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Deep Inferior Epigastric Artery Perforator Flap
Breast Reconstruction without Microsurgery
Fellowship Training

Hakan Orbay, MD, PhD* . . . .
Brittany K. Busse, MD* Background: Deep inferior epigastric artery perforator (DIEP) flap breast

Thomas R. Stevenson, MD* | reconstruction requires complex microsurgical skills. Herein, we examine
Howard T. Wang, MD} whether DIEP flap breast reconstruction can be performed safely without
David E. Sahar, MD* microsurgical fellowship training.

Methods: A total of 28 patients and 34 DIEP flaps were included in the
study. We reviewed the medical records of patients for donor site and flap-
related complications and analyzed the correlation between the complica-
tions and preoperative risk factors. We also performed a literature review
to compare complication rates in our series with the literature.
Results: We observed total flap necrosis in 1 patient (2.9%), partial flap
necrosis in 5 patients (14.7%), infection in 1 patient (2.9%), hematoma/
seroma in 3 patients (8.8%), donor site complications in 5 patients (18.5%),
venous occlusion in 4 patients (11.7%), and arterial occlusion in 1 patient
(2.9%). We did not observe any correlation between complications and
preoperative risk factors. Literature review yielded 18 papers that met our
inclusion criteria. Partial flap necrosis rate was significantly higher in our
series compared with literature (14.7% vs 1.6%, P = 0.003). Venous com-
plication rate was marginally higher in our series compared with literature
(11.7% vs 3.3%, P = 0.057). However, total flap loss rate in our series was
comparable with the literature (2.9% vs 2.2%, P= 0.759).
Conclusion: With proper training during plastic surgery residency, DIEP
flap can be performed with acceptable morbidity. (Plast Reconstr Surg Glob
Open 2015;3:¢455; doi: 10.1097/GOX.0000000000000428; Published online 16
July 2015.)

following mastectomy for breast cancer has  Subsequently, the number of postmastectomy breast
increased significantly since the passage of reconstruction cases has also increased, and over
91,000 breast reconstructions were performed by
plastic surgeons in the United States in 2012."* Deep
inferior epigastric artery perforator (DIEP) flap
breast reconstruction has been repeatedly shown to
result in increased patient satisfaction over implant
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reconstruction.>* However, the ratio of this tech-
nique among breast reconstruction cases is exceed-
ingly low, and only 7.1% of all breast reconstructions
performed in 2012 were DIEP flap reconstructions.'?
Because of the complexity and steep learning curve
of DIEP flap, most of the plastic surgeons without
a formal microsurgical training opt to use simpler
methods for breast reconstruction, such as breast im-
plants or pedicled flaps.>*° A recent study has shown
that in high-volume breast reconstruction centers,
whether or not the plastic surgeon had fellowship
training in advanced microsurgical techniques is in-
dependently associated with the number of micro-
surgical reconstructions performed.? However, the
outcomes of DIEP flap breast reconstructions per-
formed by a novice surgeon without microsurgical
fellowship training when compared with more expe-
rience surgeons have not been studied before.

In our Plastic Surgery Division, a series of DIEP
flap breast reconstructions were performed by a
single full-time academic plastic surgeon, imme-
diately after completion of his plastic surgery resi-
dency but without a formal microsurgical fellowship.
This study’s goal is to compare complication rates
in our series with previously published series in the
literature to determine if lack of formal microsurgi-
cal fellowship training increases complication rates
in DIEP flap breast reconstruction.

MATERIALS AND METHODS
Our Institutional Review Board approved this
study. The senior author reviewed electronic medi-
cal records of 28 patients who underwent DIEP flap
breast reconstruction between August 2010 and
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August 2013. Complications evaluated included total
flap loss (TFL), partial flap loss (PFL), breast infec-
tion, breast hematoma/seroma, arterial thrombosis,
venous thrombosis, fat necrosis, and donor site com-
plications. We compared complication rates between
patients younger than 65 years and those are 65 years
and older, between obese patients [body mass index
(BMI) > 30] and nonobese patients, and between
patients with and without a history of radiotherapy
using Fisher’s exact test.

Literature Review

We carried out a literature search in PubMed
and Google Scholar databases using “DIEP” and
“deep inferior epigastric artery perforator” as
search terms. We searched all the papers published
since the DIEP flap breast reconstruction was first
described (1994-2014; Fig. 1).

Data Extraction and Statistical Analysis

We extracted information from the selected stud-
ies in a standardized form starting with lead author
and publication year, and followed by the number of
patients, TFL, PFL, breast infection, breast hemato-
ma/seroma, arterial thrombosis, venous thrombosis,
fat necrosis, and donor site complications (Table 1).
We compared the rates of complications between
our series (UCD) and previous studies using mixed
effects logistic regression models including a fixed
effect for our series vs. a random effect for previously
published studies. Aggregated overall rates, aggre-
gated rates from previous studies, and odds ratios for
our series versus previous studies were all estimated
from these models. We conducted the analyses using
the statistical software environment R, version 3.1.1
and R package Ime4, version 1.1 -7. (R foundation,

- Literature search in PubMed and Google Scholar databases (1994-2014)
- Search terms: ‘DIEP’, ‘deep inferior epigastric artery perforator’

y

Total of 249 papers selected for initial screening
- 243 papers from the web search

- +6 from cross-checking of the references and citations

v
198 papers remained

Animal studies, abstracts only, literature reviews,
single-case reports, letters, comments and publications
in languages other than English, were excluded

A\ 4

A4

Full text articles reviewed for
the remaining 63 studies

L 2
18 papers suitable for the study I

Fig. 1. Study attrition diagram.
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Studies not directly related with DIEP flap breast
reconstruction and studies with less than 10 patients
were excluded

The studies with missing data were excluded
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Table 1. The Studies Included in the Literature Review

Hematoma,/ Donor Fat
Study n* TFL PFL Infection Seroma Site Venous  Arterial  Necrosis
Blondeel® 87  2(2%) 7 (7%) 3 (3%) 3 (3%) 2 (2%) 4 (4%) 2 (2%) 6 (6%)
Nahabedian et al®* 17 1 (%b) 0 0 1 (5%) 0 2 (10%) 0 2 (10%)
Guerra et al™! 140 0 5(1.8%) 1(0.3%) 2 (0.6%) 37 (11.1%) 5 (1.8%) 2 (0.6%) 30 (9%)
Nahabedian etal” 88 2 (2.7%) 0 0 0 2(2.7%) 5 (4.5%) 0 8 (6.4%)
Garvey et al*® 96 3 (3.1%) 0 2 (12.5%) 12 (125%) 72 (75%) 3 (3.1%) 0 17 (17.7%)
Scheer et al® 68 5 (7.3%) 1(1.47%) 3 (4.4%) 3 (19%) 27 (39.7%) 6 (8.8%) 0 36 (52.9%)
Granzow et al’ 7581 7 (1%) 18 (2. 5%) 53 (7%) 78 (11%) 42 (5.7%) 22 (3%) 7(1%) 91 (13%)
Lindsey* 107 9(84%) 1(09%) 3 (2.8%) 0 5 (4.6%) 3(2.8%) 1(0.9%)
Drazan et al* 55 0 0 0 6 (10.8%) 2 (3.6%) 0 0 2 (1.8%)
Xu et al*! 113 2 (1.8) 4 (3.5) 0 3 (2.7) 5 (4.4) 5(45) 1(0.9) 20(17.7)
Enajat et al* 501 11 (1.9%) 4(0.7%) 60 (10.6%) 55 (9.8%) 0 17 (3%) 18 (3.1%) 56 (9.9%)
Acosta et al® 101 2(1.9%) 1(0.9%) 10 (9.9%) 8 (7.8%) 0 0 3 (2.9%) 0
Enajat et al* 18 0 0 2 (11%) 1 (6%) 0 1 (6%) 0 1 (6%)
Ochoa et al® 418 6 (1%) 0 33 (5.4%) 17 (2.7%) 108 (25.8%) 0 4 (0.6%) 63 (10.4%)
Venkat et al* 54 0 1(1.8%) 1 (1.8%) 0 5 (9%) 2 (3.6%) 0 1 (1.8%)
Andree et al” 58 1(1.7%) 0 0 3 (5.1%) 16 (27.2%) 0 0 25 (19.8%)
Kim et al* 100 0 0 0 1 (1%) 0 1 (1%) 0 6 (6%)
Marre and 182 6 (3%) 0 0 0 0 14 (7%) 3 (1.5%) 0

Hontanilla'®

*Number of the patients.
TThe number is the number of the flaps for this study.

free software). We conducted mixed effects logistic

regression modeling using the R package Ime4, ver-
sion 1.1-7.

RESULTS

Of the 28 patients, 22 underwent unilateral re-
construction and 6 patients underwent bilateral re-
construction. Of the 34 flaps, 100% were performed
for breastreconstruction following mastectomy. The
mean patient age was b1 +8 years (range 31-68) and
the mean BMI was 27.6+5.1 (range 21-38). Mean
patient follow-up time was 10 months (range 1-25).
Nine flaps were created as an immediate reconstruc-
tion, and 25 were created on a delayed basis. Mean
operating time was 7.6+2.2 hours. Overall, there
were flap-related complications in 11 reconstructed
breasts (32.3%). A summary of the incidences of
complications is listed in Table 2. TFL was observed
in 1 case. Final reconstruction for this patient was
a latissimus dorsi flap over an implant. PFLs were
treated by simple debridement and closure of the
defect with adequate remaining tissue (n = 3), or
insertion of a tissue expander and implant recon-
struction (n = 1), or latissimus dorsi flap to aug-

Table 2. Complications in Our Patient Series

TFL 1(2.9%)
PFL 5 (14.7%)
Infection 1(2.9%)
Hematoma,/seroma 3 (8.8%)
Donor site 5 (18.5%)
Venous 4 (11.7%)
Arterial 1(2.9%)
Fat necrosis 0 (0%)
Total (flaps) 11 (32.3%)

ment the remaining tissue (n = 1). Figure 2 shows
a patient with breast carcinoma before mastectomy
and after reconstruction with unilateral DIEP flap
and a patient who had venous thrombosis in the
flap on the right side after a bilateral DIEP flap re-
construction. Overall, 6 of 28 patients experienced
complications relating to their donor site including
cellulitis (n = 2), abscess formation (n = 2), nec-
rotizing infection requiring debridement (n = 1),
and wound dehiscence (n=1).

No complication was significantly associated
with any of the risk factors examined. Table 3 shows
complications by age category; Table 4 shows com-
plications by BMI category; and Table 5 shows com-
plications by history of radiotherapy.

Comparison of Outcomes with the Literature

The literature search yielded 243 papers (Fig. 1).
Additionally, cross-checking of the references and ci-
tations in review papers yielded 6 more papers. Of
the 249 total studies, we included the studies per-
formed on women and excluded animal studies,
abstracts only, literature reviews, single-case reports,
letters, comments, and publications in languages
other than English. Application of these filters re-
duced the number of papers to 198. We retrieved
abstracts for the remaining 198 studies. We excluded
studies not directly related with DIEP flap breast re-
construction and studies with less than 10 patients.
We reviewed full text articles for the remaining 63
studies. If some relevant data were missing from the
included studies we contacted the corresponding au-
thors via e-mail to request the missing data. The stud-
ies that we could not retrieve the missing data were
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Postoperative

Fig.2. A, A patient with right breast carcinoma treated with total mastectomy. The breast was
reconstructed with a unilateral DIEP flap. Postoperatively, the flap had a perfect skin match
with recipient site, and the breasts were symmetrical. We have reconstructed nipple with a
cervical visor flap and areola with a skin graft. B, A bilateral DIEP flap breast reconstruction. In
this patient, right DIEP flap suffered from venous insufficiency on day 1 after the operation.
We have reoperated the patient and performed an embolectomy. The flap had a healthy
color soon after embolectomy, and the patient recovered with no other complications.

Table 3. Complications by Age

Table 5. Complications by History of Radiotherapy

Age<65  Age 265 P Value No Radiotherapy P Value
(n=25), (n=2), (Fisher’s Radiothera; (n=16), (Fisher’s
Complication n (%) n (%) Exact Test)  Complication (n=11),n (% n (%) Exact Test)
TFL 0 1 (50) 0.074 TFL 0 1 (6) >0.999
PFL 5 (20) 0 >0.999 PFL 1(9) 4 (25) 0.619
Infection 1 (4) 0 >(0.999 Infection 0 1 (6) >0.999
Hematoma/seroma 2 (8) 1 (50) 0.214 Hematoma,/seroma 0 3 (19) 0.248
Donor site 5 (20) 0 >0.999 Donor site 1(9) 4 (25) 0.619
Venous 4 (16) 0 >(0.999 Venous 1(9) 3 (19) 0.624
Arterial 1(4) 0 >0.999 Arterial 0 1 (6) >0.999
Fat necrosis 0 0 N/A Fat necrosis 0 0 N/A
N/A, not available. N/A, not available.
L. excluded from the study (Fig. 1). As result a total of
Table 4. Complications by BMI 18 studies were identified as suitable for the study
BMI<30 BMI>30 P Value (Table 1). Table 6 shows rates of each complication
Complicati (n =(;7), (n =¢;0), E(FiShjl?f’S overall, at our series, and published series estimated
omplication n (%) n (%) xactTes)  fom the mixed effects logistic regression model.
EIIT:II: % 2(13)2) 3 (%0) >8ggg Rates of PFL were significantly higher at our series
Infection 1(6) 0 50.999 compared with previous studies, with an observed
Hematoma,/seroma 2 (12) 1 (10) >0.999 rate of 14.7% our series and an estimated aggregate
3:;1(;)11;:“6 % Eé)Q) g ggg 85{’33 rate of 1.6% at previous studies (P=0.003, odds ratio
Arterial 1(6) 0 50.999 for our series vs previous studies = 12.22). Rates of
Fat necrosis 0 0 N/A venous complications were marginally higher at our

N/A, not available.
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Table 6. Comparison of Complication Rates at UCD and Outside UCD from Mixed Effects Logistic Regression Model

Estimated Overall Rate Estimated Rate from

(UCD + Previous

Previous Studies

Odds Ratio (UCD vs
Previous Studies)

Complication Studies) (95% CI) (95% CI) (95% CI) PValue
TFL 0.027 (0.009, 0.078) 0.022 (0.015, 0.032) 1.425 (0.148, 13.73) 0.759
PFL 0.054 (0.025, 0.114) 0.016 (0.010, 0.025) 12.22 (2.407, 62.02) 0.003
Infection 0.031 (0.008, 0.111) 0.034 (0.021, 0.056) 0.817 (0.055, 12.19) 0.884
Hematoma/seroma 0.062 (0.021, 0.171) 0.040 (0.024, 0.067) 2.465 (0.255, 23.87) 0.436
Donor site 0.093 (0.016, 0.396) 0.052 (0.022, 0.116) 3.552 (0.087, 144.9) 0.503
Venous 0.067 (0.032, 0.134) 0.033 (0.023, 0.046) 4.508 (0.959, 21.19) 0.057
Arterial 0.024 (0.008, 0.066) 0.017 (0.012, 0.024) 1.979 (0.233, 16.81) 0.532
Fat necrosis 0.047 (0.010, 0.202) 0.084 (0.047, 0.147) 0.292 (0.011, 7.518) 0.457

UCD, University of California Davis Medical Center; CI, confidence interval.
Italics indicate statistically significant differences between this series and the literature.

of 11.7% at our series and an estimated aggregate
rate of 3.3% elsewhere (P=0.057, odds ratio for our
series vs previous studies = 4.508).

DISCUSSION

DIEP flap is an excellent choice for autologous
breast reconstruction.”® However, surgery requires
advanced microsurgical skills and time commitment,
which may be responsible for the very low share of
this technique among all breast reconstruction cases.
The fear of encountering setbacks, such as increased
operating time (leading potentially to increased vas-
cular complications, flap loss, or increased fat ne-
crosis), difficulty in identifying perforators (risk of
pedicle trauma), or technical difficulties with anasto-
mosis may lead young surgeons to forego performing
a DIEP flap for breast reconstruction altogether.'”!
The main concern for reconstructive surgeons per-
forming microsurgical breast reconstruction is total
loss of flap, which can be traumatizing to patients
who are already emotionally compromised because
of the nature of their underlying disease. It can be
anticipated that lack of formal microsurgical train-
ing increases TFL rates; however, in our series, we
have shown that TFL and overall breast-specific com-
plication rates were comparable with literature.

The PFL in our series was significantly higher than
aggregated rate derived from literature. During DIEP
flap surgery, depending on the anatomy of perfora-
tors, it is sometimes necessary to convert to muscle
sparing transverse rectus abdominis muscle (TRAM)
flap and include a cuff of muscle around perfora-
tors to avoid venous and arterial complications.'**?
In our earlier cases, we occasionally dissected both
lateral and medial row of abdominal perforators and
pick the larger perforator to avoid muscle incision
and adhered strictly to DIEP flap technique. This
may explain the higher rates of venous complica-
tions and related PFL in our series. An alternative
strategy we have adapted in our practice to prevent
venous complications was to clamp venous perfora-

tors for 10 minutes and leave the largest perforator
open before harvest to see if it can support the flap
without congestion or ischemia. Our venous occlu-
sion rates have decreased after this modification,
and we recommend novice plastic surgeons to do
the same to determine the course of operation and
convert to muscle sparing TRAM flap if necessary. It
should also be noted that although aggregated rate
of PFL from previous studies was lower than our se-
ries (3.3% vs 11.7%), there are papers reporting a
relatively high PFL rate of 31% in series performed
by surgeons with prior microsurgical training.? Lack
of a standard definition for PFL in the literature may
explain this variability.

Autologous breast reconstruction has proven
long-term benefits and should be available to the pa-
tients on a widespread basis. Recently, the American
Society of Plastic Surgeons made it a mission to in-
crease patient education about breast reconstruction
and encourage plastic surgeon involvement in com-
prehensive breast cancer care.? Based on our experi-
ence, we believe it is in the best interest of patients
that all plastic surgeons, fellowship and nonfellow-
ship trained, familiarize themselves with DIEP flap
breast reconstruction. A recent literature review sug-
gests that plastic surgeons are losing their hegemony
in breast surgery and microsurgical postmastectomy
reconstruction.?** The breast reconstruction prac-
tice of the plastic surgeons in the Unites States con-
sists of 79% tissue expander/implants, 14% pedicled
TRAM flaps, 9% latissimus dorsi flaps, 3% free TRAM
flaps, and 3% perforator flaps. Overall, only 19% of
surgeons perform microsurgical breast reconstruc-
tion.??* The emerging popularity of acellular dermal
matrices as an adjunct to implant-based reconstruc-
tion allows surgeons to achieve better results with
implants, which most likely influences the declin-
ing trend in microsurgical breast reconstruction.***
A survey of female plastic surgeons revealed that
most would choose implant-based reconstruction
for themselves.® This trend could be interpreted to
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imply breast reconstruction may eventually follow
the path of microsurgical head and neck reconstruc-
tion, pioneered by plastic surgeons but is now largely
performed by other surgical disciplines.**® In some
European countries, oncoplastic breast fellowships
have already been established that include training
in both ablative and reconstructive breast surgery.*?’
Reduction mammoplasty may also be offered by
“breast surgeons” in breast cancer units.>* It is not
difficult to imagine that the development of breast
surgery as its own specialty could eventually grow to
encompass all breast operations, including cosmet-
ic augmentation and mastopexy.” It is important to
raise awareness among plastic surgeons of the need
to improve access to autologous and microsurgical
breast reconstruction.

Although microsurgical fellowship training is
closely associated with high volume of microsurgical
breast reconstructions, very few surgeons (approxi-
mately 1 of 5) actually declare inadequate training
as a reason for not performing microsurgical breast
reconstruction.? We hope our results will encourage
nonfellowship trained plastic surgeons to perform
more microsurgical breast reconstructions and help
maintain the prominence of plastic surgeons in the
field of breast reconstruction.

Limitations of the Study

The limitations of this study are the small sample
size and the variability in the literature in the defini-
tion of the complications. For example, there is no
universally accepted definition or classification of
partial necrosis and fat necrosis in DIEP flap, and
a broad range of definitions of PFL and fat necro-
sis based on different parameters (eg, percentage of
flap lost, area of flap lost, and necessity of reopera-
tion) have been used in different publications.* This
leads to highly variable complication rates, and it is
difficult to compare these complication rates among
different centers and case series. A new classification
system has been proposed by Lie et al to address this
problem.* Routine use of standardized classification
and definition parameters will decrease the variabil-
ity and yield more meaningful statistical analysis of
DIEP flap complications in the future.

Although the correlation between certain risk
factors and DIEP flap complications is well docu-
mented,'®33% we did not observe the same correla-
tion in our study. This can be explained by the small
size of the patient population. However, the learn-
ing curve for DIEP flaps is about 30 flaps.”®* With
34 flaps in our series, we are just above this cut off
with very good outcomes, and we believe that our
results are significant despite the relatively small
sample size.
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CONCLUSIONS
Microsurgical breast reconstruction using the
DIEP flap provides excellent aesthetic outcome with
little donor site morbidity, and its use should be in-
creased. With proper training during plastic surgery
residency DIEP flap breast reconstruction can be per-
formed with acceptable morbidity and failure rates.

David E. Sahar, MD

Division of Plastic Surgery

University of California Davis Medical Center
2221 Stockton Blvd

Suite 2123, Sacramento, CA 95817

E-mail: david.sahar@ucdmc.ucdavis.edu
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