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Abstract

Background Breast hypoplasia or amastia with pectoralis

major muscle defect in female Poland syndrome patients

always necessitates surgical intervention. This study aims

to introduce an efficient endoscopic technique to perform

breast reconstruction in Poland syndrome patients with a

latissimus dorsi myo flap and an implant using a single

transverse axillary incision (ELDM ? IMPLANT) and to

evaluate its safety and effectiveness.

Methods A prospective study was designed to recruit

Poland syndrome candidates for ELDM ? IMPLANT

breast reconstruction. Only one transaxillary incision was

made to harvest the LDM flap and create the anterior chest

wall pocket. The LDM flap was transposed to the front to

reconstruct the breast with a silicone implant. Patient

demographics, LDM area, implant size, contralateral

symmetry surgery, operative time and post-operative

complications were collected. The BREAST-Q recon-

struction module was used to evaluate patient quality of

life. The disabilities of the arm, shoulder and hand (DASH)

outcome questionnaire was used to evaluate patient upper

extremity disabilities.

Results Sixteen eligible patients were recruited and

received ELDM ? IMPLANT-BR. Mean endoscopic time

for LDM flap harvesting was 61.6 min. All of the 16

patients recovered uneventfully without any significant

complications. The post-operative scores of satisfaction

with breast and psychosocial well-being were significantly

higher than the pre-operative ones. The score of DASH was

7.1 pre-operatively and 8.3 post-operatively with no sig-

nificant difference either. The score of satisfaction with

outcome was 80.0.

Conclusions Our proposed ELDM ? IMPLANT tech-

nique provides a safe and efficient way to reconstruct

breasts in Poland syndrome patients with a high satisfac-

tion rate, optimized aesthetic outcome and minimized

donor site morbidity.

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

Poland syndrome is a rare, predominantly unilateral, con-

genital chest deformity with a pectoralis major muscle

defect as the pathognomonic manifestation. The incidence

of this anomaly ranges from 1 in 7000 to 1 in 100,000 [1].

In female patients, ipsilateral breast hypoplasia or amastia
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always exists. The goal of the surgical treatment for female

patients is to reconstruct the missing pectoralis muscle and

the breast mound. Latissimus dorsi muscle flap (LDM)

transfer is the most commonly used procedure to recon-

struct the pectoralis muscle defect as it can be regarded as

the mirrored counterpart of the pectoralis major muscle

[2–5]. However, the conventional LDM harvesting tech-

nique leaves a long unsightly scar on the back, which

compromises the aesthetic outcome and patient satisfac-

tion. In the 1990s, endoscopes started to be used to harvest

a LDM flap for various reconstruction purposes via short

incisions [6–10]. However, the initial reports showed that

3–5 h was required to harvest a LDM flap using an endo-

scope, which significantly hindered the spread of this

technique. In the following 20 years, various endeavors

have been tried to improve the efficiency and safety of this

technique, including using retractors [7, 11–15] or external

skin sutures [16] or insufflation [17–19] to provide better

optical space, and using electrothermal vessel sealer to

secure hemostasis [13]. Nevertheless, the mean flap harvest

time was still around 2–4 h [12, 13, 17, 18, 20]. Even the

latest da Vinci surgical robot required 2.5 h [21, 22].

Moreover, multiple incisions on the back or lateral thoracic

wall were required for the surgery, which compromised the

advantage of the endoscopic technique to reduce scarring.

The aim of this study was to introduce an efficient endo-

scopic technique to perform breast reconstruction in Poland

syndrome patients with a latissimus dorsi myo flap and

implant using a single transverse axillary incision and to

evaluate its safety and effectiveness.

Patients and Methods

A prospective study was designed to recruit Poland syn-

drome candidates for latissimus dorsi myo flap (LDM) plus

implant breast reconstruction in the Department of Aes-

thetic and Reconstructive Breast Surgery, Plastic Surgery

Hospital, Peking Union Medical College, Chinese Acad-

emy of Medical Sciences, from January 2012 to October

2017. The inclusion criteria were defined as: (1) female

C 18 years old; (2) Poland syndrome diagnosed by con-

genital total or partial deficiency of the unilateral pectoralis

major muscle with ipsilateral amastia or breast hypoplasia;

(3) existence of thoracodorsal vessels confirmed by duplex

ultrasonography or enhanced CT angiography; (4) good

function of ipsilateral latissimus dorsi muscle. The exclu-

sion criteria were defined as: (1) previous surgery on the

affected chest wall; (2) severe chest wall deformity with rib

defect; (3) other contraindications for latissimus dorsi

myocutaneous flap or implant surgery. The included

patients received breast reconstruction, performed by the

senior authors Dr. Chunjun Liu and Dr. Jie Luan, with an

endoscopically harvested LDM and implant using a single

transverse axillary incision (ELDM ? IMPLANT-BR).

ELDM ? IMPLANT-BR operative technique (see

Video, Supplemental Digital Content 1) Pre-operative

marking was undertaken as shown in Fig. 1 with the patient

standing upright. The patient was set in a lateral decubitus

position, and the surgery was performed under general

anesthesia. A 5-cm incision was made along the transverse

axillary crease. Thoracodorsal vessels were identified before

flap elevation. Subcutaneous dissection was carried out first.

A customized retractor (Fig. 2), held by the assistant, was

introduced through the axillary incision, not only to provide

an optical cavity but also to stretch the skin or muscle to

facilitate dissection. The retractor was hooked up to a vac-

uum suction and had tiny holes in the tip, so it could suck out

the cautery smoke and heat. A short-size retractor was used

for proximal dissection, while a long-size retractor was used

for distal dissection. The operator used his non-dominant

hand to hold the 30 degree endoscope, which could move

freely to provide the best visual field, and used the dominant

hand to hold a long electrosurgical pencil to do the dissection

(Fig. 3). The monopolar electrosurgical pencil had a flat tip

which was useful to coagulate perforator vessels coming

from underlying muscles effectively in most cases. Bipolar

forceps were seldom needed for vessel coagulation. The

dissection extended 1 cm beyond the lateral, caudal and

medial marks, which was very helpful to detach the distal

border of the LDM in the next step. Then, the retractor was

inserted under the latissimus dorsi muscle, caudal to the

thoracodorsal vessel pedicle. The lateral, inferior andmedial

portion of the LDM flap was detached from the underlying

muscle by monopolar cautery, respectively. Then, the

detachment of the upper medial portion of the LDM was

completed as the retractor was inserted under the LDM

cranial to the thoracodorsal vessel pedicle. The electrosur-

gical pencil was bent to follow the curved posterior thoracic

wall contour. Care was taken not to place too much tension

on the vessel pedicle by the retractor. So far, the submuscular

detachment was well controlled to reach the pre-operative

marks exactly. With the aid of the retractor stretching the

distal border of the LDM from underneath the muscle, the

operator could cut off the distal border of the LDM by

electrosurgical pencil easily and effectively (Fig. 4). The

endoscopic operation procedure was recorded as a video

supplement.

Then subcutaneous pocket dissection in the anterior

chest wall was performed aided by the endoscope via the

same axillary incision. Special care was taken to keep

dissecting in the correct plane and prevent damaging the

parietal pleura, especially in patients with rib defects.

Subcutaneous bands and cords were completely released to

allow effective expansion of the skin envelope. Then, the

LDM was transposed to the front subcutaneous pocket
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based on the thoracodorsal pedicle and secured to the

corresponding marking points by internal sutures (Fig. 5).

The lateral border of the LDM was sutured to the inferior

border of the remnant clavicular head of the pectoralis

major muscle or the inferior border of the clavicle. The

distal end of the LDM was sutured to the periosteum or

deep fascia along the lateral border of the sternum. The

medial border of the LDM was sutured to rib periosteum. A

silicone implant was inserted before the upper border of the

LDM was sutured to the deep fascia along the pre-axillary

line. Occasionally the vessel branch to the anterior serratus

muscle was transected to obtain better rotation freedom.

Three closed suction drains with bulb were placed, one in

the front and two in the back. The axillary incision was

closed in two layers. An elastic vest was used to give

adequate compression on the back as well as the front.

Patient position changing from lateral decubitus to

supine was not needed except in four patients receiving

contralateral symmetrical surgery. Two patients received

transaxillary implant breast augmentation and the other two

received fat grafting.

Post-operative care. Drains were removed when output

was less than 50 ml per day. The elastic vest was worn for

4 weeks. The patient was encouraged to restore shoulder

movement range gradually after 6 weeks and normal

activities after 8 weeks.

Patient demographics, LDM area, implant size, con-

tralateral symmetry surgery, operative time and post-op-

erative complications were collected. The LDM area was

defined as 1/2 length 9 width. Operation time included

LDM harvesting time, anterior subcutaneous pocket cre-

ating time and total time. Patients were followed up

6 months after surgery. The BREAST-Q reconstruction

module, a validated patient-reported outcome instrument,

was used to evaluate patient quality of life and satisfaction

(score 0–100, the higher score the better satisfaction and

quality of life) [23]. The disabilities of the arm, shoulder

and hand (DASH) outcome questionnaire was used to

evaluated patient upper extremity disabilities (score 0–100,

the higher score the greater disability) [24]. Both ques-

tionnaires were completed by patients pre-operatively and

at 6-month follow-up. A Chi-square test or Fisher’s exact

Fig. 1 Pre-operative marking. The polygon OABCDEFG indicates

the subcutaneous dissection pocket in the anterior chest wall. Based

on reverse design, polygon O’A’B’C’D’F’G’ was delineated to mark

the range of the LDM flap to be harvested. The harvested LDM flap

O’A’B’C’D’F’G’ would be rotated to the anterior chest wall to cover

the pectoralis major muscle defect OABCDFG. Left: Pre-operative

marking of anterior chest wall for total deficiency of pectoralis major

muscle. O: anterior axillary point; A: midpoint of clavicle; B:

intersection point of clavicle and sternum; C: midpoint of BD; D:

intersection point of IMF and sternum; FED: IMF; F: intersection

point of anterior axillary fold and IMF; G: midpoint of OF. Middle:

pre-operative marking of anterior chest wall for partial deficiency of

pectoralis major muscle. O: anterior axillary point; A: midpoint of

AB; B: intersection point of inferior border of remnant pectoralis

major muscle and sternum; C: midpoint of BD; D: intersection point

of IMF and sternum; FED: IMF; F: intersection point of anterior

axillary fold and IMF; G: midpoint of OF. Right: O’: posterior

axillary point; O’A’B’C’D’F’G’: corresponding points of OABCDFG

Fig. 2 Customized retractor. Left: side view of the customized retractor. The handle could be connected to vacuum suction. Middle: five tiny

holes could be seen in the undersurface of the retractor. Right: the long retractor and the short retractor
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test was utilized to analyze categorical data, while a t test

was utilized to analyze numerical data. Statistical Product

and Service Solutions (SPSS) 16 was utilized for statistical

analysis. A p value\ 0.05 was regarded statistically sig-

nificant. IRB approval was obtained prior to the study.

Informed consent was obtained from each patient.

Results

Sixteen eligible patients were recruited and received

ELDM ? IMPLANT-BR (Table 1). Mean age was

21.3 years old. Mean BMI was 19.7. LDM flap dimensions

ranged from 18 cm 9 11 cm to 25 cm 9 20 cm, with the

mean area as 177.4 cm2. Mean endoscopic time for LDM

flap harvesting was 61.6 min. Mean total operation time

was 175.0 min for patients without contralateral symmet-

rical surgery and 228.9 min for patients with contralateral

symmetrical surgery. The size of the implant used for

breast reconstruction ranged from 180 ml to 350 ml, with

the average as 242.3 ml. There was no conversion from

endoscopic surgery to open surgery in any patient. The

average drain time was 8.0 days. Four patients received

contralateral symmetrical surgery: two implant augmenta-

tion and two fat grafting. Four patients received additional

fat grafting afterward. All of the 16 patients recovered

uneventfully without any significant complications. One

patient had minor axillary wound dehiscence but healed

after dressing changes. All of the 16 patients took the

questionnaire of BREAST-Q and the DASH pre-opera-

tively; however, 13 took the post-operative questionnaire at

6 months. Post-operative scores of satisfaction with breast

Fig. 3 Surgical team setup.

While the assistant was holding

the customized retractor, the

operator used his non-dominant

hand to hold the 30-degree

endoscope and the dominant

hand to hold a long

electrosurgical pencil to do the

dissection
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score and psychosocial well-being were 61.7 and 63.7,

respectively, which was significantly higher than the pre-

operative score 23.1 and 47.8, respectively. (Table 2) The

score of chest physical well-being was 76.8 pre-operatively

and 72.8 post-operatively with no significant difference.

The score of DASH was 7.1 pre-operatively and 8.3 post-

operatively with no significant difference either. The score

of satisfaction with outcome was 80.0. Pre-/post-operative

photographs of four patients are shown in Figs. 6, 7, 8, 9

and 10.

Discussion

The innovation of the study is the technical refinements to

use an endoscope to harvest the LDM flap, creating a

subcutaneous pocket in the anterior chest wall, and

reconstructing the breast with a LDM flap and silicone

implant via only one incision as short as 5 cm in the hor-

izontal axillary crease. Although a vertical incision is much

easier to get access to the surgical field [25], a transverse

incision is preferred for its better cosmetic outcome. Typ-

ically an average of 60 min was used to harvest a LDM flap

as large as 177 cm2. The total operation time was less than

3 h for patients without contralateral symmetrical surgery.

Four technical refinements were crucial for improving

efficiency: (1) A customize-designed retractor linked with

a suction vacuum could provide optical cavity, suck out

heated smoke and facilitate electrocautery dissection by

stretching. A well-trained assistant knew the best way to

use the retractor to help the operator; (2) optimization of

the operation workflow. The key philosophy was to per-

form the dissection by utilizing the anatomical attach-

ments. First, the retractor was introduced through the

axillary incision to retract the subcutaneous skin envelope.

Because the LDM was still attached to the underlying tis-

sue, the subcutaneous dissection was easily carried out

using electrocautery. Then, the retractor was inserted under

the LDM and submuscular dissection was carried out in the

same way. This process was opposite from using external

suture retraction [26], where submuscular dissection was

done before subcutaneous dissection. Keep the lateral,

inferior, medial and superior border of the LDM attached

until the subcutaneous and submuscular dissection was

completed. (3) The subcutaneous dissection must extend

1 cm beyond the submuscular dissection, which made it

much easier to detach the distal border of LDM by using an

electrocautery with the muscle stretched by the retractor

from beneath the muscle. The border of the LDM was

released ‘‘from lateral to inferior’’ and ‘‘from superior to

medial.’’ (4) A bendable electrosurgical pencil with a flat

tip was used to perform both dissection and vessel coag-

ulation. Although endoscopic bipolar forceps were rou-

tinely prepared as backup, they have never been used. The

electrosurgical pencil could be bent to follow the rib con-

tour, which was very useful in dissecting the medial infe-

rior portion. By using the four key refinements, our

transaxillary endoscopic technique has demonstrated much

more efficient than the previously reported techniques

[7, 11–14, 17, 18, 20, 27]. Since harvesting the LDM is a

superficial procedure beneath the skin, the advantages of

using a surgical robot in a deep complex cavity do not fully

show up. Compared with the high cost, long docking time

and multiple ports needed on the back for the robot tech-

nique [21, 22], our proposed endoscopic technique is much

more cost-effective and efficient.

The endoscopic technique is also very useful in creating

the anterior chest wall subcutaneous pocket. Compared

with the blind blunt dissection technique, it provided pre-

cise pocket space and effective bleeding control. Moreover,

it is important to release the subcutaneous fibrous bands

completely with an electrocautery so that the skin envelope

can be fully expanded. As long as the subcutaneous

Fig. 4 Technical key point of cutting off the distal border of LDM.

The subcutaneous dissection was extended 1 cm beyond the lateral,

caudal and medial marks. Then, the submuscular dissection contin-

ued. With the aid of the retractor stretching the distal border of the

LDM from underneath the muscle, the operator could cut off the

distal border of the LDM with an electrosurgical pencil easily and

effectively

Fig. 5 Harvested LDM flap was transposed to the anterior chest wall
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constrictions are released, pre-expansion with a tissue

expander is not necessary and one-stage implant insertion

works well. However, sharp dissection with a cautery

should be performed carefully, especially in cases with rib

aplasia, avoiding damage of the parietal pleural.

Table 1 Demographics,

operation procedure,

complication of 16

ELDM ? IMPLANT-BR

patients

Mean ± SD

Age 21.3 ± 3.3

Height (cm) 164.8

Weight (kg) 53.3

BMI 19.7 ± 2.6

Flap length (cm) 22.3 ± 3.0

Flap width (cm) 15.7 ± 3.0

Flap area (cm2) 177.4 ± 50.8

Total operative time (with contralateral surgery) (minutes) 228.9 ± 23.0

Total operative time (without contralateral surgery) (minutes) 175.0 ± 12.7

LDM endoscopic time (minutes) 61.6 ± 10.1

Anterior chest wall pocket time (minutes) 35.7 ± 7.1

Breast implant size (ml) 242.3 ± 48.5

Contralateral symmetry surgery

Implant augmentation 2 (13.3%)

Fat grafting 2 (13.3%)

Secondary fat grafting 4 (26.7%)

Drain time (days) 8.0 ± 1.4

Complication 0

Flap necrosis 0

Hematoma 0

Seroma 0

Wound dehiscence 1

Infection 0

Implant-related complications 0

Table 2 Comparison of quality

of life and upper extremity

function between pre-operation

versus post-operation

Pre-operation Post-operation Mean difference p value

Satisfaction with breast 23.1 ± 18.0 61.7 ± 18.5 38.6 0.000

Chest physical well-being 76.8 ± 15.6 72.8 ± 16.8 - 3.9 0.071

Psychosocial well-being 47.8 ± 12.4 62.7 ± 13.7 15.1 0.004

DASH 7.1 ± 9.5 8.3 ± 10.6 1.2 0.077

Satisfaction with outcome 80.0 ± 21.0

Fig. 6 Female, 18 years old, height 168 cm, weight 51 kg, harvested LDM 18 9 13 cm, implant Mentor CPG 332 270 cc. Left: pre-operation.

Middle: 19 months after LDM ? implant breast reconstruction and two sessions of fat grafting. Right: back view of the donor site
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Our study showed that all the patients had very good

post-operative satisfaction, which was mainly attributed to

reduced scar length and concealed scar location. Unlike

other reports making the incision in the vertical posterior

axillary line [9, 12, 13, 21], we put the incision along the

transverse axillary fold, which could be better hidden in the

axillary fossa. Compared with the traditional open tech-

nique, which usually took 40–50 min to harvest the LDM

based on our experience, only an extra 10–20 min was

needed for the endoscopic technique. Moreover, consider-

ing the much longer incision left by the traditional open

technique would cost more time for wound closure, the

Fig. 7 Female, 24 years old, height 165 cm, weight 54 kg, harvested LDM 23 9 17 cm, implant Mentor CPG 332 270 cc. Left: pre-operation.

Middle: 6 months after LDM ? implant breast reconstruction. Right: back view of the donor site

Fig. 8 Female, 21 years old,

height 168 cm, weight 59 kg,

harvested LDM 26 9 16 cm,

implant Allergan 410 MM

215 g. Left: pre-operation.

Middle: 10 months after

LDM ? implant breast

reconstruction

Fig. 9 Female, 22 years old, height 168 cm, weight 42 kg, harvested LDM 20 9 18 cm, implant Mentor CPG 321 180 cc. Left: pre-operation.

Middle: 6 months after LDM ? implant breast reconstruction. Right: back view of the donor site

1192 Aesth Plast Surg (2019) 43:1186–1194
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endoscopic technique is competitive in efficiency. So we

believe that it was absolutely worth spending the additional

10–20 min to save the patient from having a long unsightly

scar on the back. However, the traditional open technique

does have the merit of being able to harvest a larger flap

with the posterior iliac fat tissue, as well as a skin paddle,

which is helpful to provide more volume and skin coverage

to the breast for female patients. Therefore, the traditional

latissimus dorsi myocutaneous flap is still indicated in

cases in which a skin paddle is need or the patient refuses

using an implant.

Our study showed that the post-operative complications

and morbidity were minimal. The seroma rate was zero,

which was significantly lower than our experience with the

traditional open technique, which was 15%. A recent study

revealed that the seroma rate in latissimus dorsi myocuta-

neous flaps without lumbar fat extension (3.6%) was sig-

nificantly lower than that with lumbar extension (42.6%)

[28]. It indicated that the lumbar fat extension, which was

usually harvested together with the latissimus dorsi

myocutaneous flap to provide more volume for breast

reconstruction in the traditional open technique, could be

the main reason for seroma formation [29, 30]. In our 16

cases, the LDM alone without the lumbar fat extension was

harvested, which explained the low seroma rate. At the

6-month follow-up, all the patients recovered completely to

normal activities before surgery, such as swimming and

playing basketball, which is confirmed by the measurement

of the BREAST-Q Chest Physical Well-being and DASH.

The limitation of the study is discussed below. Our

proposed ELDM ? IMPLANT-BR operative technique

requires a long learning curve to achieve efficiency and

safety. Both the senior authors have performed over 200

cases of transaxillary endoscopic augmentation mammo-

plasty surgeries. The lack of endoscopic surgery experience

might hinder the popularization of this technique. Second,

this research involved only 16 cases. Research of larger

volume of cases needs to be done to evaluate the safety and

effectiveness of this technique in the future.

Conclusions

Our proposed surgical technique is a safe and efficient

method to harvest the LDM flap to correct chest wall

deformity in Poland syndrome patients with an endoscopic

technique via a single axillary incision. It provides a lower

complication rate, better patient satisfaction and optimized

aesthetic outcome.
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