COVID-19 in Cardiac Surgery: A Proposed Prioritization Framework

Introduction
As the SARS-CoV-2 pandemic has been reaching unprecedented highs across the US, hospitals have become overwhelmed with patients treated for COVID-19. Hospital resources (beds, equipment, and personnel) have been allocated to control this pandemic and resources for cardiac surgical patients are now limited. Regulatory authorities at regional and national levels have requested that elective cases be cancelled until further notice. The Society of Thoracic Surgeons has added a temporary code for COVID-19 patients to prospectively assess the impact of the disease to cardiac surgery patients and they have excluded these patients from surgeon and program reporting, presumably because of the expected increased morbidity and mortality (1).

The peak of this pandemic has not been reached in the United States, and it is difficult to foresee when hospital operations will resume in a regular manner. Surgeons and patients are not accustomed to waiting long periods of time for their surgery compared to other countries. The median waiting time for a coronary artery bypass grafting (CABG) patient is six days, while in other countries, such as Canada, the UK, and Germany, median waiting time may be as high as 206 days (2). We are now called to adapt in an expeditious manner and prioritize patients, both in urgent as well as elective settings, based on this new reality of very limited resources. The American College of Surgeons has provided some guidance in triaging elective patients in various specialties, but has not addressed cardiac surgery specifically (3).

In the first weeks of imposed measures, the authors’ cardiac surgery department initiated discussions in a multidisciplinary approach on how to alter management of elective and urgent cases. In this report, the authors present data that helps identify the added risks associated with the COVID-19 disease, but also the risk imposed to patients waiting longer for cardiac surgery than they would otherwise have. A prioritization framework based on already published risks scores and guidelines for appropriate use are described as an added tool to supplement thorough patient assessment and sound clinical judgment.

Background
Cardiac disease and coronavirus

Coronavirus, SARS-CoV-2, is a virus with some similarities to the coronaviruses responsible for previous recent outbreaks: Severe Acute Respiratory Syndrome (SARS) and Middle East Respiratory Syndrome (MERS). SARS-CoV-2 affects ACE-2 receptors that are present in the heart and the lungs. As many as 28% of COVID-19 hospitalized patient develop signs of acute cardiac injury, reflected in elevation of troponin (4-6). The spectrum of cardiac presentation includes arrhythmias (17%), acute cardiac injury (7% to 28%), acute coronary syndrome without coronary obstruction or stress cardiomyopathy, acute fulminant myocarditis, and cardiac arrest (4-9). First reports indicate that COVID-19 patients with cardiovascular disease have a more severe clinical presentation, are more likely to require ICU admission, and have higher mortality (5-7, 10). Acute coronary syndrome in COVID-19 patients has poor outcome (10). Cardiovascular causes contribute to 40% of the overall mortality in COVID-19 patients (7). More interestingly, COVID-19 patients with pre-existing cardiovascular disease have a reported mortality of 11%, and, if these patients present with acute myocardial injury (reflected in troponin elevation), their mortality increases to 69% (4). As such, cardiac surgery patients, who make up a subset of those, will also be expected to have high mortality.
COVID-19 symptomatic patients

While there have been no reports on COVID-19 patients undergoing cardiac surgery, one may extrapolate from data on cardiovascular patients with COVID-19 that expectations for mortality, especially in the urgent setting, such as acute coronary syndrome, will be high. A report detailing the MERS outbreak in ICUs included three postoperative cardiac surgery patients, all of whom died (11). These patients had undergone, respectively, CABG, aortic valve replacement (AVR), and pericardiectomy.

Based on this information, the authors are very skeptical about offering cardiac surgery in COVID-19 symptomatic patients as their prognosis is expected to be very poor.

SARS-CoV-2 exposed patients

SARS-CoV-2 exposed patients are considered those who have symptoms or have been exposed to COVID-19 positive individuals, with or without a confirmed negative test for SARS-CoV-2. These patients pose a great dilemma. The authors anticipate that the perioperative risk in these patients will be increased. Viral infections, such as the flu, have demonstrated increased perioperative morbidity (12). During the MERS epidemic, six asymptomatic patients underwent cardiac surgery, all tested positive for coronavirus, and five of them died (13).

For elective patients, their SARS-CoV-2 status should be confirmed. In urgent patients, it is reasonable to wait for the SARS-CoV-2 testing if the clinical situation allows. The authors also recommend trending cardiac biomarkers (troponin and B-type natriuretic peptide-BNP), as time allows, because continuous rise of those infers poor prognosis (4). These factors, along with temporizing alternatives (percutaneous interventions, medical management) will weigh in the decision for surgical intervention in these patients, disclosing to them and their families that the risk is higher than in normal circumstances. One should be vigilant that clinical and radiographic evaluation should be part of the diagnosis of COVID-19 and not rely solely on a single laboratory test result as the reported false negative rate is significant (14, 15).

SARS-CoV-2 negative patients

Cardiac surgery patients require a significant amount of resources, including ventilator, intensive care space, and highly trained personnel. Thoughtful resource utilization is important, and the decision tree suggested below is an attempt to account for this. In addition, one needs to assess the urgency of operating in context with potential risk of inoculating SARS-CoV-2 during the admission, which would potentially alter a patient’s outcome. This triage will be a dynamic process accounting for resources, symptom control, and baseline risk. The authors strive for a multidisciplinary approach in deciding acuity in these patients.

Specific Scenarios
Elective patients

Outpatients awaiting or being prepared for elective cases have already been postponed as their clinical situation allows. The authors have maintained an ongoing open communication in order to stay informed of their clinical status and of any changes that would mandate proceeding with their surgery in a more urgent manner. Telemedicine or even simple phone calls by the surgeons and physician extenders have been implemented early on and have been accepted well by both the medical community and the patients.

Several European countries, Canada, and New Zealand have reported previously on risk stratification and usage of risk models to establish a “maximum waiting period,” or help re-allocate resources towards cardiac surgery or other treatment modalities. The majority of the risk scores involve CABG and/or AVR. These models are intended to assist clinical judgment in balancing between waiting for cardiac surgery and minimize morbidity and mortality associated with this waiting period (16-20). Angina, left ventricular (LV) dysfunction, heart failure, gender, and time on the waiting list are the most common independent predictors of morbidity and mortality during the waiting period in most studies (21).

European guidelines on myocardial revascularization have recommended a simplified approach of a two-week maximum waiting period in patients with CCS-III symptoms or LV dysfunction or complex anatomy (left main or three-vessel CAD with proximal LAD disease), versus a six-week period for all others to be operated on (22). Based on the projections of duration of this pandemic, the authors expect that many of the patients will not be safe to be operated on during these short periods of time. Canadian and New Zealand risk models have been illustrative in triaging patients awaiting CABG and/or AVR and use those to conform their waiting list or to provide a threshold for offering surgery (18-20, 23).

Ray et al. reported on the risk model utilized in the province of Nova Scotia and Prince Edward Island, Canada (24). This classifies CABG and/or AVR patients in four acuity groups; in-house urgent requiring surgery before discharge (unrelenting cardiac compromise unresponsive to other therapies except cardiac surgery), semiurgent-A (those who perform < 2 METs on Standard Bruce Protocol, those with critical left main disease or critical aortic stenosis, but who are deemed stable enough for discharge), semiurgent-B (those who perform 2–5 METs), and elective (those who perform over 5 METs). Based on this classification, median waiting times were roughly one week, one month, two months, and four months for each acuity group respectively with 0.7% overall mortality on the waiting list and 9% of patients requiring acuity stage upgrade and often hospitalization due to clinical deterioration (24).

The risk model proposed by Rexius et al. from Sweden is simple and provides an important clinical adjunct in assessing who can wait for their surgery and for how long. Validation of this model revealed a 0.8% overall mortality during the waiting period. The severity ranges between high score (six points or higher), intermediate score (3-5 points), and low score (0-2 points), and they indicate the need for surgery within two weeks, 12 weeks, and six months, respectively (17). 
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These risk models function as adjuncts to clinical assessment. Being conscientious with resources, the authors evaluate their elective surgical patients and prioritize them within these time frames. Once patients are deemed to need surgery more urgently, their multidisciplinary team assesses clinical urgency, safety, and resource availability to proceed with these cases.  This is an evolving mechanism that allows them to create an open communication environment between clinicians, administrators, and patients for proper resource utilization and patient care. 

Urgent Cases
Similar to the elective cases, patients considered for cardiac surgery should ideally be tested for SARS-CoV-2, including trending of their troponin and BNP. 
1. CAD with ST-elevation MI (STEMI) – culprit lesion 
Since these patients are usually treated primarily with PCI, CABG is usually reserved for severe cases (multivessel disease, cardiogenic shock). Such patients will be expected to have anatomy that would not allow postponing surgery and a decision will have to be made on their overall condition to withstand CABG rather than timing. Such patients would not be postponed based on exposure status (25).
2. STEMI – nonculprit lesion during same hospitalization
Following the AHA/ACC guidelines for appropriateness of revascularization, CABG would be considered during index hospitalization (if PCI is not an option) if:
a. Patients have spontaneous or easily provoked symptoms, or
b. Asymptomatic patients have findings of ischemia on noninvasive testing, or
c. Asymptomatic patients have a 50% to 70% lesion and positive FFR (25).
For the latter two groups, clinical judgment (size of myocardium at risk, severity of remaining lesions) and resources will have to be weighed as these patients may benefit from waiting depending on the hospital situation. The Canadian Cardiovascular Society (CCS) and Canadian Wait Time Alliance (CWTA) recommend an upper limit wait-time benchmark of one week for urgent and two weeks for semi-urgent cases (26). 
3. Unstable angina/Non-ST-elevation MI (NSTEMI)
Patients should be offered CABG if:
1. There is evidence of cardiogenic shock, or
2. Patients are stabilized, but have high risk features (e.g. TIMI Score 3-4) (25).
CCS and CWTA place a two-week upper limit for urgent and semi-urgent cases, and a six-week limit for nonurgent patients with NSTEMI (26).
These patients may be further stratified in low to high risk. High-risk patients (TIMI score 5-7, persistent or recurrent chest pain, moderate or high troponin rise, dynamic EKG changes with chest pain, CHF, hypotension, arrhythmias with chest pain) should be operated on within 24-48 hours. Moderate risk patients (TIMI risk score 3-4, NSTEMI with small troponin leak, worst T-wave inversion or flattening, LV dysfunction (<40%) or previous documented CAD, MI or CABG, or PCI) should be operated on within 1-2 weeks. Lastly, low risk patients (TIMI risk score 1-2, age <65 years, no or minimal troponin, no further chest pain and inducible ischemia < 7METs workload) may be operated on within six weeks (26). These criteria do not recommend CABG over PCI, but provide guidance on those referred to cardiac surgery for consideration for CABG, assuming that PCI was not recommended as the primary treatment choice. In cases where mode of revascularization is in question, a heart team approach will be helpful in guiding decision making.
4. Valve disease
Similar to the CABG risk models, some of these models have included patients with need for AVR with or without concomitant CABG. As valve patients appear to have higher mortality while awaiting surgery, more caution in regard to clinical deterioration should be paid (20).
Patients with frank heart failure or symptoms such as syncope or angina with mild exertion should be considered for urgent AVR (by surgical or percutaneous approach) (27). Again, it is reasonable to evaluate their SARS-CoV-2 status prior to cardiac surgical intervention. Whether aortic stenosis patients are to be considered primarily for transcatheter over surgical aortic valve replacement will be decided using a heart team approach and consideration of current resources. Anecdotal reports indicate that the current tendency is towards transcatheter valve due to the lower resource utilization and shorter hospital stay. Based on the CWTA and CCS, the current wait-time benchmark for nonemergent valve surgery is two weeks in patients with critical symptomatic aortic stenosis and six weeks for all other nonurgent-outpatient valve patients (26). Prioritization is given to those with worsening NYHA class, are unresponsive to medical treatment, or have frank failure that may require hospital ad mission and surgical management.
5. Other cardiac surgical pathology
Patients with endocarditis and aortic dissection are less likely to deviate from current guidelines since the primary disease is more life-threatening and requires prompt intervention. Again, knowing SARS-CoV-2 is important, especially in those in whom mortality is already expected to be high. 
ECMO and Coronavirus
Early reports from China confirm low usage of ECMO, which may be attributed to low need (by indication or predicted success), late institution, inadequate experience in that specific setting, or overutilization of the already scarce resources (6). ELSO has been proactive and has already initiated an effort to create a real-time database to assist with management of such patients (28).

First reports indicate that initially lung compliance is such that patients are able to maintain oxygenation with standard ventilation methods including proning. Prior epidemics such as MERS in Saudi Arabia have described encouraging results (29). While it is not the purpose of this report to go into depth on ECMO management, the following points are useful for the practicing cardiac surgeon, and most have been well summarized in the ELSO guidance (28). 
Inexperienced centers should avoid initiating ECMO programs during this pandemic. ECMO should be considered in patients with high risk of mortality, preferentially early in the disease process, younger patients, patients with less comorbidities, and also health care workers. Be aware of the possibility of cardiac decompensation following respiratory failure, as direct cardiac involvement has been described and should be considered in the management of these patients. While indications are similar to those with severe ARDS due to other pathogens, allocation of resources towards ECMO and especially CPR-ECMO should be based on local decisions and available resources (28).

Conclusion
These are challenging times at every level and in every specialty that affect medical professionals and patients equally. Cardiac surgeons utilize a significant amount of resources. During this pandemic, the majority of cardiac surgical procedures have been postponed. This creates a significant backlog of patients waiting for surgery that will persist longer than the pandemic. Operating on younger, healthier, lower-risk patients, just to decrease the backlog, utilizes much needed resources, exposes them to a considerable risk of SARS-CoV-2 inoculation, and should be avoided. This report is designed to provide a critical review of factors that affect decision and timing for surgery. It is meant to be a review of current literature and provide a framework to build additional information as the experience with COVID-19 grows. Still, the three major factors in balancing risk of operating, waiting, and resource utilization is the use of sound clinical judgment, risk stratification with a model, and a multidisciplinary approach with colleagues from other disciplines, including those overseeing hospital resources.
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