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Abstract

Introduction: Although many studies show an inverse association between operator procedural
volume and short-term adverse outcomes after percutaneous coronary intervention (PCI), the
association between procedural volume and longer term outcomes is unknown.

Methods: Using the National Cardiovascular Data Registry (NCDR) CathPClI registry data
linked with Medicare claims data, we examined the association between operator PCI volume and
long-term outcomes among patients aged = 65 years. Operators were stratified by average annual
PCI volume (counting PCls performed in patients of all ages): low- (< 50 PCIs), intermediate-
(50-100), and high-volume operators (> 100). One-year unadjusted rates of death and major
adverse coronary events (MACE, defined as death, readmission for myocardial infarction [MI], or
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unplanned coronary revascularization) were calculated using Kaplan-Meier methods. The
proportional hazards assumption was not met and risk-adjusted associations between operator
volume and outcomes were calculated separately from the time of PCI to hospital discharge and
from hospital discharge to 1-year follow-up.

Results: Between July 1, 2009 and December 31, 2014, 723,644 PCI procedures were performed
by 8,936 operators: 2,553 high-, 2,878 intermediate-, and 3,505 low-volume. Compared with high-
and intermediate-volume operators, low-volume operators more often performed emergency PCI
and their patients had fewer cardiovascular comorbidities. Over 1 year follow-up, 15.9% of
patients treated by low-volume operators had a MACE event compared with 16.9% of patients
treated by high-volume operators (p= 0.004). After multivariable adjustment, intermediate- and
high-volume operators had a significantly lower rate of in-hospital death than low-volume
operators (OR 0.91, 95% CI 0.86-0.96 for intermediate vs. low; OR 0.79, 95% CI 0.75-0.83 for
high vs. low). There were no significant differences in rates of MACE, death, MI, or unplanned
revascularization between operator cohorts from hospital discharge to 1-year follow-up (adjusted
HR for MACE: 0.99, 95% CI 0.96-1.01 for intermediate vs. low; HR 1.01, 95% CI 0.99-1.04 for
high versus low).

Conclusions: Unadjusted 1-year outcomes following PCI were worse for older adults treated by
operators with higher annual volume; however, patients treated by these operators had more
cardiovascular comorbidities. After risk adjustment, higher operator volume was associated with
lower in-hospital mortality and no difference in post-discharge MACE.

Keywords

percutaneous coronary intervention; outcomes research; morbidity/mortality; complex stenting;
volume-outcome relationship

INTRODUCTION

Multiple studies have demonstrated an association between percutaneous coronary
intervention (PCI) operator volume and short-term outcomes, including in-hospital

mortality, major bleeding, acute kidney injury, and need for urgent coronary artery bypass
grafting surgery, but absolute differences across operators are small.1~10 Other contemporary
studies have failed to show any association between operator volume and outcomes and
between hospital volume and outcomes in patients undergoing PCI for ST segment elevation
myocardial infarction (STEMI).11-13 Moreover, nearly all studies evaluated only in-hospital
outcomes. Patients undergoing PCI remain at high risk for adverse outcomes over longer-
term follow-up, with a ~20% risk of death, myocardial infarction (MI), and repeat
revascularization in the first year following PCI.14 15 Suboptimal stent deployment
(underexpansion, incomplete apposition, incomplete lesion coverage, and/or edge dissection)
may occur with greater frequency among low volume operators and is associated with
greater risk of adverse outcomes over long-term follow-up.16-20 Low-volume operators also
use drug-eluting stents less often than high-volume operators and attempt fewer lesions per
cardiac catheterization lab visit, both of which may ultimately result in higher rates of long-
term adverse events due to re-stenosis and progression of untreated lesions.10 The
relationship between operator volume and outcomes informs professional society
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recommendations,?! but a complete understanding of the volume-outcome relationship
should take into account differences in long-term outcomes.

We analyzed data from the National Cardiovascular Data Registry’s (NCDR) CathPCI
registry to Centers for Medicare and Medicaid (CMS) claims data to evaluate the association
between operator PCI volume and one-year outcomes, including all-cause death,
hospitalization for MI, or unplanned coronary revascularization.

The data, analytic methods, and study materials will not be made available to other
researchers for purposes of reproducing the results or replicating the procedure.

Study sample

The NCDR CathPClI registry, jointly administered by the American College of Cardiology
(ACC) and the Society for Cardiovascular Angiography and Interventions (SCAI), has been
previously described.?2 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.23 Variables collected are
determined and defined by physician work groups; data collection forms and dictionaries are
available at the NCDR’s website. Data collected are subject to the NCDR’s comprehensive
data quality program, which includes data quality report specifications for capture and
transmission, as well as auditing.24 For patients > 65 years old with fee-for-service
Medicare, CathPCI data have been linked with CMS claims data using direct patient
identifiers, allowing for ascertainment of longitudinal outcomes.

For this study, we included all PCI procedures in the linked dataset from July 1, 2009
through December 31, 2014. The CathPCI data collection form first collected National
Provider Identification (NP1) number, which allows for unique identification of the operator
for each PCI, in July 1, 2009, and CMS-linked data was available through December 31,
2014. Starting with patients = 65 undergoing PCI during the study period (n = 1,297,833),
we excluded patients unable to be linked to CMS claims data (n = 20,248), those ineligible
for fee-for-service Medicare (n = 546,636), and any procedure missing operator’s NPI
number (n = 7,305). Characteristics of included and excluded patients are described in
Supplemental Table 1. For analyses of post-discharge events, we excluded patients that died
during the index hospitalization (n = 15,280).

Definitions and outcomes

All study definitions were derived from the CathPCI data dictionary. The primary outcome
for this analysis was 1-year major adverse coronary events (MACE), defined as the
composite of all-cause death, hospitalization for MI, or unplanned coronary
revascularization, occurring from the time of PCI to 1-year follow-up. Hospitalization for Ml
was defined as readmission with a primary diagnosis code of 410.x1. Unplanned coronary
revascularization was defined as either PCI or coronary artery bypass grafting surgery
(CABG) > 60 days following the index PCI, or, for procedures occurring < 60 days
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following the index PCI, PCI or CABG associated with a primary discharge diagnosis of Ml,
unstable angina, heart failure, arrhythmia, or cardiac arrest.25-28 Secondary outcomes were
the individual components of the MACE outcome as well as major bleeding, defined as a
hemorrhagic stroke, hemoglobin drop = 3 g/dI, red blood cell transfusion, or procedural
intervention to stop bleeding during the index hospitalization, or readmission for bleeding
(ICD-9 codes 430-432, 578.X, 719.1X, 423.0, 599.7, 626.2, 626.6, 626.8, 627.0, 627.1,
786.3, 784.7, 459.0).2% We also report appropriateness of PCI by operator volume stratum,
which was based on the 2012 Appropriate Use Criteria for Coronary Revascularization, and
determined using a validated algorithm.30-32 We performed landmark analyses of in-hospital
deaths, death and major bleeding from the time of PCI to 30-day follow-up, and MACE
from the time of hospital discharge to 1-year follow-up.

The total number of PCI procedures performed or attempted for each operator was counted
using each operator’s unique NP1 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) to derive PCls per day and multiplying by 365. Operator volume was counted in
the CathPCI database prior to CMS linkage or the exclusion of any patients aside from those
that underwent procedures missing operator’s NPl number (< 1% of procedures in CathPCl),
10 50 each operator’s total number of PCI procedures included those performed in all
patients, < 65 as well as = 65 years old. Since the NPl number is a unique ID that carries
across hospitals, operator volumes could be counted without regard to where procedures
were performed, as long as procedures were performed in hospitals that participate in the
CathPClI registry.

As the American Heart Association (AHA)/ACC/SCAI clinical competence statement
recommends that operators perform an average of = 50 PCls/year to maintain competence,
operators performing < 50 PCls/year were defined as low-volume operators.21 Operators
performing 50-100 and > 100 PCls/year were defined as intermediate- and high-volume
operators, respectively.

To estimate lifetime experience, we counted the number of years each operator performed at
least one PCI between 2009 and 2013, and divided operators into groups by years of
experience: 0-1, 2-4, > 4.

Statistical analysis

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 (251, 75t 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.

For 30-day mortality and major bleeding, we performed logistic regression with a robust
sandwich covariance matrix to generate unadjusted and risk-adjusted odds ratios with 95%
confidence intervals (CI) for intermediate- and high-volume operators with low-volume
operators as a reference. Covariates for adjustment included all variables comprising
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variables included in the CathPCI in-hospital mortality risk score,33 along with year of PCI
and other variables selected by expert opinion, including demographic variables, cardiac risk
factors, details of the coronary anatomy and index PCI procedure, and discharge medications
(Full list of covariates in Supplemental Methods). The use of a robust sandwich covariance
matrix accounts for clustering of patient outcomes within operators. We repeated these
analyses within the subgroups of patients with ST segment elevation MI (STEMI), unstable
angina/non-ST segment elevation M1 (UA/NSTEMI), and stable angina.

To examine outcomes from the time of PCI until 1-year follow-up, we plotted unadjusted
cumulative incidence curves for MACE and its individual components for high-,
intermediate-, and low-volume operators. Unadjusted MACE and mortality were compared
for patients undergoing PCI by high-, intermediate-, and low-volume operators using the
log-rank test; for unadjusted comparisons of the incidence of readmission for MI and
unplanned revascularization by operator volume, Fine and Gray sub-distribution hazards
were used to account for the competing risk of mortality.3* To quantify the effect of operator
volume on MACE and all-cause mortality from time of PCI to 1-year post-PCI, we
estimated a Cox proportional hazards model with a robust sandwich covariance matrix to
account for clustering within operators. Risk-adjusted hazard ratios comparing high- and
intermediate-volume operators with low-volume operators were derived. Due to violation of
the proportional hazard assumption for operator volume, separate hazard ratios were
estimated for in-hospital and post-discharge periods. We repeated this process for the
outcomes of readmission for M1 and unplanned revascularization at one year. Covariates for
adjustment were the same as for in-hospital and 30-day outcomes. For all outcomes, we
report unadjusted and adjusted hazard ratios (HRs) with 95% Cls for high- and intermediate-
volume operators, with low-volume operators as the reference. We repeated these analyses
treating operator volume as a continuous variable, and report unadjusted and risk-adjusted
HRs with associated 95% confidence interval (ClI) for a 50 unit increase in annual PCI
volume.

Regression models were created for the overall dataset, and separately for the STEMI
subgroup, the unstable angina/non-STEMI (UA/NSTEMI) subgroup, the stable angina
subgroup, and subgroups of patients undergoing left main PCI, PCI of bifurcation lesions,
and PCI of chronic total occlusions (CTO). To estimate the interaction between operator
volume and estimated lifetime experience, we determined the association between operator
volume and outcomes in the cohort of patients that underwent PCI in 2014, and separately
among patients that underwent PCI by operators with 0-1, 2-4, and > 4 years of experience
between 2009 and 2013.

For all analyses, a HR or OR < 1 indicates that higher PCI operator volume is associated
with lower odds of the outcome compared with lower operator volume, and a HR or OR > 1
indicates that higher PCI operator volume is associated with higher odds of the outcome
compared with lower operator volume.

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

Circulation. Author manuscript; available in PMC 2020 January 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fanaroff et al.

RESULTS

Association

Page 6

waiver of informed consent and authorization for this study, as data are collected for
CathPCI without individual patient identifiers.

From July 1, 2009 to December 31, 2014, 8,936 operators performed 723,644 PCls at 1,460
sites (Figure 1). We classified 3,505 (39.2%) operators that performed < 50 PCls/year as
low-volume operators, 2,878 (32.2%) that performed 50-100 PCls/year as intermediate-
volume operators, and 2,553 (28.6%) that performed > 100 PCls/year as high-volume
operators.

Compared with high- and intermediate-volume operators, low-volume operators were more
likely to practice in the western region of the U.S. (Table 1). They less frequently practiced
at teaching hospitals and their hospitals had lower median annual PCI volumes (484 vs. 541
vs. 770 PCls/year for low- vs. intermediate- vs. high-volume operators; p < 0.0001).

There were also significant differences in patient characteristics for PCls performed by low-,
intermediate-, and high-volume operators. Low-volume operators more frequently
performed PCI on patients admitted through the emergency department than intermediate- or
high-volume operators, and more frequently performed PCI for STEMI (15.4 vs. 14.7 vs.
11.9% for low- vs. intermediate- vs. high-volume operators, p < 0.0001) and PCI with an
emergency indication (17.1 vs. 16.3 vs. 13.2% for low- vs. intermediate- vs. high-volume
operators, p < 0.0001). Patients undergoing PCI by low-volume operators had a lower
prevalence of known chronic vascular disease and risk factors than those undergoing PCI by
high- and intermediate-volume operators. Discharge prescription rates of aspirin, P2Y 1,
inhibitors, statins, and beta blockers were similar among operator types.

Low-volume operators, as compared with intermediate- and high-volume operators, less
frequently attempted 2 or more lesions in a single visit to the cardiac catheterization lab
(22.8 vs. 25.4 vs. 28.8% for low- vs. intermediate- vs. high-volume operators) (Table 2).
High-volume operators used drug eluting stents slightly more often than low and
intermediate volume operators (69.3% vs. 68.4% vs. 71.6% for low- vs. intermediate- vs.
high-volume operators) Low-volume operators less frequently attempted left main,
bifurcation, or chronic total occlusion lesions, but differences in the proportion of PCls these
types of procedures comprised between high- and low-volume operators were small (< 2%).

between operator volumes and short-term outcomes

Overall, 15,319 patients (2.2%) died while hospitalized. The incidence of in-hospital death
was 2.4% for low-volume operators, 2.3% for intermediate-volume operators, and 2.0% for
high-volume operators (Table 3) (OR 0.95, 95% CI 0.89-1.01 for intermediate vs. low; OR
0.82, 95% C1 0.77-0.87 for high vs. low). When patients were stratified by type of
presentation, patients undergoing PCI for STEMI by high- and intermediate-volume
operators had a significantly lower incidence of death than those undergoing PCI by low
volume operators, but operator volume category was not associated with mortality for
patients presenting with UA/NSTEMI or stable angina. When patients were stratified by
lesion type, patients undergoing PCI for bifurcation, left main, and CTO lesions had lower
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in-hospital mortality when procedures were performed by high-volume operators compared
with low-volume operators; only patients undergoing PCI for CTO lesions had lower
mortality when procedures were performed by intermediate-volume operators compared
with low-volume operators. After adjustment for baseline patient and hospital
characteristics, both high- and intermediate-volume operators had lower in-hospital
mortality than low-volume operators (OR 0.92, 95% CI 0.86-0.96 for intermediate vs. low;
OR 0.79, 95% CI 0.75-0.83 for high vs. low). Risk-adjusted outcomes in subgroups largely
paralleled unadjusted outcomes and are presented in Table 3.

In the first 30 days, 24,097 patients died; the cumulative incidence of mortality was 3.5% for
low-volume operators, 3.5% for intermediate volume operators, and 3.2% for high volume
operators (OR 1.00, 95% CI 0.95-1.06 for intermediate vs. low; OR 0.92, 95% CI 0.88-0.97
for high vs. low) (Supplement Table 2). After risk adjustment, 30-day mortality remained
lower for patients treated by high-volume operators compared with low-volume operators,
but not for intermediate-volume operators compared with low-volume operators. By
contrast, operator volume group had no association with the incidence of 30-day bleeding,
on unadjusted or risk-adjusted analyses (risk-adjusted OR 1.00, 95% CI 0.94-1.06 for
intermediate vs. low; risk-adjusted OR 0.96, 95% CI 0.91-1.01 for high vs. low)
(Supplement Table 2). In the subgroup of patients with UA/NSTEMI, patients treated by
intermediate- and high-volume operators had a lower incidence of 30-day bleeding than
those treated by low-volume operators on risk-adjusted analyses.

between operator volumes and 1-year outcomes

Overall 109,735 patients (15.2%) had a MACE event over the course of 1-year follow-up.
The unadjusted 1-year cumulative incidence of MACE was 15.9% for low-volume operators,
16.2% for intermediate-volume operators, and 16.5% for high-volume operators (Figure 2
and Supplemental Table 3) (p=0.004 by log-rank test). When patients were stratified by
presentation subgroup, those undergoing PCI for UA/NSTEMI and stable angina had
cumulative incidences of MACE that were significantly different by operator volume
stratum. When stratified by lesion subtype, patients undergoing PCI for CTO and bifurcation
lesions had cumulative incidences of MACE that were significantly different by operator
volume stratum.

The proportional hazards assumption was not satisfied for the outcome of MACE or
mortality from the time of PCI to 1-year follow-up, so Cox modeling could not be
performed. The proportional hazards assumption was satisfied for the time from hospital
discharge to 1-year follow-up for both outcomes.

On unadjusted analyses, both high- and intermediate-volume operators had a higher
incidence of MACE from hospital discharge to 1-year follow-up, but these differences were
attenuated and non-significant after adjustment for baseline risk factors (adjusted HR 0.99,
95% CI 0.96-1.01 for intermediate vs. low; adjusted HR 1.01, 95% CI 0.99-1.04 for high
vs. low) (Table 4). There were no significant differences in 1-year post-discharge MACE in
any presentation or lesion subgroup on unadjusted analyses; patients undergoing PCI for
stable angina by intermediate-volume operators had a nominally significant lower risk of
MACE than low-volume operators on risk-adjusted analysis.
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The unadjusted cumulative incidence of 1-year mortality was 9.5% for low-volume
operators, 9.9% for intermediate-volume operators, and 9.8% for high-volume operators
(Figure 3 and Supplemental Table 3) (o= 0.03 by log-rank test). When patients were
stratified by presentation subgroup, only those presenting with UA/NSTEMI had a
cumulative incidence of 1-year mortality that was significantly different by operator volume
stratum. When stratified by lesion subtype, patients undergoing PCI for CTO had a
cumulative incidence of mortality that was significantly different by operator volume
stratum.

On unadjusted analyses, both high- and intermediate-volume operators had a higher
incidence of mortality from hospital discharge to 1-year follow-up than low-volume
operators, but there was no difference in mortality on risk-adjusted analyses (adjusted HR
1.01, 95% CI 0.97-1.05 for intermediate vs. low; adjusted HR 1.04, 95% CI 1.00-1.08 for
high vs. low) (Table 4). There were no differences in mortality by operator volume stratum
among any presentation or lesion subgroup on risk-adjusted analyses.

The unadjusted rate of readmission for MI and unplanned repeat revascularization was
higher for high-volume operators than low-volume operators. After risk adjustment, these
differences were attenuated and non-significant, and rates of readmission for recurrent Ml
and unplanned revascularization did not differ significantly by operator cohort in the overall
population (Supplemental Table 4). Risk-adjusted rates of readmission for recurrent Ml and
unplanned revascularization were not different by operator cohort in any presentation or
lesion subgroup except for patients undergoing left main PCI, in which patients undergoing
PCI by intermediate-volume operators had a nominally significant lower risk of unplanned
revascularization than low-volume operators.

Operator volume, when analyzed as a continuous variable, was linearly associated with
mortality from the time of PCI to 1-year follow-up, up to a threshold of 200 PCls annually:
For every 50 PCI increase in operator volume up to 200, there was a corresponding 1%
decrease in the risk-adjusted hazard of 1-year death (HR 0.99, 95% CI 0.98-1.00, p= 0.02)
(Supplemental Table 5). This finding was driven by an inverse association between operator
volume and in-hospital mortality (OR 0.95, 95% CI 0.94-0.97); there was no association
between operator volume and risk-adjusted post-discharge mortality (HR 1.00, 95% CI
0.99-1.01). No significant association was observed between operator volume and 1-year
mortality in any presentation subgroup. There was no significant association between
operator volume, expressed continuously, and the risk-adjusted incidence of 1-year MACE
(HR 1.00, 95% CI 0.99-1.00 per 50 PCI increase in annual operator volume) nor the risk-
adjusted incidence of MACE from discharge to 1-year follow-up (HR 1.01, 95% CI 1.00-
1.01 per 50 PCI increase in annual operator volume). There was a direct association between
operator volume and the incidence of 1-year unplanned revascularization, which persisted
after adjustment for baseline risk factors (risk-adjusted HR 1.02, 95% CI 1.01-1.03 per 50
PCI increase in annual operator volume up to 200).

Interaction between operator experience and outcomes

In 2014, 6,524 operators performed 115,137 PCls; 652 of these operators (10.0%) had been
active 0-1 years between 2009 and 2013, 1,469 (22.5%) 2—4 years, and 4,403 (67.5%) > 4
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years. Operators with 0-1 year of experience were more likely to be low volume operators
than those with more experience (58.5% of operators with 0-1 year experience, 32.6% of
those with 2—4 years experience, 30.5% of those with > 4 years experience, p < 0.001)
(Supplemental Table 6).

For PCls performed in 2014, the association between operator volume and in-hospital
mortality among all operators was similar to that during the entire study period; high and
intermediate volume operators had lower unadjusted and risk-adjusted in-hospital mortality
than low volume operators. For operators with 01 year experience, there was no significant
association between operator volume and in-hospital mortality and the point estimate for the
effect approached 1.0 (Table 5). By contrast, for operators with 2—4 and > 4 years
experience, high volume operators had significantly lower unadjusted and risk-adjusted in-
hospital mortality than low volume operators. Similar to the overall cohort, there was no
association between operator volume and 1-year post-discharge mortality or MACE in any
operator experience subset.

DISCUSSION

In this nationally representative study, we found that operators performing fewer than 50
PCls annually, the ACC/AHA/SCAI recommended minimum number of procedures to
maintain competency, had a higher risk-adjusted rate of in-hospital mortality, but did not
have a higher risk-adjusted hazard of death or MACE over 1-year post-discharge follow-up
than higher volume operators. On unadjusted analyses, high-volume operators had a higher
incidence of long-term MACE and mortality than low volume operators, but high-volume
operators performed more complex PCI on patients at higher risk of long-term
cardiovascular events. When operator volume was analyzed continuously, higher operator
volume was associated with lower risk-adjusted mortality over 1-year follow-up, but this
finding is driven entirely by in-hospital death, and there was no association between operator
volume and post-discharge mortality or MACE. Overall, given that 44% of operators
nationwide perform fewer than 50 PCls annually,1° these findings are reassuring that the
small inverse association between operator volume and short-term outcomes is not
compounded by a similar association between operator volume and long-term outcomes
given current case selection patterns.

Over two dozen studies have now considered the association between PCI operator volume
and outcomes.10-12. 35 The most largest contemporary study, an analysis of the nationally-
representative CathPCI database, found a modest, though significant, inverse relationship
between operator volume and in-hospital mortality, broadly consistent with the totality of
evidence from the stent era.19 However, only two studies have described the association
between operator volume and > 30 day outcomes. Mueller et al. found no association
between operator experience and the 24-month incidence of death, myocardial infarction or
clinically-driven revascularization in a 300-patient, 6-operator, single-center study.38 A
substudy of the Enhanced Suppression of the Platelet glycoprotein I1b/l11a Receptor with
Integrilin Therapy (ESPRIT) trial involving 1338 patients divided operators into those
performing < 100 PCls (n = 91) and = 100 PCls annually (n = 1136), and found that there
was no association between operator volume cohort and 1-year death, Ml, or target vessel
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revascularization.3” Though our study includes only patients = 65 years old, it represents the
largest, most contemporary, and most nationally representative examination of the
association between operator volume and long-term outcomes.

We found, most importantly, that the association between operator volume and outcomes,
including MACE and mortality, is not static from the time of PCI to 1-year follow-up. On
unadjusted and risk-adjusted analyses, high- and intermediate- volume operators have a
lower incidence of in-hospital mortality than low-volume operators, defined as per the
ACC/AHAJ/SCALI’s clinical competency document, which is consistent across presentation
and lesion type subgroups. However, from the time of hospital discharge to 1-year follow-
up, low-volume operators had a lower unadjusted rate of 1-year MACE, mortality, and
unplanned revascularization than intermediate- or high-volume operators. However, case
mix differed for low-, intermediate-, and high-volume operators, with low-volume operators
more frequently performing PCI for STEMI and less frequently performing PCI on patients
with established cardiovascular disease and cardiovascular risk factors. Though differences
in case mix were modest, after adjustment for baseline patient and lesion characteristics,
differences in MACE and mortality between operator cohorts were attenuated and non-
significant from the time of hospital discharge to 1-year follow-up. When we analyzed
operator volume as a continuous variable, an approach that affords maximal power to detect
a significant association between operator volume and outcomes, we found a small inverse
association between operator volume and 1-year mortality following PCI. This association is
driven by in-hospital events, as there was no significant association between operator
volume and 1-year post-discharge MACE or mortality, though there was a direct association
between operator volume, analyzed continuously, and risk-adjusted unplanned
revascularization. However, this association may be related to practice patterns of high-
volume operators: Higher volume operators more often perform PCls in patients with
clinical and angiographic risk factors for restenosis (multi-vessel PCI, chronic total
occlusion, diabetes mellitus),38 3% and may be more likely than lower volume operators to
perform PCI for worsening angina.

Our findings may seem at odds with volume-outcome analyses in other specialties. For
example, in patients undergoing surgical procedures for colon cancer, breast cancer, head
and neck cancer, higher surgeon volume is associated with a reduced incidence of long-term
mortality.40 While there are various explanations for the operator volume-outcome
relationship, the most commonly acknowledged one is the “practice makes perfect”
hypothesis, which holds that higher volumes lead to better operative decision-making and
technique.#! This holds true for in-hospital outcomes, with a modest, but statistically
significant, relationship between greater operator PCI volume and lower risk of mortality.10
When examining longer-term outcomes we hypothesized that the same relationship would
hold based on an assumption that lower volume operators would be technically less
proficient than higher volume operators. High-volume operators use techniques that are
associated with reduced adverse outcomes following PCI like radial access and greater drug-
eluting stent use.10 It is possible that they may also use techniques to reduce suboptimal
stent deployment, which is associated with higher rates of stent thrombosis and re-stenosis,
ultimately leading to unplanned revascularization, recurrent MI, or death.16-20 The CathPClI
dataset does not allow for granularity regarding stent implantation technique; however, the
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difference in short-term in-hospital outcomes and lack of difference in long-term outcomes
between high-, intermediate-, and low-volume operators indicates that if operator volume is
associated with technical proficiency, the effect is manifest prior to hospital discharge. Long-
term outcomes following PCI may be more likely to be a consequence of underlying disease
than anything that happened during the procedure itself.

Our results have implications for professional society guidelines. Though operators
performing fewer than the ACC/AHA/SCAI’s minimum recommendation of 50 PCls
annually have a higher rate of in-hospital mortality following PCI, the relationship between
operator volume and short-term mortality is modest and of uncertain clinical significance,
especially considering that these low-volume operators may play a role in maintaining
critical access to primary PCI for STEMI.10 Intriguingly, this association does not appear to
hold for operators in their first years of independent practice, suggesting that high-intensity
fellowship training may have residual benefits as an operator transitions to independent
practice, or that hospitals may exercise greater oversight over these new operators. When
composing operator volume recommendations, professional society guideline committees
need to balance maximizing patient safety with maintaining access to critical emergency
procedures, and an approach that focuses on identifying and disseminating best practices
among all operators, regardless of volume, may be preferable to strict volume
recommendations.10: 42 Since operator volume is not associated with long-term outcomes
among patients surviving the index hospitalization, the guidelines should consider volume
standards in the context of overall care quality, including process performance measures
relevant to the post-PCI population, such as prescription of secondary prevention strategies
aimed at improving in-hospital and long-term outcomes.

This study is a retrospective analysis, and is subject to unmeasured confounding. Though
our risk-adjusted analyses account for measured severity of patient presentation, it is
possible, for example, that higher volume operators are more likely to attempt PCl in
patients with unmeasured variables indicating poor long-term prognosis, which would mask
true differences in long-term outcomes. With regard to short-term outcomes, it is possible
that operators with poorer outcomes and/or less skill receive fewer referrals and have low
volumes for that reason. PCls analyzed in this report were performed between 2009 and
2014, and practice patterns may have changed in the intervening years; however, PCI has
generally grown safer over the years, attenuating the operator-volume association.l: 10 As we
did not find an association between operator volume and long-term outcomes during our
study period, it is not expected that one would exist at present. Furthermore, this analysis
only includes patients = 65 years old, but older adults comprise a growing percentage of
patients undergoing PCI,43: 44 and there is no reason to suspect that the relationship between
operator volume and outcomes should be affected by patient age. Our analysis does exclude
a number of low-volume operators who performed PCI on younger patients, but did not
perform a single PCI on a patient in the linked database, so our descriptive analysis of the
proportion of high-, intermediate-, and low-volume operators underestimates the proportion
of low-volume operators; an analysis of PCls performed on all patients in CathPClI, not just
those > 65 years old, found that 44% of operators performed < 50 PCls annually, compared
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with 39% in this analysis.1? Moreover, as we were unable to capture unplanned index vessel
or index lesion revascularization, we examined all unplanned revascularizations; differences
in operator technique would not affect the hazard of future unplanned revascularization in
non-index vessels, and including non-index vessel revascularization may add statistical noise
that obscures true operator-related differences in rates of index vessel or index lesion
revascularization. In addition, 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. We were able to estimate number of years in practice, but this
estimation is imprecise, and operators who performed PClIs in non-CathPCI hospitals may
have been counted among the operators with 0-1 years of experience. Though the CathPCI
registry captures PCI procedures performed in > 90% of U.S. cardiac catheterization labs, it
does not capture procedures performed in Veterans Administration or Department of
Defense hospitals, and operators performing PCls in these hospitals and hospitals that
participate in the CathPCI registry will have their procedure volumes undercounted. Despite
the above limitations, CathPCl is a nationally-representative, quality-controlled database,
and our analysis of > 700,000 PCls performed by nearly 9,000 operators represents the most
comprehensive examination of the association between operator volume and long-term
outcomes to date.

CONCLUSIONS

Low annual operator PCI volume, defined as fewer than 50 PCls annually, is associated with
worse in-hospital outcomes compared with higher operator volume, but is not associated
with higher rates of 1-year MACE or mortality among patients older than 65 years.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PERSPECTIVE
What is new?

. « Though high and intermediate volume percutaneous coronary intervention
(PCI) operators have a lower incidence of in-hospital death than low-volume
operators after adjustment for patient characteristics, there is no association
between operator volume and 1-year post-discharge outcomes

. « The associations between operator volumes and outcomes are consistent
regardless of indication for PCI and in patients with complex lesion subtypes;
however, there is no association between operator volume and in-hospital
mortality among operators with 0-1 years experience

What are the clinical implications?

. « Since the association between operator volumes and in-hospital mortality is
small and operator volume is not associated with long-term outcomes among
patients surviving the index hospitalization, clinical practice guidelines should
consider volume standards in the context of overall care quality and should
consider de-emphasizing operator volume as a quality measure
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1,297,833 PCls performed in patients 2 65 years old
between July 1, 2009 and December 31, 2014

No CMS linkage
(n=20,248)

No fee-for-service Medicare
(n =546,636)

,| Missing NPl number
(n=7,305)

Y

723,644 PCls performed by 8,936 operators at 1,460 sites

y Y b

74,721 PCls performed by
3,505 low volume
operators

210,946 PCls performed by
2,878 intermediate volume
operators

437,977 PCls performed by
2,553 high volume
operators

Figure 1:
Study flow PCI, percutaneous coronary intervention; CMS, Centers for Medicare and

Medicaid Services; NPI, National Provider Identification. Low-volume operators performed
< 50 PClslyear; intermediate-volume operators performed 50-100 PCls/year; high-volume
operators performed > 100 PCls/year
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Figure 2:

1-year cumulative incidence of MACE by operator volume overall (A), in patients
presenting with STEMI (B), UA/NSTEMI (C), and stable angina (D), and those undergoing
PCI of chronic total occlusion (E), bifurcation (F), and left main (G) lesions MACE, major
adverse cardiovascular events (all-cause death, readmission for myocardial infarction,
unplanned revascularization); STEMI, ST segment elevation myocardial infarction; UA,
unstable angina; NSTEMI, non-ST segment elevation myocardial infarction; CTO, chronic

total occlusion. Operator volume defined as in Figure 1.
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Figure 3:
1-year cumulative incidence of all-cause mortality by operator volume overall (A), in

patients presenting with STEMI (B), UA/NSTEMI (C), and stable angina (D), and those
undergoing PCI of chronic total occlusion (E), bifurcation (F), and left main (G) lesions All
abbreviations as in Figure 2; operator volumes defined as in Figures 1 and 2.

(50-100 PCls/year)
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Table 1:
Hospital and patient characteristics by operator volume
Overall High (> 100 PClIs/ Intermediate (50— Low (< 50 PCls/ P value
(n=723,644 PCls; year) (n = 437,977 100 PClslyear) (n= | year) (n=74,721
8,936 operators) PCls; 2,553 210,946 PCls; 2,878 PCls; 3,505
operators) operators) operators)
Hospital characteristics
Hospital region < 0.0001
Northeast 104,044 (14.4%) 68,760 (15.7%) 27,577 (13.1%) 7,707 (10.3%)
Midwest 204,514 (28.3%) 133,946 (30.6%) 56,238 (26.7%) 14,330 (19.2%)
South 316,948 (43.8%) 192,835 (44.0%) 89,851 (42.6%) 34,262 (45.9%)
West 98,114 (13.6%) 42,436 (9.7%) 37,280 (17.7%) 18,398 (24.6%)
Urban location 395,016 (54.6%) 249,338 (56.9%) 106,636 (50.6%) 39,042 (52.3%) <0.0001
No. of beds 393 (261, 576) 404 (270, 587) 364 (250, 540) 366 (250, 569) <0.0001
Annual PCI volume 663 (406, 1083) 770 (490, 1231) 541 (340, 859) 484 (268, 847) <0.0001
Teaching hospital * 333,131 (46.0%) 220,510 (50.4%) 85,423 (40.5%) 27,207 (36.4%) <0.0001
Private/community hospital 641,075 (88.6%) 386,876 (88.3%) 187,723 (89.0%) 66,476 (89.0%) <0.0001
Patient characteristics
Age 74 (69, 80) 74 (69, 80) 74 (69, 80) 74 (69, 79) 0.0002
Male 448,322 (62.0%) 270,732 (61.8%) 130,939 (62.1%) 46,651 (62.4%) 0.002
White 662,486 (91.6%) 404,367 (92.3%) 192,200 (91.1%) 65,919 (88.2%) <0.0001
Admit source <0.0001
Emergency dept 251,165 (34.7%) 142,341 (32.5%) 80,119 (38.0%) 28,705 (38.4%)
Transfer in 129,335 (17.9%) 85,911 (19.6%) 33,633 (15,9%) 9,791 (13.1%)
Other 342,418 (47.3%) 209,294 (478%) 96,978 (46.0%) 36,146 (48.4%)
BMI 28 (25, 32) 28 (25, 32) 28 (25, 32) 28 (25, 32) <0.0001
GFR 67 (52, 85) 67 (52, 85) 68 (52, 85) 68 (53, 86) <0.0001
Prior Ml 196,693 (27.2%) 121,856 (27.8%) 55,706 (26.4%) 19,131 (25.6%) <0.0001
Prior CHF 111,603 (15.4%) 70,498 (16.1%) 30,937 (14.7%) 10,168 (13.6%) <0.0001
HF within 2 weeks 97,340 (13.5%) 60,451 (13.8%) 27,913 (13.2%) 8,976 (12.0%) <0.0001
LV systolic dysfunction 90,579 (12.5%) 56,565 (12.9%) 25,884 (12.3%) 8,130 (10.9%) <0.0001
ﬁardiogenic shock within 24 21,785 (3.0%) 12,321 (2.8%) 6,976 (3.3%) 2,488 (3.3%) < 0.0001
ours
Cardiac arrest within 24 hours 12,573 (1.7%) 7,093 (1.6%) 4,020 (1.9%) 1,460 (2.0%) < 0.0001
Diabetes 269,926 (37.3%) 165,231 (37.7%) 77,520 (36.8%) 27,175 (36.4%) <0.0001
Cerebrovascular disease 122,238 (16.9%) 76,600 (17.5%) 34,323 (16.3%) 11,315 (15.1%) < 0.0001
Peripheral vascular disease 115,744 (16.0%) 72,681 (16.6%) 32,577 (15.4%) 10,486 (14.0%) <0.0001
Hypertension 626,220 (86.5%) 381,203 (87.0%) 171,054 (85.8%) 63,963 (85.6%) <0.0001
Chronic lung disease 133,221 (18.4%) 83,611 (19.1%) 37,596 (17.8%) 12,014 (16.1%) <0.0001
Current/recent smoker 100,217 (13.9%) 61,172 (14.0%) 29,156 (13.8%) 9,889 (13.2%) 0.05
Dyslipidemia 583,235 (80.6%) 356,374 (81.4%) 168,008 (79.7%) 58,853 (78.8%) <0.0001
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Overall High (> 100 PClIs/ Intermediate (50— Low (< 50 PCls/ P value
(n=723,644 PCls; year) (n = 437,977 100 PClslyear) (n= | year) (n=74,721
8,936 operators) PCls; 2,553 210,946 PCls; 2,878 PCls; 3,505
operators) operators) operators)
Prior PCI 246,607 (34.1%) 152,378 (34.8%) 69,455 (32.9%) 24,774 (33.2%) <0.0001
Prior CABG 163,621 (22.6%) 102,379 (23.4%) 45,590 (21.6%) 15,652 (21.0%) <0.0001
Admission symptoms < 0.0001
No symptoms 55,855 (7.7%) 32,540 (7.4%) 16,674 (7.9%) 6,641 (8.9%)
Atypical chest pain 23,541 (3.3%) 14,395 (3.3%) 6,747 (3.2%) 2,399 (3.2%)
Stable angina 133,145 (16.9%) 73,951 (16.9%) 34,787 (16.5%) 13,407 (17.9%)
Unstable angina 280,997 (38.8%) 175,768 (40.1%) 78,456 (37.2%) 26,773 (35.8%)
NSTEMI 146,333 (20.2%) 89,260 (20.4%) 43,130 (20.5%) 13,943 (18.7%)
STEMI 94,616 (13.1%) 51,988 (11.9%) 31,099 (14.7%) 11,529 (15.4%)
Appropriate PCI 576,831 (79.7%) 350,648 (80.1%) 158,186 (79.7%) 57,997 (77.6%) <0.0001
PCI status <0.0001
Elective 321,495 (44.4%) 195,377 (44.6%) 91,413 (43.3%) 34,705 (46.5%)
Urgent 294,611 (40.7%) 183,490 (41.9%) 84,228 (39.9%) 26,893 (36.0%)
Emergency 104,729 (14.5%) 57,576 (13.2%) 34,369 (16.3%) 12,784 (17.1%)
Salvage 2,517 (0.4%) 1,360 (0.3%) 853 (0.4%) 304 (0.4%)
Discharge Medications
Aspirin 671,417 (96.1%) 408,429 (96.5%) 194,610 (95.8%) 68,378 (95.1%) <0.0001
P2Y/, inhibitor 674,862 (95.7%) 410,615 (96.0%) 195,493 (95.3%) 68,754 (94.8%) <0.0001
Statin 609,710 (88.4%) 369,974 (88.6%) 177,470 (88.4%) 62,266 (87.3%) <0.0001
Beta blocker 568,723 (83.0%) 347,100 (83.7%) 164,628 (82.5%) 56,995 (80.7%) <0.0001

*

, residency/fellowship program; BMI, body mass index; GFR, glomerular filtration rate, calculated by the Modification of Diet in Renal Disease
equation; MI, myocardial infarction; CHF, congestive heart failure; HF, heart failure; LV, left ventricular; PCI, percutaneous coronary intervention;
CABG, coronary artery bypass graft surgery; NSTEMI, non-ST segment elevation myocardial infarction; STEMI, ST segment elevation myocardial

infarction.
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Table 2:
PCI characteristics by operator volume
Overall High (> 100 PCIs/ Intermediate (50— Low (< 50 PCls/ P value
(n=723,644 PCls; year) (n = 437,977 100 PClslyear) (n= | year) (n=74,721
8,936 operators) PCls; 2,553 210,946 PCls; 2,878 PCls; 3,505
operators) operators) operators)
Lesion segment < 0.0001
Left main 17,508 (2.4%) 12,006 (2.7%) 4,263 (2.0%) 1,239 (1.7%)
Proximal LAD 107,708 (14.9%) 64,314 (14.7%) 74,108 (35.1%) 26,577 (35.6%)
pRCA/MLAD/pLCx 253,480 (35.0%) 152,795 (34.9%) 74,108 (35.1%) 26,577 (35.6%)
Other 342,147 (47.3%) 207,207 (47.3%) 99,952 (47.4%) 34,988 (46.8%)
Previously treated lesion 58,792 (8.1%) 35,826 (8.2%) 16,842 (8.0%) 6,124 (8.2%) 0.03
\ein graft lesion 55,062 (7.6%) 33,465 (7.6%) 16,058 (7.6%) 5,539 (7.4%) 0.19
Chronic total occlusion 17,545 (17.5%) 10,695 (18.7%) 4,997 (15.8%) 1,853 (16.3%) < 0.0001
Bifurcation lesion 80,112 (11.1%) 49,305 (11.3%) 23,363 (11.1%) 7,444 (10.0%) <0.0001
Lesion length 16 (12, 23) 16 (12, 24) 15 (12, 23) 15 (12, 20) <0.0001
No. lesions attempted in lab visit < 0.0001
1> 527,321 (72.9%) 312,128 (71.3%) 157,489 (74.7%) 57,704 (77.2%)
2 155,520 (21.5%) 98,319 (22.5%) 43,211 (20.5%) 13,990 (18.7%)
>3 40,803 (5.6%) 27,530 (6.3%) 10,246 (4.9%) 3,027 (4.1%)
Radial access 87,714 (12.1%) 59,479 (13.6%) 23,483 (11.1%) 4,752 (6.4%) <0.0001
Unfractionated heparin 367,617 (50.9%) 226,456 (51.8%) 106,509 (50.6%) 34,652 (46.5%) <0.0001
Bivalirudin 434,174 (60.0%) 259,810 (59.4%) 127,792 (60.6%) 56,582 (62.4%) <0.0001
Glycoprotein 1b/I1a inhibitor 159,510 (22.1%) 88,154 (20.2%) 53,116 (25.2%) 18,240 (24.5%) <0.0001
Drug eluting stent 509,776 (70.5%) 313,739 (71.6%) 144,233 (68.4%) 51,804 (69.3%) <0.0001
Fluoroscopy time (minutes) 12 (8,19) 12 (7,19) 13 (8, 20) 13 (8, 21) <0.0001
Contrast volume (mL) 180 (130, 235) 175 (126, 230) 180 (140, 240) 185 (140, 250) <0.0001
IVUS performed 13,358 (20.8%) 8,862 (22.1%) 3,406 (18.6%) 1,090 (18.7%) <0.0001
Successful PCI 673,076 (93.5%) 409,851 (94.0%) 194,666 (92.8% 68,559 (92.3%) <0.0001

LAD, left anterior descending coronary artery; pLCx, proximal left circumflex coronary artery; mLAD, mid-LAD coronary artery; pRCA,
proximal right coronary artery; IVUS, intravascular ultrasound; PCI, percutaneous coronary intervention. Successful PCI was defined as successful

dilation of all lesions attempted.
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In-hospital mortality by operator volume

Table 3:

Unadjusted HR (95% CI)

Adjusted HR (95% CI)

Overall

High vs. low volume

*
0.81 (0.77-0.87)

*
0.79 (0.75-0.83)

Intermediate vs. low volume

0.95 (0.89-1.01)

*
0.91 (0.86-0.96)

STEMI only

High vs. low volume

*
0.90 (0.85-0.96)

*
0.87 (0.82-0.92)

Intermediate vs. low volume

*
0.92 (0.86-0.99)

*
0.90 (0.84-0.95)

UA/NSTEMI only

High vs. low volume

0.95 (0.87-1.05)

0.87 (0.80-0.95)

Intermediate vs. low volume

1.02 (0.92-1.13)

0.98 (0.89-1.08)

Stable angina only

High vs. low volume

0.82 (0.55-1.22)

0.76 (0.51-1.12)

Intermediate vs. low volume

1.09 (0.72-1.65)

1.05 (0.69-1.58)

Chronic total occlusion

High vs. low volume

0.55 (0.45-0.67)

0.71 (0.60-0.86) -

Intermediate vs. low volume

*
0.80 (0.66-0.98)

0.86 (0.72-1.04)

Bifurcation lesion

High vs. low volume

*
0.78 (0.68-0.90)

*
0.77 (0.67-0.88)

Intermediate vs. low volume

0.91 (0.79-1.06)

0.89 (0.77-1.02)

Left main lesion

High vs. low volume

*
0.72 (0.57-0.91)

*
0.73 (0.60-0.89)

Intermediate vs. low volume

1.15 (0.91-1.46)

1.07 (0.87-1.31)

*
p<0.05. MI, myocardial infarction; OR, odds ratio; Cl, confidence interval; STEMI, ST segment elevation MI; UA, unstable angina; NSTEMI,
non-ST segment elevation MI; CTO, chronic total occlusion. Low-volume operators performed < 50 PCls/year; intermediate-volume operators

performed 50-100 PCls/year; high-volume operators performed > 100 PCls/year
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1-year post-discharge MACE and all-cause mortality by operator volume

MACE Mortality
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Unadjusted HR
(95% ClI)

Adjusted HR
(95% ClI)

Unadjusted HR
(95% ClI)

Adjusted HR
(95% ClI)

Overall

High vs. low volume

*
1.07 (1.04-1.11)

1.01 (0.99-1.04)

*
1.11 (1.07-1.15)

1.04 (1.00-1.08)

Intermediate vs. low volume

1.03 (1.00-1.06) -

0.99 (0.96-1.01)

1,07 (1.03-1.11)

1.01 (0.97-1.05)

STEMI only

High vs. low volume

1.04 (0.98-1.10)

0.98 (0.93-1.04)

1.07 (1.00-1.15)

1.01 (0.94-1.09)

Intermediate vs. low volume

1.01 (0.95-1.07)

0.97 (0.91-1.03)

1.06 (0.98-1.14)

1.00 (0.93-1.08)

UA/NSTEMI only

High vs. low volume

*
1.07 (1.04-1.11)

1.00 (0.97-1.04)

*
1.13 (1.08-1.19)

1.04 (1.00-1.09)

Intermediate vs. low volume

1.03 (0.99-1.06)

1.00 (0.97-1.04)

*
1.08 (1.03-1.13)

1.04 (0.99-1.09)

Stable angina only

High vs. low volume

1.04 (0.97-1.11)

0.98 (0.92-1.04)

1.01 (0.92-1.11)

0.93 (0.84-1.02)

Intermediate vs. low volume

0.96 (0.89-1.03)

*

0.93 (0.87-0.99)

0.94 (0.85-1.04)

0.89 (0.84-1.02)

Chronic total occlusion

High vs. low volume

0.92 (0.82-1.04)

1.06 (0.93-1.21)

0.92 (0.78-1.08)

1.10 (0.93-1.31)

Intermediate vs. low volume

1.00 (0.88-1.14)

1.01 (0.87-1.16)

1.02 (0.86-1.21)

1.03 (0.85-1.23)

Bifurcation lesion

High vs. low volume

*
1.13 (1.05-1.22)

1.07 (0.99-1.16)

*
1.11 (1.01-1.23)

1.05 (0.95-1.16)

Intermediate vs. low volume

1.03 (0.95-1.12)

1.00 (0.92-1.09)

0.99 (0.89-1.10)

0.95 (0.85-1.06)

Left main lesion

High vs. low volume

1.05 (0.91-1.20)

0.97 (0.84-1.12)

1.13 (0.94-1.35)

1.01 (0.84-1.22)

Intermediate vs. low volume

0.91 (0.79-1.06)

0.97 (0.84-1.12)

1.00 (0.83-1.22)

0.89 (0.73-1.10)

*
p<0.05. MACE, major adverse cardiovascular events (all-cause death, readmission for myocardial infarction, unplanned revascularization); HR,
hazard ratio; all other abbreviations per Table 3. Low-volume operators performed < 50 PCls/year; intermediate-volume operators performed 50—

100 PClslyear; high-volume operators performed > 100 PCls/year
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Table 5:

Outcomes by operator volume and overall experience

In-hospital mortality 1-year post-discharge mortality 1-year post-discharge MACE
Unadjusted Adjusted HR Unadjusted HR Adjusted HR Unadjusted Adjusted HR
HR (95% Cl) (95% ClI) (95% ClI) (95% ClI) HR (95% Cl) (95% ClI)
Overall 4
High vs. low volume 0.77 0.76 1.10 1.04 1.12 1.05
0.68-0.87) | (0.68-0.85) (1.00-1.21) (0.94-1.15) (1.04-1.21) (0.97-1.14)
Intermediate vs. low 0.92 0.88 1.07 1.01 1.08 1.02
|— * — — | —
volume (0.80-1.05) (0.78-0.99) (0.96-1.18) (0.91-1.13) (0.99-1.17) (0.94-1.11)
: 7
0-1 years experience
High vs. low volume 0.99 1.02 0.97 0.94 0.99 0.98
(0.69-1.43) (0.72-1.45) (0.75-1.20) (0.72-1.24) (0.79-1.23) (0.77-1.25)
Intermediate vs. low 0.92 0.95 0.89 0.83 0.90 0.87
volume (0.63-1.34) (0.67-1.35) (0.66-1.20) (0.61-1.13) (0.70-1.16) (0.66-1.13)
: 7
2-4 years experience
High vs. low volume 0.77 0.75 121 112 1.10 1.02
* * | — — —_
(0.59-1.00) (0.60-0.95) (0.99-1.49) (0.90-1.38) (0.94-1.29) (0.87-1.20)
Intermediate vs. low 0.90 0.83 1.16 1.15 1.02 1.00
volume (0.68-1.19) (0.65-1.06) (0.93-1.45) (0.92-1.45) (0.86-1.21) (0.84-1.20)
>4 i 7
years experience
High vs. low volume 0.77 0.74 1.14 1.08 1.19 1.10
* * * - * —
(0.66-0.90) (0.64-0.85) (1.02-1.28) (0.95-1.22) (1.08-1.30) (1.00-1.22)
Intermediate vs. low 0.93 0.88 1.10 1.03 1.15 1.07
volume (0.79-1.10) (0.76-1.02) (0.97-1.25) (0.90-1.18) (1.04-1.27) * (0.97-1.19)

*
; p<0.05;
f, PCls performed in 2014 only;

't, number of years active (performed at least 1 PCI) between 2009 and 2013

HR, hazard ratio; ClI, confidence interval. Low-volume operators performed < 50 PCls/year; intermediate-volume operators performed 50-100
PCls/year; high-volume operators performed > 100 PCls/year
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