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Association between plaque texture features and histological features:
 a low grey scale median (GSM) was associated with unstable plaques

 a high GSM with increased fibrous tissue and the presence of
calcium

Grogan JK, Shaalan WE, Cheng H, Gewertz B, Desai T, Schwarze G, et al.. J Vasc Surg. 2005;42:435-41.
Sztajzel . Stroke 2005;36:741-5
El-Barghouti N, Nicolaides AN, Tegos T, Geroulakos G. Int Angiol. 1996;15:300-6.
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Histologically unstable plaques:

• Low GSM
• Large plaque area
• Juxtaluminal black area (JBA) > 8 mm2

Recent work



Nicolaides AN, Kakkos SK, Kyriacou E, Griffin M, Sabetai M, Thomas DJ, et al. J Vasc Surg 2010;52:1486-96.
Kakkos SK, Griffin MB, Nicolaides AN, Kyriacou E, Sabetai MM, Tegos T, et al. J Vasc Surg. 2013;57:609-18.
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To determine the association of ultrasonic plaque texture features:

•severity of stenosis
•GSM
•plaque area
•JBA
•discrete white areas (DWA)

with established histological features of plaque instability

Aim



 70 carotid bifurcation plaques taken after elective carotid
endarterectomy for histologic analysis

20 symptomatic: 2 stroke and 18 transient ischemia attack
50 asymptomatic

 Pre-op (3-5 days) carotid US scanning with the intention to proceed with plaque
analysis

 Both, the physician undertaken the US evaluation and the histopathologist were not
aware of the clinical status of the patients

Material and Methods



US Image normalisation



Texture feature extraction
Use of GSM software (LifeQ Medical)



US characteristics used :

 GSM

 plaque area expressed in mm2

 presence of DWAs having grey scale values >124

 presence of a JBA defined as an area greater than 8 mm2

adjacent to the lumen with pixels having a grey scale value < 25)

Material and Methods



 Presence of abundant macrophages
 Presence of only few SMCs because inflammatory cells increase the

apoptosis due to their damage from the macrophages.

Unstable atheroma on histopathology

Lacolley P, Regnault V, Nicoletti A, Li Z, Michel JB. Cardiovasc Res. 2012;95:194-204.
Boyle JJ, Weissberg PL, Bennett MR. Arterioscler. Thromb. Vasc. Biol. 2003; 23: 1553-8.
Gough PJ, Gomez IG, Wille PT, Raines EW. J. Clin. Invest. 2006;116:59-69.



CD68 protein is a macrophage marker encountered in the
presence of carotid plaque inflammation.

 absence (0)
 small scattered collections (1)
 masses of moderate cellular density (2)
 confluent hypercellular areas (3)

Material and Methods



Smooth muscle cells (SMCs) with emphasis on the density and
thickness:

 thin loose arrangement (1)
 intermediate arrangement (2)
 thick, dense band (3)

Material and Methods



The presence and degree of neoangiogenesis

 Presence of microvessels in the atherosclerotic plaque with
anti-CD 31 antibodies

Material and Methods



Plaques were also classified according to:

 Fibrous cap (thin or thick)
 Lipid core (small, medium, large)
 Plaque rupture (present or absent)
 Intra-plaque hemorrhage (present or absent)

Material and Methods



Results
Risk factors



 Low GSM was associated with histologically unstable plaques:

 thin fibrous cap

 a large lipid core

 a small number of SMC

 increased inflammation (increased number of macrophages and
neovascularization)

 intraplaque hemorrhage

 plaque rupture

Results



High numbers of SMC were associated:

 a high GSM

 histologically stable plaques

Results



 All histological features characterizing unstable plaques
except fibrous cap thickness were associated with the
presence of DWA

Results

Nicolaides AN, Kakkos SK, Kyriacou E, Griffin M, Sabetai M, Thomas DJ, et al. J Vasc Surg 2010;52:1486-96.
Kakkos SK, Griffin MB, Nicolaides AN, Kyriacou E, Sabetai MM, Tegos T, et al. J Vasc Surg. 2013;57:609-18.



A major finding of our study :

 lack of association of plaque area with characteristics of plaque
instability

Possible explanation:

 risk of plaque rupture in large plaques may not related mostly to its
histological structure but it may be inherent to its size and
particularly its length

 The role of biomechanical forces in the induction of plaque fatigue
and rupture has been emphasized for some time

Results

Glagov S, Bassiouny HS, Sakaguchi Y, Goudet CA, Vito RP. Atherosclerosis 1997;131:S13-S14.
39. Fuster V, Stein B, Ambrose JA, Badimon L, Badimon JJ, Chesebro JH. Circulation 1990;82:47-59.



 High plaque strain (deformability due to high pulse pressure and blood
velocity) and high stress (associated forces) plaque rupture

Differences between motion measurements extracted
from symptomatic and asymptomatic plaques have been demonstrated

Feasibility of computing carotid plaque strain measurements from routine
B-mode

Future studies with plaque motion analysis

Golemati S, Stoisis J, Gastounioti A, Dimopoulos AC, Koropouli V, Nikita KS. IEEE Trans Inf Technol Biomed 2012;16:852-8.
Widman E, Caidahl K, Heyde B, D’hooge J, Larsson M. Ultrasound Med Biol 2015;41:77-88.
HuangC, Pan X, He Q, Huang M, Huang L, Zhao X et al. Ultrasound Med Biol 2016;42:365-77.

Results
Possible explanation role of biomechanical forces in the induction of plaque
fatigue and rupture :



 Statin therapy administrated to 64% of asymptomatic and
only 15% of symptomatic patients

 Small number of patients included

 Variety of average waiting time between referral and
operation (ranging from 2 to 4 weeks) in the symptomatic
patients

Larger prospective studies are needed to support the observations of our
study

Limitations



 A number of key ultrasonic texture features previously shown to be able to stratify
asymptomatic patients into different classes of stroke risk have a strong association
with established histological features of plaque instability

 Plaque area did not have any association with established histological features of
plaque instability

 These findings provide further validation of the usefulness of ultrasonic analysis of
carotid atheroma in stroke risk stratification

Conclusions



THANK YOU
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