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Clinical Characteristics and Outcomes
Among Patients Undergoing High-Risk
Percutaneous Coronary Interventions by
Single or Multiple Operators: Insights From
the Veterans Affairs Clinical Assessment,
Reporting, and Tracking Program
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BACKGROUND: High-risk percutaneous coronary intervention (HR-PCI) is increasingly common among contemporary patients
with coronary artery disease. Experts have advocated for a collaborative 2-operator approach to support intraprocedural
decision-making for these complex interventions. The impact of a second operator on patient and procedural outcomes is
unknown.

METHODS AND RESULTS: Patients who underwent HR-PCI from 2015 to 2018 within the Veterans Affairs Healthcare System
were identified. Propensity-matched cohorts were generated to compare the outcomes following HR-PCI performed by a
single or multiple (>2) operators. The primary end point was the 12-month rate of major adverse cardiovascular events. We
identified 6672 patients who underwent HR-PCI during the study period; 6211 (93%) were treated by a single operator, and
461 (7%) were treated by multiple operators, with a nonsignificant trend toward increased multioperator procedures over time.
A higher proportion of patients treated by multiple operators underwent left main (10% versus 7%, P=0.045) or chronic total
occlusion intervention (11% versus 5%, P<0.001). Lead interventionalists participating in multioperator procedures practiced
at centers with higher annual HR-PCI volumes (124+71.3 versus 111+69.2; standardized mean difference, 0.197; P<0.001) but
otherwise performed a similar number of HR-PCI procedures per year (34.4+35.3 versus 34.7+30.7; standardized mean differ-
ence, 0.388; P=0.841) compared with their peers performing single-operator interventions. In a propensity-matched cohort,
there was no significant difference in major adverse cardiovascular events (32% versus 30%, P=0.444) between patients who
underwent single-operator versus multioperator HR-PCI. Adjusted analyses accounting for site-level variance showed no
significant differences in outcomes.

CONCLUSIONS: Patients who underwent multioperator HR-PCI had similar outcomes compared with single-operator proce-
dures. Further studies are needed to determine if the addition of a second operator offers clinical benefits to a subset of HR-
PCI patients undergoing left main or chronic total occlusion intervention.
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CLINICAL PERSPECTIVE

What Is New?

e This is the first study to compare the character-
istics and outcomes of patients who underwent
high-risk percutaneous coronary intervention
(HR-PCI) by single or multiple operators in a na-
tional, integrated healthcare system.

e Patients undergoing multioperator HR-PCI
had similar outcomes compared with single-
operator procedures.

e A higher proportion of patients treated by mul-
tiple operators underwent left main or chronic
total occlusion intervention at centers with
higher annual HR-PCI volumes, suggesting se-
lection bias.

What Are the Clinical Implications?

e Randomized studies are needed to determine
if the addition of a second operator offers clini-
cal benefits to a subset of HR-PCI patients un-
dergoing left main or chronic total occlusion
intervention.

e A more precise definition of HR-PCl is needed
to appropriately stratify risk and describe out-
comes of HR-PCI.

Nonstandard Abbreviations and Acronyms

CTO chronic total occlusion

HR-PCI high-risk percutaneous coronary
intervention

MACE major adverse clinical events

SMD standardized mean difference

VA Veterans Affairs

has evolved over time to account for an increas-

ingly medically and anatomically complex patient
population.'® Although coronary artery bypass graft-
ing is traditionally associated with improved long-term
mortality and reductions in cardiovascular events, con-
temporary patients with CAD with multiple comorbidi-
ties are not well represented in the landmark trials and
are increasingly referred for high-risk percutaneous
coronary intervention (HR-PCI) after being declined
for surgical revascularization.*® Advances in percuta-
neous coronary intervention (PCI) techniques and the
advent of percutaneous mechanical circulatory sup-
port have provided new avenues to treat these chal-
lenging patients, at the price of increased procedural
complexity and cost.”™® Although the overall morbidity

The management of coronary artery disease (CAD)
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and complexity of patients referred for percutaneous
intervention has increased, there has been a concom-
itant decrease in PCI volumes, creating a challenge for
today’s operators. PCl is becoming more and more
complex to treat a sicker population, but there is less
case volume to support the development of operators’
technical skills and experience.'“®

As a response to this dilemma, experts have ad-
vocated for a collaborative 2-operator approach, as
pioneered in structural heart intervention, to provide
technical support and augment real-time intraproce-
dural decision-making for these high-risk cases.'”2°
This team-based approach offers many potential
advantages, including discussions of alternative ap-
proaches and techniques to achieve procedural suc-
cess, assistance in operating complex devices, and
management of unexpected complications. However,
the potential impact of a second operator on clinical
outcomes is unknown, and concerns about cost and
reimbursement remain.® Here, we describe and com-
pare the characteristics and outcomes of patients
who underwent HR-PCI performed by a single versus
multiple (>2) operators within the Veterans Affairs (VA)
Healthcare System, the largest integrated healthcare
system in the United States.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request, though they will be subject to the strin-
gent data privacy rules of the VA Healthcare Systema
and US government.

Population

The VA Clinical Assessment Reporting and Tracking
Program is a national quality and safety oversight or-
ganization for invasive cardiac procedures performed
within the VA Healthcare System. As described previ-
ously, this mandatory program captures and compiles
standardized patient and procedural data elements for
invasive cardiac procedures.?' The data elements sur-
veyed are derived from previously established defini-
tions from the National Cardiovascular Data Registry,
and the data set is independently assessed for ac-
curacy and validity on a routine basis.???3 This study
identified all patients aged >18 years who underwent
HR-PCI between 2015 and 2018. Prior studies have
defined HR-PCI as a combination of patient comor-
bidities, adverse hemodynamics or depressed left
ventricular function, and complex coronary anatomy,
yet no formal consensus definition exists. Accordingly,
HR-PCI was defined as the presence of at least 1 of
the following criteria: (1) medical comorbidities result-
ing in >1.1% estimated periprocedural mortality by the
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National Cardiovascular Data Registry CathPCI mor-
tality model, (2) left ventricular ejection fraction <35%,
or (3) VA synergy between percutaneous coronary in-
tervention with taxus and cardiac surgery (SYNTAX)
score >15, as previously published.3'92* A multiopera-
tor procedure was defined as the participation of >2 at-
tending operators. Patients undergoing PCI for cardiac
arrest, ST-segment—elevation myocardial infarction, or
other emergent indications were excluded to focus the
analysis on cases with a conscious, premeditated de-
cision for multioperator intervention. This analysis was
approved by the Colorado Multiple Institutional Review
Board with a waiver of informed consent.

Data Collection

Patient characteristics, laboratory studies, proce-
dural details, and outcomes were obtained from the
VA electronic health record. Angiographic severity of
coronary stenoses was determined by the performing
angiographer and recorded as previously described.??
Mortality was ascertained from the VA Information
Resource Center Vital Status File, which includes vital
data from the Beneficiary Identification Record Locator
Subsystem Death File, VA Medicare Vital Status File,
and the Social Security Administration Death Master
File. One year of follow-up data for the primary com-
posite outcome was available for all subjects in the
cohort.

Statistical Analysis
The cohort was divided into 2 groups based on treat-
ment by a single or multiple (>2) operators at the time
of HR-PCI. Propensity-score matching was used to
address differences between these groups. Variables
used for matching included demographic information,
comorbidities, laboratory studies, procedural indication
and degree of urgency, coronary artery bypass graft-
ing eligibility, National Cardiovascular Data Registry
CathPCI mortality risk, and VA SYNTAX score. Using
these variables for adjustment, a multivariable logistic
regression was created to identify the propensity of a
patient being treated by single or multiple operators
at the time of intervention. The results of this model
were used for 2-to-1 matching by a greedy matching
algorithm with a caliper of >0.1.2% Covariate balance of
the matched cohort was assessed using standardized
mean difference (SMD).28

Cox proportional hazards models were used to
assess the relationship between treatment by sin-
gle or multiple operators at the time of HR-PCI and
major adverse cardiovascular events (MACE; death,
myocardial infarction, repeat revascularization, and
stroke) in the matched cohort. The proportional haz-
ards assumption was violated for the outcome of 12-
month mortality, and thus, secondary nonproportional
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hazards analyses using period-specific hazard ra-
tios and a parametric accelerated failure time model
were performed.?”?® Period-specific hazard ratios
for increasingly longer periods of follow-up of O to 4,
0 to 8, and 0 to 12 months were provided for each
outcome. Accelerated failure time models using ex-
ponential, Weibull, log-logistic, log-normal, and gen-
eralized gamma distributions were compared using
Akaike Information Criteria or likelihood ratio tests to
identify the most accurate model.?° For the outcomes
of 12-month myocardial infarction and 12-month re-
vascularization, the competing risk of mortality was
accounted for by cause-specific Cox proportional
hazards models and cause-specific accelerated fail-
ure time models. All models were adjusted for un-
balanced covariates after matching. An adjusted
analysis was performed to assess for the potential
influence of clinical site on outcomes. Finally, to ex-
plore the potential impact of multioperator HR-PCI
on the highest-risk patients, a sensitivity analysis was
conducted by restricting the analysis to patients with
2 or more HR-PCI criteria. Data preparation, Cox re-
gression models, and accelerated failure time models
were generated using SAS software, version 9.4 (SAS
Institute, Cary, NC). Descriptive and graphical analysis
was performed with R version 3.5.3 (R Foundation for
Statistical Computing, Vienna, Austria). A P value of
<0.05 was considered statistically significant.

RESULTS

Patient Characteristics

A total of 6672 patients who underwent HR-PCI were
included in the analysis (Figure 1). Of these, 6211 pa-
tients (93%) were treated by a single operator, and
461 patients (7%) were treated by multiple operators.
Baseline characteristics and medical comorbidities
were similar between the 2 subpopulations (Table 1).

Operator and Site Characteristics

Three hundred four operators from 68 clinical sites
were included in the analysis. There were significant
differences in operator and site characteristics be-
tween groups (Table 2). In multioperator procedures,
lead operators had more experience (7.8+5.1 versus
4.5+5.9; SMD, 0.601; P<0.001) and higher annual PCI
(71.8+£66.1 versus 29.8+35.1; SMD, 0.976; P<0.001)
and HR-PCI volumes (34.4+35.3 versus 14.2+17.2;
SMD, 0.919; P<0.001) compared with junior operators.
Lead operators had similar annual HR-PCI volumes
(34.4+£35.3 versus 34.7+30.7; SMD, 0.388; P=0.841)
and fewer years of experience (7.8+£5.1 versus 8.9+5.7;
SMD, 0.574; P<0.001) compared with single operators.
Clinical sites hosting multioperator interventions had
significantly higher HR-PCI volumes as compared with
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Patients undergoing PCI from 2015-2018 (n=42,084)

High-risk patients (n=17,482)

Excluded patients: (n = 10,810)

<18 years (n=1)
No BMI documented (n=56)
No procedure indication (h=82)

Emergent (n=1,865)

STEMI (n=349)

Missing LVEF (n=2,290)
Missing VA SYNTAX (n=4,612)
Missing labs (n=1471)

Brachial Access Site (n = 84)

Remaining patients (n=6,672)

1 Operator (n=6,211)

2 Operator (n=461)

Figure 1.

Eligible patient population and exclusion criteria.

BMI indicates body mass index; LVEF, left ventricular ejection fraction; PCIl, percutaneous coronary
intervention; STEMI, ST-segment-elevation myocardial infarction; and VA SYNTAX, Veterans Affairs

SYNTAX score.

single-operator clinical sites (124+71.3 versus 111+£69.2;
SMD, 0.197; P<0.001). The system-wide proportion of
HR-PCI procedures performed by multiple operators
ranged from 5% to 10% during the study period, and
there was a nonsignificant trend of increasing odds of
multioperator procedures over time (Table S1).

Procedural Characteristics

Procedural indication and degree of procedural ur-
gency were similar between groups (Table 3). A greater
proportion of patients treated by multiple operators un-
derwent left main intervention (10% versus 6%; SMD,
0.144; P<0.001), had calcific stenoses (36% versus
27%; SMD, 0.204; P<0.001), or chronic total occlu-
sions (CTO) (11% versus 5%; SMD, 0.198; P<0.001).
Procedures involving multiple arterial access (21% ver-
sus 6%; SMD, 0.422; P<0.001), intravascular imaging
(17% versus 13%; SMD, 0.102; P=0.033), or atherec-
tomy (9% versus 5%; SMD, 0.155; P<0.001) were more
frequently associated with treatment by multiple op-
erators as compared with a single operator. There was
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no significant difference in the prescription of dual anti-
platelet therapy following single-operator or multioper-
ator HR-PCI (94% versus 93%; SMD, 0.066; P=0.151).

Propensity Matching

A propensity-matched cohort was developed using
20% of the entire population. A total of 460 pa-
tients treated by multiple operators were success-
fully matched with 920 patients treated by a single
operator (Table S2). Matching between groups was
balanced, but significant differences in operator ex-
perience and operator and site annual HR-PCI vol-
umes persisted (Tables 1 and 2). Intervention upon
the left main coronary artery (10% versus 7%; SMD,
0.117; P=0.045), CTO interventions (11% versus 5%;
SMD, 0.212; P<0.001), and calcific stenoses (36% ver-
sus 28%; SMD, 0.166; P=0.004), as well as the use
of atherectomy (9% versus 6%; SMD, 0.138; P=0.017)
and multiple arterial access (20% versus 7%; SMD,
0.388; P<0.001) continued to be more frequently as-
sociated with multioperator procedures after matching
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Table 1. Baseline Characteristics

High-Risk PCI With 1 or >2 Operators in US Veterans

Unmatched Matched
1 operator, 2+ operators, 1 operator, 2+ operators,
n=6211 n=461 SMD P value n=920 n=460 SMD P value
Demographics
Age, y 70.1+£8.9 70.6+8.7 0.055 0.261 70.4+91 70.6+8.7 0.022 0.699
Male sex 6135 (99) 457 (99) 0.035 0.649 914 (99) 456 (99) 0.025 0.911
Race/ethnicity
White 5198 (84) 398 (86) 0.074 0.287 781 (85) 398 (87) 0.047 0.600
Black 901 (15) 58 (13) 0.056 131 (14) 57 (12) 0.054
Other 112 (2) 5(1) 0.060 8(1) 5(1) 0.022
Non-Hispanic 5888 (95) 438 (95) 0.010 0.929 882 (96) 437 (95) 0.042 0.547
BMI 30.3+5.9 29.7+6.1 0.088 0.066 29.7+5.8 29.7+6.1 0.006 0.922
Comorbidities
CVD 1660 (27) 120 (26) 0.016 0.786 239 (26) 120 (26) 0.002 1.00
Prior CVA 887 (14) 62 (13) 0.024 0.671 118 (13) 62 (13) 0.019 0.799
CAD
1 vessel 1406 (23) 71 (15) 0.185 0.003 129 (14) 71 (15) 0.040 0.847
2 vessels 1916 (31) 145 (31) 0.013 298 (32) 144 (31) 0.023
3 vessels 2805 (45) 238 (52) 0.120 482 (52) 238 (52) 0.013
Nonobstructive 84 (1) 7(2) 0.014 1 (1) 7(2) 0.028
Prior Ml 3622 (58) 273 (59) 0.018 0.741 561 (61) 273 (59) 0.033 0.599
Prior PCI 3625 (58) 262 (57) 0.031 0.552 542 (59) 262 (57) 0.040 0.524
Prior CABG 2917 (47) 216 (47) 0.002 1.000 447 (49) 216 (47) 0.033 0.607
CHF 3284 (53) 249 (54) 0.023 0.671 464 (50) 248 (54) 0.070 0.245
LVEF 44.4+15.8 43.8+16.8 0.038 0.423 44.9+15.5 43.9+16.8 0.062 0.272
LVEF <35% 1609 (26) 125 (27) 0.027 0.606 223 (24) 124 (27) 0.062 0.303
NYHA class
I 672 (11) 38 (8) 0.088 0.090 78 (8) 38 (8) 0.008 0.948
I 2285 (37) 167 (36) 0.012 348 (398) 167 (36) 0.031
Il 1317 (21) 94 (20) 0.020 191 (21) 94 (20) 0.008
v 169 (3) 8 (2 0.067 13 (1) 8(2) 0.026
Unknown 1768 (28) 154 (33) 0.107 290 (32) 153 (39) 0.037
Valvular disease 920 (15) 88 (19) 0.114 0.016 170 (18) 88 (19) 0.017 0.826
Prior valve surgery 230 (4) 17 (4) 0.001 1.00 32 (3) 17 (4) 0.012 0.959
PAD 2022 (33) 158 (34) 0.036 0.479 321 (35) 158 (34) 0.011 0.889
Hypertension 5942 (96) 444 (96) 0.033 0.590 891 (97) 443 (96) 0.030 0.711
Hyperlipidemia 5884 (95) 430 (93) 0.062 0.217 863 (94) 429 (93) 0.022 0.785
Atrial fibrillation 1402 (23) 115 (25) 0.056 0.265 211 (23) 115 (25) 0.048 0.433
Pulmonary hypertension 64 (1) 5(1) 0.005 0.812 13 (1) 5(1) 0.029 0.802
COPD 1978 (32) 143 (31) 0.018 0.752 281 (31) 142 (31) 0.007 0.951
OSA 2105 (34) 144 (31) 0.038 0.266 301 (33) 144 (31) 0.030 0.640
Obesity 2939 (47) 212 (46) 0.027 0.614 404 (44) 212 (46) 0.044 0.479
Diabetes 3798 (61) 278 (60) 0.017 0.757 554 (60) 278 (60) 0.004 0.984
Insulin therapy 1355 (22) 91 (20) 0.051 0.324 185 (20) 91 (20) 0.008 0.943
CKD 2312 (37) 159 (34) 0.057 0.261 332 (36) 159 (35) 0.032 0.691
Hemodialysis 392 (6) 29 (6) 0.001 1.00 71(8) 29 (6) 0.055 0.398
Anemia 595 (10) 60 (13) 0.109 0.021 129 (14) 60 (13) 0.029 0.678
Tobacco use
(Continued)
J Am Heart Assoc. 2021;10:e022131. DOI: 10.1161/JAHA.121.022131 5
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Table 1. Continued
Never 990 (16) 67 (15) 0.038 0.006 134 (15) 67 (15) <0.001 | 0.329
Current 1529 (25) 93 (20) <0.001 215 (23) 92 (20) <0.001
Former 2363 (38) 172 (37) 0.015 349 (38) 172 (37) 0.011
Unknown 1331 (21) 129 (28) 0.152 222 (24) 129 (28) 0.089
Alcohol use 243 (4) 15 (3) 0.035 0.560 26 (3) 14 (3) 0.013 0.955
Substance use 283 (5) 15 (3) 0.067 0.234 24 (3) 15 (3) 0.039 0.605
Laboratory values
Creatinine 2.83+14.7 1.73+5.47 0.100 0.108 1.69+2.84 1.73+5.48 0.008 0.869
GFR 67.6+27.2 68.1£27.4 0.010 0.684 67.6+28.0 68.1£27.4 0.016 0.778
Hemoglobin 12.9+21 12.7+2.1 0.085 0.075 12.6+2.2 12.7+2.1 0.043 0.454
INR 1.12+0.36 1.16+0.45 0.079 0.067 1.14+0.47 1.16+0.45 0.027 0.636

Numbers are presented as n (%) or mean+SD with standardized mean difference (SMD) and P values. BMI indicates body mass index; CABG, coronary
artery bypass graft; CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease;
CVA, cerebrovascular accident; CVD, cerebrovascular disease; GFR, glomerular filtration rate; INR, international normalized ratio; LVEF, left ventricular ejection
fraction; MI, myocardial infarction; NYHA, New York Heart Association; OSA, obstructive sleep apnea; PAD, peripheral artery disease; and PCI, percutaneous
coronary intervention.

The participants self-identified as Other.

(Table 3). Radiation exposure was significantly higher
in patients treated by 2 or more operators (61.6+96.3
versus 31.7+49.3 mGy cm?; SMD, 0.391; P=0.004), but
there were no significant differences in contrast use
(116+83.4 versus 109+90 mL; SMD, 0.107; P=0.191)
or procedural time (24+83.9 versus 31.2+106 minutes;
SMD, 0.076; P=0.2).

Outcomes

In the propensity-matched analysis, there was no sig-
nificant difference in MACE (32% versus 30%; SMD,
0.047; P=0.444) or their components between mul-
tioperator and single operator HR-PCI at 12 months
(Figure 2, Table 4). There were no significant differ-
ences in acute kidney injury (6% versus 5%; SMD,
0.37; P=0.594), hospital length of stay (2.70+4.58
versus 2.41£516 days; SMD, 0.043; P=0.307), or

Table 2. Operator and Site Characteristics

30-day readmission (28% versus 25%; SMD, 0.061;
P=0.298) between multioperator and single-operator
procedures. The proportional hazards assumption
was violated for the outcome of 12-month mortality
(Figure S1). Period-specific Cox proportional hazards
models showed no significant difference in MACE
or their components at 4, 8, or 12 months (Table 5).
Accelerated failure time models for 12-month MACE
and their components showed no differences be-
tween multioperator and single-operator procedures
(Table S3). There were no interactions between out-
comes and procedural duration by period-specific
Cox proportional hazards or accelerated failure time
models (Tables S4 and S5). No significant differ-
ences in outcomes were observed in adjusted analy-
ses performed to account for variation by clinical site
(Table S6).

Operator
Annual PCI 74.2+58.5 50.8+37.9 0.468 <0.001 76.3+61.1 50.8+35 0.509 <0.001
Annual 34.7+30.7 24.2+20.9 0.388 <0.001 35.7+31.8 24.3+20.9 0.415 <0.001
HR-PCI
Experience, y 8.9+5.7 6.2+3.6 0.574 <0.001 8.9+5.7 6.2+3.6 0.565 <0.001
Site
Annual PCI 240+119 267+131 0.216 <0.001 246+125 267+131 0.162 0.004
Annual 111£69.2 124+71.3 0197 <0.001 113+70.2 125+71.4 0.159 0.005
HR-PCI

Numbers are presented as mean+SD with standardized mean difference (SMD) and P values. Operator experience for 2+ operator procedures is presented
as the mean of the participants. HR indicates high-risk; and PCI, percutaneous coronary intervention.
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Sensitivity Analysis

A sensitivity analysis restricted to patients who had 2 or
more high-risk criteria was performed, whereby 148 pa-
tients who underwent multioperator HR-PCI were suc-
cessfully matched with 296 patients who underwent a
single-operator procedure (Table S7). Baseline and pro-
cedural characteristics are listed in Table S8. Compared
with the primary analysis, this subgroup had higher
mean National Cardiovascular Data Registry mortality
risk (3012 versus 23+12) and VA SYNTAX scores (2310
versus 21+11), and a greater proportion of patients had
left ventricular ejection fraction <85% (57% versus 28%).
Rates of left main (11% versus 8%) and CTO interven-
tions (9% versus 7%) and the use of intravascular imag-
ing (18% versus 15%), atherectomy (7% versus 7%), and
mechanical circulatory support (4% versus 2%) were
similar between the sensitivity cohort and the primary
cohort. Within this subgroup, no significant difference
in MACE or their components at 4, 8, or 12 months
was observed after adjusting for VA SYNTAX score,
3-vessel CAD, 2-vessel CAD, tobacco use, substance
use, and depression (Table 6, Figure S2). Additionally,
there were no significant differences in acute kidney
injury (12% versus 6%; SMD, 0.12; P=0.281), hospital
length of stay (2.02+6.35 versus 2.38+5.91 days; SMD,
0.104; P=0.296), or 30-day readmission (32% versus
26%; SMD, 0.135; P=0.216) between multioperator and
single-operator procedures within this subgroup.

DISCUSSION

Here, we report the first study to compare the char-
acteristics and outcomes of patients who underwent
HR-PCI by single or multiple operators in a national,
integrated healthcare system. In a propensity-matched
analysis, we found no significant differences in MACE
or their components between the single or multiple op-
erator groups at 4, 8, or 12 months. No significant dif-
ferences in postprocedural acute kidney injury, hospital
length of stay, or 30-day readmission between groups
was observed. The results of a sensitivity analysis re-
stricted to patients with multiple high-risk criteria were
unchanged.

Contemporary CAD patients with multiple comor-
bidities and complex anatomy referred for HR-PCI
using advanced PCI adjuncts represent a unique chal-
lenge for interventional cardiologists.?3® The demands
imposed by complex procedural tasks, such as HR-
PCI, may strain the cognitive and technical capacity
of operators, leading to conditions that may nega-
tively impact procedural safety and increase the risk
of patient harm.3°-33 Experts at high-volume HR-PCI
centers have advocated for a 2-operator approach to
support dynamic intraprocedural decision-making and
early recognition and management of complications
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Figure 2. Kaplan-Meier analysis of major adverse cardiac
events in the matched cohort.

during these high-risk procedures to avoid negative
patient outcomes and reduce costs.""'83435 Patients
included in this analysis were representative of con-
temporary patients with CAD referred for HR-PCI; they
had significant medical comorbidities, complex coro-
nary anatomy as reflected by high VA SYNTAX scores,
and prevalence of prior coronary artery bypass graft-
ing, and a substantial proportion had left ventricular
ejection fraction <85%. The analysis observed a trend
toward increased multioperator HR-PCI over time, and
found that a significantly higher proportion of patients
treated by multiple operators underwent left main in-
tervention, CTO intervention, or had calcific stenoses.
Notably, interventionalists participating in multiopera-
tor procedures worked at centers with higher annual
PCl and HR-PCI volumes compared with their peers
performing single-operator interventions. However,
an adjusted analysis accounting for site-level variance
showed no significant differences in outcomes.

There are several potential explanations for the
lack of observed benefit for multioperator HR-PCI in

Table 4. Clinical Outcomes at 12 Months

High-Risk PCI With 1 or >2 Operators in US Veterans

this analysis. First, although the definition of HR-PCI
has not been formally defined, the patients included
in our study had significant medical comorbidities,
left ventricular systolic dysfunction, and/or anatom-
ically complex disease that correlated with a 28%
incidence of MACE and an 11% mortality rate over
12 months of follow-up.® However, the rates of left
main intervention, CTO intervention, and use of in-
travascular imaging, atherectomy, and/or mechanical
circulatory support in this study were relatively low.
Thus, it could be argued that the analyzed cohort
is not representative of the patients treated by high-
volume HR-PCI programs advocating for multiopera-
tor intervention.'”*® Second, patients who underwent
multioperator HR-PCI in the propensity-matched co-
hort had higher rates of left main intervention, CTO
intervention, calcific disease, and use of atherectomy
and multiple arterial access compared with single-
operator procedures, and there was a trend toward
increased multioperator procedures over time. These
observations suggest a selection bias for a multiop-
erator treatment paradigm based on these factors,
which may have contributed to different baseline risk
of MACE between the analyzed cohorts that was not
captured by this analysis. Third, the rates of left main
and CTO intervention have increased over time.3"%8
Recent studies have shown that a hybrid antegrade/
retrograde approach to CTO intervention, a mainstay
of HR-PCI operators, can be successfully adopted by
a single operator with excellent early procedural suc-
cess despite a lack of prior CTO-PCI experience.3%4°
Moreover, studies of operator volumes and long-
term outcomes in the United Kingdom have shown
conflicting results for HR-PCI overall as compared
with a smaller subset of left main intervention pro-
cedures.*"* Physicians performing HR-PCI in this
study had an average of 9 years of experience after
fellowship, and although interventionalists using a
multioperator strategy worked at centers with higher
annual HR-PCI volumes, lead operators performed a
similar number of HR-PCI procedures per year com-
pared with their single-operator peers. These ob-
servations suggest that operators in this study may

Unmatched Matched

1 operator, 2+ operators, 2+ operators,

n=6211 n=461 SMD P value 1 operator, n=920 n=460 SMD P value
MACE 1716 (28) 147 (32) 0.093 0.056 274 (30) 147 (32) 0.047 0.444
Death 682 (11) 59 (13) 0.056 0.262 105 (11) 59 (13) 0.043 0.499
M 373 (6) 19 (4) 0.095 0.119 58 (6) 19 (4) 0.036 0.125
Revascularization 963 (16) 88 (19) 0.086 0.049 163 (18) 88 (19) 0.098 0.570
Stroke 51 (1) 4(1) 0.005 0.790 3(0) 4(1) 0.071 0.231

Numbers are presented as n (%) with standardized mean difference (SMD) and P values. MACE indicates major adverse cardiovascular events; and M,

myocardial infarction.
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Table 5. Cox Proportional Hazards Analysis of Outcomes in the Propensity-Matched Cohort

0-4 mo 0-8 mo 0-12 mo

10P 2+ OP HR (95% ClI) 10P 2+ OP HR (95% CI) 10P 2+ OP HR (95% CI)
MACE 157 89 1.15 (0.89-1.40) 226 121 1.09 (0.87-1.34) 274 147 1.09 (0.90-1.34)
Death 53 27 1.03 (0.65-1.63) 83 42 1.02 (0.70-1.48) 105 59 1.13 (0.82-1.56)
Ml 22 8 0.73 (0.33-1.64) 39 16 0.82 (0.46-1.47) 58 19 0.66 (0.39-1.10)
Revascularization 98 60 1.25(0.91-1.73) 137 79 118 (0.89-1.55) 163 88 111 (0.85-1.43)
Stroke 1 0 3 2 3 4

HR indicates hazard ratio; MACE, major adverse cardiovascular events; MI, myocardial infarction; and OP, operator.

have developed a substantial body of experience with
complex PCI, potentially negating the benefits of a
second operator.'® Lastly, lead interventionalists in
multioperator procedures had significantly more ex-
perience and higher volumes compared with junior
operators, suggesting that in some cases a multio-
perator approach may have been chosen to support
the development of a junior operator’s technical skills
and experience rather than to meet the procedural
challenges presented by the patient.

These results do not support the routine use of
multiple operators for HR-PCI as defined in the pres-
ent study. However, this analysis does not address
whether the addition of a second operator improves
procedural outcomes for patients undergoing pro-
cedures in the highest stratum of complexity such
as coronary atherectomy, left main intervention,
and CTO-PCI with mechanical circulatory support.
Multioperator HR-PCI may also offer benefits for the
operators, such as reduced cognitive burden and
intraprocedural stress, which are not readily quan-
tifiable. The finding that patients with the highest
complexity of disease underwent multioperator inter-
vention at sites with higher clinical volumes suggests
that interventionalists at lower volume centers may
select a lower risk subset within the overall popula-
tion of HR-PCI and refer their most complex patients
to more experienced centers. These findings under-
score a growing sentiment that HR-PCI may be de-
fined too broadly in current practice and that a more
precise definition is needed to appropriately stratify

risk and describe outcomes in this uniquely challeng-
ing patient population.*!

The results must be interpreted in the context of the
study’s limitations. This study benefits from its large
size and detailed patient data derived from a nationally
integrated medical system. However, this study de-
pends on accurate data entry by treating physicians
across the VA Healthcare System. In cases of improper
or inadequate documentation, the fidelity of the anal-
ysis may be compromised. The possibility of residual
or unmeasured confounding is inherent to the study’s
observational design. Robust statistical methodolo-
gies, including propensity matching, were used to limit
these potential influences. However, after matching,
there were significant differences in the complexity of
interventions performed and the use of PCl adjuncts
between groups that may have impacted the observed
results. Although this analysis reflects the largest com-
parison of multioperator and single-operator HR-PCI to
date, the study is limited by moderate sample size and
may not be powered to detect small, yet clinically rel-
evant, differences between the 2 treatment strategies.
Some secondary outcomes, such as myocardial in-
farction and stroke, occurred infrequently and were not
amenable to statistical analysis. Significant variation in
institutional HR-PCI volumes could explain discrepan-
cies in clinical outcomes, but a site-adjusted second-
ary analysis was consistent with our primary results.
This study cannot comment on the potential impact
of a second operator in emergent procedures or ST-
segment—elevation myocardial infarction, which were

Table 6. Cox Proportional Hazards Analysis of Outcomes in the Propensity-Matched Cohort Restricted to Patients With

Multiple High-Risk Criteria (Sensitivity Analysis)

0-4 mo 0-8 mo 0-12 mo

10P 2+ OP HR (95% CI) 10P 2+ OP HR (95% CI) 10P 2+ OP HR (95% CI)
MACE 69 33 0.94 (0.62-1.42) 100 45 0.90 (0.63-1.28) 114 53 0.93 (0.67-1.28)
Death 36 10 0.54 (0.27-1.09) 56 17 1.03 (1.01-1.06) 65 26 1.03 (1.01-1.06)
Ml 8 5 15 8 21 9
Revascularization 29 21 1.41 (0.80-2.48) 39 26 1.34 (0.81-2.21) 46 26 1.13(0.70-1.84)
Stroke 2 0 3 2 3 2
HR indicates hazard ratio; MACE, major adverse cardiovascular events; MI, myocardial infarction; and OP, operator.
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intentionally excluded to focus the analysis on a pre-
meditated decision for multiple operators. Moreover, it
is possible that some procedures included in this study
were performed ad hoc by a single operator despite
a preference for multioperator intervention in settings
where a second interventionalist was not available, but
we suspect this to be a rare circumstance that would
not significantly influence the results. There were no
differences in the prescription of dual antiplatelet ther-
apy following HR-PCI, but we did not incorporate data
on other postprocedure therapies, and thus, unmea-
sured differences in the quality of follow-up medical
care may have impacted the results. Finally, this analy-
sis is limited to the VA Healthcare System and may not
be representative of other centers’ clinical volumes or
expertise.

CONCLUSIONS

Patients who underwent multioperator HR-PCI had
similar outcomes compared with single-operator
procedures. There was a nonsignificant trend to-
ward increased multioperator procedures over time,
and a higher proportion of patients treated by mul-
tiple operators underwent left main or chronic total
occlusion intervention by interventionalists at centers
with higher annual HR-PCI volumes compared with
their peers. The analysis may have been limited by
residual confounding, and thus, randomized studies
are needed to determine if the addition of a second
operator offers clinical benefits to a subset of HR-PCI
patients undergoing left main or chronic total occlu-
sion intervention.
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Table S1. HR-PCI volumes by year.

2015 2016 2017 2018
1 Operator 1232 (89.9) 1770 (94.5) 1682 (93.9) 1527 (93.3)

2+ Operator 139 (10.1) 104 (5.5) 109 (6.1) 109 (6.7)

OR 0.52 1.10 1.10
(95% CI) 0.39-0.67 0.83-1.45 0.83-1.45
All numbers presented as N (%) except as otherwise noted. Odds ratios (OR) with 95% confidence intervals (95% ClI) reflect the
odds of a multi-operator procedure in the year specified as compared to the prior year.




Table S2. Standardized Mean Differences for Matching Variables in the Propensity-Matched Cohort.

Unmatched Matched

Age 0.055 0.022
Male sex 0.035 0.025
Race
White 0.074 0.047
Black 0.056 0.054
Other 0.060 0.022
Non-Hispanic 0.010 0.042
BMI 0.088 0.006
CvD 0.016 0.002
Prior CVA 0.024 0.019
Coronary artery disease
1 vessel 0.185 0.040
2 vessels 0.013 0.023
3 vessels or LM 0.120 0.013
Non-obstructive 0.014 0.028
Prior Ml 0.018 0.033
Prior PCI 0.031 0.040
Prior CABG 0.002 0.033
CHF 0.023 0.070
LVEF 0.038 0.062
LVEF <35% 0.027 0.062
NYHA class
| 0.088 0.008
Il 0.012 0.031
1} 0.020 0.008
v 0.067 0.026
Valvular disease 0.114 0.017
Prior valve surgery 0.001 0.012
PAD 0.036 0.011
Hypertension 0.033 0.030
Hyperlipidemia 0.062 0.022
Atrial fibrillation 0.056 0.048
Pulmonary HTN 0.005 0.029
COPD 0.018 0.007
OSA 0.038 0.030
Obesity 0.027 0.044
Diabetes 0.017 0.004
Insulin therapy 0.051 0.008
Chronic Kidney Disease 0.057 0.032
Hemodialysis 0.001 0.055
Cr 0.100 0.008
GFR 0.010 0.016
Anemia 0.109 0.029
Hemoglobin 0.085 0.043
INR 0.079 0.027
PTSD 0.019 0.029
Depression 0.110 <0.001
Tobacco use
Never 0.038 <0.001
Current <0.001 <0.001
Former 0.015 0.011
Alcohol use 0.035 0.013
Substance use 0.067 0.039
PCl indication
ACS 0.124 0.033
Aortic valve disease 0.044 <0.001
Arrhythmia 0.051 <0.001
Asymptomatic ischemia 0.031 <0.001
Asymptomatic 0.088 0.012
Cardiogenic shock <0.001 <0.001
Cardiomyopathy 0.019 0.022
Chest pain 0.067 0.022
Heart failure 0.021 <0.001
NSTEMI 0.086 0.029
Positive functional test 0.020 0.030

Preop evaluation 0.062 <0.001



s/p cardiac transplant 0.018 <0.001

Stable angina 0.018 <0.001
Syncope 0.048 0.002
Transplant evaluation 0.018 <0.001
Unstable angina 0.018 <0.001

Abbreviations: ACS, acute coronary syndrome; BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; CHF,
congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; Cr, creatinine; CVA, cerebrovascular
accident; CVD, cerebrovascular disease; GFR, glomerular filtration rate; HTN, hypertension; INR, international normalized ratio; LM, left main;
LVEF, left ventricular ejection fraction; NSTEMI, non-ST-elevation MI; MI, myocardial infarction; NYHA, New York Heart Association; OSA,
obstructive sleep apnea; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; PTSD, post-traumatic stress disorder.



Table S3. Accelerated Failure Time Analysis of 12-Month Outcomes in the Propensity-Matched Cohort.

Acceleration Factor
(95% CI)

0.84
(0.59-1.18)
0.81
(0.47-1.40)
1.54
(0.91-2.60)
0.85
(0.57-1.25)

Stroke -
Abbreviations: MACE, major adverse cardiovascular event; Ml, myocardial infarction. Accelerated failure time models using a Weibull
distribution for MACE and log-normal distributions for MACE components is presented. Estimate shown is the acceleration factor (e.qg., utilizing
multiple operators as compared to a single operator accelerates time to MACE by a factor of 1.20 (i.e., 1/0.84).

MACE

Death

MI

Revascularization




Table S4. Interaction between Outcomes and Procedural Duration in the Propensity-Matched Cohort by Period-Specific Cox
Proportional Hazards.

0-4 months 0-8 months 0-12 months
HR HR HR
(95% Cl) p-value (95% Cl) p-value (95% Cl) p-value
115 1.09 1.09
2+ OP ©0.89-1.40) 028 087134y 038 (0.90-1.34) 126
]
8 HRPCI 1.00 1.00 1.00
< oDuaton  (0.99-100) O ©099-1.00) 9% ©0.99-1.00) 9%
. 1.00 1.00 1.00
Interaction (0.99-1.00) 0.79 (0.99-1.00) 0.53 (0.99-1.00) 0.34
1.03 1.02 113
2+ OP 065163 080 ©70-148) 08 ©0.82-156) 0%
e
£ HR-PCI 1.00 1.00 1.00
©
2 Duration  (0.99-1.00) 88 ©099-1.00) 070 (0.99-1.00) 046
. 1.00 1.00 1.00
Interaction (0.99-1.00) 0.62 (0.99-1.00) 0.75 (0.99-1.00) 0.52
0.73 0.82 0.66
2+ OP ©033164) 035 (©0.46-1.47) 08 ©039-1.10) 910
—  HRPCI 0.99 1.00 1.00
= Dpuraion (098101 029 ©099-1.00) 95 ©0.99-1.00) 032
. 1.00 1.00 1.00
Interaction (0.99-1.03) 0.53 (0.99-1.01) 0.49 (0.99-1.01) 0.79
1.25 1.18 111
. eP ©91-173) 020 ©089-155 026 (085143  04°
(%2}
2 HR-PCI 1.00 1.00 1.00
§  Duration  (0.99-1.00) 0.74 ©099-1.00) 02 (0.99-1.00) 94
. 1.00 1.00 1.00
Interaction (0.99-1.00) 0.94 (0.99-1.00) 0.87 (0.99-1.00) 0.84

Abbreviations: Cl, confidence interval; HR, hazard ratio; HR-PCI, high-risk PCI; MACE, major adverse cardiovascular event; MI, myocardial
infarction; OP, operator; Revasc, revascularization. There were insufficient events for the outcome of stroke to be included in this analysis.



Table S5. Interaction between Outcomes and Procedural Duration in the Propensity-Matched Cohort by Accelerate Failure Time.

2+ OP HR-PCI Duration Interaction
AF AF AF
(95% Cl) p-value (95% CI) p-value (95% CI) p-value

0.84 1.00 1.00

MACE (0.59-1.18) 0.26 (0.99-1.00) 0.91 (0.99-1.01) 033
0.81 1.00 1.00

Death (0.47-1.40) 030 (0.99-1.00) 0.70 (0.99-1.01) 0.50
1.54 1.00 1.00

Mi (0.91-2.60) 0.10 (0.99-1.01) 029 (0.99-1.01) 0.79
. 0.85 1.00 1.00

Revascularization (0.57-1.25) 0.41 (0.99-1.00) 0.43 (0.99-1.01) 0.84

Abbreviations: AF, acceleration factor; Cl, confidence interval; MACE, major adverse cardiovascular event; MI, myocardial infarction.
Accelerated failure time models using a Weibull distribution for MACE and log-normal distributions for MACE components is presented.



Table S6. Site-Adjusted Cox Proportional-Hazards Analysis of Outcomes in the Propensity-Matched Cohort.

0-4 months 0-8 months 0-12 months
HR Median HR Median HR Median

(95% CI) HR (95% CI) HR (95% CI) HR
1.09 1.08 1.07

MACE (082-1.45 14 085137 132 086132 126
1.07 1.10 1.16

Death (0.66-1.73) L.a7 (0.74-1.63) 1.60 (0.83-1.62) 1.43
0.73 0.81 0.66

Mi (0.33-1.64) 1.01 (0.45-1.46) 1.35 (0.39-1.10) 1.01
o 1.10 1.13 1.05

Revascularization (0.77-1.57) 1.82 (0.84-1.52) 1.42 (0.80-1.05) 1.32

Stroke - - -
Abbreviations: Cl, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular event; Ml, myocardial infarction.




Table S7. Standardized Mean Differences for Matching Variables in the Propensity-Matched Cohort Restricted to Patients with
Multiple High-Risk Criteria (Sensitivity Analysis).

Unmatched Matched

Age 0.105
Male sex 0.137 <0.001
Race
White 0.009 0.028
Black 0.026 0.047
Other 0.046 0.067
Non-Hispanic 0.060 0.016
BMI 0.014 0.085
CVvD 0.102 0.052
Prior CVA 0.167 <0.001
Coronary artery disease
1 vessel 0.076 0.080
2 vessels 0.058 0.128
3 vessels or LM 0.017 0.167
Non-obstructive 0.069 <0.001
Prior Ml 0.089 0.049
Prior PCI 0.102 0.034
Prior CABG 0.120 0.074
CHF 0.020 0.068
LVEF 0.071 0.043
LVEF <35% 0.139 0.007
NYHA class
| 0.118 0.023
Il 0.055 0.071
] 0.003 0.047
v 0.055 0.033
Valvular disease 0.014 0.025
Prior valve surgery 0.097 0.036
PAD 0.021 0.041
Hypertension 0.107 0.019
Hyperlipidemia 0.078 0.017
Atrial fibrillation 0.038 <0.001
Pulmonary HTN 0.053 <0.001
COPD 0.066 0.028
OSA 0.300 0.043
Obesity 0.017 0.041
Diabetes 0.057 0.028
Insulin therapy 0.053 0.008
Chronic Kidney Disease 0.103 0.027
Hemodialysis 0.056 <0.001
Cr 0.062 0.084
GFR 0.110 0.003
Anemia 0.046 0.086
Hemoglobin 0.086 0.075
INR 0.075 0.043
PTSD 0.011 0.018
Depression 0.049 0.117
Tobacco use
Never 0.043 <0.001
Current 0.095 0.069
Former 0.035 0.159
Alcohol use 0.048 <0.001
Substance use 0.001 0.108
PCl indication
ACS 0.144 0.052
Aortic valve disease 0.050 <0.001
Arrhythmia 0.050 <0.001
Asymptomatic ischemia <0.001 0.048
Cardiogenic shock 0.092 <0.001
Cardiomyopathy 0.055 0.067
Chest pain 0.143 <0.001
Heart failure 0.071 <0.001
NSTEMI 0.050 0.014
Positive functional test 0.035 <0.001

Stable angina 0.069 0.041



Unstable angina 0.013

Valvular heart disease 0.019
Elective intervention
Elective 0.019
Urgent 0.030
Salvage 0.084
CABG eligible 0.057
CathPCl risk 0.012
VA SYNTAX score 0.088

0.041
<0.001

0.029
0.020
0.066
0.017
0.005
0.100

Abbreviations: ACS, acute coronary syndrome; BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; CHF,
congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; Cr, creatinine; CVA, cerebrovascular
accident; CVD, cerebrovascular disease; GFR, glomerular filtration rate; HTN, hypertension; INR, international normalized ratio; LM, left main;
LVEF, left ventricular ejection fraction; NSTEMI, non-ST-elevation MI; MI, myocardial infarction; NYHA, New York Heart Association; OSA,
obstructive sleep apnea; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; PTSD, post-traumatic stress disorder.



Table S8. Baseline Characteristics, Procedural Indications, Anatomic Characteristics, and Intervention Details in the Propensity-Matched
Cohort Restricted to Patients with Multiple High-Risk Criteria (Sensitivity Analysis.)

1 Operator

2+ Operator

1 Operator

2+ Operator

N=296 N=148 SMD_ pvalue N=296 N=148 SMD_ pvalue
Demographics Indication
Age 72.129.4 72.0£9.2 0.042 0.940 Stable angina 67 (23) 31 (21) 0.041
Male sex 296 (100) 248 (100) <0.001 - Unstable angina 67 (23) 31 (21) 0.041 0.932
Race NSTEMI 122 (41) 60 (41) 0.014 :
White 247 (83) 125 (84) 0.028 Other 55 (19) 24 (16) 0.065
Black 47 (16) 21 (14) 0.047 0.697 Urgency
Other 2(1) 2(1) 0.067 Elective 132 (45) 70 (47) 0.054
Non-Hispanic 283 (96) 141 (95) 0.016 1.000 Urgent 1(0) 1(1) 0.048 0.625
BMI 29.746.5 29.2+6.6 0.085 0.396 Salvage 163 (55) 77 (52) 0.061
Comorbidities CABG eligible 0 (0) 1(1) 0.017 0.330
CVD 81 (27) 44 (30) 0.052 0.682 CathPCl risk 30.3x13.0 30.3x11.3 0.005 0.963
Prior CVA 40 (14) 20 (14) <0.001 1.000 Anatomy
CAD VA SYNTAX score 23.7+10.6 22.7#9.5 0.100 0.329
1 vessel 25 (8) 16 (11) 0.080 Multivessel CAD 266 (90) 130 (87) 0.090 0.452
2 vessels 75 (25) 46 (31) 0.128 0.401 Left main disease 59 (20) 36 (24) 0.100 0.375
3 vessels 192 (65) 84 (57) 0.167 ' In-stent restenosis 28 (9) 15 (10) 0.023 0.955
Non-obstructive 4 (1) 2 (1) <0.001 Calcification 93 (31) 63 (43) 0.232 0.027
Prior MI 195 (66) 94 (64) 0.049 0.699 Bifurcation 41 (14) 25 (17) 0.084 0.479
Prior PCI 173 (58) 89 (60) 0.034 0.811 CTO 20 (7) 19 (13) 0.206 0.050
Prior CABG 155 (52) 72 (49) 0.074 0.524 SVG disease 47 (16) 18 (12) 0.098 0.367
CHF 234 (79) 121 (82) 0.068 0.586 PCI Details
LVEF 34.1+14.8 33.4£16.1 0.043 0.663 Primary access
LVEF <35% 169 (57) 85 (57) 0.007 1.000 Radial 91 (31) 48 (32) 0.024 0.872
NYHA class Femoral 197 (67) 98 (66) 0.024 '
[ 28 (9) 13 (9) 0.023 Multiple access 29 (10) 41 (28) 0.430 0.061
Il 108 (36) 49 (33) 0.071 Vessels treated
I 70 (24) 38 (26) 0.047 0.931 LM 29 (10) 20 (13) 0.101 0.327
v 14 (5) 6 (4) 0.033 LAD 128 (43) 61 (41) 0.049 0.697
Unknown 76 (26) 42 (28) 0.006 LCx 92 (31) 63 (42) 0.231 0.027
Valvular disease 59 (20) 31 (21) 0.025 0.900 RI 11 (4) 6 (4) <0.001  1.000
Prior valve surgery 12 (4) 5(3) 0.036 0.800 RCA 79 (27) 35 (23) 0.076 0.527
PAD 138 (47) 66 (45) 0.041 0.762 # vessels treated 1.59+0.85 1.74%0.93 0.112 0.094
Hypertension 87 (97) 143 (97) 0.019 1.000 # stents placed 1.59+1.14 1.97+1.47 0.267 0.003
Hyperlipidemia 285 (96) 142 (96) 0.017 1.000 Stent length 23.6+8.63 25.0+8.48 0.162 0.118
Atrial fibrillation 94 (32) 47 (32) <0.001  1.000 FFR/iFR use 23 (8) 10 (7) 0.039  0.849
Pulmonary HTN 6(2) 3(2) <0.001  1.000 IVUS/OCT use 57 (19) 21 (14) 0.136 0.234
COPD 118 (40) 57 (39) 0.028 0.864 Atherectomy 19 (6) 13 (9) 0.089 0.475
OSA 104 (35) 49 (33) 0.043 0.751 MCS use 10 (3) 6 (4) 0.036 0.928
Obesity 130 ( 44) 62 (42) 0.041 0.761 Contrast (mL) 182+94.5 220+106 0.138  <0.001
Diabetes 192 (65) 94 (64) 0.028 0.861 Radiation
Insulin therapy 67 (23) 34 (23) 0.008 1.00 mGy-cm? 31.7+49.3 61.6+96.3 0.194 0.004
CKD 154 (52) 75 (51) 0.027 0.867 Airkerma (mGy)  1600£1390  2310+1780  0.477 0.014
Hemodialysis 32 (11) 16 (11) <0.001  1.000 Duration (min) 22.4+77.5 30.6+84.2 0.001 0.309
Anemia 62 (21) 26 (18) 0.086 0.474 DAPT 267 (90) 138 (93) 0.111 0.286
Tobacco use
Never 52 (18) 30 (20) <0.001
Current 129 (44) 53 (36) 0.069 0.414
Former 46 (16) 23 (16) 0.159
Unknown 69 (23) 42 (28) 0.077
Alcohol use 0(0) 0(0) <0.001 -
Substance use 5(2) 5(3) 0.108 0.312
Creatinine 1.97+£3.40 2.57+9.45 0.084 0.333
GFR 58.5+27.6 58.5+29.4 0.003 0.979
Hemoglobin 11.9+2.3 12.1+2.0 0.075 0.471



INR 1.20+0.43 1.22+0.46 0.043 0.664

Abbreviations: BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic
kidney disease; COPD, chronic obstructive pulmonary disease; Cr, creatinine; CTO, chronic total occlusion; CVA, cerebrovascular accident; CVD,
cerebrovascular disease; DAPT, dual anti-platelet therapy; FFR, fractional flow reserve; GFR, glomerular filtration rate; Hgb, hemoglobin; HTN,
hypertension; iFR, instantaneous wave-free ratio; INR, international normalized ratio; IVUS, intravascular ultrasound; LAD, left anterior descending; LCx,
left circumflex; LM, left main; LVEF, left ventricular ejection fraction; MCS, mechanical circulatory support; Ml, myocardial infarction; NSTEMI, non-ST-
elevation myocardial infarction; NYHA, New York Heart Association; OCT, optical coherence tomography; OSA, obstructive sleep apnea; PAD, peripheral
artery disease; PCI, percutaneous coronary intervention. RCA, right coronary artery; Rl, ramus intermedius; SVG, saphenous vein graft. All numbers
presented as N (%) or mean+SD with standardized mean difference (SMD) and p-values.




Figure S1. Kaplan-Meier Analysis of Death in the Matched Cohort.
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Figure S2. Kaplan-Meier Analysis of Major Adverse Cardiac Events in the Matched Cohort Restricted to
Patients with Multiple High-Risk Criteria (Sensitivity Analysis).
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