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Lymphedema After Complete Axillary Node Dissection
for Melanoma

Assessment Using a New, Objective Definition

Emma C. Starritt, MBBS, PhD,* David Joseph, MBBS,* J. Gregory McKinnon, MD,*
Sing Kai Lo, PhD,† Johannes H. W. de Wilt, MD,* and John F. Thompson, MD*‡

Objectives: The objectives of this study were to define appropriate
criteria for assessing the presence of lymphedema, and to report the
prevalence and risk factors for development of upper limb lymphed-
ema after level I–III axillary dissection for melanoma.
Summary Background Data: The lack of a consistent and reliable
objective definition for lymphedema remains a significant barrier to
appreciating its prevalence after axillary dissection for melanoma
(or breast carcinoma).
Methods: Lymphedema was assessed in 107 patients (82 male, 25
female) who had previously undergone complete level I–III axillary
dissection. Of the 107 patients, 17 had also received postoperative
axillary radiotherapy. Arm volume was measured using a water
displacement technique. Change in volume of the arm on the side of
the dissection was referenced to the volume of the other (control)
arm. Volume measurements were corrected for the effect of hand-
edness using corrections derived from a control group. Classification
and regression tree (CART) analysis was used to determine a
threshold fractional arm volume increase above which volume
changes were considered to indicate lymphedema.
Results: Based on the CART analysis results, lymphedema was
defined as an increase in arm volume greater than 16% of the
volume of the control arm. Using this definition, lymphedema
prevalence for patients in the present study was 10% after complete
level I–III axillary dissection for melanoma and 53% after additional
axillary radiotherapy. Radiotherapy and wound complications were
independent risk factors for the development of lymphedema.
Conclusions: A suggested objective definition for arm lymphedema
after axillary dissection is an arm volume increase of greater than
16% of the volume of the control arm.

(Ann Surg 2004;240: 866–874)

In 1921, Halsted1 first described upper limb lymphedema as
a complication of radical mastectomy, referring to the

phenomenon as “elephantiasis chirurgica.” Since that time,
many studies have reported a wide range of both subjective
and objective prevalence rates for arm lymphedema after
removal of lymph nodes from the axilla for treatment of
breast carcinoma. These reported prevalence rates range from
2% to 56%2 with various surgical procedures and follow-up
periods. Two recent reviews of the breast surgery literature
have presented overall upper limb lymphedema prevalence
rates of 20%3 and 26%2 after axillary surgery.

Axillary lymph node dissection for the treatment of
melanoma is usually more extensive than for breast carci-
noma. A complete level I–III dissection is performed rou-
tinely for melanoma in most institutions, whereas it is com-
mon practice for only level I or level I and II axillary nodes
to be removed for breast carcinoma.4,5 There have been few
studies attempting to quantify lymphedema prevalence after
the more radical level I–III node dissections performed for
melanoma.

Urist et al6 reported an arm lymphedema prevalence of
only 1% after radical axillary dissection for melanoma. The
assessment of lymphedema in their study was based on the
difference between arm circumference measurements taken
from the arm on the side of the dissection and the other arm.
Other studies have relied on clinical judgment alone to assess
lymphedema, reported prevalence rates ranging from 0% to
12%.7–9

It is extremely difficult to make meaningful compari-
sons between the existing studies of lymphedema prevalence
in patients with either melanoma or breast carcinoma be-
cause, in addition to variations in patient populations and
treatment factors, the criteria used to define lymphedema in
these studies are highly variable. Moreover, these definitions
are either arbitrary or subjective, and their clinical signifi-
cance is questionable. Because the choice of definition for
lymphedema is the final determinant of the prevalence values,
application of a consistent definition is essential if relation-
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ships between patient and treatment factors and the develop-
ment of lymphedema are to be fully appreciated.

The main objectives of the present study were to define
appropriate criteria for diagnosing the presence of upper limb
lymphedema based on upper limb volume measurements and
to report the prevalence of the condition in a representative
group of melanoma patients who had undergone either a
complete level I–III axillary dissection only or a level I–III
axillary dissection and postoperative axillary radiotherapy.
This study also aimed to present an overview of the patients’
subjective assessments of postoperative morbidity and to
explore how this related to the objective assessment of
lymphedema.

PATIENTS AND METHODS

Patients
The prevalence of upper limb lymphedema was as-

sessed in 107 patients who had previously undergone a
complete lymph node dissection of levels I, II, and III of the
axilla for melanoma. Patients were enrolled in the study and
had their arms measured on the same day that they presented
for a routine follow-up visit at the Sydney Melanoma Unit
(SMU), Royal Prince Alfred Hospital, between 1999 and
2002. Arm measurements were made during clinic time (9
AM–5 PM), and patients were not given instructions with
regard to activity before measurement. No patients wore a
compression garment on the day of arm measurement. Pa-
tients in whom at least 4 months had elapsed after their
surgery were considered eligible for inclusion in the study. Of
these, 82 were male and 25 were female. The median age at
the time of measurement was 56.9 years (range, 27–86
years). Of the 107 patients in the study, 90 had undergone
axillary dissection only and 17 had received axillary radio-
therapy subsequent to axillary dissection.

All patients had undergone full axillary dissection (lev-
els I–III) as previously described elsewhere.10 This involved
complete clearance of the axillary contents to the apex of the
axilla (defined by the subclavius tendon), exposing the axil-
lary vein, and preserving the thoracodorsal and long thoracic
nerves when appropriate. The intercostobrachial nerve was
routinely sacrificed. Pectoralis minor muscle was routinely
detached superiorly from the coracoid process and divided
inferiorly near its attachment to the chest wall. It was then
removed as part of the axillary node dissection specimen, in
turn allowing en-bloc excision of the level III nodes medial to
the superior part of the pectoralis minor. Before 1987, the
sternocostal head of pectoralis major was routinely detached
from the humerus and reattached at the completion of the
procedure (3 patients had their surgery before 1987). All but
9 patients had their surgery performed by SMU surgeons. The
non-SMU surgeons had all been trained at SMU and per-

formed the surgery according to the standard SMU protocol
outlined here.

Measurements for the present study were carried out a
median 36.4 months (range, 4–492 months; mean � standard
deviation �SD�, 58 � 66 months) from the date of the axillary
node dissection. Thirty patients had undergone a sentinel
node biopsy (SNB) procedure involving removal of 1 or more
axillary nodes before completion of axillary dissection. This
occurred (mean � SD) 0.8 � 0.4 months before the comple-
tion of axillary dissection. Three patients had undergone an
ipsilateral neck dissection after their axillary surgery. Four
patients had an incomplete axillary dissection procedure per-
formed by surgeons outside SMU before having a completion
level I–III dissection performed by surgeons at SMU. In these
4 cases, the date of surgery was taken as the date of the
second dissection procedure, which occurred at a mean in-
terval of 18 months after the first procedure.

One patient had received adjuvant chemotherapy and 6
had received adjuvant immunotherapy by the time they were
assessed for this study. In those patients who received axil-
lary radiotherapy, the course of radiotherapy was completed
(mean � SD) 2 � 1 month after the axillary dissection
(excluding 1 patient who had delayed radiotherapy, com-
pleted 41 months after surgery). Ten patients received a total
of 3300–5400 Gy in 5–6 fractions, and 7 received 46–48 Gy
in 20–23 fractions.

To provide some index of disease burden, so that its
possible relevance might be assessed, the proportion of
lymph nodes that were positive for melanoma was calculated
from the total number of nodes recovered from the axilla for
each patient. In the 30 patients who had an axillary SNB
before full axillary dissection, the number of lymph nodes
recovered during SNB was added to the number recovered
during the completion axillary dissection to derive an overall
proportion of positive nodes. All lymph node specimens
recovered during both SNB and axillary dissection were
examined by SMU pathologists.

Objective Measurements
The volume of each arm was measured using a water

displacement technique. Standardization was achieved by
measuring volume up to the midpoint between the lateral
epicondyle of the humerus and the acromion of the shoulder
(MP) and also to a point 15 cm above the lateral epicondyle
of the humerus (C-15). These points were marked with the
elbow at a right angle and the shoulder in the anatomic
position (Fig. 1). The arm was immersed in a tank of warm
water to each marked level and the displaced volume mea-
sured, as per the method of Kettle et al,11 but based on the
technique first described by Archimedes (290–211 BC).

Arm circumference measurements were made at MP
and C-15. In addition, forearm circumference measurements
were made at the midpoint between the tip of the ulnar styloid
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process and the lateral epicondyle of the humerus (F-MP) and
at a point 10 cm below the lateral epicondyle of the humerus
(C-10). Circumference measurements made at all 4 of these
points on the arm were summed (Sum). These points were
marked with the arm positioned as previously described.

To account for the natural asymmetry of the arms as a
result of right or lefthandedness, arm volume and circumfer-
ence measurements were made in a control group of 21
healthy volunteers: 11 females, 10 males, 18 righthanded, 3
lefthanded, median age 38 years (range, 23–68 years). The
mean difference in volume (or circumference) measurements
between the dominant arm and the other arm in this control
group was calculated for each measurement point, and this
was subtracted from the volume (or circumference) measure-

ment of each patient’s dominant arm made at the correspond-
ing measurement point.

Defining Lymphedema
After correction for the effect of right of lefthanded-

ness, change in arm volume was expressed as a fraction of the
volume of the arm on the nondissected side. Lymphedema
was then defined as a fractional volume increase of the arm
on the dissected side in excess of a critical discriminator
value determined objectively by classification and regression
tree (CART) analysis.12

CART is a nonparametric, recursive-partitioning algo-
rithm that yields a tree-structured rule for prediction. This
method allows comparison of multiple “predictor” variables
to derive an optimal discriminator value in 1 or more of these
variables. The relationship of patients’ particular “predictor”
values to the optimal discriminator then allows their assign-
ment to a categorical outcome. In our application, the “pre-
dictor” variables were the fractional arm volume increases for
each patient and whether they had actually noticed an in-
crease in the size of their arm. An optimal discriminator in the
form of a threshold fractional arm volume increase was
determined, and patients with a fractional arm volume in-
crease greater than this value were then considered to have
lymphedema.

To achieve this end, CART analysis begins with the
complete patient group and proceeds to split the group into
descendent subsets. The aim is to select optimal discriminator
values for splits yielding descending subsets “purer” with
respect to the original classification problem. Thus, each
subset should contain as many as possible patients belonging
to 1 particular class (patients who had a fractional arm
volume increase in the higher end of the spectrum and who
had noticed an increase in the size of their arm) and as few as
possible belonging to remaining classes (patients who had a
fractional arm volume increase in the lower end of the
spectrum and who had not noticed an increase in the size of
their arm). The optimal discriminator values were derived by
testing all possible discriminators in the analysis process and
were not predetermined by the investigators. The sensitivity,
specificity, false-positive and false-negative rates, and the
overall misclassification rate for the final classifications were
calculated.

It should be noted, however, that because there is no
acceptable “gold standard” definition for the presence of
lymphedema in the literature to date, it is not possible to
compare the definition derived from CART analysis in the
present study with any generally accepted ideal.

To determine if approximation of arm volume by arm
circumference measurement could provide a convenient al-
ternative to direct volume measurement, lymphedema prev-
alence values were also calculated from the circumference
measurements for comparison. Differences in circumference

FIGURE 1. Reference points for arm volume and circumference
measurements were marked with the elbow at a right angle
and the shoulder in the anatomic position. MP, midpoint
between the lateral epicondyle of the humerus and the acro-
mion of the shoulder; C-15, 15 cm above the lateral epicon-
dyle of the humerus; F-MP, midpoint between the tip of the
ulnar styloid process and the lateral epicondyle of the hu-
merus; C-10, 10 cm below the lateral epicondyle of the hu-
merus.
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between arms (measured at MP, C-15, and Sum) were also
expressed as fractions of the corresponding arm circumfer-
ence (or Sum thereof) on the nondissected side and the same
analysis applied to derive appropriate threshold fractional
circumference increase values for each measurement point
(or Sum thereof). Lymphedema prevalence values were then
calculated based on these threshold values. In addition, actual
volume and circumference measurements were correlated for
each arm separately as follows: circumference versus volume
(both measured at MP) and Sum of the 4 circumferences
versus volume measured at MP.

Subjective Measurements
Patients completed a brief questionnaire that asked for

their assessment of problems experienced after surgery. Pa-
tients were asked if they perceived a functional deficit im-
pacting on their ability to perform normal daily activities, if
they had noticed an increase in the size of their arm, and if
they had experienced any postoperative wound complications
(specifically, infection, hematoma, and/or seroma formation).

Statistical Analysis
Patients were considered in 2 groups: those who had

undergone axillary surgery only (n � 90) and those who had
received postoperative radiotherapy to the axilla in addition
to axillary surgery (n � 17). Arm volume and circumference
measurements were analyzed with repeated measures analy-
sis of variance, treating “arm” as the within-subject factor and
“group” as the between-subject factor. When significant in-
teraction was detected, stratified analysis was carried out,
which included testing the difference between arms using a
paired t test for the 2 groups separately as well as testing
whether the “difference between the 2 arms” was signifi-
cantly different between the 2 groups using an unpaired t test.
The significance of differences in proportions in patient
groups was assessed using a chi-squared analysis. Associa-
tions between volume and circumference measurements were
made using the Pearson correlation coefficient. Differences
between independent correlations were tested using Fisher’s
z transformation. Differences between dependent correlations
were tested using a formula described by Glass and Stanley.13

Factors associated with the presence of lymphedema and
subjective functional deficit were identified using logistic
regression analyses.

RESULTS

Effect of Handedness
The volume of the dominant arm was greater than the

other arm by 2.5% (approximately 50 mL) in the control
group.

Lymphedema Definition
The threshold fractional arm volumes determined by

separate CART analyses for each measurement point were

15.7% and 18.0% for MP and C-15, respectively. The sensi-
tivity, specificity, false-positive and false-negative, and over-
all misclassification rates were MP: 0.35, 0.98, 0.06, 0.35,
and 0.30, respectively; and C-15: 0.23, 1.0, 0, 0.38, and 0.34,
respectively. The classification tree for MP is shown in
Figure 2.

The same analysis of the circumference measurements
yielded threshold fractional circumference values of 3.2%,
3.3%, and 3.8% for MP, C-15, and Sum, respectively. The
sensitivity, specificity, false-positive and false-negative, and
overall misclassification rates were MP: 0.45, 0.88, 0.25,
0.34, and 0.32, respectively; C-15: 0.46, 0.88, 0.24, 0.33, and
0.31, respectively; and Sum: 0.55, 0.95, 0.10, 0.28, and 0.23,
respectively.

Lymphedema Prevalence and Severity
Lymphedema prevalence values, based on the defini-

tions derived from CART analysis of data from each mea-
surement point (or sum thereof), are summarized in Table 1.
Based on the lymphedema definition and volume measure-
ments for MP, the prevalence of lymphedema was 10% in
patients who had axillary surgery only and 53% in patients
who had additional radiotherapy.

FIGURE 2. Classification tree for arm volume measured at MP.
An arm volume increase of �15.7% the volume of the control
arm was determined by CART analysis to provide the optimal
point of discrimination, allowing patients to be partitioned
into 2 groups (A and B) on the basis of arm volume measure-
ments. Group A contains as many as possible patients who
experienced larger arm volume increases and who actually
noticed this themselves, and group B contains as many as
possible patients who experienced smaller arm volume in-
creases (if at all) and who did not notice any volume change
themselves. Of 106 patients (MP volume measurements were
unavailable from 1 patient), 48 perceived an increase in arm
volume. When these patients were partitioned, group A con-
tained 18 patients with arm volume increases above 15.7%,
17 of these patients perceiving a volume increase, whereas
group B contained 88 patients with volume increases less than
15.7%, 57 of these patients not perceiving any volume
change.
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Arm volume and circumference measurements, cor-
rected for the effect of handedness, are summarized in Table
2. In all patients, the volume of the arm on the side of the
dissection was significantly greater than that of the other arm
when measured at either MP or C-15. The circumference of
the arm on the side of the dissection was significantly greater
than that of the other arm only in patients who had both
surgery and radiotherapy when measured at either MP or
C-15. The Sum of the 4 arm circumference measurements

was significantly greater for the arm on the side of the
dissection in all patients.

Lymphedema severity, reflected by the magnitude of
the volume difference between arms, was significantly
greater in patients who received surgery and radiotherapy,
compared with those who had surgery only (mean � SD: MP:
559.7 mL � 433 mL versus 150.5 � 200, C-15: 526.6 � 427
versus 136.1 � 199, both P � 0.001). The magnitude of the
difference between arms for all circumference measurements

TABLE 1. Patients With Lymphedema Based on CART Analysis Derived Definitions for Each Volume and
Circumference Measurement Point (or Sum Thereof)

Volume Circumference

*No. of Patients
Measured

No. With
Lymphedema

*No. of Patients
Measured

No. With
Lymphedema

Surg (n � 90) MP 89 9 (10%) 87 16 (18%)
C-15 88 4 (5%) 90 16 (18%)
Sum — — 87 17 (20%)

Surg & RT (n � 17) MP 17 9 (53%)† 17 12 (71%)†

C-15 17 8 (47%)† 17 13 (77%)†

Sum — — 17 12 (71%)†

All patients (n �107) MP 106 18 (17%) 104 28 (27%)
C-15 105 12 (11%) 107 29 (27%)
Sum — — 104 29 (28%)

*Some volume or circumference measurements were unavailable from a small number of patients in the surgery-only group.
†Significantly greater proportion than in Surg, P �0.005.
MP, point midway between epicondyle and acromion; C-15, point 15 cm above lateral epicondyle of humerus; Sum, sum of

circumference measurements taken at the 4 measurement points; Surg, axillary dissection only; Surg & RT, axillary dissection and
axillary radiotherapy.

TABLE 2. Arm Volume and Circumference Measurements (Corrected for Handedness)

Surg (n � 90) Surg & RT (n � 17) All Patients (n � 107)

Volume (mL) MP Diss 2787.9 � 580* 3318.4 � 799* 2873.0 � 646*
Other 2637.4 � 520 2758.7 � 604 2656.9 � 533

C-15 Diss 2666.8 � 537* 3052.2 � 660* 2729.2 � 573*
Other 2530.8 � 477 2525.6 � 504 2529.9 � 479

Circumference (cm) MP Diss 32.6 � 4 34.3 � 3† 32.9 � 3
Other 32.6 � 4 32.4 � 3 32.6 � 3

C-15 Diss 32.2 � 3 34.0 � 3† 32.5 � 3
Other 32.1 � 3 31.4 � 3 32.0 � 3

Sum Diss 118.3 � 13† 124.9 � 13† 119.4 � 13†

Other 117.1 � 12 116.5 � 11 117.0 � 12

Values are means � standard deviations.
*Significantly greater than “other” arm volume, P �0.001.
†Significantly greater than “other” arm circumference, P �0.01.
MP, point midway between epicondyle and acromion; C-15, point 15 cm above lateral epicondyle of humerus; Sum, sum of circumferences

measured at the 4 points on the arm; Diss, dissected arm; Other, other or nondissected arm; Surg, axillary dissection only; Surg & RT, axillary
dissection and axillary radiotherapy.
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(MP, C-15, and Sum) was significantly greater in patients
receiving surgery and radiotherapy compared with those who
received surgery only (mean � SD: MP: 1.9 cm � 2 cm
versus 0.0 � 1, C-15: 2.6 � 2 versus 0.1 � 1, Sum: 8.5 � 7
versus 1.2 � 4, all P � 0.001).

Single volume and circumference measurements made
at MP for each arm were significantly correlated (arm on
dissected side: r � 0.80; other arm: r � 0.79, both P �
0.001). The Sum of the 4 circumference measurements and
volume at MP for each arm were also significantly correlated
(arm on dissected side: r � 0.91; other arm: r � 0.90, both
P � 0.001). However, when these correlations were com-
pared, correlations involving the summed circumference
measurements were significantly better than those involving
only a single circumference measurement in both the arms on
the dissected side and the other arms (both P � 0.05).

Risk Factors
The following factors were analyzed for their possible

association with the presence of lymphedema (based on
volumes measured at MP): gender, age, time from surgery,
occurrence of wound complications after surgery, whether
the dissection was on the side of the dominant arm, radio-
therapy, and the proportion of positive lymph nodes removed
from the axilla. Radiotherapy (odds ratio �OR�, 14.3; 95%
confidence interval �CI�, 2.8–75.0; P � 0.01) and wound
complications (OR, 9.1; 95% CI, 2.2–36.8; P � 0.01) were
found to be independently associated with the presence of
lymphedema. Age was of borderline significance (OR, 1.1;
95% CI, 1.00–1.12; P � 0.057).

There was no difference in the proportions of patients
with defined lymphedema between those who underwent a
SNB before their axillary dissection and those who did not.

Subjective Data
Patients’ perceptions of the size and function of the arm

on the side of the axillary dissection and the relationship of
this to the presence of lymphedema (based on volumes
measured at MP) are summarized in Table 3. Forty-five
percent of all patients perceived an increase in the size of the
arm on the side of the dissection, and 31% of all patients
considered they had some functional deficit in this arm. These
proportions were significantly higher among patients who had
surgery and radiotherapy compared with surgery only. There
was no significant difference in the proportions of males and
females who perceived either a size increase or a functional
deficit. Perceived functional deficit did not correlate well with
actual lymphedema measured at MP, r � 0.24. However,
when the genders were considered separately, the correlation
was slightly better in males than females (r � 0.26 versus
0.16), although this difference was not significant. There was
no significant difference in the proportion of patients who
perceived functional deficit after having had surgery on the
side of their dominant arm compared with those who had
surgery on the side of their nondominant arm.

The following factors were analyzed for their possible
association with the perceived loss of arm function after
surgery: lymphedema (based on volumes measured at MP),
gender, age, time from surgery, occurrence of wound com-
plications after surgery, whether the dissection was on the

TABLE 3. Patients’ Perception of Arm Size and Function in Relation to the
Presence of Lymphedema (Based on Volumes Measured at MP) After Axillary
Dissection

Perceived Size
Increase? (No. of

Patients)

Perceived
Functional Deficit?

(No. of Patients)

Yes No Yes No

All patients (n � 106)* Lym 17 1 10 8
No lym 31 57 23 65
Total 48 (45%) 58 33 (31%) 73

Surg (n � 89)* Lym 8 1 4 5
No lym 25 55 18 62
Total 33 (37%) 56 22 (25%) 67

Surg & RT (n � 17) Lym 9 0 6 3
No lym 6 2 5 3
Total 15 (88%)† 2 11 (65%)† 6

*Data unavailable from 1 patient in the surgery-only group.
†Significantly greater proportion of patients than “surgery,” P �0.005.
Lym, lymphedema defined at MP; Surg, axillary dissection only; Surg & RT, axillary dissection and

axillary radiotherapy.
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side of the dominant arm, radiotherapy, and the proportion of
positive lymph nodes removed from the axilla. Only radio-
therapy (OR, 9.9; 95% CI, 1.8–53.1; P � 0.01) was inde-
pendently associated with perceived functional deficit.

DISCUSSION
Lymphedema is a serious and unpleasant complication

of axillary or groin lymph node dissection and represents an
added physical and psychologic burden for a patient already
attempting to cope with a diagnosis of cancer. Lymphedema
is disfiguring, may interfere with limb function, cause a
chronic feeling of heaviness and discomfort, and may result
in psychologic morbidity and psychosocial maladjustment.14

Moreover, chronic lymphedema may predispose to recurrent
infection,3 and even the development of lymphangiosarco-
ma,15,16 a rare, but fatal disease (Fig. 3).

In the present study, lymphedema was objectively de-
fined as an increase in the volume of the arm on the side of
the dissection greater than 16% of the volume of the other
arm when measuring arm volume to the midpoint between the
lateral epicondyle of the humerus and the acromion of the
shoulder. This definition was based on the results of CART

analysis of measured arm volume changes together with
patients’ perceptions of any arm volume changes after com-
plete level I–III axillary dissection for melanoma.

Based on this definition, the prevalence of arm
lymphedema was 10% in 90 patients who underwent com-
plete level I–III axillary dissection only and 53% in an
additional 17 patients who underwent axillary radiotherapy
after their axillary dissections. The overall prevalence in the
entire patient group was 17% (n � 107).

Previous attempts to objectively measure lymphedema
prevalence have relied on definitions such as an absolute
volume difference of greater than 200 mL between the arm on
the dissected side and the other arm6,17,18 and an increase in
the absolute circumference of the dissected arm above that of
the other arm.6 Variations in the definitions applied in these
previous studies greatly limit the comparisons that may be
made between them. In addition, such definitions are purely
arbitrary and rely on differences in absolute volumes or
circumferences, which do not account for the size of the
patient. It is difficult to interpret the significance of lymphed-
ema prevalence values derived from such definitions, because
the defined condition may not necessarily be of clinical
significance in all patients. In a large male, for example, a
volume difference between arms of 250 mL may go unno-
ticed, whereas in a small female, the same difference may
contribute to significant functional restriction as a result of a
heavy swollen limb.

The definition for lymphedema applied in the present
study relies on the change in volume of the arm on the side
of the dissection being expressed as a fraction of the other
arm volume, thereby accounting for the size of the patient.
Moreover, using the 2 different “predictor” variables (actual
volume changes and patients’ perception of any volume
changes) to determine thresholds for arm volume increases
allowed determination of a more clinically meaningful cate-
gorical outcome. Patients with defined lymphedema in the
present study were more likely to have actually noticed the
swelling themselves, and therefore, had the condition impact
on their lives in some form.

Lymphedema was defined as a fractional arm volume
increase in excess of 15.7% for volumes measured at MP and
18.0% for volumes measured at C-15. The slight difference in
threshold values determined by separate CART analyses of
data from each measurement point resulted in lower
lymphedema prevalence values calculated from C-15 volume
measurements compared with MP measurements (Table 1).
This small difference in threshold values is most likely a
result of magnification of a small degree of measurement
error and anatomic variation between the arms of most
patients in each CART analysis procedure. Despite the effect
on prevalence values, however, there appears to be no benefit
in using 1 of these measurement points over the other, and we
recommend the use of MP for simplicity and consistency.

FIGURE 3. Chronic lymphedema of the right upper limb in a
53-year-old man 6 years after level I–III axillary dissection and
postoperative radiotherapy for metastatic melanoma.
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Approximation of arm volume by measuring arm cir-
cumference does not provide a comparable method for deter-
mining lymphedema prevalence. Lymphedema prevalence
values derived from circumference measurements are over-
estimated. Measuring circumference in more than 1 location
(instead of relying on a single value) appears to provide a
better approximation of arm volume; however, analysis of
summed circumference values does not yield comparable
lymphedema prevalence values.

Postoperative axillary radiotherapy is clearly a major
risk factor for the development of lymphedema in patients
with melanoma and also appears to be associated with more
severe lymphedema. These findings are in agreement with
many studies of patients with breast cancer.19–22 Two recent
studies in patients with melanoma reported high incidences of
arm lymphedema, based on clinical judgment, after axillary
dissection and radiotherapy. Ballo et al23 reported a 5-year
actuarial lymphedema rate of 41%, and Stevens et al24 ob-
served lymphedema in 58% of patients who survived for 2
years without recurrence.

The occurrence of postoperative wound complications
(infection, hematoma, and/or seroma formation) reported by
the patient was also identified as an independent risk factor
for the development of lymphedema. Indeed, postoperative
wound complications, especially infection, have often been
put forward as etiologic factors for postoperative lymphede-
ma.1,20 Age was of borderline significance as an independent
risk factor for the development of lymphedema in the present
study; however, increasing age has previously been suggested
to be related to a higher incidence of postoperative wound
complications after axillary dissection for melanoma.6 Gen-
der, time from surgery, and whether the dissection was
performed on the side of the dominant arm had no bearing on
the occurrence of lymphedema. Disease burden, as indicated
by the proportion of lymph nodes positive for melanoma
recovered from the axilla, also had no bearing on the occur-
rence of lymphedema. Treatment factors, and complications
thereof, thus appear to be the prime determinants of the
development of lymphedema in patients with melanoma.

Although it is not possible to make definitive conclu-
sions based on the results of the present study, it is likely that
differences in general management principles for melanoma
versus breast carcinoma affect the postoperative lymphedema
rate. Studies in patients with breast carcinoma, in which
lymphedema has been defined as an increase in arm volume
of greater than 200 mL on the side of the surgery, have
reported prevalence values of 25.5%,19 10%,20 and 7.6%.18

When this same definition is applied to the patients with
melanoma in the present study, the prevalence values are
32% for surgery only, 77% for surgery and axillary radio-
therapy, and 39% overall. Despite the limitations of this
definition and differences in patient populations, it is of
interest to note that prevalence values derived from our

patient group are greater than those reported in patients with
breast carcinoma using the same method. Removal of only
the level I and II axillary nodes (below the lateral border and
behind the pectoralis minor, respectively) is frequently per-
formed in the treatment of breast carcinoma,5 whereas all 3
levels of axillary nodes (including the highest axillary nodes
medial to the superior attachment of pectoralis minor) are
usually removed for melanoma.4 Furthermore, irradiation of
the axilla after axillary surgery is unusual in the treatment of
breast cancer.

In the present study, 31% of patients felt that their
ability to perform daily activities had been impaired after the
axillary dissection. However, the perception of functional
deficit did not correlate well with actual lymphedema. This
suggests that postoperative factors other than just a swollen
and heavy limb may contribute to the perception of functional
deficit.

Radiotherapy was identified as an independent risk
factor for perceived functional deficit. Although radiotherapy
clearly increases the risk of a swollen and heavy arm after
axillary dissection, it is also generally accepted that radio-
therapy increases the severity of a number of postoperative
complications such as pain, numbness, and scarring,5 which
may represent some of the factors that also contribute to the
perception of functional deficit.

Wrone et al25 have suggested that the SNB procedure
may present a small risk for the development of lymphedema.
In their review of 235 patients after SNB, 1.7% were judged
to have developed mild lymphedema on clinical observation.
The SNB procedures, however, were not confined to the
axilla, and almost half of the cases of lymphedema occurred
in the lower limb after biopsy of nodes in the inguinal region.
Some patients (28%) in our study underwent an axillary SNB
before axillary dissection; however, this did not effect on the
development of lymphedema.

In conclusion, the findings of the present study suggest
that an appropriate definition for arm lymphedema after
axillary dissection is an arm volume increase of greater than
16% of the volume of the control arm when measuring arm
volume to the midpoint between the lateral epicondyle of the
humerus and the acromion of the shoulder. Based on this
definition, the lymphedema prevalence was 10% after com-
plete level I–III axillary dissection for melanoma and 53%
after additional postoperative axillary radiotherapy. Postop-
erative axillary radiotherapy and surgical wound complica-
tions are independent risk factors for the development of
lymphedema. Subjective functional deficit after level I–III
axillary dissection does not correlate well with actual
lymphedema defined in the present study.
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