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Aims Major adverse cardiac events (MACE) triggered by non-cardiac surgery are prognostically important perioperative
complications. However, due to often asymptomatic presentation, the incidence and timing of postoperative
MACE are incompletely understood.

Methods We conducted a prospective observational study implementing a perioperative screening for postoperative MACE

and results [cardiovascular death (CVD), acute heart failure (AHF), haemodynamically relevant arrhythmias, spontaneous myo-
cardial infarction (M), and perioperative myocardial infarction/injury (PMI)] in patients at increased cardiovascular
risk (>65 years OR >45 years with history of cardiovascular disease) undergoing non-cardiac surgery at a tertiary
hospital. All patients received serial measurements of cardiac troponin to detect asymptomatic MACE. Among
2265 patients (mean age 73 years, 43.4% women), the incidence of MACE was 15.2% within 30 days, and 20.6%
within 365 days. CVD occurred in 1.2% [95% confidence interval (Cl) 0.9-1.8] and in 3.7% (95% Cl 3.0-4.5),
haemodynamically relevant arrhythmias in 1.2% (95% CI 0.9—1.8) and in 2.1% (95% Cl 1.6-2.8), AHF in 1.6% (95%
Cl 1.2-2.2) and in 4.2% (95% CI 3.4-5.1), spontaneous Ml in 0.5% (95% CI 0.3-0.9) and in 1.6% (95% Cl 1.2-2.2),
and PMI in 13.2% (95% CI 11.9-14.7) and in 14.8% (95% Cl 13.4-16.4) within 30 days and within 365 days, respect-
ively. The MACE-incidence was increased above presumed baseline rate until Day 135 (95% Cl 104-163), indicating
a vulnerable period of 3-5 months.

Conclusion One out of five high-risk patients undergoing non-cardiac surgery will develop one or more MACE within 365
days. The risk for MACE remains increased for about 5 months after non-cardiac surgery.
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Introduction

More than 300 million surgeries are performed worldwide per year."
Despite the undisputed benefits of surgery, surgical procedures are
possible triggers for major adverse cardiac events (MACE), including
myocardial infarction (Ml)/injury, acute heart failure (AHF),
haemodynamically relevant arrhythmias, and cardiovascular death
(CVD).2® Several complex pathophysiological processes triggered
by the surgical and anaesthetic stress including an increase in sympa-
thetic and neurohumoral activity, pro-coagulant factors, intravascular
volume load, and systemic inﬂammation,é"7 as well as several
periprocedural factors such as intraoperative tachycardia,® intraoper-
ative hypertension,9 perioperative hypo‘cension,&10 and perioperative
seem to contribute to MACE following non-cardiac
surgery. Especially perioperative myocardial infarction/injury (PMI) is

anaemia,11

increasingly recognized as major contributor to perioperative moral-
ity, yet often remains undetected as PMI most commonly present
without typical symptoms of myocardial ischaemia such as chest
pain, angina pectoris, or dyspnoea.'*'* Therefore, PMI is often
missed without systematic screening in clinical routine as well as ob-
servational research,”'® leading to an underestimation of incidence
of perioperative MACE.

Furthermore, the time frame in which MACE are more frequent
following non-cardiac surgery is unclear. Knowledge about the time
window in which patients might require closer follow-up might facili-
tate the development of strategies for the prevention and early de-
tection of MACE."®"’

In order to contribute to closing these major gaps in knowledge,
we conducted a prospective study with a MACE screening
programme embedded in clinical routine aiming to reliably estimate
incidence of MACE following non-cardiac surgery and to define the
postoperative period during which MACE rate is still increased by
the surgical procedure.

Methods

Study design and patient population
We conducted a prospective cohort single-centre study (BASEL-PMI)
including consecutive high-risk patients undergoing non-cardiac surgery at
the University Hospital Basel, Switzerland between October 2014
and November 2015. Written general consent to registration in a
dedicated prospective database was obtained from all individual partici-
pants included in the study after ethics approval (EKNZ 2015-301,
NCT02573532) and in accordance with the ethical standards laid down in
the Declaration of Helsinki. We adhered to the STROBE reporting guide-
lines, with further information found in the Supplementary material online.
High-risk patients were defined as aged between 65 and 85 years
OR between 45 to 64 years AND a history of cardiovascular disease

(coronary artery disease, peripheral artery disease, or stroke). Patients
had elective, urgent, or emergency non-cardiac surgery and stayed in
hospital at least one night after surgery. Non-cardiac surgery involved vis-
ceral, orthopaedic, trauma, vascular, urologic, spinal, and thoracic surgical
procedures. We excluded patients who declined general consent, were
incorrectly screened (<45 years, hospitalization <24 h, surgery involving
the heart), had their surgery cancelled or were enrolled more than once
within 1 year after surgery (Supplementary material online, Figure ST7).

Procedures and outcome adjudication

MACE screening

Patients meeting the eligibility criteria received a cardiac troponin-based
screening for PMI as well as MACE embedded in clinical routine. Patients
were followed for 1 year to assess occurrence of CVD, AHF, haemo-
dynamically relevant arrhythmias, spontaneous M, and PML'* CVD
included death attributable to M, sudden cardiac death, AHF, stroke, car-
diovascular procedure, cardiovascular haemorrhage (e.g. ruptured aortic
aneurysm or dissection), and pulmonary embolism.'* AHF was defined as
AHF requiring admission to the hospital or the in-hospital transfer to an
intensive care unit or the use of intravenous diuretics. Haemodynamically
relevant arrhythmias were defined as cardiac arrest, sustained ventricular
tachycardia, atrial fibrillation with the need of treatment (electrical or
chemical cardioversion, or a heart rate >120 b.p.m. with the need of rate
control such as beta-blockers or calcium channel blockers), and atrioven-
tricular block Ill. Spontaneous Ml was defined according to the universal
definition of ML."8" In order to differentiate between PMI vs. pre-existing
elevations of high-sensitivity cardiac troponin T (hs-cTnT) due to chronic
or even acute cardiac disorders, the routine screening consisted of a pre-
operative hs-cTnT measurement as baseline concentration, and two
postoperative measurements on postoperative Days 1 and 2.'%%°
In case of a PMI, defined as an absolute increase in hs-cTnT concentra-
tions of >14 ng/L above preoperative concentrations, or between
two postoperative concentrations, if the preoperative concentration
was missing,' a study physician prospectively recorded patient
symptoms and a 12-lead electrocardiogram. Additionally, a cardiology
consultation was triggered. PMI were also recorded during subse-
quent operations. If deemed indicated clinically, further measure-
ments of hs-cTnT were made.

Follow-up

Patients and family physicians were contacted 365 days after the surgical
procedure by mail or telephone calls. In addition, electronic health
records of the University Hospital Basel and all other institutions
mentioned during follow-up were reviewed for MACE. Moreover, the
national registry on mortality was reviewed for all patients.

Aims

The primary aim was to define the 30-day and 365-day incidence of
MACE. The secondary aim was to define the postoperative period during
which the MACE rate is still increased by the surgical procedure.
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Statistical analysis

Continuous variables were expressed as medians and interquartile ranges,
categorical variables as numbers and percentages. The Mann—Whitney
U test was used to compare continuous variables, and the Fisher’s exact
test for categorical variables. The 30-day and 365-day incidence of the
combined endpoint MACE were calculated as the amount of patients
suffering at least one MACE with the associated 95% confidence interval
(95% Cl). The 30-day incidence of MACE was stratified by surgical
discipline and European Society of Cardiology/European Society of
Anesthesiology (ESC/ESA) surgical risk.?"

Time to first MACE, and the univariable association between PMI and
the occurrence of further MACE during 365 days of follow-up were
shown by Kaplan—Meier Curves. Differences were assessed using the log-
rank test. Total number of events, with multiple events allowed per pa-
tient, was calculated because total MACE even better reflects total harm
and total costs from a societal perspective.

To determine the postoperative period during which the MACE rate
is still increased by the surgical procedure, we investigated the time of oc-
currence of MACE within the follow-up period of 365 days for our pa-
tient cohort. We constructed a model with days after surgery on the x-
axis, and pending MACE on the y-axis. We investigated changes in the
slope of the curve, and assumed that after postoperative Day 300 the
MACE rate in so longer affected by the surgical procedure, referring to a
large observational study of intermediate to high-risk vascular surgery
patients.”* By comparison of the slope of piece-wise linear regression of
pending MACE, a change in trend in MACE rate was estimated. We per-
formed this analysis for the entire patient cohort, and for the subgroup of
patients with initial PMI, and without initial PMI.

All hypothesis testing was two-tailed, and P-values of <0.05 were
considered to be statistically significant. IBM SPSS Statistics, version
22.0, and R Studio, version 3.4.1, were used to perform all statistical
analyses.

Results

Baseline characteristics

The patient flow is shown in Supplementary material online, Figure S1.
Baseline characteristics of the 2265 patients eligible for the 30-day
analysis are presented in Table 1. Briefly, median age was 73 years and
43.3% (984/2265) of patients were women. Patients developing
MACE were older, more often had a history of cardiac disease, car-
diovascular risk factors, and chronic kidney disease, and more often
underwent emergency surgery. Moreover, the incidence of MACE
differed according to surgical specialty.

Incidence of MACE

Follow-up was complete at 365 days in 99.5% of patients.
Preoperative measurements of hs-cTnT were available in 2116 of
2265 patients (93.4%).

At least one MACE occurred in 344/2265 patients (15.2%; 95% Cl
13.8-16.8%) within 30 days (Table 2) and in 466/2265 patients
(20.6%; 95% Cl 19-22.3%) within 365 days after the surgical proced-
ure (Figure 1A). CVD occurred in 1.2% (95% Cl 0.9-1.8) and in 3.7%
(95% CI 3.0-4.5), haemodynamically relevant arrhythmias in 1.2%
(95% C1 0.9-1.8) and in 2.1% (95% Cl 1.6-2.8), AHF in 1.6% (95% ClI
1.2-2.2) and in 4.2% (95% Cl 3.4-5.1), spontaneous Ml in 0.5% (95%
Cl10.3-0.9) and in 1.6% (95% CI 1.2-2.2), and PMI in 13.2% (95% Cl

11.9-14.7) and in 14.8% (95% Cl 13.4-16.4), within 30 and 365 days,
respectively (Table 2).

In total, with multiple events allowed per patient, within 7 days
after the surgical procedure 363 events and from postoperative Day
8 until Day 365, 403 events were recorded, resulting in a total
MACE number of 766 events in 2265 patients (Supplementary
material online, Figure S$2). Within the first 7 postoperative
days 47.4% (95% CI 43.9-50.9), and within the first 30 days after
surgery 62.5% (95% Cl 59.1-65.9) of the total event rate were
recorded. For each single component of MACE, the proportion
out of the total event rate was as followed: for CVD 1.3% (95% ClI
0.7-2.4) and 3.7% (95% Cl 2.5-5.2), for haemodynamically rele-
vant arrhythmias 4.3% (95% CI 3.1-6.0) and 7.3% (95% Cl 5.7—
9.4), for AHF 4.4% (95% CI 3.2-6.1) and 8.1% (95% CI 6.4-10.2),
for spontaneous Ml 0.7% (95% Cl 0.3-1.5) and 1.6% (95% ClI
0.9-2.7), and for PMI 36.7% (95% Cl 33.4-40.2) and 41.9% (95%
Cl 38.5-45.4) within 7 days and within 30 days after surgery
respectively. The absolute numbers are presented in Supplementary
material online, Figure S2.

The incidence of MACE increased with higher ESC/ESA surgi-
cal risk category, ranging from 6% (95% CI 2-15%) in the lowest
(<1% risk) to 57% (95% Cl 25-84) in the highest (>5% risk)
category. The 30-day MACE incidence varied among different
types of surgery. The highest 30-day incidence was observed in
thoracic surgery patients with 22% (95% Cl 17-29), followed by
vascular and trauma surgery patients with 21% (95% Cl 17-26)
and 19% (95% Cl 15-23), respectively (Supplementary material
online, Table S1).

Association of PMI with other MACE

occurring within 365 days

Within 365 days, 90/274 patients with PMI (32.9%; 95% Cl 27.6—
38.6) suffered from at least one further MACE, compared
to 190/1989 patients without PMI (9.6%; 95% CI 8.3-10.9)
(Figure 1B). Of all 445 events occurring after Day 3, 128 events
(28.8%) occurred in patients with initial PMI. Furthermore,
CVD, haemodynamically relevant arrhythmias, AHF, and spon-
taneous Ml occurred significantly more frequent in patients with
initial PMI as compared to patients without initial PMI (Figure
2A-D).

Time to MACE

The time of occurrence of MACE within the follow-up period of 365
days for our entire patient cohort is shown in Figure 3. The rapid
drop in the curve within the first postoperative days is mainly related
to PMI detected during the perioperative hs-cTnT-screening period.
Following this, a change in trend is seen at Day 135 (95% CI
104-163), with a steeper slope from Day 0—103 vs. Day 164-365.
From this, we concluded that the occurrence of MACE is more
frequent within the first 3-5 months after surgical procedure.
The MACE risk is highest within the first 30 days after surgery and
in particular high within the first 7 days after surgery (Figure 3,
Supplementary material online, Figure S2).

When applying the same analysis for the subgroup of patients with
initial PMI (n=275), and for the subgroup of patients without initial
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Table I Baseline characteristics shown for all patients and classified according to the occurrence of MACE within 30
days after surgery

Overall No 30-day MACE 30-day MACE p-value
(n=2265; 100%) (n=1921; 84.8%) (n=344; 15.2%)
Age (years) 73 (68-79) 73 (68-79) 77 (70-82) <0.001
Sex, male 1281 (56.6) 1086 (56.7) 192 (55.8) 0.77
Medical history
Coronary artery disease 621 (27.4) 489 (25.5) 132 (384) <0.001
Prior myocardial infarction 303 (13.4) 230 (12.0) 73(21.2) <0.001
Congestive heart failure 244 (10.9) 177 (9.2) 67 (20.7) <0.001
Atrial fibrillation 340 (15.0) 251 (13.1) 89 (25.9) <0.001
Valvular heart disease 249 (11.0) 180 (9.4) 69 (20.1) <0.001
Peripheral artery disease 385 (17.0) 298 (15.5) 87 (25.3) <0.001
Prior stroke 210 (9.3) 173 (5.0) 37 (10.8) 0.31
Hypertension 1453 (64.2) 1209 (62.9) 244 (70.9) 0.005
Diabetes mellitus 521 (23.0) 410 (21.3) 111(32.3) <0.001
Chronic kidney disease (CKD > IIl) 330 (14.6) 236 (12.3) 94 (27.3) <0.001
Active cancer 568 (25.1) 501 (26.1) 67 (19.5) 0.008
Type of surgery <0.001
Elective surgery 1492 (65.9) 1306 (68.0) 186 (54.13)
Urgent surgery (>24 h) 339 (15.0) 265 (13.8) 74(21.5)
Emergency surgery (<24 h) 434 (19.2) 350 (18.2) 84 (24.4)
Surgical speciality <0.001
Orthopaedic 262 (11.6) 219 (11.4) 43 (12.5)
Trauma 417 (18.4) 338 (17.6) 79 (23.0)
Spinal 355 (15.7) 309 (16.1) 46 (13.4)
Thoracic 192 (8.5) 149 (7.8) 43 (12.5)
Urologic 358 (15.8) 327 (17.0) 31(9.0)
Vascular 279 (12.3) 220 (11.5) 59 (17.2)
Visceral 316 (14.0) 286 (14.9) 30 (8.7)
Other 86 (3.8) 73 (3.8) 13 (3.8)

Continuous variables are presented as medians (1st and 3rd quartile), categorical variables are presented as numbers (%). Continuous variables were compared with the Mann—
Whitney U test, and categorical variables with the Fisher’s exact test.
CKD-EPI, chronic kidney disease-epidemiology collaboration; MACE, major adverse cardiac events.

Table 2 30-day and 365-day incidences shown for the combined endpoint MACE with its single components, and for
the secondary endpoint, all-cause mortality

30-day incidence (95% CI) 365-day incidence (95% CI)
Combined endpoint MACE 15.2% (13.8-16.8) (344/2265) 20.6% (19.0-22.3) (466/2265)
Cardiovascular death 1.2% (0.9-1.8) (28/2265) 3.7% (3.0-4.5) (83/2265)
Haemodynamically-relevant arrhythmias 1.2% (0.9-1.8) (28/2265) 2.1% (1.6-2.8) (47/2265)
Acute heart failure 1.6% (1.2-2.2) (36/2265) 4.2% (3.4-5.1) (95/2265)
Perioperative myocardial infarction/injury® 13.2% (11.9-14.7) (300/2265) 14.8% (13.4-16.4) (336/2265)
Spontaneous myocardial infarction 0.5% (0.3-0.9) (12/2265) 1.6% (1.2-2.2) (37/2265)
Secondary endpoint
All-cause mortality 3.0% (2.3-3.7) (67/2265) 11.5% (10.3-12.9) (261/2265)

Data are presented as percentage (95% confidence interval), in brackets () absolute number/total number of patients.
Cl, confidence interval; MACE, major adverse cardiac events.
?Initial PMI and PMI occurring during subsequent surgical procedures within 365 days of follow-up.
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Figure | Cumulative incidence of MACE within 365 days of follow-up. Kaplan—Meier curves displaying the cumulative incidence of MACE within
365 days of follow-up for (A) all patients (n = 2265, 464 events), and (B) split for patients with PMI (n = 274 with 90 events in red), and without PMI
(n = 1989 with 190 events in green). Differences between groups (with, and without PMI) were assessed using the log-rank test. MACE, major

adverse cardiac events; PMI, perioperative myocardial injury/infarction.

PMI (n=1990), the change in trend is seen at postoperative Day
142 (95% CI 55-209), and postoperative Day 130 (95% Cl 94-162),
respectively,
(Supplementary material online, Figure $3 and Table S2).

with no significant difference between groups

Discussion

This prospective cohort study enrolling consecutive patients at
increased cardiovascular risk undergoing non-cardiac surgery
screened for perioperative MACE. We report three major findings:

First, the incidence of MACE was high. CVD occurred in 1.2%,
haemodynamically relevant arrhythmias in 1.2%, AHF in 1.6%, and
spontaneous Mlin 0.5% of patients. Including also the emerging entity
of PMI, one out of seven patients developed at least one MACE with-
in 30 days. The MACE rate, particularly AHF and PMI, was much
higher than expected and reported in previous studies, that did not
systematically screen for MACE.**** Other components of MACE
less affected by ascertainment bias including all-cause mortality had
similar incidence as compared to previous studies”>'>**2> which
supports the generalizability of our findings. In other recent screening
studies also including younger low-risk patients'>?¢?” at 30 days the
rate of cardiovascular mortality was 1.2%% and '1.9%,12 M1 4.2%, AHF
0.9%, and clinically relevant atrial fibrillation 1,6%.” In POISE-2, death
or Ml occurred in 11.8% of patients at 365 days.?®

The incidence of MACE varied among different types of surgery.
The 30-day MACE incidence was highest in thoracic surgery patients
with 22%, followed by vascular surgery with 21%. This extends and
corroborates findings of a recently published observational study
including cardiovascular high-risk patients undergoing elective thor-
acic surger'y.3 The extent of lung resection was identified as an inde-
pendent risk factor for developing myocardial injury, which suggests
that mechanism like systemic inflammatory processes or an elevation
of the right ventricular afterload might have an impact on periopera-
tive cardiovascular outcomes in thoracic surgery patients.3
Additionally to the specific surgical procedure performed, there

seem to be several other factors effecting cardiovascular outcomes,
such as the obesity pa1radox13'29 or preoperative anaemia,*® which
was identified as a strong predictor for cardiac events in vascular sur-
gery patients.16

Second, patients with PMI, of which the majority did not experience
symptoms during the event due to accompanying anaesthesia, are
not only at increased risk of death within 1 year'*3"*2 but also at
increased risk of future AHF, haemodynamically relevant arrhythmias,
and spontaneous MI. This extends and corroborates important stud-
ies showing that postoperative myocardial ischaemia detected within
the first 48 h after non-cardiac surgery by continuous electrocardio-
graphic monitoring was independently associated with an increased
risk of adverse cardiac events,33 and 70% of all adverse cardiac events
were preceded by postoperative ischaemia.>* Considering our find-
ings, a MACE Screening using hs-cTnT measurements preoperatively
and on postoperative Day 1 and 2 for patients meeting the high-risk
criteria used in this study might provide an opportunity to improve
perioperative care.

Third, we report that the vulnerable period after non-cardiac sur-
gery with increased risk of MACE lasts about 5 months, and is similar
in length in patients with vs. without initial PMI. A recently published
large international, randomized, placebo-controlled trial supports
this concept.34 Similarly, in a large observational study of intermedi-
ate- or high-risk vascular surgery patients, the hazard of mortality was
greatest in the first months and persisted up to 10 months after
surgery.”2 Our findings show that the MACE risk is especially high
within the first 30 days after surgery, and in particular within the first
postoperative 7 days, which has important clinical implications when
considering the optimal length of therapeutic interventions aimed
at reducing the MACE rate after non-cardiac surgery. Furthermore,
this finding should inform the design of future clinical trials aimed at
preventing MACE after non-cardiac surgery.

Strengths

To the best of our knowledge, this is the first prospective study inves-
tigating long-term MACE after non-cardiac surgery in consecutive
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Figure 2 Cumulative incidence of the single components of MACE within 365 days of follow-up split for patients with and without PMI. Kaplan—
Meier curves showing the cumulative incidence of the single components of MACE for (A) CVD (with PMI: n = 275, 23 events; without PMI: n =
1990; 60 events). (B) Haemodynamically relevant arrhythmias (with PMI: n = 274, 19 events; without PMI: n = 1989, 26 events). (C) AHF (with PMI: n
=275, 31 events; without PMI: n = 1990, 64 events). (D) Spontaneous Ml (with PMI: n = 275; 9 events; without PMI: n = 1990, 28 events). Each split
for patients with PMI (red line) and without PMI (green line). Differences between groups (with, and without PMI) were assessed using the log-rank
test. Patients with initial PMI are more likely to suffer from CVD, haemodynamically relevant arrhythmias, AHF, and spontaneous MI during 365 days
of follow-up. AHF, acute heart failure; CVD, cardiovascular death; MACE, major adverse cardiac events; MI, myocardial infarction; PMI, perioperative

myocardial injury/infarction.

patients incorporating systematic screening for PMI and AHF. The
large sample size of 2265 patients, central adjudication of MACE, 365
days follow-up and very high completeness of long-term follow-up
with 99.5% (95% Cl 99.2-99.7%) are important additional strengths.

Limitations

Several limitations should be considered when interpreting these
findings. First, this was a single-centre study. As the 30-day rate of
AHF, haemodynamically relevant arrhythmias, and CVD was compar-
able to that observed in the international VISION study'****” our
main findings likely also apply to most other institutions. Still, future
studies need to externally validate the point estimates for the
different MACE components derived in this study. Second, until now
controversies exist regarding the definition of pM|, 131435 Changes
in the definition of PMI will invariably also affect overall MACE
rate 31226273 Thirq, although using a very stringent methodology to

detect and adjudicate MACE, we likely still have underestimated the
MACE rate as the screening for PMI was performed only on the first
and second postoperative day. Fourth, in the absence of a fully-
matched control population with comparable cardiac and non-
cardiac comorbidities, but not undergoing surgery, the quantification
of the vulnerable period after non-cardiac surgery required assump-
tions and should therefore be considered a range rather than a
precise point-estimate. It definitely requires external validation in
future studies.

Conclusion

One out of five high-risk patients undergoing non-cardiac surgery will
develop one or more MACE within 365 days. The risk for MACE
remains increased for about 5 months after non-cardiac surgery.
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Figure 3 Time of occurrence of MACE within 365 days of follow-up. The time of occurrence of MACE within 365 days of follow-up shown for
the entire patient cohort (n = 2265). Days after surgery on the x-axis, and pending events (in percent) on the y-axis. The green line was derived by lin-
ear regression of pending events from postoperative Day 300 to 365, the red line was derived by linear regression of pending events from postopera-
tive Day 30 to 118. 95% confidence intervals (Cls) are shown as ribbons. The intersection area represents the overlap of the derived linear
regression lines and their 95% Cl. The intersection area is at 135 (95% ClI 104-163) days of follow-up and is also shown by the orange coloured bar
below with the label ‘Change in trend’. The steeper slope from postoperative Day 0 to 103 is illustrated by the red coloured bar with the label
‘MACE rate affected by the surgical procedure’, and the time period from postoperative Day 164 to 365 is illustrated by the green coloured bar with

the label ‘stable event rate’. MACE, major adverse cardiac events.

As this incidence is much higher than commonly expected, novel
strategies to reduce cardiac complications seem warranted.

Supplementary material

Supplementary material is available at European Heart Journal: Acute
Cardiovascular Care online.
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