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Background: Air pollution with increased concentrations of fine (<2.5 μm) particulate matter 
(PM2.5) increases the risk of cardiovascular morbidity and mortality. Even short-term increase of 
PM2.5 may help trigger ST-elevation myocardial infarction (STEMI) and heart failure (HF) in 
susceptible individuals, even in areas with good air quality.
Purpose: To evaluate the role of PM2.5 levels ≥20 µg/m3 in admission acute HF in STEMI 
patients.
Materials and Methods: In 290 STEMI patients with the leading reperfusion strategy 
primary percutaneous coronary intervention (PPCI), we retrospectively studied independent 
predictors of admission acute HF and included admission demographic and clinical data as 
well as ambient PM2.5 levels ≥20 µg/m3. We defined admission acute HF in STEMI patients 
as classes II–IV by Killip Kimball classification.
Results: Acute admission HF was observed in 34.5% of STEMI patients. PPCI was 
performed in 87.1% of acute admission HF patients and in 94.7% non-HF patients (p= 
0.037). Significant independent predictors of acute admission HF were prior diabetes (OR 
2.440, 95% CI 1.100 to 5.400, p=0.028), admission LBBB (OR 10.190, 95% CI 1.160 to 
89.360, p=0.036), prior resuscitation (OR 2.530, 95% CI 1.010 to 6.340, p=0.048), admission 
troponin I≥5µg/l (OR 3.390, 95% CI 1.740 to 6.620, p<0.001), admission eGFR levels (0.61, 
95% CI 0.52 to 0.72, p < 0.001), and levels of PM2.5 ≥20 µg/m3 (OR 2.140, 95% CI 1.005 to 
4.560, p=0.049) one day before admission.
Conclusion: Temporary short-term increase in PM2.5 levels (≥20 µg/m3) one day prior to 
admission in an area with mainly good air quality was among significant independent 
predictors of acute admission HF in STEMI patients.
Keywords: admission acute heart failure, ST-elevation myocardial infarction, air pollution, 
PM2.5

Introduction
Acute heart failure (HF) at presentation is an important determinant of morbidity and 
mortality in ST-elevation myocardial infarction (STEMI) patients in spite of early 
reperfusion therapy by primary percutaneous coronary intervention (PCI), combined 
with evidence-based pharmacological treatment.1,2 STEMI patients with acute admis
sion HF receive less evidence-based therapies and/or interventions compared to 
patients without admission HF.3,4

Acute admission HF in STEMI patients is a complex event, precipitated by 
myocardial ischemia and modified by primary PCI, time delay to primary PCI, pre- 
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existing cardiac disease, and environmental factors such as 
air pollution.2,5 Increased exposure to air pollution is asso
ciated with increased cardiovascular morbidity and mor
tality, in particular in areas with extremely high 
concentrations of air pollutants.6 However, even in areas 
with relatively good air quality, temporary traffic-related 
increased concentrations of fine (<2.5 μm) particulate 
matter (PM2.5) within prior hours were strongly associated 
with ischemic stroke, increased risk of myocardial infarc
tion, and increased risk of hospitalization or death due to 
HF.7–10

In addition to ozone, carbon monoxide, lead, nitrogen 
dioxide, volatile organic compounds and sulphur dioxide, 
PM2.5 plays an important role in the deleterious effect of 
air pollution upon human health. Long-term air pollution 
from PM2.5 alone is responsible for increased risk of pre
mature death from stroke by 19% and from coronary heart 
disease by 13% even in exposures below the current 
European air quality limit values, ie, less than 10μg/m3 

for mean annual levels and less than 25μg/m3 for 24-hour 
mean annual levels.11

There is also evidence that short-term exposure – hours or 
days – to elevated 24-hour mean daily levels of PM2.5 >25 μg/ 
m3 may help trigger acute coronary syndromes, in particular 
STEMI and HF exacerbation in susceptible individuals.12

However, the results on short-term effects of air pollu
tion on a range of cardiovascular events from the MINAP 
database found no clear evidence for pollution effects on 
STEMIs and stroke, but for pulmonary embolism.13 The 
strongest associations with air pollution were observed 
with non-MI outcomes.13

Our aim was to evaluate predictive role of PM2.5, 
measured on admission and one day prior to hospital 
admission for acute HF in STEMI patients at presentation.

Materials and Methods
Patients
We retrospectively included 290 STEMI patients (100 
women and 190 men), hospitalized at the University clin
ical Centre in 2018 from the Maribor (Slovenia) area. 
From the institutional medical information system we ret
rospectively registered their clinical, demographic, and 
mortality data.

Methods
Institutional Medical Ethics Committee (University clini
cal centre Maribor – Medical Ethics Committee (KME)) 

approved the retrospective observational study (approval 
UKC-MB-KME-62/19). The requirement of informed con
sent of included patients was waived due to the retro
spective nature of the study. The study was in 
accordance with the 1964 Declaration of Helsinki and its 
subsequent amendments. Personal data of the patients 
were protected by the Law on Personal Data Protection.

The care of STEMI patients started with emergency 
medical services after the diagnosis was established accord
ing to well-known criteria.14 According to current guidelines, 
at first medical contact, early treatment consisted of dual 
antiplatelet therapy (acetylsalicylic acid (ASA) and clopido
grel or ticagrelor or prasugrel), heparin IV up to 5000 I.E, 
oxygen in hypoxemia (target SatO2 95%), morphine iv. in 
case of chest pain, and sublingual nitroglycerine. In case of 
pulmonary edema, emergency IV. diuretic and in cardiogenic 
shock, noradrenalin IV infusion was started. In case of car
diac arrest, patients were resuscitated, intubated, and 
mechanically ventilated.14

After arrival to the Catheterization Laboratory, inva
sive cardiologist performed primary PCI as soon as possi
ble. After primary PCI, STEMI patients were admitted to 
the medical ICU or coronary unit (CU) and were moni
tored for at least 24 hours (continuous ECG monitoring, 
pulse oximetry, hourly non-invasive or continuous inva
sive blood pressure measurements), or longer, if necessary. 
Standard laboratory tests were performed on admission 
and later on daily basis during in-hospital stay. Standard 
ECG was recorded each day.14

STEMI patients with admission acute HF were treated 
in hospital with oxygen to correct hypoxemia, either by 
face mask, or by the nasal cannula in case of mild hypox
emia or by non-invasive positive pressure ventilation in 
respiratory distress with respiratory rate >25 breaths/min. 
In severe hypoxemia (PaO2 <8.0 kPa) with hypercapnia 
(PaCO2 >6.65 kPa) and acidosis (pH <7.35), not respond
ing to non-invasive ventilation, patients were intubated 
and mechanically ventilated. Concomitantly, blood pres
sure was measured. Fluids and/or noradrenalin and/or ino
tropes were administered IV in case of hypotension, and 
diuretic in pulmonary edema.14,15 Patients were monitored 
for fluid responsiveness by 2-D echocardiographic mea
surement of left ventricular contractility and respiratory 
changes in the diameter of the inferior vena cava.14

After primary PCI, the patients received IV infusions 
of crystalloids (50–100 mL/h) to prevent contrast-induced 
renal injury, according to fluid responsiveness.14
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During ICU/CU stay, STEMI patients received all 
recommended pharmacological therapies, consisting of 
statins, dual antiplatelet therapy (ASA and clopidogrel or 
prasugrel or ticagrelor) in maintenance dose to prevent in- 
stent thrombosis, as well as beta receptor blockers, and 
angiotensin-converting enzyme inhibitors, if necessary.14

We performed echocardiography after primary PCI 
within hours of admission, before discharge, and in case 
of complications. We also performed other diagnostic pro
cedures if necessary (chest radiograph, ECG, laboratory 
tests), in case of complications.14 We confirmed the diag
nosis of STEMI by the rise and fall of Troponin I levels in 
addition to ECG changes.14

Registered demographic and clinical data on admission 
included age, gender and comorbidities (arterial hyperten
sion, diabetes, prior myocardial infarction, left bundle 
branch block (LBBB)), prior resuscitation, time interval 
to primary PCI, increased admission Troponin I levels, 
serum creatinine, eGFR-EPI levels and admission acute 
HF. Admission HF was classified by the Killip-Kimball 
classification as classes II–IV and included pulmonary 
congestion, pulmonary edema, cardiogenic shock or any 
hypotension or low cardiac output state, if vasopressors 
were needed.14,16 Admission serum creatinine was mea
sured by enzymatic method. The formula for eGFR used 
the Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation. Levels of eGFR-EPI < 90 mL/min/ 
1.73 m2 were classified as chronic kidney dysfunction.17

We retrospectively registered 24-hour mean daily levels 
of PM2.5 on the admission day and one day prior to admis
sion for every single STEMI patient in the area of their 
residence. Mean daily PM2.5 levels were measured and regis
tered on a daily basis by the Chemical analytic laboratory of 
Environmental agency of Republic Slovenia (ARSO), estab
lishing a system of quality in line with the ISO 9001:2008 
and ISO/SIST/IEC 17025 international standards for accre
dited Calibration Laboratory and the Chemical Analysis 
Laboratory. The data were freely available.18

We also retrospectively registered the use of primary 
PCI, TIMI III flow after primary PCI, peak troponin I ≥ 
50ug/L, EF measurements by echocardiography after pri
mary PCI after admission, and in-hospital mortality.

We compared the admission data between STEMI 
patients with and without admission acute HF and evalu
ated significant independent predictors of acute admission 
HF in STEMI patients. In addition, we evaluated the 
importance of admission HF for the use of primary PCI 
and hospital mortality.

Statistical Analysis
Statistical analyses were performed using the SPPS 
Statistical package, version 19 (IBM Corp., Armonk, N. 
Y., USA) for Windows. We presented the data as means ± 
standard deviation or percentages. We used the two-sided 
Student’s t-test to test the differences between the groups 
for means ± standard deviation and Fisher’s exact test for 
percentages. A p value <0.05 was considered statistically 
significant. We used the model of bivariate logistic regres
sion to assess independent predictors of admission heart 
failure (Killip classes II–IV) by entering statistically sig
nificant parameters from the descriptive statistics to the 
model of logistic regression.

Results
Admission characteristics of included STEMI patients, and 
comparison between the STEMI patients with and without 
acute admission HF are presented in Table 1.

Among 290 STEMI patients we observed acute admis
sion HF in 34.5% of cases. STEMI patients with acute 
admission HF in comparison to STEMI patients without 
HF were significantly more likely women, aged over 65 
years, with diabetes, LBBB, resuscitated before admission 
and with increased admission troponin I ≥ 5 ug/L, eGFR, 
but there were nonsignificant differences in arterial hyper
tension, prior myocardial infarction, time to primary PCI, 
anterior STEMI.

PM2.5 levels on admission and one day before admission 
are presented in Table 2. Only PM2.5 levels ≥ 20 ug/m3 

one day before admission were associated with admission 
acute HF in our STEMI patients.

Significant parameters of the descriptive statistics on 
admission (gender, age over 65 years, prior diabetes, smok
ing, LBBB, prior resuscitation, increased admission troponin 
I levels, PM2.5 levels ≥ 20ug/m3 one day before admission, 
admission eGFR) were entered in the model of logistic 
regression. Independent predictors of admission heart failure 
are presented in Table 3. Admission eGFR, diabetes, LBBB, 
prior resuscitation, admission Troponin I≥5µg/L and PM2.5 

levels ≥ 20ug/m3 one day before admission were among 
significant independent predictors of admission acute HF in 
STEMI patients.

The use of primary PCI, TIMI III flow after primary 
PCI, increased peak hospital Troponin I levels, mean EF 
levels and EF levels < 50%, IABP and hospital mortality 
in all included STEMI patients and comparison between 
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Table 1 Baseline Characteristics of STEMI Patients and Comparison Between STEMI Patients without and with Acute Admission 
Heart Failure

Clinical Admission Characteristics All Patients   

(n = 290)

No Heart Failure   

(n = 189)

Heart Failure   

(n = 101)

p

Women (%) 34.5 25.9 50.5 < 0.001
Age ≥ 65 years 54.1 45 71.3 < 0.001

Smoking (%) 38.3 43.9 27.7 0.008

Arterial hypertension (%) 62.8 60.8 66.3 0.375
Prior MI (%) 12.8 11.1 15.8 0.271

Diabetes (%) 21.4 14.8 33.7 < 0.001
Pain to primary PCI  

< 6 h (%)

62 65 56.4 0.167

Pain to primary PCI  
< 3 h (%)

42 42.3 41.5 1.000

Anterior STEMI (%) 42.4 41.2 44.6 0.620

LBBB (%) 4.1 0.5 10.9 < 0.001
Prior resuscitation (%) 13.1 8.4 21.8 0.003

Troponin I ≥ 5 ug/L (%) 33.1 25.9 46.7 < 0.001

Mean serum creatinine ± SD (µmol/L) 98.5±51.2 82.7±24.9 129.4±71.7 < 0.001
Mean eGFR ± SD (mL/min/1.73m2) 72.2±26.5 82±22.3 52.9±23.3 < 0.001

Abbreviations: MI, myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-elevation myocardial infarction; LBBB, left bundle branch block; eGFR, 
estimated glomerular filtration rate.

Table 2 PM2.5 Levels in All Included STEMI Patients and Comparison Between STEMI Patients without and with Acute Admission 
Heart Failure

PM2.5 Levels (ug/m3) All Patients  
(n = 290)

No Heart Failure   

(n = 189)

Heart Failure   

(n = 101)

p

Admission mean ± SD 16.12 ± 11.25 15.4 ± 10.5 17.5 ± 12.5 0.166

A day before admission mean ± SD 15.7 ± 10.89 14.8 ± 9.3 17.4 ± 13.3 0.059

Admission levels ≥ 20ug/m3 (%) 25.9 23.3 30.7 0.205
Levels one day before admission ≥ 20 ug/m3 (%) 23.4 19 31.7 0.020

Abbreviations: SD, standard deviation; PM, particulate matter.

Table 3 Independent Predictors of Admission Acute Admission Heart Failure in STEMI Patients

Admission Characteristics OR 95% CI p

Gender (women vs men) 1.500 0.750 to 3.010 0.252

Age ≥ 65 years (yes vs no) 1.550 0.740 to 3.250 0.244

Smoking (yes vs no) 1.10 0.530 to 2.280 0.805
eGFR (per 10 units) 0.610 0.520 to 0.720 < 0.001

Diabetes (yes vs no) 2.440 1.100 to 5.400 0.028

LBBB (yes vs no) 10.190 1.160 to 89.36 0.036
Prior resuscitation (yes vs no) 2.530 1.010 to 6.340 0.048

Admission Troponin I≥ 5 ug/L (yes vs no) 3.390 1.74 to 6.62 < 0.001

PM2.5 ≥ 20 ug /m3 one day before admission (yes vs no) 2.140 1.005 to 4.560 0.049

Abbreviations: LBBB, left bundle branch block; eGFR, estimated glomerular filtration rate; PM, particulate matter.
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STEMI patients without and with acute admission HF are 
presented in Table 4.

We observed that admission HF was associated with 
significantly less likely performed primary PCI, less likely 
achieved TIMI III flow after primary PCI, with significantly 
increased peak troponin I levels over 50 ug/L, significantly 
decreased mean EF levels, significantly more likely EF < 
55% and significantly increased hospital mortality (Table 4).

Discussion
Acute admission HF in STEMI patients is multifactorial 
and above all the consequence of prolonged ischemia due 
to coronary artery occlusion. Admission HF included mild 
to moderate pulmonary congestion (Killip class II), pul
monary edema (Killip class III) and cardiogenic shock 
(Killip IV) with typical signs and symptoms or any hypo
tension and/or low output state of different causes (valvu
lar dysfunction, hypovolemia, arrhythmias, right or left 
ventricular dysfunction); requiring iv. vasopressors to 
maintain normotension are included as well.14

In our STEMI patients, significant independent predic
tors of acute admission HF were, increased admission 
troponin levels, suggesting prolonged ischemia, admission 
LBBB and prior resuscitation, in particular in the out-of- 
hospital settings, and eGFR.

In STEMI patients, chronic kidney dysfunction is asso
ciated with increased risk of hospital complications such as 
bleeding, HF, and hospital mortality. Primary PCI in STEMI 
patients is usually performed before any assessment of renal 
function is available. Therefore, patients with chronic kidney 
dysfunction receive frequently increased dosing of antith
rombotics and contrast agents. To prevent further acute 
decline in renal function, eGRF should be assessed as soon 
as possible, the dose of antithrombotics reduced properly, 

proper hydration started at least after primary PCI, and pre
ferably low-osmolality contrast agents used in every STEMI 
patient.14 Acute and chronic renal dysfunction are particu
larly important independent determinants of hospital mortal
ity in STEMI patients, complicated by cardiogenic shock and 
prolonged hypotension in spite of primary PCI, as demon
strated in several studies.14,19–21

According to studies, it mostly takes several hours – at 
least six, but mostly 24 hours – until shock develops with 
typical symptoms and signs.14 On admission, cases of 
hypotension or low output state with the need of iv. vaso
pressor and/or inotropes are frequently observed, that is 
often reversed after primary PCI.14 The same happened 
with our patients. Therefore, there was a different distribu
tion of hospital HF in our STEMI patients – more than 
13% of hospital HF did not experience HF on admission 
and only 2/3 of admission HF patients experienced hospi
tal HF.

In addition, seasonal temporary short-term increase in 
PM2.5 over 20 ug/m3 one day prior to hospital admission 
was among significant independent predictors of admis
sion acute HF in STEMI patients. In addition, acute admis
sion HF was associated with less likely performed and less 
successful primary PCI, increased hospital troponin I, and 
increased hospital mortality.

In our patients, seasonal increase in 24-hour mean 
PM2.5 levels was observed mostly from January to April 
and from October to December 2018. Average annual 
exposure to PM2.5 in our area was 18 µg/m3 in the year 
2018, not exceeding current 24-hour annual regulatory 
limits for PM2.5 of less than 25μg/m3. However, mean 
annual level of PM2.5 of 10 µg/m3, recommended by 
WHO, was exceeded in our area in 2018, even in 70 
days.22

Table 4 Hospital Treatment and Mortality in All Included STEMI Patients and Comparison Between STEMI Patients without and with 
Acute Admission Heart Failure

Hospital Data All Patients (n = 290) No Heart Failure  
(n =189)

Heart Failure (n = 101) p

Primary PCI 92.1 94.7 87.1 0.038

TIMI III after PCI 76.2 82. 65.3 0.002
Peak Troponin I ≥ 50 ug/L 37.6 32.2 47.5 0.001

Mean EF ± SD (%) 45.9±13.9 48.8±12.4 39.83±15 < 0.001

EF < 55% (%) 61.6 54.9 76.1 0.004
Hospital heart failure (%) 34.5 13.7 73.3 <0.001

IABP (%) 2.5 0.5 6.0 0.009
Hospital mortality 12.8 2.6 31.7 < 0.001

Abbreviations: PCI, primary percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction; EF, ejection fraction; IABP, intra-aortic balloon pump.
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PM2.5, originating predominantly from the combustion 
of fossil fuels such as emissions from industrial plants or 
vehicles, is harmful to the cardiovascular system via sev
eral mechanisms such as autonomic imbalance with vaso
constriction and heightened arrhythmia potential, 
inflammation and endothelial dysfunction, prothrombotic 
and procoagulant changes.23,24 Underlying susceptibilities 
and comorbidities may determine the predominant path
ways in an individual.25

The Global Burden of Disease 2010 analysis reported 
comparative burden of disease risk assessments from 67 
risk factors. These assessments estimate that both ambient 
and household air pollution are among the top 10 contri
butors to global burden of disease, in large part because of 
the estimated effect of PM2.5 on ischemic heart disease.26

Elevated ambient concentration of PM2.5 may help 
trigger acute coronary events, including myocardial infarc
tion and unstable angina events, mainly in persons with 
pre-existing coronary artery disease but not in those with 
nondiseased coronary arteries.12 Therefore, the population 
most susceptible to cardiovascular injury by PM2.5 is the 
elderly with pre-existing coronary atherosclerosis.27 Due 
to the adverse effect of air pollutants in ambient air, the 
European Union has developed an extensive body of leg
islation, establishing health based standards and objectives 
for a number of pollutants present in the air. Ambient Air 
Quality Directive of EU in 2008 guidelines for PM2.5 are 
mean annual levels less than 10μg/m3 and 24-hour mean 
level less than 25μg/m3, respectively.23,28

Additionally, we observed that STEMI patients with acute 
admission HF were significantly undertreated with reperfusion 
therapy with primary PCI and that, if performed, reperfusion 
therapy was even less likely successful regarding TIMI III 
flow after primary PCI. The consequence was significantly 
increased peak troponin I levels, suggesting large STEMI with 
increased risk for hospital mortality. This finding confirms the 
results of clinical studies, demonstrating that admission HF – 
in particular pulmonary edema or cardiogenic shock in the 
elderly – is an important determinant of increased mortality in 
STEMI population.4 GRACE registry in 2004 already demon
strated that acute HF patients were undertreated with primary 
PCI.4 In spite of advances within the last decade in pharma
cological and interventional therapies and decreased hospital 
mortality of STEMI patients in general, Jeger et al in 2017 
reported highest mortality and the lowest treatment rates in 
acute coronary syndromes (ACS) with acute HF.3 Mortality of 
ACS patients with acute HF remained unchanged over the last 
decade and was an independent predictor of in-hospital 

outcome in ACS patients.3 In spite of early reperfusion therapy 
there is still a need for additional strategies to improve the 
outcomes in these patients.3

According to the statement from the Acute Heart 
Failure Committee of the Heart Failure Association of 
the European Society of Cardiology from 2020, patients 
with confirmed ACS and acute HF are always considered 
a high-risk group.5 Immediate invasive strategy for 
STEMI is recommended. Reperfusion therapy with pri
mary PCI should be prioritized and acute HF therapies 
administered in parallel to stabilize the patients.5

Conclusion
Our conclusions are that improvement in air quality repre
sents an additional strategy to decrease the incidence of 
ACS in the long term and short term to decrease the 
incidence of acute HF in this subset of patients. 
Promotion of clean air should be included in preventive 
strategies and control of chronic diseases in every country. 
Compliance with legislation, better control of ambient air 
concentrations could protect health, cut healthcare costs, 
and save lives not only in countries with poor air quality 
but also in countries with relatively good quality air.
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The authors report no conflicts of interest in this work.
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