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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.5-

13 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 evidence-
based 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 surgery-
focused 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 all-
payed 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 (ICD-
9) 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 pre-
discharge 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 population-
based 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, co-
morbidities 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) implant-
based 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.  
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ABSTRACT 

Background 
Implant-based reconstruction is the predominant form of breast reconstruction with 
two-staged tissue expander/implant approach being the most popular. Recently, direct-
to-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 implant-
based 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 implant-
based 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 all-
payer 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.  



Chapter 2 

28 

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 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 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 non-
teaching 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) 

  



Analyzing Regional Differences over a Fifteen-year Trend 

31 

A total of 194,377 (20.7%) out of the 941,191 patients underwent immediate implant-
based 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 p value 

(n = 26.344) (%)  (n =168.033) (%)  

Percentage of total 
 

13.6% 
  

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% 
  

Mastectomy 
      

0.067 

Unilateral  14083 53.5% 
 

90845 54.1% 
  

Bilateral  12261 46.5% 
 

77188 45.9% 
  

Estimated Household Income 
     

<0.001 

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% 
  

Hospital location 
       

Rural 1141 4.3% 
 

4129 2.7% 
 

<0.001 

Urban 25158 95.70% 
 

163470 97.50% 
  

Hospital teaching status 
     

<0.001 

Non-teaching 11094 42.20% 
 

61053 36.40% 
  

Teaching 15205 57.80% 
 

106545 63.60% 
  

Hospital Bedsize 
      

<0.001 

Small 3643 13.90% 
 

19484 11.6% 
  

Medium 6077 23.10% 
 

34000 20.30% 
  

Large 16580 63.00% 
 

114115 68.10% 
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Characteristics One-stage BR Two-stage BR p value 
(n = 26.344) (%)  (n =168.033) (%)  

Payer 
      

<0.001 

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% 
  

Hospital Region 
      

<0.001 

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% 
  

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  
 



Chapter 2 

34 

 
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: Two-
staged breast reconstruction. 
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In the Midwest region, a total of 39,857 (20.5% of total) patients underwent implant-
based 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. 

 



Analyzing Regional Differences over a Fifteen-year Trend 

39 

 
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.  



Chapter 2 

42 

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 one-
stage 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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Figure 2. Trends in Mastectomy, Unilateral and Bilateral Mastectomy. (Cochrane-
Armitage 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. 
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Breast Reconstruction versus Two-staged Breast Reconstruction Stratified by Region. 
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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 post-
mastectomy 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 
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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 

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 

Increased breast cancer risk   

 v16.3 Family history of malignant neoplasm 

 v10.3 Personal history of breast malignant neoplasm  

 v84.01 Genetic susceptibility to malignant neoplasm of breast 
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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 
 

Mastectomy   
 85.40 Mastectomy 
 v50.41 Prophylactic removal of breast 
Unilateral 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 
Bilateral 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 
 85.35 Bilateral subcutaneous mammectomy with synchronous 

implant 
Breast reconstruction   
Tissue Expander/Implant BR   
 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 
Autologous BR   
 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 
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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). 
 
 

 

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 non-
teaching 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% 

Race 
 

 

White 21016 65.2% 

Black 3895 12.1% 

Hispanic 2563 7.9% 

Asian 1005 3.1% 

Other 3770 11.7% 

Type of mastectomy 
 

 

Unilateral 17939 55.6% 

Bilateral  14310 44.4% 

Estimated household income 
 

 

4th quartile 13028 41.1% 

3rd quartile 8307 26.2% 

2nd quartile 5687 17.9% 

1st quartile 4508 14.2% 

Teaching status 
 

 

non-teaching 7406 23.1% 

teaching 24601 76.9% 

Hospital Bedsize 
 

 

small 3607 11.3% 

medium 5401 16.9% 

large 22999 71.9% 

Hospital Location 
 

 

Rural 437 1.4% 

Urban 31570 98.6% 

Insurance type 
 

 

Private 25607 79.4% 

Medicare 3420 10.6% 

Medicaid 1976 6.1% 

Other 1246 3.9% 

Region  
 

 

Northeast 9050 28.1% 

Midwest 5919 18.4% 

South 12052 37.4% 

West 5226 16.2% 
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Figure 2a: Percentage Autologous Breast Reconstruction stratified per region. 

 

 

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

 

Autologous Breast Reconstruction Stratified by 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). 
 

 
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 pTRAM fTRAM DIEP Other 
Characteristics (n=) (%) row (n=) (%) row (n=) (%) row (n=)  (%) row (n=) (%) row 
Total 8,317 25.8% 6,577 20.4% 6,115 19.0% 10,436 32.4% 802 2.5% 
Age* 

          

<39y 876 10.5% 494 7.5% 567 9.3% 1,110 10.6% 57 7.1% 
40-49y 2,200 26.5% 2,019 30.7% 2,115 34.6% 3,815 36.6% 279 34.8% 
50-59y 2,817 33.9% 2,436 37.0% 2,163 35.4% 3,750 35.9% 337 42.0% 
>60y 2,424 29.1% 1,629 24.8% 1,271 20.8% 1,761 16.9% 129 16.1% 

Race* 
          

White 5,537 66.6% 4,489 68.3% 3,746 61.2% 6,662 63.8% 583 72.6% 
Black 1,026 12.3% 871 13.2% 752 12.3% 1,209 11.6% 37 4.6% 
Hispanic 452 5.4% 448 6.8% 510 8.3% 1,104 10.6% 48 6.0% 
Asian 195 2.3% 171 2.6% 198 3.2% 408 3.9% 34 4.2% 
Other 1,107 13.3% 598 9.1% 910 14.9% 1,053 10.1% 101 12.6% 

Type of mastectomy*  
         

Unilateral 5,009 60.2% 4,535 69.0% 3,661 59.9% 4,298 41.2% 435 54.2% 
Bilateral  3,308 39.8% 2,042 31.0% 2,454 40.1% 6,138 58.8% 367 45.8% 

Estimated household income* 
        

 
4th quartile 3,097 37.7% 2,362 36.6% 2,448 41.1% 4,732 45.9% 389 50.3% 
3rd quartile 2,265 27.5% 1,788 27.7% 1,622 27.3% 2,448 23.7% 183 23.7% 
2nd quartile 1,592 19.4% 1,370 21.2% 1,030 17.3% 1,580 15.3% 115 14.9% 
1st quartile 1,197 14.6% 891 13.8% 823 13.8% 1,515 14.7% 81 10.5% 

Teaching status*  
         

non-teaching 2,449 29.8% 2,020 31.0% 1,351 22.2% 1,467 14.1% 119 15.1% 
teaching 5,782 70.2% 4,500 69.0% 4,732 77.8% 8,918 85.9% 669 84.9% 

Hospital Bedsize*  
         

small 1,244 15.1% 816 12.5% 662 10.9% 817 7.9% 69 8.7% 
medium 1,766 21.5% 1,325 20.3% 971 16.0% 1,216 11.7% 123 15.6% 
large 5,220 63.4% 4,379 67.2% 4,449 73.2% 8,353 80.4% 597 75.7% 

Hospital Location*  
         

Rural 136 1.7% 170 2.6% 83 1.4% 27 0.3% 22 2.8% 
Urban 8,094 98.3% 6,351 97.4% 6,000 98.6% 10,359 99.7% 767 97.2% 

Insurance type* 
          

Private 6,102 73.4% 5,134 78.0% 4,708 77.0% 8,965 85.9% 698 86.9% 
Medicare 1,364 16.4% 733 11.1% 648 10.6% 633 6.1% 42 5.2% 
Medicaid 587 7.1% 423 6.4% 472 7.7% 460 4.4% 34 4.2% 
Other 265 3.2% 288 4.4% 287 4.7% 378 3.6% 29 3.6% 

Region*  
          

Northeast 1,705 20.5% 2,350 35.7% 2,013 32.9% 2,701 25.9% 281 35.0% 
Midwest 1,831 22.0% 1,195 18.2% 1,360 22.2% 1,374 13.2% 160 20.0% 
South 3,408 41.0% 2,269 34.5% 1,601 26.2% 4,571 43.8% 204 25.4% 
West 1,372 16.5% 764 11.6% 1,142 18.7% 1,791 17.2% 157 19.6% 

* p<0.001 
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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). 
 

 
Figure 4. National trend over time in Autologous Breast Reconstruction stratified per flap. 
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Figure 5a. Regional trend over time in Autologous Breast Reconstruction stratified per flap. Northeast region 

 

 
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 

 
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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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 co-
morbidities 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 all-
payer 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   Medicare Insured  

 n = (%) n = (%) p value 

Breast cancer (n) 21,402  25,568   

Mastectomy 15,469 (72.3) 18,194 (71.2) 0.007 

Post-mastectomy IBR 3,941 (25.5) 3,213 (17.7) 0.001 

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)  

Reconstruction     0.001 

Unilateral 2,325 (59.0) 2,107 (65.6)  

Bilateral 1,616 (41.0) 1,106 (34.4)  

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)  

Hospital Type     0.004 

Non-teaching 1,542 (39.2) 1,362 (42.6)  

Teaching 2,390 (60.8) 1,836 (57.4)  

Hospital Location     0.040 

Rural 109 (2.8) 116 (3.6)  

Urban 3,822 (97.2) 3,082 (96.4)  

Hospital Bed-size     0.025 

Small 409 (11.5) 316 (10.9)  

Medium 715 (20.1) 663 (22.8)  

Large 2,438 (68.4) 1,923 (66.3)  

Length of Stay (d)     0.005 

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)  

Region     0.001 

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)  
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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 co-
morbidities 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. 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 

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 

Mastectomy   

 85.40 Mastectomy 

 v50.41 Prophylactic removal of breast 

Unilateral 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 

Bilateral 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 

 85.35 Bilateral subcutaneous mammectomy with synchronous 
implant 

Breast reconstruction   

Tissue Expander/Implant BR   

 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 

Autologous BR   

 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 
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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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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 (%) 

 
p-value 

     

Total (n=) 3,418 776 256  

     

Type of complication      

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 

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 5. Complication subtype stratified by reconstruction type in DCIS patients 

 Immediate breast reconstruction  

 Implant 
n (%) 

Autologous 
n (%) 

Combined 
n (%) 

 
p-value 

     

Total (n=) 836 206 63  

     

Type of complication      

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 

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 post-
mastectomy 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.  

TABLE AND FIGURE LEGEND 

Figure 1. Immediate breast reconstruction and complication rates in invasive breast 
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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 large-
scale 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 ACS-
NSQIP 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 ACS-
NSQIP 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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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 ACS-
NSQIP 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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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, large-
volume 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 30-
day 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 volume-
outcome 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.39-

42 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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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 
nodes, with or without pectoralis minor muscle, but 
excluding pectoralis major muscle  

19307  

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 
abdominis myocutaneous flap (TRAM), single pedicle, 
including closure of donor site;  

19367  

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

19368  

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

19369  

*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.2-

4 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 



Chapter 7 

122 

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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