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Coronary and carotid 
atherosclerosis 

• Atherosclerosis is a systemic inflammatory 
disease involving multiple arterial beds 

• Although there are differences in the carotid 
and coronary vasculature, both vascular 
distributions are believed to share common 
pathway in disease progression 

• There are lack of data about atherosclerotic 
plaque composition and morphological 
differences between carotid and coronary 
artery disease 



IVUS based modalities 
 A: Vessel wall within an 

histology image 
 
B: The greyscale IVUS 
image is formed by the 
envelope (amplitude) of 
the radiofrequency signal.  
 
C,E,D: Several new IVUS 
modalities use both 
amlitude and 
radiofrequency data for 
plaque tissue 
characterization:  
virtual histology (C), iMAP 
(D) and integrated 
backscattered IVUS (E).  
  Adapted from Garcìa-Garcìa HM, et al. Int J Cardiovasc Imaging. 2011 Feb;27(2):215-24. 



Study design 

• Prospective, single center study 

• 100 consecutive patients with with coexistence of coronary and carotid 
atherosclerotic stenosis confirmed by angiography and scheduled for 
elective carotid and/or coronary stenting: 

• Baseline procedure: 

– VH-IVUS imaging (Eagle Eye 2.9F 20MHz IVUS catheter, Volcano Therapeutics, 
motorized pull-back system 0.5mm/s) of culprit lesion (carotid or coronary) 
before stenting: 

• 78 patients with significant carotid stenosis and symptoms underwent carotid 
stenting 

• 36 patients underwent PCI for investigated plaque 

– VH-IVUS imaging of other (carotid or coronary) vascular territory 

• 12-18 month clinical, angiographic and VH-IVUS follow-up 



Aim 

The purpose of the study was to provide 
morphology characteristic of carotid and 

coronary plaques among consecutive patients 
with different clinical characteristics in co-

existence of significant carotid and coronary 
atherosclerosis, and to evaluate whether a 

composition of a dominant plaque in the carotid 
artery correlates with a composition of a 
dominant plaque in the coronary artery.  



Patient characteristics 
n=100 

Age (years ± SD) 69.6± 8.4 

BMI (kg/m2 ± SD) 27.5±  4.4 

Male (n, %) 60  

Smokers/ex-smokers (n, %) 35 

Diabetics (n, %) 25 

Atrial fibrillation  (n, %) 26 

Family history of CV events (n, %) 21 

Dyslipidemia (TC > 5,2 mmol/l) (n, %) 98 

Arterial hypertension (n, %) 89 

Previous myocardial infarction (n, %) 36 

Previous cerebrovascular event (CI or TIA)  (n, %) 40 



Patient characteristics (con’t) 
n=100 

Previous PCI (n, %) 34 

Previous cardiac surgery (n, %)   

          Bypass graft (n, %) 9 

          Valve replacement (n, %) 1 

          Bypass graft & valve replacement (n, %) 1 

Any previous coronary revascularization (n, %) 44 

Previous carotid stenting (CAS) (n, %) 5 

Previous carotid endarterectomy (CEA) (n, %) 3 

Any previous carotid revascularization (n, %) 8 



IVUS characteristics 
Characteristic 

(mean ± SD ) 

Carotid artery Coronary artery p-value 

Minimal lumen diameter, mm 2.7 ± 0.8 2.1 ± 0.4 <0.0001 

Mean lumen diameter, mm 4.5 ± 0.8 3.0 ± 0.5 <0.0001 

Maximal lumen diameter, mm 6.5 ± 1.0 4.0 ± 0.7 <0.0001 

Minimal lumen area, mm 9.3 ± 4.7 4.7 ± 1.7 <0.0001 

Maximal lesion diameter stenosis, % 77.6 ± 11.2 68.6 ± 8.8 <0.0001 

Minimal vessel diameter, mm 5.9 ± 0.8 3.9 ± 0.7 <0.0001 

Mean vessel diameter, mm 7.2 ± 0.7 4.6 ± 0.7 <0.0001 

Maximal vessel diameter, mm 8.6 ± 0.7 5.3 ± 0.8 <0.0001 



Correlation among coronary and carotid 
artery plaque morphology at baseline 

Fibrous tissue Fibro-fatty tissue 



Correlation among coronary and carotid 
artery plaque morphology at baseline 

Necrotic core Dense calcium 



   Case Report 
         Male, 78 y/o, Hypertension 
         No previous MI and CI/TIA 





Virtual histology comparison between carotid and 
coronary arteries for whole analyzed segment  
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Virtual histology and myocardial 
infarction in history  

Characteristic MI in history 

(n=36) 

Others 

(n=64) 

p-value 

Carotid 

artery 

Necrotic core, %, mean ± SD 18.9 ± 9.0 20.4 ± 9.6 0.462 

Fibrous tissue, %, mean ± SD 52.2 ± 7.3 54.1 ± 8.3 0.239 

Fibro-fatty tissue, %, mean ± SD 20.6 ± 10.5 18.9 ± 9.7 0.369 

Dense calcium, %, mean ± SD 9.3 ± 6.8 6.8 ± 4.7 0.032 

Coronary 

artery 

Necrotic core, %, mean ± SD 24.2 ± 7.2 21.6 ± 7.4 0.097 

Fibrous tissue, %, mean ± SD 48.5 ± 9.8 53.6 ± 10.3 0.016 

Fibro-fatty tissue, %, mean ± SD 11.8 ± 7.4 13.0 ± 9.9 0.547 

Dense calcium, %, mean ± SD 16.4 ± 8.9 12.0 ± 7.4 0.010 



Virtual histology and stroke/TIA in 
history  

Characteristic Stroke/TIA  in history 

(n=40) 

Others 

(n=60) 

p-value 

Carotid 

artery 

Necrotic core, %, mean ± SD 21.9 ± 10.6 18.5 ± 8.2 0.092 

Fibrous tissue, %, mean ± SD 53.2 ± 8.2 53.6 ± 7.9 0.824 

Fibro-fatty tissue, %, mean ± SD 17.5 ± 10.5 21.0 ± 9.4 0.093 

Dense calcium, %, mean ± SD 7.7 ± 5.7 7.7 ± 5.7 0.977 

Coronary 

artery 

Necrotic core, %, mean ± SD 23.1 ± 6.5 22.2 ± 7.8 0.544 

Fibrous tissue, %, mean ± SD 52.9 ± 10.2 51.0 ± 10.4 0.372 

Fibro-fatty tissue, %, mean ± SD 11.5 ± 6.0 13.3 ± 10.6 0.290 

Dense calcium, %, mean ± SD 12.9 ± 7.5 14.1 ± 8.6 0.456 



16 months follow-up  results 
Event Frequency 

  Total death 11/100 (11.0%) 

  Cardiovascular death 7/100 (7.0%) 

  ACI stent restenosis ≥ 50% 1/57 (1.8%) 

  ACI plaque progression and consequent 
carotid stenting 

3/17 (17.6%) 

  Coronary stent restenosis ≥ 50% 8/31 (25.8%) 

  Target lesion revascularization 7/31 (22.6%) 

   Coronary plaque progression and 
consequent PCI 

0 

  Elective CABG during follow-up period 13/100 (13.0%) 

  Aortic valve surgery 10/100 (10.0%) 

  TAVI 7/100 (7.0%) 

Follow-up was performed 

after mean 489 days (95% CI 

507.0 - 631.8) 

 

75 patients underwent follow-

up angiography with VH-

IVUS for the same carotid 

and coronary artery 

 

7 patients completed only 

clinical follow-up 

 

11 patients died (7 CV death) 

 

7 patients refused follow-up 



Instent restenosis 



In-stent restenosis 

In-stent maximal neointimal burden - 69.4% 



Carotid plaque progression 

n = 3 

Carotid plaque without progression 

n = 14 

Association between unstented ACI plaque progression 

and VH-IVUS characteristics at baseline 

P-value is non-significant for all comparisons in patients with 
carotid plaque progression vs. no without progression 



Coronary restenosis 

n = 8 

No restenosis 

n = 23 

Association between coronary restenosis and VH-
IVUS characteristics at baseline of culprit lesion 

P-value is non-significant for all comparisons in patients with 
coronary restenosis vs. no restenosis 



Cardiovascular death 

n = 7 

Survivors 

n = 81 

Association between CV death and VH-IVUS 

characteristics in coronary arteries at baseline 

P-value is non-significant for all comparisons in patients who died 
from CV death vs. survivors 



Conclusions -1 

• Proportional content of the four major VH-IVUS plaque 
components (fibrous, fibro-fatty, dense calcium, and necrotic 
core) correlated among the coronary and carotid artery 
plaques.  

• Coronary arteries contained more necrotic core and dense 
calcium, whereas the carotids had a  higher proportion of 
fibro-fatty tissue.  

• Subjects with history of myocardial infarction had a higher 
proportion of calcium both in their coronary and carotid 
artery plaques. 

• The patients with history of cerebrovascular event had 
tendency towards higher percentage necrotic core in the 
carotid artery plaques.  



Conclusions - 2 

• Tissue characteristics by VH-IVUS were not associated with 
carotid plaque progression and frequency of restenosis in 
coronary arteries in these series 

• These findings are consistent with a systemic nature of 
atherosclerotic plaque composition, and indicate that history 
of cerebrovascular or coronary event is associated with a 
particular plaque composition in both territories.  

• Further, large-scale work is needed to evaluate prospectively 
the impact of the carotid (in addition to coronary) plaque 
composition on the risk of carotid and coronary vascular 
events.  

 





VH plaque component descriptions  

Fibro-Fatty 

Loosely packed 

bundles of 

collagen fibers 

with regions of 

lipid deposition 

present. 

Turquoise on 

Movat stained 

histology section. 

Light-green on 

VH. 

Dense Calcium 

Focal area of 

dense calcium. 

Purple or deep 

blue on Movat. 

Usually falls out 

of histology 

section, but 

calcium crystals 

are evident at 

borders. White on 

VH. 

Fibrous Tissue 

Densely packed bundles of 

collagen fibers with no 

evidence of intra-fiber lipid 

accumulation. No evidence of 

macrophage infiltration. Dark-

yellow/green on Movat 

stained histology section and 

dark green on VH. 

Necrotic Core 

Highly lipidic necrotic region with 

remnants of foam cells and dead 

lymphocytes present. No collagen 

fibers are visible and mechanical 

integrity is poor. Cholesterol clefts 

and micro calcifications are clearly 

visible. Red on VH. M-

OA 

 Nair et al. Eurointervention 2007;3:113-120 



Virtual histology and MI/stroke/TIA 
in history  

Characteristic MI/Stroke/TIA  in 

history (n=61) 

Others 

(n=39) 

p-value 

Carotid 

artery 

Necrotic core, %, mean ± SD 20.1 ± 10.2 19.4 ± 8.0 0.667 

Fibrous tissue, %, mean ± SD 53.2 ± 8.1 53.7 ± 7.8 0.744 

Fibro-fatty tissue, %, mean ± SD 19.3 ± 10.8 19.9 ± 8.6 0.788 

Dense calcium, %, mean ± SD 8.0 ± 6.1 7.1 ± 4.9 0.424 

Coronary 

artery 

Necrotic core, %, mean ± SD 23.1 ± 6.8 21.6 ± 8.0 0.326 

Fibrous tissue, %, mean ± SD 51.2 ± 10.5 52.6 ± 10.2 0.514 

Fibro-fatty tissue, %, mean ± SD 11.9 ± 7.0 13.5 ± 11.7 0.457 

Dense calcium, %, mean ± SD 14.2 ± 8.4 12.6 ± 7.8 0.353 
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