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ABSTRACT
Management of acute coronary syndrome (ACS) has emerged as a challenge during
the COVID-19 era. There has been a significant increase in the morbidity and mortality
associated with ACS both as a direct and an indirect consequence of the pandemic. In this
review, we provide an overview of the impact of COVID-19 on patients presenting with
ACS and current practices for managing patients presenting with chest pain during the
pandemic and for ensuring safety of healthcare professionals. We also discuss treatment
strategies and post-ACS care along with current and future perspectives for management
of ACS during future waves of COVID-19 infection or similar pandemics.
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INTRODUCTION

PRESENTATION AND DIAGNOSIS

The coronavirus 2019 (COVID-19) pandemic has
significantly impacted management of cardiovascular
emergencies across the world. Early in the pandemic, an
unforeseen decline in hospital admissions of patients with
acute cardiovascular emergencies was noted.1 A survey
conducted by the Society for Cardiovascular Angiography
and Interventions (SCAI) showed that people considered
going to a hospital a high-risk behavior for contracting
COVID-19, and people over the age of 60 years were
more afraid of contracting the disease than of having
a heart attack.2 This along with extensive public health
campaigns promoting staying at home has, in part, led to
fewer patients seeking care for symptoms.3 Furthermore,
the overall reduction in respiratory infections and vigorous
exercise related to social isolation may have contributed to
a decrease in the incidence of acute coronary syndrome
(ACS). However, a significant number of patients have
presented with late-stage cardiac diseases, such as latepresenting ACS, and with serious cardiac complications
including cardiac arrests and out-of-hospital death.4,5 With
improved awareness of the disease and public messaging,
subsequent COVID-19 waves have not correlated with
a similar decline in acute myocardial infarction-related
hospitalizations.6 The pandemic has further given rise to
an immense demand for resources, leading to diversion
and deferral of essential preventive and elective medical
services for patients with stable cardiac problems.7
Increased morbidity and mortality were noted secondary
to ACS and were thought to be related to a significantly
longer time from symptom onset to hospital presentation
in addition to the delay in performing primary percutaneous
coronary interventions (PPCI).4,8 Managing late-presenting
myocardial infarction (MI) has always been challenging
and complex, and COVID-19 has added another layer of
complexity. In the US, a statistically significant increase in
deaths due to ACS has been recorded during the pandemic,
correlating geographically with the number of COVID-19
cases in the area.7 Early in the pandemic, prospective
data from 55 international centers was used to create a
“COVID-ACS” registry that included patients who were
either COVID-19 positive or had a high index of clinical
suspicion for the infection. Analysis of registry data showed
that mortality and complications were significantly higher
in COVID-ACS patients compared to the same population
in the pre-pandemic era (COVID–ST-elevation myocardial
infarction [STEMI]: 23% vs 6%, P < .001; COVID–non-STelevation ACS: 7% vs 1%, P < .001; cardiogenic shock in
COVID-STEMI: 20% vs 9%, P < .001).9 For this reason, it
is important to address ACS in patients with COVID-19
differently to improve morbidity and mortality while
protecting the treatment staff.

Effectively triaging patients presenting with cardiopulmonary
symptoms has become challenging during the COVID-19
pandemic. Healthcare workers in cardiac catheterization
laboratories managing patients presumed to be infected
with COVID-19 have higher risks of infection than those
managing patients with low risk of infection (2.3% vs <
0.25%).10 Thus, any patient presenting to the emergency
department or clinic should be considered as possibly
infected with COVID-19, and a surgical mask should be used
as a bare minimum layer of protection when examining
the patient.11,12 Patients with a high possibility of or known
COVID-19 infection should be examined using adequate
personal protective equipment (PPE), which includes N95
respirators and disposable gowns and gloves for standard
airborne and contact precautions.12 Patients should also
wear a mask during all encounters, especially because they
can be contagious during the disease’s incubation period.
A high index of suspicion for ACS should be maintained
for any patient presenting with symptoms of angina
or angina equivalent. In addition to a good history and
physical examination, the treatment team should evaluate
patients using point-of-care ultrasound examination,
electrocardiogram (EKG), and cardiac biomarkers.13
Simultaneous assessment of potential COVID-19 infection
should begin at the point of first contact because it can
protect the care team and determine the strategy for
managing ACS. Currently, hospitals are testing all admitted
patients for COVID-19 to optimize care and protect
healthcare workers.
It is important to note that rising cardiac biomarkers in
the setting of COVID-19 infection may be due not only to
acute plaque rupture or erosion leading to ACS but also to
direct myocardial injury, such as myocarditis. An increase
in troponin is 13 times more common in severe COVID-19
infection than in milder presentations and has prognostic
value.14 The same association was observed with the
increase in B-type natriuretic peptide.15 It is important to
differentiate a type 1 MI from a supply-demand mismatch
(eg, respiratory failure in the setting of underlying coronary
artery disease, arrhythmias), immune- and inflammatorymediated myocarditis, pulmonary embolism, or stressinduced cardiomyopathy in the setting of COVID-19
infection.16 A case series from New York City in the
beginning of the pandemic showed that, out of 18 patients
infected with COVID-19 who developed ST-segment
elevations on the EKG, 10 patients were found to have
noncoronary myocardial injury.17 Subsequently, in a large
registry of patients diagnosed with COVID-19 infection and
presenting with typical or atypical symptoms consistent
with ACS, and an EKG finding of ST-segment elevation, no
culprit vessel lesion was found on angiography in 23% of
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patients (41 of 179); this was significantly higher than a
finding of 1% of patients (5 of 459) in a similar matched
control group from the pre–COVID-19 era.18 A history,
troponin trend, serial EKGs, and other noninvasive imaging
modalities can be helpful to establish a diagnosis. Pointof-care ultrasound is valuable in this population to help
differentiate a STEMI from STEMI “mimickers,” which are
more commonly encountered in patients with COVID-19
pneumonia. The administration of thrombolytic agents
in the latter population could be catastrophic and cause
significant harm to such patients.19

MEDICAL MANAGEMENT
Once ACS is suspected, medical therapy should be instituted
immediately along with a decision whether to proceed with
an invasive strategy. Medical therapy for ACS in COVID-19
patients is identical to patients without COVID-19. This
includes dual antiplatelet therapy (aspirin and a P2Y12
inhibitor), intravenous or subcutaneous anticoagulation,
statins, and beta blockers (if no contraindications). Oxygen
is only administered in the setting of hypoxia. Reports
from the early pandemic phase showed that angiotensin
converting enzyme inhibitors and angiotensin-receptor
blockers might be harmful, but further investigations
negated these findings.20,21 In addition, a recent
randomized controlled trial confirmed that there was no
difference in short-term outcomes for patients with mildto-moderate COVID-19 symptoms, regardless of whether
such medications were continued or discontinued.22

ST-ELEVATION MYOCARDIAL INFARCTION
There is strong evidence supporting the superiority of PPCI
over fibrinolysis for reducing short-term complications
and mortality in patients presenting with STEMI.23 PPCI is
always preferred over fibrinolysis whenever adequate PCI
facilities are available, and this should continue to remain
the standard of care in patients presenting with STEMI with
a low suspicion of COVID-19. Because there is a significant
mortality benefit in patients receiving PPCI over intensive
pharmacological therapies, especially in cases of anterior
wall MI and concurrent cardiogenic shock, PPCI should still
be the preferred approach for patients with high suspicion
of COVID-19 presenting with cardiogenic shock and anterior
STEMI.
Providing necessary PPE and training the catheterization
laboratory staff in its correct use could decrease the
spread of infection during the procedure. Moreover, using
dedicated rooms for patients with known or presumptive
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positive COVID-19 infection and limiting the number of
healthcare workers to only those who are essential for
procedure support can further help control in-hospital
spread of infections.24
It is important to note that COVID-19 patients are
hypercoagulable; therefore, the healthcare team must pay
particular attention to maintaining activated clotting time
in the target range while performing PPCI. In a single-center
study including 115 consecutive STEMI patients undergoing
PCI, COVID-STEMI patients had higher rates of multivessel
thrombosis with higher need for aspiration thrombectomy
and glycoprotein IIb/IIIa use, higher inpatient mortality,
greater rates of ICU admission, and longer length of stay
compared with non-COVID STEMI patients treated during
the same period.25
The North American COVID-19 Myocardial Infarction
(NACMI) registry was created by the SCAI, American College
of Cardiology, and Canadian Association of Interventional
Cardiologists to fill the knowledge gap regarding outcomes
in patients with diagnosed COVID-19 presenting with
STEMI. Results from this prospective observational registry
from 64 US and Canadian sites showed that only 78% of the
patients with diagnosed COVID-19 infection who presented
with STEMI received an angiogram compared to > 99% in
the control group, and a higher number of patients received
medical therapy (20% vs 2%).18 Furthermore, patients with
COVID-19 had higher average door-to-balloon times (79
minutes vs 66 minutes; P = .008). This was associated with
higher rates of in-hospital deaths, recurrent MIs, and repeat
unplanned revascularization in the group diagnosed with
COVID-19 compared with controls (36% vs 13%; P ≤ .001).18
Before COVID-19 vaccines became available, there were
concerns regarding balancing risk of staff exposure during
PPCI in a COVID-19–positive patient and risk of mortality
and morbidity from a STEMI patient treated conservatively
or with fibrinolytics alone. A decision-analysis framework
was performed to evaluate this tradeoff.10 Using the best
available data to estimate risk of mortality from STEMI and
staff infection risk at that time, the authors found that for
the majority of patients, PPCI offers mortality benefit over
fibrinolysis. However, in those with severe COVID-19 and
nonanterior STEMI without the presence of cardiogenic
shock, the mortality benefit of PPCI was minimal and
fibrinolytic therapy could be considered to reduce provider
risk of COVID-19 infection. Given the highly efficacious
and safe vaccines against COVID-19, this important
ethical question and its implications may be significantly
diminished, especially in health systems where all staff
wear PPE and PPCI remains the standard of care for STEMI
even in patients with COVID-19.
Fibrinolysis in patients presenting with STEMI in the setting
of pneumonia has been independently associated with
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increased in-hospital mortality, especially among patients
aged > 60 years.26 Another concern with fibrinolysis is risk
of bleeding in STEMI mimickers, such as myocarditis. Hence,
PPCI with adequate precautions remains the standard of
care in STEMI patients with COVID-19. A fibrinolysis-based
strategy may be considered at non-PCI capable referral
hospitals or in specific situations where primary PCI is
deemed inappropriate.

NON-ST ELEVATION MYOCARDIAL
INFARCTION
For patients presenting with symptoms concerning
for ACS with elevated troponin and no ST-segment
elevation, COVID-19 screening with highly accurate
reverse transcription polymerase chain reaction should
be performed as soon as possible. Risk can be assessed
using traditional scoring systems, such as Thrombolysis in
Myocardial Infarction (TIMI) and Global Registry of Acute
Coronary Events (GRACE) scores, and serial EKGs, troponin,
and clinical monitoring should be performed. If there are no
urgent indications for revascularization, PCI can be deferred
until the patient’s infectivity status is ascertained.

CARE AFTER MYOCARDIAL INFARCTION
Hospitalization remains one of the risk factors for COVID-19
infection.27 Thus, efforts should be made to reduce the
hospital stay whenever possible. A common practice
after PCI involves admitting all patients to critical care
units for close observation, which frequently leads to
a longer hospital course.28 To reduce length of hospital
stay, the patient’s risk of contracting in-hospital COVID-19
infection, and utilization of critical care beds and resources,
it is helpful to stratify risk for complications after STEMI
revascularization using validated risk-predicting scores,
such as CADILLAC or Zwolle risk scores, and triage patients
based on risk of post-STEMI complications.29,30 The
pandemic has made it necessary to increase emphasis on
the discharge planning process to prevent recurrent ACS
and avoid hospital readmission, thereby reducing the risk
of in-hospital COVID-19 infection.31 Close follow-up with an
outpatient cardiologist, either in office or by telemedicine,
should be arranged before discharge.

CURRENT AND FUTURE PERSPECTIVES
COVID-19 vaccinations have shown to be safe and effective
in preventing cases and reducing the severity of the disease,

hospitalization, and death.32 However, there is significant
vaccination hesitancy recorded in different parts of the
country, and this—along with new emerging strains like
the Delta, Delta-plus, Omicron, and Lambda variants—
continues to pose risks for a wave of milder COVID-19
infections in the near future.33 The factors that resulted in
increased complications and mortality from ACS in past
waves will continue to persist in future waves of milder
disease. It is important for healthcare systems to evolve and
create policies to ensure that treatment is not delayed and
standard of care is maintained for patients presenting with
ACS in future similar circumstances. The use of telemedicine
played a major role in providing healthcare services during
the pandemic.34 The effectiveness of telemedicine for
preventive cardiology and post-ACS care should be studied
further since it could result in regular healthcare follow-up
without visiting a cardiologist’s office.

KEY POINTS
• The COVID-19 pandemic has directly and indirectly
impacted the care of patients with cardiovascular
emergencies. COVID-19–positive patients with acute
coronary syndrome (ACS) present late and have
higher incidences of cardiogenic shock and in-hospital
mortality compared with the pre–COVID-19 ACS
population.
• Primary percutaneous coronary intervention with full
personal protective equipment and adequate protection
in the catheterization lab remains the mainstay for
patients presenting with STEMI and confirmed or a high
index of suspicion for COVID-19 infection.
• Efforts are needed to increase public health messaging
and education regarding avoiding delays and seeking
immediate medical care for suspected acute cardiac
conditions and to increase vaccination against COVID-19,
which has been proven to be safe and effective.

COMPETING INTERESTS
Dr. Goel is on the Speaker’s Bureau for Abbott Structural
Heart and consults for Medtronic. The other authors
have completed and submitted the Methodist DeBakey
Cardiovascular Journal Conflict of Interest Statement and
none were reported.

AUTHOR CONTRIBUTIONS
All authors contributed equally to this work.

20

Bahuva et al. Methodist DeBakey Cardiovasc J doi: 10.14797/mdcvj.1049

AUTHOR AFFILIATIONS
Ronak Bahuva, MD
orcid.org/0000-0003-0046-3104
University at Buffalo, Buffalo, NY, US
Joe Aoun, MD
orcid.org/0000-0002-6339-1630
Houston Methodist DeBakey Heart & Vascular Center, Houston,
TX, US
Sachin S. Goel, MD
orcid.org/0000-0001-6041-3876
Houston Methodist DeBakey Heart & Vascular Center, Houston,
TX, US

During the COVID-19 Pandemic: A Decision Analysis. Circ
Cardiovasc Interv. 2020 Nov;13(11):e010027. doi: 10.1161/
CIRCINTERVENTIONS.120.010027
11.Wallace DW, Burleson SL, Heimann MA, et al. An adapted
emergency department triage algorithm for the COVID19 pandemic. J Am Coll Emerg Physicians Open. 2020 Aug
10;1(6):1374-1379. doi: 10.1002/emp2.12210
12.Wee LEI, Conceicao EP, Tan JY, et al. Unintended
consequences of infection prevention and control
measures during COVID-19 pandemic. Am J Infect Control.

REFERENCES

2021;49(4):469-477. doi:10.1016/j.ajic.2020.10.019
13.Blomkalns AL, Gibler WB. Markers and the initial triage and
treatment of patients with chest pain. Cardiovasc Toxicol.

1. Bhatt AS, Moscone A, McElrath EE, et al. Fewer
Hospitalizations for Acute Cardiovascular Conditions During the

2001;1(2):111-5. doi: 10.1385/ct:1:2:111
14.Li B, Yang J, Zhao F, et al. Prevalence and impact of

COVID-19 Pandemic. J Am Coll Cardiol. 2020 Jul 21;76(3):280-

cardiovascular metabolic diseases on COVID-19 in China. Clin

288. doi: 10.1016/j.jacc.2020.05.038

Res Cardiol. 2020 May;109(5):531-538. doi: 10.1007/s00392-

2. Grines CL. SCAI consumer survey comparing fear of COVID-19

020-01626-9

versus heart attack or stroke (first publish date: September 4,

15.Guo T, Fan Y, Chen M, et al. Cardiovascular Implications of

2020). Catheter Cardiovasc Interv. 2021 Feb 1;97(2):193-194.

Fatal Outcomes of Patients With Coronavirus Disease 2019

doi: 10.1002/ccd.29419

(COVID-19). JAMA Cardiol. 2020 Jul 1;5(7):811-818. doi:

3. Garcia S, Stanberry L, Schmidt C, et al. Impact of COVID19 pandemic on STEMI care: An expanded analysis from

10.1001/jamacardio.2020.1017
16.Sandoval Y, Januzzi JL, Jaffe AS. Cardiac Troponin for

the United States. Catheter Cardiovasc Interv. 2021 Aug

Assessment of Myocardial Injury in COVID-19: JACC Review

1;98(2):217-222. doi: 10.1002/ccd.29154

Topic of the Week. J Am Coll Cardiol. 2020 Sep 8;76(10):1244-

4. Wadhera RK, Shen C, Gondi S, Chen S, Kazi DS, Yeh RW.
Cardiovascular Deaths During the COVID-19 Pandemic in the
United States. J Am Coll Cardiol. 2021 Jan 19;77(2):159-169.
doi: 10.1016/j.jacc.2020.10.055
5. Ferreira D, Graffen S, Watkins B, et al. Effects of lockdown

1258. doi: 10.1016/j.jacc.2020.06.068
17. Bangalore S, Sharma A, Slotwiner A, et al. ST-Segment
Elevation in Patients with Covid-19 - A Case Series. N Engl J Med.
2020 Jun 18;382(25):2478-2480. doi: 10.1056/NEJMc2009020
18.Garcia S, Dehghani P, Grines C, et al. Initial Findings From the

on acute coronary syndrome incidence in an area without

North American COVID-19 Myocardial Infarction Registry. J

community transmission of COVID-19. Open Heart.

Am Coll Cardiol. 2021 Apr 27;77(16):1994-2003. doi: 10.1016/j.

2021;8(1):e001692. doi: 10.1136/openhrt-2021-001692
6. Solomon MD, Nguyen-Huynh M, Leong TK, et al. Changes

jacc.2021.02.055
19.Mihatov N, Kirtane AJ. Standards of Care in Crisis:

in Patterns of Hospital Visits for Acute Myocardial Infarction

ST-Segment-Elevation Myocardial Infarction Management in

or Ischemic Stroke During COVID-19 Surges. JAMA.

COVID-19. Circ Cardiovasc Interv. 2020 Nov;13(11):e010143.

2021;326(1):82-84. doi:10.1001/jama.2021.8414
7. Yong CM, Ang L, Welt FGP, et al. Cardiac procedural deferral

doi: 10.1161/CIRCINTERVENTIONS.120.010143
20.Kuster GM, Pfister O, Burkard T, et al. SARS-CoV2: should

during the coronavirus (COVID-19) pandemic. Catheter

inhibitors of the renin-angiotensin system be withdrawn

Cardiovasc Interv. 2020 Nov;96(5):1080-1086. doi: 10.1002/

in patients with COVID-19? Eur Heart J. 2020 May

ccd.29262
8. Gramegna M, Baldetti L, Beneduce A, et al. ST-Segment-

14;41(19):1801-1803. doi: 10.1093/eurheartj/ehaa235
21.Danser AHJ, Epstein M, Batlle D. Renin-Angiotensin System

Elevation Myocardial Infarction During COVID-19 Pandemic:

Blockers and the COVID-19 Pandemic: At Present There Is

Insights From a Regional Public Service Healthcare Hub. Circ

No Evidence to Abandon Renin-Angiotensin System Blockers.

Cardiovasc Interv. 2020 Aug;13(8):e009413. doi: 10.1161/

Hypertension. 2020 Jun;75(6):1382-1385. doi: 10.1161/

CIRCINTERVENTIONS.120.009413
9. Kite TA, Ludman PF, Gale CP, et al. International Prospective

HYPERTENSIONAHA.120.15082
22.Lopes RD, Macedo AVS, de Barros E Silva PGM, et al. Effect

Registry of Acute Coronary Syndromes in Patients With COVID-

of Discontinuing vs Continuing Angiotensin-Converting

19. J Am Coll Cardiol. 2021 May 25;77(20):2466-2476. doi:

Enzyme Inhibitors and Angiotensin II Receptor Blockers on

10.1016/j.jacc.2021.03.309

Days Alive and Out of the Hospital in Patients Admitted With

10.Butala N, Patel NK, Chhatwal J, et al. Patient and Provider
Risk in Managing ST-Elevation Myocardial Infarction

COVID-19. JAMA. 2021 Jan 19;325(3):254-264. doi: 10.1001/
jama.2020.25864

21

Bahuva et al. Methodist DeBakey Cardiovasc J doi: 10.14797/mdcvj.1049

23.Keeley EC, Boura JA, Grines CL. Primary angioplasty versus

With Rapid Reperfusion. JACC Cardiovasc Interv. 2019 Apr
22;12(8):709-717. doi: 10.1016/j.jcin.2019.01.230

intravenous thrombolytic therapy for acute myocardial
infarction: a quantitative review of 23 randomised trials. 2003

29. Halkin A, Singh M, Nikolsky E, et al. Prediction of mortality

Jan 4;361(9351):13-20. doi: 10.1016/S0140-6736(03)12113-7

after primary percutaneous coronary intervention for acute

24.Mahmud E, Dauerman HL, Welt FGP, et al. Management of
Acute Myocardial Infarction During the COVID-19 Pandemic:

myocardial infarction: the CADILLAC risk score. J Am Coll Cardiol.
2005 May 3;45(9):1397-405. doi: 10.1016/j.jacc.2005.01.041
30.De Luca G, Suryapranata H, van’t Hof AWJ, et al. Prognostic

A Position Statement From the Society for Cardiovascular
Angiography and Interventions (SCAI), the American College

assessment of patients with acute myocardial infarction

of Cardiology (ACC), and the American College of Emergency

treated with primary angioplasty: implications for early

Physicians (ACEP). J Am Coll Cardiol. 2020;76(11):1375-1384.

discharge. Circulation. 2004 Jun 8;109(22):2737-43. doi:

doi: 10.1016/j.jacc.2020.04.039

10.1161/01.CIR.0000131765.73959.87

25.Choudry FA, Hamshere SM, Rathod KS, et al. High Thrombus
Burden in Patients With COVID-19 Presenting With

management of the subacute period. Am Fam Physician. 2013

ST-Segment Elevation Myocardial Infarction. J Am Coll Cardiol.
2020 Sep 8;76(10):1168-1176. doi: 10.1016/j.jacc.2020.07.022
26. Elbadawi A, Mahtta D, Elgendy IY, et al. Trends and Outcomes

the BNT162b2 mRNA Covid-19 Vaccine. N Engl J Med. 2020
33.Kadri SS, Simpson SQ. Potential Implications of SARS-CoV-2

in the COVID-19 Era. JACC Cardiovasc Interv. 2020 Oct
12;13(19):2312-2314. doi: 10.1016/j.jcin.2020.07.004

Delta Variant Surges for Rural Areas and Hospitals. 2021 Sep

27.Richterman A, Meyerowitz EA, Cevik M. Hospital-Acquired
SARS-CoV-2 Infection: Lessons for Public Health. JAMA. 2020
Dec 1;324(21):2155-2156. doi: 10.1001/jama.2020.21399

Nov 1;88(9):581-8. PMID: 24364634
32.Polack FP, Thomas SJ, Kitchin N, et al. Safety and Efficacy of
Dec 31;383(27):2603-2615. doi: 10.1056/NEJMoa2034577

of Fibrinolytic Therapy for STEMI: Insights and Reflections

28.Shavadia JS, Chen AY, Fanaroff AC, de Lemos JA, Kontos

31.Mercado MG, Smith DK, McConnon ML. Myocardial infarction:

21;326(11):1003-1004. doi: 10.1001/jama.2021.13941
34.Kichloo A, Albosta M, Dettloff K, et al. Telemedicine, the
current COVID-19 pandemic and the future: a narrative
review and perspectives moving forward in the USA. Fam Med

MC, Wang TY. Intensive Care Utilization in Stable Patients

Community Health. 2020 Aug;8(3):e000530. doi: 10.1136/

With ST-Segment Elevation Myocardial Infarction Treated

fmch-2020-000530

TO CITE THIS ARTICLE:
Bahuva R, Aoun J, Goel SS. Management of Acute Coronary Syndrome in the COVID Era. Methodist DeBakey Cardiovasc J.
2021;17(5):16-21. doi: 10.14797/mdcvj.1049
Submitted: 08 October 2021

Accepted: 26 October 2021

Published: 15 December 2021

COPYRIGHT:
© 2021 The Author(s). This is an open-access article distributed under the terms of the Attribution-NonCommercial 4.0 International
(CC BY-NC 4.0), which permits unrestricted use, distribution, and reproduction in any noncommercial medium, provided the original
author and source are credited. See https://creativecommons.org/licenses/by-nc/4.0/.
Methodist DeBakey Cardiovascular Journal is a peer-reviewed open access journal published by Houston Methodist DeBakey Heart &
Vascular Center.

