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ABSTRACT

The aim of this study is to evaluate the
efficacy of intermittent pneumatic compression
(IPC) as a substitute for manual lymphatic
drainage (MLD) in complete decongestive
therapy (CDT) for treatment of advanced
stages of breast cancer-related lymphedema.
In this randomized, single-blind, controlled
study, 46 patients with breast cancer-related
lymphedema were divided into 2 groups.

Both MLD with compression bandage (CB)
group (n=24) and IPC with CB group (n=22)
received treatment 3 days a week for 5 weeks.
Home exercise program was also given to all
patients. At the end of the 5™ week, patients
were treated with a daily 23-hour compression
garment and home exercise routines.
Assessments were taken at baseline, the fifth
week, and the third month. Arm circumference
was measured at 5 different areas, shoulder
range of motion (ROM) was evaluated

with a goniometer, pain, and tightness, and
heaviness sensations were assessed with
visual analog scale. Both groups had similar
demographic and clinical characteristics (p <
0.05). There were no significant differences
between groups and both groups showed
significant improvement (p < 0.05) in the five
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measurement levels of the arm circumference
at the fifth week and third month. Similarly,
shoulder ROM, pain, tightness, and heaviness
sensations improved in both groups (p < 0.05).
Both MLD and IPC as a component of CDT
were found successful at 5 weeks and 3 months
without superiority to each other.

Keywords: lymphedema, complete deconges-
tive therapy, intermittent pneumatic pump,
lymphedema treatment, manual lymphatic
drainage

Lymphedema is a condition that is charac-
terized by the localized or generalized accu-
mulation of protein-rich fluid that results from
congenital malformation or acquired lymphat-
ic obstruction or disruption (1). In patients
who have undergone breast cancer treatment,
lymphedema occurs due to impaired lymphat-
ic drainage of the upper extremity as a conse-
quence of operation, axillary radiation, and/or
axillary lymph node dissection. The incidence
of lymphedema after breast cancer treatment
varies according to diagnostic criteria for
lymphedema and duration of follow-up peri-
ods. While one study determined incidence of
lymphedema to be 41.1% within a ten-year fol-
low-up period (2), another study revealed that
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its incidence ranged from 15% to 54% within
a three-year follow-up period (3). In one
meta-analysis, sentinel lymph node biopsies
were reported to decrease risk of lymphedema
four times more than axillary dissections (4).
More aggressive and anatomically destructive
treatments can cause post-operative compli-
cations such as seroma, hematoma, infection,
and axillary band (axillary web syndrome),
and increase the risk of lymphedema (5).
Lymphedema is primarily diagnosed through
evaluation of clinical criteria. In addition to
swelling of the affected extremities, certain
symptoms, such as pain, fatigue, tightness,
heaviness, tingling, weakness, and movement
restriction, can also be seen in lymphedema
(6,7). Moreover, cellulitis, acanthosis, skin
necrosis, elephantiasis, hyperkeratosis, and
lymphangiosarcoma can accompany these
findings (8). The appearance of anatomical
structures such as veins, tendons, skin folds,
and bony landmarks, frequently disappear (1).
In general, shoulder pain and restriction of its
motion following breast cancer treatment oc-
cur at a rate of 9-68% and 1-67%, respectively
(9). It has been reported that 16% to 43% of
patients with breast cancer have shoulder
dysfunction in the following year after sur-
gery (3). Lymphedema is mostly evaluated
through arm circumference measurements,
water displacement measurements, tonometry,
bioimpedance analysis, ultrasonography (US),
computed tomography (CT), lymphoscintigra-
phy, and magnetic resonance imaging (MRI)
(10). Circumference measurements are made
at equidistant points from specific anatomical
points, such as bony landmarks (olecranon,
ulnar styloid, or metacarpophalangeal joints)
or antecubital fossa (11). Studies have used
various criteria and methodologies to mea-
sure arm circumference. While a difference in
circumference of at least 2 cm at any of the 4
measured points between two arms is consid-
ered to indicate lymphedema, circumference
differences of 2 cm or more in at least 3 points
that are measured from 6 or 7 points are also
occasionally accepted to indicate lymphedema
(12). According to the lymphedema staging,
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there are four stages (0 to 3) gradually increas-
ing from clinically normal to fibrotic irrevers-
ible tissue (13,14).

Targets in treatment of lymphedema
include controlling symptoms and preventing
complications (15). In early stages, protective
measures and detailed information should be
given to patients to increase their awareness
after breast cancer surgery. Active range of mo-
tion exercises should also be recommended to
provide patients’ extremity mobility. In 1988,
the American Cancer Society emphasized the
need for priority to diagnostic and treatment
strategies and recommended use of various
physical therapy modalities and rehabilitation
methods to control symptoms and reduce com-
plications (1,16). For treatment of lymphede-
ma, a multimodal technique called complete
decongestive therapy (CDT) can be used to
reduce the lymphedema and maintain skin and
supporting structures’ health (17). CDT con-
sists of two-phase treatment program. The first
phase (treatment phase) includes nail and skin
care, therapeutic exercises, manual lymphatic
drainage (MLD) and limb compression with
bandaging. The second phase (maintenance
phase) aims for conservation of the results
gained from phase 1. It consists of compression
garments, skin care, and continued exercises
(17). MLD is frequently used in the form of
rhythmic skin compression, which is achieved
through the application of pressure with the
hands or fingers (approximately 30 mmHg), to
soften fibrotic induration, increase lymphatic
transport, and remove increased interstitial flu-
id (18). MLD begins with the compressive stim-
ulation of nearby drainage areas (e.g., neck,
counter-axilla, etc.) and then continues with
the successive manual decongestion of the af-
fected chest wall, shoulder, arm, forearm, wrist,
and hand. Intermittent pneumatic compression
(IPC) is another treatment modality for the
lymphedema. This technique uses pneumatic
pumps to relieve the formation of edema and
to remove fluid that has accumulated in the
limbs with external compression. Pneumatic
pumps apply single or multiple compartments
around the affected extremity and these devic-
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es function through the application of fixed or
intermittent pressure for a certain period of
time. In addition, compression bandages (CB)
can be used to provide increased lymphatic
flow, increase the pumping of muscles, and
reduce interstitial fluid formation (15). Finally,
compression garments are applied to increase
venous return and lymphatic flow and reduce
accumulation of proteinaceous substances.
Compression garments can also provide vol-
ume control, skin integrity, proper shaping of
extremities, and protect the extremities from
potential trauma (5).

Some studies have evaluated the effective-
ness of IPC, but a conclusion is still unclear
due to conflicting results and these studies did
not establish optimal application parameters
(19-21). MLD requires a well trained special-
ized therapist who sometimes is not easily
available in hospitals or treatment centers
worldwide. Therefore, we aimed to investigate
the efficacy of IPC as an alternative to MLD
in CDT.

MATERIALS AND METHODS

The study was approved by the local
ethics committee of Marmara University.
This randomized, single-blind study included
patients with stage 2-3 lymphedema who had
agreed to participate in the study. They were
between 18-70 years old and were at least 3
months past breast surgery. Those with signs
of cellulitis, lymphangitis, fungal infection,
metastases to the lymph nodes, and uncon-
trolled psychiatric or systemic diseases were
excluded from the study. For diagnosis of
lymphedema, detailed physical examinations
and arm circumference measurements were
performed on patients who had been referred
to an oncologic rehabilitation clinic. Patients
were randomized into two groups. Patients in
group 1 (IPC+CB) were treated with IPC (30
min), compressive bandages, and home exer-
cise program. Patients in group 2 (MLD+CB)
were treated with MLD (30 min), compressive
bandages, and home exercise program. A total
of 15 sessions (5 weeks) of IPC or MLD were
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applied to both groups 3 times per week, and
after each session, the compressive bandaging
was repeated. Ladder, pendulum, and range
of motion exercises were given for affected
upper extremities and organized for the home
exercise programs. At the end of the S5th week,
patients in both groups were treated with a
daily 23-hour compression garment and home
exercise routines. Patients were evaluated for
circumference differences between the 2 arms
with a nonelastic tape measure at five levels:
metacarpophalangeal joints, wrist, 15 cm
distally from the medial epicondyle, medial
epicondyle, and 15 cm proximally from the
medial epicondyle (22-24). Shoulder pain and
sensations of tightness and heaviness were also
evaluated with a 100 mm horizontal visual
analogue scale (VAS) ranging from “0 mm”
(no discomfort) to “100-mm” (worst imagin-
able). Goniometric measurements of shoulder
range of motion (ROM) were completed. All
assessments were completed at baseline, the
fifth week, and the third month by a research-
er who blinded to treatment methods. Manual
lymphatic drainage was performed by an
expert massage therapist. During application,
a pressure of approximately 30-45 mmHg
was applied with the hands and fingers. A
12-chamber sequential gradient compression
pump was used for the IPC treatment. Infla-
tion pressures ranged from 50 to 80 mmHg,
and the garment was inflated fully from
distal to proximal. Inflation time lasted for 60
seconds. Once the entire garment reached full
inflation, it was deflated and the cycle repeat-
ed. Deflation time lasted for 25 seconds. Full
treatment was 30-minutes in duration.
Findings of this study were evaluated
through statistical analysis using the SPSS
22.0 statistical package program. In addition
to descriptive statistical methods (mean, fre-
quency, percentage and standard deviation),
the Kolmogorov-Smirnov distribution test was
used for examination of normal distribution
parameters. Pearson’s Chi-square test and
Fisher’s exact test were used for comparison
of the qualitative data. The Mann-Whitney
U test was used for comparison of the inter-
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group parameters. Friedman test was used for
repeated comparisons and Wilcoxon signed-
rank test was performed with a Bonferroni
correction for pairwise comparisons. Results
were evaluated at a 95% confidence interval
and a significance level of p < 0.05.

RESULTS

The study was conducted between March
2014 and March 2015 with a total of 46
patients. The mean (SD) ages of the patients
were 55.36 (10.30) years and 59.04 (2.83) years
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in the IPC+CB and MLD+CB groups, respec-
tively. Demographic and clinical character-
istics of both groups were similar (p > 0.05)
(Table 1).

Only one significant difference in the
groups was identified. Modified radical
mastectomy rates were significantly higher
in the IPC+CB group than they were in the
MLD+CB group (p < 0.05) (Table 2).

There were no significant differences
between the groups with both treatment
modalities (MLD+CB and IPC+CB) result-
ing in significant decreases from baseline (p

TABLE 1
Demographic and Clinical Characteristics of the IPC
with CB and MLD with CB Groups
Height mean (SD) (meters) 1.57 (0.05) 1.58 (0.06) 10.514
Weight mean (SD) (kilograms) 74.55 (14.73) 77 (11.18) 10.321
BMI mean (SD) (kg/m?) 30.23 (6.21) 30.90 (4.96) 10.391
Lymphedema duration
mean (SD) (median) (months) 32.55(37.05) (12) 49.38 (47.45) (36)  %0.122

Lymphedema side n (%)

Right 12 (54.5%) 13 (54.2%) 30.979

Left 10 (45.5%) 11 (45.8%)
Lymphedema stage n (%)

2 19 (86.4%) 15 (62.5%) 30.066

3 3 (13.6%) 9 (37.5%)

IStudent t Test; 2Mann-Whitney U Test; *Fisher’s Exact Test

TABLE 2
Characteristics of Treatment Procedures in the IPC with CB and MLD with CB Groups
0=22) % m=24) % P
Radiothera No 2 9.1% 0 0.0%
4 Yes 20 90.9% 24 100%  0.223
Chemothera No 3 13.6% 2 8.3%
Py Yes 19 86.4% 22 91.7%  0.457
Modified radical 19 86.4% 14 58.3%
Surgery method Iélastectomy .
reast-conserving 3 13.6% 10 41.7% 0.035
surgery : '
Axillaty lymph node y g 2 100% 24 100% -
issection

Fisher’s Exact Test
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< 0.05) in the five measurement levels of the
arm circumference at the fifth week and the
third month. In both groups, differences in the
five measurement levels of the 2-arm circum-
ference were higher in the third month than
in the fifth week. However, this difference

was statistically significant only in MLD+CB
group at the level of medial epicondyle and

15 cm proximally from the medial epicondyle.
The data in Table 3 shows arm circumference
differences for both groups.

While there were significant improve-
ments from the baseline in VAS scores of pain
and the sensations of tightness and heaviness
at the fifth week and third month (p < 0.05),
there were no significant differences between
the scores for either group. In both groups, all
VAS scores significantly increased in the third
month compared to the fifth week. (Figs. 1-3).

In both groups, shoulder abduction and
flexion ROM values significantly improved
from the baseline at the fifth week and third
month (Table 4).

TABLE 3
Baseline and Post-Treatment Difference in Measurements of IPC with CB and
MLD with CB Groups

Difference in . 15-cm

. 15-cm distalk .
measurements MCP Wrist froflllnM]Esl Y ME proximally
(cm) from ME
IPC group (n =22)
Baseline 1(0.86-1.73)  1.75(1.30-2.51) 3.5(3.36-5.40) 3 (2.51-4.80) 2.5 (1.59 - 2.30)
5th Week 0(0.15-1.027) 0.75(0.64-1.77) 2 (1.90-3.74) 2 (1.34-3.15) 1.25 (0.91- 2.81)
3rd Month 0.5 (0.23-1.04) 1 (0.82-1.90) 2 (1.95- 4.00) 2 (1.69-3.76) 1(1.17-2.37)
P* 0.0001 0.001 0.0001 0.0001 0.0001
Baseline / 5th
Week (p**+) 0.0003 0.024 0.0003 0.0003 0.009
Baseline / 3rd
Month (p**) 0.003 0.036 0.0003 0.003 0.024
5th Week / 3rd
Month (p**) 1.371 0.687 1.497 0.102 1.308
MLD group (n =24)
Baseline 1(0.77-1.65) 2 (1.34-2.58) 475 (3.77-5.94) 4(3.28-5.10) 3 (2.40 — 4.06)
5th Week 0(0.16-0.72)  1(0.87- 1.79) 3.25(2.79-4.50) 3(2.26-3.78)  1.5(1.29-2.62)
3rd Month 0(0.16-0.92) 1 (1.02-2.10) 3.75 (3.15- 4.80) 3.5(2.77-4.32) 2 (1.64-3.11)
P* 0.0001 0.0001 0.0001 0.0001 0.0001
Baseline / 5th
Week (p**) 0.0003 0.003 0.0003 0.0003 0.0003
Baseline / 3rd
Month (p**) 0.015 0.042 0.009 0.042 0.006
5th Week / 3rd
Month (p**) 1.185 0.096 0.09 0.033 0.036

*Friedman’s test; ** Wilcoxon signed rank test and Bonferroni correction
Median (95% Confidence Interval), IPC: Intermittent Pneumatic Compression, MLD: Manual
lymphatic Drainage, MCP: Metacarpophalangeal, ME: Medial Epicondyle
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Fig. 1. Change of pain (VAS)
scores over time for IPC with
CB and MLD with CB groups.

Fig. 2. Change of tightness
(VAS) scores over time for IPC
with CB and MLD with CB
groups.

Fig. 3. Change of heaviness
(VAS) scores over time for
IPC with CB and MLD with
CB groups.
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TABLE 4
Changes in Shoulder Range-of-Motion (ROM) for IPC with CB and MLD
with CB Groups
Shoulder
ROM Abduction Adduction  Flexion Extension {{::te;tl;z:l ﬁﬁg?;:
(mean=SD)
IPC group (n = 22)
Baseline 155.45+ 20.63 38.86+5.96 153.18+22.54 37.27+4.55 67.95+£5.03 75.68+12.37

S5th Week 166.36+12.16  40.68+4.16 166.36+12.55 38.63+3.51  69.54+2.13  81.81+9.58
3rd Month 165.90+12.6  39.31+7.16 165.90+13.33  38.63+3.51  69.54+2.13  80.90+9.71

Baseline /

S5th Week 0.005 0.046 0.001 0.83 0.59 0.011
(p*)

Baseline /

3rd Month 0.004 0.705 0.001 0.83 0.59 0.017
(p*)

5th Week /

3rd Month 0.317 0.180 0.317 1.00 1.00 0.317
(p*)

MLD group (n = 24)

Baseline 152.08+23.02 35.20+7.72 151.66+20.78 31.25+10.34 63.54+9.83  73.54+16.97

Sth Week 163.75+17.89  38.12+7.04 163.33+18.33  35.83+8.29  66.25+8.24  76.25+15.26
3rd Month 162.91+18.52  37.5+7.07 162.50+18.93 35.41+8.33  66.25+8.24  75.83+15.29

Baseline /

5th Week 0.001 0.027 0.0001 0.005 0.041 0.165

®*)

Baseline /

3rd Month 0.001 0.026 0.0001 0.004 0.041 0.379

)

5th Week /

3rd Month 0.157 0.257 0.157 0.317 1.00 0.892

)

*Wilcoxon signed rank test IPC: Intermittent Pneumatic Compression, MLD: Manual Lymphatic

Drainage
DISCUSSION of specially trained therapists (18,25-27).

Therefore, alternative methods such as IPC

This study aimed to compare the ef- are more commonly used for the treatment of
fectiveness of MLD and IPC methods as a lymphedema. While the clinical application
component of CDT for the treatment of breast of this method is easier than MLD, its effec-
cancer-related lymphedema. Although MLD tiveness is unclear due to conflicting results
in CDT has been reported to be a successful from studies and a lack of established optimal
method for the treatment of lymphedema, application parameters. IPC devices can be
its accessibility is limited by a small number broadly categorized as follows: single-chamber,
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multi-chamber segmented without manual
control, multi-chamber segmented — calibrated
and advanced compression systems (28). We
used a multi-chamber segmented-calibrated
device with the aim to demonstrate its effec-
tiveness in comparison with MLD in CDT. To
the best of our knowledge, there is an insuffi-
cient number of studies that have compared
MLD and IPC treatment methodologies. Re-
sults of these studies indicated no significant
differences between MLD and IPC in CDT
with each method proven to reduce lymph-
edema (19-21). The results of these studies are
compatible with our results, but they assessed
short-term effects of the treatment modalities.
The current study is noteworthy because it
tested a greater number of subjects than any
existing study and more importantly, 3 month
outcomes of both treatment methods were
evaluated individually and compared with one
another. Results revealed that compared to
baseline, both methods had good outcomes for
treatment of lymphedema in the 5" week and
34 month. In addition, neither method was su-
perior over the other. However, upon separate
evaluations of results, while no significant dif-
ferences for circumference measurements were
determined in the IPC+CB group, the mea-
surements were found to have significantly
increased in the MLD+ CB group at the third
month of testing compared to the fifth week.
Therefore, the IPC+CB treatment may be
considered superior in this particular respect.
As recommended in existing literature, this
study has also combined both treatments with
bandaging and compression garment (10).
The compression garments were recommend-
ed to the patients after the fifth week of both
treatments, but we could not be sure of the
patients’ compliance with these applications
completely. We suggest that potential noncom-
pliance of patients in the MLD+CB group may
have contributed to the significant increases to
their arm circumference measurements at the
third month of treatment. However, this is just
a hypothesis and it needs further studies to
evaluate compliance to compression garments
including in the long-term follow-up period.

Permission granted for single print for individual use.

89

Also, other methods such as ultrasound or
bioimpedence could be added as an assess-
ment tool to investigate the importance of this
difference.

This study has some limitations that
should be considered in future research. First,
this study lacks a control group of compres-
sion bandaging, exercise, and then compres-
sion garment without MLD or IPC. However,
we could not include this due to the ethical
concerns. Since the patients included in the
study had advanced stages of lymphedema,
they needed an efficient treatment strategy
to provide increment in lymphatic flow. We
thought that these patients could not wait
without efficient treatment. Second, we did
not evaluate patient satisfaction levels, which
may have proven helpful in determining su-
periority of MLD or IPC treatment methods.
However, the participation of all patients in
every treatment session without dropouts lead
us to believe that patient satisfaction was high.
Third, we did not use any other measurement
to confirm the arm circumference method. The
use of water displacement, together with mea-
surement of arm circumference, may have in-
creased the strength of the study. Nevertheless,
water displacement method is a time-consum-
ing and unportable method for routine clinical
use and arm circumference measurement is
one of the most commonly used methods for
lymphedema (29). Deltombe et al determined
that intra-rater reliability was better than
inter-rater reliability for measurements of
arm circumference. This study also asserted
that the same person should perform serial
measurements on the same patients (30). Our
study was therefore strengthened by the fact
that all measurements were conducted by the
same blinded researcher. In addition, pain and
sensations of heaviness and tightness, which
are the most common symptoms of lymphede-
ma, were evaluated with VAS, and significant
improvements were reported in both groups.

Both MLD+CB and IPC+CB methods
were found to be effective treatment modali-
ties with each producing significant reductions
in symptoms of lymphedema. In conclusion,
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our results suggest that a multi-chamber
segmented-calibrated IPC treatment can be
substituted for MLD in CDT due to its easier
accessibility and simple use in the outpatient
clinic. This is especially important in areas of
the world such as ours where it is difficult to
acquire trained MLD therapists. Further stud-
ies with larger number of subjects and longer
follow-up are needed to confirm our findings.
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