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The improvement in the life expectancy of women with
breast cancer raises important questions about how to im-
prove the quality of life for women sustaining complications
of breast cancer treatment. In particular, attention to com-
mon problems, such as arm edema, is of critical importance.
We reviewed published breast cancer guidelines and litera-
ture identified via MEDLINE® searches in an effort to sum-
marize the research literature pertinent to management of
breast cancer-related arm edema, including incidence,
prevalence, and timing; risk factors; morbidity; prevention;
diagnosis; and efficacy of nonpharmacologic and pharmaco-
logic interventions. We found that arm edema is a common
complication of breast cancer therapy that can result in sub-
stantial functional impairment and psychological morbidity.
The risk of arm edema increases when axillary dissection
and axillary radiation therapy are used. Recommendations
for preventive measures, such as avoidance of trauma, are
available, but these measures have not been well studied.
Nonpharmacologic treatments, such as massage and exer-
cise, have been shown to be effective therapies for lymph-
edema, but the effect of pharmacologic interventions re-
mains uncertain. Comparing results across studies is
complicated by the fact that the definitions of interventions
and measures of outcomes and risk stratification vary sub-
stantially among studies. As arm edema becomes more
prevalent with the increasing survival of breast cancer pa-
tients, further research is needed to evaluate the efficacy of
preventive strategies and therapeutic interventions. [J Natl
Cancer Inst 2001;93:96–111]

In recent years, breast cancer mortality rates have declined
(1), reflecting advances in early detection as well as more wide-
spread application of effective adjuvant therapies. Many women
diagnosed with breast cancer today can expect survival that is
similar to age-matched women without breast cancer as a result
of advances in early detection and effective adjuvant therapies.
This is particularly the case for the increasing proportion of
newly diagnosed women who have stage 0 or very favorable
stage 1 breast cancer (e.g., tumors that are <1 cm in size) (2).
Consequently, effective prevention and management of treat-
ment sequelae that can impair function or detract from quality of
life have taken on increasing importance.

Arm edema after breast cancer surgery and radiation therapy
is one of these sequelae (1,3–7). Arm edema in the breast cancer
patient is caused by interruption of the axillary lymphatic system
by surgery or radiation therapy, which results in the accumula-
tion of fluid in subcutaneous tissue in the arm, with decreased
distensibility of tissue around the joints and increased weight of
the extremity (3). Chronic inflammatory changes result in both
subcutaneous and lymph vessel fibrosis (8).

Patients with arm edema secondary to breast cancer therapy
can experience a substantial degree of functional impairment
and psychological morbidity and diminished quality of life.
Functional impairment can result from decreased range of mo-
tion in the affected upper extremity joints and decreased healing
capacity of the affected tissue, with resultant increased risk of
infection (3), as well as from pain (9). Anxiety, depression, and
emotional distress are more common in patients with lymph-
edema than in those without (5,10,11). Psychological distress
and pain in these patients adversely affect their quality of life
(12).

The purpose of this review is to summarize the research lit-
erature pertinent to the management of arm edema in women
with breast cancer. We systematically examined the literature to
assess what is and is not known about the efficacy of interven-
tions for arm edema in women with breast cancer. We focus on
the incidence, prevalence, and timing of arm edema following
breast cancer treatment, risk factors, morbidity, prevention, di-
agnosis/evaluation, and nonpharmacologic and pharmacologic
interventions.

METHODS

To establish the evidence base for care of breast cancer patients with arm
edema, we reviewed existing guidelines and literature. Published guidelines for
breast cancer care primarily address treatment aspects, rather than long-term care
for morbid conditions secondary to treatment. Of 17 published guidelines (13–
29) for breast cancer care, only two (14,20) addressed care of patients with
treatment-related lymphedema.

A total of 10 MEDLINE® literature search strategies were used. Three initial
literature search strategies for articles on breast cancer-related arm morbidity
covered 1993–1999 and resulted in 127 entries associated with 96 unique
articles. The three search strategies were as follows: 1) (subject: mastectomy)
AND (subject: activities of daily living OR lymphedema OR arm) OR (keyword:
arm) (50 entries); 2) (subject: breast neoplasms, radiotherapy OR radiotherapy,
adjuvant) AND (subject: activities of daily living OR lymphedema OR arm) OR
(keyword: arm) (11 entries); and 3) (subject: breast neoplasms) AND (subject:
activities of daily living OR lymphedema OR arm) AND (keyword: function or
functional) (66 entries).

Seven subsequent search strategies for articles on lymphedema covered 1985–
1999 and resulted in 381 entries associated with 311 unique articles. The strat-
egies were as follows: 1) (subject: breast neoplasms) AND (keyword: lymph-
edema treatment) (20 entries); 2) (keyword: post-mastectomy lymphedema OR
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post-mastectomy arm) (49 entries); 3) (title word: post-mastectomy lymph-
edema) (22 entries); 4) (subject: lymphedema) AND (keyword: prevention) (21
entries); 5) (subject: breast neoplasms) AND (keyword: lymphedema therapy)
(68 entries); 6) (subject: lymphedema) AND (keyword: treatment) (19 entries);
and 7) (subject: lymphedema, therapy) (182 entries).

In addition, we examined key references from the articles generated by the
literature search.

RESULTS

Incidence/Prevalence/Timing

The reported incidence of arm edema after breast cancer
therapy varies widely across treatments. Table 1 summarizes
reports of 10 studies of lymphedema incidence following a va-
riety of surgical procedures and adjuvant therapies. Of note is
the broad range of incidence based on the definition of lymph-
edema used, the type of breast cancer therapy provided, and the
time since treatment. In addition, Kissin et al. (30) reported that
lymphedema (measured by limb volume) was present in 25% of
the members of a cohort of 200 patients after a variety of sur-
gical treatments for breast cancer overall and in 38% of patients
receiving axillary node dissection plus radiation therapy. Across
treatments and times since treatment, approximately one in four
women develops arm edema after treatment of breast cancer. In
our review, the overall incidence of reported arm edema was
26%, with a range from 0% with partial or total mastectomy and
sentinel node biopsy (31) to 56% 2 years after surgery (modified
radical mastectomy or breast-conserving surgery with axillary
radiation therapy) and axillary dissection (32). Citing an inci-
dence rate of 20% (30,33–36), Petrek and Lerner (37) note that
lymphedema following breast cancer therapy currently affects
some 400 000 women in the United States.

The prevalence of lymphedema increases over time. In a
longitudinal study of 93 patients after breast cancer surgery,
Tasmuth et al. (4) found the prevalence of arm edema to increase
from 22% at 1 month after surgery to 36% at 1 year. In a survey
of 1151 women treated for breast cancer, Mortimer et al. (38)
reported that the prevalence of arm edema increases over time
after radiation therapy, from 23% at 0–2 years after treatment to
45% at 15 years or more since treatment. A smaller increase in
the prevalence of arm edema over time was apparent for the
group treated with surgery alone, in which prevalence increased
from 20% at 0–2 years after treatment to 30% at 15 years or
more since treatment (38).

The timing of onset of lymphedema following breast cancer
treatment varies. Guedes Neto (39) found that 73% of 142 pa-
tients with arm edema had developed the edema within 1 year
of treatment for breast cancer. In a cohort of 282 patients treated
with breast-conserving surgery and radiation therapy, Werner
et al. (34) found that the mean time from treatment to develop-
ment of lymphedema was 14 months (range, 2–92 months)
and that 97% of patients who developed arm edema did so
within 4 years of treatment. Dennis (40) reported on only nine
patients but observed a large variability in the time between
surgery and onset of lymphedema (i.e., between 2 months and 3
years).

An observational study of 231 untreated patients evaluated in
a lymphedema clinic (41) suggests that the severity of arm
edema is associated with duration of symptoms. Untreated pa-
tients had a mean duration of 2.1 years for less severe edema and
a mean duration of 5.6 years for more severe edema with fibro-
sis.

No large population-based studies of the incidence of lymph-
edema have yet been carried out with the use of standardized
procedures for diagnosis, measurement, and follow-up time
(37,42). Accordingly, physicians may have difficulty provid-
ing patients with precise estimates of the probability for arm
edema.

Risk Factors

Patients who receive axillary node dissection and/or axillary
radiation therapy for breast cancer are at particular risk for the
development of lymphedema as well as other arm morbidities,
such as pain, paresthesias, weakness, and impaired shoulder
function. In a cohort study of 223 patients treated for nonrecur-
rent breast cancer with surgery and axillary dissection, Maunsell
et al. (5) found an incidence of arm morbidity at 3 months as
follows: swelling, 25%; pain, 56%; numbness, 62%; weakness,
26%; limitation in range of motion, 33%; and stiffness, 42%.

In one series of 278 patients receiving total axillary lymph-
adenectomy, radiation therapy to the breast and to the breast and
axillary nodes increased arm edema over mastectomy alone by
4%–15% and 30%, respectively (43). However, Liljegren and
Holmberg (44), in a randomized controlled trial of the use of
postoperative radiotherapy in 381 patients with sector resection
and axillary dissection, found that radiation therapy to the breast
alone did not adversely affect arm symptoms during the first 3
postoperative years. In another cohort of 136 breast cancer pa-
tients (45), those treated with axillary radiation had a higher
incidence of arm edema (58%) than those treated with paraster-
nal/supraclavicular radiation therapy (17%) or no radiation
therapy (21%). Borup Christensen and Lundgren (46), in a study
of 100 patients who had undergone partial or total mastectomy,
found that arm edema was associated with degree of axillary
surgery (30% of 47 patients with axillary dissection developed
arm edema versus none of the 48 patients with axillary sam-
pling) and with the use of axillary radiation therapy (23% of 52
patients with axillary radiation therapy developed arm edema
versus 5% of 43 patients without radiation therapy). Studying a
series of 57 women treated with mastectomy and partial axillary
dissection, Ryttov et al. (35) found that the relative risk of arm
edema in patients treated with axillary radiation was 6.9 (95%
confidence interval [CI] � 1.5 to 32.5) times that of patients
who did not receive axillary radiation therapy. However, Gerber
et al. (32) reported no significant difference in the extent of arm
edema among 237 patients randomly assigned to receive either
modified radical mastectomy or local excision, axillary dissec-
tion, and radiation therapy. Across a number of studies
(38,45,47–50), lymphedema has been reported to occur in ap-
proximately 41% (range, 21%–51%) of patients who undergo
axillary radiation therapy in addition to surgery as opposed to
approximately 17% (range, 6%–39%) of patients treated with
surgery but no axillary radiation therapy.

The degree of arm edema is also associated with the extent of
axillary surgery. In a study of 381 patients with stage 1 breast
cancer, Liljegren and Holmberg (44) found that only age and
number of lymph nodes excised predicted number of arm prob-
lems (edema or subjective arm symptoms) in a multivariate
model: The relative risk of arm problems was 0.93 per year of
increasing age (95% CI � 0.91 to 0.97) and 1.11 per lymph
node excision (95% CI � 1.05 to 1.18). Similarly, Kiel and
Rademacker (51) found that the actuarial probability of edema
was predicted by age, number of lymph nodes dissected, and

Journal of the National Cancer Institute, Vol. 93, No. 2, January 17, 2001 REVIEW 97

 by guest on M
ay 25, 2016

http://jnci.oxfordjournals.org/
D

ow
nloaded from

 

http://jnci.oxfordjournals.org/


Table 1. Incidence of lymphedema following breast cancer therapy: description of 10 studies

Study (reference No.)

Schrenk et al. (31) Liljegren et al. (44) Kiel and Rademacker (51) Keramopoulos et al. (48)

Year 2000 1997 1996 1993

Country Austria Sweden United States Greece

Clinical setting Department of Surgery Department of Surgery Radiation Oncology Breast Division, Department
of Obstetrics and
Gynecology

Type of study Prospective cohort Prospective randomized
trial

Prospective cohort Prospective cohort

Statistical analysis method Fisher’s exact test, �2 Logistic regression Kaplan–Meier Multiple regression

Total study No. 70 381 183 104

Type of breast surgery Quadrantectomy or
mastectomy

Sector resection Breast-conserving surgery Segmental resection or
modified radical
mastectomy

Type of axillary surgery
(% of patients)

Sentinel node biopsy (50%)
or axillary dissection
(50%)

Axillary dissection (100%) Axillary dissection (82%) Not reported

Axillary radiation therapy,
% of patients

0% 0% Not reported 70%

Breast radiation therapy,
% of patients

70% Randomly assigned 184
patients

100% Not reported

Lymphedema
measurement method

Self-reported arm
symptoms*

Calculated arm volume†
Subjective arm symptoms‡

Measured arm circumference§ Measured arm
circumference�

Lymphedema definition Subjective self-report of arm
swelling as none, mild,
moderate, or severe

>100-mL difference in
arm volume

>1-cm increase in circumference
compared with the
measurement at the previous
examination

Upper limb measurement
difference of >2 cm
between arms

Overall incidence of
lymphedema in
subgroups

With sentinel node biopsy:
any edema, 0%

With axillary dissection
“Mild” edema, 40%
“Moderate” edema, 14%

3–12 mo, 2.4%
13–36 mo, 11.2%

Any edema, 35%
Grade 2–4 edema, 17.5%

17%

Study (reference No.)

Gerber et al. (32) Segerström et al. (57) Senofsky et al. (49)

Year 1992 1991 1991

Country United States Sweden United States

Clinical setting Rehabilitation Medicine Surgery Surgical Oncology

Type of study Prospective randomized trial Prospective cohort Prospective cohort

Statistical analysis method Wilcoxon rank �2, linear regression �2, Kaplan–Meier

Total study No. 237 136 278

Type of breast surgery Breast-conserving surgery or
modified radical mastectomy

Modified radical mastectomy Segmental or total mastectomy

Type of axillary surgery
(% of patients)

Axillary dissection (100%) Axillary dissection (100%) Total axillary lymphadenectomy (100%)

Axillary radiation therapy,
% of patients

50% (chosen at random) 42% 10.3%

Breast radiation therapy,
% of patients

Not reported Not applicable 23%

Lymphedema measurement
method

Measured arm circumference¶ Volume measurement by water
displacement�

Clinical evaluation of edema as grades I–IV**

Lymphedema definition Upper limb measurement of
difference of �2 cm between
arms

�150-mL difference in arm
volume

Grade I � minimal to mild; grade II � requires a
compression stocking for control; grade III �
requires use of lymphedema pump and stocking;
grade IV � poorly controlled lymphedema

Overall incidence of
lymphedema in subgroups

At 1 y, 39%
At 2 y, 56%

43% 9.4%

(Table continues)
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number of positive lymph nodes dissected in a cohort of 183
patients treated with breast-conserving surgery and breast radia-
tion therapy. Yeoh et al. (52), in a study of 187 patients after
surgery and radiation therapy, found that the degree of arm
dysfunction (arm edema and limitation of shoulder mobility)
was predicted by the extent of axillary surgery. The 30-month
actuarial rate of arm edema ranged from 25% for patients with-
out axillary surgery, to 50% for patients with axillary sampling,
to 84% for patients with axillary dissection. In a cohort of 223
patients after surgery for nonrecurrent breast cancer, Maunsell et
al. (5) found that, regardless of the type of mastectomy, women
who had undergone axillary dissection had significantly more
self-reported arm problems (24%–64%) than women who had
not undergone axillary dissection (0%–33%). In a recent pro-

spective study comparing morbidity following sentinel node bi-
opsy versus that following axillary node dissection in 70 pa-
tients, Schrenk et al. (31) reported no significant difference in
arm circumference in the sentinel node biopsy group but a sig-
nificant (P � .0001) increase in arm dimension in the axillary
dissection group.

The combination of axillary radiation therapy and axillary
surgery substantially increases the risk of arm edema. In a ran-
domized controlled trial of 100 patients treated either with ax-
illary dissection or with axillary sampling with or without ra-
diation therapy, Borup Christensen and Lundgren (46) found
that the incidence of arm edema was significantly higher in the
group with axillary dissection and axillary radiation therapy
(44%) than in the group with axillary dissection alone (10%) or

Table 1 (continued). Incidence of lymphedema following breast cancer therapy: description of 10 studies

Study (reference No.)

Werner et al. (34) Lin et al. (33) Paci et al. (112)

Year 1991 1993 1996

Country United States United States Italy

Clinical setting Radiation Oncology Surgery Tumor registry

Type of study Prospective cohort Retrospective cohort Retrospective cohort

Statistical analysis method Cox proportional hazard Descriptive Descriptive

Total study No. 282 283 238

Type of breast surgery Breast-conserving surgery Radical mastectomy, modified
radical mastectomy, lumpectomy

Mastectomy, lumpectomy, quadrantectomy

Type of axillary surgery
(% of patients)

Axillary dissection (100%) Axillary dissection (100%) Not reported

Axillary radiation therapy,
% of patients

23% 6% Not reported

Breast radiation therapy,
% of patients

100% 17% Not reported

Lymphedema measurement
method

Measured arm circumference†† Measured arm circumference‡‡ Measured arm circumference§§

Lymphedema definition �2.5-cm difference between the
affected arm and the unaffected
arm

�2-cm difference between the
affected arm and the unaffected
arm

Sum of the differences between affected and
unaffected arms: “light” edema � <4 cm;
“moderate” edema � 4–8 cm; “heavy”
edema � �8 cm

Overall incidence of
lymphedema in subgroups

19.5% �2 cm, 16%
�3 cm, 6%
�4 cm, 2%

Early�� edema, 16.4%; late¶¶ light edema,
8.7%; late moderate edema, 13.7%; late
heavy edema, 7.9%

*None � no arm swelling, tightness, or heaviness; mild � periods of arm swelling but no constant increase in greatest diameter and clothes fit the same;
moderate � constant arm swelling and heaviness, clothes do not fit the same, physical discomfort but no decrease in functional activity; severe � constant arm
heaviness, disability, decreased functional activity, huge arm swelling.

†Lymphedema defined as a greater than 100-mL difference in arm volume between operated and nonoperated side.
‡Pain, numbness, impaired shoulder mobility, weakness.
§Measured 15 cm above and 10 cm below the olecranon. Lymphedema was defined as present if either measurement was greater than 1 cm more than the

measurement at the previous examination. Edema was graded as follows: grade 1, difference from previous measurement of greater than 1 cm in the affected arm
if on the nondominant side (i.e., right or left handedness) or greater than 1.5 cm in the affected arm if on the dominant side; grade 2, difference of 2 cm or more
between arms; grade 3, symptomatic edema necessitating treatment; grade 4, edema causing loss of arm function.

�Measured 15 cm above and 10 cm below the lateral epicondyle.
¶Measured at ulnar styloid, olecranon, and 35 cm proximal to the ulnar styloid.
�Lymphedema defined as 150 mL or greater difference in arm volume between operated and nonoperated side.
**Clinical evaluation: grade 1 � minimal to mild edema, requiring no intervention or only elevation on one or two pillows at night; grade II � required an external

compression stocking for satisfactory control; grade III � required use of lymphedema pump and stocking for control; grade IV � poorly controlled lymphedema
or edema complicated by lymphangitis.

††Measured 13 cm above and 10 cm below the olecranon.
‡‡Measured 10 cm above and 10 cm below the olecranon.
§§“Early” lymphedema not defined; “late” lymphedema defined as 5 years after surgery. Amount of edema defined as sum of differences between affected and

unaffected arm measured at 6 points: “light” edema 4 cm or lower, “moderate” � 4–8 cm, “heavy” � 8 cm or higher.
� �Early sequelae not defined.
¶¶Late sequelae assessed at 5 years.
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in the groups with axillary sampling, with or without radiation
therapy (0%) (intergroup difference P � .001). Kissin et al. (30)
reported that the incidence of lymphedema in a cohort of 200
patients after breast cancer surgery was 8.3% for women addi-
tionally treated with axillary radiotherapy alone, 9.1% for
women treated with axillary sampling and radiation therapy,
7.4% for women treated with axillary dissection alone, and
38.3% for women treated with axillary dissection and axillary
radiation therapy. These findings have important implications in
the context of arm edema risk, given the resurgence of interest in
postmastectomy axillary radiation therapy because of recent
findings of improved survival, especially for patients with more
than three positive axillary nodes (53).

Morbidity

Lymphedema can cause limitation in range of motion and
pain, weakness, or stiffness in the affected extremity (5,54). In a
case–control study, Tobin et al. (55) found that 46% of 50 pa-
tients with lymphedema reported some degree of functional im-
pairment, as measured by the Karnofsky performance scale (56),
whereas 50 control patients without lymphedema reported no
such impairment. In a cohort study of 93 patients treated with
mastectomy, axillary clearance, and radiation therapy, Seger-
ström et al. (57) found that, of the 40 patients (43%) with arm
edema, 36 (90%) reported functional impairment (shoulder, arm,
or hand symptoms). In another study (58), decreased arm func-
tion (swelling, pain, limited movement in the arm or shoulder, or
loss of feeling) interfered with daily activities by self-report for
33% of 76 patients in a cross-sectional study of breast cancer
patients treated with breast-conserving surgery.

Lymphedema also results in psychological morbidity, as
documented in a wide range of studies. Case examples and de-
scriptive studies have identified several common psychological
problems related to lymphedema, including anxiety, depression,
sexual dysfunction, social avoidance, and exacerbation of exist-
ing psychiatric illness (11). In a qualitative study (59), 10
lymphedema patients reported distress arising from limited phy-
sician knowledge of their condition, limited treatment options,
anxieties regarding social and personal relationships and body
image, and changes in work habits and lifestyles. At one site,
10% of patients in rehabilitation for breast cancer-related lymph-
edema were referred for psychiatric evaluation (11).

A number of cohort studies have evaluated aspects of psy-
chological distress secondary to lymphedema. A recent study of
101 breast surgery patients (12) used the SF-36 (a generic health
status instrument) to measure overall quality of life and showed
that patients with lymphedema had significantly lower scores in
the domain of mental health. In a study of 223 patients treated
surgically for nonrecurrent breast cancer, Maunsell et al. (5)
found the adjusted odds ratios (ORs) for psychological distress,
as measured by the Psychiatric Symptom Index (60,61), to be
proportional to the number of arm problems (defined as swell-
ing, weakness, limited range of motion, stiffness, pain, or numb-
ness) reported at 3 and 18 months, respectively. As compared
with patients with no arm problems, the OR for experiencing
psychological distress at 3 months after treatment was 1.2 for
patients with one or two problems, 2.3 for patients with three or
four problems, and 3.1 for patients with five or six problems
(P � .002; no CIs reported); at 18 months after treatment, the
OR was 1.9 for patients with one or two problems, 4.4 for
patients with three or four problems, and 6.0 for patients with

five or six problems (P � .0002) (5). Passik et al. (62), in a
study of 69 women being treated for breast cancer treatment-
related lymphedema, found that 25% of lymphedema patients
experienced pain and that lymphedema was associated with dis-
tress, decreased functioning, and decreased sexual desire. Al-
though patients with arm edema had high levels of psychological
distress and of sexual and social dysfunction as measured by the
Brief Symptom Inventory (63), no linear relationship between
severity of edema and levels of distress was identified (62). In a
group of 76 patients who had been treated for early-stage breast
cancer with wide excision and axillary dissection, the presence
of arm edema had a stronger association with psychological
functioning and perceptions of body image in younger patients
(�60 years old) and for patients treated more than 5 years earlier
than in older patients and those treated less than 5 years earlier
(58).

Psychological dysfunction secondary to lymphedema has also
been described in case–control studies. Tobin et al. (55) con-
ducted a series of case–control studies with 100 subjects to
identify the degree of psychological dysfunction experienced by
patients with lymphedema. Patients with lymphedema had sig-
nificantly more anxiety and depression based on the Clinical
Interview Scale, a semistructured standard mental state exami-
nation (64); they also experienced poorer adjustment to their
illness, as measured by the Psychosocial Adjustment to Illness
Scale (65), in the areas of vocational, domestic, and social en-
vironments as well as sexual relationships and psychological
distress (55). This impaired psychosocial adjustment was not
consistently related to the amount of edema; in fact, it persisted
after a significant reduction in edema following 6 months of
individualized lymphedema treatment in the majority of patients
(81%) (55).

Prevention

The literature on prevention of lymphedema focuses primar-
ily on specific surgical techniques to reduce damage to the ax-
illary lymphatic system. No randomized controlled trials or co-
hort studies were identified that addressed interventions
designed specifically to prevent lymphedema after treatment
with surgery or radiation therapy. Although a number of recom-
mendations for preventing lymphedema can be found in review
articles and in the nursing literature, no evidence base exists that
demonstrates the efficacy of one mode of prevention over an-
other or even the efficacy of preventive measures versus no
preventive measures.

One important category of prevention relates to the known
association between axillary node dissection and the incidence
of arm edema. The introduction of the sentinel node biopsy as a
way to identify women who truly need axillary node dissection
may translate into a smaller number of women undergoing ax-
illary node dissection (66). However, a substantial number of
women will still have to undergo axillary node dissection. Some
of these women will also undergo radiation therapy and so be at
high risk for arm edema (3,67). Thus, other strategies to prevent
or minimize arm edema must be developed.

Four categories of prevention interventions are repeatedly
mentioned across the breast cancer literature: 1) avoidance of
trauma/injury, 2) prevention of infection, 3) avoidance of arm
constriction, and 4) use and exercise of the limb. Strategies for
implementing these measures include using protective gloves for
household work and gardening (68–72); avoiding venipuncture,
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blood pressure measurement, and injections in the affected arm
(37,68–73); preventing infection with timely first aid
(37,70,71,73); immediately identifying and treating any sign of
infection (37,68–71,73); avoiding heat and excessive sun expo-
sure (37,68–71,73); avoiding constricting clothing on the af-
fected extremity (37,70–73); using the affected limb in modera-
tion (71,72); not carrying heavy objects (69–73); and avoiding
repetitive motion (37,68–73). However, no scientific evidence
exists to show that any of these strategies is more effective than
any other or even that preventive measures have any effect.
Moreover, teaching patients about these strategies is a challenge
because breast surgery is commonly done in the outpatient set-
ting or with very short hospital stays. The opportunity to provide
education in the hospital postoperatively has, therefore, been
reduced.

Diagnosis/Evaluation

Lymphedema is primarily diagnosed clinically by medical
history and physical examination (8,74). Sequential circumfer-
ential measurement of the affected extremity is a simple and
inexpensive method to evaluate the extent of arm edema. Arm
volume can be estimated by taking several circumferential mea-
surements at standard distances. In fact, estimated volumetric
measurements are now commonly used as a way to quantify arm
edema (75). Circumferential measurement has been shown be to
highly correlated (r � .93–.98) with the results of the more
exact water displacement method (76). Differences of greater
than 2 cm between the affected and normal arms are considered
to be clinically significant (77).

Newer methods of definitive diagnosis and measurement
have been developed, including the use of bioelectrical imped-
ance (78,79) to quantify the amount of fluid accumulation and
of lymphoscintigraphy, which allows visualization of the lym-
phatic system. Lymphoscintigraphy is minimally invasive
and has become a major tool in the diagnostic evaluation of
edema (3,38,80,81). These diagnostic measures may also be
supplemented by computed tomography or magnetic resonance
imaging (81,82). The literature only infrequently reports the
use of the newer diagnostic methods in research or clinical prac-
tice.

Standardization of measurement methods would allow a
clearer understanding of incidence, prevalence, and relative risk
in subgroups of patients and more meaningful comparisons of
the efficacy of preventive and therapeutic measures. Sitzia et al.
(75), in a review of outcome indicators in lymphedema, noted
the lack of consistency and rigor in measurement methods. They
recommended a multidimensional approach to outcomes mea-
surement in lymphedema, to take account of the fact that neither
physical examination by a doctor at one point in time nor patient
self-report of arm edema severity as a single measure reliably
quantifies arm edema severity.

The literature does not systematically address how or when
physicians or nurses should query breast cancer patients about
the presence or absence of arm edema. The literature also does
not address the systematic education of patients by physicians or
nurses so that they are told of the need to inform their health-care
providers if they develop new or worsening arm swelling.

Nonpharmacologic Treatment Interventions

Common nonpharmacologic treatment interventions for
lymphedema include elevation, massage and exercise, applica-

tion of external pressure with compression garments or com-
pression pumps, and complex physical therapy (83). Less com-
mon therapies for lymphedema include surgical procedures and
electrically stimulated lymphatic drainage.

Articles addressing the nonpharmacologic treatment of breast
cancer treatment-related arm edema were gleaned from literature
searches and from references within these articles. Table 2 gives
the study description, patient characteristics, treatment type, and
study results for 15 studies conducted since 1989 (17 publica-
tions) that have systematically evaluated a nonpharmacologic
intervention for patients with breast cancer-related arm edema
and reported outcomes. The studies were conducted in referral
centers in six countries: six lymphedema clinics, five rehabili-
tation or physical therapy services, two oncology clinics, and
two surgery clinics. Three study designs involved a randomized
controlled trial (with 80, 74, and 25 patients), and the remaining
were cohort studies that evaluated patients before and after an
intervention. The mean age of the patients ranged from 50 years
to 71 years.

A history of the use of axillary dissection was reported in six
studies, and a history of the use of radiation therapy was reported
in six studies; five studies reported both. Time since primary
breast cancer therapy was noted in only two studies, and lymph-
edema duration was noted in seven studies. Lymphedema sever-
ity was noted in nine studies, although the system used for
evaluating severity varied: a formal grading system (in three
studies), differences in circumferential measurement between
normal and affected arms (in three studies), volumetric measure-
ment (in one study), and a qualitative comment regarding sever-
ity (in two studies).

Therapies are often used in combination, as can be seen in the
studies cited. Therapies used include the following: elevation,
massage and exercise with and without compression sleeve,
standard elastic sleeve, standard elastic sleeve with and without
electrically stimulated lymphatic drainage, uniform pneumatic
compression, sequential compression using hydrostatic pressure
of mercury, complex physical therapy, complex physical therapy
and sequential pneumatic compression, liposuction followed by
custom compression garment, and surgical excision and lym-
phatico-venous shunt.

Elevation alone is not an effective treatment of breast cancer
treatment-related arm edema (84), although elevation may be
used as an adjunct to other therapies (83,85).

Massage and exercise are most often prescribed as part of a
multidisciplinary treatment program (83,85,86). A specific form
of massage known as manual lymphatic drainage is designed to
mobilize edema fluid from distal to proximal areas and from
areas of stasis to healthy lymphatics (87–89).

Standard elastic compression garments (elastic sleeve or elas-
tic bandage) have been shown to be effective in the treatment of
breast cancer treatment-related lymphedema (90–92). In one
study (90), simple elastic compression treatment for lymph-
edema resulted in a substantial reduction in arm edema in 34%
of patients at 2 months and in 39% of patients at 6 months, and
it was equally successful in patients older than age 65 years as
in those 65 years old or younger.

Compression therapy may also be provided with the use of
compression pumps. These pumps are typically pneumatic and
provide intermittent uniform or sequential compression to the
affected extremity. The treatment schedule is usually daily or 5
days per week, but it varies in length (90 minutes to 6 hours) and
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Table 2. Nonpharmacologic treatment of lymphedema after breast cancer therapy: 15 studies

Study (reference No.)

Swedborg et al. (84) Hornsby (92) Bertelli et al. (90)

Study description

Year 1993 1995 1992

Country Sweden England Italy

Clinical setting Rehabilitation service Lymphedema clinic Rehabilitation service of cancer institute

Type of study Cohort pretherapy/post-therapy Randomized control trial Cohort pretherapy/post-therapy

Statistical analysis method Paired Student’s t test Descriptive Multiple regression

Total study No. 33 25 120*

Patients with upper extremity
edema, No.

33 25 120

Patients with edema secondary to
breast cancer treatment, No.

33 25 120

Measurement method Arm volume by water displacement Arm volume by water displacement Difference in circumference of affected
limb in comparison with normal limb

Patient characteristics

Mean age (range or
±standard deviation)

71 y (range, 43–87 y) Not reported Median age 65 y (range, 45–88 y)

Type of surgery Modified radical mastectomy Not reported Complete or partial mastectomy

Axillary dissection, % of patients 100% Not reported 100%

Radiation therapy, % of patients 73% Not reported 50%

Time since primary breast cancer
therapy, y

Not reported Not reported Not reported

Lymphedema duration, mean y
±standard deviation

2.7 Not reported Not reported

Lymphedema severity Affected arm volume at least 10%
greater than nonaffected arm

Not reported At least 10-cm difference between
normal and affected arms

Treatment

Treatment type Elevation Massage and exercise with and
without compression sleeve

Standard elastic sleeve alone or in
combination with pneumatic
compression or electrically stimulated
lymphatic drainage

Treatment frequency Single treatment Massage and exercise frequency not
reported; compression sleeve
worn continuously

Continuous

Total No. of treatments 1 Not applicable Not applicable

Treatment duration 5 h Not applicable 6 mo

No. of courses of treatment‡ 1 1 1

Follow-up time(s) after
completion of therapy

Immediately after treatment 4 wk 2 mo (during therapy)
6 mo (completion of therapy)

Results

Improvement in edema Reduction in arm volume 5 h after
treatment:

Affected arm, 3.1 ± 0.07%
Non-affected arm, 3.3 ± 0.03%

(Not significant)

Percent of patients with reduction in
edema:

Experimental group, 86%
Control group, 36%

(Significance not reported)

Difference in circumference of affected
arm compared with normal arm:

Baseline, 19.7 cm
2 mo, 16.8 cm (P�.001)
6 mo, 17.2 cm (P�.001)

(Table continues)
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Table 2 (continued). Nonpharmacologic treatment of lymphedema after breast cancer therapy: 15 studies

Study (reference No.)

Bertelli et al. (91) Dini et al. (94) Palmer et al. (114)

Study description

Year 1991 1998 1991

Country Italy Italy United States

Clinical setting Rehabilitation service of cancer institute Cancer institute Physical therapy department

Type of study Randomized control trial Randomized control trial analyzed by
intent to treat

Cohort pretherapy/post-therapy

Statistical analysis method Wilcoxon, Mann–Whitney rank sum,
chi-square

Comparison of means Descriptive

Total study No. 74 80 12

Patients with upper extremity
edema, No.

74 80 8

Patients with edema secondary to
breast cancer treatment, No.

74 80 Not reported

Measurement method Difference in circumference of affected
limb in comparison with normal limb

Difference in circumference of affected
limb in comparison with normal limb

Cross-sectional area by
circumferential measurements;
computed tomography scan

Patient characteristics

Mean age (range or
±standard deviation)

Median 64 y (range, 45–78 y) Not reported Not reported

Type of surgery Mastectomy or quadrantectomy Mastectomy or lumpectomy Not reported

Axillary dissection, % of patients 100% 100% Not reported

Radiation therapy, % of patients Not reported 44% Not reported

Time since primary breast cancer
therapy, y

Not reported Not reported Not reported

Lymphedema duration, mean y
±standard deviation

Not reported <1 y “Years”

Lymphedema severity At least 10-cm difference between
normal and affected arms

At least 10-cm difference between
normal and affected arms

Not reported

Treatment

Treatment type Standard elastic sleeve with and
without electrically stimulated
lymphatic drainage

Uniform pneumatic compression† Sequential compression using
hydrostatic pressure of mercury

Treatment frequency Weeks 1 and 2: therapy 5 days/wk
Weeks 3–7: no therapy
Weeks 9 and 10: therapy 5 days/wk

Weeks 1 and 2: therapy 5 days/wk
Weeks 3–7: no therapy
Weeks 9 and 10: therapy 5 days/wk

Weekly or semiweekly

Total No. of treatments 20 20 4–8

Treatment duration 9 wk (including 5 wk with no therapy) 9 wk (including 5 wk with no therapy) 1 mo

No. of courses of treatment‡ 1 1 1

Follow-up time(s) after
completion of therapy

2 mo and 6 mo Immediately after treatment 1 mo

Results

Improvement in edema Percent of patients with responses to
therapy:

Responses§ Stabilization�
2 mo: 17% 31%
6 mo: 23% 25%

(Difference between groups,
not significant)

Difference in circumference of affected
arm compared with normal arm:

Treatment group, 14.2 cm
Control group, 14.1 cm

(Not significant)

Percentage ± standard deviation
decrease in lymphedema:

Wrist, 14 ± 16
Mid-forearm, 6 ± 9
Mid-arm, 3 ± 7

(Significance not reported)

(Table continues)
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Table 2 (continued). Nonpharmacologic treatment of lymphedema after breast cancer therapy: 15 studies

Study (reference No.)

Morgan et al. (101); Casley-Smith and
Casley-Smith (102) Boris et al. (103) Daane et al. (104)

Study description

Year 1992 1994 1998

Country Australia United States United States

Clinical setting Lymphedema clinic Lymphedema clinic Rehabilitation service

Type of study Cohort pretherapy/post-therapy Cohort pretherapy/post-therapy Cohort pretherapy/post-therapy

Statistical analysis method Paired Student’s t test Paired Student’s t test Descriptive

Total study No. 78 38 20

Patients with upper extremity
edema, No.

78 16 20

Patients with edema secondary
to breast cancer treatment, No.

78 16 20

Measurement method Volume estimation by circumferential
measurement

Volume estimation by
circumferential measurement

Calculated difference in mean arm
circumference

Patient characteristics

Mean age (range or
±standard deviation)

Mean age 55 y (±11 y) Mean age 53 y Mean age 57 y

Type of surgery Mastectomy or lumpectomy Not reported Mastectomy

Axillary dissection, % of
patients

Not reported Not reported Not reported

Radiation therapy, % of patients 90% Not reported Not reported

Time since primary breast
cancer therapy, y

Not reported Not reported Not reported

Lymphedema duration, mean y
±standard deviation

Grade 1,¶ 0.84 ± 0.97
Grade 2, 4.41 ± 4.03

5.7 y Not reported

Lymphedema severity Grade 1, 22%
Grade 2, 78%

Grade 1, 19%
Grade 2, 81%

Characterized as signifcant arm edema,
but not defined

Treatment

Treatment type Complex physical therapy# Complex physical therapy Complex physical therapy

Treatment frequency 5 days/wk 4 h/day Not reported

Total No. of treatments 20 Not reported Mean of 15.3 visits

Treatment duration 4 wk Over a 30-day period Over a period of 3–4 wk

No. of courses of treatment‡ 1 or 2 1 1

Follow-up time(s) after
completion of therapy

End of first course, end of second
course, and at 1 y

Immediately after treatment 6 mo

Results

Improvement in edema Volume reduction:

Grade 1 edema:
End of 1st course, 103% (P�.001)
End of 2nd course, 31% (P�.05)
End of 1st y, 34% (P�.001)

Grade 2 edema:
End of 1st course, 60% (P�.001)
End of 2nd course, 59% (P�.001)
End of 1st y, 10% (P�.001)

Volume reduction:

After treatment,†† 73%
(P�.001)

Circumference reduction:

Mean reduction, 73%
40%–60% reduction, 20%
60%–80% reduction, 50%
>80% reduction, 30%

(Significance not reported)

(Table continues)
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Table 2 (continued). Nonpharmacologic treatment of lymphedema after breast cancer therapy: 15 studies

Study (reference No.)

Ko et al. (105) Foldi et al. (87) Boris et al. (106)

Study description

Year 1998 1989 1997

Country United States Switzerland United States

Clinical setting Lymphedema clinic Lymphedema clinic Lymphedema clinic

Type of study Cohort pretherapy/post-therapy Cohort pretherapy/post-therapy Cohort pretherapy/post-therapy

Statistical analysis method Comparison of means Descriptive Repeated measures analysis of
covariance

Total study No. 299 399 119

Patients with upper extremity
edema, No.

149 399 56

Patients with edema secondary
to breast cancer treatment, No.

133 399 Not reported

Measurement method Volume estimation by circumferential
measurement

% volume reduction of
lymphedematous arm

Volume estimation by circumferential
measurement

Patient characteristics

Mean age (range or
±standard deviation)

Mean age 60 y (±12 y) Not reported Median age 50 y‡‡

Type of surgery Mastectomy or lumpectomy Mastectomy Not reported

Axillary dissection, % of
patients

69% Not reported Not reported

Radiation therapy, % of patients 62% Not reported Not reported

Time since primary breast
cancer therapy, y

Not reported Not reported Not reported

Lymphedema duration, mean y
±standard deviation

Not reported Not reported 3.4 ± 1.1

Lymphedema severity Not reported Not reported Grade 1, 21%; grade 2, 79%

Treatment

Treatment type Complex physical therapy Complex physical therapy Complex physical therapy

Treatment frequency Daily Not reported 2–4 h/day

Total No. of treatments Not reported Not reported Not reported

Treatment duration 4–25 days** Not reported Over a 30-day period

No. of courses of treatment‡ 1 Not reported 1

Follow-up time(s) after
completion of therapy

Immediately after treatment, at 6 mo
and at 12 mo

Immediately after treatment and at
3 y

Immediately after treatment
Every 3 mo for 36 mo

Results

Improvement in edema Volume reduction (compared with
pretreatment):

After treatment, 59% ± 8.3% (i.e.,
±standard deviation) (P�.05)

6 mo, 57% ± 14.3% (P�.05)
12 mo, 53% ± 16.9% (P�.05)

Volume reduction:

After treatment
No change 5%
1%–24% reduction 8%
25%–49% reduction 31%
�50% reduction 56%

3 y
Results not maintained 10%
Results maintained or 89%

insignificant increase

(Significance not reported)

Volume reduction:

After treatment 63%
18 mo 97%
36 mo 64%

(Significance not reported)

Effect of compliance:§§

Noncompliant 43%
25% compliant 53%
50% compliant 60%
75% compliant 58%
100% compliant 79% (P�.001)

(Significance reported only for 100%
compliance)

(Table continues)
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Table 2 (continued). Nonpharmacologic treatment of lymphedema after breast cancer therapy: 15 studies

Study (reference No.)

Bunce et al. (97); Mirolo et al. (95) Brorson and Svensson (107) Filippetti et al. (108)

Study description
Year 1994, 1995 1997 1994
Country Australia Sweden Italy
Clinical setting Oncology clinic Plastic surgery service Department of Surgery
Type of study Cohort pretherapy/post-therapy Cohort pretherapy/post-therapy Cohort pretherapy/post-therapy
Statistical analysis method Regression/analysis of variance Student’s t test Descriptive
Total study No. 25 28 36
Patients with upper extremity

edema, No.
25 28 36

Patients with edema secondary
to breast cancer treatment, No.

25 28 36

Measurement method Volume estimation by circumferential
measurement

Arm volume by water displacement Lymphoscintigraphy and ultrasound

Patient characteristics
Mean age (range or

±standard deviation)
Mean age 58 y (±10 y; range, 39–81 y) Mean age 63 y (range, 46–81 y) Not reported

Type of surgery Not reported Mastectomy Mastectomy
Axillary dissection, % of

patients
Not reported 100% Not reported

Radiation therapy, % of patients Not reported 100% Not reported
Time since primary breast

cancer therapy, y
8.3 (± 8.9 standard deviation); range,

0.6–37.6
8; range, 1–24 Not reported

Lymphedema duration, mean y
±standard deviation

Not reported 7; range, 1–23 Not reported

Lymphedema severity “Moderate to severe” (95) lymphedema Not reported Not reported

Treatment
Treatment type Complex physical therapy and

sequential pneumatic compression
Liposuction followed by custom

compression garment
Surgical excision and

lymphatico-venous shunt
Treatment frequency 5 days/wk Single surgical intervention

Continuous compression garment
One surgical procedure

Total No. of treatments 20 Not applicable Not applicable
Treatment duration 4 wk Not applicable Not applicable
No. of courses of treatment‡ 1 1 1
Follow-up time(s) after

completion of therapy
Immediately after treatment
1, 6, 12 mo

2 wk and 1, 3, 6, and 12 mo 6 mo and 18 mo

Results
Improvement in edema Percent of excess volume in affected

arm:

Pretreatment 35%

After treatment:��
Immediately 19.6%
1 mo 19.6%
6 mo 17.2%
12 mo 20.4%

(Reported as significant with no P
value given)

Mean edema volume:

Preoperative, 1845 mL
12 mo, 30 mL

(P � .001)

Surgical results, % of patients:

6 mo 18 mo
Good¶¶ 19% 18%
Fair## 55% 41%
Poor*** 26% 41%

(Significance not reported)

*120 patients treated in two prospective phase II studies (90,91).
†Pneumatic therapy treatment included hygiene education; control group received hygiene education only.
‡Course of therapy is a definitive course of treatment, usually time limited.
§Decrease in amount of difference between affected and normal arm was greater than 25%.
�Increase or decrease in amount of difference between affected and normal arm was less than 25%.
¶International Society for Lymphology Grading: grade 1 � little fibrosis, pits readily, and substantial reduction with simple elevation; grade 2 � much fibrosis,

does not pit, and little reduction with elevation.
#Also known as complex decongestive therapy, complex lymphedema therapy, multimodal physical therapy, complex decongestive physiotherapy, and complete

decongestive physiotherapy.
**Followed by phase II maintenance therapy carried out at home: compression garment, nighttime bandaging, and exercises.
††After treatment indicates immediately following the course of treatment.
‡‡Median age of group with upper extremity edema.
§§Compliance defined as the percentage of time the patient wore a compression garment and adhered to special physical therapy exercises. Edema reduction

measured “during follow-up.”
��No P values given for immediate, 1, and 6 months after treatment data; 12-month result reported as “significant”—no P value given.
¶¶Reduction in limb volume more than 50%, disappearance of subjective symptoms, and episodes of lymphangitis.
##Reduction in limb volume less than 50%, improvement of subjective symptoms, and disappearance of episodes of lymphangitis.
***No reduction in limb volume, no symptomatic improvement, and persistent episodes of lymphangitis.
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duration (2–3 days to 4 weeks), depending on the practitioner
(93–96).

Pneumatic compression, with and without physical therapy,
has been shown to decrease lymphedema (97,98). In one study
(95), an intensive 4-week multimodal treatment program—
consisting of massage, sequential pneumatic compression, and
compression bandaging, along with patient education in self-
management skills of bandaging, massage, and exercise—for
patients with lymphedema secondary to breast cancer treatment
decreased the degree of lymphedema and the need for physical
assistance and increased the perceived comfort and strength of
the extremity and quality of life. Although intermittent pneu-
matic compression is often used, a number of issues about its use
remain to be resolved, including the optimum amount of pres-
sure, the most efficacious treatment schedule, and whether main-
tenance therapy is needed after the initial reduction of edema
(83). In addition, a consensus statement (99) recommends that
the use of compression pumps be avoided in the absence of a
multidisciplinary treatment program for lymphedema.

Complex physical therapy (also known as complex decon-
gestive therapy, complex lymphedema therapy, multimodal
physical therapy, complex decongestive physiotherapy, and
complete decongestive physiotherapy), which consists of skin
care, manual lymphedema treatment, exercises, and compression
wrapping, followed by a maintenance program and psychosocial
rehabilitation, has been recommended as a primary treatment by
consensus panels (74,83,100) and is an effective therapy for
lymphedema unresponsive to standard elastic compression
therapy (87,101–106). Complex physical therapy resulted in
some volume reduction of the affected extremity in 95% of 399
patients (�50% reduction in 56% of patients, 25%–49% reduc-
tion in 31%, and 1%–24% reduction in 8%), 54% of whom
maintained the therapeutic result at 3 years (87).

Surgical interventions, although rarely used, include liposuc-
tion, superficial lymphangiectomy, fasciotomy, and microsurgi-
cal lymphatico-venous anastomoses (107,108).

Many authorities, including two consensus panels (21,99),
advocate the use of a multidisciplinary treatment program for
lymphedema management. For example, Brennan and Miller
(83) advocate a treatment plan that includes addressing infec-
tion, limitations in range of motion, impairment in activities of
daily living, and psychological issues in addition to providing
therapies aimed at reducing the amount of edema.

The literature seems to be clear on the efficacy of nonphar-
macologic treatment. While the exact measure of outcomes of
nonpharmacologic treatment for edema varies from study to
study, most studies have used some variation on the percentage
of reduction in limb volume or circumference and show fairly
dramatic improvement with reductions of 15%–75% in volume
or circumference. Although not all of the studies differentiated
grades of edema, every indication is that both more and less
severe cases showed improvements.

The largest number of studies described the efficacy of com-
plex physical therapy, although all were cohort studies that
evaluated patients before and after therapy. The three random-
ized control trials each evaluated a different mode of therapy and
studied fewer than 100 patients. There is clearly a need for large
randomized control trials to determine the relative efficacy of
interventions (both individually and in combination), the optimal
timing for the institution of various treatment modalities, and the
effect of treatment on disease progression (99).

Pharmacologic Treatment

Drug therapy is used primarily as an adjunct to other lymph-
edema therapy (83,99). Benzopyrones, flavonoids, antibiotics,
and diuretics have been used in the treatment of lymphedema
(3,100). Table 3 shows the results from the three randomized
controlled trials evaluating pharmacologic treatment of lymph-
edema following breast cancer therapy. Using a crossover design
to study 31 lymphedema patients, Casley-Smith et al. (109) re-
ported that 6 months of coumarin treatment results in a reduction
of 20% in excess volume of the affected limb (P<.001). How-
ever, in another crossover randomized controlled study to evalu-
ate the efficacy of 6 months of coumarin treatment in 138 pa-
tients (110), no measurable difference was observed in arm
volume. Moreover, this study found that 6% of patients on cou-
marin versus 0% on placebo had reversible increases (i.e., >2.5
times the upper limit of normal) of serum aminotransferase (P �
.006). The authors note that, during the time of this clinical trial,
coumarin was removed from the market in at least two countries
following patient deaths. Benzopyrones are not currently avail-
able for use in the United States (99).

A study of the flavonoid drug, Daflon, revealed a trend to-
ward a reduction in limb volume after a 6-month course of
treatment, but the effect was not statistically significant. Diuret-
ics have little, if any, benefit, and there is no evidence to support
their use in the treatment of lymphedema (83,102). Antibiotics
should be used aggressively for the treatment of cellulitis and
lymphangitis. While antibiotic prophylaxis is appropriate for use
in the treatment of recurrent cellulitis, there are no data suggest-
ing that its routine use is of benefit (3,100). Thus, the role of
pharmacologic interventions in the treatment of arm edema re-
mains unclear.

DISCUSSION

The increased use of screening mammography has been as-
sociated with a substantial decrease in the size of primary breast
cancers at diagnosis. As a result, fewer women diagnosed with
primary breast cancer have axillary node involvement. In turn,
more women with breast cancer diagnoses are living with the
expectation that their cancer will not be the reason for their
death. They concentrate on minimizing the side effects of treat-
ment and improving health-related quality of life for the decades
that remain in their lives (67). Although arm edema is rarely
life-threatening, the problem has substantial prevalence. It is
often painful, limits function, and increases the risk of infection.
Moreover, it is associated with psychological morbidity.

Risk factors for the development of arm edema following
breast cancer therapy relate primarily to the degree of interrup-
tion of the axillary lymph system by surgery or radiation
therapy. There is a need for better understanding of the preva-
lence and morbidity of arm edema in population-based studies
that are stratified by type of surgical intervention. Particular
attention should be paid to the incidence of arm edema following
sentinel node biopsy as compared with that following more tra-
ditional axillary node dissection. The ongoing randomized trials
of sentinel node biopsy (e.g., National Surgical Adjuvant Breast
and Bowel Project B-32) (111), which include prospective
evaluation of arm edema, arm mobility, and self-reported symp-
toms should provide prospective data on the incidence, preva-
lence, and natural history of this problem with different treat-
ments.
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Table 3. Pharmacologic treatment of lymphedema following breast cancer therapy: three studies

Study (reference No.)

Casley-Smith et al. (109) Pecking et al. (115) Loprinzi et al. (110)

Study description
Year 1993 1997 1999
Country Australia France United States
Clinical setting Research Center Nuclear Medicine Service Not reported
Type of study Randomized control trial crossover Randomized control trial Stratified* randomized control trial

crossover
Statistical analysis

method
Student’s t test; linear regression Student’s t test, chi-square, analysis of

variance with repeated measures
Student’s t test; Wilcoxon rank sum

Total study No. 52 94 138
Patients with upper

extremity edema, No.
31 94 138

Patients with edema
secondary to breast
cancer treatment, No.

31 94 138

Measurement method Difference in circumference of affected
limb in comparison with normal limb,
arm volume by water displacement;
symptom report,† tonometry, skin
temperature

Lymphoscintigraphy, volume estimation by
circumferential measurement, discomfort,
and heaviness scales‡

Volume estimation by
circumferential measurement,
symptom report,§ perceived
benefit�

Patient characteristics Treatment group Placebo
Mean age (±standard

deviation)
63 y ± 3 y 61.5 y ± 10.8 y 57.3 y ± 9.8 y <60 y � 68 (49%); �60 y � 70

(51%)
Type of surgery Mastectomy Not reported Not reported Mastectomy � 114 (83%); lumpec-

tomy with radiation � 24 (17%)
Axillary dissection, % of

patients
Not reported Not reported Not reported Not reported

Radiation therapy, % of
patients

Not reported 82.4% 90.6% 54%

Time since primary
breast cancer therapy

Not reported Mean . . . 34 mo 35 mo <2 y � 19 (14%)
2–4 y � 42 (30%)
>4 y � 77 (56%)

Lymphedema duration Mean 8 y ± 1.6 y Mean . . . 47 mo 31 mo 1–2 y � 43 (31%)
>2 y � 95 (69%)

Lymphedema severity “Moderately severe to severe grade 2” “Mild to severe” Rated by patient and physician as
“sufficiently severe to warrant
treatment”

Treatment
Treatment type 5,6-benzo-[�]-pyrone (coumarin), 400 mg Daflon, 1000 mg Coumarin, 200 mg
Treatment frequency Daily Daily Twice daily
No. of treatments Not applicable Not applicable Not applicable
Treatment duration 6 mo in each treatment arm 6 mo 6 mo in each treatment arm
No. of courses of

treatment¶
1 1 1

Follow-up time(s) after
completion of therapy

Immediately after treatment Immediately after treatment Immediately after treatment

Improvement in edema Coumarin Placebo
Change in −0.56 (P<.001) +0.25

circumference,
cm

Change in −3.3 (P<.001) +1.2
limb volume,
(L)

Arm symptoms
(% better/% worse)

Bursting pain 72/7 12/46
Tightness 75/16 17/37
Tension 59/16 11/31
Heaviness 66/17 20/39
Hardness 70/5 20/37
Loss of mobility 65/14 9/26
General well-being 67/12 22/22
(all other symptoms not significant

between treatment groups)

For n � 24 patients with more severe edema:
Daflon Placebo

Lymphatic 0.84 0.14 (P � .005)
migration
speed,
cm/min

Colloid 10.3 0.53 (P � .034)
half-life, min

Colloid 2.18 0.11 (P � .054)
clearance,
�L/min

Limb −7% +8% (Not
volume# significant)

Discomfort (Not significant)
Heaviness (Not significant)
(For n � 70 patients with less severe edema,

all comparisons were not significant)

Coumarin Placebo
Change in limb 53 39

volume, mL
Arm symptoms, 1.1** 1.0**

mean grade
Perceived benefit

Did not help 63% 71%
Helped a little 27% 19%
Helped a 6% 8%

moderate amount
Helped a large 4% 2%

amount

*Stratified by age, therapy for breast cancer, history of cellulitis in the
involved arm, duration of lymphedema, time since surgery or radiation
therapy, and tamoxifen therapy.

†Symptoms reported as better, the same, or worse: bursting pain, burning
pain, cramps, paresthesias, feeling of tightness in limb, feeling of tension in
limb, feeling of swelling in limb, feeling of heaviness in limb, feeling of
hardness in limb, loss of mobility of limb, raised temperature of limb, sec-
ondary acute inflammation, dryness of skin, warts, and general well-being.

‡Discomfort assessed by visual analog scale; heaviness assessed by 4-point

Likert scale (absent, inconstant, constant, and invalid).
§Arm symptoms assessed by subjects were swelling, pressure, tightness, heav-

iness, and loss of mobility. Symptoms were graded as 0 � none, 1 � mild,
2 � moderate, and 3 � severe.

�Perceived benefit rated as: No, did not help; Yes, helped a little; Yes, helped
a moderate amount; or Yes, helped a large amount.

¶Course of therapy is a definitive course of treatment, usually time limited.
#Approximation based on graph, volume change not quantified.
**Approximation based on graph, mean grade not qualified.
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The appropriate degree of health-care provider surveillance
and the interaction of surveillance with patient education in the
early recognition of symptoms are poorly understood. Among
the many unanswered questions are the following: Is there value
to early diagnosis in providers regularly examining patients’
arms for edema or querying patients about subjective arm symp-
toms, or can diagnosis be left to evaluation following patient-
initiated report of symptoms? How often do patients with arm
edema need to be evaluated by providers in the absence of a
change of symptoms?

There has also been virtually no systematic research in the
area of preventive strategies for arm lymphedema. The relative
efficacy of different preventive measures has not been evaluated,
nor has it even been shown that preventive strategies are of any
benefit. Randomized controlled trials or cohort studies are
clearly needed that evaluate the efficacy of preventive measures
versus no preventive measures, the efficacy of preventive inter-
ventions specifically designed to prevent lymphedema after the
initial surgery or radiation treatment, and the efficacy of one
mode of prevention over another.

Arm edema has become one of the most feared long-term
complications of breast cancer treatment. Although all aspects of
care for arm edema of women with breast cancer have not been
fully addressed in the literature, certain aspects of treatment have
been well evaluated. Moreover, the literature supports interven-
tions aimed at early diagnosis and nonpharmacologic interven-
tions. These efforts toward the treatment of morbidities should
be implemented as soon as possible after treatment, when they
are more likely to be effective.

A number of questions about treatment efficacy remain that
warrant further investigation. For example, to what extent do
improvements in physical and psychosocial functions follow im-
provements in arm edema associated with treatment? In addi-
tion, the data that are available on the efficacy of treatments,
individually or in combination, need to be refined for specific
patient subsets, such as those with recent versus long-standing
edema, those with mild versus severe edema, and those with
edema refractory to treatment. Other questions include the fol-
lowing: What is the duration of the resolution or improvement in
arm edema associated with each of the interventions? What is
the most effective means of long-term control of lymphedema
after initial treatment? Are there safe and effective pharmaco-
logic interventions for the treatment of lymphedema?

Studies to evaluate the use of interventions known to be
efficacious, and obstacles to their use, could be very important
for women with breast cancer treatment-related arm edema and
for health-care providers responsible for designing managed
care and other treatment protocols for women with breast cancer.
As survival continues to improve for these patients, quality-of-
life issues take on increasing importance. There is a critical need
for simpler, more effective interventions to prevent and treat arm
edema in women with breast cancer. In the meantime, the lit-
erature summarized here can provide guidance to clinicians and
patients on what is and is not known about the management of
arm edema after breast cancer treatment.

REFERENCES

(1) Chu KC, Tarone RE, Kessler LG, Ries LA, Hankey BF, Miller BA, et al.
Recent trends in U.S. breast cancer incidence, survival, and mortality
rates. J Natl Cancer Inst 1996;88:1571–9.

(2) American Cancer Society web page, “breast cancer facts and figures

1997.” Available from: URL: http://www.cancer.org/statistics/97bcff/
occur.html

(3) Brennan MJ, DePompolo RW, Garden FH. Focused review: Postmastec-
tomy lymphedema. Arch Phys Med Rehabil 1996;77(3 Suppl):S74–80.

(4) Tasmuth T, von Smitten K, Kalso E. Pain and other symptoms during the
first year after radical and conservative surgery for breast cancer. Br
J Cancer 1996;74:2024–31.

(5) Maunsell E, Brisson J, Deschenes L. Arm problems and psychological
distress after surgery for breast cancer. Can J Surg 1993;36:315–20.

(6) Woods M, Tobin M, Mortimer P. The psychosocial morbidity of breast
cancer patients with lymphoedema. Cancer Nurs 1995;18:467–71.

(7) Hewitt M, Breen N, Devesa S. Cancer prevalence and survivorship issues:
analyses of the 1992 National Health Interview Survey. J Natl Cancer Inst
1999;91:1480–6.

(8) Kobayashi MR, Miller TA. Lymphedema. Clin Plast Surg 1987;14:
303–13.

(9) Newman ML, Brennan M, Passik S. Lymphedema complicated by pain
and psychological distress: a case with complex treatment needs. J Pain
Symptom Manage 1996;12:376–9.

(10) Carter BJ. Women’s experiences of lymphedema. Oncol Nurs Forum
1997;24:875–82.

(11) Passik S, Newman M, Brennan M, Holland J. Psychiatric consultation for
women undergoing rehabilitation for upper-extremity lymphedema fol-
lowing breast cancer treatment. J Pain Symptom Manage 1993;8:226–33.

(12) Velanovich V, Szymanski W. Quality of life of breast cancer patients with
lymphedema. Am J Surg 1999;177:184–8; discussion 188.

(13) Winchester DP, Cox JD. Standards for diagnosis and management of
invasive breast carcinoma. American College of Radiology. American
College of Surgeons. College of American Pathologists. Society of Sur-
gical Oncology. CA Cancer J Clin 1998;48:83–107.

(14) The Steering Committee on Clinical Practice Guidelines for the Care and
Treatment of Breast Cancer. A Canadian consensus document. CMAJ
1998;158(Suppl 3):S1–83.

(15) Update of the NCCN guidelines for treatment of breast cancer. Oncology
(Huntingt) 1997;11:199–220.

(16) Blum JL, Jones SE, Fay JW, Senzer N, Mennel RG. Guidelines for sys-
temic therapy of early stage breast cancer. Breast Cancer Res Treat 1997;
43:259–76.

(17) Blichert-Toft M, Smola MG, Cataliotti, O’Higgins N. Principles and
guidelines for surgeons—management of symptomatic breast cancer. Eu-
ropean Society of Surgical Oncology. Eur J Surg Oncol 1997;23:101–9.

(18) McDermott EW. Irish guidelines for surgeons in the management of
breast cancer. Irish Society of Surgical Oncology. Ir Med J 1997;90:6–8,
10.

(19) Love S, Parker B, Ames M, Taylor C, Gilden R, Figlin RA. Practice
Guidelines for Breast Cancer. Cancer J Sci Am 1996;2:S7.

(20) Cancer Guidance Sub-Group of the Clinical Outcomes Group. Improving
outcomes in breast cancer—the manual. London (U.K.): National Health
Service (NHS) Executive, Department of Health; 1996.

(21) Kirshbaum M. The development, implementation and evaluation of guide-
lines for the management of breast cancer related lymphoedema. Eur
J Cancer Care (Engl) 1996;5:246–51.

(22) Guidelines for surgeons in the management of symptomatic breast disease
in the United Kingdom. Eur J Surg Oncol 1995;21 Suppl A:1–13.

(23) National Health and Medical Research Council (NHMRC). National
Breast Cancer Centre (Australia), Clinical practice guidelines for the man-
agement of early breast cancer. Commonwealth of Australia; 1995. Avail-
able from: URL: http://www.nbcc.org.au/pages/info/resource/nbccpubs/
clinprof/principl.htm

(24) Coates A. Management of early breast cancer: an Australian consensus
report. Clinical Oncological Society of Australia, the Australian–New
Zealand Breast Cancer Trials Group, the Medical Oncology Group of
Australia and the Breast Section, Royal Australasian College of Surgeons.
Oncology 1995;52:82–5.

(25) Olivotto A, Coldman AJ, Hislop TG, Trevisan CH, Kula J, Goel V, et al.
Compliance with practice guidelines for node-negative breast cancer.
J Clin Oncol 1997;15:216–22.

(26) van Dongen JA, Holland R, Peterse JL, Fentiman IS, Lagios MD, Millis
RR, et al. Ductal carcinoma in-situ of the breast; second EORTC consen-
sus meeting. Eur J Cancer 1992;28:626–9.

Journal of the National Cancer Institute, Vol. 93, No. 2, January 17, 2001 REVIEW 109

 by guest on M
ay 25, 2016

http://jnci.oxfordjournals.org/
D

ow
nloaded from

 

http://jnci.oxfordjournals.org/


(27) Bartelink H, Garavaglia G, Johansson KA, Mijnheer BJ, Van den Bogaert
W, van Tienhoven G, et al. Quality assurance in conservative treatment of
early breast cancer. Report on a consensus meeting of the EORTC
Radiotherapy and Breast Cancer Cooperative groups and the EUSOMA
(European Society of Mastology). Radiotherapy Oncol 1991;22:323–6.

(28) National Institutes of Health Consensus Development Conference State-
ment. Early stage breast cancer: Consensus statement, June 18–21, 1990.
Cancer Res Treat 1992;60:383–393.

(29) McCarthy M, Bore J. Treatment of breast cancer in two teaching hospi-
tals: a comparison with consensus guidelines. Eur J Cancer 1991;27:
579–82.

(30) Kissin MW, Querci della Rovere G, Easton D, Westbury G. Risk of
lymphoedema following the treatment of breast cancer. Br J Surg 1986;
73:580–4.

(31) Schrenk, P, Rieger R, Shamiyeh A, Wayand W. Morbidity following
sentinel lymph node biopsy versus axillary lymph node dissection for
patients with breast carcinoma. Cancer 2000;88:608–14.

(32) Gerber L, Lampert M, Wood C, Duncan M, D’Angelo T, Schain W, et al.
Comparison of pain, motion, and edema after modified radical mastec-
tomy vs. local excision with axillary dissection and radiation. Breast Can-
cer Res Treat 1992;21:139–45.

(33) Lin PP, Allison DC, Wainstock J, Miller KD, Dooley WC, Friedman N,
et al. Impact of axillary lymph node dissection on the therapy of breast
cancer patients. J Clin Oncol 1993;11:1536–44.

(34) Werner RS, McCormick B, Petrek J, Cox L, Cirrincione C, Gray JR, et al.
Arm edema in conservatively managed breast cancer: obesity is a major
predictive factor. Radiology 1991;180:177–84.

(35) Ryttov N, Holm NV, Qvist N, Blichert-Toft M. Influence of adjuvant
irradiation on the development of late arm lymphedema and impaired
shoulder mobility after mastectomy for carcinoma of the breast. Acta
Oncol 1988;27:667–70.

(36) Ivens D, Hoe AL, Podd TJ, Hamilton CR, Taylor I, Royle GT. Assess-
ment of morbidity from complete axillary dissection. Br J Cancer 1992;
66:136–8.

(37) Petrek JA, Lerner R. Lymphedema. In Harris JR, Lippman ME, Morrow
M, Hellman S, editors. Diseases of the breast. 2nd ed. Philadelphia (PA):
Lippincott-Raven Publishers; 1996. p. 896–903.

(38) Mortimer PS, Bates DO, Brassington HD, Stanton AW, Strachan DP,
Levick JR. The prevalence of arm oedema following treatment for breast
cancer. Q J Med 1996;89:377–80.

(39) Guedes Neto HI. Arm edema after treatment for breast cancer. Lymphol-
ogy 1997;30:35–6.

(40) Dennis B. Acquired lymphedema: a chart review of nine women’s re-
sponses to intervention. Am J Occup Ther 1993;47:891–9.

(41) Casley-Smith JR. Alterations of untreated lymphedema and its grades
over time. Lymphology 1995;28:174–85.

(42) Petrek JA, Heelan MC. Incidence of breast carcinoma-related lymph-
edema. Cancer 1998;83(12 Suppl American):2776–81.

(43) Moffat FL Jr, Senofsky GM, Davis K, Clark KC, Robinson DS, Ketcham
AS. Axillary node dissection for early breast cancer: some is good, but all
is better. J Surg Oncol 1992;51:8–13.

(44) Liljegren G, Holmberg L. Arm morbidity after sector resection and axil-
lary dissection with or without postoperative radiotherapy in breast cancer
stage I. Results from a randomised trial. Uppsala-Orebro Breast Cancer
Study Group. Eur J Cancer 1997;33:193–9.

(45) Segerstrom K, Bjerle P, Graffman S, Nystrom A. Factors that influence
the incidence of brachial oedema after treatment of breast cancer. Scand
J Plast Reconstr Hand Surg 1992;26:223–7.

(46) Borup Christensen S, Lundgren E. Sequelae of axillary dissection vs.
axillary sampling with or without irradiation for breast cancer. A random-
ized trial. Acta Chir Scand 1989;155:515–9.

(47) Brismar B, Ljungdahl I. Postoperative lymphedema after treatment of
breast cancer. Acta Chir Scand 1983;149:687–9.

(48) Keramopoulos A, Tsionou C, Minaretzis D, Michalas S, Aravantinos D.
Arm morbidity following treatment of breast cancer with total axillary
dissection: a multivariated approach. Oncology 1993;50:445–9.

(49) Senofsky GM, Moffat FL Jr, Davis K, Masri MM, Clark KC, Robinson
DS, et al. Total axillary lymphadenectomy in the management of breast
cancer. Arch Surg 1991;126:1336–41; discussion 1341–2.

(50) Aitken RJ, Gaze MN, Rodger A, Chetty U, Forrest AP. Arm morbidity

within a trial of mastectomy and either nodal sample with selective ra-
diotherapy or axillary clearance. Br J Surg 1989;76:568–71.

(51) Kiel KD, Rademacker AW. Early-stage breast cancer: arm edema after
wide excision and breast irradiation. Radiology 1996;198:279–83.

(52) Yeoh EK, Denham JW, Davies SA, Spittle MF. Primary breast cancer.
Complications of axillary management. Acta Radiol Oncol 1986;25:
105–8.

(53) Harris JR, Halpin-Murphy P, McNeese M, Mendenhall NP, Morrow M,
Robert NJ. Consensus Statement on postmastectomy radiation therapy. Int
J Radiat Oncol Biol Phys 1999;44:989–90.

(54) Sneeuw KC, Aaronson NK, Yarnold JR, Broderick M, Regan J, Ross G,
et al. Cosmetic and functional outcomes of breast conserving treatment for
early stage breast cancer. 2. Relationship with psychosocial functioning.
Radiother Oncol 1992;25:160–6.

(55) Tobin MB, Lacey HJ, Meyer L, Mortimer PS. The psychological mor-
bidity of breast cancer-related arm swelling. Phychological morbidity of
lymphoedema. Cancer 1993;72:3248–52.

(56) Minna JD, Higgins GA, Glatstein EJ. Cancer of the lung. In: De Vita VT
Jr, Hellman S, Rosenberg SA, editors. Cancer: principles and practice of
oncology. Philadelphia (PA): Lippincott; 1985. p. 507–97.

(57) Segerstrom K, Bjerle P, Nystrom A. Importance of time in assessing arm
and hand function after treatment of breast cancer. Scand J Plast Reconstr
Hand Surg 1991;25:241–4.

(58) Sneeuw KC, Aaronson NK, Yarnold JR, Broderick M, Regan J, Ross G,
et al. Cosmetic and functional outcomes of breast conserving treatment for
early stage breast cancer. 1. Comparison of patients’ ratings, observers’
ratings, and objective assessments. Radiother Oncol 1992;25:153–9.

(59) Carter BJ. Women’s experiences of lymphedema. Oncol Nurs Forum
1997;24:875–82.

(60) Ilfeld FW Jr. Psychologic status of community residents along major
demographic dimensions. Arch Gen Psychiatry 1978;35:716–24.

(61) Ilfeld FW Jr. Further validation of a psychiatric symptom index in a
normal population. Psychol Rep 1976;39:1215–28.

(62) Passik SD, Newman ML, Brennan M, Tunkel R. Predictors of psycho-
logical distress, sexual dysfunction and physical functioning among
women with upper extremity lymphedema related to breast cancer. Psy-
cho-Oncology 1995;4:255–63.

(63) Derogatis LR, Melisaratos N. The Brief Symptom Inventory: an intro-
ductory report. Psychol Med 1983;13:595–605.

(64) Goldberg DP, Cooper B, Eastwood MR, Kedward HB, Shepherd M.
A standardized psychiatric interview for use in community surveys. Br
J Prev Soc Med 1970;24:18–23.

(65) Derogatis LR. The psychosocial adjustment to illness scale (PAIS).
J Psychosomatic Res 1986;30:77–91.

(66) McMasters KM, Giuliano AE, Ross MI, Reintgen DS, Hunt KK, Byrd
DR, et al. Sentinel-lymph-node biopsy for breast cancer—not yet the
standard of care. N Engl J Med 1998;339:990–5.

(67) Ganz PA. The quality of life after breast cancer—solving the problem of
lymphedema. N Engl J Med 1999;340:383–5.

(68) Brennan MJ. Lymphedema following the surgical treatment of breast
cancer: a review of pathophysiology and treatment. J Pain Symptom Man-
age 1992;7:110–6.

(69) Farncombe M, Daniels G, Cross L. Lymphedema: the seemingly forgotten
complication. J Pain Symptom Manage 1994;9:269–76.

(70) Getz DH. The primary, secondary, and tertiary nursing interventions of
lymphedema. Cancer Nurs 1985;8:177–84.

(71) Granda C. Nursing management of patients with lymphedema associated
with breast cancer therapy. Cancer Nurs 1994;17:229–35.

(72) Price J, Purtell JR. Prevention and treatment of lymphedema after breast
cancer. Am J Nurs 1997;97:34–7.

(73) Humble CA. Lymphedema: incidence, pathophysiology, management,
and nursing care. Oncol Nurs Forum 1995;22:1503–9.

(74) Casley-Smith JR, Foldi M, Ryan TJ, Witte MH, Witte CL, Cluzan R, et
al. Summary of the 10th International Congress of Lymphology working
group discussions and recommendations, Adelaide, Australia, August
10–17, 1985. Lymphology 1985;18:175–80.

(75) Sitzia J, Stanton AW, Badger C. A review of outcome indicators in the
treatment of chronic limb oedema. Clin Rehab 1997;11:181–91.

(76) Casley-Smith JR. Measuring and representing peripheral oedema and its
alterations. Lymphology 1994:27:56–70.

110 REVIEW Journal of the National Cancer Institute, Vol. 93, No. 2, January 17, 2001

 by guest on M
ay 25, 2016

http://jnci.oxfordjournals.org/
D

ow
nloaded from

 

http://jnci.oxfordjournals.org/


(77) Knobf MK. Primary breast cancer: physical consequences and rehabili-
tation. Semin Oncol Nurs 1985;1:214–24.

(78) Cornish BH, Bunce IH, Ward LC, Jones LC, Thomas BJ. Bioelectrical
impedance for monitoring the efficacy of lymphoedema treatment pro-
grammes. Breast Cancer Res Treat 1996;38:169–76.

(79) Ward LC, Bunce IH, Cornish BH, Mirolo BR, Thomas BJ, Jones LC.
Multi-frequency bioelectrical impedance augments the diagnosis and
management of lymphoedema in post-mastectomy patients. Eur J Clin
Invest 1992;22:751–4.

(80) Mortimer PS. Investigation and management of lymphoedema. Vasc Med
Rev 1990;1:1–20.

(81) Hafez HM, Wolfe JH. Basic data underlying clinical decision making:
lymphedema. Ann Vasc Surg 1996;10:88–95.

(82) Grabois M. Breast cancer: postmastectomy lymphedema. Phys Med Re-
habil: State of the Art Reviews 1994;8:267–77.

(83) Brennan MJ, Miller LT. Overview of treatment options and review of the
current role and use of compression garments, intermittent pumps, and
exercise in the management of lymphedema. Cancer 1998;83(12 Suppl
American):2821–7.

(84) Swedborg I, Norrefalk JR, Piller NB, Asard C. Lymphoedema post-
mastectomy: is elevation alone an effective treatment? Scand J Rehabil
Med 1993;25:79–82.

(85) Marcks P. Lymphedema. Pathogenesis, prevention, and treatment. Cancer
Pract 1997;5:32–8.

(86) Mortimer PS. Therapy approaches for lymphedema. Angiology 1997;48:
87–91.

(87) Foldi E, Foldi M, Clodius L. The lymphedema chaos: a lancet. Ann Plast
Surg 1989;22:505–15.

(88) Leduc O, Leduc A, Bourgeois P, Belgrado JP. The physical treatment of
upper limb edema. Cancer 1998;83(12 Suppl American):2835–9.

(89) Kasseroller RG. The Vodder School: the Vodder method. Cancer
1998;83(12 Suppl American):2840–2.

(90) Bertelli G, Venturini M, Forno G, Macchiavello F, Dini D. An analysis of
prognostic factors in response to conservative treatment of postmastec-
tomy lymphedema. Surg Gynecol Obstet 1992;175:455–60.

(91) Bertelli G, Venturini M, Forno G, Macchiavello F, Dini D. Conservative
treatment of postmastectomy lymphedema: a controlled, randomized trial.
Ann Oncol 1991;2:575–8.

(92) Hornsby R. The use of compression to treat lymphoedema. Prof Nurse
1995;11:127–8.

(93) Pappas CJ, O’Donnell TF Jr. Long-term results of compression treatment
for lymphedema. J Vasc Surg 1992;16:555–62; discussion 562–4.

(94) Dini D, Del Mastro L, Gozza A, Lionetto R, Garrone O, Forno G, et al.
The role of pneumatic compression in the treatment of postmastectomy
lymphedema. A randomized phase III study. Ann Oncol 1998;9:187–90.

(95) Mirolo BR, Bunce IH, Chapman M, Olsen T, Eliadis P, Hennessy JM, et
al. Psychosocial benefits of postmastectomy lymphedema therapy. Cancer
Nurs 1995;18:197–205.

(96) Zanolla R, Monzeglio C, Balzarini A, Martino G. Evaluation of the results
of three different methods of postmastectomy lymphedema treatment.
J Surg Oncol 1984;26:210–3.

(97) Bunce IH, Mirolo BR, Hennessy JM, Ward LC, Jones LC. Post-
mastectomy lymphoedema treatment and measurement. Med J Aust 1994;
161:125–8.

(98) Richmand DM, O’Donnell TF Jr, Zelikovski A. Sequential pneumatic
compression for lymphedema. A controlled trial. Arch Surg 1985;120:
1116–9.

(99) Rockson SG, Miller LT, Senie R, Brennan MJ, Casley-Smith JR, Foldi E,

et al. American Cancer Society Lymphedema Workshop. Workgroup III:
Diagnosis and management of lymphedema. Cancer 1998;83(12 Suppl
American):2882–5.

(100) The diagnosis and treatment of peripheral edema: consensus document of
the International Society of Lymphology Executive Committee. Lymphol-
ogy 1995;28:113–7.

(101) Morgan RG, Casley-Smith JR, Mason MR, Casley-Smith JR. Complex
physical therapy for the lymphoedematous arm. J Hand Surg [Br] 1992;
17:437–41.

(102) Casley-Smith JR, Casley-Smith JR. Modern treatment of lymphoedema I.
Complex physical therapy: The first 200 Australian limbs. Australas
J Dermatol 1992;33:61–8.

(103) Boris M, Weindorf S, Lasinski B, Boris G. Lymphedema reduction by
noninvasive complex lymphedema therapy. Oncology (Huntingt) 1994;8:
95–106; discussion 109–10.

(104) Daane S, Poltoratszy P, Rockwell WB. Postmastectomy lymphedema
management: evolution of the complex decongestive therapy technique.
Ann Plast Surg 1998;40:128–34.

(105) Ko DS, Lerner R, Klose G, Cosimi AB. Effective treatment of lymph-
edema of the extremities. Arch Surg 1998;133:452–8.

(106) Boris M, Weindorf S, Lasinkski B. Persistence of lymphedema reduction
after noninvasive complex lymphedema therapy. Oncology (Huntingt)
1997;11:99–109; discussion 110, 113–4.

(107) Brorson H, Svensson H. Complete reduction of lymphoedema of the arm
by liposuction after breast cancer. Scand J Plast Reconstr Hand Surg
1997;31:137–43.

(108) Filippetti M, Santoro E, Graziano F, Petric M, Rinaldi G. Modern thera-
peutic approaches to postmastectomy brachial lymphedema. Microsurgery
1994;15:604–10.

(109) Casley-Smith JR, Morgan RG, Piller NB. Treatment of lymphedema of
the arms and legs with 5,6-benzo-[�]-pyrone. N Engl J Med 1993;329:
1158–63.

(110) Loprinzi CL, Kugler JW, Sloan JA, Rooke TW, Quella SK, Novotny P, et
al. Lack of effect of coumarin in women with lymphedema after treatment
for breast cancer. N Engl J Med 1999;340:346–50.

(111) National Surgical Adjuvant Breast and Bowel Project, Progress Report
1999, Pittsburgh, May 2000. Available from: URL: http://www.
nsabp.pitt.edu/B-32.htm

(112) Paci E, Cariddi A, Barchelli A, Bianchi S, Cardona G, Distante V, et al.
Long-term sequelae of breast cancer surgery. Tumori 1996;82:321–4.

(113) Dini D, Del Mastro L, Gozza A, Lionetto R, Garrone O, Forno G, et al.
The role of pneumatic compression in the treatment of postmastectomy
lymphedema. A randomized phase III study. Ann Oncol 1998;9:187–90.

(114) Palmer A, Macchiaverna J, Braun A, Hendrix R, Miller AJ. Compression
therapy of limb edema using hydrostatic pressure of mercury. Angiology
1991;42:533–42.

(115) Pecking AP, Fevrier B, Wargon C, Pillion G. Efficacy of Daflon 500 mg
in the treatment of lymphedema (secondary to conventional therapy of
breast cancer). Angiology 1997;48:93–8.

NOTES

P. A. Ganz was supported in part by an American Cancer Society Clinical
Research Professorship.

We gratefully acknowledge the staff assistance and support of Danielle
Letourneau.

Manuscript received February 16, 2000; revised October 18, 2000; accepted
November 3, 2000.

Journal of the National Cancer Institute, Vol. 93, No. 2, January 17, 2001 REVIEW 111

 by guest on M
ay 25, 2016

http://jnci.oxfordjournals.org/
D

ow
nloaded from

 

http://jnci.oxfordjournals.org/

