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Lymphedema is an unfortunate debilitating consequence
that plagues several patients who have undergone treatment
for breast cancer. While the greatest risk factor for develop-
ing lymphedema comes from an axillary lymph node dissec-
tion, there are several risk factors that have been found to
predispose patients to lymphedema.1,2 In fact, 3 to 8% of
patients who have only had a sentinel node biopsy will
develop lymphedema, and patients who have had che-
motherapy and radiation therapy are also at significantly
increased risks of developing lymphedema. The final factor
that has been linked to lymphedema is obesity as patients
with a higher body mass index are also at greater risks.1–4

The field of lymphedema surgery has witnessed tremen-
dous advancements in recent years, in particular with the
advances inmicroscope optics and imaging technology, which
have really propelled the field of super microsurgery to the
forefront of lymphedema treatment.5–7 Historic approaches,
including the Charles’ procedure where the soft tissue is
excised directly, have become obsolete in the management
of lymphedema except in the most severe cases. The new

approaches are physiologic solutions aimed to improve the
drainage of fluid from the affected arm, and long-term studies
are available confirming their efficacy. The use of a lympho-
venous bypass (LVB) or lymphaticovenular anastomosis (LVA)
has proven to be remarkably effective in earlier stages of post
mastectomy lymphedema syndrome and will be described in
another article.8,9 The second physiologic option is the vascu-
larized lymph node transfer (VLNT) which has traditionally
been reserved for patients with more advanced lymphedema
who are not candidates for a LVB/LVA. The concept is based on
the premise that lymphnodes can beharvested fromalternate
sites and then transferred on a vascular pedicle to the arm to
improve the drainage from the affected extremity. In animal
studies, the transferred lymph nodes stimulate lymphangio-
genesis promoting the growth of new lymphatic channels that
improve the drainage from the arm.10,11 An alternative
hypothesis is that inosculation occurs between the native
remaining lymphatic channels and those arising from the
transferred lymph nodes.12–14 Regardless, studies have con-
firmed there are communications that form between the
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Abstract Breast cancer patients are at risk for developing postmastectomy lymphedema
syndrome of the ipsilateral upper extremity following treatment for breast cancer in
the setting of an axillary dissection, postoperative radiation, and chemotherapy. For
patients suffering from lymphedema who are also seeking breast reconstruction,
combining an autologous abdominal free flap with a vascularized inguinal lymph node
transfer provides patients the opportunity to have an aesthetic breast reconstruction
as well as the potential to improve their lymphedema in a single operation. The present
article aims to provide a description of the salient features of this approach including
the preoperative preparation, the surgical technique, the postoperative management
and complications, and a summary of the outcomes.
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transferred nodes and surrounding tissue allowing fluid to be
absorbed into the nodes, which then drains into the pedicle
vein of the lymph nodes that is connected to the systemic
circulation using microvascular techniques. The use of VLNT
for the treatment of lymphedema will also be discussed
further in another article.

Combined Breast Reconstruction and VLNT

There are several potential donor sites that can be used for
the VLNT, and currently, there is no clear consensus as to
which lymph node basin represents the ideal donor site.15

This remains an area of active research, but themost popular
lymph nodes have been the supraclavicular nodes,16–18 the
submental nodes,19,20 the lateral thoracic nodes,21 the ingu-
inal nodes,22 the omentum,23,24 and more recently the
mesenteric lymph nodes.25 Comparisons between the dif-
ferent lymph nodes and donor sites have not demonstrated
significant differences, except the lateral thoracic nodes
seem to have a higher risk of donor site complications
compared with the other lymph nodes.15,26,27 However, in
patients suffering from post-mastectomy lymphedema syn-
drome, the inguinal nodes can be transferred at the time of
autologous breast reconstruction, coupling the inguinal
nodes to a deep inferior epigastric artery perforator (DIEP)
flap or a muscle-sparing transverse rectus abdominus myo-
cutaneous (MS-TRAM) flap to reconstruct the patient’s
breast while simultaneously addressing the patient’s lym-
phedema in one operation.28

This approach was first described by Saaristo et al with
promising outcomes in nine patients.29 A follow-up study by
Nguyen et al demonstrated similar findings in patients who
underwent a simultaneous abdominal free flap coupled to a
chimeric vascularized inguinal node transfer. Further, the
study presented an algorithm for the design of the free flap
taking into consideration the recipient vessels for the free
flap and the lymph nodes as well as the donor site for lymph
nodes.28 This technique has grown in popularity and again
has been found to be an effective, reproducible means of
providing patients with post mastectomy lymphedema syn-
drome an aesthetic, durable breast reconstruction and
improving patients’ lymphedema in one operation.

One study compared the benefits of performing a simul-
taneous autologous breast reconstruction with the inguinal
node transfer to performing an isolated inguinal lymph node
transfer and found that patients who underwent the simul-
taneous VLNT with the breast free flap had superior out-
comes compared with the VLNT alone.30 This suggests that
there are added benefits to transferring healthy vascularized
tissue into the mastectomy site that has often been radiated
in addition to performing the lymph node transfer. However,
another recent study examining the benefits of lymphedema
surgery in breast cancer patients demonstrated that patients
who received a VLNT with their breast reconstruction had
better outcomes with greater improvement of their lymphe-
dema than had patients receiving a LVB or anastomosis in
terms of circumference reduction, volume reduction, and
episodes cellulitis. When the authors analyzed the impact of

breast reconstruction on lymphedema, they did not demon-
strate any benefits coupling breast reconstruction to either
the LVB/LVA or the VLNT.31

Preoperative Imaging

For autologous free flap breast reconstruction, the use of
different preoperative imaging modalities has become the
standard of care for many reconstructive microsurgeons.
However, whether one decides to obtain a preoperative
computed tomography angiogram (CTA), laser Doppler ima-
ging, or magnetic resonance angiogram (MRA) is entirely
surgeon dependent.32–35 The true utility of these imaging
modalities for perforator mapping is an area of tremendous
debate; however, preoperative imaging is a vital component
for planning when combining autologous breast reconstruc-
tion with simultaneous VLNTs. Patients should undergo
mapping of the sentinel nodes in the inguinal region to
identify which critical nodes may predispose patients to
lymphedema of the leg if those nodes are disrupted or
harvested. This is considered the standard of care for all
VLNTs and is also important while performing a combined
simultaneous DIEP flap breast reconstruction with a vascu-
larized inguinal node transfer. In the early inception of
inguinal node harvest, anatomic landmarks were used to
guide the harvest of nodes to avoid injury to the sentinel
nodes.36 Typically, the nodes that can be safely harvested are
located between the superficial inferior epigastric vein and
the superficial circumflex vein. The nodes should be above
the level of the inguinal ligament and lateral to the femoral
vessels.37 In the author’s practice, the use of lymphoscinti-
graphy has also proven to be a remarkably useful tool in the
identification of the sentinel nodes draining the lower extre-
mities, which aids in guiding flap design and lymph node
harvest.

Surgical Technique

The patient should be imaged using indocyanine green (ICG)
prior to the incision to map the lymphatics in the affected
extremity. Preoperative lymphoscintigraphy is useful in
localizing the sentinel nodes of the leg so they can be
protected during the lymph node harvest. Injection of lym-
phazurin or isosulfan blue into the webspaces of the feet
should also be performed and will aid in visualization of the
sentinel nodes in the groin, which should be protected to
minimize the risks of donor site lymphedema from the
inguinal node harvest. Typically, the inferior incision is
madefirst, and dissection proceeds to identify the superficial
inferior epigastric vessels and the superficial circumflex iliac
vessels. Ideally, the superficial circumflex iliac vessels should
be used for the VLNT; however, in certain circumstances, the
vessels are not available or have not been included in the flap
design. Once the superficial vessels have been identified, a
wide based adipofascial pedicle is created centered over the
superficial system, and then dissection proceeds toward the
takeoff of the vessels. The adipofascial pedicle is tapered as
one approaches the origin of the vessels, which is typically
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where the superficial nodes are located. Careful attention
must be paid again to avoid dissection in any area where
lymphazurin or blue dye is seen, and the lymph nodes
harvested should always be above the level of the inguinal
ligament and lateral to the femoral vessels to avoid injuring
the lymphatic system draining the lower extremity. The
lymph nodes should not be visualized directly or skeleto-
nized, as this will devascularize the lymph nodes. Once the
lymph nodes have been harvested, the superficial vessels are
traced to their originmaximizing the length of the vessels for
the microvascular anastomosis. After the lymph nodes have
been harvested, the DIEP flap is harvested in the usual
fashion. Closure of the abdominal donor site can present
some challenges as the harvest of the inguinal nodes can
leave a hollowing and concavity in the groin. Some have
advocated the use of an abdominal flap based on the superior
edge of the donor incision to fill in the lymph node donor
site.38

The anastomosis of the DIEP flap should ideally be
performed to the internal mammary vessels; however,
vessels in the axilla can also be used as described. In general,
the dissection for recipient vessels in the axilla accomplishes
two objectives, the obvious is identifying recipient vessels
for the lymph node transfer, but the second critical aspect is
the scar release in the axilla. This is a vital component to the
operation and can provide patients with an immediate
improvement not simply in the severity of the lymphedema,
but also in the patient’s range of motion and shoulder and
armmobility. The selection of recipient vessels also presents
challenges to the reconstructive surgeon. Following an
axillary dissection, often the lateral thoracic vessels have
been ligated and are not available to serve as recipient
vessels. The thoracodorsal vessels may even have been
divided during the node dissection, but if they have been
preserved, they are reliable vessels that can be used to
perfuse the lymph nodes. However, in the setting that the
DIEP flap fails, and the thoracodorsal vessels have been
ligated for the lymph node transfer, a pedicle latissimus
dorsi flap is no longer an option for breast reconstruction.
The serratus branch often offers a suitable size match for the
arterial anastomosis, but the vein is typically too small to
accommodate the superficial circumflex iliac vein or the
superficial inferior epigastric vein.

Performing an additional anastomosis for the lymph nodes
is an area of considerable debate. Often harvesting the flap in
conjunctionwith the DIEP provides adequate perfusion of the
lymph nodes that should be confirmedwith intravascular ICG
angiography. In the setting that the nodes are perfused well
without signs of arterial insufficiency or venous congestion,
perhaps an additional anastomosis is not necessary. While
some routinely perform an additional arterial and venous
anastomosis tomaximizeperfusion to thelymphnodes, others
do not. Some believe only an additional venous anastomosis is
necessaryas thefluid absorbedby the lymphnodes is returned
to the systemic circulation via the pedicle vein. Outcomes on
whether an additional set of anastomoses are needed to
maximize a patient’s post-operative lymphedema remain to
be elucidated.

Complications

As with any microvascular breast reconstruction, there are
always risks for complications with the microvascular ana-
stomoses and perfusion to the free flaps as well the donor
site.39,40 However, there are unique risks to a VLNT from
nearly every donor site. While donor site lymphedema has
not been reported with a submental or omental transfer,
there are significant risks of developing lymphedema of the
legs following an inguinal lymph nodeharvest.15,41However,
while patients may not necessarily develop lymphedema
following a lymph node harvest, there are studies that have
demonstrated alterations in lymphatic function following a
lymph node harvest.42 Aside from lymphedema, patients
should also be cautioned on the possibility of a seroma or
lymphocele, which may require prolonged duration of
drains, repeat aspiration, or percutaneous drainage.

Outcomes

Overall, the outcomes following simultaneous breast recon-
struction and a vascularized inguinal node transfer have
been remarkably promising. The earliest reports of this
approach in nine patients demonstrated a profound
improvement in all patients undergoing this approach. Saar-
isto et al demonstrated a reduction in circumferential mea-
surements in seven of their nine patients, three of whom
were able to discontinue the use of their compression sleeves
entirely.29 Nguyen et al expanded on these findings in 29
patients, 23 of whom reported sustained subjective
improvements in their lymphedemawith reduced heaviness,
decreased dependence on compression sleeves, pneumatic
compression and conservative therapy, and episodes of
cellulitis. On average, patients had a 10% reduction in volu-
metric measurements 12 months following the operation.28

Neither study reported any patients who developed donor
site lymphedema following inguinal node harvest. Other
smaller studies and earlier reports have reported similar
findings.43,44 In particular, patients have a significant
improvement in their quality of life following this approach
combining autologous free flap breast reconstruction with a
VLNT. In 22 patients utilizing this approach, all but one
patient reported a significant improvement in her quality
of life, and at least half the patients reported fewer infections
and were able to discontinue compression therapy with
average follow-up of 29 months.45

Discussion

The field of lymphedema surgery is rapidly advancing, and
given the number of patients who are anticipated to develop
lymphedema as a result of breast cancer treatment, plastic
surgeons will certainly see patients who are suffering from
post mastectomy lymphedema syndrome and also seeking
breast reconstruction. The approach of performing a simul-
taneous abdominal free flap to reconstruct the breast in
conjunction with a chimeric vascularized inguinal lymph
node transfer is able to achieve both objectives in a single
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operation. Early results have demonstrated remarkable out-
comeswhich have had a dramatic impact on patients’ quality
of life with both subjective and objective improvements.

While this is the most commonly performed approach for
combining breast reconstructionwith a lymph node transfer,
this is not the only approach available. There have also been
reports of using a pedicle latissimus dorsimyocutaneousflap
coupled with lateral thoracic lymph nodes for the treatment
of lymphedema along with breast reconstruction.46 This
represents another approach for combining breast recon-
structionwith lymphedema surgery; however, this approach
may not always be feasible as often the lateral thoracic nodes
have been removed during the axillary dissection. The con-
tralateral latissimus dorsi myocutaneous flap can also be
harvested as a free flap in conjunction with the lateral
thoracic nodes and transferred to the index breast in the
setting that the lateral thoracic nodes on the index breast
were removed.47 Similar to the combined abdominal free
flap and lymph node approach, combing the pedicle latissi-
mus dorsi flap with the lateral thoracic nodes has proven to
be efficacious in improving patients’ lymphedema symp-
toms, but larger studies are needed to decipher whether one
modality is superior to the other.

As with any surgical procedure, there are always asso-
ciated risks and potential complications, themost dreaded of
which is donor site lymphedema. Harvesting the inguinal
nodes with the DIEP flap must be done cautiously paying
careful attention to avoid the sentinel nodes of the leg which
can be inadvertently harvestedwith theflap. These are one of
the fine nuances of this technique and why it should only be
performed by skilled microsurgeons. Prior to proceeding
with this approach, it is critical to obtain a localization study
to identify which nodes can be harvested. However, some
centers have started implementing a similar concept in
preventing lymphedema. Reverse lymphatic mapping can
be utilized to identify the sentinel nodes in the groin, but can
also be used to identify which nodes preferentially drain the
upper extremity to distinguish them from the lymph nodes
draining the breast. Nodes that are draining the arm are
preserved while only the nodes that drain the breast are
removed as part of the axillary dissection.48–51 Several
studies have demonstrated reduced risks of lymphedema
using reverse lymphatic mapping; however, there are still
conflicting results preventing its widespread adoption as the
standard of care.

While most reconstructive microsurgeons can perform
autologous breast reconstruction safely and efficiently, com-
bining breast reconstruction with lymphedema surgery is a
unique operation that requires additional training and
experience to provide patients with the most optimal out-
comes. Lymphedema patients seeking breast reconstruction
are often the most challenging cohort of patients as they
typically have all had an axillary dissection coupled with
chemotherapy and radiation making the dissection for reci-
pient vessels a formidable task. Further asmany patients also
tend to be obese, the harvest of the flaps is also often more
tedious. When taking into account the need to address their
lymphedema, which is often their primary complaint, these

patients by definition add an additional level of complexity
to their preoperative workup, operative time, post-operative
management, and follow-up. Further, while losing a free flap
is a rare occurrence, it is not life threatening, and other
options are available to reconstruct the breast in the setting
of a flap loss. However, complications arising from the lymph
node harvest can have severe consequences for patients
further compromising their quality of life and is much
more severe than the loss of a free flap. Hopefully with
further advancements in our understanding of lymphedema,
the available technology to assist in these operations, and
dissemination of the technique and training to perform these
surgeries safely and effectively, patients will hopefully have
the best outcome possible where reconstructive surgeons
cannot only restore their breasts, but also treat their lym-
phedema as well.

Conclusion

Autologous free abdominal flap breast reconstruction can be
performed safely and reliably with high success rates at most
institution, and coupling the inguinal lymph nodes with the
abdominal flap affords many patients the best option for
achieving an aesthetic, natural breast reconstruction as well
as addressing their lymphedema in a single operation. How-
ever, maximizing outcomes while minimizing complications
is still dependent on appropriate planning and preparation,
skill and training, and meticulous technique and experience.

Conflict of Interest
None.

References
1 Ribeiro Pereira ACP, Koifman RJ, Bergmann A. Incidence and risk

factors of lymphedema after breast cancer treatment: 10 years of
follow-up. Breast 2017;36:67–73

2 Nguyen TT, Hoskin TL, Habermann EB, Cheville AL, Boughey JC.
Breast cancer-related lymphedema risk is related to multidisci-
plinary treatment and not surgery alone: results from a large
cohort study. Ann Surg Oncol 2017;24(10):2972–2980

3 Crosby MA, Card A, Liu J, Lindstrom WA, Chang DW. Immediate
breast reconstruction and lymphedema incidence. Plast Reconstr
Surg 2012;129(05):789e–795e

4 Card A, Crosby MA, Liu J, Lindstrom WA, Lucci A, Chang DW.
Reduced incidence of breast cancer-related lymphedema follow-
ing mastectomy and breast reconstruction versus mastectomy
alone. Plast Reconstr Surg 2012;130(06):1169–1178

5 Silva AK, Chang DW. Vascularized lymph node transfer and
lymphovenous bypass: Novel treatment strategies for sympto-
matic lymphedema. J Surg Oncol 2016;113(08):932–939

6 Park JE, Chang DW. Advances and innovations in microsurgery.
Plast Reconstr Surg 2016;138(05):915e–924e

7 Tourani SS, Taylor GI, Ashton MW. Vascularized lymph node
transfer: a review of the current evidence. Plast Reconstr Surg
2016;137(03):985–993

8 Chang DW, Masia J, Garza R III, Skoracki R, Neligan PC. Lymphe-
dema: surgical and medical therapy. Plast Reconstr Surg 2016;
138(3, Suppl)209S–218S

9 Chang DW, Suami H, Skoracki R. A prospective analysis of 100
consecutive lymphovenous bypass cases for treatment of extre-
mity lymphedema. Plast Reconstr Surg 2013;132(05):1305–1314

Seminars in Plastic Surgery Vol. 32 No. 1/2018

Breast Reconstruction and Lymph Node Transfer Chang et al. 39

D
ow

nl
oa

de
d 

by
: V

rij
e 

U
ni

ve
rs

ite
it 

B
ru

ss
el

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



10 Raju A, Chang DW. Vascularized lymph node transfer for treat-
ment of lymphedema: a comprehensive literature review. Ann
Surg 2015;261(05):1013–1023

11 Huang JJ, Gardenier JC, Hespe GE, et al. Lymph node transplanta-
tion decreases swelling and restores immune responses in a
transgenic model of lymphedema. PLoS One 2016;11(12):
e0168259

12 Miranda Garcés M, Pons G, Mirapeix R, Masià J. Intratissue
lymphovenous communications in the mechanism of action of
vascularized lymph node transfer. J Surg Oncol 2017;115(01):
27–31

13 ChengMH, Huang JJ,WuCW, et al. Themechanismof vascularized
lymph node transfer for lymphedema: natural lymphaticovenous
drainage. Plast Reconstr Surg 2014;133(02):192e–198e

14 Suami H, Scaglioni MF, Dixon KA, Tailor RC. Interaction between
vascularized lymph node transfer and recipient lymphatics after
lymph node dissection-a pilot study in a canine model. J Surg Res
2016;204(02):418–427

15 Scaglioni MF, Arvanitakis M, Chen YC, Giovanoli P, Chia-Shen Yang
J, Chang EI. Comprehensive review of vascularized lymph node
transfers for lymphedema: outcomes and complications. Micro-
surgery 2016

16 MardonadoAA, Chen R, ChangDW. The use of supraclavicular free
flap with vascularized lymph node transfer for treatment of
lymphedema: a prospective study of 100 consecutive cases.
J Surg Oncol 2017;115(01):68–71

17 Ooi AS, Chang DW. 5-step harvest of supraclavicular lymph nodes
as vascularized free tissue transfer for treatment of lymphedema.
J Surg Oncol 2017;115(01):63–67

18 Steinbacher J, Tinhofer IE, Meng S, et al. The surgical anatomy of
the supraclavicular lymph node flap: a basis for the free
vascularized lymph node transfer. J Surg Oncol 2017;115(01):
60–62

19 TzouCH,Meng S, Ines T, et al. Surgical anatomyof the vascularized
submental lymph node flap: anatomic study of correlation of
submental artery perforators and quantity of submental lymph
node. J Surg Oncol 2017;115(01):54–59

20 Cheng MH, Lin CY, Patel KM. A prospective clinical assessment of
anatomic variability of the submental vascularized lymph node
flap. J Surg Oncol 2017;115(01):43–47

21 Tinhofer IE, Meng S, Steinbacher J, et al. The surgical anatomy of
the vascularized lateral thoracic artery lymph node flap-A cada-
ver study. J Surg Oncol 2017

22 Cheng MH, Chen SC, Henry SL, Tan BK, Lin MC, Huang JJ.
Vascularized groin lymph node flap transfer for postmastectomy
upper limb lymphedema: flap anatomy, recipient sites, and out-
comes. Plast Reconstr Surg 2013;131(06):1286–1298

23 NguyenAT, SuamiH, HanasonoMM,WomackVA,Wong FC, Chang
EI. Long-term outcomes of the minimally invasive free vascular-
ized omental lymphatic flap for the treatment of lymphedema.
J Surg Oncol 2017;115(01):84–89

24 Nguyen AT, Suami H. Laparoscopic free omental lymphatic flap
for the treatment of lymphedema. Plast Reconstr Surg 2015;136
(01):114–118

25 Coriddi M, Wee C, Meyerson J, Eiferman D, Skoracki R. Vascular-
ized jejunal mesenteric lymph node transfer: a novel surgical
treatment for extremity lymphedema. J Am Coll Surg 2017;225
(05):650–657

26 Ciudad P, Agko M, Perez Coca JJ, et al. Comparison of long-term
clinical outcomes among different vascularized lymph node
transfers: 6-year experience of a single center’s approach to the
treatment of lymphedema. J Surg Oncol 2017;116(06):671–682

27 Ciudad P, Manrique OJ, Date S, et al. A head-to-head comparison
among donor site morbidity after vascularized lymph node
transfer: pearls and pitfalls of a 6-year single center experience.
J Surg Oncol 2017;115(01):37–42

28 Nguyen AT, Chang EI, Suami H, Chang DW. An algorithmic
approach to simultaneous vascularized lymph node transfer

with microvascular breast reconstruction. Ann Surg Oncol
2015;22(09):2919–2924

29 Saaristo AM, Niemi TS, Viitanen TP, Tervala TV, Hartiala P, Suo-
minen EA. Microvascular breast reconstruction and lymph node
transfer for postmastectomy lymphedema patients. Ann Surg
2012;255(03):468–473

30 Akita S, Tokumoto H, Yamaji Y, et al. Contribution of simultaneous
breast reconstruction by deep inferior epigastric artery perfora-
tor flap to the efficacy of vascularized lymph node transfer in
patients with breast cancer-related lymphedema. J Reconstr
Microsurg 2017;33(08):571–578

31 Engel H, Lin CY, Huang JJ, Cheng MH. Outcomes of lymphedema
microsurgery for breast cancer-related lymphedema with or
without microvascular breast reconstruction. Ann Surg 2017

32 Fitzgerald O’Connor E, Rozen WM, Chowdhry M, Band B, Ramak-
rishnan VV, Griffiths M. Preoperative computed tomography
angiography for planning DIEP flap breast reconstruction reduces
operative time and overall complications. Gland Surg 2016;5(02):
93–98

33 Kim H, Lim SY, Pyon JK, Bang SI, Oh KS, Mun GH. Preoperative
computed tomographic angiography of both donor and recipient
sites for microsurgical breast reconstruction. Plast Reconstr Surg
2012;130(01):11e–20e

34 Schaverien MV, Ludman CN, Neil-Dwyer J, et al. Contrast-
enhanced magnetic resonance angiography for preoperative
imaging in DIEP flap breast reconstruction. Plast Reconstr Surg
2011;128(01):56–62

35 Rozen WM, Stella DL, Bowden J, Taylor GI, Ashton MW. Advances
in the pre-operative planning of deep inferior epigastric artery
perforator flaps: magnetic resonance angiography. Microsurgery
2009;29(02):119–123

36 Dayan JH, Dayan E, Smith ML. Reverse lymphatic mapping: a new
technique for maximizing safety in vascularized lymph node
transfer. Plast Reconstr Surg 2015;135(01):277–285

37 Dayan JH, Dayan E, Kagen A, et al. The use of magnetic resonance
angiography in vascularized groin lymph node transfer: an ana-
tomic study. J Reconstr Microsurg 2014;30(01):41–45

38 Maldonado AA, Garza RM, Artz J, Song DH, Chang DW. Abdominal
flap for closing the donor site after groin lymph node transfer.
J Surg Oncol 2017;115(04):390–391

39 Chang EI, Chang EI, Soto-Miranda MA, et al. Comprehensive
evaluation of risk factors and management of impending flap
loss in 2138 breast free flaps. Ann Plast Surg 2016;77(01):67–71

40 ChangEI, ChangEI, Soto-MirandaMA, et al. Comprehensive analysis
of donor-site morbidity in abdominally based free flap breast
reconstruction. Plast Reconstr Surg 2013;132(06):1383–1391

41 Demiri E, Dionyssiou D, Tsimponis A, et al. Donor-site lymphe-
dema following lymph node transfer for breast cancer-related
lymphedema: a systematic review of the literature. Lymphat Res
Biol 2017

42 Viitanen TP, Mäki MT, Seppänen MP, Suominen EA, Saaristo AM.
Donor-site lymphatic function after microvascular lymph node
transfer. Plast Reconstr Surg 2012;130(06):1246–1253

43 Chen R, Mu L, Zhang H, et al. Simultaneous breast reconstruction
and treatment of breast cancer-related upper arm lymphedema
with lymphatic lower abdominal flap. Ann Plast Surg 2014;73
(Suppl 1):S12–S17

44 Becker C, Vasile JV, Levine JL, et al. Microlymphatic surgery for the
treatment of iatrogenic lymphedema. Clin Plast Surg 2012;39
(04):385–398

45 De Brucker B, Zeltzer A, Seidenstuecker K, Hendrickx B, Adriaens-
sens N, Hamdi M. Breast Cancer-Related Lymphedema: Quality of
Life after LymphNode Transfer. Plast Reconstr Surg 2016;137(06):
1673–1680

46 Vibhakar D, Reddy S, Morgan-Hazelwood W, Chang EI. Chimeric
pedicled latissimus dorsi flap with lateral thoracic lymph nodes
for breast reconstruction and lymphedema treatment in a hyper-
coagulable patient. Plast Reconstr Surg 2014;134(03):494e–495e

Seminars in Plastic Surgery Vol. 32 No. 1/2018

Breast Reconstruction and Lymph Node Transfer Chang et al.40

D
ow

nl
oa

de
d 

by
: V

rij
e 

U
ni

ve
rs

ite
it 

B
ru

ss
el

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



47 Inbal A, Teven CM, Chang DW. Latissimus dorsi flap with vascu-
larized lymph node transfer for lymphedema treatment: techni-
que, outcomes, indications and review of literature. J Surg Oncol
2017;115(01):72–77

48 Tummel E, Ochoa D, Korourian S, et al. Does axillary reverse
mapping prevent lymphedema after lymphadenectomy? Ann
Surg 2017;265(05):987–992

49 Yue T, Zhuang D, Zhou P, et al. A prospective study to assess the
feasibility of axillary reverse mapping and evaluate its effect on

preventing lymphedema in breast cancer patients. Clin Breast
Cancer 2015;15(04):301–306

50 Bedrosian I, Babiera GV, Mittendorf EA, et al. A phase I study to
assess the feasibility and oncologic safety of axillary reverse map-
ping in breast cancer patients. Cancer 2010;116(11):2543–2548

51 Boneti C, Korourian S, Bland K, et al. Axillary reverse mapping:
mapping and preserving arm lymphatics may be important in
preventing lymphedema during sentinel lymph node biopsy. J Am
Coll Surg 2008;206(05):1038–1042, discussion 1042–1044

Seminars in Plastic Surgery Vol. 32 No. 1/2018

Breast Reconstruction and Lymph Node Transfer Chang et al. 41

D
ow

nl
oa

de
d 

by
: V

rij
e 

U
ni

ve
rs

ite
it 

B
ru

ss
el

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.


