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Background: Breast reconstruction after mastectomy is associated with social, psychological and phys-
ical benefits. Barriers to breast reconstruction in the United States include age, stage of disease, socio-
economic status and geographic location; however, little is known about the effects of these factors in
the Canadian context of a universal health care system. We sought to determine the rate of breast recon-
struction in Nova Scotia, identify characteristics influencing access to the procedure and describe the
rates of different reconstructive options. Methods: We conducted a retrospective cohort study involving
all women in Nova Scotia who received diagnoses of breast cancer and had mastectomies between 1991
and 2001. We linked data from 2 administrative databases and performed analyses for each year in the
study period. We followed the women until the end of the study period (2001). We used logistic regres-
sion to evaluate potential barriers to reconstruction. Results: A total of 3717 women had mastectomies
during the 10-year study period; of these women, 142 (3.8%) had breast reconstruction. The recon-
struction rate increased to more than 5% in 3 of the last 4 years. Factors affecting the rate of breast re-
construction included patient age, stage of disease and year of mastectomy. Household income did not
significantly affect the likelihood of women seeking breast reconstruction. Conclusion: The rate of
breast reconstruction in Nova Scotia (3.8%) is considerably lower than rates reported in the United
States (8%–45%). The fact that household income did not influence the breast reconstruction rate may
reflect the universal nature of Canada’s public health care system.

Contexte : On a établi un lien entre la reconstruction du sein après une mastectomie et des bienfaits
sociaux, psychologiques et physiques. Les obstacles à la reconstruction du sein aux États-Unis com-
prennent l’âge, le stade de la maladie, la situation socioéconomique et la région géographique, mais on
connaît toutefois peu de choses au sujet des effets de ces facteurs dans le contexte canadien d’un
système de santé universel. Nous avons cherché à déterminer le taux de reconstruction du sein en
Nouvelle-Écosse, à cerner les caractéristiques qui influencent l’accès à l’intervention et à décrire les
taux de différentes options de reconstruction. Méthodes : Nous avons effectué une étude de cohorte
rétrospective portant sur toutes les femmes de la Nouvelle-Écosse chez lesquelles on a diagnostiqué un
cancer du sein et qui ont subi une mastectomie entre 1991 et 2001. Nous avons relié les données de
2 bases de données administratives et nous avons effectué des analyses pour chaque année de la période
à l’étude. Nous avons suivi les femmes jusqu’à la fin de la période d’étude (2001). Nous avons utilisé
une analyse de régression logistique pour évaluer les obstacles possibles à la reconstruction. Résultats :
Au total, 3717 femmes avaient subi une mastectomie au cours des 10 années étudiées et 142 d’entre
elles (3,8 %) avaient eu une reconstruction du sein. Le taux de reconstruction a dépassé 5 % au cours
de 3 des 4 dernières années. Les facteurs qui ont une incidence sur le taux de reconstruction du sein
comprennent l’âge de la patiente, le stade de la maladie et l’année de la mastectomie. Le revenu du
ménage n’a pas eu d’effet important sur la probabilité que les femmes cherchent à obtenir une recons-
truction du sein. Conclusion : Le taux de reconstruction du sein en Nouvelle-Écosse (3,8 %) est beau-
coup plus faible que les taux signalés aux États-Unis (8 %–45 %). Le fait que le revenu du ménage n’ait
pas eu d’incidence sur le taux de reconstruction du sein est peut-être un effet de l’universalité du sys-
tème public de soins de santé du Canada.

Breast reconstruction after mastec-
tomy is associated with psych-

ological, functional and sexual bene-
fits.1 However, only a small per-
centage of women who undergo

mastectomy proceed to breast recon-
struction.2 It has consistently been
shown that postmastectomy recon-
struction decreases anxiety about
physical appearance and the reoc-

currence of cancer, allows greater
flexibility in clothing selection and
provides a greater sense of wholeness
and well-being.3,4 Breast reconstruc-
tion with prosthetic implants or flap



procedures has been documented to
provide good cosmetic results and
patient satisfaction.5

Important barriers to accessing re-
constructive breast surgery have been
identified in the United States. These
include older patient age,5–8 advanced
stage of disease6,7 and lack of referral
to a cancer centre recognized by the
National Cancer Institute.8 Low
socioeconomic status has also been
identified as a barrier,6–8 as 14%–16%
of the American nonelderly popula-
tion have no form of health insur-
ance.9–11 The Canadian health care
system is touted as being free of
many of the access barriers that are
present in the United States. In
Canada, physicians are not con-
strained in terms of what procedures
they can offer and to whom. As such,
it would be expected that reconstruc-
tion rates in Canada would be higher
than in the United States. The rate of
postmastectomy breast reconstruc-
tion in the United States is 8.3%–45%
in population-based studies, and this
rate is increasing over time.5–8,12 Con-
versely, Baxter and colleagues13 exam-
ined reconstruction rates in Ontario
and found an overall rate of 7.9%,
and they found no change in the rate
over a 10-year study period. Proxim-
ity to a large urban centre where
there are institutions with expertise in
breast reconstruction was associated
with higher rates.13 Aside from geo-
graphic location, the reasons for the
low rate were not analyzed.

Many breast reconstruction options
are available, and they range in com-
plexity from tissue expansion and im-
plant reconstruction to autologous
tissue reconstruction with pedicled
and free tissue transfer. Implant re-
construction is less costly than autol-
ogous tissue reconstruction at the
time of initial procedure; however,
this option has been found to be less
cost-effective over time.14 Autologous
tissue reconstruction has been re-
ported to be a more common pro-
cedure than implant-based re-
construction, and preference for
autologous tissue reconstruction is

increasing. In one large study, autol-
ogous reconstruction increased from
64% of all reconstructions between
1975 and 1989 to 80% of all re-
constructions in the subsequent
10 years.15 Other investigators have
found similar results.16,17

We sought to determine rates of
breast reconstruction in the province
of Nova Scotia over a 10-year period
and identify barriers that may influ-
ence these rates. In addition, we
aimed to identify changing patterns
of reconstructive options.

Methods

We conducted a retrospective cohort
study involving all women who re-
ceived diagnoses of breast cancer and
had mastectomies in Nova Scotia be-
tween 1991 and 2001, inclusive, as
recorded in the Nova Scotia Medical
Services Insurance (MSI) physician
billing database. We then linked the
data for this group of women with the
Canadian Institute for Health Infor-
mation (CIHI) database of hospital
discharges using a unique patient iden-
tifier. We included in our study only
those women with codes for mastec-
tomy in both the MSI and CIHI data-
bases. We then followed the cohort
until the end of 2001 and used the
various codes for breast reconstruction
to identify women who underwent re-
construction after mastectomy. The
diagnostic labels included “augmenta-
tion mammaplasty,” “free myocuta-
neous flap,” “breast reconstruction
with rectus abdominus flap,” “breast
reconstruction with flap and pros-
thesis” and “insertion of breast tissue
expander.” We determined the inci-
dence of reconstruction for subgroups
stratified according to household in-
come, rural versus urban location, pa-
tient age and stage of disease. We es-
timated household income using
neighbourhood-level data from the
census based on the postal code of
each patient’s home. We determined
the stage of disease by linking with the
vital statistics database; we considered
patients who died within 5 years of

their mastectomies to have had ad-
vanced disease.

We obtained data on the inci-
dence of various reconstructive op-
tions using the codes associated with
the diagnostic labels previously men-
tioned. We examined both the type
of reconstruction performed and the
time between ablative surgery and
reconstructive surgery (immediate v.
delayed reconstruction). We consid-
ered the reconstruction to be im-
mediate when a patient had recon-
structive surgery on the same day as
ablative surgery. We performed these
steps for each year that the cohort
was followed.

We accessed all administrative
databases through the Population
Health Research Unit. We used
logistic regression analysis to identify
potential barriers to breast recon-
struction. We divided the variable
“household income” into quartiles
and used it as a nominal variable. We
performed our analysis using the
SAS/STAT (SAS) and Microsoft
Excel (Microsoft Corp.) software
packages. We determined odds ratios
for each of the barriers analyzed
using logistic regression.

The Research Ethics Board of the
Capital District Health Authority pro-
vided ethics approval for this study.

Results

The MSI physician billing database
yielded data for 3917 women with
codes for mastectomy during our
study period. Of these, 3717 (95%)
were also in the CIHI hospital dis-
charge database. In this cohort,
142 women underwent breast recon-
struction after mastectomy for an
overall reconstruction rate of 3.8%.
Examining the data on an annual
basis, we observed that the rate in-
creased over the study period, reach-
ing a peak of 5.7% for women who
had mastectomies in 1999/2000
(Fig. 1). Our logistic regression
analysis revealed a statistically signifi-
cant association between year and
rate of mastectomy (p < 0.001).
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Type of reconstruction

The most common type of breast 
reconstruction was a tissue expander
reconstruction (38%), followed by
latissimus flap (25%), free myocuta-
neous flap (23%) and rectus abdom-
inus flap (14%) reconstructions. The
proportion of tissue expander recon-
structions decreased over the study
period, whereas the proportion of
autologous tissue reconstructions 
increased (Fig. 2). Thirty-three re-
constructions (23%) were immediate
and 105 (74%) were delayed; data re-
garding the date of reconstruction
were lacking for 4 patients who under-
went reconstruction. The number of
immediate reconstructions performed
each year increased over the study per-
iod, with immediate reconstruction
surpassing delayed reconstruction in
the final year of our study (Fig. 3).

Barriers to access

We examined the rate of postmastec-
tomy breast reconstruction within the
cohort subgroups. Younger women
were more likely to undergo recon-
struction than older women (Fig. 4).
Women living in urban locations had
a higher rate of postmastectomy
breast reconstruction (41 reconstruc-
tions in 853 patients, 4.8%) than
women in rural locations (100 recon-
structions in 2693 patients, 3.7%). In
our cohort, 649 women (17.5%) died
within 5 years of their mastectomies.
Of these women, 64% died of causes
related to breast cancer. When we
examined the rate of reconstruction
by 5-year survival, we found that
4.5% of survivors underwent recon-
struction, whereas 0.6% of those who
did not survive had undergone recon-
struction. We performed a logistic re-
gression analysis using patient age,
stage of disease (5-yr survival), year of
mastectomy, household income and
geographic location as variables.
Younger patient age (p < 0.001) was
associated with higher rates of breast
reconstruction, whereas advanced
stage of disease (p < 0.001) and ear-

lier year of mastectomy (p < 0.001)
were associated with lower rates
(Table 1). Household income was
not a statistically significant factor in
the rate of breast reconstruction.

Discussion

Only 3.8% of women in Nova Scotia
underwent breast reconstruction

after mastectomy between 1991 and
2001, but the proportion of women
who have the procedure is increasing
over time. In our 10-year study
period, there was a trend toward
more autologous and immediate re-
constructions, whereas the rate of
implant-based and delayed recon-
structions decreased. This pattern
may reflect patient and/or surgeon
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FIG. 1. Postmastectomy breast reconstruction rate by fiscal year of mastectomy.
The rate increased over the study period, pp < 0.001.
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FIG. 2. The proportion of tissue expander reconstructions decreased over the study
period, whereas the proportion of autologous tissue reconstructions increased.



preference for autologous and im-
mediate breast reconstruction. De-
spite this trend, implant-based breast
reconstruction remained the most
common type of reconstruction dur-
ing our study period.

The reconstruction rate of 3.8% is
lower than rates reported in the liter-
ature. In a study of 161 mastectomy
patients in Illinois who were offered
breast reconstruction, 33.5% went on
to have the surgery.18 Furthermore,
patients treated at a cancer centre rec-
ognized by the National Cancer In-
stitute are reported to be 40% more
likely to undergo reconstruction after
mastectomy than patients treated at
other institutions,8 and recognized
cancer centres have been found to
have a postmastectomy reconstruc-
tion rate of 42%.12 Reconstruction
rates may be influenced by several
factors, including patient desire to
undergo the procedure and the fail-
ure of surgeons to routinely discuss
this option with patients.8 In addi-
tion, factors such as stage of disease,
geographic location, age and socio-
economic status are important.5–8,13

Our results suggest that women
with advanced stage of disease have
lower rates of reconstruction. This is
likely because of decreased referral
rates for this patient group, poor
medical condition or death precluding
reconstruction. An association be-
tween advanced stage of breast cancer
and a lower rate of breast reconstruc-
tion has been reported in other
studies.6–8 Although the literature does
not support advanced disease as being
a contraindication to breast recon-
struction, women and/or their phys-
icians may not perceive the procedure
as a high priority. However, women
who do undergo reconstruction re-
port substantial improvements in
quality of life during their remaining
time.19–21

We found that patient age influ-
enced the rate of breast reconstruc-
tion in Nova Scotia. Younger women
either request reconstruction more
often or are more likely than their
older counterparts to be offered a
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FIG. 4. The rate of postmastectomy breast reconstruction by patient age.

Table 1

Logistic regression analysis of factors that potentially influence the incidence
of breast reconstruction after mastectomy

Factor Odds ratio (95% CI) p value

Younger age 1.133 (1.112–1.154) < 0.001

Advanced stage of disease 0.149 (0.053–0.415) < 0.001

Earlier year of mastectomy 0.844 (0.786–0.907) < 0.001

Lower household income

Quartile 1 v. quartile 2 1.234 (0.451–3.377) 0.68

Quartile 3 v. quartile 2 0.969 (0.630–1.489) 0.88

Quartile 4 v. quartile 2 0.570 (0.235–1.380) 0.21
Rural location 1.025 (0.680–1.543) 0.91

CI = confidence interval.
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referral by their general surgeon.
Older women may have comorbid-
ities that preclude additional surgery.
These findings are consistent with
previous studies in the United
States.5–8 However, advanced patient
age is not considered to be a con-
traindication to reconstructive sur-
gery.22 Rates of referral, therefore,
should be comparable among all age
groups. Recent studies have shown
that women adjust well to mastec-
tomies, regardless of whether they
undergo reconstruction, as long as
they are given the choice.23,24 The fact
that the plastic surgery literature
does not support patient age nor
stage of disease as contraindications
to breast reconstruction20–22 high-
lights the need for all patients to be
given the option of reconstruction
after mastectomy.

The rate of reconstruction was
not significantly different between
patients in rural and urban areas,
suggesting that women in Nova
Scotia have equal access to this ser-
vice regardless of their geographic
locations. We found that household
income was not a significant barrier
to reconstructive surgery, which
contradicts data from American
studies that consistently find house-
hold income to influence the rate of
breast reconstruction after mastec-
tomy.6–8 In Canada, household in-
come is effectively eliminated as an
access barrier to breast reconstruc-
tion owing to our universal health
care system.

To our knowledge, ours is the
first study to evaluate potential bar-
riers to breast reconstruction after
mastectomy in Canada. Because
population-based cohorts are inclu-
sive of the entire population, our
findings are generalizable and have a
high degree of external validity.

We acknowledge several limita-
tions to our study. We obtained the
data for the cohort through adminis-
trative databases that were not specif-
ically designed for our study. Conse-
quently, we required proxies for
certain variables of interest, including

stage of disease and household in-
come. We evaluated the effect of
stage of disease on the rate of breast
reconstruction by comparing the rate
of reconstruction for women who
survived 5 years after their mas-
tectomy with that of women who 
did not. Although the use of postal
codes to estimate household income
is a common method of estimating
socioeconomic status, the method
has been found to have a lower cor-
relation with socioeconomic status
than other methods.13 However,
Deonandan and colleagues25 suggested
that postal code estimations can be
used to evaluate the impact of socio-
economic status on access to special-
ized medical procedures. Given that
reconstruction after mastectomy be-
came more common in Nova Scotia as
our study progressed, applying our
methodology at a later date would
likely have yielded a larger sample size.

Conclusion

We have found that the rate of breast
reconstruction after mastectomy over
a 10-year period in Nova Scotia is
only 3.8%, but that the proportion of
women who undergo reconstruction
is increasing over time. This rate is far
lower than those reported in the
United States (8%–45%). Older pa-
tient age and advanced stage of dis-
ease negatively influenced rates of re-
construction in our population-based
study. Geographic location and
household income do not appear to
be access barriers in Nova Scotia. The
lack of influence of household income
on breast reconstruction rates under-
scores the central value of universal
access to health care in Canada. Our
study emphasizes the need for univer-
sal access to reconstructive surgery
consultation regardless of age, disease
stage and socioeconomic status.
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