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Abstract

Background. Public reporting of percutaneous coronary intervention (PCI) outcomes is a performance metric and a requirement
in many healthcare systems. There are inconsistent data on the causes of death after PCI, and the proportion of these deaths
that are attributable to cardiac causes. Methods. All patients undergoing PCl in England between January 1, 2017 and May 10,
2020 (n = 273,141) were retrospectively analyzed according to their outcome from the date of PCI: no death, in-hospital death,
postdischarge death, and total 30-day death. The present study examined short-term primary causes of death after PCl in a
national cohort before and during COVID-19. Results. The overall rates of in-hospital and 30-day death were 1.9% and 2.8%,
respectively. The rate of 30-day death declined between 2017 (2.9%) and February 2020 (2.5%), mainly due to lower in-hospital
death (2.1% vs 1.5%), before rising again from March 1, 2020 (3.2%) due to higher rates of postdischarge mortality. Only 59.6% of
30-day deaths were due to cardiac causes, with the most common causes being acute coronary syndrome, cardiogenic shock, and
heart failure, and this persisted throughout the study period. In the 30-day death group, 10.4% after March 1, 2020 were due to
confirmed COVID-19. Conclusions. In this nationwide study, we show that 40% of 30-day deaths are due to non-cardiac causes.
Non-cardiac deaths have increased even more from the start of the COVID-19 pandemic, with 1in 10 deaths from March 2020
being COVID-19 related. These findings raise a question of whether public reporting of PCl outcomes should be cause specific.
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Percutaneous coronary intervention (PCI) is the most com-
mon modality for coronary revascularization worldwide.?
Advances in PCI techniques, stent platforms, and operator
experience have all led to a reduction in mortality following
PCI in recent years.*>® Mortality post PCI may be attributed to
both cardiovascular (CV) causes and non-CV causes, although
PCI mortality risk-prediction models are focused on overall
mortality.*® This is particularly relevant in the context of public
reporting of operator PCI outcomes, which is often perceived as a
surrogate of operator skill and quality of healthcare provided,**
even though 30-day mortality post PCI may not be directly related
to the procedure. There are inconsistent findings among current
data on the causes of death following PCI, with some studies

suggesting that the majority of short-term mortality after PCI is
CV in origin, while others show that CV mortality represents a
minority of all deaths.”*>” However, the evidence to date is based
on single- or multicenter registry analyses, older procedural
cohorts (eg, pre 2010) and analyses from highly selected patient
groups (eg, randomized controlled trials [RCTs]) that may not be
generalizable to a contemporary PCI population. For example, a
study of 115,191 patients undergoing PCI in the Veterans Affairs
(VA) healthcare system showed that only a minority of deaths
within 30 days (28%) were cardiac in origin.'¢ However, they
analyzed a selected cohort comprising elderly males (median
age, 71 years; 99% males) that is not representative of national
PCI practice across different healthcare systems. In contrast, in
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total death. There were no specified inclusion or

All PCI hospitalizations
(n=301,098)

Deaths >30 days (n=12,220)

exclusion criteria except missing data on death
(n=299), deaths occurring >30 days post PCI (n =
12,220), and multiple PCI procedures for the same

patient (n = 13,693), in which case only the final
procedure was included with all other previous

PCI with 30-day mortality
(n=287,133)

Exclusions (n=13,992)

.| * Multiple PCI procedures for the
same patient (n=13,693)

« Missing data on death (n=299)

procedures were excluded (Figure 1). The BCIS
registry, officially known as the National Audit of
Percutaneous Coronary Intervention, comprises
clinical, procedural, and in-hospital outcomes
data for all procedures undertaken in the UK. %2
It is managed by the National Institute for Cardio-

Final study population
(n=273,141)

vascular Research (NICOR), and commissioned by
the Healthcare Quality Improvement Partnership
(HQIP). Mortality beyond the in-hospital phase
was collected via record linkage with the Office
for National Statistics (ONS) Civil Registrations
of Death dataset (up to the date of June 9, 2020).%
The process of death certification and registra-
tion is a legal requirement in the UK, where a

FIGURE 1. Flow diagram.

an analysis of 21 RCTs, CV mortality was at least 5-fold higher
than non-CV mortality (0.5% vs 0.1%, respectively) at 30 days.’

Data around changes in the cause of death from an all-comer
national perspective following PCI are limited, particularly
around the COVID-19 pandemic, which has infected more than
10 million patients worldwide, with the United Kingdom (UK)
ranking second globally in terms of mortality.'® Recent studies
have demonstrated higher COVID-19 related mortality in patients
with CV disease.'** The underlying mechanisms behind increased
COVID-19 mortality in patients with CV disease remain unclear,
with possible explanations including factors such as advanced
age, lower angiotensin-converting enzyme (ACE)-2 levels, and
impaired immunity.?? Little is known about the characteristics,
as well as rates and causes of death, of patients undergoing
PCI in the current COVID era, and how these compare with
those before the pandemic. The present study was designed
to examine national-level trends and causes of death, up to 30
days post procedure, in a contemporary PCI cohort in England
before and during the COVID-19 pandemic.

Methods

Data source, study design, and population. All adults (aged
>18 years) undergoing PCI between January 1, 2017 and May
10, 2020 in England were retrospectively analyzed from the
British Cardiovascular Intervention Society (BCIS) registry,
and stratified by outcome into 4 groups according to outcome
from the date of PCI: no death, in-hospital death, up to 30-day
death post discharge (excluding in-hospital death), and 30-day
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doctor who has seen the deceased within the last

14 days of life must complete a Medical Cause of
Death Certificate unless a post mortem examination is planned.
International Classification of Diseases, tenth revision (ICD-10)
codes were used to extract data on the most prevalent primary
causes of deaths (first line on the death certificate), including
COVID-19, from the ONS Civil Registrations of Death dataset.
A full list of the diagnosis codes used in the study is provided
Supplemental Table S1. Cardiac deaths included any death due
to the following: acute coronary syndrome (ACS), heart failure,
cardiogenic shock, cardiac arrest, pre-existing ischemic heart
disease (IHD), and cardiac procedural complications.

Outcomes. The main outcome was post-PCI death at specific
time points: in-hospital, up to 30 days post discharge, and total
at 30 days post discharge, stratified into cardiac, non-cardiac,
and COVID-19 related deaths.

Statistical analysis. For exploratory analysis, we examined
patient and procedural characteristics of patients undergoing
PCI according to their final outcome: no death, in-hospital death,
postdischarge death up to 30 days, and total deaths at 30 days.
Further comparisons were performed according to individual
year, as well as pre- and post-COVID-19 pandemic in 2020 (pro-
cedures performed between January 1, 2020 to February 29, 2020,
and March 1, 2020 to May 10, 2020, respectively), and clinical
syndrome (stable angina vs ACS). Age was normally distributed
and therefore summarized using mean + standard deviation and
compared using the t-test. Categorical variables were summarized
as percentages and analyzed using the Chi-square test or Fisher’s
exact test, where appropriate, and using the Kruskal-Wallis
test for ordinal variables. Statistical analyses were performed
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No Death In-Hospital Death Discharge 30-Day
(n = 265,588) (n =5258) Up To 30 Days Death
(n = 2295) (n = 7553)
Patient Characteristics
Age (years) 51112 57 +13 57 12 57 +13
Age categories
<50 years 47.6% 29.2% 28.3% 28.9%
50-59 years 27.0% 24.5% 24.2% 24.4%
60-69 years 20.7% 30.4% 31.6% 30.8%
270 years 4.8% 16.0% 15.9% 15.9%
Males 74.5% 67.8% 71.1% 68.8%
Ethnicity
White 81.9% 84.5% 83.9% 84.7%
Black 4.7% 4.1% 4.9% 3.9%
Asian 7.7% 7.7% 6.4% 7.3%
Other 5.7% 3.8% 4.8% 4.1%
Clinical Indication
Stable angina 36.8% 2.8% 9.1% 4.6%
Non-ST-segment elevation acute coronary syndrome 37.8% 22.7% 37.7% 27.3%
ST-segment elevation myocardial infarction 25.5% 74.5% 53.2% 68.1%
Previous myocardial infarction 26.5% 22.6% 27.6% 24.3%
Previous percutaneous coronary intervention 29.1% 17.0% 20.8% 18.2%
Previous coronary artery bypass grafting 33.7% 40.0% 39.7% 5.9%
Diabetes mellitus 23.4% 29.6% 31.0% 29.6%
Renal failure 1.8% 9.6% 8.8% 9.3%
Left ventricular function’
Good 68.4% 18.0% 27.5% 22.0%
Moderate 29.0% 60.4% 58.7% 58.8%
Poor 2.5% 21.6% 13.8% 19.2%
Hypercholesterolemia 71.0% 64.5% 65.1% 64.8%
Peripheral vascular disease 5.5% 14.8% 12.3% 14.0%
Previous cerebrovascular accident 4.1% 8.5% 8.3% 8.3%
Hypertension 56.1% 51.0% 51.4% 51.2%
Current/previous smoker 57.9% 54.1% 56.1% 54.7%
Cardiogenic shock (preprocedure) 1.6% 49.2% 20.8% 40.6%
Out-of-hospital cardiac arrest 2.2% 35.4% 19.6% 30.3%
Procedural Characteristics and In-Hospital Medications
Mechanical ventilation 0.7% 25.3% 11.6% 21.2%
Access route’
Continued
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TABLE 1. PATIENT AND PROCEDURAL CHARACTERISTICS OF THE ENTIRE COHORT. continued

No Death In-Hospital Death Discharge 30-Day
(n = 265,588) (n = 5258) Up To 30 Days Death
(n = 2295) (n = 7553)
Radial 89.9% 65.5% 77.1% 68.9%
Femoral 19.2% 47.2% 34.8% 43.6%
Number of vessels (n) 115+ 0.59 1.33£0.62 1.28 + 0.62 1.31+0.62
Number of lesions (n) 1.26+ 0.75 1.46 + 0.77 1.41+0.78 1.45:0.78
Number of drug-eluting stents (n) 1.26 + 0.96 1.38 £1.10 1.36 +1.07 1.37 +£1.09
Fractional flow reserve 10.4% 7.7% 8.4% 7.9%
Intravascular ultrasound 23.5% 8.1% 14.2% 9.9%
Grafts 29.6% 37.0% 35.5% 36.5%
Ticagrelor 23.9% 29.7% 27.2% 29.3%
Prasugrel 4.9% 5.0% 4.7% 4.9%
Glycoprotein lIb/llla inhibitor 12.3% 33.3% 22.7% 30.1%

Data presented as mean + standard deviation or percentage. Asterisk (*) indicates overlap between access routes in some cases.

- Jan
& Feb
-4 Mar
¥ April
- May*

volume (per 100,000 population)

| ~—

2017

T T 1
2018 2019 2020

FIGURE 2. Trends of procedural volumes per 100,000 population over the
study period. "Procedures until May 10, 2020, P, _,=non-significant for
January-February; P__<.001 for March to May.

trend

using Stata 16 MP. Multivariable logistic regression models were
performed to examine predictors of cardiac, non-cardiac, and
COVID-related deaths, adjusting for the patient characteristics
and procedural characteristics (only for cardiac and non-cardiac
deaths) summarized in Appendix A, and are expressed as odds
ratio (OR) with corresponding 95% confidence interval (CI).
Multiple imputation with chained equations was performed for
variables with missing data prior to model fitting, with a total
of 10 imputations. Model estimates were later combined using
Rubin’s rules.” The frequency of missing data prior to imputation
is provided in Supplemental Table S2.

Ethical approval. The UK Secretary of State for Health and
Social Care has issued a time-limited Notice under Regulation
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3(4) of the NHS (Control of Patient Information Regulations)
2002 (COPI) to share confidential patient information. The study
complies with the Declaration of Helsinki. This work was part
of a work stream endorsed by the Scientific Advisory Group for
Emergencies (SAGE), the body responsible for ensuring timely
and coordinated scientific advice is made available to UK gov-
ernment decision makers (SAGE supports UK cross-government
decisions in the Cabinet Office Briefing Room [COBR]), and by
NHS England, which overseas commissioning decisions in the
NHS, and NHS Improvement, which is responsible for overseeing
quality of care in NHS hospitals.

Results

A total of 273,141 patients underwent PCI between January
1, 2017 and May 10, 2020. Overall, procedural volumes were
similar between 2017 to 2019 (~83,000/year). The number of
procedures per 100,000 population sharply declined between
March 1, 2020 to May 10, 2020 compared with the same period
in previous years (Figure 3), but was largely similar in January
and February across all years.

30-Day Death Rates

The rate of 30-day death in the overall cohort was 2.8% (n
= 7553), the majority of which occurred in hospital (1.9%; n
= 5258). The rate of 30-day death declined between 2017 and
February 2020 (2.9% to 2.5%; P<.001), primarily driven by lower
in-hospital death (2.1% vs 1.5%), before rising again between
March 1, 2020 and May 10, 2020 (3.2%) due to higher rates
of postdischarge mortality up to 30 days (Figure 3A). Overall,
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TABLE 2. PATIENT AND PROCEDURAL CHARACTERISTICS OF STUDY GROUPS ACCORDING TO YEAR.

2017-2019 (n = 251,304)

No Death In-Hospital Discharge to 30 Days 30-Day Total
Number (% within group) 244,353 4915 2036 6951
(97.2%) (2.0%) (0.8%) (2.8%)

Patient characteristics
Age (years) 51:12 57+13 57 +12 57+13
Males 74.4% 67.7% 70.9% 68.6%
Ethnicity

White 81.8% 84.8% 84.7% 84.8%

Black 4.8% 3.8% 4.3% 3.9%

Asian 7.7% 7.6% 6.2% 7.2%

Other 5.8% 3.8% 4.8% 4.1%
Clinical indication
Stable angina 37.1% 2.6% 9.3% 4.5%
Non-ST-segment elevation acute coronary 37.6% 23.1% 37.4% 27.2%
syndromes
ST-segment elevation myocardial infarction 25.3% 74.4% 53.3% 68.2%
Previous myocardial infarction 26.6% 23.2% 27.5% 24.4%
Previous percutaneous coronary intervention 29.0% 17.2% 20.4% 18.2%
Previous coronary artery bypass grafting 6.7% 5.4% 7.1% 5.9%
Diabetes mellitus 23.3% 29.0% 30.6% 29.5%
Renal failure 1.8% 9.5% 8.7% 9.3%
Left ventricular function’

Good 68.6% 18.5% 29.7% 21.8%

Moderate 28.9% 59.9% 56.1% 58.8%

Poor 2.5% 21.6% 14.1% 19.4%
Hypercholesterolemia 71.0% 64.9% 64.1% 64.7%
Peripheral vascular disease 5.5% 14.9% 12.1% 14.1%
Previous cerebrovascular accident 4.4% 8.6% 8.7% 8.6%
Hypertension 56.1% 51.1% 50.8% 51.0%
Previous/current smoker 58.0% 54.3% 56.4% 54.9%
Cardiogenic shock (preprocedure) 1.6% 49.3% 20.7% 40.9%
Out-of-hospital cardiac arrest 2.2% 35.5% 19.1% 30.7%
Procedural characteristics and in-hospital
medications
Mechanical ventilation 0.7% 25.4% 11.7% 21.4%
Access route’

Radial 89.7% 65.0% 77.2% 68.6%

Femoral 19.3% 48.2% 35.4% 44.5%
Number of vessels (n) 114 + 0.59 1.33+0.62 1.27 + 0.62 1.31+0.62
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Jan-Feb 2020 (n = 12,774)

Mar-May 2020 (n = 9063)

MOHAMED, ET AL.

No Death In-Hospital  Discharge to 30 Days  30-Day Total No Death In-Hospital Discharge to 30 Days  30-Day Total
12,458 184 132 316 8777 159 127 286
(97.5%) (1.5%) (1.1%) (2.6%) (96.8%) (1.8%) (1.4%) (3.2%)
41+12 47 +12 47 +11 47 +12 40 +12 46 +11 46 +12 46 +11
74.5% 65.8% 72.7% 68.7% 75.2% 73.6% 73.2% 73.8%
82.2% 85.3% 78.8% 84.2% 82.8% 83.6% 82.7% 83.6%

5.1% 2.7% 6.8% 2.8% 4.6% 4.4% 6.3% 4.9%
7.7% 7.6% 9.1% 8.2% 7.7% 8.8% 6.3% 7.7%
4.9% 4.3% 5.3% 4.7% 5.0% 3.1% 4.7% 3.8%
36.1% 4.3% 6.8% 5.1% 28.7% 3.1% 9.4% 5.6%
38.4% 20.7% 38.6% 28.2% 41.8% 14.5% 42.5% 26.9%
25.4% 75.0% 54.5% 66.8% 29.5% 82.4% 48.0% 67.5%
26.3% 17.9% 29.5% 23.1% 24.7% 17.0% 28.3% 22.0%
30.4% 15.2% 25.8% 19.6% 27.7% 15.1% 22.0% 18.5%
33.9% 45.7% 43.2% 6.3% 33.2% 39.0% 38.6% 4.5%
24.7% 29.3% 28.8% 28.8% 24.0% 30.8% 29.9% 32.2%
2.2% 9.3% 7.4% 7.6% 2.0% 8.1% 13.3% 11.2%
68.5% 19.0% 18.2% 22.5% 65.9% 17.6% 35.4% 25.5%
28.7% 58.2% 69.7% 59.2% 31.5% 61.6% 55.1% 58.7%
2.7% 22.8% 12.1% 18.4% 2.7% 20.8% 9.4% 15.7%
70.9% 62.0% 72.0% 64.9% 69.3% 62.9% 72.4% 67.8%
5.8% 14.1% 15.9% 13.9% 5.4% 13.2% 10.2% 11.9%
1.5% 4.9% 4.5% 3.8% 1.5% 4.4% 3.9% 4.2%
57.0% 51.6% 56.1% 52.2% 55.6% 49.7% 59.8% 54.2%
56.8% 52.2% 50.0% 51.3% 56.0% 50.3% 58.3% 53.8%
1.6% 41.8% 23.5% 34.2% 1.7% 54.1% 20.5% 39.2%
2.1% 32.6% 20.5% 28.5% 2.0% 30.2% 14.2% 22.7%
0.8% 23.9% 12.9% 19.3% 0.6% 26.4% 7.9% 18.2%
91.2% 69.0% 75.0% 71.2% 92.1% 74.2% 74.8% 74.1%
19.6% 37.5% 36.4% 37.3% 17.9% 31.4% 27.6% 30.1%
1.14 + 0.59 1.28 £ 0.57 1.25+0.59 1.27 £ 0.58 119 £ 0.61 1.31+0.62 1.35+0.70 133+ 0.65
Continued

VoOL. 32 EPUB 2020 DECEMBER 22

7



POST-PCI MORTALITY BEFORE AND AFTER COVID-19

TABLE 2. PATIENT AND PROCEDURAL CHARACTERISTICS OF STUDY GROUPS ACCORDING TO YEAR. continued

2017-2019 (n = 251,304)

MOHAMED, ET AL.

No Death In-Hospital Discharge to 30 Days 30-Day Total

Number of lesions (n) 1.26 £ 0.75 1.47 £ 0.77 1.42 +0.79 1.45+0.79
Number of drug-eluting stents (n) 1.26 +0.96 1.39+1.10 1.37 +1.09 1.38 +£1.10
Fractional flow reserve 10.4% 7.5% 8.6% 7.9%
Intravascular ultrasound 23.4% 7.9% 14.3% 9.8%
Grafts 29.8% 36.8% 35.2% 36.4%
Ticagrelor 24.9% 30.6% 29.2% 30.2%
Prasugrel 5.1% 5.2% 4.6% 5.0%
Glycoprotein IIb/llla inhibitor 12.2% 33.2% 22.9% 30.2%

Data presented as mean + standard deviation or percentage. Asterisk (*) indicates overlap between access routes in some cases.
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FIGURE 3. Trends of (A) overall death and (B) cardiac and non-cardiac death over the study period.
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FIGURE 4. Trends of 30-day causes of death over the study period.

both in-hospital cardiac and non-cardiac death rates declined
over the study period (2017 to May 2020: cardiac, 1.21% vs
1.00%; non-cardiac, 0.91% vs 0.79%). Overall, 59.7% (n = 4499)
of 30-day deaths were due to cardiac causes. While 30-day

cardiac and non-cardiac death rates both dropped between
2017 and February 2020, they were significantly increased in
patients undergoing PCI between March 1, 2020 and May 10,
2020 (Figure 3B).

Patient and Procedural Characteristics

Overall, patients who died in hospital or at 30 days were
older (57 years vs 51 years), less likely to be males or from ethnic
minorities, and more likely to have an ACS indication for their
PCI. They had a greater prevalence of cardiovascular risk factors
including previous coronary artery bypass grafting (CABG), dia-
betes, renal failure, moderate-poor left ventricular (LV) function,
peripheral vascular disease (PVD), and previous cerebrovascular
accidents (CVAs) (Table 1). Furthermore, patients who died in
hospital and at 30 days were significantly more likely to have
been in cardiogenic shock or suffered cardiac arrest or received
mechanical ventilation prior to PCI. While this pattern of findings
was consistent across the study years, patients undergoing PCI in
2020, particularly between March and May, were significantly
younger (41-47 years vs 51-57 years) (Table 2).
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Jan-Feb 2020 (n = 12,774)

MOHAMED, ET AL.

Mar-May 2020 (n = 9063)

No Death In-Hospital  Discharge to 30 Days  30-Day Total No Death In-Hospital Discharge to 30 Days  30-Day Total

1.23+0.73 1.41+0.73 1.33+0.76 1.38+0.74 1.31+0.76 1.43+0.77 1.48 + 0.81 1.45+0.78

1.19 + 0.92 1.23 +1.07 1.25 + 0.99 1.25+1.04 1.26 + 0.95 1.27 +1.03 1.39+0.98 1.32+1.01
10.1% 9.2% 9.1% 9.8% 10.0% 10.1% 3.1% 6.6%
26.9% 10.3% 15.2% 12.3% 22.9% 11.9% 11.0% 11.5%
29.7% 41.3% 40.2% 41.1% 30.0% 38.4% 32.3% 35.0%
12.1% 22.8% 15.2% 21.5% 12.1% 14.5% 13.4% 14.7%
2.0% 3.8% 3.0% 2.2% 2.1% 1.9% 3.1% 5.9%
11.9% 32.1% 23.5% 28.5% 13.6% 37.1% 19.7% 29.4%

In terms of procedural characteristics, patients who died in
hospital or at 30 days were more likely to undergo a procedure via
femoral access (34.8%-47.2% vs 19.2%), for grafts (35.5%-37.0% vs
29.6%) and to have multivessel disease (mean number of vessels,
1.28-1.33 vs 1.15) as well as multiple lesions (mean number of
lesions, 1.41-1.46 vs 1.25), using a greater number of drug-eluting
stents (mean number of stents, 1.36-1.38 vs. 1.26) compared with
those who did not die (Table 1). Furthermore, they were less likely
to undergo intravascular ultrasound (IVUS) imaging (8.1%-14.2%
vs 23.5%) and fractional flow reserve (FFR) assessment (FFR,
7.7%-8.4% vs 10.4%), and more likely to receive glycoprotein ITb/
I1Ia inhibitors (22.7%-33.3% vs 12.3%). Patients who died within
30 days were also more likely to receive ticagrelor (27.2%-29.7%
vs 23.9%), but no difference in the utilization of prasugrel was
observed between groups. These findings persisted throughout
the study period (Table 2).

30-Day Causes of Death

One in 10 deaths (10.4%) at 30 days were due to confirmed
COVID in those who underwent PCI between March 1, 2020 and
May 10, 2020 (Table 3A). Overall, the majority of deaths within
30 days were cardiovascular in origin (59.6%; n = 4499), and
this persisted between 2017 and 2020 (Figure 4). Cardiac deaths
were mostly due to ACS (33.2%) and cardiogenic shock (10.2%),
moreso in in-hospital deaths than postdischarge deaths, followed
by heart failure (7.5%), which was higher in postdischarge deaths
than in-hospital deaths (30-day death illustrated in Figure 5).
While this pattern was consistent over the study period, the
rate of in-hospital death due to cardiogenic shock significantly
increased between March 1, 2020 and May 10, 2020 (17.6% vs
9.4%-12.8%) (Table 3B). The most common causes of non-cardiac
death were hypoxic brain injury for in-hospital death (10.9%) and
non-COVID infections for postdischarge death (4.2%) (Table 3A).
Deaths due to infections (non-COVID) increased in 2020, both
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in hospital and post discharge, whereas deaths due to hypoxic
brain injury declined over the same period, particularly post
discharge (Table 3B).

When stratified by PCI indication, the majority of 30-day
deaths occurred in patients who underwent PCI for ACS (n =
7205; 95.4% of all deaths). Within this group, the most common
cause of 30-day death was cardiac in origin (60.2%), with a third
of deaths primarily due to ACS (33.9%). Hypoxic brain injury and
cardiogenic shock were the most prevalent other causes (11.3% and
10.6%, respectively), all of which were more likely to contribute
to in-hospital than postdischarge death (Supplemental Table
S3). In patients who underwent PCI for stable angina, the most
common causes of 30-day death were non-cardiac (53.6%). The
most common cardiac causes of 30-day death in the stable angina
group were ACS (17.2%), heart failure (14.1%), and pre-existing
heart disease (8.6%).

Predictors of Death

Several factors correlated with increased odds of both 30-day
cardiac and non-cardiac, including advanced age (>50 years), ACS
compared with stable angina (ST-segment elevation myocardial
infarction [STEMI] > non-ST-segment elevation acute coronary
syndrome [NSTEACS]), adverse events prior to PCI including
cardiogenic shock, out-of-hospital cardiac arrest, and need for
pre-PCI mechanical ventilation, renal failure, moderate-poor
LV function, peripheral vascular disease, diabetes mellitus, and
history of myocardial infarction or cerebrovascular accident
(Table 4). Among the procedural characteristics, the odds of
30-day cardiac death were increased with femoral access (OR,
1.62; 95% CI, 1.47-1.77), graft PCI (OR, 1.24; 95% CI, 1.16-1.32), and
greater number of lesions (per additional lesion: OR, 1.15; 95%
CI, 1.06-1.23) or vessels (per additional vessel: OR, 1.34; 95% ClI,
1.23;1.46) (P<.001 for all). In contrast, the odds of 30-day cardiac
and non-cardiac death were lower among males (OR, 0.70 [95%
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TABLE 3A. IN-HOSPITAL AND 30-DAY PRIMARY CAUSE OF DEATH FOR THE ENTIRE COHORT.

In-Hospital Death (n = 5258)

Discharge to 30 Days (n = 2295) 30-Day Death (n = 7553)

COVID-19* 0.01% 10.4% 5.2%

Cardiac

Pre-existing ischemic heart disease 1.6% 6.3% 3.0%
Acute coronary syndromes 34.8% 29.5% 33.2%
Heart failure 6.3% 10.2% 7.5%

Cardiogenic shock 12.3% 5.6% 10.2%
Cardiac arrest 3.1% 2.8% 3.0%
Cardiac procedural complications 2.9% 3.0% 3.0%
Non-Cardiac

Infections 2.7% 7.5% 4.2%

Acute respiratory conditions 0.4% 0.5% 0.4%
Cancer(s) 0.3% 1.8% 0.8%
Stroke 1.2% 3.0% 1.7%

Acute kidney injury 0.2% 0.6% 0.3%
Chronic kidney disease 0.0% 0.2% 0.1%

Major bleeding 0.4% 0.7% 0.5%
Non-cardiac procedural complications 1.5% 11% 14%
Hypoxic brain injury 12.2% 8.1% 10.9%
Other causes 20.9% 18.1% 20.1%

Data presented as percentages. *Rate is only based on procedures in 2020.

CI, 0.66-0.75] and OR, 0.77 [95% CI, 0.72-0.83], respectively;
P<.001 for both) and non-white ethnic backgrounds (Table 4).
Furthermore, the odds of 30-day cardiac death were reduced
with radial access (OR, 0.78; 95% CI, 0.70-0.86) and the use
of IVUS (OR, 0.75; 95% CI, 0.67-0.83), FFR (OR, 0.81; 95% CI,
0.72-0.91), and drug-eluting stent (OR, 0.78; 95% CI, 0.68-0.89)
(P<.001 for all). The odds of COVID-related 30-day death were
significantly increased in patients ages 60-69 years (OR, 5.61;
95% CI, 2.07-15.16; P<.01) and those with renal failure (OR, 7.31;
95% CI, 2.66-20.06; P<.001). Although there was a trend toward
increased COVID-related death among Black and Asian ethnicities
(OR, 2.95 [95% CI, 0.98-8.84] and OR, 1.70 [95% CI, 0.55-5.26],
respectively) and males (OR, 1.59; 95% CI, 0.60-4.23), this was
not statistically significant, possibly due to the relatively small
number of COVID-19 deaths.

Discussion

The present study highlights several important findings from
a contemporary nationwide cohort of patients treated by PCI in
England. First, we found that only 2 of every 3 deaths at 30 days post
PCI'were from cardiac causes, and that this persisted throughout the
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study period, even during the COVID-19 pandemic. Patients treated
for an ACS accounted for a third of 30-day deaths throughout the
study, followed by hypoxic brain injury and cardiogenic shock as
the most prevalent causes. Second, we observed that in-hospital
and 30-day deaths after PCI, from both cardiac and non-cardiac
causes, declined in the past 3 years, although these have risen again
after the start of the COVID-19 pandemic (March 1, 2020 through
May 10, 2020), primarily due to non-cardiac deaths. One in 10
deaths at 30 days were due to COVID-19 in patients undergoing
PCI between March and May 2020.

Some previous studies have suggested that short-term mor-
tality (<30 days) after PCI is predominantly due to cardiac
causes, while others have shown otherwise.*”” However, there
are limited data on the causes of death after PCI in the current
era, and how these have changed from a national perspective.
Previous studies provided conflicting information, likely due
to variations in the cohorts they had examined, which included
individual centers' or healthcare systems,' or only inpatient
procedures, with no analysis of postdischarge causes of death.’®
Pooled data from 21 RCTs demonstrated a 7-fold higher rate of CV
than non-CV deaths in 32,882 patients undergoing PCI (relative
ratio, 6.99; 95% CI, 3.16-15.42) 7 Despite the added value of this
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TABLE 3B. IN-HOSPITAL AND 30-DAY PRIMARY CAUSE OF DEATH ACCORDING TO YEAR.

2017-2019 (n = 6951) Jan-Feb 2020 (n = 316) Mar-May 2020 (n = 286)

In-Hospital Discharge 30-Day In-Hospital Discharge  30-Day In-Hospital Discharge 30-Day
(n=4915) to30Days Total (n=184) to30Days Total (n=159) to30Days Total

(n =2036) (n=132) (n=127)
COVID-19 = = = 0.0% 1.5% 0.01% 2.0% 19.7% 10.2%
Cardiac
Pre-existing ischemic 1.5% 6.5% 3.0% 0.5% 5.3% 2.5% 0.0% 1.6% 0.7%
heart disease
Acute coronary syndrome 34.2% 29.3% 32.7% 41.3% 32.6% 37.7% 32.7% 35.4% 33.9%
Heart failure 6.3% 10.4% 7.5% 5.4% 8.3% 6.7% 6.9% 7.9% 7.3%
Cardiogenic shock 12.8% 5.9% 10.7% 9.4% 12.1% 10.6% 17.6% 4.7% 11.6%
Cardiac arrest 2.9% 2.6% 2.8% 2.4% 6.1% 4.0% 2.7% 1.6% 2.2%
Cardiac procedural 3.1% 3.4% 3.2% 0.6% 0.0% 0.3% 0.7% 0.0% 0.4%
complications
Non-Cardiac
Infections 2.5% 6.9% 3.8% 4.9% 6.8% 5.7% 5.0% 9.4% 7.0%
Acute respiratory 0.4% 0.6% 0.5% - - - 0.0% 1.6% 0.7%
conditions
Cancer(s) 0.3% 1.4% 0.6% 0.0% 1.5% 0.6% 1.3% 0.8% 1.0%
Stroke 1.2% 2.9% 1.7% 0.5% 1.5% 0.9% 1.3% 1.6% 1.4%
Acute kidney injury 0.1% 0.9% 0.4% — — = — — _
Major bleeding 0.3% 0.2% 0.2% 0.0% 0.8% 0.3% — — —
Non-cardiac procedural 1.6% 1.2% 1.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
complications
Hypoxic brain injury 12.3% 8.5% 11.2% 10.6% 8.3% 9.6% 10.8% 1.6% 6.6%
Other causes 20.7% 18.5% 20.1% 26.0% 15.2% 21.5% 21.4% 14.2% 18.2%

TABLE 4. PREDICTORS OF IN-HOSPITAL AND 30-DAY CARDIAC, NON-CARDIAC, AND COVID-RELATED DEATHS.

Predictor/ 30-Day Cardiac 30-Day Non-Cardiac 30-Day COVID
Outcome
OR (95% ClI) P-Value OR (95% ClI) P-Value OR (95% CI) P-Value
Age category
<50 years (reference)
50-59 years 1.98 (1.79-2.19) <.001 1.71(1.54-1.89) <.001 1.73(0.54-5.52) 35
60-69 years 3.44 (3.12-3.79) <.001 2.68 (2.42-2.98) <.001 5.61(2.07-15.16) .001
270 years 7.36 (6.55-8.27) <.001 4.47(3.90-5.12) <.001 3.39 (0.64-17.92) .15
Male 0.70 (0.66-0.75) <.001 0.77 (0.72-0.83) <.001 1.59 (0.60-4.23) 35
Race
White (reference)
Black 0.75 (0.63-0.88) <.001 0.87(0.74-1.02) .09 2.95(0.98-8.84) .05
Asian 0.86 (0.76-0.97) .02 0.86 (0.75-0.98) .02 1.70 (0.55-5.26) .36
Other 0.82(0.71-0.96) .02 0.88 (0.75-1.03) .10 0.74 (0.10-5.64) .78
Continued
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TABLE 4. PREDICTORS OF IN-HOSPITAL AND 30-DAY CARDIAC, NON-CARDIAC, AND COVID-RELATED DEATHS. continued

MOHAMED, ET AL.

Predictor/ 30-Day Cardiac 30-Day Non-Cardiac 30-Day COVID
Outcome
OR (95% ClI) P-Value OR (95% ClI) P-Value OR (95% CI) P-Value

Clinical syndrome

Stable angina (reference)

Non-ST-segment elevation | 3.78(3.30-4.34) <.001 3.17 (2.79-3.61) <.001 2.98(0.97-9.15) .06
acute coronary syndrome
ST-segment elevation 7.45 (6.46-8.58) <.001 5.17 (4.51-5.92) <.001 2.32(0.65-8.24) .19
myocardial infarction
Previous myocardial 1.19 (1.08-1.30) <.001 1.12 (1.01-1.24) .03 0.82(0.30-2.22) .69
infarction
Previous percutaneous 0.65 (0.58-0.71) <.001 0.73 (0.66-0.81) <.001 1.80 (0.70-4.63) .22
coronary intervention
Previous coronary artery 0.80(0.70-0.92) .001 0.86 (0.75-0.99) .03 1.28 (0.36-4.58) 71
bypass grafting
Diabetes mellitus 1.49 (1.39-1.60) <.001 1.39 (1.29-1.50) <.001 1.15 (0.51-2.61) .74
Renal failure 3.77(3.33-4.25) <.001 3.99 (3.52-4.52) <.001 7.31(2.66-20.06) <.001
Left ventricular function

Good (reference)
Moderate 2.65 (2.46-2.86) <.001 2.37(2.19-2.55) <.001 1.41(0.64-3.10) .40
Poor 6.41(5.77-7.13) <.001 5.12 (4.57-5.74) <.001 1.06 (0.13-8.70) .96
Hypercholesterolemia 0.95(0.86-1.04) .23 0.96 (0.87-1.05) 35 1.12 (0.32-3.88) .86
Peripheral vascular 1.54 (1.38-1.72) <.001 1.50 (1.34-1.68) <.001 1.64 (0.49-5.51) 42
disease
Previous cerebrovascular 1.37(1.20-1.55) <.001 1.47(1.28-1.68) <.001 3.50 (0.64-19.18) .15
accident
Hypertension 1.16 (1.06-1.26) .001 1.08 (0.98-1.18) 12 1.73 (0.56-5.40) 34
Cardiogenic shock 8.39 (7.75-9.07) <.001 5.23 (4.79-5.71) <.001 2.74 (0.51-14.62) .24
(preoperative)
Out-of-hospital arrest 1.80 (1.60-2.02) <.001 3.06 (2.72-3.43) <.001 1.69 (0.25-11.52) .59
Ventilation in-hospital 2.60 (2.25-3.00) <.001 3.45(3.01-3.95) <.001 3.45(0.25-47.58) 35

P,Y,, inhibitor 1.00(0.97-1.03) 92 0.98 (0.95-1.01) .25 1.26 (0.82-1.94) .28
Glycoprotein lIb/llla 0.92 (0.86-1.00) .04 0.91(0.84-0.98) .02
inhibitor

Radial access 0.78 (0.70-0.86) <.001

Femoral access 1.62(1.47-1.77) <.001

Number of vessels 1.34 (1.23-1.46) <.001

Number of lesions 1.15(1.06-1.23) <.001

Fractional flow reserve 0.81(0.72-0.91) <.001

Intravascular ultrasound 0.75(0.67-0.83) <.001

Drug-eluting stents 0.78 (0.68-0.89) <.001

Grafts 1.24 (1.16-1.32) <.001

Cl = confidence interval; OR = odds ratio.
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FIGURE 5. Causes of 30-day mortality in (A) 2017-2019; (B) January-February 2020; and

(C) March-May 2020, as of June 9, 2020.
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study, patients enrolled in RCTs are highly selected
cohorts that are often healthier than the background
population encountered in daily practice. Furthermore,
the authors mention that death of unknown cause in
RCTs was adjudicated as CV in origin as per protocol,
which may have influenced the external validity of
their findings. In contrast, a study by Bricker et al
reported higher rates (~60%) of non-CV/undifferen-
tiated deaths at 30 days in 115,191 patients undergoing
PClin the VA healthcare system in the United States.
However, their study examined a selected cohort of
veterans, who were predominantly males (99%) and
generally older than the average population.' Fur-
thermore, deaths that occurred outside the VA were
not captured, which may explain their apparently
high number of non-cardiac deaths.

Although the majority of in-hospital and 30-day
deaths in our cohort were cardiac in origin, 4 out of
10 deaths (~40%) were non-cardiac, with hypoxic
brain injury and infections being the most common
non-cardiac causes, a finding that persisted over the
study period. This finding raises questions regard-
ing the utility of currently used PCI mortality risk
scores, such as the New York State Risk (NYSR) score
and National Cardiovascular Data Registry (NCDR)
score.**? While these scores have been validated for
the prediction of overall in-hospital mortality, they
do not discriminate between CV and non-CV deaths,
with the latter representing a significant proportion
of all in-hospital deaths. Furthermore, these risk
scores were derived from relatively outdated cohorts
(eg, NCDR: 2004 to 2006; NYSR: 2009 to 2010), of
which procedural characteristics are different from
the current era. Similarly, an argument could be
made that public reporting of operator outcomes
should detail the broad nature of the cause of death,
particularly in view of the cause of death distribution
during the COVID-19 pandemic, where 1in 10 deaths
at 30 days were due to COVID-19. Interestingly, most
of the COVID-19 deaths in our cohort were among
patients undergoing PCI for stable angina, although
it does not determine whether the transmission of
COVID-19 was nosocomial or post discharge in the
community. Nevertheless, this raises a concern re-
garding the safety of performing non-emergent PCI
until the pandemic has subsided.

There are limited data regarding trends in in-hospital
and 30-day mortality in recent years. In a single-center
study of 19,506 patients undergoing PCI at Mayo Clinic
in Rochester, Minnesota, Spoon et al reported a decline
for in-hospital death rates between 1991 (2.7%) and
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2006 (2.2%), as well as a reduction in long-term (5-year) cardiac

death (33% temporal decline), with a parallel increase in long-
term non-cardiac death (57%)." Their findings, however, were

derived from a relatively old cohort that was less likely to receive

drug-eluting stent implantation and newer P2Y,, inhibitors, and

one that was managed in a large tertiary facility and, thereby, does

not reflect contemporary national-level practices or outcomes.
Furthermore, their analysis does not provide information on the

cause of in-hospital mortality (eg, cardiac vs non-cardiac), and

only considered this aspect for long-term outcomes. In contrast,
Alkhouli et al reported an increase in in-hospital mortality af-
ter PCI between 2003 and 2016, both in ACS and stable angina

patients, in a 20% stratified national sample of United States

hospitalizations.® While their analysis provides us with insights

into the trends of in-hospital mortality in inpatients undergoing
PCI, it does not inform us on outcomes for outpatient procedures,
which represent a large proportion of all PCI cases. Moreover, they
did not report the cause of in-hospital mortality. Our findings

suggest that both 30-day cardiac and non-cardiac death rates

after PCI have declined over the past 3 years, mainly driven by a

fall in in-hospital death, up until the start of the COVID-19 pan-
demic (March 1, 2020), after which there was an increase in both

in-hospital cardiac and non-cardiac deaths. The latter could be

explained by baseline differences between patients undergoing
PCI before and after the pandemic. For example, patients under-
going PCI during the pandemic could have been more critically
unwell, or higher-risk PCI cases, although we note that patient
and procedural characteristics during both time periods were

relatively similar. Another possible explanation is the delayed

presentation of ACS cases during the pandemic, which have been

widely reported in recent literature, as well as less-optimal care

for critically ill cases due to pressures on hospital systems as a

result of the COVID-19 pandemic.?8-%°

Strengths and limitations. The present study is the largest to
report trends of 30-day causes of deaths after PCI in a contempo-
rary nationwide cohort, including both inpatient and outpatient
procedures, making it generalizable to the wider population of
interest. Another notable strength is our ascertainment and
determination of cause of death, which is based on linkage to
the ONS database and details from the Medical Cause of Death
Certificate, unlike some previous studies. However, there are
several limitations to the present study. First, while the BCIS
dataset captures CV risk factors and procedural characteristics,
it does not capture measures of comorbidity, such as Charlson
or Elixhauser scores, or frailty that are important determinants
of mortality post PCI.*** The observational nature of our study
means that residual unmeasured confounders such as these
and others may not be accounted for. Third, given that these
data are the most contemporary available (census June 2020 for
procedures in May 2020) there is insufficient follow-up to study
longer-term causes of death, particularly given that it has been
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shown in patients derived from RCTs that non-cardiovascular
causes of mortality become more important at longer-term
follow-up.” Finally, COVID-19 cases were identified according
to the corresponding ICD-10 code (U07.1 - confirmed COVID).
However, the data do not inform us of whether this confirmation
was based on virology/serology or clinical diagnoses.

Conclusions

In a nationwide cohort of PCI procedures, we demonstrate that
a significant proportion of 30-day deaths is due to non-cardiac
causes, a finding that has persisted over the past 3 years. Overall,
in-hospital and 30-day cardiac and non-cardiac deaths have de-
clined over 3 years, before increasing again during the COVID-19
pandemic. One in 10 deaths in those undergoing PCI from March
1, 2020 were due to COVID-19. The present findings highlight
that overall 30-day mortality may not be a reliable measure of
performance in the context of PCI, and drive the need for other
objective measures, which may include cause-specific mortality.
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APPENDIX 1. VARIABLES INCLUDED IN THE MULTIVARIABLE LOGISTIC REGRESSION MODEL.

Patient-related variables

Age, male, race, clinical syndrome (stable vs non-ST-segment elevation acute coronary syndrome vs ST-segment elevation myocardial infarc-
tion), previous myocardial infarction, previous percutaneous coronary intervention, previous coronary artery bypass grafting, diabetes mellitus,
renal failure, left ventricular function, hypercholesterolemia, peripheral vascular disease, previous cerebrovascular accident, hypertension,
previous/current smoker, cardiogenic shock (preoperative), out-of-hospital arrest, ventilation in hospital.

Procedural and pharmacological variables (only for cardiac and non-cardiac death)
Radial access, femoral access, number of vessels, number of lesions, number of stents, fractional flow reserve, intravascular ultrasound, number
of drug-eluting stents, grafts, aspirin, P2Y , inhibitor, glycoprotein IIb/llla inhibitor.

SUPPLEMENTAL TABLE S1. ICD-10 SEARCH CODES FOR CAUSES OF DEATH.

Diagnosis ICD-10 Codes

Acute coronary syndrome 120%, 121%, 122*

Acute kidney injury N17*

Acute respiratory conditions ]96%,J4521, J4522, 4531, J4532, 4541, |]4542, )4551, )4552, |441, |442, |471, |)472

Cancers C00-C96*

Cardiac arrest 1462, 1468, 1469

Cardiogenic shock R570

Confirmed COVID-19 uo07.1

Heart failure 150%, 142%,125.5

Hypertension 110*

Infections A0*,]09%, J10%, J11%, J12%,)13%,)14%, J15%, J16%, J17%, J18%, J20*%, J21%, ]22%, R652*%, A40*, A41*, T8144%,
A021%, A227*, A267*, A327*, A427*, A5486,* B377*, N390, R8281, N30*, N340, B374*

Major bleeding R58, K92.0, K92.1, K92.2, K25.0, K25.1, K25.2, K25.4, K25.5, K25.6, K26.0, K26.1, K26.2, K26.4, K26.5,
K266, K27.0, K27.1, K27.2, K27.4, K27.5, K27.6, K28.0, K28.1, K28.2, K28.4, K28.5, K28.6

Pre-existing ischemic heart disease 125.2, 125.6, 798.61, 125.10, 125.110, 125.111, 125.118, 125.119, 125.7%, 125.8%, 125.9%, 795.1

Stroke G46.3, G46.4, G46.5, G46.6, G46.7,160%, 161*,162*,163*, 164*

ICD-10 = International Classification of Diseases, tenth revision.
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SUPPLEMENTAL TABLE S2. FREQUENCY OF MISSING DATA PRIOR TO IMPUTATION.

Variable Complete Incomplete Imputed Total
Aspirin 236,260 36,881 (13.5%) 36,881 273,141
Clinical indication 261,735 11,406 (4.2%) 11,406 273,141
Clopidogrel 236,260 36,881 (13.5%) 36,881 273,141
Diabetes mellitus 265,756 7385 (2.7%) 7385 273,141
Drug-eluting stent 258,751 14,390 (5.3%) 14,390 273,141
Ethnicity 215,876 57,265 (21%) 57,265 273,141
Femoral access 265,977 7164 (2.6%) 7164 273,141
Fractional flow reserve 262,451 10,690 (3.9%) 10,690 273,141
Grafts 246,748 26,393 (9.7%) 26,393 273,141
Glycoprotein inhibitor 233,419 39,722 (14.5%) 39,722 273,141
Heparin 236,260 36,881 (13.5%) 36,881 273,141
Hypercholesterolemia 265,412 7729 (2.8%) 7729 273,141
Hypertension 265,412 7729 (2.8%) 7729 273,141
Intravascular ultrasound 262,451 10,690 (3.9%) 10,690 273,141
Number of vessels 268,065 5076 (1.9%) 5076 273,141
Number of lesions 266,131 7010 (2.6%) 7010 273,141
Out-of-hospital cardiac 223,623 49,518 (18.1%) 49,518 273,141
arrest

Prasugrel 236,260 36,881 (13.5%) 36,881 273,141
Previous coronary artery 268,737 4404 (1.6%) 4404 273,141
bypass disease grafting

Previous cerebrovascular 265,412 7729 (2.8%) 7729 273,141
accident

Previous myocardial 266,863 6278 (2.3%) 6278 273,141
ischemia

Previous percutaneous 267,728 5413 (2%) 5413 273,141
coronary intervention

Peripheral vascular 265,412 7729 (2.8%) 7729 273,141
disease

Radial access 265,977 7164 (2.6%) 7164 273,141
Renal failure 262,451 10,960 (4%) 10,960 273,141
Smoking 245,830 23,711 (8.7%) 23,711 273,141
Ticagrelor 236,260 36,881 (13.5%) 36,881 273,141
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SUPPLEMENTAL TABLE S3. IN-HOSPITAL AND 30-DAY PRIMARY CAUSE OF DEATH ACCORDING TO PCI INDICATION.

Stable Angina (n = 348) ACS (n = 7205)
In-Hospital Discharge to 30-Day In-Hospital Discharge to 30-Day
(n =138) 30 Days Total (n = 2085) 30 Days Total
(n = 210) (n = 5120)
COVID-19 0.0% 1.9% 1.2% 0.1% 1.1% 0.4%
Cardiac
Pre-existing ischemic heart disease 2.2% 12.9% 8.6% 1.5% 5.6% 2.7%
Acute coronary syndrome 10.1% 21.9% 17.2% 35.5% 30.2% 33.9%
Heart failure 15.9% 12.9% 14.1% 6.1% 9.9% 7.2%
Cardiogenic shock 5.4% 1.0% 2.5% 12.4% 6.1% 10.6%
Cardiac arrest 2.7% 1.4% 1.9% 3.1% 3.0% 3.1%
Cardiac procedural complications 6.3% 2.4% 3.7% 2.9% 3.1% 2.9%
Non-cardiac
Infections 0.7% 9.0% 5.7% 2.8% 73% 4.1%
Acute respiratory conditions 0.9% 0.5% 0.6% 0.4% 0.5% 0.4%
Cancer(s) 0.0% 3.8% 2.3% 0.3% 1.6% 0.7%
Stroke 2.9% 6.2% 4.9% 1.2% 2.7% 1.6%
Major bleeding 2.7% 1.4% 1.9% 0.3% 0.6% 0.4%
Acute kidney injury 0.0% 0.5% 0.3% 0.2% 0.6% 0.3%
Non-cardiac procedural complications 5.4% 1.0% 2.5% 1.4% 11% 1.3%
Hypoxic brain injury 1.8% 2.9% 2.5% 12.4% 8.6% 11.3%
Other causes 47.8% 20.5% 31.3% 20.2% 18.0% 19.6%
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