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PURPOSE: To perform a cost-effectiveness analysis comparing the

superficial inferior epigastric artery (SIEA) and deep inferior epigas-

tric perforator (DIEP) flaps in postmastectomy reconstruction.

METHODS: A decision analytic model with seven clinically impor-

tant health outcomes (health states) was used, incorporating the

Ontario Ministry of Health’s perspective. Direct medical costs were

estimated from a university-based hospital. The utilities of each

health state converted into quality-adjusted life years (QALYs) were

obtained from previously published data. Health state probabilities

were computed from a systematic literature review. Analyses yielded

SIEA and DIEP expected costs and QALYs allowing calculation of

the incremental cost-utility ratio (ICUR). One-way sensitivity analy-

ses were conducted under five plausible scenarios, assessing result

robustness.

RESULTS: Five SIEA and 27 DIEP studies were identified. The

baseline SIEA expected cost was slightly higher than that for the

DIEP ($16,107 versus $16,095), with slightly higher QALYs (33.14 years

versus 32.98 years), giving an ICUR of $77/QALY. Taking into

account conversions from SIEA to DIEP, the ICUR increased to

$4,480/QALY. Sensitivity analysis gave ICURs ranging from

$2,614/QALY to ‘dominant’, all consistent with the adoption of the

SIEA over the DIEP.

CONCLUSION: The best available evidence suggests the SIEA is a

cost-effective procedure. However, given the high SIEA to DIEP

conversion rates and small marginal differences in cost and effective-

ness, the ICUR may be sensitive to minor changes in costs or QALYs.

The ‘truth’ can only be obtained from a randomized, controlled trial

comparing both techniques side by side, simultaneously capturing the

costs of the competing interventions.
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Une comparaison entre le lambeau de l’artère
épigastrique inférieure superficielle et le lambeau
perforant de l’artère épigastrique inférieure pro-
fonde dans le cadre d’une reconstruction après
une mastectomie : Une analyse coût-efficacité

OBJECTIF : Effectuer une analyse coût-efficacité comparant un lambeau

de l’artère épigastrique inférieure superficielle (SIEA) à un lambeau per-

forant de l’artère épigastrique inférieure profonde (DIEP) pour la recons-

truction après une mastectomie.

MÉTHODOLOGIE : Les auteurs ont utilisé un modèle d’analyse déci-

sionnelle comportant sept issues de santé importantes d’un point de vue

clinique (états de santé), incluant la perspective du ministère de la Santé

de l’Ontario. Ils ont estimé les coûts médicaux directs d’après un hôpital

universitaire. Ils ont obtenu l’utilité de chaque état de santé converti en

années de vie pondérées par la qualité (AVPQ) dans des données déjà

publiées. Ils ont calculé les probabilités relatives aux états de santé au

moyen d’une analyse bibliographique systématique. Les analyses ont

fourni les coûts prévus des SIEA et des DIEP ainsi que de l’AVPQ et ont

ainsi permis le calcul du ratio coût-utilité incrémentiel (RCUI). Ils ont

procédé à des analyses de sensibilité unidirectionnelles en vertu de cinq

scénarios plausibles, afin d’évaluer la solidité des résultats.

RÉSULTATS : Les auteurs ont repéré cinq SIEA, 27 DIEP et des études.

Le coût prévu de base du SIEA était légèrement plus élevé que celui du

DIEP (16 107 $ par rapport à 16 095 $) et s’associait à des AVPQ légère-

ment plus positives (33,14 ans par rapport à 32,98 ans), pour un RCUI de

77 $/AVPQ. Compte tenu de la conversion du SIEA au DIEP, le RCUI

augmentait à 4 480 $/AVPQ. L’analyse de sensibilité a donné des RCUI

variant entre 2 614 $/AVPQ et « dominant », en harmonie avec l’adop-

tion du SIEA plutôt que du DIEP.

CONCLUSION : Les meilleures données disponibles indiquent que le

SIEA est une intervention rentable. Cependant, étant donné les taux de

conversion élevés de SIEA à DIEP et les petites différences marginales du

point de vue du coût et de l’efficacité, le RCUI est peut-être sensible à des

modifications mineures des coûts ou de l’AVPQ. On obtiendra la « vérité »

seulement à partir d’un essai aléatoire et contrôlé comparant conjointe-

ment les deux techniques afin de saisir simultanément le coût de ces inter-

ventions concurrentielles.
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There are many postmastectomy reconstructive options.
Some procedures such as tissue expanders and implants (1-

3), and the transverse rectus abdominis myocutaneous
(TRAM) flap (4-6), have been used for many years, whereas
others such as the deep inferior epigastric perforator (DIEP)
flap (6-8), muscle-sparing TRAM flaps (9) and the superficial
inferior epigastric artery (SIEA) flap are relatively new. In the
quest for the best abdominal autogenous tissue reconstruction
technique, there has been a recent trend to minimize the har-
vesting of the rectus abdominis muscle and its fascia. 

The evidence so far supports the transition toward those
techniques that reduce anatomical disruption to the
abdomen. Therefore, there is a need to question why the
SIEA flap, which leaves the rectus muscle and anterior rectus
fascia intact, has not been widely accepted (6,10,11). Taylor
and Daniel (10) described the SIEA flap anatomy in 1975,
but it was only in the 1990s that case series first reported its
use for breast reconstruction (11). Subsequent reports have
emphasized that the SIEA vessel length and diameter are
both shorter and smaller, respectively, than in the TRAM or
DIEP flaps (12,13). The SIEA and superficial inferior epigas-
tric vein are not present as single dominant flap vessels in
35% of dissections. The pedicle is short and the SIEA’s exter-
nal diameter is very small (0.8 mm to 2.5 mm), with an aver-
age of 1.4 mm (13,14). The DIEP flap also spares the rectus
abdominis muscle and fascia, but it relies upon the deep infe-
rior epigastric vessels, requiring a fascial incision, suggesting
higher abdominal complications than the SIEA (15). The
DIEP has been generally accepted because it has a longer
pedicle and has an arterial external diameter of 3.4 mm at its
origin (14,16).

A comparison of the muscle-sparing free TRAM flap with
the DIEP found that there were no statistically significant dif-
ferences in outcomes, but costs were not included in this analy-
sis (9). However, previous cost-effectiveness studies (17,18)
found that the introduction of techniques that caused less dis-
ruption of muscle and fascia were cost-effective in the
Canadian health care system. 

Recent articles comparing the SIEA and DIEP flaps have
been published (6,19), but none employs a full economic
analysis. In an economic analysis comparing any two surgical
techniques, there are nine possible outcomes based on incre-
mental cost and effectiveness of a given procedure over another
(Figure 1) (20). Some decisions are clear-cut – for instance,
cell 1 represents the case where the novel procedure is both
less expensive and more effective than the traditional tech-
nique, a ‘win-win’ situation. Similarly, if a procedure falls into
cell 2, where it is more expensive and less effective, it should
be rejected. Many decisions, however, are not as straightfor-
ward. Most new surgical procedures fall into cell 7; they are
more effective, but also more expensive. In such cases, given
the constraints of limited health care resources, economic
analyses can facilitate decision making (21). 

There are many different types of economic analyses (22),
but all share the principle of weighing both costs and benefits.
A cost-utility analysis, which is a variant of cost-effectiveness
analysis, permits comparisons across programs and interven-
tions, as it uses a common ‘metric’ for measuring outcomes, the
quality-adjusted life year (QALY). In a cost-utility analysis,
one determines the utilities, or preferences, associated with the
outcomes of different procedures. By quantifying these utility
values, and applying them to a patient’s remaining lifetime, an

expected number of future healthy years of life can be calculated
and weighed against associated costs. 

The purpose of the present study was to perform a cost-utility
analysis comparing surgical techniques involving the SIEA
and DIEP flaps, to assist surgeons in selecting a cost-effective
approach to postmastectomy reconstruction.

METHODS
The necessary steps in performing a cost-utility analysis using a
decision analytic model are as follows: 

• identifying the relevant perspective; 

• identifying the clinically important outcomes or ‘health
states’ (effectiveness) associated with the interventions
under consideration; 

• identifying accurate and relevant costs associated with
the competing techniques; 

• calculating the incremental cost-utility ratio (ICUR);
and 

• performing sensitivity analysis to assess the robustness
of the baseline calculations.

Various perspectives can be taken when conducting eco-
nomic analyses, such as the perspective of the patient, hospital,
primary payer or society (20). In the present study, the per-
spective of the primary payer of Ontario (the Ontario Ministry
of Health) was considered to be relevent.. Ontario is the most
populous province in Canada, and these costs can be easily and
accurately obtained. Because indirect costs were unavailable,
the societal perspective would be inappropriate in this deter-
ministic analysis (a deterministic analysis is based on fixed
probabilities, derived from pooled secondary data).

Health outcomes probabilities
In a cost-utility analysis, one must consider the spectrum of
possible outcomes. For the purpose of the present study, seven
mutually exclusive clinically significant health outcome
states were considered: total flap failure, partial flap failure,
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Figure 1) Comparison of cost and effectiveness. Adapted from refer-
ence 20
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fat necrosis, hernia, hematoma, abdominal wall weakness and
successful surgery (18).

A systematic literature review was undertaken. The follow-
ing electronic databases were searched to locate all SIEA and
DIEP studies: MEDLINE, EMBASE and Cochrane. Articles
were limited to those in English, based on humans, and from
1991 to May 2006. The following keywords were used: “DIEP”
or “deep inferior epigastric perforator flap” or “deep inferior
epigastric perforator” or “SIEA” or “superficial inferior epigas-
tric artery flap” or “free TRAM” or “muscle sparing TRAM” or
“pedicled TRAM”, combined with “breast reconstruction” or
“postmastectomy reconstruction”. Single case reports and
review articles were excluded.

The article selection was conducted by two independent
assessors (LJ, SS) to avoid selection bias, with results compared
and reconciled at each stage. Interassessor agreements were
compared using the Kappa statistic. A third assessor (AT) acted
as arbitrator, as required, to resolve uncertainty as to whether
an article was relevant. 

It was necessary to consider an added dimension of complex-
ity for the SIEA flap: the conversion rate to another flap type
due to the unpredictability of the SIEA vascular anatomy.
Different results could be obtained depending on whether out-
comes are considered based on attempted SIEA flaps or com-
pleted SIEA flaps. As mentioned in the introduction, the SIEA
and superficial inferior epigastric vein are not present as single
dominant flap vessels in 35% of dissections (14). Even when
preoperative colour Doppler ultrasounds are used to localize,
measure and identify the SIEA flap vascular supply, the SIEA is
often deemed to be unsuitable based on the intraoperative
assessment (23,24). Two approaches to deal with this uncer-
tainty were considered. In the first, coined the efficacy analysis,
it was assumed that if the SIEA is attempted, it is completed as
intended – in other words, the issue of SIEA conversions was
ignored. In the second, coined the effectiveness analysis, the
reality that a certain percentage of attempted SIEA flaps would
be switched to a different type of reconstructive flap was taken
into consideration. It was assumed that the operative time for
these ‘conversions’ would be increased by 30 min, and that a
DIEP would be performed as the alternative procedure. 

The following data were extracted from the selected arti-
cles: number of patients, number of flaps, SIEA to DIEP con-
version rates, types and rates of postoperative complications,
operating room time and number of postoperative hospital
days.

Based on the data listed above, the following metrics were
computed: probabilities for each health outcome state, SIEA
to DIEP conversion rate, average operating room time and
average postoperative hospital days. 

When extracting data, a distinction was made between
zeros and nulls, so that numerators and denominators could be
adjusted appropriately when calculating probabilities. For
example, many studies did not report whether there were any
cases of abdominal wall weakness. In the present calculations,
these studies were excluded from the counts in the denomina-
tors to avoid underestimating their probabilities of occurrence.

All calculations were performed using Microsoft Excel
Office 2003 (Microsoft Inc, USA).

Costs
Direct costs based on the Schedule of Benefits: Physician
Services Under the Health Insurance Act (25) were considered,

as well as 2006 hospital costs for the operating room and minor
procedures room from the budgeting services department for St
Joseph’s Healthcare, a McMaster University (Hamilton,
Ontario) teaching hospital. The costs for tissue expanders and
permanent silicone breast implants were estimated based on
figures supplied by Mentor Canada in October 2006.

The associated cost was determined for each health out-
come. For example, under the total flap failure scenario, it was
assumed that the patient would return to the operating room
for debridement and the insertion of a tissue expander followed
by permanent implant. Under the hernia scenario, it was
assumed that the patient would return to the operating room
for a hernia repair. The assumption was made that under the
abdominal wall weakness scenario, no surgery would be neces-
sary. The expected cost for each health outcome (health state)
is calculated as the probability-weighted cost associated with
each potential outcome.

Effectiveness
QALYs are calculated based on two key inputs: the utilities
(preferences) for the potential outcomes, and the period of
time over which the utilities apply. Utilities that were obtained
from a survey of 32 plastic surgeons across Canada in 2004
were used (18). These utilities were obtained using a generic
scale based on the ‘feeling thermometer’ visual analogue,
where 0 represents death and 1 represents perfect health (26).
For example, the utility for the hernia health state was
obtained by calculating the mean score assigned to the follow-
ing scenario: “You underwent a deep inferior epigastric perfo-
rator flap and have developed an abdominal hernia that
requires operative repair”. The duration of the health state in
this case was 16 weeks.

Based on the utility values and health state duration,
QALYs were calculated according to the following formula:

QALY = (duration of health state) × (utility of health

state) + (future remaining lifetime after health state) ×

(utility of successful reconstruction health state)

ICUR
The ICUR, which represents the marginal cost per marginal
unit of utility, was calculated as follows: 

ICUR = ΔC/ΔU = (Mean CostSIEA – Mean CostDIEP) /

(Mean QALYSIEA - Mean QALYDIEP)

The result is represented as cost per QALY. In simple words,
it tells us how much it costs to prolong the life of a patient by
one extra year in perfect health. The higher the ICUR, the
greater the incremental cost for an additional healthy year of
life. It is generally accepted that if an intervention has an
ICUR below the threshold of $20,000/QALY, there is a strong
indication for its acceptance. On the other hand, if the ICUR
is above the threshold of $100,000/QALY, there is an indica-
tion for its rejection (27).

Sensitivity analysis
One-way sensitivity analyses were conducted under five plau-
sible scenarios to assess the result robustness. In each sce-
nario, it was assumed that specific model parameters were the
same for both the SIEA and DIEP. The scenarios tested
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included: operating room time, postoperative days in hospital,
hernia rate, total flap failure rate and rate of abdominal wall
weakness.

RESULTS 
Health outcome probabilities
The initial literature search yielded 272 possibly relevant arti-
cles. After the reviewer screen, 115 articles remained, with
good inter-reviewer agreement (Kappa = 0.87). Their abstracts
were reviewed, resulting in the retention of 45 articles, also
with good agreement (Kappa = 0.79). Finally, the full text
review of these remaining 45 articles resulted in the retention
of 26 articles from which data were extracted.

Three SIEA articles were identified describing results for
46 flaps and 34 patients. Given the paucity of SIEA data, the
analysis was supplemented with data from two abstracts pub-
lished at recent American Society for Reconstructive
Microsurgery meetings (28,29). Two SIEA articles that were
found after the initial search were also included (19,30). In
summary, a total of 30 studies were used for the present analy-
sis (five SIEA [Table 1] [6,19,28-30]) and 27 DIEP [Table 2]
[6,9,13,28,31-53]. 

The probability of successful reconstruction was approxi-
mately 80% for both the SIEA (0.8158) and the DIEP
(0.7843). Given that the sum of all probabilities of outcomes
must sum to 100% (including successful reconstruction and all
complications), the probabilities for the six health states with
complications were adjusted to accommodate the rounding of
success to 80% (Table 3).

Costs
The average operating room times for the SIEA and DIEP were
7.1 h and 6.7 h, respectively. The average postoperative hospi-
tal days for the SIEA and DIEP were 5.9 days and 6.3 days,
respectively (Tables 1 and 2).

The SIEA to DIEP conversion rate was estimated to be
60%, based on experience with 200 SIEA flap cases (24).

The baseline costs and incremental costs associated with
each outcome are shown in Table 4. These costs are used to
calculate expected costs for the DIEP and SIEA, based on the
probabilities of the various complications. The direct costs for
the SIEA and DIEP are similar ($15,968 and $15,998, respec-
tively), and the additional costs range from $5,043 for total
flap failure, to zero, for abdominal wall weakness where no
action is taken.

The probabilities, costs and expected costs under the SIEA
and DIEP models are shown in Figures 2 and 3, respectively. 

Effectiveness
The seven health states and their associated utilities, duration,
and QALYs are presented in Table 5. A successful reconstruc-
tion had a highest utility of 0.87, while the utility for total flap
failure is 0.61. Health state durations were computed for a
woman currently aged 45 years, with an expected life
expectancy of 83.36 years (ie, a future remaining life expectan-
cy of 38.36 years) (54). 

QALYs are calculated according to the following formula:

QALY = (duration of health state) × (utility of health

state) + (future remaining life expectancy – duration of

health state) × (utility of successful reconstruction)

For example, the fat necrosis outcome has a utility of 0.74
with a state duration of 0.25 years. The utility for a successful
reconstruction is 0.87. Therefore, the QALY for this state is:

0.25 × 0.74 + (38.36 – 0.25) × 0.87 = 33.34.

ICUR
Based on these results, the efficacy model ICUR can be calcu-
lated as follows:

Efficacy model ICUR = [(Expected Cost)SIEA – (Expected

Cost)DIEP] / [Expected QALYSIEA – Expected QALYDIEP] =

($16,107 – $16,095) / (33.14 QALYs – 32.98 QALYs) =

$77.40/QALY 

(intermediate calculations, rounded off) 

As mentioned earlier, the efficacy model ignores SIEA con-
versions. The effectiveness model ICUR calculation is slightly
more complex (Figure 4). The SIEA is more expensive by $284
and more effective by 0.06 QALYs, implying an ICUR of
$4,480/QALY. Figure 5 displays the efficacy and effectiveness
results on the cost-effectiveness plane.

Sensitivity analysis
One-way sensitivity analyses under the efficacy model were
performed under five plausible scenarios. When the postopera-
tive days for the SIEA were changed from 5.9 days to 6.3 days
(the DIEP value), the ICUR was $2,614/QALY. When the
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TABLE 1
Data for superficial inferior epigastric artery flaps

Reference (first Total Total Abdominal Total flap Partial Fat OR time, Hospital
author, year) patients flaps Success Hernia wall weakness Hematoma failure flap loss necrosis h days

Cheng, 2006 (22) 12 12 11 NR NR 0 0 1 NR 8.6 4.2

Chevray, 2004 (6) 12 14 9 0 0 0 1 0 2 NR NR

Craigie, 2003 (29) 133 133 NR NR NR 1 NR NR 4.8

Vega, 2006 (30) 10 20 10 0 NR 0 0 0 0 7.9 8.9

Vermeulen, 42 43 32 NR 1 2 1 6 NR 4.7

2005 (28)

Total 209 222 62 0 0 1 4 2 8 21.3 17.8

Denominator 76 22 12 76 222 89 77 3.0 3.0

Probability/Average 0.8158 0.0000 0.0000 0.0132 0.0180 0.0225 0.1039 7.1 5.9

Rates for successful surgeries, hernia, abdominal wall weakness, and hematoma based on number of patients. Rates for total flap failure, partial flap loss, and fat
necrosis based on number of flaps. NR Not reported; OR Operating room
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TABLE 2
Data for deep inferior epigastric perforator flaps

Reference (first Total Total Abdominal Total flap Partial Fat OR time, Hospital
author, year) patients flaps Success Hernia wall weakness Hematoma failure flap loss necrosis h days

Arnez, 1999 (18) 13 13 6 0 4 NR 1 NR 2 NR 12.9

Bajaj, 2006 (31) 35 43 26 0 2 NR 2 1 4 NR NR

Benditte-Klepetko, 8 11 NR 1 3 NR NR NR NR NR NR

2004 (32)

Blondeel, 1997 (33) 18 18 NR 0 0 NR NR NR NR NR NR

Blondeel, 1999 (34) 87 100 69 0 1 2 2 7 6 6.2 7.9

Blondeel, 2000 (35) 0 240 NR NR NR NR NR NR NR NR NR 

Chevray, 2004 (6) 7 8 4 1 0 0 0 1 1 8.95 5.1

Futter, 2000 (36) 23 23 NR 0 10 NR NR NR NR NR NR

Garvey, 2005 (37) 71 80 45 1 7 8 3 NR 7 NR 4.8

Gill, 2004 (38) 609 758 469 5 NR 14 4 19 98 4.6 3.86

Guerra, 2004 (39) 140 280 84 3 NR 2 0 5 46 7.3 3.9

Guzzetti, 1997 (40) 8 9 6 NR NR NR 1 NR 1 NR NR 

Hamdi, 1999 (41) 42 50 33 0 2 NR 1 3 3 4.67 8

Hamdi, 2004 (42) 49 98 47 NR 1 NR 1 0 NR 10 9

Keller, 2001 (43) 108 148 90 2 4 1 1 NR 10 NR 3.5

Kroll 2000 (44) 31 31 NR NR NR NR 0 5 9 NR NR 

Lundberg, 2006 (45) 50 50 NR NR NR NR 0 5 NR 7.98 6

Misra, 2006 (46) 22 22 17 NR NR 2 1 2 NR 7.31

Munhoz, 2004 (47) 36 38 NR NR NR NR 0 NR NR 7.62 NR 

Munhoz, 2005 (48) 44 48 39 NR 1 NR 2 2 NR 6.78 NR 

Nahabedian, 

2002 (49) 17 20 13 NR 0 1 1 0 2 NR 

2002 (50) 10 12 NR 0 0 NR NR NR NR NR NR 

2004 (51) 58 58 NR NR NR NR 1 NR NR NR 3

2005 (9) 88 110 75 NR 3 NR 3 NR 7 NR NR

2005 (52) 123 153 NR 5 NR NR NR NR NR 

Vermeulen, 236 236 213 NR NR 5 4 1 13 6.37 NR 

2005 (28)

Vesely, 2001 (53) 7 9 NR NR NR NR NR 1 3.75 NR

Total 1940 2666 1236 13 43 35 28 51 210 74.2 75.3

Denominator 1576 1171 743 1297 2200 1744 1895 11 12

Probability / Average 0.7843 0.0111 0.0579 0.0270 0.0127 0.0292 0.1108 6.7 6.3

Rates for successful surgeries, hernia, abdominal wall weakness, and hematoma based on number of patients. Rates for total flap failure, partial flap loss, and fat
necrosis based on number of flaps.NR Not reported; OR Operating room

TABLE 3
Probability adjustments

Raw Adjusted to 20% Adjusted to 100%

Outcome SIEA DIEP SIEA DIEP SIEA DIEP

Total flap 0.0180 0.0127 0.0229 0.0102 0.1144 0.0512

failure

Hernia 0.0000 0.0111 0.0000 0.0089 0.0000 0.0446

Abdominal 0.0000 0.0579 0.0000 0.0465 0.0000 0.2327

wall 

weakness

Partial flap 0.0225 0.0292 0.0285 0.0235 0.1426 0.1176

loss

Fat necrosis 0.1039 0.1108 0.1319 0.0891 0.6595 0.4455

Hematoma 0.0132 0.0270 0.0167 0.0217 0.0835 0.1085

Total 0.1575 0.2487 0.2000 0.2000 1.0000 1.0000

Adjusted probabilities calculated after rounding probability of success to 80%.
DIEP Deep inferior epigastric perforator flap; SIEA Superficial inferior epigas-
tric artery flap

TABLE 4
Baseline and incremental costs*

Physican Anesthetist Hospital Materials, Total direct
fees, $ fees, $ costs, $ $ costs, $

SIEA 2,339.00 738.00 12,890.00 0.00 15,968.00

DIEP 2,298.00 701.00 12,999.00 0.00 15,998.00

Total flap 634.00 175.00 2,009.00 2,225.00 5,043.00

failure

Partial flap 37.00 0.00 97.00 0.00 134.00

failure

Fat necrosis 37.00 0.00 97.00 0.00 134.00

Hernia 371.00 150.00 2,522.00 0.00 3,043.00

Hematoma 43.00 0.00 97.00 0.00 140.00

*Costs in Canadian dollars. $1 Cdn = $0.85 US as of March 15, 2007. DIEP
Deep inferior epigastric perforator flap; SIEA Superficial inferior epigastric
artery flap
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SIEA operative time was changed from 7.1 h to 6.7 h (the
DIEP value), the SIEA became dominant. When the SIEA
hernia rate was changed from 0.0% to 0.9% (the DIEP rate),
the ICUR was $197/QALY. When the SIEA total flap failure
rate was changed from 2.3% to 1.0% (the DIEP rate), the
SIEA ICUR became dominant. Finally, when the SIEA rate
of abdominal wall weakness was changed from 0.0% to 4.7%,
the ICUR was $277/QALY. Therefore, all sensitivity analysis
scenarios are consistent with the cost-effectiveness of the
SIEA.

DISCUSSION
Of the prevailing abdominal flaps, the SIEA flap should be the
consummate flap for postmastectomy reconstruction because it
leaves the rectus abdominis and its overlying fascia intact.
Results from this cost-utility analysis identify the SIEA as a
cost-effective procedure relative to the DIEP procedure. The
ICUR of $77.40/QALY under the efficacy model is well below
the threshold of $20,000/QALY that has been suggested in the
literature. Although the ICUR is higher under the effective-
ness model, it still remains well below the proposed
$20,000/QALY threshold. The results from the sensitivity
analysis are consistent with the baseline model findings. 

There has been much discussion in the literature regarding
the interpretation and application of the ICUR metric. In par-
ticular, the quantitative thresholds proposed by Laupacis et al
(27) in 1992 have been criticized for being arbitrary and out-
dated, although they remain in frequent use (55-57). For
example, the National Institute for Health and Clinical
Excellence of the British National Health Service uses
£20,000/QALY as their ICUR threshold for acceptance of new
technologies (58,59).

Because utilities have not been reported in the breast
reconstruction literature, we relied upon utilities derived from
a survey of Canadian plastic surgeons. Obtaining utilities from
patients (the preferred method) would have been a burden-
some task given patients’ unfamiliarity with the management
and implications of postoperative complications. Ideally, utili-
ties could be obtained from patients directly in a prospective
study using validated instruments such as the Health Utilities
Index Mark II/III, the EuroQol-5D and the Quality of Well-
Being scale (60-66). 

Our calculations were based on the future life expectancy
for an average 45-year-old woman, according to life tables from
Statistics Canada, but it is likely that the average life
expectancy for breast cancer patients undergoing postmastec-
tomy reconstruction is lower. We do not think that the differ-
ence would have an impact on our results.

We assumed that the health states are mutually exclusive
and independent, but it is possible that one patient could have
more than one outcome concurrently, for example both
abdominal wall weakness and partial flap necrosis. We also
assumed that all patients with total flap failure would return to
the operating room for debridement of the necrotic flap and
the insertion of tissue expanders, followed by permanent
implants. It is possible that some patients would not choose
any treatment, which would decrease the cost associated with
this outcome, but the only impact of this on our results would
be to further support the SIEA procedure as a cost-effective
option.

Our calculations were based on inputs with values appropri-
ate under the socialized Canadian health care system. Because
we have described our methodology in sufficient detail, it
should be possible for other investigators to recalculate costs
and ICURs in their health care system.

Breast reconstruction has been moving toward the mini-
mization of harvested muscle and fascia, yet most plastic sur-
geons do not currently use the SIEA flap. There are many
factors that influence clinical decision making in microsurgery,
including “clinical state, setting, microsurgical expertise, and
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Successful
surgery

Complications

Expected cost = 0.80 × $15,968 + 0.20 × $16,664 = $16,107

SIEA

$15,968
Probability × Cost = Expected cost

0.1144 × $21,011 = $2,403

0.000 × $19,011 = $0

0.000 × $15,968 = $0

0.1426 × $16,102 = $2,297

0.6595 × $16,102 = $10,619

0.0835 × $16,102 = $1,345

1.0000                    $16,664

0.80

0.20

Total flap failure (followed by tissue
expander and permanent implant)

Abdominal wall weakness
(no treatment)

Partial flap loss (requiring
debrident in minor procedure room)

Hematoma (drained in minor
procedure room)

Fat necrosis (requiring debridement
in minor procedure room)

Hernia (requiring surgical repair)

Figure 2) Superficial inferior epigastric artery (SIEA) flap model
structure and results. Costs are in Canadian dollars (CDN$1 =
US$0.85 as of March 15, 2007)

Successful
surgery

Complications

Expected cost = 0.80 × $15,998 + 0.20 × $16,482 = $16,095

DIEP

$15,998
Probability × Cost = Expected cost

0.0512 × $21,041 = $1,077

0.0446 × $19,041 = $850

0.2327 × $15,998 = $3,722

0.1176 × $16,132 = $1,896

0.4455 × $16,132 = $7,187

0.1085 × $16,132 = $1,751

1.0000                    $16,482

0.80

0.20

Total flap failure (followed by tissue
expander and permanent implant)

Abdominal wall weakness
(no treatment)

Partial flap loss (requiring
debrident in minor procedure room)

Hematoma (drained in minor
procedure room)

Fat necrosis (requiring debridement
in minor procedure room)

Hernia (requiring surgical repair)

Figure 3) Deep inferior epigastric perforator (DIEP) flap model struc-
ture and results. Costs are in Canadian dollars (CDN$1 = US$0.85
as of March 15, 2007)

TABLE 5
Health state utilities and quality-adjusted life years
(QALYs)

Health state Mean utility Duration, years QALY, years

Successful reconstruction 0.87 38.36 33.37

Hematoma 0.77 0.08 33.36

Fat necrosis 0.74 0.25 33.34

Partial flap loss 0.71 0.25 33.33

Abdominal wall weakness 0.71 38.36 27.24

Hernia 0.66 0.31 33.31

Total flap failure 0.61 38.36 23.40

Calculations assume a future life expectancy of 38.36 years. Adapted from
reference 13
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circumstances” (22). It is likely that the inherent uncertainty
in whether the SIEA vessels will prove to be present and of
suitable size and length if the SIEA flap is attempted, plays an
important role in why the SIEA remains an infrequent flap
choice. To resolve the controversy of whether the SIEA is ‘truly’
a cost-effective approach one needs to use evidence-based
microsurgical principles (22). 

The ‘best evidence’ we provided was based on secondary
data. The data, in particular the probabilities of the various
health states, were obtained from case series, which repre-
sents a lower level of evidence for clinical decision-making.
Additionally, the QALYs were obtained using experts as
proxies for patients (18). Because the incremental costs and

benefits (QALYs) were marginal, it is possible that slight vari-
ation in cost and effectiveness would make the SIEA not cost-
effective (flip it to the ‘lose-lose’ quadrant).

Future investigators in centres with large volumes of breast
reconstruction cases need to perform a parallel, randomized,
controlled trial comparing the SIEA and DIEP, and simultane-
ously capturing the true costs (both direct and indirect) and
effectiveness while taking into account the SIEA conversion
rates in an intent-to-treat analysis.
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Expected cost = $16,106
Expected QALY = $33.13 QALYs

Expected cost = $16,560
Expected QALY = $32.98 QALYs

Expected cost = $16,095
Expected QALY = $32.98 QALYs

ICUR = $284.14/0.06 QALY = $4,480 QALYs

Marginal cost = $284,14
Marginal QALY = $0.06 QALYs

Expected cost = $16,379
Expected QALY = $33.04 QALYs

SIEA

0.40

0.60

DIEP

SIEA - DIEP

SIEA

DIEP conversion

Figure 4) Effectiveness model results. Costs are in Canadian dollars
(CDN$1 = US$0.85 as of March 15, 2007). DIEP Deep inferior epi-
gastric perforator flap; ICUR Incremental cost-utility ratio; QALY
Quality-adjusted life year; SIEA Superficial inferior epigastric artery
flap

+

+–

–

Lose-Lose
quadrant

Win-Win
quadrant

Cost difference ($) Effect difference (QALYs)

Baseline effectiveness
ICUR = $4,480/QALY

Baseline efficacy
ICUR = $77/QALY

Figure 5) Baseline results on the cost-effectiveness plane. ICUR
Incremental cost-utility ratio; QALY Quality-adjusted life year
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