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Bleeding after acute myocardial infarction (AMI) is associated with an increased morbid-
ity and mortality. The frequency and consequences of bleeding events in patients with
AMICS are not well described. The objective was to investigate incidence and outcome of
bleeding complications among unselected patients with AMI complicated by cardiogenic
shock (AMICS) and referred for immediate revascularization. Bleeding events were
assessed by review of medical records in consecutive AMICS patients admitted between
2010 and 2017. Bleedings during admission were classified according to Bleeding Aca-
demic Research Consortium classification. Patients who did not survive to admission in
the intensive care unit were excluded. Of the 1,716 patients admitted with AMICS, 1,532
patients (89%) survived to ICU admission. At 30 days, mortality was 48%. Severe bleed-
ings classified as BARC 3/5 were seen in 87 non-coronary bypass grafting patients (6.1%).
Co-morbidity did not differ among patients; however, patients who had a BARC 3/5 bleed-
ing had significantly higher lactate and lower systolic blood pressure at admission, indicat-
ing a more severe state of shock. The use of mechanical assist devices was significantly
associated with severe bleeding events. Univariable analysis showed that patients with a
BARC 3/5 bleeding had a significantly higher 30-day mortality hazard compared with
patients without severe bleedings. The association did not sustain after multivariable
adjustment (hazard ratio 0.90, 95% confidence interval 0.64; 1.26, p = 0.52). In conclusion,
severe bleeding events according to BARC classification in an all-comer population of
patients with AMICS were not associated with higher mortality when adjusting for imme-
diate management, hemodynamic, and metabolic state. This indicates that mortality in

these patients is primarily related to other factors. © 2020 Elsevier Inc. All rights

reserved. (Am J Cardiol 2021;144:13—19)

Cardiogenic shock (CS) is a life-threatening complica-
tion occurring in approximately 5% to 10% of patients with
acute myocardial infarction (AMI) and have a sustained
high mortality of 50%." It is well known that bleeding com-
plications after percutaneous coronary intervention (PCI),
as well as bleeding events related to acute coronary
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syndromes (ACS), are associated with an increase in mor-
bidity and mortality.” ” Patients with AMI complicated by
CS (AMICS) are often excluded from clinical trials focus-
ing on bleeding and prognosis. In the few existing studies
there are of bleeding complications in AMICS, bleeding
events are often not evaluated with widely acknowledged
bleeding classification systems. Thus, in-depth knowledge
of bleeding complications and the consequences in AMICS
is lacking. We sought to investigate incidence and outcome
of severe bleeding events in a large, consecutive cohort of
patients with AMICS, treated at 2 tertiary heart centers in
Denmark. Our hypothesis was that patients with AMICS
experiencing severe bleeding events have a worse 30-day
outcome than patients without severe bleeding.

Methods

Data of bleeding events in patients with AMICS were
collected from the RETROSHOCK registry. A more
detailed explanation of registry design and establishment
has been published.® In brief, the registry consists of
patients with AMICS admitted to 2 tertiary University
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facilities in Denmark between 2010 and 2017. Patients with
a possible shock diagnosis were identified retrospectively
from the Danish National Patient Registry based on differ-
ent ICD-10 diagnose codes. Afterward patients’ records
underwent discharge summary review to identify patients
with AMI and CS. The following criteria for CS were used:
(1) persistent hypotension with systolic blood pressure
<90 mm Hg for >30 minutes and/or need of vasoactive
drugs; (2) signs of impaired organ perfusion; (3) docu-
mented reduction in left and/or right ventricular function
(in the absence of hypovolemia, sepsis, anaphylaxis, pulmo-
nary embolism, or primary valve dysfunction).

In the registry bleeding events was initially defined as
none, minor (transfusion without overt bleeding), moderate
(unstable patient requiring blood transfusion) and major
(intracranial, severely unstable, need for intervention)
bleedings. Unstable patients were defined as those with
hemodynamic instability because of bleeding. Patients with
“moderate” or “major” bleedings were extracted and further
classified according to the Bleeding Academic Research
Consortium (BARC) bleeding assessment tool.” The classi-
fications were made from careful reading in the patient’s
medical records. Because of the heavy instrumentation
related to intensive care minor bleeding episodes are com-
mon and therefore only bleeding events classified as BARC
>3, were registered. In brief, BARC 3 is defined as an overt
bleeding with a significant drop in hemoglobin of 3 to
5 g/dl, or any overt bleeding with need of transfusion (A),
an overt bleeding and a hemoglobin drop of >5 g/dl (B), or
an intracranial or intraocular bleeding (C). BARC 4 are
bleeding events in the setting of coronary bypass grafting
(CABG) and BARC 5 are fatal bleedings.

Patients were divided into 2 groups: patients with severe
bleeding events not related to CABG (defined as BARC 3/
5) and patients with no bleeding/less severe bleedings. For
those with more than one bleeding event, the most severe
bleeding during the first 30 days of hospitalization was
recorded. Potentially fatal bleeding events were validated
by a second reviewer. Patients who did not survive until
admission to the intensive care unit (ICU) were excluded
from further analyses.” This study was approved by The
Danish Patient Safety Authority (the Danish Health and
Medicines Authority formerly handling the applications,
case number 3-3013-1133/1) and the Danish Data Protec-
tion Agency (file number 16/7381 and 18/23756).

Baseline characteristics are presented by number of
patients and percentage for categorical variables, compared
by chi-square test. Continuous variables with normal distri-
bution are presented by means & standard deviation (SD)
and compared by ¢ test, whereas continuous variables with
non-normal distribution are presented as median and inter-
quartile range and compared by Wilcoxon rank-sum test. A
p value <0.05 was considered significant.

Associations between clinical characteristics and event
of interest (mortality and severe bleeding events) were
assessed with Cox proportional hazard model tests. Univari-
ate and multivariate logistic regression analyses were used
to determine independent predictors. Variables were added
to the multivariable analysis in a stepwise manner to ensure
that overfitting did not occur. In the multivariable analysis
regarding mortality, variables with a possible effect on

mortality were used (age, sex, out of hospital cardiac arrest
[OHCA], arterial lactate, kidney function by estimated glo-
merular filtration rate [eGFR] and large bore interventions).
Due to a paradigm shift in the use of IABP after the publica-
tion of the IABP-SHOCK 1I study in 2012,”'" the multivar-
iable analysis regarding factors associated with 30-day
mortality was adjusted for admittance in 2010 to 2012 or
2013 to 2017.

Kaplan-Meier methodology was performed when cumu-
lated hazard of all-cause mortality during the first 30 days of
hospitalization was compared between the 2 groups. Bleed-
ing was handled as a time-varying covariate and analyzed in
a time-dependent cox regression model. All statistical analy-
ses of current study were performed by R, version 3.6.1, R
Core Team (2019), https://www.r-project.org/.

Results

Between January 1, 2010 and December 31, 2017, 1,716
patients fulfilled the criteria for AMICS. The 186 patients
who did not survive to ICU admission were significantly
older (75.8 [£13.9] vs 66.2 [£11.8] years, p <0.001) and
had lower systolic blood pressure (76.3 [£14.6] vs 83.3
[£15.4] mm Hg, p <0.01) and a higher lactate (6.6 [4.6;
10.9] vs 5.1 [3.0; 9.3] mmol/L, p <0.001) at admission.
One patient had a fatal bleeding shortly after hospitalization
and one had signs of moderate bleeding but died of circula-
tory failure shortly after the PCI (data not shown).

Of the 1,532 patients who survived to ICU admission,
115 patients (7.5%) had at least one severe bleeding episode
classified as BARC 3A or worse. After initial coronary
angiography, a total of 101 patients underwent CABG
within 30 days of admission. Among these, 24 patients
(24%) had a BARC 4 bleeding event. A distribution of the
population’s most severe BARC bleeding event and all
bleeding events during the first 30-day of hospitalization
are summarized in Table 1a+b.

Among the 12 patients (0.8%) who died of bleeding
(BARC 5), the most common causes of death were intracra-
nial bleeding (n =5) and uncontrolled bleeding after surgery
(n=3). Among the nonsurgery-related severe BARC bleed-
ings (BARC 3A-C), the most common causes of bleedings
were gastrointestinal bleeding (55 patients), bleeding from
insertion sites for peripheral mechanical circulatory support
(23 patients), and cardiac tamponade (14 patients) (data not
shown).

Baseline characteristics for non-CABG patients
(n=1,431) with and without severe bleedings are presented
in Table 2. Patients with severe BARC 3/5 bleeding events
were significantly younger. There were no significant dif-
ferences in co-morbidities.

At the time of admission, patients who later experienced
a BARC 3/5 bleeding had a significantly higher arterial lac-
tate compared with patients without subsequent severe
bleeding events, as well as lower systolic blood pressure.
There were significantly more patients admitted after
OHCA in the group without severe bleeding events. The
groups did not differ with respect to eGFR and hemoglobin
at admission, or treatment with antithrombotic agents and
unfractionated heparin prior to coronary angiography.
Treatment with vasoactive drugs such as norepinephrine,
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Table 1

The distribution of the most severe bleedings and all bleeding events in the population. For patients suffering serious bleedings according to Bleeding Aca-
demic Research Consortium classification, during the first 30 days of hospitalization. Bleeding Academic Research Consortium 4 relates to coronary artery

bypass graft related bleedings

Table 1a.
The most severe Bleeding Academic Research
Consortium bleeding event for every patient

Table 1b.
All Bleeding Academic Research
Consortium bleeding events in the population

No severe bleeding 1407
Bleeding Academic Research Consortium 3A 24
Bleeding Academic Research Consortium 3B 51
Bleeding Academic Research Consortium 3C 4
Bleeding Academic Research Consortium 4 24
Bleeding Academic Research Consortium 5 12
Number of patients with at least one bleeding 115

No severe bleeding 1407
Bleeding Academic Research Consortium 3A 40
Bleeding Academic Research Consortium 3B 72
Bleeding Academic Research Consortium 3C 7
Bleeding Academic Research Consortium 4 29
Bleeding Academic Research Consortium 5 12
Total number of bleeding events 160

epinephrine, milrinone, and levosimendan were signifi-
cantly more frequent in patients in the severe bleeding
group, compared with the no severe bleeding group. The
use of Impella and VA-ECMO were both significantly
more frequent in the severe bleeding group as well.

Of the non-CABG patients, 198 patients were treated
with Impella, 19% of them had a BARC 3/5 bleeding. For
VA-ECMO (46 patients) and IABP (163 patients), these
numbers were 39% and 6.1%, respectively (data not
shown). By multivariable analysis (Figure 1), variables sig-
nificantly associated with BARC 3/5 bleedings were arterial
lactate at admission, acute kidney injury (defined from
RIFL Criteria”), Impella, and VA-ECMO. Patients with
OHCA had significantly lower risk of BARC 3/5 bleeding.

The distribution of the crude 30-day mortality in the dif-
ferent BARC bleeding groups is shown in Figure 2. The
unadjusted all-cause mortality hazard at each time point
during the first 30 days of hospitalization, in patients with
and without severe bleeding events, is shown in Figure 3.
The mortality hazard among patients in the BARC 3/5
bleeding group was significantly higher compared with
patients in the no severe bleeding group (hazard ratio 1.85,
95% confidence interval 1.33; 2.58, p <0.001). After multi-
variable analysis for 30-day all-cause mortality, adjusted
for age, sex, interventions (IABP, VA-EMCO, Impella),
OHCA, multivessel disease, clinical presentation at admis-
sion (lactate, eGFR, and acute kidney injury) and admission
before 2013, BARC 3/5 bleedings were no longer signifi-
cantly associated with 30-day mortality (hazard ratio 0.90,
95% confidence interval 0.64; 1.26, p=0.52) (data not
shown).

Discussion

In our unselected population of patients with AMICS, sur-
viving at least until admission to the cardiac ICU, the inci-
dence of severe bleeding by BARC classification (3/5) was
6.1%. The higher incidence of bleedings seen in other publi-
cations such as the IABP SHOCK II study’ can probably be
explained by the use of other bleeding classifications. In
IABP SHOCK II, the GUSTO bleeding classification'” was
used that relies heavily on transfusion as a criterion. This
probably generates more bleeding events due to an often-lib-
eral use of transfusions in the ICU. There are several well-
validated and recommended bleeding classifications to

describe bleeding complications in relation to ACS”'® but
not for patients with AMICS. The recently published sub-
study from CULPRIT SHOCK classified bleedings accord-
ing to BARC and reported incidence of BARC 3/5 bleedings
at 21%."* The discrepancy between that study and our regis-
try may somewhat be explained by a different patient selec-
tion with a population solely consisting of patients with
multivessel coronary artery disease, all undergoing coronary
intervention whereas only 14% of the patients in our unse-
lected population underwent multivessel PCIL.

The use of Impella and VA-ECMO were important risk
factors for bleeding events in our population. This is not
surprising since both devices need large-bore percutaneous
interventions, which increases the risk of bleeding.15 In a
retrospective analysis of patients with CS and VA-ECMO,
the rate of access-site bleedings were 6%.'® That lower rate
of access-site bleeding complications compared with ours
can probably be explained by the all-comer CS population;
hence patients with AMICS are treated with more aggres-
sive antithrombotic therapy as a part of the ACS manage-
ment. Previous publications, both clinical and registry-
based, have investigated the risk of bleedings in patients
treated with IABP compared with Impella and presented
similar results where the risk of severe bleedings is signifi-
cantly higher with the use of Impella.'”'"~**

OHCA before admission was associated with a reduced
risk of severe bleedings. This finding may be explained by
a less severe hemodynamic compromise in OHCA survi-
vors after return of spontaneous circulation. Most patients
with OHCA undergo targeted temperature management and
cerebral ischemia are more often the cause of death,”” indi-
cating more stable hemodynamics with less need for
mechanical circulatory assist interventions,'” compared
with multiorgan failure in patients with AMICS.”*
Advanced age is a known risk factor for severe bleeding
events in ACS patients who underwent PCL?> Nevertheless,
in our population, patients in the severe bleeding group
were younger. This might be a consequence of selection
since younger patients may have received more advanced
treatment including mechanical circulatory support that
increases the risk of bleedin%. Compatibly to the recent
CULPRIT-SHOCK substudy,'* there was no significant
association between age and bleeding.

Previous studies of patients with ACS without CS have
shown that bleeding complications increase mortality.” >
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Table 2
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Baseline characteristics and findings at admission for the population. Patients divided into the groups Bleeding Academic Research Consortium classification
3/5 (severe bleedings not related to surgery), and no severe Bleeding Academic Research Consortium bleeding, during first 30 days of hospitalization

Variable Bleeding Academic No severe Bleeding Missing  p value
Research Consortium Academic Research
classification 3/5 Consortium classification
bleeding
(n=87) (n=1,344)
Age. mean (standard deviation) (years) 62+13 67+£12 0 0.002
Men 65 (75%) 1016 (76%) 2 0.936
Body mass index. mean (standard deviation) (kg/mz) 26+4.2 26.4 (4%) 423 0.123
Current smoker 26 (58%) 370 (50%) 639 0.117
Previous ischemic heart disease 23 (27%) 376 (29%) 43 0.817
Previous myocardial infarction 13 (15%) 196 (15%) 43 1.000
Hypertension 41 (49%) 661 (51%) 60 0.734
Dyslipidemia 28 (34%) 432 (34%) 78 1.000
Diabetes mellitus 19 (23%) 232 (18%) 60 0.333
Peripheral arterial disease 4 (5%) 100 (8%) 65 0.454
Chronic obstructive lung disease 9 (11%) 133 (10%) 63 1.00
Previous stroke 2 (2%) 105 (8%) 62 0.093
Platelet inhibitor prior to admission 7 (15%) 123 (17%) 640 0.980
Anticoagulation prior admission 9 (20%) 83 (11%) 632 0.127
Admission findings
Systolic blood pressure, mean (standard deviation) (mm Hg)* 77+£20 83+15 57 <0.001
Diastolic blood pressure, mean (standard deviation) (mm Hg)* 50+15) 53+12 127 0.042
Heart rate, mean (standard deviation) (beats per minute)* 87128 86139 181 0.778
Left ventricular ejection fraction, mean (standard deviation) (%)* 27+14 29+13 56 0.291
Arterial lactate, median [interquartile range] (mmol/L)* 7 [4-13] 5[3-9] 43 <0.001
Hemoglobin, mean (standard deviation) (mmol/L) 9+1) 8+1 39 0.207
Estimated glomerular filtration rate, mean (standard deviation) (ml/min/1.73 m?) 60+21 57424 48 0.350
Aspirin administration prior to coronary angiography 62 (72%) 975 (79%) 115 0.151
Adenosine di-phosphate inhibitor prior to coronary angiography 42 (49%) 552 (45%) 108 0.517
Heparin prior to coronary angiography 69 (81%) 990 (81%) 124 1.000
Resuscitation after out of hospital cardiac arrest 24 (28%) 653 (49%) 0 <0.001
Interventions
Use of intra-aortic balloon pump 10 (12%) 153 (11%) 4 1.000
Use of Impella 38 (44%) 160 (12%) 2 <0.001
Use of veno-arterial extracorporeal membrane oxygenation 18 (21%) 28 (2%) 4 <0.001
Coronary angiograph with multivessel disease 47 (57%) 637 (54%) 171 0.649
Revascularization with percutaneous coronary intervention' 83 (95%) 1180 (88%) 167 0.0549
Multivessel percutaneous coronary intervention treatment 19 (24%) 171 (15%) 236 0.086
Temporary pacemaker 12 (15%) 222 (17%) 15 0.711
Medical treatment
Norepinephrine 81 (93%) 1012 (77%) 29 <0.001
Dopamine 62 (72%) 885 (67%) 30 0.423
Epinephrine 49 (57%) 337 (26%) 41 <0.001
Dobutamine 5 (6%) 67 (5%) 50 0.930
Milrinone 37 (45%) 321 (25%) 42 <0.001
Levosimendan 25 (30%) 135 (10%) 40 <0.001
Outcome
Mechanical ventilation 85 (98%) 1119 (84%) 8 <0.001
Number of days in the intensive care unit, median [interquartile range] (days) 6 [2-14] 3[1-6] 5 <0.001
Acute kidney injuryi 60 (70%) 530 (40%) 19 <0.001
Death during admission 53 (65%) 627 (48%) 30 0.0025

* At the time of the shock diagnosis.

TOnly revascularization with percutaneous coronary intervention since patients with coronary artery bypass graft are excluded.

¥ Acute kidney injury defined by RIFLE criteria.''

However, since patients with AMICS have a more than
10 times higher 30—da<y mortality rate compared with ACS
patients without CS,” as well as a much lower bleeding
rate of 1.6%,%° it is obvious that noncardiogenic shock ACS
patients constitute of a completely different population.
Other factors such as progressive cardiac failure, hypoxic

brain injury, and multiorgan failure may therefore have a
higher impact on outcome. To the best of our knowledge,
only the CULPRIT-SHOCK substudy has specifically
investigated outcome of bleeding in patients with
AMICS."* In contrast to ours, that study showed that bleed-
ings were significantly associated with a higher mortality,
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Variabels associated with BARC 3/5 bleeding events

HR 95%Cl
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OHCA prior admission (0392985
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Days in the ICU 095502
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Figure 1. Variables associated with BARC 3/5 bleedings, within 30 days of hospitalization. BARC = Bleeding Academic Research Consortium; CI = confi-
dence interval; HR = hazard ratio; IABP = intra-aortic balloon pump; ICU =intensive care unit; OHCA = out of hospital cardiac arrest; PCI = percutaneous
coronary intervention; VA-ECMO = veno-arterial extracorporeal membrane oxygenation.

30-day mortality
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Figure 2. The distribution of all-cause 30-day mortality in patients,
regarding to the BARC-bleeding classification. For all patients (n=1,716),
divided after their most severe bleeding event. BARC =Bleeding Aca-
demic Research Consortium.
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even after multivariable analysis. An explanation of this
inconsistency may be (1) the exclusion of BARC 3A bleed-
ings in the survival analysis, because BARC 3A bleedings
are a less severe bleeding that may have induced a weak-
ened effect on the other bleedings’ (BARC 3B, 3C and 5)
fatal potential. (2) The population in the CULPRIT-
SHOCK substudy only consisted of patients with multives-
sel coronary artery disease suitable for PCI,'* whereas our
population was an all-comer AMICS population, and thus
more heterogeneous.

This study is retrospective in design which, as all regis-
try studies, has some limitations and preclude any assump-
tion of causality of observed associations. Bleeding events
were, in contrast to many other registry studies, individually
classified based on information collected from patients’
records. A prospective focus on bleeding events may have
influenced the level of registration. Minor bleedings are
common during intensive care due to heavy instrumentation

T T T Days
20 25 30

Figure 3. Unadjusted Kaplan-Meier plot showing the hazard of all-cause mortality at each time point, 30 days of hospitalization. For non-CABG patients
regarding their most severe bleeding. Patients in the BARC 3/5 group compared with patients in the no severe BARC bleeding group. *Adjusted for age, sex,
IABP, VA-EMCO, Impella, OHCA, multivessel disease, findings at admission (lactate, eGFR, and acute kidney injury) and admission before 2013 (HR
0.90, 95% CI 0.64 to 1.26, p=0.52). BARC =Bleeding Academic Research Consortium; CABG = coronary artery bypass graft; CI =confidence interval;
eGFR =estimated glomerular filtration rate; HR =hazard ratio; IABP =intra-aortic balloon pump; OHCA =out of hospital cardiac arrest; VA-

ECMO = veno-arterial extracorporeal membrane oxygenation.
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and therefore not always documented. Nevertheless, fre-
quent observations are registered and all interventions such
as blood transfusions and biochemical analyses were care-
fully documented, which are mandatory for the BARC 3-5
classifications. It is therefore our belief that important
bleeding events affecting the patient and/or prompting
transfusions are completely reported. Most patients
received heparin before coronary intervention but data
regarding additional use of glycoprotein IIb/Illa inhibitors
and bivalirudin during PCI was not registered and may
have added valuable information regarding risk factors for
bleeding. The selection of patients exclusively surviving to
admittance in the ICU does create selection bias, since
patients undergoing extensive but futile treatment in the
catheterization lab is excluded from our analysis. Patients
need to survive to have a bleeding, thus survival bias is a
potential confounder. However, this applies to all studies
relating bleeding to mortality in critically ill patients.
Finally, our population consists of patients admitted in
2010 to 2017 were there was a paradigm shift in the use of
percutaneous mechanical circulatory assist devices.' This
can have affected the analyses regarding outcome.

In conclusion, severe bleeding events occurred in 6.1%
of consecutive non-CABG AMICS patients surviving to
ICU admission. Less than 1% suffered a fatal bleeding
event bleeding events were highly associated with a more
severe state of shock at presentation and the use of mechan-
ical assist devices. Despite a higher crude mortality among
patients with bleeding, severe bleeding events according to
BARC3/5 were not associated with a higher risk of all-
cause mortality when adjusting for hemodynamic compro-
mise, comorbidities and immediate interventions.
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