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Abstract

Background Nipple reconstruction is an important last step

in the process of autologous or implant-based breast

reconstruction. A multitude of techniques have been

described, among others the S-flap. To prevent nipple

retraction after surgery, we modified the originally

described method by Cronin.

Methods By adding an S-shaped incision line, the flap can

be transposed with less tension and sutured on top of the

new nipple along a curved line. Furthermore, two small

triangular flaps were inserted at the base for reinforcement

and reduced linear contraction. Assessment was completed

by measuring nipple diameter and projection with a caliper.

Results A total of 16 patients underwent the technique, of

whom 11 could be followed after 3 and 6 months. Overall

patient satisfaction with the aesthetic result was high, and

we observed no infection or necrosis. Nipples were

stable in size and shape at 6 months. Although reduction of

68% in projection and 31% in diameter was observed, the

nipples remained pleasantly similar to the contralateral

non-operated side.

Conclusions The modified S-flap is a simple and reliable

technique for moderate-sized nipple reconstruction. By

providing more tissue at the base, size and projection

remain stable and durable. Moreover, by a modified linear

incision line at the base, tension and subsequent scar

contraction is minimal.

Level of Evidence IV This journal requires that authors

assign a level of evidence to each article. For a full

description of these Evidence-Based Medicine ratings,

please refer to the Table of Contents or the online

Instructions to Authors www.springer.com/00266.
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Introduction

The nipple represents an essential part of the breast and

consequently of breast reconstruction following cancer

surgery. Therefore, most patients consider nipple recon-

struction as an important factor to regain corporal identity

in their reconstructive process [1, 2].

Although several techniques have been described for

nipple reconstruction [3], none seems to be entirely satis-

factory and loss of projection over time remains a major

issue [4, 5]. Depending on the reconstructive technique,

decrease in projection between 50 and 70% has been

described, with most of the shrinking occurring within the

first year after reconstruction [6, 7]. To increase projection

and volume, dermal and/or flap grafts, acellular cadaveric

dermis (AlloDerm) and cartilage grafts can be imple-

mented, with various degrees of success [8–10]. If designed

properly, however, the flap method alone can achieve

favorable results for the reconstruction of small-to-mod-

erate-sized nipples, without the need for non-autologous

material or additional donor sites. With this study, we
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propose a modification of the S-flap technique by providing

more tissue and using a modified linear incision at the base.

Materials and Methods

A total of 16 patients after mastectomy due to breast cancer

(range 25–48 years) were included in this study. Eleven

patients underwent previous expansion and transfer of

latissimus dorsi flap, three patients underwent direct soft

tissue expansion on the chest, and two patients underwent a

slow, continuous expansion with Becker adjustable im-

plants after transfer of the latissimus dorsi flap. Between

December 2005 and July 2011, nipple reconstruction with

the modified S-flap technique and the second step of an

implant-based secondary breast reconstruction was per-

formed simultaneously. The median time interval between

breast reconstruction and nipple reconstruction was

14.4 ± 3.3 months (range 10–21 months). Fifteen recon-

structions were performed unilaterally, and one recon-

struction was performed bilaterally. Written consent was

obtained from all patients, and the guidelines of the Dec-

laration of Helsinki were followed throughout the study.

Technique

The flap is marked at a sitting or standing position, with

arms attached to the body and both shoulders leveled. The

point O is the center of the new nipple, which is determined

by symmetry to the normal side in unilateral reconstruc-

tion, and by symmetry, shape and size in bilateral recon-

struction. To support enough connective tissue, a circle is

made around point O with a diameter of 40 mm.

The circle is split in half by a horizontal diameter

between points E and E0. Another diameter oblique to the

horizontal line by 60� joins the circle at points G and G0.
On the horizontal diameter were points F and F0, both at

10 mm to point O. With the points E and E0 as centers, two
10-mm circles are drawn to cross the large circle at points

H and H0. Then, two S-shaped curves are drawn to join

points F and H and points F0 and H0.
Along the 40-mm circle around the ‘‘O’’ two sets of

opposing flaps are outlined. With reference to the diagrams

(Fig. 1), the area bordered by line EF0, curves GH0 and H0F0

representsflap a; the area borderedby lineE0F, curvesCD0 and
B0D0 represents flap b; the area bordered by lineAC and curve

CD0 represents flap c; and the area bordered by line A0C0 and
curve C0D represents flap d. For the larger flaps a and b the

base is one-third of the 20-mm circle; for the smaller flaps c

and d, the base is one-third of the 10-mm circle.

After flap elevation, the large flaps are joined and

sutured to each other to form a cylindrical shape. In the

distal ends, the flaps are interlocked to form an S-shaped

suture line on the top. Then, the small flaps are inserted to

the base for enhancement.

Surgical Procedure

With the patient sitting or standing upright, the position of

the new nipple was marked according to the opposite side.

After having measured the width and projection of the

opposite nipple, the flaps were drawn as previously descri-

bed to guarantee sufficient width. The cylinder was designed

to have a maximum projection of 30 mm and was situated

more laterally toward the armpit (Fig. 1). The procedure was

performed in the outpatient clinic under local anesthesia.

Limiting pedicle damage, anesthesia was injected subcuta-

neously by a 5-ml syringe at the lateral sides of the flaps.

Also, to better assess blood supply to the flaps, once raised,

1% lidocaine solution without adrenaline was used.

The incisions were made with a No. 11 blade, starting

from the border of flap a and finishing at flap c. The flaps

were carefully dissected and elevated to gain adequate

mobility while keeping a layer of subcutaneous fat, espe-

cially when approaching the pedicle (Fig. 2a, b).

After meticulous hemostasis was performed, the donor

incisions from flaps a and b were closed first in a layered

fashion, starting at the medial end on each side. Then,

the large flaps were approximated to assess the size of

the new nipple. If the nipple was too big or the tension

inadequate, some of the excessive subcutaneous fat was

removed. After trimming, the flaps were sutured together

in a layered fashion, first along the vertical line, and then

along the S-shaped curve line on the top, to complete the

cylindrical shape. Then, the small flaps c and d were

inserted to the base of the cylinder and met the cylinder

along the two side lines (Fig. 2c, f).

At the end of the procedure, the surgical area was

covered with 1% chloramphenicol ointment and non-

Fig. 1 Flap design: The interrupted lines are auxiliary lines, while

the continuous lines are incision lines along the flap borders. The two

opposing flaps are flaps a and b, and flaps c and d
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adherent, doughnut-shaped dressings until one week after

the surgery. After that, the patients were advised not to

wear tight bras until 6 weeks after the surgery. Interrupted

stitches with non-absorbable sutures were removed after

7 days. Photographs were taken, and the projection and

diameter of the reconstructed nipple was measured by a

caliper after 3 and 6 months.

Results

Eleven patients completed the 3- and 6-month follow-up.

There were no infections or necrosis in the follow-up

period, and all patients had a pleasant result. The nipples

were stable in size and shape after 6 months with a

satisfactory outcome up to 24 months (Figs. 3, 4, 5, 6, 7).

On average, the retraction rate of nipple projection was

68.47 ± 2.68%, whereas the retraction rate in nipple

diameter was 31.03 ± 2.57% (Table 1).

Discussion

The originally described S-flap method was proposed in

1988 by Cronin et al. [11], who elevated two dermal flaps

vertically and sutured them together. The dermal column

was then covered by a full-thickness skin graft. As reported

by Lossing et al. [12] skin grafts on a dermal surfaced

nipple have no long-lasting nipple projection. Due to this

reason, we further evolved the technique from dermal flaps

to full-thickness skin flaps.

Some authors suggest that the results of nipple recon-

struction are associated with the underlying tissue and type

of breast reconstruction [6], while most agree that the

Fig. 2 a–f Illustration of the

modified S-flap technique.

a Markings; b elevation of the

flaps; c donor-site closure;

d rotation and placement of the

flaps; e overview of the stitches;

f top view of the stitches

Fig. 3 A 32-year-old female patient after modified radical mastec-

tomy due to right breast cancer 3 years ago, and breast reconstruction

with expander-based latissimus dorsi flap 4 months ago (a, b). She
underwent the second step of an implant-based secondary breast

reconstruction by anatomic silicone implants and simultaneous nipple

reconstruction (c). The 6-month follow-up showed a good shape of

both breast and nipple (d). Nipple projection was 8.5 mm, diameter

was 9 mm, and retraction rate of projection and diameter were 68.5

and 30%, respectively
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nipple projection is largely determined by flap thickness,

vascularity and supportive tissue at the base.

A major complication of its reconstruction can be nipple

necrosis, as a result of poor vascularization. To maintain

robust blood supply, we carefully kept the width/length

ratios high, more than 1:1 for smaller flaps and more than

1:2 for larger flaps. The broad pedicles provide a solid base

for a robust and safe blood supply of the flaps. Further-

more, the back cuts along the curves DC0 and CD0 further
reduce tension at the base to a minimum. Additional

attention is paid to previous scarring. Ideally, the flap

pedicles should not be located in the scar area; if

unavoidable, the scar should lie at the distal end or border

area of the flap.

Another challenge and common problem of nipple

reconstruction has been loss of projection and volume over

time, which is reported as high as 50–70% [13]. As

suggested by some authors [14], we overcorrected the

reconstructed nipple by nearly 300% in projection and

about 150% in diameter, in order to warrant an aestheti-

cally pleasing long-term result. Moreover, Rubino et al.

[15] reported that nipple projection and volume can be

improved by increasing the dermis-fat ratio within the flap.

Thus, during elevation of the flaps, we avoided over-

trimming the subcutaneous fat in order to preserve proper

volume. On the other hand, we designed an S curve to

reduce linear contraction and successfully avoided a con-

caved appearance on the top of the nipple. Likewise, we

added a set of small flaps to refine donor-site closure,

which resulted in reduced scar contraction and avoidance

of dog-ears at the base.

In addition, the base may broaden with time, which

progressively flattens the nipples. This is essentially caused

by retraction forces of the surrounding and underlying

tissues [16]. Thus, prerequisites for achieving a long-term

projecting nipple do involve a flap with a wide pedicle and

meticulous separation from potentially retracting sur-

rounding tissues [3].

In a recent paper by Topol et al. [17] the use of a

delayed technique in a two-stage nipple reconstruction

enhances the underlying dermal circulation and hence

improves flap viability and nipple projection. In our

method, however, we use a one-stage technique with

simultaneous expander-based breast and nipple recon-

struction. It works like a delay technique, and over-ex-

pansion provides additional tissue for nipple

reconstruction.

Some authors advocated the use of a silicone shield to

reduce long-term flattening of the reconstructed nipple

[18]. The rigid silicone structure is suggested to offer a

valid support against pressure on the reconstructed nipple,

reducing the absorption of the subcutaneous tissue. How-

ever, we did not use the silicone shield or any other rigid

protective device, as it potentially may damage blood

supply at the base due to the applied pressure.

All 11 patients were satisfied with the final result, as

they generally perceived the breast as ‘‘complete’’ after

nipple reconstruction. To measure durable projection, we

Fig. 4 Twenty-four months

postoperatively (a–c) after
reconstruction showing a

satisfactory result

Fig. 5 Immediate postoperative profile close-up view (a, b) and

6 months after left nipple reconstruction (c, d) in a 42-year-old female

patient
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performed caliper measurement. The measurement indi-

cated that on average projection loss was 68.7% and

diameter loss 31.03% within 6 months, which is compa-

rable with previous reports in the literature [4]. We

hypothesize that providing more tissue at the base with the

two smaller flaps leads to stable and durable size and

projection while limiting retraction forces and contraction

of the flap.

A review of 600 breasts showed that the mean diameter of

the areola is approximately 4 cm, the average nipple diam-

eter is 1.3 cm, and the average nipple projection is 0.9 cm

[19]. The average nipple–areola and areola–breast propor-

tion is approximately 1.3 cm [20]. Zhong et al. [4] noticed an

average loss of nipple projection of 75% at an average of

44 months following nipple reconstruction using the modi-

fied skate flap technique. In another study by Richter et al.

[21] long-term projection of the reconstructed nipple was

evaluated after using a modified skate flap, a quadrapod flap

or a nipple sharing procedure. The authors noticed a mean

decrease in projection for the nipple sharing method of

Fig. 6 Preoperative (a, b) and
six-month postoperative (c,
d) view of a 27-year-old female

patient after bilateral nipple

reconstruction

Fig. 7 Preoperative (a, b) and six-month postoperative (c, d) view of

a 39-year-old female patient after left nipple reconstruction

Table 1 Projection and diameter or the reconstructed nipple immediately, 3 and 6 months after surgery (n = 11)

Nipple Measurement (mm) Retraction Rate (%)

Immediately after surgery 3 months 6 months

Projection 26.18 ± 1.27 8.58 ± 0.82 9.33 ± 0.47 68.47 ± 2.68

Diameter 13.06 ± 0.67 9.47 ± 0.54 9.01 ± 0.55 31.03 ± 2.57

Values are mean ± standard deviation
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27.6 ± 18.2%, 45.0 ± 11.1% for the skate flap method and

49.9 ± 11.56% for the quadrapod flap. Similar results were

reported for other techniques, such as 59% long-term pro-

jection loss for the modified star-dermal fat flap technique

[7]. Cheng et al. [22] describedmaintaining nipple projection

in Asian females with the use of a modified top-hat flap in

combination with costal cartilage banked at the initial flap

inset. After long-term follow-up of 58 patients, they found an

average of 26.1% projection loss after 45 months.

A limitation of our study is the short-term follow-up, and

therefore a further loss in nipple projection may occur over

time. More prospective, large-scale and long-term case–

control studies are needed to validate our findings.

Conclusions

Our modified S-flap technique is a safe and reliable method

for moderate-sized nipple reconstruction. By providing

more tissue at the base, size and projection remain

stable and durable. Moreover, by using a modified linear

incision line at the base, tension and subsequent scar

contraction is minimal.
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