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Abstract

Background: The benefits of sentinel node biopsy for melanoma 
are well established, while the risks have received less attention. 
This study was undertaken to establish the incidence of lower ex-
tremity lymphedema following inguinal SNB and to identify risk 
factors predictive for the development of lymphedema.

Methods: We conducted a retrospective chart review of all patients 
undergoing SNB at our institution between January 2000 and De-
cember 2007. Sixty-five patients were identified who had a lower 
extremity melanoma and underwent inguinal SNB in the absence 
of a completion lymph node dissection. After a minimum one year 
of follow-up, all patients were surveyed regarding their qualitative 
assessment of lymphedema.

Results: Forty patients returned surveys and are the subject of this 
study. Fourteen of 40 patients (35%) reported experiencing post-
operative lymphedema, with 9 patients (23%) having lymphedema 
that persisted for more than 1 year. The onset occurred within 1 
month of surgery in 8 patients (25%). Lymphedema was described 
as minimal or mild by 13 patients and severe by 1 patient. Lymph-
edema requiring support stocking use was reported by 10 patients 
(25%). An increased incidence of post-operative lymphedema was 
found to be associated with primary tumors located on the lower 

leg or foot.

Conclusions: Fourteen patients (35%) undergoing inguinal SNB 
experienced post-operative lymphedema, with 9 patients (23%) 
having persistent lymphedema for more than 1 year. These num-
bers are higher than in previously reported series. Location of the 
melanoma on the lower leg or foot appeared to be a significant risk 
factor.
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Introduction

For patients with melanoma, the benefits of sentinel lymph 
node biopsy (SNB) in the staging of regional lymph nodes 
has been confirmed both by an abundance of data demon-
strating its prognostic efficacy [1-3] and by comparison 
with the morbidity of its predecessor - the elective lymph 
node dissection (ELND) [4-6]. In recent years, several stud-
ies have shown that SNB is considerably less morbid than 
ELND. Two large multi-institutional prospective studies 
have reported complication rates of 4.6% and 10.1% for 
SNB alone when compared with 23.2% and 37.2% for SNB 
plus completion lymph node dissection [7, 8]. In the report 
by Wrightson et al, the incidence of lymphedema following 
SNB was quoted as 0.66%. When inguinal SNB was exam-
ined alone, the incidence of lymphedema increased to only 
1.5% [7]. 

These studies have led to the widespread assertion that 
SNB is a safe and minimally invasive procedure. Data is lim-
ited, however, regarding the true incidence of lymphedema 
for patients undergoing SNB for lower extremity melanoma.  
Since this complication can have significant adverse conse-
quences on a patient’s quality of life and is potentially per-
manent, we decided to evaluate our own experience with this 
issue. Insight into the occurrence of lymphedema and risk 
factors leading to its development could also potentially lead 
to further reductions in the complications associated with 
SNB. This study was therefore done to establish the inci-
dence of lymphedema following SNB for lower extremity 
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melanoma and to identify potential risk factors that might be 
predictive of post-operative lymphedema.

 
Materials and Methods

   
A database of all patients who underwent SNB at Tufts Med-
ical Center for cutaneous melanoma between January 2000 
and December 2007 was reviewed.  Inclusion criteria includ-
ed living patients who had a lower extremity melanoma ≥1 
mm in depth and underwent inguinal SNB with or without 

concomitant iliac SNB. All patients were operated on by one 
of two surgeons (RG and JR). Sentinel node location was 
mapped with preoperative lymphoscintigraphy.  Intraopera-
tively, sentinel nodes were identified with a handheld gamma 
probe detector and visualized following an intradermal in-
jection of isosulfan or methylene blue dye. Patients with pos-
itive sentinel nodes who underwent completion lymph node 
dissection (CLND) were excluded from analysis. Review of 
operative notes, pathology results, and nuclear medicine re-
ports provided details concerning the location and number of 
sentinel nodes removed.  

Characteristic n (%)

Age at diagnosis (years)

Median 61.5

Range 26 - 85

Sex

Male 14 (35)

Female 26 (65)

Body Mass Index (kg/m2)

Mean 26.54

≤ 24.99 19 (47.5)

25 - 29.99 13 (32.5)

30 - 34.99 4 (10)

≥ 35 4 (10)

Tumor location

Above knee 22 (55)

Below knee/foot 18 (45)

Breslow depth (mm)

     Mean 2.15

Number of sentinel nodes removed

Mean 3.1

Range 1 - 9

1 6 (15)

2 - 3 23 (58)

4+ 11 (27)

Ulceration

Present 10 (25)

Regression

Present 7 (17)

Table 1. Patient Clinico-Pathologic Features (n = 40)
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After a minimum 1 year follow-up, patients were sent 
questionnaires regarding their qualitative assessment of 
post-operative lymphedema. The investigators defined post-
operative lymphedema to the survey respondents as any en-
largement or swelling of the foot or leg and did not include 
swelling associated with the surgical incision. The question-
naires then asked patients to comment on the following: (1) 
presence or absence of lymphedema; (2) onset of lymphede-
ma (< 1 month vs >1 month); (3) severity of lymphedema 
(minimal/mild/severe); (4) duration of lymphedema (1 - 3 
months/3 - 6 months/6 - 12 months/ > 12 months; (5) daily 
occurence of lymphedema (infrequent/after extensive stand-
ing/always present); and (6) use of a support stocking (no/
occasional/often/always). For data analysis, the authors de-
fined lymphedema as any swelling (minimal/mild/severe) 
that persisted beyond 1 year or required support stocking use 
for management. Of note, no patients were referred for treat-
ment of chronic lymphedema.

Statistical comparisons were made using the chi-squared 
test, Fisher’s exact test, and Wilcoxon’s two-sample test 
where appropriate; p values ≤ 0.05 were considered statisti-
cally significant.  This study was approved by the institu-
tional review board at Tufts Medical Center.

 
Results

  
We identified 65 patients who underwent SNB for lower 
extremity melanoma in the absence of a subsequent CLND 
from January 2000 to December 2007. Forty patients re-
turned their questionnaires and are the subject of this study. 
There were 14 males and 26 females with a median age of 
61.5 years (range 26 - 85 years). Median time to follow-up 
was 30.5 months (range 12 - 94 months). Patient clinical and 
pathological characteristics are listed in Table 1.

 
Patient assessment of lymphedema

Fourteen of 40 patients (35%) reported experiencing post-

operative lymphedema, although only 9 patients had lymph-
edema that persisted beyond 1 year (23%). Of those experi-
encing lymphedema, the onset occurred within 1 month of 
surgery in 8 patients (25%) (Table 2). 

The degree of swelling was described as minimal by 2 
patients, mild by 11 patients, and severe by 1 patient. Ten 
patients elected to wear a support stocking and described 
wearing the stocking either on occasion (4 patients) or of-
ten/always (6 patients). Two patients reported limitations in 
their daily activities as a result of the swelling. Only 1 patient 
reported that he/she would not elect to have the SNB proce-
dure again.

Predictors of lymphedema

Several potential risk factors for the development of post-op-
erative lymphedema were assessed: age at diagnosis, gender, 
body mass index (BMI), location of the primary melanoma, 
surgical margin, type of wound closure, number of lymph 
nodes removed, concomitant removal of iliac lymph nodes, 
and operating surgeon. The only variable that was associated 
with an increased incidence of lymphedema was location of 
the primary tumor (Table 3). Lesions of the lower leg and 
foot were more frequently associated with post-operative 
lymphedema than lesions located above the knee (78.6% v. 
21.4%, Fisher’s, P < 0.05).

Discussion
  
Sentinel node biopsy has been widely adopted in the man-
agement of patients with melanoma > 1 mm in depth. Sev-
eral recent studies have confirmed its widespread use and the 
attendant low risk of complications or significant morbid-
ity. Most studies, however, have portrayed SNB as a single 
procedure without appropriate distinction of SNB involving 
cervical, axillary, and inguinal lymph node basins.  When 
studies have focused on inguinal SNB alone, there was an 
increased morbidity when compared with SNB performed 

Table 2. Post-Operative Lymphedema: Onset and Duration (n = 14)

Onset of lymphedema 
following surgery

Duration of 
lymphedema

< 1 month 8 1

1 - 6 months 3 1

6 - 12 months 2 3

> 12 months 1 9
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Risk Factors
Post-operative lymphedema 
(n = 14)
n (%)

No complications 
(n = 26), n (%) P valuea

Gender

Male 3 (21.4) 11 (42.3) 0.2992c

Female 11 (78.6) 15 (57.7)

Surgeon

RG 11 (78.6) 13 (50.0) 0.1010c

JR 3 (21.4) 13 (50.0)

Age at diagnosis

Mean (SD) 57.8 (± 16.4) 60.6 (± 15.9) 0.5928b

SEM (95% CLM) 4.4 (48.3 - 67.2) 3.1 (54.1 - 67.0)

Median (range) 60.5 (35 - 84) 64.5 (26 - 85)

Tumor location

Above knee 3 (21.4) 19 (73.1) 0.0027c

Lower leg and foot 11 (78.6) 7 (26.9)

Surgical margins

1 cm 8 (57.1) 8 (30.8) 0.1044

2 cm 6 (42.9) 18 (69.2)

Number of SNs removed

1 2 (14.3) 4 (15.4) 1.0000c

2 - 3 8 (57.1) 15 (57.7)

4+ 4 (28.6) 7 (26.9)

Body mass index

Mean (SD) 28.3 (8.4) 25.6 (4.6) 0.4738b

SEM (95% CLM) 2.2 (23.5 - 33.1) 0.9 (23.7 - 27.4)

Median (range) 25.15 (22.3 - 52.3) 25.05 (18.1 - 36)

SN location

Inguinal 8 (57.1) 17 (65.4) 0.6076

Inguinal and Iliac 6 (42.9) 9 (34.6)

Wound closure

Primary 11 (78.6) 21 (80.8) 1.0000c

Skin graft 3 (21.4) 5 (19.2)

Table 3. Predictors of Lymphedema Following SNB

achi-square unless otherwise noted; bWilcoxon’s two-sample test; cFisher’s exact test.
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at other sites [9, 10]. It therefore seemed appropriate to not 
only evaluate the incidence of lymphedema associated with 
lower extremity melanomas, but to also search for risk fac-
tors predictive of who is at greatest risk for the development 
of lymphedema.  

In the current study, the overall initial incidence of 
lymphedema following inguinal sentinel lymph node biop-
sy was 35%, with 23% of patients describing lymphedema 
that persisted beyond 1 year. This incidence is higher than 
that reported in previous studies (1.5-12%) but is consistent 
with the lack of consensus regarding the true incidence of 
lymphedema [7, 11, 12]. Furthermore, considerable vari-
ability exists amongst the techniques used for detecting and 
classifying lymphedema. The present study asked patients to 
document the presence or absence of lymphedema based on 
their own perception of swelling. In the report by Wrightson 
et al, there was no information provided for the methodology 
used in detecting lymphedema, nor was lymphedema classi-
fied according to severity. In the report by de Vries et al [11], 
limb volume was measured by volume displacement, with 
an increase of 6.5% being the cutoff for clinically significant 
lymphedema. The clinical relevance of using objective limb 
volume measurements as the definition for lymphedema has 
yet to be determined [13]. 

Additionally, recent studies in breast cancer patients 
have suggested that the subjective sensation of swelling 
and arm heaviness may in fact be predictive of progressive 
lymphedema [14, 15]. Due to the focus on patient-centered 
assessment, the present study’s design likely allowed for 
the identification of minor degrees of swelling that would 
have previously gone unnoticed, as evidenced by 13 of 14 
cases being subjectively classified as minimal or mild. By 
comparison, only 1 of 14 (7.1%) cases was reported to be 
severe - an incidence that is similar to pre-existing reports 
of the incidence of lymphedema [16]. These subjective cases 
of mild lymphedema are unlikely to produce significant limb 
enlargement or findings on physical exam but are still signif-
icant based on patient perception and potential impairment 
to the patient. Knowledge of the real incidence of subjective 
lymphedema has implications for the care and counseling of 
the melanoma patient undergoing inguinal SNB - both in the 
pre-operative assessment of risks and benefits and in the co-
ordination of care following surgery. 

Previous authors have indicated that both the number of 
sentinel lymph nodes removed and the location of the nodal 
basin may serve as predictors of morbidity following SNB 
[10, 17]. This study, however, failed to demonstrate a corre-
lation between the number of nodes removed and the occur-
rence of lymphedema. Similarly, the risk of lymphedema did 
not increase when iliac lymph nodes were removed in addi-
tion to inguinal lymph nodes. Nevertheless, the present study 
did identify a novel risk factor specific to the development of 
lymphedema: primary tumors located below the knee. The 
relationship between lower leg melanoma and lymphedema 

has not been described elsewhere and its etiology is unclear. 
The smaller leg circumference and the increased density of 
lymphatics on the lower leg and foot [18] suggest that re-
moving a greater percentage of the limb’s lymph drainage 
via wide local excision may be responsible. However, data 
from the present study also found that larger surgical mar-
gins were not associated with lymphedema, implying that 
wide local excision alone is not the sole cause. Further re-
search is needed to delineate the association between lymph-
edema and melanoma located below the knee.  

Although the present study attempted to capture the 
true burden of post-operative lymphedema, there are several 
limitations to our data. Given that the occurrence of lymph-
edema was measured retrospectively by subjective report-
ing, our classification according to severity is not as valid 
as an objective measurement of limb volume. In addition, 
the role of reporting bias in distorting the true incidence of 
lymphedema must be considered. Lastly, alternative expla-
nations for the high incidence of lymphedema in our series, 
such as failure of surgical technique, cannot be completely 
dismissed. 

In summary, this study found that the incidence of post-
operative lymphedema following an inguinal SNB was 35%, 
with 23% of patients having persistent lymphedema beyond 
1 year.  Location of melanoma on the lower leg or foot was 
found to be a significant risk factor for developing lymph-
edema.  Patients undergoing inguinal SNB should therefore 
be appropriately counseled and managed.
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