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The thoracodorsal (TD) vessels were once re-
garded as the first-line recipient vessels for 
microvascular free-flap breast reconstruction.1 

With a consistent course and caliber, the TD vessels 
are reliable recipients and are also often already ex-
posed as part of an axillary lymphadenectomy. How-
ever, the use of the TD system requires longer flap 
pedicle length and can displace the bulk of the flap 
volume more laterally resulting in suboptimal aesthet-
ic outcomes. Previous studies have demonstrated that 
the TD system may not be usable in up to one third 
of the cases secondary to scarring from the prior axil-
lary dissection or radiation.2 Published literature has 
also reported an inadequate TD vascular system in 
up to 15% of cases with an associated 6% incidence 
of flap loss, particularly for reconstruction of the left 
breast.2–4 With the increased use of sentinel lymph 
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Introduction: When recipient veins for free-flap breast reconstruction are 
unavailable or inadequate, vein grafts or cephalic vein transposition (CVT) 
an option to provide alternate venous outflow. There are no comparative 
data to elucidate the indications and outcomes for each. We hypothesize 
that the CVT is as reliable as vein grafts when indicated.
Methods: All consecutive cases where a CVT or venous vein grafts were 
used for free-flap breast reconstruction between 2000 and 2012 were re-
viewed. Patient demographics, operative notes, indications, and flap sur-
vival were compared between the 2 groups.
Results: Ten patients underwent a CVT and 38 patients received a vein 
graft for insufficient venous outflow. There were no differences in average 
age, body mass index, or comorbid conditions between the groups. Simi-
larly, there was no difference in previous radiotherapy, timing of recon-
struction, or side of reconstruction. A CVT was used for salvage following 
venous thrombosis in 7 patients (70.0%) and for primary venous outflow in 
the remaining patients due to inability to use the internal mammary vein. 
Vein grafts were performed primarily in 31 patients, 22 for augmenting 
venous drainage (supercharge), 9 for the dominant venous outflow, and 7 
for salvage of a thrombosis. One patient in each group suffered a complete 
loss of the free flap (cephalic: 10.0% vs vein graft: 14.3%, P = 0.36).
Conclusions: The CVT is a reliable alternate venous outflow that can be 
used as a primary recipient vein or as a salvage option following venous 
thrombosis. Surgeons should consider a CVT when primary recipient veins 
are compromised or unavailable. (Plast Reconstr Surg Glob Open  2014;2:e141; 
doi: 10.1097/GOX.0000000000000056; Published online 6 May 2014.)
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node biopsies, and formal axillary node dissections 
less frequently performed, the internal mammary 
vessels have now have become the preferred recipi-
ent vessels for breast free-flap reconstruction.2,5–7

The internal mammary vessels have been shown 
to be reliable and also allow for more medial posi-
tioning of the flap providing more medial and supe-
rior pole fullness.8 They are readily accessible, often 
times through a rib sparing approach with minimal 
deformity or donor site morbidity.9 Preservation of 
the TD vessels also more reliably preserves the op-
tion of a pedicled latissimus dorsi myocutaneous flap 
as a salvage procedure in the setting of loss of the 
free flap. Microsurgeons have also used the internal 
mammary vessel perforators as recipient vessels or 
end-to-side anastomoses to preserve the main inter-
nal mammary artery for coronary artery bypasses.10–12

However, studies have also demonstrated that the 
internal mammary system may be inadequate for ve-
nous outflow in certain circumstances.13,14 The left 
internal mammary vein (IMV) is generally smaller 
than the right side, and in the setting of a delayed 
reconstruction, the scarring and radiation induced 
fibrosis can preclude the use of the IMV as recipi-
ents.15 Others have also cited the unpredictable na-
ture of the branching pattern, size mismatch, and 
technical difficulty performing microsurgery with 
the movement of respiration as challenging aspects 
of using the internal mammary vessels as recipient 
vessels.13–15 In fact, the internal mammary system may 
be unusable in up to 20% of patients.4,8

Consequently, the reconstructive microsurgeon 
should entertain the use of alternate recipient ves-
sels when the ipsilateral IMV both antegrade and ret-
rograde is insufficient, inaccessible, or for salvage of 
thrombosis or inadequate venous drainage. The ar-
mamentarium should include the use of vein grafts 
to reach alternate recipient vessels and transposition 
of the external jugular or the cephalic vein to obtain 
additional outflow systems.16–21 A cephalic vein trans-
position (CVT) provides adequate length to an al-
ternate venous system. Although the need for a vein 
graft or CVT is a relatively uncommon occurrence, 
indications for their use and potential algorithm for 
salvage have not been defined. Here, we aim to re-
view the technique of CVT, compare the indications 
and outcomes to traditional vein grafts, and propose 
an algorithm for selection.

METHODS
A retrospective review of a prospectively main-

tained database was performed for all consecutive 
patients undergoing autologous free-flap breast re-
construction following mastectomy from January 

2000 to December 2012 at the University of Texas 
MD Anderson Cancer Center after institutional re-
view board approval. We identified patients who 
underwent CVT or venous vein grafts. Vein grafts 
for arterial anastomoses were excluded. Patients’ 
medical records were reviewed for demographics, 
comorbidities, prior radiotherapy, postoperative 
complications, and follow-up. We compared the re-
cipient vessels, flap type, indications for CVT and 
vein grafts, side of reconstruction, vessel size, and 
flap loss and salvage rates between the 2 groups.

Statistical Analysis
Means and SDs were used to summarize continu-

ous variables. Frequencies and proportions were used 
to summarize categorical variables. We compared pa-
tient characteristics between patients undergoing a 
CVT and vein grafts using chi-square test or Fisher 
exact test for categorical variables and Mann-Whitney 
or Kruskal-Wallis test for continuous variables as ap-
propriate. All analyses were performed in SAS 9.2 
(SAS Institute, Cary, N.C.), and P values less than 0.05 
were considered statistically significant.

Surgical Technique of Cephalic Vein Harvest
The anatomy of the cephalic vein is relatively pre-

dictable. Identification of the deltoid and pectoralis 
major muscles and the deltopectoral groove provide 
reliable landmarks for the location of the cephalic 
vein. The deltopectoral groove can be palpated and 
then readily identified from the mastectomy breast 
pocket by visualizing a layer of fatty tissue between 
the muscles or based on the changes in the orien-
tation of the muscle fibers. Once identified, the 
proximal extent of the cephalic vein can easily be 
dissected for a total length of 8–10 cm without the 
need for a counter incision. The pivot point for the 
cephalic vein is at the infraclavicular fossa where 
the vein pierces the coracoclavicular fascia to join 
the axillary or subclavian vein. If additional length 
is needed to reach the flap pedicle, either the vein 
can easily be dissected down the medial aspect of the 
arm through a small counter incision (Fig. 1) or it 
can be isolated through small sequential “step” inci-
sions to limit the length of a continuous scar on the 
arm. Once an adequate length is obtained, the dis-
tal end is ligated and cephalic vein is marked in situ 
with a sterile marking pen to prevent a twist in the 
vein. A gentle curve should be employed to orient 
the cephalic vein to avoid a kink in the vein as it is 
mobilized into the mastectomy defect.

Surgical Technique for Vein Graft Harvest
A number of donor sites can be utilized for a vein 

graft taking into account vessel diameter size match, 
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donor site morbidity, and which donor sites may 
 already be prepped into the field. A cutaneous fore-
arm vein is often used as it is typically prepped at our 
institution for patients undergoing a sentinel lymph 
node biopsy. Alternatively, a dorsal foot vein can be 
quickly prepped without disrupting the sterile field 
of the abdomen and torso. The final common do-
nor site would be the superficial system, particularly 
the contralateral side in the setting of a unilateral 

reconstruction. The selected vein is isolated, small 
branches are ligated with clips, and the proximal 
end is marked to orient direction of flow either with 
a marking pen or with a surgical clip.

RESULTS

Patients Undergoing Cephalic Vein Turndown
During the study period, 2686 free flaps were per-

formed for breast reconstruction. Overall, 10 patients 
(0.37%) were identified who underwent a CVT for 
salvage of a venous thrombosis after an autologous 
free-flap breast reconstruction (Table 1). The mean 
age was 49.4 years (range, 38–59 years) with an av-
erage body mass index (BMI) of 29.9 kg/m2 (range, 
24–35 kg/m2). Six cephalic turndowns (60.0%) were 
performed on the left side and the remainder was 
performed on the right. Patient demographics and 
flap types are shown in Table 1 and were not differ-
ent between the groups. Two patients utilized the 
cephalic vein as a means of “supercharging” the flap 
to provide an additional drainage of the superfi-
cial system due to venous insufficiency of the flap. 
In 1  patient, both the superficial and the deep sys-
tems were anastomosed to the cephalic vein and a 
branch of the cephalic vein. All but 1 flap survived 
(90%) secondary to venous thrombosis. The flap 
became congested on postoperative day 4 and was 
taken back to the operating room for salvage using a 
cephalic turndown. Flow was initially re-established; 
however, the flap was ultimately lost 3 days after the 
CVT due to progressive venous thrombosis.

Fig. 1. Patient in case 10 at the time of her second  re-exploration 
for left breast flap venous congestion. to better match the di-
ameter of the deep inferior epigastric vena comitans, a  cephalic 
vein turndown was performed, allowing use of a 3.5-mm 
 coupler. note the counter incision in the left brachium (*).

Table 1. Summary of Patient Demographics and Variables

Case
Flap  
Type Timing Side

Age  
(y)

Body Mass 
Index  

(kg/m2)
Previous  

Radiotherapy
Previous 

Chemotherapy
IMV Size 

(mm)
Cephalic Vein 
Anastomosis

1 DIEP Delayed Left 64 24 Yes Yes 2.5 2.5-mm coupler 
to SIEV

2 TRAM Immediate Right 56 32 No No 3.0 Handsewn to 
DIEV

3 msTRAM Delayed Left 39 29 Yes Yes Unknown Handsewn to 
SIEV and DIEV

4 DIEP Immediate Left 57 29 No No <1.0 3.0-mm coupler 
to DIEV

5 msTRAM Immediate Right 38 26 No Yes 1.5 3.5-mm coupler 
to DIEV

6 DIEP Delayed Right 57 29 Yes Yes 1.5 3.5-mm coupler 
to DIEV

7 DIEP Delayed Left 43 35 Yes Yes Unknown 2.5-mm coupler 
to DIEV

8 msTRAM Delayed Right 59 35 Yes Yes 2.5 3.5-mm coupler 
to SIEV

9 SGAP Immediate Left 40 30 No Yes 2.5 4.0-mm coupler 
to SGV

10 msTRAM Immediate Left 52 34 No No 1.5 3.5-mm coupler 
to DIEV

DIEP, deep inferior epigastric perforator; DIEV, deep inferior epigastric vein; msTRAM, muscle-sparing TRAM; SGAP, superior gluteal artery 
perforator; SIEV, superficial inferior  epigastric vein; TRAM, transverse rectus abdominus myocutaneous.
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Patient Undergoing Vein Grafts
Vein grafts were performed in 47 patients, but 9 

patients underwent a vein graft for the arterial anas-
tomosis and were excluded. The remaining patients 
consisted of 33 patients (1.2%) who had only a ve-
nous vein graft and 5 received a vein graft for both 
the arterial and venous anastomosis. There were 8 
transverse rectus abdominus myocutaneous flaps, 
17 muscle-sparing transverse rectus abdominus myo-
cutaneous flaps, 10 deep inferior epigastric perfora-
tor flap, 1 superficial inferior epigastric artery flap, 
and 2 superior gluteal artery perforator flaps that 
received vein grafts. The mean age was 50.8 years 
(range, 29–70 years) with a mean BMI of 29.2 kg/m2 
(range, 18–41 kg/m2). Thirty-one vein grafts (81.6%) 
were performed during the primary reconstruction. 
Twenty patients (52.6%) underwent a vein graft to 
“supercharge” the flap by draining the superficial sys-
tem during the primary reconstruction due to venous 
insufficiency of the flap, whereas 8 patients (21.1%) 
had a vein graft to augment drainage of the deep sys-
tem with a second anastomosis to the second vena co-
mitantes. Three patients (7.9%) required a vein graft 
to lengthen the pedicle (artery and vein) to reach the 
recipient vessels. The remaining 7 vein grafts were 
performed for salvage following venous congestion (n 
= 2), thrombosis (n = 4), or pedicle avulsion (n = 1). 
There was 1 flap (14.3%) that could not be salvaged 
and resulted in a total flap loss due to venous throm-
bosis. All other flaps were successfully salvaged.

Comparison of CVT and Vein Grafts
There was no significant difference in age, BMI, 

smoking, and comorbidities between the 2 cohorts. 
Patients undergoing a CVT trended to be more likely 
to have undergone preoperative radiation (50.0% 
vs 28.9%; P = 0.29) and also to have had a delayed 
reconstruction (60.0% vs 44.7%; P = 0.40); however, 
none of the differences were significant. Interestingly, 
there were no differences in the distribution of grafts 
performed on the right compared with the left side 
(60.0% vs 57.9%, P = 0.93). Flap salvage rates were 
also not statistically different for patients undergoing 
a CVT compared with a vein graft (90.0% vs 85.7%, 
respectively, P = 0.36). No flaps that received a vein 
graft to augment the venous outflow were lost.

DISCUSSION
In this study, we demonstrate that salvage rates 

for venous compromised flaps are comparable us-
ing either a CVT or a vein graft. Overall, a CVT was 
always performed for salvage, and there was a trend 
toward performing a CVT in a radiated or delayed 
reconstructions. However, the majority of venous 
vein grafts were performed during the primary re-

construction (81.6%), to supercharge the venous 
outflow, increase pedicle length, or drain the su-
perficial system and less commonly for salvage. To 
our knowledge, this is the first study to directly ana-
lyze the use of vein grafts in free-flap breast recon-
struction and compare the outcomes in flap salvage 
to a CVT. Here, we demonstrate that salvage rates 
are comparable utilizing the 2 techniques as there 
were no differences in flap success rates between 
the groups.

The loss of a free flap in breast reconstruction 
is an uncommon occurrence with success rates well 
over 95%.22,23 Consequently, given the relative infre-
quency of flap losses, there is a paucity of literature 
guiding management of a compromised flap. When 
flap losses are further stratified into an arterial or 
venous issue, the numbers of flaps attributed to a ve-
nous issue are even more limited ranging from 0.3% 
to 3.3%.24,25 We also noted that the use of vein grafts 
or CVTs for venous outflow were exceedingly uncom-
mon in our series (0.37% and 1.2%, respectively). It 
is therefore not surprising that the indications and 
outcomes have not been directly compared previ-
ously. Although previous studies have examined aug-
menting the venous drainage of an abdominal free 
flap using the retrograde IMV, conversion to the TD, 
or lateral thoracic vein, as well as using the external 
jugular or the cephalic vein, an algorithm for recipi-
ent vessel selection remains to be elucidated.17–19,26,27

Other studies have also described the use of a ce-
phalic vein turndown for salvage of failing flaps par-
ticularly on the left side.19,21 In our series, there was a 
trend toward a CVT more commonly performed on 
the left side particularly in the setting of a delayed 
reconstruction following radiation. Under these cir-
cumstances, the proximal antegrade IMV may be 
thrombosed or fibrosed requiring an alternate ve-
nous outflow. Often dissection into a more proximal 
rib space may provide a larger IMV or the conflu-
ence of 2 separate IMVs into a larger caliber vein 
more suitable as a recipient vein. However, in the set-
ting of a previously irradiated and scarred field, the 
IMV can often be diminutive and friable precluding 
their use as recipient vessels even at a more cranial 
intercostal space. Therefore, we have a low threshold 
for performing a CVT on the left side particularly in 
a radiated, scarred field (Fig. 2).

In the setting when the IMV is smaller than can 
accommodate a 2.0-mm anastomotic coupler, or if 
venous congestion develops following an uncompli-
cated, technically intact venous anastomosis to the 
antegrade IMV, we prefer to use a CVT rather than 
a vein graft as this may indicate a more proximal in-
sufficiency of flow in the internal mammary system. 
Changing to an alternate recipient system has been 
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associated with improved salvage rates.28 Although 
vein grafting to the TD system is a viable alternative, 
this often requires a longer vein graft if the arterial 
anastomosis is patent to the internal mammary ar-
tery. The use of the TD vein as a recipient may limit 
the use and/or the vascularity of a pedicle latissimus 
dorsi myocutaneous flap in the setting of a flap loss 
even if the anastomosis is performed distal to the ser-
ratus branch. Additionally, in the setting of radiation 
or a prior axillary dissection, the TD vessels may not 
be available or difficult to dissect without injuring 
the vessels.

If a flap demonstrates superficial dominance or 
the need for augmenting venous drainage, an ad-
ditional venous anastomosis can be performed to a 
second IMV, the retrograde IMV, or an IMV perfora-
tor. Often times, this may not require a vein graft or 
a CVT and should be considered. If these options 
are not available, a CVT can be performed either as 
the primary venous outflow or to supplement venous 
drainage of the superficial system. In our series, 2 
patients demonstrated a dominant superficial system 
for a CVT was performed to provide a second venous 
outflow. Two patients also underwent a vein graft for 
the same indication. A vein graft can also be as a sec-
ond venous outflow to augment the venous drainage 
during the initial reconstruction as was performed in 
20 patients. This is generally not our practice unless 

there is clear clinical evidence of venous congestion. 
Although some endorse the routine practice of dual 
venous drainage with an additional venous anasto-
mosis, we prefer not to perform a second anastomo-
sis largely since it has been shown to decrease flow 
through each individual anastomosis.29,30

However, the decision for harvesting a vein graft 
vs a CVT remains at the discretion of the plastic sur-
geon given that the outcomes seem to be equivalent. 
Both a CVT and a vein graft incur some degree of 
donor site morbidity, and potentially a vein graft 
from the lower extremity may be preferable to ex-
tending the incision onto the arm. Another consid-
eration would be the impact of performing a CVT in 
the setting of lymphedema which the present study 
is not able to address given the infrequency of CVTs 
performed.

The current study, similar to earlier studies, is lim-
ited by its retrospective nature, heterogeneous indi-
cations for a CVT or vein graft, small numbers, and 
surgeon preferences or biases for technique selec-
tion.18,19,21 The small number of patients undergoing 
these procedures is likely a reflection of the infre-
quency of recipient vein insufficiency and venous 
thrombosis. Despite these limitations, this study is 
the only to evaluate and compare these 2 techniques 
for salvage of venous congestion or thrombosis. 
These data presented raise awareness of the cephalic 
vein as a reliable alternate recipient vein and offer a 
potential algorithm for recipient vessel selection in 
autologous free-flap breast reconstruction (Fig. 3).

CONCLUSIONS
In the setting of venous congestion, superficial 

dominance, thrombosis of the primary recipient 
vein, or inadequate recipient veins, especially on the 
left side following radiation, a CVT should be consid-

Fig. 2. close-up of anastomoses with cephalic vein (white 
arrow) to the deep inferior epigastric vein (black arrow). the 
arterial anastomosis to the internal mammary artery (iMa) is 
marked medially. the top of the image is cephalad and the 
bottom of the photograph is caudad.

Fig. 3. algorithm for recipient vein selection in free-flap 
breast reconstruction.
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ered. It is within the operative field, easily accessible, 
and a reliable alternate recipient vein when the IMV 
is not usable. 

Charles E. Butler, MD, FACS
Department of Plastic and Reconstructive Surgery

The University of Texas MD Anderson Cancer Center
1400 Pressler Drive

FCT19.5000
Houston

TX 77030
E-mail: cbutler@mdanderson.org 

REFERENCES
 1. Robb GL. Thoracodorsal vessels as a recipient site. Clin 

Plast Surg. 1998;25:207–211.
 2. Saint-Cyr M, Youssef A, Bae HW, et al. Changing trends 

in recipient vessel selection for microvascular autologous 
breast reconstruction: an analysis of 1483 consecutive 
cases. Plast Reconstr Surg. 2007;119:1993–2000.

 3. Schwabegger AH, Bodner G, Rieger M, et al. Internal 
mammary vessels as a model for power Doppler imaging 
of recipient vessels in microsurgery. Plast Reconstr Surg. 
1999;104:1656–1665.

 4. Moran SL, Nava G, Behnam AB, et al. An outcome analy-
sis comparing the thoracodorsal and internal mammary 
vessels as recipient sites for microvascular breast recon-
struction: a prospective study of 100 patients. Plast Reconstr 
Surg. 2003;111:1876–1882.

 5. Damen TH, Morritt AN, Zhong T, et al. Improving out-
comes in microsurgical breast reconstruction: lessons 
learnt from 406 consecutive DIEP/TRAM flaps per-
formed by a single surgeon. J Plast Reconstr Aesthet Surg. 
2013;66:1032–1038.

 6. Nahabedian M. The internal mammary artery and vein as 
recipient vessels for microvascular breast reconstruction. 
Ann Plast Surg. 2012;68:537–538.

 7. Ninković M, Anderl H, Hefel L, et al. Internal mammary 
vessels: a reliable recipient system for free flaps in breast 
reconstruction. Br J Plast Surg. 1995;48:533–539.

 8. Temple CL, Strom EA, Youssef A, et al. Choice of recipi-
ent vessels in delayed TRAM flap breast reconstruction 
after radiotherapy. Plast Reconstr Surg. 2005;115:105–113.

 9. Sacks JM, Chang DW. Rib-sparing internal mammary 
vessel harvest for microvascular breast reconstruction in 
100 consecutive cases. Plast Reconstr Surg. 2009;123:1403–
1407.

 10. Saint-Cyr M, Chang DW, Robb GL, et al. Internal mam-
mary perforator recipient vessels for breast reconstruc-
tion using free TRAM, DIEP, and SIEA flaps. Plast Reconstr 
Surg. 2007;120:1769–1773.

 11. Hamdi M, Blondeel P, Van Landuyt K, et al. Algorithm 
in choosing recipient vessels for perforator free flap in 
breast reconstruction: the role of the internal mammary 
perforators Br J Plast Surg. 2004;57:258–265.

 12. Apostolides JG, Magarakis M, Rosson GD. Preserving the 
internal mammary artery: end-to-side microvascular ar-
terial anastomosis for DIEP and SIEA flap breast recon-
struction. Plast Reconstr Surg. 2011;128:225e–232e.

 13. Kavouni A, Shibu M. Problems associated with the use of 
internal mammary vessels as recipients for free flap breast 
reconstruction. Br J Plast Surg. 1999;52:597.

 14. Dupin CL, Allen RJ, Glass CA, et al. The internal mam-
mary artery and vein as a recipient site for free-flap breast 
reconstruction: a report of 110 consecutive cases. Plast 
Reconstr Surg. 1996;98:685–689; discussion 690.

 15. Chang EI, Chang EI, Soto-Miranda MA, et al. Demystifying 
the use of internal mammary vessels as recipient vessels 
in free flap breast reconstruction. Plast Reconstr Surg. 
2013;132:763–768.

 16. Venturi ML, Poh MM, Chevray PM, et al. Comparison of 
flow rates in the antegrade and retrograde internal mam-
mary vein for free flap breast reconstruction. Microsurgery 
2011;31:596–602.

 17. Kerr-Valentic MA, Gottlieb LJ, Agarwal JP. The retrograde 
limb of the internal mammary vein: an additional outflow 
option in DIEP flap breast reconstruction. Plast Reconstr 
Surg. 2009;124:717–721.

 18. Casey WJ 3rd, Rebecca AM, Smith AA, et al. The cephalic 
and external jugular veins: important alternative recipi-
ent vessels in left-sided microvascular breast reconstruc-
tion. Microsurgery 2007;27:465–469.

 19. Mehrara BJ, Santoro T, Smith A, et al. Alternative venous 
outflow vessels in microvascular breast reconstruction. 
Plast Reconstr Surg. 2003;112:448–455.

 20. Hallock GG. The cephalic vein in microsurgery. 
Microsurgery 1993;14:482–486.

 21. Barnett GR, Carlisle IR, Gianoutsos MP. The cephalic 
vein: an aid in free TRAM flap breast reconstruction. 
Report of 12 cases. Plast Reconstr Surg. 1996;97:71–76; dis-
cussion 77.

 22. Gill PS, Hunt JP, Guerra AB, et al. A 10-year retrospective 
review of 758 DIEP flaps for breast reconstruction. Plast 
Reconstr Surg. 2004;113:1153–1160.

 23. Nahabedian MY, Tsangaris T, Momen B. Breast recon-
struction with the DIEP flap or the muscle-sparing (MS-2) 
free TRAM flap: is there a difference? Plast Reconstr Surg. 
2005;115:436–444; discussion 445.

 24. Blondeel PN, Arnstein M, Verstraete K, et al. Venous con-
gestion and blood flow in free transverse rectus abdomi-
nis myocutaneous and deep inferior epigastric perforator 
flaps. Plast Reconstr Surg. 2000;106:1295–1299.

 25. Sbitany H, Mirzabeigi MN, Kovach SJ, et al. Strategies for 
recognizing and managing intraoperative venous conges-
tion in abdominally based autologous breast reconstruc-
tion. Plast Reconstr Surg. 2012;129:809–815.

 26. Niranjan NS, Khandwala AR, Mackenzie DM. Venous 
augmentation of the free TRAM flap. Br J Plast Surg. 
2001;54:335–337.

 27. Eom JS, Sun SH, Lee TJ. Selection of the recipient veins 
for additional anastomosis of the superficial inferior 
epigastric vein in breast reconstruction with free trans-
verse rectus abdominis musculocutaneous or deep in-
ferior epigastric artery perforator flaps. Ann Plast Surg. 
2011;67:505–509.

 28. Chang EI, Carlsen BT, Festekjian JH, et al. Salvage rates of 
compromised free flap breast reconstruction after recur-
rent thrombosis. Ann Plast Surg. 2013;71:68–71.

 29. Boutros SG. Double venous system drainage in deep 
inferior epigastric perforator flap breast reconstruc-
tion: a single-surgeon experience. Plast Reconstr Surg. 
2013;131:671–676.

 30. Hanasono MM, Kocak E, Ogunleye O, et al. One versus 
two venous anastomoses in microvascular free flap sur-
gery. Plast Reconstr Surg. 2010;126:1548–1557.

mailto:cbutler@mdanderson.org

