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Background: Postmastectomy radiation therapy (PMRT) has a well-established deleterious effect on
both prosthetic and autologous breast reconstruction. The purpose of this study was to perform a literature
review of the effects of PMRT on breast reconstruction and to determine predictive or protective factors for
complications.

Methods: The MEDLINE and EMBASE databases were reviewed for articles published between January
2008 and January 2015 including the keywords “breast reconstruction” and “radiation therapy” to identify
manuscripts focused on the effects of radiation on both prosthetic and autologous breast reconstruction. This
subgroup of articles was reviewed in detail.

Results: Three hundred and twenty articles were identified and 43 papers underwent full text review. The
16 papers provided level III evidence; 10 manuscripts provided level I or II evidence. Seventeen case series
provided level IV evidence and were included because they presented novel perspectives. The majority of
studies focused on the injurious effects of radiation therapy and increased complications and concomitant
lower patient satisfaction.

Conclusions: Prosthetic based breast reconstruction and immediate autologous reconstruction are
associated with lower patient satisfaction in the setting of radiation therapy. Autologous reconstructions can

improve patient satisfaction as well as lower revision surgery and long term complications when performed

in a delayed fashion after PMRT.
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Introduction

Recent trends in the treatment of breast cancer include
increased mastectomies both bilateral and prophylactic
procedures, conservation of skin and nipple tissue, and
expanded indications for the use of radiation therapy (1-4).
Radiation therapy is an important adjunct in the treatment
of breast cancer by eliminating subclinical disease in
combination with surgical removal of gross tumor (5). This
has led to a number of evolving therapeutic implications
and operative considerations for reconstructive surgeons.

In general, autologous tissue tends to be superior
to implant-based reconstructions in the setting of
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postmastectomy radiation therapy (PMRT) (6). Autologous
reconstructions that can be delayed until after PMRT
avoid radiation-induced sequelae; however this approach
is not always feasible. Prosthetic reconstruction of the
irradiated breast is more challenging, results in lower
patient satisfaction, and is heavily dependent upon timing of
staged procedures. However, improved aesthetic outcomes
are increasingly possible with the development of breast
implant innovations, acellular dermal matrices (ADM), and
fat grafting (7,8). In 2012, the senior author published two
reviews in Plastic and Reconstructive Surgery on radiation
therapy and prosthetic and autologous breast reconstruction
(9,10). The purpose of this article is to update the previous
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Author Abstract Review
INEXY{0]

Articles Selected for Full Text Review
N=43

Figure 1 Citation attribution diagram.

literature reviews and revise recommendations for breast
reconstruction in the setting of PMRT.

Overview of literature evaluation

A search and review of the MEDLINE and EMBASE
databases was performed for articles published
between January of 2008 and January of 2015 on breast
reconstruction and radiation therapy (Figure I). Relevant
studies were assigned a level of evidence using the American
Society of Plastic Surgeons (ASPS) Evidence Rating Scale
for Therapy (11). Using the search terms, “radiation
therapy” and “breast reconstruction” the query revealed
1,263 articles. A total of 473 articles were removed as
duplicates and 432 were removed for lack of relevance. A
title review was performed on the remaining 790 articles,
and 278 were eliminated due to not directly addressing the
search criteria. An abstract review was performed of the 320
remaining articles. Forty-three articles were selected for full
text review, and bibliography review yielded an additional
article from a meeting abstract (7able I). This subgroup of
articles was reviewed in detail. A total of 16 papers provided
level IIT evidence; 10 manuscripts provided level I or II
evidence. Seventeen case series provided level IV evidence
and were included because they presented novel perspectives.
The majority of studies focused on the injurious effects
of radiation therapy and increased complications and
concomitant lower patient satisfaction with reconstruction.
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Eliminate 473 duplicates

432 Articles eliminated for lack of a
relevant title

278 articles eliminated for not
addressing most pressing radiation
related issues facing implant and
autologous breast reconstruction

Impact of radiation on the reconstructed breast

Radiation increases the risk of complications, need for
reoperations, and worsens aesthetic outcomes in breast
reconstruction. In a retrospective review of 1,037 breast
reconstruction patients, Barry and colleagues reported that
tissue expander reconstructions had a major complication rate
of 24.4% without radiation therapy and 45.4% with radiation
therapy (23). The authors noted that only 70.1% implant-
based reconstructions in the setting of PMRT were able
to retain the implant and that 10.3 % of the explantations
would ultimately require an autologous reconstruction.
Radiation was the greatest risk factor for major complications
in tissue expander/implant reconstruction (level III
evidence). However, among autologous reconstructions,
multivariate analysis revealed no statistically significant
difference in rates of major complications between patients
receiving preoperative radiation therapy and those who
did not (P=0.84). Another study utilizing the BREAST-Q
reconstruction questionnaire investigated patient satisfaction
in 482 patients undergoing implant breast reconstruction (24).
A multivariate model demonstrated that prior radiation
therapy (P<0.001) or PMRT (P=0.002) had a significantly
negative effect on patient satisfaction (level I evidence).
Sbitany and colleagues reviewed 903 immediate two stage
breast reconstructions and found that any radiation delivery
caused an increased rate of infection requiring antibiotics
(21.6%, P<0.001) and an increased risk of expander/
implant loss (18.75%, P=0.03) (14). Prior history of

Gland Surgery 2015;4(3):222-231



Clemens and Kronowitz. Reconstruction of the irradiated breast

224

"Adessy} uonelpel Awoyossewssod ‘| HING ‘uswaoe|das Jo [eaowal Juejdw Jusueuliad ‘HH|d ‘SNosuBINO0AW SIUILLOPJE SN108) 9SI9ASUR ‘Y L ‘S80uIBW [ewIsp Jejn||ooe ‘Nay

AdeJiay} uoireipes Bujobispun
sjuaied u suoneue|dxs pue suoneiado-ai

(2100°0=d ‘%L1

"SA % t°0g) dnoub Adeiayy

10} paau ay1 Bunuaaaid ui 8joJ 8A1308104d  UOIIBIPRI YIM NAY Ul 01 pasedwod uaym Adessyy uonelpel abers (g2) je 10
e Aejd Aew ‘pajelodiodul 82U0 ‘SNQY  YNM INQY-UOU 8y} ul 31seybily sem uoijejue|dxs Jo aousploul  O1}8yisold OM] Sjelpawiw| 9/8‘L m Bresn
uoiyessyijoid ‘Adessylowsyo jo 10edwi asianpe
Je|N||90 PUE UOI}eZI/B|NOSEAOSU 8y} pejequadexs uolieipey '(L0°0>d) uoljeziie|nosenosu
aouanjul ued yoiym ‘Adessyi uoneipel pue ‘(y0'0>d) uonisodap Xujew Jejn|j9oe.ixe
aJinbai oym spusied ul paroedwi Aj@sianpe {(L0"0>d) uorreyyul Jen||ed ‘(Z0'0=d) usbe|oo | adA} abers (12) e 1o
aq Aew ssao0.d Buljepowsal NQY peloedwi AjgsIaApe uoleipel INoYHM JO yum Adessyijowsay)  2138y1soid OM] d]eIpawiw| 98 m uA1ex AN
J9JUED }SBaI] POOUBAPE UHM
sjuaijed 40} Sl [BAIAINS |[EJSAO JO 9OUSLINJSI SSESSIP [BJ0)
ajes A||eoibojoouo  1osye Aj@sianpe 10U pIP 1HINd AQ Pemoj|o) uoloNSUOI8I (02) 12 19
S| UOI}ONJISUODaI Snobojoine ajeIpaww| 1seauq dej} 9a.) a1eipawiwl yum Awojosisew Bupeds ug  snobojoiny aeIpaww| 0Ll m BIaSLD
(800°0>d
suoljeoljdwod wus} Buo| pue wid} HOYs (90| "SA %/ |.g) dnoib pajeipe ayy ul seaybiy Apuesiiubis
JO sa1eJ Ybly yum pajeloosse S| JHING 1.4 8injoejuod Jeinsded Al/||| epess) "dnoub pajelpe.si sy} abels 1) e 1o
AQ pamoj|0} UOIFONJISUODSI D1}BYISOId ul suolyealdwod Jolfew Jo (100°0=d) SPPO pasealdul g’y  d118Y1soid OM] SjeIpaww| 09 1 OH
juswaoe|das 921n8p WS}
Buoj Jo sarel ybiy yum pareroosse s 1 HINd %©'C | SBM [BAOWAI PUB 9% | "/ | Sem luswaoe|dal ueidwii abels (1) /e 29
AQ pamoj|o} UOI}ONJIISUOD8I O11BYISOId 10 91Bl JBdA-/ 8Y] "% |/ Sem 9lel 9aJ) HY|d J/eehk-2 8yl  oneyisoid OM] Sjelpawiw]| 1G/ n OoH
Msu INSS 10} %8°0€ "SA % | '8¢ Sem
uoneoldwod Jaybiy e sey Inq uoneipes  |NSSN Ul 81eJ uoijedldwod pasnpul uolielpel |[essnQ "INSS
Jo Buies 8y ul NSSN Ul pawlopsd JONO SSO| Jopuedxe pue ‘SIS0I08U SNSSI} ‘UOI}O8juUl PUNOM abeys omy pue (Z1) "8
90 UBD UOI}ONJISUOD8I D118YISOId Jo sajel Jaybiy pey INSSN ‘Uoi}onJisuodal ondyisold Jo4  2138y1soid QU0 ajeIpawLW| 12S m abping
S}INSaJ J118Y1SOk JUS||90Xd (L0°0>d) s1eah g
0} poob pansiyoe siuaired oieyisoid 1e ‘AjoAnnoadsal ‘sjuejdwi palelipeiuou pue paleipe.l obeis (91) /e 29
1sow ‘uonoses jusned sadoud ybnoay 10} %0°Z PUB %G /| 9J9M s8]kl SSO| Juejdwi paoipald  2118y1soid OM] dleIpawiw| eeL‘e m oJ1|aplon
dej 431 (600°0=d ‘%2 ’6) Sdel} pajelpe.Iuou au} ueuy) (%S ¢e) aiel ebeys
B Y}IM UOI3ONJISuodal UBY} SISOJOaU 1By Jo  Jaybiy Ajjueoiiubis e je sisolosu 1y padojensp (sdej} INVYL OM] SjeIpaww| (S1) e
9.l JOMO| B Ul }nsal Jou seop dejl VYL 994} Buueds-ajosnw pue 43|q yrog “o'l) sdej} pajeipes)  snobojoiny -pakejag G29 m Aenien)
SYsu uonedl dwod Jaybiy ul synsal (€0°0=d ‘%SG/'81) sso| we|dwisopuedxs jo
UOI}0NJ1SUOD8J paseq-juedwi a1eIpawwl }SI pasealdoul ue pue (L00'0>d ‘%9 1g) sonolgiue buuinbal abeis-omy ((AVN=BE)
ul |HINd pue uoiieipes aAlesadoaid yiog UOI108}UI JO 81kl pasealoul Ue pasned AJSAllep uolielpey  2118yisold ajelipaww| €06 1] Auengs
Adeiay} uoiieipel Jo Bumes
ay1 ul pasn aq Aew s|\QY ‘uolieiodiooul s8]kl uoied!|dwo ||eJaA0 JO uoildaLul Jaybiy abeis-omy (1) /e 29
ysew mo|s Aew uoiieipes s|Iypn 0} asodsipaid jou pIp Siseaiq paleipel] Ul INQY 40 SN d18yisold ajelipawiw| 9/2 1] suswis|)
(S¥'e= HO) uoneluE|dx® 4O SBjel
suo11ed1|dwod jo uswdojarsp suoneoldwod |[esano Jaybiy yum pajeroosse s| Adessyl abeis om pue (AVNZRE)
ul J03OB} |BDI11O B S| uonelped Jo Buiwi | uolnelpel ‘1Y INoYIM uo1}onIIsuodal 03 pasedwod Usypa 2l18y3soid Buo ajeIpaww| 9/8 1] yosiiH
Aisbins Ateuoisinal pue suoljeoldwod a1el sso| Jue|dwi 9 |° | | B S8LUed Ing 1Y Jo Bunies abels om} pue (ONZFE]
ybiy ui synsai Adessyy uoneipes pue NSN 9yl Ul pawouad ag ued [ASN JO UOIONIISUODal D118YiSold  211dYyisoid aUO ajeIpawL| 8l Al Jeadg
uol1oNJISU0D3I
anbiuyosy uononJisuodal  Bulobispun douUspINS
SuoIsSNjouoD s)nsay aouaIsley
SAI}0NJISU0DSY jo Buiwi]  sjened 10 |9ne7]
Jo JaquinN

sdurpuy Juaunad Jo ATeuruims e [IIM (IS 9IMeI2)1] uodn paseq MITAI IX9) [[N J0J PAIVD[AS SAPNIY [ J[qEL,

Gland Surgery 2015;4(3):222-231

www.glandsurgery.org

© Gland Surgery. All rights reserved.



Gland Surgery, Vol 4, No 3 June 2015

radiation had a higher risk of wound breakdown (P=0.012)
(level IIT evidence). The authors concluded that both
preoperative radiation and PMRT in immediate implant-
based reconstruction resulted in higher, albeit acceptable,
complication risks.

Ho and colleagues reported their experience in immediate
2-stage tissue expander to implant reconstruction 604
patients, with 113 receiving PMRT (19). They noted a 4.2
increased odds (P=0.001) of major complications in the
irradiated group. Grade III and IV capsular contracture rate
was significantly higher in the irradiated group compared
with matched controls (21.7% vs. 10%; P<0.008) (level III
evidence). PMRT to tissue expanders is associated with high
complications.

Radiation therapy and nipple sparing mastectomy

Spear and colleagues evaluated prosthetic reconstruction
of nipple sparing mastectomies in the setting of radiation
therapy. Of 18 patients, 72.2% had previous breast
conserving therapy (BCT) with RT and 27.8% underwent
PMRT. With an average follow-up of 3 years, patients were
reported to have 33.3% first-stage complications and most
common indications for revision were for correction of
implant malposition (27.8%), capsular contracture (16.7%),
and nipple malposition (22.4%). Capsular contracture
occurred more commonly in patients who needed PMRT
compared with those who had previously undergone breast-
conservation therapy (40% wvs. 7.8%). The authors found
that a reconstruction was maintained or at least salvage in
88.9% patients, and only 11.1% of patients completely lost
their implant.

The combination of nipple-sparing mastectomy, implant
reconstruction, and radiation therapy results in an obviously
high complication rate and high likelihood of revisionary
surgery. While the authors concluded that nipple/areola
complex preservation is safe in women undergoing radiation
therapy, prosthetic complication rates of these challenging
patients is similar to non-radiated patients. Further studies
are warranted to determine if autologous reconstruction
is superior and/or confers any protective benefit to the
reconstruction in comparison to prosthetic reconstruction
(level IV evidence).

Burdge and colleagues found similar results in their review
of 1,035 mastectomies (558 NSSM and 477 SSM) (17). For
prosthetic reconstruction, NSSM had higher rates of wound
infection, tissue necrosis, and expander when compared to
patients with SSM. For both direct to implant immediate
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reconstructions or two stage tissue expander to implant
reconstructions, overall radiation induced complication
rate was 38.1% in NSSM and 30.8% for SSM. The authors
found that oncologic outcomes were similar for NSSM and
SSM, and that prosthetic reconstruction can be performed
in NSSM in the setting of radiation but has a higher
complication risk.

Radiation therapy and delivered before
reconstruction

While the effects of radiation are well-established, debate
exists over whether previous radiation therapy in BCT may
not be as detrimental to a reconstruction as PMRT. Patients
treated with previous radiation therapy in BCT do not have
the same complication profiles as patients receiving PMRT.
Hirsch et al. reported on a series of 876 tissue expander to
implant breast reconstructions to determine complication
profiles by stage of reconstruction (12). The authors found
that during final implant placement, any history of radiation
had the strongest association with the development of
complications leading to explantation and/or conversion to
an autologous flap (OR =3.45). Risk factors associated with
complications in either stage 1 or 2 were age greater than
50 years, active smoking, and a history of BCT with RT or
PMRT (level III evidence).

Similarly, a study of 717 patients from the Danish
Registry for Plastic Surgery evaluated the effect of
radiation therapy timing on capsular contracture
and reoperations in 1- or 2-stage prosthetic breast
reconstruction (25). Radiation therapy was significantly
associated with capsular contracture after both 1-stage
[adjusted hazard ratio (HR) =3.3; 95% CI, 0.9-12.4]
and 2-stage procedures (HR =7.2; 95% CI, 2.4-21.4),
and risk of reoperation after both 1-stage (HR =1.4; 95%
CI, 0.7-2.5) and 2-stage procedures (HR =1.6; 95% CI,
0.9-3.1). In the setting of radiation for 2 stage procedures,
reconstruction failure was 13.2% (level II evidence). The
data strongly suggests employing alternatives to prosthetic
reconstruction in the setting of radiation therapy.

Hypofractionation is the delivery of radiation therapy
in fewer albeit larger daily fractions. Hypofractonation was
developed in an effort to improve local regional recurrence
while maintaining acceptable cosmetic results and patient
morbidity. Whitfield and colleagues reported on the
reconstructive outcomes of using a 40 Gy in 15 fractions
over 3 weeks protocol of radiation delivery (26). A total of
178 patients underwent implant-based breast reconstruction.
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The actuarial rates of severe capture contracture at 1, 2, 3,
4, 5, and 6 years of follow-up were 0%, 5%, 5%, 21%, 30%,
and 30% whereas the nonirradiated group had no cases of
severe capsular contracture (P<0.001) (level III evidence).
Khansa et al. investigated the effect of prior BCT on patient
satisfaction in 802 breast reconstructions (27). Previous BCT
with RT had higher rates of skin flap necrosis (12.4% vs. 6.8%,
P=0.024) but did not higher rates of other complications or
lower rates of satisfaction with aesthetic outcomes (Level
IIT evidence). Definitive conclusions are difficult draw given
this cohort only had ten patients. A severe limitation of all
studies evaluating the effect of previous BCT and RT is to
treat these patients as a homogenous cohort. There is likely a
reparative process that occurs so that after a sufficient amount
of years, complication risk in BCT patients might very
well fall to levels consistent with radiation-naive patients,
however without sufficient data addressing timing of BCT to
subsequent mastectomy, this remains speculative.

Radiation therapy delivered after reconstruction

The effect of PMRT has a more significant impact on
complications and failure of reconstruction than previous
radiation with BCT. A study of the Danish Plastic
Surgery Registry evaluated outcomes of direct to implant
reconstruction at the time of mastectomy and found that
patients who received PMRT had significantly increased
revisions (P=0.047) and lower aesthetic scores (level IV
evidence) (28).

A prospective, multi-institutional study evaluated factors
associated with reconstruction failure in 141 consecutive
patients undergoing mastectomy and immediate 2-stage
breast reconstruction and PMRT (29). After a median
follow-up time of 37 months, 67.5% of patients had Baker I
or II capsular contracture and 32.5% of patients had a Baker
III or IV. Multiple regression analysis revealed T3 or T4
tumor, smoking, and positive axillary nodes were associated
with reconstructive failure (level II evidence).

Jhaveri and colleagues reported long-term outcomes and
aesthetic results in either two-stage prosthetic (69 patients)
or autologous reconstructions (23 patients) (30). Major
complication rate was 33.3% for prosthetic reconstruction
vs. 0% for autologous reconstruction (P=0.001). The rate of
minor complications was 55% for prosthetic reconstruction
vs. 8.7% for autologous reconstruction (P<0.001).
Acceptable cosmesis was only 51% of prosthetic patients
compared to 82.6% of autologous patients (P=0.007) (level
IT evidence). These results demonstrate that implant-based
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reconstruction is associated with more major and minor
long-term complications and worse cosmetic results than
autologous reconstruction.

McKeown and colleagues reported on the effect of
timing of radiation therapy on reconstruction with LD flaps
and implants (31). A total of 13 patients who underwent
immediate reconstruction followed by radiation therapy
and were compared to 11 patients who underwent radiation
therapy followed by delayed reconstruction. The authors
noted a trend towards better long-term cosmetic outcome
in patients undergoing delayed reconstruction, with volume
and contour of the upper pole being most negatively
affected by radiation (level II evidence).

Barry ez al. performed a meta-analysis evaluating optimal
sequencing of breast reconstruction and PMRT (32). A
review of 1,105 patients from 11 studies demonstrated that
the rate of adverse events was 4.2 times as high in patients
undergoing PMRT as it is in patients not undergoing
PMRT. When PMRT was delivered after immediate breast
reconstruction, patients who had autologous tissue-based
reconstruction had one-fifth the risk of adverse events of
patients who had implant-based reconstruction. A similar
pattern was seen when PMRT was delivered before delayed
breast reconstruction (level III evidence). The results
suggest that autologous reconstructions have superior
outcomes to prosthetic reconstructions whether performed
immediately or in a delayed fashion.

Evaluating post-radiation skin changes to
predict complication rates

Parsa and colleagues hypothesized that an objective evaluation
of post-radiation skin changes based upon a novel classification
system could help guide surgeons as to which patients may
be suitable candidates for a prosthetic reconstruction (33). In
patients whose chest walls displayed moderate skin changes
without induration after irradiation, aesthetic outcomes
after reconstruction were similar on the irradiated and
nonirradiated sides (P>0.50). In contrast, in patients who
developed induration or severe post-radiation skin changes,
the rate of modified Baker IV capsular contracture was higher
on the irradiated side, and the rate of poor aesthetic outcomes
on the irradiated side was 75% in patients with severe skin
changes and 100% in those with induration (level II evidence).
While most reports suggest autologous reconstructions are
preferable in the setting of radiation therapy, patients may be
stratified as an acceptable prosthetic candidate based upon
skin response to radiation therapy.
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Consequence of a tissue expander, implant,
or autologous flap on radiation delivery and
oncologic outcomes

There is ongoing concern over the oncologic safety of
radiation therapy and tissue expanders on the chest wall
and whether a metallic port interferes with delivery
particularly in patients where the internal mammary nodes
require treatment. Kronowitz and colleagues reported
that the presence of a tissue expander on the chest wall
during radiation therapy does not impact recurrence-free
survival (34). Locoregional recurrence risk was compared
between 47 patients with advanced breast cancer with a
tissue expander receiving PMRT and 47 disease-matched
control patients who were treated with PMRT and no
tissue expander. The 3-year recurrence-free survival rates
were equal and there was no locoregional recurrence in
the tissue expander cohort at a median follow-up time
of 40 months. The 3-year recurrence-free survival rates
were 92% for the tissue expander cohort compared to
86% for the control group (P=0.87) (level II evidence).
Several important conclusions were emphasized by the
authors. Full-height expanders should be avoided as they
may theoretically interfere with radiation treatment of the
clavicular nodal basins. If an expander requires deflation
for PMRT, only partially deflate between one third and one
half the expander volumes. Reinflation should be performed
within 2 weeks post-radiation to preserve the skin envelope.
For patients in whom the internal mammary nodes need to
be treated with an implant on the chest wall, higher doses
of radiation may have to be delivered to the heart and lungs,
which may theoretically increase the risk of coronary artery
disease and pulmonary fibrosis.

Radiated flaps clearly have worse aesthetic outcomes
but some authors argued that an autologous flap interfere
with radiation fields, especially the internal mammary
lymph nodes (35,36). While routine treatment of internal
mammary lymph nodes has not gained widespread support
among radiation oncologists, the National Cancer Institute
of Canada Clinical Trials Groups MA-20 study reported on
a prospective randomized trial of patients with one to three
positive lymph nodes treated with whole breast irradiation
with or without regional nodal irradiation after segmental
mastectomy (37). The study demonstrated that regional
nodal irradiation resulted in a 30% relative improvement in
disease-free survival, 41% lower rate of regional recurrence,
and a 36% lower rate of distant recurrence. These findings
are increasingly applied to mastectomy patients to receive
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routine delivery of PMRT to the regional nodal basins,
including the internal mammary chain. National trends
among medical centers are still evolving and will have
important implications for reconstructive surgeons.

Crisera and colleagues addressed the oncologic safety
of performing immediate free flap reconstruction for
advanced-stage breast cancer (stage IIB or greater) (20).
The authors performed a retrospective cohort study of
170 patients with skin sparing mastectomy with immediate
free flap breast reconstruction, and found that PMRT
did not adversely affect local disease recurrence or overall
survival rates. Radiation therapy was administered to 131
patients (28 preoperatively and 103 postoperatively) and
local recurrences were noted in 15 patients (8.8%) after a
median of 22.9 months (range, 3.0-59.2 months). A total of
13 patients experienced moderate to severe flap distortion/
shrinkage, and an additional salvage flap was required in
seven patients to correct deformities. It is important to note
that the administration of postoperative chemotherapy was
delayed in eight patients (4.7%) because of wound healing
complications (level III evidence). Although performing
immediate breast reconstruction with autologous tissue
before PMRT has been shown to be oncologically safe,
doing so subjects patients to higher rates of fat necrosis and
diminished aesthetic outcomes.

Need for corrective surgery in irradiated
reconstructed breasts

Ho and colleagues focused on the rates of permanent
implant removal or replacement (PIRR) surgery following
radiation therapy in a retrospective review of 751 patients
receiving an immediate tissue expander placement (18). Of
these, 151 patients went on to receive chemotherapy and
exchange to a permanent implant, followed by PMRT. The
7-year PIRR free rate was 71%. The 7-year rate of implant
replacement was 17.1% and removal was 13.3%. Most
frequent reasons for implant removal included infection,
implant extrusion, and malposition. Of note, two patients
experienced local recurrence in the chest wall, both after
7 years and the 7-year distant metastasis-free survival rate was
81% and overall survival 93% (level III evidence). Prosthetic
reconstruction followed by PMRT is associated with high
rates of long-term device replacement and revision.

At the same institution, Cordeiro and colleagues reported
a single surgeon experience of 2,133 prosthetic breast
reconstructions with 319 receiving PMRT (16). Implant
loss occurred in 9.1% of irradiated implants compared to
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just 0.5% of nonirradiated implants (P<0.01). Capsular
contracture grade IV was present in 6.9% of irradiated
compared to just 0.5% of nonirradiated implants (P<0.01).
Predicted implant loss rates were 17.5% and 2.0% for
irradiated and nonirradiated implants, respectively, at
12 years (P<0.01) (level IIT evidence).

"Traditionally, surgeons have delayed final reconstruction
until after the administration of radiation therapy to avoid the
damaging effects of ionizing radiation on the reconstruction.
Garvey and colleagues evaluated whether certain types
of autologous reconstructions could better withstand the
effects of radiation therapy over others for development of
fat necrosis and need for revision (15). The 625 flaps were
analyzed, 6.4% irradiated vs. 93.6% non-irradiated. Overall
complication rates were similar for both the irradiated
and nonirradiated flaps. Irradiated flaps [i.e., both DIEP
and muscle-sparing free transverse rectus abdominis
myocutaneous (TRAM)] flaps developed fat necrosis at a
significantly higher rate (22.5%) than the nonirradiated flaps
(9.2%, P=0.009). There were no differences in fat necrosis
rates between the DIEP and muscle-sparing free TRAM flaps
in both the irradiated and nonirradiated groups. Surprisingly,
there was no statistically significant difference in the need for
reoperative surgery for fat necrosis between the irradiated
and nonirradiated flaps (level III evidence).

Classen ez al. assessed fibrosis and capsular contracture
of breast reconstructions subjected to radiation therapy in
109 patients (38). The median radiation therapy dose was
50.4 Gy and 44 patients received a boost dose of 10 Gy.
Eighty-two patients had implant-based reconstructions,
20 had autologous tissue-based reconstructions, and 7 had
combined reconstructions. After a mean follow-up time
of 34 months, the 3-year incidence of > grade III fibrosis
was 20 percent for the implant-based reconstructions and
43% overall. The 3-year rate of surgical correction of the
contralateral breast was 30%, and 39 patients (35.8%)
required unplanned surgery on the reconstructed breast
(level IV evidence).

Wong and colleagues evaluated revision surgery
in 62 patients undergoing mastectomy, immediate
reconstruction, followed by radiation therapy (39). Major
corrective surgery was 40% (6/15 reconstructions) in the
implant group and 9% (4/47) in the nonimplant group
(P=0.01) (level III evidence). Patients who undergo
mastectomy and immediate implant-based reconstruction
followed by PMRT are at high risk for needing subsequent
major corrective surgery.

Autologous fat grafting to salvage radiated
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reconstructions

Panettiere et al. evaluated whether fat grafting could salvage
prosthetic reconstructions after irradiation (40). The study
included 61 patients with twenty requiring multiple sessions
of lipofilling, compared to 41 controls with no fat grafting.
Fat grafted patients were significantly better aesthetic scores
than those before fat grafting and were also significantly
better than those for the untreated control breasts (level II
evidence).

Serra-Renom and colleagues reported on outcomes of
injecting autologous fat grafts during delayed expander
placement after PMRT (41). In 65 patients, a tissue expander
was inserted endoscopically under the pectoralis major
muscle and underwent total immediate expansion. Next, a
mean of 150+25 cc of autologous fat was injected to superior
quadrants between the skin and the pectoralis muscle.
Exchange to a permanent implant was performed at three
months with an additional injection of a mean of 150+30 cc
of fat to the lower quadrants. At 1 year follow-up, patients’
mean satisfaction rating was 4 (Scale: 1—low to 5—high);
and there were no cases of capsular contracture greater than
Baker I (level II evidence). Fat grafting may have a role in
thickening mastectomy skin flaps over an implant which may
aid in improving radiation sequelae and fibrosis.

Losken and colleagues evaluated the need for autologous
fat grafting to TRAM flaps versus irradiated TRAM breast
reconstructions (42). While contour, shape, and increase
volume could be achieved in either cohort group, irradiated
TRAM flaps required a significantly increased incidence
of repeated injections (36% wvs. 18%, P=0.002) (level IV
evidence). While fat grafting may be beneficial in salvaging
an irradiated flap, patients frequently require multiple
sessions to achieve similar non-radiated results.

Use of acellular dermal matrix (ADM) in the
setting of radiation therapy

Over the past decade, ADM have gained in popularity
for purported benefits of improved pocket control,
faster expansion, lowered capsular contracture rates, and
improved aesthetic results albeit at a significant monetary
cost. We performed a metanalysis to evaluate the clinical
impact of radiation therapy on ADM-assisted breast
reconstruction (13). In a review of 276 irradiated patients,
ADMs in implant-based breast reconstruction in the setting
of radiation therapy did not predispose to higher infection
or overall complication rates or prevent bioprosthetic mesh
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incorporation. However, the rate of mesh incorporation
may be slowed (level III evidence). Use of ADM for
implant-based breast reconstruction does not appear to
increase or decrease the risk of complications beyond
nonirradiated ADM patients, but it may provide aesthetic
benefits in properly selected patients.

Myckatyn and colleagues corroborated that the ADM
remodeling process may be adversely impacted in patients
who require radiation therapy, which can influence
neovascularization and cellular proliferation (21). In biopsy
specimens collected from 86 women undergoing exchange
of a tissue expander for a breast implant, the authors found
that chemotherapy with or without radiation adversely
impacted type I collagen (P=0.02), cellular infiltration
(P<0.01), extracellular matrix deposition (P<0.04), and
neovascularization (P<0.01). Radiation exacerbated
the adverse impact of chemotherapy. Neoadjuvant
chemotherapy also caused a reduction in type I (P=0.01)
and IIT collagen (P=0.05), extracellular matrix deposition
(P=0.03), and scaffold degradation (P=0.02) (level III
evidence).

Craig and colleagues reported a retrospective review of
1,376 immediate tissue expander breast reconstructions in
four cohorts: ADM without and without radiation therapy,
and non-ADM with and without radiation therapy (22).
Overall complication rate between ADM and non-ADM
cohorts were 39% and 16.7% respectively (P<0.001).
Incidence of seroma tended to be higher in the ADM
cohort and highest within patients that did receive RT
when compared to non-ADM (13.6% wvs. 10.9%, P>0.001).
However, incidence of explantation was highest in the
non-ADM with radiation therapy when compared to the
ADM with radiation therapy group (20.4% wvs. 11.4%,
P=0.0012) (level III evidence). While overall complication
rates, infection, and seroma tend to be higher with the
use of ADMs, if recognized and appropriately treated, the
expander reconstruction is often salvaged. ADM’s, once
incorporated, may play a protective role in preventing
the need for re-operations and explantations in patients
undergoing radiation therapy.

Summary and clinical impact of the evidence

PMRT has a significant adverse impact on both short term
and long term complication rates, aesthetic outcomes,
and patient satisfaction with breast reconstruction. Most
studies find a significant need for unplanned or major
corrective surgery in irradiated breasts reconstructed
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with implants. However, with proper patient selection,
acceptable complication rates are possible and the majority
of patients who undergo implant-based reconstruction and
PMRT ultimately keep their implant-based reconstruction
with only a minority of patients requires conversion to an
autologous tissue flap.

In the setting of PMRT, implant-based reconstructions
are associated with a higher incidence of major corrective
surgery than autologous tissue-based reconstruction.
However, superior aesthetic outcomes are achieved with
delayed reconstruction after PMRT than with immediate
reconstruction before PMRT because of lower rates of fat
necrosis, as well as improved volume and contour in the
upper pole of the reconstructed breast.

The presence of a tissue expander, permanent implant,
or autologous flap on the chest wall did not impede
radiation delivery or have a significant effect breast cancer
recurrence. Autologous fat grafting and ADMs have gained
in popularity and may play a protective or restorative role
in radiated breast reconstruction, capsular contracture, and
aesthetic outcomes.

In conclusion, advances in plastic surgical technique
have helped to mitigate trends in the expansion of radiation
therapy. With modern implants and focused radiotherapy
regimens, expander and implant related complications
can be diminished to acceptable ranges in select patients.
However, autologous reconstruction performed in a
delayed fashion after PMRT remains a workhorse in these
challenging patients. Despite these hurdles, it is critical that
patients are not dissuaded from receiving reconstructive
surgery and denied its important quality of life benefit
simply because of their need for radiation therapy.
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