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Chronic lymphedema is a life-long, potential complication of axillary treatment for breast cancer patients. In this article we focus on risk
factors in the development of arm lymphedema and also discuss definition, type and stage, and incidence of arm edema.
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In the industrialized countries, cancer and cancer treat-
ment are the most common causes of lymphedema (1).
This complication can develop at any time and has been
reported as late as 30 years after treatment (2). Arm edema
may be disfiguring and can therefore greatly affect quality
of life. Once established lymphedema cannot be cured,
therefore it is essential to prevent or minimize this condi-
tion. In this article we focus on risk factors in the develop-
ment of lymphedema and also discuss the definition, type
and stage, and incidence of arm edema in breast cancer
patients.

DEFINITION, TYPE AND STAGE

Lymphedema is the result of the functional overload of the
lymphatic system in which lymph volume exceeds trans-
port capabilities.

Lymphedema can be classified as primary or secondary,
and acute or chronic (3) (Table 1). Primary lymphedema
may be caused by the congenital absence or abnormality
of lymph tissue. Secondary lymphedema occurs as a result
of obstruction or interruption of the lymph system due to
infection, malignancy, or surgical or radiation treatment.
Acute lymphedema is usually transient and self-limiting
and lasts for less than 3 to 6 months (4). Chronic
lymphedema is present for at least 3 months, with notice-
able skin changes, known as brawny edema (3).

Three stages of lymphedema have been defined (1)
(Table 2). Stage I (acute phase) is characterized by a
pitting edema and is reversible with elevation of the arm.

If the condition worsens, stage II or the chronic phase
begins. This stage, which is not considered to be ‘sponta-
neously reversible’, constitutes protein-rich edema and a
proliferation of connective tissue. There is much less or no
skin pitting. Stage III is known as elephantiasis, character-
ized by massive swelling and cartilage-like hardening.

INCIDENCE

All women who have had surgical resection of the lymph
channels are at risk for lymphedema. In Halsted’s time,
lymphedema occurred in up to 62% of patients (5). Few
recent trials of modern therapies have addressed this prob-
lem. The report from Germany is one of the largest on
post-treatment lymphedema with long follow-up. The inci-
dence of lymphedema was 24% in 5 868 patients with a
median follow-up of 11 years (6). According to the analy-
sis performed by Petrek & Heelan (7), the incidence of
lymphedema varied from 6% to 30%. They reported that
the incidence of arm edema varied along with

– the methods used to define lymphedema
– the source of the patients
– the completeness of the patient population follow-up
– the interval between axillary treatment and measure-

ment of lymphedema.

RISK FACTORS

Risk factors in the development of arm lymphedema are
still poorly understood, and there have been few trials
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Table 1

Types of lymphedema (3)

Duration PresentationEtiologyTypes

Congenital obstruction-Primary
infection

Secondary
B3–6 months Within 6 weeks of surgery, less edema inAcute

morning more edema at night
At least 3 months less pitting, brawny edema; peau d’orangeChronic

relating to this subject in the literature. Nevertheless, risk
factors can be grouped into three main categories. The first
category consists of treatment-related factors (these factors
will not be discussed): surgery, irradiation, systemic treat-
ment (chemotherapy, tamoxifen), and combined treatment;
the second category consists of disease-related factors:
stage at diagnosis, pathologic node status, the number of
lymph nodes with positive pathologic findings, and the
location of the tumor in the breast. The third category
consists of patient- and clinical-related factors: patient age
at diagnosis, obesity-body mass index, hypertension, his-
tory of infection-inflammation, handedness and excessive
use of the limb, appearance of early lymphedema, and time
interval since treatment (Table 3).

DISEASE-RELATED FACTORS

Advanced stage at diagnosis is a major predictive factor
for developing lymphedema (6, 8, 9). A study from Ger-
many, which is the largest on post-treatment lymphedema
with long-term follow-up, demonstrated that the incidence
of arm edema in patients with in situ carcinoma (Tis)
tumors was 6.7%, whereas the incidence was 16.9% in
patients with T1 tumors and 34.9% in patients with T4
tumors. Furthermore, the risk of lymphedema was 24.8%
in patients with N1 tumors, compared with 44.4% for
those with N3 tumors (6) (Table 4). According to the
univariate analysis performed by Kissin et al. (8), T-stage
was significantly associated with lymphedema (p=0.002).
However, it should be emphasized that patients with more
advanced nodal disease are likely to have more aggressive
surgery along with axillary radiotherapy.

Pathological nodal status is the independent risk factor

for developing lymphedema (8). Schunemann & Willich (6)
reported that the incidence of arm edema was 17.9% for
node-negative patients (N0), compared with 38.5% for
node positive (N+ ) patients (Table 4). Despite these
findings, it is difficult to distinguish them as independent
risk factors, because they show nodal stage of the disease
and, furthermore, patients with positive nodal disease re-
ceive more aggressive treatment.

The study from Sweden (10) demonstrated that the
number of pathologically positive lymph nodes was the
significant factor contributing to lymphedema, but others
did not find a correlation between number of positive
lymph nodes and lymphedema (9, 11).

Correlation between site of the primary tumor and
development of arm edema has not been demonstrated (9,
12, 13).

PATIENT AND CLINICAL-RELATED FACTORS

In contrast to Werner et al. (9), Kiel & Rademacker (14)
have reported that the most statistically significant factor
leading to the development of arm edema is the age of the
patient at diagnosis. The study showed that the actuarial
incidence of arm edema at 3 years was 56% for women
older than 55 years and 23% for women younger than 55
years (p=0.0005), which suggests that the risk of develop-
ing lymphedema is higher in older patients. Marcks (3)
claims that this may be attributed to the formation of
lymphovenous anostamosis in younger patients. Autopsy
results have shown that these lymphovenous anostamoses
are much less common in older patients, because of the
ageing process (13).

Table 2

Stages of lymphedema (1)

Stage Severity Difference in circumference Symptoms
and volume

I B3 cm (150–400 ml)Mild Pitting edema, reversible with elevation of the arm
II Moderate 3–5 cm (400–700 ml) Progressive hardening of the extremity; edema does

not decrease with elevation
III Severe \5 cm (\750 ml) Hardened tissue with skin changes
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Fig. 1. Factors related to the development of lymphedema. RF=
risk factor, AF=aggravating factor, BMI=body mass index.

Table 4

Frequency of lymphedema according to tumor size (T) and nodal
stage (N) (6)

T1 T4TisTxT T3T2

98n 1023627179 657
% 43.6 6.7 16.9 24.8 35.4 34.9

N3N2N1N+N0N

n 28525 241443168
17.9 38.5 24.8 36.9 44.4%

noted that the incidence of arm edema in patients
treated with both axillary surgery and irradiation was
35% among patients with normal blood pressure but
61% for patients with hypertension (pB0.005).

A correlation between recurrent or late infections and
arm edema has been reported in several studies (17, 19,
20), but it is difficult to accept this as a causative factor
for lymphedema. The lymphedematous tissues are ex-
tremely sensitive to infections, and any simple burns and
puncture wounds can develop into generalized erysipelas,
which may produce further lymphatic destruction and
blockage (4). Accumulated lymph in the edematous arm
provides a rich culture medium for bacteria. As reported
by Segerström et al. (17), the recurrent infections may be
secondary to the edema, rather than the cause of the
condition.

There is no evidence linking these factors with an in-
creased risk for developing arm edema: handedness (op-
eration on the dominant arm), excessive use of the limb,
appearance of early lymphedema (8, 11, 17).

Many trials (14, 21, 22) report that lymphedema has a
significant tendency to increase with time. Moretimer et
al. (21) noted that there was a significant increase in
prevalence with increasing time since treatment in pa-
tients who had received radiotherapy, but not in patients
treated with surgery alone. Moreover, they suggested
that at least 3 years’ follow-up was required for this
tendency to manifest itself, particularly following radio-
therapy.

CONCLUSIONS

Owing to lack of studies performing multivariate analy-
ses and to lack of prospective data, it is difficult to draw
any definitive conclusions about risk factors from a re-
view of the literature. Nevertheless, there seems to be a
higher risk for developing lymphedema in patients with
advanced disease at diagnosis, older age, greater BMI
(obesity), and longer follow-up (see Fig. 1). Hypertension
and infection are important comorbidities and may be
initiating factors, but more likely they aggravate existing
lymphedema.

In the literature there is support for the view that
obesity is a risk factor in postmastectomy arm edema
(11, 15–17). Few studies have examined the risk associ-
ated with obesity and increased patient size in patients
treated conservatively. The study from Memorial Sloan
Kettering Cancer Center showed that the most statisti-
cally significant predictive factor was body mass index
(BMI) in patients treated with conservative surgery and
radiotherapy (9). The findings of this study showed that
in patients with BMIs greater than 29.2 kg/m2, the 5-
year incidence of lymphedema rose to 36% compared
with 12% for those with lower BMIs. Although it is not
clear that obesity is a direct risk factor for arm edema,
it is certainly a risk factor for infection and poor wound
healing (3).

In a series of studies by Bohler et al. (18), the effects
of hypertension were investigated. Bohler and colleagues

Table 3

Classification of risk factors for lymphedema

Main groups Subgroups

SurgeryTreatment-related fac-
tors Irradiation

Systemic treatment (chemotherapy,
tamoxifen)

Combined treatment

Disease-related factors Stage at diagnosis
Pathologic node status
Number of lymph nodes with positive
pathologic findings
Location of the tumor in the breast

Patient- and clinical- Patient age at diagnosis
Obesity – body mass indexrelated factors
Hypertension
History of infection-inflammation
Handedness and excessive use of the

limb
Appearance of early lymphedema
Time interval since treatment
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