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Background: Decision analysis allows clinicians to compare different strategies
in the context of uncertainty, through explicit and quantitative measures such as
quality of life outcomes and costing data. This is especially important in breast
reconstruction, where multiple strategies can be offered to patients. This system-
atic review aims to appraise and review the different decision analytic models used
in breast reconstruction.

Methods: A search of English articles in PubMed, Ovid, and Embase databases
was performed. All articles regardless of date of publishing were considered. Two
reviewers independently assessed each article, based on strict inclusion criteria.
Results: Out of 442 articles identified, 27 fit within the inclusion criteria. These
were then grouped according to aspects of breast reconstruction, with implant-
based reconstruction (n = 13) being the most commonly reported. Decision
analysis (n = 19) and/or economic analyses (n = 27) were employed to discuss
reconstructive options. The most common outcome was cost (n = 27). The deci-
sion analysis models compared and contrasted surgical strategies, management
options, and novel adjuncts.

Conclusions: Decision analysis in breast reconstruction is growing exponentially.
The most common model used was a simple decision tree. Models published were
of high quality but could be improved with a more in-depth sensitivity analysis. It is
essential for surgeons to familiarize themselves with the concept of decision analysis
to better tackle complicated decisions, due to its intrinsic advantage of being able
to weigh risks and benefits of multiple strategies while using probabilistic models.
(Plast Reconstr Surg Glob Open 2020;8:¢2786; doi: 10.1097/GOX.0000000000002786;
Published online 27 April 2020.)

INTRODUCTION

Reconstructive breast surgery is evolving and innovat-
ing at a rapid pace. Patients are now offered a multitude of
different options in breast reconstruction, including mul-
tiple variations of autologous and alloplastic techniques."’
Certain patient-specific characteristics and preferences
can suggest an optimal reconstructive option; however,
absolute indications for a given technique are few in
nature. This uncertainty in technique selection can be
addressed by employing decision analysis.

Decision analysis is a tool that allows for the quanti-
tative evaluation of internal algorithms developed by

From the *Faculty of Medicine, McGill University, Montreal,
Quebec, Canada; and fDivision of Plastic and Reconstructive
Surgery, McGill University, Montreal, Quebec, Canada.

Received for publication February 18, 2020; accepted February 26,
2020.

Copyright © 2020 The Authors. Published by Wolters Kluwer Health,
Inc. on behalf of The American Society of Plastic Surgeons. This
is an open-access article distributed under the terms of the Creative
Commons Alttribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the
work provided it is properly cited. The work cannot be changed in
any way or used commercially without permission from the journal.

DOI: 10.1097/GOX.0000000000002786

clinicians through experience. This is especially impor-
tant for breast reconstruction surgery, as a plethora of
new and improved techniques can regularly be presented
to patients. Although clinical intuition often seems like
a reliable way to make decisions, when looking at several
surgical domains, it has been shown to be inferior to deci-
sion analysis.*”

When no clear choice seems superior, decision analysis
offers an evidence-based method of determining the most
optimal strategy."® This is done by combining evidence
from the literature, such as complication rates and costs,
with specific patient-derived data, such as quality of life
metrics. In the context of probabilistic models, this com-
bination has proven to highlight the optimal selection in a
variety of situations.’*

The clinical decision in question is usually represented
by a decision tree. An example and brief explanation
of such can be found in Figure 1. Once structured, the
branches of the decision tree are then assigned probabili-
ties and the outcomes are assigned utilities, allowing for
the mathematical interpretation of said model. A utility is
ameasure of quality of life expressed as a number between
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Fig. 1. Example of a decision tree. We read the tree from left to right, with the clinical question being the furthest left. A square repre-
sents a decision node, with the strategies being compared branching out from it. A circle represents a chance node, with possible events
branching out from it. From there on, a line represents a strategy pathway, accompanied by a probability of experiencing this event. The
sum of all probabilities at a chance node must equal to 1. A triangle represents an outcome node, accompanied by the cost and/or utility

of that pathway. To quantifiably compare strategies, each chance node is then assigned a probability-weighted average of the outcomes
stemming from it, yielding the expected value.
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0 and 1, representing a scale from death to perfect health.
Utilities and effectiveness measures can be generated
using a variety of questionnaires, such as the BREAST-Q
(a patient-reported outcome measure validated for use in
cosmetic and reconstructive breast surgeries), the time-
trade-off, or the visual model survey."” The utility value or
effectiveness measure is then multiplied by the time spent
in the health state used yielding values such as quality-
adjusted life years (QALYs), which are classically used in
decision analyses.”” The more the utility is improved, the
greater the benefit of the given intervention.

In addition to simple QALY analysis, decision analysis
can also focus on the economic aspect of decisions, which
can play a major role in private institutions and single-
payer systems. In this case, either cost per utility or QALY
can be calculated, yielding a cost—utility analysis. As well,
the incremental cost—utility ratio or incremental cost-effec-
tiveness ratio can be employed, which simultaneously con-
trast both the difference in cost and in benefit between
the 2 interventions being studied.'""* This tool is of utmost
importance because it is no longer enough for clinicians to
only consider efficacy of interventions in the face of grow-
ing economic constraints in the healthcare field.

There is currently limited evidence consolidating the
various decision and cost analyses in breast reconstruction.
Sheckter et al'® performed a systematic review to summa-
rize the cost-effectiveness studies available in breast recon-
struction, and Yoon et al'* performed a systematic review
to summarize the utility scores used in breast surgery. Our
review differs from these by also including studies looking
at just cost, and not including those looking at solely util-
ity measures. Otherwise, there is a paucity of articles con-
solidating evidence regarding decision analysis in breast
reconstruction. The aim of the authors is to consolidate
literature where economic evaluations and/or decision
analyses have been performed to address aspects of breast
reconstruction. Secondarily, methodologic quality of the
articles included will be assessed.

MATERIALS AND METHODS

Data Sources and Search Strategy

The study followed the guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses.”” Two reviewers independently conducted a
search of 3 databases (Pubmed, Ovid, and Embase). The
search (carried out on January 24, 2019) was performed
using the keywords “Breast” or “Breast Reconstruction,”
which  were combined with “Decision Analysis,”
“Algorithm,” “Economic Analysis.” The search was con-
fined to the English language and included articles
regardless of date of publication. It is worthy to mention
that although this search strategy is ideal for the goal of
this article, many studies regarding solely economics that
were not included in this review also exist in the literature.

Study Selection and Data Extraction
Two independent reviewers (G.B. and T.S.) performed
the study selection process and then assessed the articles

according to the strategy outlined in Figure 2. Duplicates
were first omitted, followed by initial screening which
consisted of assessing the relevance of titles and abstracts.
Relevant articles were then further assessed through the full
text and then appropriateness of data. The senior author
(P.G.D.) was involved to settle any discrepancies between
the 2 reviewers. Studies were only deemed eligible if aspects
of breast reconstruction were described in the context of a
decision or cost analysis. The main data endpoints included
study target, decision analysis type, outcome measure,
source of costing data, and sensitivity analysis characteristics.

Quality Assessment

Using the Journal of the American Medical Association
(JAMA) User’s Guide to evaluating decision analysis,
2 reviewers independently assessed relevant articles by
assigning a grade out of 12, based on several domains
relating to risk of bias and quality of evidence.'"'® This
checklist includes clarity of the clinical question, validity
and credibility of the results, clarity of the final result, and
clinical usability of the results. As well, the framework or
the Consolidated Health Economic Evaluation Reporting
Standards statement for economic evaluation publications
by Mastracci et al'”*’ was used to assess the reporting qual-
ity of the decision analysis evidence.

Data Synthesis

Relevant studies were first grouped within specific aspects
of breast reconstruction surgery, and then further divided
based on study characteristics, outcome measure, and costing
data. The data were assessed from a qualitative standpoint.

RESULTS
A total of 442 abstracts were initially identified and sub-
sequently narrowed to 27 articles that fit within the inclu-
sion criteria, corresponding to the search strategy shown
in Figure 2.2

Study Characteristics

Studies that were retained (Tables 1 and 2) originated
mostly from the United States (n=17) and Canada (n=6).
Studies also trended more toward the current decade
compared with the previous one: from 2000 to 2009
(n = 6) and 2010 onward (n = 21). These were also
grouped according to the aspect of breast reconstruction
which they discussed (Table 3).

Quality of Study

Based on the quality assessment tool of JAMA, each
article was assigned a score (Tables 1 and 2). The main area
where studies lost points is the lack of sensitivity analysis (n =
9). No study was removed due to poor quality based on the
JAMA assessment or poor reporting of findings based on the
framework or the Consolidated Health Economic Evaluation
Reporting Standards statement by Mastracci et al.'**

Model Characteristics
The targets of the studies included were varied and
most commonly included the surgeons/physician’s
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Fig. 2. PRISMA search strategy. PRISMA indicates Preferred Reporting Items for Systematic Reviews and

Meta-Analyses.

perspective (n = 13) and the third-party payer’s perspective
(n =9). The time horizon of included studies was very
wide as it encompassed all the way from lifetime of the
patient (n = 4) to 30 days (n = 3). Results can be seen in
Tables 1 and 2.

Decision Analysis

Decision Analysis versus Economic Analysis

Decision analysis includes models which evaluate an
outcome based on utility measures, such as QALYs. An
economic analysis, in turn, does so by assessing cost or
some costrelated measure. Studies retained for review
were subject of decision analysis (n = 19) (Table 1) and/
or economic analyses (n = 27) (Table 2). The individual
outcomes measured for each of these articles can be seen
in Table 4.

Model Inputs

There are several ways to determine a utility value or
effectiveness measure for specific interventions. Included
studies utilized time-trade-off surveys (n = 3), visual model
surveys (n = 3), BREAST-Q survey (n = 3), nonspecific
questionnaires/surveys (n = 8), and literature reviewed
sources (n = 3) (with some studies using >1 method).

4

Probabilities and complications were determined through
existing literature (n = 19) or retrospective review (n = 1).

For economic analyses (n = 27), data extracted also
included costing sources and currency used. Most costs
reported in these studies were in currencies correspond-
ing to the same origin as the article (seen in Tables 1 and
2). Table 5 provides a visual summary of the various cost-
ing sources utilized in the studies using costing data.

Decision Analysis Models

The decision tree model was the most prevalent (n=18).
Figure 1 shows an example of a decision tree (based on the
work by Chatterjee et al’'). Different types of models were
reported only twice in the studies retained: Hummelink et
al** utilized headroom, scenario, and threshold analyses,
and Preminger et al” created a Markov cohort model for
their analysis.

Sensitivity Analysis

Most articles included in the study employed one form
or another of a sensitivity analysis (n = 18), with the most
common being I-way (n = 10) (Tables I and 2). A sensitiv-
ity analysis is an indication of the robustness of the model
utilized and is helpful in eliminating possibilities of error.
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Breast Reconstruction Topics Evaluated
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Surgical Technique

Several techniques employed in breast reconstruction
have also been subject of comparison (n = 6). Considering
the advent of acellular dermal matrix (ADM), now mak-
ing single-stage reconstruction more feasible, single- and
2-stage reconstruction have been compared by 2 articles:
first by Krishnan et al’® by analyzing utility, cost, QALY, and
cost per QALY, and by Jansen et al” by looking specifically
at the cost of direct-to-implant with AlloDerm (LifeCell
Corp., Branchburg, N.J.) compared with 2-stage non-Allo-
Derm reconstruction. Of note, Krishnan et al™ also specifi-
cally evaluated the cost-effectiveness of using ADM through
cost per QALY gained. With the recent push for increas-
ing prepectoral reconstructions, Cattelani et al® con-
ducted an economic analysis discussing prepectoral and

Table 3. Aspects of Breast Reconstruction Discussed in the
Decision Analysis Models

Aspect No. Studies

Implal’l[ based?."x,‘{’)—."wﬂ,'l|—|7 13
TRAM flap® ’
DIEP flap”'~
Single/2-stage reconstruction
Free/pedicled flaps* 7
Acellular dermal matrix’”#1
Perioperative angiography
Closed-incision negative pressure therapy
BRECONDA decision aid tool*
Histologic analysis of the mastectomy scar
SIEA flap**

Pre-/subpectoral reconstruction®

Large volume displacement oncoplastic surgery"!
Latissimus dorsi flap*’

Autologous dermal flap*®

BRECONDA, Breast Reconstruction Decision Aid; SIEA, superficial inferior
epigastric artery.

36,37,40,44,45,47

21,22,24,25

26

28

= = = = = N N T O ST

Table 4. Outcome Measured in the Decision Analysis
Models

No.
Outcome Measure Studies
Cost?7 27
QALY (including breast health-related 18

ALY) 91,22,95,97,29-32,34-36,38,40,41,43,45-47

COSt/QAI_AY (lnCludln% ICUR and ICER) 21,23,25,27,30-36,38,40,41,43,45-47 18
Uuhty_’l 6,38,40,41,45,46 14
Breast—Q”‘*"“’*“'v 3,45 5

ICER, incremental cost-effectiveness ratio; ICUR, incremental cost—utility ratio.

PRS Global Open ¢ 2020

subpectoral reconstructions. To address the variability of
cost across the globe, Perea and Rosselli contrasted imme-
diate and delayed reconstruction techniques, specifically in
Columbia. In terms of newer surgical techniques, Asban et
al’! compared large volume displacement oncoplastic sur-
gery with a single-stage implant technique through decision
and economic analyses, as its cost-effectiveness has yet to be
affirmed.

Type Comparison

Determining the difference between specific types
of reconstructive options was the goal of 7 articles. In
terms of comparing autologous and implant-based
reconstructions, a contrast with TRAM flaps was carried
out by Spear et al*” through an economic analysis. This
is useful because it has been suggested that when carried
out well, implant-based reconstruction can have as good
an aesthetic result as autologous tissue reconstruction,
and this without the donor-site morbidity.* A similar
comparison was done by Preminger et al* who looked
at the utility, cost, QALY, and cost per QALY. Matros et
al® discussed the contrast between DIEP and implant-
based reconstruction to determine which one would be
more cost-effective, considering the premise that autolo-
gous reconstruction is suggested to be more expensive.
Similarly, Tran et al"* compared the DIEP flap to 2-staged
implant reconstruction using tissue expander and ADM
through a cost analysis. Razdan et al*® compared autol-
ogous and implant-based reconstructive options in the
light of postmastectomy radiation therapy, through cost,
QALY, and cost per QALY modalities, to contribute to the
debate as to which of the 2 is more advantageous. When
focusing on solely implant-based type comparisons, using
ADM was contrasted to using an autologous dermal flap
by Krishnan et al*® to determine the most cost-effective
of the 2, specifically taking into account the cost savings
of not using an ADM. Finally, Grover et al’ compares
5 different types of either autologous or implant-based
reconstructive options in decision and economic analy-
ses to determine the most effective method of 5 standard
procedures. To better understand the debate between
autologous and implant-based reconstruction, a direct
comparison of the conclusions of these studies, among
other data, can be found in Table 6.

Table 5. Costing Sources Included in the Decision Analysis Models

Costing Source No. Studies
Individual hospital financial departments+2#315455.57.59.1042 12
Medicareﬂ,}l,i},f&iﬁﬂ ,38,41,44,46,47 11
Company based2l,24,34,38,46 5
DRG codes™**! 3
The HCUP Nationwide Inpatient Sample** 3
Ontario Ministry of Health Schedule of Benefits™**! 3
Australia Medicare Benefits Schedule and Australian Public Hospitals Cost Report?’ 1
MarketScan Commercial Claims and Encounters database® 1
Estimated national billing charges and out-of-pocket costs for patients with and without insurance™ 1
Ministry of Health in British Columbia and Medical Services Plan for British Columbia® 1
Literature search® 1
Colombian Instituto de Seguros Sociales 2001 and IETS" 1
University Health Network Case Costing system (Toronto, Canada)* 1

DRG, diagnosis-related groups; HCUP, Healthcare Cost and Utilization Project; IETS, Instituto de Evaluacién Tecnolégica en Salud.
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DISCUSSION

This is the first systematic review to consolidate and
appraise high-quality decision analysis models in breast
reconstruction surgery. Many interesting points regarding
the literature’s landscape can be highlighted.

Although patient satisfaction with their reconstruction
has brought on multiple validated questionnaires, the tar-
geted audience was rarely patients (n = 3). Considering
the limit in resources available, adopting a societal per-
spective in economic analyses is usually the most logical
approach from a public health vantage. However, in the
field of breast reconstruction, patient-reported outcomes
are one of the most important measures of success. The
analysis of this endpoint highlights that future research
in decision analysis for breast reconstruction should be
geared toward more patient-specific outcomes, to opti-
mize strategies for individuals and not just from a public
health standpoint.

Decision analysis models are often based on specific sit-
uations, outcomes, and populations, and, thus, generaliz-
ing their conclusions should be done with caution. Similar
models could lead to different conclusions, depending on
the data that are used and in which context. For example,
Chatterjee et al* found that LAICGA was an overall cost-
effective technology, whereas Kanuri et al** found that it
was cost-effective only for high-risk patients, such as smok-
ers, obese patients, and patients with large breasts.*"? This
highlights the importance of being critical and meticulous
when looking at a decision analysis and that certain con-
clusions are intrinsically dependent on the exact popu-
lation studied and the data used to populate the model.
Similarly, economic evaluations are highly dependent on
the source of their costing data. In this review, it is noted
that most of the costing data are from Medicare, which
makes many of these conclusions limited to the American
context. Parties should, therefore, always develop their
own population and context-specific models to create rel-
evant conclusions to their questions.

Models other than the simple decision tree were sim-
ply underutilized in the literature. Headroom, scenario,
and threshold analyses and a Markov model were noted
to being of mention. These more novel methods allow
researchers to formulate more robust conclusions by
considering potential scenarios or even the progression
of an intervention over time, for example.” Considering
that only 2 articles made mention of these, this consolida-
tion demonstrates the need for future research to focus
on such models in order to better the robustness of their
conclusions and more accurately depict clinical situations.

The presence of sensitivity analyses was of importance
when evaluating the quality of evidence.” Because statisti-
cal indicators such as the Pvalue do not apply to decision
analyses, one must rely on other methods, such as sensitiv-
ity analyses, to validate the model. The majority of articles
(n = 18) included sensitivity analyses, with most (n = 10)
being of the l-way type. A model often relies on many
assumptions, notably the accuracy of the data used to esti-
mate probabilities, costs, and outcomes, which can there-
after affect the overall conclusion. The best way to then
assess the reliability of a model is to vary these assumptions

over a reasonable range and to see if the final interpre-
tation of the analysis then differs, which is essentially a
sensitivity analysis. The Canadian Coordinating Office
for Health Technology Assessment recently published
guidelines demonstrating the fundamental need for even
more advanced sensitivity analyses to validate a model and
affirm its robustness.” Decision analysis in breast recon-
struction surgery should, in the future, conform to these
guidelines to produce high-level quality evidence.

CONCLUSIONS

In conclusion, this systematic review highlights the
growing literature concerning decision analyses in
breast reconstruction surgery. These models allow sur-
geons, patients, and administrators to comparatively
evaluate the quality of life and cost associated with differ-
ent surgical strategies, management options, and novel
adjuncts. However, this study also demonstrates several
limitations uniformly present in the current evidence
because more studies should focus on patient-centered
perspectives and better sensitivity analysis practices. Due
to their variable nature, decision analyses and economic
evaluations presented cover a broad range of data for
the endpoints that were studied. Nonetheless, certain
features proved to be more common; the simple deci-
sion tree model was most frequently used, and implant-
based reconstruction and TRAM flaps were the most
commonly assessed topics.
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