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Background:The aimof lymphnode dissection formelanomapatients is to preventmetastasis. However, this pro-
cedure is accompanied by a long-term and impaired life-quality complication called extremity lymphedema. This
condition involves long-term lower limb swelling, which causes discomfort and impaired function, and affects
patients both physically and psychologically. Herein, we conducted a retrospective cohort study at a single center
to investigate the risk factors associated with lower extremity lymphedema after inguinal lymphadenectomy.
Materials and Methods: We identified 136 inguinal lymphadenectomy melanoma patients treated between
January 2010 and January 2021. The patients' demographic, clinical, and pathological data and postoperative out-
comeswere collected by electronicmedical record review andpatient follow-up. The patients' postoperative out-
comeswere defined as lower extremity swelling and lower extremity lymphedema. Univariate andmultivariate
analyses were used to determine the independent predictors of lower extremity lymphedema.
Results: The follow-up results from 85melanoma patients who underwent inguinal lymphadenectomywere an-
alyzed. Multivariate logistic regression analysis showed that number of lymph nodes removed≥10 was the sig-
nificant risk factor for postoperative lower extremity lymphedema (odds ratio = 6.468, P = .042, 95%
confidence interval: 1.069 to 39.147). Moreover, 8 (100%) patients in the lower extremity lymphedema group
and 32 (53.3%) patients in the normal group were female, which indicated that female patients might be more
susceptible to postoperative lower extremity lymphedema (P = .012).
Conclusion: Our study found that number of inguinal lymph nodes removed ≥10 was associated with a signifi-
cantly higher incidence of lower extremity lymphedema with a 6.5-fold increased risk in melanoma patients.
Also, female patients were more likely to develop lower extremity lymphedema after inguinal lymphadenec-
tomy.

© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
BACKGROUND

Melanoma is a common yet aggressive skin cancer. In recent de-
cades, the annual growth rate of melanoma incidence has been approx-
imately 3%–5%. One clear etiology for melanoma is excessive ultraviolet
exposure, which causes a very common pathological classification
called superficial spreadingmelanoma in thewhite population. However,
acral lentiginous melanoma is a low-morbidity type among all patho-
logical classifications of melanoma and dominates in Asian and African
populations. To standardize acral melanoma diagnosis and treatment
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in China, the Chinese Society of Clinical Oncology Melanoma Group re-
visedmany recommendations for clinical practice guidelines. Once a pa-
tient is pathologically diagnosed, wide lesion excision (WLE) and
sentinel lymph node biopsy (SLNB) are necessary to obtain the Tumor,
Node, and Metastasis stage for subsequent treatment. Also, patients
with positive sentinel lymph node (SLN) or clinically evident regional
LNmetastases could receive complete LN dissections (CLNDs) to reduce
the rate of distant metastasis. However, the Multicenter Selective
Lymphadenectomy Trial 1 indicated that the clinical evidence for this
procedure in SLN-positive patients is lacking [1]. The updated clinical
guidelines and Multicenter Selective Lymphadenectomy Trial 2 recom-
mended active surveillance or follow-up of SLN-positive patients as rou-
tine practice [2,3].

LN dissection, such as CLND, is associated with postoperative com-
plications [4]. Inguinal LN dissection has resulted in significantly higher
morbidity than axillary and cervical LN dissections. The prevalence of
chronic lymphedema after axillary LN dissection is approximately 10%,
er the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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whereas it can be up to 35% after inguinal LN dissection [5]. However,
studies have reported that the SLNB positive rate in patients with mela-
nomas smaller than 1.0 mm (T1 stage) is only 8.9% [6], and the 10-year
survival rate of the T1 stage is up to 93% [7]. Most patients with positive
SLNs do not have further LN metastasis evidence after CLND [8]. In this
case, the balance between the risk of complications from LN dissections
and patient benefits remains controversial.

As one of the long-term complications after LN dissection, lymph-
edema is themost common physical disturbance in melanoma survivors.
Histologic changes of cutaneous tissues include fibrosis, impaired func-
tion, and a life-long increased risk of limb inflammation [9]. Secondary
lymphedema is viewed as an untreatable adverse effect after a beneficial
therapy [10]. However, most previous studies involving lymphedema
followed by LN dissections were in the breast or urogenital cancer popu-
lations [11,12]. Studies have concluded that groin dissection, diabetes,
high body mass index (BMI), and peripheral vascular disease increase
the risk of lymphedema [13–15]. A transverse incision, saphenous vein
preservation, and videoscopic techniques have been shown to reduce
the incidence of lymphedema [16–18]. A recent malignant melanoma
study was conducted in the Danish population, which reported that sur-
gical site infection (SSI) might mediate the onset of lymphedema follow-
ing SLNB and CLND [19]. However, considering the racial differences of
patients and thepathological differences ofmelanoma, our study is neces-
sary. Given this, the purpose of this retrospective cohort study was to
evaluate the clinical characteristics of LEL and explore their risk factors.

MATERIALS AND METHODS

Patients. Our study was conducted as a retrospective study and re-
ported according to the recommendations of the Strengthening the
Reporting of Observational Studies in Epidemiology statement. The
study was conducted per the Declaration of Helsinki (as revised in
2013). This retrospective cohort study was Institutional Review Board
approved. For this type of study, formal consent is not required.We per-
formed a single-center retrospective cohort study using themedical re-
cords of theNanjingDrumTowerHospital from January 2010 to January
2021.We analyzed patients whowere diagnosedwithmalignantmela-
noma and underwent inguinal LN dissection. The enrolled patients pro-
vided their postoperative outcomes during follow-up by telephone or
return visit. Patients who received conservative treatment or WLE
alone were not included in this study (Fig 1). In total, 136 patients
were included.
Fig 1. Flowchart of enrollment. Flow diagram of patients included in and excluded from
the study. No outcome responda: no patients' postoperative outcomes feedback because
they had died and their family members did not respond to us either.
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Patient outcome information included the chief postdischarge sub-
jective physical complaint, subsequent visit physical examination and
imaging materials, and the self-reported lower-extremity lymphedema
screening questionnaire (SRLELSQ) score. The patients' demographic
(sex, age, BMI), clinical (follow-up outcome, surgical method, length
of stay, etc), and pathological (number and states of LNs removed,
tumor marker, etc) characteristics were collected. All patients received
early postoperative rehabilitation treatment during their hospitaliza-
tion, and postoperative problems were handled positively.

Surgical Technique. The surgical technique was performed according
to the Chinese melanoma clinical practice guidelines [20,21]. Patients
were diagnosed with malignant melanoma by primary lesion site bi-
opsy. For first-visit patients, WLE and inguinal SLNB (for T1b–T4 pa-
tients) were recommended. Preoperative Doppler ultrasound SLN
localization or intraoperative methylene blue staining methods were
applied to assist in SLNB. If the postoperative pathological diagnosis re-
ported SLN positivity, the patient could receive CLND or active surveil-
lance. The minimum number of LNs retrieved in standard-quality
inguinal LND was required to be≥10. Intraoperatively, damage to
blood vessels and nerves in the surgical area should be avoided, and
lymphatic vessels should be ligated as completely as possible.

Follow-Up. Follow-up was performed by telephone, outpatient clinic
visit, or online communication software (WeChat). Postoperative out-
comes were reported by the patients themselves, except for 3 patients
who had died. The patients were followed up in the first half-year
after discharge from the hospital and every year subsequently. During
follow-up, the information collected included the chief complaint, phys-
ical examination, postoperative imaging materials, and subsequent
therapy protocols.

Self-Reported Lower-Extremity Lymphedema Screening Question-
naire. The Mayo Clinic developed a screening questionnaire to detect
extremity lymphedema. The questionnaire includes 13 options and 5
degrees for each option (0 = not at all, 1 = a little bit, 2 = somewhat,
3 = quite a bit, 4 = very much). The questionnaire options related to
the leg, ankle, and foot sensation, including skin tightness, swelling,
pain, or discomfort. The scores ranged from 0 to 32 points, and scores
≥5 points indicated a positive screen.

Outcome Evaluation and Grouping Criteria
Lower Extremity Swelling

Patients included in the LES group satisfied the following inclusion
criteria: (1) LES complaint; (2) SRLELSQ score > 0; (3) limb swelling
feeling was aggravated after lower limb activity and alleviated after
rest; and (4) physical examination either showed or did not show a vis-
ible bilateral lower limb volume difference. Meanwhile, patients were
excluded according to the following criteria: (1) those with cardiovas-
cular, nephritic, or hepatic disease, which may result in tissue edema;
(2) patientswithmalnutrition conditions; (3) thosewith endocrine dis-
eases, such as hypothyroidism; (4) patients with lower limb vascular
disease, such as venous thrombosis; (5) thosewith lower limbmuscular
dystrophy; (6) patients who were taking drugs, such as calcium antag-
onist and nonsteroidal anti-inflammatory drugs; (7) those with severe
lower limb trauma; and (8) patients with other malignant tumors.

Lower Extremity Lymphedema
The limbs affected by lymphedemawere evaluated according to the

International Society of Lymphology criteria. Patients defined as having
LEL were required to satisfy the LES group criteria. These patients were
also required to meet the following criteria further: (1) visible bilateral
lower limb difference or progressive surgical side limb volume enlarge-
ment; (2) unable to conduct outdoor activity, and (3) SRLELSQ score ≥5.
Moreover, imaging materials, such as magnetic resonance imaging
(MRI), computed tomography (CT), or Doppler ultrasound, were
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considered to assist LEL diagnosis. MRI and CT were applied to display
soft tissue thickness or fibrosis (Fig 2) [22], and ultrasonography was
used to evaluate subcutaneous tissue thickness and blood vascular pa-
tency condition.

Statistical Analysis. Statistical analysis and graphing were performed
using IBM SPSS version 26.0 (SPSS, Chicago, IL, USA, RRID: SCR_002865)
and GraphPad version 8.0 (GraphPad Software, San Diego, CA, USA,
RRID: SCR_002798). The distribution condition of measurement data
was tested by skewness, kurtosis, a frequency histogram, and the
Shapiro–Wilk test. Dichotomous variables were expressed as simple fre-
quencies (n) or percentages (n%), and continuous variables (all presented
non-normal distribution) were summarized as median or range (mini-
mum–maximum). The Mann–Whitney U test (for cases of non-normal
distribution) was used to test for significant differences between the
measurement data of independent groups. The χ2 test (n ≥ 40) or Fisher
Exact Test (n<40)were used to assess the significant differences in enu-
meration data between 2 groups. Univariate logistic regression was
carried out to determine the unadjusted association of clinical and oper-
ative characteristics with postoperative complications. Following univar-
iate analysis, the surgery times and number of LNs removed (P < .05)
were entered into a multivariate logistic regression model to predict
lymphedema. Statistical tests were 2-tailed.
Fig 2.Magnetic resonance imaging displayed a typical lymphedema patientwith fibrosis and th
high signal.
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RESULTS

The final cohort study consisted of 85 patients who underwent
lymphadenectomy and provided their postoperative outcomes. The
postoperative follow-up results after surgery are shown in Tables 1
and 2 with different group criteria. According to LES evaluation criteria,
patientswere divided into LES and no LES groups (Table 1). The baseline
demographic data and postoperative pathological characteristics exhib-
ited no statistical difference between the groups. However, we identi-
fied 1 variable (length of stay) that showed a significant difference.
The LES group displayed a longer hospital stay time than the no LES
(or normal) group (25 [9–41] vs 18 [8–64] days, P = .018). Variables
that did not satisfy the dichotomous variable conditions (eg, surgical
treatment methods) were managed and analyzed later.

Patients were also divided into LEL and no LEL groups according to
the LEL evaluation criteria (Table 2). Occasionally, we found 1 variable
(sex) that showed a significant difference (χ2 = 7.487, P = .006). All
8 patients in the LEL group were female. We performed a pairwise
comparison based on patients' sexes and the SRLELSQ scores (Fig 3). A
score = 0 signified normal patients, scores 1–4 denoted LES but not
LEL patients, and scores ≥5 represented LEL patients. The pairwise com-
parison results indicated that "score ≥ 5" patients were significantly dif-
ferent to "score = 0" patients (χ2 = 6.347, P = .012) or "scores 1–4"
ickness in subcutaneous tissue. The T2-weighted images showed the stagnantwaterwith a



Table 1
Clinical and pathological characteristics with LES grouping criteria

Patient
characteristic

Total
(N = 85)

LES
(N = 25)

No LES
(N = 60)

U/χ2 P
value

Sex 0.051 .822
Male 39 (45.9%) 11 (44%) 28(46.7%)
Female 46 (54.1%) 14 (56%) 32 (53.3%)

Age (y) 61 (17–82) 62 (45–82) 61 (17–80) −0.738 .460
BMI (WHO
classification)

23.44
(16.53–34.42)

23.75
(19.05–30.8)

23.37
(16.53–34.42)

−0.661 .509

<18.5 4 (4.7%) 0 (0%) 4 (6.7%)
18.5 ≤ BMI <
25

56 (65.9%) 18 (72%) 38 (63.3%)

25 ≤ BMI < 30 19 (22.4%) 6 (24%) 13 (21.7%)
30 ≤ BMI < 35 6 (7%) 1 (4%) 5 (8.3%)

Primary
melanoma
localization
Planta 31 (36.5%) 8 (32%) 23 (38.3%)
Heel 19 (22.3%) 3 (12%) 16 (26.7%)
Toe 19 (22.3%) 7 (28%) 12 (20%)
Others 16 (18.8%) 7 (28%) 9 (15%)

Surface area of
lesion (cm2)

3.03
(0.09–34.1)

7.5
(0.09–23.4)

2.04
(0.09–34.1)

−1.765 .078

Surgical treatment
methods
SLND 34 (40%) 8 (32%) 26 (43.3%)
CLND 33 (38.8%) 11 (44%) 22 (36.7%)
SLND + CLND 11 (13%) 3 (12%) 8 (13.3%)
Other lymph
node
dissection
methods†

7 (8.2%) 3 (12%) 4 (6.7%)

The number of
LNs removed

5 (1–23) 7 (1–16) 4 (1–23) −0.852 .394

Tumor status of
LNs

1.199 .274

Positive 38 (44.7%) 14 (56%) 24 (40%)
Negative 43 (50.6%) 11 (44%) 32 (53.3%)
No report 4 (4.7%) 0 (0%) 4 (6.7%)

Maximal
diameter of LNs
removed (cm)

2 (0.3–5.5) 2.2 (1–5.5) 2 (0.3–5) −1.373 .170

Breslow
thickness
(mm)

4 (1.1–30) 4 (2–30) 3.5 (1.1–8) −1.135 .257

1.1–2 14 (16.5%) 3 (12%) 11 (18.3%)
2.1–4 20 (23.5%) 4 (16%) 16 (26.7%)
>4 21 (24.7%) 6 (24%) 15 (25%)
Unknown‡ 30 (35.3%) 12 (48%) 18 (30%)

Ulceration 0.366 .545
Present 27 (31.8%) 6 (24%) 21 (35%)
Absent 20 (23.5%) 6 (24%) 14 (23.3%)
Unknown‡ 38 (44.7%) 13 (52%) 25 (41.7%)

Stage (AJCC 8th)
I 1 (1.2%) 0 (0%) 1 (1.7%)
II 28 (32.9%) 7 (28%) 21 (35%)
III 23 (27.1%) 6 (24%) 17 (28.3%)
IV 1 (1.2%) 0 (0%) 1 (1.7%)
Unknown‡ 32 (37.6%) 12 (48%) 20 (33.3%)

Length of stay (d) 20 (8–64) 25 (9–41) 18 (8–64) −2.360 .018⁎
Tumor marker
Ki67 −/+ (1:29) −/+ (1:9) −/+ (0:20) Fisher .333
HMB45 −/+ (12:20) −/+ (7:5) −/+ (5:15) Fisher .130
S100 −/+ (7:24) −/+ (3:8) −/+ (4:16) Fisher .676
A103 −/+ (8:16) −/+ (4:5) −/+ (4:11) Fisher .678

N, number.
⁎ P < .05.
† Other lymph node dissection methods include popliteal fossa, iliac, and pelvic LN dissec-

tion.
‡ Denotes unknown information due to patients were not the firstly diagnosed in our

hospital center.

Table 2
Clinical and pathological characteristics with LEL grouping criteria.

Patient
characteristic

Total
(N = 85)

LEL
(N = 8)

No LEL
(N = 77)

U/χ2 P
value

Sex 7.487 .006**
Male 39 (45.9%) 0 (0%) 39 (50.6%)
Female 46 (54.1%) 8 (100%) 38 (49.4%)

Age (y) 61(17–82) 61(53–82) 62(17–80) −0.475 .635
BMI (WHO
classification)

23.44
(16.53–34.42)

23.50
(20.7–30.8)

23.44
(16.53–34.42)

−0.482 0.630

<18.5 4 (4.7%) 0 (0%) 4 (5.2%)
18.5 ≤ BMI <
25

56 (65.9%) 5 (62.5%) 51 (66.2%)

25 ≤ BMI < 30 19 (22.4%) 2 (25%) 17 (22.1%)
30 ≤ BMI < 35 6 (7%) 1 (12.5%) 5 (6.5%)

Primary
melanoma
localization
Planta 31 (36.5%) 1 (12.5%) 30 (38.9%)
Heel 19 (22.3%) 0 (0%) 19 (24.7%)
Toe 19 (22.3%) 4 (50%) 15 (19.5%)
Others 16 (18.8%) 3 (37.5%) 13 (16.9%)

Surface area of
lesion (cm2)

3.03
(0.09–34.1)

5 (0.09–14) 3.03
(0.09–34.1)

−0.374 0.708

Surgical treatment
methods
SLND 34 (40%) 1 (12.5%) 33 (42.8%)
CLND 33 (38.8%) 3 (37.5%) 30 (39%)
SLND + CLND 11 (13%) 2 (25%) 9 (11.7%)
Other lymph
node dissection
methods†

7 (8.2%) 2 (25%) 5 (6.5%)

The number of
LNs removed

5 (1–23) 12 (1–15) 5 (1–23) −2.012 0.044⁎

Tumor status of
LNs

2.812 0.094

Positive 38 (44.7%) 6 (75%) 32 (41.6%)
Negative 43 (50.6%) 2 (25%) 41 (53.2%)
No report 4 (4.7%) 0 (0%) 4 (5.2%)

Maximal
diameter of LNs
removed (cm)

2 (0.3–5.5) 2 (1.2–5.5) 2 (0.3–5) −0.361 0.718

Breslow thickness
(mm)

4 (1.1–30) 4.5 (2–5) 4 (1.1–30) −0.169 0.867

1.1–2 14 (16.5%) 1 (12.5%) 13 (16.9%)
2.1–4 20 (23.5%) 0 (0%) 20 (25.9%)
>4 21 (24.7%) 2 (25%) 19 (24.7%)
Unknown‡ 30 (35.3%) 5 (62.5%) 25 (32.5%)

Ulceration 1.379 0.240
Present 27 (31.8%) 0 (0%) 27 (35.1%)
Absent 20 (23.5%) 1 (12.5%) 19 (24.7%)
Unknown‡ 38 (44.7%) 7 (87.5%) 31 (40.2%)

Stage (AJCC 8th)
I 1 (1.2%) 0 (0%) 1 (1.3%)
II 28 (32.9%) 0 (0%) 28 (36.4%)
III 23 (27.1%) 1 (12.5%) 22 (28.6%)
IV 1(1.2%) 0 (0%) 1 (1.3%)
Unknown‡ 32 (37.6%) 7 (97.5%) 25 (32.5%)

Length of stay (d) 20 (8–64) 21 (9–32) 19 (8–64) −0.324 0.746
Tumor maker
Ki67 −/+ (1:29) −/+ (0:2) −/+ (1:27) -
HMB45 −/+ (12:20) −/+ (2:1) −/+ (10:19) Fisher 0.540
S100 −/+ (7:24) −/+ (0:2) −/+ (7:22) -
A103 −/+ (8:16) −/+ (1:1) −/+ (7:15) -

⁎ P < .05, **P < .01.
† Other lymph node dissection methods include popliteal fossa, iliac, and pelvic LN dissec-

tion.
‡ Unknown information due to patients were not the firstly diagnosed in our hos-

pital center.
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patients (Fisher Exact Tests, P= .003). No significant difference between
"score = 0" and "scores 1–4" patients were observed (χ2 = 1.725, P =
.189).
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To explore possible risk factors for LEL, 5 factors were considered,
and continuous variables were transformed into binary variables
owing to statistical reasons (Table 3). Between the LES and no LES
groups, the univariate logistic regression showed that CLND (odds
ratio [OR] = 1.966, P= .190), positive LN (OR= 1.697, P= .276), sur-
gery >1 (OR = 1.263, P = .681), number of positive LNs removed ≥2



Fig 3. Pairwise comparison based on the patients' sexes and SRLELSQ scores. NS, nonsense.
*P < .05, **P < .01.

Fig 4. ROC curve for the number of LNs removed and the number of positive LNs removed.
AUC, the area under the curve.
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(OR= 1.686, P= .295), and number of LNs removed ≥10 (OR= 1.833,
P= .227)were not significant risk factors for LES. The univariate logistic
regression model found that surgery >1 (OR = 4.500, P = .049) and
number of LNs removed ≥10 (OR = 8.550, P= .012) might be risk fac-
tors for LEL.We then included these 2 potential risk factors into themul-
tivariate logistic regression model for further analysis. The final result
showed that number of LNs removed≥10 (OR = 6.468, P = .042) was
the significant risk factor for LEL, whereas surgery time > 1 (OR =
2.116, P = .376) was not. The area under the receive operating charac-
teristic (ROC) curve was 0.716 (95% confidence interval [CI]: 0.533–
0.900, P = .046) for the number of LNs removed and 0.718 (95% CI:
0.515–0.910, P = .044) for the number of positive LNs removed
(Fig 4). For the best cutoff for the number of LNs removed at 9.50, the
sensitivity was 75.0%, and the specificity was 77.8%.

DISCUSSION

Malignant melanoma is the most invasive skin cancer and has
attracted the attention of researchers for decades. In the United States,
the mortality of cutaneous melanoma mortality was up to 72% in 2017
[23]. Lymphatic metastatic spread can occur early or late during the dis-
ease process, which increases the number of factors that need to be con-
sidered during clinical treatment [24]. In this case, the updated clinical
guidelines recommended that patients with clinically detected regional
LN metastases should accept routine CLND [2]. However, inguinal LN
dissection is always accompanied by LEL, which is a long-term compli-
cation that impairs patients' quality of life. Subsequent LES causes dis-
comfort and impaired function, which affect patients both physically
and psychologically [12,25]. Therefore, attention should be given to
cancer-related lymphedema not only for cancer treatment but also to
improve patients' quality of life.
Table 3
Risk factors of LES/LEL using univariate or multivariate logistic regression model

LES & no LES groups

Univariate analysis

OR 95% CI P value

CLND 1.966 0.715–5.406 .190
LN positive 1.697 0.656–4.391 .276
Surgery time >1 1.263 0.414–3.851 .681
The number of positive LNs removed ≥2 1.686 0.634–4.482 .295
The number of LNs removed† ≥10 1.833 0.686–4.903 .227

⁎ P < .05.
† The number of LNs removed in 1 surgical process.
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The criteria to define cancer-related lymphedema have not come
from a well-established diagnostic system. Themost common objective
measurements are limb circumference and volumetric measurements
via perometry, subjective assessments include patients' chief com-
plaints and obviously increased limb size [12]. Other more accurate
methods include noninvasive and invasive evaluation, such as MRI or
lymphangiography, according to the International Union of Angiology
and the Italian Society of Vascular Investigation consensus [26]. How-
ever, these advanced diagnostic instruments are not widely used for
lymphedema identification because of the high cost. Moreover, the de-
gree of limb swelling is also distinct in lymphedema patients, andmod-
erate lymphedema is usually imperceptible. According to patients'
postoperative outcome responses, patients diagnosed with LEL suffered
a poor quality of life, and the costswere enormous.Meanwhile, patients
with LES but not LEL indicated a small or no influence on daily life. So,
we subdivided patients according to the severity of postoperative limb
swelling, called the LEL group.

We found no statistical differences between the LES and no LES
groups except for "length of stay." We found that postoperative
LEL & no LEL groups

Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

4.978 0.583–42.467 .142 – – –
3.844 0.727–20.332 .113 – – –
4.500 1.002–20.209 .049⁎ 2.116 0.403–11.115 .376
4.167 0.916–18.943 .065 – – –
8.550 1.594–45.849 .012⁎ 6.468 1.069–39.147 .042⁎
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complications, such as SSI, seroma, and excessive drainage liquid, and a
second operation led to the LES group's longer hospital stays. Previous
researchers have verified that SSI was an independent risk factor for de-
veloping lymphedema, and seroma could increase the risk of develop-
ing SSI [19].

Besidesmelanoma, LEL is most commonly associatedwith oncologic
therapies for gynecologic cancers, urologic cancers, and lymphomas
[27]. We speculate that LEL can be caused by surgical procedures. To
verify this hypothesis, we first reviewed evidence provided by previous
studies and found that surgical methods might be a possible risk factor
for developing lymphedema. Palmer et al showed that among pediatric
melanoma patients in the United States, the addition of CLND signifi-
cantly increased the risk of lymphedema [28]. Kretschmer et al reported
a similar finding among the German population [29]. In an international
multicenter cohort study of penile cancer, researchers reported that the
number of LNs removedwas an independent predictor of postoperative
complications, including lymphedema [30]. We supposed that this con-
clusion might also apply to melanoma patients as they undergo similar
inguinal LN dissection.We performed univariate andmultivariate logis-
tic regression analyses to investigate the surgical and pathology-related
characteristics. Through the univariate analysis, we found that a second
operation and ≥10 LNs removed could be risk factors for developing LEL.
After including these 2 factors into the multivariate analysis, only ≥10
LNs removed were identified as an independent risk factor for LEL,
with a 6.5-fold increased risk. In the ROC curve study, the number of
LNs removed and the number of positive LNs removed were found to
be significantly associated with LEL. However, we regard these as the
same variable because the number of positive LNs removed correlates
positively with the number of LNs removed.

All in all, the number of LNs removed ≥10 was found to be signifi-
cantly associated with the development of lymphedema. Studies have
shown that the number of dissected axillary lymph nodes was the risk
factor for breast cancer–related lymphedema [31,32]. One explanation
may be that having more LNs removed resulted in broader incisions to
dissect LNs. Researches have shown that aminimally invasive technique
contributes to fewer postoperative complications. Previous studies have
shown that endoscopic radical LN dissection results in fewer LEL cases
than open radical LN dissection for penile cancer (37% vs 3%, P < .001)
[33]. Robotic inguinal LN dissection for melanoma was also reported
to reduce postoperative complications significantly [34]. The anatomical
explanationmight be thatmore LNdissections lead tomorewidespread
skin lymphatics and vasculature damage. However, this conjecture
needs to be verified.

The number of excised lymph nodes is a quality assurance indicator
in lymphadenectomy, so the association between the minimum num-
ber of LN yield and melanoma-specific survival is essential for clinical
practice. Amulticentric study identified that at least 10 LNs are required
to stagemelanoma patients after inguinal dissection, and a higher num-
ber of excised LNs had a better prognosis [35]. However, based on our
study, number of inguinal LNs removed ≥10 was associated with a sig-
nificantly higher incidence of LEL. Herein, the long-term and impaired
life-quality complication is also needed to take into consideration
when making a decision for melanoma patients.

Coincidentally, we noticed that the LEL groupwas predominantly fe-
male comparedwith the no LEL group. Other LN dissection-related neo-
plastic diseases, such as breast, gynecologic, and urologic cancers,
exhibit distinct sex tendencies. However, there were few studies con-
cerning the relationship between sex and LEL. Based on our results,
we hypothesized that sex-related factors might affect lymphedema de-
velopment in melanoma patients. The pairwise comparison indicated
that female melanoma patients were more likely to develop LEL after
surgery. One possible explanation may be that the lymphatic pressure
in females is lower than that in males, according to Unno et al [36].
One factor supporting this explanation is that compression stockings
slow down lymphedema progression. Unno et al also showed that the
lymphatic pressure decrease with aging, but we did not verify this
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finding. Another previous study reported that primary lymphedema is
sex-linked, with a ratio of 1 male to 3 females; meanwhile, secondary
lymphedema in breast cancer patients mainly occurred after patients
underwent hormone therapy [37]. According to this, investigators pro-
posed that sex hormones might play a role in the pathological etiology
of lymphedema. However, this topic remains controversial.

The present retrospective cohort study ismeaningful, as it included a
number of Chinese postoperative melanoma patients unlike other ret-
rospective studies. Also, we found that the number of LNs removed
≥10 increased LEL risk 6.5-fold, and identified that female patients
were more likely to develop LEL after inguinal lymphadenectomy.
Based on our findings, if patients are identified to have been exposed
to these risk factors during treatment, physicians could emphasize the
high potential to develop LEL and raise patients' awareness to have
close monitoring during the following years. Meanwhile, preventive
measures such as compression stockings and intermittent pneumatic
compression should be introduced to patients as a routine intervention
to avoid LEL. Nevertheless, there were several limitations in our study
that should be noted. Firstly, the present LEL diagnosis criteria are a
kind of qualitative, but not quantitative, standard. Inmost cases, lymph-
edema diagnosis is based on the initial chief complaint. However,
lymphedema solely recognized by patient perception may present
bias. There was significant discordance between the measured positive
and patient-perceived lymphedema among postoperative cancer pa-
tients [38]. Also, CLND patients may present with a significantly lower
swelling at 5 years postoperatively, and thus, the follow-up time should
be sufficient. Lastly, considering that the sample in our study was not
large, additional high-quality randomized controlled trials are needed
to obtain more persuasive evidence.

In conclusion, our study found that the number of inguinal LNs re-
moved ≥10 was associated with a significantly higher incidence of LEL
with a 6.5-fold increased risk in melanoma patients. Meanwhile, female
patientsweremore likely to develop LEL after inguinal lymphadenectomy.
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