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Abstract. Background/Aim: This study examined the
influence of preoperative MRI on the choice of implant
volume in patients undergoing subcutaneous mastectomy
with immediate breast reconstruction. It was postulated that
preoperative MRI scans can adequately estimate glandular
tissue, which in turn correlates with implant size. Patients
and Methods: Preoperative and postoperative MRI scans
were used in oncological and prophylactical subcutaneous
mastectomy scenarios in 67 cases at the Department of
Gynaecology, Breast Cancer Center, University of Cologne,
Germany. The preoperative MRI was used to estimate the
resected tissue and the postoperative MRI was used to scan
for residual glandular tissue. In addition, a correlation found
by Malter et al. in 2021 was evaluated with the available
data. Results: Preoperative MRIs result in an adequate
estimation of resected tissue. This in turn correlates with
implant volume. The correlation by Malter et al. also holds
when estimating implant volume. The likelihood of residual
gland was low if the preoperatively estimate volume was
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removed. Conclusion: Our results indicate that the use of
preoperative and postoperative MRI scans for subcutaneous
mastectomies is advantageous. We suggest a routine
estimation of glandular tissue, especially for small breasts.

The standard surgical procedure in modern breast cancer
treatment is breast conserving surgery (1-6). In case this is
not possible or in prophylactic intention, mastectomy
procedures such as subcutaneous mastectomy or nipple
sparing mastectomy are sometimes required (7, 8).
Mastectomy with immediate reconstruction is a safe and
cosmetically advantageous method used in both oncological
and prophylactic scenarios (9). Currently, implant size is
estimated preoperatively with the help of physical
examination, which is subjective and often highly dependent
on the surgeons  experience. Imaging methods like
ultrasound or x-ray-based methods may be used additionally
(5). Most commonly however, surgeons use sizers to scale
the pocket dimensions and decide on an implant type and
volume intraoperatively. This requires a large quantity of
implants available on site. Thus, an adequate preoperative
estimation of implant volume would be useful for surgical
planning and therefore reducing operating times and
logistical effort. Cases with significant residual glandular
parenchyma in the follow-up MRI, which occur in about
40% of patients after subcutaneous mastectomy, could also
be reduced to improve oncological safety (10).

Despite many advantages, determining the volume of the
breast tissue in a preoperative MRI is not a standard
procedure (10-13). MRIs are routinely used to evaluate tumor
size and dispersion in special cases; they can however also
be used to preoperatively evaluate and quantify the glandular
tissue. Thus, preoperative MRIs might be able to predict the
glandular parenchyma to be removed and thus implant size.
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In addition, a threshold value is set for the surgeon for the
minimum amount of tissue to be to be removed.

The aim of this retrospective study was to evaluate the
usefulness of preoperative MR mammography for estimating
the removed breast tissue and the required implant volume.

We investigated three main hypotheses. First, we
investigated the usefulness of pre- and postoperative MRI
scans to determine residual glandular parenchyma after
subcutaneous mastectomy. We hypothesized that the
likelihood of residual glandular parenchyma would be low if
the minimum volume of glandular tissue estimated on MRI
was removed. We also hypothesized that MRI-estimated
glandular parenchyma correlates with implant volume and
that the correlation found by Malter et al. on intraoperative
implant choice is applicable to our data (14).

Patients and Methods

Study design. This cohort study consists of 67 cases that were
analyzed retrospectively and anonymously. All patients underwent
oncological or prophylactic subcutaneous mastectomy with implant
reconstruction at the Breast Cancer Center of the Women’s Hospital
of the University of Cologne (Cologne, Germany) between 2009
and 2018. All patients underwent an MRI scan before and six
months after surgery to look for residual glandular tissue. The
numbers are low as routine MRI examinations before and after
surgery have only recently become standard practice. 37.31%
(n=25) of patients had bilateral breast surgery. These were counted
as two different cases. A summary of patient characteristics is
provided in Table I and Table II.

For this study, the implant volume in ml was assumed to be equal
to the implant size in cc, which corresponds to the tissue removed
in grams. The average implant volume was 325.07 (g, cc, ml) and
the average weight of tissue removed was 301.08 g. Although the
histology sometimes contained more than one type of carcinoma,
only the dominant histology was counted for in Table I. If more than
one subtype was dominant, it was counted as ‘mixed histology’.
Carcinoma was often graded as G2 and G3, only one sample was
graded as G1. Most women had no involved lymph nodes and
complications after surgery were rare. Complications included
wound healing problems, secondary bleeding, metastasis, or
capsular contracture. At follow-up MRI, 56.72% of the sample still
had residual glandular parenchyma, although this was always
described as a small amount in the radiology reports. To complete
the data, the receptor status is listed in Table I. The postoperative
reports were followed up until 2021.

MRI examinations. In the preoperative MRI, the pathological breast
tissue and the total breast tissue were measured with a margin of 5
mm from the skin using Philips IntelliSpace® (Philips GmbH
Market DACH, Hamburg, Germany). This allowed an estimation of
the removed tissue while maintaining a 5 mm soft tissue margin
around the implant.

During surgery, the weight of tissue removed, and the required
implant size were recorded. In the postoperative MRI, the remaining
glandular parenchyma was assessed, as this was an important
quality feature for the study. It was assessed if and how much
glandular parenchyma remained after surgery and if there was a

correlation with the volume ratio of the ablated tissue and the pre-
scan MRI. If there was less than 10% glandular tissue left or no
tissue left at all, no additional intervention was necessary. If more
than 10% of glandular tissue remained, revision surgery was
required. It should be noted that the radiological assessment of
residual glandular tissue is subject to subjective variations and is
often given in vague categories such as "little" or "not relevant" in
the associated reports.

Statistical analysis. As this was a pilot study, the statistical analysis
was initially based on descriptive criteria. The required data was
collected and analyzed in Excel by calculating correlation and
standard deviation using Pearson’s correlation coefficient.
Supplementary diagrams were created to simplify the data analysis.

Results

Usefulness of pre- and postoperative MRI in surgical
planning and implant choice. We first compared the weight
of the removed tissue with the gland parenchyma measured
on preoperative MRI and then with the implant volume
determined intraoperatively. Since a linear correlation can be
assumed here, a Pearson’s coefficient of determination was
calculated.

In both cases we found a positive correlation. Two
diagrams were created to illustrate this (Figure 1 and Figure
2): the first shows the gland parenchyma measured on the
preoperative MRI as a function of the weight of tissue
removed (Figure 1) and the second shows the implant
volume as a function of the weight of tissue removed (Figure
2). Extremely large and small volumes were removed from
the diagrams (n=8 for Figure 1 and n=5 for Figure 2).

For both sets of data, the correlation was calculated using
data with removed tissue <300 g and >300 g. It was noticeable
that the correlation for the data <300 g was significantly
stronger than for the data >300 g in both comparisons.

For the glandular parenchyma measured in the MRI and
the weight of the removed tissue, the Pearson correlation was
r=0.53 overall (Figure 1). A distinction can be made here
between values <300 g with r=0.57 and values >300 g
(r=0.37). Therefore, the correlation between the weight of
the removed tissue and the glandular parenchyma measured
preoperatively in the MRI is lower for a weight of more than
300 g than for a weight of less than 300 g. For the
correlation between the weight of the removed tissue and the
implant volume, Pearson’s correlation coefficient was
r=0.61. According to Cohen (1988), this is defined as a
strong correlation (15). Again, values for the volume of
tissue removed <300 g show a higher correlation (r=0.57)
than values >300 g (r=0.18).

Overall, there is a correlation between the intraoperatively
removed tissue and the preoperatively measured glandular
parenchyma. Also, the implant volume seems to correlate to
the removed tissue, which is not surprising as this can be
used as reference for the intraoperative choice of implant
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Table 1. Patient characteristics.

N (N in total=67) % of total
Implant and surgery side Left 34 50.8
Right 33 493
Contralateral side Yes 25 373
No 17 254
Type of surgery Oncological 42 62.7
Prophylactical 25 37.3
Age at surgery (years) 21-30 5 7.5
31-40 24 35.8
41-50 21 313
51-60 12 17.9
61-70 4 6.0
71-80 1 1.5
BMI (kg/m?2) <20 1 1.5
20-25 43 64.2
25-30 17 254
>30 6 9.0
Smoker Yes 13 194
No 54 80.6
Histology Ductal carcinoma in situ 8 11.9
Lobular carcinoma in situ 0 0
Invasive lobular carcinoma 2 3.0
Invasive ductal carcinoma 10 14.9
Mixed 6 9.0
Not available/unknown 15 224
Grading Gl 1 1.5
G2 23 343
G3 17 254
Not available/unknown 1 1.5
Nodal status NO 35 522
N1 5 7.5
N2 1 15
Not available/unknown 26 38.8
Positive receptor status Her2-neu receptor 5 7.5
Estrogen and/or progesterone receptor 31 46.3
BRCA mutation Yes 40 59.7
Table II. Surgical data.
N (N in total=67) % of total
Implant volume (g or cc or ml) <200 6 9.0
201-300 25 373
301-400 20 299
>400 16 239
Weight of removed tissue (g) <200 24 35.8
200-300 17 254
301-400 9 13.4
>400 15 224
Not available/unknown 2 3.0
Complications after surgery Yes 17 254
No 50 74.6
Residual gland tissue Yes 38 56.7
No 29 433
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Figure 1. Gland parenchyma measured in the preoperative MRI correlated with the weight of removed tissue. r=0.53 using Pearson’s correlation.
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Figure 2. Implant volume depends on the weight of removed tissue. r=0.61 using Pearson’s correlation.

volume. The prediction of implant volume using
preoperative MRI is possible but may be more accurate for
removed tissue less than 300 g than for larger volumes.

Evaluation of residual tumor and residual gland tissue.
Sufficient glandular parenchyma was removed in all
surgeries. Overall, residual glandular parenchyma was found
in 39 of the 67 patients in the sample. In 30 of these, only
very little residual parenchyma was found. Significant
residual parenchyma was found in 9 cases (13.4%) but none
of the patients in the cohort required follow-up resection
during the study period due to more than 10% residual
glandular tissue. There was also no association between the
indication for surgery (oncological vs. prophylactic) and
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residual glandular parenchyma. In one oncology patient
further surgery was necessary to remove a local recurrence,
although no residual glandular tissue was mentioned in the
pathology report of this case. Importantly statistical analysis
showed no correlation between cases with residual glandular
parenchyma on postoperative MRI and the amount of tissue
removed compared to preoperative MRI

The Malter et al. correlation equitation. In a previous study
Malter et al. established a mathematical function (y=34 71x939)
to predict the required implant volume after subcutaneous
mastectomy when data on the removed tissue are available (14).
The formula was applied to our specimen. The arithmetic mean
of the ratio of calculated to actual implant volume was found
to be 0.99. This confirms a strong correlation.
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Discussion

Due to these observations, we can state that pre- and
postoperative MRI scans can indeed be useful for surgical
planning as the gland parenchyma calculated on MRI correlates
with the required implant volume for breast reconstruction.
This correlation is greater for below 300 ml than for above 300
ml gland parenchyma which should be taken into account.

The equation set up by Malter et al. in the paper
"Correlation analysis of resected breast tissue and implant
volume after mastectomy and its association with breast
density" is also applicable in this context (14). Other studies
also support the correlation between removed tissue weight
and implant volume (16).

Our results show that preoperative MRI is helpful to avoid
residual tissue based on the calculation of gland volume. As
recurrence rates after NSM are generally known to be low,
it has been controversial whether preoperative MRI scans
can reduce re-excision rates to a statistically significant level
(12, 17-19). Since none of the patients in this study required
a second operation, it can be assumed for this cohort that
preoperative MRI was beneficial in this context.
Additionally, the incidence of residual gland parenchyma in
this study was lower (58.2%) than stated in a previous study
(77.8%) (20).

Nevertheless, it must be said that in the present study
more tissue was often removed than was predicted by the
preoperative MRI and that there was not a strong correlation
between the relation between predicted and removed tissue
and the presence of residual gland.

Significantly associated factors, such as the distinction
between pre- and post-menopausal women and correlating
breast density, were not considered separately in this study
although it is known, that breast density influences the
weight of removed tissue (14, 16) and these factors can limit
the quality of MRI scans for prediction of removed tissue.
Studies indicate that premenopausal women with high breast
density may mostly benefit from MRI for surgical planning
(21). Contrary to our findings, another study found that
preoperative MRI was not associated with a better surgical
outcome. Further analysis showed that MRI had no effect on
the number of positive margins or the number of
reoperations (22). Unlike our study, they only looked at
women with DCIS (23). Other studies found that positive
surgical margins decreased in women with invasive lobular
cancer (24). In addition, there are other factors that affect the
outcome of surgery that were not considered in this trial:
Delayed time to surgery due to an MRI might be associated
with increased mortality (22, 23). Another risk associated
with preoperative MRI is overdiagnosing (24).

Due to these previous observations pre-operative MRI is
not yet a standard procedure and is only recommended in
exceptional circumstances (25).
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Conclusion

The present study shows that it is possible to measure and
estimate the required size of the breast implant
preoperatively using MRI, which could lead to savings in
time and material during the surgery, thus reducing costs and
risks. According to our findings, the use of MRI before and
after surgery is beneficial in the regard of surgical planning
and avoiding residual tissue in mastectomy and should be
considered more often.
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