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Abstract

Background: Although data suggests ad hoc percutaneous coronary intervention (PCI)

results in similar patient outcomes compared to planned PCI in nonselected patients,

data for ad hoc unprotected left main stem PCI (uLMS‐PCI) are lacking.

Aim: To determine if in‐hospital outcomes of uLMS‐PCI vary by ad hoc versus

planned basis.

Methods: Data were analyzed from all patients undergoing uLMS‐PCI in the United

Kingdom 2006–2018, and patients grouped into uLMS‐PCI undertaken on an ad hoc

or a planned basis. Patients who presented with ST‐segment elevation, cardiogenic

shock, or with an emergency PCI indication were excluded.

Results: In total, 8574 uLMS‐PCI procedures were undertaken with 2837 (33.1%) of

procedures performed on an ad hoc basis. There was a lower likelihood of inter-

vention for stable angina (28.8% vs. 53.8%, p < 0.001) and a higher rate of potent

P2Y12 inhibitor use (16.4% vs. 12.1%, p < 0.001) in the ad hoc PCI group compared

to the planned PCI group. Patients undergoing uLMS‐PCI on an ad hoc basis tended

to undergo less complex procedures. Acute procedural complications including slow

flow (odds ratio [OR]: 1.70, 95% confidence interval [CI]: 1.01–2.86), coronary

dissection (OR: 1.41, 95% CI: 1.12–1.77) and shock induction (OR: 2.80, 95% CI:

1.64–4.78) were more likely in the ad hoc PCI group. In‐hospital death (OR: 1.65,

95% CI: 1.19–2.27) and in‐hospital major adverse cardiac or cerebrovascular

events (OR: 1.50, 95% CI: 1.13–1.98) occurred more frequently in the ad hoc group.

Catheter Cardiovasc Interv. 2024;104:697–706. wileyonlinelibrary.com/journal/ccd | 697

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2024 The Author(s). Catheterization and Cardiovascular Interventions published by Wiley Periodicals LLC.

Abbreviations: ACS, acute coronary syndrome; BCIS, British Cardiovascular Intervention Society; CABG, coronary artery bypass surgery; LMS, left main stem; LV, left ventricle; MACCE, major

adverse cardiac or cerebrovascular events; MI, myocardial infarction; uLMS‐PCI, unprotected left main stem percutaneous intervention.

http://orcid.org/0000-0003-1209-3534
http://orcid.org/0000-0001-8992-9120
mailto:tim.kinnaird2@wales.nhs.uk
https://wileyonlinelibrary.com/journal/ccd
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fccd.31210&domain=pdf&date_stamp=2024-09-05


In sensitivity analyses, these observations did not differ when several subgroups

were separately examined.

Conclusions: Ad hoc PCI for uLMS disease is associated with adverse outcomes

compared to planned PCI. These data should inform uLMS‐PCI procedural planning.

K E YWORD S

ad hoc PCI, left main artery, national database, percutaneous coronary intervention

1 | INTRODUCTION

Percutaneous coronary intervention (PCI) can be undertaken imme-

diately following diagnostic catheterization (ad hoc PCI) or at a later

date after diagnostic catheterization (staged PCI).1 Ad hoc PCI is

increasingly popular as it increases catheterization laboratory effi-

ciency, improves cost effectiveness, potentially reduces overall

radiation and contrast dose, and is popular with patients.2,3 The

majority of data confirm equivalent outcomes in ad hoc versus

planned PCI although data in more contemporary practice is limited.

There is also little data on the outcomes of ad hoc PCI versus planned

PCI in more complex subgroups of PCI.

PCI is increasingly considered as a revascularisation strategy in

certain anatomical and patient subsets of unprotected left main stem

(uLMS) disease and is supported by the European Society of Cardi-

ology 2018 Guidelines on myocardial revascularization and the

American Heart Association/American College of Cardiology guide-

lines.4,5 However, given the clinical equipoise in many patients with

uLMS‐PCI, the guidelines generally recommend that unless patients

have an emergency indication for PCI (e.g., cardiogenic shock,

hemodynamic instability or ST‐elevation myocardial infarction [MI]),

patients with uLMS disease should be discussed in a Multidisciplinary

Team (MDT) setting.

There are no data comparing patient outcomes following uLMS‐

PCI between procedures undertaken on an ad hoc basis versus a

planned basis. We therefore analyzed the British Cardiovascular

Intervention Society National PCI Audit data set, comparing patient

outcomes with uLMS disease categorized by ad hoc versus plan-

ned PCI.

2 | METHODS

2.1 | Study design and participants

We analyzed data from all patients undergoing PCI for unprotected

left main stem disease (uLMS‐PCI) in the United Kingdom between

January 1, 2006 and March 31, 2018. Patients were divided into two

groups depending on whether uLMS‐PCI was undertaken on an

ad hoc or a planned basis. Ad hoc is defined in the British Cardio-

vascular Intervention Society (BCIS) data set as diagnostic angiogra-

phy proceeding to PCI in the same session.6 Angiography and PCI on

separate days were defined as staged PCI. Patients who presented

with ST‐segment elevation, cardiogenic shock, or with an emergency

indication for PCI were excluded. Thus, only patients without an

immediate clinical need for uLMS‐PCI were included in the analysis to

minimize confounding. Patients were also excluded if the ad hoc field

was blank.

2.2 | Study setting and sources of data

Data on PCI practice were obtained from the British Cardiovascular

Intervention Society National PCI Audit data set which records over

120 clinical, procedural, and outcomes variables for every PCI per-

formed in the United Kingdom, and thus approximately 100,000 new

records are currently recorded each year. Entry of all PCI procedures

by UK interventional operators is mandated as part of their profes-

sional revalidation. The accuracy and quality of the BCIS data set

have previously been described.7,8 The study was approved by the

BCIS data extraction group and by Healthcare Quality Improvement

Partnership (HQIP) research ethics groups.

2.3 | Study definitions

Study definitions were used in the BCIS National PCI Audit data set.6

Pre‐ or post‐PCI disease severity was defined as vessels with a stenosis

≥70% in the case of the left anterior descending, circumflex, or right

coronary arteries, or ≥50% in the case of the left main artery. Chronic

kidney disease was defined as chronic dialysis, history of renal trans-

plant, or a creatinine >200μmol/L. The clinical outcomes of interest

were in‐hospital mortality, in‐hospital major adverse cardiac or cere-

brovascular events (MACCE) (defined as a composite of death, peri-

procedural cerebrovascular disease, or periprocedural MI), in‐hospital

bleeding (defined as either gastrointestinal bleeding, intracerebral

bleeding, retroperitoneal hematoma, blood or platelet transfusion,

access site hemorrhage, or an arterial access site complication requiring

surgery), and an acute coronary procedural complication (defined as a

composite of no/slow flow, coronary perforation, coronary dissection,

shock induction, emergency coronary artery bypass surgery [CABG]

and major side‐branch loss). Periprocedural MI is defined in the BCIS

data set as “a rise of more than three times the 99th percentile of the

upper reference limit of a troponin biomarker.
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2.4 | Data analyses

Statistical analysis was performed using the R coding environment

(Open Source, v3.6.2). Multiple imputations were carried out using

the mice package to reduce the potential bias from missing data,

assuming missingness completely at random mechanisms. We used

chained equations to impute the data for all variables with missing

information and generated five data sets to be used in the analyses

(Table S1). We examined the baseline and procedural characteristics

of participants by ad hoc status. We explored crude baseline co-

morbidities using a χ2 test for categorical variables and the Wilcoxon–

Mann–Whitney test for continuous variables. A multiple logistic

regression model was developed to identify the association of in‐

hospital MACE or in‐hospital mortality with ad hoc status in all comer

PCI and the subgroup of LMS‐PCI. The covariates included in the

model were age >80 years, gender, acute coronary syndrome (ACS)

status, previous myocardial infarction (MI), previous CABG, previous

PCI, diabetes, ejection fraction (EF) < 30%, three‐vessel PCI, chronic

total occlusion PCI, rotational atherectomy, mechanical left ventric-

ular (LV) support, hypertension, stroke, peripheral vascular disease,

valvular heart disease and history of renal disease. Next, we focused

on the association of ad hoc status in LMS‐PCI. We first examined

the association of baseline covariates with ad hoc status in a multiple

logistic regression model. This included age >80 years, gender, ACS

status, previous MI, previous PCI, diabetes, EF < 30%, number of

diseased vessels, three‐vessel PCI, glycoprotein IIB/IIA inhibitor use,

rotational atherectomy, mechanical LV support, hypertension,

peripheral vascular disease, valvular heart disease, history of renal

disease and femoral access. To examine the influence of ad hoc

status on LMS‐PCI outcomes, we built on and included the previously

described baseline model to investigate the independent odds of

periprocedural MI, emergency PCI, transfusion, tamponade, stroke,

GI bleed, acute kidney injury, vascular complications, major bleed,

length of stay, slow flow, side‐branch loss, dissection, perforation,

shock induction, any complication, in‐hospital death and in‐hospital

MACE. Finally, a subgroup sensitivity analysis of in‐hospital MACE

was carried out for high‐risk groups, defined as three‐vessel PCI

(3V‐PCI), ACS, EF < 30, female gender, and mechanical LV support

use using similar methodology to above, accounting for interaction

between these variables and in‐hospital MACE.

3 | RESULTS

3.1 | uLMS‐PCI crude numbers and trends in the
United Kingdom 2006–2018

Between January 1, 2006 and March 31, 2018, 8574 uLMS‐PCI pro-

cedures were undertaken in the United Kingdom. Of this, a total of

2837 (33.1%) procedures were undertaken on an ad hoc basis. How-

ever, over the study period, ad hoc PCI increased significantly from

25.8% in 2006 to 42.8% (p < 0.001 for trend, Figure 1, left panel). This

change was driven mainly by an increase in ad hoc intervention within

the stable angina subgroup (Figure 1, right panel, p < 0.001 for trend).

The predictors of intervening on an ad hoc basis are presented in

Figure 2. An ACS presentation was strongly predictive of ad hoc

intervention (OR: 2.18, 95% confidence interval [CI]: 2.54–3.11).

Conversely, rotational atherectomy (OR: 0.64, 95% CI: 0.55–0.74).

Three‐vessel PCI (OR: 0.88, 95% CI: 0.80–0.98) and femoral access

(OR: 0.70, 95% CI: 0.63–0.77) were associated with a lower likelihood

of ad hoc intervention.

3.2 | Patient and procedural characteristics by
ad hoc status

The baseline characteristics by ad hoc status are presented inTable 1.

The two cohorts were similar although there was an excess of

Q‐wave on the ECG (12.4% vs. 10.6%, p = 0.019), a lower likelihood

of intervention for stable angina (28.8% vs. 53.8%, p < 0.001) and a

higher rate of potent P2Y12 inhibitor use (16.4% vs. 12.1%,

p < 0.001) in the ad hoc PCI group compared to the planned PCI

group.

The procedural characteristics by ad hoc status are presented in

Table 2. Patients undergoing uLMS‐PCI on an ad hoc basis tended to

undergo less complex procedures than those on a planned basis. For

example, in the ad hoc PCI group, the number of vessels treated, the

number of lesions treated, the number of chronic total occlusions

(CTOs) treated, and the use of microcatheters and rotational ather-

ectomy were significantly less than in the planned PCI group. In

contrast, radial access and glycoprotein inhibitors were more likely to

be used in the ad hoc PCI group compared to the planned PCI group.

Off‐site surgical cover and a trainee first operator were more likely in

the ad hoc PCI group.

3.3 | Outcomes by ad hoc status

The crude unadjusted outcomes by ad hoc status for uLMS‐PCI

performed in England and Wales in 2006–2018 are presented in

Table 3 and illustrate a higher rate of procedural complications and

adverse clinical outcomes in the ad hoc group. Ad hoc PCI was also

associated with higher rates of residual disease. Length of stay was

similar between the two groups. Adjusted mortality and MACCE for

the uLMS‐PCI versus all PCI are presented in Figure 3 and illustrate

similar outcomes by ad hoc status for all PCI but excess mortality and

MACCE when uLMS‐PCI was undertaken on an ad hoc versus

planned basis within the uLMS‐PCI group. Multivariate adjusted in‐

hospital data for all clinical outcomes by ad hoc versus planned

uLMS‐PCI are presented in Figure 4. Acute procedural complications

including slow flow (OR: 1.70, 95% CI: 1.01–2.86), coronary dissec-

tion (OR: 1.41, 95% CI: 1.12–1.77), and shock induction (OR: 2.80,

95% CI: 1.64–4.78) were more likely in the ad hoc PCI group com-

pared to the planned PCI group. In‐hospital death (OR 1.65, 95% CI:

1.19–2.27) and in‐hospital MACCE (OR: 1.50, 95% CI: 1.13–1.98)

occurred more frequently when uLMS‐PCI was undertaken on an
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(A) (B)

F IGURE 1 Temporal changes in frequency of ad hoc uLMS‐PCI in the United Kingdom 2006–2018. Panel (A) Percentage of all uLMS‐PCI
undertaken on an ad hoc basis over time. Panel (B) upper figure: percentage of all stable angina uLMS‐PCI undertaken on an ad hoc basis over
time, lower figure: percentage of all acute coronary syndrome uLMS‐PCI undertaken on an ad hoc basis over time. uLMS‐PCI, unprotected left
main stem percutaneous intervention. [Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 2 Predictors of uLMS‐PCI being undertaken on an ad hoc basis: multivariate‐adjusted model of the independent associated of
ad hoc uLMS‐PCI in the United Kingdom 2006–2018. ACS, acute coronary syndrome; EF, ejection fraction; GPIIBIIA, glycoprotein IIB/IIA; LV,
left ventricle; MI, myocardial infarction; PVD, peripheral vascular disease; uLMS‐PCI, unprotected left main stem percutaneous intervention.
[Color figure can be viewed at wileyonlinelibrary.com]

700 | KINNAIRD ET AL.

 1522726x, 2024, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ccd.31210 by W

elsh A
ssem

bly G
overnm

ent, W
iley O

nline L
ibrary on [16/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com


ad hoc basis compared to a planned basis. In sensitivity analyses, the

observed excess in‐hospital MACCE associated with ad hoc PCI

within several important subgroups including three‐vessel PCI, acute

coronary syndrome presentation, ejection fraction <30%, patient sex,

and use of mechanical LV support did not differ significantly from the

overall main study population findings (Figure 5).

4 | DISCUSSION

Studies of ad hoc PCI initially demonstrated a temporal increase in

ad hoc rates.9,10 In more recent years, rates of ad hoc PCI may have

declined, an observation particularly seen in CTO‐PCI.11,12 Pro-

ceeding to PCI immediately following diagnostic angiography has

potential benefits including time‐efficient use of catheterization

laboratory capacity, a reduction in the cumulative contrast and

radiation dose of separate procedures, and an improved patient ex-

perience.2,3,13 Previous studies of ad hoc PCI versus planned PCI are

relatively noncontemporary and have only been undertaken in

unselected PCI. In a study of 46,565 New York State patients who

underwent PCI between 2003 and 2005, although there was no

difference in risk‐adjusted in‐hospital mortality between groups, the

ad hoc PCI patients had significantly lower 36‐month mortality

(adjusted hazard ratio [HR]: 0.76, 95% CI: 0.69–0.85, p < 0.0001) than

the planned group.9 Using New York State PCI Registry data,

Feldman et reported the outcome of 47,020 patients undergoing PCI

from 2000 to 2001.14 Similar rates of death, major adverse cardiac

events, and renal failure were observed for ad hoc and planned PCI.

Similarly, using data from 68,528 PCIs for stable angina taken from

the National Cardiovascular Data Registry, procedural mortality,

cerebrovascular events, and renal failure were similar between

groups.15 A number of other studies found largely similar findings,

with no observable difference in clinical outcomes between ad hoc

and planned PCI.16–18 As a result of these data, most guidelines

support the use of ad hoc PCI when deemed reasonable.1,4

However, significant uncertainty exists as to the appropriateness

of ad hoc PCI for more complex cohorts of coronary disease. Of rel-

evance, previous studies have suggested that up to 30% of US patients

undergoing ad hoc PCI may be candidates for CABG.19 No data exists

for example where extensive calcification exists and calcium modifi-

cation is required, or in subsets of patients with other markers of

complex disease such as chronic total occlusion PCI, severe LV dys-

function, or last remaining vessel PCI. Therefore, guidelines typically

recommend that ad hoc PCI for complex multivessel or unprotected

left main disease should be reserved for specific circumstances such as

hemodynamic instability or significant comorbidity precluding surgical

TABLE 1 Baseline characteristics by ad hoc status for unprotected left main stem PCI performed in England and Wales in 2006–2018.

Variable Ad hoc PCI (n = 2837) Planned PCI (n = 5737) p Value

Age (years) ±SD 71.9 ± 11.8 71.9 ± 11.5 0.272

Female gender, no. (%) 862 (28.7) 1688 (28.3) 0.660

BMI (kg/m2) ±SD 27.9 ± 5.5 27.9 ± 5.5 0.399

History of hypertension, no. (%) 1,856 (65.4) 3839 (66.9) 0.167

Diabetes mellitus, no. (%) 752 (26.6) 1442 (25.4) 0.224

History of smoking, no. (%) 1,607 (61.0) 3219 (60.1) 0.457

Previous MI, no. (%) 1,126 (39.7) 2188 (38.1) 0.165

Q wave on ECG, no. (%) 344 (12.4) 601 (10.6) 0.019

Previous stroke, no. (%) 243 (8.6) 468 (8.2) 0.519

Peripheral vascular disease, no. (%) 330 (11.6) 658 (11.5) 0.824

Valvular heart disease, no. (%) 142 (5.0) 305 (5.3) 0.542

Chronic renal disease, no. (%) 194 (6.8) 360 (6.3) 0.465

Creatinine (µmol/L) ±SD 106.3 ± 73.8 107.6 ± 80.9 0.286

Previous PCI, no. (%) 885 (31.2) 1,695 (29.9) 0.267

Ejection fraction (%) ±SD 46.4 ± 11.9 47.0 ± 11.8 0.035

Ejection fraction <30%, no. (%) 352 (12.4) 683 (11.9) 0.501

Stable angina indication, no. (%) 818 (28.8) 3,087 (53.8) <0.001

Potent P2Y12 inhibitor use, no. (%) 456 (16.4) 674 (12.1) <0.001

Number of vessels diseased ±SD 2.14 ± 0.98 2.17 ± 0.99 0.086

Abbreviations: BMI, body mass index; ECG, electrocardiogram; EF, ejection fraction; GPIIBIIA, glycoprotein IIB/IIA; MI, myocardial infarction; PCI,
percutaneous intervention; SD, standard deviation.
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options. Potential risks of ad hoc PCI in complex cohorts of patients

include a lack of time to complete an optimal procedure, a lack of the

necessary equipment or expertise, and an underappreciation of the

technical challenge of the procedure itself.20,21

In light of the lack of data supporting ad hoc PCI in uLMS disease,

and the guideline support for MDT discussions when revascularisa-

tion for uLMS disease is being considered, it is perhaps surprising that

ad hoc PCI for uLMS‐PCI increased year on year in the United

Kingdom and represented 42.8% of all PCIs undertaken for uLMS

disease in the most recent study year. Of relevance is that the study

population is such (where STEMI, emergency indication, and cardio-

genic shock were all excluded) that there would be no clinical

necessity to proceed with PCI immediately after angiography. The

increasing comfort and familiarity with which interventional cardiol-

ogists approach uLMS‐PCI may in part explain these trends.22,23

Notwithstanding this, the current data observes an increase in in‐

hospital adverse outcomes when unprotected LMS‐PCI is undertaken

compared to when undertaken on a planned basis. Several mecha-

nisms may underpin these observations. Procedural planning intui-

tively seems important in all subsets of PCI and in particular more

complex subsets including uLMS PCI. The current data suggests that

planned uLMS‐PCI procedures are more complex than ad hoc

uLMS‐PCI procedures with more vessels attempted, more calcium

modification used, more femoral access, and more stents used.

Despite this, better outcomes were observed. These observations

would imply that improved in‐hospital outcomes were not necessarily

associated with differences in case selection, but may in part be due

to improved procedural planning and execution. Planning complex

PCI also ensures that sufficient time exists to complete all aspects of

the procedure, ensuring that all interventional tools required (such as

rotational atherectomy and imaging) are available, and perhaps most

importantly, that the operator expertise to deal with procedural

challenges of uLMS‐PCI (such as bifurcation and calcium) is available.

The importance of operator PCI volume and expertise for uLMS‐PCI

has been demonstrated in a previous analysis of the BCIS data set.24

There are several major strengths of the current study. Firstly, it

is the first study to examine outcomes of ad hoc versus planned PCI

in patients with uLMS‐PCI disease. Secondly, the current series

reports procedures from a more contemporary time frame in com-

parison to previous studies, which given the evolution of procedural

complexity in recent years is an important consideration. Thirdly, the

large study population provides sufficient statistical power to per-

form a robust sensitivity analysis of several important subgroups of

uLMS‐PCI. Finally, we excluded patients with an emergency

TABLE 2 Procedural variables by ad hoc status for unprotected left main stem PCI performed in England and Wales in 2006–2018.

Variable Ad hoc PCI (n = 2837) Planned PCI (n = 5737) p Value

Off‐site surgical cover, no. (%) 1319 (47.3) 2386 (42.2) <0.001

Trainee first operator, no. (%) 720 (26.3) 1187 (21.3) <0.001

Number of vessels attempted ±SD 2.12 ± 0.89 2.21 ± 0.93 <0.001

Three‐vessel PCI, no. (%) 952 (33.6) 2208 (37.4) 0.001

Number of lesions attempted ±SD 3.08 ± 1.02 3.17 ± 1.12 <0.001

Number of CTO attempted ±SD 0.05 ± 0.27 0.07 ± 0.28 0.003

No. restenoses attempted ±SD 0.11 ± 0.42 0.06 ± 0.31 <0.001

Femoral access, no. (%) 998 (35.2) 2602 (45.4) <0.001

Dual arterial access, no. (%) 215 (7.6) 473 (8.2) 0.285

Intravascular imaging, no. (%) 1372 (49.0) 2759 (48.6) 0.757

CrossBoss/Stingray, no. (%) 5 (0.2) 19 (0.3) 0.201

Microcatheter, no. (%) 98 (3.5) 275 (4.8) 0.004

Rotational atherectomy, no. (%) 268 (9.4) 812 (14.2) <0.001

Laser atherectomy, no. (%) 9 (0.3) 23 (0.4) 0.549

Cutting balloon, no. (%) 181 (6.4) 400 (7.0) 0.304

Glycoprotein inhibitor, no. (%) 448 (16.1) 804 (14.4) 0.039

Aspiration catheter, no. (%) 25 (0.9) 38 (0.7) 0.262

Largest stent (mm) ±SD 4.2 ± 0.67 4.1 ± 0.65 0.002

Longest stent (mm) ±SD 30.1 ± 19.4 31.4 ± 20.2 0.001

Number of stents used ±SD 2.18 ± 1.36 2.34 ± 1.40 <0.001

Abbreviations: CTO, chronic total occlusion; PCI, percutaneous intervention; SD, standard deviation.
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TABLE 3 Unadjusted outcomes by ad hoc status for unprotected left main stem PCI performed in England and Wales in 2006–2018.

Variable
Ad hoc PCI
(n = 2837)

Planned PCI
(n = 5737) p Value

Immediate procedural outcomes

Residual disease (vessels) ± SD 0.62 ± 0.81 0.58 ± 0.79 0.022

Number of successful vessels ± SD 2.01 ± 0.80 2.06 ± 0.83 0.002

Slow flow, n (%) 30 (1.1) 37 (0.06) 0.037

Side‐branch loss, n (%) 32 (1.2) 82 (1.4) 0.325

Coronary dissection, n (%) 137 (5.0) 228 (4.0) 0.032

Coronary perforation, n (%) 26 (0.9) 55 (1.0) 1.000

Shock induction, n (%) 34 (1.2) 32 (0.5) 0.001

Any complication, n (%) 225 (8.2) 377 (6.7) 0.009

Clinical outcomes

Periprocedural MI, n (%) 18 (0.7) 40 (0.7) 0.867

Emergency PCI, n (%) 9 (0.3) 27 (0.5) 0.403

Transfusion, n (%) 18 (0.7) 43 (0.8) 0.665

Tamponade, n (%) 10 (0.4) 17 (0.3) 0.805

Stroke all, n (%) 4 (0.1) 8 (0.1) 1.000

GI bleed, n (%) 6 (0.2) 6 (0.1) 0.341

Acute kidney injury, n (%) 9 (0.3) 23 (0.4) 0.696

Arterial access complications, n (%) 62 (2.2) 120 (2.1) 0.449

In‐hospital death, n (%) 77 (2.8) 94 (1.7) <0.001

In‐hospital MACCE, n (%) 95 (3.4) 135 (2.4) 0.008

In‐hospital major bleed, n (%) 42 (1.5) 81 (1.4) 0.846

Length of stay, mean (SD) 2.2 (9.8) 2.0 (9.8) 0.499

Abbreviations: GI, gastrointestinal; MACCE, major adverse cardiac or cerebrovascular events; MI, myocardial infarction; PCI, percutaneous intervention;

SD, standard deviation.

F IGURE 3 Adjusted in‐hospital outcomes for all PCI and uLMS‐PCI subgroup: Top panel: multivariable adjusted in‐hospital MACCE by
ad hoc versus planned procedures for uLMS‐PCI in the United Kingdom 2006–2018; bottom panel: multivariable adjusted in‐hospital mortality
by ad hoc versus planned procedures for uLMS‐PCI in the United Kingdom 2006–2018. CI, confidence interval; LMS, left main stem; MACCE,
major adverse cardiac or cerebrovascular events; uLMS‐PCI, unprotected left main stem percutaneous intervention. [Color figure can be viewed
at wileyonlinelibrary.com]
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indication for PCI but included NSTEMI patients without these ex-

clusions criteria. Thus, the current study of the “CHIP‐indicated”

population is the first analysis of ad hoc PCI in such a population. As

an NSTEMI indication represents the largest subgroup of patients

undergoing PCI, exclusion of this group of ad hoc PCI is a major

limitation of previous studies.

In considering the limitations of the present study, although we

attempted to correct for baseline differences over time, it remains

F IGURE 4 Outcomes after uLMS‐PCI by ad hoc status: multivariate adjusted in‐hospital clinical outcomes by ad hoc versus planned uLMS‐
PCI in the United Kingdom 2006–2018. CI, confidence interval; GI, gastrointestinal; MACCE, major adverse cardiac or cerebrovascular
events; MI, myocardial infarction; PCI, percutaneous intervention; uLMS‐PCI, unprotected left main stem percutaneous intervention. [Color
figure can be viewed at wileyonlinelibrary.com]

F IGURE 5 Adjusted in‐hospital MACCE after uLMS‐PCI by subgroup: sensitivity analyses for outcomes within three‐vessel, ACS, ejection
fraction <30%, female sex, and mechanical LV support subgroups by ad hoc versus planned uLMS‐PCI in the United Kingdom 2006–2018. 3V‐
PCI, three‐vessel percutaneous intervention; ACS, acute coronary syndrome; CI, confidence interval; EF, ejection fraction; LV, left ventricle;
MACCE, major adverse cardiac or cerebrovascular events; uLMS‐PCI, unprotected left main stem percutaneous intervention. [Color figure can
be viewed at wileyonlinelibrary.com]
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possible that unmeasured confounders have biased the results. We used

multiple imputation to account for the missing data and this method

assumes statistical assumptions that are difficult to check and some-

times not met. Additionally, the BCIS database does not capture details

of anatomical data such as the location of disease with the LMS, com-

plexity of lesions such as calcification or the presence, or type of distal

LMS bifurcation disease. Therefore, we cannot provide detailed data on

the relationship to the pattern of disease and outcomes with respect to

ad hoc status. Similarly, whilst there are robust data regarding the type

and number of stents used, there are no data provided on the exact

technical approach used to treat the LMS disease. Therefore, the cur-

rent analysis is unable to explore the potential of differing bifurcation

strategies on outcomes by ad hoc status. Moreover, this data set lacks

center and operator identifier fields, making it impossible to adjust for

fixed effects related to center or operator volume and account for site‐

specific variations. Finally, due to technical issues with linkage of the

national PCI database to postdischarge outcomes, we are unable to

provide data on longer term MACCE rates over time. Whether the

differential in‐hospital outcomes between groups leads to differences in

longer term patient outcomes cannot be studied.

5 | CONCLUSIONS

Ad hoc PCI for uLMS disease increased year or year and represented

42% of all uLMS‐PCI procedures in the most recent study year. Ad

hoc PCI was associated with increased rates of acute procedural

complications, in‐hospital death, and in‐hospital MACCE PCI. These

data should inform uLMS‐PCI procedural planning.
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