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AbsTRACT

INTROduCTION The Russian invasion of Ukraine in February 2022 resulted in displacement of approxi‑
mately 12.5 million refugees to adjacent countries, including Poland, which may have strained health 
care service delivery.
ObjECTIvEs Using the ST ‑segment elevation myocardial infarction (STEMI) data, we aimed to evaluate 
whether the Russian invasion of Ukraine has indirectly impacted delivery of acute cardiovascular care 
in Poland.
PATIENTs ANd METhOds We analyzed all adult patients undergoing percutaneous coronary interven‑
tions (PCIs) for STEMI across Poland between February 25, 2017 and May 24, 2022. The investigated 
health care centers were allocated to regions below and over 100 km from the Polish–Ukrainian border. 
Mixed ‑effect generalized linear regression models with random effects per hospital were used to explore 
the associations between the war in Ukraine and several parameters, and whether these associations 
differed across the regions below and over 100 km from the border.
REsuLTs A total of 90 115 procedures were included in the analysis. The average number of proce‑
dures per month was similar to the predicted volume for centers over 100 km from the border, while 
it was higher than expected (by an estimated median of 15 [interquartile range, 11–19]) for the region 
below 100 km from the border. There was no difference in adjusted fatality rate or quality of care 
outcomes for pre‑ and during ‑war time in both regions, with no evidence of a difference ‑in ‑difference 
across the regions.
CONCLusIONs Following the Russian invasion of Ukraine, there was only a modest and temporary 
increase in the number of primary PCIs, predominantly in the centers situated within 100 km of the Pol‑
ish–Ukrainian border, although no significant impact on in ‑hospital fatality rate was found.
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particularly in cities closest to the Ukrainian bor‑
der, remains unclear.15-17

Using STEMI as a model for acute cardiovascu‑
lar care delivery, our aim was to investigate how 
the Russian invasion of Ukraine has indirectly af‑
fected STEMI pathways, care delivery, and clin‑
ical outcomes in Poland. Furthermore, we ex‑
plored whether this impact disproportionately 
affected the border regions closest to Ukraine, 
where the population displacement has been most 
significant.

PATIENTs ANd METhOds data source and study 
population We utilized data from the national 
registry of percutaneous coronary intervention 
(PCI) (ORPKI), which is maintained by the Jagi‑
ellonian University (Kraków, Poland) in collabo‑
ration with the Association of Cardiovascular In‑
terventions of the Polish Cardiac Society.18-22 This 
study encompassed all adult patients (aged >18 
years) who underwent PCI for STEMI in health 
care centers across Poland from February 25, 2017 
to May 24, 2022. In the primary analysis, we ex‑
cluded PCI cases that involved thrombolysis (res‑
cue PCI), constituting less than 0.5% of the data, 
as our primary focus was on patients primarily 
treated with PCI. In the secondary analysis, such 
cases were included. Due to the nature of the data 
(registry of procedures), neither ethics commit‑
tee approval nor written informed consent from 
patients were required.

Outcomes The primary outcomes encompassed: 
1) the number of patients presenting with STEMI 
treated with PCI, and how this changed over time; 
2) procedural fatality rate; and 3) the occurrence 
of procedural complications during angiography 
or PCI. Procedural complications were defined as 
a composite of events during PCI, including fa‑
tality rate, myocardial infarction (MI), no reflow, 
bleeding at the puncture site, cardiac arrest, aller‑
gic reaction, coronary artery perforation during 
PCI, or stroke or dissection during angiography.

The secondary outcomes, assessing wheth‑
er quality metrics of STEMI care were compro‑
mised, involved consideration of the following: 
1) prescription of a newer antiplatelet either pre‑
‑catheter laboratory admission or during angi‑
ography / PCI (ie, prasugrel or ticagrelor during 
pre ‑catheter laboratory admission or angiogra‑
phy / PCI, as opposed to a standard use of clopi‑
dogrel), 2) proportion of PCIs performed via ra‑
dial access, and 3) the use of intravascular imag‑
ing (intravascular ultrasound or optical coher‑
ence tomography). Patients not prescribed a new‑
er antiplatelet were excluded from the analysis, 
as the focus was on comparing the odds of pra‑
sugrel or ticagrelor prescription vs clopidogrel.

Time periods and regional centers We catego‑
rized time periods as before February 24, 2022 
(pre ‑war period) and after February 24, 2022 
(during ‑war period), and classified the medical 
centers based on their geographic distance from 

INTROduCTION During periods of social and 
political instability caused by natural disasters, 
public health crises, and wars, health care deliv‑
ery is frequently disrupted, affecting the quality 
of care and leading to poorer clinical outcomes. 
For instance, during the COVID ‑19 pandemic nu‑
merous countries implemented social contain‑
ment measures, commonly referred to as lock‑
downs, to mitigate the virus transmission. These 
measures may have unintentionally led to delays 
in patients seeking emergency care, resulting in 
a decline in cardiovascular admissions, notably 
for ST ‑segment elevation myocardial infarction 
(STEMI).1-4 A failure to promptly perform revas‑
cularization in patients presenting with STEMI is 
believed to have contributed to increased death 
rate from acute coronary syndrome (ACS), heart 
failure, and out ‑of ‑hospital cardiac arrest ob‑
served in numerous health care systems during 
the pandemic.5-7 In addition, COVID ‑19 itself 
could influence the pathophysiology of ACS by 
increasing the risk for its thromboembolic com‑
plications.8 Similarly, natural disasters, such as 
the Katrina hurricane in the United States, have 
profoundly affected local health care, impacting 
not only acute illnesses9 but also influencing 
future cardiovascular diseases,10 and manage‑
ment of chronic conditions.11 Similar observa‑
tions have been documented following the Kobe 
earthquake in Japan.12

On February 24, 2022, Russia’s invasion of 
Ukraine triggered Europe’s largest refugee crisis 
since the World War II, with an estimated 8 mil‑
lion people displaced within Ukraine by late May, 
and 12.5 million Ukrainians crossing the border 
of Ukraine as of November 15, 2022.13 A major‑
ity of these refugees initially sought refuge in 
neighboring countries to the west of Ukraine, in‑
cluding Poland, Slovakia, Hungary, Romania, and 
Moldova, resulting in over 1.5 million refugees 
displaced into Poland.13 Modelling estimates in‑
dicate that Ukrainian individuals may then have 
comprised between 15% and 30% of the popula‑
tion in several major Polish cities near the bor‑
der.14 The impact of this unprecedented refugee 
displacement on health care delivery in Poland, 

whAT’s NEw?

This study, using Polish data on patients with ST ‑segment elevation myocardial 
infarction, sheds light on indirect impacts of the war in Ukraine on a crucial 
aspect of health care, that is, delivery of primary percutaneous coronary 
intervention (PCI). It shows that health care centers located within 100 km 
of the Polish–Ukrainian border surpassed the expected volume of PCI proce‑
dures, while the centers situated over 100 km from the border maintained 
a consistent procedural rate, aligning closely with the predicted values. 
However, despite the observed fluctuations in the PCI rates, the study found 
no discernible impact on adjusted fatality rate or quality of care outcomes 
based on the distance from the Polish–Ukrainian border. The analysis outlines 
the importance of resilient health care system to meet potential health care 
challenges in conflict zones and scenes of natural disasters.
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variable for COVID ‑19 (being 1 for the dates from 
February 24, 2020 onward, and 0 otherwise). We 
also investigated time and region indicator to ex‑
amine pre ‑war differences in temporal changes in 
outcomes. The models were adjusted for the vari‑
ables listed in Supplementary material, Table S1, 
through a propensity score (propensity for re‑
gion <100 km vs >100 km). For each outcome, 
we calculated the odds ratio (OR) with 95% CI 
comparing the outcomes across pre‑ and during‑
‑war periods, by region (<100 km vs >100 km), 
and then tested for interactions between the re‑
gion and the period (see Supplementary materi‑
al, Methodology for more details).

The measure of statistical significance was set 
to a P value below 0.05. All analyses were under‑
taken in R software version 4.2.0,24 along with 
the “tidyverse”,25 “mice,” and “lme4” packages26 
(R Foundation for Statistical Computing, Vien‑
na, Austria).

REsuLTs Out of a total of 90 793 STEMI pro‑
cedures included in the ORPKI registry within 
the study period, 9 were performed in patients 
younger than 18 years and further 214 were dupli‑
cate cases, all of which were excluded. For the pri‑
mary analysis, another 455 procedures were ex‑
cluded, as the patients received thrombolysis dur‑
ing angiography or PCI, resulting in 90 115 proce‑
dures included in this analysis. For the secondary 
analysis, thrombolysis cases were included, with 
a sample size of 90 570 procedures over the study 
period. The primary analysis dataset included a to‑
tal of 162 hospitals, 8 of which were located less 
than 100 km from the border.

TAbLE 1 provides the baseline characteristics of 
the primary analysis cohort, both overall and by 
region ‑time period combinations, with Supple‑
mentary material, Table S2 summarizing the same 
data for the secondary analysis cohort that includ‑
ed thrombolysis cases. In the primary analysis co‑
hort, the mean (SD) age was 65 (12) years, and 
68% of the patients were men. Overall, 17% had 
diabetes, 31% were current or previous smokers, 
and 12% had a history of PCI. As many as 4.4% 
of the cohort patients presented with cardiac ar‑
rest at baseline. A majority (81%) of the whole co‑
hort underwent angiography and PCI via the ra‑
dial access.

In general, we found that the baseline charac‑
teristics within each region were similar across 
the  time periods before and during the  war 
(TAbLE 1; Supplementary material, Tables S2–S4). 
However, in the centers located over 100 km from 
the border, the proportion of patients with previ‑
ous PCI, previous smokers, and those with kidney 
disease were significantly different before and af‑
ter February 24, 2022; such differences were not 
significant in the centers located less than 100 km 
from the border (TAbLE 1). Interestingly, the pro‑
portion of patients who were directly transported 
increased substantially during the war for the cen‑
ters within 100 km of the border (from 22% be‑
fore February 24, 2022 to 41% after this date).

the Polish–Ukrainian border. The distance from 
the border was determined as the shortest road 
route from the closest Polish–Ukrainian border 
crossing. For the primary analysis, we defined 
the regions as below 100 km vs over 100 km from 
the border. In a sensitivity analysis, we considered 
regions of below and over 200 km from the bor‑
der. The centers within 100 km of the border were 
deemed most likely to be affected by the refugee 
influx, but the impact could have potentially ex‑
tended further, hence the motivation for the sen‑
sitivity analysis.

statistical analysis We summarized baseline 
characteristics for the whole cohort and for indi‑
vidual regions across the pre‑ and during ‑war peri‑
ods. Continuous variables were summarized using 
the mean and SD and compared using the t tests 
or analysis of variance. Categorical variables were 
summarized using frequencies and were compared 
using the χ2 test.

Missing data in covariate information were im‑
puted using multiple imputation, creating 20 im‑
puted datasets.23 Within the imputation models, 
we included all other variables, including the out‑
comes. Convergence of the imputation was con‑
firmed. All the analyses outlined below were per‑
formed in each of the imputed datasets separately, 
before pooling the results using the Rubin rules.23

We calculated the number of procedures per 
month and per region across the study period. 
Given that the war in Ukraine started on Febru‑
ary 24, 2022, we calculated each monthly proce‑
dure counts from 25th day of the previous month 
to the 24th day of the current month. To these 
data, we fitted negative binomial models between 
February 25, 2017 and December 24, 2021, with 
covariates of an indicator variable for the re‑
gion (<100 km vs >100 km for the main analy‑
sis, and <200 km vs >200 km for the sensitivi‑
ty analysis), calendar time (both continuous and 
as a factor variable of month to capture season‑
ality), an indicator variable for COVID ‑19 (being 
1 for dates from February 24, 2020 onward, and 
0 otherwise), and adjustment for the number of 
hospitals per region. Using these models, we then 
predicted the expected number of procedures per 
month per region, from December 25, 2021 until  
May 24, 2022. The predicted PCI volume was then 
compared with the observed monthly volume.

Mixed ‑effect logistic regression models with 
random effects per hospital were used to explore 
the associations between the beginning of the war 
in Ukraine and our patient ‑level outcomes of in‑
terest. All models included an indicator variable 
for the region (<100 km vs >100 km for the main 
analysis, and <200 km vs >200 km for the sensi‑
tivity analysis), an indicator differentiating be‑
tween observations prior to February 24, 2022 
(pre ‑war period) and after February 24, 2022 
(during ‑war period), and the interaction between 
these variables. Time was included in the models 
as the number of months from February 25, 2017 
(first day of the dataset), along with an indicator 
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TAbLE 1 Baseline characteristics of the primary percutaneous coronary intervention cohort, excluding thrombolysis cases, the main analysis 
(continued on the next page) 

Parameter Overall 
(n = 90 115)

Region <100 km Region >100 km

Pre ‑war 
(n = 3854)

During war 
(n = 154)

P value Pre ‑war 
(n = 82 736)

During war 
(n = 3371)

P value

Age, mean (SD) 65 (12) 66 (12) 67 (11) 0.53 65 (12) 66 (12) 0.02

Sex Women 28 636 (32) 1222 (32) 52 (34) 0.61 26 287 (32) 1075 (32) 0.86

Men 61 237 (68) 2618 (68) 102 (66) 56 233 (68) 2284 (68)

Missing data 242 14 0 216 12

Diabetes 15 751 (17) 606 (16) 23 (15) 0.79 14 528 (18) 594 (18) 0.93

Previous stroke 2786 (3.1) 118 (3.1) 6 (3.9) 0.48 2577 (3.1) 85 (2.5) 0.05

Previous MI 11 278 (13) 465 (12) 20 (13) 0.73 10 360 (13) 433 (13) 0.58

Previous PCI 11 100 (12) 448 (12) 22 (14) 0.31 10 173 (12) 457 (14) 0.03

Previous CABG 1522 (1.7) 48 (1.2) 1 (0.6) >0.99 1419 (1.7) 54 (1.6) 0.62

Previous smoker 28 023 (31) 1023 (27) 32 (21) 0.11 25 974 (31) 994 (29) 0.02

Hypertension 52 609 (58) 2613 (68) 99 (64) 0.36 47 967 (58) 1930 (57) 0.4

Kidney disease 3059 (3.4) 153 (4) 4 (2.6) 0.39 2817 (3.4) 85 (2.5) 0.01

COPD 1998 (2.2) 95 (2.5) 1 (0.6) 0.18 1834 (2.2) 68 (2) 0.44

Cardiac arrest at baseline 3816 (4.2) 181 (4.7) 8 (5.2) 0.77 3508 (4.2) 119 (3.5) 0.04

Killip class I 62 654 (83) 2639 (87) 97 (84) 0.21 57 632 (83) 2286 (83) 0.61

II 7865 (10) 227 (7.4) 8 (7) 7328 (11) 302 (11)

III 2415 (3.2) 65 (2.1) 6 (5.2) 2265 (3.2) 79 (2.9)

IV 2726 (3.6) 116 (3.8) 4 (3.5) 2510 (3.6) 96 (3.5)

Missing data 14 455 807 39 13 001 608

ASA, pre ‑catheter laboratory admission 66 321 (74) 2891 (75) 112 (73) 0.52 60 766 (73) 2552 (76) <0.001

ASA, during angiography or PCI 72 368 (80) 3190 (83) 131 (85) 0.46 66 298 (80) 2749 (82) 0.04

UFH, pre ‑catheter laboratory admission 48 679 (54) 2590 (67) 103 (67) 0.93 44 142 (53) 1844 (55) 0.12

UFH, during angiography or PCI 79 024 (88) 3629 (94) 152 (99) 0.02 72 310 (87) 2933 (87) 0.50

LMWH, pre ‑catheter laboratory admission 1755 (1.9) 41 (1.1) 3 (1.9) 0.24 1517 (1.8) 194 (5.8) <0.001

LMWH, during angiography or PCI 3651 (4.1) 53 (1.4) 3 (1.9) 0.48 3391 (4.1) 204 (6.1) <0.001

GPI IIb/IIIa 24 349 (27) 888 (23) 44 (29) 0.11 22 619 (27) 798 (24) <0.001

Results of angiography LMCA disease 6539 (7.3) 251 (6.5) 13 (8.4) 0.61 6017 (7.3) 258 (7.7) 0.7

Multivessel 
disease

43 394 (48) 1895 (49) 76 (49) 39 812 (48) 1611 (48)

Single ‑vessel 
disease

40 182 (45) 1708 (44) 65 (42) 36 907 (45) 1502 (45)

Bivalirudin 610 (0.7) 11 (0.3) 0 >0.99 579 (0.7) 20 (0.6) 0.47

FFR 189 (0.2) 9 (0.2) 0 >0.99 172 (0.2) 8 (0.2) 0.71

Intravascular imaging 1531 (1.7) 99 (2.6) 5 (3.2) 0.6 1302 (1.6) 125 (3.7) <0.001

Aspiration thrombectomy 9544 (11) 609 (16) 25 (16) 0.89 8586 (10) 324 (9.6) 0.15

Rotablation 103 (0.1) 2 (<0.1) 0 >0.99 98 (0.1) 3 (<0.1) >0.99

Access site Femoral – any 
side

15 170 (17) 943 (24) 15 (9.7) <0.001 13 863 (17) 349 (10) <0.001

Radial – any 
side

72 910 (81) 2813 (73) 138 (90) 67 012 (81) 2947 (87)

Radial 
angiofemoral 
PCI

1041 (1.2) 67 (1.7) 1 (0.6) 940 (1.1) 33 (1)

Femoral 
angioradial PCI

315 (0.3) 16 (0.4) 0 292 (0.4) 7 (0.2)

Other 679 (0.8) 15 (0.4) 0 629 (0.8) 35 (1)

Total contrast 166 (70) 193 (77) 180 (67) 0.03 165 (70) 156 (63) <0.001

Missing data 2651 110 0 2431 110

Total radiation dose, mGy 834 (731) 892 (804) 650 (620) <0.001 836 (730) 730 (645) <0.001

Missing data 2464 117 0 2235 112
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the regions located less and more than 200 km 
from the border, and in the secondary analysis co‑
hort including thrombolysis cases (Supplemen‑
tary material, Tables S5–S7).

Upon examining quality of care indicators, we 
found no differences for the odds of PCI compli‑
cations before and during the war in the regions 
closer to and further from the border, and also 
no evidence of a difference ‑in ‑difference across 
the regions (TAbLE 2). Our findings were similar for 
the prescription of newer antiplatelet medication, 
radial access, and imaging outcomes.

dIsCussION Our analysis revealed that follow‑
ing the Russian invasion of Ukraine and the sub‑
sequent displacement of 1.5 million refugees into 
Poland, there has been an increase in revascular‑
ization procedures for STEMI, disproportion‑
ately impacting the centers within 100 km of 
the border. The rise in numbers has been rela‑
tively modest, estimating additional 15 proce‑
dures per month within 100 km of the border. 
After multivariable adjustment, there was no ev‑
idence of a difference in clinical outcomes.

The  increase in the  number of PCIs has 
been relatively modest as well, with esti‑
mated 15 extra procedures within 100 km of 
the Polish–Ukrainian border. This rise may be 
below expectations considering the sudden dis‑
placement of over 1.5 million refugees to the re‑
gions close to the border. There are several pos‑
sible explanations. First, a majority of the refu‑
gees were women with young children, as men 
under the age of 60 were prohibited from leav‑
ing Ukraine as part of the country’s enlistment 
regulations. Second, our analysis was based on 
the primary PCI activity using the Polish national 
PCI registry as a surrogate for STEMI admissions. 
It is possible that during this period, a greater 
proportion of patients with STEMI presented 

Percutaneous coronary intervention volume Sup‑
plementary material, Figure S1 shows the num‑
ber of procedures per month for the whole co‑
hort. We observed a steady decrease in the over‑
all number of procedures with time, which be‑
came evident rapidly post–COVID ‑19. Overall, 
there was little change upon the war starting in 
Ukraine, but this varied across regions. Specifical‑
ly, when comparing the predicted and observed 
monthly volume per region (based on historic 
trends), the actual average number of procedures 
per month per region was similar to that predicted 
for the centers located over 100 km from the bor‑
der (FIGuRE 1). However, in the centers situated less 
than 100 km from the border, the average num‑
ber of procedures was higher than expected dur‑
ing the month immediately following the begin‑
ning of the war in Ukraine (by an estimated me‑
dian of 15 [interquartile range, 11–19] more pro‑
cedures), as compared with predicted levels based 
on historic trends (FIGuRE 1). The value returned to 
the expected levels after 30 days. Similar results 
were obtained in the sensitivity analysis covering 
the regions below and over 200 km from the bor‑
der, and in the secondary analysis that included 
thrombolysis cases.

Procedural outcomes and parameters of care In 
the region closer to the border (<100 km), the pro‑
cedural fatality rate approximately doubled after 
the war began, but this increase was found insig‑
nificant after multivariable adjustment (OR, 2.24; 
95% CI, 0.78–6.48; TAbLE 2). In the region located 
further from the border (>100 km), the fatality 
rate was similar before and during the war (OR, 
1.01; 95% CI, 0.66–1.55), and there was no evi‑
dence of a difference ‑in ‑difference for the odds 
of procedural fatality rate between the regions 
(P value for the interaction was 0.17; TAbLE 2). This 
was also observed in the sensitivity analysis for 

TAbLE 1 Baseline characteristics of the primary percutaneous coronary intervention cohort, excluding thrombolysis cases, the main analysis 
(continued from the previous page)

Parameter Overall 
(n = 90 115)

Region <100 km Region >100 km

Pre ‑war 
(n = 3854)

During war 
(n = 154)

P value Pre ‑war 
(n = 82 736)

During war 
(n = 3371)

P value

 Infarct‑related artery RCA 36 833 (41) 1602 (42) 62 (40) 0.75 33 850 (41) 1319 (39) 0.04

LMCA 2314 (2.6) 86 (2.2) 7 (4.5) 0.09 2129 (2.6) 92 (2.7) 0.58

First / second 
diagonal

4190 (4.6) 189 (4.9) 6 (3.9) 0.57 3857 (4.7) 138 (4.1) 0.12

Circumflex 12 164 (13) 526 (14) 19 (12) 0.64 11 137 (13) 482 (14) 0.16

First /  
second / third 
obtuse marginal

3775 (4.2) 147 (3.8) 7 (4.5) 0.64 3490 (4.2) 131 (3.9) 0.35

Ramus 
intermedius

924 (1) 36 (0.9) 4 (2.6) 0.07 851 (1) 33 (1) 0.78

Direct transport 24 093 (27) 856 (22) 63 (41) <0.001 22 209 (27) 965 (29) 0.02

Data are presented as number and percentage unless indicated otherwise.

Abbreviations: ASA, acetylsalicylic acid; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; FFR, fractional flow 
reserve; GPI, glycoprotein; LAD, left anterior descending coronary artery; LMCA, left main coronary artery; LMWH, low ‑molecular ‑weight heparin; 
MI, myocardial infarction; PCI, percutaneous coronary intervention; RCA, right coronary artery; UFH, unfractionated heparin
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Emotional stress during natural disasters and 
in war zones may elevate the incidence of acute 
coronary syndromes through various mecha‑
nisms, including excessive sympathetic nervous 
system activation, glycemic control, exacerbation 
of coronary artery atherosclerosis, transient en‑
dothelial dysfunction or necrosis, and increase 
in platelet aggregability.29,30 Other prospective 
studies have suggested that the association be‑
tween psychological distress and cardiovascular 
disease risk could be largely explained by behav‑
iors such as smoking and alcohol intake.31 Alter‑
natively, it may be related to social factors, such 
as missed medications, changed diet, poor liv‑
ing conditions, and stress due to commotion and 
crime following the event.32

We observed an increase in in ‑hospital fatali‑
ty rate in the centers within 100 km of the bor‑
der following the Russian invasion of Ukraine, 
although its significance diminished when ad‑
justing for differences in baseline covariates. 
This is reassuring, since we did not identify 
an impact of the war on the patient care pa‑
rameters, such as pain ‑to ‑balloon time or pre‑
scription of newer antiplatelet agents. Howev‑
er, considering the relatively large confidence 
intervals for the odds of mortality before and 
during the war (OR, 2.22; 95% CI, 0.77–6.42), 
we cannot entirely rule out the effect on fatality 
rate. Limited total number of cases in the cen‑
ters within 100 km of the border could have 
affected the statistical power to detect differ‑
ences. The challenge to the health care system 
may still have resulted in lowering the quality 

outside the 12 ‑hour timeframe in which prima‑
ry PCI is believed to be effective. Although pos‑
sible, this is unlikely, as we did not observe a dif‑
ference in either time from pain‑to‑first contact 
or time from pain‑to‑angiography / balloon an‑
gioplasty. Furthermore, it is reassuring to note 
that the increase in primary PCI number did not 
create a bottleneck in the system, causing delays 
in pain ‑to ‑balloon times. A third possibility is 
that the refugees who experienced STEMI may 
not have sought medical assistance due to unfa‑
miliarity with the medical system in Poland or 
a lack of access to medical facilities.

The rise in STEMI admissions observed in 
the current study in the border regions (<100 km) 
may not have resulted merely from the popula‑
tion enlargement due to the refugee displace‑
ment. Prior research showed that civil unrests 
and natural disasters are associated with higher 
incidence of cardiovascular events. For instance, 
following the Northridge earthquake in the Los 
Angeles area in January 1994, a postal survey of 
more than 100 hospitals in the region indicat‑
ed that admissions for acute MI (AMI) increased 
from 149 in the week before to 201 in the week 
after the earthquake.27 Additionally, the number 
of sudden deaths from cardiac causes increased 
from an average of 4.6 per day in the week before 
to 24 on the day of the earthquake.28 This surge 
in incident MI following major events might last 
for extended time periods, as heart attack cen‑
ters reported a 3 ‑fold increase in the incidence 
of AMI 2 years after the Katrina hurricane in 
the United States.29

FIGuRE 1  Observed (grey) and predicted (blue) number of procedures per month per region. The dotted line represents the beginning of the COVID ‑19 
pandemic, and the dashed line represents the first day of the war in Ukraine.
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of patient care and clinical outcomes, and assess‑
ing whether they have been impacted by popu‑
lation shifts, particularly in relation to the geo‑
graphic proximity to the conflict zone. Despite 
papers highlighting correlations between hu‑
manitarian crises and cardiovascular morbidity 
and mortality, much of the planning of humani‑
tarian responses has concentrated on communi‑
cable diseases. The findings of our analysis sug‑
gest that the consideration of acute cardiovas‑
cular diseases such as AMI in disaster planning 
and response efforts may help mitigate cardio‑
vascular morbidity and mortality.

Limitations Our analysis has several limitations. 
First, it utilizes the ORPKI national PCI registry, 
which only captures the STEMI admissions that 
proceed to primary PCI, not the total number of 
STEMI presentations. Second, the ORPKI data‑
set does not link to longer ‑term outcomes, and 
therefore cannot explain if the worse clinical out‑
comes following the Russian invasion of Ukraine 
translate into worse longer ‑term outcomes in 
the border regions. Third, while we could mod‑
el the changes in the number of procedures per 
month, we did not have data on which PCI pro‑
cedures were performed in the Ukrainian refu‑
gees specifically. Fourth, limited number of PCI 
cases in the regions within 100 km of the borders 
may affect the statistical power of the study. Fi‑
nally, our results should not be interpreted as 
causal, although we have used propensity score 
analyses to adjust our estimates for the observed 
confounders.

Conclusions In conclusion, our analysis of the na‑
tional Polish PCI registry reveals that, following 
the Russian invasion of Ukraine and the displace‑
ment of 1.5 million people into Poland, there was 
only a modest and temporary increase in prima‑
ry PCI activity, predominantly in the centers lo‑
cated within 100 km of the Polish–Ukrainian bor‑
der. However, there was no significant impact on 

of care delivered in these regions, which was 
not captured by the ORPKI dataset. These un‑
observed factors, known to impact clinical out‑
comes, include admission to coronary care, pre‑
scription of statins, β ‑blockers, and angiotensin‑
‑converting enzyme inhibitors.33

Our study did not identify a  population 
shift toward a worse risk factor profile follow‑
ing the influx of refugees, as the average age of 
the patients treated at the border centers did not 
change following the invasion. The risk factor 
profiles were similar before and during the inva‑
sion, with comparable proportions of Killip class 
III/IV presentations. It is likely that the impact 
on the health care was much greater than report‑
ed in our study, with challenges involving pre‑
scription of longer ‑term antiplatelet agents to 
a population of migrants who may lack a stable 
access to medical care. Additionally, challenges 
may arise in secondary prevention, including 
optimal blood pressure control, lipid manage‑
ment, cardiac rehabilitation, and altered avail‑
ability of usual medication due to supply chain 
issues. Furthermore, as highlighted previously, 
the impact of natural disasters, wars, and other 
social upheavals may affect cardiovascular health 
several years post the index event.

Previous studies examining the impact of con‑
flict events on ACS reported variable findings. 
One study indicated that the incidence of admis‑
sions for AMI increased during the first 5 days 
of air raids (incident rate ratio, 2.43; 95% CI, 
1.23–4.26), and other studies noted a significant 
rise in the number of patients with wartime ACS 
in Bosnia and Herzegovina as compared with 
the pre ‑war period.34-36 In contrast, a study fo‑
cusing on coronary care unit admissions at 8 cen‑
ters in New York City after the September 11 ter‑
rorist attacks on the World Trade Center did not 
find a significant change in the number of admis‑
sions for ACS or chest pain in the week follow‑
ing the attacks.37 Our study contributes to this 
body of literature by evaluating the parameters 

TAbLE 2 Associations between the beginning of the Russian invasion of Ukraine and clinical outcomes in the primary percutaneous coronary 
intervention cohort, excluding thrombolysis cases, for the regions within and over 100 km from the Polish–Ukrainian border

Outcomes Region <100 km Region >100 km P value for 
interactionb

Pre ‑war 
(n = 3854)

During war 
(n = 154)

aOR (95% CI)a Pre ‑war 
(n = 82 736)

During war 
(n = 3371)

aOR (95% CI)a

Procedural fatality rate 47 (1.22) 5 (3.25) 2.24 (0.78–6.48) 825 (1) 24 (0.71) 1.01 (0.66–1.55) 0.17

PCI complications 188 (4.88) 14 (9.09) 1.10 (0.59–2.05) 3458 (4.18) 109 (3.23) 0.79 (0.64–0.97) 0.31

New antiplatelet medication 1855 (57.5) 103 (74.1) 0.73 (0.47–1.13) 31 537 (46.4) 1765 (63.9) 0.62 (0.56–0.69) 0.47

Radial access 2829 (73.4) 138 (89.6) 1.15 (0.66–2.01) 67 304 (81.4) 2954 (87.6) 0.94 (0.84–1.06) 0.49

Imaging (IVUS/OCT) 99 (2.57) 5 (3.25) 0.66 (0.25–1.73) 1302 (1.57) 125 (3.71) 0.86 (0.69–1.06) 0.61

Data are presented as number and percentage.

a Odds ratios were adjusted for time since the beginning of the study, COVID ‑19, propensity score (see Supplementary material, Table S1), and 
hospital ‑level random effect; see Supplementary material, Methodology. 

b P value for interaction tested the interaction between the pre‑ and during ‑war period indicator variable with region indicator variable, to determine 
whether the outcomes between the pre‑ and during ‑war periods differed by region.

Abbreviations: aOR, adjusted odds ratio; IVUS, intravascular ultrasound; OCT, optical coherence tomography; others, see TAbLE 1
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29 Gautam S, Menachem J, Srivastav SK, et al. Effect of Hurricane Katrina 
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ter in New Orleans. Disaster Med Public Health Prep. 2009; 3: 144‑150. 
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gencies: in the eye of the hurricane. Prev Chronic Dis. 2006; 3: A46.
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nisms. J Am Coll Cardiol. 2008; 52: 2156‑2162. 
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the storm. Disaster Med Public Health Prep. 2009; 3: 131‑135. 

33 Siudak Z, Bartuś S, Hawranek M, et al. Interventional cardiology in Po‑
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Interventions of the Polish Cardiac Society (AISN PTK) and Jagiellonian Uni‑
versity Medical College. Postepy Kardiol Interwencyjnej. 2022; 18: 87‑89. 
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myocardial infarction? Acta Cardiol. 2006; 61: 427‑431. 
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the 1992‑1995 war in Bosnia and Herzegovina: a 10 ‑year retrospective 
study. Mil Med. 2005; 170: 431‑434. 
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Coll Antropol. 2006; 30: 915‑919.

37 Chi JS, Speakman MT, Poole WK, et al. Hospital admissions for cardi‑
ac events in New York City after September 11, 2001. Am J Cardiol. 2003; 
92: 61‑63. 

in ‑hospital fatality rate. Our findings suggest that 
planning for both monitoring and management 
of cardiac diseases should be prioritized in con‑
flict zones and scenes of natural disasters.
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