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ABSTRACT

To evaluate the effect of manual
lymphatic drainage on technetium-99m-
labeled dextran (99mTcDx) transport, 16
patients with lymphedema of lower extremities
underwent two lymphscintigraphy exams by
injecting 99mTcDx intradermally into the first
interdigital space of the affected extremity.
The first was a control examination at rest
followed by an examination which included a
manual lymphatic drainage session after the
injection of the 99mTcDx. Images were
obtained 45 minutes and three hours after 
the injection of the radioisotope. Extremity
volumes were also measured before and after
the drainage session. The findings from the
examinations were assessed in a quantitative,
semiquantitative and qualitative manner and
compared without and with drainage. The
analyses of the extremities’ circumference
before and after the drainage by paired t-test
revealed a significant decrease. The analyses
of the quantitative, semi-quantitative and
qualitative evaluations evidenced no signifi-
cant difference, without or with drainage,
within the 45-minute and three-hour periods.
Thus, manual lymphatic drainage caused an
effective reduction in the circumference of the
extremities but did not have a significant
effect in the transport of 99mTcDx.
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A variety of congenital and acquired
alterations in the lymphatic system
compromise lymph transport and cause
lymphedema (1). After an initial phase in
which edema is the main clinical manifes-
tation, protein accumulation induces a
chronic inflammatory response associated
with fibrosis, increased susceptibility to
recurrent infections and major social and
work impairments (2).

Multiple therapeutic alternatives have
been used to treat lymphedema, including
physical, pharmacological, and operative
methods. The aim of both physical and
pharmacological methods is to improve
interstitial fluid and macromolecular drainage
from areas with lymph accumulation to areas
with normal drainage, restoring function,
reducing complications, and improving the
esthetic aspect of the extremity (3).

Complex physical therapy has been
considered the treatment of choice for the
reduction of lower limb lymphedema. This
modality includes manual lymphatic drainage,
exercises, skin care, and multilayer bandaging
followed by elastic compression (4-7).

Lymphscintigraphy is the gold standard
technique to visualize the lymphatic system,
evaluate its function (8,9) as well as responses
to treatment (10-13). In a previous study
using lymphscintigraphy, we showed that
sequential pneumatic compression reduced
lower limb volume, but removal of macro-
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molecules was not enhanced by this method
(11,13). In the present study we demonstrate
the effects of manual lymphatic drainage on
the transport of dextran labeled with 99mTc in
patients with lower limb lymphedema.

METHODS

The clinical protocol was approved by
the Ethics Committee of the Federal
University of São Paulo. Eighteen sequential
patients with lower limb lymphedema were
randomly assigned for this study. They
attended the outpatient Vascular Surgery
Clinic from the ABC School of Medicine
teaching hospital. Exclusion criteria included
the presence of acute infections in the affected
limb and refusal to undergo lymphscinti-
graphy or to sign the informed consent. Two
patients were withdrawn because the second
lymphscintigraphy was not performed.

Therefore, 16 patients completed the
study. They were all female, with ages
varying from 26 to 80 years old (mean = 
46.5 years old). According to Kinmonth’s
classification of lymphedema (14), four were
secondary and 12 primary, ten of them
considered early and two late primary
lymphedemas. Ten patients presented with
bilateral lymphedema while in six the disease
affected only one lower extremity. All
patients presented grade II lymphedema
according to Mowlem’s classification (15).
Clinical history of lymphedema was present
from three to 47 years.

Lymphscintigraphy

All lymphscintigrams were performed 
at the Nuclear Medicine Division of the
Department of Image, Federal University 
of São Paulo.

Control lymphscintigraphy was
performed with the patient at rest, in dorsal
decubitus, with no manipulation of the lower
extremity. An intradermal injection of 185
MBq of dextran labeled with 99mTc was
administered in the first interdigital space of

both feet, at a maximum volume of 0.3 mL.
Initial images were obtained after 45 minutes,
evaluating lower extremities and inguinal
regions. Three hours after the injection, final
images were obtained and patients were
discharged home.

After seven days, all patients returned for
a second lymphscintigraphy, to demonstrate
the effects of the manual lymphatic drainage.
Initially, lower extremities were measured
circumferentially at six different points,
named A, B, C, D, E and F, as shown in 
Fig. 1. Radiotracer was injected as described
earlier and manual lymphatic drainage was
initiated immediately, lasting 40 minutes.
Images were acquired at 45 minutes and
three hours after radiotracer injection, using
the same technique as described for the
control exams.

The same physiotherapist was responsible
for the manual drainage for all patients in the
present study. Liquid vaseline was applied 
to the skin and low pressure movements were
performed with the fingers. Wide circular
movements were initiated in the inguinal
region contralateral to the extremity to be
evaluated, for four minutes. Then, the
ipsilateral inguinal region was drained in a
similar fashion for four minutes. The anterior

Fig. 1. Sites for circumferential measurements
obtained in the lower extremities.
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aspect of the thigh was drained by ascending
movements toward the projection of the
saphenous vein and its accompanying
lymphatics for eight minutes. The leg was
manually drained in a similar fashion as at
the thigh, for eight minutes. The patient was
placed in ventral decubitus for the drainage
of the posterior aspect of the limb. Movements
were started from the proximal thigh toward
the medial aspect of the limb, for eight
minutes. Finally, the calf was drained in a
similar fashion for eight additional minutes.

After returning to the dorsal decubitus,
the initial lymphscintigraphic images were
acquired and new circumferential measure-
ments were obtained at the pre-established
points (Fig. 1). The patient was maintained
resting at dorsal decubitus for three hours.
Then, the last lymphscintigraphic images

were acquired. All images were stored for
subsequent semiquantitative and qualitative
evaluation by three independent physicians,
two of them specialists in nuclear medicine
and one vascular surgeon, all blinded for the
patient and phase of the exam.

Quantitative Lymphscintigraphic Evaluation

Comparison between control lymph-
scintigraphy and the exam after manual
lymphatic drainage was performed using
radiotracer clearance calculation at the
inguinal, thigh, popliteal and leg regions
(11,13,16), applying the following formula:

Tracer clearance (%) = (radioactivity
count at 45 min – radioactivity count at 3
hours) X 100 / radioactivity count at 45 min

A negative clearance signifies a lower

TABLE 1
Semiquantitative Evaluation Worksheet of Lymphscintigraphy by Each Observer

Variables Right Extremity Left Extremity

0 3 5 9 0 3 5 9

Transport kinetics

Dermal reflux 

Lymph nodes 

Lymphatic vessels

Transport index 

Total semiquantitative index

Criteria

Variables 0 3 5 9

Transport kinetics Normal Minor decrease Major decrease No flow

Dermal reflux Normal Minor reflux Major reflux No flow

Lymph nodes Normal Visible, decreased Barely visible Not seen

Lymphatic vessels Normal Visible, decreased Barely visible Not seen
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local tracer clearance, while a positive value
signifies a greater clearance from the region
(11,13).

Semiquantitative Analysis

Semiquantitative evaluation employed
data from the dynamic tracer transport 
with data from the independent observers,
according to the criteria defined by Kleinhans
et al (11,13,17) for the calculation of
transport index. In summary, this index was
calculated by multiplying the values
corresponding to the radioactivity detection
time at the inguinal nodes, in minutes, times
a constant of 0.04 (for example, 1.8 for the
appearance within 45 minutes or 7.2 after
three hours). The values were then summed
to the total score by the three independent
observers, thereby obtaining the total
semiquantitative index for control exams as

well as for those after drainage at 45 minutes
and three hours for each extremity (Table 1).

Qualitative Analysis

Qualitative analysis (18) was based on
the observer’s opinion, by grading the 
aspects of the lymphatic tract, the number 
of lymphatics, dermal reflux, presence of
collateral circulation, and presence or absence
of inguinal uptake (Table 2).

Statistical Analysis

Paired t-test was used to analyze the
circumferential measurements of the lower
limbs before and after manual drainage. 
The Wilcoxon test was used to compare the
clearance values between exams with and
without drainage. For the semiquantitative
evaluation, concordance analysis between the

TABLE 2
Qualitative Evaluation Worksheet by Independent Observers 

Based on Lymphscintigraphic Findings

LEG Right Left

Lymphatic tract aspect (1-Linear; 2-Tortuous; 3-absence)

Number of lymphatics (1-none; 2-single; 3-multiple)

Popliteal lymph nodes (1-yes; 2-no)

Dermal reflux (1-absence; 2-moderate; 3-intense)

Collateral circulation (1- yes; 2- no)

THIGHS Right Left

Lymphatic tract aspect (1-Linear; 2-Tortuous; 3-absence)

Number of lymphatics (1-none; 2-single; 3-multiple)

Inguinal uptake (1-yes  2-no)

Dermal reflux (1-absence; 2-moderate; 3-intense)

Collateral circulation (1- yes; 2- no)
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three independent observers was employed
and the mean index values were evaluated by
analysis of variance for repeated factors, time
(45 min and three hours) and drainage (with
and without). The McNemar exact binomial
test was used for the qualitative evaluation to
detect if the proportion of lower extremities
with changes in values was different from 
the extremities without changes in lymphscin-
tigrams with and without drainage at 45
minutes and three hours (19,20).

RESULTS

Lower Extremity Measurements

Comparative analysis between before and
after manual lymphatic drainage
demonstrated a significant reduction in
volume for all segments of the leg and thigh
(Table 3).

Quantitative Analysis

The quantitative analysis of
lymphscintigraphic tracer clearance showed

no significant differences between before and
after manual drainage at the leg (p=0.422),
popliteal (p=0.875), thigh (p=0.695) and
inguinal regions (p=0.249).

Semi-Quantitative Analysis

There was an excellent correlation
coefficient for the index between observers 
(> 0.95). The mean variance between indexes,
with two repeated factors, time (45 min and 
3 hours) and drainage (with and without
drainage) showed that only the time factor
was significant (p=0.043) while interaction
between drainage and time was not (p=0.633).

Qualitative Analysis

Qualitative analysis of lymphscintigraphic
exams showed no significant differences
between with and without drainage for 45
minutes and three hours regarding the
lymphatic aspects at the leg and thigh, the
presence of popliteal lymph nodes, the
presence of collateral circulation lymphatics
at the thigh, dermal reflux, and inguinal

TABLE 3
Lower Extremity Measurements at Predetermined Sites (A, B, C, D and G) 

Before and after Manual Drainage. Difference Between Means and Results of the Paired T Test

Site Difference Standard 95% confidence interval p value
between means deviation from

the differences Lower limit Upper limit

A 0.563 0.727 0.175 0.950 0.007

B 0.844 0.569 0.540 1.147 0.001

C 0.719 0.576 0.412 1.026 0.001

D 1.031 0.464 0.784 1.279 0.001

E 0.688 0.544 0.398 0.977 0.001

G 0.625 0.619 0.295 0.955 0.001
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uptake. Fig. 2 shows a representative image
in which no improvement was detected after
drainage. In only six cases was an
improvement detected after drainage, as
shown in Fig. 3.

DISCUSSION

Limb volume reduction and improve-
ment of lymphatic vessel function are the
main goals of the treatment of lymphedema.
Manual lymphatic drainage has been
considered as an effective technique for the
management of lymphedema. We demon-
strated that limb volume reduction, the most
obvious signal of clinical improvement
observed after manual lymphatic drainage
(21,22), is mainly due to fluid shifts with no
significant effect on macromolecular
clearance. Our findings are similar to our
previous study (11,13) and to other reports
(23,24) in which sequential intermittent
pneumatic compression also reduced limb
volume by mobilizing water but not protein.
Földi, et al (10) performed lymphscintigraphy
after four weeks of complex physical therapy

detecting lymph nodes in areas where they
were not seen before, decreased dermal reflux
and improved tracer clearance. They did 
not evaluate the isolated effects of manual
lymphatic drainage. Leduc et al (25)
performed manual lymphatic drainage in
normal volunteers showing improved tracer
clearance and lymphatic flow by lymphscin-
tigraphy. However, they did not have 
controls and did not evaluate patients with
lymphedema, in sharp contrast with our
study. In another study not comparable to
ours, Ferrandez, et al (12) evaluated manual
lymphatic drainage with a single lymphscin-
tigraphy in patients with upper extremity
lymphedema from breast cancer, showing
benefits in tracer clearance.

Caution must be exercised in analyzing
our results. The present findings are limited
to our study protocol. Our main goal was 
to evaluate the effects of a single session of
manual lymphatic drainage, which is an
important element of complex physical
therapy, the recommended approach for the
clinical management of lymphedemas (4-7).
The effects of a more complete approach or

Fig. 2. Representative lymphscintigram in a patient
with lymphedema in the right lower extremity in
whom minimal difference was detected before (A)
and after drainage (B).

Fig. 3. Representative lymphscintigram in a patient
with lymphedema in the left lower extremity in
whom a noticeable improvement was detected after
drainage (B).
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even more sessions of manual lymphatic
drainage remain to be evaluated.

Measuring lower limb circumferences
showed that a single session of manual
lymphatic drainage promoted significant
benefits in agreement with several other
reports (10,21,22,25,26). Although technical
aspects of manual lymphatic drainage are
poorly described, there are common
principles. Initially, proximal lymph trunks
are emptied toward normal adjacent lymph
areas, thereby allowing that lymph from the
lower limb to meet empty lymph reservoirs.
Only then massage was performed at the
thigh and leg (2,10,22,27,28).

Our lymphscintigrams were interpreted
by three methods: quantitative, semiquanti-
tative and qualitative (29,30). Qualitative
analysis addressed radiotracer transport in
relation to time (31). The use of semiquanti-
tative analysis addressed the time for the
radiotracer to reach regional lymph nodes,
attributing score for the visual aspects of the
images, allowing the calculation of a transport
index (17). The qualitative analysis involved
several types of information based on the
images, including the number and aspects of
lymphatics, the presence of dermal reflux and
collateral circulation (18,30,32). The most
frequently used method is the qualitative
analysis, with a sensitivity varying between
70% and 94.8%, a specificity of 100% and an
accuracy greater than 90% (29). We believe
that by using three methods, an increased
precision was achieved. All three methods
agreed that a single session of manual
lymphatic drainage promoted no significant
benefits by lymphscintigraphic evaluation, in
spite of the clear clinical benefit of promoting
lower extremity volume reduction.
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