overstretching of the
skin and thereby further compression of
the subfascial compartment.

Edema usually occurs mediodorsally
on the upper arm and over the ulna on
the forearm. The typical tissue changes in
lymphatic edema are thickening of the
skin and subcutis, a distention of lymph
fissures and the formation of lacunae
with fibrous tissue. Even in the presence
of moderate edema, fluid deposits can be
identified in the subfascial space both
between and in the bundles of muscle
fibers. We also observed muscular atro-
phy with moderate and severe edema of
large duration. A clear increase in the
cross-sectional area of lymphatics was
observed epifascially in all patients with
severe arm edema. In extremely severe
examples of edema, honeycombing and
ring-like patterns of distribution suggest
irreversible transformation of the edema-
tous areas into connective-tissue-like
structures (Fig. 8)(1,15,8).

DISCUSSION

These investigations used three com-
plementary methods to examine the path-
ophysiology of brachial edema after mas-
tectomy with and without irradiation.
Each method provided different informa-
tion. The immediate and delayed forma-
tion of brachial edema caused by surgical
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and honeycomb formation.

and/or radiological damage to the axillary
lymp}} system depended largely on the
capgcny of the lymph system and its
ability to compensate with time (4).

. thoelectronic volumetry enables
objective follow-up measurements to be
made in clinical practice, and even to

detect slight swelling of the arm. The
routine, early identification of brachial
swelling is critical in the prognosis of
arm lymphedema since early treatment
facilitates prompt correction of a dis-
turbed drainage of lymph (7). The pres-
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city to transport lymph in the region of
the axilla caused by surgery and irradia-
tion is compensated for in only slightly
more than 50% of patients. A progressive
increase of moderate and severe brachial
edema occurs in the first two years after
treatment. The number of patients with
slight arm swelling (which are commonly
regarded as not in need of treatment) is
still comparatively high at 25%. Thus, the
incidence of subtle and overt brachial
edema following the treatment of carci-
noma of the breast still presents an on-
going challenge.

Although it is time-consuming and
expensive, noninvasive lymphscintigraphy
reveals functional disturbances in lymph
kinetics and radiomorphological changes
in lymph collectors at an early post-
treatment stage. Nonetheless, even if the
quantitative and qualitative results of
scintigraphy are fully reviewed, this tech-
nique does not provide information for
the individual patient insofar as the abil-
ity of the lymph drainage area to com-
pensate with alternative routes of drain-
age. It is noteworthy that lymphostasis
was compensated for in more than half
of the women without brachial swelling
who underwent lymphscintigraphy 2 years
after surgery and irradiation. Nearly all
patients, however, who manifest brachial
edema had the typical signs of decom-
pensation on scintigraphy (delayed arrival
time, absence of storage activity in the
axillary nodes, and marked signs of
congestion in the lymph ducts).

With computer tomography, an
expensive procedure, only shifts in the
volume in the epifascial and subfascial
tissue compartments can be assessed as
well as changes in tissue structure. The
latter, however, are only evident if the
deterioration in lymph transport is far
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advanced. This method is not suitable as
a routine diagnostic procedure in these
patients as it has a low benefit/cost ratio.
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