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ABSTRACT

Background There is a paucity of real-world data
assessing the association of operator volumes and
mortality specific to primary percutaneous coronary
intervention (PPCI).

Methods Demographic, clinical and outcome data for all
patients undergoing PPCI in Leeds General Infirmary, UK,
between 1 January 2009 and 31 December 2011, and

1 January 2013 and 31 December 2013, were obtained
prospectively. Operator volumes were analysed according
to annual operator PPCI volume (low volume: 1-54 PPCI
per year; intermediate volume: 55—-109 PPCI per year; high
volume: >110PPCI per year). Cox proportional hazards
regression analyses were undertaken to investigate
30-day and 12-month all-cause mortality, adjusting for
confounding factors.

Results During this period, 4056 patients underwent
PPCI, 3703 (91.3%) of whom were followed up for a
minimum of 12 months. PPCI by low-volume operators
was associated with significantly higher adjusted 30-

day mortality (HR 1.48 (95% CI 1.05 to 2.08); p=0.02)
compared with PPCI performed by high-volume operators,
with no significant difference in adjusted 12-month
mortality (HR 1.26 (95% CI 0.96 to 1.65); p=0.09).
Comparisons between low-volume and intermediate-
volume operators, and between intermediate and high-
volume operators, showed no significant differences in
30-day and 12-month mortality.

Conclusions Low operator volume is independently
associated with higher probability of 30-day mortality
compared with high operator volume, suggesting a
volume—outcome relationship in PPCI at a threshold higher
than current recommendations.

INTRODUCTION
Primary percutaneous coronary intervention
(PPCI) is the guideline-recommended treat-
ment for ST-segment elevation myocardial
infarction (STEMI) due to superior efficacy
compared with fibrinolysis.'™

Numerous studies have examined the
association between individual and institu-
tional PCI volume and clinical outcome,
with most but not all concluding that PCI

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Operator volumes in percutaneous coronary in-
tervention (PCl) are inversely associated with in-
hospital adverse outcomes. However, there are
insufficient data examining the thresholds of vol-
ume, in addition to 30-day and 12-month outcomes
in patients undergoing primary PCI (PPCI) for ST-
segment elevation myocardial infarction (STEMI).

WHAT THIS STUDY ADDS

= This study has demonstrated that there is an inverse
association between operator-volume and 30-day
mortality in patients undergoing PPCI for STEMI, at
a threshold higher than the current American Heart
Association (AHA) threshold of >11 PPCl/year. This
study has also assessed for the first time, 12-month
mortality in this cohort of patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The current AHA recommendation of >11 PPCl/
year may need to be re-examined, as differences
in outcomes have been demonstrated at a higher
threshold.

performed by high-volume operators in
high-volume centres is associated with the
best outcomes.”"” The 2011 American Heart
Association (AHA) guidelines recommended
that PPCI should be performed in hospitals
undertaking more than 400 elective PCI
procedures per year and 36 PPCI procedures
per year, by operators performing more than
75 elective PCI procedures per year and at
least 11 PPCI procedures per year.'® While
studies analysing the association between
individual PCI operator volume and clinical
outcomes exist, the data specific for annual
individual operator PPCI volume are limited
to only in-hospital and 30-day outcomes.'”"
We hypothesised that there would be an
inverse association between individual oper-
ator PPCI volume and clinical outcomes,

BM]

Krishnamurthy A, et al. Open Heart 2022;9:002072. doi:10.1136/0penhrt-2022-002072 (" ) o



http://www.bcs.com
http://openheart.bmj.com/
http://orcid.org/0000-0002-5803-5148
http://crossmark.crossref.org/dialog/?doi=10.1136/openhrt-2022-002072&domain=pdf&date_stamp=2022-010-03

Open Heart 8

irrespective of operator status (internal operator or
visiting operator), and sought to investigate this in a
large consecutive patient series from a high-volume UK
surgical centre.”

METHODS

The WestYorkshire PPCI Outcome Study was a prospective
observational study designed to identify procedural and
demographic variables associated with clinical outcomes,
in patients undergoing PPCI for STEMI in Leeds General
Infirmary, UK.*** Leeds General Infirmary is the largest
single-site PPCI centre in the UK by volume, providing a
regional 24/7 PPCI service to a catchment population of
approximately 3.2 million people, achieving 100% popu-
lation coverage.”” All patients who presented to Leeds
General Infirmary for PPCI during a 4-year calendar
period between 1 January 2009 and 31 December 2011,
and between 1 January 2013 and 31 December 2013 were
enrolled into this study. Patients who presented between
1 January 2012 and 31 December -2012 were not included
in this study due to limited research staft availability at
the time, which did not allow for data input and follow-up
for that period.

STEMI was diagnosed according to standard criteria—
chest pain consistent with myocardial ischaemia for a
minimum of 20 min, with ST-segment elevation of 22mm
in contiguous chest leads and/or 21 mm in contiguous
limb leads, or presumed new left-bundle branch block
morphology on a 12-lead ECG. Patients who were diag-
nosed with STEMI at the point of first medical contact
(with paramedics if out of hospital or with hospital
practitioners/clinicians if in-hospital), were transferred
directly to the cardiac catheterisation laboratory in Leeds
General Infirmary with a telephone referral en route,
for emergency coronary angiography and (if indicated),
PPCI if within 12-hours of symptom onset.** Patients were
preloaded with oral aspirin (300 mg) at the point of diag-
nosis, prior to arrival at the cardiac catheterisation labora-
tory. P2Y12-receptor inhibitor loading dose was typically
administered in the cardiac catheterisation laboratory on
arrival, prior to angiography.

Procedural anticoagulation was achieved with either
bivalirudin or unfractionated heparin (+ bailout glyco-
protein IIb/Illa antagonist). Choice of stent (drug-
eluting stents or bare-metal stents), arterial access site
and aspiration thrombectomy were performed according
to individual operator discretion, informed by guide-
line recommendations and experience. Preprocedure
and postprocedure antegrade blood flow in the infarct-
related coronary artery (IRA) was graded according to
the thrombolysis in MI (TIMI) grading score of 0-3.
Call for help time (call time) and time of patient arrival
at Leeds General Infirmary (door time) were obtained
from ambulance reports if patients were brought into
the cardiac catheterisation laboratories directly by para-
medics, or emergency department notes if patients self-
presented to the hospital. Time of first interventional

device (balloon time) was obtained from the cardiac
catheterisation laboratory report.

Patients remained in hospital for a minimum of 72
hours post-PPCI, which included a minimum of 24 hours
of observation on the coronary care unit. Patients were
typically repatriated to the coronary care unit at their
local hospital following 6—12hours of observation post-
PPCI on the coronary care unit at Leeds General Infir-
mary. Secondary prevention (dual antiplatelet therapy
(DAPT) with aspirin and a P2Yl2-receptor inhibitor,
statin, beta-adrenergic receptor-blocker, ACE inhibitor
or angiotensin II receptor-blocker, and (if indicated)
mineralocorticoid receptor antagonists were prescribed
according to guideline recommendations and clinical
judgement.”

Follow-up

Written and electronic case notes were interrogated
prospectively at the time of discharge to obtain demo-
graphic and procedural variables. A combination of tele-
phone contact, access to local hospital written or elec-
tronic case notes, contact with the responsible General
Practitioner, and data retrieval from the Office of
National Statistics were utilised to ascertain drug therapy
and mortality to a minimum of 12 months following
index PPCI. Data adjudication was conducted by blinded
clinicians, in consensus.

Determining annual operator PPCI volume

Operators performing PPCI in Leeds General Infirmary
were either internal operators (primary employment
at Leeds General Infirmary, performing both in-hours
(08:00-18:00 hours, Monday-Friday) and out-of-hours
(18:00-08:00 hours, Monday-Friday, all-day Saturday
and Sunday) PPCI only at Leeds General Infirmary) or
visiting operators (primary employment in other regional
hospitals, performing mainly out-of-hours PPCI at Leeds
General Infirmary).

Operator volume was derived by calculating the mean
number of PPCI procedures performed by each oper-
ator over the period of time they contributed to the
PPCI service, which ranged from 6 months to 4 years.
Volume tertiles were then derived by calculating 33rd
(55.5 PPCI per year) and 67th (110.3 PPCI per year)
centiles of operator volumes, based on all PPCI proce-
dures performed over the 4-year period. From this, rele-
vant tertiles (low volume: 1-54 PPCI procedures per year,
intermediate volume: 55-109 PPCI procedures per year
and high volume: >110PPCI procedures per year) were
determined.

Statistical analysis

Data verification was undertaken to ensure validity of data
obtained. Summary statistics were then generated. Cate-
gorical variables were compared using % tests, and were
reported as frequencies with their corresponding percent-
ages (n (%)). Continuous variables were compared
using one-way analyses of variance for operator volume
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analyses. Independent samples Student’s t-test and Mann-
Whitney u-test were used to compare continuous varia-
bles according to operator status (internal operator vs
visiting operator). All continuous variables were reported
as medians with their corresponding IQR. Results were
analysed according to individual operator PPCI volume
tertiles, and according to operator status. All analyses
were conducted in IBM SPSS (V.23.0.0.2).

Clinical endpoints were 30-day and 12-month all-cause
mortality. Survival analyses were undertaken using Cox
proportional hazards (Cox PH) models. All propor-
tional hazards assumptions were satisfied. Potential
confounding factors that were adjusted for by inclusion
in the Cox PH models, in addition to operator volume
tertile were: patient age, previous history of MI, hyperten-
sion, hypercholesterolaemia, diabetes mellitus, periph-
eral or cerebral vascular disease, cigarette-smoking
(ex-smoker or current smoker), left main coronary artery
culprit vessel, out-of-hours PPCI and door-to-balloon
(DTB) time of 290 min. The high-volume operator tertile
was used as the reference category for the regression anal-
yses. The Cox PH regression analyses were then repeated
to compare 30-day and 12-month mortality between PPCI
performed by internal operators and PPCI performed by
visiting operators, by substituting operator volumes with
the binary variable ‘internal operator’. For this analysis,
‘internal operator’ was used as the reference for survival
analyses, with the other previously described variables
remaining in the model. All HRs quoted were obtained
from the Cox PH models, and reported with 95% ClIs.
Kaplan-Meier curves according to operator volumes were
generated from the Cox models for both endpoints. A
two-sided p<0.05 was considered statistically significant.”’

RESULTS
A total of 4056 patients underwent PPCI during the
study period. Baseline and procedural data were avail-
able for 3703 patients (91.3%) who were followed up,
who were included in the analysis. Data for both 30-day
and 12-month mortality were available for all patients
included in the analysis. There were 1122 cases performed
by 23 low-volume operators, 1284 cases performed by
five intermediate-volume operators, and 1297 cases
performed by three high-volume operators. Baseline and
procedural characteristics are compared in table 1.

There were no statistically significant differences in
baseline characteristics across the tertiles. In terms of
procedural characteristics, out-of-hours PPCI, radial
artery access, aspiration thrombectomy, use of third-
generation P2Yl2-receptor inhibitors (prasugrel and
ticagrelor), stent implantation, glycoprotein IIb/IIla
antagonist use, CTB and DTB times, and postprocedural
TIMI 3 flow were significantly different across the tertiles
(table 1).

Thirty-day mortality was observed in 76 (6.8%) patients
in the low-volume tertile, 71 (5.5%) patients in the
intermediate-volume tertile, and 66 (5.1%) patients in the

high-volume tertile (%* p=0.19). Twelve-month mortality
was observed in 112 (10.0%) patients in the low-volume
tertile, 116 (9.0%) patients in the intermediate-volume
tertile, and 110 (8.5%) patients in the high-volume tertile
(x* p=0.44). After adjusting for potential confounding
variables, a statistically significant difference in 30-day
mortality (HR 1.48 (95% CI 1.05 to 2.08); p=0.02) was
observed in PPCI performed by low-volume operators
compared with high-volume operators, with no statisti-
cally significant difference in 12-month mortality (HR
1.26 (95% CI 0.96 to 1.65); p=0.09) (table 2, figures 1
and 2). There were no significant differences in adjusted
rates of 30-day (HR 1.29 (95% CI 0.91 to 1.81); p=0.15)
and 12-month mortality (HR 1.21 (95% CI 0.93 to 1.58);
p=0.15) in intermediate compared with high-volume
operators, or in 30-day (HR 1.15 (95% CI 0.83 to 1.60);
p=0.40) and 12-month (HR 1.04 (95% CI 0.80 to 1.35);
p=0.78) adjusted mortality between PPCI performed by
low-volume and intermediate-volume operators.

There were no statistically significant differences in
adjusted 30-day (HR 1.18 (95% CI 0.88 to 1.56); p=0.27)
and 12-month mortality (HR 1.12 (95% CI 0.89 to 1.40);
p=0.35) between visiting operators (n=20) and internal
operators (n=8).

Other factors that were independently associated
with mortality in our Cox PH models were advancing
age, previous MI, pre-existing peripheral or cerebro-
vascular disease, diabetes mellitus, left-main coronary
artery culprit vessel, and DTB time of 290 min (table 2).
Left-main coronary artery as the culprit artery was most
strongly associated with 30-day and 12-month mortality in
this analysis.*’

DISCUSSION

We have shown that operator volume of PPCI for
STEMI is independently and inversely associated with
30-day mortality, but not 12-month mortality, following
the index event. In particular, PPCI performed by low-
volume operators (<565 PPCI per year) was associated with
significantly higher adjusted rates of mortality than those
performed by high-volume operators (=110PPCI per
year), suggesting that an operator volume—outcome rela-
tionship in PPCI exists at a threshold higher than current
guideline recommendations.

Only four prior studies have specifically assessed
outcomes based on operator volumes of PPCI, to a
maximum of 30 days post-PPCI. Vakili et al demonstrated
that in a cohort of patients who underwent PPCI in 1995,
PPCI performed by high-volume operators (=11 PPCI per
operator per year) in high-volume centres (=57 PPCI per
centre per year) was associated with significantly lower
in-hospital mortality (OR 0.51 (95% CI 0.26 to 0.99))
compared with low-volume operators in low-volume
centres.'” However, contradictory to our findings, this
difference was not observed when comparing low-volume
operators with high-volume operators in high-volume
centres. The difference in our findings mightbe explained
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Table 1 Baseline and procedural characteristics according to annual operator PPCI volume

Operator volume
Clinical characteristics Low (n=1122) Intermediate (n=1284) High (n=1297) P value
No of PPCI per year, median (IQR)t 27 (9) 100 (24) 113 (9) <0.01*
Out-of-hours PPCI n (%)t 767 (68.4) 733 (57.1) 657 (50.7) <0.01*
Age in years, median (IQR) 63(19) 63(20) 63(20) 0.88
Male n (%) 828 (73.8) 950 (74.0) 928 (71.5) 0.31
Diabetes mellitus n (%) 165 (14.7) 160 (12.5) 195 (15.0) 0.38
Current/ex-smoker n (%) 744 (66.3) 857 (66.7) 864 (66.6) 0.99
Hypertension n (%) 451 (40.2) 488 (38.0) 490 (37.8) 0.44
Hypercholesterolaemia n (%) 351 (31.3) 398 (31.0) 409 (31.5) 0.90
Renal insufficiency n (%) 26 (2.3) 33(2.6) 38 (2.9 0.76
Previous MI n (%)* 137 (12.2) 162 (12.6) 161 (12.4) 0.78
Peripheral/Cerebrovascular disease n (%) 82 (7.3) 95 (7.4) 110 (8.5) 0.62
Cardiac arrest n (%) 92 (8.2) 134 (10.4) 128 (9.9) 0.16
Door-to-balloon time in minutes median (IQR) 51(29) 47(30) 53(31) <0.01*
Radial access n (%) 694 (61.9) 822 (64.0) 866 (66.8) 0.04*
Multivessel PCI n (%)t 110 (9.8) 104 (8.1) 109 (8.4) 0.30
Stent implantation n (%) 1029 (91.7) 1206 (93.9) 1232 (95.0) <0.01*
Third generation P2Y12-receptor inhibitor n (%) 628 (56.0) 747 (58.2) 680 (52.4) 0.01*
Glycoprotein lIb/llla antagonist n (%) 215(19.2) 156 (12.1) 216 (16.7) <0.01*
Bivalirudin n (%) 1065 (94.9) 1221 (95.1) 1219 (94.0) 0.41
Aspiration thrombectomy n (%) 759 (67.7) 982 (76.5) 850 (65.6) <0.01*
Post-procedural TIMI three flow in IRA n (%)§ 956 (88.3) 1155 (92.7) 1157 (92.0) <0.01*

*p<0.05. Data are expressed in median (IQR), or number (%) as described.
Percentages are reported to the nearest tenth of a percent; p values are quoted to two decimal places and all other values are rounded to the

nearest integer.”

IRA, infarct-related artery; MI, myocardial infarction; PPCI, primary percutaneous coronary intervention; TIMI, thrombolysis in myocardial

infarction.

by the advances in PPCI between 1995 and the period
covered by our study in procedural techniques (radial
artery access, smaller arterial sheaths), stent implanta-
tion (only 18% of patients received stents in their study,
compared with 93.6% of patients in our study),, pharmaco-
therapy (their study population predated the DAPT-era),
and the acceptance of PPCI as the gold-standard reper-
fusion strategy in STEMI, following the landmark meta-
analysis by Keeley et al.’ Importantly, we have also shown
a difference in mortality at 30 days (compared with only
in-hospital outcomes in their study). Although the rele-
vance of this study in contemporary practice is unclear,
this important study had informed the recommendation
in the aforementioned AHA Guideline. As described in
previous sections, the uptake of PPCI, advancements in
techniques, technology and the evolution of secondary
prevention since 1995 has been enormous.

Srinivas et al found that operator and institutional
PPCI volumes were significantly associated with in-hos-
pital mortality, reporting that in high-volume centres
(>b0PPCI per year), patients who underwent PPCI by
operators who performed >10PPCI per year (in keeping

with AHA recommendations of >11PPCI per year) had
lower in-hospital mortality compared with those who
underwent PPCI by operators who performed <10PPCI
per year."® They also found a statistically significant differ-
ence when the physician threshold was increased to 20
PPCI cases per year, but this difference was not observed
at a threshold of 30 PPCI cases per year. However, their
period of recruitment was between 2000 and 2002, which
predated the routine utilisation of DAPT and transra-
dial PPCI. The principal finding of our study is that even
within a single high-volume institution, PPCI operator
volume was independently associated with mortality
at a higher operator volume threshold after a longer
follow-up period than previously reported.

Hulme et al published their findings from the British
Cardiovascular Interventions Society registry, assessing
the operator—volume outcomes in all PCI from 2013 to
2014, including the select subgroup of patients under-
going PPCL'" In their PPCI cohort of over 36000
patients, they found that although unadjusted overall
mortality was significantly lower with increasing oper-
ator volumes (determined according to quartiles rather
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Table 2 Adjusted 30-day and 12-month mortality for all variables included in Cox proportional hazards models analyses of

operator volumes and potential confounders

30-day mortality
Adjusted HR (95% CI)

Factors

12-month mortality
Adjusted HR (95% CI)

Low-volume operators

Intermediate-volume operators (
Out-of-hours presentation (
Previous myocardial infarction (
Hypertension (
Hypercholesterolaemia (
Diabetes mellitus 1.54 (
Peripheral/cerebral vascular disease (
Current/ex-smoker (
Left main coronary artery culprit vessel (
Advancing age (
Door-to-balloon time >90 min (

1.48 (1.05 to 2.08)* )
1.29 (0.91 to 1.81) ( )
1.02 (0.77 t0 1.35) 1.12(0.89 t0 1.39)
1.48 (1.02 t0 2.14)* ( )
1.09 (0.80 to 1.49) ( )
0.79 (0.56 to 1.11) (

1.07 t0 2.22)* 1.64 (1.24 10 2.17)*
1.4 (0.96 10 2.17) (
0.79 (0.57 to 1.10) (
7.27 (4.11 to0 12.85)* (
1.05 (1.04 to 1.07)* (
1.46 (1.05 o 2.03)* (

1.26 (0.96 to 1.65
1.21 (0.93 t0 1.58

1.51 (1.13 t0 2.00)*
1.14(0.90 to 1.46
0.79(0.61 to 1.03)

1.92 (1.43 t0 2.57)*
0.91(0.70t0 1.17)
5.00 (2.93 to 8.52)*

)
1.06 (1.05 to 1.08)*
1.52 (1.17 t0 1.97)*

*p<0.05. All HRs were obtained from Cox models used to analyse operator volumes. The reference category for operator volume analysis is

high-volume operators.?

than tertiles), annual operator volumes of <50 PPCI per
year was not independently associated with in-hospital or
30-day mortality. Similar findings were observed in their
study compared with ours. First, the rates of radial access
was inversely proportional to operator volume. Second,
the proportion of patients undergoing left-main PCI was
higher in the high-volume group compared with the low-
volume group. Third, the choice of P2Y12-receptor inhib-
itor differed between groups. This was an excellent study
that addressed the operator—volume relationship specific
to PPCI, in addition to other indications. However,
although they have addressed the potential confounding
factor of centrerelated differences, given the multi-
centre nature of this registry, delays to reperfusion due
to geographic variability may not have been accounted

12-month mortality

— High-volume operators
-—- Intermediate-volume operators
— — Low-volume operators

0.99-]

0.97

Cumulative survival

0.95-

>~ ._HR 121 (0.93-1.58);p = 0.15
< nzy

HR 1.26 (0.96-1.65); p = 0.09)

0.93—

Days to death
Figure 1 Kaplan-Meier curves illustrating adjusted 30-
day mortality, according to operator-volume tertiles. The
reference tertile was high-volume operator status.?°

or corrected for, and could potentially confound findings
in addition to intercentre variability. Nevertheless, it was
an important study to suggest that in the UK, individual
operator PPCI volume was not independently associated
with 30-day mortality.

Most recently, Lee et al published their analysis of 8282
patients from the Korean PCI Registry, describing the
association between operator volumes and in-hospital
outcomes following PPCI in South Korea.' Operator
volumes were divided into three tertiles (low volume:
<10 PPCI/year, moderate volume: 10-30 cases/year and
high volume: >30 cases/year. No significant differences in
outcomes were noted in this study, but a trend towards
better outcomes was noted in the high-volume group.
However, their analysis of outcomes according to operator

30-day mortality

— High-volume operators
1 -—- Itermediate-volume operators

000 — — Low-volume operators

0.97

%z C T~ . _HR120(091-181);p=0.15

~ - _ HR 148 (1.05-2.08); p=0.02

Cumulative survival

0.95-

0.93—

0 5 10 15 20 25 30
Days to death

Figure 2 Kaplan-Meier curves illustrating adjusted
12-month mortality, according to operator-volume tertiles.
The reference tertile was high-volume operator status.?
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and centre volume had demonstrated better outcomes in
patients treated by high-volume operators in moderate-
volume centres, but this finding was not observed in high-
volume centres. There was also significant geographic
variability in annual PPCI volume in this registry, which
could potentially have introduced confounding factors,
as per the study from Hulme et al."’ Crucially, only in-hos-
pital outcomes were reported in this study.

Other studies that were not specific for PPCI have also
shown a clear volume-outcome relationship in PCI, with
low operator volume associated with significantly higher
adverse events.* 7' % Fanaroff et al published their anal-
ysis of 3.75million PCI procedures between 2009 and
2015 (over 5.75 years), of which 627501 cases were for
STEMI, and found that in STEMI, low operator volume
(<50 PCI per year) was associated with increased in-hos-
pital mortality (OR 1.13 (95% CI 1.08 to 1.19) compared
with high operator volume (>100PCI per year)."
However, this was based on annual volume of PCI for
all indications, rather than annual volume of PPCI for
STEMI, which we have presented in this study. Our study
is the first study showing a difference in 30-day mortality
according to operator PPCI volume in a high-volume
centre, in a ‘contemporary era’ of PPCI. We have also
shown that differences in outcomes exist at a threshold
far higher than the AHA-recommended minimum
volume of >11 PPCI per year.

We have shown that differences in outcomes according
to operator characteristics were driven by annual oper-
ator PPCI volume, rather than operator status. In our
study, differences in procedural characteristics were iden-
tified that could potentially contribute to the variation
in mortality observed. Lower rates of radial access for
PPCI was observed in the lowest-volume tertile compared
with other tertiles. There is extensive evidence showing
that transradial PPCI is associated with improved clinical
outcomes compared with transfemoral PPCI, including
mortality, and this could have contributed to the differ-
ence in outcomes observed in the lowest volume operators
compared with the highest volume operators.**’ Higher
rates of postprocedural TIMI 3 flow in the culprit artery
were noted in the high-volume operator tertile compared
with the low-volume operator tertile. This, in addition to
radial artery access, may be a reflection of operator expe-
rience. In addition, PPCI can often involve clinical and
procedural skills not usually involved in elective or urgent
PCI, such as the use of thrombus aspiration, adjunct
pharmacotherapy to manage large thrombus burden or
slow/no-reflow, and the ability to safely perform PCI in
the setting of active cardiac ischaemia, cardiogenic shock
or refractory cardiac arrest. Therefore, acquisition of
these skills, along with familiarity with institutional staff
and equipment could also explain the volume—outcome
relationship, although these factors are difficult to quan-
tify objectively.

Although evidence suggests institutional PCI volumes
are not associated with clinical outcomes,” our finding
that PPCI performed by operators performing <55 PPCI

per year is associated with significantly higher probability
of 30-day mortality compared with high-volume opera-
tors, should prompt re-examination of the AHA recom-
mendation that >11PPCI per year per operator is an
acceptable operator volume for the provision of PPCL*

LIMITATIONS

This is a single-centre study, therefore, our find-
ings might not be generalisable to other regions
or countries, as differences in the management
of STEMI on a regional/national basis have been
reported.”” ** However, as the management pathway
adopted in our centre is in accordance with interna-
tional practice guidelines, we are satisfied that our
findings are broadly generalisable. Furthermore,
differences in operator volumes in our study are not
confounded by potential differences in performance
between centres that theoretically can confound find-
ings observed in multi-centre registry studies, but
we recognise that in a smaller cohort of operators,
differences observed may be due to other unidenti-
fied operator or systemic factors, rather than annual
operator PPCI volumes. Our analyses were performed
on observational registry data, and despite being
prospectively collected, it was not possible to account
for all potential confounders and unknown sources of
bias. However, this is typical of prior analyses of oper-
ator volumes and outcomes in PCI, and is a robust
methodological approach. The exclusion of patients
undergoing PPCI in 2012 could have introduced bias
into this study. However, this should not influence the
overall result, as all other patients were obtained from
an ‘unselected’ sample, and there were no signif-
icant changes in local protocol between 2011 and
2013. The difference between median case volumes
between intermediate and high-volume operators
was not numerically large, and clinically, it may not
be relevant to divide these two groups. However, this
was expected as the distribution of operator volume
was right skewed. The difference in mean operator
volumes in these two groups was strongly statistically
significant (p<0.01). Therefore, division into tertiles
based on institutional operator volumes was statisti-
cally justified. It is possible that some visiting opera-
tors may have performed in-hours PPCI in their base
hospitals. However, according to the British Cardio-
vascular Intervention Society database, between 2012
and 2014, only a total of 25 PPCI were undertaken in
this three calendar-year period in the four PCI-capable
regional hospitals by 13 of the 21 visiting operators,
which adds approximately 0.6 PPCI per year per oper-
ator. Therefore, the number of PPCI undertaken by
visiting cardiologists in Leeds General Infirmary is
likely to be representative of their true annual PPCI
volume. Our event rates were relatively low compared
with analyses of national databases, and therefore,
play of chance could not be excluded. However, we
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are confident that our findings are objectively plau-
sible considering the differences observed in trans-
radial PPCI and postprocedural TIMI 3 flow in IRA,
both of which are associated with improved outcomes
following PPCI, and were observed to be more likely
in PPCI undertaken by high-volume operators. In
addition, the 8% lost to follow-up at 12 months that
was observed is a potential source of bias. However,
these patients were randomly distributed across
the three tertiles such that the analysed population
should be representative of the total population.
Although a significant difference in 30-day mortality
was demonstrated in this study, this difference no
longer met statistical significance at 12 months. This
could be due to individual patient factors. However,
the possibility of the 8% of patients lost to follow-up
at 12 months, or play of chance contributing to this
difference could not be excluded. Although PPCI by
low-volume operators was associated with higher risk-
adjusted mortality compared with high-volume opera-
tors, it is important to recognise that PPCI operators,
regardless of annual volume, provide an important
life-saving service to any population. The benefit of
this has to be weighed against that of thrombolysis,
which has been shown to be less efficacious compared
with PPCI. Finally, the results of this study should be
considered hypothesis generating, prompting exam-
ination of larger national/international datasets for
confirmation of findings.20

CONCLUSIONS

Low operator volume in PPCI for STEMI is inde-
pendently associated with higher 30-day mortality
compared with high operator volume. This suggests
an operator volume—outcome relationship exists at a
threshold higher than the current guideline recom-
mendations. If this is confirmed, minimum oper-
ator volumes for PPCI may need to be adjusted to

ensure optimal patient outcomes in the treatment of
STEML*
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