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Changes in the length and area of congenital nevi 
involving the face and extremities after two serial 
excisions 

INTRODUCTION
Serial excision or staged excision is a well-established method in 
plastic surgery. It is widely used to remove congenital nevi, wide 
scars, and confined tattoos. The technique itself is very simple be-

cause it only involves excision and suturing. However, the operator 
must decide how many resections to perform, how much tissue to 
excise during the first resection, and which shape is appropriate. 
 The most commonly used excision method is elliptical or fusi-
form excision. The length of this shape of resection should be 3–4.5 
times its width to obtain good results without leaving a dog ear [1-
4]. Reducing this ratio as much as possible is the goal of staged re-
section. However, it is difficult to predict the final length after staged 
resection. Accurate descriptions of this issue in textbooks are diffi-
cult to find, and most studies have only dealt with length. Changes 
in area have not been published yet. In addition, the results of geo-
metric studies cannot be directly applied to patients in clinical prac-
tice [5]. Factors affecting the number of stages of resection and the 
final length include lesion size and shape, anatomical location, and 
the elasticity of surrounding tissues [6]. 
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Background The objective of this study was to determine the outcome of serial exci-
sions of congenital nevi involving the face and extremities and to calculate changes in 
the area and length of the nevi.
Methods Data from 18 patients with congenital nevi who underwent serial excisions 
from 2005 to 2017 were retrospectively reviewed. There were 12 congenital nevi involv-
ing the face and six involving the extremities. Two serial excisions were performed in 
all cases. The final diagnosis was confirmed by histology. Postoperative outcomes 
were analyzed photogrammetrically. The clinical outcomes were analyzed through or-
dinary scales.
Results The mean age of patients and the median area, length, and width of congenital 
nevi on the face and extremities were 9.4 and 15.2 years, 189.8 and 487.8 mm2, 21.1 and 
35.0 mm, and 13.2 and 19.6 mm, respectively. After the first operation, photogrammet-
ric analysis showed a 64.6% reduction in the area of facial nevi and a 68.1% reduction for 
nevi on the extremities. The final scar length increased by 62.8% for the face and 73% 
for the extremities compared to before surgery. A clinical assessment demonstrated 
excellent results for the removal of the congenital nevi, without any deformation of 
the surrounding structures, and good final scar quality. 
Conclusions This study will contribute to the prediction of results of each stage when 
serial excision is required.
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 The purpose of this study was to examine changes in the final 
length and area of congenital nevi on the face and extremities after 
two consecutive resections. Finding a way to accurately measure 
area is also an important part of this study. The scope of the study 
was restricted to two consecutive resections in patients with the 
same diagnosis to exclude other causes affecting the length of the 
scar. 

METHODS
This retrospective study received approval from the Institutional 
Review Board of Keimyung University Dongsan Hospital (IRB No. 
2017-09-046). A group of patients with congenital nevi of the face 
or extremities who underwent staged resection surgery from Feb-
ruary 2005 to September 2017 at Keimyung University Dongsan 
Hospital were selected. The study subjects were limited to patients 
in whom congenital nevi were completely resected after two con-
secutive resections. Twelve patients with facial nevi and six patients 
with nevi of the extremities were included. Congenital nevi were 
diagnosed based on histological examinations.

Surgical methods 
Surgery was performed under general anesthesia in patients young-
er than 10 years of age and under local anesthesia for those aged 
more than 10 years. In the first surgery, the resection was designed 
elliptically, with the goal of resecting 70%–80% of the lesion. After 
injecting 1% lidocaine containing 1:100,000 epinephrine into the 
area, an incision was made with a surgical knife and excision was 
performed with some subcutaneous fat using Metzenbaum scis-
sors. In the initial surgery, undermining of the subcutaneous layer 
was not performed to avoid scarring at the surgical site. The sub-
cutaneous layer was sutured using 4-0 or 5-0 Monosyn or white 
nylon, and 5-0 or 6-0 nylon was used to suture the skin. The tissue 
from the first operation was delivered to the pathology department 
for diagnosis. The second operation was performed at least 6 months 
after the first operation. The second excision used an elliptical, fu-
siform, or W-plasty design, and completely included the remaining 
lesion. To minimize the length of the incision, the angle formed by 
the two incision lines at both ends was close to 50°, which is larger 
than the normal angle of 30° [7]. Resection was performed in the 
same manner as in the first surgery. To minimize scarring, under-
mining of the subcutaneous layer was performed to ensure a ten-
sion-free primary suture. When deformation was observed in sur-
rounding structures such as the eyes, nose, and face, it was mini-
mized by fixing one flap away from the structure to the perioste-
um. In order to fix the non-absorbable suture to the periosteum, 
dissection was not performed. A location was selected with rela-
tively little nerve and blood vessel distribution. When a 4-0 nylon 
needle touched the periosteum by vertical stabbing, it snatched the 
periosteum with the feeling of biting the bone. The feeling of suffi-

cient resistance when pulling the suture confirmed that the suture 
was properly fixed to the periosteum. It then became easier to make 
the needle of the suture into a fishing needle shape. Subcutaneous 
fat was appropriately excised at both ends to reduce dog ears. Su-
turing was performed in the same manner as in the first surgery. 
The patient and/or the patient’s guardian was given instructions on 
how to apply Steri-Strips thoroughly for 3 months after surgery 
(Fig. 1). The same procedure was used when performing surgery 
on the extremities, but surgical undermining was performed in the 
suprafascial plane.

Chart review 
From the medical records and clinical pictures of the 18 patients, 
information was collected on the patients’ age, medical and surgi-
cal history, length and width of the original nevus, area, short axis-
to-long axis ratio (S/L ratio), complications during follow-up, patho-
logic diagnosis, change in size of the nevus after the first surgery, 
and length of the final scar.

Image analysis
All measurements were made using ImageJ software (National In-
stitutes of Health, Bethesda, MD, USA; http://rsb.info.nih.gov/ij/
download.html). The measurement method is briefly described as 
follows. First, the image file to be measured was imported into Im-
ageJ. A scale range was then set for the measurer in the photo. The 
actual measurement units (mm, cm) were then entered in “Ana-
lyze/Set Scale.” The nevus to be measured was outlined with a brush. 
The image type was changed to 8-bit (Fig. 2A and B). The bar in 
“Image/Adjust/Threshold” was adjusted to erase all images except 
the contour (Fig. 2C and D). When the magic wand icon was pressed, 
a yellow line appeared inside the contour and the area was mea-
sured with “Analyze/Measure” (Fig. 2E and F). The long axis and 
short axis to be measured were displayed with a line. Its length was 
measured with “Analyze/Measure” (Fig. 2G and H). 

Clinical analysis
Postoperative outcomes were evaluated with ordinal scales. The 
evaluators were chosen to exclude those who could have a subjec-
tive opinion and those who participated in the surgery. The evalua-
tors consisted of six people who could make objective evaluations, 
including one plastic surgeon, one plastic resident, one surgeon 
from another department, one member of the general public, and 
two nurses. Using photographs taken before and after surgery, each 
evaluator evaluated the following parameters using the ordinal 
scale method: (1) the completeness of nevus removal, (2) the de-
gree of scarring, (3) the degree of deformation (of major structures 
such as the eyes, nose, and mouth for nevi in the facial area or of 
tissue deformation for nevi in the extremities). For each item, the 
highest score was 5 points and the lowest score was 1 point. The 
total score was used to determine the following four categories of 
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outcomes: excellent (25–30 points), good (19–24 points), fair (13–
18 points), and poor (less than 12 points). 

Statistical analysis
The distribution of patients by sex was expressed as a percentage, 
and age was expressed as the mean and standard deviation. Area, 
length, and the S/L ratio were expressed as median and interquar-
tile range, and skewness and kurtosis were analyzed for the surgical 
site and number of operations. The mean and standard deviation 
of the amount of change (%) according to the number of opera-
tions were also calculated. To determine the significance of differ-
ences in area, length, width, and the S/L ratio according to the num-

ber of operations, the Wilcoxon signed-rank test (a nonparametric 
method) was used because the sample was small and the data were 
asymmetrically distributed. In addition, a box plot was presented 
so that the amount of change for each measurement could be easily 
recognized. The independent t-test was used to compare the pro-
portional change for the face and extremities between preoperative 
and postoperative measurements. For all statistical analyses, R ver-
sion 3.6.0 (©2019; The R Foundation for Statistical Computing 
Platform, Vienna, Austria) was used. The significance level for sta-
tistical tests was set to be 5%. A P-value less than 0.05 was inter-
preted as indicating statistical significance. 

Fig. 1. The lesion was in a position that could affect major structures of the face, eyes, nose, and mouth. (A) Design of the first-stage operation, 
(B) immediately after the first excision, (C) 12 months after the first-stage excision and design of the second-stage operation, (D) after complete 
excision, (E, F) after sufficiently undermining the subcutaneous fat layer on both sides. (G) When the subcutaneous layer of the lateral flap was 
fixed to the periosteum, (H) the medial flap could be sutured to the lateral flap without tension. This allowed the operator to primarily close the 
defect so that the nose and mouth were not pulled outward. (I) Postoperative view at 3 years. 
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Fig. 2. Measurements using ImageJ software. (A) After selecting the length icon, the ruler in the figure determines the desired range (arrow). 
In the “Analyze/Set Scale” box, the actual ruler length is entered (5.00) and the units of length are indicated (mm). (B) Converting the “Image/
Type” to 8-bit results in a black and white image. (C, D) Adjusting the bar in “Image/Adjust/Threshold” erases everything in the image except 
the outline. (E, F) Pressing the magic wand icon causes a yellow line to appear inside the contour, and the area is measured with “Analyze/Mea-
sure.” (G, H) The long axis and short axis to be measured are displayed with a line and the length is measured with “Analyze/Measure.”

A B C D

E F G H

Table 1. General characteristics of patients

Characteristics Value

Face

   Sex (male/female) 6/6

   Age (yr) 9.41±5.32

Extremity

   Sex (male/female) 3/3

   Age (yr) 15.17±7.73

Values are presented as number or mean±SD.

Table 2. Preoperative measurements of the nevi 

Variable Mean±SD Median (IQR) Skewness Kurtosis

Face (n=12)

   Area (mm2) 320.9±329.3 189.8 (189.8) 1.79 2.14

   Length (L, mm) 23.6±11.3 21.1 (9.6) 1.25 1.09

   Width (S, mm) 15.0±6.8 13.2 (6.5) 1.27 0.74

   S/L ratio 0.651±0.123 0.627 (0.110) 1.43 2.12

Extremity (n=6)

   Area (mm2) 677.7±649.0 487.8 (626.1) 1.63 2.83

   Length (L, mm) 39.7±24.9 35.0 (27.1) 1.07 1.21

   Width (S, mm) 21.1±6.9 19.6 (10.8) 0.19 –1.00

   S/L ratio 0.638±0.226 0.687 (0.374) –0.15 –1.08

IQR, interquartile range.

RESULTS
The mean age of the 12 patients with facial nevi was 9.4 years. The 
average size, length, and width of the facial nevi were 320.9 mm2, 
23.6 mm, and 15.0 mm, respectively. The mean age of the six pa-
tients with nevi on the extremities was 15.2 years. The mean size, 
length, and width of the nevi on the extremities were 677.7 mm2, 
39.7 mm, and 21.1 mm, respectively. The median area, length, and 

width of the facial nevi were 189.8 mm2, 21.1 mm, and 13.2 mm, 
respectively. The median size, length, and width of the nevi on the 
extremities were 487.8 mm2, 35.0 mm, and 19.6 mm, respectively.
 Both skewness and kurtosis in the facial area were found to be 
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concentrated on the left side and around the mean, with an average 
of more than 0. For the extremities, the kurtosis of width and the S/L 
ratio and the skewness of the S/L ratio were less than 0. The width 
of the nevi deviated from the average to a greater extent than the 
length of the nevi (Tables 1, 2). The interval between the first and 
second surgical procedures was 10.7 months on average for both 
categories of nevi.

Table 3. Image analysis of the proportional change between the pre-
operative status and the first-stage operation

Variable

Proportional 
change (%) 

(preoperative  
to after the first-
stage operation)

Pre-
operative

After  
first-stage 
operation

P-value

Face (n=12)

   Area (mm2) –35.4±16.1 189.8 (189.8) 120.4 (148.7) <0.001

   Length (L, mm) 17.3±9.3 21.1 (9.6) 24.6 (11.1) <0.001

   Width (S, mm) –41.8±14.4 13.2 (6.5) 7.5 (3.7) <0.001

   S/L ratio –50.4±11.8  0.627 (0.110) 0.315 (0.128) <0.001

Extremity (n=6)

   Area (mm2) –31.9±11.8 487.8 (626.1) 385.9 (364.9) 0.031

   Length (L, mm) 21.6±20.9 35.0 (27.1) 38.5 (26.7) 0.063

   Width (S, mm) –42.0±14.7 19.6 (10.8) 13.4 (8.0) 0.031

   S/L ratio –50.3±16.1  0.687 (0.374) 0.270 (0.218) 0.031

Values are presented as mean±SD or median (interquartile range).
P-value from the Wilcoxon signed-rank test.

Table 4. Image analysis of the proportional change between the 
first- and second-stage operations 

Variable

Proportional 
change (%) 

(first-stage to 
second-stage 

operation)

After  
first-stage 
operation

After  
second-stage 

operation
P-value

Face (n=12)

   Area (mm2) –100±NA 120.4 (148.7) 0 (NA) <0.001

   Length (L, mm) 39.0±17.1 24.6 (11.1) 33.2 (13.5) <0.001

   Width (S, mm) –100±NA 7.5 (3.7) 0 (NA) <0.001

   S/L ratio –100±NA 0.315 (0.128) 0 (NA) <0.001

Extremity (n=6)

   Area (mm2) –100±NA 385.9 (364.9) 0 (NA) 0.031

   Length (L, mm) 41.4±19.4 38.5 (26.7) 56.9 (24.4) 0.031

   Width (S, mm) –100±NA 13.4 (8.0) 0 (NA) 0.031

   S/L ratio –100±NA 0.270 (0.218) 0 (NA) 0.031

Values are presented as mean±SD or median (interquartile range).
NA, standard deviation could not be calculated because all observations were 
equal. P-value from the Wilcoxon signed-rank test.

Table 5. Image analysis of the proportional change between the pre-
operative status and the second-stage operation 

Variable

Proportional 
change (%) 

(preoperative to 
second-stage 

operation)

Pre-
operative

After 
second-

stage 
operation

P-value

Face (n=12)

   Area (mm2) –100.0±NA 189.8 (189.8) 0 (NA) 0.001

   Length (L, mm) 62.8±22.9 21.1 (9.6) 33.2 (13.5) 0.001

   Width (S, mm) –100.0±NA 13.2 (6.5) 0 (NA) 0.001

   S/L ratio –100.0±NA 0.627 (0.110) 0 (NA) 0.001

Extremity (n=6)

   Area (mm2) –100.0±NA 487.8 (626.1) 0 (NA) 0.031

   Length (L, mm) 73.1±45.0 35.0 (27.1) 56.9 (24.4) 0.031

   Width (S, mm) –100.0±NA 19.6 (10.8) 0 (NA) 0.031

   S/L ratio –100.0±NA 0.687 (0.374) 0 (NA) 0.031

Values are presented as mean±SD or median (interquartile range).
NA, standard deviation could not be calculated because all observations were 
equal. P-value from the Wilcoxon signed-rank test.

Fig. 3. Area and area reduction rate according to the number of op-
erations (+: average).
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Image analysis
After the first-stage operation, the area of the facial nevi decreased 
by 64.6% on average and the width decreased by 58.2%, while the 
length increased by 17.3%. The S/L ratio decreased from 0.63 to 
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Fig. 4. Length, width, and width/length ratio (S/L ratio) according to the number of operations (+: average). 
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0.32. For the extremities, the area decreased by an average of 68.1% 
and the width decreased by 58.0%, while the length increased by 
21.6%. The S/L ratio decreased from 0.69 to 0.27 (Table 3). 
 Relative to the first surgery, after the second-stage operation, the 
length increased by 39.0% in the facial area and 41.4% in the ex-
tremities. The nevi were completely excised, so the area was 0 mm2; 
instead, only a line was left (Table 4). Compared to the preopera-
tive values, the scar length increased by 62.8% in the face and by 
73% in the extremities (Table 5). 
 A box plot was made to demonstrate the amount of change for 
each measurement in an accessible format. The area and propor-
tional area reduction according to the number of operations are 
shown in Fig. 3. Changes in length, width, and the S/L ratio accord-
ing to the number of operations are shown in Fig. 4. 

Clinical analysis
In the clinical evaluation, the degree of completeness of removal of 
the facial nevi was excellent (mean, 29.5 points), the degree of scar-
ring was good (mean, 22.33 points), and the degree of deformation 
of major structures was excellent (mean, 26.75 points). For nevi on 
the extremities, the degree of completeness of removal was excellent 
(mean, 30 points), the degree of scarring was good (mean, 22.33 
points), and the degree of tissue deformation was excellent (mean, 
25 points). The clinical assessments were equivalent for the face 
and extremities. In other words, the nevi were completely removed 
(with excellent outcomes) without deformation of the surrounding 

structures or tissues, although the resulting scars were evaluated as 
good. 

DISCUSSION
In the first operation for staged excision, the area of the nevi de-
creased by 64.6% for the face and 68.1% for the extremities, while 
the length of the final scar after the second operation increased by 
62.8% for the face and 73% for extremities. The clinical evaluations 
showed that the lesions were completely excised without deforma-
tion of the surrounding structures, and favorable outcomes were 
also reported for the degree of scarring. This is a very good result, 
considering that the length of the scar has been reported to be 3 to 
4.5 times the width after a single excision, without a staged resec-
tion. 
 In the literature on this topic, the terms “elliptical” and “fusiform” 
resection are used interchangeably, which may cause confusion. 
However, examining the content of the studies on this topic dem-
onstrates that these terms are both used to denote the same shape. 
 In the study of Tilleman et al. [5], when results were analyzed 
according to geometric principles, the rhomboid and mosque shapes 
had the lowest loss of normal skin. Conversely, the fusiform circle 
and fusiform ellipse had the greatest loss. When geometrically ana-
lyzing results, the vertex angle should be 30° or less in order to keep 
the length-to-width ratio below 4 in clinical practice. For a rhom-
boid or S-type shape, a narrow angle of about 30° is used. However, 
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the most common angle used with fusiform and ellipse shapes is 
much larger than 30° (almost 60°).
 If surgery were to be performed using a rhomboid or mosque 
shape based on the results of a geometric analysis, there would be 
concerns regarding tissue deformation. Thus, these shapes are not 
utilized in clinical practice. Staged excision is necessary to reduce 
the loss of normal skin and to minimize the remaining surgical 
scar. 
 Another study of Tilleman et al. [8] mentioned area for the first 
time. However, their study was not about changes in the area of the 
lesion itself, but about how much normal tissue was wasted after 
resection. They reported that the loss of normal tissue was on aver-
age about 130% of the lesion area [8]. According to results of the 
present study, after resection of about 70% of the lesions in the first 
surgery, the S/L ratio was about 0.3. All of the lesions could be com-
pletely resected with two resections. 
 Several variations of staged excision have been introduced. Among 
them, the “doughnut” method, which involves central excision with 
purse-string closure using a compressed design, has the goal of re-
secting the lesion as much as possible and reducing the length of 
the X- and Y-axes at the same time during primary surgery. The 
geometric principle seems to be able to achieve this goal. However, 
an important point to consider in step-by-step ablation is that one 
must achieve complete wound healing at each step. A problem with 
the above method is that it is difficult to obtain complete wound 
healing after surgery because the suture is very long, which causes 
significant tissue deformation [9]. 
 In the “cake flap” method, a lesion is divided into four equal parts, 
and two diagonally-oriented sides are excised first. This method 
has a relatively simple design, and does not cause tissue deforma-
tion. However, it has the disadvantage of being able to excise only 
50% of the lesion in the first excision [10]. Modified S-plasty can 
be performed to change the axis of a lesion, but the lesion must be 
relatively large. It is considered to be a favorable option for cases 
where the length of the remaining scar is limited and a S-shaped 
scar can be tolerated [11].
 The following prerequisites must be met in order to accurately 
measure the area of a lesion using photography. First, when taking 
a clinical photograph, in order to avoid distortion of the picture and 
increase accuracy, the lesion area and the camera lens should be 
kept parallel. If the lesion is on a curved surface, the camera should 
be parallel with the lesion area that occupies the largest area. How-
ever, deviation from the parallel plane causes some distortion of 
the periphery. Second, a ruler must be placed in the same frame as 
the lesion. No matter how good a picture is, it is impossible to set 
the scale without using a standard for accurate measurement. Third, 
it is necessary to improve accuracy by using image analysis soft-
ware.
 In two patients, lesions recurred along the surgical scars because 
pigment cells of the nevus spilled over. The lesions were clearly com-

pletely resected during the second-stage operation, and pigmenta-
tion was found during follow-up. Therefore, in the first resection, 
the resection must be performed within the nevus. In the last re-
section, the nevus must be completely resected, including an ap-
proximately 1-mm margin of normal tissue [12]. 
 Although numerous studies have been conducted on staged ex-
cision, the lack of accurate measurements for each stage of resec-
tion make it difficult to predict and explain the results of surgery. 
The measurements presented herein are expected to provide prac-
tical help for operators in clinical practice.
 A limitation of this study is that there were not enough clinical 
cases. Many patients dropped out because surgery was performed 
in multiple stages over a long period of time and a clinical photo-
graph was required to obtain accurate measurements every time. 
We believe that more accurate reference data would be obtained by 
making measurements of more patients.
 This study analyzed changes in the final length and area of le-
sions after two-stage excision for congenital nevi in the face and 
extremities. In the first staged excision procedure, the area of the 
nevi decreased by 64.6% in the face and 68.1% in the extremities. 
The length of the final scar after the second operation increased by 
62.8% in the face and 73% for extremities. In the clinical evalua-
tion, the lesions were completely excised without deformation of 
surrounding structures, and the degree of scarring was judged to 
be good. If staged excision is required, the lack of accurate mea-
surements in the literature for the results of each stage of excision 
make it difficult to predict and explain the results of surgery. The 
measurements presented in this study address this gap in the litera-
ture and provide practical help for practitioners and patients in 
clinical settings.
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