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Abstract

Background and objectives: Post mastectomy radiation therapy (PMRT)
is integral for oncological safety in patients of high-risk category,
and breast reconstruction has posed significant challenges for PMRT
planning in these patients. Our study explores the cosmetic outcomes
and complications of PMRT on breast implants. We compared patient
demographics, tumour characteristics, implants and radiation protocol to
identify risks for complications and cosmesis.

Methods: The study was conducted on 86 patients who had undergone
nipple/skin sparing mastectomy with immediate implant reconstruction.
Cosmesis was evaluated in patient’s perspective by using BREAST-Q
questionnaire and the complication rates were assessed by rate of hospital
admissions and repeat surgeries for implant related issues.

Results: Seroma and capsular contracture were the commonest early and
delayed complications respectively. Additional scar boost caused higher
rate of necrotic complications and implant loss. Axillary dissection and
adjuvant chemotherapy significantly influenced PMRT related implant
complications. Cosmetic outcome and patient satisfaction were desirable
in over 75% of the patients, affirming the benefits over risks of PMRT.

Conclusion: PMRT related implant complications can be minimised with
highly desirable cosmetic outcomes, by proper patient selection, case-by-
case tailoring of radiation and good interdisciplinary management.

Keywords: Post mastectomy radiation therapy; Immediate implant
reconstruction; Cosmetic outcome; Capsular contracture

Introduction

Breast cancer has become the commonest cancer in females in 2023 with
a staggering 12.5% of all new cancers diagnosed worldwide. Until the 1990s,
radical mastectomy used to be the only surgical treatment for breast cancer
regardless of the age of the patient and stage of the disease. The surgical
concepts in mastectomy have come a long way from the radical concept of
Halstead to the recent skin sparing and nipple sparing mastectomies which
emerged in the 90s [1]. Although breast conserving surgeries have further
changed this trend, some patients with locally advanced malignancies or multi-
centric disease still end up undergoing total mastectomy. These procedures
affect the psycho-social health of the patients creating a huge negative impact.

The attempts to address this important aspect of quality of life by improving
the aesthetics of reconstruction were revolutionized by the introduction of
implants and tissue expanders [2]. Despite the several advances in the field
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of prosthetics in breast reconstruction, it should be borne in
mind that, there is a potential risk of local recurrence in the
reconstructed breasts, especially in the retro areolar region,
since remnant glandular tissue is retained to preserve the
blood supply to the nipple [3]. So, patients frequently need to
take radiation therapy following mastectomy to achieve loco-
regional disease control and to improve overall survival [4].

Post mastectomy radiation therapy (PMRT) has, therefore,
become an integral part of ensuring oncological safety in
patients of high risk and intermediate risk categories. This
includes those with T3/T4 tumors, node-positive status,
margin-positive disease, or a combination of these factors.
But, PMRT presents challenges in surgical management,
in terms of increased complication rates, particularly when
breast reconstruction is offered, whether immediate or
delayed [5]. It is associated with a higher rate of implant
complications in the form of infection, seroma, hematoma,
capsular contracture, wound dehiscence, and implant failure
[6,7]. These adverse events are most common within the first
5 years following implant reconstruction and significantly
hamper the cosmetic outcome and thereby, diminish patient
satisfaction [8].

Various studies have been conducted to relate implant
complications with the radiation dynamics like dose,
duration, hot spots and technique [9]. However, other
influences like patient factors, tumor factors and concurrent
adjuvant modalities of therapy like chemotherapy and
biological therapy should be taken into consideration in such
cases [10,11]. Our study aims to explore all these factors
and discuss the outcomes of implant reconstruction for
breast cancer patients undergoing post mastectomy radiation
therapy. By analyzing the correlation between these various
elements impacting implant reconstruction, our research
aspires to provide further insights into the optimal strategies
at ensuring enhanced outcomes in such patients.

Methodology

The study was conducted in a tertiary care oncology centre
in Bahrain. 171 patients, who had undergone Nipple Sparing
Mastectomy / Skin Sparing Mastectomy (NSM/SSM) with
immediate implant reconstruction in the period between
September 2018 to October 2023, were initially screened for
selecting the study population. All the cancer patients were
identified. Those who underwent prophylactic mastectomy
were excluded from the study. The remaining breast cancer
patients were stratified based on adjuvant radiotherapy
following mastectomy. Patients who did not follow up for
radiation in Bahrain Oncology Centre were excluded from
the study. A final sample size of 86 patients was identified as
study population after applying the inclusion and exclusion
criteria. Written informed consent was obtained and the
ethical standards were in accordance with the institutional
review board. Sampling was facilitated by accessing
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patients' records in the hospital's electronic medical records,
identifying those who had undergone surgery followed by
radiation therapy. Recruitment was based on patients' surgery
and radiation status, while preserving the anonymity of
patient demographics.

To assemble our study cohort, we accessed the surgical list
in the hospital's electronic medical record (HOPE) and Alcare
system. This list was consolidated and cross-referenced with
the National Tumor Board documentation to track the adjuvant
radiation journeys of the patients. Final complications status
and cosmetic outcomes were sourced from serial hospital
visits data and from photographs comparing before and after
radiation effects collected during the follow-up period. The
median follow-up period was established as 40 months.

Subsequent to patient data compilation, a meticulous
re-analysis phase was initiated, involving a comprehensive
comparison of pre- and post-radiation therapy effects on the
implants. The data of a control group of 36 patients with
mastectomy and immediate implant reconstruction who
did not need adjuvant radiation was collected to facilitate
comparison.

Measures

The primary variables considered were development of any
breastcomplication, need forhospitalization for complications,
need for repeat surgery for the same, reconstruction/implant
failure and patient satisfaction measure as derived from
BREAST-Q questionnaire. Cosmetic outcomes were charted
before radiation and at the end of 6 months, 1 year and 2
years post radiation. The influencing variables studied were
age group, body mass index (BMI), co-morbidities, extent of
disease, type of tumor, nodal management, adjuvant therapy,
type and volume of implants used and use of scar boost in
addition to conventional chest wall radiation. The specific
complications recorded were wound dehiscence, seroma
formation, infection, nipple/ skin necrosis, implant rupture,
implant loss and capsular contracture.

For data management and analysis, the collected
information was systematically organised into tabulated
datasets. These datasets were then compared to the available
literature to analyse our results.

Surgical data and radiation

All the patients who underwent nipple sparing or skin
sparing mastectomiesreceived Directtoimplantreconstruction
with immediate prepectoral placement of silicone implants
without the use of acellular dermal matrix (ADM). Patients
who underwent two stage breast reconstruction with insertion
of tissue expander as the first step, were excluded from the
study in order to focus on radiation effects solely on Direct-
To-Implant (DTI) breast reconstruction. Incisions were either
sub mammary or inverted T incisions depending on the breast
volume. Implants were either Smooth or textured, with sizes
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ranging from 250-650 cc. Single negative pressure drain of
size 15Fr was placed in the cavity and kept for 2-3 days. The
patient was kept on prophylactic antibiotics for 5 days.

All the patients were explained the need for adjuvant
radiation therapy based on the initial clinical and pathological
criteria. The radiation is started at least 6 weeks after the
surgery in case of neoadjuvant chemotherapy given or 4
weeks after the last cycle of chemotherapy where the patient
has taken adjuvant treatment. The patients were treated
with a single phase modified tangential VMAT based plan
(Volumetric modulated arc therapy) and treated to a dose of
45-50 Gy in 25 fractions over a period of 5 weeks. Left sided
breast cancer patients were treated with gating techniques
(Active Breathing Coordinator (ABC gating) or Surface
guided Voluntary Breath hold techniques). There was no
bolus used. But scar boost in the form of 10 Gy in 8 fractions
was planned in patients, either with positive/close margins
(less than 2 mm) [12] , or those with initial significant skin
involvement (cT4b) who eventually underwent neoadjuvant
chemotherapy and skin sparing mastectomy. The radiation
therapy plan assessment was done as per the standard
international guidelines to assess VMAT treatment plans.
Utmost care was taken to avoid large hotspots (> 1.5 sq.cm)
around the implant capsule, skin flaps and to ensure adequate
residual breast tissue coverage on a case-to-case basis. No
concurrent systemic therapy is offered in these patients while
radiation treatment is on, except aromatase inhibitors and
single agent Anti Her-2 therapy.

Statistical methods

SPSS v 26.0 (IBM, SPSS Inc.) and MedCalc v 22.0 were
used for statistical analysis. Descriptive statistics were used
to compute the frequency, percentages for categorical data
and mean + standard deviations for continuous data. Chi-
square test was used to assess the statistical difference in
frequencies for categorical data. Standard t-test and Mann-
Whitney test/ Kruskal-Wallis test was used to assess the
statistical difference in continuous data across the groups.
Binary logistics regression was used to compute the odds ratio
associated with the outcome. All the tests were two tailed and
a p value < 0.05 was considered statistically significant.

Results

Out of the 171 patients who underwent skin or nipple
sparing mastectomy with immediate implant reconstruction
in our center during the study period, 122 patients were
identified as patients with breast cancer. The other procedures
were done for prophylaxis in patients with high-risk genetic
mutations. Of these 122 patients, 86 were identified as the
study population, since they received PMRT to achieve loco
regional disease control. The mean age of the study group was
46.3 + 9.94 (mean + standard deviation). Table 1 shows the
various patient and tumor characteristics along with radiation
and adjuvant treatment modalities employed.
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Therisk factors analyzed that could have a probable impact
on the complications are listed in table 2. 29 patients in the
study group were diabetic, among which 27.6% developed

Table 1: Patient and tumor characteristics

Patient and tumor factors/ Adjuvant Number of patients

therapy

Diabetes 29 (33.7%)
Hypertension 46 (53.4%)
Obesity 6 (6.97%)
Histological type

Invasive ductal carcinoma 75 (87.2%)
Invasive lobular carcinoma 7 (8.13%)
Other 4 (4.65%)
Molecular type

ER/PR +, HER2 - 33 (38.3%)
ER/PR -, HER2 - 21 (24.4%)
HER2 + 32 (37.2%)
Tumor stage

T 5(5.81%)
T2 46 (58.4%)
T3 33 (38.37%)
T4 2 (2.32%)
Implant type

Smooth 74 (86.0%)
Textured 12 (13.9%)
Implant size

250-350 cc 7 (8.13%)
350-450 cc 32 (37.2%)
450-550 cc 38 (44.1%)
>550 cc 9 (10.5%)

Nodal management

Axillary sentinel lymph node biopsy 42 (48.8%)
Axillary clearance 44 (51.2%)
Radiation type
To chest wall 59 (68.6%)
Chest wall with scar boost 27 (31.4%)
Adjuvant treatment
Chemotherapy 36 (41.8%)
42 (48.8%)

49 (56.9%)

Immunotherapy
Hormonal therapy

Abbreviations: ER, Estrogen Receptor; PR, Progesterone Receptor;
HER2, Human Epidermal growth factor Receptor 2; T, tumor staging;
cc, cubic centimeter.
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infection requiring hospitalization and wound dehiscence
or nipple necrosis requiring surgical intervention. Most of
the study patients underwent reconstruction with smooth
silicone implants and only about 14% had textured implants.
The complications profile was, however, comparable in both
cases. The molecular type of the tumor had no statistically
significant effect on the cosmetic outcome. The two
important parameters we found to have an impact on the final
aesthetic outcome were axillary management and adjuvant
chemotherapy (Figure 1). Patients who had undergone
axillary dissection followed by PMRT were more susceptible
to seromas and in turn, wound dehiscence, skin necrosis
and infection (p value 0.015). From our data, we derived
that adjuvant chemotherapy had a statistical significance to
the occurrence of wound complications and implant failure
(p value 0.047).

Association of complications with radiation plan

The analysis of complications was grouped according to
radiation protocol used and classified as early and delayed.
The early complications were seroma, wound dehiscence,

Table 2: Cross tabulation of risk factors and complications.

Complications

Yes No p value
Diabetes
Yes 8 (27.6%) 21 (72.4%) 0.179
No 3 (5.26%) 54 (94.7%)
Implant type
Smooth 13 (17.6%) 61 (82.4%) 1
Textured 2 (16.7%) 10 (83.3%)
Molecular Type
ER/PR+, HER2- 6 (18.2%) 27 (81.8%)
ER/PR-, HER2- 3(18.8%) 18 (81.3%) 0.9
HER2+ 6 (14.3%) 26 (85.7%)
Axillary Surgery
SLNB 4 (9.5%) 38 (90.5%) 0.015

Axillary clearance 18 (40.9%) 26 (59.1%)

Adjuvant chemotherapy
Yes 11(30.5%) 25 (69.4%) 0.047
No 6 (12.0%) 44 (88.0%)

Abbreviations: ER, Estrogen Receptor; PR, Progesterone Receptor;
HER2, Human Epidermal growth factor Receptor 2; SLNB, Sentinel
Lymph Node Biopsy. Bold values are statistically significant p<0.05.
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infection, nipple/skin necrosis, and implant loss. These
complications typically occurred within the 6 month follow
up point post radiation. Only complex or chronic seromas
requiring aspiration/ surgical drainage were included. We
derived that most patients who developed seroma had taken
scar boost (69.2%). The infected patients in the study were
only those whose infection was documented by culture
positive for pathogenic organisms or patients who required
hospitalization for intravenous antibiotic therapy. Wound
dehiscence and nipple necrosis were considered significant
when the patient was managed surgically. This included
procedures like wound resuturing, minor debridement, nipple
excision, implant wash and return with wound closure.
Implant loss was defined as the removal of implant due to any
of the above-mentioned complications. Capsular contracture
was considered a delayed complication and was the main
contributor for cosmetic dissatisfaction at the end of 2 years.
It was graded by Baker classification from grades I to IV,
with most patients with grade I-II contracture. Grade III and
IV contractures were managed with capsulotomy and implant
repositioning. Table 3 shows the percentage of patients who
developed complications with radiation to chest wall as
compared to those who were given an additional scar boost.

Regression analysis

Logistics regression revealed that patients who had chest
wall radiation with a scar boost had higher odds of developing
nipple necrosis (OR: 7.84, 95% CI: 1.19- 51.6, p= 0.03),
infection (OR: 7.80, 95 % CI: 2.00-30.41, p= 0.003) and
implant loss (OR: 23.0, 95 % CI: 2.32-223.8, p= 0.006), as
depicted in figure 2. Although seroma was observed more in
patients with scar boost and capsular contracture developed
more commonly in patients without boost, statistical
significance could not be derived from the analysis in our
study population.

Logistics regression analysis showing probability of
nipple necrosis, infection and implant loss being higher with
additional scar boost as compared to radiation to chest wall
only.

BREAST-Q scores comparison

The mean Breast-Q score was calculated by adding the
scores for each individual patient at 4 points- just before the
start of adjuvant radiation, at 6 months, 1 year and 2 years
following PMRT and calculating the average. The BREAST-
Q scores of the “satisfaction with outcome” domain was used
for the study. For age groups ranging from 21-30, the mean
score was 56.0 = 2.82, For 31-40 years, it was 71.62 + 4.19,
and for 41-50 years, it was 76.18 £ 2.90. The ages ranging
from 51-60 and 61-70 had significantly higher breast-Q scores
(85.93 £ 1.86 and 89.83 + 2.78 respectively) (Figure 3).

The mean Breast-Q scores of the PMRT group were
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Figure 1: Complications in relation to patient factors, tumor characteristics and management.

Table 3: Type of radiation and complications.

Type of radiation

Chest wall Chest wall with scar boost p value
Capsular contracture 13 (86.7%) 2 (13.3%) 0.162
Wound dehiscence 8 (72.7%) 3 (27.2%) 0.426
Seroma 4 (30.8%) 9 (69.2%) 0.253
Nipple necrosis 2 (40.0%) 3 (60.0%) 0.041
Infection 5 (45.5%) 6 (54.5%) 0.003
Implant loss 1(20.0%) 4 (80.0%) 0.006
Bold values are statistically significant p<0.05.
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Figure 3: Comparison of BREAST-Q scores across different age
groups.
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The BREAST-Q score of over 75% of patients in the PMRT group
was comparable with those who did not receive any radiation post
implant reconstruction.

Figure 4: Comparison of BREAST-Q scores in implant patients in
radiation versus non-radiation groups.

compared with the 36 control patients who had not received
adjuvant radiation following mastectomy with DTI
reconstruction. Figure 4 shows the percentage of patients in the
PMRT and non-PMRT groups in various BREAST-Q score
ranges. The overall cosmetic outcome and patient satisfaction
was comparable in over 75% of the patients, thus affirming
that planning PMRT effectively in reconstructed breasts can
lead to a decrease in expected complications and promote
enhanced cosmetic outcomes. Representative images of our
study patients two years post radiation after mastectomy with
implant reconstruction are depicted in figure 5.

Discussion

Post-mastectomy breast reconstruction has been up
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(A) Before bilateral nipple sparing mastectomy with implant
reconstruction. (B) Two years after PMRT - BREAST-Q score
over 90. (C) Before left nipple sparing mastectomy with implant
reconstruction and symmetrization. (D) Two years after PMRT
showing mild capsular contracture - BREAST-Q score between 70
- 80.

Figure 5: Patient images pre and post radiation therapy.

trending in the last two decades. A recent study in the United
states has highlighted the increase in reconstruction rates
from 14.7% in 2004-2005 to as high as 31.7% in 2012-2014
with an immediate implant based reconstruction of about
12.3% [13]. Another US based study pointed out that as of
2016, 40% of women who underwent mastectomy opted for
reconstruction with almost 80% being implant based [14].

On reviewing the regional statistics, breast cancer occupies
the first place in female cancers in Arab population, with
Bahrain having the highest incidence [15]. Although breast
cancer awareness campaigns are common, the percentage
of cases diagnosed by screening is low. The patients tend to
present with locally advanced tumors more often compared to
Western countries. One of the key factors could be the cultural
inhibition of Arab women to seek attention for breast disease.
However, the mean age of patients with breast cancer is less
compared to Western statistics. This could be the reason why
the rate of breast conservation and the rate of utilization of
breast reconstruction post mastectomy are comparable to the
West [16].

Adjuvant post-mastectomy radiation therapy (PMRT)
is considered the standard of care for all patients with
intermediate or high-risk disease characteristics [17]. In our
study, we observed that 70.49% of post mastectomy patients
with IBR (Implant Based Reconstruction) received adjuvant
radiation as part of their oncological treatment. There have
been several studies analyzing the importance of adjuvant
radiation in preventing local recurrence in post mastectomy
setting [18]. However, it is also established in literature that
radiotherapy following breast reconstruction with prosthesis
is associated with a higher rate of reconstruction failure and
increased rate of complications [19-21]. In radiotherapy,
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the high energy ionizing radiation acts by causing direct
damage to DNA and the free radicals generated in the course,
cause damage to protein and cell membranes. Although
this phenomenon is beneficial in limiting cancer cells
proliferation, the same effect on other rapidly proliferating
cells like mucosa, skin and bone marrow can cause deleterious
side effects. The acute adverse events may be as simple as
erythema, desquamation or dryness to severe effects like
bullae formation, skin necrosis and ulceration. The long-
term effects include fibrosis, impediment to wound healing
by inhibition of angiogenesis, telangiectasia formation and
increased potential for carcinogenesis [22]. Some of these
effects may last from 6 months to several years post radiation
[21,22]. These effects pose significant challenges in breast
reconstruction to the surgeons.

Our study features the subset of breast cancer patients who
opted for immediate DTI (Direct-To-Implant) reconstruction
following mastectomy. There are studies in literature to
support that autologous breast reconstruction does better than
implant based reconstruction (IBR) when subjected to PMRT
[23]. It is hypothesized that immediate implant reconstruction
can increase the flap tension, which in turn leads to more
chances of flap necrosis, wound dehiscence and implant
failure [6]. On the other hand, some studies have reported
an increased risk of reconstructive failure in patients with
tissue expander radiation compared to those with radiation
to permanent implants. The aesthetic results with two-stage
reconstruction were recorded to be slightly better with no
difference in patient reported outcomes [24]. This being said,
from the patient’s perspective, the advantage of having a
single procedure for implant reconstruction rather than a two-
stage delayed reconstruction, cannot be overlooked. In our
study, patients who had autologous breast reconstruction or
initial reconstruction with tissue expander were excluded to
maintain uniformity in the study population.

Age group, as a single factor, showed no apparent bearing
on the final cosmetic outcome in our study. Cordoba et al
showed a significant increase in the acute and late skin
toxicity for radiation in older patients [25]. This was reflected
to a certain extent in our study. However, when it comes to
final cosmetic outcomes, we found that the older patients tend
to be more satisfied compared to their younger counterparts
with the same complications profile. This was corroborated
by the significantly higher Breast-Q scores of the patients
from 50-70 years age groups just prior to adjuvant radiation
and at multiple points following radiation therapy.

With regard to patient factors like obesity (BMI>50),
hypertension and diabetes mellitus, some scholars have
documented an increased risk of implant complications
[26,27] , but our study did not reveal any significant
correlation between them and final outcome. Of all the
patients who developed infection, 72% had diabetes mellitus
and this could be seen as a potential risk. But overall, the
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number of diabetic patients in the group who developed
infection is not significant (28%). Some correlation (33%)
was noticed with obesity causing increased complications,
but the number was too small to ascertain the association (2
out of 6 patients). Nevertheless, the observation that radiation
induced skin toxicity increases with higher breast volume is
well documented in literature [26]. Some studies have also
recorded higher rates of reconstruction failure in hypertensive
patients due to defective microcirculation [28].

With regard to breast implant type, although there
is literature to show higher cosmetic satisfaction rates
with silicone implants, there is no significant difference
documented in complication rates between saline and
silicone breast implants or between smooth and textured
implants [29,30]. Our study features 14% of patients with
radiation to textured implants and no statistical correlation
was appreciated in end cosmetic results. The placement of
implants, however, has a greater impact on PMRT induced
side effects. Subpectoral placement is associated with higher
likelihood of capsulorrthaphy and animation deformity.
Prepectoral implants were noted to have more seromas
and infections [30]. This comparison could not be made in
our research as all patients in our study group underwent
prepectoral implant reconstruction.

Another factor we studied with regard to PMRT related
implant complications was the type and stage of the tumor.
Although molecular markers of the cancer did not play
a direct role in the development of complications, they
still exerted an impact over the final cosmetic outcome by
influencing the radiation dynamics. Triple-negative or poorly
differentiated breast cancers and node positivity warrant
adjuvant radiation [31]. The initial stage of the tumor has a
bearing on determining the need for radiation, T3/T4 tumors
due to possible close margins and extensive lymphovascular
invasion being the usual indications for an additional scar boost
[32]. In our study, 24.4% of the patients had triple negative
cancers and 41% T3/T4 tumors. Most of the patients who
developed seroma and implant loss had received chest wall
irradiation and boost dose, making the higher T stage a likely
contributing factor for this complication. The other important
factor that led to unfavorable cosmesis was complete axillary
dissection during surgery. Lin et al in their study demonstrated
an increased skin thickness ratio (STRA) before, during and
1 year post radiation, in patients who received full axillary
dissection [33]. This could be due to the lymphatic congestion
that occurs in the breast after extensive axillary manipulation
compounded by RT induced fibrosis. This in turn results
in an adverse cosmetic effect in reconstructed breasts. Our
study group consisted of 44 patients who had undergone
axillary clearance, 41% of whom had at least one form of
complication resulting in cosmetic dissatisfaction. Another
less explored factor is the association between the type of
incision and PMRT related implant complications. We used
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inframammary or peri areolar reduction pattern incisions
depending on the breast volume of our patients. It has been
documented in literature that peri areolar incisions are more
related to necrotic complications compared to inframammary
or radial incisions [34,35]. We noticed that seromas were
difficult and more chronic and late wound dehiscence post
radiation were common in reduction pattern incisions where
the same incision was used for axillary management. More
studies are needed to reiterate this finding.

The idea of adjuvant chemotherapy influencing radiation
effects on reconstructed breasts is debatable. It is accepted
that chemotherapy causes immunosuppression and fat
necrosis, which when combined with the flap ischemia and
fibrosis caused by PMRT are risk factors for implant related
complications [36]. Lam et al. showed in their study that
prosthetic complications increased from 5.3% to 11.3%
respectively, when adjuvant chemotherapy was given alone
or when it was followed with radiation [19]. Yet, some
studies have shown no definite correlation between the
PMRT only or PMRT with adjuvant chemotherapy groups
[37]. These analyses have led to the comprehension that
PMRT and adjuvant chemotherapy could be independent risk
factors for implant associated complications and therefore,
poor cosmesis. In this study, 11 patients out of 36 who took
chemotherapy along with adjuvant radiation developed at
least one complication influencing the final cosmetic outcome.

Generally, as per the current standards of practice
recommendations, patients undergo moderately hypo-
fractionated regimens in adjuvant settings, with data showing
equivalent late toxicity as compared to conventionally
fractionated regimens. However, there is still a paucity of
data when it comes to the use of moderate hypo-fractionation
with respect to immediate reconstruction [31]. Conflicting
reports of acute and late complications with moderate hypo-
fractionation have been published [38,39]. Results from long
term studies similar to the FAST-Forward trial are needed to
establish the benefit of hypo-fractionation in PMRT setting.
As far as scar boost is concerned, there is no consensus at
present on how to handle positive superficial margins [31].
It was recently reported that 80% of local recurrences in
NSM/SSM occur near the tumor bed, primarily on the skin or
subcutis due to possible harboring of residual tumor cells in
tissue left in NSM, while trying to preserve dermal lymphatics
[40]. This was probably why scar boost was recommended as
a standard to be combined with chest wall radiation to prevent
local recurrence. But there are studies that demonstrated
increased rates of infection, skin necrosis and implant failure,
when boost was used in reconstructed breasts. Naoum et al
also made the interesting observation that it did not improve
overall local recurrence in high-risk groups [41]. In our study,
we noticed higher odds of patients developing nipple necrosis
and implant loss, when given scar boost, resonating with the
idea of reserving boost only for inflammatory breast cancer
and high-risk patients who did not opt for any reconstruction.
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We acknowledge the limitations in our study. Firstly,
some of the patients in the beginning of the study period
received the regime of 45 Gy in 20-25 fractions with boost
planned for close margins. As the study evolved, the regime
was standardized to 50 Gy in 25 fractions and boost reserved
only if margins were positive or significant skin involvement
was present. Secondly, some patients towards the end of
the study period were followed up only to the point of 6
months post radiation and this could have influenced the
mean BREAST- Q scores. Literature review showed longer
follow up period can better the cosmetic scores, as radiation
induced fibrosis and chronic seromas would take longer to
subdue [42]. Finally, the study was conducted and discussed
in a surgeon’s perspective, the focus being on cosmetic
satisfaction as perceived by the patient. Hence, radiation
parameters like determining Clinical target Volume (CTV),
Planning Target Volume (PTV), distribution of radiation
dose, possible hot spots were not analyzed and discussed in
our study.

Conclusion

Several factors including the stage of the disease, type
of implant reconstruction, axillary management, adjuvant
therapy, radiation planning technique, post reconstruction
implant shifts, and the wound healing process have an
impact on the overall cosmetic outcome after immediate
breast reconstruction. These factors, either independently or
along with radiation therapy parameters, can contribute to
implant failures in the long term and short term. So, good
communication among the treating teams in selection of
patients, patient counselling on anticipated complications,
identifying comorbidities leading to poor wound healing and
proper PMRT planning can benefit patients opting immediate
implant-based reconstruction after mastectomy and lead to
highly desirable cosmetic results, as outlined in our study.

Acknowledgements

We would like to thank Dr. Priya Das for her assistance
with statistical analysis and Dr. Reem Alansari for her
assistance with data collection and organization.

Conflicts of interest
The author(s) declare(s) that there is no conflict of interest
regarding the publication of this article.

Disclosures and funding sources

No financial support was received from any funding body.
The study was performed as a part of the employment of the
authors in Bahrain Oncology Centre, Bahrain.

References

1. Homsy A, Riiegg E, Montandon D, et al. Breast
Reconstruction: A Century of Controversies and Progress.
Ann Plast Surg 80 (2018): 457-463.

Citation: Janaki Krithika Chandramohan, Yusuf Althawadi, Hamad Salman Saif, Noof Alshaibani, Ashish Rustogi. Department of Oncoplastic and
reconstructive breast surgery, Bahrain Oncology Centre, Bahrain. Journal of Surgery and Research. 8 (2025): 01-10.



Chandramohan JK, et al., J Surg Res 2025
Journals DOI:10.26502/jsr.10020412

2. Champaneria MC, Wong WW, Hill ME, et al. The
evolution of breast reconstruction: a histori-cal
perspective. World J Surg 36 (2012): 730-742.

3. Orecchia R. The use of postoperative radiation after
nipple sparing mastectomy. Gland Surg 5 (2016): 63-68.

4. EBCTCG (Early Breast Cancer Trialists’ Collaborative
Group), McGale P, Taylor C, et al. Ef-fect of radiotherapy
after mastectomy and axillary surgery on 10-year
recurrence and 20-year breast cancer mortality: meta-
analysis of individual patient data for 8135 women in 22
ran-domised trials. Lancet 383 (2014): 2127-2135.

5. Zugasti A, Hontanilla B. The Impact of Adjuvant
Radiotherapy on Immediate Implant-based Breast
Reconstruction Surgical and Satisfaction Outcomes: A
Systematic Review and Meta-analysis. Plast Reconstr
Surg Glob Open 9 (2021): €3910.

6. Sun L, Zhu W, Zhang J, et al. The risk factors and the
relationship between radiation dose and complications
and prosthetic reconstruction failure in patients with post-
mastectomy breast implant reconstruction: a retrospective
cohort study. Gland Surg 11 (2022): 1817-1831.

7. Long C, Kraenzlin F, Aravind P, et al. Prepectoral breast
reconstruction is safe in the setting of post-mastectomy
radiation therapy. J Plast Reconstr Aesthet Surg 75
(2022): 3041-3047.

8. Magill LJ, Robertson FP, Jell G, et al. Determining the
outcomes of post-mastectomy radiation therapy delivered
to the definitive implant in patients undergoing one-
and two-stage implant-based breast reconstruction: A
systematic review and meta-analysis. J Plast Reconstr
Aesthet Surg 70 (2017): 1329-1335.

9. Barnes LL, Chew J, Lem M, et al. Modifiable
Postmastectomy Radiation Therapy Factors and Impact
on Implant-Based Breast Reconstruction Outcomes. Plast
Reconstr Surg 153 (2024): 1000-1009.

10. Conte B, Shermoen C, Lubarsky M, et al. Post-Mastectomy
Implant Complications in the His-panic Breast Cancer
Patient Population. Anticancer Res 43 (2023): 4953-4959.

11. Weber WP, Shaw J, Pusic A, et al. Oncoplastic breast
consortium recommendations for mas-tectomy and whole
breast reconstruction in the setting of post-mastectomy
radiation therapy. Breast 63 (2022): 123-139.

12.Remick J, Amin NP. Postmastectomy Breast Cancer
Radiation Therapy. In: StatPearls. StatPearls Publishing
(2024).

13.Kaye A. Lu, Karen B. Lu, Tyler A. Janz, et al. Recent
trends in total mastectomy techniques and post-
mastectomy breast cancer reconstruction: A population-
based analysis. Annals of Breast Surg 7 (2023)

Volume 8 « Issue 1 9

14. Broyles JM, Balk EM, Adam GP, et al. Implant-based
versus Autologous Reconstruction after Mastectomy for
Breast Cancer: A Systematic Review and Meta-analysis.
Plast Reconstr Surg Glob Open 10 (2022): e4180.

15.Hamadeh RR, Abulfatih NM, Fekri MA, et al.
Epidemiology of Breast Cancer among Bahrai-ni Women:

Data from the Bahrain Cancer Registry. Sultan Qaboos
Univ Med J 14 (2014): e176-182.

16. Awan BA, Samargandi OA, Alghamdi HA, et al. The
desire to utilize postmastectomy breast reconstruction
in Saudi Arabian women. Predictors and barriers. Saudi
Med J 36 (2015): 304-309.

17. Gradishar WJ, Moran MS, Abraham J, et al. Breast Cancer,
Version 3.2024, NCCN Clinical Practice Guidelines in
Oncology. J Natl Compr Canc Netw 22 (2024): 331-357.

18.Overgaard M, Nielsen HM, Tramm T, et al.
Postmastectomy radiotherapy in high-risk breast cancer
patients given adjuvant systemic therapy. A 30-year long-
term report from the Danish breast cancer cooperative
group DBCG 82bc trial. Radiother Oncol 170 (2022):
4-13.

19. LamTC,Hsieh F, BoyagesJ. The effects of postmastectomy
adjuvant radiotherapy on imme-diate two-stage prosthetic
breast reconstruction: a systematic review. Plast Reconstr
Surg 132 (2013): 511-518.

20.Pu Y, Mao T-C, Zhang Y-M, et al. The role of
postmastectomy radiation therapy in patients with
immediate prosthetic breast reconstruction: A meta-
analysis. Medicine (Baltimore) 97 (2018): e9548.

21. Oliver JD, Boczar D, Huayllani MT, et al. Postmastectomy
Radiation Therapy (PMRT) before and after 2-Stage
Expander-Implant Breast Reconstruction: A Systematic
Review. Medicina (Kaunas) 55 (2019): 226.

22.Dormand E-L, Banwell PE, Goodacre TEE. Radiotherapy
and wound healing. Int Wound J 2 (2005): 112-127.

23.Jagsi R, Momoh AO, Qi J, et al. Impact of Radiotherapy
on Complications and Patient-Reported Outcomes After
Breast Reconstruction. J Natl Cancer Inst 110 (2018):
157-165.

24, Cordeiro PG, Albornoz CR, McCormick B, et al. What
is the optimum timing of postmastectomy radiotherapy
in two-stage prosthetic reconstruction: Radiation to the
Tissue Expander or Permanent Implant? Plast Reconstr
Surg 135 (2015): 1509-1517.

25.Cérdoba EE, Lacunza E, Giierci AM. Clinical factors
affecting the determination of radiotherapy-induced
skin toxicity in breast cancer. Radiat Oncol J 39 (2021):
315-323.

Citation: Janaki Krithika Chandramohan, Yusuf Althawadi, Hamad Salman Saif, Noof Alshaibani, Ashish Rustogi. Department of Oncoplastic and
reconstructive breast surgery, Bahrain Oncology Centre, Bahrain. Journal of Surgery and Research. 8 (2025): 01-10.



Chandramohan JK, et al., J Surg Res 2025
Journals DOI:10.26502/jsr.10020412

26. Ciammella P, Podgornii A, Galeandro M, et al. Toxicity
and cosmetic outcome of hypofractionated whole-breast
radiotherapy: predictive clinical and dosimetric factors.
Radiat Oncol 9 (2014): 97.

27.Teotia SS, Venutolo C, Haddock NT. Outcomes in Patients
Receiving Neoadjuvant Chemotherapy Undergoing
Immediate Breast Reconstruction: Effect of Timing,
Postoperative Complications, and Delay to Radiation
Therapy. Plast Reconstr Surg 144 (2019): 732e-742e.

28.Ozturk C, Ozturk CN, Platek M, et al. Management of
Expander- and Implant-Associated Infections in Breast
Reconstruction. Aesthetic Plast Surg. 44 (2020): 2075-
2082.

29.Macadam SA, Ho AL, Cook EF, et al. Patient satisfaction
and health-related quality of life following breast
reconstruction: patient-reported outcomes among saline
and silicone implant recipients. Plast Reconstr Surg 125
(2010): 761-771.

30. Dahmus ES, Ruffino AE, Madera JD, et al. Smooth vs
Textured Expanders: Patient Factors and Anatomic Plane
Are Greater Factors in Determining First-Stage Breast
Reconstruction Outcomes. Aesthet Surg J 44 (2024):
NP159-NP167.

31. Tramm T, Kaidar-Person O. Optimising post-operative
radiation therapy after oncoplastic and reconstructive
procedures. Breast 69 (2023): 366-374.

32.Polgar C, Kahan Z, Ivanov O, et al. Radiotherapy of
Breast Cancer-Professional Guideline 1% Central-Eastern
European Professional Consensus Statement on Breast
Cancer. Pathol Oncol Res 28 (2022): 1610378.

33.LinJY, Yang X, Serra M, et al. Full axillary lymph node
dissection and increased breast epidermal thickness 1 year

after radiation therapy for breast cancer. J Surg Oncol 120
(2019): 1397-1403.

34. Radovanovic Z, Ranisavljevic M, Radovanovic D, et

Volume 8 « Issue 1 10

al. Nipple-Sparing Mastectomy with Primary Implant
Reconstruction: Surgical and Oncological Outcome
of 435 Breast Cancer Patients. Breast Care (Basel) 13
(2018): 373-378.

35.Park S, Yoon C, Bae SJ, etal. Comparison of complications
according to incision types in nipple-sparing mastectomy
and immediate reconstruction. Breast 53 (2020): 85-91.

36.El-Sabawi B, Sosin M, Carey JN, et al. Breast
reconstruction and adjuvant therapy: A systematic review
of surgical outcomes. J Surg Oncol 112 (2015): 458-464.

37.Jung SM, Jeon BJ, Woo J, et al. Does chemotherapy or
radiotherapy affect the postoperative complication in
breast cancer patients who underwent immediate breast
reconstruction with tissue expander? BMC Cancer 21
(2021): 88.

38. Kuerer HM, Cordeiro PG, Mutter RW. Optimizing Breast
Cancer Adjuvant Radiation and Integration of Breast and
Reconstructive Surgery. Am Soc Clin Oncol Educ Book
37 (2017): 93-105.

39. Brunt AM, Haviland JS, Sydenham M, et al. Ten-Year
Results of FAST: A Randomized Controlled Trial of
5-Fraction Whole-Breast Radiotherapy for Early Breast
Cancer. J Clin Oncol 38 (2020): 3261-3272.

40. Kaidar-Person O, Poortmans P, Offersen BV, et al.
Spatial location of local recurrences after mastectomy: A

systematic review. Breast Cancer Res Treat 183 (2020):
263-273.

41.Naoum GE, Salama L, Ho A, et al. The Impact of Chest
Wall Boost on Reconstruction Complications and Local
Control in Patients Treated for Breast Cancer. Int J Radiat
Oncol Biol Phys 105 (2019): 155-164.

42.Rajan SS, Sharma SC, Kumar N, et al. Clinical and
cosmetic results of breast boost radiotherapy in early
breast cancer: A randomized study between electron and
photon. J Cancer Res Ther 10 (2014): 889-895.

Citation: Janaki Krithika Chandramohan, Yusuf Althawadi, Hamad Salman Saif, Noof Alshaibani, Ashish Rustogi. Department of Oncoplastic and
reconstructive breast surgery, Bahrain Oncology Centre, Bahrain. Journal of Surgery and Research. 8 (2025): 01-10.



	Title
	Abstract 
	Keywords
	Introduction
	Methodology
	Measures 
	Surgical data and radiation 
	Statistical methods 

	Results
	Association of complications with radiation plan 
	Regression analysis 
	BREAST-Q scores comparison 

	Discussion
	Conclusion 
	Acknowledgements 
	Conflicts of interest 
	Disclosures and funding sources 
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	References 



