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Abstract
Background: 
Cardiovascular complications are one of the known causes of increased morbidity and mortality of covid-19 during hospitalization or even months after the onset of the disease. various mechanisms such as direct myocardial damage caused by hypoxia, thrombotic events due to hypercoagulate state and myocarditis can cause cardiovascular complications. The purpose of this study is to investigate the relationship between the severity of coronary artery disease in angiography with the extent of lung involvement in CT scan (CTseverity index)
Methods: 
In this cross-sectional-analytical study, all patients with a definite diagnosis of covid-19 (provided by a positive PCR test) and STEMI undergoing PCI were examined during the covid-19 epidemic.
Demographic information including age, gender and underlying diseases, coronary artery disease severity data based on syntax1 score, echocardiography values including left ventricular ejection fraction (EF), laboratory tests and lung involvement severity score in CT scan were collected and  data was analyzed using 22SPSS software.
Results: 
In this study, there was a significant inverse relationship between the severity of coronary artery disease (Syntax score) and the extent of lung disease (CT severity score), so that a higher Syntax score was associated with less involvement in lung CT. (P-value:0.009, r: -0.252)
Also, a significant relationship between Syntax score and EF was observed, indicating lower EF in patients with higher Syntax score. P-value<001/ Increased lung involvement in CT scan was associated with older age, higher body mass index (BMI), lower arterial oxygen saturation and increased serum LDH, FBS, LDL.
Conclusion: 
The present study find significant inverse relationship between the severity of coronary artery disease (Syntax score) and the extent of lung disease (CT severity score).
Patients with lower EF had higher syntax scores and more severe involvement in coronary angiography,also increased lung involvement in CT scan was associated with older age, higher body mass index (BMI), and lower arterial oxygen saturation.
Keywords: Percutaneous coronary intervention, cardiovascular events, Covid-19, myocardial infarction, SARS-CoV2. 








Introduction
The 2019 coronavirus disease (Covid-19) is an infectious disease caused by the 2-CoV SARS coronavirus and it has caused the epidemic and spread of Covid-19 in 2019-2020 (1). The usual symptoms of covid 19 are fever, cough, shortness of breath and olfactory disturbance. Muscle pain, sore throat, taste disturbance and eye redness are some of its fewer common symptoms. Although the majority of cases of this disease cause mild symptoms, some cases of the disease progress to pneumonia and failure of various organs. The mortality rate is estimated between 1% and 5%, but it changes according to age, underlying disease and other health conditions (2, 3). As proven in most studies, viral pneumonia is recognized as the typical clinical manifestation of covid-19 (4), however, this disease can cause cardiovascular complications such as myocardial damage, arrhythmia, ACS and thromboembolism (5). It has been determined that some patients who come without the usual symptoms of fever or cough, show cardiac symptoms as the initial clinical manifestations of covid-19 (6). Myocardial injury during the covid-19 period is independently associated with increased mortality (7). Since the main site of effect and activity of the virus that causes covid-19 is in the lungs and respiratory system, there may be a relationship between the severity of lung parenchyma involvement and vascular involvement leading to cardiovascular accidents. Therefore, the current study aims to determine the relationship between the severity of coronary artery involvement in angiography with the severity of lung involvement index severity CT and the occurrence of short-term cardiovascular events during hospitalization and one month after discharge in patients with Covid-19 who presented with myocardial infarction.


Methods:
Study design and participants:
[bookmark: _Hlk126070241]This study was cross-sectional and single-center. The study was conducted under the principles of the Declaration of Helsinki and approved by the ethics committee of Zanjan University of medical sciences (IR.ZUMS.REC.1401.104). All the patients provided written informed consent. All patients who have been referred to Ayatollah Mousavi Hospital in Zanjan, Iran with STEMI since the beginning of the covid-19 pandemic and underwent PCI and had a definite diagnosis of Covid-19 were included in the study based on the inclusion and exclusion criteria. The inclusion criteria included patients who referred to Zanjan's Ayatollah Mousavi Hospital with a heart complaint and underwent PCI with a diagnosis of STEMI, age over 18 years, consent to participate in the study, and definite diagnosis of Covid-19 confirmed by PCR test. STEMI based on ECG, clinical symptoms, and troponin level who underwent successful primary angioplasty, and the COVID-19 disease was confirmed via PCR nasopharyngeal test. The exclusion criteria included history of pulmonary parenchymal disease, lack of PCR test, absence of lung CT scan and incomplete patients' hospital records. Demographic information of the patients was extracted from the patients' hospital records. The information related to coronary artery involvement was checked by reviewing the angiography films and the angiography report included in the file. The information related to echocardiography was extracted from the relevant report included in the file. The results of paraclinical tests were extracted from the HISS system of the hospital, and the information related to the severity of lung involvement was extracted from the lungs CT scan of the patients. 
CAD severity:
We used the Syntax score to quantify lesion complexity. Syntax score is an anatomic scoring system based on the coronary angiogram designed to anticipate better the risks of percutaneous or surgical revascularization (8). This tool classifies the patients based on the severity of CAD into three groups, i.e., mild (SS<22), moderate (SS: 22–32), and severe (SS≥33) CAD. A collaborative team of cardiologists assessed the angiographic films. 
Pulmunary involment severity:
Patients' lung CT scan files were extracted from the patients' hospital records and examined by a radiologist. Information related to CT severity index of patients was recorded. Pulmonary involvement in terms of Covid-19 was defined as follows: involvement less than 5% (1), involvement 5-25% (2), involvement 26-49% (3), involvement 50-75% (4) and involvement More than 75 percent (5). These numbers were calculated for each of the 5 lung lobes and the total was reported as a number from 0 to 25. A score less than or equal to 8 was considered mild, a score between 9 and 15 was considered moderate, and a score greater than 15 was considered severe in the CT severity score.
Statistical analysis:
Data were analyzed using IBM SPSS Statistics software (version 24.0, SPSS, Chicago, Illinois) (9). Data normality was assessed using Kolmogorov-Smirnov Test. In the case of data normality, an independent t-test was used, and Mann-Whitney for non-normally distributed data. Cox proportional hazard regression models were used to identify the endpoints' predictive factors. A p-value <0.05 was considered statistically significant.

Results:
In this study, 108 patients were examined. 74 patients (68.5%) were male and 34 patients (31.5%) were female, and the mean and standard deviation of age was 64.8±11.6 years. In terms of underlying disease, blood pressure with 39.8%, diabetes with 32.4% and dyslipidemia with 21.3% were the most frequent. 88% of patients complained of chest pain, 9.3% with dyspnea and 2.8% with other symptoms such as syncope and impaired consciousness. The frequency of coronary artery involvement in angiography was LAD (51.9%), RCA (3.33%), LCX (10%) and LCA (4.6%) respectively. During hospitalization, 4.6% of the patients suffered heart rhythm disturbances in the form of VT, AF, and CHB, and the frequency of AF (2.8%) was higher than the rest. In terms of the severity of pulmonary involvement of the patients according to CT severity index, most of the patients had mild involvement. The demographic, cardiovascular and pulmonary statuse information of the patients is shown in Table 1. Among the patients, 2 cases of stent thrombosis, 4 cases of acute kidney failure and 1 case of CVA were reported. Finally, the mortality rate was 14.8% during hospitalization.





Table 1- The demographic, cardiovascular and pulmonary statuse information of the patients.
	Gender
Male
Female
	N (%)
74 (68.5%)
34 (31.5%)
	Mean ±Sd



	Age (year)
35-45
45-55
55-65
65-75
75-85
	
5 (4.6%)
20 (18.5%)
24 (22.2%)
33 (30.6%)
26 (24.1%)
	64.8 ± 11.6

	Body Mass Index
	
	24.7 ± 2.7

	Underlying Comorbidities
Diabetes
Hypertension
Hyperlipidemia 
Smoking 
Cardiovascular disease
Prior CVA
Prior PCI  
	
35 (32.4%)
43 (39.8%)
23 (21.3%)
18 (16.7%)
6 (5.6%)
1 (0.9%)
6 (5.6%)
	

	Culprit Vessels in PCI
LAD 
RCA
LCX
LCA
	
56 (51.9%)
36 (33.3%)
11 (10.2%)
5 (4.6%)
	


	Ejection Fraction (%)
	
	43.0 ± 8.9

	Syntax Score
	
	22.6 ± 4.3

	Arythmia
Atrial Fibrillation
Ventricular Tachycardia
Complete Heart Block
	
3 (2.8%)
1 (0.9%)
1 (0.9%)
	

	Pulmonary involvement 
Mild
Moderate
Severe
	
72 (66.7%)
18 (16.7%)
18 (16.7%)
	


	O2 saturation (%)
	
	90.70 ± 2.83



Pearson's correlation coefficient was used to investigate the relationship between CT severity index and syntax, and an inverse and significant relationship was observed between these two variables, so that as CT Score increases, syntax decreases (P value = 0.009, r = -0.252). There was a significant relationship between the severity of lung involvement in patients' CT scan and age, body mass index, arterial oxygen saturation percentage, Syntax, FBS, LDL, CHOL, and TG. Also, duration of hospitalization in the intensive care unit was significantly more in the group with severe lung involvement in CT scan (Table 2).
Table 2- Comparison of severity of lung involvement (CT scan) based on variables.
	Pulmonary involvement

Mild
Moderate
Severe
	N (%)

72 (66.7%)
18 (16.7%)
18 (16.7%)
	Mean ± Sd
Age (years)
63.29 ± 11.40
64.00 ± 12.40
61.66 ± 9.92
	Test


Kruskal Wallis
	P value


0.022

	
Mild
Moderate
Severe
	
72 (66.7%)
18 (16.7%)
18 (16.7%)
	BMI (kg/m2)
24.35 ± 2.58
24.50 ± 2.90
26.33 ± 2.95
	

Kruskal Wallis
	

0.024

	
Mild
Moderate
Severe
	
72 (66.7%)
18 (16.7%)
18 (16.7%)
	SpO2 (%)
91.33 ± 2.39
90.00 ± 2.38
88.89 ± 4.00
	
Kruskal Wallis
	
0.005

	
Mild
Moderate
Severe
	
72 (66.7%)
18 (16.7%)
18 (16.7%)
	Syntax
23.49 ± 4.35
21.50 ± 4.54
20.44 ± 2.91
	

Kruskal Wallis
	

0.008

	
Mild
Moderate
Severe
	
72 (66.7%)
18 (16.7%)
18 (16.7%)
	ICU stay (days)
.50 ± 1.28
.78 ± 1.22
1.22 ± 1.40
	

Kruskal Wallis
	

0.005

	
Mild
Moderate
Severe
	
72 (66.7%)
18 (16.7%)
18 (16.7%)
	FBS
109.79 ± 42.95
144.78 ± 84.95
179.22 ± 114.86
	

Kruskal Wallis
	

0.030

	
Mild
Moderate
Severe
	
72 (66.7%)
18 (16.7%)
18 (16.7%)
	Tg
110.71 ± 50.19
116.22 ± 40.37
146.28 ± 67.69
	

Kruskal Wallis
	

0.043



Table 2- Comparison of severity of lung involvement (CT scan) based on variables (continue).
	Pulmonary involvement

Mild
Moderate
Severe
	N (%)

72 (66.7%)
18 (16.7%)
18 (16.7%)
	Mean ± Sd
Chol
124.75 ± 40.53
125.00 ± 55.70
157.56 ± 27.80
	Test


Kruskal Wallis
	P value


0.003

	
Mild
Moderate
Severe
	
72 (66.7%)
18 (16.7%)
18 (16.7%)
	LDL
106.81 ± 30.81
111.28 ± 31.63
127.89 ± 35.50
	

Kruskal Wallis
	

0.049

	
Mild
Moderate
Severe
	
72 (66.7%)
18 (16.7%)
18 (16.7%)
	LDH
379.22 ± 85.45
405.94 ± 126.28
449.17 ± 101.51
	

Kruskal Wallis
	

0.013




Discussion
It has not been long since the spread of the corona disease and its transformation into a pandemic. From the end of December 2019 until now, studies show that cardiovascular co-morbidities are common in patients with Covid-19, and these patients are at greater risk for complications and mortality.(10,11) . In a recent evaluation, it has been observed that the severity of involvement in syntax angiography has an inverse and significant relationship with the severity of lung involvement in CT scan CT Score, so that syntax decreases with the increase of CT Score. So far, there has been no study on this. Although currently, we do not understand the underlying mechanisms of lung and myocardial injury associated with Covid-19; However, the few studies conducted at the molecular level show that lung myocardial damage in Covid-19 is affected by different mechanisms, and it seems that direct virus infection or systemic inflammation caused by it are the two main mechanisms in causing damage that can be affected. The individual's immune system, pro-inflammatory conditions and intensity of the conflict are located and appear in different ways in different organs.


Lim et al reported that a combination of clinical factors (age, creatinine clearance, and left ventricular ejection fraction) was associated with the SYNTAX score and increased risk prediction of patients based on clinical outcomes. Although
These studies have not been investigated in Covid-19 patients, but they are consistent with the results of this study about the relationship between Syntax score and EF, and to generalize it in patients with Covid-19, more studies are needed. (12)
In a large multicenter study by Montero et al. with a 40-day follow-up in 2021, it was conducted on the topic of clinical and angiographic characteristics of patients with Covid-19 referred to investigate coronary arteries (13).
The frequency of Culprit vessel in angiography (culprit vessel) was related to LM(2%), (10%) LCX(26%), RCA(33%) of LAD, and the frequency of Culprit vessel in this study was consistent.

[bookmark: _GoBack]In the cohort study, Giacomelli et al., who investigated factors affecting 30-day mortality in Covid-19 patients during the first wave of the epidemic, showed that the risk of contracting this disease is 3 times higher in obese patients.(14)also in this study, the relationship between BMI and the severity of pulmonary involvement was shown
Conclusion
Since the onset of the of the Covid-19 disease, several researchers have reported cardiovascular complications associated with Sars-Covid infection. Myocarditis, acute coronary syndrome, stroke, arrhythmia, and heart failure are among the cardiovascular disorders that may be observed after contracting Covid-19. The exact mechanism of cardiovascular complications caused by Covid-19 is unclear, but a combination of processes including direct viral infection, hypoxemia, immune response, cytokine storm, disseminated intravascular coagulation, and stress-induced cardiomyopathy are likely to be involved. SARS-Covid-19 can potentially lead to acute myocardial injury. Therefore, these patients should be monitored for cardiovascular events, especially patients with a previous history of cardiovascular disease. Identification of patients at risk of cardiovascular complications with routine screening protocols including ECG and echocardiography can be helpful.
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