ON-LINE APPENDIX

Ovid MEDLINE in-process and other nonindexed citations and
Ovid MEDLINE from 1946 to Present (March 9, 2016) are the
following:

1) exp Carotid Stenosis/

2) exp Carotid Arteries/

3) Carotid Artery Diseases/

4) (LRNC or ((calcinosis or calcium or calcification or athero$

or steno$ or occlus$ or ulcer$ or plaque$ or intraplaque or h?em-

orrhag$ or IPH or narrow$ or obstruct$ or constrict$ or bruit$ or

lipid or fibrous or culprit or lesion$) adj3 (extracranial or carotid

or cerebr$ or brain))).tw.

5) (steno$ occlus$ or stenoocclus$).tw.
6) or/1-5

7) Angiography/

8) Cerebral Angiography/

9) Tomography, X-Ray Computed/
10) (angiograph$ or angiogram$).tw.
11) (comput$ adj3 tomograph$).tw.
12) (CT or CTA or CTCA).tw.

13) or/7-12

14) 6 and 13

15) limit 14 to “causation-etiology (best balance of sensitivity

and specificity)”

16) (animals not (humans and animals)).sh.
17) 16 not 17

INCLUDED STUDIES

1.

Nandalur KR, Baskurt E, Hagspiel KD, et al. Calcified carotid ath-
erosclerotic plaque is associated less with ischemic symptoms than
is noncalcified plaque on MDCT. AJR Am ] Roentgenol 2005;184:295
CrossRef Medline

. Miralles M, Merino J, Busto M, et al. Quantification and character-

ization of carotid calcium with multi-detector CT-angiography.
Eur ] Vasc Endovasc Surg 2006;32:561-67 CrossRef Medline

. Serfaty JM, Nonent M, Nighoghossian N, et al; CARMEDAS Study

Group. Plaque density on CT: a potential marker of ischemic
stroke. Neurology 2006;66:118 —20 CrossRef Medline

. Nandalur KR, Hardie AD, Raghavan P, et al. Composition of the

stable carotid plaque: insights from a multidetector computed to-
mography study of plaque volume. Stroke 2007;38:935—-40 CrossRef
Medline

. Uwatoko T, Toyoda K, Inoue T, et al. Carotid artery calcification on

multislice detector-row computed tomography. Cerebrovasc Dis
2007;24:20-26 CrossRef Medline

. Saba L, Sanfilippo R, Pascalis L, et al. Carotid artery wall thickness

and ischemic symptoms: evaluation using multi-detector-row CT
angiography. Eur Radiol 2008;18:1962-71 CrossRef Medline

10.

13.

15.

16.

17.

20.

. Wintermark M, Arora S, Tong E, et al. Carotid plaque computed

tomography imaging in stroke and nonstroke patients. Ann Neurol
2008;64:149-57 CrossRef Medline

. de Weert TT, Cretier S, Groen HC, et al. Atherosclerotic plaque

surface morphology in the carotid bifurcation assessed with multi-
detector computed tomography angiography. Stroke 2009;40:
133440 CrossRef Medline

. Romero JM, Babiarz LS, Forero NP, et al. Arterial wall enhancement

overlying carotid plaque on CT angiography correlates with symp-
toms in patients with high grade stenosis. Stroke 2009;40:1894-96
CrossRef Medline

Saba L, Mallarini G. Fissured fibrous cap of vulnerable carotid
plaques and symptomaticity: are they correlated? Preliminary re-
sults by using multi-detector-row CT angiography. Cerebrovasc Dis
2009;27:322-27 CrossRef Medline

. Saba L, Montisci R, Sanfilippo R, et al. Multidetector row CT of the

brain and carotid artery: a correlative analysis. Clin Radiol 2009;64:
767-78 CrossRef Medline

. Eesa M, Hill MD, Al-Khathaami A, et al. Role of CT angiographic

plaque morphologic characteristics in addition to stenosis in pre-
dicting the symptomatic side in carotid artery disease. AJNR Am |
Neuroradiol 2010;31:1254—60 CrossRef Medline

Hokari M, Kuroda S, Yasuda H, et al. Lumen morphology in mild-
to-moderate internal carotid artery stenosis correlates with neuro-
logical symptoms. | Neuroimaging 2011;21:348—54 CrossRef
Medline

. Horie N, Morikawa M, Ishizaka S, et al. Assessment of carotid plaque

stability based on the dynamic enhancement pattern in plaque
components with multidetector CT angiography. Stroke 2012;43:
393-98 CrossRef Medline

Magge R, Lau BC, Soares BP, et al. Clinical risk factors and CT im-
aging features of carotid atherosclerotic plaques as predictors of
new incident carotid ischemic stroke: a retrospective cohort study.
AJNR Am ] Neuroradiol 2013;34:402—09 CrossRef Medline

Grimm JM, Schindler A, Schwarz F, et al. Computed tomography
angiography vs 3 T black-blood cardiovascular magnetic resonance
for identification of symptomatic carotid plaques. J Cardiovasc
Magn Reson 2014;16:84 CrossRef Medline

Gupta A, Baradaran H, Kamel H, et al. Evaluation of computed to-
mography angiography plaque thickness measurements in high-
grade carotid artery stenosis. Stroke 2014;45:740—45 CrossRef
Medline

. Gupta A, Mtui EE, Baradaran H, et al. CT angiographic features of

symptom-producing plaque in moderate-grade carotid artery ste-
nosis. AJNR Am ] Neuroradiol 2015;36:349—-54 CrossRef Medline

. van Dijk A, Truijman M, Hussain B, et al. Intraplaque hemorrhage

and the plaque surface in carotid atherosclerosis: the Plaque at
RISK study (PARISK). AJNR Am ] Neuroradiol 2015;36:2127-33
CrossRef Medline

Wang P, WangY, Zhang G, et al. Study on the carotid atherosclerotic
plaque of patients suffering from ischemic cerebrovascular disease
by 64 slices CT. Eur Rev Med Pharmacol Sci 2015;19:3480—85
Medline
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‘ PRISMA 2009 Flow Diagram

—
=
2 Records identified through
e database searching
s (n=12557)
—
Records screened
; (n= 12,557) S— Records excluded
‘E (n=12514)
- Fulk-text articles excluded,
( Fulk-text articles assessed because of failure to meet
for eligibility * | inclusion criteria or because
z (n=43) of duplicate cohorts
2 (n= 23)
=
=
Studies included in a::\able :’:i:tllcsel:tcix
— qualitative syrthesis standardized mueanrg
_— (n=20) differences
l (n=4)
-
3 Studies included in
E quantitative synthesis
(meta-analysis)
(n=16)

ON-LINE FIG 1. Study selection flow diagram adapted from the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
group statement.
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ON-LINE FIG 2. Funnel plots for 3 of the meta-analyses to evaluate publication bias. On the x-axis, individual study effect sizes expressed as
odds ratios are shown, and on the y-axis, the standard of error of each study is shown. Larger and more precise studies are plotted near the top,
while smaller, less precise studies are plotted near the bottom, with a wider distribution. Without any publication bias, the studies would be
symmetrically distributed on both sides of the pooled odds ratio line.
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On-line Table 4: Test characteristics for plaque features that could not be included in the meta-analysis

Mean (SD) No. of Vessels Mean (SD) Vessels  No. of Vessels

Study Study First Ipsilateral to Ipsilateral to Contralateral to Contralateral
No. Author and Year Plaque Feature Symptoms Symptoms Symptoms to Symptoms

1 Nandalur 2005'

2 Miralles 20062 HU 401.92 (359.92) 13 686.92 (234.76) 13

3 Serfaty 2006°

4 Nandalur 2007* Calcified plaque (mm?) 76 (69) 35 114 (18) 67
Noncalcified plaque (mm?) 510 (486) 35 334 (333) 67

5 Uwatoko 2007°

6 Saba 2008°

7 Wintermark 2008’ Calcium volume (mm?) 20.4(7.3) 40 21.0(6.1) 50
Lipid volume (mm?) 249 (31) 40 13.9 (3.5) 50

8 de Weert 2009®

9 Romero 2009°

10 Saba 2009 CVD"

1 Saba 2009 Clin Radiol"

2 Eesa 2010”

3 Hokari 201"

14 Horie 2012" HU (early phase) 53.0(19.4) 33 59.2(19.7) 18

15 Magge 2013" Volume of calcium (mm?) 89.57 (4.17) 14 79.37 (64.28) 14
Volume of lipids (mm?) 15.79 (13.36) 14 13.43 (11.60) 14

16 Grimm 2014' Calcification volume (mm®)  0.0820 (0.159) 20 0.0735(0.077) 18
HU 489 (15.6) 20 61.8(15.6) 18

17 Gupta 2014”7 Soft-plaque thickness 4.51(1.46) 42 2.01(1.65) 34
Hard-plaque thickness 210(1.22) 42 3.25(1.51) 34
HU 48.6(33.5) 42 47.4(247) 34

18 Gupta 2015'® Soft-plaque thickness 3.45 (1.54) 20 1.41(0.97) 52
Hard-plaque thickness 119 (0.92) 20 2.69 (1.04) 52

19 van Dijk 2015" Calcium volume (mm?>) 242 78 172 71

20 Wang 2015%°

E10 Baradaran @ 2017 www.ajnr.org



On-line Table 5: Study plaque definitions

Study
No.

Study First Author
and Year

Abnormal Plaque Feature

Definition of Abnormal Plaque Feature

1

w

Nandalur 2005’

Miralles 2006*
Serfaty 2006*
Nandalur 2007*

Uwatako 2007°

Saba 2008°

Wintermark 20087

de Weert 2009°

Romero 2009°

Saba 2009 CVD'™

Saba 2009 Clin Radiol"

Eesa 2010™

Hokari 201"

Horie 2012

Magge 2013"

Grimm 2014

Soft plaque

Calcified plaque

HU

Calcified plaque
Calcified plaque (mm?)

Noncalcified plaque (mm?)

Carotid calcification volume (cm?)

Carotid artery wall thickness

Plaque ulceration

Calcium volume (mm?)

Lipid volume (mm?)

Plaque ulceration

Carotid wall enhancement

Fissured fibrous cap

Fatty plaques
Calcified plaques
Hypodense plaque
Plaque ulceration
Extensive calcification
Plaque ulceration

Lumen morphology

Plaque ulceration

HU

Carotid artery wall thickness

Lipid cluster maximal size (mm?)

Calcium cluster maximal size (mm?)

Calcified plaque
Noncalcified plaque

Calcification volume (mm?)

Plaque ulceration

Median density of =50 HU

Median density >130 HU

Threshold of calcium density = 420 HU

Calcified plaque present

Plague area was calculated by subtracting lumen area from
outer vessel wall cross-sectional area for each section,
then multiplying by section increment; calcified volume
was determined by manually tracing calcified plaque on
each section then multiplying by section increment

Noncalcified volume was calculated by subtracting
calcified volume from total volume

Calcified area was calculated for 7 axial 15-mm-thick
sections around the bifurcation; the volume of
calcification was determined by multiplying the calcified
area by section thickness

Wall thickness of the CCA was measured at its thickest
point on the distal wall of the CCA, where there was no
evidence of plaque between the leading edge of the
opacified lumen vessel and the external visible limit of
artery wall

Concave irregularities in contour of the carotid lumen

Computer algorithm that segments inner and outer
contours of carotid artery wall distinguished histologic
components with HU thresholds

Computer algorithm that segments inner and outer
contours of carotid artery wall distinguished histologic
components with HU thresholds

Plaques were classified as ulcerated if extension of
contrast material was present beyond the vascular
lumen into surrounding plaque

Carotid wall enhancement present if >50% of carotid wall
circumference enhanced at the level of maximum
stenosis; a minimum mean difference of >10 HU
between enhancing 50% of the target ICA wall
circumference and contralateral ICA wall

Fissured fibrous cap was defined as the following: 1) the
presence of an “in plus” image, 2) whose dimension was
<1mm in depth with 3) an angle of =230° with the
lumen, and 4) presence of atherosclerotic plaque into
which the in plus image projects

Plaque with a density value <50 HU

Plaque with a density value <120 HU

Hypoattenuated

Ulcerated plaque

Extensive calcification within plaque

Presence of large, obvious excavations and/or plaque with
multiple cavities or a cavernous appearance on CTA MIP
images of luminal sagittal reconstruction view

Lumen morphology at the level of maximal stenosis
identified on reformatted axial image at maximum
stenotic level; the shape was classified into 4 types:
circular, elliptical, crescentic, and multilobular; regular
lumen = circular or elliptical; irregular lumen =
crescentic or multilobular

Outpouching of contrast into the plaque at least 2 mm
deep on CTA

Mean HU in the ROI at 3 axial sections, including the most
stenotic site and 3 mm proximally and 3 mm distally,
was measured at 2 phases (early and delayed phases),
excluding severely calcified portions of plaque

Computer algorithm segment inner and outer contours of
carotid artery wall; maximum wall thickness measured
as greatest distance from lumen-intima interface to
outer edge of adventitia

Computer algorithm that segments inner and outer
contours of carotid artery wall distinguished histologic
components with HU thresholds

Computer algorithm that segments inner and outer
contours of carotid artery wall distinguished histologic
components with HU thresholds

Average HU for noncalcified plaques associated with lipid-
rich necrotic core was <60 HU; calcified plaques had
average of >130 HU

Calcification volume calculated with standard plug-in on
syngo MultiModality Workplace®

Outpouching of contrast material into or adjacent to the
plagque of =T mm

Continued on next page
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On-line Table 5: Continued

Study
No.

Study First Author

and Year

Abnormal Plaque Feature

Definition of Abnormal Plaque Feature

17

20

Gupta 2014”7

Gupta 2015

van Dijk 2015”

Wang 2015%°

Soft-plaque thickness
Hard-plaque thickness

HU

Soft-plaque thickness

Hard-plaque thickness

Plaque ulceration
Calcium volume (mm?)
Fatty plaque

Calcified plaque
Plaque ulceration

Maximum thickness of noncalcified plaque component on
CTA axial section with greatest luminal narrowing

Maximum thickness of calcified plaque component on
CTA axial section with greatest luminal narrowing

HU calculated from a =2-mm circular ROl placed within
the noncalcified portion of the plaque on plaques >2
mm

Maximum thickness of noncalcified plaque component on
CTA axial sections on which luminal-diameter stenosis
was greatest

Maximum thickness of calcified plaque component on
CTA axial sections on which luminal-diameter stenosis
was greatest

Extension of contrast material of >1mm into
atherosclerotic plaque on at least 2 orthogonal planes

Calculated with a custom-made plug-in for Image)
software® threshold of 600 HU used to differentiate
calcifications from luminal contrast material

Low-density area within plaque with <50 HU

HU within plaque >120 HU

Ulcerated plaque

Note:—CCA indicates common carotid artery; CVD, Cerebrovasc Dis; Clin Radiol, Clinical Radiology.

? Siemens, Erlangen, Germany.

b National Institutes of Health, Bethesda, Maryland.
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