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Purpose: There are well-known gender differences in mortality of patients with ST-elevation myocardial infarction (STEMI). Our
purpose was to assess factors of hospital mortality separately for men and women with STEMI, which are less well known.
Patients and Methods: In 2018-2019, 485 men and 214 women with STEMI underwent treatment with primary percutaneous
coronary intervention (PCI). We retrospectively compared baseline characteristics, treatments and hospital complications between men
and women, as well as between nonsurviving and surviving men and women with STEMI.

Results: Primary PCI was performed in 94% of men and 91.1% of women with STEMI, respectively. The in-hospital mortality was
significantly higher in women than in men (14% vs 8%, p=0.019). Hospital mortality in both genders was associated significantly to
older age, heart failure, prior resuscitation, acute kidney injury, to less likely performed and less successful primary PCI and
additionally in men to hospital infection and in women to bleeding. In men and women >65 years, mortality was similar (13.3% vs
17.8%, p = 0.293).

Conclusion: Factors of hospital mortality were similar in men and women with STEMI, except bleeding was more likely observed in
nonsurviving women and infection in nonsurviving men.

Keywords: ST-clevation myocardial infarction, female sex, male sex, sex differences, hospital mortality, 30-day survival, 6-month

survival

Introduction

The use of primary percutaneous coronary intervention (PCI) as the leading reperfusion strategy has significantly
decreased the hospital mortality of ST-segment-elevation myocardial infarction (STEMI) patients to less than 10%,
particularly in developed countries.'

During recent decades, several risk scores with many individual risk factors have been created to predict the outcome
in STEMI patients. The most powerful scores, such as Global Registry of Acute Coronary Events (GRACE) and
Thrombolysis in Myocardial Infarction (TIMI) scores, were recommended for years. However, the latest European
Society of Cardiology (ESC) guidelines downgrade their prognostic importance.*> TIMI risk score was clinically useful
in the triage and management of fibrinolysis-eligible patients with STEMI decades ago and included a spectrum of
admission variables, such as comorbidities, older age, hypotension, tachycardia, Killip classes II-1V, body weight below
70 kg, anterior STEMI, and more than a 4-hour treatment delay.® However, later studies demonstrated, in addition to
timely use of primary PCI, other important predictors of prognosis such as prior resuscitation, TIMI III flow after primary
PCI, in-hospital cardiogenic shock, bleeding, and acute kidney injury.”” In particular, TIMI flow < III after primary PCI,

International Journal of General Medicine 2023:16 5955-5968 5955
Received: 8 September 2023 © 2023 Marinsek et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
A Php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 23 November 2023
Published: 18 December 2023

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-9502-2349
http://orcid.org/0000-0002-4073-9286
http://orcid.org/0000-0001-9887-6841
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Marinsek et al Dove

multivessel coronary artery disease in patients with cardiogenic shock, cardiogenic shock alone, renal failure and the

need for mechanical ventilation, significantly predicted hospital mortality in STEMI patients.'*"!

Men usually represent the majority of STEMI patients; up to 30% of the STEMI population comprises women.'>'*
In STEMI patients, female gender is associated with an increased risk of mortality compared to men despite improve-
ments in presentation and treatments within the last decade.'””'> Nevertheless, assessing the prognosis in STEMI
population, either in men or women, is important, at least via the identification of the most significant factors of
mortality for each gender.

However, specific factors of hospital mortality for men and women with STEMI are less well known. Therefore, our

objective was to evaluate separately factors associated with hospital mortality in men and women with STEMI.

Materials and Methods

Patients

We retrospectively obtained and analysed the electronic records of all the patients, discharged in 2018 and 2019 from the
Department of cardiology and/or the Department of medical intensive care with the main diagnosis according to
International classification of diseases (ICD)-10 codes 121.0-121.4 and 121.9 and the supervising physician carefully
reviewed these data. We extracted patient data from the electronic hospital computer programme and finally included all
the consecutive 699 patients, fulfilling the criteria of STEMI. The inclusion criteria were oppressive chest pain at rest and
ST-segment elevation in 12-lead ECG, obtained and interpreted as soon as possible. ST-segment, measured at the J point,
was elevated in at least two contiguous leads: >0.25 mV in men younger than 40 years, >0.2 mV in men older than 40
years, or >0.15 mV in women in leads V2-V3 and/or >0.1mV in other leads or new or presumably new left bundle branch
block with the presence of concordant ST elevation (ie in leads with positive QRS deflections).’

We excluded patients with non-ST-elevation myocardial infarction (NSTEMI).

Methods

This was a retrospective monocenter observational study of STEMI patients admitted to the hospital between 2018 and
2019. The study was conducted at the University Clinical Centre Maribor, a tertiary clinical institution in the northeastern
part of Slovenia, which is the 24/7 regional referral center for primary PCI in STEMI patients in an area with
a population of 850.000. Approximately 800 coronary interventions are performed each year, of which up to 400 per year
are performed in STEMI patients.

The Institutional Medical Ethics Committee (University Clinical Centre Maribor Medical Ethics Committee (KME))
approved this retrospective observational study (approval UKC-MB KME-16/20). The informed consent of the included
patients was waived due to the retrospective nature of the study. The study was conducted in accordance with the 1964
Declaration of Helsinki and its subsequent amendments. We protected the personal data of the patients according to the
Law on Personal Data Protection.

The treatment of STEMI patients between 2018 and 2019 was administered in accordance with ESC guidelines.’
Primary PCI was the main reperfusion strategy.

We registered the demographic, clinical and mortality data of STEMI patients. We gathered data on gender, age, body
mass index (BMI), BMI > 25 kg/m2, prior myocardial infarction, diabetes, arterial hypertension (AH), resuscitation
before admission, and the time interval to primary PCI. We included measurements of cardiac troponin I and serum
creatinine upon admission, as well as peak serum creatinine levels during in-hospital stay. We included the use of primary
PCI, data on thrombus aspiration, the use of stents (all were drug eluting stents (DES)) and TIMI flows < III after primary
PCI, and data on radial and femoral access. The proportions of TIMI flow < III, radial access, GP IIb/Illa inhibitors, use
of stents and thrombus aspirations and times to primary PCI were presented as the proportion of patients who were
treated with PCI and not as the proportions of the total population. After primary PCI, we monitored patients in the
coronary care unit or medical Intensive Care Unit (ICU) for approximately 24 hours or longer in case of complications

until they reached a stable condition and could be transferred to the cardiology ward or local hospitals.
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During hospital stay, we registered acute complications such as acute in-hospital heart failure, arrhythmias, acute
bleeding, acute kidney injury, in-stent thrombosis, hospital-acquired bacterial infection, and mortality. Acute heart failure
(HF) was classified as either pulmonary congestion (Killip class II), pulmonary edema (Killip class III), or cardiogenic
shock, or any hypotension necessitating a vasopressor infusion (Killip class IV).>'® Any category of acute heart failure
was marked as Killip classes II-1V. We registered arrhythmias as any ventricular and/or atrial. We registered acute kidney
injury as an increase in serum creatinine of at least 50% from the baseline within the first 72 hours.'”'® We registered any
bleeding as defined by the Bleeding Academic Research Consortium (BARC)."” Hospital infection was defined as the
presence of microorganisms in the otherwise sterile milieu of the body (blood, cerebrospinal liquor, lung tissue, urinary
tract, etc.) with or without clinical symptoms (fever, increased C-reactive protein (CRP), leukocytosis, or leukocytopenia)
or as antibiotic administration due to the strong clinical suspicion of infection.”®

We registered all standard pharmacological treatments (the use of acetylsalicylic acid (ASA) with clopidogrel,
ticagrelor, or prasugrel; heparins; noradrenalin; dobutamine; levosimendan; loop diuretic; glycoprotein receptor antago-
nist IIb/I1Ia); and treatments in complications (insertion of intra-aortic balloon pump (IABP) and mechanical ventilation).
Left ventricular systolic function was assessed using transthoracic echocardiography during in-hospital stay.’

We compared baseline, treatment, hospital complication and hospital mortality data between men and women with
STEMI, as well as baseline, treatment and in-hospital data between surviving and nonsurviving men and women with
STEMI admitted to hospital from 2018 to 2019, with an emphasis on:

» Comparison of 30-day and six-month survival of men and women with STEMI,;

* The evaluation of hospital mortality in men and women with STEMI older and younger than 65 years of age.

Statistical Analysis

Statistical analysis was performed using the SPSS Statistical package version 19 (IBM Corp., Armonk, N.Y., USA) for
Windows. Continuous variables were reported as means and standard deviations (mean = SD) and categorical data were
presented as numbers and percentages. We used a two-sided Student’s ¢-test to compare the differences between the
groups for means =+ standard deviations and Fisher’s exact test to compare percentages. A p value <0.05 was considered
statistically significant. Cumulative 30-day and 6-month survival was estimated using the Kaplan—-Meier method and the
difference between the groups (men vs women) was tested with a Log rank test.

Results

Baseline Characteristics
Table 1 shows the baseline characteristics of all included STEMI patients and comparisons between men and women.
Men accounted for 69.4% of STEMI patients and women for 30.6%. The prevalences of age >65 years, AH and heart

Table | Baseline Characteristics of All STEMI Patients

Baseline Characteristics | All STEMI Patients (N = 699) | Men (n = 485) | Women (n =214) | p
Mean agexSD (years) 65+12.2 62.7£11.7 70.3x12 <0.001
Age=65 years (n, %) 357 (51.1) 211 (43.5) 146 (68.2) <0.001
BMI (mean #SD (kg/m?)) 28.6+4.8 28.7+4.3 28.3+5.7 0.463
BMI = 25 (%) 518 (77.5) 372 (79.9) 146 (72.1) 0.027
Anterior STEMI (n, %) 299 (42.9) 197 (40.8) 102 (47.7) 0.097
AH (n, %) 414 (59.2) 273 (56.3) 141 (65.9) 0.019
Prior Ml (n, %) 91 (13) 70 (14.4) 21 (9.8) 0.113
(Continued)
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Table | (Continued).

Baseline Characteristics | All STEMI Patients (N = 699) | Men (n = 485) | Women (n =214) | p
Diabetes (n, %) 163 (23.3) 111 (22.9) 52 (24.3) 0.698
Prior resuscitation (n, %) 81 (11.6) 52 (10.7) 29 (13.7) 0.304
Admission HF (n, %) 226 (32.4) 134 (27.7) 92 (43.2) <0.001
<12h to primary PCI (n, %) | 467 (79.8) 333 (81.8) 134 (75.3) 0.074
<6h to primary PCl (n, %) | 394 (67.4) 281 (69) 113 (63.5) 0.213
<3h to primary PCl (n, %) | 268 (45.8) 193 (47.4) 75 (42.1) 0.243
Mean Tnl+SD (pg/L) 13.3+29.6 11.7+26.7 16.9+35.2 0.037
Tnl25 pg/L (n, %) 261 (37.7) 177 (36.6) 84 (40.2) 0.394

Abbreviations: SD, standard deviation; AH, arterial hypertension; STEMI, ST-elevation myocardial infarction; PCI, percutaneous coronary
intervention; BMI, Body mass Index; Tnl, troponin |; Ml, myocardial infarction; HF, heart failure.

failure upon admissions were significantly higher in women than in men, BMI > 25kg/m2 was significantly less likely

observed in women. However, women with STEMI were less likely to be treated using primary PCI within the first three,

six and twelve hours of chest pain than men, but the difference was nonsignificant.

Comparisons between surviving and nonsurviving men and women with STEMI are presented in Table 2. Older age,

prior resuscitation and heart failure upon admission were significantly more prevalent in nonsurviving men and women

Table 2 Baseline Characteristics of Surviving and Nonsurviving Men and Women with STEMI

Baseline Characteristics | Men Survivors | Men Nonsurvivors | p Women Survivors | Women Nonsurvivors | p
(n = 446) (n=39) (n=184) (n=30)

Mean age+SD (years) 62+11.4 69.5£11.8 <0.001 | 69.3%£11.8 76.6x11.2 0.002

Age265 years (n, %) 183 (41) 28 (71.8) <0.001 | 120 (65.2) 26 (86.7) 0.020

BMI (meanzSD; kg/m?) 28.7+4.3 29.3+4.1 0.452 28.5%5.9 26.7+4.4 0.069

BMI = 25 kg/m? (n, %) 340 (79.1) 32 (88.9) 0.197 131 (73.3) 15 (62.5) 0.332

Anterior STEMI (n, %) 178 (40.1) 19 (48.7) 0.311 85 (46.2) 17 (56.7) 0.328

AH (n, %) 250 (56.1) 23 (59) 0.867 123 (66.8) 18 (60) 0.534

Prior Ml (n, %) 64 (14.3) 6 (15.4) 0.814 17 (9.2) 4(13.3) 0.507

Diabetes (n, %) 99 (22.2) 12 (30.8) 0.234 45 (24.5) 7 (23.3) 0.999

Prior resuscitation (n, %) 36 (8.1) 16 (41) <0.001 | 17 (9.3) 12 (40) <0.001
Admission HF (n, %) 102 (22.99) 32 (82.1) <0.001 | 64 (35) 28 (93.3) <0.001
<12h to PPCI (n, %) 311 (81.4) 22 (84.6) 0.846 119 (75.8) 15 (71.4) 0.859

<6h to PPCI (n, %) 263 (68.8) 18 (69.2) 0.883 101 (64.3) 12 (57.1) 0.673

<3h to PPCI (n, %) 182 (47.6) Il (42.3) 0.700 66 (42) 9 (42.9) 0.887

Mean Tnl+SD (ug/L) 10.7+£25.2 16.9+35.2 0.003 15.3+31.7 28.9+54.7 0.082

Tnl25 pg/L (n, %) 154 (34.5) 23 (62.2) 0.001 73 (39.7) Il (44) 0.671

Abbreviations: SD, standard deviation; AH, arterial hypertension; STEMI, ST-elevation myocardial infarction; PPCI, primary percutaneous coronary intervention;

mass Index; Tnl, troponin |; Ml, myocardial infarction; HF, heart failure.

BMI, Body
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than in survivors of both genders. In addition, admissions with Tnl levels >5 pg/l were significantly more prevalent in
nonsurviving than surviving men. In nonsurvivors of both genders, the use of primary PCI within the first three, six hours
and twelve hours of chest pain in comparison to survivors was similar.

Treatments
Hospital treatments in all STEMI patients are presented in Table 3. Primary PCI, the leading reperfusion strategy, was
used in 93.1% of all STEMI patients: 94% in men and 91.1% in women, respectively. Between men and women we did
not observe any significant difference in the use of thrombus aspiration and the use of stents. In women with STEMI,
there was a significant reduction in the use of radial access and the use of prasugrel, statins and Angiotensin-Converting
Enzyme (ACE) inhibitors, as well as a significantly higher use of clopidogrel, noradrenalin, dobutamine, levosimendan
and loop diuretics in comparison to men with STEMI.

Treatment data of surviving and nonsurviving men and women with STEMI are presented in Table 4. We observed
significantly lower use of primary PCI in nonsurviving men and women in comparison to survivors of both genders. We

Table 3 Treatment of All STEMI Patients

Treatments (n, %) All STEMI Patients (n = 699) | Men (n = 485) | Women (n=214) | p
Primary PCI 651 (93.1) 456 (94) 195 (91.1) 0.194
Thrombus aspiration 93 (14.2) 62 (13.5) 31 (15.9) 0.463
Use of stents 607 (93.2) 429 (93.9) 178 (91.3) 0.312
TIMI flow <IIl after primary PCI | 94 (14.3) 58 (12.5) 36 (18.6) 0.058
Radial access 348 (55.2) 265 (60) 83 (43.9) <0.001
ASA 686 (98.4) 476 (98.6) 210 (98.1) 0.744
Ticagrelor 512 (74.1) 357 (74.5) 155 (73.1) 0.707
Prasugrel 85 (12.3) 15 (72) 13 (6.1) 0.001
Clopidogrel 105 (15.2) 60 (12.5) 45 (21.2) 0.004
Heparins 562 (81) 397 (82.5) 165 (77.5) 0.117
GPIIb/llla inhibitor 330 (51) 222 (48.9) 108 (56) 0.103
Noradrenalin 123 (17.6) 75 (15.5) 48 (22.5) 0.031
Dobutamine 47 (6.8) 22 (4.6) 25 (11.8) 0.001
Levosimendan 28 (4.1) 14 (2.9) 14 (6.6) 0.034
Antibiotic 146 (21) 93 (19.3) 53 (25) 0.105
Loop diuretic 130 (18.8) 80 (16.7) 50 (23.6) 0.035
Mechanical ventilation 76 (11) 49 (10.2) 27 (12.7) 0.356
IABP I (1.6) 7 (1.5) 4 (1.9) 0.743
ACE inhibitors 451 (68.4) 326 (70.9) 125 (62.8) 0.045
ARB 41 (6.2) 24 (5.2) 17 (8.6) 0.113
Statins 595 (90.2) 427 (92.4) 168 (84.8) 0.004
Beta-receptor blockers 481 (73) 340 (73.8) 141 (71.2) 0.504

Abbreviations: PCI, percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction; ASA, acetylsalicylic acid; GP, glycoprotein;
ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; IABP, intra-aortic balloon pump; STEMI, ST-elevation myocardial infarction.
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Table 4 Treatment of Surviving and Nonsurviving Men and Women with STEMI

Treatments (n, %) Men Survivors Men Nonsurvivors p Women Survivors | Women Nonsurvivors | P
(n = 446) (n=39) (n=184) (n=30)

Primary PCI 425 (95.3) 31 (79.5) 0.001 173 (94) 22 (73.3) 0.002

Thrombus aspiration 56 (13.1) 6 (19.4) 0.289 30 (17.3) 1 (4.5) 0.211

The use of stents 402 (94.5) 27 (87) 0.416 161 (93) 17 (77.3) 0.022

TIMI flow <IIl after primary PCI | 50 (11.8) 8 (25.8) 0.048 26 (15.1) 10 (45.5) 0.002

Radial access 257 (62.2) 8 (27.6) <0.001 | 78 (46.4) 5(23.8) 0.079

ASA 444 (100) 32 (82.1) <0.001 | 184 (100) 26 (86.7) <0.001
Ticagrelor 340 (76.6) 17 (48.6) 0.001 139 (75.5) 16 (57.1) 0.065

Prasugrel 70 (15.8) 2(5.7) 0.141 13 (7.1) 0 0.225

Clopidogrel 53 (11.7) 7 (20) 0.182 37 (20.1) 8 (28.6) 0.324

Heparins 368 (83.1) 29 (76.3) 0.273 141 (77) 24 (80) 0.817

GPlIb/llla inhibitor 204 (48.1) 18 (58.1) 0.377 95 (55.6) 13 (59.1) 0.937

Noradrenalin 46 (10.3) 29 (76.3) <0.001 | 26 (14.3) 22 (73.3) <0.001
Dobutamine 12 (2.7) 10 (27) <0.001 | 15(8.2) 10 (34.5) <0.001
Levosimendan 12 (2.7) 2 (5.4) 0.296 13 (7.1) 1 (34) 0.698

Antibiotic 69 (15.6) 24 (61.5) <0.001 | 43 (23.6) 10 (33.3) 0.261

Loop diuretic 62 (14.1) 18 (47.4) <0.001 | 41 (22.5) 9 (30) 0.362

Mechanical ventilation 25 (5.6) 24 (63.2) <0.001 | 10 (5.5) 17 (56.7) <0.001
IABP 5(1.1) 2 (54) 0.095 1 (0.6) 3 (10.3) 0.009

ACE inhibitors 325 (72.9) 1(7.1) <0.001 | 125 (67.9) 0 <0.001
ARB 24 (5.4) 0 0.274 17 (9.3) 0 0.175

Statins 426 (95.5) 1 (6.3) <0.001 | 168 (91.3) 0 <0.001
Beta-receptor blockers 340 (76.4) 0 <0.001 141 (76.6) 0 <0.001

Abbreviations: PCl, percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction; ASA, acetylsalicylic acid; GP, glycoprotein; ACE, angiotensin
converting enzyme; ARB, angiotensin receptor blocker; IABP, intra-aortic balloon pump; STEMI, ST-elevation myocardial infarction.

also observed significantly increased proportion of TIMI flow <III after primary PCI and less likely the use of ASA, ACE
inhibitors, statins, beta receptor blockers, as well as significantly increased use of noradrenalin, dobutamin, and
mechanical ventilation in nonsurviving men and women compared to survivors of both genders. In addition, there was
a significantly higher use of loop diuretics and antibiotics but significantly lower use of radial access in nonsurviving men
in comparison to survivors. We observed significantly less likely the use of stents during primary PCI in nonsurviving vs
surviving women. There was nonsignificantly less likely used thrombus aspiration in nonsurviving women vs surviving
ones.

Target Coronary Arteries
Data regarding target coronary arteries in all STEMI patients are presented in Table 5. We did not observe any significant
difference in the target coronary arteries between men and women with STEMI.

Data regarding target coronary arteries in surviving and nonsurviving men and women are shown in Table 6. We
observed that multivessel coronary artery disease was significantly more likely in nonsurviving men than in survivors,
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Table 5 Target Coronary Arteries in All STEMI Patients

Target Coronary Artery (n, %) | All STEMI Patients (n = 699) | Men (n = 485) | Women (n=214) | p

LAD coronary artery 263 (39.8) 180 (38.9) 83 (42.1) 0.479
LCX coronary artery 117 (17.7) 80 (17.3) 37 (18.7) 0.658
RCA 227 (34.2) 155 (35.6) 62 (31) 0.285
MV disease 41 (6.2) 29 (6.3) 12 (6) 0.999
LM coronary artery I (1.7) 8 (1.7) 3 (1.5 0.897

Abbreviations: LAD, left anterior descending; LCX, left circumflex; RCA, right coronary artery; STEMI, ST-elevation myocardial infarction; MV,
multivessel; LM, left main.

Table 6 Target Coronary Arteries in Surviving and Nonsurviving Men and Women with STEMI

Target Coronary Artery | Men Survivors | Men Nonsurvivors | p Women Survivors | Women Nonsurvivors | p

(n, %) (n = 446) (n=139) (n=184) (n =30)

LAD 169 (39.1) Il (35.5) 0.849 | 73 (41.7) 10 (45.5) 0.820
LCX 73 (16.9) 7 (22.6) 0.459 | 33 (18.9) 4 (18.2) 0.999
RCA 159 (36.8) 6 (194) 0.054 | 58 (32.8) 4 (17.4) 0.157
MV disease 24 (5.5) 5(le6.l) 0.036 11 (6.2) I (4.3) 0.999
LM coronary artery 6 (1.4) 2 (6.5) 0.097 |0 3 (12.5) 0.002

Abbreviations: LAD, left anterior descending; LCX, left circumflex; RCA, right coronary artery; STEMI, ST-elevation myocardial infarction; MV, multivessel; LM = left main.

but in nonsurviving women, the left main coronary artery was significantly more likely the target coronary artery than in

surviving women.

Hospital Complications

Hospital complications in all STEMI patients are presented in Table 7. Hospital mortality in all STEMI patients was

9.9%: 8% in men and 14% in women, respectively (p = 0.019). In women with STEMI, we observed significantly

Table 7 Hospital Complications in All STEMI Patients

Complications (n, %) | All STEMI Patients (n = 699) | Men (n = 485) | Women (n=214) | p
Killip classes II-IV 206 (29.5) 120 (24.7) 86 (40.2) <0.001
Pulmonary edema 112 (16) 59 (12.2) 52 (24.8) <0.001
Cardiogenic shock 128 (18.3) 76 (15.7) 52 (24.3) 0.008
Arrhythmias 236 (34) 172 (35.6) 64 (30.2) 0.192
Bacterial infection 141 (20.2) 88 (18.2) 53 (24.8) 0.052
Bleeding 50 (7.2) 29 (6) 21 (9.8) 0.08
Reinfarkt 7(1) 7(1.4) 0 0.107
In-stent thrombosis 18 (2.6) 12 (2.5) 6(2.8) 0.799
Acute kidney injury 55 (7.9) 29 (6) 26 (12.1) 0.009
Mitral regurgitation 94 (13.5) 62 (12.8) 32 (15) 0.471
Hospital mortality 69 (9.9) 39 (8) 30 (14) 0.019

Abbreviation: STEMI, ST-elevation myocardial infarction.
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Table 8 Hospital Complications in Surviving and Nonsurviving Men and Women with STEMI

Complications Men Survivors | Men Nonsurvivors | p Women Survivors | Women Nonsurvivors | p

(n, %) (n = 446) (n=39) (n=184) (n =30)

Killip classes II-IV 85 (19.1) 35 (89.7) <0.001 | 58 (31.5) 28 (93.3) 0.003
Pulmonary edema 34 (7.6) 25 (65.8) <0.001 | 32 (17.4) 21 (70) <0.001
Cardiogenic shock | 47 (10.5) 29 (74.4) <0.001 | 27 (14.7) 25 (83.3) <0.001
Arrhythmias 155 (34.8) 17 (45.9) 0.211 56 (30.6) 8 (27.6) 0.830
Bacterial infection 65 (14.6) 23 (60.5) <0.001 | 43 (234) 10 (33.3) 0.258
Bleeding 24 (5.4) 5(13.2) 0.067 13 (7.1) 8 (26.7) 0.003
Reinfarkt 6 (1.3) 1 (2.6) 0.446 0 0 /
In-stent thrombosis | 11 (2.5) 1 (2.6) 0.999 6 (3.3) 0 0.593
Acute kidney injury | 13 (2.9) 16 (43.2) <0.001 | 18 (9.8) 8 (26.7) 0.015
Mitral regurgitation | 58 (13.1) 4 (10.3) 0.804 31 (16.8) I (34) 0.089

Abbreviation: STEMI, ST-elevation myocardial infarction.

increased prevalence of hospital heart failure, including pulmonary edema and cardiogenic shock, as well as acute kidney
injury. Correspondingly, the use of noradrenalin, dobutamine, levosimendan, and diuretics was increased in women, as
shown in Table 7.

Hospital complications in surviving and nonsurviving men and women with STEMI are presented in Table 8. In
nonsurvivors of both genders, we observed significantly higher rate of hospital heart failure (Killip classes II-1V), in
particularly pulmonary edema and cardiogenic shock, and acute kidney injury. Infection was significantly more prevalent
in nonsurviving men and bleeding in women, respectively, in comparison to survivors. Correspondingly, the use of
noradrenalin, Dobutamine, and mechanical ventilation was increased in nonsurvivors of both gender as shown in Table 4.

Hospital Mortality Data According to Age

Hospital mortality data of all STEMI patients, men and women with STEMI are presented in Figure 1. Hospital mortality
was 8% in men and 14% in women, respectively (p = 0.019). Hospital mortality of STEMI patients >65 years was
15.1%: 13.3% in men and 17.8% in women, respectively (p = 0.293). Hospital mortality of STEMI patients <65 years
was 4.4%: 4% in men and 5.9% in women, respectively (p = 0.293).
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Figure | Hospital mortality of men and women with STEMI according to age.
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Survival Difference Between Men and Women with STEMI
We present survival within 30 days of men and women with STEMI in Figure 2. Survival of men was 92.1% and of

women 86.4% (log-rank p = 0.015).

We present survival within 6 months of men and women in Figure 3. Survival of men was 89.8% and of women

82.2% (log-rank p = 0.004).
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Figure 2 Survival difference between men and women with STEMI within 30 days.
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Figure 3 Survival difference between men and women with STEMI within 6 months.
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Discussion

In our retrospective analysis, we observed that 30.6% of STEMI patients were women and 69.4% were men. In both
genders, hospital mortality was significantly associated with several clinical variables, including age over 65 years, prior
resuscitation, heart failure, acute kidney injury, primary PCI less likely to be performed, followed TIMI flow < III, less
likely used ASA, statins, beta receptor blockers and ACE inhibitors. In nonsurvivors of both genders noradrenalin,
dobutamin, mechanical ventilation were more likely to be utilized due to heart failure such as pulmonary edema and
cardiogenic shock. Additionally, mortality in men was significantly associated with increased admission troponin I levels,
more likely used loop diuretics, hospital infection and multivessel coronary artery disease and in women to bleeding and
left main coronary artery disease. When we compared hospital mortality between older (age > 65 years) and between
younger (age < 65 years) men and women, the differences were nonsignificant. In addition, men with STEMI within 30
days and within 6 months survived significantly better than women.

In majority of studies, women with STEMI were significantly older than their male counterparts.'> 32! In our study,
women with STEMI were, on average, 8 years older than men. Nonsurviving men were significantly older than survivors
- 7.5 years on average. However, nonsurviving men were, on average, 7 years younger than nonsurviving women. Age
>65 years was significantly associated with hospital mortality in men and women with STEMI. Older age is also
associated with increased prevalence of comorbidities such as diabetes, AH, chronic heart failure, prior myocardial
infarcts.'**' Older age is in general a powerful predictor of mortality in STEMI patients. Therefore, in our patients after
adjustment for age, mortality in men and women with STEMI was similar.

Comorbidities, in particular AH and diabetes, are important risk factors for coronary artery disease and frequent
findings in women with STEMI.'*!*> We observed significant increase in the prevalence of AH in approximately 65%
of women. However, AH was not associated with hospital mortality in our STEMI patients.

In some studies, hospital mortality in STEMI patients is associated with older age irrespective of gender.®'” In
studies, higher risk of mortality in older STEMI patients is associated with several factors such as delayed primary PCI,
comorbidities, high-risk features during in-hospital stay (heart failure, prior resuscitation, bleeding, infection).”®
Emerging data show that sex-specific pathophysiological differences, and not only sex disparities in quality and timing
of care, may contribute to the higher mortality of females with STEMI, mainly at younger ages.***

The timely use of primary PCI with novel antithrombotic therapy has significantly decreased hospital mortality in
STEMI patients over the last decade to <10%.%° In our STEMI patients, the use of primary PCI was over 90% in both
genders, and the hospital mortality of all STEMI patients was 9.8%: 8% in men and 14% in women, respectively.

The reopening of the occluded epicardial coronary artery via the timely use of primary PCI is accepted as the most
effective treatment for STEMI patients, reducing myocardial infarct size, preserving left ventricular function, and
lowering mortality.*® In our STEMI patients, we observed a similar use of primary PCI in both genders within the
first 3, 6 and 12 hours of chest pain. The use of primary PCI within the first few hours of chest pain in nonsurvivors of
both genders was reduced but these differences were not significant.

TIMI III flow after primary PCI reflects the success of PCI treatment. The absence of final TIMI III flow causes worse
short-term clinical outcomes as demonstrated by trials.'®*” TIMI flow < III was nonsignificantly more prevalent in
women compared to men and significantly more prevalent in nonsurvivors of both genders in comparison to survivors.
TIMI flow < III after primary PCI was associated with mortality in both genders. In previous studies, TIMI flow < III
after primary PCI was independently predicted via factors such as high thrombus burden, older age, lower systolic blood
pressure, and pre-procedural TIMI flow L. In addition, cumulative Major Adverse Cardiac Events (MACE) and mortality
increased with TIMI flow < IIL'%“*” When comparing TIMI III flows in the subgroups of our STEMI patients, we
observed TIMI flow < III after primary PCI in approximately 40% in nonsurviving women in comparison to approxi-
mately 20% in nonsurviving men. Therefore, the successful reperfusion of jeopardized myocardium was much more
effective in men than in women according to TIMI III flows. Prior studies demonstrated that longer delays until primary

113

PCI were responsible for less successful reperfusion in women with STEMI. ~ However, in our STEMI population, the

delay until primary PCI in both genders was similar.
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According to previous studies, high thrombotic burden is not only among the independent predictors of TIMI flow <
III, but there is also evidence that STEMI patients of both sexes with high thrombotic burden have an increased risk of
cardiovascular events.”” In particular, women with high thrombotic burden are at an excessive risk of mortality and in-
stent thrombosis.?® Thrombus aspiration at the time of primary PCI may reflect higher thrombotic burden in STEMI
patients and the procedure was more frequently used in our women with STEMI.

Previous studies demonstrated that in STEMI patients with cardiogenic shock and/or prior resuscitation in the
prehospital settings, mortality remains over 10% in spite of early symptomatic treatment and early primary PCI.2%%-°
In nonsurvivors of both genders, we observed an increased prevalence of prior resuscitation, mainly in out-of-hospital
settings, as well as in hospital cardiogenic shock, requiring vasopressors, inotropes and mechanical ventilation despite the
similar time delay until primary PCI as in survivors. The MUST study observed the inherent tendency of a poorer
prognosis among women with STEMI, who developed sudden cardiac arrest in spite of similar management, causes, and
settings of occurrence as in men.*” We observed significantly more likely prior resuscitation (in approximately 40%) in
nonsurviving men and women with STEMI. This complication in STEMI patients, in particular in the out-of-hospital
settings, contributed to cardiogenic shock and subsequent hospital mortality.

In-hospital acute cardiogenic shock or pulmonary edema are mostly observed in extensive acute STEMI and/or with
mechanical complications. Early successful revascularization may reverse pump failure and hemodynamic compromise.
The risk of hospital heart failure is increased, particularly in women with STEML>'

The prevalence of infection in STEMI patients was approximately 20% and was significantly associated to mortality
of men. High prevalence of infection in dying men was mostly associated with severe pulmonary congestion with
respiratory failure in pulmonary edema an/or prior resuscitation with the use of invasive procedures such as intubation
and mechanical ventilation and/or infection at the vessel puncture site, which are important predisposing factors for
hospital infection and even sepsis. In dying men with STEMI, mechanical ventilation was used in even 63.7%.

The combined use of antiplatelets and anticoagulants effectively prevented in-stent thrombosis and reinfarction in our
STEMI patients, particularly in women.” However, bleeding was more frequently experienced by women, particularly in
nonsurvivors. Majority of studies demonstrate that bleeding is associated with a significant increase in mortality in
STEMI patients with combined antithrombotic drugs, particularly in women with low BMI, older age, and hepatic or
renal dysfunction.’*? Bleeding in women is also associated with smaller vessel size, higher risk of overdosing drugs and
possible different pharmacological response to antithrombotics in comparison to men, as well as possible predisposing
genetic factors for bleeding.'®?' Another important observation is that bleeding risk often overlaps with ischemic risk.
Severe bleeding can induce hemodynamic compromise, hypoxemia due to anaemia, necessitating temporary interruption
of antithrombotics, which can exacerbate reinfarction.'>*3°

To prevent bleeding in STEMI patients, in particular in women, attention should be focused to appropriate dosing and
selection of antithrombotic drugs with the lowest bleeding rates. Unfractionated heparin use, DAPT for the shortest
possible duration, prevention of gastrointestinal bleeding by pantoprazole, radial access for primary PCI used together
with vascular closure devices should be implemented in special recommendations for treatment of women with
STEMI. 19213738

Acute kidney injury is another significant in-hospital complication. The use of nephrotoxic substances and reduction
in glomerular perfusion due to cardiac pump failure in STEMI are among the most important factors of acute kidney
injury, some of which can be prevented by IV infusion of crystalloids.” Acute kidney injury was significantly more
prevalent in women than men with STEMI, as demonstrated by other studies.** However, in our STEMI patients, acute
kidney injury was significantly prevalent in nonsurvivors of both genders.

In addition, 30-day and 6-month survival of men was significantly better than that of women.

Our results suggest that, in STEMI patients of both genders, it is important to perform primary PCI as early as
possible in order to prevent hemodynamic deterioration, resulting in pulmonary edema or cardiogenic shock. At the same
time, we must pay attention to the risk of hospital acquired bacterial infection especially in men. In women, the risk of
bleeding should be prevented by judicious and tailored use of antithrombotic drugs.
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Strength of the Study

Our data originate from the real life, where all the consecutive STEMI patients were included. STEMI patients were treated
according to the current guidelines of STEMI, with primary PCI as the leading reperfusion strategy and modern dual antiplatelet
therapy as soon as possible after the first medical contact, with relatively high use of radial access during catheterisation and
adjuvant pharmacological treatment during primary PCI with heparins and GPIIb/Illa antagonists as bail-out therapy. The study
provides important information about the differences and similarities between genders, in particular survivor and nonsurvivors
of both genders, regarding baseline characteristics, the use of primary PCI, complications and pharmacological treatment.

Limitations of the Study
Limitations are several. One is a large difference in the proportion of men and women included, in particular between
survivors and nonsurvivors of both genders, commonly encountered in a STEMI population. Relatively small sample size
of nonsurvivors of both genders limits statistical analysis, in particular regression analysis.

Retrospective nature of the study may lead to selection and recall biases. Observational characteristic of the study
cannot completely exclude residual confounding.

As this was a monocenter study from one PCI center the results are not representative for a larger population.

Finally, there are some missing data in particular on EF and laboratory tests due to early fatalities in STEMI patients
or due to early transfer to the local hospitals.

Conclusion

Hospital mortality of women with STEMI exceeded that of men. However, after age adjustment, hospital mortalities in
both genders were similar. Factors of hospital mortality in men and women with STEMI were mainly similar as well as
the modern management of STEMI patients with primary PCI and antithrombotic drugs. In future, early invasive
treatment by primary PCI should focus on elderly patients with STEMI, in particular with comorbidities and irrespective
of gender, to improve early and late survival of STEMI patients.
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The authors report no conflicts of interest in this work.
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