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Abstract

The barriers to surgical quality improvement in
the United States are significant. Fee-for-
service reimbursement approach does not
encourage provider communication and drives
volume, not value. Quality report cards and
pay-for-performance strategies have been
implemented to reflect performance of individ-
ual providers at specific healthcare settings, but
they have not been very effective at enforcing
continuity of care and integration. In this chap-
ter we describe how, using Donabedian
approach to quality assessment, one can
develop reliable and useful quality indicators
for surgical services. We review main sources
of relevant data and discuss practical implica-
tions of working with each of the databases.
Finally, we provide an overview of current
knowledge gaps and challenges affecting sur-
gical care delivery and provide recommenda-
tion for future research and quality
improvement interventions.

Introduction

Quality assessment and public reporting are
powerful approaches to improve quality of care
whether it is preventive services, acute surgical
care, and chronic illness management. We can
learn a lot from the 20 years of coronary artery
bypass grafting (CABG) surgery report cards
experience (Hannan et al. 2012). It is also widely
recognized that the chief factor of the success of
the cardiac surgery report cards is the develop-
ment of the New York State (and then national)
coronary angioplasty reporting system to ensure
collection of high-quality clinical data, includ-
ing data elements not routinely available from
administrative databases. Establishment of the

Percutaneous Coronary Interventions Reporting
System (PCIRS) in 1992 allowed for develop-
ment and ongoing calibration of the cardiac sur-
gery risk-adjusted mortality model which in turn
provides meaningful reports that local practices
can use to compare their performance with sim-
ilar groups and national benchmarks, without
the fear of being penalized for treatment high-
risk patients. In the last 20 years, greatly due to
the publically available CABG Reports Cards,
the outcomes of CABG and over cardiac surgical
procedures have improved dramatically
(Mukamel and Mushlin 1998; Hannan et al.
1994, 1995).

In recent decades, as life expectancy has con-
tinued to grow around the world, the illness profile
of highly populated countries in the Middle East
and Asia has undergone an epidemiologic transi-
tion from predominantly infectious diseases to
primarily chronic illness, vastly expanding the
role and importance of surgical services. Surgical
procedures that were previously extremely rare as
well as “simple, ineffective, and relatively safe”
became common, “complex, effective, and poten-
tially dangerous” (Chantler 1999). On average, an
American patient is expected to undergo about 10
surgical procedures in a lifetime, translating into
an estimated 234 million operations annually
worldwide (Weiser et al. 2008; Lee et al. 2008).
While surgery can be extremely beneficial, often
saving lives, surgical procedures are also associ-
ated with the risk of complications, infection, and
death. Furthermore, surgical interventions are the
key treatment modalities for many prevalent con-
ditions including cancer, trauma, and obstetrics,
positioning surgical quality and safety as one of
the top public health concerns.

Public worry and focus on medical outcomes is
entirely warranted. The Institute of Medicine
(IOM) in the landmark 1999 patient safety report
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“To Err is Human” concluded that the healthcare
in the United States is not as safe as it should be.
One of the report’s main revolutionary conclu-
sions was that the majority of medical errors in
the United States did not result from individual
recklessness. More commonly errors are caused
by faulty systems, processes, and underlying con-
ditions that lead people to either make mistakes or
fail to prevent them. The report advocated reduc-
ing harm through system-based initiatives rather
than increasing pressure on individual providers
(Brown and Patterson 2001). A focus on surgical
outcomes is thus even more paramount where any
small slip can quickly lead to disastrous
consequences.

While the IOM report led to some system-level
improvements, including expansion of health
insurance coverage through PPACA in 2010,
many problems remained or even worsened. In
2013, the IOM convened a committee of experts
to examine the quality of cancer care in the United
States and formulate recommendations for
improvement. Delivering High-Quality Cancer
Care: Charting a New Course for a System in
Crisis presented the committee’s findings and rec-
ommendations. The committee concluded that the
cancer care delivery system is in crisis due to a
growing demand for cancer care, increasing treat-
ment complexity (including surgical procedures),
a shrinking workforce, and rising costs (Levit et
al. 2013).

While it is widely recognized and accepted
that assessment of surgical quality and outcomes
should be a continuous process alongside care
delivery, there is no clear consensus on how,
when, and what outcomes should be measured.
The problem is fueled by the fact that quality’s
definition changes depending on the stake-
holder’s perspective. For instance, surgeons
evaluate each other’s quality based on technical
skills, board certifications, and morbidity which
is under their perceived direct control, character-
istics that are often invisible and hence meaning-
less to patients. Instead, patients prefer clinicians
with excellent communication skills who are
always on time, regardless of whether or not the
surgeon is a board-certified Fellow of the Amer-
ican College of Surgeons (FACS). Similar
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discrepancies and misalignments can be
observed with respect to surgical outcomes. The
vast majority of surgical oncologists will con-
sider clean margins as synonymous with being
“cured of cancer,” despite the fact that a patient
may still have to endure many months of
exhausting and toxic chemotherapy and radia-
tion, temporary or permanent colostomy, fatigue,
depression, and undesirable cosmetic changes.
Successful quality improvement in clinical prac-
tice requires a common vision, multidisciplinary
plans, and cooperation among all involved stake-
holders, across the spectrum of all clinical pro-
viders including healthcare administrators,
payers, social services, community organiza-
tions, and patient advocates.

Hurtado (Hurtado et al. 2001) defines quality
as “the degree to which health services for indi-
viduals and populations increase the likelihood of
desired health outcomes and are consistent with
current professional knowledge,” but such broad
definitions can have limited direct applications. A
more useful definition of quality measures it over
six domains: effectiveness, timely access, capac-
ity, safety, patient centeredness, and equity
(Leatherman and Sutherland 2003). Within each
of these domains, it is possible to measure various
elements, and so from this paradigm, a picture of a
service’s quality of care can be outlined. However,
such comprehensive assessment can be too bur-
densome and thus not practical for frequent mon-
itoring and real-time evaluation.

In addition, there have been significant efforts
to identify and assess important elements of care
pathways, rather than individual procedures,
which may lead to better outcomes and higher
quality (Donabedian 1966; Hurtado et al. 2001;
Maxwell 1984; Schiff and Rucker 2001; Sitzia
and Wood 1997). Many countries have made sig-
nificant progress with the implementation of
national quality programs (Department of Health
Office 1995; Department of Health 2000) includ-
ing NSQIP (Agency for Healthcare Research and
Quality 2009; Australian Commission on Safety
and Quality in Healthcare 2008; American Col-
lege of Surgeons 2014a), but further research is
required to accurately and affordably improve
assessments of surgical quality.
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Stakeholders for Surgical Outcome
Assessment

There are many stakeholders that actively partic-
ipate in surgical quality initiatives. When there is
common purpose between these groups, pro-
gress can easily be made; however, often
agendas do not align making advancement diffi-
cult. Understanding the key stakeholder, their
perspective, and roles is fundamental to quality
improvement.

Medical societies and professional groups have
long been the leaders in developing clinical prac-
tice guidelines, supporting provider accreditation,
and both auditing and providing clinical training
as well as continuing medical education activities.
While heavily dominated by surgeons, the field of
surgical outcome assessment also includes medi-
cal and radiation oncologists, imaging scientists,
primary care providers, other advanced care part-
ners, and allied health professionals. These
include, but are not limited to, the American Col-
lege of Surgeons (ACS), the Commission on Can-
cer (CoC) the Consortium for Optimizing Surgical
Treatment of Rectal Cancer (OSTRiCh), Ameri-
can Society of Colon and Rectal Surgeons
(ASCRS), Society for Surgery for the Alimentary
Tract (SSAT), Society of Surgical Oncology, and
others (American College of Surgeons 2014b, c;
Optimizing the Surgical Treatment of Rectal Can-
cer 2014; Society for Surgery of the Alimentary
Tract 2016; Society for Surgical Oncology 2014).

The provider stakeholder structure can take
many forms and can work at every level of the
healthcare system. For instance, the American
College of Surgeons represents an umbrella orga-
nization that pushes an overarching quality
agenda. Its purpose is to be broad, as the organi-
zation spans multiple disciplines. While ACS
includes lobbying initiatives in congress, it also
has recently employed benchmarking for hospi-
tals and now individual providers through data
collection and risk adjustment. Other broad orga-
nizations, such as the National Comprehensive
Cancer Network (NCCN), release specific con-
sensus guidelines aimed at improving care
through utilizing the best available evidence.
Other societies with a narrower focus also
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contribute to determining guidelines aimed at
standardizing care for specific biologic systems
as demonstrated by the American Society of
Colon and Rectal Surgeons who release guide-
lines about colon screening recommendations,
prophylaxis, and other elements of cancer care.
There are also disease-specific groups such as the
Consortium for Optimizing Surgical Treatment of
Rectal Cancer (OSTRiCh), or regional groups
such as the Upstate New York Quality Initiative
(UNYSQI), which currently focuses on improv-
ing the quality of colon resections. Quality
improvement at the hospital and surgical division
level also occurs aimed at more specific interven-
tions such as thromboprophylaxis protocols or
surgical site infection prevention bundles that are
more applicable to single providers or individual
hospital systems. This hierarchical structure, how-
ever, is not partitioned or independent with exten-
sive overlap between organizations, societies,
disease-specific coalitions, and locoregional ini-
tiatives. Collaborations between all groups can
propel initiatives; however, their recommenda-
tions are not always aligned with one another
with nuanced differences that can create confu-
sion and can potentially hinder quality improve-
ment efforts.

In the current environment post-PPACA,
accountable care organizations are frequently
the key drivers of clinical quality improvement.
This is because according to the Triple Aim prin-
ciple developed by Don Berwick and the IHI,
high-quality care overall is less expensive than
poor care. Accountable Health Partners LLC is
one of the accountable care organizations in the
Greater Rochester area. It was organized to create
a partnership between URMC and community
physicians, to enable them to succeed in the
looming era of value-based contracts by creative
initiatives to deliver high-quality care at a lower
cost. The goals and interests of the AHP are
parallel to those of PPACA: to engage specialty
providers in the delivery of integrated care path-
ways; to establish efficient communication
between care managers in medical homes, pri-
mary care, and specialist practices; to develop
an integrated information system capable of
monitoring quality of care measures; and to



7 Health Services Information: Data-Driven Improvements in Surgical Quality: Structure. . .

develop a payment mechanism to facilitate such
engagement.

Other community-based stakeholders may
include medical societies, public health and safety
providers and agencies, social and aging services,
and educational organizations. Stakeholders out-
side of the healthcare system and non-for-profit
world may include patient support groups and
organizations, payers, large self-insured corpora-
tions, and business alliances who are also inter-
ested in improving overall community health at a
lower cost (Blackburn 1983; Brownson et al.
1996; Group 1991; Fawcett et al. 1997; Goodman
et al. 1995; Howell et al. 1998; Johnston et al.
1996; Mayer et al. 1998; Zapka et al. 1992;
Roussos and Fawcett 2000). In Upstate
New York, the Greater Rochester and Finger
Lakes regions are well recognized for their long
history of community-wide collaborations includ-
ing University of Rochester Medical Center, Fin-
ger Lakes Health Systems Agency (FLHSA),
Monroe County Medical Society (MCMS), Roch-
ester Business Alliance, Rochester regional office
of American Cancer Society (2014), local payers
(e.g., Excellus Blue Cross Blue Shield), account-
able care organizations, and others. The FLHSA is
an independent community health planning orga-
nization working collaboratively with multi-
stakeholder groups to improve healthcare quality
and access and eliminate healthcare disparities in
the nine-county Finger Lakes region. Its mission
is to bring into focus community health issues via
data analysis and community engagement and to
implement solutions through community collabo-
ration and partnership. It has become the convener
and facilitator of multi-stakeholder community
initiatives to measure and improve the health,
healthcare, and cost of care. In the initial round
of the CMMI Innovation Challenge, the FLSHA
was awarded with a $26.6 million initiative
“Transforming the Delivery of Primary Care: A
Community Partnership.”

Excellus Blue Cross Blue Shield is a nonprofit
health plan, whose mission is to work collabora-
tively with local hospitals, doctors, employers,
and community leaders to offer affordable
healthcare products. For instance, Excellus
administers its managed care products for
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Medicaid eligible individuals through its
partnering organization, Monroe Plan. Over the
years, Excellus partnered with many other com-
munity stakeholders (e.g., Kodak, MCMS,
URMC) to lead several area-wide initiatives
aimed to improve quality of care and population
health and reduce necessary variation in care and
services overuse.

Types of Data for Surgical Outcome
Assessment

Existing Data Sources

There are multiple types of medical data available,
and each have their own set of complexities that
while answering important questions also leave
gaps that require further analysis from alternative
perspectives found through other data sources.
Typical datasets are comprised of the following:
hospital discharges, claims, registry, and survey
results. Other administrative types of data include
hospital discharge data or billing data as recorded
and provided by the hospital itself. These datasets
are highly dependent on local practices and can
vary between institutions. It can be linked with
other subject data providing an in-depth chart
review; however, it is limited by the cases
performed at an individual hospital. Some states
have statewide discharge census data, including
California and New York (Hannan et al. 1994,
1995, 2012, CA Society of Thoracic Surgeons
2014). These datasets provide billing data at a
larger level, which includes ICD-9 codes by diag-
nosis, with the ability to track hospital and sur-
geon level variation, subject linking
longitudinally across in-state and charges (in con-
trast to claims paid out) (Table 1).

Claims data are available at a national as well
as local levels and include Medicare data that can
be linked to other datasets and insurance claims
(i.e., Excellus-blue shield, large self-insured cor-
porations (Xerox, Kodak), and data warehouses
(Thompson Reuters)). Registry data can be quite
detailed, albeit specific to the registry’s purpose.
Examples of registry datasets include tumor reg-
istries like SEER that can be linked to Medicare
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Table 1 Types of data used to assess surgical outcomes, quality, and safety

Types of data Databases

Cancer SEER, NCDB

registry

Hospital Case series

registry

Observational SPARCS, Statewide data, Medicare/Medicaid,
UHC

Randomized CEA/CAS (NASCET) Colonoscopy trial, Breast

controlled cancer z0011

trials

Cost-Data PharMetrics, hospital billing, Medicare Charges,
Tufts Cost-Effectiveness Registry

Process SCIP, WHO Surgical checklist, inpatient

measures smoking, VTE prophylaxis

Satisfaction HCAHPS, Press Ganey

Benchmarking | ACS-NSQIP observed to expected mortality

ratio (United States, thoracic, transplant; United
Kingdom, all surgeons), hospital compare,
creating centers of excellence (Medicaid Centers

Examples
(Mack et al. 2013; Rutter et al. 2013)

(Sinclair et al. 2012; Aquina et al. 2014b)
(Rickles et al. 2013; Aquina et al. 2014a)

(Ferguson et al. 1999; Grube and Giuliano 2001;
Whitlock et al. 2008; Atkin 2003)

(lannuzzi et al. 2014b; Jensen et al. 2012; Tufts
2014)

(The Joint Commission Core Measure Sets
2014a; American College of Surgeons,
Commission on Cancer, Surgical Care
Improvement Project 2014b; Safety 2008)
(Systems 2014; Press Ganey Associates 2014)
(Centers for Medicare and Medicaid Services
2014; Department of Health 2000; Cohen et al.
2009a, b; Medicare.gov 2014)

of Excellence for breast cancer)
AMA provider survey
AHA (ICU/staffing/nursing)

(Etzioni et al. 2010, 2014)
(Nallamothu et al. 2006; Solomon et al. 2002)

SEER Surveillance, Epidemiology, and End Results Tumor Registry, NCDB National Cancer Data Base, SPARCS
New York Statewide Planning and Research Cooperative System, UHC University HealthSystem Consortium, SC/P
Surgical Care Improvement Project, V'TE venous thromboembolism, HCAHPS Hospital Consumer Assessment of
Hospital Providers and Systems, 4CS-NSQIP American College of Surgeons National Surgical Quality Improvement
Project, CMS Center for Medicare and Medicaid Services, 4HA American Hospital Association, AMA American Medical

Association, /CU intensive care unit

for more robust analysis, NCDB that expands
cancer data beyond the identified cancer centers
that are included within SEER, and the National
Surgical Quality Improvement Program
(NSQIP) registry that samples approximately
20% of all cases performed at participating hos-
pitals. Other registries include those maintained
by provider organizations (AMA, AHA).
Finally, survey data can provide the patient per-
spective that is lacking from other large dataset
analyses. Two prime examples are the Medicare
Current Beneficiary Survey and the Hospital
Consumer Assessment of Hospital Providers
and Systems (HCAHPS) Survey.

The first database for surgical outcomes was
developed in NYS for cardiothoracic surgery
(Hannan et al. 1990) leading to substantial quality
improvement, facilitating development of the
field of quality assessment and risk adjustment in

medicine, and challenged the traditional approach
of confidential reporting of adverse events. Based
on its success, this was expanded to the STS
National Database established in 1989. The STS
states that “physicians are in the best position to
measure clinical performance accurately and
objectively” (Surgeons 2014), serving as a man-
date for surgeon participation in these initiatives.

While cardiac surgery has long maintained a
similar database for tracking quality, this
approach was expanded nationally to help
improve surgical outcomes. The National Surgi-
cal Quality Improvement Program (NSQIP) has
been a major development within the surgical
community as it provides more detailed surgical
information at a national level than was ever pre-
viously available. The main purpose of this pro-
gram was to improve quality through
benchmarking, where hospitals were given risk-
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adjusted data comparing outcomes nationally to
other hospitals of similar size. Based on the depth
of data, numerous research studies have been
conducted, describing surgical risk factors and
comparing operative approaches. While this has
been very useful for expanding our understanding
of surgical quality as a whole, it was quickly
realized that different operations needed specific
in-depth data in order to design meaningful qual-
ity improvement strategies. One approach to pro-
viding more detailed data has been the roll out of
procedure targeted variables, in which institutions
can add to the traditional NSQIP data for addi-
tional cost. This approach allows for a more
detailed approach to individual procedures. This
was first made available with the release of the
2012 NSQIP dataset, and the impact remains to be
seen. Targeted variables have required consensus
from experts that can be difficult to obtain and be
limited in its scope. This in-depth approach also
requires more resources limiting participation.
Another specialty-specific approach includes
the Organ Procurement and Transplantation Net-
work (OPTN) database aimed at monitoring trans-
plant programs nationally. This is monitored and
run by the US Department of Health and Human
Services (National Cancer Institute 2014). The
desire for more detailed data has led to a number
of subspecialty datasets modeled after NSQIP. A
few examples include a vascular surgery-specific
dataset, the Vascular Quality Initiative (2014),
Pediatric NSQIP, and an endocrine surgery-spe-
cific dataset (Collaborative Endocrine Surgery
Quality Improvement Collective 2014). The
methods of data collection vary, NSQIP employs
a clinical nurse reviewer, and CESQIP does not
yet have the same infrastructure, requiring the
surgeon or the surgeon’s designee to input data.
Another approach has been the creation of
regional collaboratives, which requires a high
level of collaboration with both academic and
nonteaching hospitals alike. Regional collabora-
tives will likely play a role in decreasing unnec-
essary variability and tracking quality at a more
manageable, regional level, where it is easier to
implement change than at the national level. Thus
far, the regional approach has been seen in both
Michigan and Central New York. The central
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New York collaborative, called UNYSQI (Upstate
New York Surgical Quality Initiative), has
focused predominantly on colorectal surgery and
more specifically at addressing the question of
readmissions. NSQIP allows for 40 additional
variables, and given this narrow limitation, spe-
cific questions must be addressed.

Participation in data collection programs is
promoted as it meets criteria for both mainte-
nance of certification (MOC) and Physician
Quality Reporting System (PQRS) as part of
CMS (EHealth University: Centers for Medicare
& Medicaid Services 2014). This section for
maintaining credentials requires that providers
evaluate their performance based upon spe-
cialty-established requirements which must
include national benchmarking. The MOC out-
lines six core competencies, one of which is
practice-based learning and improvement. Part
IV of the process for continuous learning
includes practice performance assessment. For
the American Board of Surgery, diplomats must
participate in a national, regional, or local surgi-
cal outcome database or quality assessment pro-
gram. The PQRS is a part of CMS and is the
second specific incentive promoting the use of
outcome data collection programs as it uses both
payment adjustments to penalize, as well as
incentive payments to ensure providers report
quality data (Table 2).

Data Quality

A common saying in large database analysis is
“garbage in garbage out,” and while there are
methods to account for missing data, a major
limitation remains with extensive missing data
points. One approach might be to limit case inclu-
sion to only those with a full set of data; however,
this quickly limits patient inclusion. This
approach may be appropriate for some major
data points such as sex, where it can be assumed
that if subject sex is not included then other vari-
ables are likely to be of questionable quality.
Missing data may also be secondary to the data
collection process. For instance, in NSQIP, preop-
erative laboratory values are gathered; however,
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Table 2 Databases and outcomes used to assess surgical outcomes, quality, and safety

Dataset

ACS-NSQIP http://site.acsnsqip.
org/

Pediatric NSQIP
http://www.pediatric.acsnsqip.org/

VQI (Vascular Quality Initiative)
www.vascularqualityinitiative.org

CESQIP (Collaborative Endocrine
Surgery Quality Improvement
Program)

http://cesqip.org/

STS National Database
http://www.sts.org/national-
database

The Surveillance, Epidemiology,
and End Results (SEER) program
funded by the National Cancer
Institute
http://seer.cancer.gov/about/
overview.html

Hospital discharge data
Statewide Planning and Research
Cooperative System (SPARCS)
California Patient Discharge
Dataset

National Inpatient Sample (US)
http://www.hcup-us.ahrq.gov/
nisoverview.jsp

Hospital Episode Statistics (UK)
http://www.hscic.gov.uk/hes

The Centers for Medicare &
Medicaid Services (CMS) claims
and survey data
http://www.resdac.org/cms-data/
file-directory

Description

Maintained by the American College
of Surgeons. Participation through
annual fees by hospital

Subset of overall NSQIP

Vascular procedure-specific data
(including those performed by
radiologists, cardiologists, and
vascular surgeons). Follow-up
through 1 year. Governed by the
Society of Vascular Surgeons (SVS)
Patient Safety Organization

Since 2012, through the American
Association of Endocrine Surgeons
(AAES)

Society of Thoracic Surgeons run
program that makes quality scores
available to institutions and the public
at large. National data for research
requires specific application to the
STS and is not released to
participating hospitals by virtue of
inclusion in data gathering
19732011 cancer incidence and
survival data from population-based
cancer registries covering
approximately 28 % of the US
population

Comprehensive all-payer data
reporting system. The system was
initially created to collect information
on discharges from hospitals

CMS is responsible for administering
the Medicare, Medicaid, and State
Children’s Health Insurance
Programs. CMS gathers and formats
about Medicare beneficiaries,
Medicare claims, Medicare providers,
clinical data, and Medicaid eligibility
and claims. CMS also collects
additional survey data on health
behavior and utilization Medicare &

Sample and outcomes

30-day data based on postoperative
outcomes. Provides benchmarking

30-day follow-up for surgical
procedures performed on pediatric
patients

255 participating centers. Uses cloud
computing to allow multiple users to
enter data and does not depend on full-
time data entry specialist. Can be
integrated into electronic medical
records

Patient-centered data collection,
ongoing performance feedback to
clinicians, and improvement based on
analysis of collected data and
collaborative learning

Focuses on three areas: adult cardiac,
general thoracic, and congenital heart

surgery

Includes data on patient
demographics, primary tumor site,
tumor morphology and stage at
diagnosis, first course of treatment,
and 12-month survival

Patient-level data on patient
characteristics, diagnoses and
treatments, services, and charges for
each hospital inpatient stay and
outpatient (ambulatory surgery,
emergency department, and outpatient
services) visit, and each ambulatory
surgery and outpatient service visit to
a hospital extension clinic and
diagnostic and treatment center
licensed to provide ambulatory
surgery services

Data on acute, psychiatric and skilled
nursing inpatient admissions,
outpatient services, procedures and
tests, use of prescription medications,
skilled nursing, durable medical
equipment, and hospice

(continued)
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Table 2 (continued)

Dataset

American Hospital Association
(AHA) Annual Hospital Survey
http://www.aha.org/research/rc/

stat-studies/data-and-directories.

shtml

American Medical Association
(AMA) Physician Masterfile
http://www.ama-assn.org/ama/

Description

Current Beneficiary Survey (MCBS)
and satisfaction with care Consumer
Assessment of Healthcare Providers &
Systems (CAHPS)

Hospital-specific data on
approximately 6,500 hospitals and
400-plus systems

Established in 1906, current and
historical data for more than 1.4
million physicians, residents, and
medical students in the United States,
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Sample and outcomes

1,000 data fields covering
organizational structure, personnel,
hospital facilities and services, and
financial performance

Information about demographics,
practice type, significant education,
training and professional certification

pub/about-ama/physician-data-
resources/physician-masterfile.

page

there remains extensive variation in timing of
preoperative labs, as well as whether a specific
blood level is checked at all. One particular exam-
ple is albumin level. Albumin level has demon-
strated associations with nutrition and overall
health status. Studies have shown associations
with surgical outcomes as well; however, this
laboratory value is not always checked preopera-
tively. In fact, there may be a bias of checking this
value in patients that may be at risk for malnutri-
tion or have other major comorbidities. This fact
may bias results leading to concern about its inclu-
sion in multivariable analysis, even though it
holds clinical value. Some suggest it should not
be included at all, while others suggest it requires
a more nuanced approach. Albumin, for instance,
is reported as a continuous variable, but can be
transformed into a binary variable using clinically
meaningful cutoffs previously described as 3.5 g/
dl. By assuming all missing values fall within the
normal range, one creates a differential misclassi-
fication that underestimates the true effect as some
in this group may in fact have low albumin levels.
Thus, if an observed association is found, it likely
is true, albeit an underestimate. The data can then
still be useful for clinical decision making even
though many values are in fact missing. Another
approach to this same problem can be assessing
whether those in the missing dataset are different
with respect to the endpoint than the others. This
is specifically testing whether there is differential
misclassification. If there is, then one can treat the

including approximately 411,000
graduates of foreign medical schools

on virtually all Doctors of Medicine
(MD) and Doctors of Osteopathic
Medicine (DO)

missing data group as its own categorical level
without making any assumptions if there is an
observed effect compared to subjects with data.
Another method includes imputation of data.
These methods are beyond the scope of this chap-
ter, but briefly involve separate analysis predicting
that specific data point based on the subject’s other
characteristics.

Missing data of the first type (missing sex) can
be avoided through auditing processes. Many data
collection programs employ auditing processes to
ensure quality data and sites are not included if
they demonstrate inability to conform to
predetermined standards.

Another major limitation to all large datasets is
changing variable definitions over time. While
this process is necessary to some extent as clini-
cally meaningful definitions may change with
time, it can drastically limit the subject numbers
available for analysis for that endpoint. One such
example is postoperative transfusion within
NSQIP. Initially, the number of transfused units
was included intraoperatively and postoperatively
defined as greater than 4 units. Researchers were
able to then describe this endpoint as major post-
operative bleeding and specifically describe the
extent of intraoperative blood loss. This changed
in 2011 when the number of intraoperative units
of blood was removed altogether and postopera-
tive transfusion was changed to 2 units or more of
packed red blood cells. The first limitation is the
danger of merging datasets across years without


http://www.aha.org/research/rc/stat-studies/data-and-directories.shtml
http://www.aha.org/research/rc/stat-studies/data-and-directories.shtml
http://www.aha.org/research/rc/stat-studies/data-and-directories.shtml
http://www.ama-assn.org/ama/pub/about-ama/physician-data-resources/physician-masterfile.page
http://www.ama-assn.org/ama/pub/about-ama/physician-data-resources/physician-masterfile.page
http://www.ama-assn.org/ama/pub/about-ama/physician-data-resources/physician-masterfile.page
http://www.ama-assn.org/ama/pub/about-ama/physician-data-resources/physician-masterfile.page

150

understanding these changes. First, if ignored,
researchers may erroneously code these missing
intraoperative transfusions as no transfusion given
and make assumptions upon it which will clearly
be mistaken. Secondly, it poses a challenge in the
second instance as the postoperative transfusion
variable in the newer dataset has a different clin-
ical meaning. Two units of blood can be given for
merely low hematocrit levels with comorbidities
meant to optimize patients and no longer
representing a postoperative bleeding event.
These two variables of transfusion are not compa-
rable over time, given the changes limiting
analysis.

Changes in Surgical Procedures
and Practices Over Time

Other issues regarding data collection include
the constantly evolving process of case defini-
tion and even the addition of new surgical pro-
cedures over time. For instance, the change from
ICD-9 to ICD-10 is looming, and how this will
impact data collection remains to be seen. The
nuanced changes between the two systems will
likely impact some areas more than others, and a
deep understanding of these nuances will be nec-
essary to compare cases between these two time
periods. The last major ICD coding change was
in 1975, and the medical arena has changed dra-
matically in that time including the advent of the
electronic record.

Some databases only include ICD-9 coding
where numerous different procedures may be rel-
evant for repair of that diagnosis, for instance,
appendicitis can be treated by an open approach
making an incision in the right lower quadrant or
can be treated using laparoscopic techniques,
using three small incisions and a camera for
appendix extraction. Where only ICD-9 codes
are available such datasets lack discrimination
preventing comparison of operative approach.

The introduction of laparoscopic procedures is
one example of how surgical procedures change
over time; while the first report of laparoscopic
appendectomy was published in 1981, this prac-
tice did not become ubiquitous until the turn of the
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century and now represents the preferred tech-
nique (Korndorffer et al. 2010).

These changes can significantly impact
research as each procedure has specific compli-
cations; however, there may be limits in the
available data due to changes not captured by
the coding systems. For instance, CPT coding
does not capture robotic techniques lumping
them with laparoscopic procedures. This has lim-
ited observational studies comparing or even
tracking robotics usage over the past decade.
Another example on the limits of CPT coding
include the absence of transanal endoscopic
microsurgery (TEMS) codes used for distal rectal
cancer resections that are of sufficiently minimal
rectal wall invasion. This approach is a mini-
mally invasive one that spares the rectum and
the sphincter allowing for essentially full rectal
function in low-grade tumors; however, they are
lumped in with other rectal cancer resections
which often include complete rectal resections
with end colostomy or loss of sphincter. The
difference in quality of life and even the types
of complications are huge. While it clearly makes
it impossible to perform observational studies on
TEMS within large datasets, it also adds varia-
tion and error into any assumptions about out-
comes after low rectal cancer resections. There
are some ways to exclude TEMS from dataset by
selecting cases where the tumor stage was suffi-
ciently high to make TEMS contraindicated;
however, this does not help elucidate specifically
the advantages of TEMS. Another example
where CPT coding fails is differentiating
between some specific laparoscopic approaches.
Although open inguinal hernia repair has been a
bread-and-butter surgical operation, within the
last decade, increasingly surgeons are applying
their laparoscopic skills to hernia repair. There
are two available laparoscopic approaches:
totally extraperitoneal (TEP) or transabdominal
preperitoneal (TAPP). The TAPP approach
enters the abdominal cavity in standard laparo-
scopic fashion repairing the hernia from the
inside using tacks, whereas the TEP approach
enters a space above the peritoneum placing the
mesh between layers and usually does not require
tacks to keep the mesh in place. Both approaches
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may have different risk profiles and long-term
sequelae; however, observational evaluation is
limited since there is no differentiation by CPT
codes in the ICD-9 system.

There also remain many processes that are not
coded in most databases. This includes many data
points that may impact outcomes, such as patient
follow-up strategies, staffing, utilization of
trainees, and even postdischarge medications.
While large datasets evolve, opportunities to
expand the data as research questions arise may
be available. UNYSQI is one example where
through the ACS-NSQIP institutions can track
their own specific data points which may help
answer specific questions.

The surgical field is constantly progressing,
not just specifically with new procedures but
also with the introduction of entirely new special-
ties. For example, endocrine surgery is starting to
become a major surgical subspecialty; although
not yet a board-certified specialty, the presence of
these more specialized surgeons may impact out-
comes. Other major changes in surgery may also
impact outcomes, which have not been included
in current databases. For example, resident work
hour restrictions by the ACGME continue to
change and become increasingly strict. Previ-
ously, it was not unheard of for surgical residents
to work 120-100 h weekly, where now work
hours are capped at 80 per week and interns are
prevented from taking 24-h call. These changes
have drastically changed patient coverage and in
some cases required supplementing staffing
through advanced practice providers or moon-
lighters. These changes have not been tracked
and it is unclear how changing the workforce
structure has impacted outcomes. Although con-
troversial, this question holds some urgency as
more and more restrictions are being
implemented. In fact, a new randomized con-
trolled trial will observe how these restrictions
impact care; one arm of the trial will require
surgical residents to follow the new regulations,
while the other will function without work hour
restrictions. However, such data is largely absent
from current datasets.

Other major changes include the advent of
telemedicine, and with robotics, even remote
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operations are now possible with the first transat-
lantic cholecystectomy or so-called “Lindbergh”
operation was performed in 2001 (Marescaux et
al. 2002). These changes were only possible
through improvements in electronic communica-
tion that decreased the lag time sufficiently to
allow such an operation.

The role that virtual communication will have
in the future remains unclear, but will likely
increase in frequency in the coming decades. Cur-
rently, such approaches are not tracked; however,
including such practices in large healthcare data-
bases may be useful in understanding their uptake
and impact on clinical care. Other adjunct
advances also impact surgical care, although
largely unappreciated, such as major advances
and availability in high-quality imaging. Where
20 years ago computed tomography was limited,
it is now ubiquitous and high-quality scans are
available within minutes. These findings change
the diagnostic paradigms and the quality of surgi-
cal decision making, although availability of such
high-quality CT scans is not included in data-
bases, even those that track whether CT scanning
was done at all. Other technological advances
include intraoperative imaging through 3D lapa-
roscopy and the development of new instruments
that make previously unthinkable operative
approaches possible such as single incision sur-
gery or natural orifice transluminal endoscopic
surgery that allows surgeons to perform cholecys-
tectomy through the vagina.

There are many other changes to the structure
of healthcare that may drastically impact out-
comes including advances in patient monitoring
or quality of care in the intensive care unit. While
it would be onerous to include all of these changes
into any given dataset, it is important to remember
the many forces that impact outcomes. Much like
a projectile in physics has many forces that alter
its course such as friction, rotation, and wind
forces, and many of these forces can be ignored
to provide the overall picture using the major
forces of velocity and gravity on the object to
provide an estimated course; however, keeping
these other forces in mind remains important as
they may have potential to be key forces in surgi-
cal care.
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Individual Surgeon Variation
(Preferences, Techniques, and Skills)

Even if there is a single code and agreed-upon
surgical treatment or practice, the implementation
of this can vary considerably. Laparoscopic cho-
lecystectomy, for instance, one of the most com-
monly performed operations, has considerable
variation in the way the procedure itself is
performed. The absence of this precise detail is
in obstacle to standardizing procedures nationally.
There are statistical techniques for controlling for
variation at the surgeon level, specifically hierar-
chical modeling with random effects. Hierarchical
random effect modeling also addresses the issue
that most multivariable models ignore; indepen-
dence assumptions are voided in healthcare stud-
ies as patients are treated by surgeons within
hospitals which have been shown to impact qual-
ity. Surgeon volume is one surgeon factor that was
initially noted in 1979, where complex procedures
such as pancreatectomy and coronary artery
bypass graft have better outcomes when
performed by higher-volume surgeons (Solomon
et al. 2002; Birkmeyer et al. 2002; Katz et al.
2004). This may in part reflect standardization of
technique, evidence-based practice, and skill,
which may be a function of practice. Teasing out
how outcomes are dependent on technique varia-
tion is virtually impossible in current large
dataset, although one could argue this variation
might explain quality to a much greater degree
than even risk adjustment based on patient factors.

Timing of Complications

Even if a reasonable outcome is chosen, it is
essential to understand the interplay of that com-
plication with the hospital course. Incorrect
assumptions about this can lead to incorrect
answers. Recent studies on readmissions have
suffered from major errors when they attempt to
include complications as risk factor for
readmission (Aquina et al. 2014b). Some studies
suggest that complications are the biggest risk
factor for readmission, and while this may seem
reasonable, they often confuse the reason the
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patient was admitted with a risk factor for
readmission. This has led to disastrous conse-
quences as inclusion of such reasons for
readmission in the model can make all other risk
factors no longer statistically significant, and in
one model, the authors came to the incorrect con-
clusion that the only risk factor for readmission
was postoperative complications, although subse-
quent studies have demonstrated this to be false.
This can be avoided by using complication timing
to define complications as during the inpatient
stay as compared to at postdischarge. While
predischarge complications have been associated
with readmissions, the effect estimates have been
much lower than previously described when all
complications are considered together.

Limited Information on Socioeconomic
Drivers of Health

Analyses of patterns and outcomes of care require
an assessment of the complex relationships
among patient characteristics, treatments, and out-
comes. Furthermore, according to the Andersen
healthcare utilization model (Aday and Andersen
1974), usage of health services (including inpa-
tient care, outpatient physician visits, imaging,
etc.) is determined by three dynamics:
predisposing factors, enabling factors, and need.
Predisposing factors can be characteristics such as
race, age, and health beliefs. For instance, an
individual who believes surgery is an effective
treatment for cancer is more likely to seek surgical
care. Examples of enabling factors could be famil-
ial support, access to health insurance, one’s com-
munity, etc. Need represents both perceived and
actual need for healthcare services. To conduct
and interpret outcome analyses properly,
researchers should both understand the strengths
and limitations of the primary data sources from
which these characteristics are derived and have a
working knowledge of the strategies used to trans-
late primary data into the categories available in
public databases. For instance, SEER-Medicare
documents details on individual cancer diagnoses,
demographics, (age, gender, race), Medicare eli-
gibility and program enrollment by month, and



7 Health Services Information: Data-Driven Improvements in Surgical Quality: Structure. . .

aggregate measures of the individual’s “neighbor-
hood” (e.g., average income and years of educa-
tion presented at the zip-code and census-tract
level) as determined through a linkage to recent
US Census data. However, census level data do
not allow for assessment of differences among
those zip-code areas.

Many analyses of large databases focus on the
patient’s race or ethnicity as a confounder or a
predictor of outcome or a marker for other
unobserved factors (disadvantaged geographic
area or low health literacy). Information on race
is generally available, while information on eth-
nicity is often missing or inappropriately coded.
While most of the US data surveys allow only one
category for Hispanic ethnicity (yes/no), the
NCDB classifies cancer patients into seven cate-
gories (Mexican, Cuban, Puerto-Rican, Domini-
can, South/Central American, Hispanic by name,
and Other). In our analysis of treatment patterns
for Hispanic cancer patients in NCDB, we dem-
onstrated persistent disparities in receipt of guide-
line-recommended care. The care in Hispanic
group as a whole was not significantly different
from non-Hispanic, while individual subgroups
demonstrated significant differences, highlighting
a critical need of acknowledging Hispanic sub-
groups in outcome research.

Need for Linked Data

Surgical safety and quality are multifactorial
issues with more than one risk factor and hence
multiple potential mechanisms for improvement.
For instance, reduction in postsurgical complica-
tions could be partially achieved by more efficient
patient education about early symptoms, improve-
ment in surgeon’s skills, changes in nursing and
hospital practices, use of surgical visiting nurse
services, and other interventions. Similarly, one
quality improvement intervention may have
impact on multiple stakeholders including
patients and their caregivers, clinic personnel,
and health insurance. Hence, a comprehensive
evaluation may require information about all
involved parties. Such data are rarely available
in one dataset, and therefore, many surgical
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outcomes and quality improvement studies are
using multiple merged sources of data.

The SEER-Medicare data is a product of a
linkage between two large population-based
datasets: Surveillance, Epidemiology, and End
Results (SEER) Program of the National Cancer
Institute and beneficiaries healthcare claims data
collected by the Center for Medicare and Medic-
aid Services for billing and enrollment purposes.
The linked dataset includes Medicare beneficia-
ries with cancer from selected states participating
in SEER Program, with unit of observation being
one healthcare utilization event. This includes all
Medicare-covered healthcare services from the
time of a person’s Medicare eligibility (before or
after cancer diagnosis) until their death. Because
of complex sampling design, number of included
variables, and specific data reporting practices for
tumor characteristics and services utilization, the
investigator considering a SEER-Medicare-based
study or a proposal should spend time understand-
ing SEER-Medicare data limitations (National
Institute of Health 2014) and learning about data
layout and coding (manuals and training are avail-
able at the NCI and other cancer research
organizations).

The Medicare Current Beneficiary Survey
(MCBS) is a longitudinal survey of a nationally
representative sample of the Medicare population.
The MCBS contains data about sociodemo-
graphics, health and medical history, healthcare
expenditures, and sources of payment for all ser-
vices for a randomly selected representative sam-
ple of Medicare beneficiaries (Centers for
Medicare and Medicaid Services 2014). For
every calendar year, there are two separate
MCBS data files released: Access to Care and
Cost and Use files which can be ordered directly
from the CMS with assistance from the Research
Data Assistance Center at the University of Min-
nesota (Research Data Assistance Center 2014).

MCBS Access to Care file contains information
on beneficiaries’ healthcare access, healthcare sat-
isfaction, and their usual sources of care (Goss et
al. 2013; Research Data Assistance Center 2014).
MCBS Cost and Use file offers a complete sum-
mary of all healthcare expenditure and source of
payment data on all healthcare services including
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expenditures not covered by (CMS Research Data
Assistance Center 2015). The information col-
lected in the surveys is combined with the claims
data on the use and cost of services. Medicare
claims data includes information on the utilization
and cost of a broad range of costs including inpa-
tient hospitalizations, outpatient hospital care,
skilled nursing home services, and other medical
services. In order for the Cost and Use file to
collect, summarize, and validate accurate pay-
ment informations, the release of C&U file is
usually delayed by 2 years compared to the
MCBS AC file.

In addition to publically available merged
datasets, individual investigators can create their
own aggregated databases by linking together
information from multiple sources and combining
existing data with prospectively collected and
patient-reported information. Examples of such
studies include a NSQIP-based evaluation of pre-
operative use of statins and whether it is associ-
ated with decreased postoperative major
noncardiac complications in noncardiac proce-
dures (Iannuzzi et al. 2013c¢), a study of recipients
of abdominal solid organ transplant (ASOT) using
additional data from patient medical records
(Sharma et al. 2011), and a retrospective review
of the data from medical records of patients diag-
nosed with hepatocellular carcinoma compared to
patients in the California Cancer Registry (CCR)
(Atla et al. 2012).

Data Management and Big Data

More and more data are being collected for differ-
ent purposes and are available to be linked
together including electronic memberships,
online purchasing and consumer behavior
records, electronic transactions and others. The
datasets become so large and complex that it
becomes difficult to manage using traditional
resources, and organizations have to increase
their resources in order to be able to manage
them. Before we know what to do with it, we
have entered into a new era of big data. Big data
is high-volume, high-velocity, and/or high-variety
information assets that require new forms of
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processing to enable enhanced decision making,
insight discovery, and process optimization
(Gartner 2013). The challenges of working with
big data include analysis, capture, curation,
search, sharing, storage, transfer, visualization,
and privacy violations, among many others. Inno-
vative solutions such as cloud computing chip
away at some challenges while remaining limited
by others. For instance, cloud computing outside
services such as Amazon ec2, box, dropbox, inter-
net2, etc. provide storage or processing capabili-
ties, but without internal infrastructure or
agreements with the outside services, there is the
potential for privacy violations. Yet, just like with
the administrative data several decades earlier, the
opportunities provided by big data potentially
outweigh the risks and, in time, may become
data-driven analytics as routine as EMR and dig-
ital image sharing.

Structure-Process-Outcome
Assessment in Surgery

Theoretical Framework of Quality
Assessment in Healthcare

According to Donabedian (1966), if there is evi-
dence that good structure leads to appropriate
processes which in turn result in good outcomes,
quality of healthcare intervention could be mea-
sured in terms of either structures (S), processes
(P), or outcomes (O) (Fig. 1).

These indicators can be measured using elec-
tronic, readily available, data from the organiza-
tional health information systems, data collected
by cancer trackers, and other regional data sys-
tems, like Rochester RHIO. It is important to work
closely with each hospital’s clinical quality
assessment team, to avoid redundancy in data
collection and other quality assessment and
reporting initiatives (e.g., Hospital Scorecard, the
Clinical Service Scorecard, and the Management
Plan Tracking Reports, SCIP, HCAHPS), and
others (Hospital Consumer Assessment of
Healthcare Providers and Systems 2014; The
Joint Commission Core Measure Sets 2014a).
Additional financial and pre- and postadmission
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Fig. 1 Donabedian approach for evaluating outcomes

cost and utilization information about patients can
be obtained from CMS claims data for Medicare
fee-for-service beneficiaries and Excellus BCBS
claims for commercially insured and Medicare
HMO patients (Medicare Health Insurance
Claim (HIC) number or health insurance ID will
be abstracted from the patients’ medical charts).
The bundles of care for surgical patients can be
defined by multidisciplinary care teams for specific
diagnoses and surgical service lines. A care bundle
identifies a set of key interventions from evidence-
based guidelines that, when implemented, are
expected to improve patient outcomes (Institute
for Healthcare Improvement 2006). The aim of
care bundles is to change patient care processes
and thereby encourage guideline compliance in a
number of clinical settings (Brown et al. 2002;
Burger and Resar 2006; Pronovost et al. 2006).
Using regional or national healthcare utilization
and expenditure data with Medicare or private
plan reimbursement schedule, clinicians and hos-
pital administrators can estimate annual cost of
care for surgical patients receiving various care
bundles, by disease stage. These bundled cost esti-
mates can be used internally (e.g., for budgeting
projections or to calculate return on investment
for new programs and interventions) or externally,
to provide a foundation for contract negotiations

with payers, regional healthcare systems, and
accountable care organizations (Froimson et al.
2013; Ugiliweneza et al. 2014).

While it is tempting to seek out a single perfect
metric of surgical quality, anybody familiar with
the complexity and variation in patient risks and
the delivery of surgical care would agree that such
metric could not possibly exist. More suitable
would be a multidimensional measure similar to
the six-domain definition of healthcare quality
suggested by the World Health Organization
(WHO). These dimensions require that healthcare
be:

+ Effective: delivering healthcare that is adher-
ent to an evidence based and results in
improved health outcomes for individuals and
communities

Example: each cancer case is reviewed by a
specialty multidisciplinary team at least once
before the final decision about treatment is
reached.

+ Efficient: delivering healthcare in a
manner that maximizes resource use and
avoids waste

Example: avoid unnecessary imaging for
colorectal cancer (CRC) patients such as PET
scans or multiple CT scans.
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* Accessible: delivering healthcare that is
timely, geographically reasonable, and pro-
vided in a setting where skills and resources
are appropriate to the medical need

Example: providing a hub-and-spoke model
for chemotherapy delivery for CRC patients
residing far from major cancer centers

* Acceptable/patient centered: delivering
healthcare which takes into account the prefer-
ences and aspirations of individual service
users and the cultures of their communities

Example: offering palliative care to all
patients with advanced cancer

» Equitable: delivering healthcare that does not
vary in quality because of personal character-
istics such as gender, race, ethnicity, geograph-
ical location, or socioeconomic status

Example: providing financial assistance to
low-income cancer patients assuring that out-
of-pocket expenses do not represent a barrier
for adequate treatment

+ Safe: delivering healthcare that minimizes
risks and harm to service users

Example: following WHO surgical check-
list to minimize the risk of surgical complica-
tions and never events

As illustrated by the examples above, this defi-
nition of healthcare quality provides the link
between the organization of care, care processes,
surgical quality, and outcomes. Hence, it enables
all participating stakeholders (e.g., clinicians,
researchers, payers, and hospital administrators)
to rely on Donabedian’s framework when
assessing quality of surgical services. According
to Donabedian, if there is evidence that good struc-
ture leads to appropriate processes which in turn
results in good outcomes, quality of healthcare
intervention could be measured based on presence
of appropriate structures (S) or processes (P).

Below we provide several examples of
evidence-based measures of quality in surgical care.

Structure

Lord Darzi, international expert on quality and
innovation in cancer care, world-leading colorectal
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surgeon, the former Minister of Health in the
United Kingdom, and the lead author of the UK
Darzi Plan to redesign care delivery, encouraged
healthcare agencies to “localize care where possi-
ble, and centralize services where necessary” for
efficacy and safety. This implies that routine
healthcare, like cancer survivorship services,
should take place as close to home as possible,
while more complex care, like active cancer treat-
ment, should be centralized to ensure it is carried
out by the most skilled professionals with cutting-
edge equipment and high volume/experience.

There exist several validated care delivery
models to improve access to specialty care for
patients with complex chronic disease living in
underserved or remote communities (for instance,
using videoconferencing technology for enhanced
care coordination). There is a large body of liter-
ature demonstrating that standardized care path-
ways, use of multidisciplinary teams (MDTs),
resident involvement (lannuzzi et al. 2013a, b),
availability of specialized providers (e.g., board-
certified surgical specialists, surgical nurses, and
PA) and services (e.g., stoma care, wound care,
surgical ICU), and receiving care in a high-vol-
ume center of excellence are associated with bet-
ter outcomes (Reames et al. 2014; Howell et al.
2014).

Evidence that hospital volume influences out-
comes has been verified in nearly every major
type of surgery (Begg et al. 1998; Birkmeyer et
al. 2002; Katz et al. 2004). This body of work
highlighted important and previously
unrecognized variations in hospital performance
and ignited efforts to improve surgical quality
among poorly performing hospitals. In an effort
to reduce these variations among hospitals, new
health policy and quality improvement initiatives,
such as public reporting, pay-for-performance,
and surgical checklists, have been implemented
to promote best practice and improve standards of
care (Hannan et al. 1990, 2012; Haynes et al.
2009; Lindenauer et al. 2007). Over the last
decade, surgical mortality rates have significantly
decreased throughout the country, possibly due to
such measures (Weiser et al. 2011; Finks et al.
2011; Birkmeyer 2012). While surgical/facility
volume is easy to measure, the mechanism of
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association between procedure volume and out-
comes remains to be poorly understood. Possible
explanations highlight the importance of surgical
expertise, specialized services, and infrastructure
that tend to be associated with large-volume
centers.

Patient management following multidis-
ciplinary principles consistently leads to superior
outcomes at much lower costs. Published
supporting evidence for improved cancer-specific
outcomes with the use of multidisciplinary teams
is available for a range of cancers, including
breast, lung, head and neck, esophageal, and colo-
rectal (Chang et al. 2001; Coory et al. 2008; Gabel
et al. 1997; Stephens et al. 2006; Wille-Jorgensen
et al. 2013; Burton et al. 2006).

Process

Many factors that constitute the structure and
organization of surgical services contribute to
the processes of care and, ultimately, affect patient
outcomes. For instance, in addition to knowing
structural features, such as whether a hospital has
a surgical ICU, it is also important to identify
processes of care, such as how the ICU is staffed
and what policies, regulations, and checklists the
SICU personnel adhere to, including failure to
rescue, escalation of care, communication, use of
imaging and antibiotics, and patient nutritional
protocols. If a residence program is housed in a
hospital (structure), what, when, and how surgical
residents are required to perform during cases
(processes) may vary by institution and has seri-
ous impact on institutional outcomes.

There is also a growing interest regarding the
potentially detrimental impact of interruptive
operating room (OR) environments on surgical
performance (Healey et al. 2006; Wiegmann et
al. 2007). Previous investigations showed that
interruptions occur frequently in ORs, across var-
ious surgical specialties (Weigl et al. 2015).

In an effort to improve surgical outcomes and
potentially lower costs, recent attention has been
placed on efficiency of care delivery and the sur-
gical volume-outcome relationship. Luft et al. first
explored this concept in 1979 showing that there
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was a relation between hospital volume and mor-
tality for complex procedures such as open-heart
surgery or coronary bypass (Luft et al. 1979).
Since then, Birkmeyer et al. expanded on this
idea by showing a significant relationship
between both hospital volume and surgeon vol-
ume and operative mortality for many different
procedures, including resections for lung, bladder,
esophageal, and pancreatic cancer (Birkmeyer et
al. 2002). Subsequent surgical oncology studies
have shown an association between volume and
negative margin status, superior nodal harvest,
and both short-term and long-term survival.
Recently, volume-outcome relationship has been
demonstrated even for less specialized proce-
dures, such as incisional hernia repair (Aquina et
al. 2014a).

Evidence of the volume-outcome relationship,
along with financial pressures, implementation of
surgical bundled payments, and shift to account-
able care organizations brought to light the impor-
tance of efficient and coordinated models of care
delivery. With the increase in the number of sur-
gical subspecialties and nonsurgical specialties
performing surgical procedures (e.g., intervention
radiology and cardiology, urogynecology), there
is an increase in the involvement of advanced
practice providers in patient care delivery (e.g.,
nurse practicioners (NP), physician assistants
(PA), technicians, and therapists) and growing
acceptance of multidisciplinary care pathways
(oncology, geriatrics, orthopedics, among others).
For example, high-volume bariatric surgery prac-
tices can hire psychologists, nutritionists, exercise
therapists, and specialty nurses to provide addi-
tional supportive services. This approach can free
surgeon’s time and improve care coordination and
patient experience. There are other situations
when the specialty and training of provider is
important — for the procedures that could be
performed by different types of providers, for
instance, inferior vena cava filter (IVC filter), a
type of vascular filter that is implanted to prevent
life-threatening pulmonary emboli (PEs). IVC fil-
ters could be placed by a number of different types
of providers (vascular surgeons, general surgeons,
cardiologists, interventional radiologists) for var-
ious indications. The outcomes of the intervention
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(mortality, complications, PE) could potentially
depend on the specialty and skill of the provider.

In general, clinic staff rarely bill for their ser-
vices and often are employed by the institution.
Multidisciplinary ~ consultations for cancer
patients are also not reimbursable and often
count toward “academic time” for faculty physi-
cians. As a result, these services may be “invisi-
ble” from insurance claims or medical records. In
fact, only one provider can be associated with
each billable service (procedure or hospital admis-
sion). For any service delivered by more than one
provider (e.g., resident participating in a surgical
case, several APPs involved in hospital discharge
process), additional data may need to be included
(e.g., operating notes, individual provider claims).

Surgical Outcomes

A choice of optimal outcome for each study or
evaluation depends on the goal of the assessment
as well as factors that may be driving this outcome
(causal pathway) and resources available to the
investigators as some of the outcome collection
processes may be very costly and time consuming
(e.g., health utility and quality of life measure-
ment) (Drummond et al. 2005; Iezzoni 2004).
Below we describe some of the most common
types of outcomes used in surgical outcome
research and quality assessment and discuss their
applications, limitations, and sources of data.

Clinical Outcomes

Mortality: When defining mortality, it is impor-
tant to be specific about the duration of the obser-
vation period (e.g., in-hospital vs. 30-day
mortality) as well as the starting point for the
observation period (e.g., day when the procedure
was performed for 30-day postsurgical mortality
versus 30 days after hospital discharge for 30-day
hospital mortality). Using hospital discharge
abstracts and publicly available software, one
can measure in-hospital mortality using the most
appropriate definitions for the needs of the project.
For instance, if there is a significant variation in
the hospital length of stay between patients in the
study, it may be more accurate to define hospital
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mortality based on the 30-day postadmission
interval rather than postdischarge time (Borzecki
et al. 2010; Hannan et al. 1990, 2013).

Cancer Survival: For surgical oncology stud-
ies, cancer survival rate is often more appropriate
outcome metric than surgical mortality because
the vast majority of cancer patients receive multi-
modal therapy. Cancer survival is reported by
most tumor registries or can be calculated from
pathology reports. Cancer survival is defined as a
percentage of people who have survived a certain
type of cancer for a specific amount of time (e.g.,
12 months, 2 or 5 years). Certain cancers can recur
many years after first being diagnosed and treated
(e.g., breast cancer). During this time, a former
cancer patient (also called survivor) may die from
a different condition (oncologic or benign), and
hence, the most appropriate choice of reported
statistics in this case would be tumor site-specific
mortality. For instance, patient may be success-
fully treated for thyroid cancer but die from colon
cancer 20 years later. Other types of survival rates
that give more specific information include dis-
ease-free survival rate (the amount of cancer
patients who are cancer-free), progression-free
survival rate (the amount of cancer patients who
are not cured but their cancer is not progressing),
and cancer recurrence (cancer that has returned
after treatment and after a period of time during
which the cancer was not detected). Sometimes
without detailed pathology data, it is impossible to
distinguish cancer recurrence from cancer pro-
gression. An example of recurrence versus pro-
gression dilemma could be observed in rectal
cancer patients who received nonsurgical
neoadjuvant treatment. Following neoadjuvant
chemoradiotherapy = (CRT) and interval
proctectomy, 15-20% of patients are found to
have a pathological complete response (pCR) to
combined multimodal therapy, but controversy
persists about whether this yields a survival ben-
efit (Martin et al. 2012).

Surgical Complications: Incisional Hernia.
Incisional hernia is abdominal wall fascia that
fails to heal. Incisional hernia is a common post-
operative complication following major abdomi-
nal surgery. Data on incidence of incisional hernia
is highly variable with reported values ranging
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from 0% to 91%. Diagnosis for incisional hernias
is typically within the first 3 years after initial
laparotomy (Yahchouchy-Chouillard et al. 2003;
Rosen et al. 2003; Rea et al. 2012); however, it
may take up to 10 years to become evident after
the initial surgery (LeBlanc et al. 2000; Akinci et
al. 2013). This large amount of variation in the
reported rates of incisional hernia is not
unforeseen, given the wide assortment of the
group of patients included into the studies, the
executed surgery, and the amount of time during
the follow-up (Caglia et al. 2014). Several out-
come measures could be appropriate for a study
on incisional hernia including incidence, preva-
lence, rates of hospital admission, and
reoperation.

Surgical Complications: Surgical Site Infec-
tion (SSI) (Schweizer et al. 2014). In addition to
pain, discomfort, and high risk for readmission,
surgical site infections (SSIs) are identified with
an excessive amount of morbidity and mortality.
The costs of SSIs have been the focus of quality
improvement and safety efforts ever since the
Centers for Medicare and Medicaid have halted
compensation for the growing costs linked with
SSIs after some surgical operations (so-called
potentially preventable infections) (Aquina et al.
2014b). Prior studies have reported cost of hospi-
talizations after SSIs in the range from $24 000 to
$100 000 (Schweizer et al. 2014).

Patient-Reported Outcome Measures
(PROMs)

Patient-Reported Outcomes Measurement Infor-
mation System (PROMIS”™): Measures included in
PROMIS® are intended for standardized assess-
ment of wvarious patient-reported outcome
domains — including pain, fatigue, emotional dis-
tress, physical functioning, and social role partic-
ipation (Devlin and Appleby 2010). PROMIS® is
a new set of tools intended to be used in routine
clinical practice as a part of electronic medical
record (EMR) (Cella et al. 2007) system.
PROMIS®™ was established in 2004 with funding
from the National Institutes of Health (NIH).
PROMIS measures are based on common vali-
dated metrics to ensure computerized and bur-
den-free data collection process in any
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healthcare setting that yields accurate measure-
ment of patient health status domains over time
with few items (National Institute of Health
2015a).

Hospital Consumer Assessment of Healthcare
Providers and Systems (HCAHPS) (Systems
2014): Just like with any other consumer goods
and services, many providers and organizations
have collected information on patient satisfaction
with healthcare. However, prior to HCAHPS,
there was no national standard for collecting and
publicly reporting patients’ perspectives on their
healthcare experience that would enable valid
comparisons to be made across providers. In
May 2005, the National Quality Forum (NQF),
an organization responsible for standardization of
healthcare quality measurement and reporting,
formally endorsed the CAHPS®™ Hospital Survey
(Press Ganey Associates Inc 2014).

The HCAHPS survey is mailed to a random
sample of hospital patients after a recent dis-
charge. The survey asks patients to rate 21 aspects
of their hospital care combined into nine key
topics: communication with patients and doctors,
communication between patients and nurses,
responsiveness of the hospital staff, pain manage-
ment, communication with patients about medi-
cines, discharge information, hospital’s
cleanliness, hospital environment’s noise levels,
and transition of care. Patients’ perception of care
is a key performance metric and is used to deter-
mine payments to hospitals (Hospital Consumer
Assessment of Healthcare Providers and Systems
2014). The Hospital Compare database (4605
hospitals) can be used to examine complication
rates and patient-reported experience for hospitals
across the nation. Prior studies have demonstrated
an inverse relationship between patient experi-
ence and complication rates. This negative corre-
lation suggests that reducing these complications
can lead to a better hospital experience. Overall,
these results suggest that patient experience is
generally correlated with the quality of care
provided.

Depending on the type of surgery and patient
population, other outcome measures may be also
relevant (e.g., pain, functional status, and cogni-
tive ability). Quality of life is a multidomain
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indicator that combines all aspects of health rele-
vant to patients and, hence, may serve as an
aggregate outcome measure.

Quality of Life and Subjective Well-Being (Lee
et al. 2013): Quality continues to be placed at the
heart of discussions about healthcare. This raises
important questions how quality of care should be
measured and from whose perspective, patient’s,
provider’s, or payer’s. Subjective well-being
(SWB) is a measure of the overall “wellness” of
an individual and as such has the potential to be
used as this global marker for how treatments
affect people in the experience of their lives.
SWB links all stages in the treatment and care
process, thus allowing the overall quality of care
to be determined and valued according to its direct
effect on people’s lives. SWB has been shown to
have an effect on outcomes at all stages of the
treatment experience, and improved health and
quality outcomes are shown to consistently
enhance SWB (Lee et al. 2013). Furthermore,
SWB measures have been shown to be a suitable
method to value the impact of healthcare on the
families and caregivers of patients and, in this
way, can join up health outcomes to show wider
effects of treatment on patients’ lives. Measuring
an individual’s SWB throughout his or her treat-
ment experience can enable a full appraisal of the
quality of care that they receive. This could facil-
itate service improvements at the microlevel and
help value treatments for resource allocation pur-
poses at the macrolevel.

Surrogate Outcomes

Although everybody recognizes the importance of
measuring patient outcomes and several valid and
accurate measures (as described above) are avail-
able, there are several practical barriers to mea-
suring patient outcomes. These include time
(waiting for cancer recurrence or mortality to
occur while maintaining regular follow-up with a
patient), personnel costs (to perform routine sur-
veillance and follow-ups), and patient burden
(repeated follow-up, evaluations, and surveys).
One of the potential solutions to these problems
is use of surrogate outcomes. A surrogate out-
come (or endpoint) is a measure of effect of a
specific treatment that may substitute for a real
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clinical endpoint but does not necessarily have a
guaranteed relationship (Cohn 2004). Surrogate
markers are also used when the number of events
is very small, thus making it impractical to con-
duct a clinical trial to detect a statistically signif-
icant effect (e.g., instead of measuring VTE
events which have an incidence of less than 1%,
studies often use ultrasound-detected blood clots
which are much more prevalent but do not always
result in PE or VTE) (Fleming and DeMets 1996).
A correlate does not make a surrogate. It is a
common misconception that if an outcome is a
correlate (i.e., correlated with the true clinical
outcome), it can be used as a valid surrogate
endpoint (i.e., a replacement for the true clinical
outcome). However, proper justification for such
replacement requires that the effect of the inter-
vention on the surrogate endpoint predicts the
effect on the clinical outcome — a much stronger
condition than correlation. Other examples of
commonly used surrogate outcomes in surgery
include costs of care as a measure of poor out-
comes and disability, positive surgical margins,
carcinoembryonic antigen (CEA), and number of
lymph nodes retrieved as a measure of long-term
cancer recurrence and mortality (Nussbaum et al.
2014).

Composite Outcomes: Episode of Care or
Care Bundles

The value of quality reporting in surgical care,
however, is limited by problems with existing
measures of quality, mainly, that existing quality
indicators are designed to measure the quality of a
specific facility (e.g., hospital) or a specific pro-
vider (e.g., surgeon). This, however, does not
reflect the current paradigm of care delivery
when a patient may be diagnosed in the commu-
nity, referred to a regional center of excellence for
neoadjuvant chemoradiation, followed up for 6
months by an academic colorectal surgeon, before
returning back to the community for years of
posttreatment surveillance. Regional standardized
pathways of care and multidisciplinary team
(MDT) approach has been recommended by all
clinical societies to better identify, coordinate,
deliver, and monitor the optimal treatment on an
individual patient-by-patient basis (Chang et al.
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2001; Coory et al. 2008; Stephens et al. 2006;
Abbas et al. 2014; Wille-Jorgensen et al. 2013;
Morris et al. 2006; Gatt et al. 2005; Adamina et al.
2011).

Risk Adjustment

Risk adjustment is a set of analytic tools used for
an array of functions in the healthcare (Iezzoni and
Long-Bellil 2012; Schone and Brown 2013). One
of the primary uses of risk adjustment is providing
fair comparison between different patient
populations, providers, or programs. Risk adjust-
ment is also necessary to set costs for health plans
to suggest expected treatment expenses of their
specific membership group. Because of discrep-
ancy in everyone’s health and treatment needs, the
cost and outcomes of healthcare may differ from
person to person. Without risk adjustment, plans
or providers have an enticement to enroll and treat
healthier patients (so-called cream skimming or
cherry-picking) and avoid sick, frail, or complex
patients. After appropriate risk adjustment, plans
and providers receive a larger amount of reim-
bursement for members with numerous chronic
illnesses than for members with a small amount
of or no health problems at all. In addition to costs,
risk adjustment is also applied to health outcomes
when comparing performance across providers (e.
g., risk-adjusted mortality is reported by the STS
National Database and NSQIP, CABRG Report
Cards NYS, UK surgical mortality (National
Health Services 2015); The Society of Thoracic
Surgeons National Database 2014). The method-
ology used to risk adjustment varies, depending in
part on healthcare market regulations, the
populations served, and the source of payments.
Risk adjustment is used in all major public pro-
grams offering health coverage in the United
States — including Medicare Advantage (MA),
Medicare Part D, and state Medicaid managed
care programs. The STS National Database, with
its three million patient records, has long used risk
adjustment to provide more accurate patient out-
comes. If not risk adjusted, the records of sur-
geons who perform operations on higher-risk
patients would always look worse than the records

of surgeons who treat low- or average-risk
patients.

From Data to Quality Improvement
Understanding Hospital Billing Data

For many hospital and outpatient services, there is
a wide difference between billed charges and the
amounts that providers expect to receive for ser-
vices. Hospital charges are usually determined by
hospital administrators depending on prior history
and demand. Reimbursement rates, on the other
hand, or the payments that hospitals are actually
willing to accept for a specific service or product,
vary by payer and specific plan. On average, hos-
pitals billed Medicare 3.77 times (standard devia-
tion = 1.83) what they were actually reimbursed,
with a range of 0.42 to 16.23 (Muhlestein 2013).
The ratio may vary for private payers.

High hospital charges, though, do have some
important consequences. First, since the charges
do not correlate with the amount being paid and
hospital expenditures required to produce a spe-
cific service (i.e., true cost), it becomes difficult, if
not impossible, to compare process between hos-
pitals, and draw conclusions about financial sus-
tainability of various service lines. Second — and
potentially devastating for some — those who are
uninsured who receive care at a hospital, or those
who are insured and receive care at an out-of-
network hospital, may face a bill that greatly
exceeds by many times the negotiated price paid
by any payer.

Focusing on Modifiable Factors

One of the major paradoxes that limits our ability
to improve practice based on the results of
published studies is that most available predictors
are not modifiable (readmissions: patient severity,
comorbidities), while most modifiable factors are
not routinely collected through standard clinical
data systems (SES, organizational structure). Fur-
thermore, the reported statistical associations not
equal causation (but often assumed) and hence,



162

modifying predictor may not result in a desired
change in the outcome of interest. Let’s consider
the example below.

Failure to rescue (FTR) refers to the mortality
among patients with serious complications
(Johnston et al. 2014; Pucher et al. 2014;
Almoudaris et al. 2013). Typically, it is hospitals
with greater FTR rates (not greater complication
rates) that have the greatest rate of mortality.
Thus although complications may occur, out-
comes can still be improved by optimizing the
quality of care provided to the patient post-
complication. Although there have been several
studies highlighting the importance of FTR as a
marker for quality of care, these have only con-
sidered organizational aspects of healthcare. Few
have explored the underlying human factors that
lead up to this critical event. Two main factors
may contribute toward an FTR event: first, a
failure to recognize a sick patient and, second, a
failure to act promptly once deterioration has
been detected. In both situations, an escalation
of care (EOC) process is required if FTR is to be
avoided.

EOC involves a nurse recognizing a change in
patient status and communicating it to a postgrad-
uate year 1 (PGY1) resident, who subsequently
reviews the patient and then escalates care further
for advice and/or management. Escalation is a
difficult process, as the first doctor called by the
nurses will usually be the most junior; this is the
traditional hierarchy. After initial assessment, the
junior doctor must then contact his or her senior to
explain why they need help and the urgency of
response required. All of this places a premium on
the value of communication between team mem-
bers. However, failures in communication are
ubiquitous and frequent in the postoperative
phase. Although this EOC process lies at the cen-
ter of FTR and is critically important for safety
and quality of surgical care, it remains difficult to
measure and quantify and, hence, relatively
unexplored in the research literature.

Identifying Actionable Goals

Despite the most sound study design and state-of-
the-art statistical methodology, outcome studies
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do not always lead to meaningful improvement
in care quality and patient outcomes. Is this the
ground for skepticism? Not at all. Just like many
investigations in basic biomedical sciences, out-
comes and quality assessment projects often fall
short of their potential impact by simply reporting
barriers to high-quality care without considering
strategies for systematically overcoming these
limitations and obstacles. Other common mistake
is assuming that just because some risk factors are
statistically associated with poor quality or out-
comes, they represent a target for improvement.
For instance, if low patient education is associated
with poor cancer prognosis, it may be naive to
assume that more education would improve out-
comes in cancer patients without a high school
diploma. In this case, low education is likely to be
a marker for social and economic deprivation in
this demographic group. Addressing this issue
may require developing a system-wide solution
like providing a care navigator, graphics rather
than text-based decision support tools, and
phone- rather than internet-based communication
with care providers.

Sometimes when large administrative dataset
are used for the analysis, statistically significant
risk factors are not necessary clinically significant.
Before considering any change in clinical prac-
tice, it may be beneficial to review the results for
face validity with all stakeholders involved in care
process. One approach is to use a systematic
quantitative validated method to assess risks in
the process of information transfer across all
phases of surgical care. The method is known as
failure mode and effect analysis (FMEA) and was
originally developed by engineers to accomplish
proactive risk analyses (McDermott et al. 1996).
The National Center for Patient Safety of the US
Department of Veterans Affairs adjusted FMEA
for use in healthcare, resulting in healthcare
FMEA (HFMEA) (DeRosier et al. 2002).
Healthcare FMEA is a multistep process (Fig. 2)
that uses a multidisciplinary team to proactively
evaluate a healthcare process. The team uses pro-
cess flow diagrams, hazard scoring, and decision
trees to identify potential vulnerabilities and to
assess their potential effect on patient care. The
method captures the likelihood of risks, the sever-
ity of consequences, and the probability that they
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Topic is usually high-risk process.

Y

Step 2: Assembling the team
Team should be multidisciplinary.

4

\

Graphically descr
using flowcharts.

causes and effect

Step 3: Map the process

failures that occur along with their

ibe the process
Identify the

S.

Y

Step 4: Hazard analysis
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calculated for each failure identified
in step 3. This is done by x Severity
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seriousness of the injury or effect
that could ultimately result if a
failure occurs. Probability of
occurrence is the likelihood that
this failure will occur.
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Step 5: Action and outcome
measures

Critical failure modes are identified
from step 4. Team makes
recommendations to prevent the
failure modes.

Fig. 2 Main steps in surgical healthcare failure mode and effect analysis (HFMEA) (Adapted from the Veterans Affairs

National Center for Patient Safety, DeRosier et al. 2002)

may be detected and intercepted before causing
harm. Healthcare FMEA has so far been applied
to medication administration (Fletcher 1997;
McNally et al. 1997; Kunac and Reith 2005;
Weir 2005), intravenous drug infusion (Adachi
and Lodolce 2005; Apkon et al. 2004; Wetterneck
etal. 20006), blood transfusions (Burgmeier 2002),
equipment problems (Weinstein et al. 2005;
Wehrli-Veit et al. 2004), and surgery (Nagpal et
al. 2010).

Presenting Results

Quality outcome research results may be
presented in a variety of ways depending in part
upon the endpoint and how that data will be
used. Standard statistical approaches using stu-
dent’s t-test for continuous and chi-square for
categorical data, for instance, have long been
noted to have biased results based on patient
factor distribution. This is particularly



164

important for observational studies using data
where patients have not been randomized.
Higher-level statistical packages using multi-
variable approaches to adjust for patient-level
factors are now readily available, providing
adjusted estimated effects in terms of odds
ratios. Despite the ubiquity of such methods, if
not well thought out, results can be drastically
skewed. Only confounding factors and
covariates not on the causal pathway should be
included. If one controls for factors on the
causal pathway, one may find that no presumed
risk factors are associated with the outcome,
because they have been effectively controlled
for in the multivariable analysis. This will be
discussed further below. Confounders such as
comorbidities may also be highly collinear, and
grouping or using already established practices
for comorbidity adjustment may be helpful in
decreasing the number of variables, particularly
if the research question is regarding comparing
two different surgical approaches where one
only desires to adjust for comorbidities rather
than ascertain their independent contribution to
risk for poor outcome.

While multivariable analyses are presented
with odds ratios, even this relatively straightfor-
ward result presentation requires some additional
thought in terms of the desired interpretation. One
particular nuance is whether using a reference
group that makes the odds ratio greater than one,
in other words suggesting increased risk, or such
that the odds ratio suggests a protective effect. It is
often more intuitive to present odds ratios
suggesting increased risk; however, this is not
always appropriate.

As quality data becomes more prevalent,
multiple metrics reportedly measuring the same
poor outcome may exist. Auditing these results
and comparing which approach is more reliable
and measures the underlying disease state is of
utmost importance, particularly if this data is to
lead to clinical change. For instance, using
Pearson’s correlation coefficient, a study of
NSQIP data when compared to regional data
measuring anastomotic leaks found that the tra-
ditional approach of “organ space infection”
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poorly correlated with the more specific anasto-
motic leak variable as more specifically defined.
These findings suggest that prior reports are
based on identifying organ space infection as
an anastomotic leak in colorectal surgery.

Odds ratios may be difficult to put into clin-
ically meaningful terms other than demonstrat-
ing relative importance. Another approach to
taking multivariable analysis to the next step is
the creation of risk scores aimed at guiding clin-
ical decision making. This approach effectively
operationalizes the data available in multivari-
able analysis by weighting risk factors. The
approach to these analyses is slightly different
as they are aimed at predicting an event, rather
than identifying all potential risk factors. This
changes in which variables are included in anal-
ysis, as only those that improve the predictive
ability should be used. There may be a high
degree of crossover; however, risk scores are
most useful when they are simple and so one
may desire to make a parsimonious model, that
is, a model with the fewest number of covariates
while maximizing the predictive power of the
model (Iannuzzi et al. 2013d, 2014a; Kelly et al.
2014a). In order to perform a predictive analysis,
data should be split into a development and
validation dataset so the risk score can be tested
on naive subjects estimating its ability to be
applied to novel patients. Another similar
approach is the use of nomograms, which is
simply another way to organize risk score-type
data.

With the advent of the electronic record, some
of this risk scoring can now be integrated directly
into the clinical record, alerting physicians about
high-risk patients for readmissions or high-risk
DVT patients prompting some action such as pro-
phylaxis prescription. This approach has
increased the use of guideline-based approaches
and may be an effective tool moving forward.
NSQIP also provides individual patient risk cal-
culators for many complications which allow in-
office estimates of risk based on individual patient
factors. This tool anecdotally has a high degree of
satisfaction for patients and providers alike and
likely improves the consent process.



7 Health Services Information: Data-Driven Improvements in Surgical Quality: Structure. . .

References

Primary Sources

American College of Surgeons (ACS). National Surgical
Quality Improvement Program. American College of
Surgeons. 2014a. http://site.acsnsqip.org/. Accessed 19
Sept 2014.

Andersen R, Newman J. Societal and individual determi-
nants of medical care utilization in the United States.
Milbank Q. 2005;83(4):1-28.

Birkmeyer J. Progress and challenges in improving surgi-
cal outcomes. BrJ Surg. 2012;99(11):1467-9.

Cohen M, Dimick J, Bilimoria K, Clifford K, Richards K,
Hall B. Risk adjustment in the American College of
Surgeons National Surgical Quality Improvement Pro-
gram: a comparison of logistic versus hierarchical
modeling. ] Am Coll Surg. 2009a;209(6):687-93.

Donabedian A. Evaluating the quality of medical care.
Milbank Mem Fund Q. 1966;44:166-206.

Fleming F, Thomas R, DeMets D. Surrogate end points in
clinical trials: are we being misled? Ann Intern Med.
1996;125(7):605-13.

Hospital Consumer Assessment of Healthcare Providers
and Systems. HCAHPS: Hospital Consumer Assess-
ment of Healthcare Providers and Systems. 2014.
http://www.hcahpsonline.org/home.aspx. Accessed 5
May 2015.

Maxwell R. Quality assessment in health. Br Med J.
1984;288(6428):1470.

Medicare.gov. The official U.S. Government Site for Medi-
care. Safe Surgery Checklist Use. In: Medicare.gov.
2014. http://www.medicare.gov/hospitalcompare/hos
pital-safe-surgery-checklist.html? Aspx AutoDetectCoo
kieSupport=1. Accessed 4 May 2015.

Pucher P, Rajesh A, Pritam S, Ara D. Enhancing surgical
performance outcomes through process-driven care: a
systematic review. World J Surg. 2014;38(6):1362—73.

Schiff GD, Rucker D. Beyond structure—process—outcome:
Donabedian’s seven pillars and eleven buttresses of
quality. Jt Comm J Qual Patient Saf. 2001;27
(3):169-74.

Sinclair A, Schymura M, Boscoe F, Yung R, Chen K,
Roohan P, Tai E, Schrag D. Measuring colorectal can-
cer care quality for the publicly insured in New York
State. Cancer Med. 2012;1(3):363—71. https://doi.org/
10.1002/cam4.30.

The Joint Commission Core Measure Sets. 2014a. http://
www.jointcommission.org/core_measure_sets.aspx.
Accessed 19 Sept 2014.

The Society of Thoracic Surgeons National Database. The
Society of Thoracic Surgeons National Database. 2014.
http://www.sts.org/national-database. ~Accessed 19
Sept 2014.

Tufts Medical Center. Cost-Effectiveness Analysis Regis-
try. In: Cost-Effectiveness Analysis Registry. 2014.
https://research.tufts-nemc.org/cear4/ Accessed 5 May
2015.

165

Secondary Sources

Abbas MA, Chang GJ, Read TE, Rothenberger DA,
Garcia-Aguilar J, Peters W, Monson JR, Sharma A,
Dietz DW, Madoff RD, Fleshman JW, Greene FL,
Wexner SD, Remzi FH. Optimizing rectal cancer
management: analysis of current evidence. Dis Colon
Rectum. 2014;57(2):252-9. https://doi.org/10.1097/
der.0000000000000020.

Adachi W, Lodolce AE. Use of failure mode and effects
analysis in improving the safety of iv drug administra-
tion. Am J Health-Syst Pharm. 2005;62(9):917-22.

Adamina M, Kehlet H, Tomlinson G, Senagore A, Delaney
C. Enhanced recovery pathways optimize health out-
comes and resource utilization: a meta-analysis of ran-
domized controlled trials in colorectal surgery. Surgery.
2011;149(6):830-40. https://doi.org/10.1016/].
surg.2010.11.003.

Aday L, Andersen R. A framework for the study of access
to medical care. Health Serv Res. 1974;9(3):208.

Agency for Healthcare Research and Quality. National
Healthcare Quality & Desparties Report, 2008. US
Department of Health and Human Services. 2009.

Akinci M, Yilmaz KB, Kulah B, Seker GE, Ugurlu C,
Kulacoglu H. Association of ventral incisional hernias
with comorbid diseases. Chirurgia. 2013;108:807—-11.

Almoudaris A, Burns E, Bottle A, Aylin P, Darzi A,
Vincent C, Faiz O. Single measures of performance
do not reflect overall institutional quality in colorectal
cancer surgery. Gut. 2013;62(3):423-9.

American Cancer Society. What is cancer recurrence? In:
When cancer comes back: cancer recurrence. 2014.
http://www.cancer.org/treatment/survivorshipduringan
daftertreatment/understandingrecurrence/whenyourcan
cercomesback/when-cancer-comes-back-what-is-recur
rence. Accessed 7 Jul 2016.

American College of Surgeons. American College of Sur-
geons (ACS). In: American College of Surgeons.
2014b. https://www.facs.org/. Accessed 19 Sept 2014.

American College of Surgeons, Commission on Cancer,
Surgical Care Improvement Project. Core measure dets.
In: The Joint Commissions. 2014b. http:/www.
jointcommission.org/surgical_care_improvement_project/.
Accessed 10 May 2015.

American College of Surgeons. Commission on Cancer.
In: American College of Surgeons. 2014c. https://
www.facs.org/quality-programs/cancer. Accessed 19
Sept 2014.

Apkon M, Leonard J, Probst L, DeLizio L, Vitale R.
Design of a safer approach to intravenous drug infu-
sions: failure mode effects analysis. Qual Saf Health
Care. 2004;13(4):265-71.

Aquina C, Kelly K, Probst C, Noyes K, Langstein H,
Monson JR, Fleming F. Surgeon and facility volume
play significant role in hernia recurrence and
reoperation after open incisional hernia repair. SSAT
55th annual meeting, Chicago;2014a. 2—-6 May 2014.

Aquina C, Rickles A, lannuzzi JC, Kelly K, Probst C,
Noyes K, Monson JR, Fleming FJ. Centers of


http://site.acsnsqip.org/
http://www.hcahpsonline.org/home.aspx
http://www.medicare.gov/hospitalcompare/hospital-safe-surgery-checklist.html?AspxAutoDetectCookieSupport=1
http://www.medicare.gov/hospitalcompare/hospital-safe-surgery-checklist.html?AspxAutoDetectCookieSupport=1
http://www.medicare.gov/hospitalcompare/hospital-safe-surgery-checklist.html?AspxAutoDetectCookieSupport=1
https://doi.org/10.1002/cam4.30
https://doi.org/10.1002/cam4.30
http://www.jointcommission.org/core_measure_sets.aspx
http://www.jointcommission.org/core_measure_sets.aspx
http://www.sts.org/national-database
https://research.tufts-nemc.org/cear4/
https://doi.org/10.1097/dcr.0000000000000020
https://doi.org/10.1097/dcr.0000000000000020
https://doi.org/10.1016/j.surg.2010.11.003
https://doi.org/10.1016/j.surg.2010.11.003
http://www.cancer.org/treatment/survivorshipduringandaftertreatment/understandingrecurrence/whenyourcancercomesback/when-cancer-comes-back-what-is-recurrence
http://www.cancer.org/treatment/survivorshipduringandaftertreatment/understandingrecurrence/whenyourcancercomesback/when-cancer-comes-back-what-is-recurrence
http://www.cancer.org/treatment/survivorshipduringandaftertreatment/understandingrecurrence/whenyourcancercomesback/when-cancer-comes-back-what-is-recurrence
http://www.cancer.org/treatment/survivorshipduringandaftertreatment/understandingrecurrence/whenyourcancercomesback/when-cancer-comes-back-what-is-recurrence
https://www.facs.org/
http://www.jointcommission.org/surgical_care_improvement_project/
http://www.jointcommission.org/surgical_care_improvement_project/
https://www.facs.org/quality-programs/cancer
https://www.facs.org/quality-programs/cancer

166

excellence have lower ostomy-relatedNsquip. Tripar-
tite Birmingham;2014b. 30 June 30-3 July 2014.

Atkin W. Options for screening for colorectal cancer.
Scand J Gastroenterol. 2003;38(237):13—6.

Atla P, Sheikh M, Mascarenhas R, Choudhury J, Mills P.
Survival of patients with hepatocellular carcinoma in
the San Joaquin Valley: a comparison with California
Cancer Registry data. Ann Gastroenterol. 2012;25
(2):138.

Australian Commission on Safety and Quality in Health
Care. Windows Into Saf and Quality in Health Care.
2008.

Begg C, Cramer L, Hoskins W, Brennan M. Impact of
hospital volume on operative mortality for major can-
cer surgery. JAMA. 1998;280(20):1747-51.

Birkmeyer JD, Siewers AE, Finlayson EVA, Stukel TA,
Lee Lucas F, Batista [, Gilbert Welch H, Wennberg DE.
Hospital volume and surgical mortality in the United
States. N Engl J Med. 2002;346(15):1128-37.

Blackburn H. Research and demonstration projects in com-
munity cardiovascular disease prevention. J Public
Health Policy. 1983;4:398—421.

Borzecki A, Christiansen C, Chew P, Loveland S, Rosen A.
Comparison of in-hospital versus 30-day mortality
assessments for selected medical conditions. Med
Care. 2010;48(12):1117-21.

Brown A, Patterson D. To err is human. In: Proceedings of
the first workshop on evaluating and architecting sys-
tem dependability (EASY’01). 2001.

Brown M, Riley G, Schussler N, Etzioni R. Estimating
health care costs related to cancer treatment from
SEER-Medicare data. Med Care. 2002;40(8):
IV104-17. https://doi.org/10.2307/3767931.

Brownson R, Smith C, Pratt M, Mack N, Jackson-Thomp-
son J, Dean C, Dabney S, Wilkerson. Preventing car-
diovascular disease through community-based risk
reduction: the Bootheel Heart Health Project. Am J
Public Health. 1996;86(2):206—-13.

Burger CD, Roger RK. “Ventilator bundle” approach to
prevention of ventilator-associated pneumonia. Mayo
Clin Proc. 2006;81(6):849-50. https://doi.org/10.4065/
81.6.849.

Burgmeier J. Failure mode and effect analysis: an applica-
tion in reducing risk in blood transfusion. Jt Comm J
Qual Patient Saf. 2002;28(6):331-9.

Burton S, Brown G, Daniels I, Norman A, Mason B,
Cunningham D. MRI directed multidisciplinary team
preoperative treatment strategy: the way to eliminate
positive circumferential margins? Br J Cancer. 2006;94
(3):351-7.

CA Society of thoracic Surgeons. California Cardiac Sur-
gery and Intervention Project (CCSIP). In: California
Cardiac Surgery Intervention project. 2014. http://
www.californiacardiacsurgery.com/CCSIP-2012/index.
html. Accessed 19 Sept 2014.

Caglia P, Tracia A, Borzi L, Amodeo L, Tracia L, Veroux
M, Amodeo C. Incisional hernia in the elderly: risk
factors and clinical considerations. Intern J Surg.
2014;12(Suppl 2):S164-9.

K. Noyes et al.

Cella D, Yount S, Rothrock N, Gershon R, Cook K, Reeve
B, Ader D, Fries J, Bruce B, Rose M. The Patient-
Reported Outcomes Measurement Information System
(PROMIS): progress of an NIH Roadmap cooperative
group during its first two years. Med Care. 2007;45(5
Suppl 1):S3.

Cella D, Gershon R, Bass M, Rothrock N. What is assess-
ment center. In: Assessment Center. 2014. https:/www.
assessmentcenter.net/. Accessed 7 July 2016.

Centers for Medicare and Medicaid Services (CMS).
Physician Quality Reporting System (PQRS): mainte-
nance of Certification Program Incentive. In: eHealth
University. 2014. https:/www.cms.gov/eHealth/down
loads/eHealthU_PQRSMaintenanceCertification-.pdf.
Accessed 6 Jul 2016.

Chang J, Vines E, Bertsch H, Fraker D, Czerniecki B,
Rosato E, Lawton T, Conant E, Orel S, Schuchter L,
Fox K, Zieber N, Glick J, Solin L. The impact of a
multidisciplinary breast cancer center on recommenda-
tions for patient management: the University of Penn-
sylvania experience. Cancer. 2001;91(7):1231-7.

Chantler C. The role and education of doctors in the deliv-
ery of health care*. The Lancet. 1999;353
(9159):1178-81.  hittps://doi.org/10.1016/S0140-6736
(99)01075-2.

Cohen M, Bilimoria K, Ko C, Hall B. Development of an
American College of Surgeons National Surgery Qual-
ity Improvement Program: morbidity and mortality risk
calculator for colorectal surgery. J Am Coll Surg.
2009b;208(6):1009-16.

Cohn JN. Introduction to surrogate markers. Circulation.
2004;109(25 Suppl 1):1V-20-21.

Collaborative Endocrine Surgery Quality Improvement
Collective. Collaborative Endocrine Surgery Quality
Improvement Program (CESQIP). In: The American
Association of Endocrine Surgeons. 2014. http:/
cesqip.org/. Accessed 19 Sept 2014.

Coory M, Gkolia P, Yang I, Bowman R, Fong K. Sys-
tematic review of multidisciplinary teams in the man-
agement of lung cancer. Lung Cancer. 2008;60
(1):14-21.

Department of Health Office/Welsh. A policy framework
for commissioning cancer services (Calman-Hine
report). London: Department of Health; 1995.

Department of Health. The NHS Cancer plan: a plan for
investment, a plan for reform. In: Publications. 2000.
http://webarchive.nationalarchives.gov.uk/+/www.dh.
gov.uk/en/Publicationsandstatistics/Publications/Pub
licationsPolicyandGuidance/DH_4009609. Accessed
19 Sept 2014.

DeRosier J, Stalhandske E, Bagian JP, Nudell T. Using
health care failure mode and effect analysis™: the VA
National Center for Patient Safety’s prospective risk
analysis system. Jt Comm J Qual Patient Saf. 2002;28
(5):248-67.  http://www.patientsafety.va.gov/profes
sionals/onthejob/hfmea.asp.

Devlin N, Appleby J. Getting the most out of PROMs:
putting health outcomes at the heart of NHS decision-
making. London: The King’s Fund; 2010.


https://doi.org/10.2307/3767931
https://doi.org/10.4065/81.6.849
https://doi.org/10.4065/81.6.849
http://www.californiacardiacsurgery.com/CCSIP-2012/index.html
http://www.californiacardiacsurgery.com/CCSIP-2012/index.html
http://www.californiacardiacsurgery.com/CCSIP-2012/index.html
https://www.assessmentcenter.net/
https://www.assessmentcenter.net/
https://www.cms.gov/eHealth/downloads/eHealthU_PQRSMaintenanceCertification-.pdf
https://www.cms.gov/eHealth/downloads/eHealthU_PQRSMaintenanceCertification-.pdf
https://doi.org/10.1016/S0140-6736(99)01075-2
https://doi.org/10.1016/S0140-6736(99)01075-2
http://cesqip.org/
http://cesqip.org/
http://webarchive.nationalarchives.gov.uk/+/www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyandGuidance/DH_4009609
http://webarchive.nationalarchives.gov.uk/+/www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyandGuidance/DH_4009609
http://webarchive.nationalarchives.gov.uk/+/www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyandGuidance/DH_4009609
http://www.patientsafety.va.gov/professionals/onthejob/hfmea.asp
http://www.patientsafety.va.gov/professionals/onthejob/hfmea.asp

7 Health Services Information: Data-Driven Improvements in Surgical Quality: Structure. . .

Drummond MF, Sculpher M, Torrance GW, O’Brien BJ,
Stoddart G. Methods for the economic evaluation of
health care programmes. 3rd ed. New York: Oxford
University Press; 2005.

EHealth University: Centers for Medicare & Medicaid
Services. Physician Quality Reporting System
(PQRS): Maintenance of Certification Program Incen-
tive. CMS. 2014.

Etzioni DA, Cannom RR, Madoff RD, Ault GT, Beart Jr
RW. Colorectal procedures: what proportion is
performed by American Board of Colon and Rectal
Surgery—certified surgeons? Dis Colon Rectum.
2010;53(5):713-20.

Etzioni DA, Young-Fadok TM, Cima RR, Wasif N,
Madoff RD, Naessens JM, Habermann EB. Patient
survival after surgical treatment of rectal cancer: impact
of surgeon and hospital characteristics. Cancer.
2014;120(16):2472-81.

Fawecett S, Lewis R, Paine-Andrews A, Francisco V, Richter
K, Williams E, Copple B. Evaluating community coali-
tions for prevention of substance abuse: the case of pro-
ject freedom. Health Educ Behav. 1997;24(6):812-28.

Ferguson G, Eliasziw M, Barr H, Clagett P, Barnes R,
Wallace C, Taylor W, Haynes B, Finan J, Hachinski
V, Barnett H, for the North American Symptomatic
Carotid Endarterectomy Trial Collaborators. The
North American Symptomatic Carotid Endarterectomy
Trial: surgical results in 1415 patients. Stroke. 1999;30
(9):1751-8. https://doi.org/10.1161/01.str.30.9.1751.

Finks J, Osborne N, Birkmeyer J. Trends in hospital vol-
ume and operative mortality for high-risk surgery. N
Engl J Med. 2011;364(22):2128-37.

Fletcher C. Failure mode and effects analysis: an interdis-
ciplinary way to analyze and reduce medication errors.
J Nurs Adm. 1997;27(12):19-26.

Froimson M, Rana A, White R, Marshall A, Schutzer S,
Healy W, Naas P, Daubert G, Lorio R, Parsley B.
Bundled payments for care improvement initiative:
the next evolution of payment formulations: AAHKS
Bundled Payment Task Force. J Arthroplasty. 2013;28
(8):157-65.

Gabel M, Hilton N, Nathanson S. Multidisciplinary breast
cancer clinics. Do they work? Cancer. 1997;79
(12):2380-4.

Gartner. Big Data. In: It Glossary. 2013. http://www.
gartner.com/it-glossary/big-data/. Accessed 19 Sept
2014.

Gatt M, Anderson A, Reddy B, Hayward-Sampson P,
Tring I, MacFie J. Randomized clinical trial of multi-
modal optimization of surgical care in patients under-
going major colonic resection. Br J Surg. 2005;92
(11):1354-62. https://doi.org/10.1002/bjs.5187.

Goodman R, Wheeler F, Lee P. Evaluation of the Heart To
Heart Project: lessons from a community-based chronic
disease prevention project. Am J Health Promot.
1995;9(6):443-55.

Goss P, Lee B, Badovinac-Crnjevic T, Strasser-Weippl K,
Chavarri-Guerra Y, Louis J, Villarreal-Garza C, Unger-
Saldana K, Ferreyra M, Debiasi M, Liedke P, Touya D,

167

Werutsky G, Higgins M, Fan L, Vasconcelos C, Cazap
E, Vallejos C, Mohar A, Knaul F, Arreola H, Batura R,
Luciani S, Sullivan R, Finkelstein D, Simon S, Barrios
C, Kightlinger R, Gelrud A, Bychkovsky V, Lopes G,
Stefani S, Blaya M, Souza F, Santos F, Kaemmerer A,
Azambuja E, Zorilla A, Murillo R, Jeronimo J, Tsu V,
Carvalho A, Gil C, Sternberg C, Duenas-Gonzalez A,
Sgroi D, Cuello M, Fresco R, Reis R, Masera G, Gabus
R, Ribeiro R, Knust R, Ismael G, Rosenblatt E, Roth B,
Villa L, Solares A, Leon M, Torres-Vigil I, Covarru-
bias-Gomez A, Hernandez A, Bertolino M,
Schwartsmann G, Santillana S, Esteva F, Fein L,
Mano M, Gomez H, Hurlbert M, Durstine A, Azenha
G. Planning cancer control in Latin America and the
Caribbean. Lancet Oncol. 2013;14(5):391-436. https://
doi.org/10.1016/S1470-2045(13)70048-2.

Group, COMMIT Research. Community Intervention
Trial for Smoking Cessation (COMMIT): summary of
design and intervention. J Natl Cancer Inst. 1991;83
(22):1620-8.

Grube B, Giuliano A. Observation of the breast cancer
patient with a tumor-positive sentinel node: implica-
tions of the ACOSOG Z0011 trial. Semin Surg Oncol.
2001;20(3):230-7.

Hannan E, Kilburn H, O’Donnell J, Lukacik G, Shields E.
Adult open heart surgery in New York State: an analy-
sis of risk factors and hospital mortality rates. JAMA.
1990;264(21):2768-74.

Hannan E, Siu A, Kumar D, Kilburn H, Chassin M. The
decline in coronary artery bypass graft surgery mortal-
ity in New York State: the role of surgeon volume.
JAMA. 1995;273(3):209-13.

Hannan E, Cozzens K, King S, Walford G, Shah N. The
New York State cardiac registries history, contribu-
tions, limitations, and lessons for future efforts to assess
and publicly report healthcare outcomes. J Am Coll
Cardiol. 2012;59(25):2309-16.

Hannan E, Farrell L, Wechsler A, Jordan D, Lahey S,
Culliford A, Gold J, Higgins R, Smith C. The
New York risk score for in-hospital and 30-day mortal-
ity for coronary artery bypass graft surgery. Ann Thorac
Surg. 2013;95(1):46-52.

Hannan EL, Kilburn H, Racz M, Shields E, Chassin MR.
Improving the outcomes of coronary artery bypass
surgery in New York State. JAMA 1994;271
(10):761-6.

Haynes A, Weiser T, Berry W, Lipsitz SR, Breizat A,
Dellinger P, Herbosa T, Joseph S, Kibatala P, Lapitan
M. A surgical safety checklist to reduce morbidity and
mortality in a global population. N Engl J Med.
2009;360(5):491-9.

Healey AN, Sevdalis N, Vincent CA. Measuring intra-
operative interference from distraction and interruption
observed in the operating theatre. Ergonomics. 2006;49
(5-6):589-604.

Hospital Consumer Assessment of Healthcare Providers
and Systems. HCAHPS: Hospital consumer assess-
ment of healthcare providers and systems. In: Hospital
Consumer Assessment of Healthcare Providers and


https://doi.org/10.1161/01.str.30.9.1751
http://www.gartner.com/it-glossary/big-data/
http://www.gartner.com/it-glossary/big-data/
https://doi.org/10.1002/bjs.5187
https://doi.org/10.1016/S1470-2045(13)70048-2
https://doi.org/10.1016/S1470-2045(13)70048-2

168

Systems. 2014. http://www.hcahpsonline.org/home.
aspx. Accessed 19 Sept 2014.

Howell E, Devaney B, McCormick M, Raykovich K. Back
to the future: community involvement in the healthy
start program. J Health Polit Policy Law. 1998;23
(2):291-317.

Howell A, Panesar S, Burns E, Donaldson L, Darzi A.
Reducing the burden of surgical harm: a
systematic review of the interventions used to reduce
adverse events in surgery. Ann Surg. 2014;259
(4):630-41.

Hurtado M, Swift E, Corrigan J. Crossing the quality
chasm: a new health system for the 21st century. Insti-
tute of Medicine, Committee on the National Quality
Report on Health Care Delivery. 2001.

lannuzzi J, Chandra A, Rickles A, Kumar N, Kelly K,
Gillespie D, Monson J, Fleming F. Resident involve-
ment is associated with worse outcomes after major
lower extremity amputation. J Vasc Surg. 2013a;58
(3):827-31.el. https://doi.org/10.1016/].
jvs.2013.04.046.

lannuzzi J, Rickles A, Deeb A, Sharma A, Fleming F,
Monson J. Outcomes associated with resident involve-
ment in partial colectomy. Dis Colon Rectum.
2013b;56(2):212-8. https://doi.org/10.1097/
DCR.0b013e318276862f.

Iannuzzi J, Rickles A, Kelly K, Rusheen A, Dolan J, Noyes
K, Monson J, Fleming F. Perioperative pleiotropic
statin effects in general surgery. Surgery. 2013c.
https://doi.org/10.1016/j.surg.2013.11.008.

lannuzzi J, Young K, Kim M, Gillespie D, Monson J,
Fleming F. Prediction of postdischarge venous throm-
boembolism using a risk assessment model. J Vasc
Surg. 2013d;58(4):1014-20.el. https://doi.org/
10.1016/j.jvs.2012.12.073.

lannuzzi J, Chandra A, Kelly K, Rickles A, Monson J,
Fleming F. Risk score for unplanned vascular
readmissions. J Vasc Surg. 2014a. https://doi.org/
10.1016/j.jvs.2013.11.089.

lannuzzi J, Rickles A, Kelly K, Fleming F, Dolan J,
Monson J, Noyes K. Defining high risk: cost-effective-
ness of extended-duration thromboprophylaxis follow-
ing major oncologic abdominal surgery. J Gastrointest
Surg.  2014b;18(1):60-8.  https://doi.org/10.1007/
s11605-013-2373-4.

Iezzoni L. Risk adjusting rehabilitation outcomes: an over-
view of methodologic issues. Am J Phys Med Rehabil.
2004;83(4):316-26.

Iezzoni L, Long-Bellil L. Training physicians about caring
for persons with disabilities: “Nothing about us without
us!”. Disabil Health J. 2012;5(3):136-9.

Institute for Healthcare Improvement. In: Raising the bar
with bundles: treating patients with an all-or-nothing
standard. Institute for Healthcare Improvement. 2006.
www.ihi.org/IHI/Topics/CriticalCare/Intensive. Accessed
9 June 2014.

Jensen C, Prasad L, Abcarian H. Cost-effectiveness of
laparoscopic vs open resection for colon and rectal
cancer. Dis Colon Rectum. 2012;55(10):1017-23.

K. Noyes et al.

Johnston J, Marmet P, Coen S, Fawcett S, Harris K.
Kansas LEAN: an effective coalition for nutrition
education and dietary change. J Nutr Educ. 1996;28
(2):115-8.

Johnston M, Arora S, King D, Stroman L, Darzi A. Esca-
lation of care and failure to rescue: a multicenter,
multiprofessional qualitative study. Surgery. 2014;155
(6):989-94.

Katz J, Barrett J, Mahomed N, Baron J, Wright J, Losina E.
Association between hospital and surgeon procedure
volume and the outcomes of total knee replacement. J
Bone Joint Surg. 2004;86(9):1909-16.

Kelly K, Iannuzzi J, Rickles A, Monson J, Fleming F. Risk
factors associated with 30-day postoperative
readmissions in major gastrointestinal resections. J
Gastrointest Surg. 2014a;18(1):35—44. https://doi.org/
10.1007/s11605-013-2354-7.

Kelly KN, Fleming FJ, Aquina CT, Probst CP, Noyes K,
Pegoli W, Monson JRT. Disease severity, not operative
approach, drives organ space infection after pediatric
appendectomy. Ann Surg. 2014b;260(3):466-73.

Korndorffer J, Fellinger E, Reed W. SAGES guideline for
laparoscopic appendectomy. Surg Endosc. 2010;24
(4):757-61.

Kunac D, Reith D. Identification of priorities for medica-
tion safety in neonatal intensive care. Drug Saf.
2005;28(3):251-61.

Leatherman S, Sutherland K. The quest for quality in the
NHS: a mid-term evaluation of the ten-year quality
agenda. London: Stationary Office; 2003.

LeBlanc K, Booth W, Whitaker J, Bellanger D. Laparo-
scopic incisional and ventral herniorrhaphy in 100
patients. Am J Surg. 2000;180(3):193-7.

Lee P, Regenbogen S, Gawande A. How many surgical
procedures will Americans experience in an average
lifetime? Evidence from three states. Massachusetts
Chapter of the American College of Surgeons 55th
Annual Meeting, Boston. 2008.

Lee H, Vlaev 1, King D, Mayer E, Darzi A, Dolan P.
Subjective well-being and the measurement of quality
in healthcare. Soc Sci Med. 2013;99:27-34.

Levit L, Balogh E, Nass S, Ganz P. Delivering high-quality
cancer care: charting a new course for a system in crisis.
Washington, DC: National Academies Press; 2013.

Lindenauer P, Remus D, Roman S, Rothberg M, Benjamin
E, Ma A, Bratzler D. Public reporting and pay for
performance in hospital quality improvement. N Engl
J Med. 2007;356(5):486-96.

Luft H, Bunker J, Enthoven A. Should operations be
regionalized? The empirical relation between surgical
volume and mortality. N Engl J Med. 1979;301
(25):1364-9.

Mack J, Chen K, Boscoe F, Gesten F, Roohan P, Weeks J,
Schymura M, Schrag D. Underuse of hospice care by
medicaid-insured patients with stage IV lung cancer in
New York and California. J Clin Oncol. 2013;2012
(45):9271.

Marescaux J, Leroy J, Rubino F, Smith M, Vix M, Simone
M, Mutter D. Transcontinental robot-assisted remote


http://www.hcahpsonline.org/home.aspx
http://www.hcahpsonline.org/home.aspx
https://doi.org/10.1016/j.jvs.2013.04.046
https://doi.org/10.1016/j.jvs.2013.04.046
https://doi.org/10.1097/DCR.0b013e318276862f
https://doi.org/10.1097/DCR.0b013e318276862f
https://doi.org/10.1016/j.surg.2013.11.008
https://doi.org/10.1016/j.jvs.2012.12.073
https://doi.org/10.1016/j.jvs.2012.12.073
https://doi.org/10.1016/j.jvs.2013.11.089
https://doi.org/10.1016/j.jvs.2013.11.089
https://doi.org/10.1007/s11605-013-2373-4
https://doi.org/10.1007/s11605-013-2373-4
http://www.ihi.org/IHI/Topics/CriticalCare/Intensive
https://doi.org/10.1007/s11605-013-2354-7
https://doi.org/10.1007/s11605-013-2354-7

7 Health Services Information: Data-Driven Improvements in Surgical Quality: Structure. . .

telesurgery: feasibility and potential applications. Ann
Surg. 2002;235(4):487.

Martin S, Heneghan H, Winter D. Systematic review and
meta-analysis of outcomes following pathological
complete response to neoadjuvant
chemoradiotherapy for rectal cancer. Br J Surg.
2012;99(7):918-28.

Mayer J, Soweid R, Dabney S, Brownson C, Goodman R,
Brownson R. Practices of successful community coali-
tions: a multiple case study. Am J Health Behav.
1998;22(5):368-77.

Mayo Clinic Staff. Cancer survival rate: What it means for
your prognosis. In: Diseases and Conditions Cancer.
2016. http://www.mayoclinic.org/diseases-conditions/
cancer/in-depth/cancer/art-20044517. Accessed 7 Jul
2016.

McDermott R, Mikulak R, Beauregard M. The basics of
FMEA: quality resources. New York: CRC Press;
1996.

McNally K, Page M, Sunderland V. Failure-mode and
effects analysis in improving a drug distribution sys-
tem. Am J Health-Syst Pharm. 1997;54(2):171-7.

Morris E, Haward R, Gilthorpe M, Craigs C, Forman D.
The impact of the Calman-Hine report on the processes
and outcomes of care for Yorkshire’s colorectal cancer
patients. Br J Cancer. 2006;95(8):979-85. https://doi.
org/10.1038/sj.bjc.6603372.

Mubhlestein D. What type of hospitals have high charge-to-
reimbursement ratios? In: Health Affairs Blog. 2014.
2013.  http:/healthaftairs.org/blog/2013/07/15/what-
types-of-hospitals-have-high-charge-to-reimbursement-
ratios/. Accessed 19 Sept 2014.

Mukamel D, Mushlin A. Quality of care information
makes a difference: an analysis of market share and
price changes after publication of the New York State
Cardiac Surgery Mortality Reports. Med Care. 1998;36
(7):945-54.

Nagpal K, Vats A, Ahmed K, Smith A, Sevdalis N,
Jonannsson H, Vincent C, Moorthy K. A systematic
quantitative assessment of risks associated with poor
communication in surgical care. Arch Surg. 2010;145
(6):582-8.

Nallamothu B, Bates E, Wang Y, Bradley E, Krumholz H.
Driving times and distances to hospitals with percuta-
neous coronary intervention in the United States impli-
cations for prehospital triage of patients with ST-
elevation myocardial infarction. Circulation. 2006;113
(9):1189-95.

National Cancer Institute. SEER-Medicare: Brief descrip-
tion of the SEER-medicare database. In: Healthcare
Delivery Research. 2014. http://healthcaredelivery.can
cer.gov/seermedicare/overview/. Accessed 5 May
2014.

National Health Services. Consultant outcome data. In: My
NHS. 2015.  http://www.nhs.uk/choiceintheNHS/
Yourchoices/consultant-choice/Pages/consultant-data.
aspx. Accessed 14 May 2015.

National Institute of Health. SEER-Medicare linked data-
base. In: Healthcare Delivery Research. 2014. http://

169

appliedresearch.cancer.gov/seermedicare/.  Accessed
15 May 2015.

National Institute of Health. PROMIS: patient-reported
outcomes measurement information system. In: Pro-
grams. 2015a. http://commonfund.nih.gov/promis/
index. Accessed 15 May 2015.

National Institute of Health. SEER-Medicare: brief
description of the SEER-Medicare database. In:
Healthcare Delivery Research. 2015b. http:/healthcar
edelivery.cancer.gov/seermedicare/overview/. Accessed
7 Jul 2016.

New York State Department of Health. Cardiovascular
disease data and statistics. In: New York State Depart-
ment of Health. 2014. https://www.health.ny.gov/statis
tics/diseases/cardiovascular/. Accessed 7 Jul 2016.

Nussbaum D, Speicher P, Ganapathi A, Englum B, Keenan
J, Mantyh C, Migaly J. Laparoscopic versus open low
anterior resection for rectal cancer: results from the
national cancer data base. J Gastrointest Surg.
2014;19(1):124-31.  https://doi.org/10.1007/s11605-
014-2614-1.

Optimizing the Surgical Treatment of Rectal Cancer
(OSTRiCh). OSTRiCh consortium. In: OSTRiCh Con-
sortium. 2014.  http://www.ostrichconsortium.org/
news_archive.htm#. VByQjBYglhU. Accessed 19
Sept 2014.

Press Ganey Associates, Inc. HCAHPS Insights. In: Our
solutions. 2014. http://www.pressganey.com/
ourSolutions/patient-voice/regulatory-surveys/hcahps-
survey.aspx. Accessed 19 Sept 2014.

Pronovost P, Needham D, Berenholtz S, Sinopoli D, Chu
H, Cosgrove S, Sexton B, Hyzy R, Welsh R, Roth G,
Bander J, Kepros J, Goeschel C. An intervention to
decrease catheter-related bloodstream infections in the
ICU. N Engl J Med. 2006;355(26):2725-32. https:/
doi.org/10.1056/NEJMoa061115.

Rea R, Falco P, Izzo D, Leongito M, Amato B. Laparo-
scopic ventral hernia repair with primary transparietal
closure of the hernial defect. BMC Surg. 2012;12 Suppl
1:S33.

Reames B, Ghaferi A, Birkmeyer J, Dimick J. Hospital
volume and operative mortality in the modern era.
Annal Surg. 2014;260(2):244-51.

Research Data Assistance Center. MCBS access to care. In
Research Data Assistance Center. 2014. http:/www.
resdac.org/cms-data/files/mcbs-access-care. Accessed
19 Sept 2014.

Research Data Assistance Center. MCBS cost and use.
In: Research Data Assistance Center. 2015. http://
www.resdac.org/cms-data/files/mcbs-cost-and-use.
Accessed 5 May 2015.

Rickles A, Iannuzzi J, Kelly K, Cooney R, Brown D,
Davidson M, Hellenthal N, Max C, Johnson J,
DeTraglia J, McGurrin M, Kimball R, DiBenedetto A,
Galyon D, Esposito S, Noyes K, Monson J, Fleming F.
Anastomotic leak or organ space surgical site infection:
what are we missing in our quality improvement pro-
grams? Surgery. 2013;154(4):680-7. https://doi.org/
10.1016/j.surg.2013.06.035; discussion 687-9.


http://www.mayoclinic.org/diseases-conditions/cancer/in-depth/cancer/art-20044517
http://www.mayoclinic.org/diseases-conditions/cancer/in-depth/cancer/art-20044517
https://doi.org/10.1038/sj.bjc.6603372
https://doi.org/10.1038/sj.bjc.6603372
http://healthaffairs.org/blog/2013/07/15/what-types-of-hospitals-have-high-charge-to-reimbursement-ratios/
http://healthaffairs.org/blog/2013/07/15/what-types-of-hospitals-have-high-charge-to-reimbursement-ratios/
http://healthaffairs.org/blog/2013/07/15/what-types-of-hospitals-have-high-charge-to-reimbursement-ratios/
http://healthcaredelivery.cancer.gov/seermedicare/overview/
http://healthcaredelivery.cancer.gov/seermedicare/overview/
http://www.nhs.uk/choiceintheNHS/Yourchoices/consultant-choice/Pages/consultant-data.aspx
http://www.nhs.uk/choiceintheNHS/Yourchoices/consultant-choice/Pages/consultant-data.aspx
http://www.nhs.uk/choiceintheNHS/Yourchoices/consultant-choice/Pages/consultant-data.aspx
http://appliedresearch.cancer.gov/seermedicare/
http://appliedresearch.cancer.gov/seermedicare/
http://commonfund.nih.gov/promis/index
http://commonfund.nih.gov/promis/index
http://healthcaredelivery.cancer.gov/seermedicare/overview/
http://healthcaredelivery.cancer.gov/seermedicare/overview/
https://www.health.ny.gov/statistics/diseases/cardiovascular/
https://www.health.ny.gov/statistics/diseases/cardiovascular/
https://doi.org/10.1007/s11605-014-2614-1
https://doi.org/10.1007/s11605-014-2614-1
http://www.ostrichconsortium.org/news_archive.htm#.VByQjBYgIhU
http://www.ostrichconsortium.org/news_archive.htm#.VByQjBYgIhU
http://www.pressganey.com/ourSolutions/patient-voice/regulatory-surveys/hcahps-survey.aspx
http://www.pressganey.com/ourSolutions/patient-voice/regulatory-surveys/hcahps-survey.aspx
http://www.pressganey.com/ourSolutions/patient-voice/regulatory-surveys/hcahps-survey.aspx
https://doi.org/10.1056/NEJMoa061115
https://doi.org/10.1056/NEJMoa061115
http://www.resdac.org/cms-data/files/mcbs-access-care
http://www.resdac.org/cms-data/files/mcbs-access-care
http://www.resdac.org/cms-data/files/mcbs-cost-and-use
http://www.resdac.org/cms-data/files/mcbs-cost-and-use
https://doi.org/10.1016/j.surg.2013.06.035
https://doi.org/10.1016/j.surg.2013.06.035

170

Rosen M, Brody F, Ponsky J, Walsh R, Rosenblatt S,
Duperier F, Fanning A, Siperstein A. Recurrence after
laparoscopic ventral hernia repair. Surg Endosc Other
Intervent Tech. 2003;17(1):123-8.

Roussos S, Fawcett S. A review of collaborative partner-
ships as a strategy for improving community health.
Ann Rev Public Health. 2000;21(1):369-402. https://
doi.org/10.1146/annurev.publhealth.21.1.369.

Rutter C, Johnson E, Feuer E, Knudsen A, Kuntz K, Schrag
D. Secular trends in colon and rectal cancer relative
survival. J Natl Cancer Inst. 2013;105:1806—13.

Schone E, Brown R. Risk adjustment: what is the current state
of the art and how can it be improved? In: Robert Wood
Johnson Foundation. 2013. http:/www.rwjf.org/en/
library/research/2013/07/risk-adjustment—what-is-the-
current-state-of-the-art-and-how-c.html. Accessed 19 Sept
2014.

Schweizer M, Cullen J, Perencevich E, Vaughan S. Costs
associated with surgical site infections in veterans
affairs hospitals. JAMA Surg. 2014. https://doi.org/
10.1001/jamasurg.2013.4663.

Sharma R, Hawley C, Griffin R, Mundy J, Peters P, Shah P.
Cardiac surgical outcomes in abdominal solid organ
(renal and hepatic) transplant recipients: a case matched
study. Heart Lung Circ. 2011;20(12):804-5.

Sitzia J, Wood N. Patient satisfaction: a review of issues
and concepts. Soc Sci Med. 1997;45(12):1829-43.
Society for Surgery of the Alimentary Tract. The society
for surgery of the alimentary tract. In: The Society for
Surgery of the Alimentary Tract. 2016. http:/www.

ssat.com/. Accessed 6 Jul 2016.

Society for Surgical Oncology. SSO: Society for surgical
oncology. In: Society for Surgical Oncology. 2014.
http://www.surgonc.org/. Accessed 19 Sept 2014.

Solomon D, Losina E, Baron J, Fossel A, Guadagnoli E,
Lingard E, Miner A, Phillips C, Katz J. Contribution of
hospital characteristics to the volume—outcome rela-
tionship: dislocation and infection following total hip
replacement surgery. Arthritis Rheum. 2002;46
(9):2436-44.

Stephens M, Lewis W, Brewster A, Lord I, Blackshaw G,
Hodzovic I, Thomas G, Roberts S, Crosby T, Gent C,
Allison M, Shute K. Multidisciplinary team management
is associated with improved outcomes after surgery for
esophageal cancer. Dis Esophagus. 2006;19(3):164-71.
https://doi.org/10.1111/j.1442-2050.2006.00559.x.

U.S. Department of Health & Human Services. Data. In:
Organ Procurement and Transplantation Network. 2014.
http://optn.transplant.hrsa.gov/data/. Accessed 7 Jul 2016.

Ugiliweneza B, Kong M, Nosova K, Huang BA, Babu R,
Klad SP, Boakye M. Spinal surgery: variations in
healthcare costs and implications for episode-based
bundled payments. Spine. 2014;39:1235-42.

Vascular Quality Imitative. Improving vascular care. In:
Society for Vascular Surgery. 2014. http:/www.
vascularqualityinitiative.org/. Accessed 19 Sept 2014.

Wang Y, Jiang C, Guan J, Yang G, Yue J, Chen H, Xue J,
Xu Z, Qian Q, Fan L. Molecular alterations of EGFR in

K. Noyes et al.

small intestinal adenocarcinoma. Int J Colorectal Dis.
2013. https://doi.org/10.1007/s00384-013-1689-6.

Wayne A, Lodolce A. Use of failure mode and effects
analysis in improving the safety of IV drug administra-
tion. Am J Health-Syst Pharm. 2005;62(9):917-22.

Wehrli-Veit M, Riley J, Austin J. A failure mode effect
analysis on extracorporeal circuits for cardiopulmonary
bypass. J Extra Corpor Technol. 2004;36(4):351-7.

Weigl M, Antoniadis S, Chiapponi C, Bruns C, Sevdalis N.
The impact of intra-operative interruptions on sur-
geons’ perceived workload: an observational study in
elective general and orthopedic surgery. Surg Endosc.
2015;29(1):145-53.

Weinstein R, Linkin D, Sausman C, Santos L, Lyons C,
Fox C, Aumiller L, Esterhai J, Pittman B, Lautenbach
E. Applicability of healthcare failure mode and effects
analysis to healthcare epidemiology: evaluation of the
sterilization and use of surgical instruments. Clin Infect
Dis. 2005;41(7):1014-9.

Weir V. Best-practice protocols: preventing adverse drug
events. Nurs Manage. 2005;36(9):24-30.

Weiser T, Regenbogen S, Thompson K, Haynes A, Lipsitz
S, Berry W, Gawande A. An estimation of the global
volume of surgery: a modelling strategy based on avail-
able data. Lancet. 2008;372(9633):139-44.

Weiser T, Semel M, Simon A, Lipsitz S, Haynes A, Funk L,
Berry W, Gawande A. In-hospital death following inpa-
tient surgical procedures in the United States,
1996-2006. World J Surg. 2011;35(9):1950-6.

Wetterneck T, Skibinski K, Roberts T, Kleppin S,
Schroeder M, Enloe M, Rough S, Hundt A, Carayon
P. Using failure mode and effects analysis to plan
implementation of smart IV pump technology. Am J
Health-Syst Pharm. 2006;63(16):1528-38.

Whitlock E, Lin J, Liles E, Beil T, Fu R. Screening for
colorectal cancer: a targeted, updated systematic review
for the US Preventive Services Task Force. Ann Intern
Med. 2008;149(9):638-58.

Wiegmann D, ElBardissi A, Dearani J, Daly R, Sundt III T.
Disruptions in surgical flow and their relationship to
surgical errors: an exploratory investigation. Surgery.
2007;142(5):658-65.

Wille-Jorgensen P, Sparre P, Glenthoj A, Holck S,
Norgaard Petersen L, Harling H, Stub Hojen H,
Bulow S. Result of the implementation of multidis-
ciplinary teams in rectal cancer. Colorectal Dis.
2013;15(4):410-3. https://doi.org/10.1111/codi.12013.

World Alliance for Patient Safety. WHO surgical safety
checklist and implementation manual. In: World Health
Organization. 2014. http://www.who.int/patientsafety/
safesurgery/ss_checklist/en/. Accessed 7 Jul 2016.

Yahchouchy-Chouillard E, Aura T, Picone O, Etienne J,
Fingerhut A. Incisional hernias. Digest Surg. 2003;20
(1):3-9.

Zapka J, Marrocco G, Lewis B, McCusker J, Sullivan J,
McCarthy J, Birch F. Inter-organizational responses to
AIDS: a case study of the Worcester AIDS Consortium.
Health Educ Res. 1992;7(1):31-46.


https://doi.org/10.1146/annurev.publhealth.21.1.369
https://doi.org/10.1146/annurev.publhealth.21.1.369
http://www.rwjf.org/en/library/research/2013/07/risk-adjustment---what-is-the-current-state-of-the-art-and-how-c.html
http://www.rwjf.org/en/library/research/2013/07/risk-adjustment---what-is-the-current-state-of-the-art-and-how-c.html
http://www.rwjf.org/en/library/research/2013/07/risk-adjustment---what-is-the-current-state-of-the-art-and-how-c.html
https://doi.org/10.1001/jamasurg.2013.4663
https://doi.org/10.1001/jamasurg.2013.4663
http://www.ssat.com/
http://www.ssat.com/
http://www.surgonc.org/
https://doi.org/10.1111/j.1442-2050.2006.00559.x
http://optn.transplant.hrsa.gov/data/
http://www.vascularqualityinitiative.org/
http://www.vascularqualityinitiative.org/
https://doi.org/10.1007/s00384-013-1689-6
https://doi.org/10.1111/codi.12013
http://www.who.int/patientsafety/safesurgery/ss_checklist/en/
http://www.who.int/patientsafety/safesurgery/ss_checklist/en/

	7 Health Services Information: Data-Driven Improvements in Surgical Quality: Structure, Process, and Outcomes
	Introduction
	Stakeholders for Surgical Outcome Assessment
	Types of Data for Surgical Outcome Assessment
	Existing Data Sources
	Data Quality
	Changes in Surgical Procedures and Practices Over Time
	Individual Surgeon Variation (Preferences, Techniques, and Skills)
	Timing of Complications
	Limited Information on Socioeconomic Drivers of Health
	Need for Linked Data
	Data Management and Big Data

	Structure-Process-Outcome Assessment in Surgery
	Theoretical Framework of Quality Assessment in Healthcare
	Structure
	Process
	Surgical Outcomes
	Clinical Outcomes
	Patient-Reported Outcome Measures (PROMs)
	Surrogate Outcomes
	Composite Outcomes: Episode of Care or Care Bundles

	Risk Adjustment

	From Data to Quality Improvement
	Understanding Hospital Billing Data
	Focusing on Modifiable Factors
	Identifying Actionable Goals
	Presenting Results

	References
	Primary Sources
	Secondary Sources



