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Introduction

There are several techniques for reconstructing breasts after mastec-
tomy, but little scientific evidence for which technique is superior, 
and guidelines and praxises are varying [1]. Core outcomes for breast 
reconstruction include complications, reoperations, donor site mor-
bidity, quality of life, and patient satisfaction [2]. However, in health-
care systems with limited resources, these variables have to be 
combined with costs, when different methods are compared [3]. Most 
previous health economic evaluations of different methods for breast 
reconstruction have used cost-minimization analysis, that is they 
have presented costs without taking benefits for the patients into 
consideration [4–10]. Such a methodology assumes that the patient 
benefit is identical for the different treatment options that are com-
pared, which does not seem to be a valid assumption for breast 
reconstruction techniques [11–13].

In a cost-effectiveness analysis (CEA), both costs and patient 
benefits are combined [14]. The difference in costs between two 
methods is called the incremental cost, whereas the difference in 
patient benefits is called the incremental effectiveness; the ratio 
between them is the incremental cost-effectiveness ratio (ICER). 
Effectiveness with regard to quality of life outcomes is often expressed 
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in generic terms, in the form of quality-adjusted life years (QALYs), 
which is the combination of life-years and the QALY-weight in each 
time period (also called utility-scores or health-related quality of life 
(HRQoL) scores). The latter is generated from generic quality of life 
instruments, as apposed to disease specific instruments, or directly 
from preference values assessed using time trade-off or standard 
gamble approaches. Examples of generic instruments include the 
Medical Outcomes Study 36-Item Short Form (SF-36) Health survey/
RAND 36-Item Short Form Health Survey [15,16], Health Utilities 
Index (HUI) [17], and the EuroQol Instrument (EQ-5D) [18]. QALY-
weights (utility scores) provide a method to compare different health 
states on a common interval scale of 0–1, where 0 indicates death and 
1 indicates perfect health, that is a more preferred health state will 
receive a greater weight [19,20].

There is a myriad of different surgical options to reconstruct 
breasts, such as different meshes and implants, as well as different 
pedicled or free flaps. However, the two main categories are implant-
based and autologous techniquess. The most common autologous 
technique is the deep inferior epigastric perforator (DIEP) flap. Few 
studies [4,21] combine costs and effectiveness to compare the two 
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Figure 1.  PRISMA diagram.
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methods directly, and the overall certainty of evidence has never 
been evaluated.

The aim of this systematic review was to compare the cost-
effectiveness of implant-based vs. autologous reconstruction and to 
evaluate the overall certainty of evidence, assessed according to the 
GRADE approach [22], as well as the quality of reporting of the 
included studies.

Methods

Protocol

This is a systematic review pre-registered in PROSPERO 
(CRD42023424375).

Eligibility criteria and study selection

Studies investigating the cost-effectiveness of breast reconstruction 
with a DIEP flap compared to an implant-based reconstruction were 
included. The articles had to meet criteria defined in a PICO (popula-
tion, intervention, comparison, and outcome) [23]. P: Women who 

seek health care for breast reconstruction following mastectomy, I: 
Breast reconstruction with a DIEP flap, C: Breast reconstruction with 
an implant-based technique, O: Incremental cost-effectiveness 
ratio. Eligible study designs were health economic evaluations ful-
filling the PICO. Editorials, letters, and systematic reviews were 
excluded. The authors independently assessed whether the articles 
met the inclusion criteria, and disagreements were resolved by 
discussion.

Information sources and search strategy

Medline, PubMed, Embase, Cochrane library, CinahL, EconLit, and 
NHS EED databases were searched on 09.05.2023 for articles and 
abstracts, without time limit. No grey literature sources were 
searched. The search was limited to studies published in English, 
French, Italian, Swedish, Danish, and Norwegian. The search string 
were ((((cost effective) OR (cost utility)) OR (economic evaluation)) 
AND (breast reconstruction)) AND (((DIEP) OR (deep inferior epigas-
tric perforator flap)) OR (autologous)). The full-text article was read 
when eligibility for inclusion could not be assessed by reading the 
abstract. Disagreements were resolved by discussion.
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Data abstraction

Information collected included first author, year of publication, study 
country, interventions and comparators, sample size, demographic 
data of included patients and controls, perspective, costs, type of 
study, modeling approach, time horizon, year of costing, ICER, sensi-
tivity analyses, and study conclusions.

Quality assessment

The GRADE approach was used to assess the certainty of evidence 
[24,25]. Within and across studies, risk of bias (study limitations), 
inconsistency of results (unexplained heterogeneity), indirectness of 
evidence, and imprecision were evaluated as ‘low’, ‘unclear’, or ‘high’ 
[26]. The overall certainty of evidence was rated down based on the 
assessment of risk of bias, indirectness, inconsistency, and impreci-
sion according to the GRADE manual and finally rated as ‘High’ 
(ƟƟƟƟ), ‘Moderate’ (ƟƟƟО), ‘Low’ (ƟƟОО), or ‘Very low’ (ƟООО) 
[22,26]. The Consolidated Health Economic Evaluation Reporting 
Standard (CHEERS) 2022 was used to evaluate the quality of reporting 
of the included studies [27].

Results

Overview of included studies

A total of 256 abstracts were retrieved from the search. Of these, 66 
were removed for duplication, 127 were excluded as they did not 
meet the inclusion criteria, and 63 abstracts were included for next 
level of screening (Figure 1). After scrutiny of the full texts, 56 abstracts 
(Table S1) were excluded further, and finally seven studies were 
included in this review (Table 1).

All of the included studies compared DIEP with implant-based 
reconstruction, but the study objectives varied slightly. Two studies 
only included radiated patients [28,29] and one compared radiated 
and nonradiated patients [30], whereas the other studies did not 
report the variable radiation. Most studies did not define the tumor 
stage of the patients, while two studies only included patients with 
locally advanced cancer (T3 N1-3 M0 [28] and T2-3 [29]) and one 
localized breast cancer [31], which gave different life expectancies. 
The other studies did not report types of cancer or subgroups. 
Similarly, most studies did not define if the reconstruction  
was performed as an immediate or a delayed procedure, while  
one study  compared delayed DIEP with immediate implant-based 
reconstruction [29].

The time horizon of the studies varied; three studies based it on 
a lifetime perspective, which is the life expectancy of the included 
patients [29,32], whereas three studies did not define why the 
time horizons, 10 [31,33] and 7 [30] years, were chosen. One study 
had a 12-month perspective, as it was realistic for patient follow-
up [34].

Five studies were performed in the US healthcare system, one in 
the Dutch system [33], and one in the Canadian system [17]. Hence, 
most of the studies were performed in systems where a universal 
coverage is not provided (n=5). Five studies had a healthcare 
perspective, including hospital costs, whereas two studies also 
adopted a societal perspective and included costs of loss of 
production [17,31].

Five studies were based on modeling, of which four used decision 
trees [28–30,32], and one Markov modeling [31], and two were 
performed alongside nonrandomized clinical cohort studies: one 
prospective [17] and one retrospective [33]. In the studies based on 
modeling, the complications were derived from previously published 

studies, based on nonsystematic literature reviews. QALYs were 
calculated from QALY-weights/utility-scores derived from previously 
published preferences, and extracted preferences in two studies 
[28,35], a breast-specific quality of life questionnaire (BREAST-Q, 
n  =  309 + 343) in two studies [29,32], generic quality of life 
questionnaires in two studies (EuroQol 5 dimensions (EQ5D), 
n = 1871 and Health Utilities Index Mark 3 (HUI-3), n = 44) [17,36], 
and preferences elicited directly from nine plastic surgeons in one 
study [30].

Main findings of the included studies

Five studies suggested that, based on a cost-effectiveness thresh-
old of $50,000 to $100,000 per QALY, breast reconstruction with a 
DIEP might be cost-effective as compared with implant-based 
breast reconstruction. However, two of the studies commented 
that implant-based reconstruction might be more effective clini-
cally in cases where a short life-expectancy is anticipated [28,29], 
while one study reported that DIEP is particularly cost-effective in 
patients where a long life-expectancy is anticipated [32]. Two stud-
ies concluded that implant-based reconstruction is more cost-ef-
fective, one due to a high complication rate in autologous 
reconstruction [33], and one with a 1-year perspective [17]. Both 
studies used generic quality of life instruments to measure 
benefits.

Quality assessment of the included studies

Risk of bias

The credibility of a model is dependent on the certainty of evidence 
for each model input [25] (Table 2). Effectiveness was measured in the 
form of QALYs in all studies, but the way QALY-weights were elicited 
varied considerably. Only one of the studies elicited QALY-weights 
and the complications and costs from the same patients [17]. Two 
studies [28,31] used previously published QALY-weights. However, 
the preference values existing for health states requiring breast 
reconstruction and breast reconstruction are of poor scientific quality 
[37]. In one study [30], utilities based on visual analogue scale ques-
tionnaires to nine plastic surgeons were used. Hence, the patients’ 
opinions were not included. In the other four studies, QALY-weights 
were based on patients’ answers to health-related quality of life 
instruments. Two studies used a breast-specific instrument and two 
used generic instruments. There is no validated way to calculate 
QALY-weights from the breast specific instrument (‘breast-QALYs’), 
and it has been suggested that generic instruments are too general 
to capture differences between methods to reconstruct breasts 
[11,38]. In addition, in all but one [33] of the studies, the characteris-
tics of the populations on which the QALY-weights were based were 
not described. The studies that have used previously published QALY-
weights or preferences to calculate QALYs have not described how 
the data were selected, extracted, and synthesized. The studies that 
elicited QALY-weights from patients did not describe how the patients 
were included, if there were any exclusions, at what time point the 
measurements were performed, and the demographics of the groups. 
Hence, the representativeness and validity of the samples and the 
way QALYs were calculated in the models cannot be properly 
evaluated.

Five studies used previously reported studies to estimate 
complications and their probabilities. However, it is not stated how 
the evidence was selected, evaluated, and synthesized to create 
averages and distributions of the data. A few of the studies, the 
authors state that they have performed a systematic review to gather 
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the evidence. However, none of studies describes search strategies, 
inclusion and exclusion of articles, and evaluation of the quality of the 
included studies and thereby of the input in the model. The two 
studies that collected data on complications from patients [17,33] did 
not report how data on complications were collected and how they 
were defined, and in one of them, the sample size was 35 patients 
[17]. An inconsistency in complication data in reconstructive surgery 
is well-known [39] and might have affected the results.

The heterogenicity of included patients introduces a bias, as there 
are differences between radiated and nonradiated patients, tumor 
stages, and timing of reconstruction, and length of follow-up that 
might have implications for cost-effeciency.

In brief, the risk of bias across the studies is high (Table 2). The 
limitations must be considered serious.

Directness

To assess the directness of the studies, there is a need to evaluate to 
what extent the populations, interventions, comparators, time hori-
zons, analytic perspectives, and outcomes reflect the real-life situa-
tion (Table 2). In most of the included studies, the characteristics of 
the populations on which interventions, comparators, and outcomes 
are based are not described in detail, and therefore, the directness of 
them is unclear. Most of the studies on which complications and out-
comes are based have a follow-up of less than 24 months, and there-
fore, the outcomes and complications in a longer-term perspective 
are unclear. The relative 10-year survival of breast cancer is 88% [40]. 
Hence, many women will live with their breast reconstruction for 
many years, which necessitates reliable long-term outcomes for the 
health economic evaluation to reflect the real-life situation. Another 
factor that makes the directness unclear is that most of the modeling 
studies used a simple decision tree, which only allowed the inclusion 
of one potential complication or outcome per patient. In a real-life 
scenario, multiple corrections are common for several breast recon-
struction methods [41,42], thus making the directness of the analysis 
unclear. In brief, the directness across the studies is unclear (Table 2) 
and could have affected the results.

Inconsistency

Inconsistency concerns unexplained variability in results. Within stud-
ies, sensitivity analyses revealed that the greatest uncertainty is com-
plications after DIEP flaps [28,30,33] and life expectancy of the 
included patients [29,32], which is an expected result. Between stud-
ies, the discrepancies in the ICERs can be explained by the fact that 
the studies used different ‘standard procedures’ as comparison, some 
of them even ‘mastectomy only’ [29,30,33], and different ways to gen-
erate QALYs, and some of them even had a ‘do nothing’ approach as a 
comparison. Five studies suggested that breast reconstruction with a 
DIEP flap might be more cost-effective than implant-based breast 
reconstruction, although implant-based reconstruction could be 
more cost-effective in patients with a short life-expectancy [28,29]. 
This is in accordance with the conclusion that implant-based recon-
struction is more cost-effective from a 1-year perspective [17]. 
Moreover, the two studies concluded that implant-based reconstruc-
tion is more cost-effective and used generic instruments to evaluate 
the effectiveness, and little difference could be detected between the 
methods [17,33], suggesting that the method to evaluate the effec-
tiveness was inadequate. In addition, base-line values were higher in 
the implant group in one of the studies, indicating that there was a 
pre-reconstructive difference in quality of life between the groups 

[17]. In summary, the risk of inconsistencies across studies must be 
considered low.

Imprecision

Imprecision concerns assessment of how severe the variability is in 
the studies. All the studies have performed sensitivity analysis with a 
range of estimates, although two studies only included estimates for 
age and stage at diagnosis/life expectancy [29,32], and one did not 
perform any sensitivity analyses at all [17]. The risk of imprecision 
across studies has to be considered low.

Overall certainty of evidence

The overall certainty of evidence for DIEP-flaps to be cost-effective 
compared to implant-based breast reconstruction is low (GRADE 
ƟƟОО). The evidence was downgraded two levels for a high risk of 
bias and one level for an unclear directness and upgraded one level 
due to consistency in the results across the studies.

Reporting quality

The quality of reporting was similar across the studies and is pre-
sented in Table S2. Notably, few studies included information about 
whether a health economic analysis plan had been developed and 
whether it was available anywhere, demographic characteristics of 
previously published populations that were used as input in the eco-
nomic models, relevant context information that may have influ-
enced the findings, why the applied perspective was chosen, reasons 
for discount rates, rationales for the model chosen, methods for ana-
lyzing or statistically transform data and for extrapolating data and 
approaches for validating the model used, estimations of how results 
vary between subgroups, ethical and equity considerations of the 
results, and any engagement with stake holders, such as patients 
(Table S2). Six studies were published before the update of the 
CHEERS guidelines [27]. Hence, some of the CHEERS items evaluated 
in this study were not part of the reporting guideline when the 
included articles were published.

Discussion

This is the first systematic review comparing the cost-effectiveness of 
DIEP flaps and implant-based breast reconstruction that evaluates 
the included studies using the GRADE approach.

Cost-effectiveness of DIEP flaps vs. implant-based reconstruction

Among the seven studies meeting the inclusion criteria, five studies 
suggested that breast reconstruction with a DIEP might be cost-effec-
tive compared with implant-based breast reconstruction, especially 
when a long survival is expected [28,29,32]. Two studies suggesting 
the opposite used generic quality of life instruments, which are not 
able to discriminate between different reconstructive techniques 
[17,33]. Hence, the latter studies can be described more as cost-mini-
mization analyses rather than cost-effectiveness studies. Most ele-
ments are adequately reported according to CHEERS. 

Nonetheless, a number of scientific weaknesses has been 
identified in the included studies, and they are discussed later, 
together with suggestions for future studies in the field.
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Methodological issues of the included studies and suggestions for 
future studies

Perspective

Most of the included studies had a healthcare perspective, and only 
costs directly related to the healthcare system were included. 
However, in most countries that have publicly financed welfare sys-
tems, direct hospital costs are only part of the available resources 
consumed when a breast reconstruction is performed. It can there-
fore be argued that a societal perspective is more adequate when the 
cost-effectiveness of different breast reconstructive techniques is 
evaluated. When the primary reconstruction is performed, a DIEP-flap 
often requires more healthcare resources in terms of time in the oper-
ating theater, number of surgeons required per reconstruction, and 
days in hospital than an implant-based reconstruction, whereas there 
might be a difference in longevity and amount of maintenance work 
required between the methods. For example, smaller operations, 
such as an implant exchange or correction of a capsular contracture, 
might infer minor costs to the healthcare system and to society as a 
whole, including loss of production, might be considerable, and 
therefore of interest when this type of reconstruction is performed. 
As the long-term survival after breast cancer is high, long-term soci-
etal costs have to be considered when the cost-effectiveness of differ-
ent breast reconstruction techniques is evaluated.

Measurements of benefits with the treatment

In cost-effectiveness studies, generic quality of life instruments are 
recommended to elicit preference measures [44]. However, for breast 
reconstruction, these generic instruments are inappropriate as they 
are not sensitive enough [11], as seen in the included studies [17,33]. 
The other studies [29,32] used a breast-specific instrument and calcu-
lated ‘breast-QALYs’, which is not a validated method. A suggested 
solution, when generic instruments are too unspecific, is to append 
‘bolt-on’ items to generic instruments [44] or to use both disease spe-
cific and generic instruments [45]. Another question to ponder is 
when the health-related quality of life should be measured, and how 
it should be discounted. It is generally agreed that plastic surgical 
results cannot be evaluated until 1 year after the surgery, and this 
could therefore be a miminum follow-up time. Moreover, it has been 
suggested that changes in satisfaction with the breast and breast-re-
lated quality of life might change differently for different reconstruc-
tive methods, which also needs to be explored [46]. In brief, to 
increase the scientific standard of cost-effectiveness studies in breast 
reconstruction, a standard needs to be established for how QALY-
weights should be calculated and when the measurements should be 
performed.

Usage of comparators

When a cost-effectiveness study is conducted, relevant treatment 
alternatives have to be compared in order to make sense. In a few of 
the included studies, a ‘do nothing’-approach, that is mastectomy 
only [29,30,33], was used as a comparator to different techniques for 
breast reconstruction. This does not seem to be a relevant compara-
tor as there is a strong norm that women should be offered breast 
reconstruction post-mastectomy, as stipulated in documents like the 
Women’s Health and Cancer Rights Act (WHCRA) [47], the New York 
State (NYS) Breast Cancer Provider Discussion Law [48], and the 
European Parliament Resolution on breast cancer [49]. Thus, an ICER 
where mastectomy is compared to breast reconstruction does not 
seem to be adequate.

Modeling approaches and analysis

The modeling approach must reflect the reconstructive reality, and a 
model that allows for several complicaitons and corrections is neces-
sary. In some subgroups, both the probability of the treatment and 
the benefits of it might differ considerably, for example, in patients 
who have had radiotherapy [50], who experienced surgical complica-
tions [51–53], who are obese [54] or have a short life-expectancy 
[28,29], and between immediate and delayed breast reconstruction 
[55,56]. This implies that detailed information needs to be included 
about the patients charachterstics, and that sub analyses might be 
warranted to answer the question if implant-based or DIEP flap recon-
struction is the most cost-effective technique.

Threshold for acceptable costs per QALY

The conclusion regarding whether an internvetion is cost effective or 
not is dependent on what threshold for acceptable costs per QALY 
gained the study applies. This threshold generally varies considerably 
between different healthcare systems. For example, in the US, a 
threshold of $50,000 to $150,000 is often considered acceptable [57], 
while a threshold of 20–30,000 GBP per QALY is acceptable in the UK 
[58]. Many countries do not have a set threshold.

Conclusions

The findings of this present systematic review should be interpreted 
with caution as the overall certainty of evidence is low (GRADE 
ƟƟОО). The included studies suggest that DIEP-flaps are cost-effec-
tive compared with implant-based breast reconstruction when the 
applied cost-effectiveness threshold of $50,000 to $100,000 per QALY 
is used . It is noteworthy that we do not have any high level evidence, 
regarding cost-effeciency, to support recommendations and deci-
sions in breast reconstruction. According to this review, the following 
factors can be improved in future studies on this topic: the inclusion 
of a societal perspective, standardized and validated methods to 
evaluate benefits, and a modeling approach and analysis that is more 
compatible with the reconstructive reality. In addition, there is a need 
for a standardised way to report complications, revisions, time per-
spective, tumor stage, and oncological treatment, and timing of 
reconstruction in a standardized fashion to allow for sub-analyses 
and evaluation of clinical relevance in different groups of patients.
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