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Background: Postmastectomy irradiation often negatively impacts breast re-
construction outcomes. Further investigation is necessary to recognize factors
contributing to adverse results. The purpose of this study was to (1) accurately
assess the impact of radiation on autologous breast reconstruction and (2)
identify patient and treatment factors affecting reconstructive outcomes.
Methods: One hundred twenty-six patients were considered after postmastec-
tomy breast reconstruction and irradiation. The records of 76 patients were
studied after excluding for radiation therapy before reconstruction, complica-
tions before irradiation, implant reconstruction, mastectomy for recurrent dis-
ease, and history of cancer. Patient demographics and comorbidities, operative
details, adjuvant therapy, and treatment outcomes were assessed.
Results: Seventy-six patients underwent autologous microsurgical breast recon-
struction. Complications occurred in 53 patients (70 percent) 7.2 � 6 months after
irradiation; 36 cases (47 percent) required reoperation for postirradiation effects.
Parenchymal complications (fat necrosis or parenchymal fibrosis) were noted in
19.7 percent, skin complications (tissue envelope retraction or hypertrophic scar-
ring) were recorded in 30.3 percent, and general dissatisfaction (physician or
patient dissatisfaction) arose in 27.6 percent of patients. Parenchymal complications
were associated with smoking (odds ratio, 9.3; p � 0.03), type II diabetes mellitus
(odds ratio, 8.5; p � 0.02), and age (odds ratio, 1.1; p � 0.02). Neoadjuvant
chemotherapy increased the development of complications (odds ratio, 4.4; p �
0.04), particularly skin changes (odds ratio, 2.4; p � 0.01).
Conclusions: Patient-specific factors, including diabetes mellitus and smoking,
increase the risk of postirradiation parenchymal changes, and neoadjuvant
chemotherapy is associated with a greater than twofold increase in skin com-
plications. Breast reconstruction followed by irradiation can be successful, but
patients with specific risks should be aware of increased complication
rates. (Plast. Reconstr. Surg. 126: 12, 2010.)

Postmastectomy irradiation decreases the inci-
dence of locoregional disease recurrence in 66
to 75 percent of women with breast cancer and

has been shown to pose a survival advantage for
patients with node-positive disease.1,2 Although on-
cologically beneficial, irradiation can lead to del-
eterious surgical outcomes following immediate
breast reconstruction.3–5 This is particularly true in
the case of implant-based reconstructions, where
irradiation increases the risk of complications and
may compromise a favorable aesthetic result.4,5

Frequently, surgeons discourage the use of pros-

thetic materials in patients likely to receive ir-
radiation, given lower rates of patient and phy-
sician satisfaction.6

Autologous tissue not only offers a more nat-
ural appearing and durable reconstruction com-
pared with implant-based techniques but also ap-
pears better suited to handle postmastectomy
irradiation.6–9 Although several surgeons propose
that radiation has little effect on autologous re-
constructions, such as transverse rectus abdominis
musculocutaneous (TRAM) or deep inferior epi-
gastric perforator flaps, others report that postir-
radiation complication rates can approach 87.5
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percent, with fat necrosis, fibrosis, contracture,
and volume loss.7 In our experience, some pa-
tients display minimal deleterious effects from ra-
diation therapy, whereas others have more pro-
nounced problems. Currently, there is a paucity of
literature regarding factors influencing outcomes
following irradiation of autologous breast recon-
structions. The purpose of this study was to (1)
accurately assess the impact of radiation on autol-
ogous breast reconstructions in our population
and (2) identify patient and treatment factors af-
fecting reconstructive outcomes.

PATIENTS AND METHODS
The investigators retrospectively analyzed med-

ical records of 915 women who underwent breast
reconstruction following mastectomy over a 9-year
period between 1999 and 2008 at a single institution.
They identified 126 patients who received breast
irradiation therapy after reconstruction; breast re-
constructions consisted of 11 implant-based and 115
autologous procedures. Within this population, 76
patients underwent autologous breast reconstruc-
tion for primary breast carcinoma before receiving
radiation therapy. This study explored patient de-
mographics and comorbidities, operative details
(i.e., reconstructive flap size/shape, recipient ar-
tery/vein used, operative time, intraoperative/post-
operative thrombosis), adjuvant therapy (i.e., treat-
ment duration, total breast radiation received,
fraction size, boost dose, chemotherapeutics), and
surgical outcomes for all 76 patients. Subjects un-
derwent treatment planning computed tomography
before radiotherapy to demarcate target tissue from
normal adjacent structures. Radiation therapy was
administered by means of a Clinac 2300 (Varian
Medical Systems, Inc., Palo Alto, Calif.) source using
6-MV and 16-MV photons as dictated by the radia-
tion oncology department. Some patients received a
local radiation boost as deemed necessary based on
tumor characteristics. The primary outcomes mea-
sured included complete or partial flap loss, fat ne-
crosis, parenchymal fibrosis, tissue envelope retrac-
tion, reoperation for postirradiation changes,
excessive pain, hyperpigmentation, and patient/
physician dissatisfaction. All complications occurred
after breast irradiation.

Statistical Analysis
The primary outcome reflected the develop-

ment of a complication as a dichotomous variable;
deleterious outcomes included partial flap loss, fat
necrosis, parenchymal fibrosis, tissue envelope re-
traction, reoperation for postirradiation changes,

excessive pain, hyperpigmentation, and patient/
physician dissatisfaction. Logistic regression was
used to predict the occurrence of a complication,
given a particular demographic, surgical, or treat-
ment factor. Statistical analysis was performed us-
ing SAS (SAS Institute, Inc., Cary, N.C.). Age was
analyzed as a continuous independent variable,
with a 10-year difference between subjects set as a
meaningful change in the covariate. Comparisons
are reported as odds ratios and 95 percent confi-
dence intervals, with the significance level set at
p � 0.05. An odds ratio greater than 1 indicates
that a positive association exists between the devel-
opment of a complication and the tested indepen-
dent factor. Correlations between demographic, sur-
gical, and treatment variables with the occurrence of
each individual complication were examined sepa-
rately in secondary analyses.

RESULTS
Seventy-six patients were included following au-

tologous microsurgical breast reconstruction and ir-
radiation therapy; their demographics are listed in
Table 1. The mean subject age was 47.1 � 10.7
(mean � SD) years and body mass index was 27.2 �
5.9 kg/m2. Surgical reconstructions included 60 free
TRAM flaps (79 percent), three gracilis flaps (4 per-
cent), four superior gluteal artery perforator flaps (5
percent), three deep inferior epigastric perforator
flaps (4 percent), and six superficial inferior epigas-
tric artery flaps (8 percent).

Treatments included breast irradiation with or
without chemotherapy. The average whole-breast
radiation dose received was 5023 � 660 cGy
(range, 4680 to 5860 cGy), with a mode fraction
size of 180 cGy (range, 170 to 200 cGy). Radiation

Table 1. Baseline Patient Characteristics

Pertinent Patient Demographics Value (%)

Age 47.1 � 10.7 yr
Body mass index 27.2 � 5.9 kg/m2

No. of patients with hypertension 17 (22)
No. of patients with diabetes mellitus

type 2 7 (9.2)
Smoking

Current smokers 18 (24)
Former smokers 11 (14)
Nonsmokers 47 (62)

Type of breast cancer
Ductal carcinoma 66 (87)
Lobular carcinoma 6 (8)
Inflammatory carcinoma 4 (5)

Breast cancer stage
I 5 (7)
II 40 (53)
III 25 (33)
IV 6 (8)
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was administered over a 40 � 5.1-day period 5 �
2.2 months after reconstructive surgery. Fifteen
percent of subjects received a 2800 � 200-cGy
boost dose of radiation as directed by the radiation
oncology department. Forty-seven patients (62
percent) received neoadjuvant chemotherapy
consisting of Adriamycin and cyclophosphamide.
Seven of these patients also received paclitaxel
before mastectomy and breast reconstruction.

Postirradiation complications were noted in
53 patients (70 percent), requiring reoperation
for radiation effects in 36 cases (47 percent) (Ta-
ble 2). These complications were documented
7.2 � 6 months after breast irradiation, and all
surgical corrections of radiation-induced deformi-
ties were completed 13.2 � 11.2 months after ther-
apy. Parenchymal complications (e.g., fat necrosis
and parenchymal fibrosis) were noted in 19.7 per-
cent, skin complications (e.g., tissue envelope re-
traction and hypertrophic scarring) were re-
corded in 30.3 percent, and general dissatisfaction
(excessive pain or physician/patient dissatisfac-
tion) arose in 27.6 percent of all patients following
breast irradiation.

Parenchymal complications were associated with
smoking (odds ratio, 9.3; p � 0.03), diabetes (odds
ratio, 8.5; p � 0.02), and age (odds ratio, 1.1; p �
0.02). Patients aged between 50 and 60 years were
slightly more likely to develop fat necrosis or paren-
chymal fibrosis compared with 40- to 50-year-old sub-
jects (95 percent confidence interval, 1.022 to
1.178). Regarding treatment factors, neoadjuvant
chemotherapy increased the development of com-
plications (odds ratio, 4.4; p � 0.04), particularly skin
changes (odds ratio, 2.4; p � 0.01). The probability
of reoperation for radiation effects increased follow-
ing the development of a complication (odds ratio,
6.0; p � 0.01), with parenchymal changes contrib-
uting to high revision rates (odds ratio, 4.6; p �
0.004). The development of a postirradiation com-
plication was not related to any perioperative or
radiation-specific factors investigated, including the

surgical procedure performed (p � 0.20), recipient
artery or vein selected for autologous tissue transfer
(p � 0.58 and p � 0.72, respectively), occurrence of
intraoperative or postoperative thrombosis (p � 0.61
and p � 0.36, respectively), total radiation in centi-
grays administered (p � 0.08), radiation dose (p �
0.45), or boost delivered (p � 0.92). It is difficult to
adequately assess the impact of different reconstruc-
tive procedures on measured outcomes, as free
TRAM flaps were used in the vast majority of recon-
structions. Furthermore, the risk of developing a
complication did not correlate with the type of breast
carcinoma treated (p � 0.14) or the incidence of col-
lagen vascular disease (p � 0.83). Rates of reoperation
were not changed following chemotherapeutic treat-
ments (p � 0.90), nor did they change with the type of
reconstruction used (p � 0.25).

DISCUSSION
In the United States, approximately 60,000

women each year choose a form of postmastec-
tomy breast reconstruction.10 Although autolo-
gous reconstructions are associated with high lev-
els of patient satisfaction, these techniques have
limitations. Even in the absence of radiation ther-
apy, autologous reconstruction complication rates
range from 27 to 52 percent.10,11 Impediments to
normal flap healing and function may include
wound dehiscence, fat necrosis, total flap loss, anas-
tomotic thrombosis, infection, hematoma, and se-
roma. The Michigan Breast Reconstruction Out-
comes Study reports a total complication rate of 52
percent for immediate autologous reconstructions.
More specifically, 36 percent of their patient popu-
lation required surgical revision, hospitalization,
or administration of intravenous antibiotics to
treat adverse outcomes following a TRAM flap
reconstruction.10 Unfortunately, the addition of
breast irradiation following these reconstructions
often increases rates of complications.

According to the American Society of Clinical
Oncology, indications for irradiation include four
or more positive axillary lymph nodes, stage T3 to
T4 disease, or positive surgical margins.12 Given
these criteria, many women who undergo an au-
tologous reconstruction are ultimately offered post-
mastectomy radiation therapy. These reconstruc-
tions are adversely affected by radiation therapy, with
current literature supporting complication rates
ranging from 60 to 87.5 percent.7,13,14 Acute radia-
tion changes to TRAM flaps include mild to brisk
erythema (30 to 52 percent) and flap skin desqua-
mation (10 to 40 percent), and long-term sequelae
include volume, contour, and symmetry loss.7–9

These changes may require multiple revisions and

Table 2. Complications following Breast Irradiation

No. of Patients (%)

Complications 53 (70)
Parenchymal changes 15 (19.7)

Fat necrosis 9 (12)
Parenchymal fibrosis 13 (17)

Skin changes 23 (30.3)
Tissue envelope retraction 12 (16)
Hypertrophic scarring 19 (25)

Dissatisfaction 21 (27.6)
Excessive pain 8 (10)
Physician/patient dissatisfaction 13 (17)
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additional flaps to correct deformities.7,13 A 10-year
analysis of immediate TRAM flap breast reconstruc-
tion and postoperative irradiation established the
fact that irradiated flaps fared worse than nonirra-
diated reconstructions; merely 17 percent main-
tained symmetry after irradiation. Subjects who un-
derwent bilateral reconstruction and unilateral
irradiation developed high rates of skin contracture
(93 percent), flap firmness (43 percent), hyperpig-
mentation (43 percent), fat necrosis (43 percent),
and entire flap contracture (21 percent) on the ir-
radiated breast. Only 14 percent maintained a nor-
mal breast mound, and 24 percent of overall com-
plications required additional flap coverage.13

However, some patients experience an uncompli-
cated recovery following irradiation. Thirty percent
of patients included in our study achieved a satis-
factory result without the development of a postir-
radiation complication.

Recent evidence demonstrates that, long
term, TRAM flap patients achieve greater levels of
aesthetic satisfaction relative to expander/im-
plant patients despite a significant percentage of
irradiated reconstructions, 44 percent versus 21
percent.15 The specific factors underlying a suc-
cessful surgical outcome following irradiation
remain largely unknown. Although this was not
studied directly, the authors suspect that well-
vascularized flaps are able to carry a larger vol-
ume of tissue to withstand potential irradiation
atrophy. Further work is necessary to fully ex-
plore this dichotomy and appreciate the factors
favoring success. Regardless, the majority of patients
in this current study developed at least one delete-
rious effect of radiation, including fat necrosis, pa-
renchymal fibrosis, tissue envelope retraction, hy-
pertrophic scaring, excessive pain, or dissatisfaction.
Importantly, smoking, diabetes, advancing age, and
neoadjuvant chemotherapy increased the likelihood
of developing a poorer result.

Prior data support our findings and establish
that smoking is a risk factor for wound infection,
mastectomy flap necrosis, and fat necrosis.16 Com-
pared with nonsmokers, former smokers demon-
strate a higher rate of delayed wound healing.
Furthermore, patients who continue to smoke are
more likely to develop infection, mastectomy skin
flap necrosis, abdominal flap necrosis, and hernias
compared with nonsmokers after TRAM flap
reconstruction.17 Unless the patient has achieved
4 weeks of abstinence, these findings support
smoking and former smoking as relative contra-
indications to TRAM flap breast reconstruction.18

Although most studies establish a positive corre-
lation between smoking and increased complica-

tions, those with few subjects have been unable to
demonstrate that smoking is a predictive factor for
negative outcomes.8 Prospective analysis of these
patient factors relative to operative outcomes may
help explain these discrepancies.

In addition to patient factors, modern radiation
delivery methods and reconstruction timing have
been explored to minimize complications. Innova-
tive approaches for radiotherapy include using an
alpha cradle for patient immobilization and com-
puted tomography to plan radiation therapy deliv-
ery. A study of 22 patients demonstrated that imple-
menting these techniques prevented the need for
flap revisions secondary to deleterious radiation
effects.9 Similarly, intensity-modulated radiation
therapy conforms to a three-dimensional target
shape using high-precision radiotherapy and de-
creases acute skin toxicity compared with conven-
tional irradiation.19 Although not supported by
our findings, a boost may also impact complica-
tion rates. Whole-breast irradiation with a tumor
bed boost increases the risk of tissue fibrosis and
a poor cosmetic result relative to accelerated par-
tial breast irradiation.20 Although boost radiation
may be oncologically necessary in particular cases,
merely a 16-Gy boost is associated with the devel-
opment of breast fibrosis. This complication sig-
nificantly increases with whole-breast irradiation
dose and concomitant chemotherapy.21 Lastly, ra-
diation may be delivered in fewer, larger fractions
to decrease the total dose of radiation received
without a change in therapy effectiveness.12 Selec-
tive localization of breast irradiation improves re-
constructive outcomes.

Although immediate reconstruction is often pre-
ferred, autologous reconstructions may be delayed if
postmastectomy radiation therapy is expected.12,22,23

In a study of 69 women, Kronowitz et al. proposed
that delayed breast reconstruction leads to fewer
complications compared with immediate proce-
dures in the setting of flap irradiation.24 Rates of fat
necrosis, volume loss, and flap contracture decrease
dramatically when the reconstruction is conducted
after radiation therapy, 8.6 percent versus 87.5
percent.7 Patients who undergo immediate mastec-
tomy defect correction are twice as likely to have at
least one complication than are those who experi-
ence a delayed procedure.10 In contrast, patients and
surgeons often prefer a one-stage immediate recon-
struction. The delayed-immediate reconstruction
may be a safe alternative for maximizing aesthetic
outcomes when the need for radiation therapy is
unknown at the time of surgery. A delayed recon-
struction likely improves outcomes and minimizes
complications; however, it may be difficult to accu-
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rately identify all patients expected to undergo
breast irradiation, and an immediate procedure is
often desired.

CONCLUSIONS
The use of postmastectomy irradiation is as-

sociated with a significant complication rate in our
patients undergoing immediate autologous breast
reconstruction. Patient-specific factors, including
diabetes and smoking, increase the risk of postir-
radiation parenchymal changes, whereas neoad-
juvant chemotherapy is associated with a greater
than twofold increase in skin complications and
nearly a fivefold increase in total complications
measured. Minimal variability in the amount of
radiation received between patients in this study
suggests deleterious outcomes are secondary to
issues beyond radiation therapy. Breast recon-
struction followed by irradiation can be successful
but should be approached with caution and an-
ticipation of complications in patients with spe-
cific risks. A delayed reconstruction is favored for
patients with diabetes mellitus, those who smoke,
and women who received neoadjuvant chemo-
therapy to improve postirradiation outcomes.

Howard N. Langstein, M.D.
Division of Plastic Surgery

601 Elmwood Avenue, Box 661
Rochester, N.Y. 14642

howard_langstein@urmc.rochester.edu

ACKNOWLEDGMENT
The authors thank Susan Messing, Ph.D., for con-

tributing expertise in statistical analysis to the interpre-
tation of this study.

REFERENCES
1. Clarke M, Collins R, Darby S, et al. Effects of radiotherapy

and of differences in the extent of surgery for early breast
cancer on local recurrence and 15 year survival: An overview
of the randomised trials. Lancet 2005;366:2087–2106.

2. Benson JR, Jatoi I, Keisch M, Esteva FJ, Makris A, Jordan VC.
Early breast cancer. Lancet 2009;373:1463–1479.

3. Rozen WM, Ashton MW, Taylor GI. Defining the role for au-
tologous breast reconstruction after mastectomy: Social and
oncologic implications. Clin Breast Cancer 2008;2:134–142.

4. Disa J, McCarthy CM, Mehrara BJ, Pusic AL, Hu QY, Cordeiro
PG. Postmastectomy reconstruction: An approach to patient
selection. Plast Reconstr Surg. 2009;124:43–52.

5. Cordeiro PG, Pusic AL, Disa JJ, McCormick B, VanZee K. Ir-
radiation after immediate tissue expander/implant breast re-
construction: Outcomes, complications, aesthetic results, and sat-
isfactionamong156patients.PlastReconstrSurg.2004;113:877–881.

6. Spear SL, Boehmler JH, Bogue DP, Mafi AA. Options in
reconstructing the irradiated breast. Plast Reconstr Surg. 2008;
122:379–388.

7. Tran NV, Chang DW, Gupta A, Kroll SS, Robb GL. Com-
parison of immediate and delayed free TRAM flap breast
reconstruction in patients receiving postmastectomy radia-
tion therapy. Plast Reconstr Surg. 2001;108:78–82.

8. Hanks SH, Lyons JA, Crowe J, Lucas A, Yetman RJ. The acute
effects of postoperative radiation therapy on the transverse
rectus abdominis myocutaneous flap used in immediate
breast reconstruction. Int J Radiat Oncol Biol Phys. 2000;5:
1185–1190.

9. Mehta VK, Goffinet D. Postmastectomy radiation therapy after
TRAM flap breast reconstruction. Breast J. 2004;2:118–122.

10. Alderman AK, Wilkins EG, Kim HM, Lowery JC. Complica-
tions in postmastectomy breast reconstruction: Two-year re-
sults of the Michigan Breast Reconstruction Outcome Study.
Plast Reconstr Surg. 2002;109:2265–2274.

11. Spear SL, Newman MK, Bedford MS, Schwartz KA, Cohen M,
Schwartz JS. A retrospective analysis of outcomes using three
common methods for immediate breast reconstruction. Plast
Reconstr Surg. 2008;122:340–347.

12. Kronowitz SJ, Robb GL. Radiation therapy and breast recon-
struction: A critical review of the literature. Plast Reconstr Surg.
2009;124:395–408.

13. Tran NV, Evans GR, Kroll SS, et al. Postoperative adjuvant
irradiation: Effects on transverse rectus abdominis muscle flap
breast reconstruction. Plast Reconstr Surg. 2000;106:313–317.

14. Carlson GW, Page AL, Peters K, Ashinoff R, Schaefer T,
Losken A. Effects of radiation therapy on pedicled transverse
rectus abdominis myocutaneous flap breast reconstruction.
Ann Plast Surg. 2008;60:568–572.

15. Hu ES, Pusic AL, Waljee JF, et al. Patient-reported aesthetic
satisfaction with breast reconstruction during the long-term
survivorship period. Plast Reconstr Surg. 2009;124:1–8.

16. Selber JC, Kurichi JE, Vega SJ, Sonnad SS, Serletti JM. Risk
factors and complications in free TRAM flap breast recon-
struction. Ann Plast Surg. 2006;56:492–497.

17. Chang DW, Reece GP, Wang B, et al. Effect of smoking on
complications in patients undergoing free TRAM flap breast
reconstruction. Plast Reconstr Surg. 2000;105:2374–2380.

18. Spear SL, Ducic I, Cuoco F, Hannan C. The effect of smoking
on flap and donor-site complications in pedicled TRAM breast
reconstruction. Plast Reconstr Surg. 2005;116:1873–1880.

19. McDonald MW, Godette KD, Butker EK, Davis LW, John-
stone PA. Long-term outcomes of IMRT for breast cancer: A
single-institution cohort analysis. Int J Radiat Oncol Biol Phys.
2008;72:1031–1040.

20. Wadasadawala T, Sarin R, Budrukkar A, Jalali R, Munshi A,
Badwe R. Accelerated partial-breast irradiation vs conven-
tional whole-breast radiotherapy in early breast cancer: A
case-control study of disease control, cosmesis, and compli-
cations. J Cancer Res Ther. 2009;5:93–101.

21. Collette S, Collette L, Budiharto T, et al. Predictors of the risk
of fibrosis at 10 years after breast conserving therapy for early
breast cancer: A study based on the EORTC Trial 22881-10882
“boost versus no boost.” Eur J Cancer 2008;44:2587–2599.

22. Kronowitz SJ, Hunt KK, Kuerer HM, et al. Delayed-immedi-
ate breast reconstruction. Plast Reconstr Surg. 2004;113:1617–
1628.

23. Kronowitz SJ, Robb GL. Breast reconstruction with postmas-
tectomy radiation therapy: Current issues. Plast Reconstr Surg.
2004;114:950–960.

24. Kronowitz SJ, Feledy JA, Hunt KK, et al. Determining the op-
timal approach to breast reconstruction after partial mastec-
tomy. Plast Reconstr Surg. 2006;117:1–11; discussion 12–14.

Plastic and Reconstructive Surgery • July 2010

16


