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Abstract
BACKGROUND
Coronavirus disease 2019 (COVID-19) may contribute to delayed presentations of acute myocardial infarction. Delayed presentation with late reperfusion is often associated with an increased risk of mechanical complications and adverse outcomes. Inherent delays are possible as every patient who is acutely sick is being considered a potential case or a career of COVID-19. Also, standardized personal protective equipment precautions are established for all members of the team, regardless of pending COVID-19 testing which might further add to delays.

AIM
To compare performance measures and clinical outcomes of all patients who presented to our facility with ST elevation myocardial infarction (STEMI) during the COVID-19 pandemic to same time cohort from 2019.

METHODS
[bookmark: OLE_LINK50]All patients who presented to our facility with STEMI during the pandemic were compared to a matched cohort during the same time period in 2019. STEMI with unknown time of symptom onset and inpatient STEMI patients were excluded. Primary outcome was major adverse cardiac events (MACE) in-hospital and up to 14 d after STEMI, including death, myocardial infarction, cardiac arrest, or stroke. Significant differences among groups for continuous variables were tested through ANOVA, using SYSTAT, version 13. Chi-square tests of association were used to compare patient characteristics among groups using SYSTAT. Relative risk scores and associated tests for significance were calculated for discrete variables using MedCalc (MedCalc Software, Ostend, Belgium).

RESULTS
There was a significantly longer time interval from symptom onset to first medical contact (FMC) in the COVID-19 group (P < 0.02). Time to first electrocardiogram, door-to-balloon time, and FMC to balloon time were not significantly affected. The right coronary artery was the most common culprit for STEMI in both the cohorts. Over 60% of patients had one or more obstructive (> 50%) lesion(s) remote from the culprit site. In-hospital and 14 d MACE were more prevalent in the COVID-19 group (P < 0.01 and P < 0.001). 

CONCLUSION
[bookmark: OLE_LINK51]This single academic center study in the United States suggests that there is a delay in patients with STEMI seeking medical attention during the COVID-19 pandemic which could be translating into worse clinical outcomes.
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[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Core Tip: The coronavirus disease 2019 (COVID-19) pandemic has affected every aspect of healthcare and has created multiple challenges in treatment of time sensitive conditions like ST elevation myocardial infarction (STEMI). We aimed to assess the behavior of presentation and outcomes of all the STEMI admissions at our facility between March 16, 2020 and August 31, 2020. We found a significantly delay from symptom onset to first medical contact in the COVID-19 group which likely resulted in significantly higher in-hospital major adverse cardiac events (MACE) and MACE at 14 d in this cohort.

INTRODUCTION
The pandemic caused by the coronavirus disease 2019 (COVID-19) has caused a complete global shutdown and greatly affected every aspect of life, especially in the healthcare field. This has created multiple challenges in treatment of time sensitive and potentially lethal conditions like acute ST elevation myocardial infarction (STEMI). The consensus from the American College of Cardiology for management of STEMI recommends maintaining the standard of care with primary percutaneous coronary intervention, as long as there is adequate supply of resources, personal protective equipment availability, and cardiac catheterization staff. In absence of these resources, fibrinolysis should be first line treatment. Patients who are felt to be high risk for COVID-19 are recommended to be evaluated with additional cardiac studies, COVID-19 testing, and may require respiratory support, all of which may delay door-to-balloon times[1].
Over 85% of the hospitals in the United States are considered community hospitals, yet the majority of studies are represented by university hospital systems[2]. In April 2020, Bowling Green, Kentucky was named one of the top ten COVID-19 hotspots in the United States[3]. Medical Center Health is a community hospital system in Bowling Green, Kentucky with six hospitals covering ten counties in south central Kentucky, serving a population of more than 300000, and treating over 100 STEMI patients per year.
Given the limited observational studies guiding management of critical patients with STEMI during this pandemic, our study reports a United States community hospital’s experience of management and outcomes of adult patients presenting with STEMI. One report from Hong Kong found large delays in patients seeking medical help and delays in evaluating patients with STEMI after hospital arrival but was limited by small sample size[4]. Extensive literature review revealed no such reports from United States hospitals as of yet.

MATERIALS AND METHODS
We compared performance measures and outcomes of all patients who presented to our facility with STEMI between March 16, 2020 (when Kentucky began incorporating emergency infection protocols, mandating stay-at-home orders, and halting all elective procedures) and August 31, 2020. This study period was compared to a matched cohort during the same time period in 2019. Every patient in the 2020 group was considered a possible COVID-19 carrier, although none of our patients tested positive for COVID-19. STEMI with unknown time of symptom onset and inpatient STEMI patients were excluded. Primary outcome was major adverse cardiac events (MACE) in-hospital and up to 14 d after STEMI, including death, myocardial infarction, cardiac arrest, or stroke.
Significant differences among groups for continuous variables were tested through ANOVA, using SYSTAT, version 13. Chi-square tests of association were used to compare patient characteristics among groups using SYSTAT. Relative risk scores and associated tests for significance were calculated for discrete variables using MedCalc (MedCalc Software, Ostend, Belgium).

RESULTS
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]A total of 52 patients from 2019 and 48 patients from 2020 were included. Baseline demographics and comorbidities are presented in Table 1. Age, gender, comorbidities, Killip score, and ejection fraction were well matched between the two groups. There was a significantly longer time interval from symptom onset to first medical contact (FMC) in the COVID-19 group (P < 0.02). Time to first electrocardiogram (ECG), door-to-balloon time, and FMC to balloon time were not significantly affected. The location of myocardial infarction and the state of culprit and non-culprit artery at the time of cardiac catheterization is detailed in Table 1. The right coronary artery was the most common culprit for STEMI in both the cohorts. Over 60% of patients had one or more obstructive (> 50%) lesion(s) remote from the culprit site. In-hospital and 14 d MACE were more prevalent in the COVID-19 group (P < 0.01 and P < 0.001). 

DISCUSSION
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]Our study describes a United States acute care teaching hospital’s experience in STEMI care utilizing emergency COVID-19 infection protocol. Contrary to reports out of major cities citing a decrease in STEMI patients, we noted a stable number of total STEMI cases compared with years prior[5]. The time interval from symptom onset to FMC was significantly longer in the COVID-19 group, which was likely due to the general fear of contracting COVID-19 in the healthcare setting. Triaging (time to first ECG) and performance measures (door-to-balloon time and FMC to balloon time) were not significantly different. We suspect that this was due to the long-standing efficient systems in place to triage and treat STEMI patients, as well as lower overall cardiac catheterization case volume allowing readily available personnel and staff for a faster throughput, despite the additional infection control protocol in triaging patients during this pandemic. MACE in-hospital and at 14 d was significantly higher in the COVID-19 group. In the 2019 group, in-hospital MACE was composed of 25% cardiac arrests (2 out of 8 patients), in contrast to the COVID-19 group, where in-hospital MACE was composed of 89% cardiac arrests (16 out of 18 patients). More cardiac arrests in the COVID-19 era could be due to late presentation to a medical facility, which was reflected by the significantly higher symptom onset to FMC time in the COVID-19 group.
Although we noticed significantly delayed presentation of patients with STEMI and higher MACE during the COVID-19 pandemic, we found that STEMI clinical performance and quality measures were maintained at the system level despite following extra infection protocol measures. 
Our study has inherent limitations of a retrospective study and moreover the small sample size limits generalization of our results. While we could expect the time from symptom onset to FMC to hold, we should be cautious in assuming that the degree of delay and clinical outcomes can be generalized to healthcare facilities globally.

CONCLUSION
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]This study provides insight into quality control and performance metrics of an acute medical condition like STEMI during the unprecedented pandemic that has largely affected every aspect of healthcare. At our academic institute, we found that there is a delay in STEMI patients seeking medical attention during the COVID-19 pandemic which could be translating into worse clinical outcomes. Our study allows for an early experience of how this pandemic could affect treatment of acute medical conditions like STEMI.

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK58][bookmark: OLE_LINK59]Treatment of time sensitive medical conditions like ST elevation myocardial infarction (STEMI) could have been adversely affected during the coronavirus disease 2019 (COVID-19) pandemic. This could be due to fear of contracting COVID-19 in the hospital setting, along with healthcare challenges such as lack of personal protective equipment and shifting policies on rapid COVID-19 testing in these acutely sick patients. All of these factors could prolong symptom onset to first medical contact (FMC) and FMC to balloon times. Prolonged time to coronary reperfusion has been shown to be related to increased mechanical complications and worse outcomes. 

Research motivation
Currently no data from an academic United States institute exist on STEMI performance measures such as time to electrocardiogram, FMC to balloon, etc. during the current pandemic. There is also lack of STEMI outcomes data during the pandemic which could have been adversely affected.

Research objectives
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]We evaluated STEMI performance benchmarks and clinical outcomes of all patients who presented to our facility during the COVID-19 pandemic. These were compared to the same time cohort from 2019. Knowing, whether these standards are preserved currently during the pandemic is critical as it allows us to further investigate the mechanistic aspect of it and offer solution. 

Research methods
All patients who presented to our facility with STEMI during the pandemic were compared to a matched cohort from 2019. STEMI with unknown time of symptom onset and inpatient STEMI patients were excluded. Primary outcome was major adverse cardiac events (MACE) in-hospital and up to 14 d after STEMI, including death, myocardial infarction, cardiac arrest, or stroke. Significant differences among groups for continuous variables were tested through ANOVA, using SYSTAT, version 13. Chi-square tests of association were used to compare patient characteristics among groups using SYSTAT. Relative risk scores and associated tests for significance were calculated for discrete variables using MedCalc (MedCalc Software, Ostend, Belgium).

Research results
Symptom onset to FMC time interval was significantly longer in the COVID-19 group (P < 0.02) when compared to 2019 cohort. Time to first electrocardiogram, door-to-balloon time, and FMC to balloon time were not significantly affected. The right coronary artery was the most common culprit for STEMI in both the cohorts. Over 60% of patients had one or more obstructive (> 50%) lesion(s) remote from the culprit site. In-hospital and 14 d MACE were more prevalent in the COVID-19 group (P < 0.01 and P < 0.001). 

Research conclusions
This single academic center study conducted in the United States during the current pandemic reports longer time interval from symptom onset to first medical contact in patients presenting with STEMI. This is likely resulting in worse MACE outcomes when compared to the pre-COVID era as reflected from this report. 

Research perspectives
[bookmark: OLE_LINK62][bookmark: OLE_LINK63]Although a ‘randomized control study’ to assess the potential adverse impact on STEMI outcomes during the pandemic is not practical, our study provides observations from a teaching center during the ‘natural experiment’ conditions created by the current pandemic. Our findings suggest a need for data from bigger studies to confirm our study’s pattern and outcomes.
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Table 1 Characteristics and outcomes of patients presenting with ST elevation myocardial infarction during March-August 2019 (2019 Match Group) and March-August 2020 (coronavirus disease group)
	
	2019 Match
	2020 COVID
	P value

	Patient characteristics
	
	
	

	Age (yr), mean ± SE 
	n = 52
	60.23 + 1.77
	n = 48
	62.73 + 1.80
	0.45

	Females, n (%)
	n = 52
	43 (82.7)
	n = 48
	33 (68.8)
	0.10

	Comorbidities, mean ± SE
	n = 47
	2.67 ± 0.22
	n = 44
	2.74 ± 0.22
	0.83

	Hypertension, n (%)
	n = 52
	36 (69.2)
	n = 48
	35 (72.9)
	

	Hyperlipidemia, n (%)
	n = 52
	30 (57.7)
	n = 48
	28 (58.3)
	

	Diabetes, n (%)
	n = 52
	14 (26.9)
	n = 48
	18 (37.5)
	

	Coronary artery disease, n (%)
	n = 52
	21 (40.4)
	n = 48
	15 (31.3)
	

	Obesity, n (%)
	n = 52
	15 (28.8)
	n = 48
	19 (39.6)
	

	Smoking, n (%)
	n = 47
	20 (42.6)
	n = 44
	19 (43.2)
	

	Killip score (mean ± SE), n (%)
	n = 52
	1.10 ± 0.08
	n = 48
	1.27 ± 0.13
	0.25

	  0
	
	1 (1.9)
	
	1 (2.1)
	

	  1
	
	49 (94.2)
	
	42 (87.5)
	

	  2
	
	0 (0.0)
	
	0 (0.00)
	

	  3
	
	0 (0.0)
	
	1 (2.1)
	

	  4
	
	2 (3.9)
	
	4 (8.3)
	

	Initial troponin level (ng/mL), mean ± SE
	n = 43
	2.22 ± 0.98
	n = 45
	2.38 ± 1.52
	0.88

	Peak troponin level (ng/mL), mean ± SE
	n = 47
	47.75 ± 7.07
	n = 42
	74.31 ± 14.25
	0.20

	Ejection fraction < 40, relative risk
	
	
	
	1.99
	

	  n (%)
	n = 52
	5 (9.6)
	n = 47
	9 (19.1)
	0.17

	Location and vessel involvement
	
	
	

	Location
	n = 51
	
	n = 48
	
	

	Anterior/anteroseptal, n (%)
	
	11 (21.6)
	
	16 (33.3)
	

	Anterolateral, n (%)
	
	2 (3.9)
	
	3 (6.2)
	

	Inferior/inferoposterior, n (%)
	
	33 (64.7)
	
	20 (41.7)
	

	Lateral, n (%)
	
	5 (9.8)
	
	9 (18.7)
	

	Culprit vessel, n (%)
	n = 51
	
	n = 48
	
	0.28

	  LM
	
	0
	
	0
	

	  RCA
	
	31 (60.8)
	
	22 (45.8)
	

	  LAD
	
	13 (25.5)
	
	19 (39.6)
	

	  LCx
	
	7 (13.7)
	
	7 (14.6)
	

	Non-culprit vessel stenosis ≥ 50%, n (%) 
	n = 32
	
	n = 32
	
	

	  RCA
	
	7 (33.3)
	n = 26
	16 (61.5)
	0.05

	  LAD
	
	18 (47.4)
	n = 29
	17 (58.6)
	0.36

	  LCx
	
	16 (36.4)
	n = 41
	18 (43.9)
	0.48

	Patient outcomes
	
	
	

	Symptom onset to FMC (min), mean ± SE
	n = 41
	189.71 ± 70.18
	n = 44
	530.00 ± 143.53
	0.02

	Time to EKG (min), mean ± SE
	n = 38
	7.66 ± 2.31
	n = 35
	8.26 ± 2.54
	0.81

	Door to balloon (min), mean ± SE
	n = 50
	56.78 ± 5.65
	n = 46
	53.67 ± 3.43
	0.73

	FMC to balloon (min), mean ± SE
	n = 50
	89.14 ± 5.55
	n = 42
	90.02 ± 6.49
	0.99

	Hospital LOS (days), mean ± SE
	n = 52
	4.40 ± 0.88
	n = 47
	4.57 ± 0.50
	0.87

	Cardiogenic shock, relative risk
	
	
	
	1.81
	

	  n (%)
	n = 52
	3 (5.8)
	n = 48
	5 (10.4)
	0.23

	In-hospital MACE (death, MI, cardiac arrest, stroke), relative risk
	
	
	
	2.49
	

	  n (%)
	n = 52
	8 (15.4)
	n = 47
	18 (38.3)
	0.01

	MACE < 14 d from admission, relative risk
	
	
	
	3.03
	

	  n (%)
	n = 52
	8 (15.4)
	n = 45
	21 (46.7)
	< 0.001


SE: Standard error; LM: Left main; RCA: Right coronary artery; LAD: Left anterior descending; LCx: Left circumflex; FMC: First medical contact; EKG: Electrocardiogram; MACE: Major adverse cardiac events; LOS: Length of stay; COVID: Coronavirus disease.
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