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To date, the senior author (Robert J. Allen) has performedmore
than 3,500microsurgical flap surgeries; more than 2,850 have
been microsurgical breast reconstructions. The deep inferior
epigastric perforator (DIEP) flap, superficial inferior epigastric
artery (SIEA), gluteal artery perforator (GAP) flaps, transverse
upper gracilis (TUG) flap, and most recently the profunda
artery perforator (PAP) flap have been utilized to varying
degrees in this practice. Over 20 years of experience in
autologous microvascular breast reconstruction have been
influenced by changes in breast cancer treatment, vascular
imaging, patient empowerment, and globalization of health

care. Here, we examine the trends in flap choice that have
emerged during the 20 years since performing the inaugural
DIEP flap in a microvascular breast reconstruction practice.1

Materials and Methods

Datawere extracted fromapersonal logbookof allmicrosurgical
free flaps from August 1992 to August 2012, and divided into 12
monthly segments to facilitate a 20-year comparison. Informa-
tion recorded included date of surgery, location, referral source,
and indication for surgery and mastectomy pattern in primary
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Abstract It is over 20 years since the inaugural deep inferior epigastric perforator (DIEP) flap
breast reconstruction. We review the type of flap utilized and indications in 2,850
microvascular breast reconstruction over the subsequent 20 years in the senior author’s
practice (Robert J. Allen). Data were extracted from a personal logbook of all
microsurgical free flap breast reconstructions performed between August 1992 and
August 2012. Indication for surgery; mastectomy pattern in primary reconstruction;
flap type, whether unilateral or bilateral; recipient vessels; and adjunctive procedures
were recorded. The DIEP was themost commonly performed flap (66%), followed by the
superior gluteal artery perforator flap (12%), superficial inferior epigastric artery
perforator flap (9%), inferior gluteal artery perforator flap (6%), profunda artery
perforator flap (3%), and transverse upper gracilis flap (3%). Primary reconstruction
accounted for 1,430 flaps (50%), secondary 992 (35%), and tertiary 425 (15%). As
simultaneous bilateral reconstructions, 59% flaps were performed.With each flap, there
typically ensues a period of enthusiasm which translated into surge in flap numbers.
However, each flap has its own nuances and characteristics that influence patient and
physician choice. Of note, each newly introduced flap, either buttock or thigh, results in
a sharp decline in its predecessor. In this practice, the DIEP flap has remained the first
choice in autologous breast reconstruction.
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reconstruction. Indication for flaps was recorded as primary, at
the time of mastectomy; secondary, at a time separate from
mastectomy; and tertiary, with a history of previous reconstruc-
tion. Flap type, whether unilateral or bilateral; recipient vessels;
and adjunctive procedures were also recorded.

Results

Between August 1992 and August 2012, 2,850 flaps were
performed for breast reconstruction. The median volume of
flaps performed per year was 155 (mean 142). Themaximum
number of flaps performed per year was 226 in 2002 to 2003.
A relative decrease in the number of flaps performed over
12 months was noted in 2003 to 2004 (►Fig. 1).

The DIEP was the most commonly performed flap, fol-
lowed by the superior gluteal artery perforator (SGAP), SIEA,
inferior gluteal artery perforator (IGAP), PAP, and TUG, and
less than 1% were other flap types (►Table 1). Primary
reconstruction accounted for 1,430 (50%), secondary 992
(35%), and tertiary 425 (15%). The dates of the index proce-

dure demonstrate a variable time lag between performing the
first unilateral and first bilateral; the IGAP accounts for the
longest period, whereas the first TUG was a bilateral proce-
dure (►Table 2).

The DIEP flapwas themost frequently performed flap each
year (►Fig. 1). In 2001 to 2002, the SIEA flaps peaked in
number, with a concomitant decline in the number of DIEP
flaps. Since then the use of the SIEA declined until 2008 to
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Fig. 1 Trends in overall flaps performed.

Table 1 Cumulative flap types

Flap type Total no. (%)

DIEP 1,885 (66%)

SGAP 344 (12%)

SIEA 266 (9%)

IGAP 172 (6%)

PAP 92 (3%)

TUG 76 (3%)

Other 17 (< 1%)

Total 2,850

Abbreviations: DIEP, deep inferior epigastric perforator; IGAP, inferior
gluteal artery perforator; SGAP, superior gluteal artery perforator; SIEA,
superficial inferior epigastric artery; PAP, profunda artery perforator;
TUG, transverse upper gracilis flap.

Table 2 Date of index procedure

Flap type Procedure Date

DIEP Unilateral August 3, 1992

Simultaneous bilateral December 8, 1993

Peak year (number) 2010–2011 (134)

SGAP Unilateral February 15, 1993

Simultaneous bilateral August 25, 1994

Peak year (number) 2002–2003 (54)

IGAP Unilateral March 29, 1993

Simultaneous bilateral January 4, 2005

Peak year (number) 2004–2005 (39)

SIEA Unilateral June 10, 1989

Simultaneous bilateral March 14, 2000

Peak year (number) 2001–2002 (69)

TUG Unilateral October 15, 2007

Simultaneous bilateral October 15, 2007

Peak year (number) 2009–2010 (31)

PAP Unilateral October 28, 2010

Simultaneous bilateral November 30, 2010

Peak year (number) 2011–2012 (47)

Abbreviations: DIEP, deep inferior epigastric perforator; IGAP, inferior
gluteal artery perforator; SGAP, superior gluteal artery perforator; SIEA,
superficial inferior epigastric artery; PAP, profunda artery perforator;
TUG, transverse upper gracilis flap.
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2009 when routine preoperative imaging reliably identified
the suitability of the SIEA pedicle for flap harvest. The number
of SGAP flaps, first performed in 1993, peaked in 2002 to
2003. Subsequent to this peak, the number of nonabdominal-
based flaps remained relatively constant.

The number of primary reconstructions was relatively
constant in proportion to the total number of flaps; both
mean and median are 50% of total reconstructions, ranging
from 16 to 75% (►Fig. 2). The number of secondary flaps
initially accounted for the greatest number of reconstructions
in 1992 to 1993 (84%) and most recently, 2011 to 2012, the
least (11%). Overall, the median number of secondary flaps
was 34% (mean 36%). Tertiary reconstructions have ac-
counted for 15% of all reconstructions. The proportion of
tertiary flaps gradually increased over the study period, in
2011 to 2012 accounting for 44% of reconstructions.

Of the 2,850 flaps, 1,692 (59%) (846 patients) were per-
formed as simultaneous bilateral reconstruction. Again the
DIEP flap was the most commonly performed bilateral pro-
cedure (64%) (►Table 3). There was a general trend in the

overall number of bilateral flaps over the study period.
Between 1999 and 2000, there was a 50% increase in the
number of bilateral flaps (►Fig. 3).

The first nipple-sparing mastectomy (NSM) was per-
formed in January 1999; however, it was not until 2005 to
2006 that it became a consistently performed procedure
(►Fig. 4). Most recently, 87% of primary reconstructions
were NSM.

Discussion

Breast reconstruction is a key element to the successful
treatment of breast cancer and has become the standard of
care in the western world. Autologous microvascular breast
reconstruction is recognized as the gold standard for recon-
structive options, affording the patient a natural, enduring
breast that can integrate with ease into their body image. The
senior author has pioneered many of the current perforator
flap choices.1–4 Incorporating a flap into practice and its
subsequent longevity is determined by factors including
reliable vasculature, an acceptable donor site to patient and
surgeon, reproducibility and efficiency with which the pro-
cedure may be performed, and complication rates.1–5 In
addition to intrinsic flap features, extrinsic forces such as
preoperative imaging and mastectomy patterns have helped
mold current practice.

The DIEP flap is clearly the first choice for both bilateral
and unilateral procedures. However, several alternatives have
been explored. Enthusiasm for the SIEA flap, largely due to
minimal donor site morbidity, peaked in 2002, which corre-
sponded with a decline in the number of DIEP flaps. The
primary limitation with the SIEA is the reliability of the
vascular pedicle. Studies have variably reported the presence
of vessels of sufficient caliber in 24 to 70%.6,7 The current use
of preoperative imaging has promoted the use of the SIEA flap
in selected cases where the vascular anatomy is compatible
with free tissue transfer. However, the overall number of SIEA
flaps remains low.

Fig. 2 Trends in indication for flap.

Table 3 Total number of simultaneous procedures

Bilateral flaps Total no. patients (flaps)

DIEP 539 (1,078)

Mixed 87 (174)

SGAP 71 (142)

IGAP 39 (78)

SIEA 39 (78)

PAP 38 (76)

TUG 30 (60)

Other 3 (6)

Abbreviations: DIEP, deep inferior epigastric perforator; IGAP, inferior
gluteal artery perforator; SGAP, superior gluteal artery perforator; SIEA,
superficial inferior epigastric artery; PAP, profunda artery perforator;
TUG, transverse upper gracilis flap.
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When the abdomen is not utilized as a donor for autolo-
gous reconstruction, the second flap of choice has varied
between the various buttock/thigh flaps. There is a notable
trend that each buttock/thigh-based flap results in a sharp
decline in its predecessor starting with the SGAP, then IGAP,
TUG, and most recently the PAP flap. The introduction of the
PAP flap corresponded with a complete cessation in IGAP and
TUG flaps; however, the SGAP was still occasionally used. The
septocutaneous SGAP and the crease IGAP both were de-
scribed to address the perceived issueswith the GAP flaps, the
dissection, and donor site aesthetics.3,8 Despite this, donor
site concern is a significant problem within the patient
population and from a surgical perspective, bilateral GAP
reconstructions can be time-consuming. The TUG flap, first
introduced to the practice in October 2007, was a relatively
simple and efficient flap harvest. However, the donor site
scar, wound-related issues, the potential for lymphedema,
and the harvesting of muscle promoted the search for an
alternative. The septocutaneous TUG, deep femoral artery
perforator, and superficial femoral artery perforator) flaps
were all predecessors of the PAP flap.4,9 The PAP flap is
currently the second flap of choice, and the series to date of

92 patients is encouraging; however, whether it will have the
longevity of the DIEP is unclear.

The indications for reconstruction have changed slowly
over the 20 years. Secondary reconstructions predominated
in the very early years, but soon were overtaken by primary
reconstruction. There are two notable increases in secondary
reconstruction, in 1999 to 2000 and 2006 to 2007. Potential
contributing factors include The Women’s Health and Cancer
Rights Act (WHCRA) which became federal law on January 1,
1999. This legislation mandated health care payer coverage
for postmastectomy breast reconstruction; however, state
law in many areas had similar legislation before this, and
despite passage of this legislation, breast reconstruction rates
in the United States remain low.10 Another possible explana-
tion for the increase in secondary reconstructions was the
launch of the inaugural DIEP Web site in 1998, with the first
recorded Web site referral sourced flap was performed in
August 1998. The globalization of health care, as described by
Thomas Friedman, has helped to raise the profile of autolo-
gous breast reconstruction, with patient enquiries from an
international source.11 In addition, there was considerable
media attention surrounding the first unilateral DIEP
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Fig. 3 Trends in simultaneous bilateral procedures.
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transplant in 2000 and the first bilateral DIEP transplant
performed in 2006 resulted in a peer-reviewed publication.12

Tertiary reconstruction numbers have steadily increased
during the study period, overall accounting for 15% of flaps,
but 44% of past years flaps.13 The majority are patients who
have had implant-based reconstructions. Although not re-
flected in this practice, American Society of Plastic Surgeons
(ASPS) statistics indicate that greater than 80% of all breast
reconstructive procedures are implant based. Given the rec-
ognized limitations and longevity of implant-based recon-
struction, it is reasonable to predict that the trend toward
increasing tertiary flap reconstruction would continue.

Simultaneous bilateral reconstructions account for 59% of
flaps performed and have generally trended toward an
increase over the 20 years. A trend toward increased contra-
lateral prophylactic mastectomy (CPM) has been noted in the
United States, in contrast with Europe, a phenomenon de-
scribed as a minimal or maximal approach to breast cancer.14

A recent European study demonstrated a stable rate of 2.6%
CPM and suggested that different medicosocial and cultural
contexts between the United States and Europe may account
for the differing trends in CPM.15

Mastectomy patterns have also evolved during the study
period. The first NSM was performed relatively early when
considering national and international practice; however,
this was facilitated by a close working relationship with Dr.
Alan Stolier, one of the pioneers in this arena.16 Recent data
indicate that NSM accounts for 87% of primary reconstruction
in this practice; these figures also reflect the number of
bilateral procedures.

Intrinsic and extrinsic factors have helped shape over
20 years of practice devoted primarily tomicrovascular breast
reconstruction.With the introduction of each new flap, there
typically ensued a period of enthusiasmwhich translated into
surge in flap numbers. There is a notable trend that each
buttock/thigh-based flap has resulted in a sharp decline in its
predecessor. What is apparent from this practice is that the
DIEP flap has remained the first choice in autologous breast
reconstruction.
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