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Introduction

Breast  reconstruct ion has  become an important 
consideration for women after mastectomy. The goal is to 
re-create a breast mound that is naturally soft, durable, looks 
and feels like a normal breast, and can mature and naturally 
change with the patient over time. Women undergoing 
breast cancer surgery have become younger over the 
years and so reconstructive options ought to place greater 
emphasis on longevity. Documented trends include changes 
in patient demands and expectations; the disadvantages of 
implant reconstruction being better understood and the 
results through autologous reconstruction being more 
widely recognized (1,2).

Although the use of autologous tissue is less commonly 
performed compared to implant-based reconstruction it is 
still is seen as a preferable choice in circumstances and has 
gained increasing popularity over the years. Autologous 

tissue can behave very much like normal breast tissue, 
however the surgery is considered to be more complex and 
lengthy in comparison to prosthetic based reconstruction. 
However,  the advancement of  microsurgical  and 
reconstructive techniques and incorporation of enhanced 
recovery protocols has significantly reduced the associated 
morbidity with autologous breast reconstruction.

The success of autologous tissue transfer is reliant on 
adequate blood supply and as we endeavour to tailor our 
reconstructive options through our flap choices and design. 
Autologous breast reconstruction has made substantial 
progress over the years and the evolution of refinements 
over the last 30 years has allowed flaps to be based on 
specific perforators. This revolutionary concept can 
preserve underlying muscle, reduce donor site morbidity 
and ability to tailor the flap to reconstruct exactly the 
tissues that are missing at the recipient site. The ultimate 
goal of breast reconstruction following mastectomy is to 
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match optimal tissue replacement with minimal donor-site 
expenditure. In parallel surgeons will seek ways to ensure 
safe flap design and harvest while maintaining predictability 
and reliable tissue perfusion.

The mantra of Sir Harold Gillies that surgeons are “faced 
with a constant battle between vascular supply and beauty,” is 
a reflection of the challenges and goals of the reconstructive 
breast surgeon. The foundations of our vascular anatomical 
knowledge stems from pioneering works including that of 
Manchot, Salmon, Cormack and Lamberty, and Taylor and 
Palmer (3-5). Better understanding of the vascular anatomy 
and physiology of the cutaneous circulation of soft tissues, 
and that of patterns of blood flow from individual perforator 
has provided insight to advance perforator flap harvest and 
modifications in flap design.

The aim of this article is to review the principles of blood 
supply and flap design exemplified through common flaps 
used in autologous breast reconstructive surgery, to better 
understand approaches for safe flap harvest and transfer of 
well perfused tissue. 

The perforasome theory

The angiosome theory defined by Taylor and Palmer in 1987 
characterized the vasculature of the human body as organized 
into “Angiosomes” (5). Each angiosome refers to a block of 
tissue supplied by a source vessel and linked to each other via 
“choke vessels” in the subdermal plexus, named due to their 
relatively small calibre. The increasing use of perforator flaps 
advocated a critical need to better assess vascular architecture. 
Saint-Cyr et al. focused on the perforator itself and not the 
source vessel through a series of anatomical studies, to define 
individual vascular territories through 3D and 4D computed 
tomographic angiography (CTA). The “Perforasome” 
concept, coined by Saint-Cyr et al. in their original article, 
described how each cutaneous perforator had its own unique 
vascular arterial territory (6), and this has been referred to 
in other texts as a “perforator angiosome” (7) or “cutaneous 

angiosome” (8). Large filling pressures through a single 
dominant perforator can allow for large perforator flap 
harvest based on linking vessels that may connect multiple 
perforasomes to one another (9). Some key principles of the 
perforasome theory are summarized in Table 1.

First principle

Each perforasome is linked with adjacent perforasomes by 
means of two main mechanisms that include both direct 
and indirect linking vessels. Direct linking vessels are large 
vessels which allow flow from one perforator to the next and 
allow capture of adjacent perforasomes through an inter-
perforator flow mechanism. Perforasomes are also linked to 
one another by indirect linking vessels or recurrent flow via 
the subdermal plexus (Figure 1). These vessels are similar to 
choke vessels described by Taylor et al. (10).

Second principle

Flap design and skin paddle orientation should be based 
on the direction of the linking vessels, which is axial in 
the extremities and perpendicular to the midline in the 
trunk. Orientation of the linking vessels corresponds to 
the orientation of maximal blood flow, and flap axis should 
ideally be designed with this consideration (Figure 2). 

Third principle

Preferential vascular filling patterns occur within perforators 
of the same source artery first, followed by the perforators 
of other adjacent source arteries. The linking vessels then 
emanate from this main perforasome to perforasomes of 
adjacent vascular territories from other source arteries. 

Fourth principle

Mass vascularity of a perforator found adjacent to an 

Table 1 “Perforasome theory” summarized key concepts

“Perforasome theory” key concepts

One vascular territory defined by injection of one perforator is called a perforasome

Direct linking vessels are direct vascular branches connecting a perforasome to an adjacent perforator territory

Indirect linking vessels are constituted by the subdermal plexus

Communicating branches exist between direct and indirect linking vessels

Skin paddle designs should consider the orientation of dominant linking vessels and axiality of flow
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Vascular Basis of Interperforator Direct & Indirect Flow

Direct flow via linking vessel Linking vessel

Fascia

Communicating branch
Indirect flow through subdermal plexus

Suprafascial plexus

Adipose layer

Subdermal plexus
Skin

Figure 1 Communication between adjacent perforators through direct linking vessels and indirect communications via the subdermal 
plexus. (Permissions requested for Re-print) (6).

Figure 2 Illustration to demonstrate the direction of principal linking vessels and the axiality of flow from perforators dependent on 
anatomical site. (Permissions requested for Re-print) (6).

SCAP flap

IMAP flap

DIEP flap

RAP flap

SCAP=Supraclavicular artery perforator
IMAP=Internal mammary artery perforator
SEAP=Superior epigastric artery perforator
DIEP=Deep inferior epigastric perforator
RAP=Radial artery perforator
UAP=Ulnar artery perforator
ALT=Anterior-lateral thigh
AMT=Anterior-medial thigh
ATAP=Anterior tibial artery perforator
PTAP=Posterior tibial artery perforator

PLAP=Posterior intercostal artery perforator
TDAP=Thoracodorsal artery perforator
LAP=Lumbar artery perforator
SGAP=Superior gluteal artery perforator
IGAP=Inferior gluteal artery perforator
PLAP=Posterior interosseous artery perforator
MAP=Metacarpal artery perforator
PFAP=Profundus femoris artery perforator
PAP=Peroneal artery perforator

ALT flap
AMT flap

PTAP flap

ATAP flap
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SEAP flap
TDAP flap
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PAP flap

SGAP flap

MAP flap

PFAP flap

IGAP flap

PIAP flap

PIAP flap

articulation is directed away from the same articulation. 
Whereas perforators found at a midpoint between two 
articulations or midpoint of the trunk has a multidirectional 
flow distribution. Therefore flap design should take into 
consideration the perforator location. 

Successful autologous reconstruction relies on robust 
blood supply. We discuss the principles of vascular anatomy 
and flap design for autologous flaps for reconstructive breast 

surgery. A comprehensive understanding of the vascular 
anatomy is critical to evidence-based perforator selection 
and optimizing flap design.

Deep inferior epigastric perforator (DIEP) flap 

The use of abdominal tissue for autologous breast 
reconstruction has been long and widely practiced, with 
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similar characteristics to breast tissue and an aesthetic donor 
site scar. The DIEP flap had evolved from the traditional 
transverse rectus abdominis myocutaneous (TRAM) flap 
that was used for pedicled breast reconstruction based on 
the superior epigastric artery (11). However, the inferior 
epigastric artery plays the dominant role in abdominal tissue 
transfer in autologous reconstruction (12). Koshima and 
Soeda first described the DIEP flap in 1989 (13) and Allen 
and Treece popularized its use in breast reconstruction 
in 1994 (14). This flap has been studied extensively and 
is a safe reliable option in breast reconstruction with low 
morbidity (Figure 3). 

The artery arises from the external iliac artery and 
approaches the rectus muscle on its lateral edge and travels 
towards the arcuate line on its deep surface. At this level 
the main artery will form one of three typical branching 
patterns (15). The commonest branching pattern is a type 
II (57-89%), which is a simple bifurcation and perforators 
arising from the medial or lateral row of the DIEA. Type I 
vascular pattern involves a single inferior vessel (27-29%) 
and type III pattern (14-16%) is a trifurcating pattern 
above the arcuate line (16). Variations in anatomy include 
absent unilateral DIEA (17), duplicate systems and intra-

abdominal origin of the DIEA (16). The perforators may 
take an intramuscular course, which can be short (most 
common), perpendicular or a long oblique course, or they 
may have a completely extra-muscular course. After exiting 
the rectus muscle, the perforators may directly pierce the 
anterior rectus sheath or travel a short distance in the sub-
fascial plane before penetrating the anterior rectus sheath. 
In a systematic review by Ireton et al. [2014] the course of 
these perforators had described a considerable anatomical 
variation in that 20% up to 67% had a direct course on 
exiting the fascia, and around 33% and 50% may have a 
sub-fascial course between 0.5 up to 3 cm from the collated 
studies. Perforators that had a more direct course were 
found usually within 3 cm of the umbilicus, and those lower 
in the abdomen were more likely to have a longer sub-
fascial course (16,18). 

In the subcutaneous layer, lateral row perforators have a 
more oblique course through this layer, whilst the medial 
row perforators a more direct path. Once the perforators 
reach the subcutaneous and dermal layers, there is a 
considerable branching and anastomoses, with midline 
perforators presenting with a high degree of midline 
crossover, in contrast to the lateral row perforators that 

Figure 3 Illustrative example of DIEP flap for breast reconstruction, with preservation of the underlying rectus muscle and postoperative 
reconstruction following inset and anastomosis to the internal mammary vessels. DIEP, deep inferior epigastric perforator.
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have little midline crossover of their vascular territories 
which has been demonstrated on cadaveric anatomical 
studies (7,19). Larger dominant perforators are typically 
seen in the medial row, and within 3-5 cm of the umbilicus, 
representing a “hot spot” of dominant perforators in DIEP 
flap harvest (Figure 4). There has been a considerable 
degree of anatomical, radiological and clinical studies using 
a variety of intraoperative technologies, to determine the 
perfusion patterns of perforators following DIEP flap 
harvest. In the harvest of the TRAM flap, where most of the 
DIEP perforators are included, it has been accepted that 

the perfusion of the flap integument occurs in zones. Four 
zones have been typically described for vascular perfusion 
of the lower abdominal wall, with sequential filling of each 
zone (11,20-22). The first zone universally represents the 
highest degree of perfusion found on the ipsilateral side of 
the DIEA perforator. The Hartrampf zones of perfusion 
(I to IV) are familiar to most plastic surgeons (Figure 5). 
The Hartrampf zones II and III were shown reversed by 
Holm et al. using intraoperative fluorescence imaging (22). 
There is contention in the literature of the characteristics 
of these zones and the application of these traditional zones 
to perforator flaps based on a single dominant perforator. 
It is recognized that lateral and medial row perforator 
have different vascular perfusion patterns through clinical, 
radiological and cadaveric anatomical studies (7,22-24). 

Medial row perforators generally are larger in calibre, 
with more extensive branching patterns and greater 
perfusion patterns compared to lateral row perforators 
(7,12,19,23,24). The medial row perforators can reliably 
perfuse across the midline and provide a robust vascularity 
to flaps raised on a single dominant perforator in the central 
two zones (19). The perforators are found to have a more 
direct course through the anterior rectus sheath (16) and 
to Scarpa’s fascia compared to lateral row perforators. 
The medial row perforasome can be classified using the 
traditional zone concepts and through anatomical studies 
have demonstrated perfusion patterns similar to Hartrampf 
zones of perfusion. In contrast, the lateral row perforasome 
is more representative of Holm’s zones of perfusion (23).

For unilateral reconstruction, the medial row perforators 
perfuse more medially and lateral perforators perfuse 
laterally, that is more concentrated to a hemi-abdomen (7), 
and they share a similar territory to the ipsilateral superficial 
inferior epigastric artery (SIEA) (23). The DIEP flap’s 
vascular territory could be potentially augmented with the 
inclusion of a second perforator. The lateral branches of the 
DIEA during flap harvest were frequently dominant and 
run a more rectilinear course which would permit an easier 
dissection (25). However, if the medial row perforators were 
dominant, it would be recommended to harvest a flap based 
on a dominant medial row perforator, particularly if a larger 
flap is being required (as an alterative to muscle-sparing 
TRAM flap). Although in the past it was advocated that if a 
flap was reconstructed with only a hemi-abdominal flap, a 
lateral row perforator DIEA or SIEA could be considered. 
However, perfusion territories can vary between medial and 
lateral row, the decision for perforator choice should be 
based on the largest and dominant perforator in the hemi-

Figure 4 Location of dominant perforators in DIEP flap harvest, 
identified as a “hot spot” in the lower abdomen. DIEP, deep 
inferior epigastric perforator.

Figure 5 Representation of the traditional Hartrampf zones of 
perfusion for TRAM flaps which has still been used with reference 
to DIEP flap harvest. TRAM, transverse rectus abdominis 
myocutaneous; DIEP, deep inferior epigastric perforator.
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abdomen, regardless of row. 
In the hemi-abdomen the medial and lateral row are 

connected by direct linking vessels and indirect linking 
vessels via the subdermal plexus (Figure 6). For medial row 
perforators, there are large linking vessels, which connect 
with the lateral row and additional intra-row perforators; 
linkage with the contralateral medial row perforators 
across the midline is obtained via the subdermal plexus. 
These linking vessels are similar to the choke vessels 
described by Taylor. The use of preoperative CTA can be 
used preoperatively, to review the presence of dominant 
perforators and linking vessels, and the course of the 
dominant perforators to plan the dissection and flap harvest 
(26,27). The addition of intraoperative use of indocyanine 
green laser fluorescence angiography has provided a useful 
tool for an early assessment of flap perfusion and micro-
anastomotic flow (Figure 7).

A newer model proposed for perforator perfusion is 
centred on the dominant perforator and perfusion falls 
sequentially between adjacent perforasomes (7,9). For 
example, zone I supplied by an ipsilateral medial row 
DIEA perforator, the immediate adjacent perforasome 
zone II is captured by the ipsilateral lateral row DIEA 
and contralateral medial row DIEA; zone III, refers to the 
second captured perforasome of the contralateral lateral 
row and ipsilateral SIEA territory, and Zone IV refers to the 
contralateral SIEA territory (6,9) (Figure 8).

Linking vessels in the trunk are commonly directed 
perpendicular to the midline and follow an oblique 
transverse direction, parallel to the cutaneous dermatomes. 
F low f rom these  per fora tor  ang iosomes  can  be 
multidirectional and cross the midline in many cases, but 

Figure 6 Micro computed tomographic studies following a single perforator injection to demonstrate the presence of direct linking vessels 
in a DIEP flap and recurrent flow via the subdermal plexus, with communication with adjacent perforators. DIEP, deep inferior epigastric 
perforator.

Figure 7 Intraoperative use of indocyanine green fluorescence 
laser angiography and quantitative analysis of flap physiology in 
a left hemi-DIEP flap. Marker to show position of medial row 
perforator and colour map overlay applied. DIEP, deep inferior 
epigastric perforator.

Figure 8 Alternative perforator zones of perfusion territories based 
on a medial row perforator in the lower abdomen in DIEP flap 
harvest. DIEP, deep inferior epigastric perforator.
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preferential flow is normally directed away from the midline 
to maintain adequate blood supply to adjacent regions, 
which are populated with fewer perforators (Figure 2).

Venous outflow can be the limiting factor in DIEP 
reconstruction leading to flap failure (28), but although 
venous compromise is multifactorial, the physiology of 
venous outflow is still poorly understood. The incidence of 
venous congestion in DIEP flaps has ranged from 3 to 27 
percent in the literature, and the higher rates are usually 
recognized intra-operatively (Figure 9A) (29). Proposed 
mechanisms include the perforator being too small, absence 
of midline crossover veins except for indirect linking vessels 
at the subdermal plexus level found in up to 36% of cases in 
anatomical studies (30), connections between the superficial 
and deep systems (28,31). Although arterial inflow from 
DIEA is often reliable the DIEV may be inadequate and 
therefore augmentation of venous drainage may be required. 

A variety of approaches have been adopted to supercharge 
or augment the venous drainage of the DIEP flap. These 
approaches generally incorporate the use of a “lifeboat” 
option during DIEP flap harvest, including dissecting out 
the superficial inferior epigastric vein (SIEV), a medial 
branch of the SIEV (MSIEV) or additional perforator 
(Figure 9B). Additional venous anastomoses include using 
both venae comitantes, connection of the SIEV intrinsically 
within the flap (to a deep perforator venae comitante) or 
extrinsically (e.g., anterograde or retrograde to the internal 
mammary vein) (29).

The diameters of the DIEA, DIEV, perforator veins and 
arteries have been correlated but independent of the SIEV 
in cadaveric studies (31-33). Cadaveric injection studies 
by Carramenha e Costa et al. first described that venous 
drainage of abdominal wall was dominated by the superficial 
system, but this still warrants further investigation (32). 
In anatomical studies carried out by Schaverien et al.  
[2008] (24), superficial and deep venous drainage systems 
were connected by the venae comitantes of the perforators 
of the DIEA and injection studies of either revealed similar 
venous filling patterns, including those of adjacent venae 
comitantes. Adjacent superficial epigastric vein filling 
patterns crossed the midline at the level of the subdermal 
plexus (30).

Dominant perforators of the deep system concentrate 
around the periumbilical area (32) and flap design should 
include perforating veins at the level of the umbilicus. 
However, inadequate communication between the chosen 
perforator venae comitantes and the SIEV system can be 
responsible for diffuse venous congestion seen in some 
DIEP flaps (30). Schaverien et al. [2010] reviewed venous 
anatomy on preoperative magnetic resonance angiography 
(MRA) and identified that venae comitantes with direct 
venous connections to the SIEV were significantly more 
likely to be found in the medial row, demonstrating that 
medial row perforators may provide more adequate venous 
drainage to a DIEP flap (30). It is important to highlight 
that the sensitivity of detecting small communicating vessels 
between the deep and superficial systems can be limited 
in CTA and MRA for very small vessels. However, Rozen  
et al. [2012] have described the presence macrovascular 
shunts  ident i f ied on preoperat ive  CTA (a  direct 
communicating vessel between a DIEA and SIEV territory), 
which warrants further investigation (34).

In addition to flap harvest for breast reconstruction, 
we have adopted a conservative approach to the dissection 
of the abdominoplasty flap for donor site closure. This 

Figure 9 (A) Intraoperative clinical recognition of venous 
congestion following hemi-DIEP flap harvest prior to flap transfer, 
provides a good indication to augment venous drainage with the 
SIEV or the MSIEV, which have both been dissected out; (B) 
dissection of the SIEV and MSIEV during DIEP flap harvest. 
DIEP, deep inferior epigastric perforator; SIEV, superficial inferior 
epigastric vein; MSIEV, medial superficial inferior epigastric vein.

A

B
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technique involves a limited lateral dissection to preserve 
lateral perforators to the abdominoplasty skin flap, and 
a central dissection that proceeds to the xiphoid process 
(Figure 10) (35,36).

A better understanding of vascular anatomy and zones 
of perfusion of perforators in DIEP flap harvest for breast 
reconstruction will help to improve the predictability 
and reliability of flap harvest, and decrease flap-related 
complications, such fat necrosis, and partial flap loss. 
Linking vessels are a key component to understand the full 
potential of vascular territories of individual perforators 
and the overlap with vascular territories of other source 
arteries. Anatomical, radiological and intraoperative 
imaging studies have provided fundamental knowledge base 
to our understanding of vascular anatomy, although there 
are many areas that warrant going research for DIEP breast 
reconstruction. 

Key points of DIEP anatomy for flap design

(I) Flaps should be raised on the largest and dominant 
perforator regardless of row. Dominant perforators 

are usually found in a “hot spot” within 3-5 cm of the 
umbilicus;

(II) Lateral perforators commonly have a more rectilinear 
course and perfusion is concentrated more to the 
hemi-abdomen;

(III) Medial row perforators exhibit a greater degree of 
branching and larger calibre direct and indirect linking 
vessels via the subdermal plexus, which provides more 
robust vascularity across the midline, in contrast to 
lateral row perforators;

(IV) When a large amount of tissue is required, either a 
dominant medial row perforator or muscle-sparing 
TRAM should be preferentially chosen for flap 
harvest;

(V) The use of preoperative CTA can identify the largest 
perforators in the lower abdomen, their course, and 
the presence of large linking vessels intra-row and 
inter-row, which can provide some inference to overall 
flap vascularity;

(VI) Venous systems can be assessed to a certain degree 
with preoperative imaging and connections between 
the superficial and deep systems. However, lifeboat 
options should be considered and incorporated in 
the flap harvest e.g., inclusion of the SIEV routinely 
within the flap;

(VII) Intraoperative imaging including fluorescence laser 
angiography is gaining popularity in reconstructive 
surgery as an intraoperative adjunct to assess 
flap perfusion and venous congestion for early 
identification of perfusion changes.

Transverse myocutaneous upper gracilis flap

The transverse myocutaneous gracilis, also known as the 
transverse upper gracilis (TUG) flap, has been utilized in 
breast reconstruction since its anatomical description in 
1992 (37-42). It can be used in bilateral reconstruction 
or stacked for a unilateral reconstruction. A perceived 
disadvantage with the flap is the low volume of harvested 
tissue compared with abdominal and gluteal flaps, which 
has traditionally limited this technique to small and to mid-
size breasts. Medial thigh tissue correlates well with body 
mass index, and therefore a good option if abdominal or 
alternative donor sites are not available. Harvesting tissue 
from a more posterior location is a modification we have 
adopted to take opportunity of the bulkier posterior thigh 
tissue (39-41) allowing further recruitment of tissue into the 
flap. We discuss the basic anatomy and these modifications 

Figure 10 DIEP donor site closure using progressive tension 
sutures and limited dissection of the abdominoplasty to preserve 
the lateral perforators of the anterior abdominal wall. DIEP, deep 
inferior epigastric perforator.
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described as the extended TUG flap. Saint-Cyr et al. have 
shown this surgical approach to be appropriate to gain size 
without increased morbidity (43).

The gracilis is a flat type II (Mathes and Nahai) muscle 
flap of the medial thigh and in the presence of adductor 
longus and magnus it is expendable. The dominant pedicle 
arises from the ascending branch of the medial circumflex 

artery or directly from the profunda femoris and enters 
the muscle belly on its deep surface in the upper third, 
at 9-12 cm inferior to the pubic tubercle. Usually two or 
three vascular pedicles enter the muscle, the most proximal 
usually being the dominant pedicle. The dominant pedicle 
can provide up to 6-7 cm in the length and on entering the 
muscle it divides into an ascending, descending, transverse 
branches running in parallel with the longitudinal muscle 
fibres and commonly anastomosing with the second vascular 
pedicle. The dominant pedicle provides musculocutaneous 
perforators to the overlying skin in the proximal third of the 
muscle and direct fasciocutaneous vessels from the medial 
circumflex artery, or superficial femoral artery in the distal 
portions of the muscle.

The skin paddle was traditionally designed longitudinally 
with variable distal perfusion, however Yousif et al. showed 
that perforators had a tendency to travel in a horizontal 
direction with perforators posterior to the gracilis muscle 
and this led to re-design of the skin paddle (37). The 
potential skin territory is thought to extend from the rectus 
femoris to the biceps femoris and selective angiographic 
studies of the dominant pedicles have demonstrated vascular 
cutaneous territories of up to 400 cm2, with the perfusion 
territory extending posteriorly to the gracilis muscle (44).

The skin paddle superior border is roughly 1-2 cm below 
the upper thigh crease concealing the donor TUG flap 
specifically, skin paddles can be raised up to approximately 
16.5 cm × 11 cm or more, but dependent on skin laxity. The 
maximal anterior extension of the horizontal skin paddle 
is approximately 1-2 cm anterior to the lateral edge of 
adductor longus to avoid disruption the lymphatic basic or 
create a noticeable scar. Variations of the skin paddle design 
include combination with a vertical skin paddle, to create a 
tri-lobed (Figure 11), “L” shaped skin paddle, or “S” shaped 
design (Figure 12). When designing the tri-lobed pattern, it 
is important to keep the base of each lobe relatively broad 
which would result in an oval shape at the centre of the flap 
(Figure 11A). When wanting to incorporate horizontal and 
transverse laxity, the senior author would prefer the “S” 
design to avoid the problematic T-junction at the donor site 
resultant from the tri-lobed design. The vertical incision 
should be placed at the anterior border of the gracilis 
and stopped at mid-thigh level to avoid the unreliable 
perfusion zone of the distal gracilis territory. Fattah et al. 
have described undermining of the inferior skin incision 
in a bevelled fashion to recruit subcutaneous fat over the 
gracilis muscle and posteriorly to add flap volume, but it is 
restricted in the widest portion of the flap to avoid wound 

Figure 11 (A,B) Intraoperative preoperative marking of a  
“tri-lobed” skin paddle design in TUG myocutaneous flap for 
breast reconstruction. TUG, transverse upper gracilis.

Figure 12 Preoperative marking of “S” shaped skin paddle design 
for TUG myocutaneous flap in breast reconstruction. TUG, 
transverse upper gracilis.

A

B
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closure with undue tension (39).
A dominant blood supply of the extended TUG flap 

is concentrated posteriorly (Figure 13). Therefore the 
posterior extension of the flap is carried out midway 
between the medial mid-axial line and posterior thigh 
midline. Any extension beyond this point may increase the 
risk of fat necrosis, damage to posterior cutaneous nerves, 
and flap-related complications. The extended transverse 
upper gracilis flap has consistent vascular reliability, with 
enough tissue for reconstruction of small to moderate 
sized breasts. In a retrospective study of 12 extended 
transverse gracilis flaps, the average flap weight was  
386 grams, yielding up to 750 grams on the large size (7). 
The approaches described for skin paddle modifications, 
incorporate knowledge of potential perfusion territories, 
and methods to reliably maximize volume without 

additional morbidity (Figure 14A,B). 

Key points of vascular anatomy for TUG flap design

(I) Reconstruct small to medium breasts;
(II) The dominant blood supply extends posteriorly and 

over the proximal medial thigh (distal skin perfusion is 
unreliable) which must be considered when designing 
the skin paddle;

(III) The extended TUG flap can optimize recruitment of 
posterior and medial thigh subcutaneous tissue;

(IV) Subcutaneous  t i s sue  recru i tment  should  be 
concentrated over the gracilis muscle and posteriorly 
only;

(V) Limit anterior extension of the skin paddle, as this less 
reliably perfused and limited anterior dissection will.

BA

Figure 14 (A) Donor site resultant scar at 6 weeks post procedure following TUG flap for breast reconstruction using a transverse skin 
paddle; (B) preoperative (left) and postoperative (right) results following TUG breast reconstruction. TUG, transversus upper gracilis.

Figure 13 Cadaveric injection study of the perforator territory of the dominant pedicle of the gracilis myocutaneous flap. (A) Medial thigh 
flap harvest from a fresh frozen cadaver and demonstration of dominant pedicle; (B) iodinated contrast injection study demonstrating the 
cutaneous vascular territory of the main pedicle extends more posteriorly in the thigh.
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Thoracodorsal artery perforator (TDAP) flap 

The thoracodorsal artery perforator (TDAP) flap was 
first described by Angrigiani and colleagues (45) in 
which the cutaneous island of latissimus dorsi (LD) 
musculocutaneous flap was raised on one perforator without 
the LD muscle included. This flap is not as commonly 
used in autologous breast reconstruction thought to have 
anatomic consistencies of the perforators compared to other 
autologous perforator flap options. However the donor site 
is aesthetically acceptable and permits the preservation of 
the underlying LD muscle without seroma formation. 

The perforating branching of the TDAP originate from 
the descending and transverse branches of the thoracodorsal 
artery, with the most dominant reliable perforators arising 
from the descending branch which courses along a parallel 
line 2 cm from the anterior edge of the latissimus muscle (46).  
There are around 2-3 cutaneous perforators along this 
course, with the proximal perforator, which is usually the 
largest, found approximately 8 cm below the posterior axillary 
fold or at the angle of the inferior angle of the scapula. 
This proximal perforator is usually close to the hilum of the 
thoracodorsal artery and nerves. In a study by Schaverien  
et al. [2010] the incidence of distal perforators along the 

course of the descending branch decreased in 15 anatomical 
cadaveric dissections (47). In this study it was also noted 
that in 53% of the dissections a direct extramuscular branch 
from the thoracodorsal artery was observed coursing over 
the lateral edge of the muscle and arising as a septocutaneous 
perforator. In this study, CTA injection studies demonstrated 
the perfusion of these flaps occurred through direct and 
indirect linking vessels in a similar manner to DIEP flaps. 

Muscle-sparing latissimus dorsi (MSLD) flap

Following on from the previous description of the TDAP flap, 
the MSLD flap can be used for pedicled breast reconstruction 
without or without combined tissue expander. In this form of 
autologous breast reconstruction, only the anterior portion 
of the LD muscle is harvested with the skin paddle. The 
cutaneous skin paddle of this flap and preoperative markings 
are based on the anatomy of perforating branches of the 
descending branch of the thoracodorsal artery previously 
described (Figure 15). Advantages over its thoracodorsal 
perforator-based counterpart includes: simple technical 
dissection, versatility in flap design irrespective of adequately 
sized perforator location, and better neurovascular pedicle 
protection due to the small muscle cuff retained (48,49). In 
the presence of a previously irradiated bed, our preferential 
reconstruction would be an extended LD myocutaneous flap 
incorporating the entire muscle. 

The thoracodorsal artery provides the dominant 
blood supply to the LD muscle in addition to segmental 
perforating branches from the intercostal and lumbar 
arteries (Mathes and Nahai type V circulatory pattern). The 
thoracodorsal artery pierces the LD muscle 10-11 cm distal 
to the origin of its insertion (50) and bifurcates into the 
transverse and descending branches, with significant overlap 
of vascular territories via cross-linking vessels (51,52). The 
average distance from the axillary artery, the subscapular 
artery and posterior axillary fold to the bifurcation is 
approximately 8, 4, and 5 cm respectively (51). The mean 
length of the descending branch is around 15 cm (48). The 
descending branch musculocutaneous perfusion territory 
covers around 87 percent relative to the thoracodorsal 
artery perfusion (51). The area of greater perforator density 
can be found between 9 to 15 cm from the posterior axillary 
fold and within 4 cm from the lateral edge of the latissimus 
muscle (47). The descending branch of the thoracodorsal 
artery can then be identified coursing along the under 
surface of the muscle. A 3-4 cm pedicle width of muscle 
from the anterior border is usually harvested.

Figure 15 Potential orientation of skin paddles in a muscle sparing 
LD flap reconstruction based on the descending branch of the 
thoracodorsal artery. LD, latissimus dorsi.
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Unlike the thoracodorsal artery perforator flap, the 
skin paddle for the descending branch muscle-sparing 
LD flap is not dependant on a specific perforator. The 
skin paddle location is designed irrespective of perforator 
location and can be positioned at any level along the axis 
of the descending branch of the thoracodorsal artery. The 
skin paddle, if required, is oriented transversely or slightly 
oblique along one of the natural adipose tissue rolls of the 
lower back to maximize flap dimension, place the donor scar 
along a natural skin crease (Figure 16). Skin paddle perfusion 

can be optimized by centring it over the LD muscle cuff 
harvested along the descending branch, and consideration 
of perforator density in the area described above (47,51). 
The most lateral edge of the skin paddle should be 1-2 cm  
anterior to the muscle border to optimize perforators 
captured and therefore flap perfusion (Figure 17A-C) (53). 
Positioning the skin paddle lower in the back will provide a 
longer pedicle with a greater amount of freedom in the arc 
of rotation. The skin paddle can be raised off the muscle 
outside the limits of the planned muscle pedicle width. 

Figure 16 Preoperative planning for LD breast reconstruction and orientation of the skin paddle along natural skin tension lines and 
maximal size designed following the pinch test in a high pinch BMI patient (A) and a slim patient (B). LD, latissimus dorsi.

Figure 17 (A,B) Illustration of surface anatomy of MSLD flap and design of skin paddle, and flap harvest; (C) intraoperative photograph 
following MSLD flap harvest prior to flap transfer and inset. MSLD, muscle sparing latissimus dorsi.
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A large arc of rotation is made possible by two flap pivot 
points that are located at the flap muscle juncture and at the 
proximal bifurcation point (Figure 18) (53). 

Key points of vascular anatomy for MSLD flap design

(I) Based on dominant large perforators arising from the 
descending branch of the thoracodorsal artery, with 
usually 3-4 cutaneous perforators identified along its 
course;

(II) The largest perforators are usually found proximally 
at the level of the inframammary fold or inferior angle 
of the scapula;

(III) The skin paddle is not designed over a specific 
perforator unlike the TDAP flap;

(IV) A 4-cm anterior muscle pedicle is raised with a skin 
paddle, which can be dissected off the latissimus 
muscle, except over the planned muscle pedicle. This 
creates a two point pivot intrinsic to the flap and adds 
further versatility for inset. 

Profunda artery perforator (PAP) flaps

The PAP flap is a relatively newer fasciocutaneous 
option used in autologous breast reconstruction based on 
musculocutaneous perforators of the posteromedial thigh. 
The donor site can be conspicuous and scar well-hidden. 

The medial and posterior aspects of the thigh have 
abundant skin and excess subcutaneous tissue. Angrigiani 
et al. [2001] described the adductor flap based on the 

medial and posterior aspects of the thigh based on the 
musculocutaneous perforator from the first medial branch 
of the profunda femoris artery (54).The largest part of the 
posterior skin territory is supplied by the profunda femoris 
artery, mostly by the first and second PAPs (55). Smaller 
areas supplied by the adjacent vascular territories from the 
superficial femoral artery and inferior gluteal artery (56,57). 

The proximal cutaneous perforator of the adductor 
magnus muscle is a major contributor to the vascular 
perfusion of the medial and posterior thigh skin and one of 
the largest musculocutaneous perforators of the body (58,59). 
This flap has been used as a free transfer with a transverse 
skin paddle for breast reconstruction when a gracilis flap or 
cutaneous branch of the medial circumflex artery artery was 
not appropriate (Figure 19) (60). Cormack and Lamberty 
identified a consistent proximal cutaneous perforator of 
the adductor magnus which is consistently located 2 cm 
posterior to the posterior border of the gracilis and 8 cm 
inferior to the groin crease. The second medial branch of 
the profunda femoris artery originates at approximately 
the same level as the second lateral perforating branch 
and distributes perforators to the semimembranosus and 
semitendinosus, and pierces the mass of the adductor  
muscle (61). In previous study by Saad et al. [2012] the 
dominant perforator for this flap was consistently found 
within 5 cm of the inferior gluteal crease and on average 
6.2 cm form the posterior midline (60) and average 
pedicle length of 10.6 cm. Skin paddles are traditionally 
orientated transversely for breast reconstruction, with a 
maximal width of 8 cm to ensure direct closure however, 

Figure 18 (A) Preoperative and (B) postoperative following MSLD for a lumpectomy contour defect of the left breast. MSLD, muscle 
sparing latissimus dorsi.

BA
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as with the TUG flap, variations on design can be 
adapted with consideration of the tissue laxity. In our 
cadaveric study, the dominant proximal perforator was 
musculocutaneous 70% of the time, however, sometimes it 
did arise between the adductor magnus and semitendinosus. 
The mean pedicle length harvested was 10.4 cm, mean 
diameter of the vessels of 3.5 mm at the origin and 
average perforator injection territory was 265 cm2.  
The largest concentration of perforators was located in 
the upper medial posterior thigh region, which is relevant 

to autologous breast reconstruction. Large linking vessels 
were seen traversing from medial to lateral within the upper 
posterior thigh, and perforators that arose and travelled 
more obliquely towards the posterior midline of the thigh, 
had a bidirectional axiality of flow (Figure 20).

Superior (SGAP) and inferior gluteal artery 
perforator (IGAP) flaps

The superior and inferior gluteal myocutaneous flaps have 

Figure 19 The intraoperative dissection of the PAP flap for breast reconstruction (left image) and the identification of large perforators on 
preoperative imaging (center image); intraoperative picture of the flap raised but not transferred, demonstrating the posterior position of the 
donor site scar. PAP, profunda artery perforator.

Figure 20 (A) High resoltion CTA following injection of a posterior midline perforator of the PAP and demonstration of bi-directional 
flow to the medial and lateral aspects of the upper posterior thigh flap in cadaveric studies; (B) CT imaging of a poosterior thigh flap with a 
proximal profunda artery perforator injected with iodinated contrast and demonstration of the individial perforator vascular territory; (C) a 
perforator injected in the posterior midline of the thigh with an extended territory towards the lateral thigh. CTA, computed tomographic 
angiography; PAP, profunda artery perforator. 
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been described in breast reconstruction in 1975 and 1978 
respectively (62,63). Koshima et al. described its use as a 
perforator flap, however its use in breast reconstruction as 
a SGAP flap was described by Allen and Tucker in 1993 
(64,65). The IGAP flap is the first line alternative for 
autologous breast reconstruction for some surgeons when 
the lower abdominal donor site is of insufficient volume. 
As perforator flaps, the advantages of these flaps include a 
hidden scar and low donor-site tissue, good volume of tissue 
can usually be ascertained which has a similar feel to breast 
tissue (Figure 21). There may be an abundance of donor 
tissue in this area even in slim patients. 

The superior and inferior gluteal arteries are terminal 
branches of the internal iliac artery, exiting the greater 
sciatic foramen superior and inferiorly to the piriformis 
muscle. The inferior pedicle is accompanied by the 
posterior cutaneous nerve of the thigh and greater sciatic 
nerve. The SGAP cutaneous territory will have around 
three perforators, whilst the IGAP territory has 2-4 
perforators on average. The pedicle length of the IGAP 
is usually longer at around 7-10 cm, as it courses more 
obliquely through the gluteus maximus muscle, compared 
to the 3-8 cm pedicle length of the SGAP. The vascular 
territory of an individual perforator can reliably perfuse the 
whole region of the flap, and perfusion extends to adjacent 
perforator territories through direct linking vessels and 
recurrent flow via the subdermal plexus of the flap (66). 

Conclusions

Blood supply is critical to successful autologous breast 
reconstruction. A fundamental appreciation of the vascular 
anatomy and integrity of flap designs used in breast 
reconstruction provides the foundation knowledge to ensure 
safe, more predictable flap harvest and provides scope for 
further modifications whilst maintaining a robust blood 
supply. 
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