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Studies on the association between care quality, case volume, and outcomes in coronary artery bypass grafting
(CABG) have concluded that consistent adherence to quality measures improves mortality rates and outcomes.
However, the quality metrics are not well-defined, and their significance to surgeons and healthcare providers
remains uncertain. We review the concept of “quality and quality metrics” and discuss their importance in the

1. Introduction

The incidence of postoperative surgical complications continues to
be high [1,2]. In addition to directly affecting patients, these compli-
cations pose economic and logistic burden to healthcare providers [3].
To improve patient outcomes and overall quality of surgical healthcare,
the criteria for identifying high-quality hospitals and surgeons for in-
dividual procedures have been widely debated. While there is evidence
showing operator volume to improve mortality for some procedures
[4,5], critics have considered volume to be a weak measure of in-
dividual hospital and procedure quality [6,7].

The quality of coronary artery bypass grafting (CABG) has been
addressed and studies exploring the association between care quality,
case volume and outcomes [8-10] in CABG have concluded that con-
sistent adherence to quality measures yields better mortality rates and
outcomes regardless of hospital or surgeon volume.

In recent years, cardiac surgery programs in the US have been
graded for quality by different public and private domains, such as the
Society of Thoracic Surgeons (STS) [11,12], the University Healthcare
Consortium (UHC) [13], the Joint Commission [14], and individual
state quality collaborative efforts [15], spawning multiple proposals
and quality measures aimed at improving CABG. However, the complex
and subjective nature of these measures continue to restrict surgeons
and hospitals to the more traditional volume and outcome scales of
grading surgical efficacy. In this review, we aim to address the concept
of “quality and quality metrics” in the context of CABG.

2. Definition of quality in surgery

“Quality in surgery” has for long been interpreted differently by
surgeons and healthcare providers. The confusion mainly stems from
the exact parameters entailing quality surgical care. Fifty years ago,
Donabedian [16] described a classical three-component model to ex-
amine health services and define quality of care, which is applicable to
CABG as well. The three components are structure, process, and outcome.
Although these components address different parts of patients’ perio-
perative experience, they are inherently interconnected and a com-
prehensive approach to improve surgical quality must include and
balance each of these measures.

Structure refers to the attributes of the provider or setting where
surgery is performed and can be summarized as the foundation from
which process is initiated. Process addresses the dynamics of care, and
the way procedural details reflect on outcome. Outcomes are the ultimate
results of the surgery and are perceived as the most tangible component
of the quality improvement chain. In the following sections, these three-
quality metrics are elaborated further in the context of CABG (Table 1).

2.1. Structure

Structural measures for quality assess the healthcare setting and
provide information on the provider's capacity, logistics, staff expertise
and coordination, doctor-to-patient ratio, and access to latest tech-
nology [17].

Authors studying CABG quality have linked procedure volume to

* Corresponding author. Department of Cardiothoracic Surgery, Weill Cornell Medicine, 525 East 68th Street, New York, NY, 10065, USA.

E-mail address: mfg9004@med.cornell.edu (M. Gaudino).
! Both authors contributed equally to this work.

https://doi.org/10.1016/j.ijsu.2019.03.007

Received 29 December 2018; Received in revised form 4 March 2019; Accepted 8 March 2019

Available online 15 March 2019

1743-9191/ © 2019 1JS Publishing Group Ltd. Published by Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/17439191
https://www.elsevier.com/locate/ijsu
https://doi.org/10.1016/j.ijsu.2019.03.007
https://doi.org/10.1016/j.ijsu.2019.03.007
mailto:mfg9004@med.cornell.edu
https://doi.org/10.1016/j.ijsu.2019.03.007
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijsu.2019.03.007&domain=pdf

F.M. Khan, et al.

International Journal of Surgery 65 (2019) 7-12

Table 1
Summary of the CABG quality measures, their advantages and disadvantages.
Structure Process Outcome
Variables - Doctor/patient ratio Evidence based recommendations including: - Mortality
- Provider capacity - Prophylactic antibiotics - Length of stay
- Access to latest technology - Use of beta blocker - Incidence of complications
- Subspecialized nursing care - Use of internal thoracic artery - Readmission rate
- Patient satisfaction
- Quality of life
Advantages - Easy access - More practical to implement - Directly reflect results of surgery
- Convenient - Stronger supporting evidence with improved outcomes
Disadvantages - Difficult to implement - Non-patient specific - Heavily dependent on sample size

- Unable to reflect larger variability of care

- Limited adherence

- Outliers not well detected

- Difficult to measure

outcomes with different conclusions. In one of the earliest compre-
hensive studies exploring volume-outcome relationship in CABG,
Shroyer et al. [18] observed a statistically significant relationship be-
tween annual hospital volumes and decreased CABG mortality
(p < 0.02). Interestingly, when adjusted for risk-factors, CABG volume
was not significantly related to mortality (p > 0.10). In 2002, Birk-
meyer et al. [4] used the national Medicare claim database and Na-
tionwide Inpatient Sample to study volume-outcome relationship for
2.5 million procedures performed in the USA between 1994 and 1998.
While mortality generally decreased with volume for all the 14 different
procedures that were studied, the relevance of volume to outcome was
relative to the type of procedure. Notably, the lowest absolute differ-
ence in adjusted mortality rate (< 2%) between very-low-volume and
very-high-volume hospitals was observed for CABG. Similarly, sum-
marizing the STS data for the period 2000-2001, Peterson et al. [19]
observed volume/outcome association for CABG to be weak among 439
investigated US hospitals, with operative mortality decreasing only
0.07% for every 100 additional CABG procedures (adjusted odds ratio
[OR] 0.98, 95% confidence interval [CI] 0.96-0.99, p = 0.004). Auer-
bach et al. [10] explored this further and confirmed that when quality
measures are maximized, CABG mortality outcomes at very-low-volume
hospitals (adjusted mortality rate, 1.05% [CI, 0.81%-1.29%]) are si-
milar to very-high-volume hospitals (adjusted mortality rate, 0.98%
[CI, 0.72%-1.25%]). These disparities emanate from other factors
surrounding CABG such as the complex interaction between surgeons,
hospital volume, individual operator experience, level of non-surgical
care, and data sourcing and sample selection methodology.

Subspecialty training is another important structural measure that
has been shown to improve outcomes in most surgical fields [20]. De-
spite being the most common open-heart surgical procedure in the US,
CABG has traditionally not been deemed a subspecialty unlike aortic or
transplant surgery. However, with the evolving complexity of the pro-
cedure involving anaortic CABG and the use of multiple arterial grafts,
preliminary evidence suggests improved outcomes in subspecialized
coronary surgery units. Watkins et al. [21] observed improved mor-
tality (1.48% versus 2.67%, p = 0.02), shorter overall operation time
(decreased by 48 min, mean 222 versus 278 min, p < 0.001), and in-
creased use of multiple arterial grafts (15% versus 11%, p < 0.002) in
a subspecialized coronary surgery program. Also, Kogan et al. [22]
reported improvement of unadjusted in-hospital mortality from 6.37%
to 3.3% (p < 0.01) under subspecialized cardiac intensive care unit
(ICU) teams and nurses. Similarly, others [23] have also proposed the
institution of a CABG subspecialty given the expanding complexity and
intricacies of the procedure.

The adoption of structural measures to advance quality is ad-
vantageous in terms of convenience and accessibility. These measures
can be inexpensively accessed from administrative data and are rela-
tively simpler to recognize at the institutional level. It must be noted,
however, that present evidence on the influence of these structural
measures on CABG is inadequate and preliminary, and published data
has focused on only very limited structural variables and outcomes.

Moreover, structural measures reflect average results for large groups of
providers and are unable to reflect an even larger variability in care.
Structural variables are also difficult to implement by providers and this
limits their value in the quality improvement chain.

2.2. Process

Process describes what a provider does to improve the health of
patients, and the compliance of providers with evidence-based re-
commendations established by professional organizations to ensure
uniformity in care [24].

Most process variables adopted to measure quality originate from
non-surgical specialties and have thus far been applied to cardiac sur-
gery in a limited fashion. The variables have ranged from compliance
with screening practices to secondary prevention strategies and desir-
able practice guidelines. Consequently, process variables that have been
replicated in CABG for quality-improvement mainly relate to the non-
surgical part of the procedure such as the use of prophylactic anti-
biotics, beta blockers, and perioperative care. The only notable excep-
tion is the use of one internal thoracic artery (ITA) graft for re-
vascularization of the left anterior descending artery due to the almost
universally recognized clinical benefits associated with it. Some have
gone further to propose the use of multiple arterial grafts as a quality
measure. While other CABG-related quality measures such as in-
traoperative assessment of graft patency and completeness of re-
vascularization [25] have been studied, these have not been widely
adopted yet.

Compared to structural measures, process measures are more
practical to implement by providers, and evidence supporting their
association with improved outcomes is stronger. Also, process variables
more closely reflect the actual care that patients receive and are usually
perceived as “fairer” measures of quality. However, the often-obvious
benefits of implementing process measures can detract healthcare
providers from aiming for an all-round approach to improving surgical
quality and only focus on limited variables. Moreover, there is a ten-
dency of providers to prefer higher reimbursing process measures over
those that are actually most suitable for patients [26].

Despite being theoretically promising, the compliance of providers
and patients with process measures, and their impact on quality are
difficult to assess. This results from most process measures being non-
patient-specific, complicating identification of patients that are eligible
(the denominator) to receive the measured therapy [27]. For instance,
only some patients benefit from pre-operative beta-blockade, while in
other patients this is contraindicated. Although the concept is simple to
describe, in practice, the judgement of the candidates for process
measures suffers from multiple confounders, and many patients are
ineligible for most of the process measures relevant to their condition.
Even among eligible patients, adherence is limited [28] and the value of
process measures is challenging to assess. Also, most process variables
revolve around the perioperative medical management of patients and
not the actual technical facet of the procedure.
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2.3. Outcome

Outcomes are the most perceptible and intuitive measures of
quality. Since the seminal works of Florence Nightingale and Ernest
Codman [29,30], assessment of direct outcomes has been the hallmark
of measuring quality in surgery. Mortality remains the most important
and measured outcome in surgery, but other factors comprising length
of stay, incidence of complications, readmission rate, patients’ sa-
tisfaction, functional health status, and quality of life are being in-
creasingly used.

For assessing quality in CABG, due to its very low mortality rate, the
use of alternative outcome measures seems more acceptable. Potential
outcomes that can be measured include the use of skeletonized ITA,
postoperative myocardial infarction, completeness of revascularization,
use of arterial grafts and graft patency. Although all are heavily linked
to what is perceived as the quality of the operation by surgeons, those
measures are more heterogenous in definition and have not been gen-
erally adopted as standard quality metrics.

Failure to rescue refers to the prognosis of patients experiencing
complications, while acute risk change focuses on the change in mor-
tality risk from the preoperative to the postoperative period. Both are
increasingly adopted as quality metrics [31,32].

The extensive application of outcome measures to evaluate the
quality of CABG is manifested in the multiple state clinical outcomes
registries that have been established across the US in New York,
Pennsylvania, Northern New England, Michigan and other states.
Nationally, the STS Database is the largest registry of cardiac and
thoracic outcomes that collects data from 1117 hospitals and 2916
surgeons in the US [33]. Table 2 summarizes quality measures adopted
by the STS for Coronary Artery Bypass procedures.

Operative outcomes as quality indicators in CABG are advantageous
and appeal to surgeons and patients since they directly reflect results of
surgery. Kogan et al. [17] demonstrated further that the measurement
of outcomes alone improves outcomes in cardiac surgery. However, the
downside of measuring outcomes for quality is that the detection of
outliers is heavily dependent on sample size, such that statistical esti-
mates for low volume surgeons and/or hospitals are usually under-
powered with wide confidence intervals and the definition of outliers
problematic. This problem is particularly evident in the current era of
reduction in the overall volume of CABG and increasing decentraliza-
tion of care. Volume cut-offs and aggregation of CABG procedures data
have been attempted to expand sample size and evade this limitation
but results remain inconclusive.

Finally, composite measures combine individual quality metrics,
weighting each measure based on its reliability and correlation with the
outcome. Although evidence is limited, they may outperform conven-
tional quality metrics [34].

Table 2
Quality measures adopted by the Society of Thoracic Surgeons for CABG.

Perioperative medication domain, scored all-or-none and consisting of:
- Preoperative beta blockade
- Beta blockade at discharge
- Anti-platelet medication at discharge
- Anti-lipid treatment at discharge
Operative care process domain:
- Use of an internal mammary artery
Risk-adjusted operative mortality:
- Risk-adjusted operative mortality
Risk-adjusted morbidity, scored any-or-none and consisting of:
- Stroke/cerebrovascular accident
- Surgical re-exploration
- Deep sternal wound infection rate
- Post-operative renal failure
- Prolonged intubation (ventilation)
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2.4. Outliers

The definition of outliers comparing observed and expected event
rate is key in the process of quality monitoring. Unfortunately, there are
no clear guidelines for the definition of the outliers and current re-
gistries vary substantially in the distributional assumptions, confidence
levels of accepting the null hypothesis, and time windows for outliers’
definition.

This may result in substantially different classification of the same
provider or institution according to different systems and may have
potentially important implications. In general more conservative
methods increase the risk of false negatives, while more liberal ap-
proaches increase the false positive rate. Both approaches may or may
not be appropriate at a patient- or provider-level.

Among the statistical processes used for quality assessment, control
charts is one of the oldest. Different types of data can be included in the
model. However it has limited efficacy in low volume settings. An al-
ternative method is the CUSUM charts based on sequential monitoring
of performance over time or the use of funnel plots where performance
is plotted against the target outcome [35].

3. Quality initiatives improve quality

The New York State Cardiac Surgery Reporting System (CSRS), the
pioneer and longest running statewide program, publicly reports sys-
tematic data on cardiac surgery (and CABG in particular) [36]. Since its
establishment in 1989, the CSRS has published annual data on risk
adjusted post-CABG mortality by hospitals and individual surgeons.
While initial anecdotal reports [37] and news [38] on CSRS’ public
reporting of outcome data raised concerns about surgeons being biased
in terms of patient selection and favoring “healthy” patients to improve
their ratings in mortality reports, over the long term, this initiative has
generally promoted “healthy” competition among hospitals and sur-
geons that has improved the quality of CABG. In its first fourteen years
from inception, the New York State CSRS decreased risk-adjusted
mortality by 41% in the state of New York. By 1992, New York reported
the lowest risk-adjusted mortality rate for CABG in the United States
[36].

The Northern New England Cardiovascular Study Group (NNECV-
DSG). This interdisciplinary network of physicians and administrators
founded in 1987 analyzes the outcomes of CABG patients operated in
Maine, New Hampshire and Vermont. In 1990, the NNECVDSG initiated
a regional intervention aimed at reducing CABG mortality. The three
major components of this program were feedback on outcomes data,
training in quality improvement, and site visits aimed at optimizing
procedural aspects, processes, decision-making, and evaluation of care.
Due to these interventions, CABG mortality significantly reduced in all
patient categories [39]. Following this landmark effort, the NNECVDSG
grew in size and aims and has published several very important quality
analyses on different aspects of CABG [40,41].

The Michigan Society of Thoracic and Cardiovascular Surgeons
Quality Collaborative (MSTCVS-QC) sees the participation of all 33
hospitals that perform adult cardiac surgery in the state of Michigan.
This collaboration has quarterly reviewed the outcomes of all patients
in four face-to-face meetings of representative physicians and data
managers from each participating hospital and maintained continual
contact with each through conference calls, site visits, and emails in its
17 years of existence. The MSTCVS-QC has contributed to substantial
improvements in healthcare and outcomes for patients undergoing
cardiac surgery, including the internal mammary artery utilization to
rates that are higher than the STS average [42], 20% reductions in
packed red blood cells transfusion rates from 2008 to 2012 [43], and
developments of multidimensional analytic tool to capture avoidable
mortality events and identify an area for further improvement [44].

Continuous quality improvement (CQI) is a principle that involves
the repetitive cycle of assessing the effect of processes on outcomes, and
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evaluating how interventions translate into improvement in quality of
care. Between 2000 and 2002, Ferguson et al. [45] performed a large
randomized trial to demonstrate the benefit of CQI measures in im-
proving the adoption of care process in CABG, although the effect was
very modest for the only surgical measure they considered (use of the
internal thoracic artery): the use of internal thoracic artery was 8.7%
(standard deviation [SD] 17.5%) at intervention sites versus 5.4% (SD
15.8%) (p = 0.11) at control sites. Despite the low clinical impact of
their quality improvement measures, their trial was mainly aimed at
demonstrating feasibility, and targeted only two process quality mea-
sures (pre-operative beta-blockade therapy and internal thoracic artery
grafting) and a limited patient population (patients 75 years or older).
Similar results have been reported at the single institution level by
Scheinerman et al. [46].

3.1. The role of the Society of Thoracic Surgeons (STS) in quality

The current STS national database has four major areas: adult car-
diac surgery, general thoracic surgery, congenital heart surgery, and
mechanical circulatory support with the recent addition of the STS-
Intermacs database a year ago. There are approximately 1079 United
States adult programs participating in the adult database, 119 in the
congenital database, and about 312 in the general thoracic database at
this time. The adult participating centers currently perform more than
95% of the adult cardiac operations in the United States each year [47].

There are 35 National Quality Forum endorsed outcome measures in
the United States, as well as a unique program initiated in 2010 for
voluntary public reporting of outcomes. This voluntary program has
76% of congenital heart surgery programs, 67% of adult cardiac sur-
gical programs, and nearly 30% of the general thoracic surgical pro-
grams participating.

Enhancing the validity of the database are the STS database risk
models, created with active surgeon participation and assessing each
variable for clinical importance for inclusion in the risk model [48].
Along with these models, random data audits of 10% of adult cardiac
surgical programs are performed each year by an external service for
appropriateness of data entry and credibility with approximately 95%
agreement rate between the auditors and the institution's data entry.

There have been remarkable “relative reductions” in rates of ad-
verse outcomes in mortality, renal failure, stroke, reoperations, sternal
infections, and prolonged ventilation. Process measures such as internal
mammary artery use, preoperative beta blockers, discharge anti-plate-
lets drugs, and discharge anti-lipid drugs have also shown an increase in
compliance.

3.2. European association of Cardio-Thoracic Surgery (EACTS) and the
Quality Improvement Programme (QUIP)

The EACTS established a Quality Improvement Programme (QUIP)
in 2012 to improve clinical outcomes for patients and to promote the
importance of integrating quality improvement initiatives into daily
clinical practice. Since its inception, the Adult Cardiac Database (ACD)
and the European Registry for Patients with Mechanical Circulatory
Support (EUROMACS) have become the highlights of QUIP with car-
diothoracic centers across Europe collaborating to collect data to create
benchmarking tools for local quality improvement initiatives.

The ACD parallels the STS database in Europe by providing adult
cardiac surgical outcomes data and serves as a reference tool for par-
ticipating hospitals. The ACD now contains more than 100,000 cardiac
surgical procedures in the benchmarking tool. Participating European
hospitals have been submitting cardiac surgical data from 2010 on-
wards [49].

4. Pros and cons of quality metrics

Several studies [50-52] have suggested that the use of bilateral
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internal thoracic artery (BITA) may improve long-term survival. Despite
the suggested advantage, BITA grafting is practiced by fewer than 4% in
the US [53].

The use of BITA increases the risk of mediastinitis due to the de-
vascularization of the sternum. A large meta-analysis [54] has de-
monstrated BITA grafting to significantly increase the incidence of
sternal wound complications compared to single ITA grafting (relative
risk [RR] of a single ITA: 0.62; 95% CI: 0.55-0.71). In patients with
diabetes and pulmonary morbidity, this risk is even higher. Also, in-
terim results from the Arterial Revascularization Trial (ART) [51] have
shown a 1.3% increase in the risk of sternal wound infections in BITA
versus single ITA grafts.

In the US, mediastinitis has been defined as a “never event” by the
Centers for Medicare and Medicaid Services for which payment to
hospitals is restricted [55]. This has very likely created a negative in-
centive for providers across the US to consider bilateral IMA grafting
despite its potential clinical benefits.

Risk aversion (withholding care to the sickest patients to avoid
operative deaths) is a potential risk of quality measurement and public
reporting, although no clear evidence of its occurrence in cardiac sur-
gery has been published to date [56].

5. Quality is an all-or-none property

Although the promotion of adherence to individual quality mea-
sures may impact patient outcomes, the limited and inconsistent ben-
efits associated with focusing on isolated measures [57,58] highlights
the need of a more wholesome approach [8,10]. The Centers for Med-
icare and Medicaid Services has adopted an all-or-none approach in
defining the appropriate care measure in its 8th Scope of Work [59].
This approach to quality has several advantages over an item-by-item or
composite measurement of quality. First, it is inherently natural and
may better reflect patients’ expectation of consistency in care. Second,
an all-or-none scale for measuring quality is more sensitive than an
item-level scale for gauging progress. Third, such an approach offers a
systemic perspective that addresses the complete process of patient care
and hand-offs, and not just parts of it. This ensures that healthcare
providers tackle the toughest problems in care and do not defer the
implementation of difficult quality measures while still ranking high in
performance.

6. Importance of adoption of quality metrics
6.1. Mortality benefits

Comprehensive adherence to quality measures improves mortality
in CABG regardless of hospital case volume [10]. This is an important
consideration because implementing quality measures can be done at
all institutions regardless of case volume and is practical wherever
CABG is performed. This principle has been demonstrated at a hospital
in New York State [46] that had higher valve/CABG mortality rates
(14.77) than the statewide average (5.19). By rigorously adhering to
quality improvement interventions and clinical excellence, in only 5
years, this hospital achieved the lowest risk-adjusted valve/CABG
mortality rate (2.10, 95% CI 1.17-3.46) in adult patients in New York
State (statewide average 4.22). Post-CABG quality improvement in-
itiatives in patient care have also been shown to improve mortality
[22]. As long as no quality measure is sacrificed, a bundled quality-
improvement approach can be robust in improving mortality even if
some of these individual quality measures are less robust and/or ne-
gatively associated with mortality [10].

6.2. Standardization of care

It is common knowledge that the adoption of standardized patient
management protocols in different fields of medicine improves quality
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of healthcare and reduces cost. This holds true for cardiac surgery
[60,61] in general, and CABG [10]. Complications surrounding CABG
fall under limited categories and the adoption of a structured quality-
controlled protocol to promptly manage these complications enables
healthcare providers to properly manage them. Certain domains of
CABG care have already been standardized for quality such as the
cardiac ICU, where specific protocols have been instituted to guide
anesthesia, analgesia, and delirium management [22]. Similarly, there
are other protocols that relate to extubation, perioperative medication,
transfusion triggers, and prevention and treatment of bleeding com-
plications [62,63]. Evidence demonstrates that hospitals following
these measures offer better patient prognosis [64], and that minimal
variability among healthcare providers improves performance [65-67].

6.3. Cost management

With the surging cost of healthcare and recent deductions in gov-
ernment reimbursements for procedure-related complications, centers
providing Medicare and Medicaid services began implementing mea-
sures to reduce reimbursements for certain complication-related ad-
missions occurring in the immediate post-operative period in com-
pliance with the Affordable Care Act of 2012 [68]. Furthermore, over
the past decade, patients’ disease severities and morbidities have also
worsened increasing the risk of post-CABG complications. Conse-
quently, addressing CABG quality metrics has become more important
than ever to limit potential periprocedural complications that are cost-
intensive to both patients and healthcare providers.

7. Conclusion

To conclude, quality of care has been associated with improved
clinical outcomes, lower readmission rates, and improved efficiency of
care following CABG. Quality is an all-or-none property and the asso-
ciation between quality measures and outcomes is strongest when all
the quality measures are implemented together. While a “bundled
measures” approach to improve, quality should be prioritized in all
institutions practicing CABG, further work is needed to better describe
the complex relationship between the different quality measures.
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