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Chapter 1
In the ever-evolving realm of clinical outcomes analysis and with the ease at which
information can be digitalized, “big data” has quickly become one of the most
important buzzwords of the last decade. Although it has been making waves in other
industries for quite some time, its application in healthcare is still in the formative
stages.1-3 Healthcare organizations have traditionally generated large amounts of data
in the form of claims and cost data, pharmaceutical data, research and development
data, clinical (outcomes) data, and patient behavior or sentiment data.4 While most
data are stored in hard copy form, since the advent of health information technology
(HIT), these data have emerged as a “natural resource” that could potentially
revolutionize how we deliver personalized medicine and improve healthcare
outcomes.2,4 Moreover, the implementation of the electronic health records (EHR) has
resulted in a large volume of individual health data. With the creation of massive
datasets, these data hold great potential to change the whole healthcare value chain.
Some argue that we are on the edge of the next revolution in medicine. Research using
big data has had a significant impact on surgical outcomes research including breast
reconstruction. This has resulted in changes to treatment guidelines and health policy.513
That being said, the concept, potential use and power of big data within the field of
breast reconstruction is still underutilized. The current work aims to use big data in the
form of large-volume national databases to evaluate the current standard of care in
reconstructive breast surgery.

WHAT IS BIG DATA?
Big data is not a new concept or idea. The abstract idea of “big data” was first
encountered over 70 years ago, but not until recent decades have industries begun to
actively take advantage of what has been termed the “information explosion”.14 The
first documented use of the term “big data” appeared in a 1997 paper by scientists at
NASA, describing the problem they had with visualization (i.e. computer graphics) which
“provides an interesting challenge for computer systems: data sets are generally quite
large, taxing the capacities of main memory, local disk, and even remote disk”.15 In
2008, a number of prominent computer scientists popularized the term, predicting that
“big-data computing” would “transform the activities of companies, scientific
researchers, medical practitioners, and the nation’s defense and intelligence
operations”.16 The definition of big data has been debated for over a decade, and its use
is continuously being reconsidered.17 To date, a universally accepted definition of big
data does not exist.18 Generally speaking, big data are frequently characterized as the
four Vs: volume, velocity, variety, and veracity.3,17,19 More recently, an additional two Vs
have been adopted for the healthcare sector: variability and value.17,20
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Volume refers to the volume of data per “transaction”. This has gone from bytes (e.g.
traditionally recording observations every 6 hours), to kilobytes (e.g. clinic letters in
Electronic Health Records), to megabytes (e.g. clinical photographs), to gigabytes (e.g.
CT & MRI scans, genomic sequencing). Every day, we create 2.5 trillion gigabytes of
data. This is increasing at such as rapid rate that 90% of all data worldwide was created
in only the last two years.21 Furthermore, the volume of stored information in the world
is growing so fast that scientists have had to create orders of magnitude of data,
including zettabyte (1021 gigabytes) and yottabyte (1024 gigabytes) to describe the flood
of data.4,17,22 In 2012, the magnitude of worldwide healthcare data was 500 petabytes
(106 gigabytes), and it is estimated that this number will grow by 50% to 25,000
petabytes in 2020.4 That being said, recent studies have estimated that less than 3
percent of potentially useful big data underwent any type of analysis.23 As genomic and
environmental data become more ubiquitous, coupled with greater use of precision
medicine, there will be an explosion of big data in healthcare.
Velocity refers to the speed at which processes occur to make data available for use. Big
data offers the ability for data to be processed in real-time. Traditionally, health care
data has been mostly static, however real-time accumulation of data has significant
advantages, particularly in the monitoring of vital signs and laboratory results. For
example, as more and more medical devices are designed to monitor patients and
collect data, there is great demand for analysis of that data and then to transmit it back
to clinicians and others.
With increasing volume and velocity comes increasing variety. Traditionally, it has been
structured such that data has been recorded electronically. Structured data (patient
names, diagnostic codes, traditional databases etc.) is standardized, pre-defined data
that can easily be stored, manipulated and analysed. However, over 80% of data
collected in the healthcare setting is in an unstructured or “raw” format, collected in
what is known as a Data Lake, and on paper.
Veracity refers to the quality, relevance, predictive value, and meaning of data. Veracity
is important for big data as, for example, personal health records may contain
typographical errors, abbreviations and cryptic notes. Ambulatory measurements are
sometimes taken within less reliable, uncontrolled environments compared to clinical
data, which are collected by trained practitioners.
Variability of data can be translated to the way care is provided to any given patient and
is dependent on different factors—and the way the care is delivered. Perhaps more
importantly the way the data is captured may vary from time to time or place to place.
For example, what a clinician reads in the medical literature, where they trained, the
professional opinion of a colleague down the hall, or how a patient expresses herself
during her initial exam all may play a role in what happens next. Such variability means
data can only be meaningfully interpreted when care setting and delivery process is
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taken into context. For example, a diagnosis of “CP” may mean chest pain when entered
by a cardiologist or primary care physician but may mean “cerebral palsy” when entered
by a neurologist or paediatrician. Because true interoperability is still somewhat elusive
in health care data, variability remains a constant challenge.
And finally, the value of data relates to the clinical relevancy of data or in other words,
the worth of information to various stakeholders or decision makers. Many of the
underlying principles of big data have been explored by the research community for
years in other domains. Nevertheless, new theories and approaches are needed for
analysing big health data.

BIG DATA IN HEALTHCARE AND PLASTIC SURGERY
Medicine has traditionally been a science of observation and experience. For thousands
of years, clinicians have integrated the knowledge of preceding generations with their
own life-long experiences to treat patients according to the Hippocratic Oath; mostly
based on trial and error. Over the years, the generation of information has changed
dramatically. Driven by record keeping, compliance and regulatory requirements, and
patient care, the healthcare industry had historically produced a large amount of data.4
These rich data sources offer many potential benefits. The evolution in HIT
infrastructure over recent decades, and the corresponding ability to store, share,
manipulate and process large amounts of data have resulted in a significant increase in
big data outcomes research. Big data on its own is just the dataset; it is the analytics of
such data that will have the greatest impact on research and clinical practice. As
technology has developed for the storage of such data, so has the ability to analyze it.
To date, plastic surgeons have traditionally used their judgement when making
treatment decisions, but in the last few years there has been a shift towards evidencebased medicine, which involves systematically reviewing clinical data and making
treatment decisions based on the best available information.24-26 The scale and
comprehensive nature of large data in healthcare allow for analyses that would
otherwise be impossible with single surgeon or health-system database reviews. With
the magnitude and breadth of information available in these databases, researchers are
able to more easily answer a wide variety of research questions.
Within the field of plastic and reconstructive surgery, research using big data has
increased dramatically over the past decade.5-13 Although prospective, randomized
controlled trials (RCTs) are considered the gold standard for developing clinical care
guidelines, randomization is not always practical or ethical, and the results of such
studies may not be applicable for all plastic surgeons and their patients.27-30 An
adequately powered trial requires a large number of patients, often from multiple
centres, with the logistics of this making RCTs very costly. Furthermore, although
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blinding to placebo or “sham surgery” treatments are important to limit bias, it may be
unethical in many cases. A well-designed observational study, carefully controlling for
potential sources of bias, may provide a strong level of evidence, which approaches that
of an RCT. Moreover, database methodologies may be beneficial as they offer ease in
recruitment, decreased cost, reduction in some types of bias, and greater
generalizability as the data in these patient registries are readily available and contains a
multitude of patients from different populations.

LARGE-VOLUME DATABASES
Large-volume national databases can include all patients or a predefined sample of
patients from a broad (national) or narrow (state) geographic area, and are composed
of patient-encounter records from more than one specialty or procedure. They offer a
unique platform for observational and clinical studies providing large patient
populations suitable for reviewing outcomes that would otherwise be difficult to study
by a single plastic surgeon, institution, or even group of institutions. As data collection is
done preemptively, these studies can be completed at low cost, and with careful study
design. Thus, the inherent biases of retrospective studies can be controlled for. The lack
of plastic surgical- specific data elements in many of the current general surgeryfocused national databases does limit the ability to assess plastic surgery outcomes of
interest such as measures of function in hand surgery, and the ability to control for
factors that influence outcomes, for example, the type of implant or type of flap used
for breast reconstruction. Nevertheless, the wealth of data available in these national
datasets has already allowed several impactful studies to be completed. Large-volume
databases provide a unique opportunity for observational plastic surgical research to
answer questions that cannot be examined in most RCTs. Observational database
research typically provides nationwide information from a variety of patients, providers
and settings. In contrast to RCTs, which often have relatively small samples, strict
patient selection criteria, and select providers, database studies provide real-world
healthcare information from a broader, population-based perspective.

Administrative or clinical databases
Generally speaking, large-volume national databases can be broadly categorized as
either administrative or clinical. This is mostly dependent on where the data is derived
from. Administrative database contains diagnosis and procedure codes used primarily
for billing purposes and have a broader, less selective catchment. These databases were
not originally designed for clinical research, but rather to track billing for hospitals,
providers, and procedures. Administrative data are derived from two sources: requests
to an insurer for health care payments and claims for clinical services and therapies.
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Utilizing international classification of disease clinical medicine (ICD-9-CM) codes for
diagnoses and current procedural terminology (CPT) codes, administrative databases
provide a mechanism to look at population-based data. The large number of patients
allows for sufficient powering of research studies. Topics such as operative trends may
be assessed using longitudinal databases spanning several years. Additional outcomes
including length of stay and hospital cost may be assessed with large administrative
databases. Only limited patient characteristics (e.g. age, sex, postcode and
presentation) along with diagnosis and procedure information are typically recorded.
Unlike administrative databases, clinical databases were developed with specific
clinical goals in mind. Eligibility may be disease-based or procedure/device-based. In
contrast to administrative data, important relevant clinical factors are collected, as are a
wider range of outcomes and information on co-morbidities. Cancer registries track
incidence, treatment, and differences in cancer care. Disease-specific information may
include stage, tumor characteristics, treatment modalities, and outcome. Quality
improvement databases aim to assess the quality of patient care. Preselected quality
measures including intraoperative measures, 30-day morbidity and mortality are
reported.
These large-volume databases have several unique advantages that have fuelled
their popularity amongst plastic surgeon-researchers. Derivation of data from large,
heterogeneous populations may result in decreased selection bias and increased study
generalizability.31,32 New surgical interventions and assessment of quality improvement
measures may be examined.33 Moreover, assessment of cost and effectiveness of
plastic surgical treatments, variation at the regional, state and national level can be
assessed, and risk models can be created and validated.

LARGE-VOLUME DATABASES USED IN THIS THESIS
National Inpatient Sample (NIS) database
The Healthcare Cost and Utilization Project (HCUP) is a federally mandated program
managed by the Agency of Healthcare Research and Quality. The HCUP is composed of
several regional and national databases, the largest of which is the Nationwide Inpatient
Sample (NIS) database. Across all publicly available databases, the NIS is the largest allpayed inpatient (administrative) database in the United States. The database aggregates
information for over 1,000 hospitals, over 8 million discharges, and dates back to 1988.
The database does not record each individual discharge from a given institution but
rather records a 20% stratified systemic random sample of all discharges. Each
discharge can contain over 100 data points allowing for the stratification of variables by
region, ownership (i.e. public versus private), location (i.e. urban versus rural), size, and
resident educational programs. The data provided by NIS is unweighted, therefore
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when conducting studies investigating nationwide trends, it is important to use
appropriate weighting variables that are provided by HCIP and determined by an
institution’s relative contribution to the NIS. Stratification of patient or procedural
information is achieved through International Classification of Diseases 9th edition (ICD9) procedural and diagnostic codes.
Significant strengths of the NIS database are found in its overall number of patients
and the volume of data recorded with each discharge. Additionally, access to the
database is relatively affordable at $160–$350 per year of data requested. Currently, it
is the largest national database composed of all payers, and is frequently used for
nationwide analysis of a given procedure.
There are several limitations of the NIS database that are important to consider in
any study utilizing this database. First, the NIS database only records inpatient events
and does not allow for longitudinal tracking of patients. Therefore, only inpatient
complications may be assessed for a given procedure, which likely underestimates the
true complication rate. A second major limitation is the database only contains predischarge information, making it difficult to distinguish comorbidities from
complications. Lastly, it does not contain operative variables such as anaesthesia type,
length of surgery, or blood loss which can be important variables to consider in surgical
research. Despite the limitations of the NIS database, it remains commonly utilized in
plastic surgical research.

American College of Surgeons National Surgical Quality Improvement Program
(ACS-NSQIP)
The ACS-NSQIP database has its origins in the Veterans Affairs (VA) healthcare system.
In the 1980s, the United States government developed the Veterans Affairs Surgical
Quality Improvement Program (VASQIP) after noticing high rates of morbidity and
mortality following surgical procedures in VA patients. After the noted success of the
VASQIP in decreasing perioperative complications, its methods were implemented in
private sector hospitals and found to be similarly effective. The current NSQIP database
was developed by the American College of Surgeons to improve the quality of surgical
care. It is a nationally validated database, and studies have demonstrated the ability of
the NSQIP to improve surgical outcomes.
The NSQIP database is peer-controlled and collects information on patients who
undergo elective and select trauma surgical procedures. Contributing institutions are
located both within the United States and abroad. The database records a wide array of
clinical information in addition to surgery-specific variables such as operative time,
blood transfusion, anaesthesia type, and estimated blood loss. The data recorded in the
NSQIP database dates back to 2006. A major strength of the database is that data is
abstracted by thoroughly trained “nurse reviewers” who use a standardized set of
definitions, and inclusion and exclusion criteria. These reviewers may track greater than
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135 data points for a given patient undergoing a surgical procedure. The inter-rater
reliability of data extraction by these reviewers proves to be consistent.
The primary limitation of the NSQIP database is it only tracks 30-day morbidity and
mortality after a surgical procedure. The database also does not provide specific
information regarding severity of comorbidities, indications for surgery, or specific
outcomes related to a given procedure. Lastly, free access to the database is limited to
contributing institutions, and the infrastructure to contribute to the NSQIP may exceed
$100,000 as a full- time “nurse reviewer” is needed. This high cost has led to a
disproportionate contribution to the NSQIP from large teaching hospitals. Aside from its
limitations, the NSQIP database is widely believed to be the most precise and accurate
database available for measuring patient outcomes after surgery given its high rate of
complete data sets, operative data points, validation, and inter-rater reliability

Surveillance, Epidemiology, and End Results (SEER) program
The Surveillance, Epidemiology, and End Results (SEER) program of the National Cancer
Institute (NCI) is a source of epidemiologic information on the incidence and survival
rates of cancer in the United States. The SEER program was launched in 1973 as part of
the National Cancer Act. SEER collects demographic, clinical and outcome information
on all cancer diagnosed representative geographic regions and subpopulations. Regions
are included based on their ability to operate and maintain a high-quality populationbased cancer reporting system or Cancer Registry and to enhance the demographic and
geographic diversity of the SEER data. The population covered by SEER is representative
of the general U.S. population in regard to measures of poverty and education. SEER
currently captures 400,000 cancer cases annually and stores cancer data on
approximately 30% of the U.S. population.
The pathology report is an important source for abstracting SEER data, and for
approximately 80% of cases, pathology reports are obtained electronically in real-time
from approximately 360 laboratories. The abstracted pathology data are consolidated
into a final case record along with data from other sources. These sources include
patient medical records, reports gathered from freestanding diagnostic imaging and
chemotherapy clinics, and death certificates. Traditionally cancer registry staff members
abstract standard data items, and manually enter corresponding text into a data
collection template. The use of electronic pathology reporting by nearly 80% of
laboratories has the potential to enable the use of natural language processing (NLP)
software to automatically code data fields. These abstracted records are then reviewed
by the registry staff. Afterwards, all data are checked, edited and incorporated into the
annual registry database, and submitted in a de-identified form to the NCI. SEER
submissions are checked for quality and completeness and released for public use and
access in the subsequent year.
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According to the SEER website, the best use of SEER data leverages the programs
strengths with regard to representativeness and generalizability to the U.S. population,
lengthy period of data collection, large numbers of cases, and collection of cancer
specific outcomes. Limitations include incompleteness of individual-level data collected
on specific cancer risk and treatment, and inaccuracies and incompleteness of the data
collected from the source registries. Further, data related to socioeconomic status, comorbidities and other health information are lacking. Tumor recurrence data are
currently not collected and therefore progression free survival, correlates of local,
regional and distant control, and the effectiveness of salvage therapy cannot be
assessed. Moreover, survival outcome cannot be fully evaluated as the collected data
does not distinguish the intent of therapy as curative or palliative. Specific details on the
type, dose and duration of chemo- and radiation therapy, and the use of other oral
pharmaceuticals are not collected. Information gaps in treatment and follow up occur
when individuals migrate into and out of SEER and non-SEER regions and could bias
conclusions about a cancer behaviour, particularly if re-location and outcome are
linked. Such interruptions in data collection also occur when individuals within a SEER
region have a procedure in a facility which has no contractual obligation to transmit
data to SEER or have prescriptions in pharmacies or diagnostic/predictive molecular
tests in commercial laboratories who are not obligated to transmit their data to SEER.
Inaccuracies in the source data can occur either due to miscoding of the data
transmitted to NCI by the regional registries or the data made available to the regional
registrars for coding is not correct. The SEER quality program is designed to identify
miscoding of the transmitted data and acts quickly to rectify any identified error.

National Breast Cancer Organization the Netherlands Breast Cancer Audit
(NBCA)
The NBCA is a national multidisciplinary quality improvement audit developed in 2011
as part of the Nationaal Borstkanker Overleg Nederland (NABON). The registry contains
data on all patients diagnosed with invasive breast cancer (BC) or ductal carcinoma in
situ (DCIS) from all hospitals (n=92) in the Netherlands. Hospitals can choose to collect
data themselves or have data-managers of the Netherlands Cancer Registry (NCR)
register the data (the latter option being used by 75% of hospitals). By providing
feedback to the participating individual hospitals on their outcomes, the NBCA enables
institutions to evaluate their data and start improvement projects.34,35 In 2015, the
database included 32 quality indicators measuring the structure, processes, and
outcomes of breast cancer care.34-36 For research, an official request must be made to
the scientific committee of the NBCA and the NCR, who judge the relevance of the
research question and privacy of the patients, care givers and institutions.
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BREAST RECONSTRUCTION AND BIG DATA
Breast cancer is the most commonly diagnosed cancer among women worldwide. With
nearly 316,120 new cases diagnosed in 2017 in the US alone, resulting in 40,610 deaths,
breast cancer accounts for 25% of all new cancer cases in women. Widely accepted
statistics in breast cancer are based on publication called GLOBOCAN, a project of the
International Agency for Research on Cancer (IARC). Timely and accurate breast cancer
statistics are crucial in identifying priorities for cancer control strategies at the national
level. Yet, only 34 of 194 World Health Organization (WHO) Member States presently
report high-quality national mortality data, while 68 countries provide high-quality
incidence data. As a result, many policy-makers rely on national cancer incidence and
mortality estimates of variable precision to inform cancer control priorities. GLOBOCAN
provides estimates by cancer site and sex using the best available data in each country
and several methods of estimation. As seen in this global and widely accepted project,
the importance of big data and reliable patient registries are of utmost importance.
Several treatment options are available for patients with breast cancer or ductal
carcinoma in situ (DCIS), such as surgery, chemotherapy, radiation therapy and
hormonal therapy. Despite the introduction of breast conserving therapy with or
without neo-adjuvant treatment, it is estimated that 40 to 55 percent of women
diagnosed with breast cancer or DCIS opt for mastectomy. And yet again, the
international community relies on data provided by national large-volume registries.

Mastectomy and Breast Reconstruction
Mastectomy has been shown to have a significant impact on a woman’s body image and
self-identity, including feelings of abnormality, depressive symptoms, loss of wholeness,
and mourning for the loss of a breast.37 Women who undergo a mastectomy as part of
their breast cancer treatment may choose breast reconstruction surgery to rebuild the
shape and look of their breast. Breast reconstruction following mastectomy has been
shown to improve quality of life, body image, and sexual well-being. It can be
performed immediately following mastectomy (immediate breast reconstruction; IBR),
or delayed for months or years after mastectomy (delayed breast reconstruction;
DBR).37,38 There are a variety of different reconstruction techniques available. The two
main techniques include
• Implant based breast reconstruction: Inserting an implant that is filled with
saline, silicone gel, or a combination of the two.
• Autologous or "flap" reconstruction: Using tissue transplanted from another
part of the body. Autologous reconstruction also may include an implant.
Research derived from big data captured in large-volume databases have made a
significant impact in the field of breast reconstructive surgery. For example, in the
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United States The Women’s Health and Cancer Rights Act (WHCRA) was federally
enacted in 1998 to ensure that all group and individual health plans provide insurance
coverage for reconstruction after mastectomy regardless of diagnosis. This legislation
represented a paradigm shift in the availability of reconstruction by eliminating
economic hurdles to care. Although a greater number of women have opted for breast
reconstruction in the years after the WHCRA, this trend was not consistent across all
demographic groups.8,39-41 Studies based on large-volume databases revealed significant
disparities based on access to health care, age, race, geographic location, and patient
education. As a result, patient education events, such as Breast Reconstruction
Awareness Day instituted in 2012, have emerged. In 2015, the Breast Cancer Patient
Education Act was designed to implement an educational campaign to inform women in
minority and lower socioeconomic groups about their options for breast reconstruction.
This bill referred to statistics provided by the American Cancer Society, multiple
institutional studies, and in terms of large-volume database, studies based on SEER
data.
Using big data, this thesis aimed to evaluate a variety of different aspects within the
field of breast reconstructive surgery:
1. Can we evaluate the trend over time and examine disparities in different types
of breast reconstructive techniques? (chapter 1 and 2)
2. Using big data; is it possible to evaluate and measure the effects of laws and
legislations in relation to breast reconstructive surgery? (chapter 3)
3. How can we bring big data back to clinical relevance in daily practice?
(chapter 4)
4. Is administrative and clinical “big data” comparable to (traditional) institutional
data? (chapters 5 and 6)
5. How comparable are big data large-volume databases, both nationally and
internationally? (chapters 7 and 8)
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OUTLINE THESIS
1. Evaluating Trends
Using big data collected from the largest administrative database in the United States,
the Nationwide Inpatient Database (NIS), in chapter 1, we evaluated the national and
regional trends over 15 years for immediate (one-stage) or delayed (two-stage) implantbased breast reconstruction. We extended the use of the NIS in chapter 2 by evaluating
the national and regional trends in the United States over 5 years to compare different
types of autologous breast reconstruction in postmastectomy patients.

2. Laws and Legislation
By eliminating economic hurdles, the Women's Health and Cancer Rights Act of 1998
represented a paradigm shift in the availability of breast reconstruction. Yet, studies
report disparities among Medicare-insured women. These studies do not account for
the inherent differences in age and comorbidities between a younger privately insured
individual and an older Medicare population. In chapter 3, we examine immediate
breast reconstruction utilization between a matched pre- and post-Medicare population
using the NIS database.

3. Disparities
Although approximately 57% of breast cancer diagnoses are in older patients (>60
years), only 4.1-14% undergo breast reconstruction. This has been attributed to
physician concerns about operative complications. In chapter 4 we use a clinical
database, the NSQIP, to analyze the 30-day complication rates in an elderly patient
population undergoing immediate breast reconstruction. Moreover, we use this
database to analyze links between complication type and category of reconstruction.

4. Big Data and Traditional Outcomes Research
In chapter 5 and 6 we revert back to traditional outcomes research using big data.
Chapter 5 compares the 30-day complication rates in immediate breast reconstruction
within the NSQIP database to our institutional 30-day complication data and assesses
those that occur after 30 days. For immediate autologous tissue breast reconstruction,
the NSQIP may be reliable for monitoring and comparing surgical site infection, wound
disruption, unplanned reoperation, and unplanned readmission rates. However,
clinicians may find it useful to understand the limitations of the ACS-NSQIP for
complications and risk factors, as it may underreport complications occurring beyond 30
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days. Chapter 6 compared the rates of psychiatric disorders in patients undergoing free
autologous breast reconstruction captured in the NIS and our institutional database.

5. Comparing National and International Datasets
Although big data has been used in different forms to evaluate trends of immediate
reconstruction after breast cancer, to date, a comparison of the different databases has
not been done. Research derived from large-volume databases plays an increasing role
in the development of clinical guidelines and health policy. In breast cancer research,
the SEER, NSQIP, and NIS databases are widely used. Chapter 7 aims to compare the
trends in immediate breast reconstruction and identify the drawbacks and benefits of
each database.
There are many clinical and administrative databases around the globe. Still, the ability
to compare data within them is greatly limited by the heterogeneity of the data
collected, their definitions, and coding. To date, no comparison between large
databases has been made internationally within the field of breast cancer outcomes.
Chapter 8 is the first proof of concept study to explore the feasibility of combining two
large existing operational databases in two countries; e.g. SEER in the United States and
NBCA in the Netherlands.

21

Chapter 1

REFERENCES:
1.
2.
3.
4.
5.

6.

7.

8.

9.

10.

11.
12.
13.

14.
15.
16.

17.
18.
19.
20.

22

Ryu S, Song TM. Big data analysis in healthcare. Healthcare informatics research. 2014;20(4):247-248.
Mathias B, Lipori G, Moldawer LL, Efron PA. Integrating "big data" into surgical practice. Surgery.
2016;159(2):371-374.
Lee CH, Yoon HJ. Medical big data: promise and challenges. Kidney research and clinical practice.
2017;36(1):3-11.
Raghupathi W, Raghupathi V. Big data analytics in healthcare: promise and potential. Health information
science and systems. 2014;2:3.
Kamali P, Curiel D, van Veldhuisen CL, et al. Trends in immediate breast reconstruction and early
complication rates among older women: A big data analysis. Journal of surgical oncology.
2017;115(7):870-877.
Kamali P, Koolen PG, Ibrahim AM, et al. Analyzing Regional Differences over a 15-Year Trend of OneStage versus Two-Stage Breast Reconstruction in 941,191 Postmastectomy Patients. Plastic and
reconstructive surgery. 2016;138(1):1e-14e.
Kamali P, Paul MA, Ibrahim AM, et al. National and Regional Differences in 32,248 Postmastectomy
Autologous Breast Reconstruction Using the Updated National Inpatient Survey. Annals of plastic
surgery. 2017.
Kamali P, Zettervall SL, Wu W, et al. Differences in the Reporting of Racial and Socioeconomic Disparities
among Three Large National Databases for Breast Reconstruction. Plastic and reconstructive surgery.
2017;139(4):795-807.
Wexelman B, Schwartz JA, Lee D, Estabrook A, Ma AM. Socioeconomic and geographic differences in
immediate reconstruction after mastectomy in the United States. The breast journal. 2014;20(4):339346.
Chen AD, Kamali P, Chattha AS, et al. The National Surgical Quality Improvement Program 30-Day
Challenge: Microsurgical Breast Reconstruction Outcomes Reporting Reliability. Plastic and
reconstructive surgery Global open. 2018;6(3):e1643.
Bucknor A, Chattha A, Wu W, et al. The Impact of Surgical Volume on Outcomes and Cost in Cleft Repair:
A Kids' Inpatient Database Analysis. Annals of plastic surgery. 2018;80(4 Suppl 4):S174-S177.
Epstein S, Tran BN, Cohen JB, Lin SJ, Singhal D, Lee BT. Racial disparities in postmastectomy breast
reconstruction: National trends in utilization from 2005 to 2014. Cancer. 2018.
Lazzati A, Katsahian S, Maladry D, Gerard E, Gaucher S. Plastic surgery in bariatric patients: a nationwide
study of 17,000 patients on the national administrative database. Surgery for obesity and related
diseases : official journal of the American Society for Bariatric Surgery. 2018.
“A Very Short History of Big Data”, by Gil Press, Forbes, May 9, 2013. Available at: http://www.forbes.com/
sites/gilpress/2013/05/09/a-very-short-history-of-big-data/print/. Accessed 4/5/2018.
Cox M, Ellsworth D. Application-controlled demand paging for out-of-core visualization. Proceedings of
the 8th conference on Visualization '97; 1997; Phoenix, Arizona, USA.
Bryant R. E., Katz R. H., & Lazowska E. D. (2008). Big-Data Computing: Creating revolutionary
breakthroughs in commerce, science, and society: A white paper prepared for the Computing Community
Consortium committee of the Computing Research Association. http://cra.org/ccc/resources/ccc-ledwhitepapers/.
Glick M. Taking a byte out of big data. Journal of the American Dental Association. 2015;146(11):793794.
Baro E, Degoul S, Beuscart R, Chazard E. Toward a Literature-Driven Definition of Big Data in Healthcare.
BioMed research international. 2015;2015:639021.
Bellazzi R. Big data and biomedical informatics: a challenging opportunity. Yearbook of medical
informatics. 2014;9:8-13.
Andreu-Perez J, Poon CC, Merrifield RD, Wong ST, Yang GZ. Big data for health. IEEE journal of
biomedical and health informatics. 2015;19(4):1193-1208.

General Introduction and Outline of Thesis
21. Big Data in Healthcare: Definition, application, and challenges. Nictiz (expertise centre for e-health) 2017
Report. Available at: https://www.nictiz.nl/wp-content/uploads/2018/04/Big_Data_in_healthcare.pdf
Assessed 4/5/2018
22. IHTT . Transforming Health Care through Big Data Strategies for leveraging big data in the health care
industry. 2013.
23. John Gantz DR. The Digital Universe in 2020: Big Data, Bigger Digital Shadows, and Biggest Growth in the
Far East. IDC. 2012;December 2012:11.
24. Goss CH, Tefft N. Comparative effectiveness research - what is it and how does one do it? Paediatric
respiratory reviews. 2013;14(3):152-156.
25. Cheung MC, Allan BJ, Yang R, Thaller SR. Evidence-based medicine and its role in plastic surgery. The
Journal of craniofacial surgery. 2011;22(2):385-387.
26. Rohrich RJ. So you want to be better: the role of evidence-based medicine in plastic surgery. Plastic and
reconstructive surgery. 2010;126(4):1395-1398.
27. Adkinson JM, Casale MT, Kim JY, Khavanin N, Gutowski KA, Gosain AK. So You Have a Research Idea: A
Survey of Databases Available for Plastic Surgery Research. Plastic and reconstructive surgery.
2016;137(2):680-689.
28. Royall RM, Bartlett RH, Cornell RG, et al. Ethics and statistics in randomized clinical trials. Statistical
science : a review journal of the Institute of Mathematical Statistics. 1991;6(1):52-88.
29. Chung KC, Swanson JA, Schmitz D, Sullivan D, Rohrich RJ. Introducing evidence-based medicine to plastic
and reconstructive surgery. Plastic and reconstructive surgery. 2009;123(4):1385-1389.
30. Malay S, Shauver MJ, Chung KC. Applicability of large databases in outcomes research. The Journal of
hand surgery. 2012;37(7):1437-1446.
31. Deyo RA, Taylor VM, Diehr P, et al. Analysis of automated administrative and survey databases to study
patterns and outcomes of care. Spine. 1994;19(18 Suppl):2083S-2091S.
32. Abdullah F, Ortega G, Islam S, et al. Outcomes research in pediatric surgery. Part 1: overview and
resources. Journal of pediatric surgery. 2011;46(1):221-225.
33. Begg CB, Cramer LD, Hoskins WJ, Brennan MF. Impact of hospital volume on operative mortality for
major cancer surgery. Jama. 1998;280(20):1747-1751.
34. NABON Breast Cancer Audit (NBCA). Available at: https://www.dica.nl/nbca/home. Assessed: June 1st
2016.
35. van Bommel AC, Spronk PE, Vrancken Peeters MT, et al. Clinical auditing as an instrument for quality
improvement in breast cancer care in the Netherlands: The national NABON Breast Cancer Audit. Journal
of surgical oncology. 2016.
36. van Bommel AC, Spronk PE, Vrancken Peeters MT, et al. Clinical auditing as an instrument for quality
improvement in breast cancer care in the Netherlands: The national NABON Breast Cancer Audit. Journal
of surgical oncology. 2017;115(3):243-249.
37. Dean C, Chetty U, Forrest AP. Effects of immediate breast reconstruction on psychosocial morbidity after
mastectomy. Lancet. 1983;1(8322):459-462.
38. Schain WS. Breast reconstruction. Update of psychosocial and pragmatic concerns. Cancer. 1991;68(5
Suppl):1170-1175.
39. Yang RL, Newman AS, Lin IC, et al. Trends in immediate breast reconstruction across insurance groups
after enactment of breast cancer legislation. Cancer. 2013;119(13):2462-2468.
40. Albornoz CR, Bach PB, Pusic AL, et al. The influence of sociodemographic factors and hospital
characteristics on the method of breast reconstruction, including microsurgery: a U.S. population-based
study. Plastic and reconstructive surgery. 2012;129(5):1071-1079.
41. Alderman AK, McMahon L, Jr., Wilkins EG. The national utilization of immediate and early delayed breast
reconstruction and the effect of sociodemographic factors. Plastic and reconstructive surgery.
2003;111(2):695-703; discussion 704-695.

23

Chapter

2

Analyzing Regional Differences over a Fifteenyear Trend of One-stage versus Two-staged
Breast Reconstruction in 941,191 PostMastectomy Patients

Parisa Kamali
Pieter G.L. Koolen
Ahmed M.S. Ibrahim
Marek A. Paul
Rieky E. Dikmans
Marc L. Schermerhorn
Bernard T. Lee
Samuel J. Lin

Plast Reconstr Surg. 2016 Jul;138(1):1e-14e

25

Chapter 2

ABSTRACT
Background
Implant-based reconstruction is the predominant form of breast reconstruction with
two-staged tissue expander/implant approach being the most popular. Recently, directto-implant, one-stage breast reconstruction procedure has gained momentum. In this
study national and regional trends across the US for the two different types of implantbased reconstructions were evaluated.
Methods
The Nationwide Inpatient Sample (NIS) database was used to extrapolate data on type
of mastectomy, implant-based reconstructive technique (one-stage/two-staged), and
sociodemographic and hospital variables. Differences were assessed using chi-square,
impact of variables on reconstructive method was analyzed using logistic regression and
trends were analyzed using Cochrane-Armitage test.
Results
Between 1998 and 2012, a total of 1,444,587 patients treated for breast cancer or at
increased risk of breast cancer met the defined selection criteria. Of these, 194,377
patients underwent implant-based breast reconstruction (13.6% one-stage and 86.4%
two-staged). In both, there was a significant increase in procedures performed over
time (p<0.001). The highest increase in both was seen in the Northeast region of the US,
and the lowest in the Southern region. When stratified into regions, analysis showed
differences in socio-economic and hospital characteristics within the different regions.
Conclusion
There is an observed increase in the number of one-stage and two-staged breast
reconstructions being performed. Sociodemographic and hospital factors of influence
vary in the different regions of the USA. This study provides important information for
clinicians and policy-makers who seek to ensure equitable and appropriate access for
patient to the different types of implant-based procedures.
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INTRODUCTION
Breast cancer is the most common non-cutaneous malignancy affecting women in the
United States and the second leading cause of cancer mortality.1 In 2015, an estimated
231,840 new cases of invasive breast cancer (BC) and 64,290 cases of in situ breast
cancer are expected to be diagnosed in the United States alone.1 Approximately 40 to
55 percent of these women opt for simple (total) mastectomy.2 Given the significant
psychosocial morbidity of this procedure and the increased quality-of-life benefits of
post-mastectomy breast reconstruction, substantial efforts are devoted to optimizing
these techniques.3-5 In the United States, the preferred method of post-mastectomy
breast reconstruction is implant-based.6 Traditionally, implant-based breast
reconstruction is performed in a two-staged fashion. In the first stage a tissue expander
is placed followed by replacement of the tissue expander with a permanent implant
(saline or silicone) in the second stage.7 However, due to improvements in surgical
technique (the advent of skin-sparing or nipple-areola complex (NAC)-sparing
mastectomies and the incorporation of acellular dermal matrices), and the increasing
number of women seeking bilateral prophylactic mastectomies, immediate one-stage
implantation of a permanent implant has gained popularity over the last decade.8-17
One-stage implant based breast reconstruction has allowed for immediate
reconstruction of post-mastectomy defects without the need for a temporary tissue
expander to expand the overlying soft tissue or a second-stage exchange procedure.11-15
Previous studies have demonstrated that sociodemographic variables such as age,
income, insurance type, and geographic region can negatively impact whether a patient
receives breast reconstruction.18-21 Although numerous studies have consistently
reported successful clinical outcomes following either one-stage or two-staged implantbased breast reconstruction 16, to date, there is a lack of large-scale studies focused on
overall and regional trends in the United States. In the current study, we sought to
evaluate nationwide trends in post-mastectomy one-stage and two-staged breast
reconstruction rates.

PATIENTS AND METHODS
Data were obtained from the Healthcare Cost and Utilization Project Nationwide
Inpatient Sample (HCUP-NIS) for the years 1998 to 2012. The HCUP-NIS is the largest allpayer inpatient database in the United States, containing data from nearly 8 million
inpatient hospital stays yearly. It is designed to approximate a 20% sample of all hospital
discharges, which includes all nonfederal, short-term, general, and other specialty
hospitals, including public hospitals and academic institutions. This database contains a
primary, and depending on the year, up to 15 additional diagnoses.
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Our cohort comprised all female patients with a primary diagnosis of breast cancer
or those at increased risk of breast cancer undergoing total, subcutaneous, simple,
extended and radical mastectomy (International Classification of Diseases (ICD-9), Ninth
Revision; diagnosis codes 174.0 to 174.9, 233.0, v16.3, v10.3, v84.01) (Supplemental
Digital Content 1 and 2). Ablative procedures were classified as either unilateral
mastectomy (UM) (using ICD-9 procedure codes 85.33, 85.34, 85.41, 85.43, 85.45.
85.47), or bilateral mastectomy (BM) (using ICD-9 procedure codes 85.35, 85.36, 85.42,
85.44, 85.46, 85.48) (Supplemental Digital Content 2). Patients with the multiple ICD-9
procedure code 85.40 (“Mastectomy”) or v50.41 (“Prophylactic removal of breast”)
were classified as having bilateral mastectomy. Partial mastectomies as well as
lumpectomy were not included in the cohort. Implant based breast reconstruction
procedures were divided into two groups based on reconstruction timing; One-stage
procedures were defined as any type of mastectomy with concurrent, immediate breast
implant insertion (codes 85.33, 85.35, 85.53 and 85.54), whereas two-staged breast
reconstruction was defined as any mastectomy with concurrent tissue expander
insertion or removal (codes 85.95 and 85.96) (Supplemental Digital Content 3). Male
patients, those under 18 years of age, and those of unknown gender or age were
excluded. Furthermore, cases of tissue expander placement without a concurrent
mastectomy were considered delayed breast reconstruction and therefore excluded
from analysis from this study.
The analysed variables included age, calendar year, region, race, hospital status
(teaching/non-teaching, urban/rural), hospital bed size, primary payer (Medicare,
Medicaid, private insurance and other insurance types), and income quartile. These
variables have previously been shown to influence the type of reconstruction and were
therefore included as potential predictors.18, 21 The hospital’s census region was
obtained from the AHA Annual Survey of Hospitals and is defined by the U.S. Census
Bureau. The states included in each region are as follows: Northeast region includes:
ME, NH, VT, MA, RI, CT, NY NJ, and PA. Midwest region includes: OH, IN, IL, MI, WI, MN,
IA, MO, ND, SD, NE, and KS. The South region includes: DE, MD, DC, VA, WV, NC, SC, GA,
FL, KY, TN, AL, MS, AR, LA, OK, and TX. The West region includes: MT, ID, WY, CO, NM,
AZ, UT, NV, WA, OR, CA, AK, and HI. Hospital teaching status is determined by the
Nationwide Inpatients Sample as those hospitals with American Medical Associationapproved residency programs, or are members of the council of Teaching Hospitals, or
have a ratio of full-time residents to beds of 0.25 or greater.22 Hospital bed size
categories were determined by the Nationwide Inpatient Sample based on hospital
beds and are specific to the hospital’s location and teaching status. Small bedsize was
determined as 1-49 for rural hospital, 1-99 for urban non-teaching hospital and 1-299
for urban, teaching hospital. Medium bedsize was determined as 50-99 for rural
hospital, 100-199 for urban non-teaching hospital and 300-499 beds for urban teaching
hospital. Large bedsize was determined as 100+ for rural hospital, 200+ for urban nonteaching hospital and 500+ for urban teaching hospital.22 Estimated household income,
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as determined by median household income for the patient’s zip code, was recorded
directly from the NIS database and stratified by quartile, indicating the poorest to
wealthiest populations. As these estimates are updated annually, the value range varies
by year ($1- $28,999 in 1998 and $1-$37,999 in 2012 for the first quartile; $29,000$36,999 in 1998 and $38,000-$47,999 in 2012 for the second quartile; $37,000-$49,000
in 1998 and $48,000 to $63,999 in 2012 for the third quartile; >$50,000 in 1998 and
>$64,000 in 2012 for the fourth quartile). Patients’ ages were divided into groups (<39,
40-49, 50-59 and >60). In the NIS, race is classified into similar categories as census
population data (White, Black, Hispanic, Asian or Pacific Islander, Native American and
other). For the analysis, Native Americans were combined into the “other” category due
to limited sample sizes.

Statistical Analysis
National estimates were calculated by uniformly applying stratum weights to the
discharges according to the sampled stratum from which the discharge was drawn.23
Categorical variables were compared using Chi-square analyses. Trends were analyzed
using the Cochran-Armitage test. A multivariate logistic regression model was
constructed to determine patient, sociodemographic and hospital characteristics
associated with type of procedure. All analyses were performed using SPSS 22.0
statistical software (IBM, Armonk, NY, USA) and significance was set at p<0.05.

RESULTS
During the study period, a total of 1,444,587 diagnosed with breast cancer or increased
risk of developing breast cancer met the defined selection criteria. In total, 941,191
patients (65%) were treated with mastectomy (Figure 1). The proportion of women
treated with mastectomy increased from 69.90% in 1998 to 81.6% in 2012 (p<0.001). Of
these, 758,739 (80.6%) underwent unilateral mastectomy, and 183,452 (19.4%)
bilateral mastectomy. Unilateral mastectomy decreased from 92.9% in 1998 to 56.7% in
2012 (p<0.001). Bilateral mastectomy consequently increased from 7.1% to 56.7% from
1998 to 2012 (p<0.001) (Figure 2).
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Figure 1: Inclusion patient NIS database 1998 – 2012. (Breast Cancer = BC, Breast Reconstruction = BR)

Figure 2. Trends in Mastectomy, Unilateral and Bilateral Mastectomy. (Cochrane-Armitage test for trend
Unilateral Mastectomy p<0.001 Bilateral mastectomy p<0.001)
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A total of 194,377 (20.7%) out of the 941,191 patients underwent immediate implantbased breast reconstruction: 26,344 (13.6%) one-stage and 168,033 (86.4%) two-staged
(Figure 1). A flowchart with the subdivision of patients with either breast cancer or at
increased risk of breast cancer, undergoing unilateral or bilateral mastectomy, followed
by one-stage or two-stage breast reconstruction is shown in Supplemental Digital
Content 4. In both groups, demographic characteristics were comparable; a majority of
patients were Caucasian women, aged 40-49, who underwent unilateral reconstruction,
were operated on at a teaching urban hospital with large bedsize, estimated to have a
household income in the fourth quartile, and with private insurance (Table 1).
Table 1. Baseline characteristics by one-stage or two-staged breast reconstruction.
Characteristics

One-stage BR

Two-stage BR

(n = 26.344) (%)

(n =168.033)(%)

Percentage of total

13.6%

p value

86.4%

Age

0.311

<39 years

3563

13.5%

23210

13.8%

40-49 years

9130

34.7%

57957

34.5%

50-59 years

7931

30.1%

51018

30.4%

>60 years

5720

21.7%

35848

21.3%

Race

<0.001

Caucasian

17873

67.8%

112274

66.8%

Black

1350

5.1%

10003

6.0%

Hispanic

955

3.6%

7863

4.7%

Asian/Pacific Islander

603

2.3%

3391

2.0%

Other

5563

21.1%

34502

20.5%

Unilateral

14083

53.5%

90845

54.1%

Bilateral

12261

46.5%

77188

45.9%

First quartile

2149

8.30%

15488

9.40%

Second quartile

4042

15.70%

27298

16.60%

Third quartile

6263

24.30%

41055

24.90%

Fourth quartile

13339

51.70%

81069

49.20%

Rural

1141

4.3%

4129

2.7%

Urban

25158

95.70%

163470

97.50%

Non-teaching

11094

42.20%

61053

36.40%

Teaching

15205

57.80%

106545

63.60%

Small

3643

13.90%

19484

11.6%

Medium

6077

23.10%

34000

20.30%

Large

16580

63.00%

114115

68.10%

Mastectomy

0.067

Estimated Household Income

<0.001

Hospital location

Hospital teaching status

<0.001
<0.001

Hospital Bedsize

<0.001
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Characteristics

One-stage BR

Two-stage BR

(n = 26.344) (%)

(n =168.033)(%)

Private

15673

59.5%

101754

60.6%

Medicaid

808

3.1%

6724

4.0%

Medicare

2489

9.4%

14254

8.5%

Other

7373

28.0%

45301

27.0%

North East

7889

29.9%

49408

29.4%

Midwest

4547

17.3%

35310

21.0%

South

7775

29.5%

50216

29.90%

West

6133

23.3%

33100

19.7%

Payer

p value
<0.001

Hospital Region

<0.001

In patients undergoing mastectomy, one-stage breast reconstruction increased from
1.7% in 1998 to 5.4% in 2012 (p<0.001) and two-staged breast reconstruction increased
from 9.9% to 33.7% between 1998 and 2012 (p<0.001) (Figure 3).

Figure 3. Post-mastectomy breast reconstruction: Trend over time in One-stage and Two-staged breast
reconstruction (Cochrane-Armitage test for trend One-stage p<0.001 Two-staged breast reconstruction
p<0.001).

Figure 4 shows independent predictors of one-stage versus two-staged breast
reconstructions. One-stage breast reconstruction is more likely in women undergoing
bilateral mastectomy (odds ratio (OR) 1.04, p=0.002), of the “other” ethnicity type (OR
1.17, p<0.001), with an estimated household income in the third (OR 1.07, p=0.016) and
fourth quartiles (OR 1.02, p<0.001), on Medicare (OR 1.16, p<0.001) and other
insurance providers (OR 1.06, p<0.001), and in the West region of the USA (OR 1.09,
p<0.001). Two-staged breast reconstruction was more likely in women aged >60 years
(OR 0.96, p=0.038), of Black (OR 0.94, p=0.049) and Hispanic ethnicity (OR 0.76,
p<0.001), at an urban (OR 0.56, p<0.001), teaching hospital (OR 0.82, p<0.001) with a
medium (OR 0.96, p=0.0048) and large bedsize (OR 0.75, p<0.001), on Medicaid
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insurance (OR 0.83, p<0.001) and in the Midwest (OR 0.75, p<0.001) and Southern
regions (OR 0.75, p<0.001) of the US.

Figure 4. Multivariate Analysis Comparing the Likelihood of Having a One-stage (1) Breast Reconstruction
versus Two-staged (0) Breast Reconstruction (n = 194, 377).

One-stage breast reconstruction: Comparison by Region
Figure 5 shows the highest percentage of baseline characteristics stratified by region.
The highest increase over time in both one-stage and two-staged breast reconstruction
was seen in the Northeastern region
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Figure 5. Highest percentage in baseline characteristics stratified per region of the United States.
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(Figure 6a and b). In the Northeastern region of the USA, 57,296 (29.5% of total)
patients underwent implant based breast reconstruction of which 7,888 (13.8%) were
one-stage and 49,408 (86.2%) were two-staged. When adjusted for sociodemographic
and hospital variables, one-stage breast reconstruction was more common in patients
having a bilateral mastectomy (OR 1.13, p<0.001), “other” ethnicity (OR 1.66, p<0.001)
and Medicare insurance (OR 1.15, p=0.012) (Figure 7a).

Figure 6. Regional trend over time: One-stage breast reconstruction. 6b: Regional trend over time: Twostaged breast reconstruction.
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In the Midwest region, a total of 39,857 (20.5% of total) patients underwent implantbased reconstruction. The lowest overall number of one-stage breast reconstruction
procedures was performed in this subset of patients compared to all the other regions
(4,547 patients; 17.3%) (Table 1). Eighty-eight percent of patients undergoing implant
reconstruction had two-staged breast reconstruction (35,311). Associated variables for
having a one-stage breast reconstruction in this region were women of Black ethnicity
(OR 1.29, p=0.007), in the fourth quartile of estimated income (OR 1.19, p=0.009), and
on Medicare insurance (OR 1.28, p<0.001) (Figure 7b).
57,988 (29.8% of total) patients underwent implant-based breast reconstruction in
the Southern region. Within this patient population 7,774 (11.4%) were one-stage and
50,214 (88.6%) were two-staged. One-stage breast reconstructions in this region were
found to be positively associated with “other” ethnicity (OR 1.16, p<0.001), in the fourth
quartile of estimated income (OR 1.16, p<0.001) on Medicaid (OR 1.24, p=0.003) or
Medicare (OR 1.15, p=0.004) and other insurance type (OR 1.12, p<0.001)(Figure 7c).
In the West Region, of the 39,233 (20.2% of total) patients, 6,132 patients (15.6%)
underwent one-stage and 33,100 patients (84.4%) two-staged breast reconstruction. In
this region, women undergoing one-stage breast reconstruction were more likely to be
aged >39 (OR 1.30, p<0.001), be operated on at a teaching hospital (OR 1.33, p<0.001)
and to have Medicare (OR 1.15, p=0.023) or “other” (OR 1.11, p<0.001) insurance types
(Figure 7d).
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Figure 7a. Multivariate Analysis Comparing the Likelihood of Having a One-stage Breast Reconstruction versus
Two-staged Breast Reconstruction Stratified by Region.
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Figure 7b. Multivariate Analysis Comparing the Likelihood of Having a One-stage Breast Reconstruction versus
Two-staged Breast Reconstruction Stratified by Region.
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Figure 7c. Multivariate Analysis Comparing the Likelihood of Having a One-stage Breast Reconstruction versus
Two-staged Breast Reconstruction Stratified by Region.
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Figure 7d. Multivariate Analysis Comparing the Likelihood of Having a One-stage Breast Reconstruction versus
Two-staged Breast Reconstruction Stratified by Region.

DISCUSSION
The current standard of care in implant-based breast reconstruction is the two-staged
expander/implant approach.24 However, over the years, there has been increased
interest in performing single-stage breast reconstruction following mastectomy.24
Previous studies have demonstrated inconsistent outcomes comparing one-stage to
two-staged implant-based breast reconstructions.25-30 This analysis of over 190,000
patients is a significant large-scale, multi-institutional study evaluating national and
regional trends in post-mastectomy implant-based breast reconstruction.
Our data showed an increase in both one-stage and two-staged breast reconstruction
during the study period. Although one-stage breast reconstruction has gained
momentum over the last decade, we found that two-staged breast reconstruction
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increased at a faster rate over the same time period (Figure 3). The largest increase in
both types of implant based breast reconstruction was observed in the Northeast region
of the USA (Figure 6a and 6b). In contrast, the Southern region showed the smallest
increase in both types of implant based breast reconstruction (Figure 6a and 6b). A
possible contributing factor for this finding may be the distribution of plastic surgeons
and access to reconstruction following mastectomy. Wexelman et al. reported that
accessibility to plastic surgeons was not evenly distributed throughout the United States,
with states in the Northeast region of the country having a higher number of plastic
surgeons compared to the West region.31 Moreover, Albonorz et al. reported that
patients from the West, Midwest, and South were more likely to undergo implant-based
reconstruction compared to autologous reconstruction than those in the Northeast.18 In
addition to regional differences in training and preferences of plastic surgeons, the
availability of surgeons who perform complex reconstruction differs from state to state.
Mastectomy followed by implant-based breast reconstruction is gaining in
popularity.6, 32 Women with breast cancer or at greater risk of developing breast cancer
are increasingly choosing mastectomy over breast-conserving surgery and bilateral
mastectomy over unilateral, both for prophylaxis and for cancer treatment.6, 33-36 Our
analysis showed that reconstructive method varied depending on the laterality of the
mastectomy. We found that patients undergoing one-stage breast reconstruction have
higher odds of bilateral mastectomy (Figure 4). Interestingly, when stratified into
regions, this was only seen in the Northeast (Figure 7a-d). In 1998, the Women’s Health
and Cancer Rights Act mandated insurance coverage of reconstruction procedures but
had little impact on access and disparities in the years that ensued. More recently, the
social and clinical environment surrounding management of locoregional breast cancer
has changed. In line with the literature, our results showed a significant increase in
bilateral mastectomy and a significant decrease in unilateral mastectomy over the years
(Figure 2).37-41 Albonorz et al. reported an increase in implant use of 200 percent
between 1998 and 2008.6 Although the reason for this is multifactorial, they
hypothesized that a change in mastectomy patterns, that is, a rise in the number of
bilateral mastectomies, as an important contributor.
Sociodemographic variables and hospital features have been previously shown to be
important predictors on whether or not women choose to undergo breast
reconstruction.19, 20, 42 These factors were evaluated to determine whether they
influence decision making for the type of implant-based breast reconstruction
performed. Although our analyses show that one-stage reconstruction was relatively
more likely to be performed in rural non-teaching hospitals, the vast majority of
implant-based reconstructions are still being performed in urban teaching hospitals. In
general, teaching hospitals are large tertiary or specialized centers with the ability to
perform complex procedures because of economic and human resources available at
these centers typically.
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Significant differences in health care access between rural and urban areas exist.
Reluctance to seek health care in rural areas is based on cultural and financial
constraints, often compounded by a scarcity of services, a lack of trained physicians and
insufficient public transport. In general, rural residents have been found to be in poorer
health owing to the difficulty in attracting and retaining physicians, and maintaining
health services on a par with their urban counterparts.46 Access to comprehensive and
quality healthcare services is difficult for socioeconomically disadvantaged groups in
rural regions. Substantial racial/ethnic health disparities exist in the United States.
Although the populations of racial and ethnic minorities are growing at a rapid pace,
large-scale community-based surveys and surveillance systems designed to monitor the
health status of minority populations are limited. More residents in these minority
populations do not have health-care coverage and do not see a doctor because of
cost.47 Little data are available on how race/ethnicity, insurance, and socioeconomic
status (SES) interrelate to influence breast cancer treatment and type of reconstruction.
A set of sociodemographic variables were identified that represent disparities and
serve as targets for future educational or legislative initiatives. These include payer and
socioeconomic status. For example, on a national level we showed that the type of
insurance payer impacts the type of reconstruction. Patients with Medicare insurance and
other insurance carriers were more likely to receive a one-stage breast reconstruction
compared to private insurance. A recent Dutch study found lower costs with single-stage
breast reconstruction than with other approaches, including TE reconstruction.43 Similarly,
Sing et al. showed a consistent trend toward lower costs associated with immediate onestage reconstruction, although the differences rarely achieved significance.2
There are several limitations worth noting because of the administrative nature of
the NIS. First, the NIS is based upon hospital billing data, and therefore lacks data on
clinical characteristics such as cancer stage and histology, family history of breast
cancer, and other information that can influence the decision-making process for the
type of mastectomy and reconstruction chosen. We were unable to identify operative
and pathologic findings associated with procedures, limiting our ability to adjust for
operative complexity. The NIS does not provide information on whether a plastic
surgeon or a general surgeon performed the breast reconstructive procedure.
Furthermore, the NIS uses ICD-9 procedure codes. McLaughlin et al. et al have
previously demonstrated that bilateral procedures in big state databases are associated
with undercoding.44 Another is that it lacks longitudinal information (i.e. a single
individual cannot be tracked across multiple hospitalizations). Also, complications
occurring after discharge are unfortunately not included in the NIS database. Therefore,
NIS-based studies are limited to short-term, same-hospitalization outcomes. The
underutilization of bilateral procedure coding might be because some insurance plans
do not provide reimbursements or that the procedure is not clear to the coder.44
Finally, associations identified using large databases need to be carefully considered, as
there is potential for overanalysis. Despite these limitations, the NIS enables us to study
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national and regional trends and patterns of care and therefore provide a general
overview.

CONCLUSION
The current study examines the changes in implant based breast surgery in the United
States over the last 15 years. Overall mastectomy rates have increased significantly.
Although both one and two stage implant based techniques showed a significant rise
we observed a significantly higher increase in two-staged procedures, both nationally as
regionally. Furthermore, our analysis suggests that differences in sociodemographic and
hospital variables affect the type of procedure performed in the different regions in the
USA. Reasons for this can be multifactorial. Beyond patient and physician preference,
differences in plastic surgeon specialty centers (e.g. rural/urban, teaching/nonteaching),
and increased number of bilateral mastectomies, may have contributed to the higher
number of the two-staged procedures. More information and further investigation is
needed on patient and physician decision making to more comprehensively understand
contemporary preferences in the different regions. The observations of our current
study regarding trends over time and geographic variability provides valuable
information for clinicians and policy-makers who seek to ensure equitable and
appropriate access for patients to the different types of implant-based procedures.
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TABLE AND FIGURE LEGEND
Table 1. Baseline characteristics by one-stage or two-staged breast reconstruction.
Figure 1. Inclusion patient NIS database 1998 – 2012. (Breast Cancer = BC, Breast
Reconstruction = BR)
Figure 2. Trends in Mastectomy, Unilateral and Bilateral Mastectomy. (CochraneArmitage test for trend Unilateral Mastectomy p<0.001 Bilateral mastectomy p<0.001)
Figure 3. Post-mastectomy breast reconstruction: Trend over time in One-stage and
Two-staged breast reconstruction (Cochrane-Armitage test for trend One-stage p<0.001
Two-staged breast reconstruction p<0.001).
Figure 4. Multivariate Analysis Comparing the Likelihood of Having a One-stage (1)
Breast Reconstruction versus Two-staged (0) Breast Reconstruction (n = 194, 377).
Figure 5. Highest percentage in baseline characteristics stratified per region of the
United States.
Figure 6a. Regional trend over time: One-stage breast reconstruction.
Figure 6b. Regional trend over time: Two-staged breast reconstruction.
Figure 7 (a-d). Multivariate Analysis Comparing the Likelihood of Having a One-stage
Breast Reconstruction versus Two-staged Breast Reconstruction Stratified by Region.
Supplemental Digital Content 1. Inclusion Criteria for the Study Based on ICD-9
Diagnosis Codes.
Supplemental Digital Content 2. Inclusion Criteria Ablative Procedures Based on ICD-9
Procedure Codes.
Supplemental Digital Content 3. Classification of Reconstructive Procedure Based on
ICD-9 Procedure Codes.
Supplemental Digital Content 4. Flowchart of patients diagnosed with breast cancer or
at increased risk of developing breast cancer undergoing unilateral or bilateral
mastectomy, followed by one-stage or two-stage breast reconstruction.
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ABSTRACT
Background
The incidence of breast cancer (BC) cases has increased significantly. The number of
breast reconstruction (BR) procedures performed has mirrored this trend. Although
implant-only procedures remain the most commonly used type of immediate BR,
autologous techniques involving donor sites account for approximately 20%. The aim of
this study was to assess national and regional trends in different types of autologous BR.
Methods
Using the Nationwide Inpatient Sample database (2008 to 2012), data on BC and
mastectomy rates, type of autologous BR and sociodemographics were obtained and
analyzed. Furthermore, national and regional trends over time for autologous BR were
plotted and analyzed.
Results
A total of 427,272 patients diagnosed with BC or at increased risk of BC were included in
the study. 343,163 patients (80.3%) underwent mastectomy and within this group
148,700 patient (43.3%) underwent IBR. Of these, 32,249 patients (21.7%) underwent
an autologous BR (not solely implant based) and 118,258 (78.3%) implant-based BR.
Most autologous BR’s were performed in the Southern region (37.4%). When stratified
into flap types, most pTRAM, fTRAM, and other flaps were performed in the Northeast
region, while most DIEP and LD flaps were performed in the Southern region. Subgroup
analysis demonstrated a significant increasing trend for both LD and DIEP flaps, both
nationally (p<0.001) and regionally (p<0.001). Pedicled TRAM and free TRAM
reconstructions decreased significantly both on national and regional level.
Conclusion
Autologous BR demonstrated a significant positive trend over time in the Southern
region (p<0.001). DIEP and LD flaps increased significantly over time, both nationally
and regionally.
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INTRODUCTION
In 2015, approximately 231,840 new cases of invasive breast cancer and 60,390 new
cases of in-situ breast cancer are expected to be diagnosed in women in the United
States.1 Nearly 35 to 40 percent of these patients will be treated with mastectomy.2
Despite the demonstrated benefits of immediate breast reconstruction after
mastectomy on body image, self-esteem,3-5 sexuality, and quality of life,3, 6-8 less then 25
percent of mastectomy patients opt for immediate breast reconstruction (IBR).9-14 On
the other hand, advances in breast reconstructive techniques have broadened the postmastectomy reconstruction choices for women. With implant-only procedures
remaining the most commonly used type of IBR, autologous techniques still account for
approximately 20% of breast reconstruction.15
Besides implant-only based breast reconstruction, autologous breast reconstructive
procedures have evolved into a full range of techniques over the last decades; popular
options include the latissimus dorsi (LD) flap, the pedicled transverse rectus abdominis
muscle (pTRAM) flap, the free transverse rectus abdominis muscle (fTRAM) flap, deep
inferior epigastric perforator (DIEP) flap, the superficial inferior epigastric artery (SIEA)
flap and the gluteal artery perforator (GAP) flap.16 Factors contributing to this
diversification may include improved cooperation between oncologic and
reconstructive surgeons, fewer contraindications for immediate breast reconstruction,
improved outcomes of autologous reconstruction, and an increased awareness
amongst patients regarding their reconstructive options.17-19
Although numerous studies have reported successful clinical outcomes following
autologous flap breast reconstruction, to date, there is a lack of large-scale studies
focused on overall and regional trends over time in the United States. The aim of this
study is to (1) analyze the nationwide trend over time in autologous breast
reconstruction, (2) examine regional trends over time for the different type of
autologous flaps, (3) determine the distribution of potential contributing patient and
socio-economic factors.

PATIENT AND METHODS
Patient data were obtained from the Healthcare Cost and Utilization Project (HCUP)
Nationwide Inpatient Sample (NIS) database for the years 2008 to 2012. The NIS
database is the largest all-payer inpatient care database in the United States, containing
data from over 1000 hospitals and more than 8 million hospital stays annually.20 It is
designed to approximate a 20% sample of all hospital discharges, which includes all
nonfederal, short-term, general, and other specialty hospitals, including public hospitals
and academic institutions. In 2008, the International Classification of Diseases, Ninth
Revision (ICD-9) reconstructive procedural coding classified autologous breast
51

Chapter 3
reconstruction into individual flap types; pedicled latissimus dorsi (pLD), pedicled
transverse rectus abdominis myocutaneous (pTRAM), free transverse rectus abdominis
myocutaneous (fTRAM), deep inferior epigastric perforator (DIEP), superficial inferior
epigastric artery (SIEA), and gluteal artery perforator (GAP) flaps.21 For the purposes of
this study we reviewed cases that did not involve solely implant-based breast
reconstruction; it is commonly known that a large number of cases of pLD breast
reconstruction involve implant placement, and that in a certain number of cases
implant placement may occur following other autologous reconstructive cases (e.g.
pTRAM, DIEP).

Cohort selection
Our cohort comprised all female patients diagnosed with breast cancer (ICD-9 diagnosis
codes 174.0, 174.1, 174.2, 174.3, 174.4, 174.5, 174.6 and 174.8) or at increased risk of
breast cancer (ICD-9 diagnosis codes 233.0, v16.3, v10.3, v84.01) undergoing unilateral
or bilateral total, subcutaneous, simple, extended simple, radical and extended radical
mastectomy (ICD-9 procedure codes unilateral mastectomy: 85.34, 85.41, 85.43, 85.45,
85.47, 85.33 and bilateral mastectomy: 85.36, 85.42, 85.44, 85.46, 85.48, 85.35) (Table
1).

Table 1. Inclusion criteria: International Classification of Diseases, Ninth Revision (ICD-9) Diagnosis codes.
Inclusion criteria

ICD-9 code

Diagnosis

174.0

Malignant neoplasm of female breast: nipple and areola

174.1

Malignant neoplasm of female breast: central portion

174.2

Malignant neoplasm of female breast: upper inner-quadrant

174.3

Malignant neoplasm of female breast: lower-inner quadrant

174.4

Malignant neoplasm of female breast: upper-outer quadrant

174.5

Malignant neoplasm of female breast: lower-outer quadrant

174.6

Malignant neoplasm of female breast: axillary tail

174.8

Malignant neoplasm of female breast: other sites

174.9

Malignant neoplasm of female breast: unspecified

233.0

Carcinoma in situ of breast

v16.3

Family history of malignant neoplasm

v10.3

Personal history of breast malignant neoplasm

v84.01

Genetic susceptibility to malignant neoplasm of breast

Breast cancer

Increased breast cancer risk
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Patients with multiple ICD-9 procedure code 85.40 (“mastectomy”) and v50.41
(“prophylactic removal of the breast”) were classified as having bilateral mastectomy
(table 1). Implant-based breast reconstructions were defined as any type of
mastectomy with concurrent, immediate tissue expander followed by implant insertion
at a later date, or as an immediate implant placement (ICD-9 procedure codes 85.33,
85.35, 85.53, 85.54, 85.95, 85.96) (Table 2).
Table 2. Inclusion criteria: International Classification of Diseases, Ninth Revision (ICD-9) Procedure codes.
Inclusion criteria

ICD-9 code

Description

85.40
v50.41

Mastectomy
Prophylactic removal of breast

85.34
85.41
85.43
85.45
85.47
85.33

Other unilateral subcutaneous mammectomy
Unilateral simple mastectomy
Unilateral extended simple mastectomy
Unilateral radical mastectomy
Unilateral extended radical mastectomy
Unilateral subcutaneous mammectomy with synchronous
implant

85.36
85.42
85.44
85.46
85.48
85.35

Other bilateral subcutaneous mammectomy
Bilateral simple mastectomy
Bilateral extended simple mastectomy
Bilateral radical mastectomy
Bilateral extended radical mastectomy
Bilateral subcutaneous mammectomy with synchronous
implant

85.33

Unilateral subcutaneous mammectomy with synchronous
implant
Bilateral subcutaneous mammectomy with synchronous
implant
Unilateral breast implant
Bilateral breast implant
Insertion breast tissue expander
Removal breast tissue expander

Mastectomy

Unilateral Mastectomy

Bilateral Mastectomy

Breast reconstruction
Tissue Expander/Implant BR
85.35

Autologous BR

85.53
85.54
85.95
85.96
85.71
85.72
85.73
85.74
85.75
85.76

Latissimus dorsi myocutaneous flap (LD), pedicled
Transverse rectus abdominis myocutaneous (TRAM) flap,
pedicled
Transverse rectus abdominis myocutaneous (TRAM) flap, free
Deep inferior epigastric artery perforator (DIEP) flap, free
Superficial inferior epigastric artery (SIEA) flap, free
Gluteal artery perforator (GAP) flap, free
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Autologous breast reconstructions were divided into individual flap types; LD, pTRAM,
fTRAM, DIEP, SIEA and GAP flap (ICD-9 procedure codes 85.71, 85.72, 85.73, 85.74,
85.75 and 85.76, respectively) (Table 2). Due to limited sample size, SIEA and GAP flaps
were combined into a “other” flaps category. Male patients, those under 18 years of
age, those of unknown gender or age, and those who underwent reconstruction using
combined methods (autologous plus implant) were excluded. Furthermore, cases of
breast reconstruction without a concurrent mastectomy were considered delayed
breast reconstruction and therefore excluded from analysis (Figure 1).

NIS 1998- 2012
426,272 pt
BC or increased risk
of BC

Mastectomy
343,162 pt (80.3%)

Immediate BR
148,700 pt (43.3%)

Autologous BR

Implant-based BR

32,349 (21.7%)

118,258 (78.3%)

Figure 1. Flowchart inclusion criteria.
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Analyzed variables
The analyzed data included age, calendar year, primary payer (Medicare, Medicaid,
private insurance and other insurance types), geographical region, race, hospital status
(teaching/non-teaching, urban/rural), and hospital bedsize. Patients’ ages were divided
into groups (<39, 40-49, 50-59, <60). The hospital’s census region was obtained from
the AHA Annual Survey of Hospitals and is defined by the U.S. Census Bureau. The states
included in each region are as follows: Northeast region: ME, NH, VT, MA, RI, CT, NY NJ,
and PA. Midwest region: OH, IN, IL, MI, WI, MN, IA, MO, ND, SD, NE, and KS. South
region: DE, MD, DC, VA, WV, NC, SC, GA, FL, KY, TN, AL, MS, AR, LA, OK, and TX. West
region includes: MT, ID, WY, CO, NM, AZ, UT, NV, WA, OR, CA, AK, and HI. Hospital
teaching status is determined by the Nationwide Inpatients Sample as those hospitals
with American Medical Association-approved residency programs, or are members of
the council of Teaching Hospitals, or have a ratio of full-time residents to beds of 0.25
or greater.22 In the NIS, race is classified into similar categories as census population
data (White, Black, Hispanic, Asian or Pacific Islander, Native American and other). Due
to limited sample sizes, Native Americans were combined into the “other” category for
analysis. Hospital bed size categories were determined by the Nationwide Inpatient
Sample based on hospital beds and are specific to the hospital’s location and teaching
status. Small bedsize was determined as 1-49 for a rural hospital, 1-99 for an urban nonteaching hospital and 1-299 for an urban, teaching hospital. Medium bedsize was
determined as 50-99 for a rural hospital, 100-199 for an urban non-teaching hospital
and 300-499 beds for an urban teaching hospital. Large bedsize was determined as
100+ for a rural hospital, 200+ for an urban non-teaching hospital and 500+ for an
urban teaching hospital.22 Estimated household income, as determined by median
household income for the patient’s zip code, was recorded directly from the NIS
database and stratified by quartile, indicating the poorest to wealthiest populations.

Statistical analysis
In order to facilitate trend analysis using multiple years of NIS data, the discharge
weight factor provided by the NIS was utilized, and national estimates were calculated
by uniformly applying the weight factor to the discharges.23 Descriptive statistics were
reported as proportions and compared using Pearson’s Chi-square. Trends were
analyzed using the Cochran-Armitage test for trend. All statistical analyses were
performed using IBM SPSS version 22.0 (IBM Corp., Armonk, NY) and significance was
set at p<0.05.
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RESULTS
Autologous Breast Reconstruction
Our cohort comprised 427,272 patients diagnosed with breast cancer or at increased
risk of breast cancer. A total of 343,163 (80.3%) underwent mastectomy and of these,
148,700 (43.3%) underwent immediate breast reconstruction (tissue expander/implant
or autologous BR). Within the breast reconstruction group, 32,249 patients (21.7%)
underwent autologous BR and 118,258 patients (78.3%) implant-based BR (Figure 1).
A detailed distribution of the autologous breast reconstruction group is presented in
Table 3. Median age was 51.6 ± 9.6 years. The majority of women undergoing
autologous breast reconstruction were Caucasian (65.2%; n=21,016), aged 50-59 years
(35.7%; n=11,504), undergoing unilateral reconstruction (55.6%; n=17,939), privately
insured (79.4%; n=25,607) and with an estimated household income in the 4th quartile
(41.4%; n=13,028). Furthermore, a vast majority of autologous breast reconstructions
were performed in urban (98.6%; n=31,570), teaching hospitals (79.9%; n=24,601) with
large bedsize (71.9%; n=22,999). Overall, most autologous breast reconstructions were
performed in the Southern region (37.4%; n=12,052) followed by the Northeast (28.1%;
n=9050), Midwest (18.4%, n=5,919) and the West region (16.2%; n=5,226). (Table 3,
Figure 2a-b).
When stratified per region, autologous BR demonstrated a significant increase over
time in the Southern region (from 35.6% to 43.4% between 2008 to 2011, respectively,
followed by a decrease to 38.9% in 2012, p<0.001 test for trend). In the West region,
after an initial increase from 16.0% to 19.3% between 2008 and 2010, a decrease to
14.6% in 2012 (p<0.001 test for trend) was observed. The Midwest region showed a
stable increase and decrease over the years (from 14.8% to 20.8% between 2008-2009,
15.3% in 2010, 20.0% in 2011 to 17.7% in 2012, p<0.001 test for trend), and finally,
autologous BR decreased over time in the Northeast region (from 33.5% in 2008 to
28.9% in 2012, p<0.001 test for trend) (Figure 3).
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Table 3. Detailed distribution of patients undergoing Autologous Breast Reconstruction.
Characteristics

Total n

Median age +/- SD, yr

51.6 +/- 9.6

%

Age
<39y

3104

9.6%

40-49y

10427

32.3%

50-59y

11504

35.7%

>60y

7213

22.4%

White

21016

65.2%

Black

3895

12.1%

Hispanic

2563

7.9%

Asian

1005

3.1%

Other

3770

11.7%

Unilateral

17939

55.6%

Bilateral

14310

44.4%

4th quartile

13028

41.1%

3rd quartile

8307

26.2%

2nd quartile

5687

17.9%

1st quartile

4508

14.2%

non-teaching

7406

23.1%

teaching

24601

76.9%

small

3607

11.3%

medium

5401

16.9%

large

22999

71.9%

Rural

437

1.4%

Urban

31570

98.6%

Private

25607

79.4%

Medicare

3420

10.6%

Medicaid

1976

6.1%

1246

3.9%

Northeast

9050

28.1%

Midwest

5919

18.4%

South

12052

37.4%

West

5226

16.2%

Race

Type of mastectomy

Estimated household income

Teaching status

Hospital Bedsize

Hospital Location

Insurance type

Other
Region
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16.2%
28.1%

37.4%

Northeast
Midwest
South
West

18.4%
Total=32249

Figure 2a: Percentage Autologous Breast Reconstruction stratified per region.

Autologous Breast Reconstruction Procedures
Stratified by Region: 2008-2012

Number of Procedures

14000
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West

Figure 2b. Total number of Autologous Breast Reconstruction stratified per region.

Autologous Breast Reconstruction Stratified by Flap
Subgroup analysis of autologous flap type was performed and is presented in Table 4.
The most prevalent type of autologous BR performed was the DIEP flap (32.4%;
n=10,436) followed by the LD flap (25.8%; n=8,317), pTRAM (20.4%; n=6,577), fTRAM
(19.0%; n=6,115) and other flaps (2.5%; n=805) (p<0.001) (Table 4). Among all flap
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types, a majority of women were Caucasian, privately insured and operated on in an
urban teaching hospital with a large bedsize (Table 4). Interestingly, in DIEP flap BR, a
majority of women were aged 40 – 49 years and underwent bilateral reconstruction,
while in LD, pTRAM, fTRAM and other flap types, the majority of women were aged 50 –
59 years and underwent unilateral reconstruction (Table 4). Ultimately, most LD (41.0%;
n=3,408) and DIEP flaps (43.8%; n=4,571) were performed in the Southern region, while
most pTRAM (35.7%; n=2,350), fTRAM (32.9%; n=2,013) and other flaps (35.0%; n=281)
flaps were performed in the Northeast region (Table 4).

Autologous Breast Reconstruction Procedures
Stratified by Region: 2008-2012
50%
45%

Northeast
Midwest
South
West

40%

Percentage

35%
30%
25%
20%
15%
10%
5%
0%
2008

2009

2010

2011

2012

Year
Figure 3. Regional trend over time Autologous Breast Reconstruction.
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Table 4. Detailed distribution of patients undergoing Autologous Breast Reconstruction stratified per flap.
LD
Characteristics
(n=)
Total
8,317
Age*
<39y
876
40-49y
2,200
50-59y
2,817
>60y
2,424
Race*
White
5,537
Black
1,026
Hispanic
452
Asian
195
Other
1,107
Type of mastectomy*
Unilateral
5,009
Bilateral
3,308
Estimated household income*
4th quartile
3,097
3rd quartile
2,265
2nd quartile
1,592
1st quartile
1,197
Teaching status*
non-teaching
2,449
teaching
5,782
Hospital Bedsize*
small
1,244
medium
1,766
large
5,220
Hospital Location*
Rural
136
Urban
8,094
Insurance type*
Private
6,102
Medicare
1,364
Medicaid
587
Other
265
Region*
Northeast
1,705
Midwest
1,831
South
3,408
West
1,372
* p<0.001

60

pTRAM
fTRAM
DIEP
Other
(%) row (n=)
(%) row (n=)
(%) row (n=)
(%) row (n=)
25.8% 6,577 20.4% 6,115 19.0% 10,436 32.4% 802

(%) row
2.5%

10.5%
26.5%
33.9%
29.1%

494
2,019
2,436
1,629

7.5%
30.7%
37.0%
24.8%

567
2,115
2,163
1,271

9.3%
34.6%
35.4%
20.8%

1,110
3,815
3,750
1,761

10.6%
36.6%
35.9%
16.9%

57
279
337
129

7.1%
34.8%
42.0%
16.1%

66.6%
12.3%
5.4%
2.3%
13.3%

4,489
871
448
171
598

68.3%
13.2%
6.8%
2.6%
9.1%

3,746
752
510
198
910

61.2%
12.3%
8.3%
3.2%
14.9%

6,662
1,209
1,104
408
1,053

63.8%
11.6%
10.6%
3.9%
10.1%

583
37
48
34
101

72.6%
4.6%
6.0%
4.2%
12.6%

60.2% 4,535
39.8% 2,042

69.0% 3,661
31.0% 2,454

59.9% 4,298
40.1% 6,138

41.2% 435
58.8% 367

54.2%
45.8%

37.7%
27.5%
19.4%
14.6%

36.6%
27.7%
21.2%
13.8%

41.1%
27.3%
17.3%
13.8%

45.9%
23.7%
15.3%
14.7%

389
183
115
81

50.3%
23.7%
14.9%
10.5%

2,362
1,788
1,370
891

2,448
1,622
1,030
823

4,732
2,448
1,580
1,515

29.8% 2,020
70.2% 4,500

31.0% 1,351
69.0% 4,732

22.2% 1,467
77.8% 8,918

14.1% 119
85.9% 669

15.1%
84.9%

15.1% 816
21.5% 1,325
63.4% 4,379

12.5% 662
20.3% 971
67.2% 4,449

10.9% 817
16.0% 1,216
73.2% 8,353

7.9% 69
11.7% 123
80.4% 597

8.7%
15.6%
75.7%

1.7%
170
98.3% 6,351

2.6%
83
97.4% 6,000

1.4% 27
0.3% 22
98.6% 10,359 99.7% 767

2.8%
97.2%

73.4%
16.4%
7.1%
3.2%

5,134
733
423
288

78.0%
11.1%
6.4%
4.4%

4,708
648
472
287

77.0%
10.6%
7.7%
4.7%

8,965
633
460
378

85.9%
6.1%
4.4%
3.6%

698
42
34
29

86.9%
5.2%
4.2%
3.6%

20.5%
22.0%
41.0%
16.5%

2,350
1,195
2,269
764

35.7%
18.2%
34.5%
11.6%

2,013
1,360
1,601
1,142

32.9%
22.2%
26.2%
18.7%

2,701
1,374
4,571
1,791

25.9%
13.2%
43.8%
17.2%

281
160
204
157

35.0%
20.0%
25.4%
19.6%
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Trend analysis revealed a nationwide significant increase in LD and DIEP flap from 24.5%
to 28.6% (p<0.001 test for trend) and from 19.5% to 35.4% (p<0.001 test for trend)
between 2008 and 2012, respectively). A decrease in the incidence and overall
percentage was seen in pTRAM (from 26.9% to 15.6%, p<0.001 test for trend), fTRAM
(from 26.7% to 18.2%, p<0.001 test for trend) and “other” flaps (from 2.3% to 2.2%)
over the same time period (Figure 4). When stratified per region, DIEP and the LD flap
demonstrated a significant increase over time in all regions (Figure 5a-d) (p<0.001), and
pTRAM and fTRAM flap decreased significantly in all regions over the same time period
(p<0.001)(Figure 6a-d). “Other” flap types increased in the Southern and Western
regions (p<0.001), and decreased in the Northeastern and Midwestern regions
(p<0.001)(figure 5a-d).

Autologous Breast Reconstruc0ons: 2008 - 2012
40%
35%

Percentage

30%
25%
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pTRAM

20%

fTRAM

15%

DIEP
SIEA+GAP

10%
5%
0%
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2009

2010
Year

2011

2012

Figure 4. National trend over time in Autologous Breast Reconstruction stratified per flap.
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Northeast
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Figure 5a. Regional trend over time in Autologous Breast Reconstruction stratified per flap. Northeast region
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Figure 5b. Regional trend over time in Autologous Breast Reconstruction stratified per flap. Midwest region
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Figure 5c. Regional trend over time in Autologous Breast Reconstruction stratified per flap. South region
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Figure 5d. Regional trend over time in Autologous Breast Reconstruction stratified per flap. West region
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DISCUSSION
The NIS database is a valuable tool for analyzing and describing breast reconstructive
trends. In this study, we analyzed breast reconstruction trends for autologous flaps
performed in the United States from 2008 to 2012 using the National Inpatient Sample
Database (NIS-HCUP), and found a stable increase over time in DIEP and LD flaps, and a
significant decrease in pTRAM, fTRAM and other flap types over the same time period.
Overall, most autologous breast reconstructive procedures were performed in the
Southern region, which was also the only region showing a significant increase over
time in the total autologous breast reconstructions performed (Figure 3).
A literature review of studies prior to 2008 reveal a consistent trend with regards to
reconstruction choice. While implant based breast reconstruction rates were found to
be steady, Manahan et al.24 described decreased rates of TRAM procedures and an
increase in the use of DIEP flap reconstruction over time. Although a similar trend was
noted in our study, the total number of autologous reconstructions did not increase. In
fact, analysis of the various breast reconstruction types from 1998 to 2007 using the
MarketScan database demonstrated an overall decrease in the number of free flap
breast reconstructions performed. Our observation is consistent with Pien et al.16 who
found that the total amount of autologous breast reconstruction discharges was
relatively stable from 2009-2011. In spite of the advantages of expander/implant-based
reconstructions, presented by Albornoz et al.10, it is evident that implant based breast
reconstruction remains a more popular choice.
In all autologous flap reconstructions, 97.2%-99.7% were performed in urban, and
69.0%-84.9% were performed in a teaching hospital (Table 4). Masoomi et al.25
presented similar observations in 2014, where three-fourths of autologous
reconstructions were performed at teaching hospitals. They reported that in spite of
more complex free flap breast reconstructions being performed at teaching hospitals,
the final clinical outcomes for both breast reconstructions and patient satisfaction were
similar between teaching and non-teaching hospitals.
Despite a global preference for the DIEP flap autologous reconstructions, there is
still concern about procedural cost in comparison with expander/implant-based
reconstruction. In general, microsurgical techniques, especially for bilateral cases, are
associated with greater health care costs. DIEP flap reconstruction in particular is
associated with higher charges and costs compared to pLD, pTRAM, and fTRAM flaps.
However, due to a lower rate of unplanned surgical revisions, long-term cost in the
autologous group remains less. Furthermore, DIEP flap is the current gold standard for
microsurgical breast reconstruction, and its popularity among other autologous flaps is
increasing each year. This notion is corroborated in our results. In addition, although
implant reconstruction remains less expensive over an average of three years, patients
will often require more revisions.26, 27 Hence, in the long run, this small financial benefit
may disappear over time.
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Traditionally, patients undergoing radiation therapy prior to breast reconstruction
are not considered ideal candidates for implant-only breast reconstruction due to
concerns for adverse tissue changes. A recent trend analysis using the Surveillance,
Epidemiology, and End Results (SEER) database published by Agarwal et al.
demonstrated decreased free flap reconstruction rates in previously irradiated
breasts.28, 29 This finding is consistent with previously published studies using the SEER
database, suggesting that these days, surgeons may become increasingly willing to
perform implant based reconstruction in radiated patients. Despite the numerous
advantages that expander/implant-based reconstructions provide, not all patients
qualify for this type of repair. However, no definitive guidelines exist for the
reconstruction selection process with procedure choice based primarily on surgeon
judgment and patients’ preference.
Despite more natural outcomes and fewer procedures performed per patient, the
learning curve for autologous breast reconstruction is longer. However, as the number
of surgeons trained in microsurgical procedures has increased it has become standard
of care at numerous institutions. Greater accessibility to microsurgical training may
contribute to the future rise in microsurgical reconstructions.
The study is not exempt from limitations. The National Inpatient Sample relies on
the administrative data. On many occasions, it is impossible to include all the patients
due to an imperfect coding system (related to over or under-coding of procedures or
diagnoses, novel ICD-9 coding and registration for flaps from 2008), the retrospective
nature of the data, and missing data. These factors could lead to over or under analysis.
In our study, we utilized a corrective algorithm to produce the most coherent and
reliable study outcome.

CONCLUSION
Overall, most autologous breast reconstructive procedures were performed in the
Southern region, which was also the only region showing a significant increase over
time in the total autologous breast reconstructions performed (p<0.001). DIEP and LD
flaps increased significantly over time, both nationally and regionally. Additionally, we
found a significant decrease in pTRAM, fTRAM and other flap types over the same time
period.
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TABLE AND FIGURE LEGEND
Table 1. Inclusion criteria: International Classification of Diseases, Ninth Revision (ICD-9)
Diagnosis codes.
Table 2. Inclusion criteria: International Classification of Diseases, Ninth Revision (ICD-9)
Procedure codes.
Table 3. Detailed distribution of patients undergoing Autologous Breast Reconstruction.
Table 4. Detailed distribution of patients undergoing Autologous Breast Reconstruction
stratified per flap. * p<0.001
Figure 1. Flowchart inclusion criteria.
Figure 2a. Percentage Autologous Breast Reconstruction stratified per region.
Figure 2b. Total number of Autologous Breast Reconstruction stratified per region.
Figure 3. Regional trend over time Autologous Breast Reconstruction.
Figure 4. National trend over time in Autologous Breast Reconstruction stratified per
flap. *p<0.001
Figure 5a-d. Regional trend over time in Autologous Breast Reconstruction stratified per
flap.
Figure 5a. Northeast region
Figure 5b. Midwest region
Figure 5c. South region
Figure 5d. West region

66

National and Regional Differences in 32,248 Post-Mastectomy Donor Sites

REFERENCES
1.

2.
3.

4.

5.
6.
7.

8.

9.

10.
11.
12.

13.
14.
15.

16.
17.

18.
19.

Erickson B, Hurowitz R, Jeffery C, et al. Acoustic rhinometry and video endoscopic scoring to evaluate
postoperative outcomes in endonasal spreader graft surgery with septoplasty and turbinoplasty for nasal
valve collapse. Journal of otolaryngology - head & neck surgery = Le Journal d'oto-rhino-laryngologie et
de chirurgie cervico-faciale 2016;45:2
Kummerow KL, Du L, Penson DF, et al. Nationwide trends in mastectomy for early-stage breast cancer.
JAMA surgery 2015;150:9-16
Rowland JH, Desmond KA, Meyerowitz BE, et al. Role of breast reconstructive surgery in physical and
emotional outcomes among breast cancer survivors. Journal of the National Cancer Institute
2000;92:1422-1429
Atisha D, Alderman AK, Lowery JC, et al. Prospective analysis of long-term psychosocial outcomes in
breast reconstruction: two-year postoperative results from the Michigan Breast Reconstruction
Outcomes Study. Annals of surgery 2008;247:1019-1028
Nano MT, Gill PG, Kollias J, et al. Psychological impact and cosmetic outcome of surgical breast cancer
strategies. ANZ journal of surgery 2005;75:940-947
Dean C, Chetty U, Forrest AP. Effects of immediate breast reconstruction on psychosocial morbidity after
mastectomy. Lancet 1983;1:459-462
Macadam SA, Ho AL, Lennox PA, et al. Patient-reported satisfaction and health-related quality of life
following breast reconstruction: a comparison of shaped cohesive gel and round cohesive gel implant
recipients. Plastic and reconstructive surgery 2013;131:431-441
Anderson SG, Rodin J, Ariyan S. Treatment considerations in postmastectomy reconstruction: their
relative importance and relationship to patient satisfaction. Annals of plastic surgery 1994;33:263-270;
discussion 270-261
Jagsi R, Jiang J, Momoh AO, et al. Trends and variation in use of breast reconstruction in patients with
breast cancer undergoing mastectomy in the United States. Journal of clinical oncology : official journal
of the American Society of Clinical Oncology 2014;32:919-926
Albornoz CR, Bach PB, Mehrara BJ, et al. A paradigm shift in U.S. Breast reconstruction: increasing
implant rates. Plastic and reconstructive surgery 2013;131:15-23
Mock V. Body image in women treated for breast cancer. Nursing research 1993;42:153-157
Habermann EB, Abbott A, Parsons HM, et al. Are mastectomy rates really increasing in the United
States? Journal of clinical oncology : official journal of the American Society of Clinical Oncology
2010;28:3437-3441
Tuttle TM, Rueth NM, Abbott A, et al. Trends in the local treatment of breast cancer: should we be
worried? Journal of surgical oncology 2011;103:313-316
Wilkins EG, Alderman AK. Breast reconstruction practices in north america: current trends and future
priorities. Seminars in plastic surgery 2004;18:149-155
2014 Plastic Surgery Procedural Statistics. American Society of Plastic Surgeons. Available at:
http://www.plasticsurgery.org/Documents/news-resources/statistics/2014-statistics/plastic-surgerystatsitics-full-report.pdf. Assessed December 1st 2015.
Pien I, Caccavale S, Cheung MC, et al. Evolving Trends in Autologous Breast Reconstruction: Is the Deep
Inferior Epigastric Artery Perforator Flap Taking Over? Annals of plastic surgery 2014
Albornoz CR, Bach PB, Pusic AL, et al. The influence of sociodemographic factors and hospital
characteristics on the method of breast reconstruction, including microsurgery: a U.S. population-based
study. Plastic and reconstructive surgery 2012;129:1071-1079
Albornoz CR, Cordeiro PG, Farias-Eisner G, et al. Diminishing relative contraindications for immediate
breast reconstruction. Plastic and reconstructive surgery 2014;134:363e-369e
Sun CS, Cantor SB, Reece GP, et al. Helping patients make choices about breast reconstruction: a
decision analysis approach. Plastic and reconstructive surgery 2014;134:597-608

67

Chapter 3
20. U.S. Department of Health & Human Services. Agency for Healthcare Research and Quality (HCUP). NIS
description. Information available at: http://www.hcup-us.ahrq.gov/databases.jsp Assessed: June 15th
2015.
21. Albornoz CR, Cordeiro PG, Mehrara BJ, et al. Economic implications of recent trends in U.S. immediate
autologous breast reconstruction. Plastic and reconstructive surgery 2014;133:463-470
22. U.S. Department of Health & Human Services. Agency for Healthcare Research and Quality (HCUP). NIS
description of data elements. Available at: http://www.hcup-us.ahrq.gov/db/vars/h_bedsz/nisnote.jsp
Assessed: June 15th 2015.
23. U.S. Department of Health & Human Services. Agency for Healthcare Research and Quality (HCUP). NIS
description of trend weight factor. Available at: http://www.hcup-us.ahrq.gov/db/nation/nis/
trendwghts.jsp Assessed: June 1st, 2015.
24. Manahan MA, Prucz RB, Shridharani SM, et al. Long-term follow-up of changing practice patterns in
breast reconstruction due to increased use of tissue expanders and perforator flaps. Microsurgery
2014;34:595-601
25. Masoomi H, Wirth GA, Paydar KZ, et al. Perioperative outcomes of autologous breast reconstruction
surgery in teaching versus nonteaching hospitals. Plastic and reconstructive surgery 2014;134:514e-520e
26. Fischer JP, Wes AM, Nelson JA, et al. Propensity-matched, longitudinal outcomes analysis of
complications and cost: comparing abdominal free flaps and implant-based breast reconstruction.
Journal of the American College of Surgeons 2014;219:303-312
27. Atherton DD, Hills AJ, Moradi P, et al. The economic viability of breast reconstruction in the UK:
comparison of a single surgeon's experience of implant; LD; TRAM and DIEP based reconstructions in 274
patients. Journal of plastic, reconstructive & aesthetic surgery : JPRAS 2011;64:710-715
28. Agarwal S, Kidwell KM, Farberg A, et al. Immediate Reconstruction of the Radiated Breast: Recent Trends
Contrary to Traditional Standards. Annals of surgical oncology 2015;22:2551-2559
29. Agarwal S, Pappas L, Neumayer L, et al. An analysis of immediate postmastectomy breast reconstruction
frequency using the surveillance, epidemiology, and end results database. The breast journal
2011;17:352-358

68

Chapter

4

Immediate Breast Reconstruction among
Patients with Medicare and Private
Insurance: A Matched Cohort Analysis
Parisa Kamali
Joseph A. Ricci
Daniel A. Curiel
Justin B. Cohen
Anmol Chattha
Hinne A. Rakhorst
Bernard T. Lee
Samuel J. Lin

Plast Reconstr Surg Glob Open. 2018 Jan 12;6(1):e1552

69

Chapter 4

ABSTRACT
Background
By eliminating economic hurdles, the Women’s Health and Cancer Rights Act of 1998
represented a paradigm shift in the availability of breast reconstruction. Yet, many
studies report disparities among Medicare insured women. However, these studies do
not account for the inherent differences in age and co-morbidities between a younger
privately insured and an older Medicare population. We examined immediate breast
reconstruction (IBR) utilization between a matched pre- and post-Medicare population.
Methods
Using the Nationwide Inpatient Sample database (1992 to 2013), breast cancer women
undergoing IBR were identified. To minimize confounding medical variables, 64 year-old
privately insured women was compared to 66 year-old Medicare insured women.
Demographic data, IBR rates, and complication rates were compared. Trend over time
was plotted for both cohorts.
Results
A total of 21,402 sixty-four year-old women and 25,568 sixty-six year-old women were
included. Both groups were well matched in terms of demographic type of
reconstruction and complication rates. 72.3% 64 year-old and 71.2% 66 year-old
women opted for mastectomy. Of these, 25.5% (n = 3,941) 64 year-old privately insured
and 17.7% (n = 3,213) 66 year-old Medicare insured women underwent IBR (p<0.01).
During the study period, IBR rates increased significantly in both cohorts in a similar
cohort.
Conclusion
This study demonstrates significant increasing IBR rates in both cohorts. Moreover,
after an initial slower upward trend, after a decade IBR in 66 year-old Medicare insured
women approaches similar rates of breast reconstruction among those with private
insurance.
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INTRODUCTION
The Women’s Health and Cancer Rights Act (WHCRA) was federally enacted in 1998 to
ensure all group and individual health plans provide insurance coverage for
reconstruction after mastectomy regardless of diagnosis. WHCRA also extended
coverage for reconstruction or revision of the contralateral breast in order to produce a
symmetrical appearance. This represented a paradigm shift in the availability of
reconstruction by eliminating economic hurdles to care.
Although increasing number of women opted for breast reconstruction in the years
after the WHCRA, this trend was not consistent across all demographic groups. Significant
disparities exist based on access to healthcare, age, race, geographic location, and patient
education.1-15 As a result, patient education events, such as Breast Reconstruction
Awareness Day instituted in 2012, have flourished to increase awareness of breast
reconstruction. More recently, the Breast Cancer Patient Education Act, passed in
December 2015, was designed to implement an educational campaign to inform women
in minority and lower socioeconomic groups about their options for breast
reconstruction.16
To date, there is a large body of available literature to suggest that insurance status
plays a role key in patients’ access to immediate breast reconstruction (IBR).1, 2, 5-7, 9, 17-19
These reports suggest that women with Medicare are significantly less likely to undergo
breast reconstruction when compared to women with private insurance. However,
many of these studies do not always take the inherent differences in age and comorbidities between a younger privately insured population and an older Medicare
population into account.2, 4, 5, 8, 20-22 This study aims to bridge this knowledge gap, by
performing a matched cohort analysis to examine the differences between pre- and
post-Medicare and utilization of breast reconstruction in a matched cohort.

METHODS
Patient data was obtained from the Healthcare Cost and Utilization Project (HCUP)
Nationwide Inpatient Sample (NIS) database. The NIS, compiled by the Agency for
Healthcare Research and Quality (Rockville, Maryland, USA), represents the largest allpayer inpatient administrative database in the United States. It contains data from over
1000 hospitals and more than 8 million hospital stays annually and is designed to
approximate a 20% sample of all hospital discharges, which includes all nonfederal,
short-term, general, and other specialty hospitals, including public hospitals and
academic institutions.23
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Patient Selection
The International Classification of Diseases, Ninth Revision (ICD-9) procedural coding
terminology was used to identify all patients who underwent any type of IBR; all implant
based and autologous techniques of breast reconstruction were included. To make the
study population as similar as possible and minimize confounding medical variables, a
cohort of 64 year-old women with private insurance was compared to a cohort of 66
year-old women with Medicare. Demographic data, IBR rates, and major complication
rates were compared between these two cohorts over a 15-year period from 1998 to
2013. Trend over time were plotted for the years 1992 to 2013 to provide an overview
of the years prior the WHCRA act.
Patients diagnosed with invasive breast cancer (ICD-9 diagnosis codes 174.0, 174.1,
174.2, 174.3, 174.4, 174.5, 174.6, 174.8 and 174.9) undergoing unilateral or bilateral
mastectomy were included. Patients with multiple ICD-9 procedure codes or with an
additional prophylactic mastectomy code were classified as having bilateral
mastectomy. Implant-based breast reconstructions were defined as either placement of
immediate silicone implant or tissue expander after mastectomy. Autologous breast
reconstructions included both pedicled and free tissue options: latissimus dorsi flap
(LD), pedicled transverse rectus abdominus muscle flap (pTRAM), free transverse rectus
abdominus muscle flap (fTRAM), deep inferior epigastric perforator flap (DIEP),
superficial inferior epigastric artery perforator flap (SIEA) or gluteal artery perforator
flaps (GAP) (Supplemental Digital Content, Table 1). Male patients, those of unknown
gender or age were excluded. Cases of breast reconstruction without concurrent
mastectomy were considered delayed and were also excluded from analysis.
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Analyzed Variables
The analyzed variables included calendar year, geographical region, race, hospital status
(teaching or non-teaching, and urban or rural), and number of hospital beds. The
hospital’s geographic region was broken down into four areas: Northeast (ME, NH, VT,
MA, RI, CT, NY NJ, PA); Midwest (OH, IN, IL, MI, WI, MN, IA, MO, ND, SD, NE, KS); South
(DE, MD, DC, VA, WV, NC, SC, GA, FL, KY, TN, AL, MS, AR, LA, OK, TX) and West (MT, ID,
WY, CO, NM, AZ, UT, NV, WA, OR, CA, AK, HI).
Hospital teaching status is determined by NIS as those hospitals with American
Medical Association-approved residency programs, or are members of the council of
Teaching Hospitals, or have a ratio of full-time residents to beds of 0.25 or greater.24
The number of hospital beds was organized into groups determined by the Nationwide
Inpatient Sample as: small (1 - 49 beds for rural hospitals, 1 - 99 for urban non-teaching
hospitals, and 1 - 299 beds for urban teaching hospitals); medium (50 - 99 for rural
hospitals, 100 - 199 for urban non-teaching hospitals, and 300 - 499 for urban teaching
hospitals) and large (>100 for rural hospitals, >200 beds for urban non-teaching
hospitals, and >500 for urban teaching hospitals).10, 25 Comorbidities identified using
ICD-9 codes were used to calculate the Charlson Comorbidity Index (CCI).26 The CCI has
been validated for administrative databases and has been used previously to examine
the influence of comorbidity on breast cancer treatment and outcomes.26-28 CCI score
was divided into four groups; CCI core 0, CCI score 1, CCI score 2 and CCI score >=3.
Post-operative complications were determined by using ICD-9 codes. The NIS does not
contain information on patient outcomes after discharge since it records inpatient data
only. Complications occurring after hospital discharge were therefore not captured in
our analysis.

Statistical Analysis
The frequencies of categorical variables are expressed as a percentage of the group of
origin. Categorical variables were compared using Chi-square analyses. Trends were
analyzed using the Cochran-Armitage test. All analyses were performed using IBM SPSS
Version 22.0 (IBM Corp., Armonk, N.Y.), and statistical significance was set at p < 0.05.

RESULTS
During the study period, a total of 21,402 women with private insurance (age 64) and
25,568 women with Medicare (age 66) were diagnosed with invasive breast cancer and
included in the study. Of these, 72.3% (n = 15,469) within the privately insured cohort
and 71.2% (n = 18,194) within the Medicare cohort opted for mastectomy (p = 0.007).
During the study period, rates of unilateral mastectomy decreased significantly while
rates of bilateral mastectomy increased significantly in both groups. Unilateral
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mastectomy decreased from 96.8% in 1992 to 49.1% in 2013 (p < 0.001) in the privately
insured group (Figure 1a). Similar trends were seen in Medicare cohort: Unilateral
mastectomy decreased from 96.5% in 1992 to 65.5% in 2013 (p < 0.001) (Figure 1b).
Bilateral mastectomy consequently increased from 3.5% to 50.9% in the privately
insured cohort (p < 0.001), and from 3.2% to 34.5% in the Medicare insured cohort (p <
0.001) between 1992 and 2013. (Figure 1a-b)

Figure 1. Rates of unilateral and bilateral mastectomy among (A) 64 year-old privately insured women and (B)
66 year-old Medicare insured women. Cochrane-Armitage test for trend p < 0.001 in both cohorts.

Figure 2. Rates of immediate breast reconstruction over study period. Cochrane-Armitage test for trend p <
0.001 in both cohorts.
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Table 1. Summary of patient characteristics
Privately Insured
n=

Medicare Insured
(%)

Breast cancer (n)

21,402

Mastectomy

15,469

(72.3)

Post-mastectomy IBR

3,941

(25.5)

n=

(%)

p value

18,194

(71.2)

0.007

3,213

(17.7)

0.001

25,568

Type of IBR

0.225

Implant

3,212

(81.5)

2,589

(80.6)

Autologous

440

(11.2)

353

(11.0)

Combined

289

(7.3)

271

(8.4)

Unilateral

2,325

(59.0)

2,107

(65.6)

Bilateral

1,616

(41.0)

1,106

(34.4)

Reconstruction

0.001

Race

0.001

Caucasian

2,878

(73.0)

2,330

(72.5)

Black

210

(5.3)

213

(6.6)

Hispanic

142

(3.6)

134

(4.2)

Asian/PI

87

(2.2)

33

(1.0)

Other

624

(15.8)

502

(15.6)

Non-teaching

1,542

(39.2)

1,362

(42.6)

Teaching

2,390

(60.8)

1,836

(57.4)

Rural

109

(2.8)

116

(3.6)

Urban

3,822

(97.2)

3,082

(96.4)

Small

409

(11.5)

316

(10.9)

Medium

715

(20.1)

663

(22.8)

Large

2,438

(68.4)

1,923

(66.3)

0

9

(0.2)

4

(0.1)

1

1,219

(30.9)

1,085

(33.8)

2

1,529

(38.8)

1,252

(39.0)

3

623

(15.8)

498

(15.5)

4+

560

(14.2)

373

(11.6)

Northeast

1,178

(29.9)

877

(27.3)

Midwest

918

(23.3)

595

(18.5)

South

1,023

(26.0)

994

(30.9)

West

822

(20.9)

787

(23.2)

Hospital Type

0.004

Hospital Location

0.040

Hospital Bed-size

0.025

Length of Stay (d)

0.005

Region

0.001
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Table 1 demonstrates the overall characteristics of patients who underwent postmastectomy IBR. Overall, 25.5% (n = 3,941) of the privately insured patients and 17.7%
(n = 3,213) of the Medicare insured patients underwent IBR (p <0.001). No significant
differences were seen between the two groups with respect to type of reconstruction:
implant, autologous or combined (p =0.225). The majority of women in both cohorts
were Caucasian (p <0.001), were operated on in an urban (p <0.040), teaching hospital
(p <0.004), with a large bedsize (p <0.025), and had a length of stay of 2 days (p =
0.005). Most of privately insured women underwent IBR in the Northeast region
(29.9%), while the most Medicare insured women underwent IBR in the Southern
region (30.9%) (p <0.001). No significant difference was seen between the groups in
terms of complications or CCI (p =0.444) (Table 2).
Table 2. Comparison of complication rates
Privately Insured

Medicare Insured

n=

(%)

n=

(%)

0

0

(0.0)

0

(0.0)

1

0

(0.0)

0

(0.0)

2

1,369

(34.7)

1,144

(35.6)

≥3

2,572

(65.3)

2,069

(64.4)

Seroma

27

(0.7)

10

(0.3)

0.028

Hematoma

73

(1.0)

50

(1.6)

0.015

Wound Dehiscence

5

(0.1)

5

(0.2)

0.746

Wound Infection

25

(0.6)

19

(0.6)

0.817

DVT

5

(0.1)

10

(0.3)

0.090

Respiratory Failure

15

(0.4)

8

(0.2)

0.328

Renal Insufficiency

10

(0.3)

9

(0.3)

0.829

UTI

15

(0.4)

10

(0.3)

0.621

Sepsis

5

(0.1)

0

(0.0)

0.043

Pneumonia

10

(0.3)

5

(0.2)

0.367

CCI index

p value
0.444

Complications

Finally, when looking at the trend over time, IBR increased significantly in both privately
insured women as well as in Medicare insured women (Figure 2). Immediate breast
reconstruction increased from 3.9% in 1992 to 47.2% in 2013 among privately insured
patients (p < 0.001). A similar upward trend was seen in Medicare insured women, with
IBR rates increasing from 2.3% in 1992 to 43.7% in 2013 (p <0.001) (Figure 2). The
difference in IBR rates between the two cohorts in demonstrated in Figure 3. After an
initial increase in differences of IBR utilization to 2006 (p <0.001), a significant decline in
different rates is observed op to 2013 (p<0.001).
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Figure 2. Rates of immediate breast reconstruction over study period. Cochrane-Armitage test for trend
p < 0.001 in both cohorts.

Figure 3. Differences of privately insured cohort immediate breast reconstruction rates compared to
Medicare insured cohort immediate breast reconstruction rates.
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DISCUSSION
Since the passage of the Women’s Health and Cancer Rights Act, which mandated
coverage of breast reconstruction, there has been an increase in breast reconstruction
among both privately and publicly insured patients.2,21,29-31 These findings were
corroborated by our study. However, the majority of these papers reported disparities
in Medicare insured women. A recent report by Wexelman et al., using the NIS
database, shows that Medicare insured women are one and a half times less likely to
undergo IBR when compared to private insured women.4 Reports by Roughton and
Yang also demonstrated similarly low rates IBR among Medicare-insured women.2,18
Unfortunately, these works do not account for the inherent differences in age and comorbidities between the typically younger patients with private insurance and the
typically older Medicare population.
In this study, we examined and compared the trends of IBR between women with
Medicare and those with privately insurance. To ensure similar groups and minimize
bias with respect to inherent differences in medical comorbidities, only women age 64
years-old with private insurance and age 66 years-old with Medicare were included. Not
only did this study show increased rates IBR over time in both groups, but that after an
initial slower upward trend, the rate of IBR in Medicare insured women nearly equaled
that among private insurance over the duration of this study (Figure 2). In 2013, the
final year of this study period, IBR was performed in 47.2% of privately insured women
versus 43.7% of women in the Medicare group (data not shown).
This study demonstrates that in recent years, there have been no significant
differences in the receipt of IBR in both groups. One reason for the disparity in the
literature may be due to the fact that women have been analyzed based on insurance
type (Medicare versus private insurance) without regard for patient age and associated
comorbidities. This is of particular import in the group of patients insured by Medicare
where there exists a large bimodal distribution of very young and very old women,
based on eligibility requirements for coverage. Unlike previous manuscripts, this study is
the first to take into account and minimize the differences in comorbidities between
these groups before analyzing the rates of IBR by creating matched cohorts.
There are likely many reasons for the observed increased rates of IBR among breast
cancer patients. Passage of the WHCRA has lessened the financial barriers to this
procedure among a large number of patients. Additionally, the feasibility of prophylactic
mastectomy and reconstruction has brought to the public’s attention by several
prominent celebrities. In the future, further patient education will likely be a driver
toward increased access to IBR as a favourable option for breast cancer patients. Of
note, Congress has recently passed the Breast Cancer Patient Education Act of 2015,
which will allocate more resources toward patient education regarding options for
breast reconstruction following mastectomy.16
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Recently, there has been much ongoing speculation among plastic surgeons in the
literature that declining reimbursement rates may be limiting the reconstructive options
offered to patients.32-35 To this end, Hernandez-Boussard et al. examined surgeon fee
schedules using the national average Medicare physician reimbursement rates
compared to the type of reconstruction chosen by patients. They observed a steady
decrease in the rates of autologous breast reconstruction from 1998 to 2008 which
closely paralleled a decrease in physician reimbursement over that same time period.1
Our study did not show a similar trend; but rather that regardless of insurance type,
women are being offered IBR at ever increasing rates over a similar time period.
There are several limitations of this study that should be noted. Firstly, while data
from the NIS is a reflection of the entire country and provides us valuable information
on current practices in the United States, this study is retrospective in nature. Secondly,
this study was only limited to patients undergoing breast reconstruction in an
immediate fashion after mastectomy. Accordingly, as patients undergoing delayed
reconstruction were excluded from this study, there is a cohort of women who
ultimately had breast reconstruction that were not included in this study. Finally, we
were unable to conduct a detailed assessment of non-surgical treatment, patient’s
background, and the decision-making processes. Nevertheless, this study provides a
comprehensive overview of a matched cohort privately insured and Medicare insured
women undergoing IBR.

CONCLUSION
In this study, we examined IBR utilization between a matched population based on
insurance type, Medicare or private insurance. The results of this study demonstrate a
significant increase in rates of IBR among women regardless of insurance type over the
time period of this study. Moreover, after an initial slower upward trend, after a decade
IBR in Medicare insured women approached nearly similar rates among those with
private insurance.
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FIGURE AND TABLE LEGEND
Table 1. Summary of patient characteristics
Table 2. Comparison of complication rates
Figure 1. Rates of unilateral and bilateral mastectomy among (A) 64 year-old privately
insured women and (B) 66 year-old Medicare insured women. Cochrane-Armitage test
for trend p < 0.001 in both cohorts
Figure 2. Rates of immediate breast reconstruction over study period. CochraneArmitage test for trend p < 0.001 in both cohorts
Figure 3. Differences of privately insured cohort immediate breast reconstruction rates
compared to Medicare insured cohort immediate breast reconstruction rates
Supplemental Digital Content, Table 1. ICD-9 procedure codes for mastectomy,
implant-based and autologous breast reconstruction
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SUPPLEMENT
Supplemental Digital Content, Table 1. ICD-9 procedure codes for mastectomy, implant-based and
autologous breast reconstruction
Inclusion criteria

ICD-9 code

Description

85.40

Mastectomy

v50.41

Prophylactic removal of breast

85.34

Other unilateral subcutaneous mammectomy

85.41

Unilateral simple mastectomy

85.43

Unilateral extended simple mastectomy

85.45

Unilateral radical mastectomy

85.47

Unilateral extended radical mastectomy

85.33

Unilateral subcutaneous mammectomy with synchronous
implant

85.36

Other bilateral subcutaneous mammectomy

85.42

Bilateral simple mastectomy

85.44

Bilateral extended simple mastectomy

85.46

Bilateral radical mastectomy

85.48

Bilateral extended radical mastectomy

85.35

Bilateral subcutaneous mammectomy with synchronous
implant

85.33

Unilateral subcutaneous mammectomy with synchronous
implant

85.35

Bilateral subcutaneous mammectomy with synchronous
implant

85.53

Unilateral breast implant

85.54

Bilateral breast implant

85.95

Insertion breast tissue expander

85.96

Removal breast tissue expander

85.71

Latissimus dorsi myocutaneous flap (LD), pedicled

85.72

Transverse rectus abdominis myocutaneous (TRAM) flap,
pedicled

85.73

Transverse rectus abdominis myocutaneous (TRAM) flap, free

85.74

Deep inferior epigastric artery perforator (DIEP) flap, free

85.75

Superficial inferior epigastric artery (SIEA) flap, free

85.76

Gluteal artery perforator (GAP) flap, free

Mastectomy

Unilateral Mastectomy

Bilateral Mastectomy

Breast reconstruction
Tissue Expander/Implant BR

Autologous BR
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ABSTRACT
Background
Although approximately 57% of breast cancer (BC) diagnoses are in older patients (>60
years), only 4.1% to 14% receives breast reconstruction (BR). This has been attributed
to physician concerns about operative complications. This paper aims to: 1) analyze the
30-day complication rates in the older patient population undergoing immediate breast
reconstruction (IBR), and 2) analyze links between complication type and category of
reconstruction.
Methods
Using the ACS-NSQIP database (2005-2014), all women older than 60 years of age
diagnosed with BC and DCIS were identified. IBR and complication rates were plotted
for all ages. Patients were divided into those with and those without complications.
Patient demographics and co-morbidities were compared. Complications within each
type of reconstruction were analyzed.
Results
Of the 4,450 BC and 1,104 DCIS patients, 22.3% (BC) and 20.9% (DCIS) had
complications. IBR decreased significantly with increased age (p<0.00 in both cohorts),
while complication rates remained stable across all ages (p=0.32 in BC, p=0.69 in DCIS
patients). Patients were well matched in terms of demographics.
Conclusion
The rates of breast reconstruction decrease with increasing age. Despite increasing age,
associated complication rates in IBR patients remained stable.

Synopsis
This study analyzed the complication rates in the elderly patient population (>60 years)
undergoing immediate breast reconstruction and found that despite increasing age,
associated complication rates in IBR patients remained stable in both BC as DCIS
patients.
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INTRODUCTION
In 2015, approximately 57% of the 231,840 newly diagnosed invasive breast cancer (BC)
cases and 49% of newly diagnosed Ductal Carcinoma In Situ (DCIS) cases were aged 60
years or older within the United States.1 With an estimated growth forecast of 57%
from 2010 to 2030, older patients with early stage breast cancer constitute the most
rapidly growing breast cancer demographic.2,3 Similar rates and epidemiological shifts
are observed in other economically developed countries.4-7 Over the last decades,
survival rates following breast cancer diagnosis have improved significantly due to
advances in screening and treatment.8 As patients are living longer after breast cancer
treatment, a stronger emphasis has been placed on improving quality of life. However,
although treatment recommendations have been advocated for all women with early
stage breast cancer, older women (defined here as those over 60 years of age) with
breast cancer may be receiving differences in treatment.9-11
Post-mastectomy breast reconstruction (PMBR) is an important component of the
comprehensive management of breast cancer patients. A large number of studies have
demonstrated significant increase in self-esteem, body image and quality of life after
breast reconstruction, in both young and older breast cancer survivors.11-13 After the
implementation of Women’s Health and Cancer Rights Act of 1998, a significant
increase in the utilization of PMBR has been reported.14-17 Yet, although the large
majority of breast cancer diagnoses is in older patients, only 4.1% to 14% of this
population receives PMBR.11,18-24 The low rates of PMBR have been attributed to
physician judgment of operative risk, the belief that reconstruction is unnecessary in
this age group and patient concerns about operative complications.5,25
Immediate breast reconstruction (IBR) at the time of mastectomy has taken on
greater popularity and is increasingly considered as standard of care.26-31 Compared to a
delayed approach, IBR offers the potential benefit of fewer operations, decreased costs,
better esthetic outcomes, and reduced psychological distress for the patient.26,32-34 A
variety of reports have looked at post-procedure complication rates in patients
undergoing breast reconstruction; however, they have frequently combined all women
over 65 years of age into one group, or excluded women aged over 60 years from their
analysis, limiting thorough evaluation of this group.5,35-37 Significant differences exist
within this group of patients; although some may suffer with worsening health, many
older women are still active and healthy. The aim of this paper is therefore 1) to analyze
the at 30-day complication rates in the younger and older patient population
undergoing IBR, 2) and to analyze possible links between complication type and
category of reconstruction in the older patient population.
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METHODS
A retrospective analysis of The American College of Surgeons National Surgery Quality
Improvement Program (ACS-NSQIP) database was performed for the years 2005 to
2014. The ACS-NSQIP provides prospectively collected clinical data on patients
undergoing surgical procedures in hospitals across North America, and provides
validated, 30-day surgical outcomes. All women diagnosed with invasive breast cancer
(BC) or Ductal Carcinoma In Situ (DCIS) (International Classification of Disease, Ninth
Edition (ICD-9) diagnosis codes 174.0 - 174.9 and 233.0) undergoing mastectomy and
IBR were identified and included. Procedures were identified using Current Procedural
Terminology (CPT) codes. Immediate breast reconstruction is defined as placement of
tissue expander or permanent implant, autologous flap reconstruction, or combined
(autologous and implant-based) reconstruction concurrent with mastectomy (Table 1).
Patients without documented age, male patients, those undergoing outpatient
procedure and those with metastatic disease were excluded.
Table 1. Current Procedural Terminology (CPT) codes for mastectomy and immediate breast reconstruction
National Surgical Quality Improvement Project (NSQIP)
CPT code

Description

19303

Mastectomy, simple, complete

19304

Mastectomy, subcutaneous

19305

Mastectomy, radical, including pectoral muscles, axillary lymph nodes

19306

Mastectomy, radical, including pectoral muscles, axillary and internal mammary lymph
nodes (urban type operation)

19307

Mastectomy, modified radical, including axillary lymph nodes, with or without pectoralis
minor muscle, but excluding pectoralis major muscle.

19180

Simple complete mastectomy

19182

Subcutaneous mastectomy

19200

Radical mastectomy

19220

Urban type mastectomy

19240

Modified radical mastectomy
Implant-based breast reconstruction

19340

Immediate insertion of breast prosthesis following mastopexy, mastectomy or in
reconstruction

19342

Delayed insertion of breast prosthesis following mastoplexy, mastectomy, or in
reconstruction

19357

Breast reconstruction, immediate or delayed, with tissue expander, including subsequent
expansion
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National Surgical Quality Improvement Project (NSQIP)
CPT code

Description
Autologous breast reconstruction

19361

Breast reconstruction with latissimus dorsi flap, without prosthetic implant

19364

Breast reconstruction with free flap

19367

Breast reconstruction with transverse rectus abdominis myocutaneous flap (TRAM), single
pedicle, including closure of donor site;

19368

Breast reconstruction with transverse rectus abdominis myocutaneous flap (TRAM), single
pedicle, including closure of donor site; with microvascular anastomosis (supercharging)

19369

Breast reconstruction with transverse rectus abdominis myocutaneous flap (TRAM, double
pedicle, including closure of donor site)

We collected information on patient age, race, American Society of Anesthesiology
(ASA) physical status, smoking status, body mass index (BMI, >30 kg/m2 defined
obesity), presence of diabetes, COPD, hypertension, bleeding disorder, receipt of
chemotherapy 30 days preoperatively, receipt of radiation therapy 90 days
preoperatively, total operation time (minutes) and total length of stay (days). Several
other endpoint outcome variables were obtained by combining defined NSQIP
variables. Complications included those that were wound-related, infectious,
respiratory, bleeding, thromboembolic, cardiac, renal and other miscellaneous
complications.
Invasive breast cancer patients and DCIS patients were analyzed separately.
Immediate breast reconstruction and complication rates were plotted for all ages (≤ 39,
40 – 44, 45 – 49, 50 – 54, 55 – 59, 60 – 64, 65 – 69, 70 – 74, 75 – 79, and ≥ 80 years).
Overall characteristics were only analyzed in women older than 60 years of age. This
cohort was divided into two groups: those with and those without complications. We
compared patient demographics and co-morbidities between those with and without
complications. Specific complications within each type of reconstruction were analyzed.

Statistical analysis
Frequency counts and percentages were calculated for categorical variables and
comparisons were made using the Pearson Chi-Square test. Medians and standard
deviations were calculated for continuous variables. Cochrane-Armitage test for trend
was utilized for trend analysis. All statistical analyses were performed using IBM SPSS
version 22.0 (IBM Corp., Armonk, NY) and significance was set at p<0.05.
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RESULTS
Invasive breast cancer patients
Figure 1 demonstrates IBR and complications trend by age. Immediate breast
reconstruction decreased significantly from 65.5% in women aged ≤ 39 years to 3.0% in
women aged ≥ 80 years (p < 0.000). Post-operative complication rates remained stable
across all ages (p = 0.32).

Figure 1. Immediate breast reconstruction and complication rates in invasive breast cancer patients

Table 2 demonstrates the overall characteristics of all women aged over 60. During the
study period, a total of 4,450 patients diagnosed with invasive breast cancer underwent
IBR. Of these, 3,457 (77.7%) had no complications (NCMPL) and 993 (22.3%) patients
had one or more complications (CMPL). Patients were well matched in terms of age,
race, smoking status, diabetes, history of COPD, hypertension, bleeding disorder, and
preoperative chemo- and radiation therapy. The majority of patients in both cohorts
was Caucasian (78.2% vs 76.8% in CMPL vs. NCMPL respectively) aged 60 – 65 (52.0% vs
49.0% in CMPL vs. NCMPL respectively). Significant differences were observed between
patients in both groups with regard to type of reconstruction (p < 0.000). Moreover,
women with post-operative complications were significantly more likely to have a
higher ASA-classification (p < 0.00), be obese (37.0% vs. 32.2% in CMPL vs. NCMPL
respectively, p < 0.000), have longer operation times (258.7 ± 222.0 vs. 224.4 ± 199.0
minutes in CMPL vs. NCMPL respectively, p < 0.000) and a longer length of stay (2.6 ±
4.7 vs. 2.2 ± 2.7 days in CMPL vs. NCMPL respectively, p < 0.001).
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Table 2. Overall characteristics invasive breast cancer patients
No complication

Complication

n=

%

n=

%

3,457

(77.7)

993

(22.3)

60 – 65

1,694

(49.0)

516

(52.0)

65 – 70

1,051

(30.4)

291

(29.3)

70 – 75

451

(13.0)

116

(11.7)

75 – 80

185

(5.4)

56

(5.6)

≥ 80

76

(2.2)

14

(1.4)

Implant

2,702

(78.2)

716

(72.1)

Autologous

545

(15.8)

231

(23.3)

Combined

210

(6.1)

46

(4.6)

Total (n=)

p-value

Age

Immediate breast reconstruction

0.259

0.000

Race

0.282

White

2,705

(78.2)

763

(76.8)

Black

242

(7.0)

85

(8.6)

Hispanic

139

(4.0)

33

(3.3)

Asian/PI

88

(2.5)

32

(3.2)

Other

283

(8.2)

80

(8.1)

1

83

(2.4)

24

(2.4)

2

2,289

(66.2)

580

(58.4)

3

1,068

(30.9)

378

(38.1)

4

17

(0.5)

11

(1.1)

Smoker

291

(8.4)

99

(10.0)

<29

2,330

(67.8)

622

(63.0)

>30

1,106

(32.2)

365

(37.0)

Diabetes

345

(10.0)

112

(11.3)

0.235

History of COPD

68

(2.0)

27

(2.7)

0.150

Hypertension

1,658

(48.0)

505

(50.9)

0.110

Bleeding disorder

31

(0.9)

16

(1.6)

0.052

Chemotherapy 30 days preop

85

(4.2)

6

(3.0)

0.404

Missing

2,209

(49.6)

Radiation 90 days preop

12

(0.6)

2

(1.0)

0.495

Missing

2,210

(49.7)

Total OR time (mean/SD) (min)

224.4 ± 199.0

258.7 ± 222.0

0.000

Length of stay (mean/SD) (day)

2.2 ± 2.7

2.6 ± 4.7

0.001

ASA classification

0.000

BMI (kg/m2)

0.127
0.000
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Table 3 demonstrates the type of complication stratified by reconstruction type.
Women undergoing autologous breast reconstruction had a significantly higher rate of
wound complications (5.5% vs. 3.6% vs. 2.7% in autologous vs. implant vs. combined
respectively, p = 0.023), infectious complications (1.4 % vs. 3.4% vs. 1.2% in autologous
vs. implant vs. combined respectively, p = 0.001), bleeding complication (0.6% vs. 7.5%
vs. 0.4% in autologous vs. implant vs. combined respectively, p < 0.000), and
thromboembolic complication (0.5% vs. 1.3% vs. 0.4% in autologous vs. implant vs.
combined respectively, p = 0.037). No significant differences were seen in respiratory,
cardial, renal and miscellaneous complications.
Table 3. Complication subtype stratified by reconstruction type in invasive breast cancer patients
Immediate breast reconstruction
Implant
n (%)

Autologous
n (%)

Combined
n (%)

3,418

776

256

Wound

122 (3.6)

43 (5.5)

7 (2.7)

0.023

Infectious

47 (1.4)

26 (3.4)

3 (1.2)

0.001

Respiratory

6 (0.2)

4 (0.5)

0 (0.0)

0.144

Bleeding

22 (0.6)

58 (7.5)

1 (0.4)

0.000

Thromboembolic

17 (0.5)

10 (1.3)

1 (0.4)

0.037

Cardial

1 (0.0)

1 (0.1)

0 (0.0)

0.468

Renal

0 (0.0)

0 (0.0)

0 (0.0)

-

Other

550 (16.1)

151 (19.5)

39 (15.2)

0.062

Total (n=)

p-value

Type of complication

DCIS patients
Figure 2 demonstrates IBR and complication rates plotted by age. Immediate breast
reconstruction was performed in 80.3% of women aged younger than 39 years, and
decreased significantly as age increased to 3.1% in women older than 80 years (p <
0.00). Complication rates remained stable across all age groups (p = 0.69).
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Figure 2. Immediate breast reconstruction and complication rates in DCIS patients

Table 4 demonstrates the overall characteristics of DCIS patients. Of the 1,104 DCIS
patients who underwent IBR, 79.1% (n=872) had no complications and 20.9% (n=231)
had one or more complications. No significant differences were seen between the two
cohorts in terms of age, race, smoking status, diabetes, COPD or length of stay. Of
women experiencing complications, a significantly higher rate had undergone
autologous breast reconstruction (24.6% vs. 17.1% in CMPL vs. NCMPL, respectively, p =
0.013). The majority of women in both cohorts was Caucasian (67.1% vs. 72.7% in CMPL
vs. NCMPL respectively) and were aged 60 – 65 (50.2% vs. 52.2% in CMPL vs. NCMPL
respectively). Women experiencing post-operative complications were significantly
more likely to have a higher ASA-classification (p < 0.028), BMI over 30 kg/m2 (40.3% vs.
31.9% in CMPL vs. NCMPL respectively, p < 0.018), hypertension (52.4% vs. 44.1%, in
CMPL vs. NCMPL respectively, p < 0.025), bleeding disorder (2.2% vs. 0.3% in CMPL vs.
NCMPL respectively, p<0.004) and longer operating time (246.6 ± 166.1 vs. 220.5 ±
118.3 minutes in CMPL vs. NCMPL respectively, p = 0.007).
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Table 4. Overall characteristics in DCIS patients
No complication

Complication

n=

%

n=

%

872

(79.1)

231

(20.9)

60 – 65

456

(52.2)

116

(50.2)

65 – 70

269

(30.8)

64

(27.7)

70 – 75

106

(12.1)

38

(16.5)

75 – 80

33

(3.8)

11

(4.8)

≥ 80

9

(1.0)

2

(0.9)

Implant

678

(77.7)

158

(68.4)

Autologous

149

(17.1)

57

(24.7)

Combined

46

(5.3)

16

(6.9)

Total (n=)
Age

p-value

0.431

Immediate breast reconstruction

0.013

Race

0.352

White

635

(72.7)

155

(67.1)

Black

67

(7.7)

24

(10.4)

Hispanic

37

(4.2)

9

(3.9)

Asian/PI

21

(2.4)

9

(3.9)

Other

113

(12.9)

34

(14.7)

1

36

(4.1)

6

(2.6)

2

602

(69.0)

145

(62.8)

3

234

(26.8)

78

(33.8)

4

1

(0.1)

2

(0.9)

53

(6.1)

16

(6.9)

<29

590

(68.1)

138

(59.7)

>30

277

(31.9)

93

(40.3)

Diabetes

94

(10.8)

27

(11.7)

0.690

History of COPD

9

(1.0)

5

(2.2)

0.171

Hypertension

385

(44.1)

121

(52.4)

0.025

Bleeding disorder

3

(0.3)

5

(2.2)

0.004

Total OR time (mean/SD) (min)

220.5 ± 118.3

246.6 ± 166.1

0.007

Length of stay (mean/SD) (day)

2.3 ± 3.0

2.5 ± 1.7

0.474

ASA classification

Smoker

0.028

BMI (kg/m2)

0.633
0.018

Subtypes of complications stratified by reconstruction type is demonstrated in Table 5.
Patients were well matched in terms of wound, infectious, respiratory, cardiac
complications, renal and miscellaneous complications. Women with autologous
reconstruction had higher bleeding complications (4.9% vs. 0.4% vs. 3.2% in autologous
vs. implant vs. combined respectively, p < 0.000) and thromboembolic complications
(3.4% vs. 0.5% vs. 3.2% in autologous vs. implant vs. combined respectively, p = 0.001).

94

Trends In Immediate Breast Reconstruction and Early Complication Rates
Table 5. Complication subtype stratified by reconstruction type in DCIS patients
Immediate breast reconstruction
Implant
n (%)

Autologous
n (%)

Combined
n (%)

836

206

63

Wound

34 (4.1)

14 (6.8)

3 (4.8)

0.246

Infectious

7 (0.8)

4 (1,9)

0 (0.0)

0.259

Respiratory

0 (0.0)

1 (0.5)

0 (0.0)

0.113

Bleeding

3 (0.4)

10 (4.9)

2 (3.2)

0.000

Thromboembolic

4 (0.5)

7 (3.4)

2 (3.2)

0.001

Cardial

1 (0.1)

0 (0.0)

0 (0.0)

0.852

Renal

0 (0.0)

0 (0.0)

0 (0.0)

-

Other

116 (13.9)

34 (16.5)

11 (17.7)

0.486

Total (n=)

p-value

Type of complication

DISCUSSION
Although treatment recommendations have been advocated for all women with breast
cancer, many older women with breast cancer do not undergo post-mastectomy breast
reconstruction. In this study, we examined the rates of IBR and complications within the
older population. This study found that rates of immediate breast reconstruction
decreased significantly with increasing age for both invasive breast cancer and DCIS
patients. Importantly, complication rates remained similar throughout all age groups.
Our findings are consistent with other recent studies that have examined the trends in
IBR following mastectomy. Naoura et al.38 found that IBR among DCIS patients was more
common for women under the age of 50 compared to women over 50. Similarly Lang et
al.19 found that increasing age was inversely correlated with IBR among patients with
invasive breast cancer ranging from stages I to III. These findings are supported by other
studies showing that rates of IBR drop significantly when patients are 60 years of age or
older.39,40
This study found that the 30-day post-IBR complication rates for patients with
invasive breast cancer and DCIS, respectively, were 21.6% and 20.0%. Moreover, the
complication rate did not vary significantly across all the age groups that we examined
(p = 0.47 invasive breast cancer, p = 0.12 DCIS). The incidence of post-operative
complications in the literature is highly variable. A recent systematic review identified
ten studies reporting on complications in those over 60 years undergoing postmastectomy reconstruction, some in comparison with a younger cohort, with a range of
6.8% - 77% for older patients and 14.2% - 49.8% in younger women. In line with our
results, Fisher et al.21,41 reported that advanced age not to be a predictor for
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complication rates after immediate breast reconstruction. More recently, Santosa et
al.42 prospectively analyzed complication rates in patients undergoing immediate vs.
delayed breast reconstruction with follow-up period of 2 years. They grouped the
patients into three groups: <45 years, 45 – 60 years and >60 years of age, and found
that increased age does not affect breast reconstruction complication. However, this
study, like others mentioned before, grouped all elderly patients over the age of 60 as
one.
Our findings suggest that immediate breast reconstruction in elderly breast cancer
patients may be a viable option with an expected complication rate comparable to the
rate among younger patients. However, immediate breast reconstruction rates decrease
significantly with increased age. One reason for the decline in IBR in older women may lie
in surgeon perceptions of age and, consequently, a reluctance to discuss this option with
patients. A survey of 61 older women undergoing breast reconstruction after mastectomy
found that the subject of IBR was only discussed with 5/31 patients who ultimately
underwent DBR, while all of them felt the topic should have been raised.(13) Actual and
physiological age may be vastly different and other parameters should be use to better
determine surgical safety, such as the Pre-operative Assessment of Cancer in the Elderly
(PACE) tool, which is used to more accurately estimate operative risk in older patients,
based on information about their co-morbidities and functional status.43
In addition to comprehensive pre-operative assessment of patient-related risk,
when considering the best surgical course of action for patients, treating surgeons may
also consider specific operative risks involved, including minimization of the duration of
surgery, prevention of infection and restriction of blood loss – to which older patients
are particularly vulnerable. Our observed finding that higher complications rates are
associated with autologous breast reconstruction is supported by the literature: recent
studies using national databases have found that post-operative complications are more
frequently associated with autologous breast reconstruction, both within the first 30
days post-operation and even two years later, patients who have undergone autologous
IBR carry a 9.5% risk of wound complications, compared to 4.4% for implant-based
reconstruction and 2.3% for mastectomy-only patients.21,44
The strength of the current study includes its granular overview of both
complication rates and immediate breast reconstruction rates over age. Moreover, by
not grouping all patients over the age of 60 as one group, we provide a more
comprehensive overview of this emerging patient population. Limitations of this study
are primarily related to the database from which the data was collected. The ACS-NSQIP
data includes only 30-day outcome and may therefore not portray the true picture of
post-operative complications including the long-term outcomes after breast
reconstruction. Additionally, occurrence breast reconstruction specific complications
such as fat necrosis, hematoma, and seroma are not captured by the ACS-NSQIP.
Moreover, as with any other large-volume dataset, the ACS-NSQIP is subject to observer
bias and underreporting. Although the ACS-NSQIP includes a large number of both
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university and private hospitals, participation of hospitals is voluntary and it is not
possible to completely eliminate selection bias.

CONCLUSION
These findings may have important implications for the surgeons who perform breast
reconstruction and those who care for breast cancer patients. This study found that
despite increasing age, associated complication rates in IBR patients remained stable in
both BC as DCIS patients.
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ABSTRACT
Introduction
The aim is to assess reliability of the American College of Surgeons National Surgical
Quality Improvement Program (ACS-NSQIP) 30-day perioperative outcomes and
complications for immediate, free-tissue transfer breast reconstruction (IFTBR) by direct
comparisons to our 30-day and overall institutional data, and assessing those that occur
after 30 days.
Methods
Data were retrieved for consecutive IFTBR patients from a single-institution database
(2010-2015) and the ACS-NSQIP (2011-2014). Multiple logistic regressions were
performed to compare adjusted outcomes between the two datasets.
Results
For institutional vs. ACS-NQSIP outcomes, there were no significant differences in
surgical site infection (SSI) (30-day: 3.6% vs. 4.1%, p=0.818; overall: 5.3% vs. 4.1%,
p=0.198), wound disruption (WD) (30-day: 1.3% vs. 1.5%, p=0.526; overall: 2.3% vs.
1.5%, p=0.560), or unplanned readmission (URA) (30-day: 2.3% vs. 3.3%, p=0.714;
overall: 4.6% vs. 3.3%, p=0.061). However, the ACS-NSQIP reported a significantly
higher unplanned reoperation (URO) rate (30-day: 3.6% vs. 9.5%, p<0.001; overall: 5.3%
vs. 9.5%, p=0.025). Institutional complications consisted of 5.3% SSI, 2.3% WD, 5.3%
URO, and 4.6% URA, of which 25.0% SSI, 28.6% WD, 12.5% URO, and 7.1% URA
occurred at 30-60 days, and 6.3% SSI, 14.3% WD, 18.8% URO, and 42.9% URA occurred
after 60 days.
Conclusion
For immediate free tissue breast reconstruction, the ACS-NSQIP may be reliable for
monitoring and comparing surgical site infection, wound disruption, unplanned
reoperation, and unplanned readmission rates. However, clinicians may find it useful to
understand limitations of the ACS-NSQIP for complications and risk factors, as it may
underreport complications occurring beyond 30 days.
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INTRODUCTION
The use of large-volume databases in surgical outcomes research has grown
substantially over the last decade, with surgeon, hospital, and regional-level outcomes
increasingly being evaluated using clinical outcomes and measures of resource
utilization.1-29 Large-volume databases can be broadly categorized as either
administrative or clinical. These databases offer unique opportunities to study largescale patterns of care, variation in practice, and outcomes following surgical
intervention. Studies based on national registries and other administrative datasets
have made significant contributions to the field of breast cancer surgery.1-24 In recent
years, research derived from these large-data registries has played an increasing role in
the development of clinical guidelines and health policy within the field of breast cancer
treatment.1-24 One such validated large-volume clinical database is the American College
of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database.30 Its
validity hinges on the number of involved hospitals, accurate recording of key patient
variables, and methodical follow-up to 30 days postoperatively.31 This database has
helped in multiple areas within plastic surgery, including the recognition of risk factors
for venous thromboembolism in breast reconstruction, the complications associated
with contralateral prophylactic mastectomy, and the impact of surgical resident
involvement in breast reduction.15,17,23
Despite the versatility of the ACS-NSQIP database, several studies in multiple
disciplines have questioned its validity, primarily in terms of the coding process and
built-in variables.32-37 Within plastic surgery, the ACS-NQIP Surgical Risk Calculator has
been assessed and deemed inaccurate for predicting risk factors for complications after
breast reconstruction.32,33 Furthermore, the reported incidence of complications as
defined by variables in the database has come under question, and by extension, the
validity of the risk factors identified using the database.34-37 These issues primarily stem
from the question of whether 30 days’ follow-up is sufficient to capture the full scope of
complications. Recently published literature investigated the rate of complications
occurring beyond 30 days in patients undergoing alloplastic breast reconstruction.34-36
Incidence and timing of complications were investigated by Luce et al. for tissue
expander explantation and by Cohen et al. and Sinha et al. for infections in implants and
tissue expanders.34-36 In autologous breast reconstruction, Duraes et al. reported on the
incidence of institutional late complications occurring after 30 days in abdominal-based
free flap procedures.37 However, to date, there is a lack of literature on the presence
and timing of complications in ACS-NSQIP for autologous breast reconstruction. To the
best of our knowledge, no previous studies have directly compared institutional data
with ACS-NSQIP to assess whether the national database is valid and applicable to
institutional practice, within both the 30-day perioperative period or after 30-days.
Given this lack of knowledge, the aim of this study is to evaluate the reliability of the
complications captured by the ACS-NSQIP within its early 30-day window for immediate
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free tissue breast reconstruction (IFTBR). This will be conducted by direct comparison of
the outcomes reported in the ACS-NSQIP to both our 30-day and overall (complications
that occur within 30 days and onwards) institutional data, to determine whether the
database is reliable for complication monitoring and comparison studies. A secondary
aim is to report the incidence and timing breakdown of late complications after
autologous breast reconstruction, to determine whether ACS-NSQIP is reliable for a true
overall complication profile and risk factor calculation studies.

METHODS
Institutional review board approval was obtained. Data were collected from patient
records within a single institution from 2010-2015 with a minimum follow up of one
year, and ACS-NSQIP data were retrieved for the years 2011-2014 using Current
Procedural Terminology (CPT) codes (See Table, Supplementary Digital Content 1,
Current Procedural Terminology (CPT) mastectomy and breast reconstruction codes).
We extracted data from the respective time periods to account for as many possible
data points for the variables of interest. Our inclusion criteria consisted of female
patients over the age of 18 who underwent IFTBR following mastectomy. We excluded
patients who underwent combined free tissue reconstruction with other autologous or
alloplastic techniques. In ACS-NSQIP, a patient was considered to have undergone IFTBR
if concurrent mastectomy and reconstruction CPT codes were registered.
Patient characteristics of interest were restricted to those recorded in both the
institutional and ACS-NSQIP databases, to enable direct comparison. These included
age, body mass index (BMI), smoking, diabetes, hypertension, coagulopathy, steroid
use, number of comorbidities, mastectomy type, operation time (OT) in minutes, and
length of stay (LOS) in days. Bilateral mastectomy was determined based on presence of
two CPT codes for mastectomy. Outcomes of interest were surgical site infection,
wound disruption, unplanned reoperation, unplanned readmission, and the specific
causes of unplanned reoperation or readmission. Prior to 2011, the ACS-NSQIP data did
not include the cause of unplanned reoperation and unplanned readmission variables.
As such, unplanned reoperation and readmission data were extracted from ACS-NSQIP
2012-2014. Institutional complications were only recorded if they were related to the
index IFTBR procedure and fit the ACS-NSQIP definitions for surgical site infection,
wound disruption, unplanned reoperation, and unplanned readmission.
Unplanned reoperation was classified into categories based on correlating ACSNSQIP variables for the root cause, consisting of complications pertaining to the flap
itself, surgical site infection, wound site disruption, hemorrhage, hematoma, and
seroma. Unplanned readmission was classified into categories based on correlating ACSNSQIP variables for the root cause, consisting of complications pertaining to the flap
itself, surgical site infection, wound site disruption, hematoma, seroma, and
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postoperative pain. These were extracted from the ACS-NSQIP (2012-2014) using the inbuilt reason for unplanned reoperation variable and International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes (See Table,
Supplementary Digital Content 2, International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) cause of unplanned reoperation or readmission codes).
Institutional outcomes in the 30-day window and overall, including both 30-day
complications and those occurring after 30 days, were each independently compared to
ACS-NSQIP outcomes to assess reliability of the database. Late complications occurring
after 30 days are representative of the number of complications potentially missed by
ACS-NSQIP. Institutional outcomes were sub-grouped into those that occurred within
the 30-day window (early), those that occurred after 30 days (late), and the overall
(early and late) complication incidence. In addition, complications that occurred after
30 days were further sub-categorized into 60-day and 60-day+ groups.

Statistical analysis
Data were compared using Pearson’s χ2 or Fisher’s exact test tests and Wilcoxon-MannWhitney for categorical and nonparametric continuous variables, respectively. To
account and adjust for potential confounders when analyzing outcomes of interest,
logistic regression models were used to assess patient outcomes of surgical site
infection, wound disruption, unplanned reoperation, unplanned readmission, and causes
of unplanned reoperation or readmission. Statistical analysis was performed using SPSS
Version 22 (IBM, Armonk, NY). For all analysis, a value of p<0.05 was considered
statistically significant.

RESULTS
Patient Characteristics
During the study period, a total of 2,402 patients were admitted for IFTBR, with 304
(12.6%) patients from our institution and 2,098 (87.3%) patients from the ACS-NSQIP
(2011-2014) (Table 1). Patients were well matched for most patient characteristics. No
significant differences were observed in age (p=0.315), diabetes (p=0.680),
coagulopathy (p=0.675), steroid use (p=0.613), number of comorbidities (p=0.350), LOS
(p=0.274), and proportion of radical mastectomy (p=0.114). Although the average
patient in both was classified by BMI as ‘obese’, patients in our institution had a
significantly lower BMI (28.2 ± 5.6 vs. 29.9 ± 5.9 kg/m2, p<0.001), longer OT
(702.4±166.9 vs. 524.0±182.3 minutes, p<0.001), and underwent more bilateral (55.9%
vs. 40.2%, p<0.001) and total simple mastectomies (96.7% vs. 82.3%, p<0.001) when
compared to the ACS-NSQIP database. However, fewer patients in our institutional
group were smokers (3.6% vs. 8.9%, p=0.002), had hypertension (18.4% vs. 24.6%,
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p=0.018), or underwent modified radical mastectomy (1.6% vs. 14.0%, p<0.001)
compared to the ACS-NSQIP database. Patients in our institutional database underwent
deep inferior epigastric perforator (DIEP) (96.2%), superior gluteal artery perforator
(SGAP) (3.3%), and free transverse rectus abdominis myocutaneous (free TRAM) (0.2%)
flap reconstructions, whereas this breakdown was not able to be assessed in the ACSNSQIP database.
Table 1. Institutional vs. the ACS-NSQIP patient characteristics.

Patient Outcomes (Institution vs. ACS-NSQIP)
Table 2 summarizes the adjusted patient outcomes for 30-day and overall institutional
vs. the ACS-NSQIP, respectively. No significant differences were seen when comparing
either institutional 30-day or overall complications to ACS-NSQIP outcomes for surgical
site infection (30-day: 3.6% vs. 4.1%, p=0.818; overall: 5.3% vs. 4.1%, p=0.198), wound
disruption (30-day: 1.3% vs. 1.5%, p=0.526; overall: 2.3% vs. 1.5%, p=0.560), and
unplanned readmission (30-day: 2.3% vs. 3.3%, p=0.714; overall: 4.6% vs. 3.3%,
p=0.061). However, there were significantly lower unplanned reoperation rates in our
institutional data compared with ACS-NSQIP data (30-day: 3.6% vs. 9.5%, p<0.001;
overall: 5.3% vs. 9.5%, p=0.025). Institutionally, five (31.3%) of 16 unplanned
reoperations and three (21.4%) of 14 unplanned readmissions were independent, with
an overlap between unplanned reoperations and readmissions in the remaining 11
cases. In the ACS-NSQIP, 136 (78.6%) of 173 unplanned reoperations and 23 (38.3%) of
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60 unplanned readmissions were independent, with an overlap between unplanned
reoperations and readmissions in the remaining 37 cases. The discrepancy may be due
to some reoperations not necessarily necessitating a readmission, or vice versa, due to
the ACS-NSQIP definition of an unplanned readmission being for an “inpatient” stay or
an unplanned reoperation being performed within the same index inpatient stay.
Table 2. Institutional (total and ≤30 days) vs. the ACS-NSQIP outcomes.

Unplanned Reoperation (Institutional vs. ACS-NSQIP)
Reasons for unplanned reoperation are listed in Table 3. There were significantly fewer
unplanned reoperations reported in our institutional database compared to the ACSNSQIP after selecting for specific complications (30-day: 3.6% vs. 9.5%, p<0.001; overall:
5.3% vs. 9.5%, p=0.025). Compared with institutional data, there were a greater number
of hematomas requiring unplanned reoperation in the ACS-NSQIP database (30-day:
1.0% vs. 4.1%, p=0.009; overall: 1.0% vs. 4.1%, p=0.009).
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Table 3. Institutional (total and ≤30 days) vs. the ACS-NSQIP (2012-2014) categorized unplanned reoperations.

Unplanned Readmission (Institutional vs. ACS-NSQIP)
Reasons for unplanned readmission are listed in Table 4. There were no significant
differences in unplanned readmissions reported in our institutional database compared
to the ACS-NSQIP after selecting for specific complications (30-day: 2.3% vs. 3.3%,
p=0.714; overall: 4.6% vs. 3.3%, p=0.061). The number of infections requiring
unplanned readmission occurring after 30 days was substantial enough to show a
significantly higher rate in overall institutional vs. the ACS-NSQIP data (30-day: 1.6% vs.
1.8%, p=0.850; overall: 3.3% vs. 1.8%, p=0.031).
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Table 4. Institutional (total and ≤30 days) vs. the ACS-NSQIP (2012-2014) categorized unplanned readmissions.

Early vs. Late Complications (Institution)
In our institutional database, the complication profile consisted of 5.3% surgical site
infections, 2.3% wound disruptions, 5.3% unplanned reoperations, and 4.6% unplanned
readmissions. Table 5 summarizes the percentage of these complications occurring
after the 30-days. When observing what percentage of total complications were late,
we found that 31.3% (25.0% by 30-60 days, 6.3% after 60 days) of surgical site
infections, 42.9% of wound disruptions (28.6% by 30-60 days, 14.3% after 60 days),
31.3% of unplanned reoperations (12.5% by 30-60 days, 18.8% after 60 days), and
50.0% of unplanned readmissions (7.1% by 30-60 days, 42.9% after 60 days) occurred
after 30 days.
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Table 5. Timing of complications breakdown (Institutional).

DISCUSSION
Large clinical databases such as the ACS-NSQIP serve as a unique platform for
retrospective clinical studies, providing large patient populations suitable for studying
outcomes and variations in treatment. Within the field of breast reconstruction, largevolume databases are being increasingly utilized.1-20 Studies based on clinical databases
have made significant contributions to the field of plastic surgery with development of
clinical guidelines and health policy. It is important for clinicians and researchers to
understand the strengths and weaknesses of these databases to enable appropriate
data interpretation.19
The current study aims to assess the validity of the ACS-NSQIP database for IFTBR by
comparing its reported incidence of complications to those reported in a reasonably
high-volume academic center. Our results show that ACS-NSQIP may accurately
represent the incidence of both 30-day and overall complications for surgical site
infection, wound disruption, and unplanned readmission, and as such be reliable for
complication monitoring and comparison studies. However, it did not accurately
capture overall unplanned readmissions due to infection. The ACS-NSQIP also reported
a significantly higher rate of unplanned reoperation than that found in our institutional
data, which was attributable to the higher rate of unplanned reoperation for
hematoma. While there were no significant differences between overall vs. ACS-NSQIP
complication rates, we found that a large percentage of surgical site infections, wound
disruptions, unplanned reoperations, and unplanned readmissions occur after the 30day window, suggesting that ACS-NSQIP may underreport complications. As such, it may
not be reliable for studies evaluating true overall complication profiles or risk factor
calculation.
Unplanned reoperation rates were one important difference between institutional
and ACS-NSQIP data, with ACS-NSQIP unplanned reoperation rates being significantly
higher; this persisted when selecting for IFTBR-specific complications. It may be that
variation exists in institutional operative practices and decision-making protocols for
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reoperation, explaining our findings. A study on autologous breast reconstruction
conducted using the National Inpatient Sample Healthcare Cost and Utilization Project
has shown that high-volume centers have lower complications, with the volumeoutcome relationship being more strongly associated with surgery-specific rather than
systematic complications.38 The literature for microsurgical breast reconstruction has
reported lower flap loss rates and improved salvage rates associated with tissue
oximetry, with decreased rate of re-exploration over time per 100 flaps operated on.3942
The use of more than one venous outflow vessel may also prevent unplanned
reoperation.43
When reviewing the causes for unplanned reoperation, hematoma appeared to
contribute to the higher rates of unplanned reoperation in ACS-NSQIP, compared with
institutional data. The lower rates found in our institutional data are supported by a
previous review article outlining unplanned reoperation for hematomas in
microvascular free tissue transfers, noting rates ranging from 0.2%-9%.44 Halle et al.
reported a 13% incidence of reoperations for hematomas in breast free flaps,
highlighting the potential risk of antithrombotic use and importance of using drains.45 A
study assessing risk factors for hematoma formation in 883 patients who underwent
mastectomy and immediate reconstruction found no measurable preoperative,
operative or oncologic risk factors, citing that meticulous hemostasis may be one of the
factors.46
It is important to note that a large percentage of surgical site infections, wound
disruptions, unplanned reoperations, and unplanned readmissions occurred after 30
days, highlighting the possibility of an underreported complication rate in ACS-NSQIP.
More specifically, the majority of surgical site infections and wound disruptions
occurred within 60 days, whereas the majority of unplanned reoperations and
unplanned readmissions occurred after the 60-day period. This could be due to several
temporal factors, including time taken for clinical deterioration sufficient to warrant
unplanned reoperation or unplanned readmission, or time required to arrange for
patient hospital admission. All unplanned reoperations and readmissions for flap
complication, hemorrhage, or hematoma occurred within 30 days. The majority of
unplanned reoperations and readmissions for infection, seroma, and wound disruption
occurred after 30 days. It may be that the later reoperations and readmissions occurred
as a result of managing conservatively at first for these complications. Furthermore, late
management of seromas may be linked to the pathophysiology of seroma formation,
which requires time for fluid collection. A study on abdominal-based free tissue breast
reconstruction complications by Duraes et al. also found that a large percentage of
complications were late and inferred that the ACS-NSQIP 30-day follow up may not be
sufficient.37 The percentages of early 30-day and late infection complications found in
our data differed from those reported by Dureas et al. (early: 68.8% vs. 89.0%, late:
31.3% vs. 11.0%).37 This finding may be due to the differing surgical teams, surgical
technique, patient characteristics, or type of reconstruction. It may be prudent to
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extend the ACS-NSQIP follow up period to up to three months, with further studies
evaluating the optimum follow up time for maximum capture of complications.
Studies have also reported a large percentage of late complications within alloplastic
breast reconstruction, with Luce et al. reporting that 65% of tissue expanders destined for
loss were still in situ at 30 days, Sinha et al. reporting that 47% to 71% of surgical site
infections were late (>30 days), and Cohen et al. reporting that 50% of infections were late
(>30 days).34-36 Compared to these studies of alloplastic reconstruction, we found a lower
rate of late complications. Similar findings were described by Mioton et al. in their report
of 30-day complications, describing greater differences in autologous vs. implant
complications (infection: 5.46% vs. 3.45%, p<0.001; wound disruption: 1.24% vs. 0.44%,
p<0.001; reoperation: 9.59% vs. 6.76%, p<0.001).47 It may be interesting to assess the risk
factors for early and late complications in autologous compared with implant
reconstruction.
We acknowledge the limitations of our study. Retrospective chart reviews are at risk
of human error in the data collection process. We were unable to assess certain
parameters due to the presence of in-built variables in ACS-NSQIP, including
radiotherapy and chemotherapy. For future reference, ACS-NSQIP may look to
introduce these variables. We were also unable to sub-categorize specific IFTBR
procedures for comparison, such as DIEP, SGAP, or free TRAM, due to limitations of CPT
coding. The scope of the study was also limited to complications defined in ACS-NSQIP.
As such, we could not analyze important outcomes such as donor vs. recipient
complications, mastectomy skin necrosis, fat necrosis, or abdominal hernia
development. The inclusion of these variables may further surgical clinical outcomes’
research, with more targeted, inclusive data. Due to the single-center study
comparison, and the uniqueness of the protocol at our high-volume center, this may
have led to differences in the comparison of our outcomes versus those hospitals
captured by the ACS-NSQIP, who may perform a lower number of free tissue breast
reconstructions. Despite these, we believe that our study makes important
contributions to the current literature, and to our knowledge, this is the first study to
report a head-to-head comparison of outcomes between a single institution and a
national database.

CONCLUSION
For complication monitoring and comparison studies, the ACS-NSQIP may reliably
represent the general scope of surgical site infections, wound disruptions, unplanned
reoperations, and unplanned readmissions in institutional data for immediate free tissue
breast reconstruction; however, it may not generally capture unplanned readmissions for
infection occurring after 30 days. There was also a significantly higher rate of unplanned
reoperations for ACS-NSQIP, which was due to the differences in unplanned reoperations
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for hematoma. A large percentage of complications in our institutional database occurred
after 30 days, and as such, clinicians and researchers should continue to exercise caution
when reporting overall complication rates or assessing risk factors for future guidelines.
An extension of the follow-up beyond 30 days should be considered.
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Table 5. Timing of complications breakdown (Institutional)
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SUPPLEMENTARY DIGITAL CONTENT
Table, Supplementary Digital Content 1. Current Procedural Terminology (CPT) mastectomy and breast
reconstruction codes.
Procedural description

CPT Code
Inclusion criteria

Mastectomy, simple, complete

19303

Mastectomy, subcutaneous

19304

Mastectomy, radical, including pectoral muscles,
axillary lymph nodes

19305

Mastectomy, radical, including pectoral muscles,
axillary and internal mammary lymph nodes (urban
type operation)

19306

Mastectomy, modified radical, including axillary lymph 19307
nodes, with or without pectoralis minor muscle, but
excluding pectoralis major muscle
Breast reconstruction with free flap

19364
Exclusion criteria

Mastectomy, partial (eg, lumpectomy, tylectomy,
quadrantectomy, segmentectomy); with/without
axillary lymphadenectomy

19301, 19302

Immediate insertion of breast prosthesis following
mastopexy, mastectomy or in reconstruction

19340
Exclusion criteria

Delayed insertion of breast prosthesis following
mastoplexy, mastectomy, or in reconstruction

19342

Breast reconstruction, immediate or delayed, with
tissue

19357

Breast reconstruction with latissimus dorsi flap,
without prosthetic implant

19361

Breast reconstruction with transverse rectus
19367
abdominis myocutaneous flap (TRAM), single pedicle,
including closure of donor site;
Breast reconstruction with transverse rectus
19368
abdominis myocutaneous flap (TRAM), single pedicle,
including closure of donor site; with microvascular
anastomosis (supercharging)
Breast reconstruction with transverse rectus
19369
abdominis myocutaneous flap (TRAM, double pedicle,
including closure of donor site)
*CPT, Current Procedural Terminology
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Table, Supplementary Digital Content 2. International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) cause of unplanned reoperation and readmission codes.
Diagnostic descriptions

ICD-9-CM* codes

Flap complication

996.49, 996.52, 996.74, 996.79

Infection

682.2, 996.69, 998.5, 998.59

Wound disruption

879.0, 879.1, 998.30, 998.31, 998.32, 998.83

Hemorrhage

998.11

Hematoma

729.92, 998.12

Seroma

729.91, 998.13, 998.5

Postoperative pain

338.18, 338.28

*ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification
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ABSTRACT
Background
Autologous breast reconstruction (BR) can be a stressful life event. Therefore, women
undergoing mastectomy and autologous BR are required to have sufficient coping
mechanisms. Although mental health problems are widespread, information regarding
the prevalence of psychiatric diagnosis among these patients is scarce.
Methods
Retrospective analysis was performed using data from a large tertiary teaching hospital
and the Nationwide Inpatient Sample (NIS) database. Patients undergoing autologous
BR after mastectomy were included and evaluated for psychiatric disorders. Prevalence
of each disorder, timing of diagnosis (preoperative or postoperative), and data per age
group were reviewed.
Results
Between 2004 – 2014, 817 patients were included from the institutional database and
26,399 from the NIS database. Preoperatively, 15.3% of the patients were diagnosed
with a psychiatric disorder within our institution and 17.6% nationwide (p < .001).
Postoperatively, 20.5% of the institutional patients were diagnosed with a psychiatric
disorder. No major differences in prevalence were seen between age groups.
Conclusion
Approximately one in six patients were diagnosed with a psychiatric comorbidity
preoperatively. Postoperatively, an additional 20.5% developed a psychiatric disorder.
There was no difference in prevalence and timing of diagnosis between age groups.
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INTRODUCTION
In 2015, approximately 231,840 new cases of invasive breast cancer and 60,290 new
cases of breast carcinoma in situ (DCIS and LCIS) were diagnosed in the United States.1
Of women undergoing mastectomy, 21% to 42% opt for reconstructive breast surgery.24
Although post-mastectomy breast reconstruction (BR) can have significant clinical and
psychological benefits for patients, it remains a complex procedure with risk of severe
complications, including loss of the reconstructed breast.5,6 Therefore, undergoing
reconstructive breast surgery requires sufficient and long-lasting coping mechanisms to
deal with the pre- and postoperative course, both physically and psychologically.
One of the most important factors influencing these coping mechanisms is the
patients’ preoperative mental health condition.7 Mental health problems are a
widespread problem. In 2014, 18.1% of the U.S. population suffered from a mental
disorder, varying per age group.8 This number increases in patients diagnosed with
breast cancer, as previous studies describe that approximately 19% - 42% of these
women suffer from mental health issues such as anxiety and depressive symptoms.9-13
Since the first described BR in 1895, methods have evolved into various different
modalities from implant-based to autologous BR.14 In general, women undergoing
autologous BR report higher long-term satisfaction rates and a better quality of life
compared to women undergoing implant-based BR.15-19 Autologous BR should therefore
be considered as a reconstructive option, if a patient qualifies, regardless of a
psychiatric disorder. H However, due to the impact of the procedure, providers must be
prepared for decompensation of any underlying mental problem.
To date, no detailed and conclusive information is available regarding the
prevalence of psychiatric disorders among patients undergoing autologous BR. In this
study, the authors aimed to (1) assess the prevalence of psychiatric comorbidities of
patients undergoing autologous BR in a single institution and compare this to
nationwide data, (2) discerned the timing of diagnosis of psychiatric disorders (before or
after BR), and (3) identify any differences in prevalence between age groups.

MATERIAL AND METHODS
Databases
Patient data was obtained from an institutional database from the Division of Plastic
and Reconstructive Surgery at Beth Israel Deaconess Medical Center (BIDMC), and the
Healthcare and Utilization Project (HCUP) Nationwide Inpatient Sample (NIS)
database.20 The institutional database included prospectively gathered data of all
patients undergoing autologous BR, collected by plastic surgeons under institutional
review board approval at BIDMC. The NIS database is the largest all-player inpatient
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care database in the United States, designed to represent >95% of the U.S. population.
It approximates a 20% stratified sample of all inpatient hospital discharges including all
nonfederal, short-term, general, and both public and academic hospitals, based on
hospital billing data.21

Time frame
The BIDMC institutional database provides data of all patients undergoing an
autologous BR with at least one-year follow-up from 2004 – 2014. The NIS provides data
from autologous BR cases from 2008 – 2012. For the evaluation of the prevalence of
psychiatric comorbidities and the comparison between institutional and nationwide
data, patients were selected from the overlapping years: 2008 – 2012. For the subgroup
analysis of the timing of diagnosis of psychiatric disorders, and the subgroup analysis
between age groups, the complete BIDMC database (2004 – 2014) was utilized. Since
the NIS database registers inpatient stays only, it does not contain follow-up
information, and therefore was not utilized for these subgroup analysis.

Cohort selection
Figure 1 demonstrates the patient selection process. Inclusion criteria entailed female
patients > 18 years of age, with breast cancer (International Classification of Diseases
2013, Ninth Revision (ICD-9) diagnosis codes 174.0 – 174.9, 233.0) or increased risk of
breast cancer (ICD-9 diagnosis codes v10.3, v16.3, v84.01) undergoing free flap
autologous BR (ICD-9 procedure codes 85.73 – 85.76). To ensure unified comparison
between the two cohorts, complexity of surgical procedure, risk of flap loss and the
possible related stress-levels for the patients, the following four types of autologous BR
were included: deep inferior epigastric artery perforator (DIEP) flap, gluteal artery
perforator (GAP) flap, superficial inferior epigastric artery perforator (SIEA) flap, and
free transverse rectus abdominis myocutaneous (fTRAM) flap. Male patients, those
under 18 years of age, and those with unknown gender or age were excluded. All ICD-9
diagnosis and procedure codes are listed in Supplemental File 1. To warrant a unified
comparison between the two databases, only patients treated in large teaching
hospitals were selected from the NIS database (bed size 500+).22
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Figure 1 Inclusion criteria

Analyzed variables
The analyzed data included age at reconstruction, timing of BR (immediate or delayed),
unilateral or bilateral BR, subtype of autologous reconstruction (DIEP flap, GAP flap,
SIEA flap and fTRAM flap), tumor characteristics (DCIS, LCIS and Stage 1 - 3),
prophylactic mastectomy, prevalence of a psychiatric disorder, and timing of diagnosis
of psychiatric disorders in relation to the BR (Table 1).
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Table 1. Patient demographics
BIDMC
(n = 405)
Age (y) at BR ± SD

50.3

NIS
(n = 26,399)
± 8.5

50.5

≤ 39

9.9%

10.7%

40-49

35.1%

35.8%

50-59

41.2%

36.8%

≥ 60

13.8%

16.7%

Immediate BR

60.0%

59.0%

Delayed BR

40.0%

41.0%

Unilateral

57.0%

29.7%

Bilateral

43.0%

29.3%

Unknown

0%

41.0%

DIEP

95.1%

62.3%

GAP

4.0%

1.4%

SIEA

1.5%

3.3%

fTRAM

0.7%

32.9%

DCIS

44.0%

N/A

LCIS

5.6%

N/A

Stage 1

27.8%

N/A

Stage 2

21.9%

N/A

Stage 3

13.4%

N/A

Prophylactic

36.7%

N/A

Timing of BR

p
± 8.9

0.243

0.325

Mastectomy

< .001

Type of BR

< .001

Tumor characteristics

BIDMC: Beth Israel Deaconess Medical Center database 2008 - 2012.
NIS: Nationwide Inpatient Sample database 2008 - 2012.
BR: breast reconstruction. N/A: description is not available in NIS database.

Age at reconstruction was in both databases divided into categories ≤ 39, 40-49, 50-59
and ≥ 60.
Timing of BR (immediate or delayed) was provided by the BIDMC database. Within
the NIS database, patients undergoing autologous BR concurrent to mastectomy were
defined as immediate BR and those only undergoing autologous BR as delayed BR.
Unilateral or bilateral BR was provided in the BIDMC database. Within the NIS database,
a bilateral or unilateral procedure was related to the concurrent bilateral or unilateral
mastectomy based on ICD-9 codes. Without a simultaneous mastectomy, laterality
could not be determined and was defined as unknown. Subtype of autologous breast
reconstruction was provided in both databases. Tumor characteristics (DCIS, LCIS and
Stage 1 - 3) and information about prophylactic mastectomy was provided in the BIDMC
database. This data was not available in the NIS database.
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Psychiatric disorders
Prevalence of psychiatric disorders was obtained in both databases using ICD-9
diagnosis codes, correlating with the Diagnostic and Statistical Manual of Mental
Disorders (DSM) criteria (Supplemental File 2). The registered psychiatric disorders in
the NIS database are by default preoperative, as this dataset does not register follow-up
information. To allow uniform comparison between both databases, only patients with
a preoperative psychiatric disorder were seen as patients with a disorder within the
BIDMC database.
Patients with a psychiatric disorder were divided into five subgroups: (1) depressive
disorders, (2) anxiety disorders, (3) trauma- and stressor-related disorders, (4)
remaining disorders (used for rarer diseases with a limited sample size such as
substance-related or bipolar disorders), and the final category (5) combination of
disorders (patients with several types of disorders).
To study the timing of diagnosis of psychiatric disorders in relation to the breast
reconstructive procedure, the complete BIDMC database was used (2004 – 2014). By
comparing the date of diagnosis with the date of BR the onset was categorized as either
preoperative or postoperative. For the subgroup analysis of age groups, both
preoperative and postoperative diagnosed disorders were selected from the complete
BIDMC database (2004 – 2014), analyzed in relation to the number of women per age
group.

Statistical analysis
In order to analyze multiple years of NIS data, the discharge weight factor provided by
the NIS was utilized and national estimates were calculated by uniformly applying the
weight factor to the discharges.21 Retrospective analysis was performed, and descriptive
statistics were reported as proportions and compared using Pearson’s Chi-square. All
analysis were performed using SPSS 22.0 (IBM, Armonk, NY, USA) and statistical
significance was set at p < 0.05.

RESULTS
Between 2008 – 2012, 26,804 patients undergoing autologous breast reconstruction
were identified and included, of which the BIDMC database comprised 405 patients and
the NIS database 26,399 patients (Table 1). Mean age in years was 50.3 ± 8.5 in the
BIDMC cohort and 50.5 ± 8.9 in the NIS cohort (p = 0.243). No significant differences
were seen in timing of reconstruction (immediate or delayed) (p = 0.325). In the BIDMC
cohort, 60.0% (n=243) of women underwent immediate reconstruction and 40.0%
(n=162) delayed reconstruction. Similar rates were seen in the NIS database: 59.0%
(n=15,575) immediate and 41.0% (n=10,824) delayed BR. Overall, within the BIDMC
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database, 57.0% (n=231) underwent unilateral reconstruction, and 43.0% (n=174)
bilateral reconstruction. Within the NIS cohort, only from patients undergoing
immediate BR could be determined whether it was a unilateral (29.7%, n=7,841) or
bilateral reconstruction (29.3%, n=7,734). In both databases, the most common
autologous BR was a DIEP flap procedure: 95.1% (n=385) in the BIDMC database and
62.0% (n=16,367) in the NIS database.
Information about tumor characteristics was collected in the BIDMC database. Each
diagnosis of cancer was addressed as separate incident; including patients who had
bilateral breast cancer, multicentric cancer, or multifocal cancer. Overall, 49.6% of the
patients underwent mastectomy and BR due to carcinoma in situ; 44.0% (n=178) of the
patients were diagnosed with DCIS and 5.6% (n=23) with LCIS. 63.1% of the patients had
a diagnosis of invasive carcinoma at the time of surgery. Stage 1 was present in 27.8%
(n=113) of the women, stage 2 in 21.9% (n=89), and stage 3 in 13.4% (n=54). Of the
women in this BIDMC cohort, 36.7% (n=149) underwent a unilateral or bilateral
prophylactic mastectomy and reconstruction.

Prevalence psychiatric disorders
Between 2008 – 2012, 15.3% (n=62) of the patients from the BIDMC cohort were
diagnosed with one or more psychiatric disorders preoperatively. In the NIS database,
the prevalence was 17.6% (n=4,646). No significant difference in prevalence was seen
between both databases (p = 0.13) (Table 2). The distribution of type of psychiatric
disorders differed between the two databases (p < 0.001), except for the group with a
remaining disorder (p = 0.06). In the BIDMC cohort, a combination of disorders was
most commonly seen (8.1%, n=33). Of these, the majority (50.8%, n=17) had a
combination of a depressive disorder, trauma- and stressor-related disorder, and/or an
anxiety disorder. The second most prevalent disorder was trauma- and stressor-related
(4.9%, n=20), followed by depressive disorders (1.5%, n=6), anxiety disorders (0.5%,
n=2), and remaining disorders (0.2%, n=1) (Table 2). Nationwide, depressive disorders
were most prevalent (8.4%, n=2,218), followed by anxiety disorders (5.6%, n=1,478), a
combination of disorders (2.2%, n=581), remaining disorders (1.1%, n=290), and
trauma- and stressor-related disorders (0.3%, n=79) (Table 2).
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Table 2. Prevalence of psychiatric disorders among women in the BIDMC database and NIS database,
preoperative
BIDMC % (n)
(n = 405)

NIS % (n)
(n = 26,399)

No psychiatric diagnosis

84.7%

(343)

82.4%

(21,753)

Total psychiatric diagnosis

p

15.3%

(62)

17.6%

(4,646)

0.13

Depressive disorders

1.5%

(6)

8.4%

(2,218)

< .001

Anxiety disorders

0.5%

(2)

5.6%

(1,478)

< .001

Trauma- and stressor-related disorders

4.9%

(20)

0.3%

(79)

< .001

Remaining disorders

0.2%

(1)

1.1%

(290)

0.06

Combination of disorders

8.1%

(33)

2.2%

(581)

< .001

BIDMC: Beth Israel Deaconess Medical Center database 2008 - 2012.
NIS: Nationwide Inpatient Sample database 2008 - 2012.

Within the BIDMC cohort, preoperative prevalence of psychiatric disorders was not
different between patients undergoing immediate or delayed reconstruction: 14.8%
(n=36) and 16.0% (n=26), respectively (p = 0.42). Prevalence of psychiatric disorders
increased with higher tumor stage: 20.2% (n=18) in stage 1, 21.7% (n=15) in stage 2,
and 27.9% (n=12) in stage 3 (p = 0.35).
In patients undergoing a breast cancer related procedure, prevalence of psychiatric
comorbidities was higher (17.3%, n=44) than in patients opting for a prophylactic
procedure (12.2%, n=18). However, this was not statistically significant (p = 0.11).

Onset of psychiatric disorders
To evaluate the timing of diagnosis for each type of psychiatric disorder, the complete
BIDMC database was utilized (2004 – 2014), including 817 patients. Preoperatively,
14.7% (n=120) of the patients were diagnosed with a psychiatric comorbidity. Within
the remaining group of 697 women without any psychiatric comorbidity preoperatively,
an additional 20.5% (n=143) were diagnosed with one or more de novo psychiatric
disorder after BR (Figure 2). Analysis within each type of psychiatric disorder
demonstrates that time of onset differs per disorder (Figure 3). Overall, from all patients
with a psychiatric disorder (n=263), most of the trauma- and stressor-related disorders
were seen preoperatively, whereas depressive and anxiety disorders were more
frequently diagnosed postoperatively.
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Figure 2. Pre- and postoperative prevalence of psychiatric disorders.
BIDMC: Beth Israel Deaconess Medical Center database (2004 – 2014)
NIS: Nationwide Inpatient Sample database (2008 – 2012)

Figure 3. Moment of onset of psychiatric disorders, analyzed within each diagnosis group.
BIDMC database 2004 – 2014 (n=263). Depression (n=67), Anxiety (n=55), Trauma- and stressor-related
(n=48), remaining (n=5), combination (n=88).
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Age group analysis
Of all 817 women enrolled in the BIDMC database, 88 women were ≤ 39 years of age,
316 between 40 - 49 years of age, 307 between 50 – 59, and 106 women were ≥ 60
years of age.
Preoperatively, women who are over 60 years of age showed the highest total rate
of psychiatric comorbidities (16.0%, n=17), followed by women in the age groups 50-59
(14.7%, n=45) and 40-49 (14.5%, n=46). Women ≤ 39 years of age showed the lowest
total prevalence (13.6%, n=12) (Figure 4). Postoperatively, in all age groups, the
prevalence of psychiatric comorbidities increased simultaneously with the increased
time of follow-up. The highest increase was seen in women who are ≤ 39 years of age:
from 13.6% (n=12) to 36.4% (n=32). Concurrently, this subgroup is the group of women
with the highest total rate of postoperative psychiatric comorbidities.

Figure 4. Pre- and postoperative prevalence of psychiatric disorders in percentage (%), analyzed per age
group.
BIDMC database 2004 – 2014 (n = 817). Postoperative includes all patients with a psychiatric disorder
preoperatively. Dep.: depressive disorder, Anx.: anxiety disorder, T&S: trauma- and stressor-related disorder,
Rem.: remaining disorder, Comb.: combined disorders.
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DISCUSSION
Cancer patients have a high probability of developing a stress-related psychiatric
disorder.23-25 In addition, significant psychological and sexual implications are seen in
breast cancer patients after a mastectomy.26 Metcalfe et al. demonstrated that in
mastectomy patients stress might be reduced by the use of reconstructive breast
surgery.6,27 While previous studies have focused on the psychological effect of BR and
the quality of life, this study evaluated the general prevalence of psychiatric
comorbidities in this patient group, both in the pre- and postoperative periods.
Our institutional data was shown to be representative for the nationwide female
breast cancer population captured by the NIS database regarding the prevalence of
known psychiatric disorders prior to BR. However, both databases report a lower
prevalence of psychiatric disorders (15.3% & 17.6%) than the average prevalence of
mental health disorders in the general US female population, which is 21.8% as
presented by the National Institution for Mental Health.8 Concurrently, this prevalence
is lower than the number of women suffering from mental health issues while having a
diagnosis of breast cancer or an increased risk of breast cancer, according to previous
studies (19% - 42%).9-13 This difference may be due to inherent limitations in reviewing
the data in retrospective fashion. Administrative databases are subject to variations in
coding among providers, coding misclassification, and under-reporting. Possibly, the
actual prevalence of psychiatric disorders – in both databases based on ICD-9 coding –
might be under-reported and thus underestimated.28,29
Sub-analysis within the BIDMC cohort showed no difference in preoperative
prevalence of psychiatric disorders in patients opting for an immediate or delayed
autologous BR. Further research is necessary to fully understand this information and
should include analysis of a comparable patient group not undergoing breast
reconstruction.
Postoperatively, the total prevalence of psychiatric comorbidities almost doubles
(Figure 4), of which depressive and anxiety disorders are reported most frequently
(Figure 3). Although exact reasons for the development of these mental health
disorders were not analyzed in this study, various studies found that cancer-related
concerns such as fear of recurrence, sexual functioning, and body image affect longterm psychosocial adjustment and play a major role in the quality of life after breast
cancer treatment.30-33 On the other hand, a recent Dutch study showed no significant
influence of BR on depressive symptoms, in women with a curative mastectomy for
breast cancer.34 Therefore, it remains highly important to evaluate all potential
provoking reasons for the development of a postoperative mental health problem in
breast cancer patients who have undergone breast reconstructive surgery.
Interestingly, no major differences in the prevalence of psychiatric disorders were
seen between the age groups. As presented by the National Institution of Mental
Health, individuals aged 18 to 50 show higher numbers of mental health disorders than
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individuals > 50 years of age.8 Our study reported comparable numbers of psychiatric
disorders in all age groups preoperatively, ranging from 13.6% - 16.0% However,
postoperatively, the highest increase in prevalence of psychiatric disorders was seen in
women ≤ 39 years of age. This younger age group may be more prone to mental health
problems and could have more difficulties with adapting to a mastectomy with BR.31-33
Special attention to this particular group might be needed during follow-up.
As stated by Roth et al., psychological comorbidities have a negative influence on
patients' postoperative BR impressions.35 However, patients who underwent BR report
a better quality of life when compared to patients who underwent mastectomy alone.1519
Although an autologous procedure might potentially lead to a higher number of
secondary procedures in comparison to the expander-implant based options, women
who underwent implant based reconstruction reported significantly decreased
aesthetic satisfaction compared to autologous reconstruction over time.15,16
Considering this positive emotional aspect of reconstruction, every patient should have
access to autologous BR, including women having mental health disorders.
In summary, a substantial proportion of breast cancer patients are diagnosed with
psychiatric comorbidities. A psychiatric disorder can be pre-existent, or the stress of a
breast cancer diagnosis and a BR itself might trigger any disorder. It is important to
address a patients’ underlying psychiatric disorder when preparing the patient for
mastectomy and reconstructive surgery. Having appropriate counseling and
psychological support before and after BR may help patients to stabilize their mental
status throughout the complete breast cancer treatment. A multidisciplinary approach
with a patient’s psychiatrist, therapist or primary care physician is critical to help in
these situations. Also, preparing the patient, her family, and providers for the possibility
of an additional psychiatric disorder in the face of a breast cancer diagnosis may help in
the overall well-being of the patient. Therefore, breast oncology and reconstructive
surgeons should be aware of mental disturbances preoperatively, as well as
postoperatively.

Limitations
The study is not exempt from limitations. First, the BIDMC database presents a
relatively small patient group and was retrospectively analyzed. The NIS database is a
large database covering a large patient group, but data collection is based on hospital
billing data, resulting in possible under-reporting, over-reporting or misclassifications of
variables. Furthermore, the NIS does not provide information about tumor
characteristics or whether it is a prophylactic or tumor-related mastectomy; it only
registers single inpatient hospital discharges, lacking follow-up information. At these
points, our institutional database provided more insight.
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CONCLUSION
In conclusion, we found that approximately one in six patients (15.3% institutional,
17.6% nationwide) were diagnosed with a psychiatric disorder before autologous BR.
Postoperatively, one in every three patients was diagnosed with, or had overcome a
psychiatric disorder. In general, trauma- and stressor-related disorders were mostly
diagnosed before reconstruction, whereas depressive and anxiety disorders were more
prevalent after BR. Women ≤ 39 years of age showed the highest increase in prevalence
of psychiatric disorders after BR.
Therefore, all patients undergoing autologous BR should be properly counseled and
closely followed-up, with particular attention to mental health problems. Further
analysis of the influence of any psychiatric comorbidity on choice of surgery, autologous
BR and evaluation of the patient related outcomes would be the logical next step.
Future research has to be conducted to provide a more in-depth analysis of the
influence of psychiatric disorders on the BR related complications and other variables
like length of stay, additional surgeries, and patient satisfaction.

FIGURE AND TABLE LEGEND
Table 1. Patient demographics
Table 2. Prevalence of psychiatric disorders among women in the BIDMC database and
NIS database, preoperative
Figure 1 Inclusion criteria
Figure 2. Pre- and postoperative prevalence of psychiatric disorders.
BIDMC: Beth Israel Deaconess Medical Center database (2004 – 2014)
NIS: Nationwide Inpatient Sample database (2008 – 2012)
Figure 3. Moment of onset of psychiatric disorders, analyzed within each diagnosis
group.
BIDMC database 2004 – 2014 (n=263). Depression (n=67), Anxiety (n=55), Trauma- and
stressor-related (n=48), remaining (n=5), combination (n=88).
Figure 4. Pre- and postoperative prevalence of psychiatric disorders in percentage (%),
analyzed per age group. BIDMC database 2004 – 2014 (n = 817). Postoperative includes
all patients with a psychiatric disorder preoperatively. Dep.: depressive disorder, Anx.:
anxiety disorder, T&S: trauma- and stressor-related disorder, Rem.: remaining disorder,
Comb.: combined disorders.
Supplemental File 1. ICD-9 codes for breast cancer, increased risk of breast cancer and
breast surgery procedures
Supplemental File 2. ICD-9 codes for psychiatric disorders
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SUPPLEMENTAL FILES
Supplemental File 1. ICD-9 codes for breast cancer, increased risk of breast cancer and breast surgery
procedures
Inclusion criteria

ICD-9 code Description

Breast cancer
Increased risk

Breast cancer

v10.3

Personal history of malignant neoplasm

v16.3

Family history of malignant neoplasm

v84.01

Genetic susceptibility to malignant neoplasm of breast

174.0 - .9

Malignant neoplasm of female breast

233.0

Carcinoma in situ of breast

85.40

Mastectomy

v50.41

Prophylactic removal of breast

Mastectomy

Unilateral mastectomy 85.34

Bilateral mastectomy

Other unilateral subcutaneous mammectomy

85.41

Unilateral simple mastectomy

85.43

Unilateral extended simple mastectomy

85.45

Unilateral radical mastectomy

85.47

Unilateral extended radical mastectomy

85.36

Other bilateral subcutaneous mammectomy

85.42

Bilateral simple mastectomy

85.44

Bilateral extended simple mastectomy

85.46

Bilateral radical mastectomy

85.48

Bilateral extended radical mastectomy

Autologous breast reconstruction
85.73

Transverse rectus abdominis myocutaneous (TRAM) flap, free

85.74

Deep inferior epigastric artery perforator (DIEP) flap, free

85.75

Superficial inferior epigastric artery (SIEA) flap, free

85.76

Gluteal artery perforator (GAP) flap, free

ICD-9: International Classification of Diseases, 9th Revision, Clinical Modification codes.
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Supplemental File 2. ICD-9 codes for psychiatric disorders
Psychiatric disorder

ICD-9 code

Description

293.83

Mood disorder in conditions classified elsewhere

296.1

Manic disorder recurrent episode

296.2 - .3

Major depressive disorder single & recurrent episode

296.81

Atypical manic disorder

296.82

Atypical depressive disorder

296.9

Other and unspecified episodic mood disorder

300.4

Dysthymic disorder

309.1

Prolonged depressive reaction

311

Depressive disorder, not elsewhere classified

293.84

Anxiety disorder in conditions classified elsewhere

300.0

Anxiety states

300.2

Phobic disorders

309.21

Separation anxiety disorder

Depressive disorders

Anxiety disorders

Trauma- and stressor-related disorders
309.0

Adjustment disorder with depressed mood

309.24

Adjustment disorder with anxiety

309.28

Adjustment disorder with mixed anxiety and depressed mood

309.81

Posttraumatic stress disorder

Remaining disorders
Substance-related and addictive disorders:
291

Alcohol-induced mental disorders

292.1

Drug-induced psychotic disorders

292.2

Pathological drug intoxication

292.83

Drug-induced persisting amnestic disorder

292.84

Drug-induced mood disorder

292.89 - .9

Other specified & unspecified drug-induced mental disorders

303

Alcohol dependence syndrome

304

Drug dependence

305

Nondependent abuse of drugs

Schizophrenia spectrum and other psychotic disorders:
293.81 - .82

Psychotic disorder with delusions / hallucinations in conditions classified
elsewhere

295

Schizophrenic disorders

297

Delusional disorders

298

Other nonorganic psychoses

Bipolar and related disorders:

134

296.0

Bipolar I disorder, single manic episode

296.4 - .7

Bipolar I disorder, most recent episode (or current) manic, depressed,
mixed or unspecified

296.80

Bipolar disorder, unspecified

Prevalence of Psychiatric Comorbidities
Psychiatric disorder

ICD-9 code

Description

296.89

Other bipolar disorders

Remaining disorders
Somatic symptom and related disorders:
300.1

Dissociative, conversion and factitious disorders

300.5

Neurasthenia

300.6

Depersonalization disorder

300.7

Hypochondriasis

300.81

Somatization disorder

300.82

Undifferentiated somatoform disorder

Neurocognitive disorders:
301

Personality disorders

ICD-9: International Classification of Diseases, 9th Revision, Clinical Modification codes.
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ABSTRACT
Background
Research derived from large-volume databases plays an increasing role in the
development of clinical guidelines and health policy. In breast cancer research, the
Surveillance, Epidemiology and End Result (SEER) program, National Surgical Quality
Improvement Program (NSQIP) and the Nationwide Inpatient Sample (NIS) database are
widely utilized. This study aims to compare the trends in immediate breast
reconstruction (IBR) and identify the drawbacks and benefits of each database.
Methods
ICD-9 codes were used to identify patients with invasive breast cancer and ductal
carcinoma In-Situ (DCIS) from 2005 to 2012 from each database. Trends of IBR over
time were evaluated. Patient demographics and co-morbidities were compared.
Subgroup analysis of IBR utilization per race was conducted.
Results
1.2 million patients were studied within the NIS, NSQIP and SEER. IBR in invasive breast
cancer patients increased significantly over time from 2005 to 2012 in all databases (NIS
19.3% to 47.0%, NSQIP 30.3% to 48.6%, SEER 12.2% to 24.9%, respectively; P<0.001).
Similar significant upward trend was seen in DCIS patients. Significant disparities were
reported in IBR rates among races White (35.7%, 43.1%, 20.6%; P<0.001), Black (27.3%,
30.7% and 15.5%; P<0.001), Hispanic (30.8%, 40.3%, 12.9%; P<0.001) and Asian (30.5%,
32.1%, 14.0%; P<0.001) in the NIS, NSQIP and SEER, respectively. Similar disparities
were seen in the DCIS cohort. Rates of co-morbidities were similar in NIS, NSQIP and
SEER.
Conclusion
There has been a significant increase in immediate breast reconstruction, however, the
extent of the reporting of overall IBR rates and racial disparities differ significantly
among databases. The NIS and NSQIP report similar findings with the SEER reporting
results significantly lower in several categories. These findings suggest that utilization of
SEER may not be universally generalizable to the entire US population.
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INTRODUCTION
In breast cancer research, the most utilized large national databases in breast cancer
research are the Surveillance, Epidemiology and End Result (SEER)1 program, an
epidemiologic surveillance system based on population-based tumor registries, the
American College of Surgeon National Surgical Quality Improvement Program (NSQIP)2,
a prospectively collected clinical database aiming to measure and improve the quality of
surgical care across surgical specialties, and the Nationwide Inpatient Sample (NIS)
database3, the largest administrative database within in the United States. All three
databases have previously been used to study trends in surgical treatment of breast
cancer and post-mastectomy breast reconstruction.4-39 These databases collectively
offer unique opportunities to study patterns of care, variation in practice, and outcomes
following surgical intervention.40,41 In recent years, research derived from these large
databases have played increasing roles in the development of clinical guidelines and
health policy.42 After the implementation of the Women’s Health and Cancer Right Act
in 1998, mandating health care payer coverage for post-mastectomy reconstructive
surgery, a growing body of research utilized these large national databases and
reported increased utilization of breast reconstruction but emphasized the geographic
and racial disparities. 5,9,12,17,23,25,29,30,32,37-39,43,44 As a result, the “Breast Cancer Patient
Education Act of 2015” was introduced in 2015 with the goal of increasing awareness
on the availability and coverage of breast reconstruction, especially for racial and ethnic
minority groups.45
With the increased use of these national databases for research, clinical guidelines
and health policy, an understanding of the background, similarities, and fundamental
differences between NIS, NSQIP, and SEER is necessary. Despite the robust data coming
out of each database, few papers have evaluated the differences between these
databases in regards to utilization of immediate breast reconstruction. Given this gap in
knowledge, this study aims to (1) compare the trends in breast reconstruction from
these databases and to evaluate whether similar trends are seen, (2) and to identify the
drawbacks and benefit of each database.

MATERIALS AND METHODS
Databases
The Surveillance, Epidemiology and End Result (SEER) database is an epidemiologic
surveillance system that was developed in 1973.1 SEER database is a population-based
tumor registry designed to track cancer incidence, cancer directed surgery, radiation
therapy provided for the first course of treatment and survival in 18 cancer registries
across 15 states (Figure 1a). The Nationwide Inpatient Sample (NIS) database is an
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administrative database maintained by the Agency for Healthcare Research & Quality
with data available from 1988 to 2013.3 The NIS serves as the largest, administrative
database within the United States, representing 20% stratified sample of U.S. hospitals
and included approximately 8 million annual admissions up to 2011, and all patients in
the following years. Data in the NIS is collected from inpatient hospital stays from 47
states and is weighted to produce national estimates (Figure 1b). The National Surgical
Quality Improvement Project (NSQIP) was created by the American College of Surgeons
and has become a nationally validated registry.2 First developed in 2005, NSQIP provides
a prospective, peer-controlled, database of patient demographics, comorbid conditions,
operative variables, and 30-day postoperative surgical outcomes based clinical data for
patients older than 15 years of age. In 2014, the database included data from 708
hospitals in 49 states (Figure 1c). The National Cancer Institutes Designated Cancer
Centers and Comprehensive Cancer Centers are included in each map to reflect the
distribution of large volume cancer centers with data included in each state
represented (Figure 1a-c).46

Figure 1a. Geographic map of the states included in the SEER database.
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Figure 1b. Geographic map of the states included in the NIS database.

Figure 1c. Geographic map of the states included in the NSQIP database.

PATIENT SELECTION
All databases include International Classification of Diseases, Ninth Edition (ICD-9)
diagnosis codes, which were utilized to identify patients with diagnoses of Ductal
Carcinoma In situ (DCIS) (ICD-9 diagnosis code 233.0), or invasive breast cancer (ICD-9
diagnosis codes 174.0 to 174.9). The surgical procedure coding system available in each
database (NIS: ICD-9 procedure coding, NSQIP: CPT coding, SEER: SEER Program Coding
and Staging) was then utilized to identify patients undergoing subcutaneous, simple,
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radical, or extended radical mastectomy (Table, Supplemental Digital content 1 and
2).47-49 In both the NIS and the NSQIP, immediate breast reconstruction is defined as
placement of tissue expander or permanent implant, autologous flap reconstruction or
combined (autologous and implant-based) reconstruction concurrent with mastectomy
(Table, Supplemental Digital content 3). In SEER, immediate breast reconstruction is
defined as any type of breast reconstruction concurrent to, or within 4 months of
mastectomy (Table, Supplemental Digital content 3). Patients under the age of 18 or
without documented age, male patients, those undergoing outpatient procedures, and
those without ICD-9 or procedure codes were excluded. Post-mastectomy immediate
reconstruction rates and trend over time were evaluated separately for invasive breast
cancer and DCIS patients.
To allow for uniform comparison among databases, demographic and comorbidity
data was evaluated for the years 2005 - 2012. Moreover, in order illustrate immediate
breast reconstruction utilization after the implementation of the Women’s Health and
Cancer Right Act of 1998, the trend over time is demonstrated from 1998 to 2012 for
both SEER and NIS and from 2005 to 2014 for NSQIP. Subgroup analysis included
stratification per race and a direct state-to-state comparison. Comparison between
states was only possible in the SEER and NIS. We therefore compared rates of
immediate breast reconstruction of the state of California for the SEER and the NIS. The
state of California was chosen because of its highly diverse population. In SEER, the
state of California included four cancer registries: Greater California (excluding San
Francisco, Los Angeles and San Jose-Monterey), San Francisco-Oakland SMSA, San JoseMonterey, and the Los Angeles cancer registry. In the NIS, data from the state of
California was provided by hospital ID.

Variables
Patient comorbidities were identified. Age and race were the only variable that was
available in all three databases. Age was divided into categories (<30, 40-49, 50-59, 6069 and >70). Race was classified into similar categories as census population data
(White, Black, Hispanic, Asian or Pacific Islander and other). Diabetes mellitus,
hypertension, chronic obstructive pulmonary disease, and obesity were available in
both NIS and NSQIP.

Statistical analysis
Descriptive statistics were reported as proportions and compared using Pearson ChiSquare. Trends were analyzed using the Cochran-Armitage test for trend. All statistical
analyses were performed using IBM SPSS version 22.0 (IBM Corp., Armonk, NY) and
significance was set at p<0.05.
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RESULTS
Invasive Breast Cancer
Between 2005 and 2012, a total of 607,867 patients diagnosed with invasive breast
cancer were identified in the NIS database. Among these patients who underwent
mastectomy, 32.7% (n= 151,660) opted for immediate reconstruction. When divided
into type of reconstruction, 78.6% (n=119,152) underwent implant-based, 13.7%
(n=20,764) autologous flap, and 7.7% (n= 11,744) combined type breast reconstruction
(Table 1). Immediate breast reconstruction increased significantly over time from 11.5%
in 1998 to 47.0% 2012 (p<0.001) (Figure 2a).
The NSQIP database included 38,567 breast cancer patients of whom 40.7%
(n=13,372) underwent immediate breast reconstruction. Among all patients undergoing
reconstruction, 77.2% (n=10,324) underwent implant-based breast reconstruction,
17.8% (n=2,376) autologous breast reconstruction and 5.0% (n=672) combined breast
reconstruction (Table 1). Immediate breast reconstruction also increased significantly
over time in NSQIP; from 30.3% in 2005 to 54.4% in 2014 (p<0.001) (Figure 2a).
The SEER database included 439,564 breast cancer patients of whom 18.8%
(n=34,384) underwent immediate reconstruction. In total, 45.3% (n=15,587) underwent
implant-based breast reconstruction, 41.2% (n=14,151) autologous reconstruction and
13.5% (n=4,646) combined type of reconstruction (Table 1). Immediate breast
reconstruction increased significantly from 8.3% in 1998 to 24.9% in 2012 (p<0.001)
(Figure 2a).
When demographic and comorbidities were evaluated, the average age differed
between databases (NIS: 60.5 ± 14.5, NSQIP: 56.7 ± 13.4 SEER: 61.4 ± 14.9). Patients
older than 70 years comprised 28.5% of patients in NIS, 21.3% in NSQIP, and 29.3% in
SEER. In NSQIP, the most common age was 50-59 years (NIS: 23.6% NSQIP: 26.2%, SEER:
24.2%) When comparing comorbidities between the NIS and NSQIP, significant
differences were found in hypertension (41.0% and 39.8% respectively, p<0.001),
diabetes mellitus (14.4% and 10.8% respectively, p<0.001), and COPD (5.0% and 2.6%
respectively, p<0.001) (Table 1).
Figure 3a demonstrates the significant different rates of immediate breast
reconstruction in breast cancer patients stratified per race within the NIS, NSQIP and
SEER (p<0.001). The highest rate of immediate breast reconstruction was seen among
Caucasians; 35.7% in NIS, 43.1% in NSQIP, and 20.6% in SEER (p<0.001). The lowest
rates of immediate breast reconstruction were found amongst Blacks: 27.3% in NIS,
30.7% in NSQIP, and 15.5% in SEER (p<0.001). In the Hispanic population, the rates
were 30.8% in NIS, 40.3% in NSQIP, and 12.9% in SEER (p<0.001). Finally, within the
Asian/Pacific Islander population, immediate breast reconstruction was utilized in 30.5%
in NIS, 32.1% in NSQIP, and 14.0% in SEER (p<0.001).
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40,421
114,579
143,477
135,615
172,916
364,556
62,615
40,418
15,659
16,768
248,858
87,510
30,194

(7.7)
(22.2)
(26.5)
(22.4)
(21.3)

(77.4)
(12.1)
(5.0)
(4.7)
(0.8)

2,931
8,470
10,103
8,556
8,114

27,012
4,226
1,737
1,639
274

15,361 (39.8)
4,163 (10.8)
1,003 (2.6)

(41.0)
(14.4)
(5.0)

(72.5)
(13.0)
(8.0)
(3.1)
(3.3)

(6.7)
(18.9)
(23.6)
(22.3)
(28.5)
321,346
47,004
35,466
31,711
2,847

21,729
74,416
106,521
108,196
128,621

15,587
14,151
4,646

(78.6)
(13.7)
(7.7)

119,152
20,764
11,744

10,324 (77.2)
2,376 (17.8)
672
(5.0)

(73.3)
(10.7)
(8.1)
(7.2)
(0.6)

(4.9)
(16.9)
(24.2)
(24.6)
(29.3)

(45.3)
(41.2)
(13.5)

(18.8)

(%)

p<0.001
p<0.001
p<0.001

p<0.001

p<0.001

p<0.001

p-valuea

2,540
690
421

4,691
729
262
382
38

387
1,805
2,140
1,644
1,171

2,597
687
161

n=
NSQIP
7,173
3,445

(35.4)
(9.6)
(2.0)

(76.9)
(11.9)
(4.3)
(6.3)
(0.6)

(5.4)
(25.3)
(29.9)
(23.0)
(16.4)

(75.4)
(19.9)
(4.7)

(73.8)
(11.3)
(7.0)
(4.6)
(3.3)

(5.7)
(25.3)
(27.1)
(21.8)
(20.2)

31,958 (36.8)
10,153 (11.7)
2,564 (3.0)

53,885
8,222
5,103
3,346
2,427

4,932
21,919
23,507
18,871
17,481

31,836 (77.0)
6,350 (15.4)
3,172 (7.7)

DCIS patients
(%)
n=
(%)
NIS
86,733
(54.1)
41,358 (51.4)

78,166
11,522
7,882
9,838
620

3,112
23,494
31,125
27,046
23,698

4,922
4,265
1,503

(72.1)
(10.6)
(7.3)
(9.1)
(0.6)

(2.9)
(21.7)
(28.7)
(24.9)
(21.8)

(46.0)
(39.9)
(14.1)

n=
(%)
SEER
108,482
10,690 (31.7)

p<0.001
p<0.001
p<0.001

p<0.001

p<0.001

p<0.001

p-valuea

b

Chi-square test
IBR = Immediate breast reconstruction
c
In the NIS database there were 13,750 (15.9%) missing cases. In the NSQIP database there were 1,071 (14.9%) missing cases. In SEER database there were 424 (0.4%)
missing cases We excluded these from the analysis

a

Database
Total n=
Post-mastectomy IBRb
Type of IBRb
Implant
Autologous
Combined
Age
<39
40-49
50-59
60-69
>70
Racec
White
Black
Hispanic
Asian/PI
Other
Comorbidities
HT
DM
COPD

n=
SEER
439,564
34,384

Invasive breast cancer patients
n=
(%)
n=
(%)
NSQIP
NIS
38,567
607,233
13,372 (40.7)
151,660
(32.7)

Table 1. Patient characteristics in invasive breast cancer and DCIS patients.
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Figure 2a. Trend over time; Immediate breast reconstruction in invasive breast cancer patients.
*Cochrane-Armitage test for trend was p<0.001 in NIS, NSQIP and SEER.

Figure 2b. Trend over time; Immediate breast reconstruction in DCIS patients.
*Cochrane-Armitage test for trend was p<0.001 in NIS, NSQIP and SEER.
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Figure 3a. Immediate breast reconstruction in invasive breast cancer patients stratified per race

Figure 3b. Immediate breast reconstruction in DCIS patients stratified per race
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DCIS patients
NIS included 86,733 patients diagnosed with DCIS, of which 51.4% opted for immediate
breast reconstruction. Implant-based breast reconstruction accounted for 77.0%
(n=31,836), autologous breast reconstruction for 15.4% (n=6,350) and combined type
of breast reconstruction for 7.7% (n=3,172) (Table 1). Over time, immediate breast
reconstruction increased significantly from 23.2% to 66.4% between 1998 to 2012,
respectively (p<0.001) (Figure 2b).
NSQIP included 7,173 patients diagnosed with DCIS. 54.1% (n=3,445) of the patients
treated with mastectomy underwent immediate reconstruction. Among all patients
undergoing reconstruction, 75.4% (n=2,597) underwent implant-based breast
reconstruction, 19.9% (n=687) autologous breast reconstruction and 4.7% (n=116)
combined breast reconstruction (Table 2). IBR rates increased significantly from 53.6 in
2005 to 62.6% in 2014 (p<0.001) (Figure 2b).
Table 2. Overview strengths and weaknesses NIS, NSQIP and SEER database.
NIS

NSQIP

SEER

Type of database

Administrative database, Clinical database,
retrospective data
prospectively collected

Epidemiologic data from
population-based cancer
registries.

Data collected

Hospital discharge claims Directed review of medical Cancer registry data from
records of randomly
National Cancer Institute’s
assigned patients in
sponsored institutions
participating hospitals

Diagnosis identification International Classification International Classification International Classification of
of Disease 9th edition (ICD- of Disease 9th edition (ICD- Diseases for Oncology, 3rd
9) diagnosis codes
9) diagnosis codes
edition (ICD-O-3).
International Classification of
Disease 9th edition (ICD-9)
diagnosis codes
Procedure identification International Classification CPT codes
of Disease 9th edition (ICD9) diagnosis codes

SEER Coding and Staging
Manual

Variables

Primary/secondary
diagnoses
Primary/secondary
procedures Admission/
discharge status Patient
demographics
Provider/hospital
characteristics Cost, LOS,
insurance Inpatient
mortality

Preoperative risk factors,
Intraoperative data,
Patient demographics,
Outcomes, Procedures,
30-Day
morbidity/mortality

Stage/date of cancer
diagnosis, Primary disease
site, tumor size, therapy,
Mortality, Demographics

Geography

Nationwide
(Figure 1a)

Participating hospitals
(Figure 1b)

17 cancer registries
(Figure 1c)
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NIS

NSQIP

Time range data
collection

Inpatient stays

Inpatient and outpatient Longitudinal from diagnosis of
up to 30 days postcancer until death
operative

SEER

Limitations

Includes only inpatient
events, inpatient
morbidity and mortality
may be studied,

Patient data are limited to
30-days post discharge;
readmissions,
complications, and deaths
after this period are not
available.
Not all patients are
included, but rather a
select sampling of
patients.
Patients under the age of
18, transplant cases, and
concurrent cases are
excluded.

Lacks recurrence, radiation,
and chemotherapy data.
Data only collected from
institutional source.

The lowest rate of immediate breast reconstruction was seen in the SEER database.
Of the 108,482 patients diagnosed with DCIS who underwent mastectomy, 31.7%
(n=10,690) opted for immediate breast reconstruction. A total of 46.0% (n=4,922)
underwent implant-based breast reconstruction, 39.9% (n=4,265) autologous
reconstruction, and 14.1% (n=1,503) combined type of reconstruction. Over time,
immediate reconstruction increased significantly from 18.1% in 1998 to 36.6% in 2012
(p<0.001) (Figure 2b).
The mean age was similar among databases (NIS: 57.7 ± 13.0, NSQIP: 56.7 ± 12.3,
SEER: 59.2 ± 13.5), and the majority of women were aged 50-59 years (NIS 26.3%,
NSQIP 29.4%, SEER 28.5%). Rates of comorbidities within the NIS and NSQIP were
significantly different for hypertension (36.8% v 35.4%, p<0.001), diabetes (11.7% v
9.6%, p<0.001), and COPD (3.0% v 2.0%, p<0.001) (Table 2).
There were significant differences in utilization of immediate breast reconstruction
utilization by DCIS patients stratified per race (p<0.001). Caucasian patients opted for
immediate breast reconstruction in 54.9% in the NIS, 58.2% in the NSQIP, and 34.0% in
the SEER population (p<0.001). Black patients underwent immediate breast
reconstruction less frequently (NIS: 43.2%, NSQIP: 42.1%, NIS: 43.2%, SEER: 27.9%)
(p<0.001). Hispanic patients underwent immediate breast reconstruction at rates of
51.3% in NIS, 59.0% in NSQIP, and 27.1% in SEER (p<0.001). Finally, immediate breast
reconstruction utilization in the Asian/Pacific Islander population was as follows; NIS:
47.9% NSQIP: 41.5%, and SEER: 22.6% (p<0.001).

Comparison by state: California
Within the SEER cohort, a total of 196,100 patients diagnosed with both invasive breast
cancer or DCIS were treated in California, reflecting 35.8% of the total SEER cohort. Of

150

Differences in the Reporting of Racial and Socioeconomic Disparities
these, 81.4% (n=159,673) were diagnosed with invasive breast cancer and 18.6%
(n=36,427) with DCIS. Of the post-mastectomy cohort, 15.9% (n=10,493) of invasive
breast cancer patients and 28.2% (n=3,176) DCIS patients underwent immediate breast
reconstruction. In the NIS, the state of California comprised 78,714 patients, reflecting
11.3% of the complete NIS cohort. Of these, 86.4% (n=67,971) included patients
diagnosed with breast cancer and 13.6% (n=10,743) patients diagnosed with DCIS. Of
patients undergoing mastectomy, 31.6% (n=15,999) of invasive breast cancer patients
and 52.5% (n=5,044) DCIS patients underwent immediate breast reconstruction.
Figure 4a-b demonstrates the rates in immediate breast reconstruction utilization
stratified per race. For invasive breast cancer patients, immediate breast reconstruction
utilization differed significantly among all races: White (NIS; 35.0%, SEER; 18.2%)
(p<0.001), Black (NIS; 25.8%, SEER; 11.9%) (p<0.001), Hispanic (NIS; 25.1%, SEER;
10.8%) (p<0.001) and Asian/Pacific Islander population (NIS; 28.6%, SEER; 13.2%)
(p<0.001). Significant differences within all races was also seen in the DCIS population;
White (NIS; 57.1%, SEER; 23.5%) (p<0.001), Black (NIS; 46.0%, SEER; 24.4%) (p<0.001),
Hispanic (NIS; 38.9%, SEER; 24.4%) (p<0.001) and Asian/Pacific Islander (NIS; 50.3%,
SEER; 21.3%)(p<0.001).

Figure 4a. Immediate breast reconstruction in invasive breast cancer patients in the state of California.
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Figure 4b. Immediate breast reconstruction in DCIS patients in the state of California.

DISCUSSION
In this study, we present a nationwide comparison of immediate breast reconstruction
as reported by three large national databases, the NIS, NSQIP and SEER. This study
found, that despite large number of patients undergoing breast reconstruction in all
databases, the reported frequency differed significantly for both invasive breast cancer
patients and DCIS among databases. In both disease cohorts, a significant upward trend
over time was seen in the utilization of immediate breast reconstruction in the NSQIP,
NIS, and SEER (Figure 2a-b) (p<0.001). Additionally, following sub-group analysis, the
extent of disparities in immediate reconstruction differed significantly among databases
(figure 3a-b).
The overall rate of immediate breast reconstruction following mastectomy in this
study was 18.8% in invasive breast cancer patients within the SEER population, which is
supported by the work of Ashfaq et al13, Agarwal et al 5 and Lang et al30 who reported a
16% - 20% immediate breast reconstruction rates using the same database. In the NIS
cohort, we found immediate breast reconstruction in 32.7% invasive breast cancer
patients and 51.4% of DCIS patients, similar to previous reports.6,7,23,37 Our study also
found an increase in immediate breast reconstruction after mastectomy (from 11.5% to
47.0% in invasive breast cancer patients and from 23.2% to 66.4% in DCIS patients,
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between 1998 and 2012, respectively), which supports other studies using the NIS
database. Albornoz et al 6 demonstrated an increase in utilization of immediate breast
reconstruction from 20.8% in 1998 to 37.8% in 2008 for patients diagnosed with breast
cancer or increased risk of breast cancer. Other studies reflect similar rates of
immediate breast reconstruction utilization after mastectomy ranging from 18.0% 38.0% 7,34,37,39 Finally, we found immediate reconstruction rates of 40.7% among
invasive breast cancer patients and 54.1% among DCIS patients within the NSQIP
population. A recent report by Kwok et al. and Butler et al. both reported a significant
increase in immediate breast reconstruction utilization with rates similar to those found
in our study (26.0% - 29.7% to 40.0%- 42.8% between 2005 and 2011/2012,
respectively)).17,29
Despite the passage of the Women’s Health and Cancer Right Act of 1998, many
have noted women of color to be significantly less likely to receive breast
reconstruction.5,7,9,10,12,17,26,27,30,32,38,39,44 As a result, the “Breast Cancer Patient Education
Act of 2015” was introduced in 2015, in the effort to raise awareness about the
availability and coverage of breast reconstruction, especially for racial and ethnic
minority groups.45 This bill referred statistics provided by the American Cancer Society,
multiple institutional studies and in terms of one large database, only SEER studies.45
Similar to previous studies, we found significant racial disparities in immediate
breast reconstruction utilization. Our study, however, contributes new insight by and
identifies significant interdatabase variability of racial disparities in immediate breast
reconstruction. Our results showed that the rates of immediate breast reconstruction
utilization differed among the different databases (figure 3a-b). This persisted even
following sub-group analysis of the state of California, where variability in racial
disparities was seen with differences up to 50% (Figure 4a-b).
Major differences in type and nature of the databases exist (Table 2). Generally,
large-volume databases can be broadly categorized as either administrative or clinical
based databases. Administrative databases, such as the HCUP (which includes the NIS,
the Kids Inpatient Database (KID), the State Inpatient Database (SID) and State
Ambulatory Surgery Database (SASD)), Medicare and The University Health Consortium
(UHC) databases were originally not designed for clinical research, but rather to track
billing for hospitals, providers, and procedures. Although providing a wealth of
information, patient-level clinical information is not available in these administrative
databases (stage of disease, tumor characteristics, preoperative performance status).
Clinical databases, such as the NSQIP, SEER, National Cancer Database (NCDB), are
developed with specific clinical goals in mind, and therefore populated with defined
patient information. Additionally, the population within the database may be limited by
specific restrictions include age (Medicare), or diagnosis (cancer registries).
The NSQIP, NIS, and the SEER are extensively utilized as nationwide representation
of the U.S. population, but major variations exist in the states covered by the different
databases (Figure 1a-c). Most importantly, it should be noted that NIS and NSQIP are
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reflect practice patterns in 47 or more states, while SEER reflects the practice of only
17. Previous studies focused on cancer care found treatment trends and outcomes
varied according to volumes, teaching or academic medical centers, national cancer
institute cancer centers designation, and subspecialist providers.50 When our study
evaluated nationwide and NCI Cancer Centers coverage of the NSQIP, NIS and SEER
databases we found that NSQIP and NIS cover the majority of states and NCI cancer
hospitals. The SEER database however, covers only 18 cancer registries in 15 states and
lacks coverage in most states and of the major cancer centers throughout the Unites
States. Additionally, we showed that when comparing the databases in only one state,
California, significant differences existed in immediate breast reconstruction utilization
between the NIS and SEER (Figure 4a-b).
Sampling of the type of hospital is another factor that may also affect the rates of
immediate breast reconstruction, with academic centers more likely to perform
autologous reconstruction and immediate reconstruction.7,23,25,51,52 While SEER samples
the population based on race, income, and education, with the specific aim of
increasing generalizability to the United States population, it lacks coverage of the most
major cancer centers throughout the United States including most major academic
medical centers (Figure 1a, Figure 2). In the NSQIP, academic institutions are
represented more prominently, potentially explaining the high immediate breast
reconstruction rates when compared to the NIS and SEER. The NIS is a random sampling
which may be the best representation, but remains only sampling through 2011.
There are important clinical implications to this research. Clinicians and researchers
should have a basic understanding and should know the strengths and weaknesses of
the databases in order to interpret the data. One database should therefore not
uniformly be utilized for clinical guidelines and policies. This study has several notable
limitations. First, all data is collected from national databases which are subject to
missing data, coding errors, and poor long term follow-up. Additionally, this study is not
able to assess long-term survival as NSQIP does not capture postoperative events
occurring beyond 30 days, NIS includes only data from inpatient stay, and SEER does not
include data beyond 4 months. However, Tseng et al53 revealed that only 8% of
mastectomy patients pursued reconstruction in a delayed fashion, suggesting that the
racial disparities in immediate breast reconstruction utilization revealed in this present
study would be unlikely to significantly change if the delayed reconstruction patients
were able to be captured. Additionally, the lowest rate of immediate breast
reconstruction occurred in SEER, which interestingly also has the longest follow-up
when compared to NSQIP and NIS. Finally, we are unable to account for patient
preferences, which may vary across cultural groups; this is an important area for future
research.
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CONCLUSION
Our study confirmed previous work suggesting that the utilization of immediate breast
reconstruction has increased over time, and significant racial disparities exist. However,
the reported rates of reconstruction are lowest and disparities are highest in the SEER
database. These findings suggest that utilization of SEER may not be universally
generalizable to the entire US population, and should be considered when studies are
utilized for wider policy making.

TABLE AND FIGURE LEGEND
Figure 1a. Geographic map of the states included in the SEER database.
Figure 1b. Geographic map of the states included in the NIS database.
Figure 1c. Geographic map of the states included in the NSQIP database.
Figure 2a. Trend over time; Immediate breast reconstruction in invasive breast cancer
patients.
*Cochrane-Armitage test for trend was p<0.001 in NIS, NSQIP and SEER.

Figure 2b. Trend over time; Immediate breast reconstruction in DCIS patients.
*Cochrane-Armitage test for trend was p<0.001 in NIS, NSQIP and SEER.

Figure 3a. Immediate breast reconstruction in invasive breast cancer patients stratified
per race
Figure 3b. Immediate breast reconstruction in DCIS patients stratified per race
Figure 4a. Immediate breast reconstruction in invasive breast cancer patients in the
state of California.
Figure 4b. Immediate breast reconstruction in DCIS patients in the state of California.
Table 1. Patient characteristics in invasive breast cancer and DCIS patients.
Table 2. Overview strengths and weaknesses NIS, NSQIP and SEER database.
Table, Supplemental digital content 1. International Classification of Diseases, Ninth
Edition (ICD-9) breast cancer and carcinoma in situ coding.
Table, Supplemental digital content 2. ICD-9, CPT and Procedure mastectomy codes.
Table, Supplemental digital content 3. ICD-9, CPT and Procedure immediate breast
reconstruction codes.
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SUPPLEMENTAL DIGITAL CONTENT
Table, Supplemental digital content 1. International Classification of Diseases, Ninth Edition (ICD-9) breast
cancer and carcinoma in situ coding.
ICD-9 code

Description breast cancer and increased risk of breast cancer

174.0

Malignant neoplasm of female breast: nipple and areola

174.1

Malignant neoplasm of female breast: central portion

174.2

Malignant neoplasm of female breast: upper inner-quadrant

174.3

Malignant neoplasm of female breast: lower-inner quadrant

174.4

Malignant neoplasm of female breast: upper-outer quadrant

174.5

Malignant neoplasm of female breast: lower-outer quadrant

174.6

Malignant neoplasm of female breast: axillary tail

174.8

Malignant neoplasm of female breast: other sites

174.9

Malignant neoplasm of female breast: unspecified

233.0

Carcinoma in situ of breast

Table, Supplemental digital content 2. ICD-9, CPT and Procedure mastectomy codes.
Nationwide Inpatient Sample (NIS) database inclusion criteria
ICD-9 code

Description Mastectomy

85.40

Mastectomy

85.34

Other unilateral subcutaneous mammectomy

85.41

Unilateral simple mastectomy

85.43

Unilateral extended simple mastectomy

85.45

Unilateral radical mastectomy

85.47

Unilateral extended radical mastectomy

85.33

Unilateral subcutaneous mammectomy with synchronous implant

85.36

Other bilateral subcutaneous mammectomy

85.42

Bilateral simple mastectomy

85.44

Bilateral extended simple mastectomy

85.46

Bilateral radical mastectomy

85.48

Bilateral extended radical mastectomy

85.35

Bilateral subcutaneous mammectomy with synchronous implant

National Surgical Quality Improvement Project (NSQIP)
CPT code

Description

19303

Mastectomy, simple, complete

19304

Mastectomy, subcutaneous

19305

Mastectomy, radical, including pectoral muscles, axillary lymph nodes

19306

Mastectomy, radical, including pectoral muscles, axillary and internal mammary
lymph nodes (urban type operation)

19307

Mastectomy, modified radical, including axillary lymph nodes, with or without
pectoralis minor muscle, but excluding pectoralis major muscle.

19180

Simple complete mastectomy

19182

Subcutaneous mastectomy
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19200

Radical mastectomy

19220

Urban type mastectomy

19240

Modified radical mastectomy

The Surveillance, Epidemiology and End Result (SEER)
Procedure coding

Description

40

Simple mastectomy, NOS

41

Simple mastectomy, NOS,Unilateral

43

Simple mastectomy, NOS, Unilateral, reconstruction NOS

44

Simple mastectomy, NOS, Unilateral, tissue reconstruction

45

Simple mastectomy, NOS, Unilateral, implant reconstruction

46

Simple mastectomy, NOS, Unilateral, combined reconstruction

42

Simple mastectomy, NOS, Bilateral

47

Simple mastectomy, NOS, Bilateral, reconstruction NOS

48

Simple mastectomy, NOS, Bilateral, tissue Simple mastectomy, NOS, reconstruction

49

Simple mastectomy, NOS, Bilateral, implant reconstruction

75

Simple mastectomy, NOS, Bilateral, combined reconstruction

40

Simple mastectomy, NOS

41

Simple mastectomy, NOS,Unilateral

43

Simple mastectomy, NOS, Unilateral, reconstruction NOS

44

Simple mastectomy, NOS, Unilateral, tissue reconstruction

45

Simple mastectomy, NOS, Unilateral, implant reconstruction

46

Simple mastectomy, NOS, Unilateral, combined reconstruction

50

Modified radical mastectomy

51

Modified radical mastectomy, Unilateral

53

Modified radical mastectomy, Unilateral, reconstruction NOS

54

Modified radical mastectomy, Unilateral, tissue reconstruction

55

Modified radical mastectomy, Unilateral, implant reconstruction

56

Modified radical mastectomy, Unilateral, combined reconstruction

52

Modified radical mastectomy, Bilateral

57

Modified radical mastectomy, Bilateral, reconstruction NOS

58

Modified radical mastectomy, Bilateral, tissue reconstruction

59

Modified radical mastectomy, Bilateral, implant reconstruction

63

Modified radical mastectomy, Bilateral, combined reconstruction

60

Radical mastectomy, NOS

61

Radical mastectomy, Unilateral

64

Radical mastectomy, Unilateral, reconstruction NOS

65

Radical mastectomy, Unilateral, tissue reconstruction

66

Radical mastectomy, Unilateral, implant reconstruction

67

Radical mastectomy, Unilateral, combined reconstruction

62

Radical mastectomy, Bilateral

68

Radical mastectomy, Bilateral, reconstruction NOS

69

Radical mastectomy, Bilateral, tissue reconstruction

73

Radical mastectomy, Bilateral, implant reconstruction
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The Surveillance, Epidemiology and End Result (SEER)
Procedure coding

Description

74

Radical mastectomy, Bilateral, combined reconstruction

30

Subcutaneous mastectomy

76

Bilateral mastectomy for a single tumor involving both breasts, as for bilateral
inflammatory carcinoma.

Table, Supplemental digital content 3. ICD-9, CPT and Procedure immediate breast reconstruction codes.
Nationwide Inpatient Sample (NIS) database inclusion criteria
ICD-9 code

Description IBR
Implant-based breast reconstruction

85.33

Unilateral subcutaneous mammectomy with synchronous implant

85.35

Bilateral subcutaneous mammectomy with synchronous implant

85.53

Unilateral breast implant

85.54

Bilateral breast implant

85.95

Insertion breast tissue expander

85.96

Removal breast tissue expander

85.84

Breast pedicle graft

85.85

Breast muscle graft
Autologous breast reconstruction

85.71

Latissimus dorsi myocutaneous flap (LD), pedicled

85.72

Transverse rectus abdominis myocutaneous (TRAM) flap, pedicled

85.73

Transverse rectus abdominis myocutaneous (TRAM) flap, free

85.74

Deep inferior epigastric artery perforator (DIEP) flap, free

85.75

Superficial inferior epigastric artery (SIEA) flap, free

85.76

Gluteal artery perforator (GAP) flap, free

National Surgical Quality Improvement Project (NSQIP)
CPT code

Description IBR
Implant-based breast reconstruction

19340

Immediate insertion of breast prosthesis following mastopexy, mastectomy or in
reconstruction

19342

Delayed insertion of breast prosthesis following mastoplexy, mastectomy, or in
reconstruction

19357

Breast reconstruction, immediate or delayed, with tissue expander, including subsequent
expansion
Autologous breast reconstruction

19361

Breast reconstruction with latissimus dorsi flap, without prosthetic implant

19364

Breast reconstruction with free flap

19367

Breast reconstruction with transverse rectus abdominis myocutaneous flap (TRAM), single
pedicle, including closure of donor site;

19368

Breast reconstruction with transverse rectus abdominis myocutaneous flap (TRAM), single
pedicle, including closure of donor site; with microvascular anastomosis (supercharging)

19369

Breast reconstruction with transverse rectus abdominis myocutaneous flap (TRAM, double
pedicle, including closure of donor site)
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The Surveillance, Epidemiology and End Result (SEER)
Procedure coding

Description IBR
Implant-based breast reconstruction

45

Simple mastectomy, NOS, Unilateral, implant reconstruction

49

Simple mastectomy, NOS, Bilateral, implant reconstruction

55

Modified radical mastectomy, Unilateral, implant reconstruction

59

Modified radical mastectomy, Bilateral, implant reconstruction

66

Radical mastectomy, Unilateral, implant reconstruction

73

Radical mastectomy, Bilateral, implant reconstruction
Autologous breast reconstruction

44

Simple mastectomy, NOS, Unilateral, tissue reconstruction

48

Simple mastectomy, NOS, Bilateral, tissue reconstruction

54

Modified radical mastectomy, Unilateral, tissue reconstruction

58

Modified radical mastectomy, Bilateral, tissue reconstruction

65

Radical mastectomy, Unilateral, tissue reconstruction

69

Radical mastectomy, Bilateral, tissue reconstruction
Combined implant-based and autologous breast reconstruction

46

Simple mastectomy, NOS, Unilateral, combined reconstruction

75

Simple mastectomy, NOS, Bilateral, combined reconstruction

56

Modified radical mastectomy, Unilateral, combined reconstruction

63

Modified radical mastectomy, Bilateral, combined reconstruction

67

Radical mastectomy, Unilateral, combined reconstruction

74

Radical mastectomy, Bilateral, combined reconstruction
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ABSTRACT
Introduction
Studies based large-volume databases have made significant contributions to research
on breast cancer (BC) surgery. To date, no comparison between large-volume databases
has been made internationally. This is the first proof of concept study exploring the
feasibility of combining two existing operational databases of the Netherlands and the
United States, focusing on BC care and immediate breast reconstruction (IBR)
specifically.
Methods
The Netherlands Breast Cancer Audit (NBCA) (2011-2015) and the Surveillance,
Epidemiology and End Result (SEER) database (2010-2013) were compared on structure
and content. Data variables were grouped into general, treatment specific, cancer
specific and follow-up variables and were matched. As proof of concept, mastectomy
and IBR rates in patients diagnosed with invasive BC or ductal carcinoma in-situ (DCIS)
were analyzed.
Results
The NBCA included 115 variables and the SEER 112. The NBCA included significantly
more treatment-specific variables (n=46 vs 6), while the SEER included more cancerspecific variables (n=74 vs 26). In patients diagnosed with BC or DCIS, IBR was
performed in 19.3% and 24.0% of the BC cohort and 44.0% and 35.3% of the DCIS
cohort in the NBCA and SEER, respectively. IBR rates increased significantly over time in
both datasets.
Conclusion
This study provides a first overview of available registry data on BC care the Netherlands
and the US and revealed limited data on treatment in the US. Comparison of treatment
patterns of IBR showed interesting differences. Therefore, this study advocates the
urgency for an international database with alignment of (treatment) variables in order
to improve quality of BC care for all patients across the globe.
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INTRODUCTION
Studies based on large-volume (national) registries and other administrative datasets
have made significant impact in the field of breast cancer treatment.1-10 Generally
speaking, large-volume registries can be broadly categorized as either administrative or
clinically based. These databases collectively offer unique opportunities to study
patterns of care, guideline adherence, variation in practice, and outcomes following
interventions. The ability to compare these data across populations and time points can
facilitate new scientific discoveries, faster access to treatment interventions, and enable
differences between populations to be delineated, allowing for identification of optimal
treatment protocols and strategies to finally improve quality of care globally.11
Although there are a wide variety of breast cancer databases, the ability to compare
data is limited by the heterogeneity of data elements, variable definitions, inclusion
criteria, and coding systems in the registries.12 Direct comparisons of data variables
between countries are rarely done because disease and treatment information
contained in administrative databases cannot be aggregated into a single, searchable
database. More recently, the scientific community has been increasingly advocated for
the development of collaborative registries that facilitate high-quality data collection,
harmonization, and analysis from clinical and research sites globally.12-19 Although some
parameters in existing data sources can be compared, lack of early consensus on
mutually useful treatment and outcome measures between data curators means that
utility of much collected data is only seen locally.20 To date, there are only a few direct
comparisons of quality of care and clinical outcomes at hospital level between various
healthcare systems.
We undertook a proof of concept study to explore the feasibility of combining two
large, operational databases in two countries and compare treatment patterns on
immediate breast reconstruction (IBR) in women with early stage breast cancer. In
these women, the primary treatment options are either mastectomy or breast
conserving surgery with radiotherapy.21-25 For those opting for mastectomy, clinical
guidelines recommend that breast reconstruction should be provided to all women, as
it has been shown to significantly improve quality of life and body image.26-35 Yet, it is
unknown whether this recommendation is being followed across the globe as the
majority of studies report large variability in breast reconstruction rates both within and
across countries.2,36-49
We present the first international comparison of IBR treatment patterns between the
national Dutch breast cancer database (NABON (National Breast cancer Organization the
Netherlands) Breast Cancer Audit (NBCA) and the most widely utilized, population-based
tumor registry database of the United States (The Surveillance, Epidemiology and End
Result (SEER)). The aims of this study were twofold: 1) to evaluate the comparability of
the two databases, and, as an example to show the importance of the possibility of
comparisons, 2) to evaluate the differences in IBR rates between both countries.
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MATERIALS AND METHODS
Databases
The NBCA and SEER database were utilized in this study for the Netherlands and the
United States, respectively. At the time of this study, data were available for the years
2011 to 2015 for the NBCA and 2010 to 2013 for the SEER database. Due to the nature
of the study, the authors decided to include all data in both databases, despite
differences in the collection period.
The NBCA is a national multidisciplinary quality improvement audit developed in
2011 as part of the NABON. The registry contains data of all patients diagnosed with
invasive breast cancer (BC) or ductal carcinoma in situ (DCIS) from all hospitals (n=92) in
the Netherlands. Hospitals can choose to collect data themselves or have datamanagers of the Netherlands Cancer Registry (NCR) register the data (the latter option
being used by 75% of the hospitals). By providing feedback to the participating
individual hospitals on their outcomes, the NBCA enables institutions to evaluate their
data and start improvement projects.50,51 In 2015, the database included 32 quality
indicators measuring the structure, processes, and outcomes of breast cancer care.51,52
For research, an official request must be made to the scientific committee of the NBCA
and the NCR, who judge on relevance of the research question and privacy of the
patients, care givers and institutions.
The SEER program of the National Cancer Institute (NCI) is a population-based tumor
registry designed to track cancer incidence, cancer directed surgery, and radiation
therapy provided for the first course of treatment and survival in 18 cancer registries
across 15 states.53 The SEER collects very broad patient characteristics and cancer
specific information.54 The SEER data contains 135 collected variables, including the
International Classification of Diseases (ICD-9) diagnosis codes and the SEER Program
Coding and Staging for the procedures performed. SEER data are publicly available for
studies of cancer-related epidemiology. After signing a Research Data Agreement, the
data will be available for download or via DVD sent via US mail.

Database comparison
The NBCA dataset variables is provided with the following sections: general information,
current episode, clinical examination, diagnostics used and multidisciplinary approach,
surgical procedure including re-excision, pathology, radiation therapy, systemic therapy,
and follow-up. Variables are provided in Dutch and were translated in English.
Descriptive terms for variables were utilized and subsequent discussion followed
between the authors to confirm interpretation of variable descriptors. The SEER
database variables were divided into different sections including: information source,
demographic information, description of neoplasm, stage of disease at diagnosis, data
collection system, first course of therapy, follow-up information and administrative
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codes. The variables of the NBCA dataset and the SEER dataset were manually grouped
into the following sections; general, treatment specific, cancer specific and followup/other. Variables were matched in terms of data definitions.

Proof of concept on differences in mastectomy and IBR rates
All women aged ≥ 18 years old and diagnosed with invasive breast cancer (BC) or Ductal
Carcinoma In Situ (DCIS) undergoing mastectomy or immediate breast reconstruction
were identified and included in this study. Patients under the age of 18, male patients,
those undergoing outpatient procedures, and those with unknown age or gender were
excluded. Mastectomy and IBR rates and trend over time were evaluated both for
invasive breast cancer and DCIS patients and compared between the two countries.

Statistical analysis
Descriptive statistics are reported as proportions and compared using Pearson’s Chisquare. Trends are analyzed using the Cochran-Armitage test for trend. All statistical
analyses were performed using IBM SPSS version 22.0 (IBM Corp., Armonk, NY) and
significance was set at p<0.05.

RESULTS
Variables
The NBCA file contained a total of 115 variables. The variables were divided into 24
general, 52 treatment specific, 27 cancer specific, and 12 follow-up variables. The SEER
database contained a total of 135 data variables. Of these, 23 were historical variables
that are no longer collected. These variables were excluded from the analysis. Of the
remaining 112 variables, 23 were general, 5 treatment specific, 74 cancer specific, and
10 follow-up variables (Figure 1). Of the 115 variables available in the NBCA database
and the 112 variables in the SEER database, a total of 8% (n=9) were matched and
analyzed (Figure 1). The variables include general (n=4, 17%), treatment specific (n =2,
7.8%), and cancer specific (n=3, 6.1%) data. The matched variables included sex,
diagnosis, type of reconstruction, age, laterality of tumor, radiation therapy, TNMclassification, tumor grade, receptor groups (Her2, HR, estrogen and progesterone
receptor group). In both databases, four types of Immediate Breast Reconstruction (IBR)
were defined: implant breast reconstruction (including tissue expander), autologous
breast reconstruction, a combination of both, and reconstruction not otherwise
specified following mastectomy.
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Figure 1. Overview matched variables NBCA and SEER

Examples of variables that did not match or were not available in one of the datasets
included race, ethnicity, marital status at diagnosis, primary payer at diagnosis, (type of)
chemotherapy, regional lymph node surgery, follow-up timeframe and vital status
among others. Moreover, data on secondary or delayed reconstruction, if any, were not
available. A vast number of variables included in the “cancer specific” section of the
SEER database included variables that were recoded from earlier coding schemes (e.g.
ICD-O-2 to ICD-O-3). The NBCA database included diagnostic variables such as MRI,
BIRADS, multidisciplinary consultation which were not available in the SEER data.

Invasive breast cancer patients: mastectomy and IBR rates
In the NBCA database, a total of 61,988 patients diagnosed with breast cancer were
identified and included. Of these, 24,361 (39.3%) patients underwent mastectomy. The
SEER dataset comprised a total of 213,914 breast cancer patients of whom 96,972
(42.0%) underwent mastectomy. Within the NBCA cohort IBR mainly consisted of
implant based reconstruction (90.6%). Within the SEER cohort 46.6% underwent
implant-based breast reconstruction and 36.6% underwent autologous breast
reconstruction or a combined type of breast reconstruction (16.0%).
Notably, in both cohorts, a decrease in mastectomy was seen over time (from 41.0%
in 2011 to 37.6% in 2015 (p<0.001) in the NBCA and from 43.1% in 2010 to 41.4% in
2013 (p<0.001) in the SEER) (Figure 2a). Over time, an increase in IBR was also seen in
both cohorts, (from 14.4% to 26.0% and from 21.7% to 26.6% in the NBCA and SEER
cohort, p<0.001, respectively) (Figure 2b). Overall characteristics are presented in Table
1. The majority of patients undergoing breast reconstruction were aged 50-59 years old
in the NBCA (34.4%) cohort versus 40-49 years in the SEER cohort (31.8%).
Approximately 73.1% of patients in the NBCA and 76.9% of the SEER population
underwent radiation therapy. Similar rates were seen in terms of TNM-classification,
grade of tumor, receptor groups, and estrogen and progesterone-receptor groups.
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Figure 2a. Trend over time mastectomy in invasive breast cancer patients. Trend over time p<0.001

Figure 2b. Trend over time immediate breast reconstruction in invasive breast cancer patients. Trend over
time p<0.001
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Table 1. Overall characteristics invasive breast cancer and ductal carcinoma in situ patients
Invasive Breast Cancer

DCIS

NBCA
2011 - 2015

SEER
2010 – 2013

NBCA
2011 - 2015

SEER
2010 – 2013

No.

No.

No.

No.

(%)

(%)

213,914

(%)

9,886

(%)

N=

61,988

IBR

4,691

(19.3)

23,302

(24.0)

1,340

(44.0)

60,683
6,960

(36.3)

Implant

4,205

(90.6)

10,852

(46.6)

1,146

(87.5)

3,219

(46.3)

Autologous

236

(5.1)

8,545

(36.6)

80

(6.1)

2,536

(36.4)

Combined

200

(4.3)

3,905

(16.8)

86

(6.6)

1,205

(17.3)

< 39

677

(14.4)

2,766

(11.9)

125

(9.3)

458

(6.6)

40 – 49

1,446

(30.8)

7,298

(31.3)

300

(22.4)

2,521

(36.2)

50 – 59

1,617

(34.4)

7,254

(31.1)

616

(46.0)

2,309

(33.2)

60 – 69

787

(16.8)

4,671

(20.0)

247

(18.4)

1,363

(19.6)

> 70

162

(3.5)

1,313

(5.6)

52

(3.9)

309

(4.4)

Left

2,385

(50.8)

11,659

(50.0)

689

(51.4)

3,520

(50.6)

Right

2,302

(49.2)

11,632

(49.9)

651

(48.6)

3,440

(49.4)

11

(0.1)

IBR1,2

Age

Laterality tumor

Unknown
Radiationtherapy3,4
no

2,238

(73.1)

17,651

(75.7)

yes

823

(26.9)

5,651

(24.3)

T1

2,926

(62.4)

13,133

(56.4)

T2

1,244

(26.5)

7,575

(32.5)

T3

141

(3.0)

1,832

(7.9)

T4

12

(0.3)

362

(1.6)

Unknown

362

(7.8)

400

(1.9)

N0

3,172

(67.6)

14,970

(64.2)

N1

1,177

(25.1)

6,099

(26.2)

N2

162

(3.5)

1,428

(6.1)

N3

56

(1.2)

721

(3.1)

Unknown

124

(2.6)

84

(0.4)

1

898

(19.1)

4,438

(19.0)

2

1,995

(42.6)

9,917

(42.6)

3

1,260

(26.9)

7,758

(33.3)

4

0.0

(0.0)

86

(0.4)

Unknown

538

(11.4)

1,103

(4.7)

TNM classification
T-classification

N-classification

Grade

170

Immediate Breast reconstruction in the Netherlands and the United States
Invasive Breast Cancer

DCIS

NBCA
2011 - 2015

SEER
2010 – 2013

NBCA
2011 - 2015

SEER
2010 – 2013

No.

(%)

No.

(%)

No.

No.

Her2+/HR+

562

(12.0)

2,616

(11.2)

Her2+/HR-

253

(5.4)

1,137

(4.9)

Her2-/HR+

3,180

(67.8)

15,528

(66.6)

Triple Negative

544

(11.6)

2,481

(10.6)

Unknown

152

(3.2)

1,540

(6.6)

Positive

3,702

(78.9)

12,926

(79.9)

Negative/
Borderline

841

(17.9)

2,875

(17.8)

Unknown

148

(3.2)

371

(2.3)

Positive

3,049

(65.0)

11,317

(70.0)

Negative/
Borderline

1,490

(31.8)

4,442

(27.4)

Unknown

152

(3.2)

413

(2.6)

(%)

(%)

Receptor groups

Estrogen-receptor

Progesteronereceptor

Missing data in the NBCA dataset
1
Missing data invasive breast cancer patients n= 50
2
Missing data DCIS patients n=28
3
Missing data invasive breast cancer patients n = 1630
4
Missing data DCIS patients n= 524

DCIS patients: mastectomy and IBR rates
During the study period, a total of 9,886 women were diagnosed with DCIS in the NBCA
cohort of which 30.8% (n=3,048) patients underwent mastectomy. The SEER database
comprised a total of 60,683 DCIS patients. Thirty-one percent (n=19,179) underwent
mastectomy. In the NBCA cohort, mastectomy rates decreased slightly over time (from
32.3% to 30.7%, p<0.001) (Figure 3a). Within the SEER cohort, mastectomy rates initially
decreased from 32.0% in 2010 to 30.2% in 2011, followed by an increase to 31.9% in 2013,
(p<0.08) (Figure 3a). Of women undergoing mastectomy, 44.0% of the NBCA cohort and
36.3% of the SEER cohort underwent IBR. Implant-based breast reconstruction was
performed in 87.5% of the NBCA cohort versus 46.3% of the SEER cohort. Rates of
immediate breast reconstruction increased significantly in both cohorts (from 41.2% to
49.7% in the NBCA (p<0.001) and from 34.8% to 38.7% in the SEER cohort (p<0.001) (Figure
3b). Table 1 demonstrates the overall characteristics. The majority of patients in the NBCA
dataset were aged 50 – 59 years (46.0%), and the majority of patients in the SEER dataset
were aged 40 – 49 years old (36.2%). Tumor localization was nearly similar in both the NBCA
and SEER database (51.4% vs 50.6% left sided and 48.6% vs 49.4% right sided, respectively).
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Figure 3a. Trend over time mastectomy in ductal carcinoma in situ patients. Trend over time p<0.001

Figure 3b. Trend over time immediate breast reconstruction in ductal carcinoma in situ patients. Trend over
time p<0.001
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DISCUSSION
With breast cancer surgery, large-volume national databases are being increasingly
utilized to study outcomes.1-3,6,9,22,55-58 Derivations of data from large, heterogeneous
populations result in a better overview of surgical intervention, immediate breast
reconstructive procedures, but also result in assessment of quality improvement
measures and treatment protocols. These large-volume national datasets have the
ability to compare and contrast treatment patterns internationally and to further
improve breast cancer care. We conducted a proof of concept study exploring the
feasibility of combining two large existing operational databases in two countries. This
study shows that despite a variety in data items and definitions, some international data
can be pooled in order to compare variation in practices and countries. To our
knowledge, no comparison of international data registries in the field of IBR has been
made to date.
While randomized controlled trials (RCT) remain the gold standard for answering
clinical questions, RCTs are often not feasible.59 Observational cohort studies, therefore
have come to be the standard for clinical research in many surgical fields. As data
collection is done in collaboration with the cancer registry using the existing
infrastructures, trained objective data-managers using international coding rules, these
studies can be completed at low costs. With the number of countries currently
developing and conducting research with national registries, it is of utmost importance
for the international community to unify and to collaborate in order to improve care
and add true value to our patients.60 This can be done by international benchmarking
and identifying the most successful treatment strategies.61
In this study, we demonstrated that it was possible to match and compare 8% of the
available data variables. A major drawback to be able to match variables were the
differing data definitions and inclusion criteria. Direct comparisons of health outcomes
between countries are rarely done because clinical information contained in
administrative or clinical databases cannot be aggregated into a single, searchable
database. Although the recording of hospital discharge information may be
standardized within countries, it is not so across international borders. Generally
speaking, cancer registries have international coding rules, supported by the
International Association for Cancer Registries and the European Network for Cancer
Registries. Yet differences in diagnostic and treatment coding rules and the lack of
standardized health outcomes measurements hinders optimal monitoring and
comparison of the quality of health care across different settings globally.
Recent attempts have been made to facilitate international collaboration in order to
achieve optimal health outcomes. One example is “The Dr. Foster Global Comparators
Project”.18 By pooling discharge information from 31 healthcare institutions in five
countries, this project aimed to allow direct comparisons of healthcare activity. The
group found that there were five separate coding systems for entering clinical
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information into administrative data systems. In order to compare outcome
information, the authors had to reconcile these coding systems. Although this project is
an excellent first step towards attempting to stratify and compare various international
datasets, it remains limited to hospital specific data.
To show the value of comparing countries on their treatment patterns IBR rate was
studied. Similar to previous studies, we found increasing IBR rates within the SEER
cohort, with rates increasing from 21.7% in 2010 to 26.6% in 2013 in invasive breast
cancer patients and from 34.8% in 2010 to 38.7% in 2013 in DCIS patients.9,62 Also in the
Netherlands, the utilization of IBR increased significantly over time: from 14.4% in 2011
to 26.0% in 2015 in invasive breast cancer patients, and from 41.2% in 2011 to 49.7% in
2015 in DCIS patients. In line with our results, a recent report by the Dutch Institute for
Clinical Auditing (DICA) revealed that on average, 17% of invasive breast cancer patients
and 42% of DCIS patients undergo IBR.52,63
By matching the variables, we were able to provide an insight into the different
types of breast reconstruction used in the United States and the Netherlands.
Interestingly, the type of immediate reconstruction performed differed between the
two countries. The findings of this study are in line with previously published data of
type of reconstruction chosen in both countries.39,41,50,63 Even though we were only able
to match nine variables, we were able to demonstrate the significant differences in
treatment modalities. One reason for the low matching rate might be the provision of
variables that are not related to breast cancer in the SEER database.
With this intercontinental collaboration and comparison of national data, we have
taken the first step towards analyzing comparability of and availability of items in
different databases. In general, we strongly endorse international defining items and
sharing of national country level registries in order to enhance patient care;
harmonization of the databases utilized to study these topics is of utmost importance in
order to correctly interpret the data. Therefore, we urge the plastic surgical and breast
surgery community to enhance the unification of defining a necessary item set (minimal
dataset) on treatment for national databases to compare and contrast treatment
patterns internationally in order to further improve breast cancer care.
International registries as instruments of knowledge are extremely useful in offering
large amounts of data for performing analyses and deriving information. Evidence
derived from large registries heavily influences clinical practice and management
strategies. The vast majority of research utilized in treatment guidelines around the
globe, and also in the Netherlands, stem from the United States.64 Inherently, these
reports reflect the viewpoint of the country of origin. To our knowledge, this study is a
first of its kind in breast cancer surgery research comparing the similarities and the
differences between countries across the Atlantic. We hope that this will be a first step
in initiating collaborative national large database studies from different parts of the
world. In addition, the authors aimed to initiate conversation regarding unification of
databases and data variables. Furthermore, due to the ever-increasing developments in
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the field of reconstructive surgery, and moreover in this era of globalization, proper and
complete information on current international trends and different practices around
the globe is of utmost importance. Moreover, this paper provides a general overview of
IBR rates between the United States and the Netherlands.
This study is not exempt from limitations. One of the authors’ goals was to
understand the incidence of breast reconstruction both in the United States and in the
Netherlands. In addition, it is important to realize that patient reported outcomes and
more granular patient data is at times lacking within these large national databases. It is
our hope that future database collection processes will be able to include more granular
information. All data presented are collected from national databases, which are subject
to coding errors, and poor or no long-term follow-up. Moreover, the NBCA data is an
extraction of the NCR. The NCR obtains data on follow-up (actively gathered) and vital
status (linkage to municipality registries) on a national basis, but does not transfer this to
the NBCA database, because these data items are not used to generate an indicator for
quality of care. Therefore, the aim of a registration should be taken into account by the
user and linkage to more complete sources such as the NCR should be considered.
Second, due to the nature of the databases, clinical outcome data was not captured and
therefore not analyzed. Furthermore, the collected data entailed different time periods.

CONCLUSION
The aim of this proof of concept study was to demonstrate that it was possible to
compare national registries. This study provides a first overview of merging data from
different datasets and as an example compare treatment patterns in IBR over time
across to nations; the Netherlands and the United States of America. This study reveals
the usability and value of comparable datasets. We advocate for international
databases to align their variables in order to improve quality of breast cancer care for all
breast cancer patients across the globe.
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TABLE AND FIGURE LEGEND
Table 1. Overall characteristics invasive breast cancer and ductal carcinoma in situ
patients
Figure 1. Overview matched variables NBCA and SEER
Figure 2a. Trend over time mastectomy in invasive breast cancer patients
Trend over time p<0.001
Figure 2b. Trend over time immediate breast reconstruction in invasive breast cancer
patients
Trend over time p<0.001
Figure 3a. Trend over time mastectomy in ductal carcinoma in situ patients
Trend over time p<0.001
Figure 3b. Trend over time immediate breast reconstruction in ductal carcinoma in situ
patients
Trend over time p<0.001

176

Immediate Breast reconstruction in the Netherlands and the United States

REFERENCES
1.
2.

3.

4.
5.

6.

7.

8.
9.
10.
11.

12.
13.
14.

15.
16.

17.

18.

Albornoz CR, Bach PB, Mehrara BJ, et al. A paradigm shift in U.S. Breast reconstruction: increasing
implant rates. Plastic and reconstructive surgery. 2013;131(1):15-23.
Cemal Y, Albornoz CR, Disa JJ, et al. A paradigm shift in U.S. breast reconstruction: Part 2. The influence
of changing mastectomy patterns on reconstructive rate and method. Plastic and reconstructive surgery.
2013;131(3):320e-326e.
Habermann EB, Thomsen KM, Hieken TJ, Boughey JC. Impact of availability of immediate breast
reconstruction on bilateral mastectomy rates for breast cancer across the United States: data from the
nationwide inpatient sample. Annals of surgical oncology. 2014;21(10):3290-3296.
Yang RL, Newman AS, Lin IC, et al. Trends in immediate breast reconstruction across insurance groups
after enactment of breast cancer legislation. Cancer. 2013;119(13):2462-2468.
Butler PD, Nelson JA, Fischer JP, et al. Racial and age disparities persist in immediate breast
reconstruction: an updated analysis of 48,564 patients from the 2005 to 2011 American College of
Surgeons National Surgery Quality Improvement Program data sets. American journal of surgery. 2015.
Silva AK, Lapin B, Yao KA, Song DH, Sisco M. The Effect of Contralateral Prophylactic Mastectomy on
Perioperative Complications in Women Undergoing Immediate Breast Reconstruction: A NSQIP Analysis.
Annals of surgical oncology. 2015;22(11):3474-3480.
Alderman AK, Hawley ST, Janz NK, et al. Racial and ethnic disparities in the use of postmastectomy breast
reconstruction: results from a population- based study. Journal of clinical oncology : official journal of the
American Society of Clinical Oncology. 2009;27(32):5325-5330.
Alderman AK, Wei Y, Birkmeyer JD. Use of breast reconstruction after mastectomy following the
Women's Health and Cancer Rights Act. Jama. 2006;295(4):387-388.
Lang JE, Summers DE, Cui H, et al. Trends in post-mastectomy reconstruction: a SEER database analysis.
Journal of surgical oncology. 2013;108(3):163-168.
Ravdin PM, Cronin KA, Howlader N, et al. The decrease in breast-cancer incidence in 2003 in the United
States. The New England journal of medicine. 2007;356(16):1670-1674.
Ong WL, Schouwenburg MG, van Bommel AC, et al. A Standard Set of Value-Based Patient-Centered
Outcomes for Breast Cancer: The International Consortium for Health Outcomes Measurement (ICHOM)
Initiative. JAMA Oncol. 2016.
Cooter RD, Barker S, Carroll SM, et al. International importance of robust breast device registries. Plastic
and reconstructive surgery. 2015;135(2):330-336.
Myhr KM, Grytten N, Torkildsen O, et al. A need for national registries and international collaborative
research in multiple sclerosis. Acta neurologica Scandinavica Supplementum. 2012(195):1-3.
Fortier I, Doiron D, Little J, et al. Is rigorous retrospective harmonization possible? Application of the
DataSHaPER approach across 53 large studies. International journal of epidemiology. 2011;40(5):13141328.
Rolland B, Reid S, Stelling D, et al. Toward Rigorous Data Harmonization in Cancer Epidemiology
Research: One Approach. American journal of epidemiology. 2015;182(12):1033-1038.
de Leede EM, Sibinga Mulder BG, Bastiaannet E, et al. Common variables in European pancreatic cancer
registries: The introduction of the EURECCA pancreatic cancer project. European journal of surgical
oncology : the journal of the European Society of Surgical Oncology and the British Association of Surgical
Oncology. 2016;42(9):1414-1419.
Breugom AJ, Bastiaannet E, Boelens PG, et al. Adjuvant chemotherapy and relative survival of patients
with stage II colon cancer - A EURECCA international comparison between the Netherlands, Denmark,
Sweden, England, Ireland, Belgium, and Lithuania. European journal of cancer. 2016;63:110-117.
Bottle A, Middleton S, Kalkman CJ, Livingston EH, Aylin P. Global comparators project: international
comparison of hospital outcomes using administrative data. Health services research. 2013;48(6 Pt
1):2081-2100.

177

Chapter 9
19. Kiderlen M, Walsh PM, Bastiaannet E, et al. Treatment strategies and survival of older breast cancer
patients - an international comparison between the Netherlands and Ireland. PloS one.
2015;10(2):e0118074.
20. Davies J, Yudkin JS, Atun R. Liberating data: the crucial weapon in the fight against NCDs. The lancet
Diabetes & endocrinology. 2016;4(3):197-198.
21. Garcia-Etienne CA, Tomatis M, Heil J, et al. Mastectomy trends for early-stage breast cancer: a report
from the EUSOMA multi-institutional European database. European journal of cancer. 2012;48(13):19471956.
22. Kamali P, Koolen PG, Ibrahim AM, et al. Analyzing Regional Differences over a 15-Year Trend of OneStage versus Two-Stage Breast Reconstruction in 941,191 Postmastectomy Patients. Plastic and
reconstructive surgery. 2016;138(1):1e-14e.
23. Kummerow KL, Du L, Penson DF, Shyr Y, Hooks MA. Nationwide trends in mastectomy for early-stage
breast cancer. JAMA surgery. 2015;150(1):9-16.
24. Neuburger J, Macneill F, Jeevan R, van der Meulen JH, Cromwell DA. Trends in the use of bilateral
mastectomy in England from 2002 to 2011: retrospective analysis of hospital episode statistics. BMJ
open. 2013;3(8).
25. Pesce CE, Liederbach E, Czechura T, Winchester DJ, Yao K. Changing surgical trends in young patients
with early stage breast cancer, 2003 to 2010: a report from the National Cancer Data Base. J Am Coll
Surg. 2014;219(1):19-28.
26. Roth RS, Lowery JC, Davis J, Wilkins EG. Quality of life and affective distress in women seeking immediate
versus delayed breast reconstruction after mastectomy for breast cancer. Plastic and reconstructive
surgery. 2005;116(4):993-1002; discussion 1003-1005.
27. Girotto JA, Schreiber J, Nahabedian MY. Breast reconstruction in the elderly: preserving excellent quality
of life. Annals of plastic surgery. 2003;50(6):572-578.
28. Maly RC, Liu Y, Kwong E, Thind A, Diamant AL. Breast reconstructive surgery in medically underserved
women with breast cancer: the role of patient-physician communication. Cancer. 2009;115(20):48194827.
29. Anderson SG, Rodin J, Ariyan S. Treatment considerations in postmastectomy reconstruction: their
relative importance and relationship to patient satisfaction. Annals of plastic surgery. 1994;33(3):263270; discussion 270-261.
30. Rowland JH, Desmond KA, Meyerowitz BE, Belin TR, Wyatt GE, Ganz PA. Role of breast reconstructive
surgery in physical and emotional outcomes among breast cancer survivors. Journal of the National
Cancer Institute. 2000;92(17):1422-1429.
31. Schain WS. Breast reconstruction. Update of psychosocial and pragmatic concerns. Cancer. 1991;68(5
Suppl):1170-1175.
32. Lee C, Sunu C, Pignone M. Patient-reported outcomes of breast reconstruction after mastectomy: a
systematic review. J Am Coll Surg. 2009;209(1):123-133.
33. Wong A, Snook K, Brennan M, et al. Increasing breast reconstruction rates by offering more women a
choice. ANZ journal of surgery. 2014;84(1-2):31-36.
34. Dutch Breast Cancer Guideline. https://richtlijnendatabase.nl/en/richtlijn/breast_cancer/breast_cancer.
html. Assessed: December 16th, 2016.
35. Early and locally advanced breast cancer: diagnosis and treatment. NICE guideline. February 2009.
National Collaborating Centre for Cancer.
36. Jagsi R, Jiang J, Momoh AO, et al. Trends and variation in use of breast reconstruction in patients with
breast cancer undergoing mastectomy in the United States. Journal of clinical oncology : official journal
of the American Society of Clinical Oncology. 2014;32(9):919-926.
37. Habermann EB, Abbott A, Parsons HM, Virnig BA, Al-Refaie WB, Tuttle TM. Are mastectomy rates really
increasing in the United States? Journal of clinical oncology : official journal of the American Society of
Clinical Oncology. 2010;28(21):3437-3441.
38. Tuttle TM, Rueth NM, Abbott A, Virnig BA. Trends in the local treatment of breast cancer: should we be
worried? Journal of surgical oncology. 2011;103(4):313-316.

178

Immediate Breast reconstruction in the Netherlands and the United States
39. Wilkins EG, Alderman AK. Breast reconstruction practices in north america: current trends and future
priorities. Seminars in plastic surgery. 2004;18(2):149-155.
40. Agarwal S, Pappas L, Neumayer L, Agarwal J. An analysis of immediate postmastectomy breast
reconstruction frequency using the surveillance, epidemiology, and end results database. The breast
journal. 2011;17(4):352-358.
41. Alderman AK, McMahon L, Jr., Wilkins EG. The national utilization of immediate and early delayed breast
reconstruction and the effect of sociodemographic factors. Plastic and reconstructive surgery.
2003;111(2):695-703; discussion 704-695.
42. Macadam SA, Ho AL, Lennox PA, Pusic AL. Patient-reported satisfaction and health-related quality of life
following breast reconstruction: a comparison of shaped cohesive gel and round cohesive gel implant
recipients. Plastic and reconstructive surgery. 2013;131(3):431-441.
43. Atisha D, Alderman AK, Lowery JC, Kuhn LE, Davis J, Wilkins EG. Prospective analysis of long-term
psychosocial outcomes in breast reconstruction: two-year postoperative results from the Michigan
Breast Reconstruction Outcomes Study. Annals of surgery. 2008;247(6):1019-1028.
44. Kamali P, Paul MA, Ibrahim AM, et al. National and Regional Differences in 32,248 Postmastectomy
Autologous Breast Reconstruction Using the Updated National Inpatient Survey. Annals of plastic
surgery. 2017.
45. Kamali P, Koolen PG, Paul MA, Medin C, Shermerhorn M, Lin SJ. Regional and National Trends Over 20
Years in One-Stage vs Two-staged Implant Based Breast Reconstruction. Plastic and reconstructive
surgery. 2015;136(4 Suppl):122.
46. Bucknor A, Chattha A, Ultee K, et al. The financial impact and drivers of hospital charges in contralateral
prophylactic mastectomy and reconstruction: a Nationwide Inpatient Sample hospital analysis. Breast
cancer research and treatment. 2017.
47. Kamali P, Curiel D, van Veldhuisen CL, et al. Trends in immediate breast reconstruction and early
complication rates among older women: A big data analysis. Journal of surgical oncology.
2017;115(7):870-877.
48. Kamali P, Zettervall SL, Wu W, et al. Differences in the Reporting of Racial and Socioeconomic Disparities
among Three Large National Databases for Breast Reconstruction. Plastic and reconstructive surgery.
2017;139(4):795-807.
49. Kamali P, Paul MA, Ibrahim AMS, et al. National and Regional Differences in 32,248 Postmastectomy
Autologous Breast Reconstruction Using the Updated National Inpatient Survey. Annals of plastic
surgery. 2017;78(6):717-722.
50. NABON Breast Cancer Audit (NBCA). Available at: https://www.dica.nl/nbca/home. Assessed: June 1st
2016.
51. van Bommel AC, Spronk PE, Vrancken Peeters MT, et al. Clinical auditing as an instrument for quality
improvement in breast cancer care in the Netherlands: The national NABON Breast Cancer Audit. Journal
of surgical oncology. 2017;115(3):243-249.
52. van Bommel AC, Mureau MA, Schreuder K, et al. Large variation between hospitals in immediate breast
reconstruction rates after mastectomy for breast cancer in the Netherlands. J Plast Reconstr Aesthet
Surg. 2017;70(2):215-221.
53. National Cancer Institute, Surveillance Epidemiology , and End Result (SEER) data description. Available
at: http://seer.cancer.gov/data/ Assessed: 1 Dec. 2015.
54. SEER Data Elements Description. Available at: https://seer.cancer.gov/data/seerstat/nov2015/TextData.
FileDescription.pdf. Assessed: February 23rd 2017.
55. Bleicher RJ, Ruth K, Sigurdson ER, et al. Time to Surgery and Breast Cancer Survival in the United States.
JAMA Oncol. 2016;2(3):330-339.
56. Frasier LL, Holden S, Holden T, et al. Temporal Trends in Postmastectomy Radiation Therapy and Breast
Reconstruction Associated With Changes in National Comprehensive Cancer Network Guidelines. JAMA
Oncol. 2016;2(1):95-101.
57. Fischer JP, Wes AM, Tuggle CT, et al. Mastectomy with or without immediate implant reconstruction has
similar 30-day perioperative outcomes. J Plast Reconstr Aesthet Surg. 2014;67(11):1515-1522.

179

Chapter 9
58. Nwaogu I, Yan Y, Margenthaler JA, Myckatyn TM. Venous Thromboembolism after Breast Reconstruction
in Patients Undergoing Breast Surgery: An American College of Surgeons NSQIP Analysis. J Am Coll Surg.
2015;220(5):886-893.
59. Tannock IF, Amir E, Booth CM, et al. Relevance of randomised controlled trials in oncology. The Lancet
Oncology. 2016;17(12):e560-e567.
60. Porter ME. What is value in health care? The New England journal of medicine. 2010;363(26):2477-2481.
61. James S, Rao SV, Granger CB. Registry-based randomized clinical trials--a new clinical trial paradigm.
Nature reviews Cardiology. 2015;12(5):312-316.
62. Agarwal S, Kidwell KM, Farberg A, Kozlow JH, Chung KC, Momoh AO. Immediate Reconstruction of the
Radiated Breast: Recent Trends Contrary to Traditional Standards. Annals of surgical oncology.
2015;22(8):2551-2559.
63. Annual report Dutch Institute for Clinical Auditing 2013. Available at: https://www.dica.nl/media/332/
DICA-jaarrapportage-2015.pdf Assessed: 1 April 2016.
64. Dutch Breast Reconstruction Guideline. https://richtlijnendatabase.nl/en/richtlijn/breast_reconstruction/
breast_reconstruction_after_mastectomy.html Assessed: September 15 2016.

180

Chapter

10

Discussion and future perspectives

181

Discussion and future perspectives
The preceding work illustrates the utility of “big data” in the form of large-volume
databases to study trends and variation in patients undergoing breast reconstructive
surgery. But what are the limitations and drawbacks of big data and large-volume
databases? What is the current state of big data in healthcare globally? What about
future perspectives? Moreover, how will the future of plastic surgery be impacted and
what is the role of national and international plastic surgery societies? In this chapter,
we will elaborate on all of the above questions, starting with the limitations of the largevolume databases used in this thesis. We then take a step back and discuss big data in a
global context, touching on the current state, challenges and ongoing efforts to address
these challenges. We continue the discussion by elaborating on the role of artificial
intelligence, where we are now and what the future might look like in the field plastic
surgery. We conclude by discussing the role of national plastic surgery societies in the
era of big data.

LIMITATIONS OF LARGE-VOLUME DATABASES
National registries can be designed to capture entire population data, acts as a
surveillance tool, or monitor longitudinal trends. A robust registry can provide true
population estimates and can detect small differences with remarkable statistical
power. The success of a registry relies on multiple participating centers and the
collection of clinically relevant data. Technological advancements, such as HIT and EHR
have unlocked new possibilities for efficient data capture and widespread opportunities
to merge massive datasets, particularly in the setting of national registries and
administrative data. These large-volume databases provide a unique opportunity for
observational plastic surgical research to examine research questions that cannot be
examined in most RCTs. This being said, big data and large-volume databases do not
only have immense potential, but also several limitations. Although large-volume
databases play an important role in plastic surgery outcomes research, results from
these studies should be viewed critically. Large-volume administrative database studies
have broad generalizability, a large number of patient records, less attrition than clinical
trials, are faster and less costly than primary data collection. The limitations of database
studies are therefore inherently related to observational study designs and datasets.

Variables
Similar to a retrospective chart review, researchers are restricted to the data that were
collected and recorded in the database. For example, administrative databases, such as
the NIS, lack clinically relevant data, such as cancer stage and histology, family history of
breast cancer, surgical procedure specific information and other information that can
influence the decision-making process for the type of mastectomy and reconstruction
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chosen within the plastic surgery population. Clinical databases, such as the ACS-NSQIP,
SEER and NBCA are developed with specific clinical goals in mind and therefore
populated with defined patient information but certain data points of interest may be
missing. As we demonstrated in chapter 5, in the ACS-NSQIP database, complications
are limited to 30 days postoperatively. Complications occurring after 30 days are not
captured. Although this 30-day window may be sufficient to capture most medical
complications, in patient undergoing plastic surgical operation it sometimes takes
longer than 30 days for complications, such as fat necrosis or abdominal wall hernia to
become evident.

Coding
A common limitation shared by the majority of administrative databases is that they are
dependent on ICD-9 and/or CPT codes to isolate comorbidities, diagnoses, procedures
and complications. These codes were originally not developed for research purposes
and their use may only be valid for certain diagnoses, procedures or complications.
Details that may be lacking include disease severity, tumor size, lymph node status and
tumor grading. Second, the extraction of these CPT and ICD-9 codes often comes from
insurance claims or hospital-level records which may be influenced by reimbursement
strategies or coded by non-medical team members. Two recent studies demonstrated
higher rates of postoperative complications in the NIS database when compared to the
ACS-NSQIP database for the same procedure. This despite NIS only capturing inpatient
complications while ACS-NSQIP captures morbidity and mortality for up to 30 days after
the index procedure.1,2 The NIS database uses billing records as a component of its data
extraction while the ACS-NSQIP data is collected by a trained reviewer using established
definitions. And finally, variations in coding may be due to clerical errors or various
interpretations of discharge summaries, operative records, or other healthcare
documentation. Variation in coding can also be due to annual updates of ICD-9 and CPT
codes, in which the definition of a particular code may change. For example, in 2009 the
ICD-9 code for deep venous thrombosis changed to differentiate acute from chronic
deep venous thrombosis events. The international community has made significant
steps to address these problems by introducing ICD-10 codes. The overall number of
codes and diagnoses have significantly increased when going from ICD-9 (+/- 17,000
codes) to ICD-10 (>155,000) codes.3 However, the transition period might not produce
reliable data.

Sample size selection
Because large-volume database studies are not randomized, sample selection bias is the
greatest design limitation, whereby observed outcomes may differ because patients
differed at baseline on factors other than treatment. Important baseline variables
known to impact outcomes must be available and reliable, and variables can sometimes
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be combined to obtain information that is not available from a single variable. Sampling
of the type of hospital is another factor that may influence the sample selection. As
demonstrated in chapter 7, the ACS-NSQIP, NIS, and the SEER databases are used
extensively as a nationwide representation of the U.S. population, but major variations
exist in the states covered by the different databases. For example, the NIS and the
ACS-NSQIP reflect practice patterns in 47 or more states, whereas the SEER database
reflects practice in only 17 states. Moreover, the SEER database lacks coverage of the
majority of the major cancer centers throughout the United States.

Other limitations
Other limitations include the inability to determine surgical or treatment quality, lack of
functional and aesthetic outcomes, and the potential inability to follow patients over
time. The large number of patient encounters or procedures found in these databases
often leads to statistical significance where real clinical significance may be lacking.

BIG DATA IN HEALTHCARE: A GLOBAL VIEW
Over the last years, the international community has increasingly recognized the
importance of health information technology and the potential impact of big data in the
healthcare setting. Globally, investment in healthcare big data was estimated to be
$14.25 billion in 2017. This investment is predicted to increase to over $68.75 billion by
the end of 2025.4 In terms of return of investment, estimates predict that
implementation of nationwide health information technology will result in a reduction
of 12 to 17 percent of the $2.6 trillion baseline US healthcare costs. This equates to up
to $300 to $450 billion in savings by 2020 in the United States alone.5,6 Similar potential
savings in healthcare costs have been estimated for Europe.6,7 Moreover, the European
Union has recently announced a $24 billion investment in artificial intelligence, aiming
to transform the field of big data, including healthcare big data.8 Currently, Asia and the
United States each invest more in AI than three times that of Europe.
Despite increasing awareness of the benefits of big data and the related
methodological and technological advances that are being made, many countries
appear to be slow in adopting approaches based on such data.9 The reasons may
include gaps in funding, leadership and technical expertise, and competing priorities
within the health system.10 Many governments are still considering appropriate policy
options. In 2015, according to the World Health Organization’s Global Observatory for
eHealth, only 21 (17%) of the 125 Member States surveyed reported having a policy or
strategy regulating the use of big data in their health sectors.11
One of the most promising examples of big data in global health may emerge from
India’s ambitious personal identification program. Since 2010 the government of India
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has been issuing Aadhaar cards and unique identifying numbers to all 1.2 billion of its
citizens.12 The cards, numbers and associated biometric identification offer the
possibility of generating and monitoring health and social data – including electronic
medical records and information on health insurance for low-income families – on a
huge scale.12,13 Even if limited in its current reach, the Aadhaar system forms a
backbone that could allow the more reliable and extensive collection of health statistics.
This, in turn, could lead to dramatic improvements in the planning and delivery of public
health interventions.

Medical Record: Toward Universal Electronic Health Records?
In the fifth century B.C., medical reporting was highly influenced by Hippocrates. He
advocated that the medical record serve two goals: it should accurately reflect the
course of disease, and it should indicate the possible causes of disease.14 Patient
records date back to ancient civilization. Traditionally, the record was for the benefit of
the physician; in its purest form, the record told the medical story of a patient, enabling
the doctor to remember details that would otherwise be lost to memory. As technology
continued to improve and develop, medical records took on entirely new functions in
the latter part of the 20th century. More recently, paper records are increasingly being
replaced with electronic health records (EHRs). If used and shared effectively, EHRs
have the potential to improve the quality and convenience of health care and the
effectiveness of health research.
In 2009, the United States Congress passed The Health Information Technology for
Economic and Clinical Health (HITECH) act, aiming to give every American access to
private, secure, and portable electronic health records.15 Under the HITECH Act, the
United States Department of Health and Human Services invested $25.9 billion to
promote and expand the adoption of health information technology. As part of this bill,
tens of billions of dollars were invested in incentives for healthcare providers to
implement EHRs. In 2008, prior the enactment of HITECH, 17 percent of physicians
were using advanced electronic health records and just 9 percent of hospitals had
adopted electronic health records throughout the United States.16 Recent studies reveal
a significant increase in the adoption of EHRs since the implementation of the HITECH;
over 87 percent of physicians and over 95 percent of hospitals have adopted any type
of EHR.17,18 While the United States has made substantial progress in digitizing health
records, most patients are still unable to easily transfer their complete medical records
to a new provider, share their records securely with other family members or
caregivers, or donate their medical data for research.
In Europe, The European Commission has set a goal to enable all Europeans to have
access to online medical records anywhere in Europe by 2020.19 Following the
enactment of Article 14 of Directive 2011/24/EU on patients' rights in cross-border
healthcare, the eHealth Network was set up to facilitate the cooperation between the
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European eHealth systems and to draw up a series of guidelines to facilitate the crossborder transferability of medical data, taking into account the EU data protection
rules.20 That being said, there are broad differences within and across Europe with
regards to privacy protection and data sharing policies. To address this problem, since
2014, the EU has implemented a European Health Parliament (‘EHP’) to explore
solutions to Europe’s healthcare problems.21 The topic of ‘big data in healthcare’ has
been discussed, with one EHP proposal being the creation of a Europe-wide connected
Electronic Health Records Organization (‘EHRO’), with the intention being to collect and
use patients’ health data across member states and thus empower patients and enable
better health outcomes. Although significant steps have been made toward this goal,
the adoption of EHRs within Europe varies greatly.22

How Safe is Your Data?
The concept of a centralized supranational central server raises concerns about storing
electronic medical records in a single location. The privacy threat posed by a
supranational network is a key concern. Cross-border and interoperable electronic
health record systems make confidential data more easily and rapidly accessible to a
wider audience and increase the risk that personal data concerning health could be
accidentally exposed or easily distributed to unauthorized parties by enabling greater
access to a compilation of the personal data concerning health, from different sources,
and throughout a lifetime. In 2015, one major US health insurer reported that hackers
had broken into its database and stolen records that contained personal information for
approximately 80 million customers and employees.23 The following year, Community
Health Systems fell victim to the computer bug Heartbleed and data from 5.4 million
patients was taken.24 More recently, in 2017 a cyberattack on the NHS in the UK
paralyzed the entire computer system. Patients were told to stay home; doctors and
nurses were unable to access email or medical records and had to take notes by hand.
The hackers demanded a ransom, to be paid in bitcoin.25 Medical data is a popular
target for criminals. Reuters estimates that medical information is worth 10 times more
than credit card information on the black market as perpetrators attempt to receive
treatment they would otherwise pay for.26 At the national and international level,
effective strategies for data integration, interoperability and security standards are
essential to assure data safety and security.

Ownership of Data
As discussed above, patient medical records are undergoing a seismic shift. The
transition from paper to electronic records has created new opportunities for sharing
information among healthcare providers, between physicians and patients, and with
third parties. However, the question remains; who owns this data? In general,
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ownership of information belongs to the individual or company who created or
authored that information. For example, intellectual property laws protect “original
works of authorship.” Medical records represent professional medical opinions of a
physician or a medical institution, and therefore may not necessarily be the patient's
property. In the United States, every state has different laws about who owns medical
record data.27 Under federal and state law, patients have legal privacy, security and
accuracy rights related to their health information. However, once that information is
captured and documented in written or electronic form (e.g., paper chart or electronic
data file), and since the health care provider owns the media in which the information is
recorded and stored, the health care provider gains the property right of possession of
data. In essence, the health care provider becomes the legal custodian of your health
care record and is given specific legal rights and duties relating to possession and
protection of that health record. Steps have been taken to implement a “patient-driven
economy”.28 In such a scenario, the patient owns his or her data, and can for example
sell his or her medical information to a drug company on his or her terms for a specific
purpose like drug trail. A recent start-up, Hu-manity.co aims to make this a reality by
creating a health data marketplace with help from blockchain.29 The start-up has
developed proprietary technology that identifies existing legal corridors in privacy
regulations, and has designed new intelligent contracts on blockchains which patients
can use to negotiate new terms of consent and authorization with corporations.
Starting with healthcare data, Hu-manity.co’s global inherent Human Data Consent and
Authorization Blockchain (HD-CAB) will empower individuals to manage consent and
authorization for companies currently using their inherent human datasets.
Empowering patients to take control of their data could be of particular importance for
cross-border healthcare and health research activities in Europe where healthcare, and
the concept of “data ownership” is highly fragmented and multinational. Transfer of
medical data from one country to another in the EU is very difficult. Ownership of data
by patients could overcome these obstacles and unleash new ways to stimulate a
competitive health-driven economy.

Database Alignment and Data Sharing
Patient registries have for decades served as a key tool for assessing clinical outcomes,
and clinical and health technology performance. They provide significant potential for
research and public health improvements globally, owing to the large volume of
patients in each registry and the variety of quality medical information related to each
patient. As a result, hundreds, if not thousands of registries have been set up. These
different types of “big data” collectively offer unique opportunities to study patterns of
care, guideline adherence, variation in practice, and outcomes following interventions.
Comparing these data across populations and time points can facilitate new scientific
discoveries, faster access to treatment interventions, and enable differences between
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populations to be delineated, allowing for identification of optimal treatment protocol
and strategies aiming to improve quality of care globally. Yet to date, the ability to
compare data is greatly limited by the heterogeneity of data elements, variable
definitions, inclusion criteria, and coding systems in the registries. Moreover, patient
records can be computationally opaque, for example, in the form of free text, recorded
speech, or medical images, translation into a format compatible with computational
analyses will be necessary. As seen in chapter 8, data in different languages, timeconsuming searches, and identification are other important barriers. For this reason,
direct comparisons of data variables between countries are rarely done because disease
and treatment information contained within these datasets cannot be aggregated into a
single, searchable database. Although the recording of hospital discharge information
may be standardized within countries, it is not the case across international borders.
Generally speaking, cancer registries have international coding rules, supported by the
International Association for Cancer Registries and the European Network for Cancer
Registries. Yet differences in diagnostic and treatment coding rules and the lack of
standardized health outcomes measurements hinder optimal monitoring and
comparison of the quality of health care across different settings globally.

International Efforts Addressing Current Challenges
The public health benefits of data sharing have been widely recognized and emphasized
over the past decade.30-33 The Belmont Report, which provides the framework for
human subjects research in the United States, indicates that researchers have a duty to
both reduce potential harm to subjects and maximize the possible benefits of the
research.34 Because sharing data has the potential to positively impact society on the
basis of subject participation, by providing greater opportunities for scientific discovery;
some argue that researchers may have an ethical duty to share their data unless doing
so would increase risk to subjects.35 Yet to date, many legal and technical challenges
related to the sharing of data exist. As scientific research is progressively dependent on
large and complex data sets, they are stored or made available separately from the
actual publication because of sheer size. But when data are saved, the ways in which
they are stored and catalogued is uneven, making discovery and linking of the data set
difficult or even impossible. Over the last decade, the scientific community has
increasingly advocated for sharing of data. Other groups have preferred standardization
of health outcome measurements. On an international level, different stakeholders
have implemented steps toward safely storing, sharing and reusing data across
disciplines and borders.
Over the past few years, several organizations have led efforts to address key parts of
these problems at a high level, such as the FAIR (findable, accessible, interoperable, and
reusable) data principles, the Transparency and openness promotion (TOP) guidelines
and the International Consortium for Health Outcomes Measurement (ICHOM).
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Moreover, more recently the European commission has launched the “European Open
Science Cloud”, a cloud for research data.
The main objective of the FAIR Data Principles is to optimize preparation of research
data for man and machine. The FAIR Data Principles are based on four fundamental
principles- Findability, Accessibility, Interoperability, and Reusability. The principles
support a wide range of new international initiatives, such as the European Open
Science Cloud and the NIH big Data to Knowledge. This is done by provision of clear
guidelines that ensure all data and associated services in the emergent “Internet of
Data” are findable, accessible, interoperable, and reusable, not only by people, but also
by machines. Recognizing that computers must be capable of accessing a data
publication autonomously, unaided by their human operators, is core to the FAIR
Principles. Computers are now an inseparable companion in every research endeavour.
Contemporary scientific datasets are large, complex, and globally-distributed, making it
almost impossible for humans to manually discover, integrate, inspect, and interpret
them. This (re)usability barrier has, until now, prevented us from maximizing the returnon-investment from the massive global financial support of big data research and
development projects, especially in the life and health sciences. With respect to Open
Science, the FAIR Principles advocate being “intelligently open”, rather than “religiously
open”. The Principles do not propose that all data should be freely available - in
particular with respect to privacy-sensitive data. Rather, they propose that all data
should be made available for reuse under clearly-defined conditions and licenses,
available through a well-defined process, and with proper and complete
acknowledgement and citation. Data and metadata should be easy to locate, both by
humans and by computer systems. Basic machine-readable descriptive metadata enable
the discovery of interesting datasets and services. Each dataset is assigned a globally
unique and persistent identifier, (e.g. a Digital Object Identifier (DOI)).
The Transparency and Openness Promotion (TOP) guidelines, founded in 2014, aims
to address the journal procedures and policies for publication.36 The objectives of the
guidelines are “to encourage greater transparency and reproducibility of research in the
published record” with the ultimate goal of improving “both research practices and the
credibility and reputation of the field of science”.37 Transparency, openness, and
reproducibility are readily recognized as vital features of science. The group states that in
the present system, emphasis on innovation may undermine practices that support
verification. For example, in purely transparent scientific work, both null results and
statistically significant results are made available and help others to accurately assess the
evidence base for a phenomenon. In the present culture, however, null results are
published less frequently than statistically significant results and are, therefore, more likely
to be inaccessible and lost in the “file drawer”.38 The guidelines promulgate eight
transparency standards that can be implemented in whole or part by journals. Journals that
adopt the guidelines will choose the level of their implementation for each standard,
ranging from level 0, connoting no implementation of the standard, to level 3, connoting

190

Discussion and future perspectives
full implementation and active policing of the standard by the journal editors. Adoption of
the guidelines will require authors, reviewers, and editors to view research papers through
a different lens than they currently use; one that focuses on adherence to the guidelines.
The International Consortium for Health Outcomes Measurement (ICHOM) was
founded in 2012 to promote value-based health care by defining global standard sets of
outcomes measures and to promote adoption of these measures worldwide. The group
aims to transform health care systems globally by measuring and reporting patient
outcomes in a standardized fashion. To date, ICHOM has developed 24 standardized
sets, one of which addresses breast cancer.39 Still this dataset does not describe tumor,
diagnostic and treatment data in details, but mainly focusses on patient reported
outcomes such as Quality of life.
First launched in 2015, European Open Science Cloud (EOSC) offer Europe’s 1.7
million researchers and 70 million science and technology professionals a virtual
environment with free, at the point of use, open, and seamless services for storage,
management, analysis and re-use of research data, across borders and scientific
disciplines.40 EOSC will furthermore provide a secure environment where privacy and
data protection are guaranteed by design, based on recognized standards, and where
users can be confident concerning data security and liability risks. Australia imagines a
similarly ambitious future, enabled through its research infrastructure; illustrated most
recently in the 2016 National Research Infrastructure Roadmap.41 Similar steps towards
“cloud computing” in research have been made in other countries. In the United States
(US), for example, the National Institutes of Health is promoting the deposition of
research data on diverse cloud platforms, including commercial clouds, to facilitate data
sharing.42

Artificial Intelligence
In April 2018, there was a public outcry on Facebooks’ policy, use and processing of
personal data.43 It appeared that Facebook had asked several major U.S. hospitals to
share anonymized data about their patients, such as illnesses and prescription
information for a proposed research project. Facebook was intending to match it up
with user data it had collected, and help the hospitals figure out which patients might
need special care or treatment. While the data shared would obscure personally
identifiable information, such as the patient's name, Facebook proposed using a
common computer science technique called "hashing" to match individuals who existed
in both sets. This real-life example perfectly reflects the relation and potential use of
health data, big data, artificial intelligence and challenges such as privacy.
With the unprecedented growth in healthcare data, organizations are employing
analytical tools, artificial intelligence, and machine learning techniques to derive datadriven insights in order to reduce healthcare costs, enhance revenue streams, develop
personalized medicine, and manage proactive patient care. Artificial intelligence is the
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concept of machines performing tasks that once required human intelligence to
complete.44 Examples of the potential use of AI in healthcare include early detection,
diagnosis, decision making, treatment, research and training.45 For example, AI has
demonstrated its aptitude for improving the efficiency of image analysis by quickly and
accurately flagging specific anomalies for a radiologist’s review. That type of automated
analysis could find and match specific lung nodules (on chest CT images) between 62%
to 97% faster than a panel of radiologists.46 A subfield of artificial intelligence, machine
learning, involves generating algorithms capable of knowledge acquisition through
historical examples.45 IBM Watson Health (International Business Machines Corp.,
Armonk, N.Y.) cognitive computing system has used machine learning approaches to
create a decision support system for physicians treating cancer patients, with the
intention of improving diagnostic accuracy and reducing costs.47,48 Initially trained at
Memorial Sloan Kettering Cancer Center using large volumes of patient cases and over 1
million scholarly articles, the project now has 14 participating cancer centers. All of
these centers contribute to an ever-expanding corpus of information that helps Watson
fine tune its ability to recommend optimal treatment options for cancer patients based
on the nature of their specific illness.47,48 More recently, Royal Philips, together with its
consortium partners, have received funding from the EU’s Horizon 2020 program to
pilot big data solutions to achieve better patient outcomes in healthcare at a lower cost.
The three-year program is the largest EU-funded initiative to transform the region’s
healthcare sector through the use of big data. The program aims to improve patient
outcomes and increase productivity in the health sector by applying AI technologies to
complex datasets across the data value chain. This includes data from patients,
healthcare providers, health insurers and medical technology providers. By bringing
together all the key players from across health data value chains, the program seeks to
break down the barriers between traditional healthcare silos and combine data sources
to unlock new insights and enable collaborative innovation. It will also ensure the
security and privacy of personal data is protected and managed within national and EU
regulatory frameworks. With funding shared across 35 partners in 12 countries, the
collaboration will combine insights from more than 11 million patients. It will be divided
into three areas: Population Health and Chronic Disease Management, Oncology, and
the Industrialization of Healthcare. With the majority of health budgets currently spent
on treatment, the program will also implement pilots across the care continuum, from
prevention to diagnosis, and treatment to home care.
In the field of plastic and reconstructive surgery, AI and deep learning can be applied
in a variety of subspecialties including burn surgery and postoperative monitoring after
microsurgery. An early application of machine learning related to plastic surgery was
the development of a method to accurately determine healing time in burn injury.49
Using reflectance spectrometry and an artificial neural network, researchers developed
a model to predict whether a burn would take more or less than 14 days to heal,
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ultimately serving as a proxy for the assessment of burn depth for surgical planning.50
Future use of AI in plastic surgery might be in providing the surgeons with quantitative
support to aid decision-making and surgical actions.

The Role of International and National Societies
With the number of countries currently developing and conducting research with
national registries, and significant steps being made towards the application of artificial
intelligence in medicine and the surgical field, it is of utmost importance for the
international plastic surgery community to unify and collaborate in order to improve
care and add true value to our patients. The International Confederation of Plastic
Surgery Societies (ICOPLAST) can play a significant role in leading this effort. ICOPLAST
was formed in 2016 as a confederation of national plastic surgery societies; meaning
that its members are national plastic surgery societies rather than individual plastic
surgeons.51 To date, ICOPLAST has 62 members representing approximately 21,000
plastic surgeons.52
The mission of ICOPLAST is to:
1. Improve patient outcomes worldwide
2. Educate, communicate, advocate and advance the specialty of Plastic Surgery
globally
3. Ensure that quality and safety are the essential components of reconstructive and
aesthetic plastic surgery training and patient care
4. Encourage collaboration of national plastic surgery societies worldwide
In order to improve patient outcomes worldwide, quality data is needed. This can be
achieved by internationally defined items and sharing of national country level registries
in order to enhance patient care. Harmonization of databases utilized to study topics of
interest to the plastic surgical society is of importance in order to correctly interpret the
data. Serving as an umbrella organization, ICOPLAST can enhance the unification of
defining a necessary item set (minimal dataset) for national databases to compare and
contrast treatment patterns internationally in order to further improve breast
reconstructive care. To achieve this, alignment of databases with clear and uniform
definitions globally is of utmost importance. These data can be stored and analyzed into
the ongoing current cloud-science efforts that are emerging globally. In the future,
ICOPLAST can serve as a representation of the plastic surgery community worldwide.
Future application might entail comparing and contrasting qualitatively good plastic
surgical data on an international level, for example, with the use of AI or deep learning.
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1. EVALUATING TRENDS
Using big data collected from the largest administrative database in the United States,
the National Inpatient Sample database (NIS), we evaluated the national and regional
trends of different breast reconstruction techniques. In chapter 1, we evaluated the in
the use of immediate (one-stage) or delayed (two-stage) implant-based breast
reconstruction over a period of 15 years. For women opting for mastectomy after
breast cancer, the preferred method of postmastectomy breast reconstruction is
implant-based.1 Traditionally, implant-based breast reconstruction is performed in a
two-stage fashion. In the first stage, a tissue expander is placed followed by
replacement of the tissue expander with a permanent implant (saline or silicone) in the
second stage.2 Due to improved surgical technique, various studies report a significant
increase in immediate one-stage implantation of a permanent implant.3-10 Although
numerous studies have consistently reported successful clinical outcomes following
either one-stage or two-stage implant-based breast reconstruction, a large-scale study
focused on overall and regional trends in this type of reconstruction is lacking. In this
chapter, we analyzed over 190,000 patients and evaluated national and regional trends
in postmastectomy implant-based breast reconstruction. Although both one- and twostage procedures showed a significant rise, this study revealed a significantly higher
increase in two-stage procedures, both nationally and regionally in the United States.
Moreover, this study demonstrated that differences in sociodemographic and hospital
variables affect the type of procedure performed in different regions of the United
States. In chapter 2 we evaluated the national and regional trends in the United States
over a period of 5 years using different modalities of autologous breast reconstruction.
Besides implant-only breast reconstruction, autologous breast reconstructive
procedures have evolved to incorporate several options. Globally, DIEP flap breast
reconstruction is the gold standard for autologous breast reconstruction. This study
demonstrated that this flap is not used as a primary flap for breast reconstruction in all
regions. Moreover, differences in sociodemographic and hospital variables were seen
between the different types of autologous breast reconstructions done.

2. LAWS AND LEGISLATION
Big data and large-volume databases can also be used to examine the effect of a law or
legislation. In the United States, the Women’s Health and Cancer Right Act (WHCRA)
was federally enacted in 1998 to ensure that all group and individual health plans
provide insurance coverage for reconstruction after mastectomy regardless of
diagnosis.11 This legislation represented a paradigm shift in the availability of
reconstruction by eliminating economic hurdles to care. Although a greater number of
women have opted for breast reconstruction in the years after the WHCRA, this trend
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was not consistent across all demographic groups. Significant disparities exist based on
access to health care, age, race, geographic location, and patient education.12-21
Moreover, a large body of available literature suggests that insurance status plays a key
role in patient access to immediate breast reconstruction. 12,13,16-18,22-24 These reports
suggest that women with government owned Medicare healthcare insurance are
significantly less likely to undergo breast reconstruction when compared to women with
private insurance. That being said, these studies did not take age and related
comorbidities into account. In chapter 3 we performed a matched cohort analysis to
examine the differences between pre- and post-Medicare, and utilization of breast
reconstruction. Using the NIS data for the years 1992 to 2013, we identified breast
cancer patients undergoing immediate breast reconstruction. To minimize confounding
medical variables, 64-year-old privately insured women were compared to 66-year-old
Medicare-insured women. This chapter demonstrates a significant increase in
immediate breast reconstruction rates in both cohorts. Moreover, after an initial slower
upward trend, across a decade, immediate breast reconstruction in 66-year-old
Medicare-insured women approached similar rates of breast reconstruction among
those with private insurance. We demonstrated that in recent years, there have been
no significant differences in the receipt of immediate breast reconstruction in both
groups. One reason for the reported disparity in the literature may be due to the fact
that women have been analyzed based on insurance type without regard for patient
age and associated comorbidities.

3. DISPARITIES
Globally, the majority of patients diagnosed with breast cancer or DCIS are aged 60
years or older.25 With an estimated growth forecast of 57% from 2010 to 2030, older
patients with early stage breast cancer constitute the most rapidly growing breast
cancer demographic.25,26 Over the last decades, survival rates following breast cancer
diagnosis have improved significantly due to advances in screening and treatment. As
patients are living longer after breast cancer treatment, a stronger emphasis has been
placed on improving quality of life. Although treatment recommendations and
postmastectomy breast reconstruction have been advocated for all women with early
stage breast cancer, only 4.1 – 14% of older women (>60 years of age) undergo
postmastectomy breast reconstruction.27-29 Significant differences exist in the “elderly”
patient population although some may suffer with worsening health, many older
women are still active and healthy. In Chapter 4, we used a clinical database, the ACSNSQIP database, to analyze the 30-day complication rates in an older patient population
undergoing breast reconstruction. Using this clinical database, we identified 4450
breast cancer patients and 1104 DCIS patients for the years 2005 to 2014. We
demonstrated that the rates of breast reconstruction decreased with increasing age.
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Yet, despite increasing age, associated complication rates remained stable. These
finding suggest that immediate breast reconstruction in elderly breast cancer patients
may be a viable option with an expected complication rate comparable to that in
younger patients.

4. BIG DATA RESEARCH AND TRADITIONAL OUTCOMES RESEARCH
The advantages of using large-scale databases include timely and clinically relevant
information. The huge samples provide statistical precision, external validity through
less stringent selection of study subjects, and an economic means of investigating
clinical questions. All forms of observational study design can be employed, including
cross-sectional, cohort, case-controlled, case-crossover, and interrupted times series.
That being said, each of these designs suffers from the same limitations as all
nonexperimental research; namely the presence of unmeasured confounding factors
that cannot be adjusted for. In chapter 5 we assessed the reliability of the American
College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) 30day perioperative outcomes and complications for immediate, autologous breast
reconstruction by making a direct comparison to the 30-day and overall data of a high
volume academic center. This chapter showed that the ACS-NSQIP may accurately
represent the incidence of both 30-day and overall complications for surgical site
infection, wound disruption and unplanned readmission, and as such be reliable for
complication monitoring and comparison studies. However, this chapter found that the
ACS-NSQIP may underreport readmissions and complications occurring beyond 30 days.
Chapter 6 compared the rates of psychiatric disorder in patients undergoing free
autologous breast reconstruction captured in the NIS and our institutional database.
The prevalence of psychiatric disorders was similar between both datasets. However,
both databases report a lower prevalence of psychiatric disorders (15.3% and 17.6%)
than the average prevalence of mental health disorders in the general US female
population, which is 21.8% as reported by the National Institution for Mental Health.
This difference may be due to inherent limitations in reviewing the data in a
retrospective fashion. Administrative databases are subject to variations in coding
among providers, coding misclassification, and under-reporting. Possibly, the actual
prevalence of psychiatric disorders- in both databases based on ICD-9 coding- might be
under-reported and thus underestimated.

5. COMPARING NATIONAL AND INTERNATIONAL DATASETS
In breast cancer research, the most commonly used large national databases are the
Surveillance, Epidemiology and End Result (SEER) program, the American College of
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Surgeons’ National Surgical Quality Improvement Program (ACS-NSQIP) and the
Nationwide Inpatient Sample (NIS) database. All three databases have previously been
used to study trends in the surgical treatment of breast cancer and postmastectomy
breast reconstruction. Moreover, these databases collectively offer unique
opportunities to study patterns of care, variation in practice, and outcomes following
surgical intervention. Research derived from these databases have played an increasing
role in the development of clinical guidelines and health policy. Interestingly, these
datasets had not yet been compared. Chapter 7 addresses this gap in knowledge by
comparing these three databases. Patients with invasive breast cancer and DCIS were
identified for the years 2005 – 2012. These databases collectively demonstrated a
significant increase in immediate breast reconstruction; however, the extent of
reporting of overall immediate breast reconstruction rates and of racial disparities
differed significantly between databases. While the NIS and the ACS-NSQIP showed
similar trends, the SEER showed significantly lower rates in several categories. This
showed that the SEER database may not be generalizable to the entire U.S. population.
Globally there are a wide variety of clinical and administrative databases. The ability
to compare these data across populations and time points can facilitate new scientific
discoveries, faster access to treatment interventions, and enable differences between
populations to be delineated. This in turn allows for optimization of treatment protocols
and strategies, and subsequent improvement of quality of care. Yet, the ability to
compare data between databases is greatly limited by the heterogeneity of data
collected, their definitions, and coding. To date, no comparison between large
databases has been made internationally within the field of breast reconstructive
surgery. Chapter 8 is the first proof of concept study to explore the feasibility of
combining two large existing operational databases in two countries; e.g. SEER database
in the United States and NBCA database in the Netherlands. After comparing the
databases on structure and content, the data variables were divided into general,
treatment specific, cancer specific and follow-up variables and were matched. As proof
of concept, mastectomy and immediate breast reconstruction rates in patients
diagnosed with BC or DCIS were analyzed.
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1. EVALUEREN VAN TRENDS
Bij patiënten met borstkanker die borstamputatie ondergaan kunnen grofweg twee
verschillende typen borstreconstructies uitgevoerd worden; reconstructie door middel
van een borstprothese of lichaamseigen, autoloog, weefsel. Terwijl behandeling van
borstkanker zeer geprotocolliseerd is, geldt dit niet voor borstreconstructie. Door
gebruik te maken van de grootste administratieve database van de Verenigde Staten, de
National Inpatient Sample Database (NIS), hebben wij de nationale en regionale trends
van verschillende borstreconstructieve technieken in de Verenigde Staten geëvalueerd.
Over het algemeen wordt borstreconstructie door middel van een borstprothese
het meest uitgevoerd.1 Tot op heden werd borstreconstructie met prothese uitgevoerd
in twee stappen, ook wel bekend als de tweestapsmethode. In deze methode wordt er
tijdens de borstamputatie operatie een tissue-expander geplaatst die na het oprekken
van de huid in een aantal maanden in een tweede operatie (tweede stap) wordt
vervangen door een definitieve prothese.2 In de afgelopen jaren zijn er, onder andere
door verbeterde chirurgische technieken, uitstekende resultaten gerapporteerd met de
eenstaps methode; het direct plaatsen van een definitieve borstprothese tijdens de
borstamputatie operatie.3-10 Ondanks de toename van wetenschappelijke studies naar
de superieure uitkomsten van de eenstaps methode, was er tot op heden geen
grootschalig onderzoek naar de trends van deze twee verschillende technieken
uitgevoerd. In hoofdstuk 1 hebben wij deze twee technieken vergeleken over een
periode van 15 jaar waarbij we meer dan 190.000 borstkankerpatiënten hebben
geanalyseerd. Dit hoofdstuk laat een significante stijging zien van zowel de eenstaps als
tweestaps methode. Ondanks verbeterde chirurgische technieken en de internationale
aandacht rondom de directe eenstaps, zagen wij een significant grotere stijging in het
gebruik van de “traditionele” tweestaps methode. Daarnaast toonde deze studie aan
dat verschillen in socio-economische, demografische- en ziekenhuisvariabelen van
invloed zijn op het type reconstructie dat wordt uitgevoerd.
Als er na een borstamputatie besloten wordt om een autologe borstreconstructie te
ondergaan, zijn er ook hier verschillende technieken waaruit gekozen kan worden. De
Deep Inferior Epigastric Perforator (DIEP) lap borstreconstructie geldt hier als de
gouden standaard. In hoofdstuk 2 hebben wij de nationale en regionale trends van de
verschillende autologe borstreconstructies over een periode van 5 jaar geëvalueerd.
Hoofdstuk twee toonde aan dat de DIEP-lap, ondanks de bewezen superioriteit aan
andere autologe lappen, niet in alle regio’s en staten wordt gebruikt als primaire
autologe reconstructiemethode. Ook hier waren verschillende socio-economische,
demografische en ziekenhuisvariabelen van invloed op het type autologe reconstructie
dat werd uitgevoerd.
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2. WET- EN REGELGEVING
Het Amerikaanse zorgstelsel rust sterk op de particuliere zorgverzekering en is daarom
vooral voor de rijkere Amerikanen betaalbaar en weggelegd. De private zorgverzekering
vormt het belangrijkste deel van de dekking voor de meeste Amerikanen. Ongeveer 58
procent van de Amerikanen heeft een particuliere zorgverzekering en deze is in bijna
alle gevallen via de werkgever of het pensioen betaald. Voor het overige deel van de
bevolking (werklozen, zwakkeren en minder rijke ouderen) is de particuliere
zorgverzekering vrijwel onbetaalbaar. Voor dit deel van de bevolking zijn er een tweetal
door de staat gerunde zorgverzekeringen; Medicare voor de armere 65-plussers en
Medicaid voor mensen of families met een laag inkomen, zwangere vrouwen of mensen
met een handicap. De premies van Medicare en Medicaid worden gezamenlijk met, of
geheel door, de staat betaald. De dekking van deze programma’s zijn echter beduidend
beperkter dan de private zorgverzekeringen.
Big data en grote administratieve en klinische databases kunnen worden gebruikt
om het effect van nieuwe wet- en regelgeving te onderzoeken. Een goed voorbeeld van
wet een regelgeving is de Women’s Health and Cancer Right Act (WHCRA) wet van de
Verenigde Staten. In 1998 is de WHCRA wet aangenomen in de Verenigde Staten. De
WHCRA-wet dicteert dat ongeacht het type zorgverzekering, alle kosten van een
borstreconstructie gedekt moet worden.11 Door deze wet werd borstreconstructie
beschikbaar voor alle vrouwen met elk type zorgverzekering, ongeacht arm of rijk. In de
jaren na de implementatie van de WHCRA-wet werd een significante stijging gezien in
het aantal vrouwen die borstreconstructie ondergingen. Echter was deze trend niet
gelijk in alle demografische groepen. Er werden zorgwekkende verschillen
gerapporteerd in toegang tot gezondheidszorg, leeftijd, ras, geografische locatie van en
voorlichting aan patiënten. 12-21 Bovendien rapporteerden een groot aantal studies dat
ondanks de WHCRA-wet, het type zorgverzekering wat men heeft van invloed is op het
wel of niet ondergaan van borstreconstructie.12,13,16-18,22-24 Velen rapporteerden dat de
armere 65-plussers met Medicare verzekering significant minder vaak
borstreconstructies ondergingen in vergelijking met vrouwen met een privéverzekering.
Bovenstaande studies hebben de Medicare-verzekerden vergeleken met alle vrouwen
met privézorgverzekering, dus ook de jonge borstkanker populatie, en derhalve geen
rekening gehouden met leeftijd gerelateerde comorbiditeiten en variabelen.
In hoofdstuk 3 hebben we beter gekeken naar deze groep door middel van een
gematchte cohortanalyse. We hebben de NIS-database gebruikt en borstkanker
patiënten met privézorgverzekering of Medicare zorgverzekering die tussen 1992 tot
2013 directe borstreconstructie hebben ondergaan met elkaar vergeleken. Om de
leeftijd gerelateerde comorbiditeiten in acht te kunnen nemen, hebben we 64-jarigen
met een privéverzekering vergeleken met 66-jarigen met een Medicare verzekering.
Tussen 1992 en 2013 zagen we in beide groepen een significante toename in directe
borstreconstuctie. Na een aanvankelijk tragere stijging in de Medicare-cohort zagen we
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dat na een aantal jaar het percentage van borstreconstructies in de Medicare-cohort
nagenoeg was gelijkgetrokken met de privéverzekerden cohort. In de eerder
gerapporteerde significante verschillen tussen Medicare-cohort en prive-cohort waren
belangrijke variabelen zoals leeftijd en comorbiditeiten niet in acht genomen. We
hebben in dit hoofdstuk laten zien dat ondanks eerdere rapportages en studies, de
WHCRA wél een positief effect heeft gehad op toegang tot borstreconstructie na
borstamputatie. Een belangrijk boodschap van deze studie is dat er goed moet worden
gekeken naar alle variabelen wanneer er vergelijkingen gemaakt worden en uitspraken
gedaan worden.

3. ONGELIJKHEDEN EN VERSCHILLEN IN TOEGANG TOT ZORG
Globaal gezien is borstkanker en ductaal carcinoma in situ (DCIS) de meest
voorkomende vorm van kanker in vrouwen ouder dan 60 jaar.25 Door de wereldwijde
vergrijzing is er voorspeld dat het aantal vrouwen met borstkanker zal gaan stijgen met
57% tussen 2010 en 2030. 25,26 De overlevingskansen van borstkanker patiënten zijn in
de afgelopen decennia significant gestegen. Dit komt enerzijds doordat mensen door
goede voorlichting eerder naar de huisarts gaan als zij iets aan hun borst merken. Maar
het komt ook omdat er steeds betere onderzoeken en nieuwe behandelmethoden
zijn. Gemiddeld is vijf jaar na diagnose 87% van de borstkanker patiënten nog in leven.
Kwaliteit van leven na behandeling van borstkanker is een van de pilaren van
borstkanker zorg. De behandeling van borstkanker gaat in principe volgens richtlijnen,
ongeacht de leeftijd van de patiënt. Deze richtlijnen zijn geschreven op de gehele
patiëntengroep. Tot deze behandelprotocollen behoort ook borstreconstructie na
borstamputatie. In de westerse wereld ondergaat ongeveer 40 – 60% van de vrouwen
borstreconstuctie. Bij vrouwen ouder dan 60 jaar ondergaat slechts 4,1 – 14%
borstreconstructie.27-29 Het grote verschil wordt onder andere toegeschreven aan de
aanname dat oudere patiënten een hogere kans hebben op het krijgen van
postoperatieve complicaties. Chirurgen en artsen bieden de optie tot het ondergaan
van borstreconstructie daarom minder vaak aan. Juist op oudere leeftijd kunnen er
grote gezondheidsverschillen zijn tussen mensen met dezelfde kalenderleeftijd.
In hoofdstuk 4 hebben we een klinische database, de ASC-NSQIP, gebruikt om de
30-daagse postoperatieve complicaties in patiënten die borstreconstructie ondergaan
te analyseren. We hebben voor de jaren 2005 en 2014 totaal 4450
borstkankerpatiënten en 1104 DCIS-patiënten geïdentificeerd en de postoperatieve
complicaties vergeleken. We zagen dat met toenemende leeftijd, het aantal vrouwen
dat borstreconstructie ondergaat afneemt. Het krijgen van 30-daagse postoperatieve
complicaties bleef echter stabiel, ondanks het toenemen van de leeftijd. Deze studie
toont aan dat directe borstreconstructie bij de oudere borstkankerpopulatie als een
serieuze optie overwogen dient te worden gezien het aantal complicaties gelijk is aan
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die van de jongere cohort. De behandeling en de optie om wel of geen
borstreconstructie te ondergaan moet aan de persoonlijke situatie worden aangepast.

4. BIG DATA ONDERZOEK EN TRADITIONELE ONDERZOEKSMETHODEN
Big data biedt veel nieuwe kansen voor wetenschappelijk onderzoek. Grote
hoeveelheden data, soms van de gehele populatie, kunnen bijdragen aan een betere
generaliseerbaarheid van de uitkomsten van onderzoek. Anderzijds kun je vanuit grote
hoeveelheden data goed focussen op specifieke subgroepen, wat kan leiden tot
verbeteringen van personalized health, ‘zorg op maat’. Wetenschappelijke kennis staat
of valt bij de (mogelijkheden voor) verificatie en replicatie van de gevonden uitkomsten.
Verificatie en replicatie zijn bij het gebruik van grote hoeveelheden data des te
belangrijker vanwege de grotere kans op toevallige bevindingen (doordat meer data
gemakkelijker beschikbaar zijn). Aan de ene kant geeft big dataonderzoek
mogelijkheden voor verificatie- en replicatieonderzoek. Er is immers meer data
beschikbaar en data kan makkelijker worden gekoppeld en vergeleken. Daarnaast
kunnen alle vormen van observationeel studieontwerp worden gebruikt, inclusief crosssectionele studies, cohortstudies, case-controlled studies, case-crossover studies en
tijdseries. Naast de vele voordelen kent big dataonderzoek zelf een aantal beperkingen,
zoals het gegeven dat er correlaties mee aangetoond kunnen worden, maar niet of deze
causaal of relevant zijn. Gegevens kunnen vrij gemakkelijk gemanipuleerd worden, en er
kan bias en inconsistentie ontstaan. Big data moet daarom gezien worden als een
aanvulling op het bestaande en zeker geen vervanging van onderzoek met bijvoorbeeld
lokale databases en patientenpopulaties.
In hoofdstuk 5 hebben we de 30-dagen complicatie incidentie van directe autologe
borstreconstucties van de ACS-NSQIP database vergeleken met een institutioneel
database van een groot academisch centrum. Deze studie liet zien dat de ACS-NSQIP de
incidentie van de 30-dagen postoperatieve complicaties, wonddehiscentie en
ongeplande opnames goed weerspiegeld. De complicaties en heropnames die na 30dagen voorkomen bij autologe borstreconstructie worden echter niet gemonitord in de
ACS-NSQIP.
In hoofdstuk 6 hebben we de percentages van de prevalentie van psychiatrische
aandoeningen in patiënten die autologe borstreconstructie ondergaan vergeleken
tussen de NIS en onze institutionele database. De prevalentie van psychiatrische
stoornissen was vergelijkbaar tussen beide datasets. Beide datasets rapporteerden
echter een lagere prevalentie van psychiatrische stoornissen dan de gemiddelde
prevalentie in de algemene bevolking (15-17% vs 21%). Dit verschil kan te wijten zijn
aan inherente beperkingen bij retrospectief onderzoek. Administratieve databases zijn
onderhevig aan variaties in codering, misclassificatie en onderrapportage. Mogelijk is de
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feitelijke prevalentie van psychiatrische stoornissen – in beide databases op basis van
ICD-9-codering – te laag gerapporteerd en dus onderschat.

5. NATIONAAL EN INTERNATIONAAL VERGELIJKING VAN DATASETS
In borstkankeronderzoek zijn de meest gebruikte grote nationale databases de
Surveillance, Epidemiology and End Result (SEER) program, the American College of
Surgeons’ National Surgical Quality Improvement Program (ACS-NSQIP) en de
Nationwide Inpatient Sample (NIS) database. Bovenstaande databases zijn gebruikt om
trends en verschillen in de chirurgische behandeling van borstkanker en
borstreconstructies na borstamputatie te bestuderen. Deze databases bieden een
unieke mogelijkheid om patronen in de zorg, variatie in zorg en uitkomsten na
chirurgische interventies te bestuderen. Wetenschappelijke studies die gebruik hebben
gemaakt van de bovenstaande databases hebben een grote rol gespeeld bij de
ontwikkeling van huidige klinische richtlijnen en beleidsvoering in de gezondheidszorg.
Een voorbeeld hiervan is de genoemde Breast Cancer Patient Education Act in 2015. In
de afgelopen jaren zijn er verschillende rapporten en wetenschappelijke studies
gepubliceerd waaruit bleek dat ondanks de WHCRA-wet, vrouwen met een andere
etnische achtergrond en vrouwen met lagere sociaaleconomische status verminderde
toegang hebben tot zorg, en met name tot borstreconstructieve zorg, hebben. Om de
verschillen in toegang tot zorg tegen te gaan is er in 2015 de Breast Cancer Patient
Education Act aangenomen waarbij er nationaal miljoenen dollars werd uitgetrokken
tot het creëren van awareness bij deze specifieke groepen. Er wordt hierbij gerefereerd
naar meerdere studies die gebruik hebben gemaakt van de SEER-database. De andere
veel gebruikte databases worden niet gebruikt om de argumentatie van de Breast
Cancer Patient Education Act te ondersteunen.
De NIS, ACS-NSQIP en de SEER database geven allen aan dat zij een goede reflectie
en representatie vormen van de gehele Amerikaanse populatie. Dit zou betekenen dat
percentueel gezien het aantal en type operatieve behandelingen bij borstkanker
patiënten overeen moeten komen. Echter waren deze databases tot op heden niet met
elkaar vergeleken. In hoofdstuk 7 hebben we alle patiënten met de diagnose
borstkanker of DCIS tussen 2005 en 2012 in de NIS, ACS-NQIP en SEER database
geïdentificeerd en geanalyseerd. Tussen 2005 en 2012 zagen wij een significante
toename in het aantal directe borstreconstructies in de drie databases; echter was het
verschil in het percentage van borstreconstructies aanzienlijk groot tussen de
databases. De NIS en den ACS-NSQIP toonden vergelijkbare trends. De SEER-database
daarentegen liet lagere percentages zien in verschillende categorieën, onder andere het
type reconstructie en ras. Deze studie laat zien dan de SEER-database, in tegenstelling
tot wat wordt beweerd, niet generaliseerbaar is voor de gehele Amerikaanse bevolking
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en kan daarom niet als enige database gebruikt worden om statements te maken over
de huidige staat van zorg.
Wereldwijd zijn er vele verschillende klinische en administratieve databases. De
mogelijkheid om deze databases met elkaar te vergelijken, kan leiden tot verbeterde en
snellere toegang tot behandelingsinterventies en nieuwe wetenschappelijke
ontdekkingen. Dit kan op zijn beurt weer leiden tot optimalisatie van
behandelprotocollen en strategieën en daaropvolgend voor verbetering van kwaliteit
van zorg. Tot op heden is de mogelijkheid om data van verschillende databases te
vergelijken beperkt door onder andere de heterogeniteit van dataelementen, definities
en codering. Dusver is er geen internationale vergelijking gemaakt tussen twee grote
nationale databases op het gebied van borstreconstructieve chirurgie. Hoofdstuk 8 is de
eerste “proof of concept” studie waarbij is gekeken naar de mogelijkheid en
haalbaarheid om twee nationale databases van twee verschillende landen met elkaar te
vergelijken. We hebben hiervoor de SEER-database van de Verenigde Staten en de
NBCA-database van Nederland met elkaar vergeleken. Als eerste stap hebben we de
databases vergeleken op inhoud en structuur. Vervolgens hebben we de datavariabelen
verdeeld in verschillende categorieën en deze categorieën met elkaar vergeleken;
algemene variabelen, behandelingsvariabelen, kankervariabelen en follow-up
variabelen. We hebben met deze eerste “concept” studie bewezen dan ondanks
verschillen in database structuur en datavariabelen, vergelijking van twee nationale
databases mogelijk is. Het samenvoegen van databases geeft een enorm potentieel
voor verbering in patientenzorg. Het is dan ook van groot belang dat privacy wetgeving
vergelijken van databases faciliteerd door het veld te vertellen hoe dit gedaan moet
worden. Daarnaast is er een enorm verbeterpotentieel als we mensen die in twee
databases van een land staan, bijvoorbeeld de borstkanker registratie en het
borstimplantatenregister, op persoon kunnen herleiden om zo trends en verbindingen
duidelijk te krijgen.
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Valorization
By law, Dutch universities have three main tasks: to educate at an academic level, to
conduct scholarly research, and to ensure that research findings impact society.
Valorization is the term that governmental and university policymakers use to denote
this pros of “translating academic wisdom to societal benefit”. This chapter outlines the
valorization potential of the research findings presented in this thesis.
Data is the economy’s new oil. It offers great potential to improve people’s daily life,
notably when it comes to their health. Harnessing the billions of terabytes of data
generated across the world could radically transform healthcare, increase the quality of
care and potentially save millions of lives. In this thesis, we used big data to elaborate
on some of the non-clinical key questions related to breast reconstruction in patients
diagnosed with breast cancer.
Do all breast cancer patients have the same access to high-quality care? Using big
data, we evaluated the trend over time and examined disparities in different types of
breast reconstructive techniques in chapter 1 and 2. Demonstrating significant
disparities in different types of breast reconstruction performed throughout the United
States, these studies showed that differences in sociodemographic and hospital
variables affect the type of procedure performed in the different regions of the United
States. Disparities come in different types and forms, including age-related disparities.
We demonstrated this in chapter 4 where we evaluated if elderly breast cancer patients
receive the same standard of care when compared to their younger counterparts. As
physicians, we have the responsibility to provide the highest standard of care for each
patient. In order to be aware of the shortcomings, we need data. In this thesis, we
demonstrated that big data in the form of large-volume databases is an excellent tool to
evaluate, assess, and demonstrate these shortcomings.
When we have a clear view of what must be improved to be able to provide the
highest standard of care, the road opens for action. Healthcare policy is an excellent
way to address and tackle these shortcomings. When laws or legislations are
implemented, its effects can consequently be evaluated using big data, as we did in
chapter 3. This chapter demonstrated that despite implementation of the WHCRA,
significant disparities still exist. While an increasing number of women opted for breast
reconstruction in the years after the WHCRA, this trend was not consistent across all
demographic or racial groups. Having data, the community was able to assess what
intervention was needed in order to reach the vulnerable target groups. As a result, the
“Breast Cancer Patient Education Act of 2015” was introduced with the goal of
increasing awareness on the availability and coverage of breast reconstruction,
especially for racial and ethnic minority groups. This being said, we must keep in mind
that the quality of data is important to draw the correct conclusions (Chapter 7).
Moreover, in the final chapter of this thesis we conducted a proof of concept study
comparing data between two different countries. The ability to compare these data
across populations and time points can facilitate new scientific discoveries, faster access
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to treatment intervention, and enable differences between populations to be
delineated.
The relevance of the outcomes of this dissertation of patients include better access to
high-quality care. Policymakers can use the result of this dissertation implement laws
and legislations to improve access to care and reduce disparities. The papers published
in this thesis have led to different press-releases by the American Society of Plastic
Surgery. As a result of this thesis, a symposium will be organized after the Ph.D.
defense, bringing together different stakeholders in the field of big data and healthcare.
As demonstrated in this dissertation, there is a great potential in big data. Big data
should be embraced in order to improve patient care.
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