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ABSTRACT

Secondary lower extremity lymphedema is

a common complication of treatment for gyne-
cological cancers. Conservative therapy plays
an important role in the treatment of patients
with secondary lower extremity lymphedema; in
particular, complex decongestive therapy (CDT)
has been recognized as an effective nonopera-
tive technique for these patients. But CDT ther-
apy for secondary lower extremity lymphedema
remains a problem in China because this tech-
nique and its effectiveness have not achieved
widespread use and popularity. Our goal was to
assess effects of CDT in patients with seconda-
ry lower limb lymphedema after treatment for
gynecological cancers. The retrospective study
consisted of 60 patients who were treated with
20 sessions of CDT. Assessments included ob-
Jective changes in limb circumference, degree
of LE, imaging features, and incidence of ery-
sipelas before and after CDT treatment. We
found that CDT can effectively improve lymph
stasis and promote backflow, and decrease
circumference, interstitial fluid content, and
Incidence of erysipelas of l[ymphedematous
lower limb. Our results demonstrate that CDT
Is an effective treatment method for patients
with secondary lower limb lymphedema follow-
Ing treatment for gynecologic cancers. This
technique should be more widely utilized and
popularized in China to improve the quality of
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life of millions of patients with secondary lower
limb lymphedema.
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Lymphedema (LE) is a chronic disease
caused by lymphatic system dysplasia or dam-
age. It is characterized by an imbalance in
lymphatic flow that leads to accumulation of
protein-rich fluid in the interstitium of tissues
(1). LE is etiologically classified into primary
and secondary LE (SLE) (2). SLE has known
causes such as radiotherapy, trauma, filariasis,
and radical cancer operations (3). Secondary
lower extremity LE is a common complication
of treatment for gynecological cancers includ-
ing cervical, ovarian, endometrial, and others.
Both radical surgery and radiotherapy, which
may damage the lymph nodes and lymphatic
vessels involved in lymph drainage routes, are
implicated in the development of lower ex-
tremity LE (4).

SLE presents as chronic swelling of the
lower limbs and is frequently accompanied by
limb pain, skin thickening, hyperpigmenta-
tion, and altered sensation (5). If untreated,
patient are at increased risk of infection, skin
fibrosis, and functional limitations of the af-
fected limb. Additionally, patients with LE

Reproduction not permitted without permission of Journal LYMPHOLOGY.



123

may experience significant psychosocial dis-
tress and poor quality of life (6). Thus, it is
especially important to reduce swelling and
relieve symptoms in patients with SLE (7).
Conservative therapy plays an important role
in the treatment of patients with LE; in parti-
cular, complex decongestive therapy (CDT)
has been recognized as an effective nonopera-
tive technique for patients with LE and is re-
commended by the International Society of
Lymphology (8,9).

CDT is a comprehensive treatment that
combines manual lymphatic drainage (MLD),
bandage compression therapy, functional
exercise, and meticulous skin care (10). This
therapy is carried out in two phases. The aim
of the first treatment phase is to mobilize the
accumulated lymph, soften the fibrotic tissue,
and improve the health of the skin using daily
MLD and multilayered bandage wrapping. In
the second maintenance phase, compression
by low-stretch elastic bandages or fabrics and
repeated light massage are performed to con-
serve and optimize the results obtained in the
first phase. The patients are also instructed in
how to care for the skin and exercise in daily
life (10,11). MLD is a major component of
CDT and used to redirect lymph across the
plexus of initial lymphatics toward healthy
lymph nodes by manual massage (12). After
MLD, a set of low stretch bandages is used to
maintain the volume reduction and can pro-
vide appropriate pressure during rest and
contraction of limb muscles to increase lymph
flow (13). Skin care is also important to pre-
vent infection and ulceration. Appropriate
exercise with bandage protection is beneficial
to contract the limb muscles and thus facili-
tate lymph flow.

Treatment for LE remains a problem in
China because the CDT technique and its ef-
fectiveness have not achieved widespread use
and popularity. Few institutions or hospitals
perform CDT for patients with LE, leading
many patients to irrationally choose surgical
therapy, acupuncture, and cupping therapy,
resulting in irreversible limb damage. Never-
theless, we advocate and perform CDT at our
Lymphedema Therapy Centre. We herein
report the results of a retrospective study on
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the treatment of lower limb SLE using CDT to
promote lymph return and reduce limb swell-
ing in patients after treatment for gynecologi-
cal cancers.

MATERIALS AND METHODS
Ethics Approval and Consent to Participate

This retrospective study was undertaken
at the Shanghai Ninth People's Hospital. The
retrospective analysis was approved by the
Human Ethics Review Committee as well as
the Helsinki Declaration. Written informed
consent was obtained from all patients for the
use of their clinical data.

Study Design

After informed consent, all patients were
treated with 20 sessions of CDT by an experi-
enced and educated LE therapist using MLD,
bandage compression therapy, and skin care,
with therapist instructions for patients to con-
tinue physical exercise at home. Assessments
included objective changes in limb circumfer-
ence, the degree of LE, and imaging features.
Assessments were performed before CDT and
at the end of the treatment program. Addi-
tionally, the incidence of erysipelas was com-
pared before CDT and 1 year after CDT by
telephone follow-up.

Patients

Sixty female patients (average age, 55.1
years; range, 38-76 years) with secondary uni-
lateral lower limb LE were enrolled in this
study from July 2017 to May 2019. All pa-
tients had undergone radical surgery and com-
pleted radiotherapy and/or chemotherapy ses-
sions for endometrial cancer, ovarian cancer,
or cervical cancer. The average duration of
SLE was 4.06 years, and the SLE ranged from
stage I to IV. The left limb was edematous in
41 patients, and the right was edematous in
19. No patients had cancer recurrence, deep
venous thrombosis of the limbs, kidney failure,
or cardiac edema according to examination of
blood biochemistry testing and medical imag-
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TABLE 1
Characteristics of Enrolled Study

Participants

Secondary lower limb
lymphedema (n=60)

Patient characteristics

Age (average, range) 55.1 (38-76)
Gender

Female 60

Male 0
LE stage

1 5

1I 24

111 26

v 5
Duration of LE, yr 4.06 (0.1-16)
Type of gynecological malignancy

Cervical cancer 38

Ovarian cancer 9

Endometrial cancer 13
Affected unilateral lower limb

Left leg 41

Right leg 19

ing performed by oncologists and other
physicians. The detailed characteristics of all
patients are presented in 7able 1.

Treatment

MLD was performed using a modified
method described by Foldi (14). Before MLD,
the patient cleaned her lower limbs and then
assumed a supine position with her lower
limbs extended horizontally. The certified LE
therapist gently massaged the lymph nodes,
lymphatic vessels, and skin involved in the
lymph drainage areas using different manual
techniques, including the stationary circle,
rotary, pump, and scoop techniques. The man-
ual drainage was directed toward the func-
tional lymph nodes to mobilize the lymphatic
fluid from congested regions to normal tissue
(15,16). First, in the preparation period, the
therapist effleuraged the bilateral supraclavi-
cular, axillary, and inguinal lymph nodes and
the abdominal lymphatic trunk to stimulate
them to drain stagnated lymph. Based on the
routes of lymph backflow in the lower limb,
the therapist then effleuraged the skin area
from the proximal aspect (thigh) to the distal
segment (foot), to activate intradermal initial
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lymphatic vessels and subcutaneous collectors,
promoting reabsorption of stagnated lymphat-
ic fluid in the interstitial space. Third, mas-
sage was applied to the edematous limb from
thigh to groin and from foot to leg. Finally, the
whole limb was massaged from the distal to
proximal extremity, promoting lymphatic flu-
id backflow through functional lymphatic ves-
sels. After CDT, sweat was toweled off the
limb to keep the skin clean and dry, and suita-
ble emollients were applied to the skin. The
therapist then applied various types of band-
ages for compression therapy. A long tubular
cotton bandage was directly applied to cover
the whole affected lower limb. An elastic
gauze bandage was then loosely applied in an
initial anchoring turn around the forefoot at
the metatarsal joint, first wrapping the big toe
and then bandaging the other four toes. The
therapist spirally bandaged a polyurethane
pad from foot to thigh to reduce friction and
buffer pressure, ensuring greatest thickness of
the pad on the ankle and knee. Finally, the
therapist used a low-stretch bandage to com-
press the whole limb by a "figure-of-eight"
overlapping technique, instructed the patient
in exercising (walking, flexing the leg) for 5
minutes, and then checked the pressure and
tightness of the compression bandages to en-
sure that they were not causing ischemia, tin-
gling, or a pins-and-needles sensation (Fig 1).
The whole CDT session included 30 min of
MLD, 20 min of multilayer bandage compres-
sion therapy, skin care, and 10 min of exer-
cising. The entire CDT session was performed
once per day, and the treatment course com-
prised 20 sessions. Every patient underwent
one treatment course.

Measurement and Analysis of Limb
Circumference

Each edematous limb was assessed using
a standard 1-mm fiber tape to measure the
circumference. For lower limb circumference
measurements, the patients lay in the supine
position with their legs relaxed and knees
straight. The circumference was measured at
five positions on the lower limb: 5 cm above
the second plantar toe joint, 5 cm above the
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Fig. 1. Technique of CDT applied to study subjects. (A-F) MLD with application from the trunk to the toes. (G)
Bandaging materials include cotton bandages, polyurethane pads, and short-stretch elastic bandages. (H-L)

Application of bandaging from the toes to the upper leg.

with their legs relaxed and knees straight. The
circumference was measured at five positions
on the lower limb: 5 cm above the second plan-
tar toe joint, 5 cm above the lateral malleolus,
10 cm below the lower border of the patella, 10
cm above the superior border of the patella,
and 20 cm above the superior border of the
patella. We compared the circumference ratio
before and after CDT to calculate the mean
circumference ratio of the five positions and
analyzed the change in the edematous limb
after treatment. All measurement data were
recorded in centimeters (cm). The circumfer-
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ence ratio was defined as follows: (mean cir-
cumference value of lymphedematous limb /
mean circumference value of contralateral
limb) / mean circumference value of contrala-
teral limb.

Measurement and Analysis of Interstitial Fluid
Content of the Limb

We measured and analyzed the intersti-
tial fluid content of the lower limbs using a
multiple-frequency bioelectrical impedance
analysis device (Inbody 3.0; Biospace Co. Ltd.,
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Seoul, Korea). This machine uses the imped-
ance of tissue fluid to tiny electrical currents
(1 KHz-1 MHz) to accurately indicate the in-
terstitial fluid change in the edematous limb.
We compared the interstitial fluid ratio before
and after CDT to assess the effect of CDT. All
measurement data were recorded in kilogram
(kg). The interstitial fluid ratio was defined as
follows: (mean interstitial fluid value of lym-
phedematous limb / mean interstitial fluid
value of contralateral limb) / mean interstitial
fluid value of contralateral limb.

Indocyanine Green Lymphography

Indocyanine green (ICG) lymphography
was performed on 10 patients with SLE. The
patients were placed supine on a bed. After in-
tradermal injection of 0.25 mg/ml of ICG into
the toe web spaces (three points for each dor-
sum of the foot, 0.05 ml at each point), a pho-
todynamic eye fluorescence-locating instru-
ment (PDE; Hamamatsu Photonics, Hama-
matsu, Japan) was used for dynamic observa-
tion of lymph flow 30 min after injection.
Sequential fluorescence real-time imaging of
the lymphatics was thus acquired (17,18).

Assessment of Incidence of Erysipelas

We recorded and compared the inci-
dence of erysipelas before CDT and 1 year af-
ter CDT by telephone follow-up to assess the
effect of CDT.

Statistical Analysis

Data are presented as mean (range) or
number (percent). Statistical analysis was
performed using T-test with SPSS 17.0 soft-
ware (IBM, Armonk, NY, US). All tests were
two-sided, with a significance level of 0.05 or
0.01.
RESULTS
Decreased Limb Circumference after CDT

The circumference of the lymphedema-
tous limbs was significantly smaller after CDT
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(Fig 2). Pre-treatment, circumference, and
circumference ratio of the lymphedematous
limbs were 39.8 + 5.14 cm and 0.199 + 0.1529,
respectively. After CDT, circumference and
circumference ratio of the lymphedematous
limbs had decreased to 35.307 + 4.1468 cm
and 0.058 + 0.0474, respectively, which were
both significantly smaller (p < 0.01) (Fig 3).

Decreased Interstitial Fluid Content after
CDT

The interstitial fluid content was obvi-
ously reduced in lymphedematous limbs after
CDT. Pre-treatment, interstitial fluid content
and ratio were 7.6 = 1.97 g and 0.481 + 0.0428,
respectively. After CDT, interstitial fluid con-
tent and ratio had decreased to 5.6 + 0.89 g
and 0.131 = 0.0937, respectively, which were
both significantly lower (p < 0.01) (Fig. 9.

Improved Lymph Stasis and Dermal Backflow
after CDT

ICG lymphography images of lymph
flow and lymphatic vessels showed significant
differences in the lymphatic vasculature be-
tween the control limbs and affected limbs.
The lymphatic structure in the normal limbs
generally consisted of well-defined channels
that actively propelled lymph flow to the inner
part of the leg and thigh and drained it into
the inguinal nodes (data not shown). In con-
trast, the lymphatic structure in the lymphe-
dematous limbs typically displayed substantial
lymph fluid stasis in dilated and tortuous lym-
phatic vasculature. Some seriously affected
lower limbs showed dermal backflow and lym-
phatic fluid leakage. After CDT, the degree of
lymph fluid stasis and dermal backflow de-
creased, and well-defined, normal lymphatic
vessels were observed in some improved re-

gions (Fig 5).
Decreased Incidence of Erysipelas after CD

The average annual incidence of erysipe-
las in lymphedematous limbs was lower after
than before CDT. Pre-treatment, average an-
nual incidence of erysipelas was 0.522 +
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Fig. 2. Two subjects demonstrating effectiveness of CDT treatment in reducing lymphedema pre (A,B) and post
(A’B).
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Fig. 3. Circumference (A) and circumference ratio (B) were both significantly reduced (p<0.01) after CDT
treatment.
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Fig. 4. Interstitial fluid value (A) and interstitial fluid ratio (B) were both significantly reduced (p<0.01) after CDT
treatment.
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Fig. 5. Patient images of one subject pre (A) and
post (D) with corresponding ICG Images. (B) Pre-
CDT ICG image displays lack of identifiable chan-
nels and substantial dermal diffusion. (C) ICG
image displays the identifiable lymphatic channels in
normal lower limb. (E) Post-treatment imaging de-
picts identifiable vessel imaging as well as a substan-
tial reduction in dermal diffusion.

0.1245. After CDT, average annual incidence
had decreased to 0.216 + 0.0633, which was
significantly lower (p < 0.01) (Fig 6).
DISCUSSION

In this study, we evaluated the efficacy
of CDT in treating the lower limbs of patients
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with SLE due to gynecological cancer. Our re-
sults demonstrate that CDT can improve the
function of lymphatic vessels, reduce backflow
of stagnated lymph, and significantly reduce
both interstitial fluid content and circumfer-
ence of lymphedematous lower limbs. CDT
can also enhance the anti-infection capabilities
of the skin, decreasing the incidence of erysi-
pelas. Therefore, CDT may play an important
role in the treatment of lower limb SLE, and
its use and popularization in China would be
beneficial.

Lower extremity SLE is a refractory
medical condition that occurs in 1% to 49% of
cancer survivors, and it is a chronic condition
requiring long-term, even lifelong treatment
(19-21). Therapy is currently divided into op-
erative and conservative (nonoperative) treat-
ment (8). Operative treatments include autolo-
gous lymph vessel transplantation, lymphove-
nous shunting, "debulking" operations, and
others; however, these techniques have not be-
come widely popular because of their strict in-
dications, sophisticated microsurgical manipu-
lations, and uncertain long-term effects. Con-
versely, conservative treatment has played the
key role in patients with SLE and is recom-
mended by several groups of experts because
of its noninvasive manipulation and fewer
complications. Some special conservative ther-
apies are used in China, such as Chinese
herbs, heat and bandage treatment, and
Qigong exercises (22-24). CDT is a promising
technique recommended by the International
Society of Lymphedema and has already been
widely employed in Europe and North Ameri-
ca. This technique was first introduced to
China by Ningfei Liu in 2007 and has since
been gradually promoted (25).

MLD was first introduced by Emil
Vodder to treat edematous lymph nodes in
1930 (26), and later adding the bandage com-
pression therapy, functional exercise, and skin
care named CDT by Foldi (27). MLD is a light,
hands-on therapy designed to reduce lymph
swelling by enhancing lymphatic drainage,
and it is administered as the most important
part of CDT. The manipulative principle of
MDL is based on the anatomy and physiology
of the lymphatic system. Unlike physiology of
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Fig. 6. Significant reduction (p<0.01) in average annual incidence of erysipelas pre- and post-treatment for all 60
subjects. The incidence of erysipelas was recorded and compared in 60 patients before CDT and 1 year after CDT

by telephone follow-up to assess the effect of CDT.

the lymphatic system. Unlike the blood, which
is propelled through the body by the dynamic
pumping of the heart, lymphatic fluid is moved
by the rhythmic contractions of the muscular
walls of lymphatic vessels. The sequential,
segment-to-segment contractions of the lym-
phatic vessels are under the control of the au-
tonomic nervous system but can be regulated
by external stimuli on the lymphatic vessels,
such as that from compression of surrounding
muscles or local arterial pulsation (28). In the
present study, as shown by ICG lymphogra-
phy images of lower limb SLE, the lymphatic
vessels of the affected leg and popliteal lymph
nodes were not completely damaged, but the
pelvic lymphatic system was damaged, result-
ing in drainage of interstitial fluid and obstruc-
tion. MLD can stimulate peristaltic contrac-
tions in these affected lymphatic vessels. The
initial lymphatic vessels respond to the rhyth-
mic massage movement, opening to allow
more fluid to enter the lymphatic system. It is
also believed that MLD can influence the con-
tractile function of the collector lymphatic
vessels, enhancing lymph flow and creating a
suction effect that pulls lymph from distal

Permission granted for single print for individual use.

areas toward the lymph nodes (12). By this
treatment, swelling is reduced by pumping of
lymphatic vessels, reabsorption of lymph, a
reduction in hydrostatic resistance to lymph
flow, and a rerouting of lymph away from are-
as of stasis and into viable lymphatic vessels
(29). This results in a significant reduction in
the circumference and interstitial fluid content
of edematous limbs after an MLD treatment
course.

After MLD, compression therapy using
different types of bandages is essential. A
multi-layered compression bandage is applied
and overlapped on the lower limb from foot to
thigh. The bandage produces the appropriate
pressure on the skin to help reduce interstitial
fluid by decreasing its formation and prevent-
ing lymph refill into the interstitial spaces that
have been drained by MLD to maintain vol-
ume reduction (30). Compression also assists
limb muscle contraction to create a "muscle
pump" effect that increases the lymph and
blood flow during rest and exercise. These
bandages should be short stretch, which exerts
a relatively low pressure on the limb at rest
and cannot affect movement of the limb.
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Additionally, when the limb is in motion and
the muscles are contracting, short-stretch
bandages maintain their integrity as the mus-
cles contract against the bandages and provide
a semi-rigid support structure for the muscles
to contract against working pressure; this re-
duces capillary filtration, resulting in further
edema reduction (31). We use low-stretch
compression bandages for treatment of SLE
and instruct the patients in how to use the
bandage to perform treatment at home. How-
ever, some patients cannot carry out this treat-
ment by themselves; in such cases, we advise
them to use a compression stocking or custom-
fitted garment that is worn during the day to
maintain adequate compression on their
edematous limbs (10,32).

Skin care should also be performed dur-
ing CDT. The patients should keep their
edematous skins clean and dry, and they
should not walk barefoot at any time to avoid
accidental injury or insect bites; this will re-
duce the risk of infection and ulceration of the
limbs. Suitable emollients can be applied to
the skin to prevent hyperkeratosis and ecze-
ma. In addition, therapists and patients
should sanitize their hands or wear medical
latex gloves when contacting the edematous
skin (33). Patients with LE should be taught
and encouraged to perform low- to moderate-
intensity physical exercise. Proper exercise
with bandage protection is beneficial for limb
muscle contraction; this prevents additional
swelling and facilitates lymphatic flow. How-
ever, overstretching and high-intensity exer-
cise should be avoided (34,35).

In the present study, we treated lower
limb SLE using CDT instead of surgery. We
carefully executed the treatment process for
all patients and taught them to perform the
technique by themselves. All patients were
satisfied with the effects of CDT; in particular,
they noted the reduction of the circumference
and interstitial fluid content of the affected
limb. This result is consistent with previous
research. Williams et al. conducted a random-
ized controlled crossover study and found that
CDT significantly reduced the limb volume
and circumference (36). Weiss reported that
patient satisfaction after CDT appeared to be
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associated with the limb volume reduction and
recovery of the normal limb appearance (37).
Furthermore, improved lymphatic vessel func-
tion was observed using ICG lymphography.
The PDE system showed that the high-intensi-
ty area of the fluorescent signal around the
lymphedematous limb was reduced and that
the low-intensity signal was increased. These
changes indicate that the application of CDT
to the edematous limb encouraged lymph fluid
circulation. Thus, the efficacy of CDT was
visualized, and the fluorescent images were
well supported by the changes in circumfer-
ence and interstitial fluid. Tan et al. suggested
that MLD is a viable treatment for LE using
ICG fluorescence imaging to demonstrate the
improvement of lymphatic vessel function (17).
Takeno et al demonstrated the efficacy of
CDT on edematous rat limbs by real-time ICG
lymphography (38). Additionally, it is possible
that CDT can eliminate many infiltrative mi-
crobes and specific antigens by improving
lymph backflow, stimulating lymphatic reab-
sorption, and decreasing tissue edema; this
may decrease the incidence of cellulitis and
erysipelas of the lower limb (39).

Based on the treatment effects and un-
derstanding of the CDT technique, we believe
that this technique has some advantages over
other types of treatments. CDT has very re-
markable effects on lower limb SLE by restor-
ing the function and appearance of the limb as
well as improving quality of life. Furthermore,
in contrast to surgical manipulation of the
lymphatic nodes and vessels, CDT is noninva-
sive and does not damage the skin structures,
thus reducing patient anxiety and complica-
tions such as scarring, ulceration, and lym-
phorrhagia. This technique can also be adapt-
ed to both adults and children and is easy to
learn and perform for long-term home care.
Finally, CDT can be used to alleviate symp-
toms in special lymphedematous sites such as
the genitalia and toes.

Although this study population was lim-
ited to patients with lower limb lymphedema
following gynecological cancer, there is no
reason why it cannot be applied to patients
with other causes of lower limb lymphedema.
Further studies to confirm these results in

Reproduction not permitted without permission of Journal LYMPHOLOGY.



131

other setting as well as with other causes of
lymphedema can strengthen these results.

In the present study, we have illustrated
that CDT is an effective treatment method for
patients with SLE following gynecological
cancer treatment. Therefore, the CDT tech-
nique should be more widely utilized and pop-
ularized in China to improve the quality of life
of millions of patients with lower limb SLE.
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