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Summary

Background Breast cancer is a major health concern worldwide. Patients diagnosed with
early breast cancer undergo breast surgery as part of their treatment strategy. Mastectomy
surgeries can result in a reduced quality of life and, for this reason, are often followed by
immediate breast reconstruction. Many plastic surgeons consider the use of autologous
tissue to be the gold standard. However, breast reconstruction with autologous tissue can
result in signi cant complications such as tissue necrosis, which consequently requires

revision surgeries and can worsen patient satisfaction and quality of life.

Objectives To compare the difference in the rate of necrosis after breast reconstruction
with autologous tissue between a group of patients studied with indocyanine green an-
giography in the peri-operative period versus a control group undergoing conventional

surgery. To evaluate the quality of life and patient satisfaction between the two groups.

Design and methodsThis study is a multicentre randomized single-blind clinical trial
between two groups of patients. The experimental group will be studied intra-operatively
with indocyanine green angiography, thus ap delineation will be guided by the images
provided by this method. The control group will undergo surgery without prior imaging,
and ap design will be based on theoretical vascular knowledge. Surgeons will complete a
data collection form detailing the breast reconstruction and complications during follow-

up and patients will be administered three quality of life questionnaires.

Study participants Both groups will be integrated by 225 patients between 25 and 65
years of age, suffering from early stage breast cancer and tributary to mastectomy and

breast reconstruction with autologous tissue.

Statistical analysisWe will perform a univariate, bivariate and multivariate analysis, tak-

ing a 95% con dence interval and a p-valu®.05 for clinical signi cance.

Keywords Indocyanine green; indocyanine green angiography; vascularisation; tissue
necrosis; breast reconstruction; breast reconstruction with autologous tissue; breast can-

cer; quality of life.
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1 Introduction

1.1 Overview of breast cancer

1.1.1 Epidemiology and clinical relevance

Breast Cancer (BCa) is a major public health concern due to its high prevalence, inci-
dence, and mortality among women worldwide. In 2018 there were almost 2.1 million
newly diagnosed cases of female BCa and approximately 630,000 women died from this
cause. In the European Union the number of cases amounted to 404,920 with an annual
incidence of 144.9/100,000 and a mortality rate of 32.9/100,000. In Spain, BCa is also the
most frequent cancer among women, accounting for up to 29% of all new cancers in the
female population; as well as being the leading cause of cancer-related mortality within

this group (1, 2).

Mammographic screening allows to diagnose early stage BCa, however this translates
into an increasing incidence since its introduction, and it continues to rise with the aging

of the population (2).

Currently, most BCa are diagnosed at an early stage. Early stage BCa is de ned as dis-
ease that is con ned to the breast or has only spread to the axillary lymph nodes, without
metastatic involvement. This de nition is based on the fact that early stage BCa is consid-
ered curable, with a chance of survival of approximately 70-80%, and increasing over the
years. In contrast, advanced disease is de ned by metastatic involvement and is not con-
sidered curable. Therefore, the main goals of therapy are to prolong survival and control

symptoms, while maintaining or improving Quality of Life (QoL) (3).

1.1.2 Classi cation

Breast tumours are generally classi ed according to their intrinsic subtype and Tumour-

Node-Methastasis (TNM) stage, as these two classi cations provide clinically relevant
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information on prognosis and management (see annex A.1). For the intrinsic subtype
classi cation, a pathologic evaluation of the primary tumour is required. This should
include the following elements: presence or absence of ductal carcinoma in situ, histo-
logic type, grade, immunohistochemistry, Oestrogen Receptors (ER), Progesterone Re-
ceptors (PgR), Human Epidermal growth factor Receptor 2 (HER2), and gene expression
data. Proliferation markers, such as Ki-67 index which determines the percentage of pos-
itively stained tumour cells among the total number of malignant cells assessed, provide
additional useful information. According to the forementioned items, the primary tumour
can be classi ed as luminal A, luminal B, HER2-positive or basal-like (also known as

triple negative) (2) (see Figure 1.1).

Figure 1.1: Breast cancer histological subtypes. The gure describes histological and molecular charac-
teristics, which have an important implication for therapy. Histological subtypes (top right) are ductal car-
cinoma no special type (NST) and lobular carcinoma (ILC) with their respective preinvasive lesions ductal
carcinoma in situ (DCIS)and lobular carcinoma in situ (LCIS). Intrinsic subtypes are based on histology
and immunihistochemistry expression of key proteins: oestrogen receptors (ER), progesterone receptors
(PgR) and proliferation marker Ki-67. Tumours expressing ER and/or PgR are termed "hormone receptor-
positive"; tumours not expressing ER, PR and HER2 are called "triple-negative”. The relative placement of
the boxes in green (bottom) align with the characteristics of each tumour subtype. Taken from (3).

-, Negative; +, positive; GES, gene expression signature; aESR1 mutations induced by aromatase inhibitor
targeted therapy



TNM staging consists of an anatomical classi cation determined by the size of the tumour,
the number of lymph nodes involved and the presence of distant metastases. This staging
was rstde nedin 1959 by the American Joint Committee for Cancer (4) and is useful for
BCa management as it de nes 4 clinical stages for which different therapeutic approaches

may be required.

1.1.3 Diagnosis and therapeutic management

When a breast tumour is suspected, the following tools help achieve a correct diagnostic
and prognostic approach (1, 2):

— Anamnesis including personal and family medical history.

— Physical examination focusing on bi-imanual palpation of the breasts and axillary
nodes.

— Laboratory tests including haemogram, liver and renal function, alkaline phos-
phatase and calcium.

— Bilateral mammography and ultrasound of the breasts and regional lymph nodes.

— Core needle biopsy guided with an imaging technique. This study should include
evaluation of ER, PgR, HER2 and gene expression. Ki-67 index should also be
included, although it is likely to nd some inter-observer variability.

— Magnetic resonance imaging should be considered in cases with positive axillary
nodes and occult primary breast tumour.

— Extension study with computed tomography scan, bone scan and/or positron emis-
sion tomography should be performed when stage Ill disease is detected or there

are signs or symptoms suggestive of metastases.

BCa treatment consists of the combination of local and systemic therapies. The mainstays
of treatment are surgery, radiotherapy, chemotherapy, endocrine therapy and molecular
targeted therapies, which must however be accompanied by supportive measures. It is
highly recommended that the treatment is carried out in specialised breast units or centres
by a multidisciplinary and specialised team, as this tends to lead to better results in terms
of disease-free survival, overall survival and functional and QoL outcomes. The multidis-

ciplinary team should include medical and radiation oncologists, breast surgeons, breast

radiologists, breast pathologists, plastic/reconstructive surgeons and breast nurses (2).
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Surgery

The surgical treatment plan for BCa patients is based on multiple factors, such as tumour
size and grade, margin extension, appearance on imaging techniques, and patient prefer-

ence (5).

Breast-preserving surgery

This technique places an incision over the lump, thus minimizing the excision of unin-
volved breast tissue. The tumour and a circumferential margin of normal breast parenchyma
around it are removed in order to achieve wide negative margins, and the extent of the
surgical resection is marked with radiopaque clips to facilitate radiotherapy planning
and mammographic follow-up. The wound is then closed in two layers including deep

parenchymal sutures and skin sutures (5) (see Figure 1.2).

Figure 1.2: Breast-preserving surgery (left) and post-operative appearance (right). Taken from (6).

Mastectomy

BCa is rarely associated with a skin lesion, hence removal of the overlying breast skin is
unnecessary in most patients (7). Skin-sparing mastectomy involves excision of all breast
tissue with preservation of the skin envelope, allowing for a more natural contour of the re-

constructed breast; although in patients with a tumour close to the skin surface, excision of
the overlying skin may be considered. A variation of skin sparing-mastectomy is nipple-

sparing, which preserves the nipple-areola complex and is considered in patients with
tumours remote from the nipple. Nipple and skin-sparing mastectomies are performed by

meticulous dissection of the subcutaneous fascia, in order to preserve the dermal blood



supply (see Figure 1.3). The mastectomy specimen is sent to pathology and studied peri-
operatively to con rm the adequacy of the excision margins. In all patients undergoing a

total mastectomy, immediate Breast Reconstruction (BR) is considered (5, 8).

Figure 1.3: Mastectomy (left) and post-operative appearance (right). Taken from (6).

Breast-preserving surgery is similar to mastectomy in terms of patient survival and should
be considered as the rst treatment option in stages | and I, although the choice of surgical
technique should always be individualized (5). However, mastectomy is still the gold

standard in the following situations:

Tumour multicentricity.

Impossibility of achieving negative surgical margins after multiple resections.

Small size of the breast in relation to the volume of the tumour.

Contraindication for radiotherapy.

Sentinel lymph node biopsy is recommended in all patients with clinically negative ax-
illary nodes (cNO) for evaluation of axillary node involvement. Patients with positive

lymph nodes will undergo axillary lymph node resection (1, 5).

Adjuvant treatments

Adjuvant radiotherapy should be considered on an individualized basis and offered to all
patients treated with breast-preserving surgery as well as those treated with mastectomy
with close or biopsy-positive margins, T4 tumours, node-positive T3 tumours and/or

axillary nodes involved.



Systemic adjuvant treatments are often recommended in early stage BCa with the in-
tention of reducing the rate of loco-regional or systemic relapse and mortality. As the
variety of clinical subtypes of the primary tumour have different biological, molecu-
lar and clinical characteristics, the management of adjuvant treatment depends on the
clinic-pathologic classi cation (1) (see Figure 1.4). Systemic treatment options include

chemotherapy, endocrine therapy and molecular targeted therapies.

Figure 1.4: Treatment algorithm for early stage breast cancer based on tumour burden and subtype. Taken
from (3).

-, hegative; +, positive; GnRH, gonadotropin-releasing hormone; HR, hormone receptor; p, pathological;
PR, progesterone receptor; N, node status; T, tumour grade; T-DM1, ado-trastuzumab emtansine.

1.2 Breast reconstruction

Mastectomy is for most women a mutilating and deforming procedure which conse-
quently affects their self-image and QoL. Breasts are a powerful symbol of femininity,

and their loss can lead to signi cant psychological consequences.

BR is available today to almost any woman undergoing partial or total mastectomy and
can solve some of the complications derived from the surgery. A woman with a successful
reconstruction can wear almost any type of clothing and return to a productive and active

life. Therefore, the goal of BR is to return the patient to a state as close as possible to
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that prior to the mastectomy, seeking a natural shape, smoothness, feel, movement and
symmetry to resemble a normal breast. In order to achieve the illusion of normality,

nipple and areola reconstruction should also be offered.

The techniques used for BR consist of prosthetic implants, autologous tissue aps, or
combinations of both (5). Ideal candidates for reconstruction are young, healthy, non-
obese women, yet older patients may also be candidates depending on their health status

and motivation (5, 7).

There is currently a wide variety of techniques for post-mastectomy BR and the decision
of the method used depends on the patient, the surgical team and the environment in which
the reconstruction is performed. Therefore, plastic surgeons should be familiar with the

advantages and disadvantages of each technique and not rigidly commit to one of them

(N.

1.2.1 Implant-based breast reconstruction

Expander-implant techniques have been an important method for BR. This technique can
be used in patients who have not been previously subjected to radiation and generally

consists of a two-step procedure.

The rst step involves the insertion of a de ated implant, known as expander, under the
mastectomy skin, which is progressively in ated with the aim of stretching the dimensions
of the skin envelope and preventing wound contraction after mastectomy (see Figure 1.5).
This step can be performed immediately after the mastectomy, although if it is delayed it
is preferable to perform the surgery after a minimum of 3 months and once the adjuvant

treatments are completed.

The second step consists of replacing the expander with a medium-sized, anatomically

shaped silicone implant and making any pertinent adjustments of the contralateral breast.

The advantages of BR with implants include minimal morbidity, reduced surgical time
and the absence of donor site morbidity. However, the procedure is not exempt from

complications such as implant de ation or malfunction, capsular contracture, reactions



from the implant, visible contour irregularities among others. In addition, a prosthesis

will never look as natural as a reconstruction using the patient's own tissue (5, 9).

Figure 1.5: Placement of a tissue expander. Taken from (6).

1.2.2 Breast reconstruction with autologous tissue

The use of autologous tissue for BR after mastectomy is considered by many plastic
surgeons to be the gold standard, providing women with optimal results and a remarkable

QoL without the need for prosthetic materials (10-13).

Pedicled aps are de ned as those in which skin, fat and muscle are transferred over a vas-
cularised pedicle containing a minimum of one artery and one vein that supply blood ow.
With the evolution of plastic surgery techniques and the ability to perform microvascular
surgery, free tissue transfer allows the design of aps from remote areas to the breast that
can be anastomosed to the internal mammary or thoracodorsal artery and vein or others
with similar characteristics. The latter are currently on the rise and perforator-based aps

are considered the rst choice for Breast Reconstruction with Autologous Tissue (BRAT).

A variety of aps obtained from different donor sites have been described, including the

following.

Transverse Rectus Abdominis Musculocutaneous (TRAM) ap

The TRAM ap procedure uses skin and subcutaneous tissue from the lower abdominal
wall which is transferred to the thorax by tunneling under the skin of the upper abdomen,

attached to the rectus abdominis muscle that acts as a blood supply carrier. It is therefore
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a pedicled ap which vascularisation relies on the superior epigastric artery and vein.

There is also the possibility of performing a free TRAM ap, which uses the same island
of skin from the lower abdominal territory, but requires less sacri ce of the rectus abdo-
minis muscle (see Figure 1.6). Unlike the pedicled TRAM ap, the vascularisation of the

free TRAM depends on the lower epigastric artery and vein (5, 6, 10).

Figure 1.6: Free Transverse Rectus Abdominis Musculocutaneous (TRAM) ap procedure and post-
operative appearance. Taken from (6).

Deep Inferior Epigastric Perforator (DIEP) ap

The DIEP ap is a variation of the TRAM ap in which the same palette of skin and fat

is transferred from the lower abdomen to the breast, but without the involvement of the
rectus abdominis muscle (see Figure 1.7). It consists of a perforator-based ap that relies
on the perforator branches of the deep inferior epigastric artery and vein. These vessels
are carefully dissected from the rectus abdominis muscle via myotomy, without removing

the muscle or fascia, resulting in less injury to the abdominal wall (5, 6, 10).

Figure 1.7: Deep Inferior Epigastric Perforator (DIEP) ap procedure and post-operative appearance.
Taken from (6).



Super cial Inferior Epigastric Artery (SIEA) ap

The SIEA ap is an alternative option sourced from the abdominal wall as well, consisting
of a free adipocutaneous ap perfused by a direct perforator. Its vascularisation is based
on the super cial inferior epigastric artery and vein, which gives it the advantage of not
requiring a fasciotomy or myotomy, thereby not altering the integrity of the abdominal
wall (5, 10).

Latissimus Dorsi (LD) ap

The LD ap uses skin and subcutaneous tissue from the upper back and part or the entire
latissimus dorsi muscle (see Figure 1.8). It is a pedicled ap in which the vascularisation
is dependent on the thoracodorsal artery and vein. This technique is usually suf cient
for small breast volumes, but when the reconstruction volume is larger it may require the

placement of a prosthesis or a fat graft to add thickness to the breast (5, 6, 10).

Figure 1.8: Latissimus Dorsi (LD) ap procedure and post-operative appearance. Taken from (6).

Thoracodorsal Artery Perforator (TDAP) ap

The TDAP ap is primarily an option for partial BR, performed as a pedicled ap for
laterally-based breast defects. However, it can also be used for total reconstruction in
petite women with small volume breasts. As with the LD ap, additional procedures may

be used to achieve adequate volume and thickness (10).
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Superior Gluteal Artery Perforator (SGAP) and Inferior Gluteal Artery Perforator
(IGAP) aps

GAP aps use skin tissue from either the upper or lower gluteal region (see Figure 1.9).
Depending on the artery and vein that provide blood supply they are divided into SGAP
and IGAP, which receive its vascularisation from the superior and inferior gluteal artery

respectively (6, 10).

Figure 1.9: Superior Gluteal Artery Perforator (SGAP) ap procedure and post-operative appearance.
Taken from (6).

Transverse Myocutaneus Gracilis (TMG) aps

TMG aps are composed of tissue from the thigh and gracilis muscle (see Figure 1.10).
The blood supply is provided by the gracilis artery and vein, with the possibility of sup-

plementing it with the saphenous vein for additional venous drainage (6, 10).

Figure 1.10: Transverse Myocutaneous Gracilis (TMG) ap procedure and post-operative appearance.
Taken from (6).
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Profunda Artery Perforator (PAP) ap
The PAP ap is based on the deep femoral artery and vein and involves soft tissue from

the posterior compartment of the thigh (10).

Table 1.1 shows the vascularisation of the reconstructive aps for potential use.

Table 1.1: Principal aps and their respective vascularisation

Type Flap Blood supply Technique
Pedicled _ _ ) ) _
Superior epigastric artery Elevation of the ap, tunneling to
TRAM
Pedicled aps mastectomy site and insetting and
LD Thoracodorsal artery ) -
shaping to breast position.
TDAP Thoracodorsal artery
Free . .
Lower epigastric artery
TRAM L ,
Localization of the best suitable
DIEP Deep inferior epigastric artery .
perforator, harvesting of the ap,
SIEA Super cial inferior epigastric artery _
Free aps microvascular anastomosis to
SGAP | Superior gluteal artery . _ _
recipient vessels, insetting and
IGAP Inferior gluteal artery ) -
shaping to breast position.
T™MG Gracilis artery
PAP Deep femoral artery

TRAM, transverse rectus abdominis musculocutaneous; LD, latissimus dorsi; TDAP, thoracodorsal artery
perforator; DIEP, deep inferior epigastric perforator; SIEA, super cial inferior epigastric artery; SGAP,
superior gluteal artery perforator; IGAP, inferior gluteal artery perforator; TMG, transverse musculocu-
taneous gracilis; PAP, profunda artery perforator.

1.2.3 Flap design and vascularisation

In patients who undergo BRAT, adequate blood supply to the ap tissue is critical (5).
The term "angiosome" refers to a vascular territory for a speci c artery and vein. For
ap planning, fundamental knowledge of angiosomes allows for proper skin island de-
sign. Often, Doppler ultrasound in combination with computed tomography or magnetic
resonance angiography are performed on tissues with potential to be used as donor for

reconstruction with the aim of identifying the location of perforator vessels (10, 12, 14).
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To improve patient outcomes and for the design and delineation of lower abdominal aps,
Hartrampf perfusion zones have been described based on the knowledge of regional vas-
cular anatomy, thus de ning four perfusion zones which can vary depending on the loca-

tion of the perforator vessel, as shown in Figure 1.11.

Figure 1.11: Hartrampf perfusion zones in a standard eliptical design of a lower abdominal ap with (A)
unilateral medial perforator, (B) unilateral lateral perforator and (C) bilateral perforators. Adapted from (9).

Hence, zone 1 is de ned as the location of the ap with the best perfusion, while this
decreases towards zones 2 and 3. Zone 4 represents the zone with poorest irrigation and
is usually insuf ciently perfused. Consequently, zones 1 and 2 are generally preserved,

while part of zone 3 and the entire zone 4 are normally discarded (11).
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1.2.4 Advantages of immediate breast reconstruction with autolo-

gous tissue

Immediate reconstruction usually offers a better cosmetic result compared to delayed re-
construction and has other advantages such as greater ef ciency, cost-effectiveness and

convenience.

In addition, autologous tissue offers many advantages that implant-based reconstruction
cannot, such as longevity and the ability to be predictable and successful in complex
cases as prior radiation on the breast or device infection. It also has the added bene t of
a more aesthetically pleasing result of both the reconstructed breast and the donor site.
Autologous adipose tissue has a consistency very similar to mature breast tissue, which
allows the reconstructed breast to behave more naturally. For example, when the patient
lies down the breast falls to one side, has a natural movement when the patient runs or
walks and has the tendency to become more ptosic over time and to change along with the
natural breast if the patient gains or loses weight. Unlike reconstruction with implants,
BRAT tends to improve over the years; scars tend to soften and fade, sensation improves
and tissue rmness resolves. After the rst year of follow-up, additional surgery is rarely
needed for patients reconstructed with autologous tissue. Therefore, although BR with

implants has low initial costs, the long-term costs are in favor of BRAT (5, 7, 10).

Figure 1.12 shows a pre and post-operative photograph of the same patient, who under-

went replacement of an implant for a DIEP ap.

Figure 1.12: Pre-operative photograph of a woman with left breast cancer following prosthetic recon-
struction and radiation therapy (left) and post-operative photography following removal of the implant and
replacement with a left DIEP ap in the same patient. Taken from (10).
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Given the numerous advantages outlined above, immediate reconstruction is the preferred
option for almost all patients with early stage tumours who are certain they want to un-
dergo reconstructive surgery, and the use of autologous tissue has become established

among patients with skin-sparring mastectomy (5, 7, 10).

1.2.5 Complications associated to breast reconstruction with autolo-

gous tissue

The incidence of complications associated with BR is not a negligible issue, as almost

half of the patients face at least one complication of any degree during the post-operative
period (15). Besides, it has been described that patients who have suffered surgical com-
plications have a signi cantly worse QoL compared to those who have not (16). Compli-

cations resulting from BRAT include:

— Wound complications, including infection, seroma, delayed healing, or haematoma.

— Aesthetic complications, such as breast asymmetry, contour irregularities, contrac-
ture, volume loss, poor wound healing and scarring.

— Vascular complications, comprising total ap necrosis, venous distress, partial ap
necrosis and fat necrosis.

— Donor site morbidities, including seroma, haematoma, infection, delayed healing,
contour deformities or abdominal hernia (the latter only associated with lower ab-

dominal aps).

Flap necrosis of any degree is a serious complication, as it leads to re-intervention of
patients for revision surgery and/or for a second BR with a prosthesis or a new ap (see
Figure 1.13). Partial ap necrosis is often caused by poor vascularisation of perforators
relative to ap size, and rates can be as high as 20% of procedures using clinical evaluation
alone (5, 9, 13, 15, 17).
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