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Abstract

Background: Breast reconstruction using expanded latissimus dor-
sal musculocutaneous flap (eLDMC flap) is known for excellent 
outcome; however, intraoperative change in body position to assess 
cosmesis prolongs operative time. Here, we present the results and 
the strengths of immediate breast reconstruction with an eLDMC flap 
without body position change that we have developed.

Methods: Two hundred twenty-three patients who underwent total 
mastectomy followed by immediate breast reconstruction using eLD-
MC flaps between November 2010 and December 2018 at Wakay-
ama Medical University Hospital were analyzed for operative times, 
complications, conformity, local recurrence, and distant metastasis. 
Forty-eight patients without reconstruction during the same period 
were also analyzed.

Results: The median time of follow-up after operation was 57 months (0 
- 121 months). The mean operation time was 183.6 min (115 - 291 min), 
which was approximately 4 - 6 h shorter than the reported technique with 
body position changes. Complications occurred in 130 patients (58.3%) 
and there was seroma in 103 patients (79.2%). There was local recur-
rence in 12 cases (5.4%), and distant metastasis occurred in six cases 
(2.7%). The recurrence rate was equivalent to that of previous reports. 
A total of 208 patients (93.3%) were evaluated to be excellent or good.

Conclusion: Immediate breast reconstruction with an eLDMC flap 

without body position change is a safe, quick, and sufficient surgi-
cal procedure. Our surgical method achieves shorter operation times 
without compromising cosmetic appearance or increasing the compli-
cations and recurrence rate.

Keywords: Extended latissimus dorsi musculocutaneous flap; Imme-
diate breast reconstruction; Breast cancer; No change position

Introduction

Breast cancer is the most common type of malignant tumor 
in women in Japan [1]. Following breast cancer surgery, good 
cosmesis as well as curative results is desired. Breast recon-
struction operations are increasingly performed at the time of 
mastectomy, resulting in better physical and psychological sat-
isfaction and improved breast cancer-specific survival [2-6]. In 
a Japanese study, the immediate reconstruction rate for 1,616 
patients that underwent mastectomy at 389 hospitals in 2010 
was 11.2%, a demonstration of the growth in immediate recon-
struction in recent years [7]. Since July 2013, Natrelle (Allergan 
Inc., Santa Barbara, CA) has been covered in universal medical 
insurance in Japan as a breast implant for reconstruction after 
breast cancer surgery. Breast reconstruction using an implant 
aims to restore the shape and volume of the original breast, but 
the result is firmer and moves less naturally than reconstruc-
tion using native tissue. There may therefore be difficulty in 
attaining a natural shape and symmetry when one breast, rather 
than both, was reconstructed using implants. Unlike natural 
breasts, the implant breasts do not ptose with age and may ap-
pear higher than the contralateral (natural) breast, particularly 
as the patient gets older. If patients lose or gain weight, this will 
affect the natural breast but not the reconstructed breast, caus-
ing difference in shape and size. Patients may eventually need 
more surgery for the reconstructed breast, or to the other breast, 
to achieve a better match and symmetry [8].

An alternative to using implants in reconstruction after 
mastectomy is reconstruction by abdominal skin valve (deep 
inferior epigastric artery perforator flap (DIEP flap)) with a 
large amount of fatty tissue. The technique is technically dif-
ficult; however, because it includes anastomosis under a mi-
croscope, the operation time is long, and complications may 
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occur, such as flap necrosis due to vascular occlusion. As a fur-
ther development, an expanded latissimus dorsal musculocuta-
neous flap (eLDMC flap) with a large amount of fat attached to 
the lumbar region has been used at our institution since 2010. 
The eLDMC flap allows for more tissue to be obtained than 
the traditional latissimus dorsal musculocutaneous flap and is 
easier to harvest than the DIEP flap. Reconstruction of breasts 
thought to be sufficiently close to native, pre-mastectomy size 
without the need for vascular anastomosis or without implants 
has been possible by this method.

The current most commonly employed immediate breast 
reconstruction is implant-based. However, many institutions, 
particularly the ones in rural areas or low socioeconomic coun-
tries, may not have the luxury of access to implants or plastic 
surgeons. At those institutions where many of our readers are 
located [9], autologous tissue reconstruction using eLDMC 
flap is a viable option for breast surgeons. Breast cancer sur-
gery performed solely in the lateral decubitus position without 
body position change has been considered to be technically 
difficult. Owing to limited available operating room time how-
ever, to shorten the operation time, we have performed breast 
cancer surgery and reconstruction without repositioning. The 
complications and appearance of reconstructive surgery using 
an eLDMC flap have not been widely reported [10], although 
it has been given a grade C1 recommendation in cancer treat-
ment guidelines [11]. There have been no reported means of 
performing breast cancer surgery and breast reconstruction 
without body position change. Here, we discuss the surgical 
results and the conformity of no body position change breast 
surgery and immediate breast reconstruction with an eLDMC 
flap at our institution.

Materials and Methods

This study was approved by the Wakayama Medical Universi-
ty Ethical Review Committee (Approval No. 3133). All proce-
dures performed in studies involving human participants were 
in accordance with the ethical standards of the institutional 
and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical 
standards. This study is a retrospective cohort study. Indica-
tions for eLDMC reconstruction include the absence of lymph 
node metastasis on imaging, no evidence of nipple areola com-
plex (NAC) invasion on imaging, and the absence of bilateral 
lesions. eLDMC reconstruction was performed upon patient’s 
request and when the eligibility criteria were met. Since this is 
a cohort study, no randomization was applied in the decision of 
performing this procedure.

Included were 223 patients with primary breast cancer that 
underwent unilateral mastectomy: skin-sparing mastectomy 
(SSM) or nipple-sparing mastectomy (NSM) followed by im-
mediate breast reconstruction using an eLDMC flap at our in-
stitution between November 2010 and December 31 2018, and 
48 patients from the same period with primary breast cancer 
that underwent unilateral NSM mastectomy without recon-
struction. Sentinel node biopsy (SNB) was performed under 
local anesthesia in most cases until December 2015 to confirm 

negative metastasis or only micrometastasis. From January 
2016, SNB was performed at the same time as breast surgery, 
but only in cases where preoperative axillary magnetic reso-
nance imaging (MRI) showed low possibility of metastasis. 
Operative times, blood loss, complications, appearance, local 
recurrence, and distant metastasis were examined and statisti-
cally evaluated for each case. The drain was removed when 
the daily drainage volume fell below 20 mL or 2 weeks has 
passed after the operation. Seroma was defined as the condi-
tion requiring needle aspiration drainage after drain removal. 
Wound detachment is defined as the failure of a sutured sur-
gical wound to achieve primary healing, resulting in partial 
or complete separation of the wound edges. Nipple necrosis 
was defined as a condition where all or part of the nipple tis-
sue turns dark red or black, necessitating surgical intervention. 
Surgical site infection was defined as requiring antibiotic ad-
ministration or wound debridement.

A means of evaluation of postoperative cosmetic outcome 
was proposed in 2004 by the Japanese Breast Cancer Society 
Sawai Group (Sawai Group) [12]. In this scoring method, evalu-
ation is made using eight items related to the form of the breasts: 
breast size, breast shape, scar, breast firmness, nipple and areola 
size/shape, nipple and areola color/tone, nipple position, and 
position of the maximum descent point of the breast [13]. To 
evaluate the appearance after breast reconstruction, four levels 
(excellent, good, fair, and poor) are used based on symmetry.

Statistical analyses

Comparison of the patient characteristics and operation date 
between cohorts was performed using a paired t-test. Risk fac-
tor of seroma was performed using a Chi-square test. The time 
to the occurrence of the end point events or the date of last 
contact was calculated from the date of surgery. P values less 
than 0.05 were considered to be statistically significant. The 
JMP Pro (Version 14, SAS Institute, Cary, NC, USA) was used 
for all statistical analyses.

Surgical technique of immediate breast reconstruction 
with an eLDMC flap without body position change

Under general anesthesia in the operating room, the patient is 
placed in the lateral decubitus position and the surgeon first 
stands at the patient’s back (Fig. 1a, b). For breast cancer sur-
gery, a 10 - 12 cm vertical incision is made on the anterior 
axillary line and mastectomy (SSM or NSM) is performed. 
First, the serratus anterior muscle is identified, followed by 
dissection to expose the lateral border of the pectoralis major 
muscle. The posterior surface of the mastectomy area is then 
dissected, including the fascia of the pectoralis major muscle. 
At this time, subcutaneous fat should be left intact as much as 
possible. In detail, a thin flap of subcutaneous adipose tissue 
is left close to the tumor, but a thick flap of subcutaneous adi-
pose tissue is preserved at a distance of more than 2 cm from 
the tumor. To ensure complete removal of the tissue under the 
NAC, the nipple was everted to facilitate dissection, and the 
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major ducts were removed from the lumen. To avoid nipple 
necrosis, the tissue under the NAC was carefully treated to pre-
serve the vessels feeding the nipple. The NAC was resected if 
there was any evidence of neoplastic involvement on the basis 
of frozen section analysis [14]. Creating a flap in the medial 
region of the breast is particularly difficult, so care is required 
when removing the residual mammary gland and tumor tissue. 
Elevation of the eLDMC flap is continued after mastectomy is 
complete. At this time, the surgeon stands on the ventral side 
of the patient to harvest the flap. A skin incision is made along 
the periphery of the spindle-shaped skin island on the lumbar 
region to reach the shallow fascia layer of the vastus lateralis 
muscle (Fig. 1a). At the shallow fascia layer, the vastus later-
alis muscle is resected with the subcutaneous fat. In the lumbar 
region, the flap can be harvested with more fat from beyond 
the vastus lateralis to the foot. Fat that is too distal can easily 
become necrotic however, so we recommend limiting the fat 
attachment to a distance of about 2 - 3 cm from the vastus lat-
eralis muscle area. The elevated flap is transferred to the breast 
through a subcutaneous tunnel in the axilla (Fig. 1c). The fat at 
the distal end of the elevated flap is folded posteriorly in two 
and is used to create breast elevation (Fig. 1d). The flap is then 
sutured to the pectoralis major muscle in three places (medial 
superior pole of the breast, and medial and lateral sides of the 
inframammary fold (IMF) line). Additional sutures aid in pre-
venting flap migration as well as protecting the pedicle from 

excess tension. Drains are placed in the back and under the 
skin of the anterior chest, and the back wound is closed with 
sutures. Images of the surgery are shown in Figure 1.

Results

Patient details are shown in Table 1. Patients’ mean age was 
49.7 years old (24 - 80), median body mass index (BMI) was 
21.8 (17.2 - 37.7), stage was 0 in 53 patients, I in 114 patients, 
IIA in 38 patients, IIB in 16 patients, IIIA in two patients, and 
median follow-up was 58 months (0 - 124 months). The recon-
struction group was younger. Although it is generally consid-
ered that reconstruction is more common in early-stage breast 
cancer, there was no difference in stage in our study group.

Comparisons of operation time, blood loss, and surgery 
method of breast between our cohort and the report by Sakai 
et al with body position change [15] are shown in Table 2. 
The median operating time was 183.6 min (115 - 291 min), the 
mean blood loss was 73.2 mL (5 - 322 mL), and the most com-
mon techniques for breast cancer were NSM in 107 cases and 
NSM + SNB in 85 cases. According to the report by Sakai et 
al, the average operating time was 418 min, the average blood 
loss was 618 mL, and the most common techniques for breast 
cancer were SSM + SNB in 108 cases. Both blood loss and 
operation time were significantly reduced.

Figure 1. Intraoperative images. (a) Preoperative back skin incision design. (b) Preoperative breast design. (c) Flap moved to the 
prothorax. (d) Flap folded in two and formed into the breast shape.
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Comparisons of complications between our study and an-
other report with body position change are shown in Table 3 
[15]. Complications occurred in 130 patients (58.3%): there was 
seroma in 103 patients (46.2%), epidermal necrosis of the nip-
ple in eight patients (3.6%), wound dehiscence in nine patients 
(4.0%), and wound infection in five patients (2.2%). According 
to a report by Sakai et al, complications occurred in 120 patients 
(69.0%): there was seroma in 71 patients (41.0%), epidermal ne-
crosis of the nipple in four patients (2.3%), wound dehiscence in 
43 patients (24.6%), and wound infection in one patient (0.5%).

The results of the examination of risk factors for seroma, 
the most common complication, are shown in Table 4. ROC 
analysis was used to determine the optimal cutoff values. The 
results yielded an age cutoff of 50 years, an operation time cut-
off of 173 min, and a BMI cutoff of 21.5. Multivariate analysis 
was then conducted using these cutoffs.

There was a significant difference in risk factors for se-
roma with BMI > 21.5 (P = 0.0007) and age > 50 years (P = 
0.0202). Surgical time of ≥ 173 min (P = 0.0505) is not consid-
ered a risk factor (Table 4).

Table 1.  Clinical and Pathological Characteristics of Breast Cancer Patients With and Without Immediate Reconstruction

Reconstruction Mastectomy alone P value
Length of follow-up, months (median) 58 (0 - 124) 56 (0 - 118) 0.8423
No. of cases 223 48
Age (average) 49.7 (24 - 80) 64.1 (36 - 90) < 0.0001
BMI (median) 21.8 (17.2 - 37.7) 20.7 (17.3 - 32.9) 0.0793
Pathology 0.0182
    Ductal carcinoma in situ 53 12
    Lobular carcinoma in situ 0 2
    Invasive ductal carcinoma 140 24
    Invasive lobular carcinoma 8 3
    Others 22 7
Stage 0.6967
    0 53 14
    I 114 20
    IIA 38 9
    IIB 16 5
    IIIA 2 0
ER 0.0017
    Positive 182 33
    Negative 41 13
    Uncertain 0 2
PgR 0.0008
    Positive 163 25
    Negative 60 21
    Uncertain 0 2
Her2 0.8873
    Positive 33 6
    Negative 169 37
    Uncertain 21 5
Adjuvant endocrine therapy 175 29 0.0330
Adjuvant chemotherapy 24 4 0.7942
Adjuvant radiotherapy 3 1 < 0.0001
Smoking 22 6 < 0.0001
Diabetes 10 4 < 0.0001

BMI: body mass index; ER: estrogen receptor; Her2: human epidermal growth factor receptor 2;PgR: progesterone receptor.
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Local recurrence occurred in 12 cases (5.4%), and metas-
tasis occurred in six cases (2.7%, four bone cases, two liver 
cases, and one lung case; there was one instance of dual me-
tastasis) [16].

Regarding appearance, 153 patients were considered to 
have excellent appearance (68.6%), 55 good (24.7%), seven fair 
(3.1%), and one poor (0.4%). Evaluation of the acceptability is 
shown in Table 5. According to a report by Du et al, 37 patients 
were considered to have excellent appearance (58.7%), 19 good 
(30.2%), five fair (7.9%), and two poor (3.2%) [17]. According 
to a report by Adel et al, 85 patients were considered to have 
excellent appearance (60.8%), 42 good (30.0%), 10 fair (7.1%), 
and three poor (2.1%) [18]. The evaluation of cosmetic appear-
ance was similar to that reported in other studies.

Pre- and postoperative breasts are shown in Figures 2-4.

Discussion

The eLDMC flap is close to the breast and thus can be eas-
ily used in breast reconstruction. The eLDMC flap allows for 

more tissue to be obtained than the traditional latissimus dorsal 
musculocutaneous flap and is easier to harvest than the DIEP 
flap. Postoperative recovery is faster than when abdominal 
flaps are used [19]. Exercise such as swimming and golfing is 
possible after just 2 months, so this operation has been com-
monly used in breast reconstruction for a long time. There are 
also drawbacks, however, such as insufficient tissue volume 
for reconstruction after mastectomy, and the need for intra-
operative repositioning. Reconstruction with an eLDMC flap 
was first reported by Hokin in 1983 [20]. eLDMC flaps are 
thought to compensate for the lack of tissue volume in people 
with lower BMI. Meanwhile, the balance of the left and right 
breasts cannot be confirmed without body position change, so 
there were strong concerns that the patients may be dissatisfied 
with the results. The measurements used in the present study, 
evaluated by surgeons, were subjective but 208 of the cases 
(93.3%) were considered to have either “good” or “excellent” 
appearance, which was the majority, and the merits of the re-
construction could be sufficiently shown.

There are various reports on the time required for surgery 
using abdominal flaps (6 - 9), while reconstruction using an 
eLDMC flap with position change (supine to lateral to supine) 
has been reported to take 4 - 5 h [18, 20]. Our method can 
be completed in approximately 3 h, in other words, by using 
this technique, the pressure on the surgical schedule may be 
reduced. The time can be further reduced if the surgeon and 

Table 2.  Comparisons of Operation Time, Blood Loss, and 
Surgery Method of Breast Between Our Study and Report by 
Sakai et al [15]

Our study Sakai et 
al [15]

No. of cases 223 174
Operation time (median), min 183.6 (115 - 191) 418
Blood loss (median), mL 73.2 (5 - 322) 618
Surgery method of breast
    NSM 107 2
    NSM + SNB 85 2
    NSM + SNB → Ax 9 0
    NSM + Ax 7 0
    NSM + SNB → SSM 1 0
    NSM + SNB → SSM + Ax 1 0
    SSM + SNB 5 108
    SSM + SNB → Ax 1 0
    SSM+Ax 1 51

Ax: axilla dissection; NSM: nipple-sparing mastectomy; SNB: sentinel 
lymph node biopsy; SSM: skin-sparing mastectomy.

Table 3.  Complication With Immediate Reconstruction

No. of cases % (N = 130/223) Sakai et al [15]
No. of total complication 130/223 (58.3%) 120/174 (69.0%)
Complication
    Donor site seroma 103 79.2/46.2 71 cases (41%)
    Wound detachment 9 6.9/4.0 43 cases (24.6%)
    Nipple necrosis 8 (partial only) 6.2/3.6 Four cases (2.3%)
    Flap infection 5 2.0/2.2 One case (0.5%)

Table 4.  Risk Factor of Seroma

Characteristics HR (95% CI) P-value
Age > 50 years 0.529 0.0202
BMI > 21.5 kg/m2 0.394 0.0007
Operation time > 173 min 0.582 0.0505

BMI: body mass index; CI: confidence interval; HR: hazard ratio.

Table 5.  Aesthetic Grading Results of Breast Reconstruction

Aesthetic grade No. of 
cases % Du et al 

[17], %
Adel et al 
[18], %

Excellent 153 68.6 58.7 60.8
Good 55 24.7 30.2 30.0
Fair 7 3.1 7.9 7.1
Poor 1 0.4 3.2 2.1
Uncertain 7 3.1 0.0 0.0
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Figure 2. Postoperative images of the representative four patients with small-sized breasts.

Figure 3. Postoperative images of the representative four patients with standard-sized breasts.
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surgical team are skilled.
The local recurrence rate in this cohort was 12 cases 

(5.4%) (median observation period: 57 months), while the lo-
cal recurrence observed by Sakurai et al was reported as 8.2% 
of patients (median observation period: 78 months) [14, 21, 
22]. In a report of primary reconstruction using expanders and 
implants by McCarthy et al, the local recurrence rate was 6.8% 
in the reconstruction group and 8.1% in the non-reconstruction 
group, with a mean observation period of 67 months; there was 
no significant difference between the two groups [23]. Lang-
stein et al reported a local recurrence rate of 39/1,694 (2.3%) 
over a 10-year observation period in patients who underwent 
primary breast reconstruction using predominantly transverse 
rectus abdominus muscle flaps [24]. In our institution, the local 
recurrence rate was 4/48 (8.3%) in NSM without reconstruc-
tion during the same period (median observation period: 55 
months, 0 - 121 months). The rate of local recurrence did not 
increase with reconstruction, although it may be necessary for 
the surgical team to gain proficiency in supine-position breast 
surgery and to detach a thin skin flap near the tumor.

Clough et al reported the following complications of eLD-
MC flap: seroma (72%), hematoma (5%), bleeding (4.1%), 
wound separation (3.3%), infection (1.7%), partial flap necro-
sis (1.7%), and fat necrosis (1.7%) [25]. Sakai et al reported 
the following complications of eLDMC flap: seroma (41%), 
wound separation (24.6%), nipple necrosis (2.3%), and infec-
tion (0.5%) [15]. There was no significant difference in the 
incidence of complications. Chang et al also reported that the 

risk of these complications is increased if the patient is ≥ 65 
years of age, if they have a D cup (difference between the bust 
size and the band size of 17.5 cm) or larger, or if they have a 
BMI of ≥ 30 [26]. In the present study, patients with BMI > 
21.5 kg/m2 and age > 50 years had significantly higher likeli-
hood of developing seroma. Development of seroma should 
be noted in the reconstruction of patients with this condition.

Ninety percent of Japanese breast cancer patients had a 
BMI below 30 kg/m2 [27], which is a risk factor for complica-
tions. In a comparison of the body sizes of Japanese people liv-
ing in Japan, Japanese people living in Hawaii, and Caucasian 
people living in Hawaii, the mean BMI was reported as 23.2, 
23.1, and 25.0 kg/m2, respectively, and the mean breast sizes 
were 55.69, 56.41, and 87.77 cm2, respectively [28]. Further 
versatility of this flap was shown in a series of 277 patients, 
which demonstrated acceptable flap and donor site compli-
cations with the eLDMC flap, even in obese and overweight 
patients [29]. Although the use of an eLDMC flap is thought 
to be unsuitable for patients with large breasts due to insuffi-
cient tissue volume, it can still be considered as an option for 
patients with a BMI of about 22 kg/m2, which is common in 
Japan, and in patients whose breasts are not very large, as in 
most of our cases (Table 1, median BMI 21.8 kg/m2).

Limitations of this study include that only a subjective 
evaluation was performed for the cosmetic appearance and 
that the observation period was insufficient for detection of 
local recurrence. Future studies should include breast charac-
teristics (breast size, degree of breast ptosis), excision volume, 

Figure 4. Postoperative images of the representative four patients with large-sized breasts.
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and mammary gland density, which are factors that particular-
ly affect the cosmetic appearance, and the use of quantitative 
evaluation methods, such as 3D measurement of breast volume 
and long-term observation. Unfortunately, the weight of the 
resected breast was not measured nor recorded, which would 
have supported the patient selection for eLDMC reconstruction. 
Post hoc power analysis indicated a required sample size of ap-
proximately 130 per group, which was larger than the power of 
the current study. We consider that more cases need to be accu-
mulated. Functional impairment following an extensive harvest 
of the latissimus dorsi muscle at the donor site is a recognized 
risk [10], and efforts have been made to minimize this morbid-
ity including muscle-sparing techniques [30], often combined 
with lipofilling [31]. Therefore, medium- or long-term evalu-
ation of functional sequelae at the latissimus dorsi donor site 
after eLDMC flap is of interest [32]. Unfortunately, however, 
we do not have access to such information, which would enable 
a more detailed assessment of reconstruction outcomes. Despite 
these shortcomings, we do believe that our approach will be a 
viable choice at institutions where there is no access to plastic 
surgeons, implants, nor advanced plastic surgical options.

Conclusions

Immediate breast reconstruction with an eLDMC flap without 
body position change is a safe, quick, and comfortable surgi-
cal procedure. Our surgical method achieves shorter operation 
times without reducing cosmetic appearance or increasing the 
complications or increasing the recurrence rate.
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