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Background: Depolymerisation of acid-mucopolysaccharides results in the loss of metachormasia of 
the ground substance followed by visible fibre crumbling, complete dissolution and replacement by 
lipid droplets and cholesterol. The objective of this study was to assess the distribution of different 
atherosclerotic lesions in celiac, superior mesenteric and inferior mesenteric arteries relation to age and 
sex. Methods: A prospective descriptive observation study was conducted at Mortuary of King Edward 
Medical University Lahore, and Department of Pathology Allama Iqbal Medical College Lahore. A 
total of 30 human autopsies were carried out. Celiac, Superior mesenteric and inferior mesenteric 
arteries were taken out and opened length-wise. One to four areas of tissue were taken from each artery 
for histological examination. Slides were prepared from each paraffin block. Sections were stained with 
haematoxylin and eosin. Special stains were performed on sections to display each component of 
atherosclerosis. Results: The fibrolipid plaques were seen in 6 cases. The complicated lesions were 
present in 5 cases. Of these, 4 showed ulceration and 1 showed thrombus formation. The calcified 
lesions were observed in 5 cases. The morphological changes in media and elastica were present in 4 
cases. In superior mesenteric artery fatty streaks were present in 8 cases. The fibrolipid plaques were 
confirmed in 5 cases. Three cases showed ulceration, 1 case showed intimal vascularisation, 
haemorrhage, and thrombus formation. The calcified lesions were present in 2 cases. The 
morphological changes in media and elastica were seen in 4 cases in anterior mesenteric artery. Fatty 
streaks were present in 8 cases. The fibrolipid plaques were grossly observed in 6 cases. The 
complicated lesions were present in 4 cases; of these, 3 cases showed ulceration, and 1 showed intimal 
vascularisation and haemorrhage along with thrombus formation. The calcified lesions were present in 
3 cases. The morphological changes in media and elastica were present in 4 cases. Conclusion: This 
data indicates the incidence of ischemic changes in abdominal viscera due to atherosclerotic narrowing. 
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INTRODUCTION 
Depolymerisation of acid-mucopolysaccharides involved 
in the plaque formation results in the loss of 
metachormasia of the ground substance. After that the 
visible fibres crumble and dissolve completely and it is 
replaced by lipid droplets and cholesterol.1 In ulcerated 
atheroma extensive foma cell are formed that are 
connected by fibrin-mesh.2 Intimal thickening causes 
hypoxia of mid-zone of media. This provides the 
stimulus for the in-growth of capillaries from the 
adventitial vessels into the thickened intima. Thrombosis 
may occur on an ulcerating atheroma.3 In atherosclerosis 
fine granules of Calcium appear in the ground substance 
and the necrotic tissues at the marginal layer of ulcers. 
The relative attenuation of the media is due to the 
disintegration of the elastic fibre system in the inner layer 
of the medial coat.4 The objective of this study was to 
assess the distribution of different atherosclerotic lesions 
in celiac, superior mesenteric and inferior mesenteric 
arteries relation to age and sex. 

MATERIAL AND METHODS  
A total of thirty human autopsies were carried out 
during this study. The autopsies were done in the 
Mortuary of the King Edward Medical College, Lahore. 

Celiac, superior mesenteric and inferior mesenteric 
arteries were taken out and opened lengthwise. One to 
four sections were taken from each Celiac, superior 
mesenteric and inferior mesenteric arteries for 
histological examination. Tissue processing was done. 
On the average 7–8 slides were prepared from each 
block by taking ribbons of tissues. The paraffin sections 
were stained using Haematoxylin and Eosin stain, 
Curtis’s Picro-ponceau stain, Verhoeff’s elastic tissue 
stain, Von Kossa’s staining technique, periodic acid 
Schiff (PAS) reaction, Toludine blue stain and Peral’s 
Prussian blue stain.  

RESULTS 
The fatty streaks were present in 7 of the 30 cases and 
they were distributed along the long axis of vessel wall. 
The fibrolipid plaques were present in 10 cases, and 
complicated lesions were seen in 2 cases. Out of these 
complicated cases 1 showed ulceration and 1 showed 
thrombus formation. The intimal vascularisation and 
haemorrhage were present in 2 cases. Number of the 
raised lesions was 1–2 in these cases. Size of the largest 
raised lesion was 33 mm. All raised lesions were 
distributed irregularly within 0.5 Cm of the ostia (Table-
1).  
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Table-1: Atherosclerotic lesions in celiac artery in 
relation to age and sex (Gross findings) (n=30) 

Fatty 
Streaks 

Fibrolipid 
Plaques 

Complicated 
Lesions 

Calcified 
Lesions Age in 

years M F M F M F M F 
6–15 - - - - - - - - 
16–25 - - - - - - - - 
26–35 1 1 1 - - - - - 
36–45 3 2 2 - - - - - 
46–55 - - - - - - - - 
56–65 - - 4 - 1 - 1 - 
66–75 - - 1 2 1 - 1 - 
Total 4 3 8 2 2 - 2 - 

The fatty streaks were present in 7 cases. On 
histological examination of the fatty streaks the foam 
cells along with increase of fluid was present in the 
intima. Lipid was present both intracellularly and 
extracellularly along with the connective tissue changes. 
The fibro-lipid plaques were seen in 6 of the 10 cases 
found on gross appearance. The fibro-lipid plaques 
showed fibrous degeneration and regeneration with 
mucoid changes. There was a metachromatic change and 
hyalinization in the atherosclerotic lesions (Figure-1). 

Figure-1: Photomicrograph of superior 
mesenteric artery showing well formed foan cells 

with regenerating fibrous tissue. H & E ×420 

Number of foam cells was prominent and the 
number of fibrocytes was also increased. The fat was 
present in the firm of fatty pool and the heedle-shaped 
cholesterol crystal clefts were also demonstrated. 
Variable number of foam cells was present with the 
necrotic area at the base of the lesion (Figure-2). The 
complicated lesions were present in 5 cases; of these 4 
showed ulceration and one showed thrombi formation. 
In ulcerated lesions the lipid contents were less in 
amount. Foam cells with fibrin was present abundantly. 
A lymphocytic reaction with granulation tissue were 
seen in the lesion. In cases showing intimal 
vascularisation and haemorrhage there was 
novascularisation in the intima. In addition to that the 
red blood cells and haemosiderin deposits were also 
present at the junction of media and atherosclerotic 
lesions. In atherosclerotic lesions showing thrombus 
formation the fibrin strands were present at the 
periphery and in between the platelet aggregates. The 
calcified lesions were observed in 3 cases. The calcified 
masses were deposited in degenerated debris and 
hyalinized collagen tissue in the intima. Deposits of 
calcium were particularly present around the necrotic 
areas, lipid pool and marginal layers of the ulcers in 

atherosclerotic lesions (Figure-2). The morphological 
changes in media and elastica were present in 4 cases. 
The medial coat was relatively attenuated below the 
sclerotic plaque and was one half or less of the thickness 
of the media in the adjacent part of the artery. The fibres 
on the inner third of media were severely degenerated. 

Figure-2: Photomicrograph of atherosclerotic 
lesion in celiac artery showing metachromatic 

change. Toludine Blue stain ×450 

The fragmented internal elastic lamina was 
separated apart and was totally deficient over wise areas 
at the base of large plaques (Table-2).  

Table-2: Atherosclerotic lesions in celiac artery in 
relation to age and sex (Microscopic findings) (n=30) 

Fatty 
Streaks 

Fibrolipid 
Plaques 

Complicated 
Lesions 

Calcified 
Lesions Age in 

years M F M F M F M F 
6–15 - - - - - - - - 
16–25 - - - - - - - - 
26–35 1 1 1 - - - - - 
36–45 3 2 1 - 1 - - - 
46–55 - - - - - - - - 
56–65 - - 2 - 2 - 2 - 
66–75 - - 1 1 1 1 1 - 
Total 4 3 5 1 4 1 3 - 

The fatty streaks were present in 8 out of 30 
cases. They were arranged along the long axis of the 
vessel wall. The fibrolipid plaques were seen in 6 cases. 
The complicated lesions were present in 3 cases; of 
these, 2 cases showed ulceration and 1 showed 
thrombus formation. No intimal vascularisation and 
haemorrhage was present in any of the cases. The 
calcified lesions were seen in 2 cases. The number of 
the raised lesions was 1–2 in all these cases. Size of the 
largest raised lesion was 34 mm and that of the 
smallest was 3×3 mm. The colour of fatty streaks was 
yellowish white. The raised lesions were distributed 
irregularly within 1 Cm of ostia in all cases (Table-3). 

Table-3: Atherosclerotic lesions in superior 
mesenteric artery in relation to age and sex (Gross 

findings) (n=30) 
Fatty 

Streaks 
Fibrolipid 

Plaques 
Complicated 

Lesions 
Calcified 
Lesions Age in 

years M F M F M F M F 
6–15 - - - - - - - - 
16–25 - - - - - - - - 
26–35 1 1 1 - 1 - - - 
36–45 3 3 - 3 - - - - 
46–55 - - 1 - 1 - 1 - 
56–65 - - 1 - 1 - 1 - 
66–75 - - - - - - - - 
Total 4 4 3 3 3 - 2 - 
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On microscopic examination the fatty streaks 
were present in 8 cases. The fibrolipid plaques grossly 
observed in 6 cases. The complicated lesions were 
present in 4 cases of these, 3 cases showed ulceration, 
and one showed intimal vasucularisation and 
haemorrhage along with thrombus formation. The 
calcified lesions were present in 3 cases. The 
morphological changes in media and elastics were 
present in 4 cases. The histological features in these 
atherosclerotic lesions were the same as mentioned 
previously (Table-4). 

Table-4: Atherosclerotic lesions in superior 
mesenteric artery in relation to age and sex 

(Microscopic findings) (n=30) 
Fatty 

Streaks 
Fibrolipid 
Plaques 

Complicated 
Lesions 

Calcified 
Lesions Age in 

years M F M F M F M F 
6–15 - - - - - - - - 
16–25 - - - - - - - - 
26–35 1 1 1 - 1 - - - 
36–45 3 3 - 2 - 1 - - 
46–55 - - 1 - 1 - 1 - 
56–65 - - 1 - 1 - 1 - 
66–75 - - - - - - - - 
Total 4 4 3 2 3 1 2 - 

The fatty streaks were present lesions were 
present in 2 cases who showed ulceration. The calcified 
lesions were seen in 2 cases. The number of the raised 
lesions was 1–2 in each case. The size of the largest 
raised lesion was 43 mm and that of the smallest raised 
lesion was 33 mm. the raised lesions were distributed 
irregularly along the vassal within 1 Cm of the ostia 
(Table-5). 

Table-5: Atherosclerotic lesions in inferior 
mesenteric artery in relation to age and sex (Gross 

findings) (n=30) 
Fatty 

Streaks 
Fibrolipid 
Plaques 

Complicated 
Lesions 

Calcified 
Lesions Age in 

years M F M F M F M F 
6–15 - - - - - - - - 
16–25 - - - - - - - - 
26–35 1 1 1 - 1 - - - 
36–45 3 3 - 2 - - - - 
46–55 - - 2 - - - 1 - 
56–65 - - 3 - - - - - 
66–75 - - - 1 - 1 - 1 
Total 4 4 6 3 1 1 1 1 

The fatty streaks were present in 8 cases. The 
fibrolipid plaques grossly observed in 6 cases. The 
complicated lesions were present in 4 cases; of these, 3 
cases showed ulceration, and one showed intimal 
vascularisation and haemorrhage along with thrombus 
formation. The calcified lesions were present in 3 cases. 
The morphological changes in media and elastics were 
present in 4 cases. The histological feature sin these 
atherosclerotic lesions were the same as mentioned 
previously (Table-6).  

Table-6: Atherosclerotic lesions in inferior 
mesenteric artery in relation to age and sex 

(Microscopic findings) (n=30) 
Fatty 

Streaks 
Fibrolipid 

Plaques 
Complicated 

Lesions 
Calcified 
Lesions Age in 

years M F M F M F M F 
6–15 - - - - - - - - 
16–25 - - - - - - - - 
26–35 1 1 1 - 1 - - - 
36–45 3 3 - 2 - - - - 
46–55 - - 1 - 1 - 1 - 
56–65 - - 1 - 1 - 1 - 
66–75 - - - 1 - 1 - 1 
76–85 - - - - - - - - 
Total 4 4 3 3 3 1 2 1 

DISCUSSION 

On the light microscopy, the fatty streaks showed the 
presence of foam cells beneath the endothelial lining. 
There was increase of fluid in the ground substance. In 
addition to these changes, the connective tissue was 
arranged in the form of loose mesh with some fibrin 
depositions. It seems likely that lipoproteins are 
transported across intact endothelial cells by micro-
pinocytosis.6 Lipid was present both intra-cellularly and 
extra-cellularly. Foam cells are smooth muscle cells 
containing lipids.5 Probably local adherence of the 
platelets at the endothelium releases Mitogenic platelets 
to the endothelium releases Mitogenic Platelet factors 
into the arterial wall and causes some intimal smooth 
muscle cells proliferation?7 In fibro-liqid plaques both 
connective tissue and lipid changes were prominent. 
These changes were visible as mucoid swelling due to 
the presence of protein molecules and acid-
mucopolysaccharides. In addition there was a 
metachromatic change in the ground substance along 
with hyalinisation. This change has previously been 
related to the increased amount of the ground 
substance.2 Alteration in intrinsic composition and 
molecular size of proteoglycans occurs in 
atherosclerotic lesion.8 The increase in the number of 
foam cells in fibrolipid plaques was probably due to 
increase in the smooth muscle cell proliferation and 
vacuolated forms.9 In such vacuolated cells the lipid 
containing inclusions have been associated with the 
structural elements of smooth muscle cells. To Foam 
cells accumulation have been demonstrated in 
experimentally induced atherosclerosis. The number of 
fibrocytes is increased during plaque formation.11 It is 
associated with increased formation of collagen and 
elastic fibres. These connective tissue components are 
probably derived from the proliferating smooth muscle 
cells in the intima. There was high concentration of 
fibrin in developing atherosclerotic lesion.8 It was 
established that there is an association between 
accumulation of fibrin and binding of low density 
lipoproteins (LDL).10,12 On the other hand it was 
proposed that the process of smooth muscle cell 
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proliferation is related to the tumour formation initiated 
by mutation. The lipids were seen in the form of fatty 
pool and needle-shaped cholesterol crystal clefts.13,14 
LDL is important to the initiation and probably the 
progression of atherosclerotic lesions.15,16 In the 
ulcerated lesions the lipid contents were markedly less 
in amount. On the other hand foam cells were 
extensively present at the base and fibrin was seen 
intervening these cells.2 The blood vessels were found in 
the intima. RBCs and haemosiderin deposits were 
present at the junction of media and atherosclerotic 
lesion. It was also explained that neo-vascularisation in 
the intima may lead to haemorrhage because they run 
the tissue that does not support them adequately.4 In 
thrombus formation Platelet aggregation at the exposed 
sub endothelial tissue was seen. The fibrin strands were 
present at the periphery and in between the platelet 
aggregates. The collagen rich atherosclerotic lesion 
initiates thrombosis, because it exposes the blood to 
powerful platelet aggregating (collagen), and 
coagulation activating (traumatic surface and lipids) 
factors that are not found in normal vessel wall. 
Fibrinogen leads to the Platelet aggregation associated 
with release of vasoconstrictor, thromboxane A2. This 
hyper-coagulability of platelets again is associated with 
hyper-fibrinogenemia and thrombosis. Lack of PG12 
due to endothelial injury may lead to thrombus 
formation, because PG12 is powerful anti-aggregating 
vasodilator.12 Contrary to above mentioned observations 
it was described that Fibrous plaque is fibrinoid or 
organized thrombus.4 This study was supported by the 
observations that calcified granules were presented 
around the degenerated debris and hyalinised collagen 
tissue in the intimate. They also observed that deposits 
of calcium were particularly present at the periphery of 
necrotic areas, lipid pool and marginal layer of ulcers in 
atherosclerosis.17 The fibres on the inner third of media 
were severely degenerated. Internal elastic lamina was 
fragmented and was totally deficient over wide areas at 
the base of large plaques due to rigid pressure. 

CONCLUSION 
This study shows distributes of different atherosclerotic 
lesions in celiac, superior and inferior mesenteric 
arteries in relation to age and sex. This limited and basic 
data indicates the incidence of ischemic changes in 
abdominal viscera due to atherosclerotic narrowing. 

REFERENCES  

1. Barker DJ, Winter PD, Osmond C, Margetts B, Simmonds SJ. 
Weight in infancy and death from ischaemic heart disease. 
Lancet 1989;2:577–80.  

2. Oliveria SA, Ellison RC, Moore LL, Gillman MW, Garrahie 
EJ, Singer MR. Parent-child relationships in nutrient intake: the 
Framingham children’s Study. Am J Clin Nutr 1992;56:593–8.  

3. Glagov S, Weisenberg E, Zarins CK, Stankunavicius R, Kolettis 
GJ. Compensatory enlargement of human atherosclerotic 
coronary arteries. N Engl J Med 1987;316:1371–5. 

4. Kronmal RA, Mc Clelland RL, Detrano R, Shea S, Lima 
JA, Cushman M, et al. Risk factors for the progression of 
coronary artery calcification in asymptomatic subjects: results 
from the Multi-Ethnic Study of Atherosclerosis (MESA). 
Circulation 2007;115:2722–30.  

5. Chironi G, Simon A, Denarie N,  Védie B, Séné V, Mégnien JL, 
et al. Determinants of progression of coronary artery calcification 
in asymptomatic men at high cardiovascular risk. Angiology 
2002;53:677–83.  

6. Margolis KL, Dunn K, Simpson LM, Ford CE, Williamson JD, 
Gordon DJ, et al. Coronary heart disease in moderately 
hypercholesterolemic, hypertensive blackand non- black patients 
randomized to pravastatin versus usual care: theantihypertensive 
and lipid lowering to prevent heart attack trial (ALLHAT-LLT). 
Am Heart J 2009;158:948–55.  

7. Ross. R. Atherosclerosis: the role of endothelial injury, smooth 
muscle proliferation and platelet factors. Triangle 1976;15:45–51. 

8. Dalferes ER Jr, Radhakrishnamurthy B, Ruiz HA, Berenson GS. 
Composition of proteoglycans from human atherosclerotic 
lesions. Exp Mol Pathol 1987;47:363–76. 

9. Gordon RC, Julie HC. Recent advance in Molecular Pathology: 
Smooth muscle phenotypic changes in arterial wall homeostasis: 
Implications for the pathogensis of Atherosclerosis. Exp Mol 
Pathol 1985;42:139–62.  

10. Rahilly-Tierney CR, Lawler EV, Scranton RE, Gaziano JM. 
Lawler, Cardiovascular benefit of magnitude of Low-Density 
Lipoprotein Cholesterol Reduction A Comparison of subgroups 
by Age. Circulation 2009;120:1491–7.  

11. James, EC, Mashtaq, AK, Gregory C, Henderson G, Kruth HS. 
Cytometric study of Cholesteryl ester containing “foam” cells. II, 
analysis of aorta from cholesterol fed swine. Experimental and 
Molecular Pathology 1987;46:52–63. 

12. Smith, EB, Staples EM, Dietz HS, Smith RH. Role of 
endothelium in Sequestraton of lipoprotein and fibrinogen in 
aortic lesions, thrombi and Graft Pseudo-intimsas. Lancet 
1979;2(8147):812–6.  

13. Hoff HF, Heideman CL, Gaubatz JW, Scott DW, Titus JL, Gotto 
AM Jr. Correlation of Apolipoprotein B retention with the 
structure of atherosclerotic plaques from human aorta: Lab Invest 
1978:38:560–7. 

14. Lewis, JG, Richard G. Taylor BS, St Clair RW, Cornhill JF. 
Endotheilal surface characteristics in Pigeon coronary artery 
atherosclerosis. Lab Invest 1982; 46(2):123–38.  

15. Elesber AA, Redfield MM, Rihal CS, Prasad A, Lavi S, Lennon 
R. Coronary endothelial dysfunction hyperlipidemia are 
independently associated with diastolic dysfunction in humans, 
Am Heart J 2007;153:1081−7.  

16. Kanazawa T, Izawa M, Kaneko H, Onodera K, Metoki H, Oike 
Y, et al. Comparison among Lipid constituents in Native LDL, 
ultra water soluble LDL, and Vessel wall and their significance in 
atherosclerosis. Experimental and Molecular Pathology 
1987;47:166−74.  

17. Rivera JJ, Nasir K, Katz R, Takasu J, Allison M, Wong ND, et 
al. Relationship of Thoracic Aortic Calcium to Coronary 
Calcium and its Progression (from the Multi-Ethnic Study of 
Atherosclerosis [MESA]). Am J Cardiol 2009;103:1562–7. 

Address for Correspondence:  
Prof. Dr. Amjad Naeem, House No. 254, A Block, GOR-5, Faisal Town, Lahore, Pakistan. Cell: +92-332-4558924 


