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data collected in registries provide useful and 
reliable facts. Meta ‑analyses of registry studies 
improve our understanding of the diagnosis and 
management of particular diseases. The occur‑
rence of out ‑of ‑hospital cardiac arrest (OHCA) 
has also been recorded for many years, both in 
Europe and on a national scale.1‑3 In Poland, there 

INTRODUCTION Registry studies together 
with randomized controlled trials are considered 
extremely valuable sources of medical knowledge. 
However, randomized trials may appear unfeasi‑
ble for certain clinical endpoints. In such cases, 
clinical data registries are the only source of in‑
formation about patients’ health status. Reliable 
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ABSTRACT
BACKGROUND Out ‑of ‑hospital cardiac arrest (OHCA) is one of the leading causes of death in high ‑income 
countries.
AIMS  This study aimed to analyze long ‑term survival in patients with OHCA in the Świętokrzyskie 
Province, who were included in the National Registry of Invasive Cardiology Procedures (ORPKI), estimate 
survival probability, and evaluate associated risk factors.
METHODS Based on the ORPKI registry, we identified subjects with OHCA prior to hospitalization. Data 
were collected from January 1, 2014 to December 31, 2016.
RESULTS Out ‑of ‑hospital cardiac arrest occurred in 90 of 9855 patients diagnosed with myocardial 
infarction. We identified 2 significant risk factors: renal failure (HR, 6.53; 95% CI, 1.17–36.40; P = 0.03) 
and time (hours) from symptom onset to first medical contact (HR, 1.04; 95% CI, 1.01–1.08; P = 0.02). 
The probability of survival in patients below 66 years of age was almost 2‑fold higher (HR, 1.99; 95% CI, 
1.1–3.59; P = 0.02) than in those over the age of 66 years. In those without diabetes mellitus, it was more 
than 2‑fold higher (HR, 2.36; 95% CI, 1.12–4.98; P = 0.03) than in diabetic patients, and in individuals with 
single‑vessel coronary artery disease, it was almost 3‑fold higher (HR, 2.76; 95% CI, 1.51–5.06; P = 0.001) 
than in those with multivessel coronary artery disease.
CONCLUSIONS  Well ‑documented predictors of all‑cause mortality include: age, history of diabetes 
mellitus and renal failure, multivessel coronary artery disease on angiography, and time from pain onset 
to first medical contact. The total amount of contrast agent administered during invasive procedures and 
patient radiation exposure during procedures are less commonly reported risk factors for unfavorable 
outcomes.
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Fast transport of patients to the nearest cathe‑
terization laboratory, which shortens time be‑
tween first medical contact and device implan‑
tation, is one of the components of an algorithm 
for emergency medical services. The medical 
team of the Świętokrzyskie Cardiology Center 
has been developing this approach for a num‑
ber of years, using a telecommunication sys‑
tem and a network of emergency medical service 
stations (Supplementary material, Figure S2).19 
The population of patients transferred directly 
to the nearest catheterization laboratory to un‑
dergo invasive procedures includes also those 
with OHCA. Based on the ORPKI registry, which 
contains detailed procedural information about 
patients with ACSs, we identified subjects with 
OHCA prior to hospitalization (Supplementary 
material, Figure S3). There were 2 groups of pa‑
tients: 1) group A—all patients in the ORPKI 
database; and 2) group B—patients with OHCA 
identified in the ORPKI registry. These data were 
matched with records from the Świętokrzyskie 
branch of the Polish National Health Fund (Pol‑
ish, Narodowy Fundusz Zdrowia [NFZ]) in or‑
der to provide a reliable long ‑term follow ‑up.

The study was based on retrospective registry 
data. No ethics committee approval nor patient 
consent were required.

Statistical analysis Quantitative variables 
were expressed as mean (SD) and median (inter‑
quartile range). Categorical variables were pre‑
sented as numbers and percentages. The normal‑
ity of data distribution was tested with the Shap‑
iro–Wilk test and the Kolmogorov–Smirnov test. 
The χ2 test and the Fisher exact test were used 
to evaluate the statistical significance of differ‑
ences for single classifications and to test the in‑
terdependence of pairs of variables for double 
classifications. The t test for normally distrib‑
uted variables and the Mann–Whitney test for 
nonnormally distributed variables were applied 
to assess within ‑group differences. The univar‑
iate and multiple Cox regression models were 
used to estimate hazard ratios with 95% CIs 
and P values. The Kaplan–Meier survival anal‑
ysis and the log ‑rank test were used for esti‑
mation of survival probability at a particular 
point in time (30 days, 1 year, 2 years), risk ra‑
tios, and P values for the log ‑rank test. A P value 
less than 0.05 was considered significant.20 Sta‑
tistical analysis was performed using the Med‑
Calc Statistical Software, version 17.2 (MedCalc 
Software, Ostend, Belgium).

RESULTS A total of 9855 patients diagnosed 
with myocardial infarction and admitted to cath‑
eterization laboratories in the Świętokrzyskie 
Province between 2014 and 2016 were included 
in this study. Clinical characteristics of the study 
group obtained from the ORPKI database are 

are several small OHCA databases, but no nation‑
al OHCA registry is available.4‑6

Out ‑of ‑hospital cardiac arrest is one of 
the leading causes of death in high ‑income coun‑
tries.7 In Europe, its incidence is 40 cases per 
100 000 adults annually.8 Acute coronary syn‑
dromes (ACSs) are the most frequent cause of 
OHCA, with 76% of cases currently attributed to 
ACSs.9 Well ‑designed and structured registries, 
which gather information on OHCA, are good 
sources of data for clinical research, for instance, 
in Australia, Japan, and Denmark.10‑12 They pro‑
vide relevant information on the etiology and 
pathogenesis of OHCA. The OHCA databases in‑
clude also data regarding ACS, which is consid‑
ered the reason for OHCA. Currently, there is 
no national OHCA registry in Poland. Data on 
the cases of OHCA are collected in the Silesia and 
Świętokrzyskie provinces.4,13 The National Reg‑
istry of Invasive Cardiology Procedures (ORPKI) 
was launched on January 1, 2014.14 In this project 
undertaken by Jagiellonian University Medical 
College (Kraków, Poland) and the Association of 
Cardiovascular Interventions of the Polish Car‑
diac Society, data from 161 catheterization lab‑
oratories are collected. A more detailed descrip‑
tion of the registry was presented elsewhere.14,15 

The objective of the present study was to 
analyze long ‑term survival of patients with 
OHCA identified in the  ORPKI registry for 
the Świętokrzyskie Province, estimate their prob‑
ability of survival, and evaluate risk factors.

METHODS The  Świętokrzyskie Province 
is a small region, 1 of the 16 provinces in Po‑
land, which is a member state of the Europe‑
an Union. Based on data from 2016, the prov‑
ince covered the area of 11 711 km2, was inhab‑
ited by 1.25 million people, and its population 
density was 108 people per 1 km2 of land area.16 
Currently, there are 6 catheterization laborato‑
ries in the Świętokrzyskie Province17 (Supple‑
mentary material, Figure S1). In Europe, mor‑
tality due to cardiovascular disease (CVD) de‑
creased in the last 25 years. However, its inci‑
dence has increased: in 2015, about 11.3 million 
new cases of CVD were diagnosed, constituting 
more than 85 million people living with CVD.18 

WHAT’S NEW?
This is the first study based on the National Registry of Invasive Cardiology 
Procedures (Polish, Ogólnopolski Rejestr Procedur Kardiologii Inwazyjnej 
[ORPKI]), which presents a less standard patient evaluation, ie, a survival 
analysis of patients with coronary artery syndromes and out ‑of ‑hospital cardiac 
arrest. The study evaluated clinical and procedural risk factors reported in this 
population: the radiation dose absorbed by patients and the total amount of 
contrast agent administered during invasive procedures. We suggest developing 
a national registry of cases of out‑of‑hospital cardiac arrest, which could help 
optimize outcomes in this group of patients.
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Table S1. Factors that can influence survival in 
patients with ACS and OHCA were analyzed us‑
ing the Cox regression model and the Kaplan–
Meier curves. Univariate regression analysis 
demonstrated that survival after OHCA signif‑
icantly depended on the factors summarized in 
TABLE 3. Multivariate Cox regression analysis using 
the enter method identified 2 significant risk fac‑
tors: renal failure (HR, 6.53; 95% CI, 1.17–36.4; 

summarized in TABLE 1. There were 90 individu‑
als (0.9%) with OHCA: 57 men and 33 women 
(73.3% and 36.7%, respectively). Percutaneous 
coronary intervention (PCI) was performed in 
77 patients (86%). No significant differences 
were found between men and women. Clinical 
characteristics of patients are presented in TABLE 2. 
The characteristics of all cases of OHCA in this 
region are shown in Supplementary material, 

TABLE 1 Characteristics of the Świętokrzyskie Province population admitted to the hospital with the diagnosis 
of acute coronary syndromes (group A)

Variable Total  
(n = 9855)

Non ‑PCI group 
(n = 3324 [33.7%])

PCI group 
(n = 6531 [66.3%])

P value

Sex Male 6531 (66.3) 1873 (56.3) 4366 (66.9) <0.001

Female 3616 (36.7) 1451 (43.7) 2165 (33.1)

Age at first procedure, y, mean (SD) 67.4 (10.9) 67.4 (10.3) 67.5 (11.2) 0.57

Weight, kg, mean (SD) 79.5 (14.5) 79.1 (14.3) 79.7 (14.5) 0.01

Diabetes mellitus 2030 (20.6) 601 (18.1) 1429 (21.9) <0.001

Previous stroke 323 (3.3) 100 (3) 223 (3.4) 0.29

Previous MI 1843 (18.7) 631 (19) 1212 (18.6) 0.61

Previous PCI 1615 (16.4) 542 (16.3) 1073 (16.4) 0.88

Previous CABG 411 (4.2) 134 (4) 277 (4) 0.62

Smoking status 1890 (19.2) 464 (14) 1426 (21.8) <0.001

Psoriasis 42 (0.4) 15 (0.5) 27 (0.4) 0.79

Arterial hypertension 6925 (70.3) 2319 (69.8) 4606 (70.5) 0.44

Kidney disease 382 (3.9) 121 (3.6) 261 (4) 0.39

COPD 113 (1.6) 44 (1.9) 69 (1.5) 0.22

Approach for coronary 
angiography

Femoral 3557 (36.3) 1016 (30.6) 2541 (39.3) <0.001

Radial 6209 (63.4) 2290 (69.1) 3919 (60.6)

Other 21 (0.2) 9 (0.3) 12 (0.2)

Coronary artery status Nonsignificant 
changes

2192 (22.4) 2088 (62.9) 104 (1.6) <0.001

Single ‑vessel 
disease

3620 (37) 188 (5.7) 3432 (53.1)

Multivessel 
disease 
and / or LMCA

3975 (40.6) 1045 (31.5) 2930 (45.3)

Time from pain onset to first medical 
contact, h, median (IQR)

2.58 (1–7) 4 (1.6–14) 2.5 (1–6.5) <0.001

Time from first medical contact to 
inflation, h, median (IQR)

2 (1–6.3) 6.48 (2–20.4) 1.92 (1–5.3) <0.001

Time from pain onset to 
inflation, h, median (IQR)

6.28 (3–20.6) 18 (6.5–36.5) 5.67 (2.9–17.5) <0.001

Total amount of contrast agent during 
angiography, ml, mean (SD)

156 (81) 90 (51) 190 (73) <0.001

Absorbed radiation dose during 
angiography, mGy, mean (SD)

930 (902) 442 (400) 1175 (981) <0.001

Death 1292 (13.1) 386 (11.6) 906 (13.9) 0.002

Data are presented as number (percentage) unless otherwise indicated.

Abbreviations: CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; LMCA, 
left main coronary artery; mGy, miligrays; MI, myocardial infarction; PCI, percutaneous coronary intervention
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patients with OHCA, we estimated the prob‑
ability of survival presented as Kaplan–Meier 
survival curves (Supplementary material, Table 
S2). The probability of survival in patients below 
the age of 66 years was almost 2‑fold higher (HR, 
1.99; 95% CI, 1.10–3.59; P = 0.02) than in those 

P = 0.03) and time from symptom onset to first 
medical contact expressed in hours (HR, 1.04; 
95% CI, 1.01–1.08; P = 0.02). The backward meth‑
od identified 4 significant risk factors that si‑
multaneously affected OHCA (TABLE 4). For the fac‑
tors which were likely to influence survival in 

TABLE 2 Characteristics of patients admitted to the hospital after out ‑of ‑hospital cardiac arrest (group B)

Variable Total  
(n = 90)

Non ‑PCI group 
(n = 13 [14.4%])

PCI group 
(n = 77 [65.6%])

P value

Sex Male 57 (63.3) 8 (61.5) 49 (63.6) 0.89

Female 33 (36.7) 5 (38.5) 28 (36.4)

Age at first procedure, y, mean (SD) 67.75 (11.35) 68.3 (14.99) 67.66 (10.75) 0.59

Weight, kg, mean (SD) 77.03 (15.68) 72.77 (14.64) 77.75 (15.83) 0.25

Diabetes mellitus 20 (22.2) 3 (23.1) 17 (22.1) 0.94

Previous stroke 1 (1.1) 0 1 (1.3) 0.68

Previous MI 15 (16.7) 4 (30.8) 11 (14.3) 0.14

Previous PCI 10 (11.1) 2 (15.4) 8 (10.4) 0.6

Previous CABG 1 (1.1) 0 1 (1.1) 0.68

Smoking status 23 (25.6) 3 (23.1) 20 (26) 0.82

Psoriasis 1 (1.1) 0 1 (1.3) 0.68

Arterial hypertension 48 (53.3) 3 (23.1) 45 (58.4) 0.02

Kidney disease 4 (4.4) 2 (15.4) 2 (2.6) 0.04

COPD 3 (4.7) 0 3 (5.5) 0.48

Diagnosis at discharge 
(based on medical history)

NSTEMI 13 (14.4) 4 (30.8) 9 (11.7) 0.001

STEMI 61 (67.8) 3 (23.1) 58 (75.3)

Status post 
cardiac arrest

16 (17.8) 6 (46.2) 10 (13)

Approach for coronary 
angiography

Femoral 57 (63.3) 7 (53.8) 50 (64.9) 0.45

Radial 33 (36.7) 6 (46.2) 27 (35.1)

Coronary artery status Nonsignificant 
changes

7 (7.8) 7 (53.8) 0 <0.001

Single ‑vessel 
disease

38 (42.2) 2 (15.4) 36 (46.8)

Multivessel 
disease and / or 
LMCA

45 (50) 4 (30.8) 41 (53.2)

Time from pain onset to first medical contact, 
h, median (IQR)

1 (0.7–2.1) 0.83 (0.6–1) 1 (0.8–2.2) 0.25

Time from first medical contact to inflation, 
h, median (IQR)

1.5 (0.8–2) 2 (1.1–2.6) 1.4 (0.8–1.9) 0.89

Time from pain onset to inflation, h, median (IQR) 3 (1.8–5.7) 3 (1.9–3.7) 3 (1.8–5.9) 0.23

Total amount of contrast during angiography, ml, 
mean (SD)

173.4 (84.95) 70.39 (34.3) 193.09 (77.16) <0.001

Absorbed radiation dose during angiography, 
mGy, mean (SD)

864.41 (769.18) 263.92 (176.79) 980.93 (785.93) <0.001

Death 51 (56.7) 10 (76.9) 41 (53.2) 0.11

Data are presented as number (percentage) unless otherwise indicated.

Abbreviations: NSTEMI, non–ST ‑segment elevation myocardial infarction; STEMI, ST ‑segment elevation myocardial infarction; others, see 
TABLE 1
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practice. Currently, there is no national OHCA 
registry in Poland, but various research teams 
try to build their own databases. Therefore, ex‑
tracting data from the existing registries may 
be very helpful and time ‑saving. That is why we 
used the ORPKI database to evaluate the man‑
agement of patients with OHCA. The same reg‑
istry was also used for the evaluation of patients 
with rare cardiovascular diseases.23 The present 
study assessed survival in patients with ACS and 
OHCA considering the effect of well ‑known risk 
predictors, such as age, diabetes mellitus, re‑
nal failure, multivessel coronary artery disease, 
and less commonly observed risk factors, such 
as the radiation dose absorbed by patients and 
the total amount of contrast media adminis‑
tered during invasive procedures. In our group of 
ORPKI patients, although it was relatively small, 

over the age of 66 years (FIGURE 1A). In subjects with‑
out diabetes mellitus, it was more than 2‑fold 
higher (HR, 2.36; 95% CI, 1.12–4.98; P = 0.03) 
than in diabetic patients (FIGURE 1B). The proba‑
bility of survival in patients with single‑ves‑
sel coronary artery disease was almost 3‑fold 
higher (HR, 2.76; 95% CI, 1.51–5.06; P = 0.001) 
than in those with multivessel coronary artery 
disease (FIGURE 1C). Values noted in patients treat‑
ed with PCI and those not undergoing PCI were 
the same (FIGURE 1D).

DISCUSSION Data on the occurrence of OHCA 
and ACS are collected in national registries and 
observational studies in many countries.21,22 
Such registries serve as a basis for developing 
treatment strategies and guidelines for clinical 
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 FIGURE 1 Probability of survival after out‑of‑hospital cardiac arrest depending on median age (A), presence of diabetes (B), status of coronary arteries (C), and 
history of any percutaneous coronary intervention (D)
 Abbreviations: see TABLE 1
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TABLE 3 Risk factors for all ‑cause mortality estimated with the univariate Cox regression model

Factor HR (95% CI) P value

Any PCI (yes / no) 0.56 (0.28–1.11) 0.1

Sex (male / female) 0.75 (0.43–1.3) 0.3

Age, y 1.04 (1.01–1.06) 0.01

Weight, kg 0.99 (0.97–1.01) 0.15

Diabetes mellitus (yes / no) 1.94 (1.05–3.56) 0.03

Previous myocardial infarction (yes / no) 0.96 (0.45–2.05) 0.91

Smoking status (yes / no) 0.62 (0.32–1.22) 0.17

Arterial hypertension (yes / no) 1.18 (0.68–2.06) 0.55

Kidney disease (yes / no) 2.36 (0.85–6.58) 0.1

COPD (yes / no) 0.82 (0.18–3.68) 0.79

Killip class 1.17 (0.91–1.5) 0.21

Approach for coronary angiography (femoral / radial) 1.51 (0.83–2.74) 0.18

Coronary artery status 1.61 (0.98–2.64) 0.06

Total amount of contrast used during the procedure, ml 0.9963 (0.9926–0.9999)a 0.046

Radiation dose absorbed during the procedure, mGy 0.9995 (0.9990–1.0000)a 0.07

Time from first medical contact to inflation or angiography, h 0.9954 (0.9560–1.0364)a 0.82

Time from pain onset to first medical contact, h 1.03 (1–1.08) 0.048

Time from pain onset to inflation or angiography, h 1.01 (0.99–1.03) 0.38

a For precision, results are reported to 4 decimal places.

Abbreviations: see TABLE 1

TABLE 4 Multivariate analysis with Cox regression (including covariates with P ≤0.1 in univariate analysis)

Covariate Methoda

Enter Backward

HR (95% CI) P value HR (95% CI) P value

Any PCI (yes / no) 0.46 (0.14–1.54) 0.21 NE

Age, y 1.01 (0.98–1.05) 0.48 NE

Diabetes (yes / no) 1.92 (0.81–4.55) 0.14 2.59 (1.19–5.65) 0.02

Kidney disease (yes / no) 6.53 (1.17–36.40) 0.03 9.15 (2.28–36.77) 0.01

Coronary artery status (1 / 2 / 3)b 1.71 (0.91–3.21) 0.097 NE

Total amount of contrast used during procedure, ml 1 (0.99–1.01) 0.66 NE

Radiation dose absorbed during procedure, mGy 0.999 (0.998–1.0002) 0.098 0.999 (0.9985–1) 0.048

Time from pain onset to first medical contact, h 1.04 (1.01–1.08) 0.02 1.05 (1.01–1.08) 0.01

Overall model fitc χ2 = 20.4; df = 8; P = 0.01 χ2 = 18.1; df = 4; P = 0.001

a  Selected based on the way in which the independent variables were entered into the model. Enter: all variables were entered into 
the model in a single step, without checking. Backward: all variables were first entered into the model and then the non significant 
variables were removed sequentially.
b  1 – nonsignificant changes; 2 – single‑vessel disease; 3 – multivessel disease and / or LMCA
c  The χ2 tests of the relationship between time and all covariates in the model.

Abbreviations: NE, not entered into the model using the backward algorithm; others, see TABLE 1
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patient radiation exposure during invasive pro‑
cedures are considered less commonly observed 
risk predictors. Further research is needed to 
improve our understanding of the association 
between these less commonly investigated risk 
factors and survival in patients with ACS and 
OHCA. Furthermore, a national OHCA registry 
should be created to collect data useful for de‑
veloping a model of healthcare, which will pro‑
vide high ‑quality, safe services to patients with 
ACS and OHCA.

SUPPLEMENTARY MATERIAL
Supplementary material is available at www.mp.pl/kardiologiapolska.
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age and a history of diabetes mellitus and renal 
failure were associated with worse survival after 
ACS and OHCA. Kroupa et al24 obtained similar 
results in a group of 108 patients with ACS un‑
dergoing invasive procedures (66% of them had 
OHCA). Mortality was related to age, a history 
of diabetes mellitus, and arrhythmia.24 Tateishi 
et al25 studied the effect of the number of cor‑
onary lesions on survival after ACS and OHCA. 
In a group of 2779 patients, mortality was high‑
er in those with multivessel coronary artery dis‑
ease than in those with single ‑vessel disease.25 
In a large study, the RAD ‑MATRIX (the radia‑
tion substudy of the Minimizing Adverse Haem‑
orrhagic Events by Transradial Access Site and 
Systemic Implementation of AngioX) trial car‑
ried out in almost 8500 patients with ACS, Sci‑
ahbasi et al26 compared operator and patient ra‑
diation exposure in relation to the arterial ac‑
cess site for diagnostic and interventional pro‑
cedures. The authors found out that radial ac‑
cess, compared with femoral, was associated with 
a greater operator and patient radiation bur‑
den.26 Similarly, a systematic review and meta‑

‑analysis, which compared radiation parameters 
in relation to the access site, showed that radial 
access for interventional procedures was associ‑
ated with a small yet significant increase in radi‑
ation exposure.27 No data were found in the liter‑
ature regarding the association between surviv‑
al in patients with ACS experiencing OHCA and 
radiation burden during invasive procedures. In 
a study of more than 3000 patients with non–ST‑

‑segment elevation myocardial infarction, Ding 
et al28 demonstrated that a larger dose of contrast 
agent significantly increased the risk of slow cor‑
onary blood flow and no ‑reflow phenomenon. 
Unfavorable effects of contrast agents admin‑
istered during invasive procedures are known 
through their impact on renal function.29 No 
data could be found in the literature on the ef‑
fects of the total amount of contrast agents ad‑
ministered during invasive procedures on sur‑
vival in patients with ACS who had OHCA. Reg‑
istries of ACSs may serve as a basis for analy‑
sis of various medical events, such as OHCA in 
the present study. It is of paramount importance 
in view of the implementation of the General 
Data Protection Regulation, which contributed 
to more restricted processing of personal health 
data in Poland.

Conclusions Based on our observation, fac‑
tors influencing survival in patients with ACS 
and OHCA may be divided into 2 groups: well‑

‑documented risk factors and less common‑
ly observed risk factors. The well ‑documented 
risk factors include age, a history of diabetes 
mellitus and renal failure, multivessel coro‑
nary artery disease on angiography, and time 
from pain onset to first medical contact. The to‑
tal amount of contrast agent administered and 
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