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Alfonso Jurado-Roman p, Matteo Nardin q, Gennaro Galasso c 

a Division of Clinical and Experimental Cardiology, Azienda Ospedaliero-Universitaria Sassari, Viale S. Pietro, 43/B, Sassari 07100, Italy 
b Division of Clinical and Interventional Cardiology, Istituto Clinico Sant’Ambrogio, Milano, Italy 
c Department of Medicine, Surgery and Dentistry, University of Salerno, Baronissi, Salerno, Italy 
d Division of Cardiology, Ospedale degli Infermi, ASL, Biella, Italy 
e Jan Kochanowski University, Kielce, Poland 
f Institute of Cardiology, Jagiellonian University Medical College, Kopernika 17 Street, Kraków 31-501, Poland 
g 2nd Department of Cardiology and Cardiovascular Interventions, University Hospital, Kraków, Poland 
h Department of Cardiovascular Sciences and the NIHR Leicester Biomedical Research Centre, Glenfield Hospital, University of Leicester and University Hospitals of 
Leicester NHS Trust, Leicester, United Kingdom 
i Institut del Cor, Hospital Universitari Germans Trias i Pujol, Badalona, Spain 
j CIBER de Enfermedades CardioVasculares (CIBERCV) Instituto de Salud Carlos III, Madrid, Spain 
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A B S T R A C T   

Background: The characteristics and outcome of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)- 
positive patients with ST-Elevation Myocardial Infarction (STEMI) undergoing primary percutaneous coronary 
intervention (PPCI) are still poorly known. 
Methods: The PANDEMIC study was an investigator-initiated, collaborative, individual patient data (IPD) meta- 
analysis of registry-based studies. MEDLINE, ScienceDirect, Web of Sciences, and SCOPUS were searched to 
identify all registry-based studies describing the characteristics and outcome of SARS-CoV-2-positive STEMI 
patients undergoing PPCI. The control group consisted of SARS-CoV-2-negative STEMI patients undergoing PPCI 
in the same time period from the ISACS-STEMI COVID 19 registry. The primary outcome was in-hospital mor
tality; the secondary outcome was postprocedural reperfusion assessed by TIMI flow. 
Results: Of 8 registry-based studies identified, IPD were obtained from 6 studies including 941 SARS-CoV-2- 
positive patients; the control group included 2005 SARS-CoV-2-negative patients. SARS-CoV-2-positive pa
tients showed a significantly higher in-hospital mortality (p < 0.001) and worse postprocedural TIMI flow (<3, p 
< 0.001) compared with SARS-CoV-2-negative subjects. The increased risk for SARS-CoV-2-positive patients was 
significantly higher in males compared to females for both the primary (pinteraction = 0.001) and secondary 
outcome (pinteraction = 0.023). In SARS-CoV-2-positive patients, age ≥ 75 years (OR = 5.72; 95%CI: 1.77–18.5), 
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impaired postprocedural TIMI flow (OR = 11.72; 95%CI: 2.64–52.10), and cardiogenic shock at presentation 
(OR = 11.02; 95%CI: 2.84–42.80) were independent predictors of mortality. 
Conclusions: In STEMI patients undergoing PPCI, SARS-CoV-2 positivity is independently associated with 
impaired reperfusion and with a higher risk of in-hospital mortality, especially among male patients. Age ≥ 75 
years, cardiogenic shock, and impaired postprocedural TIMI flow independently predict mortality in this high- 
risk population.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) has strongly impacted on 
worldwide healthcare systems with significant resources diverted to 
deal with this unforeseeable modern pandemic. Several reports have 
described an increased cardiovascular mortality during the COVID-19 
pandemic due to direct [1,2] and indirect effects of severe acute respi
ratory syndrome coronavirus 2 (SARS-CoV-2) infection [3–8]. 
COVID-19 may induce oxygen supply/demand imbalance, abnormal 
systemic inflammatory response, atherosclerotic plaque rupture, over
activation of the coagulation system, and platelet hyperreactivity [1,2]. 

The indirect consequences of the COVID-19 pandemic included so
cial distancing, the fear of the contagion and the prominent media 
attention on the uncontrolled spread of the disease, which refrained 
patients from activating the emergency system or doing so, but with 
considerable delay. The redistribution of healthcare resources affected 
the local emergency networks and contributed to treatment delays 
[7–10]. 

Previous studies reported a very high mortality among SARS-CoV-2 
positive patients with ST-segment Elevation Myocardial Infarction 
(STEMI) during hospitalization [11–18]. However, this finding was 
limited to few reports and small studies with limited power for assessing 
the indirect (logistic) and direct reasons for the increased mortality in 
SARS-CoV-2 positive patients. 

The aim of the present cooperation was, by merging worldwide data 
from real-world registry-based studies, to evaluate the clinical charac
teristics, natural history, and response to primary percutaneous coro
nary intervention (PPCI) in SARS-CoV-2 positive patients presenting 
with STEMI. This information can be of great interest for the clinical 
management of patients, for health system decisions and for the design 
of studies to test different treatment modalities. 

2. Methods 

The PercutANeous coronary intervention During COVID-19 
pandEmic in SARS-CoV-2 positive patients with acute ST-segment 
elevation Myocardial InfarCtion (PANDEMIC) study was an 
investigator-initiated, collaborative individual patient data (IPD) meta- 
analysis of registry-based studies. 

IPD was pooled when all the following eligibility criteria were 
satisfied: (i) SARS-CoV-2 positive STEMI patients undergoing PPCI; (ii) 
SARS-CoV-2 positivity confirmed by real-time reverse tran
scriptase–polymerase chain reaction (RT-PCR) from nasal/pharyngeal 
swab; (iii) availability of angiographic data; and (iv) availability of in- 
hospital mortality data. 

A comprehensive MEDLINE, ScienceDirect, Web of Sciences, and 
SCOPUS search of the literature dealing with PPCI in SARS-CoV-2 pos
itive STEMI patients was conducted from February 2020 until 
September 2021. The details of the search strategy are summarized in 
(Supplementary Table 1. Citations were screened on title and abstract 
level by two independent reviewers (A.S. and M.V.), and potentially 
eligible reports were retrieved and scrutinized in full text. Divergences 
were resolved by discussion and consultation with a third investigator 
(G.D.L.). 

Exclusion criteria at the study level were: (i) Studies with less than 30 
patients; (ii) use of fibrinolytic therapy as the only reperfusion therapy; 
(iii) unavailability of in-hospital mortality data; (iv) SARS-CoV-2 

positivity suspected but not confirmed by RT-PCR; and (v) unwillingness 
to provide IPD. 

After protocol drafting, the primary investigator of each eligible 
study was invited to contribute to the PANDEMIC study. Data extraction 
was coordinated by the primary investigator of each study. Variables of 
interest were selected at the study protocol stage according to the clin
ical relevance and consistency across studies by cross check on original 
publications. Additional unpublished information, including in-hospital 
mortality data, were provided when available in the original databases. 
All the data were independently checked before generating the elec
tronic database of the PANDEMIC study; the final database was created 
and stored at the coordinating center (Eastern Piedmont University, 
Novara, Italy). 

All included studies were conducted in accordance with the ethical 
principles of the Declaration of Helsinki and their protocols were 
approved by each center institutional review board. 

This study was conducted according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses of individual participant data 
(PRISMA-IPD) and to the Meta-analysis of Observational Studies in 
Epidemiology (MOOSE) statements [19,20] (Supplementary Table 2). 
The review protocol was not registered on PROSPERO. 

2.1. Data collection 

Individual patient data were extracted and transferred in pre
formatted sheets including patient demographics, baseline clinical 
characteristics, coronary angiographic and PCI procedural features, and 
in-hospital mortality. 

Our control group consisted of SARS-CoV-2 negative STEMI patients 
undergoing PPCI enrolled from March to June 2020 in the ISACS-STEMI 
COVID 19 registry [8]. 

2.2. Study endpoints 

The primary study endpoint was in-hospital mortality. The second
ary study endpoint was impaired postprocedural epicardial reperfusion 
expressed by TIMI (Thrombolysis In Myocardial Infarction) flow grade 
after PPCI. 

2.3. Statistical analysis 

Data were analyzed using SPSS Statistics Software 23.0 (IBM SPSS 
Inc., Chicago, Illinois). Distribution of continuous data was tested with 
the Kolmogorov–Smirnov and the Shapiro-Wilk test. Normally distrib
uted variables were expressed as mean ± standard deviation, whereas 
non-normal ones as median and interquartile range (IQR). Categorical 
variables were reported as numbers and percentages. Continuous nor
mally distributed variables were compared by using the Student t test. 
Categorical variables were compared with chi-squared test, or Fisher 
exact test when appropriate. Differences between non-normally 
distributed variables were tested with Mann-Whitney test. 

Logistic regression analysis was conducted to evaluate the effects of 
SARS-CoV-2 positivity on the study outcomes. We used the propensity 
score technique to account for potential confounding between groups, as 
previously described [21,22]. For each patient, a propensity score 
indicating the likelihood of being SARS-CoV-2-positive was calculated 
through step forward logistic regression analysis that identified 
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variables independently associated with SARS-CoV-2 positivity. We 
included baseline clinical variables associated with SARS-CoV-2 posi
tivity at univariable analysis (inclusion in the model: p < 0.05; exclusion 
from the model: p < 0.1). The following variables were entered into the 
model: age, gender, hypertension, smoking, ischemia time >12 h, 
door-to-balloon time >30 min. preprocedural TIMI 0 flow and use of 
thrombectomy. The stepwise selection of the variable and estimation of 
significant probabilities were computed by means of maximal likelihood 
ratio test. The χ2 value was calculated from the log of the ratio of 
maximal partial likelihood functions. The additional value of each 
category of variables added sequentially was evaluated on the basis of 
the increases in the overall likelihood statistic ratio. The final score was 
built according to the global χ2 value of the multivariate statistical 
model and the χ2 value of each variable. The discriminatory perfor
mance of the propensity score was assessed by the receiver operating 
characteristic curve method, which indicated a good accuracy of the 
propensity score model (area under the curve = 0.83) [23]. On the basis 
of the propensity score values, the population was divided into 4 groups 
(from the lowest to the highest probability to have SARS-CoV-2 posi
tivity) by the use of quartiles values of the propensity score. The effect of 
SARS-CoV-2 positivity on the primary outcome was evaluated for each 
quartile, separately. 

Missing data, if any, were handled using multiple imputations with 
the method of chained equations. Twenty data sets including imputed 
data were generated and combined using Rubin’s rules [24]. 

The consistency of the main results for the primary outcome of the 
study was investigated across propensity score quartiles and in the 
following subgroups of clinical interest: age ≥75 or <75 years, females 
or males, presence or not of hypertension, smoking, or diabetes. A 
further sensitivity analysis was conducted according to the timing of 
SARS-CoV-2 positivity (before vs. during the hospitalization). 

An additional multivariable analysis was restricted to SARS-CoV-2 
positive patients in order to identify independent predictors of mortal
ity in SARS-CoV-2 positive patients. A step forward model was used 
(inclusion in the model: p < 0.05; exclusion from the model: p < 0.1). A 
p < 0.05 was considered statistically significant. 

3. Results 

From a total of 1759 reports initially identified, we retrieved 1153 
studies through merging of data from independent searches and 
removing duplicates. During screening and eligibility assessment, we 
identified 8 articles which fulfilled the criteria of this meta-analysis [8, 
11,13–18]. IPD were provided for 6 out of 8 studies [8,11,13–16] 
(Supplementary Fig. 1 and Supplementary Table 3), encompassing a 
total of 1711 patients. Of them, 941 SARS-CoV-2 positive patients were 
finally included in the quantitative synthesis of data based on the study 
criteria (Supplementary Fig. 2). Two studies did not provide IPD e and 
were excluded from this analysis [17,18]. The control group included a 
total of 2005 SARS-CoV2 negative STEMI patients undergoing PPCI 
enrolled in the ISACS-STEMI COVID-19 registry. 

The baseline demographic, clinical and angiographic/procedural 
characteristics of the study population are summarized in Table 1. SARS- 
CoV-2 positive patients were older (68 [IQR 58–74] vs. 63 [IQR 54–72] 
years, p = 0.002) than SARS-CoV-2 negative patients and were less 
frequently males (72.6% vs. 77.4%, p = 0.005) and active smokers 
(36.8% vs. 42.1%, p = 0.006). As expected, ischemia time (245 [IQR 
138–605] vs. 210 [IQR 123–360] minutes, p < 0.001) and door-to- 
balloon time (85 [IQR 50–130] vs. 35 [IQR 22–60] minutes, p <
0.001) were longer in SARS-CoV-2 positive group. No difference was 
observed in the proportion of infarct location, cardiogenic shock or out- 
of-hospital cardiac arrest between groups. 

There were no differences in rates of radial access or stent use be
tween groups between groups, although SARS-CoV-2 positive patients 
less often received thrombectomy (17% vs. 20.4%, p = 0.027). Despite 
being associated less often with preprocedural TIMI 0 flow (61% vs. 

66.7%, p = 0.003), SARS-CoV-2 positive patients showed a higher pro
portion of impaired postprocedural TIMI flow (TIMI 0-2: 11.9% vs. 
7.9%, p < 0.001; Fig. 1). 

The negative impact of SARS-CoV-2 positivity on postprocedural 
TIMI flow was consistent across the propensity score quartile subgroups 
(p for interaction = 0.180; Fig. 2). The association of SARS-CoV-2 pos
itivity with the probability of postprocedural TIMI 0-2 was confirmed in 
most of the prespecified subgroups of interest except for sex, where a 
significant subgroup interaction was observed (p for interaction <0.001; 
Fig. 3). In fact, male patients SARS-CoV-2 positive showed a signifi
cantly higher risk of postprocedural TIMI 0-2 than those SARS-CoV-2 
negative (OR: 2.67; 95% CI: 1.43–4.99, p < 0.001); in female patients, 
no difference was found between groups (OR: 0.56; 95% CI: 0.13–2.42, 
p = 0.330). These results were confirmed after propensity score 
adjustment (females: adjusted OR = 0.57; 95% CI 0.31–1.03, p = 0.062; 
males: adjusted OR = 2.13; 95% CI 1.51–3.01, p < 0.001). 

SARS-CoV-2 positive patients had a significantly higher risk of in- 
hospital mortality (18.7% vs. 7%, OR: 3.; 95%CI: 2.40–3.85, p <
0.001; Fig. 1). Similar mortality was observed in patients with already 
known SARS-CoV-2 positivity before the admission (N = 738) compared 
with those who tested positive during the hospitalization (N = 133) 
(19% vs. 18%, OR: 1.06; 95% CI: 0.66–1.72, p = 0.80). These results 
were confirmed in all the subgroups according to the propensity score 
quartiles (p for interaction = 0.580) and in all the prespecified sub
groups (Fig. 2 and 3). A significant heterogeneity was observed for 

Table 1 
Baseline demographic, clinical and angiographic/procedural characteristics 
according to SARS-CoV-2 positivity.   

SARS-CoV-2 
Positive (n = 941) 

SARS-CoV-2 
Negative (n =
2005) 

P value 

Age, median [25–75th] 68 [58–74] 63 [54–72] 0.002 
Age > 75 year – n (%) 222 (23.6) 396 (19.8) 0.017 
Male gender – n (%) 683 (72.6) 1551 (77.4) 0.005 
Diabetes Mellitus- n (%) 204 (21.7) 458 (22.8) 0.48 
Hypertension - n (%) 817 (86.8) 1121 (55.9) <

0.001 
Smoking – n (%) 346 (36.8) 844 (42.1) 0.006 
Ischemia time, median 

[25–75th] 
245 [138–605] 210 [123–360] <

0.001 
Total Ischemia time >12 h 

– n (%) 
202 (21.5) 247 (12.3) <0.001 

Door-to-balloon time, 
median [25 - 75th] 

85 [50–130] 35 [22–60] <

0.001 
Door-to-balloon time >30 

min (%)– n (%) 
813 (86.4) 1101 (54.9) <0.001 

Anterior STEMI– n (%) 476 (50.6) 953 (47.5) 0.120 
Out-of-hospital cardiac 

arrest – n (%) 
73 (7.8) 174 (8.7) 0.410 

Cardiogenic shock– n (%)  77 (8.2) 193 (9.6) 0.210 

Radial Access (%) 718 (81.7) 1668 (83.2) 0.320 
Culpirt vessel 

Left main – n (%) 
Left Anterior Descending 
Artery – n (%) 
Circumflex – n (%) 
Right Coronary Artery – 
n (%) 
Anterolateral Branch – n 
(%) 

21 (2.2) 
455 (48.4) 
124 (13.2) 
333 (35.4) 
1 (0.1) 

37 (1.8) 
916 (45.7) 
324 (16.2) 
710 (35.4) 
5 (0.2) 

0.310 

Multivessel disease – n (%) 449 (47.7) 1023 (51.0) 0.094 
Preprocedural TIMI 0 flow 

– n (%) 
574 (61.0) 1336 (66.7) 0.003 

Thrombectomy– n (%) 160 (17.0) 410 (20.4) 0.027 
Stenting– n (%) 828 (88.0) 1780 (88.8) 0.530 
Postprocedural TIMI 3 

Flow – n (%) 
829 (88.1) 1847 (92.1) <

0.001 

IQR = interquartile range; SARS-CoV-2 = severe acute respiratory syndrome 
coronavirus 2; STEMI = ST-segment Elevation Myocardial Infarction; TIMI =
Thrombolysis in Myocardial Infarction. 
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gender, with a significantly higher impact of SARS-CoV-2 positivity on 
mortality in males (OR: 3.59; 95% CI: 2.70–4.79, p < 0.001) as 
compared to females (OR: 1.99; 95% CI: 1.3–3.04, p = 0.001; p for 
interaction = 0.023). The significant association between SARS-CoV-2 
positivity and mortality persisted after propensity score adjustment in 
males (adjusted OR = 3.36; 95% CI: 2.42–4.69, p < 0.001) but not in 
females (adjusted OR = 1.49; 95% CI: 0.91–2.45, p = 0.110). 

At multivariable logistic regression analysis, we identified age >75 
years (OR = 5.72; 95% CI: 1.77–18.5, p = 0.004), postprocedural TIMI 
flow grade 0-2 (OR = 11.72; 95% CI: 2.64–52.10, p < 0.001), and 
cardiogenic shock at presentation (OR = 11.02; 95% CI: 2.84–42.80, p <
0.001) as independent predictors on in-hospital mortality among SARS- 
CoV-2 positive patients (Table 2). This result was confirmed after forcing 
sex into the multivariable model, which showed also an independent 
association of diabetes (OR = 2.19; 95% CI: 1.43–3.34, p < 0.001) and 
radial access (OR = 0.61; 95% CI: 0.39–0.97, p = 0.036) with in-hospital 
mortality (Table 2). 

4. Discussion 

This is the largest study so far conducted that describes character
istics and in-hospital outcome of SARS-CoV-2 positive STEMI patients 
undergoing PPCI. The main findings of this study can be summarized as 
follows: 

(i) SARS-CoV-2 positivity is independently associated with impaired 
reperfusion after PPCI and a significantly higher risk of in-hospital 
mortality; (ii) SARS-CoV-2 positivity showed a higher prognostic 
impact among males, being associated with significantly higher proba
bility of postprocedural TIMI flow 0-2 and of in-hospital mortality as 
compared to females; (iii) age ≥ 75 years, cardiogenic shock and 
impaired postprocedural TIMI flow emerged as independent predictors 
of mortality in this high-risk STEMI population. 

Since March 2020, COVID-19 has rapidly reached pandemic pro
portions with more than 200 million people infected and 5 million 
deaths so far, and has severely stressed the healthcare systems world
wide (https://www.worldometers.info/coronavirus). 

In this analysis, consistent with previous studies, we reported a 
significantly higher risk of in-hospital mortality among SARS-CoV-2 

Fig. 1. Bar Graphs showing the association between SARS-CoV-2 positivity and impaired postprocedural TIMI flow (0-2) (Upper graph) and in-hospital mortality 
(Lower graph). 
CI, confidence interval; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TIMI, Thrombolysis In Myocardial Infarction. 
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positive STEMI patients compared with SARS-CoV-2 negative control 
subjects (18.7% vs. 7.0%). This association persisted after adjustment 
for baseline confounders, including the propensity score, and was 
confirmed across the propensity score quartiles and in all the pre
specified subgroups of interest. 

Several indirect and direct effects have been advocated to explain the 
increased in-hospital mortality associated with SARS-CoV-2 positivity in 
patients presenting with STEMI. Among the indirect effects, the fear of 
contagion may have affected patients’ willingness to present to hospital, 
resulting in a substantial delay in cardiac catheterisation laboratory 
activations and consequent longer ischemia time [8,9,11,18]. In our 
study we confirmed the substantial longer ischemia time among 
SARS-CoV-2 positive patients. We also reported a longer door-to-balloon 
time in SARS-CoV-2 positive STEMI patients, reflecting the in-hospital 

delay. This has been attributed, especially during the first part of the 
pandemic, to the different triaging systems for STEMI patients suspected 
of COVID-19, to the use of COVID-19-dedicated pathways, and to the 
time spent for donning personal protective equipment. 

Previous reports have highlighted the direct prothrombotic effects of 
SARS-CoV-2 infection, mainly mediated by inflammation, endothelial 
dysfunction, increased activation of platelets and coagulation cascade 
[3]. The interplay between these mechanisms increases thrombus 
burden and the probability of coronary distal microembolization with 
consequent impaired reperfusion, larger infarct size, and higher risk of 
mortality during the hospitalization [11]. In our study, this phenomenon 
was confirmed by the higher proportion of post-procedural TIMI flow 
<3 in SARS-CoV-2 positive patients (11.9% vs. 7.9%), which reflects the 
higher probability of failure in restoring normal epicardial coronary 

Fig. 2. Forest plot showing the association between SARS-CoV-2 positivity and impaired postprocedural TIMI flow (0-2) (Upper graph) and in-hospital mortality 
(Lower graph) in each quartile of the propensity score. 
CI, confidence interval; PS, propensity score; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TIMI, Thrombolysis In Myocardial Infarction. 
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flow after PPCI in this high-risk STEMI population. 
The impaired coronary reperfusion in the infarct-related artery is an 

established indicator of procedural success and outcome after PPCI [25, 
26]. In the present analysis, these parameters emerged as an indepen
dent predictor of in-hospital mortality among SARS-CoV-2 positive 
STEMI patients, emphasizing its value for prognostic stratification and 
the importance of implementing every strategy to avoid post-procedural 
TIMI flow <3. Previous studies reported a higher use of glycoprotein 
IIb-IIIa inhibitors and thrombectomy in SARS-CoV-2 positive STEMI 
patients compared with SARS-CoV-2 negative controls, that may 

certainly suggest a larger thrombus burden and potential benefits from 
adjunctive therapies [7,27]. In a single-center observational study 
including 115 consecutive STEMI patients undergoing PPCI between 
March 1, 2020, and May 20, 2020, SARS-CoV-2 positive patients pre
senting with STEMI had higher troponin levels, an impaired myocardial 
blush grade, and larger thrombus burden than SARS-CoV-2 negative 
group, resulting in a higher use of glycoprotein IIb/IIIa inhibitors and 
aspiration thrombectomy [11]. Furthermore, SARS-CoV-2 showed a 
significantly higher mortality rate and in-stent thrombosis. Similar 
findings have been reported in the ISACS-STEMI COVID-19 registry, 

Fig. 3. Forest plot shows the association between SARS-CoV-2 positive and impaired postprocedural TIMI flow (0-2) (Upper graph) and in-hospital mortality (Lower 
graph) in major subgroups of interest. 
CI, confidence interval; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TIMI, Thrombolysis In Myocardial Infarction. 
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which showed a higher use of glycoprotein IIb-IIIa inhibitors and 
thrombectomy, and a higher rate of mortality (29% vs. 5.5%) in-stent 
thrombosis (8.1% vs. 1.6%) and heart failure (22.6% vs. 10.6%) in 
SARS-CoV-2 positive STEMI patients compared with SARS-CoV-2 
negative controls, that was confirmed after adjustment for confound
ing factors [12]. 

In the present study, the largest so far conducted in STEMI patients, 
we did not confirm the higher use of thrombectomy in SARS-CoV-2 
positive patients. This result might reflect the lower rate of TIMI 
0 flow at baseline in SARS-CoV-2 positive patients, but also the het
erogeneity in the use of this technique between different catheterization 
laboratories and registries (in this meta-analysis ranged from 8.6% to 
44.0%). The lower use of thrombectomy was reported in the ORPKI 
Polish national registry [13] and in the international COVID-ACS reg
istry [15], where thrombectomy was less frequently used in SARS-CoV-2 
positive compared with negative control subjects. 

The higher mortality observed in SARS-CoV-2 positive patients may 
also be partially explained by the effect of COVID-19 on other organs 
and body systems such as the respiratory tract. Albeit this information 
was not available in this pooled population, previous reports have 
already demonstrated a higher in-hospital mortality rate, related to both 
cardiac and non-cardiac causes, in ACS patients with severe forms of 
COVID-19 [3]. In our study the mortality rate in SARS-Cov-2 positive 
patients remained remarkably high even after the exclusion of 
COVID-related deaths (13.7%). 

The novelty of this meta-analysis was the significant interaction in 
terms of mortality between SARS-CoV-2 and gender. This result seems to 
reflect the significant interaction between sex and postprocedural TIMI 
flow, suggesting that the poorer outcome in males may be the conse
quence of the impaired coronary reperfusion after PPCI, more prevalent 
in male STEMI patients with SARS-CoV-2. In fact, postprocedural TIMI 
flow but not gender, in agreement with previous reports in STEMI pa
tients [28], emerged as an independent predictor of mortality among 
SARS-CoV-2 positive patients. This unreported result probably reflects 
the larger population and the greater statistical power of this 
meta-analysis compared with previous studies, and suggests a gender 
difference in both pathophysiology and outcome for SARS-CoV-2 posi
tive patients [29]. The interplay between sexual hormones, inflamma
tion, and prothrombotic factors may affect the efficacy of mechanical 
reperfusion in males with SARS-CoV-2 infection. It has been suggested 
that age-related decrease’s in testosterone may influence the severity of 
COVID-19 in males, while the presence of estrone or high gonadotropin 
levels may exert a protective effect in postmenopausal women [30,31]. 
However, further studies are needed to confirm these results, to inves
tigate its underlying mechanisms and the benefits from adjunctive 
therapies in this high-risk population [2]. 

Previous studies have investigated the association between baseline 
characteristics and outcome of patients with COVID-19, and have 
showed that age and multiple comorbidities, including diabetes and 
hypertension, may precipitate clinical course during hospitalization [4]. 

In our study we found that among baseline risk factors, only age and 
cardiogenic shock at presentation independently predicted in-hospital 
mortality among SARS-COV-2 positive patients, The negative impact 
of cardiogenic shock and advanced age, is certainly in step with all 
previous reports in STEMI patients treated in the pre-COVID era [32,33], 
as much as the negative impact of postprocedural impaired epicardial 
reperfusion [34]. Diabetes [35,36] and femoral access [37], well known 
predictors of worse outcome in STEMI patients, emerged as additional 
independent predictors of mortality when sex was forced into the model. 

4.1. Study limitations 

A major limitation of our study is represented by its study design, 
being non-randomized and retrospective. We found some differences in 
baseline characteristics. However, to account for potential differences 
between groups, in this study we employed the propensity score tech
nique to balance for several baseline patient-related characteristics. 
Although we included many variables in the model, we cannot exclude a 
residual bias secondary to concealed confounders. 

Since our population was enrolled in the initial phase of COVID-19 
pandemic, the results of this study cannot be fully translated to later 
peaks (different viral variants, vaccines, improved pathways of care for 
SARS-CoV-2-positive patients, etc.). Also, potential disparities in the use 
of nasopharyngeal swabs in the first months of pandemic may have 
caused a potential selection bias. 

We could not provide data on oxygen saturation and invasive me
chanical ventilation use, computed tomography scan findings, and 
medical therapies. Also, we could not provide indexes of COVID-19 
severity, the percentage of acute respiratory distress syndrome, and 
COVID-related deaths. 

Another limitation relates to the lack of data on myocardial blush 
grade and thrombus grade. 

A quota of the initial population was excluded because of missing 
information on the study outcome measures. However, the large number 
of events conferred a strong statistical power to our analysis. 

Finally, this meta-analysis included only 6 out of 8 studies initially 
identified due to unavailability of IPD for two registries [17,18]. How
ever, we suppose that their inclusion would not have substantially 
changed the results of this meta-analysis encompassing 941 SARS-CoV-2 
positive patients from 6 multicenter international registries. 

5. Conclusions 

This study of STEMI patients undergoing PPCI confirmed that SARS- 
CoV-2 positivity is independently associated with impaired reperfusion 
and a significantly higher mortality during the hospitalization, espe
cially in male patients. Age ≥ 75 years, cardiogenic shock at presenta
tion, and postprocedural TIMI flow < 3, emerged as independent 
predictors of in-hospital mortality among SARS-CoV-2 positive patients. 

Table 2 
Predictors of in-hospital mortality in SARS-CoV-2 positive patients.  

Variable Univariable analysis OR [95% 
CI] 

P value Multivariable analysis OR [95% 
CI] 

P value Sex-adjusted multivariable analysis OR 
[95% CI]* 

P value 

Postprocedural TIMI 0–2 12.5 [3.5–43.9] <0.001 11.7 [2.64–52.1] <0.001 10.45 [2.15–45.6] <0.001 
Cardiogenic shock 6.95 [4.27–11.3] <0.001 11.0 [2.84–42.89] <0.001 8.47 [2.05–20.83] <0.001 
Age > 75 year 3.89 [2.75–5.52] <0.001 5.72 [1.77–52.1] 0.002 4.01 [2.62–6.14] < 0.001 
Out-of-hospital cardiac 

arrest 
2.65 [1.59–4.41] <0.001 –  –  

Diabetes Mellitus 2.1 [1.45–2.99] <0.001 –  2.16 [1.43–3.34] <0.001 
Radial Access 0.39 [0.26–0.57] <0.001 –  0.61 [0.39–0.97] 0.031 
Smoking 0.47 [0.33–0.69] <0.001 –  –  
Hypertension 2.13 [1.17–3.89] 0.012 –  –  

CI = confidence interval; OR = odds ratio; TIMI = Thrombolysis in Myocardial Infarction. 
*multivariate analysis with sex forced into the model. 
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