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Impact of admitting department on the management of acute coronary
syndrome after an out of hospital cardiac arrest

Pavel Jansky'2, Zuzana Motovska®, Josef Kroupa?, Petr Waldauf?, Petr Kafka?, Jiri Knot?, Jiri Jarkovsky*

Aim. This study aimed to analyze the influence of the hospital admitting department on adherence to the Guidelines
of European Society of Cardiology for management of acute coronary syndromes in patients after out-of-hospital
cardiac arrest (OHCA) of coronary etiology.

Methods. We studied retrospective-prospective register of 102 consecutive patients with OHCA as a manifestation of
acute coronary syndrome (ACS). Patients were admitted to the coronary care unit (CCU) 52, general intensive care unit
(GICU) 21, or GICU after initial Cath lab treatment (CAG-GICU) 29. This study compared the differences in the manage-
ment of ACS in patients with OHCA of coronary etiology based on the admitting department in a tertiary care institution.
Results. Twelve of the 21 (57.1%) patients admitted to the GICU were evaluated as having ACS on-site where they ex-
perienced OHCA. In the CCU group, 50 out of 52 (96.2%) and 28 of 29 (100%) patients in the CAG-GICU group (P<0.001).
Coronary angiography was performed in 10 of 21 patients (48%) admitted to the GICU. It was performed in 49 out of
52 (94%) CCU patients and, in the CAG-GICU group, 28 out of 29 patients. The mean time to CAG differed significantly
across groups (that is, GICU 200.7 min., CCU 71.2 min., and CAG-GICU 7.5 min. (P<0.001)). Aspirin was used in 48% of
GICU, 96% of CCU, and 79% of CAG-GICU patients (P<0.001), while in the pre-hospital phase, aspirin was used in 9.5%
of GICU, 71.2% of CCU, and 50% of CAG-GICU patients (P<0.001). P2Y12 inhibitor prescriptions were lower in patients
admitted to the GICU (33% vs. 89% CCU and 57% CAG-GICU, P<0.001). The department’s choice significantly affected
the time to initiation of antithrombotics, which was the longest in the GICU.

Conclusion. The choice of admission department for patients with OHCA caused by ACS was found to affect the extent
to which the recommended treatments were used. An examination of OHCA patients by a cardiologist upon admission
to the hospital increased the likelihood of an early diagnosis of ACS as the cause of OHCA.
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INTRODUCTION neurological condition. Early circulatory stabilization is
also imperative for ensuring cerebral perfusion and mini-
At 29.6% worldwide! and 45% in Europe?, cardiovas-  mizing secondary brain damage.
cular disease (CVD) is the leading cause of death; the In cases where coronary ischemia is confirmed to be the
percentage of acute coronary syndrome (ACS) cases etiology of OHCA, early coronary reperfusion therapy is in-
presenting as an out-of-hospital cardiac arrest (OHCA) dicated. There is evidence that early coronary angiography
is increasing?®. The incidence of OHCA having a cardiac  (CAG) with the potential for percutaneous coronary inter-
etiology varies locally and to a significant extent. The re-  vention (PCI), especially when ST sections on the ECG
ported global average is 55 adult patients per 100,000 are elevated (STE), is associated with reduced mortality®®.
people, and the average survival rate is approximately 7%  In patients without STE (non-STE/NSTE), the benefits of
(ref.!). The most common cause of death in patients af-  early intervention are contested, as are comparisons be-
ter OHCA is the withdrawal of life support due to brain  tween early and deferred implementation strategies’.
death, which accounts for more than 70% of deaths’. This work is based mainly on the Guidelines'*!, which
However, predicting neurological outcomes in the acute  clearly recommend an early invasive strategy and adjuvant
phase is difficult and requires a time interval of several  antithrombotic treatment for revascularization of STE
days*S. Thus, the treatment approach to OHCA with car-  myocardial infarctions (STE MI). In cases with NSTE
diac etiology should not be solely determined by the initial ~ACS, antithrombotic treatment and invasive revascular-
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ization are recommended, with more potential benefits
associated with early implementation.

In this sense, it is desirable to optimize patient care
after an OHCA so that diagnostic coronary angiography,
with the option of subsequent mechanical reperfusion
and related pharmacotherapy, are available as soon as
possible. However, acute cardiac care after an OHCA is
not always consistent and shows considerable variabil-
ity between hospitals and individual departments within
hospitals. In addition, the level of interdisciplinary coop-
eration varies substantially. In addition to general inten-
sive care units (GICUs), specialized coronary care units
(CCUs) exist in which care is focused on cardiac issues'?.
Particularly in the US, there is an effort to create a unified
framework for the organization of physician expertise and
education in critical care cardiology'.

The present study analyzed the influence of hospital
admitting department (i.e., CCU vs. GICU) relative to
adherence to recommendations for treating OHCA with
a cardiac etiology.

METHODS

This was a single-center study conducted at a large
tertiary care institution with 24/7 primary percutaneous
coronary intervention (pPCI). This study was approved
by the Institutional Ethics Committee.

Consecutive patients admitted to our tertiary care
hospital after an OHCA (between November 2013 and
October 2017) and who were discharged or died with a
confirmed coronary etiology were included in this retro-
spective prospective registry.

The GICU of the University Hospital accepts a wide
range of patients with both medical and trauma diagno-
ses. Physicians familiar with anesthesiology and inten-
sive care routinely diagnose and treat all types of shock
and organ failure. Ultrasound examinations, including
transthoracic echocardiograms, are used as part of the
diagnostic procedure. They utilize a broad range of inten-
sive care procedures, especially for invasive monitoring.
Treatment options for respiratory failure include extracor-
poreal membrane oxygenation, continuous elimination
techniques, and minor surgical procedures, such as chest
drainage and tracheostomy.

The hospital CCU focuses on cardiac diseases,
which are often associated with other comorbidities.
Cardiologists are trained in both acute cardiac and post-
resuscitation care and routinely perform all diagnostic and
therapeutic methods associated with such treatment, in-
cluding invasive hemodynamic monitoring, artificial lung
ventilation, intra-aortic balloon pump, and short-term ex-
tracorporeal membrane oxygenation.

Both types of intensive care units (ICUs), that is, CCU
and GICU, cooperate closely. Specialized cardiology care
is also available to GICU patients, where it is up to the
physician to decide when, and if, to request a cardiology
examination. The CAG-GICU patients in this study dem-
onstrated the ICU model of close cooperation between
the GICU and CCU.
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The distribution of patients between the GICU and
CCU (Fig. 1) depends mainly on the pre-hospital evalu-
ation, by emergency services physicians, of the patient’s
condition after an OHCA.

Besides clinical evaluation and anamnestic data the
emergency services physician is equipped with ECG and
portable ultrasound machine.

Based on the on-site report, a trained dispatcher at
the hospital directs the patient to either the CCU or
GICU. In our study, this process produced three groups
of patients: (A) patients suspected of having an OHCA
with a coronary etiology were admitted to the CCU, (B)
some patients were initially taken directly to the Cathlab
for a CAG (#PCI) and then immediately transferred to
the GICU ( CAG-GICU group), and (C) patients whose
coronary etiology was not initially clear were admitted
directly to the GICU, where the coronary etiology was de-
termined on the basis of extended examination methods
(echocardiography, dynamics markers of myocardial isch-
emia etc.). The CAG-GICU group included patients with
a primary diagnosis of OHCA having a coronary etiology.
The main reasons for the transfer of CAG patients to the
GICU were limited capacity in the CCU and situations
when it was expected that the patient would benefit from
GICU care, such as the need for a toilet bronchoscopy
after gastric aspiration, which occurs in approximately
29% of OHCA cases™.

The study population consisted of a total of 102 pa-
tients admitted to:

A. Coronary Care Unit (CCU) - 52 patients
B. GICU after initial CAG (CAG-GICU) - 29 patients
C. General ICU (GICU) - 21 patients.

The study compared patient characteristics and their
relevant anamnestic burden (i.e., present and previous
morbidity, medication, data regarding the OHCA itself,
baseline clinical status of patients at admission, and sub-
sequent adherence to ACS guidelines).

Statistical analysis

Standard descriptive statistics were used in the anal-
ysis: absolute and relative frequencies for categorical
variables, and the mean supplemented by the standard
deviation for continuous variables. Statistical significance
of differences was analyzed using the Mann-Whitney U
test for continuous variables and Fisher’s exact test for
categorical variables. Relationships between patient char-
acteristics and endpoints were analyzed using logistic re-
gression and described using odds ratios and statistical
significance. The analysis was performed using SPSS
25.0.0.1. (IBM Corporation, 2019), P value = 0.05, was
used as a level of statistical significance in all analyses.

RESULTS

Baseline characteristics

Patients admitted to the GICU had a higher average
age (72 = 11 years) than CCU (62 + 13), and CAG-GICU-
patients; men predominated in all groups. Ventricular fi-
brillation was the first rhythm detected in 50% of GICUs,
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90.4% of CCUs, and 82.1% of CAG-GICU patients. The
resuscitation duration of patients admitted to the GICU
was significantly longer (GICU 25 + 11.7 min vs. CCU
19.5 = 11.7 min vs. CAG-GICU 16.5 = 9.9 min). There
were no differences between groups in terms of pre-
hospital treatment times, that is, from the moment the
emergency service answered the call to hospital admission
(GICU 62 = 24 vs. CCU 64 + 23 vs. CAG-GICU 63 +
20 min). Patients admitted to the GICU were immedi-
ately diagnosed by the emergency service physician at

the OHCA site as having ACS in 57.1% of cases, 96.2% of
CCU patients had been immediately diagnosed with ACS,
and 100% of CAG-GICU patients had been immediately
diagnosed with ACS.

No significant differences were found between the
groups in terms of the history of ischemic heart disease
or non-coronary vascular disease. The incidence of stroke
or lower limb ischemia was comparable in all groups.
The presence of chronic heart failure (GICU, 26.3%;
CCU, 3.8%; CAG-GICU, 7.4%) and arterial hyperten-

Table 1. Baseline characteristics.

GICU (1) CCU (2) CAG-GICU (3) P P P P

n (%) n(%) n (%) overall 1vs.2 1vs. 3 2vs. 3
Male 20 (95.2%) 45 (86.5%) 23 (79.3%) 0.281 0.425 0.215 0.529
Age (years) 72 £ 11 62+ 13 61 = 14 0.005 0.002 0.005 0.894
BMI 25.15+2.84 27 +4.14 26.94 +4.19 0.382 0.159 0.281 0.786
IHD 6 (30%) 9 (17.3%) 6(22.2%) 0.514 0.331 0.737 0.763
History of heart attack 2 (10.5%) 6 (11.5%) 3(11.5%) 1.000 1.000 1.000 1.000
History of CAG 2 (10.5%) 1(1.9%) 0 (0%) 0.158 0.173 0.165 1.000
Hypertension 15 (75%) 22 (42.3%) 15 (53.6%) 0.017 0.018 0.307 0.057
Chronic heart failure 5(26.3%) 2 (3.8%) 2(7.4%) 0.019 0.013 0.107 0.603
Diabetes 7 (35%) 9 (17.3%) 6(2.2%) 0.279 0.123 0.511 0.763
Smoker 0(0%) 19 (40.4%) 10 (38.5%) 0.001 0.001 0.002 1.000
Ex-Smoker 2 (11.1%) 8 (17%) 2 (8.7%) 0.707 0.713 1.000 0.480
Family history of IHD 0(0%) 14 (29.8%) 4 (57.1%) 0.010 0.052 0.009 0.205
Critical limb ischemia 2 (10%) 2 (3.8%) 0 (0%) 0.170 0.307 0.176 0.544
History of stroke 2 (10%) 0 (0%) 1(3.7%) 0.059 0.074 0.567 0.342
First rhythm - 10 (50%) 47 (90.4%) 23 (82.1%) 0.004 0.001 0.087 0.333
ventricular fibrillation
ROSC (min) 25+ 12 1912 16 £ 10 0.023 0.045 0.008 0.201
Length of pre-hospital 62 +24 64 £23 63 £20 0.96 0.789 0.819 0.948
management (min)
Bystander resuscitation 16 (84.2%) 42 (80.8%) 25 (89.3%) 0.137 0.050 0.33 0.765
Pre-hospital assessment 12 (57.1%) 50 (96.2%) 28 (100%) <0.001  <0.001  <0.001 0.539
as ACS
Pre-hospital Heparin 4 (19%) 35 (67.3%) 16 (57.1%) 0.001  <0.001 0.009 0.466
Pre-hospital aspirin 2(9.5%) 37 (71.2%) 14 (50%) <0.001  <0.001 0.005 0.088
Lactate on admission 6.4+3.6 3.4+21 32+24 0.002 0.003 0.002 04.06
(mmol/L)
Diastolic blood 70 £ 15 76 + 20 68 £ 18 0.180 0.308 0.479 0.079
pressure (mmHg)
Systolic blood pressure 125+ 34 120 = 33 114 £ 28 0.393 0.417 0.143 0.508
(mmHg)
Catecholamine 15 (71.4%) 29 (56.9%) 16 (57.1%) 0.508 0.296 0.377 1.000
circulatory support at
admission
Artificial lung 21 (100%) 45 (86.5%) 28 (100%) 0.068 0.229 0.288 0.025
ventilation
Sp02, % 95+ 6 96 £ 5 96 £ 6 0.74 0.554 0.181 0.166
Body temperature (° C) 3461 36.2+0,6 343+ 1.1 <0.001  <0.001 0.312  <0.001

IHD, Ischemic Heart Disease; MI, Myocardial Infarction; CABG, Coronary Artery Bypass Grafting; ROSC, Return of Spontaneous Circulation;

ACS, Acute Coronary Syndrome.
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Table 2. In-hospital Procedures, Treatments.

Characteristic GICU (1) CCU (2) CAGGICU(3) P P P P
Ivs.2 1vs. 3 2vs. 3
Coronary angiography n (%) 10 (48%) 49 (94%) 28 (100%) <0.001 <0.001 <0.001 0.548
Time to CAG (min) 200.7 £220.9 71.2 £202.5 75+6.1 <0.001 <0.001 0.001 <0.001
Aspirin administration n (%) 9 (42.9%) 13 (25%) 9 (32%) 0.304 0.163 0.553 0.601
Time to aspirin administration (min) 234 + 479 113 £ 310 218 + 498 0.134  0.052 0.148 0.971
Inhibitors P2Y12 administration n (%) 7 (33%) 46 (89%) 16 (57%) <0.001 <0.001 0.149 0.004
Clopidogrel administration n (%) 2 (9.5%) 9 (17.3%) 4 (14.3%) 0.763  0.494 0.688 1.0
Time to clopidogrel administration (min) 22+26 759 + 788 613 + 1032 0.072 0.034 0.064 0.487
Prasugrel administration n (%) 0 (0%) 8 (15.4%) 0 (0%) 0.016  0.095 - 0.045
Time to prasugrel administration (min) - 122 £ 68 - - - - -
Ticagrelor administration n (%) 5(23.8%)  29(55.8%)  12(42.9%) 0.047  0.019 0.229 0.35
Time to ticagrelor administration (min) 207 £229 560 = 1470 90 + 39 0.437 0.350 0.135 0.647
In-hospital heparin administration n (%) 9 (42.9%) 14 (26.9%) 7 (25.9%) 0.386  0.265 0.237 1.0
Time to heparin administration (min) 130 £ 210 46 79 30+50 0.080 0.043 0.124 0.346
LMWH administration n (%) 3 (15%) 2 (3.8%) 10 (35.7%) 0.01  0.127 0.188 <0.001
B-blocker therapy n (%) 4(19.0%)  33(63.5%) 17 (60.7%) 0.002  0.001 0.004 0.814
ACEi therapy n (%) 1(4.8%) 26 (50%) 13 (46.4%) <0.001 <0.001 0.001 0.817
Statin therapy n (%) 3 (14%) 43 (83%) 12 (43%)  <0.001 <0.001 0.058 <0.001

CAG, Coronary Angiography; LMWH, Low Molecular Weight Heparin; ACEi, Angiotensin-Converting Enzyme Inhibitors.

sion (GICU, 75%; CCU, 42.3%; and CAG-GICU, 53.6%)
significantly increased the likelihood of being admitted
to the GICU.

We found no differences between patients admitted to
the GICU and CCU, relative to basic vital signs at admis-
sion (Table 1). Lactate levels were elevated in all three
groups. However, patients admitted directly to the GICU
had significantly higher baseline lactate levels than the
CCU and CAG-GICU groups (6.4 vs. 3.4 vs. 3.2 mmol/L,
respectively) (Table 1).

All patients directly admitted to the GICU and via
CAG were artificially ventilated, while 86.5% of those ad-
mitted to the CCU were artificially ventilated. Patients
directly admitted to the GICU or admitted after initial
CAG = PCI were, in contrast to those admitted directly
to CCU, hypothermic, without intentional therapeutic
hypothermia in the pre-hospital phase (GICU 34.6 °C vs.
GICU-CAG 34.3 °Cvs. CCU 36.2 °C).

CAG Performance

Coronary angiography was performed in 10 of 21
(48%) patients admitted to the GICU. It was performed
in 49 out of 52 (94%) CCU patients and in 28 of 29 CAG-
GICU patients (Table 2). GICU patients had significantly
longer mean times from admission to CAG (GICU 200.7
vs. CCU 71.2 vs. CAG-GICU 7.5 min.).

Pharmacotherapy

Antiplatelet therapy with aspirin was used in 48% of
GICU, 96% of CCU, and 79% of CAG-GICU patients
(P<0.001). In the pre-hospital phase, aspirin was adminis-
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tered to 9.5% of GICU, 71.2% of CCU, and 50% of CAG-
GICU patients (P<0.001). Aspirin treatment was initiated
in 42.9% of patients during the GICU stay after an OHCA
coronary etiology was determined. This phenomenon cor-
relates with the observation that ACS was diagnosed in
the pre-hospital phase in only 57.1% of GICU patients
(Table 2).

The use of P2Y , receptor inhibitors was also signifi-
cantly lower in patients admitted to the GICU (33% vs.
89% CCU and 57% CAG-GICU, P<0.001). Clopidogrel
was used in 9.5% of GICU vs. 17.3% of CCU vs. 14.3%
CAG-GICU patients (P=0.072). Prasugrel was adminis-
tered to 8 (15.4%) CCU patients; ticagrelor was adminis-
tered to 23.8% of GICUs vs. 55.8% of CCUs, and 42.9%
of CAG-GICU patients (P=0.437) (Fig. 2).

All patients admitted to the GICU had significantly
lower rates of statin (14% vs. 83% CCU and 43% CAG-
GICU, P<0.001), beta-blockers (19% vs. 63.5% CCU and
60.7% CAG-GICU), and ACE inhibitors (4.8% vs. 50%
CCU and 46.4% CAG-GICU) (Table 2).

Prognosis predictors

The following continuous variables (using logistic re-
gression) were identified as predictive of death (Table 3).
(1) age of the patient with a cut-off of 64.5 years, OR
95% confidence interval (CI) 50.4 (6.464; 392.953,
P<0.001), (2) time needed for Restoration of Spontaneous
Circulation (ROSC) with a cut-off above 19.5 min, OR
95% C14.457 (1.696; 11.708), P=0.002, (3) admission lac-
tate levels above 4.95 mmol/L, OR 95% CI 9.086 (3.070;
26.891), P<0.001, and (4) time from admission to the
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Fig. 1. Patient distribution scheme in the hospital.
OHCA, Out-of-hospital cardiac arrest; ACS, acute coronary syn-
drome; EMS, emergency medical services; CA G-PCI, coronary
angiography, percutaneous coronary intervention.

Fig. 2. Therapeutical interventions.

Percentage of Coronary Angiography (CAG), Aspirin, and
P2Y 12 Inhibitors Administration in Particular Groups. The
proportion of Clopidogrel Used in Antiplatelet Therapy.

Table 3. Logistic regression of continuous variable - binarized using optimal cut-off.

Cut-off n (n death) OR 95% CI P

Age (years) <64.5 46 (1) Reference
>64.5 53 (28) 50.400 (6.464; 392.953) <0.001

Height (cm) <186.5 83 (22) Reference
>186.5 5(D) 0.693 (0.073; 6.543) 0.749

Weight (kg) <77 37 (11) Reference
>71 62 (18) 0.967 (0.396; 2.362) 0.941

BMI <2717 51(12) Reference
>27.17 37 (11) 1.375 (0.528; 3.580) 0.514

Time to ROSC (minutes) <19.5 49 (8) Reference
>19.5 43 (20) 4.457 (1.696; 11.708) 0.002

MAP (torr) <67 14 (3) Reference
>67 84 (25) 1.554 (0.399; 6.051) 0.525

Blood oxygen saturation (%) <99.5 64 (16) Reference
>99.5 33(12) 1.714 (0.692; 4.247) 0.244

Body temperature (° C) <36.65 77 (24) Reference
>36.65 6(2) 1.104 (0.189; 6.447) 0.912

Lactate (mmol/L) <4.95 55(9) Reference
>4.95 25 (16) 9.086 (3.070; 26.891) <0.001

Time to Echocardiography (h) <0.125 53(9) Reference
>0.125 25 (11) 3.841 (1.322; 11.161) 0.013

Time to CAG-PCI (h) <42.5 66 (14) Reference
>42.5 20 (8) 2.476 (0.848; 7.231) 0.097

ROSC, Restore of Spontaneous Circulation; MAP, Mean Arterial Pressure; CAG-PCI, Coronary Angiography - Percutaneous Coronary
Intervention.
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Fig. 3A. Logistic regression of continuous variables - binarized using optimal cut-off.
OR (95% Cl)
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Statin therapy | A | <0.001
Family history of IHD - 0.088
B-blocker therapy [ - 1 =0.001

Fig. 3B. Logistic regression of categorical variables.

hospital to echocardiography greater than 0.125 h, 3.841
OR 95% CI 3.841 (1.322; 11.161), P=0.013. No association
was found between mortality and time to CAG (Fig. 3A).

The analysis of categorical variables revealed a nega-
tive effect on survival (i.e., odds ratios for mortality) re-
lated to (1) a history of ischemic heart disease OR 95% CI
4.056 (1.464; 11.239), P=0.007; (2) a first rhythm other
than ventricular fibrillation OR 95% CI 4.242 (1.510;
11.918), P=0.006; and (3) the need for catecholamine
support on admission OR 95% CI 3.361 (1.213; 9.310),
P=0.020.

Adherence to ACS pharmacotherapy recommenda-
tions was found to substantially reduce the risk of death:
aspirin administration OR 95% CI 0.232 (0.080; 0.675),
P=0.007; P2Y12 inhibitor administration OR 95% CI 0.236

174

(0.093; 0.603), P=0.003; statin therapy OR 95% CI 0.160
(0.061; 0.422), P<0.001; beta-blocker therapy OR 95% CI
0.142 (0.051; 0.398), P<0.001; and ACE inhibitor therapy
OR 95% CI 0.167 (0.052; 0.530), P=0.002 (Fig. 3B).

DISCUSSION

Cardiac etiologies for OHCA predominate over non-
cardiac causes, which, depending on the study, range from
50% to 91% (ref.’). Despite the small number of etiology
analyses and time trends, the importance of ACS as a
cause of OHCA seems to be growing. Paterson et al., in
their analysis of the Myocardial Ischemia National Audit
Project Database, showed that in the patient population of
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England and Wales, the proportion of ACS, as an etiology
of OHCA between 2009 and 2013, increased every year.
Additionally, the parallel increase in the proportion of
patients treated with CAG-PCI was associated with a bet-
ter prognosis for patients after OHCA due to ACS. Urgent
CAG-PCI has been shown to reduce mortality in patients
after an OHCA with a coronary etiology in patients with
STE ACSs (ref.*®), while in patients with NSTE ACS, the
effect of CAG timing remains unclear.

The COACT trial'® analyzed the NSTE ACS data of
patients from 19 Dutch medical centers. Urgent coronary
angiography was not superior to delayed coronary angi-
ography.

Thus, in a system with the coexistence of autonomous
CCUs and GICU s, the identification of ACS as the cause
of OHCA at the resuscitation site can lead to a direct
referral of the patient to the CCU followed by immediate
administration of specific cardiac care.

In our study, the admission department of patients
with OHCA caused by an atherothrombotic event sig-
nificantly affected adherence to ACS treatment recom-
mendations. Thus, during the initial medical examination
in the pre-hospital phase, the suspicion that an OHCA
had a coronary etiology led to better adherence to the
recommended diagnostic and therapeutic procedures.
Additionally, a medical examination by a cardiologist
upon admission to the hospital after an OHCA also in-
creased the likelihood of an early diagnosis of ACS being
the cause of OHCA. We observed that early diagnosis
and associated adherence to treatment recommendations
significantly reduced the risk of death.

A possible limiting factor for OHCA admission to
the CCU may be the unavailability of a suitable level of
general intensive care in complicated cases and/or its
permanent availability. This is mainly associated with a
reliable airway protection level, expertise in mechanical
ventilation, ventilation weaning, and treatment of other
non-cardiac organ failures.

The education of intensivists who take care of patients
after an OHCA includes the ability to assess the patient’s
neurological condition after sedation and address ethical
issues related to end-of-life decision-making and the futil-
ity of treatment in cases with severe post-hypoxic damage,
in which the prolonging of suffering and use of economic
resources without a foreseeable benefit pose ethical con-
cerns!™®,

When it comes to patient care after an OHCA with a
coronary etiology, the decisive factor was the cardiology
expertise of the physician performing the initial hospi-
tal evaluation, as well as their expertise in intensive care
medicine. This two-subject education can be achieved
either by an intensivist conducting a follow-up study in
cardiology or vice versa'’.

The current trend of educating cardiologists in inten-
sive care medicine and the creation of CCUs represents
a model in which comprehensive care for patients after
an OHCA is available in one place'>"**. Expanding the
portfolio of general intensive care procedures available
in CCUs would reduce the pressure on pre-hospital tri-
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age of clearly cardiac patients. Another alternative is the
cooperation of a cardiologist and an intensivist within
one ICU (ref.?!).

Despite good cooperation between the specific GICU
and CCU described, lowering the threshold for admission
of patients to the CCU after an OHCA and accelerating
the diagnosis and treatment of ACS, even in initially un-
clear cases, would still be beneficial.

While the GICU is autonomous in the decision-mak-
ing process, CAG and further treatment recommendations
become the responsibility of the cardiologist after consul-
tation. Conversely, in situations where GICU physicians
are not convinced of the benefits of treating coronary
ischemia, the GICU is entirely in charge of treatment.

In addition, our data pointed to the need to consider
ACS as a potential cause of OHCA in high-risk patients
who are preferably admitted to the GICU. In this situa-
tion, general intensivists should have expertise in cardiol-
ogy and the treatment of these patients or immediately
consult with a cardiologist regarding treatment to mini-
mize delays and reduce the risk of omitting best practices.

In our study, CAG-GICU patients essentially repre-
sented the common ICU model where patients, after ini-
tial management, were hospitalized under comprehensive
GICU care, and the cardiologist continued as a consul-
tant.

Our results showed that the optimal adherence to the
recommended treatment of ACS according to the rele-
vant guidelines®? occurred at the highest rate in CCU and
CAG-GICU patients, where the treatment was managed
by or involved a cardiologist.

As a result of pre-hospital triage, more complicated
patients were admitted to the GICU. Additionally, in-hos-
pital mortality differences reflected differences in GICU
and CCU habits relative to end-of-life decision-making for
patients with post-hypoxic brain damage.

CONCLUSIONS

The admitting department for patients with OHCA
caused by an atherothrombotic event significantly deter-
mined the degree to which adherence to ACS treatment
recommendations was utilized. The suspicion that an
OHCA has a coronary etiology during the initial pre-
hospital medical examination leads to better adherence
to the recommended diagnostic and therapeutic guide-
lines. Finally, we observed that both ACS diagnosis and
treatment were delayed in elderly patients with significant
comorbidities.

ABBREVIATIONS

OHCA, Out-of-Hospital Cardiac Arrest; ACS,
Acute Coronary Syndrome; CCU, Coronary Care
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Coronary Angiography; PCI, Percutaneous Coronary
Intervention; MI, Myocardial Infarction; STE MI,
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Artery Bypass Grafting; ROSC, Return of Spontaneous
Circulation; LMWH, Low Molecular Weight Heparin;
ACEIi, Angiotensin-Converting Enzyme Inhibitors; MAP,
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Acknowledgement. The work was created with the support
of the Charles University Research Program Q 38. All
the authors agree with the submission of this manuscript.
Data are available upon request from the corresponding
author.

Author contributions: PJ: contributed to the conception,
acquisition, and interpretation of data and wrote the man-
uscript; ZM: designed the study, provided supervision and
critical review of content; JK: contributed to data acquisi-
tion; PK: contributed to data acquisition; PW: contributed
to data acquisition; JJ: contributed to data analysis.
Conflict of interest statement: The authors state that there
are no conflicts of interest regarding the publication of
this article.

REFERENCES

1. Berdowski J, Berg RA, Tijssen JGP, Koster RW. Global incidences
of out-of-hospital cardiac arrest and survival rates: Systematic re-
view of 67 prospective studies. Resuscitation 2010;81(11):1479-87.
doi:10.1016/j.resuscitation.2010.08.006

. Townsend N, Nichols M, Scarborough P, Rayner M. Cardiovascular
disease in Europe - epidemiological update 2015. Eur Heart J
2015;36(40):2696-705. doi:10.1093/eurheartj/ehv428

. Witten L, Gardner R, Holmberg MJ, Wiberg S, Moskowitz A, Mehta
S, Berg KM. Reasons for death in patients successfully resuscitated
from out-of-hospital and in-hospital cardiac arrest. Resuscitation
2019;136:93-9. d0i:10.1016/j.resuscitation.2019.01.031

. Sandroni C, D'Arrigo S, Nolan J P. Prognostication after cardiac arrest.
Crit Care 2018;22(1):150. doi:10.1186/s13054-018-2060-7

. Park JH, Oh JH, Choi SP, Wee JH. Neurologic outcome after out-of-
hospital cardiac arrest could be predicted with the help of bispec-
tral-index during early targeted temperature management. Scand J
Trauma Resusc Emerg Med 2018;26(1):59. doi:10.1186/513049-018-
0529-7

. Patterson T, Perkins GD, Hassan Y, Moschonas K, Gray H, Curzen
N, Redwood SR. Temporal Trends in Identification, Management,
and Clinical Outcomes After Out-of-Hospital Cardiac Arrest. Circ
Cardiovasc Interv 2018;11(6):e005346. doi:10.1161/circinterven-
tions.117.005346

. CouperK, Kimani PK, Gale CP, Quinn T, Squire IB, Marshall A, Perkins
GD. Patient, health service factors and variation in mortality follow-
ing resuscitated out-of-hospital cardiac arrest in acute coronary
syndrome: Analysis of the Myocardial Ischaemia National Audit
Project. Resuscitation 2018;124:49-57. doi:10.1016/j.resuscita-
tion.2018.01.011

. Lettieri C, Savonitto S, De Servi S, Guagliumi G, Belli G, Repetto A,
Klugmann S. Emergency percutaneous coronary intervention in
patients with ST-elevation myocardial infarction complicated by
out-of-hospital cardiac arrest: Early and medium-term outcome.
Am Heart J 2009;157(3):569-575.e1. doi:10.1016/j.ahj.2008.10.018

. Lemkes JS, Janssens GN, van der Hoeven NW, Jewbali LSD, Dubois
EA, Meuwissen M, Rijpstra TA, Bosker H A, Blans MJ, Bleeker GB, Baak
R, Vlachojannis GJ, Eikemans BJW, van der Harst P, van der Horst ICC,
Voskuil M, van der Heijden JJ, Beishuizen A, Stoel M, Camaro C, van
der Hoeven H, Henriques JP, Vlaar APJ, Vink MA, van den Bogaard B,
Heestermans TACM, de Ruijter W, Delnoij TSR, Crijns HIGM, Jessurun
GAJ, Oemrawsingh PV, Gosselink MTM, Plomp K, Magro M, Elbers
PWG, van de Ven PM, Oudemans-van Straaten HM, van Royen N.

176

20.

21.

22.

Coronary Angiography after Cardiac Arrest without ST-Segment
Elevation. N Engl J Med 2019;380(15):1397-407. doi:10.1056/
NEJMoa1816897

. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno

H, Caforio ALP, Crea F, Goudevenos JA, Halvorsen S, Hindricks G,
Kastrati A, Lenzen MJ, Prescott E, Roffi M, Valgimigli M, Varenhorst
C, Vranckx P, Widimsky P; ESC Scientific Document Group. 2017 ESC
Guidelines for the management of acute myocardial infarction in pa-
tients presenting with ST-segment elevation: The Task Force for the
management of acute myocardial infarction in patients presenting
with ST-segment elevation of the European Society of Cardiology
(ESC). Eur Heart J 2018;39(2):119-77. doi.org/10.1093/eurheartj/
ehx393

. Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, Bax

JJ, Borger MA, Brotons C, Chew DP, Gencer B, Hasenfuss G, Kjeldsen
K, Lancellotti P, Landmesser U, Mehilli J, Mukherjee D, Storey RF,
Windecker S, ESC Scientific Document Group, 2015 ESC Guidelines
for the management of acute coronary syndromes in patients pre-
senting without persistent ST-segment elevation: Task Force for the
Management of Acute Coronary Syndromes in Patients Presenting
without Persistent ST-Segment Elevation of the European Society of
Cardiology (ESC). Eur Heart J 2016;37(3):267-315. doi.org/10.1093/
eurheartj/ehv320

. Fuster V. The (R)Evolution of the CICU. J Am Coll Cardiol

2018;72(18):2269-71. doi:10.1016/j,jacc.2018.09.018

. Geller BJ, Fleitman J, Sinha SS. Critical Care Cardiology. Am Coll

Cardiol 2018;72(10):1171-5. doi:10.1016/j.jacc.2018.07.024

. Virkkunen |, Ryyndnen S, Kujala S, Vuori A, Piilonen A, Kaaria JP,

Silfvast T. Incidence of regurgitation and pulmonary aspiration of
gastric contents in survivors from out-of-hospital cardiac arrest.
Acta Anaesthesiol Scand 2007;51(2):202-5. doi:10.1111/j.1399-
6576.2006.01229.x

. Carter RM, Cone DC. When is a Cardiac Arrest Non-Cardiac? Prehosp

Disaster Med 2017;32(5):523-7. doi:10.1017/51049023x17006446

. Lemkes JS, Janssens GN, van der Hoeven NW, Jewbali LSD, Dubois

EA, Meuwissen MM, Rijpstra TA, Bosker HA, Blans MJ, Bleeker GB,
Baak RR, Vlachojannis GJ, Eikemans BJW, van der Harst P, van der
Horst ICC, Voskuil M, van der Heijden JJ, Beishuizen A, Stoel M,
Camaro C, van der Hoeven H, Henriques JP, Vlaar APJ, Vink MA, van
den Bogaard B, Heestermans TACM, de Ruijter W, Delnoij TSR, Crijns
HJGM, Jessurun GAJ, Oemrawsingh PV, Gosselink MTM, Plomp K,
Magro M, Elbers PWG, Spoormans EM, van de Ven PM, Oudemans-
van Straaten HM, van Royen N. Coronary Angiography After Cardiac
Arrest Without ST Segment Elevation: One-Year Outcomes of the
COACT Randomized Clinical Trial. JAMA Cardiol 2020;5(12):1358-65.
doi:10.1001/jamacardio.2020.3670

. Naib T, Lahewala S, Arora S, Gidwani U. Palliative Care in the Cardiac

Intensive Care Unit. Am J Cardiol 2015;115(5):687-90. doi:10.1016/j.
amjcard.2014.12.023

. Khandelwal N, Benkeser D, Coe NB, Engelberg RA, Teno JM, Curtis

JR. Patterns of Cost for Patients Dying in the Intensive Care Unit and
Implications for Cost Savings of Palliative Care Interventions. J Palliat
Med 2016;19(11):1171-8. d0i:10.1089/jpm.2016.0133

. Brusca S B, Barnett C, Barnhart B J, Weng W, Morrow DA, Soble JS,

Katz JN, Wiley BM, van Diepen S, Gomez AD, Solomon MA. Role
of Critical Care Medicine Training in the Cardiovascular Intensive
Care Unit: Survey Responses From Dual Certified Critical Care
Cardiologists. J Am Heart Assoc 2019;8(6):e011721. doi:10.1161/
jaha.118.011721

Miller P, Elliott, Kenigsberg, Benjamin B Wiley, Brandon M. Cardiac
Critical Care. J Am Coll Cardiol 2019;73(13):1726-30. doi:10.1016/j.
jacc.2019.03.004

Kapoor K, Verceles AC, Netzer G, Chaudhry A, Bolgiano M,
Devabhakthuni S, Ludmir J, Pollock JS, Ramani GV, McCurdy MT.
A Collaborative Cardiologist-Intensivist Management Model
Improves Cardiac Intensive Care Unit Outcomes. J Am Coll Cardiol
2017;70(11):1422-3. doi: 10.1016/j.jacc.2017.07.739 Erratum in: J Am
Coll Cardiol 2017;70(21):2737-8.

Sousa-Uva M, Neumann FJ, Ahlsson A, Alfonso F, Banning AP,
Benedetto U, Byrne RA, Collet JP, Falk V, Head SJ, Juini P, Kastrati A,
Koller A, Kristensen SD, Niebauer J, Richter DJ, Seferovic PM, Sibbing
D, Stefanini GG, Windecker S, Yadav R, Zembala MO; ESC Scientific
Document Group. 2018 ESC/EACTS Guidelines on myocardial revas-
cularization. Eur J Cardiothorac Surg 2019;55(1):4-90. doi: 10.1093/
ejcts/ezy289



