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CENTRAL MESSAGE

Databases are created to serve 1
of 2 fundamental functions: (1)
research and (2) benchmarking/
quality. Their construction and
nature affects the extent to
which they can accomplish these
functions.

This Invited Expert Opinion provides a perspec-
tive on the following paper: J Am Coll Surg.
2009 Nov;209(5):551-6. https://doi.org/10.1016/j.
jamcollsurg.2009.08.008; J Am Coll Surg. 2016
Oct;223(4):551-557.e4. https://doi.org/10.1016/j.
jamcollsurg.2016.06.393.
Database research has become so common that it has
essentially become the lingua franca of clinical research.
Since the vast majority of studies using databases are
observational in nature, various statistical methods are
employed to control for the inherent biases in such
nonrandomized data. However, even the most sophisticated
causal inference technique cannot overcome limitations
that are inherent to the nature of the data and how they
are collected. Most databases are created with a particular
purpose, which leads to limitations in the ways they can
be used for research. Organizations and professional
societies have created databases for national and
international benchmarking and research, the archetypical
example being the Society of Thoracic Surgeons (STS)
cardiac surgery database, which was subsequently
expanded to include general thoracic surgery and pediatric
cardiac surgery. These databases all have some element of
“pay to play”; they depend on subscription fees paid by
the institutions that comprise the membership and
contribute data. As such, they cannot be considered
population-based, as they only represent the cases
contributed to them. However, in general, they are clinical,
outcomes-focused, high-quality, and reliable and in certain
instances can be used for high-quality policy, clinical
epidemiology, and quality improvement work.

Thus,we posit that databases are often created to serve 1 of
2 fundamental functions: (1) research to answer questions
and (2) benchmarking/quality. In this paper, we discuss
various examples of different types of big clinical and admin-
istrative databases; more importantly, we discuss how the
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construction and nature of said databases affects the extent
to which they can accomplish these fundamental functions.
This paper ismeant as a companion piece to that of Subrama-
nian and colleagues, which focused on introducing the
concept of clinical versus administrative data and described
some of the commonly used databases. Thus, readers should
refer to that paper for descriptions of commonly used data-
bases such as National Inpatient Sample, Surveillance,
Epidemiology, and End Results, and the National Cancer
Database.1
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AMERICAN COLLEGE OF SURGEONS NATIONAL
SURGICAL QUALITY IMPROVEMENT PROGRAM
(ACS NSQIP)

The ACS NSQIP evolved out of the Veterans Health
Administration Surgical Quality Improvement Program
initially in cardiac surgery beginning in 1987 and a broader
noncardiac surgical patient population beginning in 1991.2

Between 2002 and 2004, a grant from the Agency for
Healthcare Research and Quality facilitated limited study
in 14 academic hospitals.3 In 2005, the ACS adopted
NSQIP, making it available nationally and internationally.4

The ACS NSQIP was conceived as a quality-improvement
program. However, the resulting dataset, the ACS NSQIP
Participant Use Data File (PUF), has become one of the
gold standard databases for surgical outcomes analysis in
addition to the STS Adult Cardiac Surgery Database.5

Participating hospitals prospectively contribute data to the
ACS NSQIP on a randomly sampled selection of patients
undergoing both inpatient and outpatient operations in 9
surgical specialties. Trained, certified surgical clinical re-
viewers, typically with a background in nursing, collect pre-
operative (60 variables), intraoperative (12 variables), and
postoperative data, including 22 outcomes up to 30 days af-
ter the index operation. Data are sampled from more than
3000 different procedures defined by a Current Procedural
Terminology (CPT) code list, based on a standardized
sampling protocol over 8-day cycles. A limited number
of high-frequency procedures, including laparoscopic
cholecystectomy and laparoscopic appendectomy, can be
collected during each cycle, ensuring representation from
other procedures. Three different data-collection protocols
exist for participating hospitals—the Essentials program,
which abstracts between 13% and 16% of operations per-
formed by surgeons identified as 1 of 9 specialties (general,
orthopedic, vascular, thoracic, plastic reconstructive, uro-
logic, gynecologic, otolaryngologic, and neurosurgical. car-
diac surgery is not specifically abstracted); the Procedure
Targeted program, which allows participating programs to
annually select CPT codes of which to collect a 100% sam-
ple; and Rural program, for smaller hospitals, collecting
100% of all procedures.6-8
Data Collection and Access
Surgical clinical reviewers are encouraged to contact

patients and their families within 90 days of surgery to com-
plete follow-up data. They are also encouraged to contact
the local surgeon champion or surgical staff to answer ques-
tions about individual cases. Other resources, such as online
help and chat groups, exist to answer further questions
about nuances of data abstraction. The ACS provides risk-
adjusted reports to participating institutions quarterly.
Each report contains 12 months’ worth of data. Reports
are delivered approximately 6 months after completion of
The Journal of Thoracic and Car
the rolling 12-month cycles. Thus, the report provides
data that are between at least 6 and 18 months old. Data
are audited, surgical clinical reviewers undergo periodic re-
certification to ensure adherence to standardized data
abstraction protocols, and annual updates to data abstrac-
tion protocols are disseminated among participating hospi-
tals periodically and at the annual meeting associated with
the ACS NSQIP, the ACS Quality and Safety Conference.
Each year’s worth of data is released at the end of the
following year.

Data Elements
Thirty-day outcomes measured by the ACS NSQIP are

mortality, length of stay, discharge destination, unplanned
related readmission, acute renal failure requiring dialysis
or hemofiltration, bleeding requiring transfusion, cardiac
arrest requiring cardiopulmonary resuscitation, deep inci-
sional surgical-site infection (SSI), deep venous throm-
bosis/thrombophlebitis requiring treatment, organ/space
SSI, pneumonia, progressive renal insufficiency, prolonged
intubation >48 hours, pulmonary embolism, myocardial
infarction, systemic inflammatory response syndrome/
sepsis/septic shock, stroke/cerebrovascular accident with
neurologic deficit, superficial SSI, unplanned intubation,
unplanned reoperation, urinary tract infection, and wound
disruption. During earlier years, the ACS NSQIP also
collected outcomes on graft/prosthesis/flap failure, periph-
eral nerve injury, and coma>24 hours.
It is possible for each measured complication to be pre-

sent before surgery. An indicator variable, “present at
time of surgery–PATOS,” is included in the PUF. There
are variations in data completeness for the different fields,
and there exist a small amount of data that appears incor-
rect. An example of the latter is a male patient coded as
being pregnant at time of surgery.9

Data Structure
The total database, 2005-2018, includes around 8 million

records at the time of writing. Data reported includes CPT
codes and International Classification of Diseases codes,
a series of preoperative comorbidities, and preoperative lab-
oratory values. Every year, the ACSNSQIPmodifies the list
of included procedures slightly. Thus, there is gradual
migration in the>3000 different CPT codes included in
the ACS NSQIP. The annual PUF sample size has increased
from 152,490 records from 121 hospitals in the 2005-2006
PUF to 1,020,511records from 722 hospitals in the 2018
PUF.10 Our analysis of the frequency of distribution of the
procedures in the ACS NSQIP PUF combined from 2009
to 2018 shows that this 10-year cohort of 6.9 million records
is composed of 48.6% general surgery, 20.3% orthopedic
surgery, and less than 10% each of the remaining spe-
cialties. The least represented specialty is thoracic surgery,
constituting 1.2% of records (n>81,000).
diovascular Surgery c Volume 162, Number 4 1147
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Definitions of the outcomes measured in the ACS NSQIP
PUF are periodically updated. Notable changes include the
inclusion of cardiac surgery, podiatry, and interventional
radiology in the 2005 PUF, dropped in subsequent years.
During 2012, the outcome of unplanned readmission was
added. This includes an indicator for whether or not this
was related to the index operation in the opinion of the
surgical clinical reviewer.

Limitations
The ACS NSQIP dataset does have specific limitations in

structure, analytic feasibility, and data capture that should
be considered when reviewing or planning studies. First,
the standard sampling frame collects data from a specific
number of cases performed on specific dates for each
participating hospital to ensure broad sampling across the
institution. While this provides a standardized sampling
strategy, it is not truly randomized at the case level and
may potentially incorporate some bias. As this sampling
strategy was designed to provide accurate assessments of
surgical quality at the hospital level, the data are less well
suited for the examination of variation at the provider level
or within specific patient populations. Indeed, procedures
that are less commonly performed (ie, pneumonectomy)
may be undersampled and subject to significant bias. In
some specific circumstances, this may be offset by
participation in additional operation-specific registries
developed from the Procedure Targeted ACS NSQIP
PUFs, to facilitate disease- and surgeon specialty–specific
analyses.8 These include 11 different procedures, such as
esophagectomy, pancreatectomy, and colectomy, but not
lung resections.8 Indeed, many hospitals have chosen to
participate in these modular programs to address specific
quality improvement needs locally. Of note, cardiac
surgical procedures are not captured in the ACS NSQIP
dataset.

The construction of the dataset does not allow use of
some commonly applied statistical techniques. Data are
organized by a random patient identifier at the PUF level.
ACS policy does not allow identifiable information
regarding the contributing institution or provider to be
made available to the researcher. Thus, analyses using tech-
niques such as clustering by the institution or provider to ac-
count for unmeasured confounding are not possible within
the NSQIP PUF data unless specific arrangements are
made with the ACS NSQIP governing body whereby they
conduct site-identified data analysis and provide extramural
researchers with deidentified results.11 However, individual
institution’s data from before submission to the ACS do
include patient identifiers, and the ACS has provided a
mechanism for central data analysis in some specific
instances. Further, to decrease the possibility of patient
identification, the data set does not include information on
the date or time of the case beyond the year of the dataset,
1148 The Journal of Thoracic and Cardiovascular Sur
making time-sensitive analyses more granular than annual
not possible.

Finally, it is important to consider the scope of the
patient-level data available when considering projects using
the ACS NSQIP PUF. The strength of the data lies within
the robust, audited collection of postoperative outcomes
data. However, these data are limited to a 30-day period
from the index operation, and the dataset does not include
longitudinal information regarding patient outcomes. Since
count of days from surgery to adverse outcomes is reported,
temporal analysis such as timing between surgery and read-
mission within 30 days of surgery is possible.12 However,
the dataset is ill-suited to examine questions when end
points such as survival or recurrence of the disease state
are important. The ACS also continues to modify variables
year over year, and it is important to understand whether
specific outcome variables or important covariates made un-
dergone any of these definitional changes over time, as
these may make some questions difficult or even impossible
to examine over time. For example, in 2012 the definition of
the outcome “transfusion” changed from transfusion greater
than 4 units of packed red blood cells to any transfusion of
packed red blood cells. Finally, the dataset does not contain
some functional information or thoracic-specific outcomes,
such as preoperative pulmonary function and postoperative
air leaks, which are important to risk stratification and
understanding of perioperative complications in thoracic
surgery. The ACS NSQIP is piloting a collection of
patient-reported outcomes; however, these are currently
not collected on a wide scale.

In summary, the ACS NSQIP PUF has become one of the
gold standard prospective clinical databases in the United
States for analysis of postoperative adverse outcomes.
The database has a large sample size and rigorous method-
ology for data inclusion. Analysis may be performed on
subsets of the data based on patient disease or operation.
Common postoperative complications are reported, and
use of the specialty-specific registries allows for analysis
of more granular data. Limitations of the ACS NSQIP
PUF include incomplete data capture, as it is a data sample
at most hospitals; that the smallest surgeon specialty repre-
sented in it is thoracic surgery, and cardiac surgery is not
included; broadly applicable outcomes without some
thoracic-specific outcomes; outcomes limited to 30-days
postoperatively without longer-term data; and limited
functional data particular to thoracic surgery.

SOCIETY OF THORACIC SURGEONS (STS)
Commonly regarded as the flagship national clinical

repository for cardiothoracic surgery, the STS database is
composed of 3 specialty-specific databases: the adult car-
diac surgery database (ACSD), the general thoracic surgery
database (GTSD), and the congenital heart surgery data-
base.5 The original adult cardiac database arose from the
gery c October 2021
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STS in response to concerns about data quality and the
methodology of the Health Care Financing Administra-
tion’s 1986 comprehensive report of identifiable hospital
mortality rates. First made available to STS members in
1989, the ACSD now covers more than 95% of adult and
pediatric cardiac surgery programs in the United States.
The hallmarks of the STS ACSD are detailed clinical data
(including detailed comorbidities, concurrent therapies,
and physiological parameters), risk-adjusted quality indica-
tors for common cardiac operations, and in-hospital/30-day
outcomes such as a suite of complications and other out-
comes. Voluntary public reporting for ACSD participants
began in 2010.13 Given the near-complete penetrance of
this database in the United States, it can be considered na-
tionally representative for cardiac surgery in the United
States.14

The general thoracic component was not formally imple-
mented until 2002. As of 2013, the GTSD includes more
than 800 cardiothoracic and general surgeons. Given the
relatively smaller volumes of general thoracic procedures
compared with cardiac operations, reporting periods are
based on a 3-year window and results are provided to
GTSD members semiannually. Like the ACSD, the GTSD
includes risk-adjustment models using demographics, co-
morbidities, and physiologic parameters and focuses on
short-term end points of length of stay, mortality, and
morbidity. An important feature of STS is that individual
institutions are responsible for the data collection and
reporting process. The substantial cost associated with
self-reporting is one of the principal barriers to complete
penetrance among across all surgical providers, especially
smaller-volume institutions. The STS databases have tradi-
tionally been operative databases with i/short term (ie, in-
hospital or 30-day) follow-up. However, they can be linked
with other databases such as Medicare, which increases the
power of such combined databases to examine longer-term
outcomes that can be more useful for policy making and
comparative outcome studies. For example, Cowper and
colleagues15 used such a linked database to examine cost
outcomes for lung cancer resection in the United States,
finding lower costs for minimally invasive approaches and
earlier-stage disease. However, it should be noted that these
linkage studies require special agreements with the STS to
accomplish, and linked datasets are generally not available
to users.

True to its benchmarking goal, one important output from
the data included in the GTSD is the risk adjustment models
and performance metrics that have been developed using
the database. With the quarterly reports that are provided
to institutions are star ratings, ranging from 1 to 3, for com-
posite outcome measures for lobectomy and esophagec-
tomy. These star ratings are generated at the program
level; average performance is assigned 2 stars, and statisti-
cally better performance is designated as 3 stars.
The Journal of Thoracic and Car
The accuracy of the STS-GTSD compares favorably with
most other surgical databases. An independent firm audits
5% of randomly selected participant sites for lobectomy
cases reported in the GTSD, and across 10 sites and 559
cases, data accuracy approached 95%. While quality of
data in GTSD appears reliable, generalizability to national
practice patterns is commonly criticized. LaPar and col-
leagues16 compared esophagectomy outcomes between
the GTSD, National Inpatient Sample, and NSQIP data-
bases. In-hospital mortality rates varied between the 3 data-
bases—3.2% in GTSD compared with 2.6% in NSQIP and
6.1% in the National Inpatient Sample. Perioperative mor-
tality, defined as death before discharge or within 30 days of
an operation, is reportedly 2.2%within GTSD, compared to
4.1% within the National Cancer Institute’s Surveillance,
Epidemiology, and End Results–Medicare linked database.
Certainly, the GTSD represents a selected group of high-

performing centers in general thoracic surgery, and ongoing
efforts to expand the capture of the database should increase
its generalizability in future, particularly with respect to
smaller programs and those serving historically under-
served populations. Furthermore, the capture and data vari-
ables are focused on elective general thoracic surgery, ie,
lobectomy and esophagectomy, and may not translate to
all areas of general thoracic surgery such as lung transplan-
tation. Despite these concerns, the GTSD provides unique
opportunities to execute detailed clinical epidemiology in-
vestigations using highly accurate data. For example, Tay-
lor and colleagues17 identified patients with marginal
pulmonary function through the GTSD undergoing resec-
tion and assessed rates of complication and survival
following lobectomy for cancer. Adjusting for other factors,
marginal pulmonary function was not found to be an inde-
pendent predictor of major complication or early mortality.
For carefully selected patients with marginal pulmonary
function, the authors concluded that lobectomy remains a
viable surgical option to treat NSCLC. Crabtree and col-
leagues18 studied the accuracy of clinical staging for T2
N0 esophageal cancer and determined the rates of up-
staging and down-staging with surgery. The group found
that 26% of patients were down-staged, whereas nearly
one half were up-staged at the operation. Because T2N0
is a threshold for induction therapy, the group concluded
that the accuracy of preoperative clinical staging should
be further refined.

EUROPEAN SOCIETY OF THORACIC SURGEONS
(ESTS)
The ESTS Database, which is similar in structure to the

STS database, was established in 2001 as an attempt to
collect data on thoracic surgical procedures for lung cancer
from ESTS members. The initial number of participating
centers was limited, but the number of included cases has
steadily increased over the years. The database is free of
diovascular Surgery c Volume 162, Number 4 1149



TABLE 1. ESTS thymic minimum dataset

Sex (male/female)

Date of birth

Date of surgery

Paraneoplastic associated syndromes (MG, etc)

Final pathologic diagnosis (thymoma, thymic carcinoma, NETT)

WHO histology

Thymic carcinoma histology

NETT histology

Pathologic Masaoka stage

Final pathologic resection status (R0, R1, R2*)

Pathologic TNM stage (IASLC/ITMIG staging, 8th Ed. TNM)

Outcome at discharge (alive/dead)

Chemotherapy (intent, date initiated)

Radiotherapy (intent, date initiated)

Date of death or last follow-up date

Vital status

These are the minimum standard data fields to be completed for data analysis. MG,

Myasthenia gravis; NETT, neuroendocrine thymic tumor;WHO, World Health Orga-

nization; TNM, tumor–node–metastasis; IASLC, International Association for the

Study of Lung Cancer; ITMIG, International Thymic Malignancy Interest Group.

*R0, complete resection; R1, incomplete resection (microscopic); R2, incomplete

resection (macroscopic).
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charge for any ESTSmember, web-based, prospective, peri-
odically maintained, and updated. The last report in 2017
included more than 110,000 patients from 240 units, 145
of which contributing with more than 100 cases.19,20 Like
the STS data, it is not strictly speaking population-based,
as cases are contributed only from partner institutions.
The ESTS database, at this time, is not used in public report-
ing initiatives in Europe for thoracic surgery. The core data-
set (Lung Cancer Registry) was progressively implemented
and expanded to satellite databases dealing with other
thoracic diseases and procedures. We examine 2 of these
satellite registries—the thymic and lung neuroendocrine
registries—as examples of clinical database subsets for col-
lecting and analyzing relevant data that can inform clinical
practice and are primarily oriented toward clinical epidemi-
ologic research questions rather than policy-based research,
which requires a true population-based registry.

Thymic Registry
The Thymic Registry was introduced in 2013 with the

intent to provide an up-to-date, online prospective platform
for the collection of the claims and electronic medical re-
cord data of patients with thymic tumors among the ESTS
members.19,20 The Thymic Registry is supervised by the
ESTS Thymic Working Group and by the ESTS Database
Committee, and it is supported and periodically maintained
by KData Clinical, the official platform of the ESTS Regis-
try. The ESTS Thymic Working Group was approved and
instituted by the ESTS Council in 2010 with the intent of
creating an interest group of people in the ESTS dealing
with thymic tumors. After the publication of a survey
among the ESTS thymic community about the current prac-
tice in the management of thymic tumors, the first major
initiative was to set up a thymic retrospective database
open to all interested ESTS institutions. The group has
thus far included more than 2000 patients treated between
1990 and 2010 from 35 institutions. Included variables
are shown in Table 1.

Neuroendocrine Registry
In 2012, the ESTS launched a new working-group, spe-

cifically dedicated to lung neuroendocrine tumor (NETs),
with the aim to develop modern knowledge on biology
and behavior of these tumors. A dedicated retrospective
database was at first developed and sent to all interested
ESTS centers.21 Thus far, more than 2000 resected NET
cases have been collected. The creation of this database,
similar to the Thymic Registry, was motivated by the
inherent limitations in general databases for the study of
specific diseases and treatment.

Research Using the ESTS Registries
The ESTS database has focused heavily in clinical epide-

miology. The ESTS lung neuroendocrine database, for
1150 The Journal of Thoracic and Cardiovascular Sur
example, has been the source of a number of clinically rele-
vant investigations on the treatment and outcomes of lung
neuroendocrine malignancy.22 The Thymic Database, like-
wise, has been used to examine the role of lymph node
dissection, margin status, and adjuvant treatment, among
other clinical questions related to thymic malignancy.20

The ESTS thymic database played a fundamental role in
the development of the 8th edition of the Tumor–Node–
Metastasis classification of thymic tumors under the coordi-
nation of the International Association for the Study of
Lung Cancer Staging and Prognostic Factors Committee.23

Likewise, the neuroendocrine registry has been used
effectively to examine the treatment of lung NETs. Filosso
and colleagues24 examined 5-year overall survival rates for
atypical carcinoids and large cell NETs and found that they
were 77% versus 28% (P<.001), respectively. They were
able to demonstrate aggressive behaviors and risk factors
for recurrence, which can help guide treatment. Other inves-
tigations have focused on clinical epidemiology in the treat-
ment and outcomes for lung NETs.
Limitations of the STS and ESTS Registries
Various limitations influence the way in which these da-

tabases can be used for research. First, it is important to
consider the population sampling methods for any data-
bases so that a researcher can make proper inferences about
how the data reflects population incidence. Neither the STS
nor the ESTS databases are “population-based” in that they
gery c October 2021
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only enroll patients who have been input into the database
rather than some representative sample. Therefore, they
are less useful for policy work seeking to examine popula-
tion incidence. Second, the variables that are included limit
how researchers can control for various biases in their ana-
lyses. For example, functional status is not well recorded in
either the ETST or the STS database. Furthermore, of crit-
ical important are socioeconomic and race variables, which
are only crudely captured in the data. Lung function is a crit-
ical variable for comparative outcome studies involving
thoracic surgery, and although the STS database routinely
records forced expiratory volume in 1 second and diffusion
capacity for carbon monoxide, other measures for border-
line patients such as walk tests, V/Q results or cardiopulmo-
nary exercise testing is not recorded. While in the majority
of cases these tests are not done, they may significantly alter
operativemanagement when required. These limitations are
crucial to consider for researchers attempting to adjust for
comorbidity and to study surgical decision-making. Opera-
tive procedures in the STS database are also perhaps not
ideally coded, and they rely on billing codes to define pro-
cedures. Although not ideal, at the level of a large database
these groupings are a practical way to collect data and pro-
vide enough granularity for risk adjustment at the hospital
level, although certainly some complexity of procedural
detail is lost in these coding schemes. Lastly, outcome def-
initions vary between databases. The STS database is most
commonly used for research on surgical complications but
the complication definitions were not standard between the
STS and the ESTS databases. To this end, recent efforts
have been made to standardize definitions for comparative
research. Recent work has focused on comparing US and
European postlobectomy outcomes, demonstrating the util-
ity of these efforts to standardize these databases.25

LINKED DATABASES FROM SOCIALIZED
MEDICINE SETTINGS

Some health systems with universal socialized health
care have developed robust health administrative databases
with established linkages across a spectrum of other health
and nonhealth-related datasets. These deidentified data-
bases tend to be truly population-based because they are
able to reliably capture essentially every person in that pop-
ulation. As a result of this feature and also others related to
reliable linkages, these databases address some of the limi-
tations noted in previous sections of this paper. A major
strength of all databases on this type, regardless of the
comprehensiveness of linkages, is that they can provide
truly population-based estimates of effect.

Denmark
The quintessential example of such databases linked da-

tabases exist in Nordic countries such as Denmark. Each
person living in Denmark is assigned a 10-digit unique
The Journal of Thoracic and Car
identifier by the Civil Registration System (either at birth
or on immigration).26 This serves as an effective method
for linking data about an individual across many medical
and nonmedical databases. It also provides for a reliable
method of assuring long-term follow-up until death (or
emigration out of Denmark). There is rich variety of data-
bases and they have been grouped into administrative and
health databases. Administrative databases include the
well-known ones like Vital Statistics (birth, death, etc), hos-
pital admissions or emergency visits but they also include
less commonly captured data such as laboratory results
and national prescription registry data.26 There is also a
wealth of individual-level information about other impor-
tant determinants of health that are not usually reliably
captured in most databases. For example, the Integrated
Database for Labour Market Research contains detailed
data about education, income, employment, and housing.26

It bears noting that this captures actual/specific data about
an individual’s income rather than reporting the median in-
come for a particular census tract (which is a proxy used for
income in many other databases).26-28 Health databases are
purely medical registries created for specific purposes and
may include biobanks for certain diseases. The Danish
Cancer Registry is a well-known disease-specific registry.
There can also be procedure-based registries (eg, In Vitro
Fertilization registry). A major source of rich data are
investigator-initiated cohorts that can then be linked and
thereby create potential for nested cohort studies with
essentially perpetual long-term follow-up. These cohorts
can be based on follow-up of a specific group (eg, the
Diet, Cancer and Health Study, which has been following
>50,000 patients free of cancer since 1993) or ad hoc
population-based surveys on lifestyle factors.29 In essence,
this can allow traditionally cross-sectional studies (ie,
survey) to take on longitudinal aspects when linked with
other databases. An enviable aspect of the health
registries in Denmark is that, in addition to robust linked
biobanking data, there is also capture of all pathology
specimens since inception of the National Pathology
Registry in 1997.30,31

Limitations
A major limitation is the lack of data granularity in some

elements, which has been a well-described limitation of
population-based research. In general, data validity and
accuracy are considered quite robust for data elements
like Vital Statistics, socioeconomic factors, and medica-
tions. Accurate capture of these latter 2 elements is unusual
in many databases and would be considered a major
strength of the Danish health data. Like many datasets based
on discharge data abstraction, however, the validity and
accuracy of hospital records and cause of death are more
variable and less reliable. To address such limitations, the
government undertakes regular validation studies.32
diovascular Surgery c Volume 162, Number 4 1151
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Although among the most robust of datasets, there are
limitations in the available data. Home care and rehabilita-
tion services are not captured reliably in any dataset; thus,
this presents a major limitation in assessing the impact of
disease and treatments on new functional measures of
outcome, such as “days alive and out of hospital” or “insti-
tution-free days.”33 Another major limitation is that pri-
mary care data are not captured, and thus this represents a
blind spot in this otherwise-robust linked database system.
Canadian Provinces (Ontario and Manitoba)
Similar linked databases exist in Canada; however, they

apply only at the provincial level as a consequence of the
nature of provincially based health care delivery in Canada.
In Canada, each province is the single-payer providing pub-
licly funded universal health insurance. The most notable
are the data repositories held and operated under the
auspices of the Institute for Clinical Evaluative Sciences
in Ontario and the Manitoba Centre for Health Policy in
Manitoba.27,28 Similar to Danish registries, they contain in-
dividual, record-level data for all people who have a provin-
cial health insurance number; this represents virtually
everyone in the province, as that is the mechanism to access
publicly-funded universal health care.27,28 There is a
notable exception that will be described in the limitations
section to follow. Linkage is facilitated through the use of
either a 9-digit (Manitoba) or 10-digit (Ontario) unique
identifier for every individual.27,28 There is also a rich link-
age to a broad range of administrative and health registries
in these databases, much like that described for Denmark. A
major and unique strength of Manitoba Centre for Health
Policy data is that it includes linkages to the criminal justice
system and thus can provide evenmore robust and complete
assessment of the nonmedical determinants of health.26 In
contrast to Danish registries, these Canadian datasets
include information on home care and rehabilitation
services.27,28
Limitations
Amajor limitation is the lack of data granularity in some

elements and similar issues arise as described for the
Danish data. A specific example related to the Canadian
data is that, although data linkages exist with the provin-
cial cancer registries, data granularity related to cancer
staging is suboptimal. Recent investigator-initiated efforts
have attempted to address this for gastroesophageal can-
cers, among others.34 Another major limitation is related
to the complete capture of people in the population.
Although health care is generally funded provincially, as-
pects of health care for Indigenous peoples are funded
federally and thus there is loss of data capture in those as-
pects of care that are funded through the provincial health
insurance number.
1152 The Journal of Thoracic and Cardiovascular Sur
CONCLUSIONS
In summary, we discussed various examples of different

types of big clinical and administrative databases. Impor-
tant details about data provenance were described; more
importantly, we discussed how the construction and nature
of said databases affects the extent to which they introduce
bias and prevent possibility of statistical adjustment, even
with the most sophisticated causal inference techniques at
our disposal.
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