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ABSTRACT

Introduction: In-hospital mortality remains high in patients who develop cardiogenic shock or mechanical complica-
tions after ST-elevation myocardial infarction (STEMI), despite primary percutaneous coronary intervention, cardiac
surgery, vasoactive therapy, and mechanical circulatory support.

Aims: To present the rationale and design of the ROmanian C.C. lliescu - ST-Elevation Myocardial Infarction (RO-CCI-
STEMI) Registry, established to describe the incidence, baseline characteristics, resource use and prognosis of STEMI
patients complicated by cardiogenic shock and/or mechanical complications.

Methods: The RO-CCI-STEMI Registry is an observational, retrospective, single-centre study of all consecutive STEMI
patients from a large tertiary centre in Romania hospitalized during 2011-2025. Data collection was performed from
the patient’s electronic health records through an automated process using Python 3. Patients were divided into four
mutually exclusive groups.

Registry population: Of 10556 STEMI patients enrolled, 882 had cardiogenic shock alone, 97 mechanical complica-
tions alone, 195 both, and 9382 neither. Formal data analysis is due to be performed. The pre-specified statistical
analysis plan is reported within this paper.

Conclusion: The RO-CCI-STEMI Registry is designed to address gaps in epidemiology, management and prognosis of
these complications after STEMI, and serve as a platform for future analyses in a real-world Eastern European setting.
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HINTRODUCTION

Acute myocardial infarction (AMI) with ST-elevation
(STEMI) remains one of the most severe cardiovascu-
lar emergencies, with a large variability of in-hospital
course [1]. While timely reperfusion through primary
percutaneous coronary intervention (PCI) allows fa-
vourable recovery in many patients [1], some patients
develop catastrophic complications, such as cardiogen-
ic shock (CS) (6-10% [2]) and mechanical complica-
tions (MC) (approximately 1% [3]).

Despite comprehensive recommendations issued by
professional societies [3-5] and significant advances

in reperfusion strategies, intensive care and pharmaco-
therapy, outcomes remain poor, with reported mortal-
ity rates of approximately 30-60% for CS [6] and nearly
40% for MC [7].

These high mortality rates reflect not only the intrin-
sic severity of these conditions but also substantial gaps
in contemporary evidence regarding their epidemiol-
ogy, risk stratification, and real-world management.
Recent analyses, Lusebrink et al. [8] have highlighted
the paucity of robust data, particularly for MC, and the
limited generalizability of existing studies to routine
clinical practice.
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Rationale

CS and MC following STEMI are rare but devastating
events in which further improvements in early detec-
tion and management are urgently needed. However,
generating high-level evidence in these settings is in-
trinsically challenging, and randomized controlled
trials (RCTs) enrolling patients with MC are virtually
non-existent, while other trials in AMI-CS, excluded
patients with MC [9]. The acute onset, rapid clinical
deterioration, and high early mortality of these condi-
tions markedly limit the feasibility and ethical practi-
cality of RCTs in this clinical setting.

In this context, large sample size, well-structured
STEMI registries represent an indispensable source of
information that would enable systematic collection
of real-world data across the entire clinical spectrum,
allowing accurate characterization of epidemiology,
temporal trends, precipitating factors, and outcomes
of CS and MC. Although, several observational stud-
ies [10-12] have already provided valuable information
particularly about invasive haemodynamic monitoring
[13] or systems-of-care organization [14], larger data-
bases with consecutive enrolment and comprehensive
characterization during hospitalization, are strongly
needed.

This is essential to bridge existing knowledge gaps,
by providing comprehensive epidemiological and clini-
cal data on CS and MC. In addition, this type of regis-
try could support further hypothesis generation, guide
quality improvement initiatives, and ultimately inform
national health policies aimed to prevention and reduc-
tion of mortality associated with these complications.

B MATERIALS AND METHODS

Study design

This research is an observational, retrospective, sin-
gle-centre cohort study, based on the RO-CCI-STE-
MI Registry (ROmanian C.C. Iliescu - ST-Elevation
Myocardial Infarction), from the Emergency Institute
for Cardiovascular Diseases “Prof. Dr. C.C. Iliescu’,
Bucharest, Romania, a large tertiary cardiovascular
center. The study population comprises all consecutive
patients admitted with STEMI, who were enrolled in
the registry between 01 January/2011 and 31/Decem-
ber 2025.
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Patient population

The list of inclusion and exclusion criteria for the RO-
CCI-STEMI Registry, is shown in Table I:

Table I:

Inclusion criteria Exclusion criteria

- Admission in our in- - Other forms of ACS presenta-
stitution with STEMI tions: NSTEMI, unstable angina,
(index hospitalization transient ST-elevation or early
—unique patients) post-Ml angina
- Age >18 - Solely evidence/scar of an old
Ml
- Acute aortic syndromes, myo-
carditis, Takotsubo syndrome

ACS = acute coronary syndrome; NSTEMI = non-STEMI.

MC and CS coexist frequently, so patients were di-
vided into four mutually exclusive groups instead of
overlapping the exposure groups: MC only (n=97), CS
only (n=882), CS with MC (n=195), and control group
with neither complication (n=9382). Consequently,
MC was recorded in 292 patients (97+195) and CS in
1077 (882+195). This overlap is illustrated in Figure 2.

We classified all CS patients into SCAI (Society
for Cardiovascular Angiography and Interventions)
SHOCK stages [5,15] and included only SCAI C, D &
E patients in the CS group. Patients with mixed shock
(8.6% of total CS patients), were included only if the CS
component preceded the septic shock component [16].

Regarding the MC group, the following types of MC
have been included: free-wall rupture, ventricular sep-
tal rupture, papillary muscle rupture and pseudoaneu-
rysms. True aneurysms have been excluded from the
MC group as their acute prognosis is less severe than
that of the other MC, and their complication is mainly
related to thrombo-embolic events, and less to the risk
of fatal MC [7].

Data collection

Patient selection was run through the hospital’s Info
World Hospital Manager app. The ICD-10 codes used
to identify patients for inclusion are 121.0-I121.3 and
121.9 as the primary discharge diagnosis for transmu-
ral MI (I21.4 excluded for “subendocardic MI”). Also,
patients with ICD-10 codes as secondary discharge
diagnosis have been included, if the AMI hospitaliza-
tion lead to a severe complication marked as primary
discharge diagnosis instead (example for MC or CS:
Q21.0, 123.0-123.9, I51.0-151.3, I51.5, R57.0).

After patient selection, electronic health records
(EHRs) from each patient's MI hospitalization were ex-
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tracted. Data extraction from the EHRs was performed
through two distinct methods: 1. Writing an offline al-
gorithm for this project in Python 3 using the Pandas
and NumPy libraries, which automatically extracted
multiple variables & the 2nd method was manual data
entry into a Microsoft Excel database for variables that
could not be automated.

Variables and outcomes

We recorded 310 variables per-patient. The primary
outcomes include the incidence of CS or MC in patients
presenting with STEMI and the in-hospital mortality
of these complications (complete list of documented
variables and secondary outcomes available in the Ap-

pendix).
Statistical analysis plan (detailed version in the Ap-

pendix):
o descriptive analysis of baseline characteristics,

management and in-hospital outcomes, overall
and by group;

« multivariable logistic regression for in-hospital
mortality and for development of CS and MC;

« inclusion of clinically relevant variables irre-
spective of univariable significance;

« assessment of multicollinearity before model
construction;

« missing data will be reported for every variable
analysed, with imputation applied where appro-
priate;

« incorporation of calendar year to evaluate tem-
poral trends;

« CS and MC entered as part of the four mutually
exclusive groups, allowing the effect of their co-
existence to be estimated directly;

« predefined, exploratory subgroup analyses;

o effect estimates reported as odds ratios with 95%
confidence intervals; p < 0.05 for statistical sig-
nificance;
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Ethics

This research was approved by the Ethics & Research
Review Committee of our institution (updated Reg-
istration No. 5373/27.02.2026) and is carried out as a
PhD thesis by RF within Carol Davila University, Bu-
charest. Patients signed an informed consent form at
hospital admission, including approval for the use of
their medical data for academic purposes. Data extrac-
tion as variables was undergone into a fully anonymized
dataset. The Ethics & Research Review Committee of
our institution deemed that the general admission con-
sent signed by the patients is sufficient for the realiza-
tion of this study.

Registry status and cohort profile

The RO-STEMI program

In the national RO-STEMI program, participating hos-
pitals shared emergency PCI shifts with other centers,
based on a “rotating-day algorithm”, with our institu-
tion receiving AMI patients from Bucharest and the
southeast region of the country [17]. The program
started in 2010, with 2011 representing its first full year
of operation [18] (Figure 1). Initially, the program in-
cluded 10 centers across 5 cities, of which 4 were locat-
ed in Bucharest, providing continuous emergency PCI
coverage [18]. Since then, the network has expanded
substantially, reaching 21 centers in 13 cities across
Romania, explaining part of the drop in admissions at
our hospital after 2019, especially after the resolution
of the COVID-19 pandemic [19]. It progressed from
4209 primary PCIs in STEMI patients in 2011 to 10382
primary PClIs in 2024 [19]. Despite the addition of new
participating hospitals, our institute remains the only
center in Bucharest that continues to provide emergen-
cy PCI coverage twice weekly [17,19].

STEMI Admissions per year
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Figure 1. STEMI Admissions per year in the Emergency Institute for
Cardiovascular Diseases “Prof. Dr. C.C. lliescu”, Bucharest, Romania.
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Participant flow

During the included study period from 01 January 2011
to 31 December 2025, a total of 10556 individuals were
enrolled in the RO-CCI-STEMI Registry. We present,
in the Study Flow Diagram (Figure 2), their distribu-
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tion across the exposure groups and the control group,
as well as the main classifications and interventions.
These figures describe enrolment only; no inferential
analysis has been performed, and statistical analysis
will be reported separately according to the plan above.

[ The RO-CCI-STEMI Registry
c EHRs identified from
o ; .
= HosPlta! Dslitabase. .Index STEW EHRs retrieved with data extraction
3 hospitalization of unique patients, performed
§ respecting the inclusion _
c . o (n=10556)
@ & exclusion criteria
b= (n=10556)
R} v
Cardiogenic Shock patients P Patients without Cardiogenic Shock
(n=1077) h (n=9479)
E
s SCAIC SCAID SCAIE
= (n=298) (n=273) (n=506)
»
L]
5
b v v
: With 1 Without
Without ! With Mechanical : Mechanical
Mechanical : Mechanical Complications 1 Complications
Complications : Complications (n=97) | (n=9382)
(n=882) | (n=195) : =Control
— ! i Group
, v v
With Without With Without
s MCS MCS MCS MCS
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Q
2 F - :
= or Cardiogenic Shock Surgery / None
= without Mechanical Complications Intervea tign al (n=197)
(n=95)

For Mechanical Complications

Figure 2. Study Flow Diagram. EHR = electronic health record; MCS = mechanical circulatory support.

E DISCUSSION

The RO-CCI-STEMI Registry is a large sample size
STEMI/AMI registry including 10556 consecutively
enrolled patients, in whom CS and MC were recorded

in 10.2% and 2.7% respectively. Compared to the avail-
able data in the literature (Table 2): the RO-CCI-STEMI
Registry is the largest single-centre registry in Europe,
providing data about both CS and MC.

The RO-CCI-STEMI Registry may support in ad-
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and ultimately to improve outcomes in this high-risk
STEMI population.

Limitations

Limitations may reside in the single-centre design,
with retrospective EHR-based data collection, possibly
resulting in incomplete/missing variables or potential
misclassification related to ICD-10 coding. Temporal
changes in STEMI care, MCS availability, ICU practice,
definitions, and referral pathways over 15 years may
influence the findings. Additionally, limited external
generalizability or potential confounding by indication
for advanced therapies, including MCS, pulmonary ar-
tery catheterization, vasoactive medications, and car-
diac surgery should be acknowledged as limitations.
The current analysis is limited to in-hospital stay, and
future research will collect follow-up data.

B CONCLUSIONS

In conclusion, prognosis of STEMI patients greatly im-
proved during the PCI era, and the focus in the present
days is on improved prevention, early recognition and
management of life-threatening complications, such as
MC and CS. We present the rationale and study design
of the RO-CCI-STEMI Registry, which is designed to
characterize this cohort and to generate evidence aimed

at reducing the burden of these pathologies.
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