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Summary

Background: Congenital melanocytic nevi (CMN) of the lower limb display the highest projected adult size. Surgical
management includes simple excision and also more complex interventions with tissue expansion, skin graft, or flap,
depending on the CMN size and patient age. Here, we present our experience in CMN of the lower limb management and
used these data to identify CMN size thresholds to guide the choice of surgical approach.

Methods: This retrospective study included patients with CMN (n=182) of the lower limb who underwent surgery at the
Department of Pediatric Surgery, Montpellier, France, from January 2003 to September 2020. Patients were divided in
three age groups: 0 to 2.5 years (group A), 2.6 to 10 years (group B), and 10.1 to 18 years (group C). The size threshold
value corresponded to the maximum Youden index.

Results: The mean CMN width was 21 mm and 79% of patients underwent simple surgery. No complication was reported
in 82% of patients during the follow-up. The CMN width thresholds for complex surgery were 45, 30, and 15 mm for the
A, B, and C group, respectively. The most sensitive and specific threshold for all ages was a width of 26 mm and a surface
area of 1.25 cm2.

Conclusions: Our study identified CMN size thresholds that might help surgeons to decide between simple and complex
techniques for the management of CMN of the lower limb. To minimize surgery, we suggest considering excision as early
as possible, and in multiple operating steps, if necessary.
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Introduction advantage of the child’s skin elasticity [12], to reduce the
need of complex surgery and reconstruction for large CMN,
and also to limit post-surgery and cosmetic complications
[13]. Techniques vary from a simple single-step excision,
followed by suture; to Complex approaches that include
skin expanders, skin grafts and flaps in one or more steps.
The choice depends on the CMN size and location. Generally
speaking, larger CMN require more complicated surgery.

Congenital melanocytic nevi (CMN) occur in 1% of
newborns [1,2] and the giant form in 1/20.000 newborns
[3,4]. CMN are the result of monoclonal cell proliferation
probably caused by an in uteri somatic mutation [5]. The risk
of malignant transformation is very low, but increases with
the CMN size [6]. There is no consensus about a threshold size
for prophylactic surgical resection [7,8]. However, the family

is often strongly in favor of CMN removal for aesthetic and To help the surgeon determine the choice of technique
psychosocial reasons [9,10]. CMN can have different sizes and
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mainly on the projected CMN size in adulthood, which varies
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and to better inform the family, we reviewed data on patients
with CMN of the lower limb who underwent surgery from
January 2003 to September 2020 to propose a CMN size
threshold for the simple excision-suture technique in function
of the patient’s age.

Patients and methods

This study retrospectively analyzed the data, including
surgical procedure report and nevus size, of 209 children
hospitalized for the management a CMN of the lower limb
in the Department of Pediatric Surgery, Montpellier, France,
between 2003 and 2016. Patients with more than one nevus
in the lower limb were excluded. This retrospective study was
approved by the local ethic committee (IRB ID: 202000329)
and conforms to the World Medical Association Declaration
of Helsinki.

The lower limb was divided in two surgical units: lower
skin elasticity region (foot, ankle, leg, knee, political area)
and higher skin elasticity region (thigh, gluteal area). As the
CMN size before surgery was not always reported in the
medical record, the size of the surgical sample that contained
the nevus and 1-2 millimeters of margins was used. After
resection, the sample was fixed in four percent formaldehyde
and sent to the pathologist who measured the CMN size. This
parameter represents the estimation of the skin loss (ESL)
that should be reconstructed after the resection phase.

Age, sex, CMN area, surgical procedure, early and late

follow-up visits, and final cosmetic result were extracted
from the medical records. Surgical interventions were
performed by several senior surgeons and the results were
analyzed independently of the surgeon. Surgical procedures
were divided in simple surgery (excision, subcutaneous
and subcuticular suture, in one intervention) (Figure 1) and
complex surgery. This second group included any procedure
that required several interventions and the use of skin
expanders (Figure 2), full-thickness skin grafts (Figure 3), split-
thickness skin grafts, local flaps (Figure 4), artificial dermis,
or multi-stage simple surgery. Some complex procedure has
been combined (Figure 5). Full-thickness skin grafts were
taken from the inguinal or abdominal region. Split-thickness
skin grafts were taken from the scalp or close to the CMN
location. In all cases, surgeons removed both the CMN and
subcutaneous tissue to avoid recurrences, while preserving
the underlying deep fascia. Margins were 1-2 millimeters of
normal skin around the CNM. The early surgical complications
were classified according to the Clavien-Dindo [14] criteria.
The cosmetic results of the scar were classified as satisfactory
or not.

Statistical analysis

Qualitative variables were described using frequencies
and percentages, and quantitative variables using median,
minimum, maximum, or mean and standard deviation (SD).
Unpaired samples were compared with the Wilcox on-
Mann-Whitney non-parametric test. CMN size data (length,

Figure 1: Simple procedure

a).Female, Procedure at 6 month old, result at 4 years old
b).Male, procedure at 28 months old, result at 36 month old
c).Male, procedure at 4 years old, result at 6 years old

d). Female, procedure at 12 months old, result at 23months old
e). Male, procedure at 22 months old, result at 32 months old
f). Female, procedure at 21 month old, result at 4 years old

g). Male, procedure at 10 months old, result at 24months old
h). Female, procedure at 10 months old, result at 24months old

i) . Female, procedure at 19 months old, result at 36months old
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Figure 2: Procedure using a skin expander

Female, expansion procedure at 6 years old, result at7 years old

Figure 3: Procedure using a full-thickness skin graft

Male, skin graft at 12 years old, result at 13 years old.

Table 1: Patients’ demographic characteristics, and CMN location in the lower limb.

Sex ratio (M:F) 2:3
Median age 4 years [Smonths - 17 years]
Nevi distribution
Low elasticity area: N=106 58%
Feet 38
Ankle 7
Leg 41
Knee 18
Popliteal 2
High elasticity area: N=76 42%
Thigh 55
Gluteal 21
TOTAL 182
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Figure 5: Procedure combining skin expander and FTSG
Figure 4: Procedure using a local flap Female, expansion procedure followed by a full-thickness skin
Female, procedure at 7 years old, final result at 8 years old graft at 16 month old, final result at 4 years old.

Table 2: Surgical techniques employed

Number
Simple surgery 79% 143
Complex procedures 21% 39
Excision and FTSG 11
Excision and local flap 10
Excision and expanded local flap 11
Excision and expanded local flap with added STSG 1
Excision and STSG with added AD 2
Excision and local flap with added STSG 1
Iterative surgery 3
Total 182

FTSG: full-thickness skin graft. STSG: split-thickness skin graft. AD: artificial dermis.

Table 3: Complications according to the Clavien-Dindo classification (all patients)

Number

None 102 82%
Grade | Inflammatory scar 10 8%

Widened scar

Suture granuloma

Non-closure (controlled wound healing)

Retraction/adherent scar

Painful or sensitive scar
Grade ll Local infection 6 5%
Grade lll Necrosis or abscess 6 5%

Expander related infection

Total 124

missing data n=58
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Figure 6: ROC curves and area under the ROC curve (AUC) values for the different ESL parameters to predict the surgical technique.
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Table 4: Complication distribution in the simple and complex surgery groups.

Simplesurgery (n=143)
(missingdata: 41)

Clavien-Dindo grade

None | 1]
Complications % 38% 30% 1%
(n=) (55) (43) (2)

Complex surgeries (n=39)

(missingdata: 3)

If None | [ If
1% 21% 33% 0% 8%
() (20) (13) (0) (3)

Cochrane-Armitage trend test to comparethe complication distributionin the simple and complex surgery groups: Z = 0.53

Table 5: Overall cosmetic results at three months after surgery

Cosmetic results n= %
“Dog Ear” scar 4 3%
Delayed healing, non-closure, or infection 3 2%
Hypertrophic scarring 10 8%
Widened or depressed scar 16 12%
Inflammation 23 18%
Satisfactory 74 57%
Total 130

Table 6: Two-by-two comparisons of the different ESL size
parameters that better predict the choice of surgical technique.

‘ Comparison P-value ‘
‘ ESL length vs ESL width 0.044 ‘
‘ ESL length vs ESL surface 0.005 ‘
‘ ESL width vs ESL surface 0.36 ‘

width, surface area) for threshold identification were
selected according to the area under the Receiver Operating
Characteristic (ROC) curve (Area under Curve method - AUC).
The AUC values were compared two-by-two with the Chi-
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square test. The threshold values were determined using
the maximum Youden index. To determine the CMN size
threshold in function of the age group (0 to 2.5 years, 2.6 to 10
years, and 10.1 to 18 years), a multivariate logistic regression
analysis was performed. A curve of age threshold depending
on the CMN size was created. Complications after simple and
complex surgery were compared with the Cochran-Armitage
tendency test. All statistical tests were performed with SAS
Guide Enterprise version 7.12, and the alpha risk was set at
5%.

Results

Among the 209 eligible patients, 27 were excluded due
to missing data or presence of more than one nevus in the
lower limb, and finally data from 182patient with a CMN in
the lower limb (37% in the lower skin elasticity zone) were
selected. The demographic features and CMN location are
summarized in (Table 1). Pathological analysis did not find
any malignancy feature in the CMN samples analyzed. The
mean age at surgery was 4.7 years. Simple surgery was used
in 79% of patients (Table 2). No patient required a free flap,
laser technique or dermabrasion these last two techniques
have been associated with a risk of malignant transformation
[15,16]. The mean follow-up was 3 months [1 month-5
years]. Surgery was without complications (graded according
to the Clavien-Dindo classification) for 82% of patients, and
complications were not mentioned in the medical file of
58 patients. Overall, grade | complications (8% of patients)
concerning scar healing, and grade Il and Ill complications
(5% of patients/each) local infection or necrosis (Table 3). No/
grade | complication was observed in68%and 54% of patient
in the simple and complex surgery group, respectively (Table
4). The complication distribution (all grades) was not different
in the simple and complex surgery groups. On the other hand,
complication rate tend to be higher in older patients (8% in
the 0 to 2.5 years, 13% in the 2.6 to 10 years, and 26% in
the 10.1 to 18 years group; 27%, 35% and 32% of missing
data, respectively). Overall, the cosmetic result (scar) was
satisfactory for 57% of patients at 3 months after surgery
(Table 5).

The mean (xSD) and median (range) length, width and
surface area of the ESL were 36 mm (+31) and 29 mm [3-200],
21 mm (£19) and 15 mm [3-130], and 9.9 cm2 (+22.8) and
3.4 cm2 (0.7-204), respectively. Two-by-two comparison of
the different ESL size parameters using the Chi-square test
indicated that the surgical technique (simple vs complex)
was chosen in function of the CMN size (p<0.05) (Table 6).
The ROC curves showed that the ESL width and surface area
had the best sensitivity and specificity (Figure 6 and Table
7). The cutoff values of 26 mm for width and 1.25 cm2for
surface area had the highest Youden index, independently
from the patient’s age and CMN localization (lower or higher
elasticity region). When patients were divided in the three
age groups, the ESL width cutoff for simple versus complex
surgery differed according to the age (Table 8). For instance,
an ESL width of 15 mm predicted the surgery type chosen for
10.1 to 18-year-old patients, with 60% of sensibility and 66%
of specificity.

Discussion

Our study revealed a rule-of-thumb CNM size threshold
of 26mmin width or 1.25cm’ in surface area for using a
simple removal technique, independently of the patient’s
age and CNM location in the lower limb. The low sensitivity
of these cutoff values (<60%) is not a problem for a clinical
guide, whereas the specificity of 81% for width and 87% for
surface area can be considered good enough. We did not find
any other study suggesting a size threshold to help planning
CMN excision. For less experimented surgeons, who may not
confidently appreciate the skin elasticity, a rule-of-thumb size
threshold may help to plan surgery and anesthesia (single
or multiple interventions). Moreover, these results could
be extrapolated to other conditions entailing skin loss (e.g.
traumas).

One of the limits of the study was the use of CMN
measurements made after surgery by the pathology
laboratory. Indeed, the CNM size before surgery was not
always recorded in the medical file. Moreover, CMN were
isolated from limb regions in which skin elasticity varies
depending on the location. Therefore, after surgery they

Table 7: Maximum Youden'’s index values (sensitivity + specificity -1), cutoff values, and sensitivity and specificity for the different ESL

parameters.

Variable Maximum Youden
ESL length 0.31
ESL width 0.32
ESL surface 0.34

Table 8: Size threshold in function of the age group

Age group (years) [0-2.5]
Widththreshold (mm) 45
Specificity 94%
Sensibility 43%
Youden'’s index 0.37

Threshold Sensitivity Specificity
55 mm 0.42 0.89

26 mm 0.50 0.82
1300 mm? 0.45 0.89
[2.6—10] [10.1 - 18]

30 15

93% 67%

50% 60%

0.43 0.27
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retract and appear smaller, although laboratory measures
should be more precise and repeatable than clinical
estimation. However, compared with in vivo parameters,
CMN size was underestimated. Also, in vivo, the edges of
the area of skin loss retract, causing the defect to stretch
after CMN excision. Similarly, the CMN spatial orientation
within the Langer lines of skin tension was not taken into
account. Moreover, several parameters, such as the clinical
estimation and surgeon’s experience, ability of the family and
the patient to organize/undergo one or several interventions,
social environment that can facilitate the management of an
expander or a skin graft at home, could have influenced the
technique choice by the surgeon, but could not be controlled
in a retrospective study.

One strength of our study is that pediatric patients were
classified in three different age groups. Indeed, this pediatric
population presented a large age range (5months-17 years)
where newborns, babies, toddlers, children and teenagers
are grouped together, although limb size and skin elasticity
physiologically varies with age. Moreover, patients with more
than one nevus in the lower limb were excluded to obtain
a more homogeneous picture, without CMN with satellite
nevi. However, our rule of thumb could apply also to patients
with multiple nevi, if they are distant from each other and
do not interfere within skin elasticity. Finally, this study
retrospectively analyzed the routine decisions by our team
of surgeons, made without specific guidelines other than
clinical sense. The retrospective design limits the potential
classification bias between simple technique and complex
techniques to cover skin loss.

Inour study, most CMN were between 30and 40mmiinssize,
as previously reported [17]. No post-operative complication
was recorded for82% of patients. As our center is the only
plastic pediatric surgery department in the region, the 58
missing data for post-operative complications might indicate
that the outcome was uneventful. Using the Clavien-Dindo
classification,5% of grade | and 5% of grade Il complications
were identified, without any difference between simple and
complex surgery groups and CMN width. Conversely, the
complication rate tended to be lower in patients with CN Min
the lower skin elasticity region and higher in older patients,
which suggests the importance of the intrinsic skin parameters
in complication occurrence. Moreover, in a newborn with
a 20mm CMN of the leg, the projected diameter will attain
almost 100mm in adulthood, according to the classification
proposed by Krengel et al11. This should encourage the early
resection also of little nevi to avoid a complex reconstruction
if surgery is planned later in life.

To model the ability of skin loss reconstruction in one
or several times, the lower limb was divided in two parts
in function of the skin elasticity. At this time there is no
consensual way to do so, particularly for pediatric populations.
The chosen method makes clinical sense because the
periarticular regions (knee, ankle, foot) are considered lower
elasticity regions, and the non-particular regions (buttocks,
thigh, leg) higher elasticity regions. Most of the time, CMN
are localized and therefore, it is possible to perform a simple
fusi form excision according to the long axis of the fibers and

the skin tension lines. However, when this is not possible, a
choice has to be made between simple and more complex
procedures, without the support of recommendations about
CNM management [18]. In this context, our rule-of-thumb
size threshold according to the child’s age might be taken into
account during the decision-making process.

Our management for children follows the principle of
early, preventive and complete surgery. Early removal is
justified first by the malignancy risk and by the important
CNM size augmentation during growth, especially in the
lower limb. Moreover, skin elasticity and wound healing
might be better before two years of age [19-21].According
to some authors, operating younger children decreases
CMN psychological consequences and improves the multiple
surgery tolerance. Children younger than 3 years of age
might not have memories of the treatment [10]. Bauer et al
suggest operating from three to twelve months of age with
the aim of completing CMN management by primary school
initiation [22]. Moreover, nowadays the anesthesia risk in
children is lower than the risk of malignant transformation.
This percentage varies between studies but prophylactic
removal is encouraged [8,23,24], knowing that melanoma
could develop from CMN [25,26]. Also CMN of the lower leg,
when large, are a challenge for reconstructive surgeons [13],
thus justifying their early removal.
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