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ABSTRACT

Objectives: To characterize sex differences in the composition of coronary thrombus in
patients with ST-segment elevation myocardial infarction (STEMI), especially in the young
(age <55 years).

Background: Women have smaller coronary vessels than men and their vascular lesions
can be influenced by different exposure to circulating estrogens throughout life. These
factors could determine a different composition of the coronary thrombus in women with
STEMI.

Methods: A prospective, multicenter study was conducted on patients with STEMI and
coronary thrombus was aspirated immediately before percutaneous coronary intervention
(PCl) using a suction catheter (ProntoV3® or Export®). Histopathology,
immunohistochemistry and ELISA techniques were used for the quantitative determination
of fibrin, p-selectin and von Willebrand factor (vVWF) within thrombi.

Results: Thrombi were collected from 100 patients (50 men and 50 women; 13 women and
13 men of <55 years). Women presented similar baseline characteristics and pain-to-
balloon elapsed time than men. Thrombi from women showed a trend to a lower
concentration of fibrin than those from men [median=1.2 ng/mg (IQR 3.5) vs median=2.2
ng/mg (IQR 5.9), p=-0.102]. No differences were found between sexes in p-selectin and
VWEF concentration in thrombi. However, thrombi from young women showed lower levels
of p-selectin [median=2.2 ng/mg (IQR 4.5) vs 6.5 ng/mg (IQR 4.8), p=0.004], fibrin
[median=1.1ng/mg; (IQR: 3.4) vs 4.1 ng/mg (IQR 15.6), p=0.014] and VWF [median=3.2

ng/mg (IQR 10.6) vs 25.8 ng/mg (IQR 15.0), p=0.003] than those from young men.



Conclusions: Thrombi from young women with STEMI showed a lower content of fibrin,
p-selectin and vVWF than those from men.
Word count: 250
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INTRODUCTION

Intracoronary occluding thrombosis is the cause of the majority of ST-segment elevation
myocardial infarctions (STEMI) (1). Primary percutaneous coronary intervention (PCI) and
antithrombotic drugs have largely improved the treatment of STEMI patients in recent
years and have shown to reduce mortality (2-3). However, the overall mortality remains
high and it is believed that women with STEMI are at a higher risk of adverse outcomes
compared with men (4-6). Clinical studies exploring sex contribution in

STEMI are limited by the confounding effect of age (7-8), due to the fact that younger
women presenting STEMI have higher risk-adjusted in-hospital mortality than men (9-11).
Nevertheless, the composition of the occluding thrombus, its changes with time of
evolution and the potential differences between sexes and age remain unknown. Therefore,
profiling intracoronary thrombus composition in women and men may be a strategy to
identify potential distinguished features in coronary thrombosis between sexes in order to
clarify differential pathophysiological mechanisms of coronary thrombosis (12,13).

We have previously investigated the molecular composition of aspirated coronary thrombi
from STEMI patients in several circumstances (14,15). Nonetheless, the effect of sex on
the thrombogenic response in STEMI had never been systematically investigated in vivo.

This study was specifically designed to characterize sex-related differences in thrombi
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composition after accounting for the confounding effect of age. To this aim, a
comprehensive immunohistochemical investigation of the aspirated thrombi was
undertaken in order to: 1) characterize the potential sex-dependent differences in the
composition of the coronary thrombus in patients with STEMI; and 2) elucidate the
contribution of age (i.e., estrogenic status) as a modulator of these sex-dependent

differences in the thrombi composition of STEMI patients.

METHODS

Population Study

This is a prospective, multicenter study in which three university hospitals participated.
Intracoronary thrombi were obtained from 100 patients (50 women and 50 men) with
STEMI undergoing primary PCl. STEMI was defined following the criteria of the
ESC/ACCF/AHA/WHEF (16). In all cases PCI was performed within 12 h from the onset of
pain (except in 1 woman and 2 men) and the visualization of the occlusive clot on
angiography (TIMI flow grade 0-1). No patients with MI of embolic mechanism and/or
using cocaine were included in our cohort. We neither included any patient on oral
anticoagulant treatment. Demographic and clinical data referring to previous medical
history and index event were collected from all patients. We did a subgroup analysis to
assess if there were differences between sexes in patients aged 55 years old or younger and
those who were older. Informed consent was obtained from each patient and the study
protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki. The study
received a priori approval by the human research committee of University Hospital Vall

d'Hebron and the other participating centers.



Pharmacological treatment before PCI

All patients undergoing PCI received loading doses of acetylsalicylic acid (ASA 250-300
mg p.o.), P2Y12 antagonists (clopidogrel [600 mg p.o], ticagrelor [180 mg p.o] or prasugrel
[60 mg p.o]) and unfractionated heparin (50-70 Ul/kg/i.v.). No patients received
glycoprotein I1b/111a inhibitors or thrombolytic therapy.

Thrombus collection during PCI

PCI of the culprit lesion was performed according to the current European guidelines (3)
and thrombus aspiration was performed prior to angioplasty using a suction catheter
(ProntoV3® or Export®, Medtronic®). All the material obtained through aspiration (10—
200 mg each) of the thrombus was collected in a Cell-Strainer with a mesh size of 70um (1-
14 mg of weight), immediately washed in saline buffer to eliminate attached red blood
cells, and stored at -80°C until analytical determinations (14,15).

Immunofluorescence analysis of thrombus composition

Thrombi were immunolabeled as previously described (14,15). Briefly, the defrosted
sample was rinsed with cold phosphate buffered saline solution (PBS) and cut in small
pieces of 4um-thick using a cryostat (Leica CM 3050 S). Clot sections were fixed with 1%
paraformaldehyde during 10 min and blocked in PBS supplemented with 1% BSA and 2%
FCS for 30 min at room temperature. Samples were incubated with the following primary
antibodies: mouse monoclonal anti-vWF (1/50 dilution, ab68545 AbcamUK), mouse
monoclonal anti-p-selectin/CD 62P (25ug/mL, R&D Systems, UK), rabbit polyclonal
fibrinogen/FITC (1/50 dilution, DAKO, Spain) and further incubated in blocking solution

for 30-45 min at 4°C. Secondary antibody (1pg/mL, goat anti-mouse AlexaFluor488,



InvitrogenUK) diluted in blocking solution was added to the primary labeled samples (or
the corresponding negative control) for 30-45 min at 4°C.

Immunofluorescence was detected at 488/560nm (X20) using a confocal microscopy
system (Olympus Spectral Confocal Microscopy FVV1000) and analysis of fluorescence was
quantified with Image J software (National Institutes of Health, Bethesda, MD, USA) as a
mean gray value intensity after background subtraction.

Quantitative analysis of thrombus composition by ELISA

A piece of defrosted thrombi (3-10 mg) were washed in cold PBS to remove excess of
blood, immersed in 0.5mL of cold PBS and homogenized at 21500min™ (Heidolph DIAX
600) to obtain tissue homogenates. Homogenates were stored overnight at -20°C until
breakage of the fibrin fibers following kit recommendations. Fibrin (Biomatix EKC33680),
p-selectin (ab100631, abcam) and VWF (ab189571, abcam) determinations in thrombi were
done by Enzyme-Linked ImmunoSorbent Assay (ELISA). Colorimetric detection was
carried out at 450nm wusing a microplate reader (Multiskan RC, Labsystems).
Concentrations of fibrin, p-selectin and vVWF were calculated from standard curves: 0-
200ng/mL of fibrin, 0-50ng/mL of p-selectin and 0-30ng/mL of vVWF. Data were expressed
as ng of fibrin/mg, ng of p-selectin/mg and ng of vVWF/mg.

Statistical analysis

Continuous variables are described as mean + SD or as median (interquartile range, IQR)
for time delay; categorical variables as absolute and relative frequencies of patients in each
category. Continuous variables were checked for normal distribution by the Kolmogorov-
Smirnov statistic and potential associations between clinical and biological parameters were
tested by Student’s t-test —or by the Mann-Whitney U test for non-normally distributed

variables for independent samples, as appropriate. Comparison for categorical variables
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was made by Chi® or Fisher's exact test. Bivariate or multivariate correlations between
variables were determined by Spearman or Pearson correlation coefficients. A p<0.05 two

side was considered significant. All statistical analyses were performed with SPSS v.24.

Results

Baseline characteristics of STEMI patients

Table 1 summarizes demographic characteristics, cardiovascular risk factors, previous
medical history and characteristics of index event in men and women.

Women and men presented similar baseline characteristics. Regarding the characteristics of
the acute episode of STEMI, women showed a similar pain-to-balloon elapsed time
[median=3.4 hours (IQR 17.8) vs 3.5 hours (IQR 22.3), p=0.99; mean 6.70+5.75 vs 5.49+
574 hours, p=0.59] but higher creatin-kinase MB (CK-MB) peak levels
[median=367ng/mL (IQR 2976) vs 219ng/mL (IQR 853), p=0.002] than men. However, we
repeated the analysis excluding 3 patients with a pain-to-balloon elapsed time above 12
hours and we observed differences between both sexes with a shorter pain to balloon time
in men [[median=3 hours (IQR 1.7) vs 3.7 hours (IQR 3.5), p=0.029; Therefore, higher
CK-MB peak levels were maintained in women [median=367 ng/mL (IQR 351) vs 219
ng/mL (IQR 179), p=0.003]. Left anterior descending coronary artery (LAD) occlusion as
culprit artery was more frequent in women than in men (57% vs 30%, p=0.009). No
differences in the pharmacological treatment received before PCI were observed between
both sexes. The sub-analysis of baseline characteristics stratifying by age showed that in
patients >55 years, women had more frequently hyperlipidemia [24 (65%) vs 14 (38%),
p=0.03] (Supplemental material, Table 1). Nonetheless, in the subgroup of patients <55

years there were no differences between sexes regarding baseline characteristics (neither in
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cardiovascular risk factors nor in pain-to balloon elapsed time) (Supplemental material,
Table 2). However, in the whole cohort and in the subgroup of >55 years, STEMI was more
frequently located in LAD in women compared with men (p<0.009 and p<0.001,
respectively). (Table 1 and supplemental Table 1).

Differences between sexes in thrombus composition in STEMI patients

Thrombi from women with STEMI tended to have lower concentration of fibrin than men,

but without reaching statistical significance [median=1.2ng/mg (IQR 3.5) vs 2.2 ng/mg
(IQR 5.9) fresh tissue, p=0.102], despite similar pain-to-balloon elapsed time between

sexes. No differences in p-selectin and VWF concentration within thrombi were found
between women and men (Figure 1).

There was a negative correlation between age and the content of p-selectin and VWF (R=-
0.396, p<0.0001) within the thrombi (R=-0.226, p=0.024). Nonetheless, there was no
correlation between age and the content of fibrin (R=0.029, p=0.776), (Figure 2).

Thrombi composition in young STEMI patients (age <55 years)

Sex-dependent differences in thrombi composition were detected in younger patients (age
<55 years) (Figure 3A). On the other hand, thrombi from patients of both sexes >55 years
had a similar amount of fibrin, p-selectin and VWF (Figure 3B). Thrombi from young
women showed lower levels of p-selectin [median=2.2 ng/mg (IQR 4.5) vs 6.5 ng/mg (IQR
4.8), p=0.004], fibrin [median=1.1 ng/mg (IQR 3.4) vs 4.1 ng/mg (IQR 15.6), p=0.014] and
VWF [median=3.2ng/mg (IQR 10.6) vs 25.8ng/mg (IQR 15.0), p=0.003] than the thrombi
from men of the same age (Figure 3A). Despite the fact that in this subgroup of age, women

received new antiplatelets more frequently than men, although without statistical



signficance (supplemental Table 1), the concentration of p-selectin between both groups of
patients was similar (p = 0.096).

Representative confocal images of thrombi from patients <55 years and >55 years
immunolabeled with p-selectin, fibrin and vWF are shown in Figure 4.1 and 4.2,
respectively.

Discussion

We present the first prospective study specifically designed to evaluate sex- and age-
dependent differences in the composition of thrombi in patients with STEMI in vivo. The
results obtained in our study indicate that men and women with STEMI showed a similar
composition in the thrombus regarding the content of the thrombogenic substrates p-
selectin, fibrin and VWF. However, sex had a significant impact in thrombus composition at
younger ages. Specifically, when considering the group of patients of <55 years of both
sexes, young women had significantly lower levels of fibrin, p-selectin and vVWF content in

their thrombi than young men.

Autopsy studies have suggested differences in the underlying plaque morphology
associated with acute MI in women versus men (17-19). Although the rupture of a thin-cap
fibroatheroma plaque has been recognized as the most prevalent pathological substrate of
STEMI, coronary thrombosis arising from eroded (intact fibrous cap) plague was frequently
reported, especially in women and young people (20). However, there is currently no
systematic in vivo investigation of sex differences in the composition of the aspirated
thrombus in the context of STEMI. According to previous "post mortem™ research, we
found a similar composition of thrombus in patients >55 years of age regardless of sex, as

detected by immunobased techniques (17). However, there are no data on the potential sex-
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dependent differences in thrombus composition in younger patients (<55 years) with
STEMI, in which the effect of sex hormones (i.e., estrogen profile) can have a differential

pathophysiological role.

The relevance of this problem has been highlighted by the European Society of Cardiology,
which issued a statement recommending the analysis of the sex-dependent
pathophysiological mechanisms in MI that could influence the outcome of the diseases
between both sexes. In this respect, our findings go in opposite direction to the clinical
evolution of young women with STEMI, as young women have been consistently shown to
have lower thrombogenic burden than young men, despite receiving a worse prognosis.
Some authors have attributed this poorer prognosis to a worse cardiovascular risk profile in
women compared to younger men (5). In this sense, previous studies have reported that
cardiovascular risk factors are able to trigger an increase of circulating tissue factor levels
contributing to the thrombus formation (21). In contrast to other authors (22), we could not
find differences between sexes in this regard, probably due to the low number of patients <

55 years.

Surprisingly, women did not present a longer time from the onset of pain to PCI than men,
unlike observations from most epidemiological studies (4-6), but in line with the results
shown by Guagliumi et al. (17), This suggests different physiopathological mechanisms in
thrombi formation between sexes depending on age, in agreement with other studies
showing a different atherosclerotic substrate between women and men (23). Ramananthan
et al. showed a higher fibrin level in the microstructure of the coronary clot in men than in
women with coronary artery disease, which may be due to the fact that men in general have

an underlying propensity to form denser and more compact clots than women (23).
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On the other hand, we found a greater peak of CK-MB in women than in men, despite a
similar time elapsed since the onset of pain. This fact could be related to an extensive Ml
due to a more frequent location in LAD in women than in men in our cohort, regardless of

age.

Thus, in the present study we report on the changing nature of the composition of coronary
thrombi between sexes depending on age. Given that age was the most important factor to
distinguish the composition of thrombi between men and women, 55 years was established
as the cut age to perform a sub-analysis of the levels of fibrin, p-selectin and VWF in the
thrombi of patients (around menopause versus when the protective effect of estrogens on
the development of coronary artery disease is still present in women) (24,25). Numerous
studies have pointed out that estrogen may modulate the risks and outcomes of
atherosclerotic disease. For instance, premenopausal women are less likely to experience
coronary atherosclerosis than men of the same age, but after menopause, women are
equally or more likely than men of the same age to develop coronary atherosclerosis (26).
Platelets are one potential target for estrogen modulation within the cascade of factors
involved in ischemic atherosclerotic events (26). Furthermore, plasma fibrinogen
concentrations are decreased by continuous estrogen therapy (26). In addition, lower
plasma levels of p-selectin have been observed in women during the reproductive period
than in men (27) but no significant sex difference was observed when the average age was
55 years (27). On the other side, a recent study by Chaudhary R et al studied the
thrombogenicity of patients with angina but with non-obstructive disease. These authors

found a higher thrombogenicity in women than in men in plasma. However, the clinical
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scenario was different than in our study and the authors performed in vitro techniques
(28,29).

In contrast to previous studies, in which thrombosis has been generally studied in in vitro
and ex vivo models, both in peripheral or post-mortem vessels (30,31), the method used in
the present study, based on the aspiration of a coronary thrombus during PCI, offers the
advantage of providing human biological samples in vivo from ongoing thrombosis

(14,15,32).

The different outcomes between sexes after STEMI, especially in young women, have been
described for many years (4,10). In our study, the time between pain and treatment
strategies were comparable between sexes, further supporting the concept that age, and not
other variables, plays an important role in the composition of the thrombus. In addition, the
existence of cardiovascular risk factors could potentially influence the thrombogenic
burden within the thrombi. Nonetheless, some differences in biological mechanisms could
be relevant in the differences found in thrombus composition between sexes in young
patients with STEMI. However, our study lacked statistical power to detect differences in
risk factors and, therefore, these results should be interpreted with caution. The differences
observed in the composition of thrombi between sexes in young patients with STEMI may
support the notion that antithrombotic drugs should be administered according to the risk
bleeding assessment, which includes: sex, age, weight, previous history and renal function,

in order to reduce a higher bleeding risk observed in women with STEMI (33).
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Study Limitations

Our research has several limitations. Firstly, due to the in vivo nature of our study, the
analysis was performed on the main aspirated piece of the thrombus and did not include the
total volume of retrieved fragments or the distal embolic debris. Secondly, potential
distortion of the samples might have occurred during thrombus-aspiration. However, the
contribution of distortion is expected to be negligible because thrombi are stiffer than in
vitro clots and fibrin fibers bear outstanding elastic properties. The preserved appearance of
cells and fibrin fibers in the microscope images confirmed that distortion was minimal.
Finally, there was a low number of patients aged <55 years, nevertheless, consistent
differences in the composition of thrombus between sexes were still detectable.

Further directions

Further studies are necessary on the knowledge of potential differences between sexes in
biological mechanisms involved in coronary thrombi composition in young patients with
acute coronary syndromes.

Conclusions

In conclusion, our study suggests that among patients with STEMI, young women have a

lower content in p-selectin, fibrin and VWF within the thrombi than young men.

Acknowledgements: We are in debt to Diana Bou-Teen for her important contribution in

ELISA preparation samples.

Disclosures: none.

13



REFERENCES

1.Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intravenous thrombolytic
therapy for acute myocardial infarction: a quantitative review of 23 randomized trials.
Lancet 2003;361:13-20.

2.Valgimigli M, Bueno H, Byrne RA, et al. 2017 ESC focused update on dual anti- platelet
therapy in coronary artery disease developed in collaboration with EACTS. Eur Heart J
2018;39:213-60.

3.Neumann FJ, Sousa-Uva M, Ahlsson A, et al. 2018 ESC/EACTS Guidelines on
myocardial revascularization. ESC Scientific Document Group. Eur Heart J 2019; 40:87-
165.

4.Vaccarino V, Rathore SS, Wenger NK, et al., for the National Registry of Myocardial
Infarction Investigators. Sex and racial differences in the management of acute myocardial
infarction, 1994 through 2002. N Engl J Med 2005;353:671-82.

5.Gupta A, Wang Y, Spertus JA,. Trends in acute myocardial infarction in young patients
and differences by sex and race, 2001 to 2010. J Am Coll Cardiol. 2014;64:337-345.
6.Arora S, Stouffer GA, Kucharska-Newton AM et al.Twenty Year Trends and Sex
Differences in Young Adults Hospitalized With Acute Myocardial Infarction.

Circulation 2019;139:1047-1056.

7.Gharacholou SM, Alexander KP, Chen AY, et al. Implications and reasons for the lack of
use of reperfusion therapy in patients with ST-segment elevation myocardial infarction:

findings from the CRUSADE initiative. Am Heart J 2010;159:757—63.

14


https://www.ncbi.nlm.nih.gov/pubmed/?term=Arora%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30586725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stouffer%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=30586725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kucharska-Newton%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=30586725

8.Champney KP, Frederick PD, Bueno H, et al., for the NRMI Investigators. The joint
contribution of sex, age and type of myocardial infarction on hospital mortality following
acute myocardial infarction. Heart 2009;95:895-9.

9.Berger JS, Elliott L, Gallup D, et al. Sex differences in mortality following acute
coronary syndromes. JAMA 2009;302:874— 882.

10.Khera S, Kolte D, Gupta T, et al. Temporal trends and sex differences in
revascularization and outcomes of ST-segment elevation myocardial infarction in younger
adults in the United States. J Am Coll Cardiol. 2015;66:1961-1972.

11.Bucholz EM, Strait KM, Dreyer RP et al. Sex differences in young patients with acute
myocardial infarction: A VIRGO study analysis. Eur Heart J Acute Cardiovasc Care 2017,
6:610-622.

12.Falk E, Nakano M, Bentzon JF, Finn AV, Virmani R. Update on acute coronary
syndromes: the pathologists’ view. Eur Heart J 2013;34:719-28.

13.Arbustini E, Dal Bello B, Morbini P, et al. Plaque erosion is a major substrate for
coronary thrombosis in acute myocardial infarction. Heart 1999;82:269-72.

14.Sambola A, Garcia Del Blanco B, Ruiz-Meana M, et al. Increased von Willebrand
factor, P-selectin and fibrin content in occlusive thrombus resistant to lytic therapy. Thromb
Haemost. 2016;115:1129-37.

15.Sambola A, Ruiz-Meana M, Barba I, et al. Glycative and oxidative stress are associated
with altered thrombus composition in diabetic patients with ST-elevation myocardial
infarction. Int J Cardiol. 2017;243:9-14.

16.Thygesen K, Alpert JS, Jaffe AS, et al.; ESC Scientific Document Group.Fourth

Universal Definition of Myocardial Infarction. Eur Heart J 2018; 13:305-338.

15


https://www.ncbi.nlm.nih.gov/pubmed/26962963
https://www.ncbi.nlm.nih.gov/pubmed/26962963
https://www.ncbi.nlm.nih.gov/pubmed/28747040
https://www.ncbi.nlm.nih.gov/pubmed/28747040
https://www.ncbi.nlm.nih.gov/pubmed/28747040
https://www.ncbi.nlm.nih.gov/pubmed/?term=ESC%20Scientific%20Document%20Group%5BCorporate%20Author%5D

17.Guagliumi G, Capodanno D, Saia F, et al. OCTAVIA Trial

Investigators.Mechanisms of atherothrombosis and vascular response to primary percutane
ous coronary intervention in women versus men with acute myocardial infarction: results of
the OCTAVIA study. JACC Cardiovasc Interv. 2014;9:958-68.

18.Arbustini E, Dal Bello B, Morbini P, et al. Plaque erosion is a major substrate for
coronary thrombosis in acute myocardial infarction. Heart 1999;82:269-72.

19.Farb A, Burke AP, Tang AL, et al. Coronary plaque erosion without rupture into a lipid
core: a frequent cause of coronary thrombosis in sudden coronary death. Circulation

1996;93: 1354-63.

20.Bentzon JF, Otsuka F, Virmani R, Falk E.Mechanisms of plaque formation and rupture.

Circ Res. 2014;114:1852-66.
21.Sambola A, Osende J, Hathcock J, et al. Role of risk factors in the modulation of tissue

factor activity and blood thrombogenicity. Circulation 2003;107:973-7.

22.Lansky AJ, Ng VG, Maehara A, et al. Gender and the extent of coronary atherosclerosis,
plagque composition, and clinical outcomes in acute coronary syndromes. JACC Cardiovasc

Imaging. 2012;(3 Suppl):S62-72.

23.Ramanathan R, Gram JB, Sidelmann JJ, et al. Sex difference in fibrin clot lysability:

Association with coronary plague composition. Thromb Res. 2019;174:129-136.

24.Shaw LJ, Bugiardini R, Merz CN. Women and ischemic heart disease: evolving

knowledge. J Am Coll Cardiol 2009;54:1561-75.

16


https://www.ncbi.nlm.nih.gov/pubmed/?term=Guagliumi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25129664
https://www.ncbi.nlm.nih.gov/pubmed/?term=Capodanno%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25129664
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saia%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25129664
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mechanisms+of+Atherothrombosis+and+Vascular+Response+to+Primary+Percutaneous+Coronary+Intervention+in+Women+Versus+Men+With+Acute+Myocardial+Infarction+Results+of+the+OCTAVIA+Study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bentzon%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=24902970
https://www.ncbi.nlm.nih.gov/pubmed/?term=Otsuka%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24902970
https://www.ncbi.nlm.nih.gov/pubmed/?term=Virmani%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24902970
https://www.ncbi.nlm.nih.gov/pubmed/?term=Falk%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24902970
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mechanisms+of+Plaque+Formation+and+Rupture+Jacob+Fog+Bentzon%2C+Fumiyuki+Otsuka%2C+Renu+Virmani%2C+Erling+Falk
https://www.ncbi.nlm.nih.gov/pubmed/12600909
https://www.ncbi.nlm.nih.gov/pubmed/12600909
https://www.ncbi.nlm.nih.gov/pubmed/22421232
https://www.ncbi.nlm.nih.gov/pubmed/22421232
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramanathan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=30597343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gram%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=30597343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sidelmann%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=30597343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thrombosis+Research+174+(2019)+129%E2%80%93136

25.Fadini GP, de Kreutzenberg S, Albiero M, et al. Gender differences in endothelial
progenitor cells and cardiovascular risk profile: the role of female estrogens. Arterioscler
Thromb Vasc Biol 2008; 28:997—-1004.

26. Nealen ML, Vijayan KV, Bolton E, Bray PF. Human Platelets Contain a Glycosylated
Estrogen Receptor B. Circulation Research 2001;88:438—442

27 Jilma B, Eichler HG, Breiteneder H. Effects of 17 beta-estradiol on circulating adhesion
molecules. The Journal of Clinical Endocrinology and Metabolism, 1994,79:1619-1624.
28. Chaudhary R, Sukhi A, Chaudhary R, et al. Gender differences in thrombogenicity
among patients with angina and non-obstructive coronary artery disease. J Thromb
Thrombolysis. 2019;48:373-381

29. R. Ramanathan, N.P.R. Sand, J.J. Sidelmann, B.L. Norgaard, J.B. Gram, Sex difference
in clot lysability and association to coronary artery calcification, Biol. Sex Differ. 2018; 9:
1-7.

30.Gersh KC, Nagaswami C, Weisel JW. Fibrin network structure and clot mechanical
properties are altered by incorporation of erythrocytes. Thromb Haemost. 2009;102:1169—
75.

31.Collet JP, Shuman H, Ledger RE, Lee S, Weisel JW. The elasticity of an individual
fibrin fiber in a clot. Proc Natl Acad Sci U S A. 2005;102:9133-7.

32.Silvain J, Collet JP, Nagaswami C, et al. Composition of coronary thrombus in acute

myocardial infarction. J Am Coll Cardiol. 2011;57:1359-67.

33.Mehta LS, Beckie TM, DeVon HA, et al.; American Heart Association Cardiovascular
Disease in Women and Special Populations Committee of the Council on Clinical

Cardiology, Council on Epidemiology and Prevention, Council on Cardiovascular and

17


https://www.ahajournals.org/doi/full/10.1161/01.res.88.4.438?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://www.ahajournals.org/doi/full/10.1161/01.res.88.4.438?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://www.ahajournals.org/doi/full/10.1161/01.res.88.4.438?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://www.ahajournals.org/doi/full/10.1161/01.res.88.4.438?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
javascript:;
javascript:;
javascript:;
https://www.ncbi.nlm.nih.gov/pubmed/31218482
https://www.ncbi.nlm.nih.gov/pubmed/31218482
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silvain%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21414532
https://www.ncbi.nlm.nih.gov/pubmed/?term=Collet%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=21414532
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nagaswami%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21414532
https://www.ncbi.nlm.nih.gov/pubmed/?term=J+Am+Coll+Cardiol.+2011+March+22%3B+57(12)%3A+1359%E2%80%931367.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mehta%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=26811316
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beckie%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=26811316
https://www.ncbi.nlm.nih.gov/pubmed/?term=DeVon%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=26811316
https://www.ncbi.nlm.nih.gov/pubmed/?term=American%20Heart%20Association%20Cardiovascular%20Disease%20in%20Women%20and%20Special%20Populations%20Committee%20of%20the%20Council%20on%20Clinical%20Cardiology%2C%20Council%20on%20Epidemiology%20and%20Prevention%2C%20Council%20on%20Cardiovascular%20and%20Stroke%20Nursing%2C%20and%20Council%20on%20Quality%20of%20Care%20and%20Outcomes%20Research%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=American%20Heart%20Association%20Cardiovascular%20Disease%20in%20Women%20and%20Special%20Populations%20Committee%20of%20the%20Council%20on%20Clinical%20Cardiology%2C%20Council%20on%20Epidemiology%20and%20Prevention%2C%20Council%20on%20Cardiovascular%20and%20Stroke%20Nursing%2C%20and%20Council%20on%20Quality%20of%20Care%20and%20Outcomes%20Research%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=American%20Heart%20Association%20Cardiovascular%20Disease%20in%20Women%20and%20Special%20Populations%20Committee%20of%20the%20Council%20on%20Clinical%20Cardiology%2C%20Council%20on%20Epidemiology%20and%20Prevention%2C%20Council%20on%20Cardiovascular%20and%20Stroke%20Nursing%2C%20and%20Council%20on%20Quality%20of%20Care%20and%20Outcomes%20Research%5BCorporate%20Author%5D

Stroke Nursing, and Council on Quality of Care and Outcomes Research. Acute Myocardial
Infarction in Women: A Scientific Statement From the American Heart Association.

Circulation 2016;133:916-47.

18



Figure Legends:
Table 1. Baseline characteristics of STEMI patients
Foot notes: Data correspond to mean value (SD), median (IQR) and frequencies of main

characteristics related with demographic, cardiovascular risk factors and percutaneous

intervention. P values < 0.05 were considered statistically significant.

Figure 1. Thrombi composition in STEMI patients

Not differences were shown between sexes in p-selectin, fibrin and vVWF concentrations
obtained in thrombi from STEMI patients (men n=50 and women n=50), and analyzed by
ELISA technique. Data correspond to median value (IQR) of p-selectin, fibrin and VWF
and expressed as ng of compound per mg of tissue.

Figure 2. Effect of age in thrombi composition

Dispersion graphs show the correlation between thrombi composition and age in 100
STEMI patients. P-selectin and vVWF concentration are decreasing as patients are older: p-
selectin (Pearson coefficient R=0.226, p=0.024) and VWF (R=0.396, p<0.0001). In
contrast, age shows no effect on the fibrin content of thrombi (R=0.029, p=0.776).

Figure 3. Thrombi composition in young (age < 55 years) and (age >55 years) STEMI

patients

Thrombi from young women patients (Figure 3A, n=13) shown lower concentrations of p-
selectin [2.2 ng/mg (IQR 8.8)], fibrin (1.1ng/mg (IQR 16.4)) and VWF [3.2 ng/mg (IQR
40.3)] than the ones from men of the same age range (n=13): p-selectin [5.6ng/mg (IQR
9.7), p=0.004], fibrin (4.1ng/mg (IQR 64.9), p=0.014) and VWF [25.8ng/mg (IQR 54.3)
fresh tissue, p=0.003]. On the contrary, there were no differences between sexes when the
patients are aging >55 years old (Figure 3B). Data correspond to median value (IQR) of p-
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selectin, fibrin and VWF concentrations obtained in thrombi analyzed by ELISA and
expressed as ng of compound per mg of tissue.

Figure 4A. Immunofluorescence analysis of thrombus composition by confocal
microscopy in patients with >55 years. Representative confocal images of thrombus from
patients after immunolabelling thrombi sections using fibrin, p-selectin and VWF specific
antibodies. (A= woman; B= man)

Figure 4B. Immunofluorescence analysis of thrombus composition by confocal
microscopy in patients with <55 years. Representative confocal images of thrombus from
patients after immunolabelling thrombi sections using fibrin, p-selectin and VWF specific

antibodies. (A= woman; B= man)
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Table 1

Table 1. Differences in baseline characteristics of whole cohort with ST-elevation

myocardial infarction

Men Women P value

N =50 N =50
Age (years), Mean (SD) 65 (13) 67 (14) 0.534
Past Medical History, n (%)
Active smoking 25 (50) 18 (36) 0.157
Alcohol intake 7 (14) 2(1) 0.001
Hypertension 27 (54) 25 (50) 0.692
Systolic blood pressure, mm Hg 136 (122-146) | 130 (128-143) 0.087
Diastolic blood pressure, mm Hg 72 (76-85) 74 (73-85] 0.094
Hyperlipidemia 21 (42) 27 (54) 0.228
LDL-cholesterol, mg/dl 120 (90-150) 117 (92-152) 0.073
Diabetes mellitus 13 (26) 12 (23) 0.723
Fasting glucose, mg/dl 90 (80-120) 98 (82-122) 0.08
Previous PCI 0 0 1.000
Atrial fibrillation 0 0 1.000
Peripheral arterial disease 4 (8.0) 4 (8.0) 0.952
Chronic kidney disease 2 (4) 3 (6) 0.020
COPD 4(8) 1) 0.498
Treatment before PCI, n (%)
ASA 50 (100) 50 (100) 1.000
Clopidogrel 42 (84) 37 (74)
Ticagrelor 5(10) 8 (16)




Pasugrel 3(4) 5 (10) 0.317
Heparin 50 (100) 50 (100)
Antihipertensive treatment 26 (53) 25 (50) 0.89
Lipid-lowering treatment 19 (38) 19 (38) 1.000
Clinical presentation

Pain-ballon time (hours), median (IQR) 3.5(22.3) 3.4 (17.8) 0.991
CK-MB peak (ng/mL), median (IQR) 219 (853) 367 (2976) 0.002
Infarct related artery, n (%)

LAD artery 15 (30) 29 (52) 0.009
Right coronary artery 30 (60) 19 (38) 0.098
Circumflexe artery 5(8) 2 (4) 0.056
Multivessel disease 13 (25) 19 (38) 0.203
Post-PCI TIMI flow grade, n (%)

Flow grade 2 2 (4) 5(9)

Flow grade 3 48 (96) 45 (91) 0.422
Blush < 3 (%) 18 (35) 22 (44) 0.158

Footnotes: PCl.percutaneous coronary intervention; LAD: left anterior descending

coronary artery.
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