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A B S T R A C T 

Background and aim: It is currently unclear which risk factors lead to problems with breast implant reconstruction 

and failure of prosthetic reconstruction. The connection between radiation and complications has not yet been 

comprehensively investigated. This study explored the implant failure rate of radiotherapy administered after 

mastectomy in breast cancer patients.  

Material and methods: For this systematic review and meta-analysis study, international databases such as 

MEDLINE (PubMed and Ovid), Web of Science, and Scopus were searched until August 2024 using keywords 

relevant to the study objectives. STATA/MP. v17 software was used to analyze data.  

Results: The present study included twelve retrospective studies Among 5113 patients (5180 reconstructed breasts) 

with the mean age ranging from 36.7 to 55.6 years. Irradiated breasts were 0.32 times more vulnerable to developing 

capsular contracture than non-irradiated breasts (RR, 0.32; 95% CI, 0.04-0.61; p=0.03). The risk ratio of seroma 

was -0. 40 (RR, -0.40; 95% CI -0.78, -0.02; p=0.04) and The Reconstruction failure was associated with received 

radiotherapy (OR =0.44; 95% CI: 0.21, 0.66; p<0.01; I2 = 83.87%, p<0.01).  

Conclusions: According to the results of the present meta-analysis, post-mastectomy radiotherapy can increase 

implant reconstruction failure. 

 

1. Introduction 

One of the most common cancers in women is breast cancer, which 

accounts for 30% of all cancers in women and 15.5% of all cancer-related 

deaths in women.[1] Early detection of breast cancer is possible worldwide 

through screening and mammography. The earlier the diagnosis is made, the 

higher the treatment's chances of success.[1] The main surgical treatment for 

breast cancer is modified radical mastectomy, which causes breast 

deformities. Patients considering mastectomy should be offered immediate 

breast reconstruction (IBR) according to national and international 

guidelines.[2] Implant-based surgery is the most commonly used surgical 

technique for IBR.[3] According to the American Society of Plastic Surgeons, 

60% of patients who undergo a mastectomy do not receive reconstructive 

treatment such as breast reconstruction, and fewer than 25% receive 

immediate reconstruction.[4, 5] Radiotherapy is an effective step in the 

treatment of breast cancer. It affects long-term survival and reduces the risk 

of dying from breast cancer by 1-5%.[6] When planning implant-based IBR, 

post-mastectomy radiotherapy  (PMRT) is crucial.[7] PMRT can reduce 

recurrence and mortality in high-risk patients.[8] Radiotherapy leads to tissue 

remodeling and chronic inflammatory changes.[8] It can also lead to capsular 

contractures and tissue fibrosis, worsening the cosmetic outcome and 

potentially causing pain, psychological distress and tissue fibrosis.[9] Further 

ipsilateral revision procedures into the implant cavity increase the risk of 

wound complications and infections as they also impair wound healing and 

tissue repair.[10] Despite these side effects, it is generally accepted that PMRT 

does not preclude IBR in informed patients.[11] Much debate has been about 

when to exchange a permanent fixed-volume implant for a tissue expander 

originally used in PMRT.[12] Furthermore, the relationship between the time 

from PMRT to revision surgery and the time required for early radiation 

effects to wear off before attempting revision surgery is still under debate.[13, 

14] The present systematic review and meta-analysis aimed to evaluate implant 

failure rate in irradiated versus non-irradiated breast cancer patients who had 

IBR. 

 

2. Material and methods 

Search strategy and Information sources 

To evaluate the implant failure rate in patients with irradiated breast 

cancer compared to non-irradiated breast cancer with IBR, relevant keywords 

were searched in the international databases MEDLINE (PubMed and Ovid), 
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Embase and Cochrane up to September 2024. (Table 1). The search engine 

Google Scholar was used with EBSCO, ISI, Elsevier, Web of Science, 

Cochrane Central Register of Controlled Trials and Scopus Wiley Online 

Library. The 27-point checklist PRISMA 2020[15] serves as the basis for this 

investigation.

 

Table 1. The search strategy used for each database. 

NO. Search Terms 

The search strategy used in MEDLINE (via PubMed) 

1 

(("Breast Neoplasms"[Mesh] OR  "Triple Negative Breast Neoplasms"[Mesh]) OR ( "Breast Neoplasms/surgery"[Mesh] OR  "Breast 

Neoplasms/therapy"[Mesh] )) OR ( "Breast Neoplasms/radiotherapy "[Mesh] OR ). 

 

2 

Breast Neoplasm OR Neoplasm, Breast OR Neoplasms, Breast OR Breast Tumors OR Breast Tumor OR Tumor, Breast OR Tumors, Breast OR 

Breast Cancer OR Cancer, Breast OR Cancer of Breast OR Cancer of the Breast OR Malignant Neoplasm of Breast OR Breast Malignant 

Neoplasm OR Breast Malignant Neoplasms OR Malignant Tumor of Breast OR Breast Malignant Tumor OR Breast Malignant Tumors OR 
Mammary Cancer OR Cancer, Mammary OR Cancers, Mammary OR Mammary Cancers OR Mammary Neoplasms, Human OR Human 

Mammary Neoplasm OR Human Mammary Neoplasms OR Neoplasm, Human Mammary OR Neoplasms, Human Mammary OR Mammary 

Neoplasm, Human OR Breast Carcinoma OR Breast Carcinomas OR Carcinoma, Breast OR Carcinomas, Breast OR Mammary Carcinoma, 
Human OR Carcinoma, Human Mammary OR Carcinomas, Human Mammary OR Human Mammary Carcinomas OR Mammary Carcinomas, 

Human OR Human Mammary Carcinoma. 

 

3 

"Mammaplasty"[Mesh] 

Entry Terms: 

Mammaplasties OR Breast Reconstruction OR Breast Reconstructions OR Reconstruction, Breast OR Reconstructions, Breast OR Mammoplasty 
OR Mammoplasties. 

4 "Breast Implants"[Mesh] 

5 
Implants, Breast OR Breast Implant OR Implant, Breast OR Breast Prosthesis, Internal OR Breast Prostheses, Internal OR Internal Breast 

Prostheses OR Internal Breast Prosthesis OR Prostheses, Internal Breast OR Prosthesis, Internal Breast. 

6 Surgical Procedures, Operative Plastic Surgery Procedures, Mammaplasty, Breast Implantation. 

7 "Mastectomy"[Mesh] 

8 "Radiotherapy "[Mesh] 

The search strategy used by Cochrane 

 

1 "Breast Neoplasms" OR Breast Neoplasms/surgery" OR "Mammary Cancer" OR " Breast Cancer" 

2 "Breast Implants" AND "Mastectomy" AND "Radiotherapy " AND "Breast Implantation" 

The search strategy used in Embase 

1 (Breast) OR (Breast cancer) OR (Breast Neoplasms) OR (Breast surgery): ab, ti, kw. 

2 Breast Implantation OR Breast Implants AND Mastectomy: ab, ti, kw. 

3 Radiotherapy : ab, ti, kw. 

4 
chapter' OR 'conference abstract' OR 'conference paper' OR 'conference review' OR 'editorial' OR 'erratum' OR 'letter' OR 'note' OR 'preprint' OR 

'short survey'/it (Filter) 

 

 

Selection criteria 

Articles published in English were the inclusion criteria for this research. 

The answers to the questions in the current study were based on the PICO 

strategy: Population (P): patients with breast implants; Intervention (I): 

irradiated breast (C): non-irradiated breast; Outcome (O): implant failure rate. 

Review studies and books, qualitative studies, animal studies, studies without 

comprehensive and relevant data, and Data not reported on breast cancer were 

excluded from the study. 

 

 

 

The process of selection and data collection 

Two researchers used a standard data collection form, previously created 

to minimize reporting, data collection errors, and omissions, to collect data 

from individual subjects. The original form prepared by the research team 

contained the following information: the author's name, the year of 

publication, the number of patients, the mean age, Smoking, Type of implant, 

implant volume, Radiotherapy and Type of adjuvant radiotherapy. 

 

Heterogeneity and publication bias 

The heterogeneity across studies was examined using the Chi-square (χ2) 

test and quantified by the I2 statistic. According to the I2 value, heterogeneity 
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was classified as low (less than 50%), between 50 and 74% means moderate 

heterogeneity, and above 75% is considered high heterogeneity.  

 

 

Methodological quality 

The included cohort studies were assessed for methodological quality 

using the Newcastle-Ottawa Scale (NOS).[16] Each study received a maximum 

of nine stars on this scale. Research was considered high quality if it received 

seven or more stars; if not, it was considered inferior. 

 

Data analysis 

The effect measure of choice was the odds and risk ratios with 95% 

confidence intervals. The results were reported using a fixed-effects model 

with the Mantel–Haenszel method. The data were analyzed at a significance 

level 0.05 using Stata software (version 17). 

 

3. Results 

Description of studies 

The initial search found 943 articles. In the first phase, duplicate entries 

were found in 98 articles and were removed due to their titles. The studies 

that did not meet the inclusion criteria (n=689) were eliminated in the second 

step by screening the abstracts of 824 publications. In the third phase, 123 

publications that lacked sufficient information or did not meet the inclusion 

and exclusion criteria were removed after examining the full texts of 135 

articles. In summary, twelve articles were included (Fig. 1). 

 

Study characteristics 

All included studies used retrospective designs. Of 5113 patients (5180 

reconstructed breasts), 1355 received radiotherapy, and 3721 were not 

irradiated. The mean age ranged from 36.7 to 55.6 years; 370 patients were 

current smokers. Table 2 provides a summary of study characteristics. 

 

Bias Assessments 

According to the NOS tool, the Risk of bias in the cohort studies was low 

(Table 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. PRISMA 2020 Checklist. 

 

 

Table 2. Demographic characteristics of the included studies. 

No. Study. Years Study Design 
No. 

Patients 

No. 

Breasts 

Mean 

Age 

No. 

Smoker 
Patients 

Type of Implant 
Implant 

Volume 

Radiotherapy 

Non-
irradiated 

Group 

Irradiated 

Group 

1 Riina et al., 2024[17] 
Retrospective 

cohort 
190 190 NR 41 

Immediate breast 

reconstruction 
NR 100 90 

2 
Vinsensia et al., 

2024[18] 

Retrospective 

cohort 
118 118 45 NR 

Immediate breast 

reconstruction 
335 ml 28 90 

3 Doherty et al., 2023[19] 
Retrospective 

cohort 
2342 2342 49 NR 

Implant-based, 
flap-based 

NR 1964 378 

4 Naoum et al., 2022[20] 
Retrospective 

cohort 
661 6 NR 194 

Mastectomy and 

any reconstruction 
type 

NR 352 309 

5 Sun et al., 2022[21] 
Retrospective 

cohort 
275 280 36.7 9 

Immediate 

prosthesis 
reconstruction, 

immediate-

delayed prosthesis 
reconstruction 

240 ml 216 59 

6 Thuman et al., 2021[22] 
Retrospective 

cohort 
213 387 50.10 NR 

Prepectoral 

reconstruction 
(n=190), 

submuscular 

reconstruction (n= 
278) 

NR 34 24 

Records identified 

(n =943) 

 

Records removed before the 

screening: 
Duplicate records (n = 

98) 

Records marked as 

ineligible by automation 

tools (n = 17) 

Other reasons (n = 4) 
Records screened 

(n=824) 

Records excluded 

(n = 689) 

Reports sought for 
retrieval. 

(n =0) Reports not retrieved 
(n = 0) 

Full text  
(n =135) 

Reports excluded 

(n = 123) 

 
 

Included studies 

(n =12) 

 

Identification of studies via databases and registers 
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7 Sinnott et al., 2021[23] 
Retrospective 

cohort 
365 592 53.5 NR 

Prepectoral 

implant-based 
breast 

reconstruction 

NR 305 45 

8 Frisell et al., 2020[9] 
Retrospective 

cohort 
475 542 51.2 65 

Temporary 
expander (n=33), 

Permanent 

expander (n=434), 
Fixed-volume 

implant (n=68) 

 < 300 cc 
(n=151), 

300–400 cc 

(n= 
265), > 400 

cc (n=118) 

288 223 

9 Chiasson et al., 2020[24] 
Retrospective 

cohort 
201 376 51.38 15 

LD myocutaneous 
flaps 

NR 165 36 

10 Polotto et al., 2020[25] 
Retrospective 

cohort 
186 202 55.6 23 

Prepectoral breast 

reconstruction 
NR 158 28 

11 Elswick et al., 2018[26] 
Retrospective 

cohort 
54 93 48 11 

Immediate two-

stage prepectoral 

implant-based 
breast 

reconstruction 

NR 93 39 

12 Sigalove et al., 2017[27] 
Retrospective 

cohort 
33 52 50.6 12 

Well-perfused 
skin flaps 

NR 18 34 

 

Table 4. Newcastle-Ottawa Scale (NOS) for cohort study.

Study 

Item & Score 

Total 

Scores 
The 

Exposed 

Cohort 

（1） 

Selection 

of the 

non 

（1） 

Ascertainment 
of Exposure 

（1） 

Demonstration 
that Outcome of 

Interest was not 

Present at the 
Start of the 

Study（1） 

Compare the 
Ability of 

Cohorts based 

on the design 
or Analysis 

(2) 

Assessment 

of 

Outcome 

（1） 

Was 

Follow-up 

long Enough 
for 

Outcomes to 

Occur 

（1） 

Adequacy of 

Follow-up of 
Cohorts 

（1） 

 

Riina et al., 2024[17] * * * * * * * * 8/9 

Vinsensia et al., 2024[18] * * * - * * * * 7/9 

Doherty et al., 2023[19] * * * * ** * * * 9/9 

Naoum et al., 2022[20] * * * - * * * * 7/9 

Sun et al., 2022[21] * * * * ** * * * 9/9 

Thuman et al., 2021[22] * * * * * * * * 8/9 

Sinnott et al., 2021[23] * * * * * * * * 8/9 

Frisell et al., 2020[9] * * * * * * * * 8/9 

Chiasson et al., 2020[24] * * * * * * * * 8/9 

Polotto et al., 2020[25] * * * * * * * * 8/9 

Elswick et al., 2018[26] * * * * * * * * 8/9 

Sigalove et al., 2017[27] * * * * * * * * 8/9 

Infection 

The infection risk ratio between irradiated and non-irradiated breasts was 

-0.01 (RR, -0.01; 95% CI, -0.23-0.21; p=0.93). The heterogeneity was 

moderate (I2 = 74.52%, p = 0.00) (Fig. 2). 

 

Capsular-contracture 

Irradiated breasts were 0.32 times more vulnerable to developing 

capsular contracture than the non-irradiated breasts (RR, 0.32; 95% CI, 0.04-

0.61; p=0.03). There was a significant difference between the irradiated and 

the non-irradiated breasts. The heterogeneity was low (I2 = 0%, p = 0.99) (Fig. 

3).  

 

Nipple necrosis 

In the fixed effect model low (I2 = 0%, p = 0.69), the risk of nipple 

necrosis between irradiated and non-irradiated breasts did not differ 

significantly (RR, 0.02; 95% CI-0.03, 0.08; p=0.40) (Fig. 4).   
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Fig. 2. The forest plot showed infection between the irradiated and the non-irradiated breasts. 

 

 
Fig. 3. Forest plots showed the risk of capsular contracture between the irradiated and the non-irradiated breasts. 

 

 

 
Fig. 4. The forest plot showed nipple necrosis risk. 
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Seroma 

The risk ratio of seroma was -0. 40 (RR, -0.40; 95% CI -0.78, -0.02; 

p=0.04). There was a significant difference between groups in the fixed-effect 

model (I2 = 72.77%, p = 0.00) (Fig. 5). 

 

Hematoma 

The hematoma risk ratio did not significantly differ between the two 

groups (RR, 0.25; 95% CI -1.24, 1.75; p=0.74), with low heterogeneity (I2 = 

0%, p = 0.95) (Fig. 6). 

 

Reconstruction failure 

The Reconstruction failure was associated with received radiotherapy 

(OR =0.44; 95% CI: 0.21, 0.66; p<0.01; I2 = 83.87%, p<0.01) (Fig. 7). Meta-

analysis showed that received radiotherapy was an independent risk factor 

associated with reconstruction failure. 

 

 

 
Fig. 5. Forest plot showed seroma between the irradiated and the non-irradiated breasts. 

 

 
Fig. 6. Forest plot shows hematoma risk ratio. 
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Fig. 7. Forest plot showed Reconstruction failure. 

 

4. Discussion 

In the last decade, there has been a gradual increase in the number of 

breast reconstructions after mastectomy for breast cancer, which is attributed 

to economic development.[28] Studies showed that PMRT is necessary in 

patients with positive lymph nodes.[29, 30] Whether the implant is an expander 

or a permanent prosthesis, radiotherapy may increase the risk of 

reconstruction complications and prosthesis failure due to severe 

complications.[20, 31] In addition to damaging blood vessel cells, radiotherapy 

can also reduce blood flow and cause tissue hypoxia. It also causes fibrosis 

and myofibroblast transformation, leading to capsular contracture.[32] 

Consistent with the results of previous research, the current study 

demonstrated that RT may increase the incidence of complications associated 

with breast prosthesis reconstruction.[33] Patients who received radiotherapy 

also had higher rates of certain specific complications, such as capsular 

contracture, seroma and implant reconstruction failure. Reconstruction failure 

occurred more frequently in patients who received radiation therapy; the rate 

of reconstruction failure increased 0.44-fold. Therefore, the influence of 

radiotherapy on the failure rate of prosthesis reconstruction is acceptable. One 

of the separate risk factors for complications related to reconstruction is 

radiation therapy.  

According to the meta-analysis,[34] immediate prosthetic reconstruction 

may be associated with more complications than immediate, delayed 

reconstruction, particularly implant loss, reoperation, and flap necrosis. Poor 

outcomes were more likely to occur in patients with prepectoral implant-

based breast reconstruction and Postmastectomy radiation therapy, according 

to a meta-analysis.[33] According to a study, the rate of reconstruction failure, 

reoperation and overall complications in prosthetic reconstruction after 

radiotherapy was high.[35] In immediate breast reconstruction after adjuvant 

radiotherapy, a study has documented poor cosmetic results and high 

reconstruction failure rates.[36] 

PMRT results in acute toxicity manifested by desquamation, edema, and 

inflammation. These changes lead to delayed healing, seromas, and 

infections.[37] Radiation treatment alters the vascularity of the skin flap, 

covering it by creating a microvascular occlusion that allows the placement 

of prepectoral expanders. radiation therapy creates a microvascular occlusion 

that alters the vascularity of the skin flap covering it. The risk of extrusion, 

flap necrosis, and implant exposure increases when an inadequately 

vascularized skin flap is expanded.[38] The release of transforming growth 

factors by irradiated breasts results in long-term tissue changes. This leads to 

atrophy and fibrosis of the skin and underlying subcutaneous tissue, resulting 

in hardening, shrinkage, skin discoloration, and reduced breast volume. In 

addition, PMRT-induced soft tissue necrosis after reconstruction can lead to 

capsular contracture, implant loss, and breast contour distortion.[39] According 

to a systematic review and meta-analysis, higher rates of early and late 

complications were found in patients who underwent PMRT after immediate 

implant-based breast reconstruction.[40] 

 

5. Conclusion 

Post-mastectomy radiotherapy after breast reconstruction is associated 

with an increased risk of reconstruction failure. It should be noted that in 

patients requiring PMRT, the complication rate may be increased in those 

patients with surgical scars caused by high-dose radiation. Identification of 

these severe side effects should alert oncologists and plastic surgeons to the 

best preventative measures that can be taken to reduce side effects and 

preserve oncologic outcomes in patients undergoing PMRT and implant-

based breast reconstruction. 
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