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Abstract

Background: Mortality after cardiac surgery is publicly reportable
and used as a quality metric by national organizations. However, de-
tailed institutional comparisons are often limited in publicly reported
ratings, while publicly reported mortality data are generally limited
to 30-day outcomes. Dashboards represent a useful method for ag-
gregating data to identify areas for quality improvement.

Methods: We present the development of a dashboard of cardiac sur-
gery performance using cardiac surgery admissions in a national ad-
ministrative dataset, allowing institutions to better analyze their clinical
outcomes. We identified cardiac surgery admissions in the Medicare
Limited Data Sets from April 2016 to March 2017 using diagnosis-relat-
ed group (DRG) codes for cardiac valve and coronary bypass surgeries.

Results: Using these data, we created a dashboard prototype to en-
able hospitals to compare their individual performance against state
and national benchmarks, by all cardiac surgeries, specific cardiac
surgery DRGs and by specific surgeons. Mortality rates are provided
at 30, 60 and 90 days post-operatively as well as 1 year. Users can
filter results by state, hospital and surgeon, and visualize summary
data comparing these filtered results to national metrics. Examples
of using the dashboard to examine hospital and individual surgeon
mortality are provided.

Conclusions: We demonstrate how this database can be used to com-
pare data between comparator hospitals on local, state and national lev-
els to identify trends in mortality and areas for quality improvement.
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Introduction

Improving the quality of healthcare delivery is a vital step in
providing better value to patients and the broader healthcare
system [1]. Due to the increasing emphasis on quality-based
payment models, there is substantial value in developing
benchmarking systems that allow for institutions to compare
their outcomes against comparator institutions.

Thirty-day mortality is a particularly important outcome in
cardiac surgery, as this metric is frequently used by external en-
tities to judge the quality of surgical care [2, 3]. The Department
of Veterans Affairs and Society of Thoracic Surgeons produce
aggregated datasets to track mortality data for quality improve-
ment purposes in cardiac surgery. These datasets have demon-
strated varying levels of utility over the past several decades in
guiding improvements in mortality and other outcomes [4-7].

Dashboards are a useful way to clearly and concisely dis-
play data for quick retrieval, and they have been shown to be
useful tools to improve patient outcomes in a variety of health-
care settings [8-14]. A 2009 study showed increased compli-
ance with ventilator bundle and decreased rates of ventilator-
associated pneumonia after implementation of a dashboard in a
surgical intensive care unit (ICU) [15]. Similarly, introduction
of a dashboard in a primary care setting improved frequency of
health screening items including cancer, diabetes and smoking
[16]. On a larger scale, dashboards have been implemented for
tracking national data including the impact of diabetes on hos-
pital readmissions and opioid-related adverse events [10, 11].
A common conundrum is that individual institutions are able to
collect their own data and compare to national benchmarks, but
lack other peer groups, such as local or regional hospitals with
which to compare. In this study, we present the development of
a national dashboard of cardiac surgery performance. We dem-
onstrate its utility by presenting example data for California hos-
pitals and its comparison on the local, state and national level.

Materials and Methods

Data source

Data were analyzed from Center for Medicare and Medicaid
Services Limited Data Set (LDS) from April 2016 to March
2017. The LDS is an administrative claims database main-
tained by CMS, which contains all claims submitted by hospi-
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tals for services provided to Medicare beneficiaries. For each
hospitalization, the claim record includes patient age, sex,
date of admission and discharge, the principal diagnosis code,
secondary diagnosis codes, procedure codes, discharge status,
diagnosis-related group (DRG), total charges and total Medi-
care payments [17]. This database was queried for all cardiac
surgical DRGs.

Compliance with ethical guidelines

The CMS LDS is a de-identified database that consists of a
collection of billing and diagnostic codes used by participating
hospitals with the goal of quality control, population monitor-
ing and tracking procedures. The CMS LDS does not require
institutional review board (IRB) approval or exempt determi-
nation or informed consent. These diagnostic and procedure
codes are designated at the discretion of physicians or hospital
billing departments rather than by defined clinical or radio-
graphic diagnostic criteria. The CMS LDS does not directly
involve human subjects as defined by federal regulations and
guidance. This study was conducted in compliance with the
ethical standards of the responsible institution on human sub-
jects as well as with the Helsinki Declaration.

Identification of patients undergoing cardiac surgery by
DRG codes

Cardiac surgery admissions in the CMS data were identified
using DRG codes for cardiac valve and coronary bypass sur-
geries. The DRG coding methodology was used to identify
DRGs 215, 216, 217, 218, 219, 220, 221, 231, 232, 233, 234,
235 and 236 for inclusion in the dashboard. Cohorts that con-
tained fewer than 11 cases were not identified as per CMS pri-
vacy guidelines.

Dashboard design and development

The dashboard prototype was developed with the technical as-
sistance from the Dexur Research and Analytics, a research
organization specializing in the analysis of large datasets. In
the creation of the dashboard, Dexur programmers created a
series of queries driven by DRG codes associated with cardiac
surgery admissions. The technical design involved loading the
relevant DRG codes provided by the medical team and identi-
fying outcomes in the claims data. The web pages are served
from pre-calculated reports in the database. Dexur stores the
information available from CMS on in-house servers at its ag-
gregated data warehouse. Quality assurance algorithms flag
outliers for manual review by data technicians. Programmers
at Dexur utilized Python programing language (V 3.7.4, Py-
thon Software Foundation, Delaware, USA) and other open
source tools to display information from the database in the
user interface online. The dashboard is available for users to
view via HTML pages from the personal computer (PC), mo-
bile device or a tablet on an open internet connection.
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Results

Dashboard functionality

The dashboard is searchable under different features such as
DRG, hospitals, doctors and quality rankings. These categories
can be further narrowed by International Classification of Dis-
ease (ICD) codes, mortality rates, readmission, length of stay
(LOS) and cost outcomes as examples. Further, these outcomes
can be searched by state, hospital and surgeon. Presented be-
low are examples of data retrieved by searching for a DRG
quality outcome. Mortality rates were retrieved by searching
by state, and further by hospital and surgeons in the State of
California to demonstrate different comparator groups.

Outcomes

We analyzed outcomes to demonstrate utility of data that can
be retrieved from the database. For illustrative purposes, we
used the database to retrieve mortality data in California to
compare to other states, as well as amongst individual Cali-
fornia hospitals, and individual surgeons in common cardiac
surgical procedures by DRG code. Mortality was calculated as
a percentage from CMS reported data in the database.

Mortality at 30, 60, 90 days and 1 year post-operatively
in California, Texas and Florida for all cardiac surgical DRGs
combined as compared to the United States overall are report-
ed in Figure 1.

To demonstrate a hospital-to-hospital comparison in ap-
propriate comparator groups, mortality for DRG 236, coronary
artery bypass grafting (CABG) in four California hospitals at
30, 60, 90 days and 1 year post-operatively, is shown in Figure
2.

To demonstrate utility at comparing performance at one hos-
pital against state and national benchmarks, we presented mortal-
ity data for one California hospital as compared to the national
and state level for cardiac surgical DRGs (216-221 and 233-236)
at 30, 60, 90 days and 1 year post-operatively in Figure 3.

Finally, to demonstrate dashboard utility at comparing
outcomes within one institution for surgeries performed by dif-
ferent surgeons, in Figure 4 we present mortality rates for two
surgeons as compared to the state and national level at 30, 60,
90 days, and 1 year.

Discussion

In this study, we designed a first of its kind dashboard that facili-
tates detailed comparisons of outcomes, allowing clinicians and
administrators to assess institutional performance, compare their
data to that of comparator institutions and identify areas of im-
provement specifically for cardiac surgery. The dashboard rep-
resents a useful tool for aggregating quality improvement data
for cardiac surgery [4, 18]. The database is searchable for DRG-
specific quality outcomes by surgeon, hospital and state, and can
be easily exported for comparison. In addition to mortality data
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Figure 1. Mortality after cardiac surgery at 30, 60, 90 days, and 1 year post-operatively in California, Texas, Florida and the

United States.
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Figure 2. Mortality for DRG 236, coronary artery bypass grafting in four California hospitals at 30, 60, 90 days, and 1 year post-

operatively. DRG: diagnosis-related group.

at 30, 60, 90 days, and 1 year, this database contains searchable
data related to LOS, ICU LOS, and revenue information for nu-
merous DGRs and hospitals nationwide for data comparable at
the state and national level. We demonstrate use of a dashboard
to display mortality data that can be directly compared to other
institutions and tracked over time to quickly identify areas of
poor outcomes, including underperforming DRGs, surgeons or
adverse late outcomes beyond the usual 30-day window.

With the continually changing field of cardiac surgery,
institutional trends can vary significantly with regards to
frequency of procedures performed, patient populations, co-
morbidities and practice trends. We have demonstrated that our
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dashboard can easily identify trends in mortality after cardiac
surgery at a particular institution as well as other comparator
groups. Our database is searchable by surgeon, hospital and
state, to allow users to compare data about particular surgeons
and institutions against comparator hospitals, as well as the
state and national trends. In Figure 1, we demonstrate that
mortality after cardiac surgery can be compared between dif-
ferent states and also against the national rate at multiple post-
operative timepoints. Further, we demonstrate in Figure 3 how
mortality after cardiac surgery at just one institution can be
compared with the local and state levels.

Mortality rates can be impacted by multiple metrics that
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Figure 3. Mortality for cardiac surgical DRGs (216-221 and 233-236) at 30, 60, 90, and 1 year post-operatively in one California
Hospital, in the state of California, and for the United States. DRG: diagnosis-related group.
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Figure 4. Mortality for two individual surgeons as compared to the state and national level at 30, 60, 90 days, and 1 year post-

operatively.

may be unreported in this database, therefore exceptional
data points in this database will help identify potential areas
of quality improvement. For example, outcomes at a large
academic institution in comparison to another academic in-
stitution of comparable size and patient population might be
more meaningful than the national trend. In fact, in Figure 2
we show a sample analysis that would be helpful in showing
major differences amongst hospitals for one DRG. This type
of comparison can be used to identify underperforming DRGs
in a particular institution. For a deeper investigation, we show
in Figure 4 how individual surgeon’s mortality rates can be
compared against state and national rates. If all surgeons in
the same institution have comparable mortality rates, but the
institution’s rates are significantly worse than a comparable
hospital, this may encourage a different quality improvement
intervention than if mortality rates amongst an institution’s
surgeons were different. Effectiveness of these interventions
can be tracked by evaluating data in comparison to other insti-
tutions over time in this database.

Dashboards have been useful in multiple settings to trans-
parently display clinical data in real time to ultimately guide
clinical decision-making [13, 14, 19-21]. Importantly, commit-
ment to quality improvement has been shown to be associated
with mortality outcomes independent of volume of cases per-
formed [22]. This speaks to the utility in using a database that
reveals detailed information by institution. Further dashboard
development could allow for comparisons regarding additional
outcomes metrics, such as data related to specific post-opera-
tive complications. Further studies are needed to demonstrate
whether this dashboard improves outcomes over time and
where improvements can be made to improve usability and ef-
fectiveness in decreasing mortality rates.

Limitations

Since this dashboard uses CMS data, outcomes data are spe-
cific to the patients in the dataset, which represent a specific
patient population and may not be generalizable to all patients
undergoing cardiac surgery. Users of the database will need to
consider demographics when querying specific procedures and
outcomes. In addition, there are surgery-specific and patient-
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related factors (i.e., patient severity) that can affect compli-
cation and mortality rates, and appropriate risk adjustments
should be made to take these factors into account for more
meaningful outcome comparisons between institutions. Addi-
tionally, the accuracy of claims data is potentially subject to
errors due to lack of standardization of data collection, and
regional or institutional differences in coding quality.

Conclusion

This study constructed a novel dashboard as a method to track
the mortality burden for individuals undergoing cardiac sur-
gery at hospitals across the United States. This dashboard can
help hospitals administrators and quality officers better under-
stand institutional performance compared to similar hospitals
and gives clinicians a tool to benchmark hospital outcomes
data in comparison to local and national trends. These data
can be then guide quality improvement initiatives and track
quality changes over time, decreasing costs and improving
patient care.
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