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Introduction 

Subungual melanoma (SUM) is a distinct form of cutaneous melanoma that 
accounts for 0.7% to 3.5% of all melanomas in Caucasians [1,2]. The most com-
mon histologic subtype of SUM is acral lentiginous melanoma. Notably, a higher 
incidence of acral lentiginous melanoma in the East Asian population results in 
an approximate SUM incidence of 15% to 30% among all types of melanoma [3-
5]. Due to the Tyndall effect, black or brown pigmentation under the nail plate 
appears less dark and suspicious, causing a delay in diagnosis and treatment [2,6]. 
Moreover, the unique anatomy of the nail complex makes it challenging to per-
form an excisional biopsy and determine the tumor thickness. 

Surgical treatment of SUM is typically amputation at the level proximal to the 
tumor. However, permanent deformity of the finger or toe due to amputation can 
have a substantial psychological impact on the patient [7]. Despite aggressive 
treatment, SUM has a poor prognosis in terms of the 5-year survival rate, which 
ranges from 16% to 80% [2]. To date, the treatment guidelines for SUM based on 
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toes using a venous flap was effective and could be performed without major compli-
cations. Patients were satisfied with the functional and aesthetic results. 
Conclusion: WLE provides an acceptable local control rate and offers a safe and con-
servative alternative for the treatment of SUM of the fingers and toes. Concurrent ve-
nous free flaps could be a desirable option for aesthetic and functional reconstruction. 
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large-scale studies have not yet been defined. As an alternative, 
wide local excision (WLE) of the tumor without amputation 
has been proposed, with assurance of the tumor-free resection 
margin [1,8,9]. In the case of early-stage SUM, WLE with sub-
sequent reconstruction could be considered reasonable for 
functional and aesthetic purposes. 

Several studies have reported reconstruction of the finger or 
toe tissue after WLE of SUM using techniques including skin 
graft, local flap, distant flap, and free flap [10-16]. Although the 
skin graft procedure was chosen most often due to its simplici-
ty, unfavorable events such as exposure of the phalangeal bone 
could occur during the surgery. When skin graft or local flap is 
not applicable for tissue reconstruction, free flap may be a suit-
able alternative. Previously, we reported the usefulness of arte-
rialized venous free flap as a surgical option to treat skin can-
cers of the digits [17,18]. Venous flaps, which are readily har-
vested from the forearm or foot dorsal skin, can provide a 
three-dimensional structure to repair the defect and restore the 
natural contour of the fingers and toes. However, to date, there 
have been few studies to introduce the combination of WLE 
and free flap for the treatment of SUM. The aim of the current 
study was to investigate the clinical value of WLE concurrent 
with venous free flap reconstruction in SUM located on the 
finger and toe. 

Methods 

Ethics statement: The review of the medical records of all pa-
tients was approved by the Institutional Review Board (No. 
H-1506-109-682). Informed consent was waived due to the retro-
spective nature of this study.

We retrospectively reviewed patients diagnosed with a SUM 
located on a finger or toe between January 2011 and December 
2015. Seventeen patients who received WLE concurrent with 
reconstruction using arterialized venous free flap were includ-
ed. Clinicopathologic characteristics including sex, age at diag-
nosis, tumor location, area, and thickness, flap size, resection 
margin, histology, growth phase, and recurrence information 
were collected. WLE was indicated by the following: (1) ab-
sence of metastasis of regional lymph nodes and distant organs 
in preoperative assessment; (2) no severe secondary change of 
the nail complex; (3) no bone involvement of SUM identified 
intraoperatively; and (4) no recurrence had been noted. 

Postoperative satisfaction scores regarding both functional 
and aesthetic aspects were obtained from reachable and surviv-

ing patients. For functional assessment, an excellent result was 
defined as a finger (or toe) with no pain and full range of mo-
tion (ROM) in the interphalangeal joint. A fair result was de-
fined as a finger (or toe) with minimal pain, mild discomfort in 
the ROM. A poor result was defined as a finger (or toe) with 
constant pain, ROM impairment causing problems in daily ac-
tivity. For aesthetic assessment, an excellent result was defined 
as a finger (or toe) with cosmetically acceptable appearance. A 
fair result was defined as a finger (or toe) with residual defor-
mity. A poor result was defined as a finger (or toe) with an un-
acceptable appearance. 

1. Surgical technique 
Under general anesthesia, a pneumatic tourniquet was ap-

plied to the upper arm or thigh to facilitate the venous engorge-
ment of the forearm or foot dorsum as a donor site of the ve-
nous free flap. After outlining the tumor, a surgical margin with 
an average size of 5 mm was drawn. The tumor was surgically 
resected along the surgical margin, and the depth of the resec-
tion was at the periosteal level. During resection, efforts were 
made to spare the extensor terminal tendon bundle as much as 
possible. However, in cases where the proximal margin was 
further extended due to the Hutchinson sign, efforts were made 
to preserve the tendon as much as possible by resection with 
beveling [19]. For complete removal of the tumor, burring of 
the underlying cortical bone was conducted. If bone involve-
ment of the tumor was suspected during the surgery, amputa-
tion proximal to the tumor was performed instead of WLE. 

In the case of WLE, a design of venous flap similar to that of 
the defect was marked on the forearm or foot dorsum where at 
least three veins could be included. The flap was elevated at the 
suprafascial level, and several veins were harvested to provide 
efferent and afferent vessels for the reconstructed tissue. For the 
through-valve type of arterialized venous flap, the afferent vein 
at the distal side of the flap was anastomosed with the digital 
artery, and the efferent vein at the proximal side was anastomo-
sed with the digital vein [20]. For the against-valve type, the af-
ferent vein at the proximal side of the flap was anastomosed 
with the digital artery in the reverse flow direction. Subse-
quently, the efferent vein on the same side of the afferent vein 
was anastomosed with the digital vein. To reduce postoperative 
flap edema and congestion, additional efferent veins were anas-
tomosed with the digital dorsal vein in some cases. After flap 
transfer, the donor site was repaired with direct closure or 
split-thickness skin graft. 

Postoperatively, 20 µg of alprostadil (Eglandin; Mitsubishi 
Tanabe Pharma Co., Ltd., Seoul, Korea) was administered daily 
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Fig. 1. Patient (case 7) with subungual melanoma on the left third finger. (A) Preoperative clinical photograph. (B) En-bloc excision of 
the tumor and nail complex with a 5-mm margin. (C) A venous flap harvested from the volar side of the left forearm was anastomosed 
with one digital artery and two digital veins. (D) Natural contour of the reconstructed finger without any complications at the 8-month 
follow-up. Written informed consent was obtained for publication of accompanying images.

AA

CC

BB

DD

for 6 days. The flap was monitored by Doppler probe analysis 
of the pulsating flow through the anastomoses. In the event of 
flap congestion, heparin-soaked gauzes were applied to an in-
tentionally de-epithelialized part of the surface of flaps until 
resolution. 

Results 

Clinical data and satisfaction scores of the patients are listed 
in Table 1. All patients were free of metastasis of regional lymph 
nodes and distant organs on preoperative computed tomogra-
phy, bone scan, and/or positron emission tomography scans. 
The mean tumor area was 1.3 ± 0.9 cm2 and the mean resection 
margin was 5.6 ± 2.3 mm. In histologic analyses, the mean tu-
mor thickness was 1.2 ± 1.1 mm and 76.5% of patients showed 
radial growth phase. The mean flap size was 8.1 ± 3.2 cm2. 
Among various subtypes of melanoma, acral lentiginous mela-

noma was predominant (94.1%). Three patients had local re-
currence and one had distant metastasis during the follow-up 
period. The mean disease-free interval and the follow-up peri-
od was 70.9 months and 75.5 months, respectively. 

Reconstruction of the finger and toe using venous free flaps 
after WLE provided overall satisfactory results (Figs. 1, 2). 
Complications including flap loss or donor problems did not 
occur in any patient during the hospitalization period. Flap 
debulking was performed to resolve a size mismatch in one 
case. Three cases of skin defects resulted from trauma or partial 
necrosis after venous congestion, in which all cases were com-
pletely healed using debridement and skin grafting. 

Discussion 

Despite a high rate of local recurrence and distant metastasis 
of SUM, the absence of published guidelines for surgical treat-
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ment has resulted in various surgical trials being conducted. 
Several reports have accumulated evidence in favor of WLE for 
preserving the function and aesthetics of the digits [10-16,21-
25]. Tumor thickness has been widely accepted as an important 
factor for melanoma staging and prognosis [26]. Nakamura et 

al. [16] reported an acceptable local recurrence rate of WLE in 
patients with > 0.5 mm-thick invasive SUM in situ. Recent 
study with 21 cadavers suggested that patients with hyponychi-
al invasion showed a significantly greater Breslow depth, a 
higher rate of lymph node metastasis, distant metastasis, and 

Fig. 2. Patient (case 8) with subungal melanoma on the right first toe. (A) Preoperative clinical photograph. (B) After inset of a venous 
flap harvested from the dorsal side of the right foot to allow reversed blood flow with the against-valve type. (C) Clinical photograph of 
a skin defect that occurred at the center of the flap due to trauma 3 months after surgery. (D) Completely healed flap without further 
treatment at a 5-year follow-up after debridement and skin grafting for the skin defect. Written informed consent was obtained for 
publication of accompanying images.

AA

CC

BB

DD
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shorter disease-free survival [27]. In our cases, the mean tumor 
thickness was 1.2 mm, ranging from in situ to 4.0 mm-thick 
melanoma. There was one case of local recurrence, in which 
the patient had a 0.4 mm-thick melanoma with hyponychial 
invasion at the radial growth phase and of the acral lentiginous 
subtype on the first toe. Cochran et al. [2] compared amputa-
tion and WLE as treatments for SUM based on previous litera-
ture. The authors determined a local recurrence rate of 2.2% 
for amputation and 12.2% for WLE, raising concerns over the 
use of WLE. Although WLE showed low rate of local recur-
rence in this study, it is still recommended to perform WLE 
only in early-stage patients to ensure a safe surgical outcome. 

To complete the purpose of WLE as a digit-sparing approach, 
the reconstructive option should be reasonably selected. From 
the aesthetic perspective, free flap can provide excellent out-
comes among various surgical options. In this regard, we ex-
amined the use of venous free flap reconstruction of defects oc-
curring as a result of SUM. This technique was first introduced 
by Nakayama et al. [28], followed by basic research and clinical 
studies [29,30]. This flap has been used for resurfacing even the 
large defect when local flaps are not available or insufficient for 
coverage [31]. Given the small and thin defect after SUM tu-
mor excision, venous flaps are preferential to conventional 
flaps, which tend to be bulky. Moreover, this method provides 
several advantages including minimal donor site morbidity, de-
sign of free-style flap, similar skin texture, and a soft tissue pad-
ding effect that is improved compared to that of a skin graft 
[18]. For a natural appearance, an artificial nail can be attached 
after flap stabilization. 

Venous flaps are classified as pedicled venous flap, free ve-
nous flap, and arterialized venous flap [32,33]. Changes in 
blood flow cause complications that include edema, congestion, 
or necrosis of the flap. Yan et al. [34] summarized the algorithm 
of the types of venous flap and the adjunctive surgical options 
to improve flap survival. In arterialized venous flap, depending 
on the flap design, arterial blood passes rapidly through the 
flap, resulting in the steal phenomenon. To reduce the potential 
complications, the other option for venous flap, which is inset 
to allow reversed blood flow with against-valve type, was intro-
duced [20]. Nevertheless, partial necrosis can develop, requir-
ing debridement and secondary healing or additional skin graft 
surgery. In our study, three cases of skin grafts were performed 
at the defect site due to skin defects. 

Limitations include the small number of patients, subjective 
evaluation of postoperative result, and the retrospective nature 
of the study. A well-designed prospective study with objective 
assessment such as two-point discrimination would provide 

further evidence for the clinical value of and indications for 
WLE as a treatment for SUM. However, this study includes 
self-reported satisfactory results with long-term consequence 
of WLE with a follow-up period of more than 5 years. 

Conclusion 

We investigated the clinical value of WLE concurrent with 
arterialized venous free flap reconstruction as a treatment for 
SUM affecting the fingers and toes. As a digit-sparing ap-
proach, WLE for early-stage SUM of the fingers and toes pro-
vided an acceptable local control rate and offered a safe and 
conservative alternative to amputation. Moreover, concurrent 
venous free flaps could provide excellent and satisfactory out-
comes for aesthetic reconstruction. 
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