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ABSTRACT

The results of a new method of treating
chronic lymphedema with heat, using mi-
crowaves, are described in 98 patients with
peripheral lymphedema. Thirteen had bilat-
eral lymphedema and were included only
to provide additional evidence of the lack
of side-effects using this technique. The
remaining 85 patients showed a significant
(p <.001) reduction in the amount of peri-
pheral edema with edema reduction >50%
in three-fourths of the patients. The inci-
dence and severity of secondary acute in-
flammation ("erysipelas") were also sharply
reduced (p<.001). The microwave method
of heat application has a number of advan-
tages over an older technique which used
electrically-powered heating elements.

We have used heat and bandaging to
treat chronic lymphedema of the extrem-
ities since 1964 (1,2). In our experience,
this treatment approach gives the best
results with an "effective rate" of over
90% after 5 courses of therapy. After re-
peated applications of heat, the tempera-
ture of the skin and subcutaneous tissue
of the diseased limb is temporarily raised
and suggests that local tissue metabolism
is activated along with potentiation of
lymphatic regeneration and increased
lymph drainage.

However, heating by means of elec-
trically-powered elements has major
drawbacks. The high temperature
(>80°C) within the chamber makes pa-

tients very uncomfortable, with intense
sweating and a rise in the general body
temperature of 0.5-1°C. Many prolonged
courses of treatment are also required.

To circumvent these limitations, we
developed an alternative method of heat-
ing, using microwaves, in 1983. Since
then, 98 patients with chronic lymphede-
ma of the extremities have been treated
with highly encouraging results. The mi-
crowaves penetrate the tissues for a con-
siderable depth with ease, and are eventu-
ally absorbed by interstitial fluid which
becomes warmed. Hence, the edema fluid
itself is the target tissue, and only edema
fluid and adjacent tissue are heated to
any appreciable extent. The amount of
heating is proportional to the watts and
the time applied, and is inversely propor-
tional to the mass of the limb.

MATERIALS AND METHODS

The microwave oven consists of a cy-
lindrical chamber, containing three radia-
tion antennae. These emission units are
attached to the inner wall at 120° to one
another. Total energy generation is up to
180 watts. In this series, the average ener-
gy applied was 120 watts. The frequency
is 1.25x10° hertz. The chamber is com-
pletely lined with lead except for an open-
ing at one end to accommodate the ex-
tremity which is laid on a frame splint in
the middle of the chamber. The limb to
be treated is wrapped with a piece of
shielding cloth at the opening in such a
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Average Changes of Limb Circumference (in cm)
Before and After Microwave Treatment (85 Cases)

BEFORE TREATMENT AFTER TREATMENT
No. of Lymph- Lymph- Limb Edema
Courses Cases Normal edema Diffce. Normal edema Diffce. Resolution %
1 85 180.8 202.7 180.8 194.8 14.0 35.8
2 43 183.5 203.7 182.7 193.5 10.8 46.4
3 16 188.2 209.5 188.4 196.2 78 61.0

way that leakage of microwaves is mini-
mal. The treatment time is 30 minutes
each day for a total of 15 days, and often
the cycle is repeated in 2 months. Further
courses are given, however, if the out-
come is less than satisfactory. In this ser-
ies, a single course of heating was given
to 28 patients, two courses to 50 patients,
and three courses to 20 patients. After
each treatment and during the intermis-
sion period, compression bandages are
continuously worn during the day but re-
moved at night.

We earlier found (1,2) that the optim-
al temperature to be reached in the sub-
cutaneous tissue was 39-40°C. To ensure
that this temperature was attained, a deep
tissue thermocouple was passed to 1.5cm
below the skin. The watts employed were
adjusted to ensure that this optimum was
maintained which was reached after only
5 minutes.

These 98 patients had filarial lymph-
edema and included 52 females and 46
males with an age range from 7 to 77
years. Ninety-one patients had lymphede-
ma of the legs (50 left, 29 right, and 12
bilateral). The remaining seven patients
had lymphedema of the arms; one was
bilateral. Statistical analysis was per-
formed only on the 85 patients with sin-
gle-limb lymphedema. Those with bilater-
al lymphedema were too few for statisti-

cal evaluation and were included for fur-
ther evaluation of side-effects.

The effectiveness of therapy was de-
termined by the improvement in lymph-
edema and by the decrease in frequency
of attacks of secondary acute inflamma-
tion ("erysipelas"). Regression with lymph-
edema was quantified by measuring limb
volume using water displacement and by
five circumference measurements (mid-
foot, ankle, mid-leg, just above and also
10cm above the knee). Results were gra-
ded as: "excellent” (completion resolution
of edema), "good" (edema reduction
>50%), "fair" (edema reduction <50%),
"poor" (no change or increase of edema).

RESULTS

Tables 1-4 show the marked reduction
in the amount of edema after microwave
heating and compression bandaging.
These results are all significant at the
0.1% level when compared against zero
alteration, Of the 98 patients, 70 had a
history of secondary acute inflammation
("erysipelas”): 43 had 1-5 episodes per
year, 14 had 6-10, 9 had 11-15, and 4 had
over 16. In 25 patients, these inflammato-
ry episodes were considerably reduced by
two courses of treatment, and when it did
supervene, the severity appeared less in-
tense.

Table 2
Grading of Edema Resolution (85 Cases)

No. of Grade I (Excellent) Grade II (Good) Grade III (Fair) Grade IV (Poor)

Courses Cases Cases % Cases % Cases % Cases %
1 85 12 14.1 17 20.0 47 55.3 9 10.6
2 43 9 209 13 302 20 46.5 1 23
3 16 3 18.8 9 563 4 250 0 0
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Table 3
Limb Volumes (ml) Before and After Microwave Treatment (85 Cases)
BEFORE TREATMENT AFTER TREATMENT

No. of Lymph- Lymph- Limb Edema
Courses Cases Normal edema Diffce. Normal edema Diffce. Resolution %

1 85 5,369 6,881 1,512 5,344 6,532 1,188 214

2 42 5,413 6,700 1,377 5,424 6,315 890 354

3 16 5,606 7,072 1,466 5,656 6,278 621 57.6

No skin burns or other untoward side
effects were observed. There was no ele-
vation of systemic body temperature after
use of the microwave chamber. Patients
were comfortable and did not sweat. No
changes were detected in the standard
hemogram, chemical tests of liver func-
tion or urinalysis.

A characteristic patient and the re-
sponse to microwave heat and bandaging
is shown in Fig. 1.

DISCUSSION

Although a heat treatment method has
been proposed for peripheral lymphede-
ma without appropriate untreated con-
trols, it is well known that filarial lymph-
edema does not spontaneously regress
(3,4); indeed, it usually gets worse. This
progression may be slow or quite rapid if
complicated by repeated episodes of sec-
ondary acute inflammation ("erysipelas”).
Even when secondary acute inflammation
has subsided, the patient is left in a wors-
ened physiologic condition. For these rea-
sons and our previous experience demon-
strating that heat consistently improves
such patients (1,2), we considered it to be
unethical to maintain a group of patients
without therapy.

The results of our microwave heat
treatment are limited to the past four
years and thus longer-term follow-up is

not possible. On the other hand, our pre-
vious experience with heat application for
lymphedema has been in use for over 20
years. Although many of the patients live
far from Shanghai and checking of long-
term results is therefore difficult, it is
noteworthy that those patients we ob-
served have generally continued in the
same improved physiologic state as when
they finished the final course of heat
treatment. Accordingly, we are confident
that the microwave heat-bandage tech-
nique promotes prolonged benefit.
Heating with microwaves offers dis-
tinct advantages to heating with electrical-
ly-powered heating elements. Thus, (a)
the ambient temperature of the micro-
wave chamber is much less elevated and
only the edema fluid and surrounding tis-
sues are heated. Accordingly, patients are
more comfortable without sweating or
elevation of whole-body temperature. This
technique is especially useful in the man-
agement of patients with recent skin
grafts which are intolerant to electric
heating; with microwaves, the grafted area
can be treated without risk of burning,
(b) The therapeutic time course is short-
ened. Whereas with microwaves, deep
tissues reach the therapeutic optimal tem-
perature (39-40°C) after only five min-
utes, with electrically-powered heating
elements, 30 minutes are usually needed
to reach this temperature level. Thus, in-

Table 4

Grading of Volumetric Reduction (85 Cases)

No. of Grade I (Excellent) Grade II (Good) Grade III (Fair) Grade IV (Poor)
Courses Cases Cases % Cases % Cases % Cases %
1 85 10 11.8 13 153 54 63.5 8 94
2 4?2 4 9.5 13 31.0 20 47.6 5 119
3 16 1 63 9 563 6 375 0 0
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Fig. 1. A 19-year-old man with filarial lymphedema of the left leg complicated
by frequent secondary attacks of acute inflammation and pyrexia to 39°C.

i

Fig. 2. Same patient afte three courses of microwave treatment and compression
bandaging. Leg swelling has disappeared, and he remains edema-free at 10
month follow-up.
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dividual treatment sessions are decreased
from 60 to 30 minutes, and overall the
whole course from 20 to 15 days. (c) Fi-
nally, there is less energy consumption.
With microwaves, an average of 1,350
watts is needed for each course of treat-
ment; the "old" method used 28,000 watts.

Although this treatment was effective
in the vast majority (a 50% reduction in
edema in three-fourths of the patients
and reduction in number and severity of
secondary acute inflammatory attacks),
more treatment courses might produce
even better clinical outcomes.
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