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Background: Appearance counseling is an important component of the consent pro-
cess for breast reconstruction. The purpose of appearance counseling is to help the
patient form realistic expectations of what she might look like after breast recon-
struction. In this article, we introduce a recommender system, “BreastDecisions,” for
appearance counseling that suggests photographs of previous patients thatare tailored
to a specific patient to help her form realistic expectations of her own reconstruction.
Methods: We present user specifications and algorithm parameters needed to
incorporate the recommender system into the appearance counseling workflow.
We demonstrate the system for a common counseling scenario using a knowledge-
base of previous breast reconstruction patients. The medical appropriateness of
the recommended photographs for use in appearance counseling was evaluated
by experts using a four-point rating system.

Results: The recommender system presents photographs that are medically appro-
priate for counseling a specific patient, depicts typical outcomes, and adapts to a
variety of clinical workflows. For each of 33 patients taken as examples of breast
reconstruction patients, we used the system to identify photographs for appear-
ance counseling. The baseline average medical appropriateness of the recom-
mended photographs was between mostly appropriate (some explanation needed)
and medically appropriate (minimal explanation needed). We demonstrate filter-
ing and ranking steps to reduce the number of recommended photographs and
increase the average medical appropriateness.

Conclusions: Our recommender system automatically suggests photographs
of previous breast reconstruction patients for use in counseling a patient about
appearance outcomes. The system is patient-specific and customizable to a particu-
lar surgeon’s practice. (Plast Reconstr Surg Glob Open 2022;10:¢4615; doi: 10.1097/
GOX.0000000000004615; Published online 3 November 2022.)
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INTRODUCTION
Women who are involved in decisions about their care
and have realistic expectations about their appearance
after breast reconstruction are more likely to be satisfied
with their reconstruction outcomes.' Appearance coun-
seling is an important component of the consent process
for breast reconstruction surgery. The purpose of appear-
ance counseling is to help the patient form realistic expec-
tations of what she might look like during and after breast
reconstruction. A variety of visualizations can be used in
appearance counseling, such as drawings on the patient’s
body, photographs of previous patients,” computer-simu-
lated pictures of reconstructed breasts,'” or three-dimen-

sional (3D) biomechanical simulations.'
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Often, a gallery of example photographs—conven-
tional or 3D photographs, such as surface scans'’—of
reconstruction outcomes of previous patients is provided
to patients to help them visualize potential outcomes
(eg, https://www.plasticsurgery.org/photo-gallery/pro-
cedure/breast-reconstruction). However, these galleries
often include examples of procedures that are not medi-
cally appropriate for every patient and outcomes that are
not relevant to every body type. For example, if a patient
is only a candidate for an implant-based reconstruction,
viewing photographs of former patients who underwent
autologous reconstruction could be counterproductive.
Similarly, patients who view images of women with much
larger or much smaller body and breast sizes may not be
able to develop accurate mental images of the plausible
outcomes of their own reconstruction.

Rather than offering every patient the same gallery of
photographs of reconstruction outcomes, one could select
specific photographs for each patient that would meet the
appearance counseling needs of that individual. However,
the time required to manually choose photographs to show
each patient is prohibitive. We, therefore, sought to over-
come this barrier by designing a recommender system,
“BreastDecisions”, to identify and select a tailored set of med-
ically appropriate and relevant photographs for each patient.

A recommender system is a machine learning algo-
rithm that seeks to recommend items from a collection
that will be useful to the user, based on a predicted pref-
erence or rating.'””” Many consumer services, such as
Amazon and Netflix, use recommender systems to sug-
gest products to the user. In this article, we introduce a

PRS Global Open * 2022

Takeaways

Question: How might we improve appearance counseling
about the expected outcomes of breast reconstruction?

Findings: The “BreastDecisions” system recommends
photographs of breast reconstruction outcomes of previ-
ous patients to show to a specific patient when counseling
them about what they may look like after breast recon-
struction. The system can be customized to meet the
needs of different surgeons and their clinics’ workflows.

Meaning: BreastDecisions has the potential to improve
appearance counseling, the informed consent process,
and patient psychosocial outcomes such as body image
for breast reconstruction patients.

recommender system for appearance counseling of breast
reconstruction patients, which recommends photographs
of previous patients on the basis of clinical and physiologi-
cal variables, such as age and breast volume. Our goals
for the BreastDecisions recommender system were for it
to only present photographs that are medically appropri-
ate (eg, do not show outcomes of procedures for which
the patient is not a candidate), relevant to each patient’s
body size and shape, and of typical outcomes (eg, do not
show equal numbers of “good” and “bad” outcomes when
“bad” outcomes are unlikely), and to be adaptable to a
variety of clinical workflows. We tested our recommender
system in hypothetical surgical and appearance counsel-
ing scenarios using real photographs of previous breast
reconstructions.

1. Dr. Lerner and his colleagues decide to
invest 5-10 minutes of each breast

1 1] reconstruction consultation on
appearance counseling using 3D
‘ photographs of prior patients
1S

recommended by a recommender system.

2 2. Rita has bilateral breast cancer and is
planning to undergo a bilateral total
f mastectomy. Rita wants her reconstructed
breasts to be about the same size as her
current breasts. Dr. Lerner’s nurse takes
3D photographs of Rita’s torso.

3. Rita's surgeon, Dr. Lerner, reviews Rita’s
medical record. He notes Rita’s age, BMI,
bra size, and prior medical and surgical
history. Dr. Lerner determines that Ritaisa
poor candidate for abdominal tissue-
based reconstruction because Rita had an
abdominoplasty, so he wants to show Rita
photographs only of prior patients who
underwent implant-based reconstruction.

3

4, The recommender system recommends

five photographs of Dr. Lerner’s prior

4 patients to use in counseling Rita. The
prior patients had bilateral implant-based
reconstruction, had pre-reconstruction
BMI similar to Rita, and had pre-
reconstruction breasts similar in size and
shape to Rita’s based on analysis of their

3D photographs.

[N

5 2 5. Dr. Lerner uses the 3D photographs of

r prior patients recommended by the
recommender system to counsel Rita
about likely appearance outcomes of
breast reconstruction.

Fig. 1. A vignette illustrating appearance counseling for a hypothetical surgeon, Dr. Lerner, and his patient, Rita. The storyboards show
what information is needed from Dr. Lerner and Rita for the BreastDecisions recommender system to recommend photographs of pre-
vious patients who are medically appropriate for Rita and depict typical reconstruction outcomes. The BreastDecisions recommender
system is designed to be adaptable to a variety of clinical workflows. (Stock images: Irina Strelnikova/adobe.stock.com, dlyastokiv/adobe.

stock.com.)
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METHODS
Figure 1 is a vignette illustrating appearance counsel-
ing for a fictional patient, Rita, in which her reconstruc-
tive surgeon, Dr. Lerner, uses photographs of previous
patients selected by the BreastDecisions recommender
system. In the following sections, we expand on each
of the concepts introduced in the vignette. Figure 2

aggregates definitions used in this article into a glossary
for quick reference.

User Specifications for BreastDecisions Recommender
System for Appearance Counseling

Effective appearance counseling must be customizable
to the appearance counseling scenario and the surgical

3D photograph: A photograph capturing the three-dimensional shape and texture of the surface of the human body.
A common approach to 3D photography combines information from multiple conventional photographs taken with
specialized equipment, such as Vectra 3D (Canfield Scientific, Inc., Parsippany, NJ, USA) or 3dMDTorso (3dMD,

LLC, Atlanta, GA, USA)!?

Appearance counseling: Information provided by the surgeon and healthcare team to the patient about what they

will look like throughout the reconstruction process.

Appearance counseling scenario: The appearance counseling scenario summarizes the circumstances under which
the recommended photographs will be used to counsel the patient, e.g., how much time the patient will have to
review photographs and whether conventional or 3D photographs will be used.

Conventional photograph: A “two-dimensional” photograph taken with a standard camera, such as a clinical

photograph.

Cross-validation: A method for testing the predictive performance of statistical and machine learning models in
which a data set is systematically partitioned into non-overlapping subsets for use in different aspects of an

analysis.16

Filtering: A process used to eliminate some items in a set from consideration for a task, such as eliminating medically
inappropriate photographs while retaining medically appropriate photographs.

Knowledgebase: A collection of items that a recommender system makes suggestions from, such as photographs

of prior patients that could be shown to a current patient.

Medical Appropriateness Score: A 4-point Likert scale used to rate a photograph of a prior patient as 1, “Not
medically appropriate™; 2, “Partly inappropriate™; 3, “Mostly appropriate”; or 4, “Medically appropriate™ to show
to a specific current patient. Medical appropriateness is framed in terms of how much counseling would need to be
provided with the photograph in order to not mislead the patient.

Ranking: A process used to prioritize items in a set for consideration for a task, such as to prioritize photographs

for use in appearance counseling.

Recommender system: A machine learning algorithm that seeks to recommend items from a collection that will be

useful to the user.’3-15

Sorting: A process used to group items in a set based on their similarity to each other, such as grouping similar
photographs to facilitate recommendations for appearance counseling when the information available is

insufficient for ranking to be employed.

Surgical scenario: The surgical scenario summarizes the factors determining which photographs are medically
appropriate to use in counseling the patient, e.g., the surgeon indicates that the patient is not a candidate for a
particular type of surgery; the patient indicates that she prefers her reconstructed breasts be smaller than her native
breasts; the patient wants to know what she will look like with or without nipple reconstruction.

Fig. 2. Glossary of terms for appearance counseling using photographs of previous patients recommended by a recommender system.



Surgical Scenario:
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Appearance Counseling Scenario:

*  What types of photographs will you use for the knowledgebase?

* What types of photographs will you use for new patients?

= When and with whom will your patients view the photographs?

¢ How much time will patients have to view photographs?

+ How many photographs can be reasonably viewed and discussed
within the allotted time?

+ What procedures is the patient a viable candidate for?
* What are the patient’s preferences for her reconstruction outcomes?

Fig. 3. The user specifications required from the provider to implement the appearance counseling
recommender system, BreastDecisions. The appearance counseling scenario summarizes the circum-
stances under which the recommended photographs will be used to counsel the patient. The appear-
ance counseling scenario can be defined at an institutional level for all patients, or it can vary by patient.
The surgical scenario is patient-specific as it summarizes the factors determining which photographs
are medically appropriate to use in counseling the patient. (Stock images: Irina Strelnikova/adobe.

stock.com.)

scenario (Fig. 2). Figure 3 summarizes provider consider-
ations when determining the specifics for each scenario.
For example, in the vignette (Fig. 1), Dr. Lerner and
his colleagues decide that appearance counseling of all
patients in their clinic will be based on 3D photographs
and that the surgeon will discuss the photographs of previ-
ous patients with the current patient as part of the surgical
consultation. The BreastDecisions recommender system is
adaptable to different appearance counseling scenarios,
including different photograph types (eg, knowledgebase
of previous patients contains conventional photographs,
but 3D photographs are taken of current patients) and set-
tings (eg, view photographs at home versus in clinic with
anurse).

The surgical scenario summarizes the factors deter-
mining which photographs are medically appropriate
to use in counseling the patient. For example, a patient
being counseled about what her body might look like dur-
ing tissue expansion would not be shown photographs
of previous patients who already had their expanders
exchanged for implants. The surgical scenario is necessar-
ily patient-specific. For example, in the vignette (Fig. 1),
Dr. Lerner defines Rita’s surgical scenario by reviewing
her medical history and considering Rita’s preference
to remain about the same size as she is now. The surgi-
cal scenario may include more than one procedure type
if the patient being counseled is a candidate for more
than one procedure. The quality of the recommenda-
tions of a recommender system depends on the degree
of concordance between the query and the knowledge-
base (Fig. 2). A recommender system cannot recommend
appropriate photographs of previous patients if there are
no previous patients in the knowledgebase whose surgical
scenarios were similar to that of the current patient being
counseled.

Algorithm Parameters for BreastDecisions Recommender
System for Appearance Counseling

Figure 4 summarizes the process of specifying the
algorithm parameters for the BreastDecisions recom-
mender system for appearance counseling. As shown in
blue rectangles, the system performs three main functions
to recommend medically appropriate photographs for
appearance counseling: filtering, ranking, and sorting.
Filtering eliminates photographs of previous patients that
are not medically appropriate. Ranking orders a set of fil-
tered photographs from most to least relevant for counsel-
ing the current patient, based on the Euclidean distance
between variables for previous patients and the current
patient, as illustrated in Figure 5. Sorting is a process that
groups filtered photographs when the information avail-
able is insufficient for ranking to be employed. Filtering,
ranking, and sorting can use quantitative metrics from
photographs, such as breast volume, breast symmetry, or
breast shape, in addition to conventional demographic
and medical variables, such as age, body mass index (BMI),
or bra size, as long as the variables are routinely collected
and recorded for the patients in the knowledgebase.

Workflow Using the BreastDecisions Recommender System
for Appearance Counseling

The workflow for using the BreastDecisions recom-
mender system for appearance counseling is summarized
in Figure 6. BreastDecisions is designed to achieve three
goals: (1) recommend photographs of previous patients
that are medically appropriate for use in counseling the
current patient, (2) recommend photographs that rep-
resent typical outcomes for the current patient, and (3)
be adaptable to different appearance counseling scenar-
ios. The first goal is achieved by suggesting photographs
from the knowledgebase that are based on the surgical



Nicklaus et al. ® Appearance Counseling Recommender System

‘ Filter by surgical ‘
scenario
Too many
f p
orsaes ol corea
counseling No [ patient |
scenario? )
Yes l'
‘Can current Can prior
patient photograph No 1 Patient photographs No [ _Filter by non-
be guantitatively be quantitatively | photograph variables
analyzed? analyzed? l
Yes !
Yes J,
Filter by non- ‘Too many
pholograph variables photographs b i Counsei B
Can prior Patiem
patient photographs No Filter by non- 1 °°”"s°"",,9 _
be quantitatively | photograph variables SOROANIO
?
ROslyzedd i Too many =
photographs for o Comsal n
appearance Patient
Yes Too many counseling ‘_ !
iiter by photograp photographs for-. oo - scenario? 3
and non-photograph EPPGEIMI{\OE Patient ‘ Rank by non-
variables counseling | = photograph variables
scenario? os ! §
Sort by photograph Rank by non-
Too many V°5J7 variables photograph variables | Pmlam
(Gounsal | No p?;gg:phs o Rank by non-
 Patient | counseling | photograph variables |
scenario? & aun?el |
’ | Patient |
Yos #M Panem
otograph
and non-pho!ograph
_variables
| Counsel |
 Patient

Fig. 4. The BreastDecisions recommender system suggests photographs of previous patients from a knowledgebase to use in appearance
counseling. The blue rectangles represent functions specified based on the surgical scenario, whereas the orange diamonds are direc-
tional indicators guided by the appearance counseling scenario. The first algorithm step, “filter by surgical scenario,” ensures the medical
appropriateness of the selected photographs. The recommender system is adaptable to a variety of clinical workflows, and the user speci-
fications define the criteria by which photographs are deemed to be medically appropriate and to depict typical outcomes.

scenario specified by the provider (Fig. 2). The second
goal of typicality stands in contrast to an alternative objec-
tive of presenting a range of poor to excellent outcomes,
regardless of whether a poor outcome is very unlikely
or vice versa. The algorithm parameters of the recom-
mender system operationalize the concept of typicality,
for example, the choice of variables used to rank photo-
graphs from the most relevant to least relevant for coun-
seling the current patient. However, as with any machine
learning method, the effectiveness of a recommender sys-
tem ultimately depends upon the data quality and quan-
tity. A recommender system for appearance counseling

cannot recommend photographs of typical outcomes of
a given surgery or for a given demographic group if the
knowledgebase is sparse with respect to that procedure or
demographic. The third goal of the recommender system
is that it be adaptable to different appearance counsel-
ing scenarios (Fig. 2). For example, a practice may invest
in a 3D camera with the intent of switching to using 3D
photographs of previous patients for appearance counsel-
ing after the knowledgebase is populated. The algorithm
parameters of the recommender system can be readily
adapted to such changes in the appearance counseling
scenario.
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Age: 46
BMI: 28.3
Average Breast

Average Breast Volume (ml)
8 g 8
/ e

45

Age (years)

Volume: 1094 mL

Age: 44

BMI: 29.7
Average Breast
Volume: 831 mL

Age: 30

BMI: 23.8
Average Breast
Volume: 272 mL

Fig. 5. Photographs of previous patients are ranked by calculating the Euclidean distance between the current patient and previous
patients in the space of variables. The example figure uses three variables: age, BMI, and average breast volume. Note that patients A and
B are visually more similar to each other than they are to patient C and that A and B are closer to each other than they are to Cin the space

defined by age, BMI, and average breast volume.

Example of Implementing and Assessing the BreastDecisions
Recommender System for Appearance Counseling

To assess the medical appropriateness of the photo-
graphs chosen BreastDecisions, we asked it to recommend
photographs of previous patients from a knowledgebase
of real breast reconstruction patients for use in counseling
a hypothetical current patient (Fig. 1).

The knowledgebase consisted of 505 women who
underwent breast reconstruction at the University of Texas
MD Anderson Cancer Center from 2011 to 2014. The
participants provided medical record data, completed
psychosocial questionnaires, and had 3D photographs
of their torso taken at a baseline study visit and 3, 6, 9,
12, 18, and 18+ months after breast reconstruction under
IRB-approved protocol 2010-0321. Three-dimensional
photographs were taken with a custom 3dMDTorso sys-
tem (3dMD, LLC, Atlanta, Ga.). All participants provided
informed consent.

The hypothetical appearance counseling scenario was,
“the current patient’s care team would like to select 3D
photographs for her to view with her reconstructive sur-
geon during a consultation appointment. The care team
estimates that five photographs are a reasonable number
to discuss in this setting.” The surgical scenario was, “the
current patient is considering undergoing a bilateral, two-
stage, implant-based reconstruction. She has her native
breasts now. She would like to know what she may look
like after she has her final implants.”

6

We evaluated BreastDecisions using leave-one-out
cross-validation (Fig. 2). After the photographs were fil-
tered by the surgical scenario, we chose one patient from
the photographs to play the role of the current patient,
while the remaining patients’ photographs were used as
the knowledgebase for the subsequent functions of the
recommender system. The process was repeated such that
each patient record played the role of the current patient
one time.

The recommended photographs of previous patients
were evaluated for medical appropriateness for use in
counseling the hypothetical current patient. Two recon-
structive surgeons rated the medical appropriateness of
each photograph of a previous patient for counseling the
current patient on a scale of 1 (“not medically appropri-
ate”) to 4 (“medically appropriate”). The surgeons were
also asked to indicate their specific concerns about each
previous patient photograph in relation to the current
patient. Figure 7 shows an example of the photographs
and rating scale used by the experts.

The average medical appropriateness of the rec-
ommended photographs of previous patients was
calculated for each step in the BreastDecisions recom-
mender system, that is, after filtering and again after
ranking. In the filtering step, the photographs were fil-
tered by +3 BMI units (nonphotograph variable) and
the current patient’s desired postreconstruction breast
size (photograph variable). To filter by the current
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Fig. 6. Workflow for using the BreastDecisions recommender system for appearance counseling. First,
the provider specifies the appearance counseling scenario (Fig. 2). Second, information, such as the
patient’s medical history, preferences, and photographs, is acquired from the patient to be counseled.
Third, the provider specifies the surgical scenario (Fig. 2) for the patient to be counseled based on the
information acquired in step 2. Fourth, the recommender system retrieves photographs of previous
patients from the knowledgebase based on the appearance counseling scenario and surgical scenario.
The photographs of previous patients can be conventional photographs or 3D photographs, such as
surface scans (Fig. 2)."> Quantitative metrics can be obtained from the photographs using automated or
semiautomated analysis software.'”-2° Fifth, the recommended photographs are used for appearance
counseling as specified in the appearance counseling scenario. Finally, photographs and other data
from the current patient are incorporated into the knowledgebase to enhance its value for counseling

future patients. (Stock images: Irina Strelnikova/adobe.stock.com, dlyastokiv/adobe.stock.com.)

patient’s desired postreconstruction breast size, breast
volume was measured from the current patient’s pre-
reconstruction 3D photograph and postreconstruction
3D photographs of each previous patient. We deter-
mined whether the difference in breast size between
the current patient (prereconstruction) and each previ-
ous patient (postreconstruction) matched the current
patient’s desired change in breast size (larger, smaller,
or about the same as her prereconstruction size). The
photographs of previous patients were ranked by the
similarity of each of the previous patient’s prereconstruc-
tion breast shape compared with the prereconstruction
breast shape of the current patient, using spherical
harmonics to quantify breast shape, as described by
Sampathkumar et al.*"*

RESULTS

Filter by Surgical Scenario

Filtering the knowledgebase of 505 patients by the
surgical scenario specified in the vignette yielded 33 rel-
evant cases (Fig. 1). (See figure, Supplemental Digital
Content 1, which displays the diagram of knowledgebase
filtering by the surgical scenario depicted in the vignette
in Figure 1, http://links.Jlww.com/PRSGO/C206.) Two
experienced plastic surgeons independently rated the
medical appropriateness of the postreconstruction photo-
graphs of each of the 32 patients in the knowledgebase
for use in counseling each current patient, for a grand
total of 33x 32 = 1056 ratings. For a given current patient,
the two surgeons’ appropriateness scores were averaged
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Current Patient
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Rate the appropriateness of the prior patient photograph

Not medically appropriate. Even with significant counseling, this image would mislead the current
patient about her outcomes.

Partly inappropriate. The Image could be shown to the current patient, but significant counseling
would be reguired to explain the inappropriate aspects.

Mostly appropriate. The image could be shown to the current patient with moderate counseling to
understand the cutcome.

Medically appropriate. This image would only require minimal counseling for the current patient to
have a realistic expectation about her possible outcome

Comments

Fig. 7. For each patient record designated as the current patient, two reconstructive surgeons independently rated (four-point scale) the
medical appropriateness of a photograph of a previous patient for use in counseling the current patient. The surgeons also were asked to
record any concerns they would have about showing the photograph of the previous patient to the current patient. The medical appro-
priateness scores were used to evaluate the effectiveness of each step of the BreastDecisions recommender system.

for each previous patient in the knowledgebase. Then, the
average appropriateness scores of the postreconstruction
photographs for all 32 patients in the knowledgebase were
averaged for the current patient. The mean appropriate-
ness score across all patients in the current patient role
was 3.16 (range, 2.56-3.48).

Filter by Photograph Variables and Nonphotograph
Variables

Since the appearance counseling scenario specified in
the vignette stated that the desired number of photographs
for use in counseling was five, BreastDecisions determined
that further filtering was needed to reduce the number of
recommended photographs from 32 to five. We performed
the two filtering processes described in the Methods: (1)
filtering by prereconstruction BMI and (2) filtering by the
current patient’s desired change in breast size.

Filter by Nonphotograph Variable (BMI)

The first filtering step was applied to each of the 33 sets
of 32 recommended photographs. After filtering by BMI,
the number of recommended photographs for each of the
current patients ranged from 0 to 19 (mean, 12). For the
32 current patients with at least one recommended pho-
tograph, the mean appropriateness score of the recom-
mended photographs was 3.35 (range, 2.67-3.75). After
filtering by BMI, 26 current patients still had more than
five recommended photographs.

Filter by Photograph Variable (Desired Change in Breast
Size)

The 26 current patients with more than five recom-
mended photographs after the first filtering step were
further filtered by the current patient’s desired change
in breast size. After this second filtering step, the num-
ber of recommended photographs ranged from zero to
16 (mean, 5), with 10 current patients having zero recom-
mended photographs that met the filtering criteria. For
the 16 current patients with at least one recommended
photograph, the mean appropriateness score of the

8

recommended photographs was 3.33 (range, 2.5—4). Nine
current patients still had more than five recommended
photographs, so BreastDecisions determined that a rank-
ing step was needed to identify the five most relevant
photographs.

Rank by Photograph Variable (Breast Shape)

For the nine current patients who still had more than
five recommended photographs of previous patients after
the filtering steps, the recommended photographs were
ranked by breast shape relevance. More specifically, the
similarity of the previous patients’ prereconstruction breast
shapes to that of the current patient’s prereconstruction
breast shape was used to rank the corresponding postre-
construction photographs of the previous patients (Fig. 5).
Breast shape was quantified from the prereconstruction
photographs using a method previously described.”*
The medical appropriateness score of the top five ranked
postreconstruction photographs was averaged for each cur-
rent patient. The mean appropriateness score across all
current patients after this ranking process was 3.38 (range,
3-3.7). We also compared how many of the top five ranked
postreconstruction photographs of previous patients over-
lapped with the top five postreconstruction photographs of
previous patients as sorted by medical appropriateness. The
mean number of photographs that overlapped was 2.55.
Figure 8 displays the top five ranked postreconstruction
photographs of previous patients recommended for use in
counseling a given current patient. The prereconstruction
photograph of the current patient is also shown in Figure 8.

Surgeon Evaluation Agreement

The agreement between the two surgeons on individ-
ual medical appropriateness scores was minimal (squared
weighted Cohen’s kappa = 0.35). However, the surgeons
mostly (47% of ratings) had mild disagreement (a differ-
ence of 1 between their ratings) and rarely (2% of ratings)
had maximum disagreement (difference of 3 between rat-
ings). Figure 9 displays the rates of agreement between
the two surgeons and example patient photographs for
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Current Patient Prior Patient 1 Prior Patient 2

Prior Patient4 Prior Patient5

Prior Patient 3

Fig. 8. Demonstrative results of the ranking procedure for a current patient. The figure shows the current patient’s preoperative photo-
graph and the five most recommended postreconstruction photographs of previous patients. The current patient’s desired postrecon-
struction breast size was “bigger than | am now.” The variable used to rank the previous patients was preoperative SPHARM RMSD for
the left and right breasts, a measure of breast shape.’>?° The medical appropriateness of the top five recommended postreconstruction
photographs is maintained as mostly medically appropriate. SPHARM RMSD indicates spherical harmonics root mean square distance.

which the surgeons had varying levels of agreement, along
with their comments.

DISCUSSION
To help patients form more realistic expectations of
breast reconstruction outcomes and to support informed
consent, we proposed BreastDecisions, a recommender

Current Patient Agreement

(n=415, 39%) (n=493, 47%)

Mild Disagreement

system that provides a set of medically appropriate and
patient-centered photographs for discussion during
appearance counseling. Using hypothetical surgical and
appearance counseling scenarios and a real knowledge-
base of photographs of previous breast reconstruction
patients, the recommender system successfully filtered
and ranked the photographs into a customized set that was

Medium Disagreement
(n=131, 12%)

Maximum Disagreement
(n=17, 2%)

Appropriate
Concerns: None

Appropriate
Concerns: None

Surgeon 1 Score: 4, Medically Score: 2, Partly Appropriate | Score: 2, Partly Appropriate | Score: 4, Medically
Appropriate Concerns: Concerns: Reference body | Appropriate
Concerns: None Reference breast size is size is inappropriate for Concerns: Other
inappropriate for current current patient. Comments: Right IMF is
patient. Comments: Reference much lower than left of
Comments: Reference patient's body habitus reference patient
patient's breasts are much | appears much larger than
smaller than [current [current patient]
patient]. Scars on reference
are much shorter than
what would be required we
do to [current patient] to
getsame breast size
Surgeon 2 Score: 4, Medically Score: 3, Mostly Score: 4, Medically Score: 1, Not Medically

Appropriate
Concerns: None

Appropriate

Concerns: Other
Comments: Significant
asymmetry, small body
habitus, large implants

Fig. 9. Examples of the medical appropriateness ratings of postreconstruction photographs of previous patients for use in counseling the
current patient. The two surgeons agreed on the medical appropriateness for counseling of 39% of the photographs, had mild disagree-
ment (difference of 1 between scores) for 47% of the photographs, had medium disagreement (difference of 2 between scores) for 12%
of photographs, and had maximum disagreement (difference of 3 between scores) for 2% of the photographs. The three most common
concerns the surgeons had about the medical appropriateness of the postreconstruction photographs of previous patients for use in
counseling the current patient were body habitus mismatch, breast size mismatch, and unlikely scar patterns.



small enough for clinical consultation and deemed medi-
cally appropriate by experienced surgeons. Moreover,
the system’s filtering and ranking functions increased the
average appropriateness scores by reducing the number of
suggested photographs with lower appropriateness scores.

A key benefit of the BreastDecisions recommender sys-
tem for appearance counseling is that it is fully customiz-
able to a particular surgeon’s practice, and the surgeon
is always in control of what photographs are presented to
patients. The system can be set up to use only information
from the medical record or to calculate information from
patient photographs to inform the filtering and ranking
processes. It can be set up using conventional clinical
photographs or 3D photographs. Of course, the provider
can also review the recommended photographs and elim-
inate some of them from the set based on their profes-
sional judgment before counseling the patient. While our
hypothetical scenario focused on long-term postoperative
photographs, the system can also be used to visualize inter-
mediate stages of reconstruction, for example, during tis-
sue expansion, to help patients mentally prepare for the
reconstruction process. Notably, the appearance counsel-
ing scenario or surgical scenario can be adjusted on the
basis of new information from the patient.

As with any recommender system, the primary con-
straint is the number and variety of the items in the knowl-
edgebase. In other words, the BreastDecisions system can
only recommend photographs about surgical scenarios
for which the knowledgebase contains photographs of
previous patients. Ideally, a patient would only be shown
photographs depicting reconstruction outcomes of pre-
vious procedures performed by their own surgeon since
outcomes vary by surgeon. However, to maximize knowl-
edgebase size and scope, it may be preferable to combine
sets of patient photographs from multiple surgeons who
consider their practices to be similar. While pooling pho-
tographs across surgeons is not ideal, it may be better for
a patient to view photographs from other practices that
their surgeon deems as similar to their own rather than
relying only on photographs from sources outside of
their surgeon’s control, for example, photographs that
a patient finds on the internet.” A larger knowledgebase
also allows for more specific filters, which may be desirable
for certain appearance counseling scenarios, such as view-
ing photographs at home.

Feasibility of implementing the BreastDecisions system
will depend upon the appearance counseling scenario and
the systems already in place at a particular institution. An
information technology expert will be needed, and addi-
tional support such as a data analyst and software engineer
may be required to create a more advanced implementa-
tion. A limitation of this study is our use of a new, expert-
based evaluation metric; the results of any expert-based
metric depend upon the experts who are consulted.

We recommend providers consider whether the
BreastDecisions system may be incorporated into their
practice to improve appearance counseling. Prospective
testing in the clinic of the BreastDecisions recommender
system is needed to assess its impact on patients and pro-
viders. Key metrics to investigate for patients are perceived
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autonomy support?’ and decisional conflict.* Important
considerations for providers are usability”® and work-
flow.?” The system can be extended to other surgical pro-
cedures, such as ear reconstruction and aesthetic breast
procedures.
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