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Methods
and results

Conclusion

Comparisons of international practice patterns and their impact on percutaneous coronary intervention (PCl) outcomes
are lacking. We compared temporal PCl trends between Sweden and a large university hospital system in the US.

Data within the Swedish Coronary Angiography and Angioplasty Registry (SCAAR) and the University of California San
Diego Health internal National Cardiovascular Data Registry (NCDR) CathPCl Registry were used to identify patients
who underwent PCl from 2007 to 2021. Baseline characteristics and practice patterns were assessed using all
patients (275 021 Swedish cohort, 9883 US cohort). Mortality was analysed using a random-effects Cox model, restricted
to patients treated at university hospitals and excluding those with cardiac arrest or cardiogenic shock (108 136 Swedish
cohort, 9592 US cohort). The Swedish cohort was older, had a greater proportion of men, and was more likely to smoke
(all P < 0.001). The US cohort had a higher body mass index and was more likely to have diabetes, hyperlipidaemia, prior PCI,
congestive heart failure, and peripheral arterial disease (all P < 0.001). Sweden had lower rates of PCl for stable angina and
lower use of mechanical circulatory support (all P < 0.001). More STEMI patients were treated with only heparin as antic-
oagulation in Sweden, even in the contemporary era. There was earlier adoption and increased utilization of ticagrelor and
radial access in Sweden, while there was earlier use of drug-eluting stents in the US. Fractional flow reserve was used more
frequently in Sweden. There was no difference in adjusted all-cause mortality 1 year post-PCl for any indication between
university hospitals in Sweden and the US (hazard ratio [HR] 1.09; 95% Cl 0.86—1.37; P = 0.48), and this finding was con-
sistent across subgroups.

Despite significant differences in patient populations and practice variations, we found no difference in post-PCl mortality
between university hospitals in Sweden and the US.
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Introduction

With the aging population and growing prevalence of coronary artery
disease, percutaneous coronary intervention (PCl) remains the most
common cardiovascular procedure.” There are limited studies compar-
ing international PCI practice patterns in unselected cohorts and their
impact on patient outcomes.””” Only a few of these studies evaluated
long-term PCl trends and post-discharge outcomes.”’ Comparing
international PCI practice patterns can offer valuable insights to opti-
mize healthcare delivery, determine barriers to implementation, and
identify best practices to improve patient outcomes.

The Swedish and US healthcare systems differ significantly. Sweden
operates under a social democratic model, prioritizing equitable access
to care for all citizens through a centralized, publicly funded system with
automated enrolment. While voluntary health insurance programs ex-
ist to expedite access, basic healthcare is universally available. In con-
trast, the US employs a mixed model, combining public programs
including Medicare and Medicaid with a predominantly private,
employer-provided insurance system. Enrolment is voluntary, and a
substantial portion of the population remains uninsured, despite the
passage of the Affordable Care Act.®’

The average life expectancy is higher in Sweden compared with the
US with a lower burden of comorbidities despite the US spending more

on healthcare per capita.®’ Compared to the US, the time to elective
PCl is longer in Sweden due to an emphasis on treating the sickest pa-
tients first.'® Sweden has governmental systems for rapid implementa-
tion of new technologies and mandated participation in the national PCl
registry.”"™"® The impact of these differences in healthcare delivery on
patient outcomes after PCl has not been studied. Comparative studies
may inform policymaking to improve systems of care.

Whether differences in European and US societal guidelines affect
real-world practice is also unknown. One study suggests that hospital
status and geographic factors influence practice patterns more than
published guidelines over a 2-year period, but there are no long-term
studies." We thus compared patient characteristics, procedural char-
acteristics, and 1-year all-cause mortality among a large cohort of pa-
tients who underwent PCl in Sweden and a university hospital
system in the US for any indication from 2007 to 2021.

Methods

Data source

The University of California San Diego Health (UCSD) internal National
Cardiovascular Data Registry (NCDR) CathPCl Registry was used to obtain
data on patients who underwent PCl from January 2007 to December 2021
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at UCSD. UCSD is an academic tertiary and quaternary referral hospital
system that serves as a primary PCl and ST-elevation myocardial infarction
(STEMI) receiving centre. The NCDR CathPCl Registry contains compre-
hensive data on patients who underwent PCl at participating hospitals in
the US.">"® All-cause mortality 1-year post-PCl was obtained from the
UCSD  electronic medical record confirmed by the California
Department of Public Health vital records and merged with the UCSD in-
ternal NCDR CathPCl Registry using unique patient medical record
numbers.

The Swedish Coronary Angiography and Angioplasty Registry (SCAAR)
was used to obtain data on patients who underwent PCl in Sweden from
January 2007 to December 2021. Swedish Coronary Angiography and
Angioplasty Registry is a population-based mandated registry that includes
coronary angiography and PCl procedures performed at all 29 hospitals in
Sweden that provide PCL.'® Swedish university hospitals included in this
study were Skdne University Hospital, Linképing University Hospital,
Karolinska University Hospital, Sahlgrenska University Hospital, Orebro
University Hospital, Norrland University Hospital, and Uppsala University
Hospital. For the mortality analysis, we included only PCI procedures per-
formed at university hospitals in Sweden for direct comparison.

Percutaneous coronary intervention procedures were performed by at-
tending interventional cardiologists with or without interventional cardi-
ology fellows. The Institutional Review Board of the University of
California, San Diego approved the study (#806572).

Patient selection

A total of 275021 patients in the Swedish cohort and 9883 patients in
the US cohort who underwent PCI for any indication from January 2007
to December 2021 were included in baseline demographics and PCl prac-
tice pattern trends. The mortality analysis was restricted to 108 136 pa-
tients treated at university hospitals in Sweden and 9592 patients treated
at a university hospital system in the US after excluding 2484 patients in
the Swedish cohort and 291 patients in the US cohort who had cardiac ar-
rest or cardiogenic shock. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting
guidelines.

Statistical methods

Categorical data are presented as counts with percentages and continu-
ous data are presented as mean and inter-quartile range or standard de-
viation depending on the distribution of the variable. Independent
samples T-test and y° tests were used as appropriate to compare patient
characteristics and procedural characteristics between groups. Mortality
was evaluated with time-to-event analysis using Kaplan—Meier curves
with log-rank statistic to assess all-cause mortality 1 year post-PCl. For
both unadjusted and adjusted mortality analyses, a random-effects Cox
proportional hazards regression model, with PCl centre as a random ef-
fect, was used. Wald x* testing was used to assess the goodness-of-fit.
Univariable random-effects Cox proportional hazards regression model
was used to estimate unadjusted hazard ratios for all-cause mortality.
Adjusted mortality analysis was conducted with a multivariable
random-effects Cox proportional hazards regression model adjusting
for age, sex, smoking status, renal failure, hypertension (HTN), hyperlip-
idaemia (HLD), diabetes (DM), congestive heart failure (CHF), peripheral
arterial disease (PAD), prior stroke, prior myocardial infarction (Ml),
prior coronary artery bypass graft surgery (CABG), and prior PCI.
Analyses were performed using IBM SPSS Statistics for MacOS, version
29 (IBM Corp., Armonk, NY, USA) and Stata for MacOS, version 18
(StataCorp LLC.), a 2-sided P value <0.05 was considered statistically
significant.

Results

Patient characteristics

Patient characteristics are shown in Table 1. The Swedish cohort was
older and had a greater proportion of men and current or former smo-
kers. The US cohort had a higher body mass index and a greater burden
of comorbidities including DM, HTN, HLD, stroke, CHF, PAD, and

Table 1 Patient characteristics
Variable UCSD SCAAR P-value
n=9883 n=275021
Age 66 (58-75) 69 (61-76) <0.001
Body mass index 28.9 (24.9-31.8) 26.9 (24.5-29.9) <0.001
Sex
Male 7096 (71.8%) 202771 (73.7%) <0.001
Female 2784 (28.2%) 72250 (26.3%)
Current or 3265 (33.0%) 152271 (55.4%) <0.001
ex-smoker
Past medical
history
Diabetes 4439 (44.9%) 60966 (22.3%) <0.001
Hypertension 8460 (85.6%) 175965 (64.0%) <0.001
Hyperlipidaemia 8305 (84.0%) 149057 (54.9%) <0.001
History of Ml 3108 (31.4%) 80327 (29.2%) <0.001
History of PCI 4183 (42.3%) 84032 (30.6%) <0.001
Stroke 1258 (12.7%) 18207 (6.6%) <0.001
CHF 2519 (25.5%) 23717 (8.6%) <0.001
PAD 1195 (12.1%) 13636 (5.0%) <0.001
Renal failure 564 (5.7%) 10385 (3.8%) <0.001

Values are mean and inter-quartile range for continuous variables and number and per
cent of patients for categorical variables.

MI, myocardial infarction; PCl, percutaneous coronary intervention; CHF, congestive
heart failure; PAD, peripheral arterial disease.

renal failure. The US cohort also had a greater proportion of patients
with a history of prior Ml or PCI.

Procedural characteristics

Procedural characteristics are shown in Table 2. Sweden had a lower
proportion of PCl for stable ischaemic heart disease (22.0 vs. 43.3%,
P <0.001) and a higher proportion of PCl for STEMI (26.5 vs. 12.9%,
P <0.001) and non-ST-elevation myocardial infarction (NSTEMI)
(45.8 vs. 35.3%, P < 0.001) compared with the US. Radial access was
used more frequently in Sweden (70.5 vs. 37.8%, P < 0.001) compared
with the US. Most patients in Sweden and the US had non-left main, one
vessel disease. There was greater use of mechanical circulatory support
(MCS) in the US compared with Sweden (5.5 vs. 0.6%, P < 0.001), most
frequently intra-aortic balloon pump followed by microaxial flow
pump. Patients received lower contrast volume in Sweden (145 mL
inter-quartile range 108-195 vs. 194 mL inter-quartile range 130-240
P <0.001) compared with the US.

There was greater use of ticagrelor, unfractionated heparin, and fon-
daparinux within 24 h of PCl in Sweden. There was greater use of clo-
pidogrel, ticlopidine, cangrelor, bivalirudin, and glycoprotein llb/llla
inhibitors (GPI) within 24 h of PCl in the US patients were more likely
to have received thrombolytics prior to PCl in the US compared with
Sweden.

Comparative trend of medication use
within 24 h of ST-elevation myocardial
infarction

Most STEMI patients in Sweden were treated with heparin as the pri-
mary procedural anticoagulant even in the contemporary era, though
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Table 2 Procedural characteristics

Variable

PCl indication

Stable ischaemic heart disease

NSTEMI

STEMI

Atypical chest pain
Other indication

Vascular approach

4275 (43.3%)

3487 (35.3%)

1274 (12.9%)
208 (2.1%)
639 (6.5%)

Femoral 6128 (62.0%)
Radial 3735 (37.8%)
Combined/other 20 (0.2%)
Angiographic findings
1VD not LM 7794 (78.9%)
2VD not LM 1041 (10.5%)
3VD not LM 95 (1.0%)
LM+1VD 136 (1.4%)
LM+2VvD 49 (0.5%)
LM+3VvD 8 (0.1%)
LM 90 (0.9%)
Medications <24 h prior and during PCI

Clopidogrel/Ticlopidine 7102 (71.9%)
Prasugrel 755 (7.6%)
Ticagrelor 1922 (19.4%)
Cangrelor 568 (5.7%)
Aspirin 9585 (97.0%)
Heparin 6427 (65.0%)
Dalteparin/LMWH 400 (4.0%)
Fondaparinux 6 (0.1%)
Bivalirudin 6197 (62.7%)
GPI 1140 (11.5%)
Thrombolytic 245 (2.5%)

Contrast volume (ml)
Mechanical circulatory support

194 (130-240)

None 9340 (94.5%)
IABP 383 (3.9%)
Microaxial flow pump 96 (1.0%)
ECMO 9 (0.1%)
Other 55 (0.6%)

Sweden P-value
n=275021
<0.001
60533 (22.0%)
125949 (45.8%)
72879 (26.5%)
1458 (0.5%)
14202 (5.16%)
<0.001
69834 (25.4%)
193671 (70.5%)
11351 (4.1%)
<0.001
132002 (48.0%)
79805 (29.0%)
45811 (16.7%)
3108 (1.1%)
4782 (1.7%)
8307 (3.0%)
996 (0.4%)
139065 (50.6%) <0.001
6291 (2.3%) <0.001
129013 (46.9%) <0.001
3769 (1.4%) <0.001
270538 (98.4%) <0.001
192670 (70.1%) <0.001
3748 (1.4%) <0.001
56333 (20.5%) <0.001
43644 (15.9%) <0.001
24347 (8.9%) <0.001
2792 (1.0%) <0.001
145 (108-195) <0.001
<0.001

273488 (99.4%)
1349 (0.5%)
45 (0.0%)
22 (0.0%)
117 (0.0%)

Values are mean and inter-quartile range for continuous variables and number and percent of patients for categorical variables.
PCI, percutaneous coronary intervention; NSTEMI, non-ST-elevation myocardial infarction; STEMI, ST-elevation myocardial infarction; VD, vessel disease; LM, left main; LMWH,
low-molecular weight heparin; GPI, glycoprotein lIb/llla inhibitor; IABP, intra-aortic balloon pump; ECMO, extra-corporeal membrane oxygenation.

bivalirudin use was greater in Sweden compared with the US until 2015
(Figure 1). Between 2016 and 2021, bivalirudin was used more fre-
quently in the US. There was greater use of GPI in the US compared
with Sweden with a steady decline from 2007 (89.1%) to 2015
(40.2%) and rare use thereafter. Glycoprotein lIb/llla inhibitor use simi-
larly declined in Sweden but was still used in up to 10% of cases annually
from 2016 to 2021. There was greater use of combination therapy with
GPI and bivalirudin in the US compared with Sweden. Cangrelor was
implemented 2 years earlier in Sweden with overall lower rates of
use compared with the US.

Comparative trend of P2Y12 inhibitor use
in ST-elevation myocardial infarction,
non-ST-elevation myocardial infarction,
and stable angina

There was earlier adoption and increased utilization of ticagrelor in
STEMI and NSTEMI patients in Sweden compared with the US, with
>90% annual use in STEMI since 2016 (Figures 2 and 3). Ticagrelor
use increased annually in the US and was used in 73.4% of STEMI pa-
tients and 49.1% of NSTEMI patients in 2021. There was greater use
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Figure 1 Trends in glycoprotein lIb/llla inhibitor, bivalirudin, cangrelor, and heparin use before or during percutaneous coronary intervention in
ST-elevation myocardial infarction.
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Figure 2 Trends in oral P2Y12 inhibitor use in ST-elevation myocardial infarction.
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Figure 3 Trends in oral P2Y12 inhibitor use in non-ST-elevation myocardial infarction.
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Figure 4 Trends in oral P2Y12 inhibitor use in stable angina.
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Figure 5 Trends in the use of radial access.

of prasugrel in STEMI patients in the US from 2009 to 2017 compared
with Sweden, with rare use in both countries thereafter. Prasugrel was
used less frequently in NSTEMI patients in both Sweden and the US, but
there was greater use in the US. There was greater use of clopidogrel
and prasugrel in stable angina patients in the US, while there was greater
use of ticagrelor in stable angina patients in Sweden (Figure 4).

Comparative trends of percutaneous
access site, fractional flow reserve, and
drug-eluting stent

Radial access PCl was implemented earlier and used more often in
Sweden compared with the US (Figure 5). In Sweden, transradial access
rates exceeded 80% by 2015, following its adoption in 2007. In the US,
transradial access rates reached 68.4% by 2021, with adoption increas-
ing from 2010 onwards. Fractional flow reserve (FFR) and instantan-
eous wave-free ratio were implemented 2 years earlier in the US, but
their use was more frequent in Sweden (Figure 6). Drug-eluting stent
(DES) use increased from 2007 to 2021 in both countries, but there
was greater DES use in the US compared with Sweden (Figure 7).

Sweden
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Unadjusted and adjusted all-cause
mortality post-percutaneous coronary
intervention

There was no difference in unadjusted 1-year all-cause mortality follow-
ing PCI for any indication between university hospitals in Sweden and
the US (hazard ratio [HR] 0.89; 95% CI 0.64—1.24; P = 0.48). After ad-
justing for age, sex, smoking status, renal failure, HTN, HLD, DM, CHF,
PAD, prior stroke, prior Ml, prior CABG, and prior PCI, there was simi-
larly no difference in 1-year all-cause mortality following PCl for any in-
dication between university hospitals in Sweden and the US (HR 1.07;
95% Cl 0.87-1.33; P=10.53) (Figure 8A).

In subgroup analysis, unadjusted 1-year all-cause mortality following
PCI for STEMI was lower in the US compared with Sweden (HR 0.69;
95% Cl10.66—0.72; P < 0.001). However, there was no significant differ-
ence after adjustment (HR 0.95 95% Cl 0.89-1.01; P=0.12)
(Figure 8B). There was no difference in unadjusted (HR 1.18; 95%
Cl 0.86-1.60; P=0.30) or adjusted (HR 1.06; 95% CI 0.75-1.50;
P=0.73) 1-year all-cause mortality following PCl for NSTEMI
Unadjusted 1-year all-cause mortality following PCl for stable
angina was lower in Sweden compared with the US (HR 1.58; 95%
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Figure 6 Trends in the use of fractional flow reserve/instantaneous wave-free ratio.
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Figure 8 Kaplan—Meier curves for 1-year all-cause mortality for (A) any indication and (B) ST-elevation myocardial infarction.
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Cl 1.15-2.18; P=0.005), but there was no significant difference after
adjustment (HR 1.25; 95% CI 0.79-1.95; P = 0.34).

Discussion

In a large cohort of patients who underwent PCl in Sweden and a uni-
versity hospital system in the US over a 15-year time frame, we found
significant differences in patient populations and practice variations with
no difference in post-PCl mortality between university hospitals. This
study is the longest temporal comparison of PCl practice patterns be-
tween two countries.

Despite older age and higher smoking rates in Sweden, patients
undergoing PCl in the US had a greater burden of comorbidities. This
has been described previously and is likely a result of environmental
and demographic differences.*® Compared to Sweden, the US popula-
tion is more ethnically and racially diverse. Sweden provides universal
healthcare coverage to all citizens, whereas the US has a large uninsured
population.” Lack of universal coverage can lead to delayed or inad-
equate access to care, potentially contributing to the higher comorbid-
ity burden observed in US patients. The US also has the highest poverty
rate among high-income countries further exacerbating health
disparities.?

We observed lower PCl rates for stable ischaemic heart disease and
significantly lower use of MCS in Sweden compared with the US.
Sweden may have adopted clinical trial findings supporting medical
management for stable ischaemic heart disease more readily than the
US."'8 Variations in patient presentation, including symptom severity
and frequency, between the two countries likely also influenced the de-
cision of whether to perform PCI. The Swedish healthcare model em-
phasizes treating acutely ill patients first, resulting in longer time to
elective PCI,"® which likely also contributes to this finding. Sweden
had strikingly lower rates of MCS use, which may be due to the uptake
of findings from the pivotal negative intra-aortic balloon pump trial in
acute Ml-related cardiogenic shock."”

Radial access was implemented earlier and utilized more frequently
in Sweden compared with the US. Sweden started using radial access
in 2007, years before trials demonstrated lower vascular complications
and lower mortality with radial access compared with femoral ac-
cess. 01 Following these trials, the rates of radial access PCl increased
in the US but never reached that of Sweden. This persistent difference
can be attributed to the time required to develop proficiency in radial
access techniques and the challenge of transitioning experienced opera-
tors from their femoral-based training. Fractional flow reserve was also
used more frequently in Sweden despite being implemented 2 years la-
ter than in the US. FFR was added to the European Society of
Cardiology (ESC) guidelines in 2010 after the benefit of FFR in patients
with multi-vessel disease undergoing PCl was demonstrated.?? The de-
layed implementation of FFR in Sweden may be due to barriers imposed
by reimbursement structures and physician training. Despite this, the
utilization of FFR in Sweden remains higher than in the US. In contrast,
there was earlier adoption of DES in the US which may be due to cost
constraints, reimbursement policies, and concerns about complications
impacting DES adoption in Sweden.

We observed several differences in periprocedural medications ad-
ministered in Sweden and the US. Differences in European and
American societal guidelines®® and the uptake of landmark trials may
explain these findings. Glycoprotein lIb/llla inhibitors, bivalirudin, and
cangrelor were used more frequently in the US compared with
Sweden. Glycoprotein llb/llla inhibitors were Food and Drug
Administration (FDA) approved before the era of dual antiplatelet ther-
apy, potent P2Y12 inhibitors, and DES for reducing mortality and
thrombotic events at the expense of bleeding complications.>**®
Over the years, the indications for GPI became limited to thrombotic
complications or bail-out situations as reflected in societal guidelines

with minimal use of GPI in both countries after 2016. Bivalirudin was
FDA approved for reducing major bleeding and net adverse clinical
events compared with heparin plus GPI?® and continues to be used
in the US. In contrast, heparin was used in most contemporary PCI
cases in Sweden after no benefit was found with bivalirudin compared
with heparin in patients undergoing mostly radial access PCl with po-
tent P2Y12 inhibitors.”” Cangrelor became available in 2016 in
Sweden, 1 year after it was approved by the FDA for reducing peripro-
cedural ischaemic events.”®*’ Cangrelor became available in 2018 in the
US and is used more frequently than in Sweden.

As for P2Y12 inhibitors, ticagrelor was used more often for acute
coronary syndrome (ACS) in Sweden compared with the US after it
was demonstrated to reduce cardiovascular mortality compared with
clopidogrel.®® Since the trial and sponsor were Sweden-based, this
may reflect greater familiarity and impact of the trial findings locally.
The 2015 ESC Guidelines recommended potent P2Y12 inhibition in
ACS whereas the 2014 ACC/AHA guidelines recommended either ti-
cagrelor or clopidogrel.* Coverage for ticagrelor in the US was neither
immediate nor universal following FDA approval, with significant varia-
tions observed between private and government-funded plans, likely
contributing to differences in utilization.3" More patients in the US
may require concomitant anticoagulation for atrial arrhythmias pre-
venting the use of ticagrelor, which may also explain this finding.
Prasugrel use was overall lower in Sweden, especially after no ischaemic
benefit was found with prasugrel pre-treatment with a higher bleeding
risk.*2

Despite significant practice variations in two different patient popu-
lations, we found no difference in post-PCl all-cause mortality within
1 year between university hospitals in Sweden and a university
hospital system in the US. This remained true for any PCl indication
and subgroups including STEMI, NSTEMI, and stable angina after
adjusting for baseline patient characteristics. These findings are consist-
ent with a previous study that compared patients in Gothenburg
and Minneapolis over 2 years and found no difference in adjusted
post-PCl mortality.” In the STEMI context, the extent and timing of
multi-vessel revascularization was not captured in our data. This vari-
ability in revascularization strategy could have influenced mortality
and is a topic for future study.*’

Ultimately, periprocedural management decisions are operator de-
pendent, shaped by national practice patterns and informed by clinical
trials. While the US and Sweden employ distinct PCl strategies, the goal
of optimizing patient outcomes is at the forefront as reflected by simi-
larly low post-PCl mortality rates. Percutaneous coronary intervention
techniques and pharmacotherapy have evolved with regional nuances,
yet patient outcomes remain remarkably consistent, suggesting that
universal standardization of care may not be essential.

Limitations

This study has several limitations. The retrospective design, utilizing
registry data with non-adjudicated clinical events, introduces potential
bias. Comparing all Swedish hospitals to a single US university hospital
system limits generalizability to broader US practice. To minimize con-
founding and enable a more direct comparison, the mortality analysis
was restricted to university hospital systems in Sweden. However,
this approach limits the generalizability of our results. Temporal bias
may be present due to the extended study period and evolving clinical
practices. The use of two distinct samples, while central to the com-
parative analysis, introduces inherent heterogeneity that statistical ad-
justments may not fully mitigate. Data on revascularization strategies
for multi-vessel disease were unavailable, and the absence of accurate
intracoronary imaging data in the US cohort precluded comparative
analysis. Furthermore, major adverse cardiovascular events, bleeding
complications, and hospital readmissions were not assessed. Finally,
while this study provides insights into practice pattern differences
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between Swedish and US university hospitals, causal relationships can-
not be established.

Conclusions

In this study, we found significant differences in patient populations and
practice variations between Sweden and a university hospital system in
the US but no difference in post-PCI mortality.

Lead author biography

Dr Revathy Sampath-Kumar is a third-
year cardiology fellow at the University
of California San Diego, pursuing specia-
lized training in interventional cardi-
ology. Her background in biomedical
engineering led her to medicine, driven
by a dedication to patient care. She has
been recognized for excellence in clinic-
al cardiology, research, and leadership.
Dr Sampath-Kumar actively conducts
clinical research in the field of interven-
tional cardiology, in collaboration with
Lund University, Sweden.

O,

]
i

Data availability

The data underlying this article cannot be shared publicly due to ethical/
privacy reasons.

Ethical approval

Due to the use of de-identified data, this study did not require individual
patient consent, in accordance with institutional review board
guidelines.

Acknowledgements

This research was presented in PowerPoint form by RS.-K. at
Transcatheter Cardiovascular Therapeutics in Washington, DC on
29 October 2024.

Funding

This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Conflict of interest: None declared.

References
1. Martin SS, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, Baker-Smith

CM, Barone Gibbs B, Beaton AZ, Boehme AK, Commodore-Mensah Y, Currie ME,

Elkind MSV, Evenson KR, Generoso G, Heard DG, Hiremath S, Johansen MC, Kalani

R, Kazi DS, Ko D, Liu J, Magnani JW, Michos ED, Mussolino ME, Navaneethan SD,

Parikh NI, Perman SM, Poudel R, Rezk-Hanna M, Roth GA, Shah NS, St-Onge M-P,

Thacker EL, Tsao CW, Urbut SM, Van Spall HGC, Voeks JH, Wang N-Y, Wong ND,

Wong SS, Yaffe K, Palaniappan LP. 2024 heart disease and stroke statistics: a report

of US and global data from the American Heart Association. Circulation 2024;149:

E347-E913.

Inohara T, Kohsaka S, Spertus JA, Masoudi FA, Rumsfeld JS, Kennedy KF, Wang TY,

Yamaji K, Amano T, Nakamura M. Comparative trends in percutaneous coronary inter-

vention in Japan and the United States, 2013 to 2017. | Am Coll Cardiol 2020;76:

1328-1340.

3. Han H, Wei X, He Q, Yu Y, Ruan Y, Wu C, Cao Y, Herzog E, He J. Comparison of in-
hospital mortality and length of stay in acute ST-segment-elevation myocardial infarc-
tion among urban teaching hospitals in China and the United States. ] Am Heart Assoc
Cardiovasc Cerebrovasc Dis 2019;8:¢012054.

N

EN

. Kohsaka S, Miyata H, Ueda |, Masoudi FA, Peterson ED, Maekawa Y, Kawamura A, Fukuda
K, Roe MT, Rumsfeld JS. An international comparison of patients undergoing percutaneous
coronary intervention: a collaborative study of the National Cardiovascular Data Registry
(NCDR) and Japan Cardiovascular Database—Keio interhospital Cardiovascular Studies
(JCD-KiCS). Am Heart | 2015;170:1077-1085.

. Chung SC, Gedeborg R, Nicholas O, James S, Jeppsson A, Wolfe C, Heuschmann P,
Wallentin L, Deanfield ], Timmis A, Jernberg T, Hemingway H. Acute myocardial infarc-
tion: a comparison of short-term survival in national outcome registries in Sweden and
the UK. The Lancet 2014;383:1305-1312.

. McNamara RL, Chung SC, Jernberg T, Holmes D, Roe M, Timmis A, James S, Deanfield |,
Fonarow GC, Peterson ED, Jeppsson A, Hemingway H. International comparisons of
the management of patients with non-ST segment elevation acute myocardial infarction
in the United Kingdom, Sweden, and the United States: the MINAP/NICOR,
SWEDEHEART/RIKS-HIA, and ACTION registry-GWTG/NCDR registries. Int |
Cardiol 2014;175:240-247.

. Herlitz ), McGovern P, Dellborg M, Karlsson T, Duval S, Karlson BW, Lee S, Luepker RV.
Comparison of treatment and outcomes for patients with acute myocardial infarction in
Minneapolis/St. Paul, Minnesota, and Goteborg, Sweden. Am Heart | 2003;146:
1023-1029.

. Papanicolas |, Woskie LR, Jha AK. Health care spending in the United States and other
high-income countries. JAMA 2018;319:1024-1039. https:/jamanetwork.com/journals/
jama/fullarticle/2674671

. Dave U, Lewis EG, Patel JH, Godbole N. Private health insurance in the United States
and Sweden: a comparative review. Health Sci Rep 2024;7:e1979.

10. Bernstein S}, Rigter H, Brorsson B, Hilborne LH, Leape LL, Meijler AP, Scholma JK, Nord
A-S. Waiting for coronary revascularization: a comparison between New York State,
the Netherlands and Sweden. Health Policy (New York) 1997;42:15-27.

11. Carlsson P. Health technology assessment and priority setting for health policy in
Sweden. Int | Technol Assess Health Care 2004,20:44-54.

12. Packer C, Simpson S, Stevens A, Hiller ], Kearney B, Sanders ). International diffusion of
new health technologies: a ten-country analysis of six health technologies. Int | Technol
Assess Health Care 2006;22:419-428.

13. Jernberg T, Attebring MF, Hambraeus K, Ivert T, James S, Jeppsson A, Lagerqvist B,
Lindahl B, Stenestrand U, Wallentin L. The Swedish web-system for enhancement
and development of evidence-based care in heart disease evaluated according to re-
commended therapies (SWEDEHEART). Heart 2010;96:1617-1621.

14. Fox KAA, Goodman SG, Anderson FA Jr, Granger CB, Moscucci M, Flather MD,
Spencer F, Budaj A, Dabbous OH, Gore JM, Investigators on behalf of the G,
Goodman SG, Investigators on behalf of the G, Investigators on behalf of the G From
guidelines to clinical practice: the impact of hospital and geographical characteristics
on temporal trends in the management of acute coronary syndromes: the Global
Registry of Acute Coronary Events (GRACE). Eur Heart | 2003;24:1414-1424.

15. Moussa |, Hermann A, Messenger JC, Dehmer GJ, Weaver WD, Rumsfeld ]S, Masoudi
FA. The NCDR CathPCI Registry: a US national perspective on care and outcomes for
percutaneous coronary intervention. Heart 2013;99:297-303.

16. Brindis RG, Fitzgerald S, Anderson HV, Shaw RE, Weintraub WS, Williams JF. The
American College of Cardiology-National ~Cardiovascular Data Registry™"
(ACC-NCDR™): building a national clinical data repository. | Am Coll Cardiol 2001;
37:2240-2245.

17. Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Maron D), Kostuk W), Knudtson M,
Dada M, Casperson P, Harris CL, Chaitman BR, Shaw L, Gosselin G, Nawaz S, Title LM,
Gau G, Blaustein AS, Booth DC, Bates ER, Spertus JA, Berman DS, Mancini GBJ,
Weintraub WS. Optimal medical therapy with or without PCI for stable coronary dis-
ease. N Engl | Med 2007;356:1503-1516. https:/www.nejm.org/doi/full/10.1056/
NEJM0a070829.

18. Maron DJ, Hochman JS, Reynolds HR, Bangalore S, O'Brien SM, Boden WE, Chaitman
BR, Senior R, Lépez-Sendén |, Alexander KP, Lopes RD, Shaw L, Berger JS, Newman |D,
Sidhu MS, Goodman SG, Ruzyllo W, Gosselin G, Maggioni AP, White HD, Bhargava B,
Min JK, Mancini GBJ, Berman DS, Picard MH, Kwong RY, Ali ZA, Mark DB, Spertus JA,
Krishnan MN, Elghamaz A, Moorthy N, Hueb WA, Demkow M, Mavromatis K, Bockeria
O, Peteiro J, Miller TD, Szwed H, Doerr R, Keltai M, Selvanayagam |B, Steg PG, Held C,
Kohsaka S, Mavromichalis S, Kirby R, Jeffries NO, Harrell FE, Rockhold FW, Broderick S,
Ferguson TB, Williams DO, Harrington RA, Stone GW, Rosenberg Y. Initial invasive or
conservative strategy for stable coronary disease. N Engl | Med 2020;382:1395-1407.
https:/www.nejm.org/doi/full/10.1056/NEJMoa1915922.

19. Thiele H, Zeymer U, Neumann FJ, Ferenc M, Olbrich HG, Hausleiter J, Richardt G,
Hennersdorf M, Empen K, Fuernau G, Desch S, Eitel |, Hambrecht R, Fuhrmann J,
Bohm M, Ebelt H, Schneider S, Schuler G, Werdan K. Intraaortic balloon support for
myocardial infarction with cardiogenic shock. N Engl | Med 2012;367:1287-1296.

20. Jolly SS, Yusuf S, Cairns ], Niemeld K, Xavier D, Widimsky P, Budaj A, Niemeld M,

Valentin V, Lewis BS, Avezum A, Steg PG, Rao SV, Gao P, Afzal R, Joyner CD,

Chrolavicius S, Mehta SR. Radial versus femoral access for coronary angiography and

intervention in patients with acute coronary syndromes (RIVAL): a randomised, parallel

group, multicentre trial. The Lancet 2011;377:1409-1420. http:/www.thelancet.com/
article/S0140673611604042/fulltext.

w1

o

~N

foel

O


https://jamanetwork.com/journals/jama/fullarticle/2674671
https://jamanetwork.com/journals/jama/fullarticle/2674671
https://www.nejm.org/doi/full/10.1056/NEJMoa070829
https://www.nejm.org/doi/full/10.1056/NEJMoa070829
https://www.nejm.org/doi/full/10.1056/NEJMoa1915922
http://www.thelancet.com/article/S0140673611604042/fulltext
http://www.thelancet.com/article/S0140673611604042/fulltext

10

R. Sampath-Kumar et al.

21.

22.

23.

24.

25.

26.

27.

Romagnoli E, Biondi-Zoccai G, Sciahbasi A, Politi L, Rigattieri S, Pendenza G, Summaria
F, Patrizi R, Borghi A, Di Russo C, Moretti C, Agostoni P, Loschiavo P, Lioy E, Sheiban |,
Sangiorgi G. Radial versus femoral randomized investigation in ST-segment elevation
acute coronary syndrome: the RIFLE-STEACS (Radial Versus Femoral Randomized
Investigation in ST-Elevation Acute Coronary Syndrome) study. | Am Coll Cardiol
2012;60:2481-2489. https:/www.jacc.org/doi/10.1016/jjacc.2012.06.017.

Tonino PAL, De Bruyne B, Pijls NHJ, Siebert U, lkeno F, van’ t Veer M, Klauss V,
Manoharan G, Engstrem T, Oldroyd KG, Ver Lee PN, MacCarthy PA, Fearon WF.
Fractional flow reserve versus angiography for guiding percutaneous coronary interven-
tion. Rev Port Cardiol (Engl Ed) 2009;28:229-230.

Keykhaei M, Ashraf H, Rashedi S, Farrokhpour H, Heidari B, Zokaei S, Bagheri S,
Foroumadi R, Asgarian S, Amirian A, Saleh SK, James S. Differences in the 2020 ESC ver-
sus 2015 ESC and 2014 ACC/AHA Guidelines on the Management of Acute Coronary
Syndromes in Patients presenting without persistent ST-segment elevation. Curr
Atheroscler Rep 2021;23:1-11.

He T, Rial PT; Nvestigators |. Inhibition of platelet glycoprotein lIb/llla with eptifibatide in
patients with acute coronary syndromes. N Engl | Med 1998;339:436—443.

Tcheng JE. Novel dosing regimen of eptifibatide in planned coronary stent implantation
(ESPRIT): a randomised, placebo-controlled trial. Lancet 2000;356:2037-2044.

Stone GW, Witzenbichler B, Guagliumi G, Peruga JZ, Brodie BR, Dudek D, Kornowski
R, Hartmann F, Gersh BJ, Pocock SJ, Dangas G, Wong SC, Kirtane A, Parise H, Mehran
R. Bivalirudin during primary PCl in acute myocardial infarction. N Engl | Med 2008;358:
2218-2230.

Erlinge D, Omerovic E, Frébert O, Linder R, Danielewicz M, Hamid M, Swahn E,
Henareh L, Wagner H, Hardhammar P, Sjogren |, Stewart ], Grimfjard P, Jensen J,
Aasa M, Robertsson L, Lindroos P, Haupt ], Wikstrém H, Ulvenstam A, Bhiladvala P,
Lindvall B, Lundin A, Tédt T, loanes D, Rimunddal T, Kellerth T, Zagozdzon L,

28.

29.

30.

31,

32.

33.

Gotberg M, Andersson |, Angerds O, Ostlund O, Lagerqvist B, Held C, Wallentin L,
Scherstén F, Eriksson P, Koul S, James S. Bivalirudin versus heparin monotherapy in myo-
cardial infarction. N Engl | Med 2017;377:1132-1142.

Bhatt DL, Stone GW, Mahaffey KW, Gibson CM, Steg PG, Hamm CW, Price MJ,
Leonardi S, Gallup D, Bramucci E, Radke PW. Effect of platelet inhibition with cangrelor
during PCl on ischemic events. N Engl | Med 2013; 368:1303-13.

Steg PG, Bhatt DL, Hamm CWV, Stone GW, Gibson CM, Mahaffey KW, Leonardi S, Liu
T, Skerjanec S, Day JR, Iwaoka RS, Stuckey TD, Gogia HS, Gruberg L, French W/, White
HD, Harrington RA. Effect of cangrelor on periprocedural outcomes in percutaneous
coronary interventions: a pooled analysis of patient-level data. The Lancet 2013;382:
1981-1992.

Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held C, Horrow J,
Husted S, James S, Katus H, Mahaffey KW, Scirica BM, Skene A, Steg PG, Storey RF,
Harrington RA. Ticagrelor versus clopidogrel in patients with acute coronary syn-
dromes. N Engl | Med 2009;361:1045-1057.

Serebruany VL, Dinicolantonio JJ. Changes of ticagrelor formulary tiers in the USA: tar-
geting private insurance providers away from government-funded plans. Cardiology
2013;126:187-190.

Montalescot G, Bolognese L, Dudek D, Goldstein P, Hamm C, Tanguay JF, ten Berg JM,
Miller DL, Costigan TM, Goedicke ], Silvain J, Angioli P, Legutko ], Niethammer M,
Motovska Z, Jakubowski JA, Cayla G, Visconti LO, Vicaut E, Widimsky P. Pretreatment
with prasugrel in non-ST-segment elevation acute coronary syndromes. N Engl | Med
2013;369:999-1010.

Panuccio G, Salerno N, De Rosa S, Torella D. Timing of complete revascularization in
patients with STEMI and multivessel disease: a systematic review and meta-analysis.
Rev Cardiovasc Med 2023;24:58. https:/pubmed.ncbi.nlm.nih.gov/39077406/.


https://www.jacc.org/doi/10.1016/j.jacc.2012.06.017
https://pubmed.ncbi.nlm.nih.gov/39077406/

	Practice patterns and percutaneous coronary intervention outcomes: a comparison between Sweden and the US
	Introduction
	Methods
	Data source
	Patient selection
	Statistical methods

	Results
	Patient characteristics
	Procedural characteristics
	Comparative trend of medication use within 24&#8197;h of ST-elevation myocardial infarction
	Comparative trend of P2Y12 inhibitor use in ST-elevation myocardial infarction, non-ST-elevation myocardial infarction, and stable angina
	Comparative trends of percutaneous access site, fractional flow reserve, and drug-eluting stent
	Unadjusted and adjusted all-cause mortality post-percutaneous coronary intervention

	Discussion
	Limitations

	Conclusions
	Lead author biography
	Data availability
	Ethical approval
	Acknowledgements
	Funding
	References




