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Summary Introduction: Implant loss following breast reconstruction is a devastating compli- 
cation, which should be prevented as much as possible. This study aimed to validate a previ- 
ously developed multicenter risk model for implant loss after implant-based breast reconstruc- 
tions, using national data from the Dutch Breast Implant Registry (DBIR) . 
Methods: The validation cohort consisted of patients who underwent a mastectomy followed 
by either a direct-to-implant (DTI) or two-stage breast reconstruction between September 2017 
and January 2021 registered in the DBIR. Reconstructions with an autologous adjunctive and pa- 
tients with missing data on the risk factors extracted from the multicenter risk model (obesity, 
smoking, nipple preserving procedure, DTI reconstruction) were excluded. The primary out- 
come was implant loss. The predicted probability of implant loss was calculated using beta re- 
gression coefficients extracted from the multicenter risk model and compared to the observed 
probability. 
Results: The validation cohort consisted of 3769 reconstructions and implant loss occurred af- 
ter 307 reconstructions (8.1%). Although the observed implant loss rate increased when the risk 
factors accumulated, the predicted and observed probabilities of implant loss did not match. Of 
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the four risk factors in the multicenter risk model, only obesity and smoking were significantly 
associated to implant loss. 
Conclusion: The multicenter risk model could not be validated using nationwide data of the 
DBIR and is therefore not accurate in Dutch practice. In the future, the risk model should 
be improved by including other factors to provide a validated tool for the preoperative risk 
assessment of implant loss. 
© 2022 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Pub- 
lished by Elsevier Ltd. This is an open access article under the CC BY license 
( http://creativecommons.org/licenses/by/4.0/ ) 
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mplant loss is the most severe complication following 
mplant-based breast reconstruction. It has a major impact 
n the patient’s life, both physically and emotionally. 1 Re- 
perations associated with implant loss may result in a sig- 
ificant decrease in patient satisfaction and in a substantial 
ncrease in hospital costs. In addition, it could lead to a de- 
ay in further adjuvant treatment. 2 –6 

According to the literature, the occurrence of implant 
oss varies from 1.8% to 16.9%. Several risk factors for im- 
lant loss have been described over the years, including 
adiotherapy, obesity, smoking, higher age, and direct-to- 
mplant (DTI) reconstruction. 3 , 7 , 8 Recently, a risk model to 
mprove patient information and decision making for the 
ype of mastectomy and reconstruction was developed by 
ur study group. However, this model was derived from ret- 
ospective data obtained in two medical centers, so the 
ndings may not be generalizable to the reconstructive pop- 
lation at large. 9 

Therefore, a nationwide population-based cohort with 
ata from the Dutch Breast Implant Registry (DBIR) was used 
o validate our multicenter risk model for implant loss after 
mplant-based breast reconstructions for mastectomy. 10 , 11 

he aims were to improve patient information on the risk 
f implant loss and its risk factors, and to improve decision 
aking for the type of mastectomy and reconstruction. 

ethods 

tudy design 

or this nationwide population-based validation study, data 
ere extracted from the DBIR, which is a national, prospec- 
ive, opt-out registry, with mandatory registration of all 
reast implant surgery performed in The Netherlands. 12 All 
reast implants (tissue expanders (TE) and permanent im- 
lants) used for reconstructive or cosmetic purposes in the 
etherlands are registered in the DBIR. The DBIR started in 
015, and all Dutch hospitals that perform breast implant 
econstructions participate in this registry. 12 The multicen- 
er risk model was extracted from our recently published 
tudy. 9 The study protocol was approved by the scientific 
ommittee of the DBIR. No informed consent or ethical ap- 
roval was required. The study was conducted in accor- 
ance with the Declaration of Helsinki and reported accord- 
ng to the strengthening the reporting of observational stud- 
es in epidemiology (STROBE) statement. 13 , 14 
4348
alidation cohort 

atients who underwent a mastectomy for any reason fol- 
owed by either a two-stage or a DTI breast reconstruction 
etween September 2017 and January 2021 were identified 
rom the DBIR. Patients in whom an autologous adjunctive 
econstruction was used and patients with missing data on 
he variables of the multicenter risk model were excluded. 

ulticenter risk model 

ata from the multicenter risk model for implant loss were 
xtracted and used in this study for validation of the results. 
etails on methods, results and conclusions were published 
reviously. 9 In short, 297 breasts in 225 patients were evalu- 
ted after implant-based breast reconstruction. The occur- 
ence of implant loss was 11.8%. A risk model was created 
hat identified the following risk factors for implant loss: 
besity (defined as body mass index (BMI) > 30 kg/m 

2 ), ac- 
ive smoking status, nipple sparing procedure, and a DTI ap- 
roach. The corresponding beta regression coefficients and 
dds ratios were extracted and are depicted in Table 1 . The 
redicted implant loss risk ranged from 3.6% to 78.2% in pa- 
ients with zero to four risk factors. 9 

utcome measures and definitions 

he primary outcome was implant loss due to a wound 
ealing-related complication. The following outcomes avail- 
ble in the DBIR were considered as implant loss: (1) explan- 
ation of TE or permanent implant because of flap prob- 
ems, infection, skin necrosis, hematoma, seroma or when 
o reason was provided; (2) planned replacement of TE with 
ermanent implant combined with flap problems, infection, 
nd skin necrosis; (3) unplanned replacement of TE with 
ermanent implant because of flap problems, infection, skin 
ecrosis, hematoma, or seroma; (4) replacement of TE or 
ermanent implant with TE because of flap problems, in- 
ection, skin necrosis, hematoma, seroma, or when no rea- 
on was provided; (5) replacement of TE or permanent im- 
lant with autologous tissue combined with flap problems, 
nfection, or skin necrosis; (6) replacement of permanent 
mplant with permanent implant because of flap problems, 
nfection, skin necrosis, hematoma, or seroma. The follow- 
ng indications for explantation or revision were not consid- 
red as implant loss due to a wound healing-related com- 
lication: dissatisfaction with size, asymmetry, breast pain, 
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Table 1 Data from multicenter risk model. 

Risk factors Beta regression OR P -value 

Obesity 1.381 1 
2.877 (1.299–6.376) 0.009 

Active smoking 1.172 1 
3.280 (1.498–7.181) 

0.003 

Nipple preserving 1.110 1 
3.081 (1.460–6.502) 

0.003 

Reconstruction type 0.902 1 
3.130 (1.483–6.610) 

0.003 

Constant −3.286 

The four risk factors in the multicenter risk model and corresponding beta regression coefficients. 
ORs and P -values are presented. OR indicates odds ratio, significant P -values are noted in italic. 
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Figure 1 Flowchart of in- and excluded patients. 
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utoimmune syndrome induced by adjuvants (ASIA), sus- 
ected anaplastic large cell lymphoma (ALCL), newly di- 
gnosed breast cancer, device malposition, scarring, cap- 
ular contracture, or device rupture. The following incision 
ites available in the DBIR were considered as nipple pre- 
erving procedures: mastectomy scar (nipple sparing), in- 
ramammary, periareolar and axillary incisions. Mastectomy 
car (general) was interpreted as not nipple sparing. 

tatistical analysis 

ategorical variables were depicted as frequencies with 
ercentages, and continuous variables are presented as 
ean with standard deviations (SD) or median with in- 
erquartile range (IQR) based on the distribution. Differ- 
nces in baseline characteristics between groups were 
ested with unpaired T test, Mann-Whitney U test, or chi- 
quare tests. To assess the validity of the local risk model, 
he beta regression coefficients listed in Table 1 were used 
o calculate the predicted probability of implant loss in 
he validation cohort. For each predicted probability group, 
he observed probability, with corresponding SD, was cal- 
ulated. This was visualized in a calibration plot, with pre- 
icted probability on the y-axis and observed probability on 
he x-axis. Finally, univariate logistic regression was per- 
ormed to determine the association between risk factors 
nd implant loss in the current cohort, providing odds ratios 
OR) with 95% confidence intervals (CI) and P -values. IBM 

PSS statistics (version 26) was used for statistical analysis, 
nd a P -value < 0.05 was considered statistically significant. 

esults 

alidation study population 

 total of 9373 implant-based breast reconstructions were 
egistered in the DBIR between inception and January 2021; 
194 reconstructions were registered during the study pe- 
iod. After exclusion of patients in whom autologous ad- 
unctive procedures were used, 5699 reconstructions re- 
ained. To validate the previously described risk model, 
930 patients were excluded because data of one or more 
isk factors was missing, resulting in a total of 3769 re- 
onstructions. The mean age in this cohort of 3769 re- 
4349
onstructions was 48.8 ± 11.3 years, with a mean BMI of 
4.7 ± 4.2 kg/m 

2 . Patient selection and distribution are vi- 
ualized in a flowchart in Fig. 1 . The baseline characteris- 
ics of the validation study population were compared to 
he baseline characteristics of the previous multicenter risk 
odel population ( Table 2 ). 

isk model validation 

he validation cohort consisted of 3769 reconstructions and 
mplant loss occurred after 307 reconstructions (8.1%). Pa- 
ient and surgery characteristics stratified for implant loss 
re summarized in Table 3 . There were active smokers in 
86 (12.9%) reconstructions and obese patients (BMI > 30) in 
01 (10.6%) reconstructions. A nipple sparing procedure was 
erformed in 1126 (29.9%) reconstructions, and a definite 
mplant was directly placed in 832 (22.1%) reconstructions. 
his resulted in no risk factors for 1764 reconstructions, one 
isk factor for 1480 reconstructions, two risk factors for 485 
econstructions, three risk factors for 39 reconstructions, 
nd four risk factors for one reconstruction. The observed 
mplant loss rates for each number of risk factors are pre- 
ented in Table 4 . The predicted probabilities for each risk 
actor combination were extracted and compared to the ob- 
erved probabilities of the validation cohort. This compari- 
on was visualized in a calibration plot ( Fig. 2 ). A substantial
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Table 2 Baseline comparison between cohorts. 

Baseline characteristics Validation cohort ( n = 3769) Multicenter cohort ( n = 297) P -value ∗

Age, years 48.8 ± 11.3 47.5 ± 11.3 0.068 
BMI, L 2 /m 24.7 ± 4.2 25.3 ± 4.8 0.033 
Obesity 401 (10.6) 47 (15.8) 0.006 
ASA score < 0.001 

I 1919 (51.3) 75 (25.3) 
II 1652 (44.2) 203 (68.4) 
III 169 (4.5) 18 (6.1) 
IV 0 (0) 1 (0.3) 
Missing 29 0 

Current smoker 486 (12.9) 47 (16.2) 0.108 
Missing 0 7 

Indication < 0.001 
Breast cancer 3064 (81.3) 211 (71.0) 
Prophylactic 705 (18.7) 86 (29.0) 

Type reconstruction 0.453 
Permanent implant 832 (22.1) 60 (20.2) 
Tissue expander 2937 (77.9) 237 (79.8) 

Nipple preserving 1126 (29.9) 119 (40.5) < 0.001 
Missing 0 3 

Volume permanent implant 388 (295–480) 413 (305–515) 0.007 
Volume tissue expander < 0.001 

< 100 848 (30.2) 68 (28.8) 
100–200 1677 (59.7) 114 (48.3) 
> 200 285 (10.1) 54 (22.9) 
Missing 127 1 

Baseline characteristics of the validation cohort compared to the baseline characteristics of the previous multicenter cohort. 

Figure 2 Calibration plot. Ratio between the predicted prob- 
ability on implant loss based on the previous risk model and the 
observed probability in the current cohort. 
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greement in probabilities was observed from 0.0 to 0.13 as 
he reference line lies within the CI of four out of five data 
oints. However, the rest of the predicted and observed 
robabilities did not match, indicating a poor agreement. 

ssociation between risk factors and implant loss 
n current cohort 

he associations between risk factors and implant loss were 
etermined in the current cohort using univariable logis- 
4350
ic regression. Obesity and active smoking status were sig- 
ificantly associated with implant loss (OR: 1.499 (1.072–
.094), P = 0.019 and OR: 1.772 (1.315–2.387), P < 0.001, 
espectively). A nipple preserving procedure and DTI recon- 
truction were not significantly related to implant loss (OR: 
.005 (0.799–1.295), P = 0.971 and OR: 0.984 (0.742–1.305), 
 = 0.984, respectively). These results are summarized in 
able 5 . 

iscussion 

his study aimed to validate a multicenter risk model for im- 
lant loss after implant-based breast reconstructions, using 
he DBIR database. Although the observed implant loss rate 
ncreased when the risk factors accumulated, the calibra- 
ion plot showed that the predicted probability of implant 
oss based on the previous risk model and the observed prob- 
bility in the current nationwide cohort do not match. This 
mplies that the previous created risk model is not general- 
zable to the reconstructive population at large. 

It is crucial that any developed model is generalizable 
nd predicts well in ‘comparable but different’ patients 
utside the development set. 15 In the current validation co- 
ort, an implant loss rate of 8.1% was found after implant- 
ased breast reconstruction, which is slightly lower than the 
1.8% implant loss rate found in the original cohort. The 
revious risk model consists of four risk factors: obesity, ac- 
ive smoking status, a nipple sparing procedure, and a DTI 
pproach. BMI, smoking status, and a DTI approach could 
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Table 3 Validation cohort. 

Baseline characteristics No implant loss ( n = 3462) Implant loss ( n = 307) P -value ∗

Age, years 48.7 ± 11.4 50.3 ± 10.3 0.007 
BMI, L 2 /m 24.6 ± 4.2 25.6 ± 4.7 < 0.001 
Obesity 356 (10.3) 45 (11.2) 0.017 
ASA score 0.112 

I 1775 (51.7) 144 (47.4) 
II 1512 (44.0) 140 (46.1) 
III 149 (4.3) 20 (6.6) 
Missing 26 3 

Current smoker 425 (12.3) 61 (19.9) < 0.001 
Indication 0.081 

Breast cancer 2803 (81.0) 261 (85.0) 
Prophylactic 659 (19.0) 46 (15.0) 

Neoadjuvant radiotherapy 155 (4.5) 24 (7.8) 0.009 
Missing 19 0 

Preoperative antibiotics 3341 (96.8) 297 (97.1) 0.794 
Missing 10 1 

Antiseptic rinse 3169 (91.9) 273 (88.9) 0.070 
Missing 14 0 

Kellerfunnel 329 (9.6) 33 (10.7) 0.495 
Missing 17 0 

Nippleguards 1001 (29.0) 85 (27.7) 0.617 
Missing 15 0 

Type reconstruction 0.912 
Permanent implant 765 (22.1) 67 (21.8) 
Tissue expander 2697 (77.9) 240 (78.2) 

Nipple preserving 1034 (29.9) 92 (30.0) 0.971 
PM cover 3134 (91.1) 264 (86.3) 0.001 

Missing 21 1 
Mastopexy 69 (2.0) 9 (2.9) 0.271 

Missing 20 1 
Drains 3304 (95.5) 293 (95.4) 0.949 

Missing 3 0 
Volume permanent implant 375 (290–475) 420 (340–535) 0.344 
Volume tissue expander 0.167 

< 100 777 (30.2) 71 (30.2) 
100–200 1545 (60.0) 132 (56.2) 
> 200 253 (9.8) 32 (13.6) 
Missing 122 5 

Adjuvant radiotherapy 182 (6.7) 22 (8.5) 0.267 
Missing 746 49 

Postoperative antibiotics 2015 (58.5) 176 (57.7) 0.776 
Missing 20 2 

Baseline characteristics of the validation cohort and stratified for implant loss. 
Data are n (%), mean ± SD or median (IQR). Significant P -values are denoted in italic. ASA indicates American Association of Anesthesi- 
ologists; BMI, body mass index, PM; pectoralis major. 

Table 4 Validation of risk model. 

Risk factors Reconstructions Implant loss 

0 1491 114 (7.1) 
1 1413 128 (8.3) 
2 508 58 (10.2) 
3 49 7 (12.5) 
4 1 0 (0.0) 

Accumulating number of risk factors and corresponding ob- 
served implant loss rates. 

d
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4351
irectly be extracted from the DBIR data. However, a nip- 
le sparing procedure was not an exact variable in the DBIR 
atabase and could only be derived from the incision type. 
urthermore, substantial differences in baseline character- 
stics were observed between the validation cohort and pre- 
ious multicenter cohort. Next to ASA score, indication for 
urgery, permanent implant volume and TE volume, the rate 
f nipple sparing reconstructions was significantly lower in 
he validation cohort compared to the multicenter cohort 
29.9% vs. 40.5%, respectively). Furthermore, the incidence 
f obesity was significantly lower in the validation cohort 
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Table 5 Risk factors in current cohort Association between risk factors and implant loss in current cohort using univariable 
logistic regression. 

Risk factors Group Event rate (%) OR P -value 

Obesity BMI < 30 
BMI > 30 

7.8 
11.2 

1 
1.499 (1.072–2.094) 

0.018 

Active smoking No 
Yes 

7.5 
12.6 

1 
1.772 (1.315–2.387) 

< 0.001 

Nipple preserving No 
Yes 

8.1 
8.2 

1 
1.005 (0.799–1.295) 

0.971 

Reconstruction type TE 
Prosthesis 

8.2 
8.1 

1 
0.984 (0.742–1.305) 

0.984 

Event rate describes the rate of implant loss in breast reconstructions with and without the risk factor. BMI indicates body mass index; 
OR, odds ratio; TE, tissue expander. Significant P -value noted in italic. 
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10.6% vs. 15.8%). The other risk factors were not signifi- 
antly different between the two cohorts. 
A nipple sparing procedure and a DTI approach were not 

ignificantly associated to implant loss in the current vali- 
ation cohort. Since these factors represented half of the 
isk model, it is understandable that the risk model was not 
ccurate in the current validation cohort. It could be hy- 
othesized that the risk of implant loss increases in a nipple 
paring procedure as wound problems or necrosis seem to 
e most common in the nipple area. However, to date, a 
ipple sparing procedure has not been described as a risk 
actor for implant loss, thereby confirming the results of 
his validation cohort. In addition, a DTI approach is a fre- 
uently described risk factor for implant loss, 3 but this was 
ot observed in the current validation cohort. However, the 
iterature is contradictory on this topic, and critical patient 
election, for instance by judgment of mastectomy flap tis- 
ue quality, is an important component. 16 –18 

Although the current study contained a large sample size 
ith data of a nationwide population, this database study 
as certain limitations. First of all, the accuracy of all DBIR 
ata could not be confirmed due to its anonymized nature 
nd privacy regulations. Another limitation is the restriction 
o the data collected in the database. One of the risk factors 
n the multicenter risk model was a nipple sparing proce- 
ure, which was not a direct variable in the DBIR database. 
owever, this factor could be indirectly derived from the 
ariable ‘incision site’. The same applied to the definition 
f implant loss, which was created based on the available 
ata in the DBIR database. However, the accuracy of these 
efinitions could not be confirmed due to privacy regula- 
ions within the anonymized data. Finally, the registration 
f explantations might be an underestimation of the clinical 
ractice due to under registration. 
In conclusion, the observed incidence of implant loss in 

he validation cohort was 8.1%, and does increase if the 
umber of risk factors accumulates. However, the predicted 
robability of implant loss based on the multicenter risk 
odel did not match the observed probability in the cur- 
ent nationwide cohort, indicating that the multicenter risk 
odel is not accurate in Dutch practice. In the future, at- 
empts will be made to improve the risk model and pro- 
ide a validated tool for the risk assessment of implant loss. 
his could lead to improved pre-operative information for 
atients, and the ultimate goal to decrease the risk of im- 
4352
lant loss by optimizing the surgical strategy in a personal- 
zed fashion. 
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