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            Abstract

            
               
Background: Ischemic heart disease following atherosclerosis is a leading cause of deaths among Indians. The study was formulated to assess
                  the Histomorphological atherosclerotic changes in coronaries and aorta in autopsy by applying Modified American Heart Association
                  Classification (AHA) among the autopsy cases received at SIMS & RC, Bangalore. 

               Aims and Objectives: 1. To evaluate the autopsies for atherosclerosis in coronary arteries and aorta. 2. To classify atherosclerosis in coronary
                  arteries (right coronary, left coronary, left anterior descending) and aorta by Modified American Heart Association classification
                  (Grade 1-8). 

               Materials and Methods: Autopsy was studied for 49 cases from June 2019 to August 2019. It was conducted by conventional method and heart was dissected
                  along the flow of blood. Grossly macro-assessment was done and on histopathology examination microscopic assessment was done
                  using Modified American Heart Association Classification. 

               Results: A total of 49 cases were studied, of which 42 cases were male and 7 were females. Male to female ratio was around 6:1. Coronary
                  showing major occlusion was Left Anterior Descending followed by Right Coronary and then Left Circumflex artery. Major number
                  of cases were belonging to grade 4 (59.1%) followed by in grade 3 (38.7%). Calcification was noted in 6 cases (12.2%) and
                  ruptured plaque in 4 (8.16%).
               

               Conclusion: With the cardiovascular diseases attaining pandemic proportions, the study of atherosclerosis and its grading is the need
                  of hour to estimate disease burden. Autopsy studies play a vital role in unraveling the spectrum and occurrence of atherosclerosis.
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               Introduction

            Cardiovascular disease (CVD) is a major health burden worldwide leading to deaths. Advances in treatment & effective secondary
               prevention, has improved life expectancy.1, 2 Autopsy study for assessing atherosclerosis is proved as a great method, since this study is invasive, expensive & difficult
               in living population. Autopsy findings reveal, majority of sudden and unexpected deaths are squeal to coronary artery disease.
               3 Disease is frequently concealed and discovered at postmortem through macroscopic & microscopic examination. 4, 5 Hence this study was designed to study macroscopically & microscopically coronary arteries and aorta in the autopsies received
               at SIMS &RC, Bangalore.
            

         

         
               Materials and Methods

            The present study was a cross-sectional study conducted during the period of June 2019 to August 2019. A total of 49 autopsy
               with heart received in pathology department, SIMS &RC, Bangalore were examined grossly and microscopically for the presence
               and extent of atherosclerosis and evidence of myocardial infarction. Heart was fixed in 10% formalin, weighed, and dissected
               by Inflow-Outflow method of dissection. Measurements of right ventricular wall, left ventricular wall, and stump of aorta
               were done. Three main coronaries (right coronary, left coronary and left anterior descending) and aorta were dissected extensively
               at every 3-4cms to look for yellow streaks, thickening, plaques and calcification macroscopically. Then routine processing
               and paraffin embedding, 3-5micro meter section cutting and staining with H&E was done. Microscopic examination was done and
               graded according to Modified American Heart Association criteria.
            

            
                  Modified American Heart Association criteria for grading atherosclerotic lesions.2

               
                     
                     	
                        Grade 1: isolated intimal foamy cells (minimal change)

                     

                     	
                        Grade 2: numerous intimal foamy cells often in layers (fatty streaks)

                     

                     	
                        Grade 3: pools of extracellular lipid without a well defined core (intermediate lesion of pre-atheroma)

                     

                     	
                        Grade 4: well defined lipid core with luminal surface covered by normal intima (atheroma or fibro plaque)

                     

                     	
                        Grade 5: lipid core with a fibrous cap with or without calcification (fibro atheroma)

                     

                     	
                        Grade 6: fibro-atheroma with cap defect such as haemorrhage and thrombosis

                     

                     	
                        Grade 7: calcification prominent

                     

                     	
                        Grade 8: fibrous tissue change prominent.

                     

                  

               

            

         

         
               Results

            
                  Sex distribution of cases in study

               A total of 49 autopsy cases with heart received at SIMS & RC, Bangalore were included in this study. The distribution of the
                  cases according to sex were studied. Out of a total of 49 cases, there were 42(86%) males and 7(14%) females. This is shown
                  in Figure  1 andTable  1.
               

               
                     
                     Figure 1

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/b604a913-f944-4307-8693-13f23de154deimage1.png]

            

            
                  Severity based on percentage of occlusion in coronaries and aorta

               Coronaries and aorta of the autopsy cases were graded on the basis of occlusion. Left Anterior descending Artery was the most
                  common coronary with 50 – 100% occlusion followed by Right Coronary Artery and then Left Circumflex and Aorta. This is shown
                  in Figure  2.
               

               
                     
                     Figure 2
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               Severity of Occlusion for coronaries and aorta were graded as Percentage of occlusion (Figure  2 and Table  2) and by Modified AHA (Figure  3). Coronaries and aorta were graded in 1-7 grades as per Modified AHA (Figure  3 and Table  3). To our finding, it was seen that in all the autopsy cases coronaries and aorta were involved to some extent. But Left Anterior
                  Descending is the most common coronary involved with grade 4-7 followed by Right Coronary Artery and Left Circumflex artery.
               

               
                     
                     Figure 3
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                     Figure 4
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                     Figure 5
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                     Figure 6
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                     Figure 7
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                     Table 1

                     Distribution of the autopsy cases based on sex
                     

                  

                  
                        
                           
                              	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               No of cases

                              
                           
                           	
                                 
                              
                               Percentage (%)

                              
                           
                        

                        
                              	
                                 
                              
                               Males

                              
                           
                           	
                                 
                              
                               42

                              
                           
                           	
                                 
                              
                               86

                              
                           
                        

                        
                              	
                                 
                              
                               Females

                              
                           
                           	
                                 
                              
                               7

                              
                           
                           	
                                 
                              
                               14

                              
                           
                        

                        
                              	
                                 
                              
                               Total

                              
                           
                           	
                                 
                              
                               49

                              
                           
                           	
                                 
                              
                               100

                              
                           
                        

                     
                  

               

               
                     
                     Table 2

                     Severity of autopsy cases based on percentage of occlusion
                     

                  

                  
                        
                           
                              	
                                 
                              
                              
                                 Occlusion (%)
                                 
                              

                              
                           
                           	
                                 
                              
                               RCA

                              
                           
                           	
                                 
                              
                               LCX

                              
                           
                           	
                                 
                              
                               LAD

                              
                           
                           	
                                 
                              
                               AORTA

                              
                           
                        

                        
                              	
                                 
                              
                               0-25

                              
                           
                           	
                                 
                              
                               37

                              
                           
                           	
                                 
                              
                               36

                              
                           
                           	
                                 
                              
                               29

                              
                           
                           	
                                 
                              
                               38

                              
                           
                        

                        
                              	
                                 
                              
                               25-50

                              
                           
                           	
                                 
                              
                               7

                              
                           
                           	
                                 
                              
                               9

                              
                           
                           	
                                 
                              
                               6

                              
                           
                           	
                                 
                              
                               6

                              
                           
                        

                        
                              	
                                 
                              
                               50-75

                              
                           
                           	
                                 
                              
                               3

                              
                           
                           	
                                 
                              
                               2

                              
                           
                           	
                                 
                              
                               4

                              
                           
                           	
                                 
                              
                               4

                              
                           
                        

                        
                              	
                                 
                              
                               75-100

                              
                           
                           	
                                 
                              
                               2

                              
                           
                           	
                                 
                              
                               2

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               0

                              
                           
                        

                        
                              	
                                 
                              
                               50-100

                              
                           
                           	
                                 
                              
                               5

                              
                           
                           	
                                 
                              
                               4

                              
                           
                           	
                                 
                              
                               14

                              
                           
                           	
                                 
                              
                               4

                              
                           
                        

                     
                  

               

               
                     
                     Table 3

                     Severity of autopsy cases based on modified AHA

                  

                  
                        
                           
                              	
                                 
                              
                               Grade

                              
                           
                           	
                                 
                              
                               RCA

                              
                           
                           	
                                 
                              
                               LCX

                              
                           
                           	
                                 
                              
                               LAD

                              
                           
                           	
                                 
                              
                               AORTA

                              
                           
                        

                        
                              	
                                 
                              
                               1

                              
                           
                           	
                                 
                              
                               35

                              
                           
                           	
                                 
                              
                               30

                              
                           
                           	
                                 
                              
                               25

                              
                           
                           	
                                 
                              
                               20

                              
                           
                        

                        
                              	
                                 
                              
                               2

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               2

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               12

                              
                           
                        

                        
                              	
                                 
                              
                               3

                              
                           
                           	
                                 
                              
                               4

                              
                           
                           	
                                 
                              
                               7

                              
                           
                           	
                                 
                              
                               4

                              
                           
                           	
                                 
                              
                               4

                              
                           
                        

                        
                              	
                                 
                              
                               4

                              
                           
                           	
                                 
                              
                               6

                              
                           
                           	
                                 
                              
                               6

                              
                           
                           	
                                 
                              
                               12

                              
                           
                           	
                                 
                              
                               5

                              
                           
                        

                        
                              	
                                 
                              
                               5

                              
                           
                           	
                                 
                              
                               2

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               6

                              
                           
                           	
                                 
                              
                               4

                              
                           
                        

                        
                              	
                                 
                              
                               6

                              
                           
                           	
                                 
                              
                               1

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               3

                              
                           
                        

                        
                              	
                                 
                              
                               7

                              
                           
                           	
                                 
                              
                               1

                              
                           
                           	
                                 
                              
                               2

                              
                           
                           	
                                 
                              
                               2

                              
                           
                           	
                                 
                              
                               1

                              
                           
                        

                     
                  

               

            

         

         
               Discussion

            The distribution of atherosclerosis in the body at autopsy has been in talks as the subject of morphological studies.6 There is an alarming increase in the number of deaths due to coronary atherosclerosis in India and this number is expected
               to escalate rapidly in the next decade.2 The term ‘athere’ means porridge and ‘sclerotic’ means hardening or fibrosis and is derived from Greek terminology.7 It is a complex inflammatory disease leading to accumulation of fat and cholesterol within arterial wall.8 Endothelial dysfunction, vascular inflammation and build up of plaques within intima of the vessel wall are its characteristic
               features. 9 These plaques are composed of large lipid core, inflammatory cells including macrophages with fibrous cap. 10 Atherosclerosis is a disease of large and medium sized muscular arteries, characterized by inflammation of smooth muscle
               cells with formation of atherosclerotic plaques.11 These plaques are made up of necrotic cores, calcium deposits, modified lipids, endothelial cells and foam cells.12, 13, 14, 15, 16, 17 Thus atherosclerosis is the most common pathologic process leading to cardiovascular disease. 18, 19, 20

            The Modified AHA Classification of atherosclerosis based on morphological descriptions was used in this study since it offers
               better categorization of atherosclerotic lesions.1 Modifiable and nonmodifiable risk factors for atherosclerotic lesions are smoking, alcohol, obesity, hypertension, diabetes
               mellitus, genetic causes etc.1 
            

            In our study, a total of 49 cases of autopsy received at SIMS & RC, Bangalore was studied. In the present study out of 49
               cases, 42 were males (85.71%) and 7 were females (14.2%) which was more or less similar to studies done in the past. Garg
               M et al2 studied 93 cases, out 71 (80.9%) were males and 22 (19.1%) were females. Murthy et al21 studied 150 cases out of which 123 (28%) were males and 27 (18%) were females. 
            

            Macroscopic examination and microscopic Modified AHA grading was done for all the cases in the present study and it was observed
               that all the cases were affected to some extent. Macroscopically coronaries were observed for thickening, lumen occlusion
               (Figure  4), calcification (Figure  6), aorta was examined for presence of fatty streaks (Figure  5).
            

            Microscopically these coronaries and aorta were observed and graded according to Modified AHA classification. While some cases
               happened to just show foamy macrophages as in grade 1 (Figure  7a) and fatty streaks as in grade 2 (Figure  7b), Some cases showed atheroma with haemorrhage as in grade 6 (Figure  7c) to cases showing calcification as in grade 7 (Figure  7d).
            

            In this study, grade 4 (59.1%) was the more common than grade 3 (30.9%). However in the study by Garg M et al 1 grade 3 (30.9%) was more common than grade 4 (27.3%).
            

            Virmani et al22 and Stary et al23 found ruptured plaque as the most common type, but in cases of coronary heart disease grade 4 was the most common (38%).
               In this study, ruptured plaque was found in 4 cases (8.16%) and calcification in 6 cases (12.2%).
            

            In this study, single vessel involvement was 6.12%, two vessels were involved in 16.3% cases and three vessels involvement
               were seen in 24.4%. This was correlated with the study done by Yazdi et al.24

            No information regarding the risk factors contributing to cardiovascular diseases could be obtained in the cases which were
               autopsied. This became the major limitation of the study. However the strength of this study lies in grading of occlusion
               of coronaries and aorta according to modified AHA classification. This classification defines intermediate lesions which are
               the indicators of future burden of disease. The finding of this study is that almost all the cases were affected to some extent
               and thereby there is increasing incidence of atherosclerosis in Indians and thus this study proves to be helpful.
            

         

         
               Conclusion

            With the cardiovascular disease attaining pandemic proportions, the study of atherosclerosis and its grading is the need of
               the hour to estimate the disease burden. Preventive measures need to be implemented through National Health Programmes at
               the earliest in order to control the rising rates.
            

            Autopsy studies play a vital role in unraveling the spectrum and occurrence of atherosclerosis. 
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