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A B S T R A C T

COVID-19 infectious is still a widely prevalent disease today. Although most patients with COVID- 
19 infection are mild. Some patients still develop to post-COVID-19 conditions, significantly 
increasing the perioperative cardiovascular risks. To better assess and prevent the perioperative 
cardiovascular risks of patients with COVID-19 infection, the safety and effectiveness of clinical 
practice can be improved through comprehensive measures, such as medical history collection, 
detection of symptoms and signs, application of auxiliary examinations, selection of scales and 
related rehabilitation treatment.

1. Introduction

Data show that 1more than 700 million people have been infected with the COVID-19 worldwide, with 99.8 % of patients being 
mild and 0.2 % severe [1]. Although the symptoms of most COVID-19 patients can disappear within a few weeks, it is estimated that 
long-term COVID-19 infection occurs in 10–20 % of cases and affects people of all ages, which is a huge challenge for the current 
medical environment [2] (see Fig. 1)

In 2022, the WHO defined “post-COVID-19 condition” as symptoms that occur within 3 months of confirmed or suspected COVID- 
19 infection, persist for at least 2 months and cannot be explained by other diagnoses [3]. Studies have reported that COVID-19 
infection significantly increases the risk of stroke, arrhythmia, and other cardiovascular complications during surgery, leading to 
higher mortality rates [4–7]. These risks are associated with acute severe infection, as well as age, race, gender, and other cardio-
vascular risk factors such as obesity, hypertension, diabetes mellitus, chronic kidney disease, and hyperlipidemia [4,5,8,9]. Doctors 
should prioritize exploring perioperative cardiovascular risks and precautions. This literature review will summarize and discuss 
perioperative cardiovascular risks, preventive measures, and future directions for patients with post-COVID-19 condition.

2. Mechanism of cardiovascular damage caused by COVID-19 infection

2.1. SARS-COV-2 directly invades and damages the cardiovascular system?

The prevailing view is that the receptor of host cells is a key factor in the damage caused by COVID-19 infection. ACE-2 is 
considered to be the main “gateway” for COVID-19 invasion [10]. In the cardiovascular system, ACE-2 is distributed widely, including 
cardiomyocytes, endothelial cells, fibroblasts, and smooth muscle cells [11]. SARS-COV-2 binds to ACE-2 through the spike protein on 

* Corresponding author.
E-mail address: ms89011068@163.com (S. Min). 

Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon

https://doi.org/10.1016/j.heliyon.2024.e39345
Received 28 April 2024; Received in revised form 9 October 2024; Accepted 11 October 2024  

Heliyon 10 (2024) e39345 

Available online 15 October 2024 
2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 

mailto:ms89011068@163.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e39345
https://doi.org/10.1016/j.heliyon.2024.e39345
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2024.e39345&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig. 1. Perioperative cardiovascular risk assessment process in patients with post-COVID-19 condition. 
* Note: 1. Revised index (1 point per item): patient self-reported activity tolerance less than 4 METS, coronary CTA suggesting calcification score 
113 points and (or) any coronary stenosis 50 % and (or) more coronary abnormalities [52].
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the surface, promotes the fusion of the virus and then increases the viral load through replication and transcription, which leads to the 
cell lysis and apoptosis of the cardiovascular system, and causes direct damage to the cardiovascular system [12,13]. On further 
investigation, the researchers found that receptors such as ASGR1, KREMEN1, TMEM106B and neuropilin-1 may also mediate the 
interaction between SARS-COV-2 and the host [14,15].

However, some researchers have failed to find the SARS-COV-2 inclusion body in the myocardial autopsy results of COVID-19 
infected patients [16]. Positive rate of cardiac COVID-19 nucleic acid test is also very low. The autopsy evidence presented does 
not support the notion that COVID-19 directly targets the cardiovascular system. Further studies are required to elucidate the precise 
mechanism of injury.

2.2. Inflammation and cytokine storm resulting from COVID-19 infection can damage the cardiovascular system

COVID-19 has the potential to cause damage to the cardiovascular system through excessive inflammation and cytokine storm. A 
study based on RNA-RNA interaction showed that SARS-CoV-2 may induce cardiovascular damage by stabilizing NFKBIZ, a kind of 
mRNA targets, to inhibit host cells and promote the production of more cytokines such as IL 6 and IL 8 [17]. Another study by 
examining coronary autopsy specimens from eight patients with COVID-19 infection found that COVID-19 could indeed infect and 
replicate in macrophages and foam cells in the coronary vessels of patients, triggering excessive inflammatory response by inhibiting 
the levels of type I interferon and maintaining the long-term infection status of SARS-CoV-2 [18]. Even more, severe COVID-19 
infection can cause persistent changes in the innate immune phenotype and epigenetic program of hematopoietic stem cells and 
progenitor cells. These changes can cause organ dysfunction and inflammation, which can be inherited by subsequent cells [19].

2.3. Cardiovascular damage May result from the combined effects of multiple systemic organs

ACE-2 is also present in multiple systems, including the lung, gastrointestinal tract, and kidney [11]. However, the multiple organ 
damage caused by COVID-19 infection cannot be fully explained by the widespread presence of ACE-2 alone. Through the analysis of 
the SARS-COV -2 spike protein, researchers found several protein pathways of virus entry, immune regulation, Wnt pathway and 
protein transport [15], which further explains the mechanism of COVID-19 infection and multiple organ damage. An imaging report on 
multiple organs in patients with COVID-19 infection revealed that after 5 months of infection, over 30 % of patients had more than one 
organ abnormality [20]. After 6 months of infection, over 60 % of patients had multi-organ function damage, with the most severe 
injuries occurring in the head and lungs [20]. The studies above show that “long-term COVID-19” is not caused by serious defects in 
one organ, but rather is a common result of multiple system abnormalities. However, the evidence for the internal association of 
COVID-19 patients with multi-system abnormalities is still insufficient and requires further investigation.

3. Cardiovascular risks during the perioperative period in patients with post-COVID-19 condition

3.1. Stroke

The incidence of stroke in COVID-19 patients was 1.53 times higher than in uninfected patients, with ischemic stroke and transient 
ischemic attacks (TIA) being the most common types [5]. This may be due to immune-mediated platelet activation, which accelerates 
thrombosis. Additionally, depletion of ACE-2 leads to elevated angiotensin II, promoting inflammation and the release of cytokines, 
activating the coagulation pathway and producing thrombin [21].

3.2. Arrhythmia

The incidence of arrhythmia during non-cardiac surgery in COVID-19 patients was found to be 24 % [22], with the most common 
types of arrhythmia observed being sinus tachycardia [5] and atrial fibrillation [8]. A study utilizing the Swedish national database 
demonstrated that COVID-19 is an independent risk factor for arrhythmia, particularly in severe cases, unvaccinated individuals, the 
elderly, and those with underlying health conditions [23].

3.3. Inflammatory heart disease

Patients with post-COVID-19 condition exhibited high levels of cardiac inflammation, regardless of the severity of the infection 
[24]. A proteomics-based study revealed that COVID-19 infection significantly upregulates inflammation-related proteins and 
downregulates energy metabolism and heart conduction-related proteins [25]. Although the virus itself affects the heart and micro-
vessels, it appears to have less effect on heart function changes. Cardiovascular system dysfunction is more likely to be driven by the 
virus of inflammation [25].

3.4. Ischemic cardiomyopathy

Patients with post-COVID-19 condition are at a 1.7-fold increased risk of perioperative ischemic cardiomyopathy [5]. The path-
ogenesis may be related to inflammation, thrombosis, and endothelial cell damage. Cytokine storm and a prothrombotic state can lead 
to atherosclerotic plaque instability and myocardial infarction. However, some studies suggest that COVID-19 may cause ischaemic 
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cardiomyopathy in the short term due to endothelial cell injury and dysfunction induced by the massive release of inflammatory 
factors and cytokines, leading to ischaemic injury of the non-vascular embolic type [26–28].

3.5. Thrombosis

A study revealed that patients who had contracted COVID-19 had a 22-fold higher risk of thrombosis within one year of recovery 
[8]. Previous studies have highlighted the thrombogenic roles of RAAS dysregulation and the microvascular immune response [27,29]. 
RAAS dysregulation promotes increased Ang II, reactive oxygen species, and endothelial dysfunction [30]. The immune response 
promotes thrombosis through the complement, NET, and MAPKS pathways. These factors combine to result in an impaired sup-
ply/demand balance of antifibrinolytic enzymes [29,31].

3.6. Others

In addition to the above risks, COVID-19 infection also significantly increases the perioperative risk of heart failure, cardiogenic 
shock, and cardiac arrest [5]. Although the incidence rate is very low, it is still important to pay attention to prevention and 
identification.

4. Revised cardiac risk index (RCRI)

The RCRI is relatively simple to use and includes the following main components: ischemic heart disease, cerebrovascular disease, 
heart failure, diabetes mellitus requiring insulin therapy, chronic kidney disease (serum creatinine level >2.0 mg/dL), and high-risk 
surgeries, each of which is worth a score of 1 point [32]. Studies indicats that adding patient self-report functional evaluation and 
combining coronary CTA to the evaluation tool can more accurately correct the perioperative risk classification of patients [33].

5. Preventive measures for perioperative cardiovascular risk in patients with post-COVID-19 condition

5.1. Medical history

When assessing patients for COVID-19 infection, it is important to gather their medical history. For patients suspected of experi-
encing sequelae of COVID-19, it is necessary to determine if they have any high-risk factors for ‘long-term COVID-19′, such as being 
female, older age, obesity, asthma, poor general health, or poor previous mental health [34]. In addition, the medical history should 
identify any cardiovascular disease associated with major perioperative cardiovascular adverse events, including a history of ischemic 
heart disease, coronary stent implantation, heart failure, arrhythmia, valvular disease, hypertension, pulmonary hypertension, and 
risk factors for cardiovascular disease.

Furthermore, impaired exercise tolerance is a crucial factor in predicting perioperative cardiovascular risk. Previous study revealed 
that patient self-reported exercise tolerance is independently associated with the prediction of perioperative risk. Poor self-reported 
exercise tolerance is linked to more perioperative complications and a significant increase in cardiovascular complications [35]. 
When collecting a patient’s medical history, it is recommended to inquire about their self-reported exercise tolerance. Typically, an 
assessment of 4 metabolic equivalents or above is selected. It is advised to ask if the patient can climb two consecutive floors, which is 
equivalent to 4 metabolic equivalents [33,35,36].

5.2. Symptoms

The reports indicate that between 9 % and 45 % of patients who have contracted COVID-19 continue to exhibit symptoms within a 
year after infection [37,38]. Even up to 31 % of patients still have long-term effects two years after infection [39]. Therefore, a study 
proposed a diagnostic tool for “long-term COVID-19″ based on symptoms, which summarized the sequelae of COVID-19 in the 
following 12 aspects: loss of or change in smell or taste, postexertional malaise(PEM), chronic cough, brain fog, thirst, palpitations, 
chest pain, fatigue, changes in sexual desire or capacity, dizziness, gastrointestinal symptoms, and abnormal movements [40]. In-
dividuals with a total score greater than 12 are considered positive for post-COVID-19 condition. Symptom values are assigned to make 
this determination [40]. long-term COVID-19 is a diverse disease, encompassing a variety of cardiovascular symptoms. For instance, 
PEM and palpitations are the most prevalent, followed by chest pain and dyspnea [41]. However, when assessing patients, it is also 
important to exclude any preexisting cardiovascular symptoms or diseases.

5.3. Type of surgery

The type of surgery is strongly associated with the cardiovascular risk in the perioperative period. Based on the risk level of major 
cardiovascular adverse events or death, the European Heart Association (ESC) classifies the types of surgery as follows: (1) low-risk 
surgery (<1 %): ophthalmic surgery, breast surgery, short orthopedic surgery, etc.(2) Medium-risk surgery (1 %–5 %): orthopedic 
surgery, neurosurgery, peripheral vascular surgery, etc. (4) High-risk surgery (>5 %): adrenalectomy, aortic and macrovascular 
surgery, liver resection, pneumonectomy, etc [42].
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5.4. Auxiliary inspection

5.4.1. Cardiac stress test
Studies have shown that patients with long-term COVID-19 are prone to fatigue, exercise intolerance and other symtoms [43], 

suggesting that there may be a decrease in cardiac reserve function. And the reserve capacity of the heart is closely related to the 
perioperative cardiovascular risk [35]. In clinical practice, the exercise cardiac stress test is the preferred method for evaluating 
cardiac reserve capacity. If the patient is unable to complete the exercise test, a drug cardiac stress test may be performed [44]. Cardiac 
stress test is recommended for patients with high cardiovascular risk index (RCRI score≥ 2), poor self-reported exercise tolerance (<4 
METs), or high-risk surgery with unknown cardiac reserve [45].

5.4.2. Electrocardiogram
COVID-19 infection may negatively affect the cardiovascular system and result in abnormal ECG readings. Long-term COVID-19 

patients frequently exhibit sinus tachycardia [46]. Studies have revealed that the occurrence of any arrhythmia in patients with 
COVID-19 is associated with higher mortality as well as cardiovascular risk, where ST segment changes and tachycardia are inde-
pendent predictors of adverse cardiovascular events [47,48]. Therefore, in patients with clinical symptoms, comorbid cardiovascular 
disease, the presence of high-risk factors, or those undergoing high-risk procedures, we recommend the routine use of electrocar-
diogram for preoperative evaluation.

5.4.3. Echocardiography
Approximately 70 % of COVID-19 patients exhibit echocardiographic abnormalities, with a predominance of left ventricular 

diastolic function and right ventricular dysfunction [49]. However, only 10 % have relevant symptoms even in critically ill patients 
[50].

5.4.4. Coronary angiography and coronary CT angiography
Numerous researches have found that patients with post-COVID-19 condition have a significantly increased risk of thrombosis and 

atherosclerosis [27,29,50]. Coronary CTA as a non-invasive technique has a negative predictive value of 96 % for the perioperative 
absence of cardiovascular adverse events [51]. If RCRI and coronary CTA are combined to evaluate the perioperative cardiovascular 
events, the value of RCRI will be amazingly improved [52]. Although coronary CTA may inappropriately overestimate the risk [53]. 
There is a possibility of perioperative coronary artery disease in patients with COVID-19 infections, further refinement of coronary CTA 
and, if necessary, coronary angiography is still recommended preoperatively.

5.4.5. Cardiovascular magnetic resonance(CMR)
CMR can provide valuable clues to the etiology of symptoms. The CMR can provide a noninvasive biopsy-like approach to validate 

the characteristic imaging features of myocardial inflammation [54]. Some studies have made the clinical diagnosis of myocarditis in 
30 % of long-term COVID-19 patients through CMR [55]. And multiple organ dysfunction was found in patients with COVID-19 
infection was highly sensitive [20]. Also CMR should also be considered in patients with suspected myocarditis after receiving the 
COVID-19 vaccine.

5.4.6. Measurement of the biomarkers
A meta-analysis showed that D-Dimer, CRP, LDH, leukocytes, lymphocytes, and IL-6 were remarkably increased compared with 

asymptomatic recovered patients. In the subgroup analysis, D-Dimer, LDH, and lymphocytes were significantly increased in patients 
with organ abnormalities. Only D-Dimer differed significantly over time [56].

In addition, BNP or NT-ProBNP were abnormal in 7 % of patients in the first 5 months after COVID-19 infection [50,56]. In the 
recovery period of COVID-19, higher CTn-T levels indicate more myocardial damage and myocardial scar, and myocardial scar is an 
independent predictor of cardiovascular risk in patients with long-term COVID-19 [57]. Researchers found that the circulating levels of 
BNP, CTn-T, CPR and D-Dimer were significantly increased in patients who died when compared with survivors [58]. Therefore, for 
patients with post-COVID-19 condition, cardiovascular risk factors and high-risk surgery, perioperative monitoring of BNP, 
NT-ProBNP and CTn-T changes is conducive to judging the myocardial injury progression and outcome of long-term COVID-19 pa-
tients, and is more conducive to risk stratification.

In addition, the extracellular matrix (ECM), perivascular fat attenuation index, glycated hemoglobin, serum lipids, and procalci-
tonin all contribute to the identification of risk factors and risk assessment [22,25,59–61]. However, the biomarkers in the current 
study lack predictivity of the existence and prognosis of long-term COVID-19.While metabolic phenotype studies have been used to 
identify new predictive markers of long-term COVID-19, they are still in the exploratory stage [62].

5.5. Rehabilitation of the cardiovascular system

5.5.1. Drugs

5.5.1.1. Beta-blockers. The available evidence shows that preoperative Beta-blockers administration can reduce the preoperative 
heart rate and improve the performance of tachycardia such as palpitations [63,64]. However, high-dose extended-release metoprollol 
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succinate (100 mg/d) starting immediately (<1 week) before surgery was significantly associated with increased perioperative stroke 
and mortality in patients with post-COVID-19 condition [32,63].

5.5.1.2. Statin drugs. Previous study has reported that statin use during surgical hospitalization is associated with reduced cardio-
vascular risk. However, a randomized trial of 80 mg of atorvastatin versus placebo within 18 h before surgery showed no significant 
benefit [65]. Prophylactic use should preferably be started more than 2 weeks before surgery to achieve the cumulative dose of 
protection [66]. Stains should be considered before surgery in patients with atherosclerotic cardiovascular disease, and are also 
recommended in surgical patients with high clinical risk [32].

5.5.1.3. Antiplatelet agents. Despite early patients with COVID-19 infection, selective COX-2 inhibitors such as celecoxib are recom-
mended [67]. It can slow down the progression of COVID-19 infection and reduce the cost during hospitalization. However, the routine 
application of antiplatelet therapy before and during non-cardiac surgery is not recommended, because this has no more benefit and 
increases the risk of bleeding [32].

5.5.1.4. Anticoagulants. Patients with post-COVID-19 condition and coagulopathy may benefit from a continuous anticoagulant 
therapy regimen to regulate the supporting fibrinolytic system function [68]. Some researchers believe that anticoagulation therapy is 
the core of the comprehensive treatment of COVID-19 [69] with no anticoagulation for low-risk patients, prophylactic doses of 
anticoagulation for intermediate-risk patients, and therapeutic doses of anticoagulation for high-risk patients [30]. Our goal of 
anticoagulation therapy is not only to prevent thrombosis, but also to delay the development of multiple organ damage.

5.5.1.5. Angiotensin-converting enzyme inhibitor (ACEI) and angiotensin receptor blockers (ARB). It has been found that there was no 
significant difference in postoperative mortality and complications of ACEI or ARB in patients with COVID-19 infection [70]. However, 
the use of ACEI/ARB to rebalance the RASS system may alleviate the excessive inflammation and procoagulant state experienced by 
patients with long-term COVID-19 [71]. There is insufficient evidence to support modification or discontinuation of ACEI/ARBs in 
patients with COVID-19. However, ACEI/ARBs remain essential medications for patients with underlying cardiovascular disease.

5.5.1.6. COVID-19 vaccines. The most effective way to prevent long-term COVID-19 symptoms is to prevent infection in the first place, 
and vaccination is the best way [5]. At present, COVID-19 vaccines can be roughly divided into four categories: inactivated virus 
vaccine, protein subunit vaccine, viral vector vaccine and mRNA vaccine. Vaccination may improve the pathophysiological changes in 
patients with long-term COVID-19 [72], accelerating viral clearance and attenuating the chronic inflammatory response [73]. 
However,it is important to note that the post-COVID-19 condition cannot be completely eliminated [4].

In addition, some studies have found a possible association between acute pericarditis and COVID-19 vaccination [74]. The risk of 
pericarditis appears to be increased within the first week after vaccination, especially after the second dose, and is more commonly 
seen in younger males. But this risk is significantly lower than the risk associated with COVID-19 infection itself [75]. Research in-
dicates that increasing the time interval between mRNA vaccine doses may decrease the risk of vaccine-induced myocarditis.

Moreover, recent reports have highlighted a rare occurrence of vaccine-induced immune thrombotic thrombocytopenia (VITT), 
also known as thrombotic thrombocytopenia syndrome (TTS), within 4–30 days following vaccination with certain COVID-19 vac-
cines. Scholars have proposed that the mechanism of VITT may be analogous to heparin-induced thrombocytopenia (HIT), involving 
the interaction of platelet factor 4 (PF4) antibodies [76]. In the case of VITT, the vaccine may act similarly to heparin in HIT, directly 
activating platelets. It has also been suggested that adenovirus vectors, spike proteins, mode of administration, and impurities could all 
potentially contribute to the development of VITT [77]. It is recommended to use non-heparin anticoagulants to reduce the formation 
of thrombi [78].

It is crucial to acknowledge that the risk of adverse effects on the cardiovascular system associated with infection with the SARS- 
CoV-2 is considerably higher than the risk of such effects following vaccination. Consequently, the rare risk of thrombosis and peri-
carditis should not dissuade individuals from receiving the vaccine [79].

5.5.1.7. Metformin. Previous study found that the use of metformin during the recovery period of COVID-19 infection significantly 
reduced post-COVID-19 condition by 41 %. Furthermore, the risk of post-COVID-19 condition was reduced by 63 % when metformin 
was administered within 4 days of the onset of symptoms of COVID-19 infection [80]. Mechanistically, metformin can reduce 
inflammation by attenuating the levels of NLRP3 inflammasome, IL-6, Th17 cells, macrophages, etc. [81] It may also interfere with the 
binding of SARS-COV-2 to the receptor, preserve microvascular responsiveness, and inhibit capillary permeability and plasminogen 
activator inhibitor-1 (PAI-1) [81]. However, it is recommended that patients with or without diabetes be treated with blood glucose 
monitoring and dose adjustments.

5.5.1.8. Immunotherapy. Researches have shown a negative correlation between inflammation, cytokine storm, and the prognosis of 
patients with long-term COVID-19 [17,82]. Therefore, for high-risk patients, it is recommended to take reasonable measures to reduce 
inflammation and cytokine levels. At present, the 10th edition of the COVID-19 Infection Diagnosis and Treatment Program recom-
mends short-term use of glucocorticoids, interleukin-6 inhibitors and others to regulate the body’s immunity.

5.5.1.9. Anti-SARS-COV-2 drugs. In the current therapeutic landscape, anti-SARS-CoV-2 drugs are categorized into several main 
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classes: RNA-dependent RNA-polymerase (RdRp) inhibitors, 3-chymotrypsin-like protease(3CLpro) and papain-like protease(PLpro) 
inhibitors [83], Structural protein inhibitors [84]. Notably, 3CLpro and RdRp have emerged as the most extensively studied targets for 
SARS-CoV-2, exhibiting a high degree of conservation across coronaviruses, which has facilitated the development of broad-spectrum 
antiviral agents [83]. While drugs such as azvudine, molnupiravir, remdesivir, and Paxlovid, which are currently in widespread use, 
have been demonstrated to exhibit robust anti-SARS-CoV-2 activity within a relatively short timeframe [85–88], it is imperative to 
consider the potential impact of anti-SARS-CoV-2 drugs on perioperative cardiovascular risk.

Researches prior to the COVID-19 pandemic suggest that remdesivir can be metabolized to nucleotide adenosine, which triggers the 
release of catecholamines, including epinephrine. This mechanism has been linked to an increased risk of ventricular tachycardia, 
ventricular fibrillation, and atrial fibrillation. Paxlovid has also been implicated in potential bradycardia and sinus dysfunction, 
although the underlying mechanism remains elusive. Additionally, the concurrent administration of Paxlovid with antiplatelet agents 
such as ticagrelor, anticoagulants like warfarin, or direct oral anticoagulants such as rivaroxaban may heighten the risk of bleeding 
complications. Molnupiravir has been shown to elevate oxidative stress, potentially leading to tissue damage. Moreover, other 
pharmacological agents, including hydroxychloroquine and ivermectin, have been correlated with an increased risk of cardiovascular 
adverse events [89].

Furthermore, ritonavir, recognized as a potent inhibitor of cytochrome P450 (CYP450) [90], can impair the metabolism of various 
anesthetics and analgesics, including midazolam, fentanyl, and cardiotonic drugs such as amiodarone and quinidine. In contrast, 
etomidate, atracurium, remifentanil, and isoflurane are unaffected and can be preferentially used as anesthetic agents [91,92].For 
patients undergoing surgical procedures, alternative anti-SARS-CoV-2 agents such as azvudine or molnupiravir may be considered to 
mitigate the potential cardiovascular risk [42]. However, more evidence is needed to clarify the relationship between antivirals and 
perioperative cardiovascular risk.

5.5.2. Non-drug therapy

5.5.2.1. Nutritional support. Nutritional support is a crucial component of the comprehensive treatment for patients with long-term 
COVID-19. The Nutrition Risk Screening 2022 (NRS2022) and screening tool for the assessment of malnatrition in pediatrics 
(STAMP) can be used to assess the nutritional status of adult and pediatric patients, respectively. Based on the results of these scales, as 
well as the patient’s gastrointestinal function and disease severity, a diet plan and appropriate nutritional supplements should be 
provided to ensure sufficient intake of energy, protein, and trace elements, which can promote recovery [93]. Studies have shown that 
animal foods, particularly red meat, can increase the body’s inflammatory response. To reduce this risk, consider replacing some of the 
pork, beef, and lamb in your daily diet with deep-sea fish and soy products. Additionally, vitamin D deficiency is common in patients 
with cardiovascular disease (CVD). Supplementation with vitamin D can significantly reduce cardiovascular risk, especially in patients 
with low sun exposure [94]. Similarly, other nutrients such as vitamins A, B, and C, as well as zinc, iron, coenzyme Q10, and 
β-nicotinamide mononucleotide (NMN), can produce anti-oxidant effects, enhance immunity, and anti-viral effects [94,95], improving 
the nutritional status of the patients.

5.5.2.2. Exercise rehabilitation. When resuming exercise, it is important to strictly follow a gradual increase in intensity. Begin with 
breathing exercises, gentle stretching, and mild muscle strength training before moving on to aerobic training. It is recommended to 
perform aerobic exercise under supervision [96]. Studies have shown that supervised, tailored low-intensity and moderate-intensity 
synchronized training for resistance and endurance is a more effective, safer, and well-tolerated intervention that significantly im-
proves fatigue, depression, heart function, cardiovascular health, and muscle strength [96,97].

5.5.2.3. Traditional Chinese medicine. The prevention of COVID-19 in traditional Chinese medicine focuses on enhancing the healthy 
‘qi’, a Chinese medical theory, in the human body through methods such as cupping, acupuncture, and acupoint massage [98], to 
enhance patients’ immunity and promote recovery.

5.5.2.4. Psychotherapy. long-term COVID-19 is a chronic disease that can cause symptoms such as fatigue and insomnia, significantly 
impacting patients’ quality of life, which affects one-tenth of patients [99]. Therefore, psychotherapy is crucial in the recovery process 
for long-term COVID-19 patients. Psychotherapy can assist patients in managing stress, improving their psychological state, and 
enhancing their quality of life. Methods such as psychological counseling and cognitive-behavioral therapy can be applied. Addi-
tionally, psychotherapy emphasizes the significance of family and social support in helping patients develop confidence and approach 
their illness with a positive mindset [100].

6. Summary

Post-COVID-19 condition significantly increase perioperative cardiovascular risk. This risk should be assessed in a multidimen-
sional way with respect to medical history, symptoms and physical examination, use of relevant ancillary tests, assessment of scales, 
and rehabilitation for better identification and prevention.We expect further researches to explore the link between COVID-19 in-
fections and perioperative risk from Surgical and anesthetic perspectives.
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