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Abstract

Background—Professional guidelines have reduced the recommended minimum number to an
average of 50 PCI procedures performed annually by each operator. Operator volume patterns and
associated outcomes since this change are unknown.

Objectives—To describe PCI operator procedure volumes; characteristics of low-, intermediate-,
and high-volume operators; and the relationship between operator volume and clinical outcomes in
a large, contemporary, nationwide sample

Methods—Using data from the nationally representative NCDR CathPCI registry collected
between July 1, 2009 and March 31, 2015, we examined operator annual PCI volume. We divided
operators into low- (< 50 PCls/year), intermediate- (50-100 PCls/year), and high-volume (> 100
PCls/year) groups, and determined the adjusted association between annual PCI volume and in-
hospital outcomes, including mortality.

Results—The median number of annual procedures performed per operator was 59 (25t 75t
percentiles: 21, 106); 44% of operators performed < 50 PCI procedures/year. Low-volume
operators more frequently performed emergency and primary PCI procedures and practiced at
hospitals with lower annual PCI volumes. Unadjusted in-hospital mortality was 1.86% for low-
volume operators, 1.73% for intermediate-volume operators, and 1.53% for high-volume
operators. The adjusted risk of in-hospital mortality was higher for PCI procedures performed by
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low- and intermediate-volume operators compared with those performed by high-volume operators
(adjusted OR 1.16, 95% CI 1.12-1.21 for low vs. high; adjusted OR 1.05, 95% CI 1.02-1.09 for
intermediate vs. high volume) as was the risk for new dialysis post PCI. No volume relationship
was seen for post-PCI bleeding.

Conclusions—Many PCI operators in the U.S. are performing fewer than the recommended
number of PCI procedures annually. Though absolute risk differences are small and may be
partially explained by unmeasured differences in case mix between operators, there remains an
inverse relationship between PCI operator volume and in-hospital mortality that persisted in risk-
adjusted analyses.

Keywords
Percutaneous coronary intervention; operator volume; volume-outcome relationship

INTRODUCTION

For a variety of reasons, percutaneous coronary intervention (PCI) volumes have declined
over the past decade, and many operators have seen a corresponding decline in number of
procedures performed.(1-3) The 2013 American College of Cardiology/American Heart
Association/Society for Cardiovascular Angiography and Intervention (ACC/AHA/SCAL)
clinical competency statement reduced the recommended minimum number of PCI
procedures performed annually by each operator from 75 to 50, averaged over 2 years.(4,5)
Contemporary, nationwide patterns of operator volumes have not been described, and little is
known about the characteristics of procedures performed by low-volume operators.
Furthermore, while prior studies have examined the volume-outcome relationship (6-10),
none have been nationally representative using clinical data, or conducted after the change in
the recommendations. Importantly, the operator volume recommendations were based on
expert opinion that the increasing safety of PCI minimizes differences in outcomes across
operators regardless of the number of procedures they perform, rather than on objective data.

Using data from the nationally representative National Cardiovascular Data Registry
(NCDR)® CathPCI Registry®, which collects detailed information on > 90% of PCI
procedures performed in the United States, we aimed to 1) assess median operator volumes
of PCI procedures; 2) evaluate potential differences in patient and procedural characteristics
for high-, intermediate-, and low-volume operators; and 3) determine the relationship
between operator volumes and patient outcomes in a large, contemporary sample.

METHODS

Patient population

The NCDR CathPClI registry, jointly administered by the ACC and SCAI, has been
previously described.(11) It collects data from consecutive patients undergoing PCI at >
1500 hospitals in the United States (~90% of PCI centers), recording information on patient
and hospital characteristics, including patient presentation, lesion and procedural details,
peri-procedural and discharge medications, and in-hospital outcomes.(12) Variables
collected are determined and defined by physician work groups; data collection forms and
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dictionaries are available at www.ncdr.com. Data collected is subject to the NCDR’s
comprehensive data quality program, which includes data quality report specifications for
capture and transmission, as well as auditing (13).

For this study, we included all PCI procedures entered into CathPCI using version 4 of the
data collection form (July 1, 2009 through March 31, 2015); version 4 of the CathPCI data
collection form was the first to include National Provider Identification (NPI) number, which
allows for unique identification of the operator for each PCI. We excluded any procedure
missing operator’s NPl number, which was < 1% of all PCls in the database.

Definitions and outcomes

All study definitions were derived from the CathPCI data dictionary. The primary outcome
for this analysis was in-hospital mortality, as recorded on the CathPCI data collection form.
Secondary outcomes included bleeding events within 72 hours of PCI (hemoglobin drop = 3
g/dl, transfusion of whole blood or packed red blood cells, or procedural intervention/
surgery at the bleeding site), new need for dialysis, PCI success rate, and PCI procedure
appropriateness. PCI success was defined as successful dilation of all lesions attempted.
Appropriateness was based on the 2012 Appropriate Use Criteria for Coronary
Revascularization, and was determined using a validated algorithm.(14-16)

The total number of PCI procedures performed or attempted for each operator was counted
using each operator’s unique NPI number, and each operator’s average annual volume was
calculated by dividing the operator’s total number of PCI procedures by the number of days
the operator was active during the study period (date of last PCI procedure — date of first PCI
procedure) and multiplying by 365. Since the NPI number is a unique ID that carries across
hospitals, operator volumes could be counted without regard to where procedures were
performed.

As the AHA/ACC/SCAI clinical competence statement recommends that operators perform
and average of = 50 PCls/year to maintain competence, operators performing < 50 PCls/year
were defined as low-volume operators.(4) Operators performing 50-100 and > 100 PCls/
year were defined as intermediate- and high-volume operators, respectively. For a sensitivity
analysis, extreme high- and low-volume operators were defined as those performing > 413
PCls (97.5t percentile of the volume distribution) and < 26 PCls (2.5 percentile of the
distribution) annually, respectively.

Since the AHA/ACC/SCAI clinical competency statement defines low-volume operators as
those performing < 50 PCls annually averaged over a two-year period, we also examined
operator volume trends using this specific definition. We divided the study period into 16
overlapping eight-quarter (two-year) intervals. For each interval, we counted the number of
PCls performed by each operator, then divided by two to calculate annual volume averaged
over two years.

Statistical analysis

The distribution of operator volumes was plotted as a histogram and descriptive statistics
were calculated. Median annual operator volumes for states and Dartmouth Atlas of

JAm Coll Cardiol. Author manuscript; available in PMC 2018 June 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fanaroff et al.

Page 4

Healthcare hospital referral regions were calculated and plotted on U.S. maps.(17) We report
the percentage of low-, intermediate-, and high-volume operators (out of all operators
performing at least one PCI during the interval) for each eight-quarter interval.

Patient, procedural, and hospital characteristics are presented for high-, intermediate-, and
low-volume operators, with categorical variables presented as frequencies (percentages) and
continuous variables presented as medians (25™, 751 percentiles). Pearson XZ tests and
Kruskal-Wallis tests were used for comparing categorical and continuous variables,
respectively. A p-value threshold of < 0.05 was used to define statistical significance. We
performed a sensitivity analysis, comparing extreme high- and extreme-low volume
operators.

To determine the relationship between operator volume and in-hospital mortality, we created
multivariable logistic regression models using the generalized estimating equation method
with an exchangeable working correlation structure to account for within-operator and
within-center clustering. By accounting for within-center clustering, this method accounts
for the effect of hospital PCI volume. Covariates for these models were all variables
included in the CathPCI in-hospital mortality risk score — age, cardiogenic shock, prior heart
failure, peripheral vascular disease, chronic lung disease, eGFR (calculated using the
Modification of Diet in Renal Disease equation), New York Heart Association class, and
presentation with ST segment elevation myocardial infarction (STEMI) (versus no STEMI)
—as well as year of PCI.(18) The first model treated operator volume as a continuous
variable, and we report the risk-adjusted odds ratio (OR) with associated 95% confidence
interval (CI) for a 50 unit annual decrease in PCI volume. The second model calculated
unadjusted and adjusted ORs with 95% Cls for low- and intermediate-volume operators with
high-volume operators as the reference. Regression models were created for the overall
dataset, and separately for the STEMI subgroup, the primary PCI subgroup (defined as those
patients undergoing PCI for STEMI within 12 hours of symptom onset) the unstable angina/
non-STEMI (UA/NSTEMI) subgroup, and the stable angina subgroup. To examine the effect
that potentially modifiable PCI process measures have on the volume-outcome relationship,
we calculated the ORs for mortality with 95% Cls for low- and intermediate-volume
operators with high-volume operators as the reference after adjusting for all variables
included in the CathPCI in-hospital mortality risk score, year of PCI, radial access, drug-
eluting stent use, glycoprotein I1b/l11a inhibitor use, heparin use, and bivalirudin use. As a
sensitivity analysis, we calculated adjusted and unadjusted ORs for mortality for extreme
low-volume operators with extreme high-volume operators as the reference. We repeated
each of these analyses for the secondary outcomes of bleeding complications at 72 hours
using a validated predictive model for bleeding,(19) and new requirement for dialysis using
a validated predictive model for post-PCI renal failure.(20) For all analyses, an OR < 1
indicates that lower PCI operator volume is associated with lower odds of the outcome
compared with higher operator volume, and an OR > 1 indicates that lower PCI operator
volume is associated with higher odds of the outcome compared with higher operator
volume.

To assess the interaction between operator PCI volume, hospital PCI volume, and post-PCl
mortality, we computed adjusted and unadjusted ORs for PCls performed by low-,
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intermediate-, and high-volume operators at low- (< 400 PCls/year), intermediate- (400-800
PCls/year), and high-volume (> 800 PCls/year) hospitals. For this analysis, PCls performed
by high-volume operators at high-volume hospitals were the reference; covariates for the
adjusted model were the same as those included in the analysis of the association between
operator volume and mortality.

All statistical analyses were performed by the Duke Clinical Research Institute using SAS
version 9.3. The Duke University Medical Center Institutional Review Board granted a
waiver of informed consent and authorization for this study, as data are collected for
CathPCI without individual patient identifiers.

From July 1, 2009 to March 31, 2015, 10,496 operators performed 3,747,866 PCls at 1584

sites (Online Figure 1); median annual operator volume was 59 PCls (251, 75t percentiles:
21, 106). We classified 4628 operators (44%) that performed < 50 PCls/year as low-volume
operators, 3001 (29%) that performed 50-100 PCls/year as intermediate-volume operators,
and 2867 (27%) that performed > 100 PCls/year as high-volume operators (Figure 1).

When we examined operator volume using the AHA/ACC/SCALI’s definition of total number
of PCls averaged over a two-year period, findings were similar. For each eight-quarter
interval during the study period, the percentage of operators that performed < 50 PCls, 50—
100 PCls, and > 100 PCls averaged over two years remained stable (Figure 2). Between 43.7
and 44.8% of operators were defined as low-volume operators per the consensus statement
recommendation for each eight-quarter interval during the study period. Quarterly operator
volumes also remained stable: In the third quarter of 2009, the median operator volume was
17 PCls; in the first quarter of 2015, the median volume was 18 PCls (Online Figure 2).

Geographic variability in operator volumes

There was regional variability in operator volumes. Throughout the study period, operators
in the western part of the U.S. had the lowest annual volumes, followed by operators from
the South, Midwest, and North. At the state level, median annual operator volumes ranged
from a low of 33 in Nevada to a high of 142 in Rhode Island; the total number of operators
ranged from 9 in Alaska to 1197 in California (Supplemental Figure S3). There was also
variability by hospital referral region (Figure 3).

Patient, procedure, and hospital characteristics for high-, intermediate-, and low-volume

operators

All differences between low-, intermediate-, and high-volume operators were nominally
statistically significant. Hospital characteristics differed significantly for high-,
intermediate-, and low-volume operators; high-volume operators were more likely to
practice at an urban or teaching hospital, and practiced at larger hospitals with higher
median annual hospital PCI volumes (781 vs. 509 vs. 455 PCls/year for high- vs.
intermediate- vs. low-volume operators; p < 0.0001) (Table 1).
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There were also significant differences in patient characteristics for PCls performed by low-,
intermediate-, and high-volume operators. Patients undergoing PCI by low-volume operators
were significantly less likely to have cardiovascular comorbidities that patients undergoing
PCI by intermediate- or high-volume operators (Table 1). By contrast, PCls performed by
low-volume operators were more often in patients with STEMI than those performed by
intermediate- or high-volume operators (20.7% vs. 19.0% vs. 15.1%; p < 0.0001) and were
more often emergency PCls performed due to concern that ongoing ischemia or infarction
could lead to death (22.6% vs. 20.7% vs. 16.6%; p < 0.001). According to the ACC/AHA/
SCAI appropriateness criteria for PCI,(16) between 80.0 and 81.6% of PCls performed by
operators at all strata were considered appropriate.

High-volume operators, as compared with intermediate- and low-volume operators, more
often attempted PCI on chronic total occlusions, and more often attempted two or more
lesions in one lab visit (29% vs. vs. 25.2% vs. 22.5% for high-, intermediate-, and low-
volume operators; p < 0.0001) (Table 2). High-volume operators also more often used radial
access than intermediate- or low-volume operators (17.3% vs. 13.0% vs. 7.6%; p < 0.0001)
and less often used bivalirudin and glycoprotein l1b/Illa inhibitors. For all operators,
procedure success was > 92.5%, though high-volume operators were successful significantly
more often than intermediate- and low-volume operators (94.2% vs. 93.3% vs. 92.6%; p<
0.0001).

The sensitivity analysis comparing extreme low- with extreme high-volume operators
showed results consistent with the main findings: Overall, compared with extreme low-
volume operators, extreme high-volume operators more frequently performed elective PCI
on patients with more medical comorbidities, more often performed complex PCI, and more
frequently used radial access (Online Table 1). Differences in procedure characteristics
between extreme high- and extreme-low volume operators were numerically greater than
those between high- and low-volume operators.

between operator volumes and outcomes

Overall, 59,400 patients (1.6%) died while hospitalized. Operator volume, when assessed as
a continuous variable, was linearly and inversely associated with in-hospital mortality: For
every 50 case decrease in annual PCI volume, there was a corresponding 4% increase in the
risk-adjusted odds of in-hospital mortality (OR 1.04; 95% CI 1.03-1.05). The relationship
between operator volume and in-hospital mortality was significant in patients presenting
with STEMI (OR 1.03; 95% CI 1.02-1.04), UA/NSTEMI (OR 1.04; 95% CI 1.03-1.05),
and stable angina (OR 1.06; 95% CI 1.02-1.11). Risk-adjusted mortality for the subset of
STEMI patients undergoing primary PCI was the same as for the full STEMI population.

This relationship was also apparent when examining operator volume as a categorical
variable. Unadjusted in-hospital mortality was 1.86% for low-volume operators, 1.73% for
intermediate-volume operators, and 1.48% for high-volume operators. After risk adjustment,
in-hospital mortality was significantly higher for intermediate- and low-volume operators
compared with high-volume operators (OR 1.16, 95% CI 1.12-1.21 for low vs. high; OR
1.05, 95% CI 1.02-1.09 for intermediate vs. high) (Table 3). For low-volume operators, risk-
adjusted in-hospital mortality was greater than that of high-volume operators for all
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presentation subgroups; however, for intermediate-volume operators, risk-adjusted mortality
was not significantly greater than that of high-volume operators for the STEMI and stable
angina subgroups. When we further adjusted for PCI process measures, the relationship
between operator volume and mortality was attenuated; in-hospital mortality remained
higher for low-volume operators compared with high-volume operators (OR 1.12, 95% ClI
1.08-1.19) but not for intermediate-volume operators (OR 1.02, 95% CI 0.99-1.05).

The sensitivity analysis comparing in-hospital mortality for extreme low-volume operators
with extreme high-volume operators showed results consistent with the comparison between
low- and high-volume operators, with slightly greater ORs (Online Table 2).

There was an inverse and linear relationship between operator volume and risk-adjusted new
requirement for dialysis (OR 1.02, 95% CI 1.01-1.03), but no significant association
between operator volume and risk-adjusted post-procedure bleeding (OR 0.99; 95% CI
0.97-1.01). When operator volume was analyzed as a categorical variable, low-volume
operators had a higher risk-adjusted rate of new requirement for dialysis compared with
high-volume operators, but intermediate-volume operators did not (Online Table 3). Neither
low- nor intermediate-volume operators had a higher rate of procedural bleeding compared
with high-volume operators. However, in patients with UA/NSTEMI and stable angina, low-
volume operators had higher rates of both new requirement for dialysis and procedural
bleeding.

between hospital volume and mortality by operator volume

For low-, intermediate-, and high-volume operators, adjusted and unadjusted in-hospital
mortality was highest at low-volume hospitals and lowest at high-volume hospitals (Online
Table 4). Compared with high-volume operators performing PCI at high-volume hospitals,
risk-adjusted in-hospital mortality was 28% higher for low-volume operators performing
PCI at low-volume hospitals (OR 1.28, 95% CI 1.21-1.35), 18% higher for low-volume
operators performing PCI at intermediate-volume hospitals (OR 1.18, 95% CI 1.10-1.25),
and 12% higher for low-volume operators performing PCI at high-volume hospitals (OR
1.12, 95% CI 1.04-1.21). Among intermediate-volume operators, only those performing PCI
at low- and intermediate-volume hospitals had significantly greater risk-adjusted mortality
than high-volume operators performing PCI at high-volume hospitals.

DISCUSSION

In this nationally representative study, we found that a large proportion of PCI operators
were performing less than an average of 50 PCls annually, the number of procedures
recommended by the 2013 ACC/AHA/SCAI clinical competency statement. Compared with
high- (> 100 PCIs annually) and intermediate-volume (50-100 PCIs annually) operators,
low-volume (< 50 PCls annually) operators performed a greater number of PCls in an
emergency setting, but performed fewer anatomically complex PCls, treated patients with
fewer comorbidities, and less frequently attempted multiple lesions in a single lab visit.
Procedure success and appropriateness rates were high, and similar for high-, intermediate-,
and low-volume operators. While the absolute differences were small, there was an inverse
linear association between PCI operator volume and adjusted in-hospital mortality across
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patient presentations, including emergent procedures for STEMI and elective procedures for
stable angina. Among low-volume operators, hospital PCI volume influenced in-hospital
mortality; operators practicing at low-volume hospitals had higher mortality than those
practicing at high-volume hospitals. While these patterns also existed for post-PCl acute
kidney injury, we could not find a volume relationship for post-PCI bleeding.

Low-Volume Operators

Despite the ACC/AHA/SCALI’s reduction of the minimum recommended number of annual
PCls to maintain competency to 50 in 2013, many operators do not meet this minimum
requirement. In some states, largely concentrated in the less-densely populated western part
of the country, the median operator volume is less than 50 PCls/year. Using clinical and
procedural details collected by the CathPCI registry, we found that low-volume operators
less often use radial access, and use more contrast dye and minutes of fluoroscopy.
Importantly, they also commonly practice at lower volume hospitals, treat patients with
fewer comorbidities but more acute presentations, and attempt less complex lesions than
higher-volume operators. Taken together, it appears that these low-volume operators serve an
important role by maintaining access to primary PCI for STEMI and performing a
disproportionate number of emergency cases. However, the modest increase in the risk of in-
hospital mortality, even among STEMI patients, treated by low-volume operators suggests
that robust quality improvement processes are necessary to maintain access to primary PCI
and improve outcomes.

Volume-Outcome Relationship

Seminal studies, published in the late 1990s, demonstrated lower rates of death and
cardiovascular events, including need for coronary artery bypass grafting surgery, among
patients undergoing PCI performed at high-volume centers and by high-volume operators.
(6,7,21,22) However, the relationship between operator volume and mortality has not been
consistently reported in the era of widespread use of coronary stenting. The two most
contemporary manuscripts analyzing the operator volume-outcome provided important,
though conflicting data on this relationship. Moscucci et al., reporting data from PCls
performed in Michigan in 2002, divided operators into quintiles on the basis of annual
volume, and found higher rates of major adverse cardiac events (but not death) in patients
treated by operators in the bottom two quintiles.(8) Though this study was conducted in a
quality-controlled, audited database, it was not nationally representative. Badheka et al.,
using data from the Nationwide Inpatient Sample from 20052009, demonstrated higher
risk-adjusted mortality among patients undergoing PCI performed by low- (< 16 PCls/year)
compared with high-volume operators (> 100 PCls/year), though overall mortality was low.
(10) However, this study was limited by its use of administrative rather than clinical data,
and the method used to identify operators may have been less reliable than using NPI
number.(23) In addition, data from both studies pre-date the publication of the Appropriate
Use Criteria and the Clinical Outcomes Utilizing Revascularization and Aggressive Drug
Evaluation (COURAGE) trial, which may have changed operator volumes (16,24).

By contrast, the CathPCI registry collects detailed patient and procedure data on all PCI
procedures performed in ~90% of U.S. catheterization labs,(12) and our analysis includes
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PCls, regardless of inpatient or outpatient status, with the ability to account for instances in
which an individual operator performs PCls at multiple different hospitals. In that context,
our study provides the most comprehensive contemporary examination of operator volumes
to date, and adds several important insights.

We demonstrate there is persistence of the volume-outcome relationship, but as PCI has
grown safer with widespread use of coronary stenting and contemporary antithrombotic
therapy, the absolute differences in outcomes have attenuated.(25) The inverse of the
mortality data, which may be thought of as the number of PCls that would need to be shifted
from lower to higher volume operators to prevent one death, were correspondingly large —
263 for low- versus high-volume operators and 769 for intermediate- versus high-volume
operators. Moreover, post-PClI in-hospital mortality increases linearly with decreasing
operator volume, without an inflection point to suggest a minimum annual number of PCls.
Despite the recommendations of the consensus competency statement, any volume threshold
appears arbitrarily determined, and caution should be exercised when applying specific
operator volume recommendations to individual operators. Rather than just firm annual
volume recommendations, a focus on improving process and outcomes performance
measures for PCI across all operators, regardless of volume, may be more appropriate.(26)
After adjusting for process measures like radial access and antithrombotic choice,
differences in mortality between high-, intermediate-, and low-volume operators were
attenuated, suggesting that high-volume operators implement specific strategies that may
improve outcomes. In addition, some low-volume operators may practice at high-volume
centers (although we found that the converse was more likely) and these operators may be
able to achieve excellent outcomes because of a “safety net” provided by the structure and
processes at that facility.(27,28) We found that PCls performed by low-volume operators
practicing at low-volume hospitals were associated with higher mortality than those
performed by low-volume operators practicing at intermediate- or high-volume hospitals. As
hospitals consolidate and create large health systems, emphasis should be placed on sharing
of best practices, consistent protocols, and formalizing processes for transferring the most
complex PCls to high-volume operators.

Another important aspect of our study is the reporting of the volume-outcome relationship
by patient presentation. Though there was a significant relationship between operator
volume and mortality regardless of how patients presented for PCI, we found that the
relationship between operator volume and mortality is weakest in STEMI patients and
strongest in patients with stable angina. Rates of new requirement for dialysis and
procedural bleeding, potential procedure-related mediators of mortality in patients
undergoing PCI, were statistically greater for low-volume operators than high-volume
operators only in patients with UA/NSTEMI and stable angina. These findings suggest that
operator volume may play a larger role in lower risk patients, while patient factors may
overwhelm the effect of operator volumes on outcomes in patients with STEMI.

Even though the CathPCI Registry collects data from ~ 90% of U.S. hospitals, some
operators perform PCls at hospitals that do not participate in CathPClI, and their procedures
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will be undercounted. Most hospitals that do not participate in CathPCl are Veterans
Administration (VA) hospitals. Between 2005 and 2014, 801 operators performed diagnostic
coronary angiography in the VA system;(29) even assuming that all of these operators
performed PCls at both CathPCI and VA hospitals and thus had their volumes undercounted
in our study, at least 36% of operators would still be performing fewer than the minimum
recommended standard. In addition, this study is a retrospective analysis, and is therefore
subject to unmeasured confounding and other biases inherent to post hoc analysis; it is
possible, for example, that high-volume operators perform more PCls because they are
known to be more skilled and receive more referrals, and that increasing low-volume
operators’ PCI volumes would not improve outcomes. Moreover, CathPCI does not include
variables that could be used to approximate overall experience, such as number of years in
practice, total lifetime volume, or board certification, factors that may influence both
operator competency and the relationship between annual operator volume and outcomes.(4)
However, CathPCI collects comprehensive data about comorbidities and procedure
characteristics, and we adjusted for measured confounders, including hospital PCI volume.
Our analysis of more than 3 million PCls performed by more than 10,000 operators in a
national database with strict quality controls provides the best possible description of PCI
operator volume patterns, and the best evidence to date of the contemporary relationship
between volume and outcomes.

CONCLUSION

Many PCI operators perform less than an average 50 PCI procedures annually, the minimum
number recommended by the 2013 ACC/AHA/SCAI clinical competency statement. Though
absolute risk differences are small, operator volumes are linearly and inversely associated
with in-hospital mortality, even in risk-adjusted analyses. Low-volume operators perform a
disproportionate number of emergency PCls and primary PCls for STEMI, suggesting that
they may perform an important role in maintaining access to PCI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ABBREVIATIONS
ACC American College of Cardiology
AHA American Heart Association

NCDR National Cardiovascular Data Registry

NPI National Provider Identification

NSTEMI  Non-ST segment elevation myocardial infarction
PCI Percutaneous Coronary Intervention

SCAI Society for Cardiovascular Angiography and Intervention
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PERSPECTIVES
Competency in Patient Care and Procedural Skills

A large percentage of PCI operators are performing fewer than 50 PClIs annually, the
number recommended by professional societies. Despite increases in PCI safety, an
inverse association between operator volume and mortality continues to exist for patients
undergoing PCI, though absolute differences in mortality by operator volume are small.

Translational Outlook Implications

Further studies should focus on identifying measurable PCI process and outcome
measures for professional societies to use to determine clinical competency.
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Figure 1. Distribution of annual operator volumes
Operator volumes ranged from 1 to 1121 PCIs per year; the median operator performed 59

PCls/year. Dashed lines separate operators into low- (< 50 PCls/year, 4628 operators, 44%),
intermediate- (50-100 PCls/year, 3001 operators, 29%), and high- (> 100 PCls/year, 2867
operators, 27%) volume operators.
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Figure 2. Changes in annual operator volume over the study period
Stacked bar graphs depict the percentage of operators performing < 50, 50-100, and > 100

PCls annually averaged over the 16 overlapping eight-quarter (two-years) intervals that
comprised the study period. Between 43.7 and 44.8% of operators performed < 50 PCls/year

in each interval.
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Figure 3. Median annual operator volumes by hospital referral region
Annual operator volumes varied by Dartmouth Health Atlas hospital referral region. In

general, regions in the western and southwestern U.S. had the lowest median operator
volumes (depicted in lighter purple); northeastern and midwestern regions had higher
median operator volumes.
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Central Illustration. Procedure Characteristics and In-Hospital Outcomes by Operator Volume
Nearly half of all operators were low-volume operators (performed < 50 PCls/year).

Compared with intermediate- (50-100 PCls/year) and high- (> 100 PCls/year) volume
operators, low-volume operators worked at lower volume hospitals, performed more
emergency PCls and primary PCls for STEMI, less frequently used radial access, used more
radiographic contrast dye, and more fluoroscopy minutes. Though in-hospital mortality was
low (1.6% overall), it was higher for low- and intermediate-volume operators than for high-
volume operators.
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In-hospital mortality by PCI operator volume

Table 3

Unadjusted OR (95% CI)

Adjusted OR (95% CI)

All patients

Low vs. high volume

1.23 (1.19-1.28)

1.16 (1.12-1.21)

Intermediate vs. high volume

1.14 (1.11-1.18)

1.05 (1.02-1.09)

STEMI only

Low vs. high volume

1.07 (1.03-1.11)

1.13 (1.08-1.19)

Intermediate vs. high volume

1.01 (0.98-1.04)

1.03 (0.99-1.07)

NSTEMI/UA only

Low vs. high volume

1.11 (1.05-1.18)

1.20 (1.13-1.28)

Intermediate vs. high volume

1.06 (1.02-1.11)

1.07 (1.02-1.11)

Stable angina only

Low vs. high volume

1.14 (0.91-1.44)

1.31 (1.04-1.65)

Intermediate vs. high volume

1.12 (0.94-1.33)

1.15 (0.97-1.37)

OR, odds ratio; STEMI, ST segment elevation myocardial infarction; NSTEMI, non-ST segment elevation myocardial infarction; UA, unstable
angina. Low volume operators had an annual PCI volume < 50; intermediate had an annual PCI volume 50-100, and high volume operators had an
annual PCI volume > 100. Covariates for the adjusted model included all variables included in the CathPCI mortality risk score, which includes
age, cardiogenic shock, prior heart failure (HF), peripheral vascular disease, chronic lung disease, eGFR, New York Heart Association class, and
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presentation with STEMI (versus no STEMI).
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