On-line Table 1: Hemodynamic parameters most commonly defined in the IA literature

Parameter Abbreviation Parameter Name Unit Definition
WSS or TAWSS Time-averaged wall shear stress Pa

T

1
WSS = TJ |wss| dt

0
wss, instantaneous shear stress vector; T,

cycle period
Normalized WSS Time-averaged wall shear stress, normalized None
by parent vessel WSS* [T
Tf |wss,|dt
WSS = N
[
T f |wss,|dt
0
wss,, wss,, instantaneous shear stress vector for the
aneurysm and parent artery; T, cycle period
oSl Oscillatory shear index” None .
J' wssdt
1 0
OSI = 2 1 "
J |wss|dt
0
wss, instantaneous shear stress vector; T, cycle
period
WSSG Wall shear stress gradient* Pa/m
1 [ Towss
WSSG = T om dt
0
wss, instantaneous shear stress vector; m: flow
direction
GON Gradient oscillatory number®° None .
|f WSSGdt|
0
GON=1—"""—"—"-
T
f |WSSGdt
0
WSSG, instantaneous wall shear stress gradient
vector; T, cycle period
MWSS Maximum time-averaged aneurysmal wall Pa

shear stress® Iy
MWSS = max,, T |wss,|dt
0

A,, aneurysmal area

Normalized MWSS Maximum time-averaged wall shear stress, None
normalized by parent vessel WSS* [
T f |wss,|dt

MWSS = max,, N

1 T
T f |wss,|dt
0
A,, aneurysmal area
LSA Low shear-stress area percentage None

LSA = A/A,

A, low WSS aneurysmal area <10%*" or 1
standard deviation® of parent vessel WSS,
or <0.4 Pa*°

RRT Relative residence time* Pa”’ )

RRT=———""—"—

1 T
T J' wssdt
0

wss, instantaneous shear stress vector; T, cycle
period
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On-line Table 1: Continued

Parameter Abbreviation Parameter Name Unit Definition
NV Number of vortices* None Count on the velocity field of the representative
cross-sectional plane
ICI Inflow concentration index® None Q./Q
1er= Ain/Ao
Q,, inflow rate to aneurysm; Q,, vessel flow rate;
A, area of inflow region; A_, area of ostium
surface
Ne Shear concentration index® None E/F
h/ta
SCI =
CI=AJA,
F,, and F,, shear forces over high WSS
(A, >1standard deviation of parent vessel WSS)
and entire aneurysm (A,)
VDR Viscous dissipation ratio® None
f 2u/p(eje;)dV/IV,
Va
VDS =
ZN«/P(eijeij)dV/Vnear
Viear
e, strain rate tensor; V,, aneurysm volume; Voo,
near vessel volume
KER Kinetic energy ratio® None
J 1/2 - u?dV/V,
Va
KER =
1/2 - 02 dV/V e
Viear
V,, aneurysm volume; V.., near vessel volume; u,
velocity
LSl Low shear index® None
Lsr= A
T F,-A,
F, and F,, shear forces over high WSS
(A, >1standard deviation of parent vessel WSS)
and entire aneurysm (A,)
EL Energy loss®®™! Pa/s ) .
- vinAin ° {(Epvlzn + Pin) - <EPV(2>u¢ + Pout)}
= .
Vi and v ., inlet and outlet vessel velocity;
A, and A__, inlet and outlet vessel area
PLc Pressure loss coefficient?®! None . .
(Epvizn + Pin) - (5’)"(2)\1( + Pour)
PLc =
C o
2pvin
Vin and v, inlet and outlet vessel velocity; P,

and P, inlet and outlet pressure

out?

E2 Xiang Oct 2014 www.ajnr.org



"A1a1Je Je)|9q2492 JoLaul Joud3sod ‘vl ‘Aialie Jejiseq $a1edIpul Yg—:330N

UoI83J YIMOI3-Uou Se SSAA dules ay)
YIm 7 Sulutewas 8y} pue uoiSal Jamo) Ul

7 'suoia1 SSAA Y31y ul swisKinaue SUIMoUD ¢ A/ww G'0< SSM Moyl 3iresind |edidA | 8L+ /ST 7107 624045
uoi8al
1SO Y31y pue SSAA MO) Os|e pue auoz 3oedwil
SSM Y81y ay3 ul 8q pno>d swisKinaue SuIMoID SSMVL  MoOyul dyidads-jusiyed Al VOId Suimoln 7 oY4 ceweAisng
L'VOW
SSAA MOJ e sinddo Ajqeqoud yimolao )
juswadeidsip adeyns
pue GSAA Usamiaq diysuoije]al Juedyiusis  awli} Pamo)]|o SULINp Wit §'0< SSMVL  MOuI dyidads-jualied Ke~1 <:ve Suimoin 8007 ,lossnog
OJ}A Ul pUB OAIA Ul paYepljeA g4
uoI83. YIMOoJ8 Y3 Ul SSAA MO] S20NPal
S1191.Ie [eIgD1IDA T JO Olel MO)} SuLdy SSM  Mo)ul oyidads-1uaiied g vg wLoisny SuImols | 9007 ,U03|0g-OpaAsdY
painquisip Ajwioun ainssald
awir} yum uiaired moyy ui a8ueyd oN 12A3] SSAA JUBIDLIP 1B
(ed 1'0>) SSM MO] KiaA Je yimouo eaJe SSAA 4O sweaSolsiy 10]d  anssaid ‘SSAA  mopul dyidads-jusiied /¥4 v | + [wdojisng g 5007 ,nof
sSuipui4 urepy poyian d1kjeuy sidjaweled uonIpuod awi| uonedo] (3jqeis + Suimolo :jejoj) Jesp Joyny 3sai4
pue yamouo jo uoniuyaq Kiepunog 33juj dn-mojjo4 swisAinauy Jo 'ON

yamo.3 wskinaue pue soiweulpoway jewsKinaue usamiaq diysuoryejal ay3 Suizediysaaul ainjelasn) jo Arewwng :7 3)qeL aun-uo

E3

AJNR Am J Neuroradiol 35:@  Oct 2014 www.ajnr.org



painydniun

pue painydnu yioq u oljel

©aJe |3SSaA 19)ul-wsKinaue
YIIM Pa1eJaLI0d SSAA

9)015A4s yead

sy| painidnu J3A0 SSAA
9Y3 Ul pPUNoy SSAA MO) KISA ueaw |eryeds s/w /€0 :A11D0)aA MOy
23U 1B PaLIN220 SSAA 1S9Y3IH ‘ainssaud ‘xalIoA ueaw awes ‘a)i3es)nd payidads JoN ¥l + SLipE 800C LcBIDUS[eA
SISe}s MO} pue ainssaid
Y31y 1SV ||EMIPIS }DaU-MOLIEN] 9)03sAs
MO YBIY S| XI3U-3PIM ead 1e SSM 3|nes|nd VWOdY VOV ‘VOW €T+ SP:89 500 uesseH
2ouedYIUSIS paAalyde Juawaduidwi
az1s Juawaduidwi Aluo ‘UOI}eJ3IUSDUOD
33( jews pue ‘quawaduidwi Mol
Jlews ‘s)qeasun ‘xa)dwiod ‘Auiqes 3)el MOy
YHM punoy sy| aanydny uolssaidal onysiSo) aydiyny “‘Auxa)dwiod moy4 Ueaw awes ‘a)i3es)nd ¥< + ST79 S00T 0z18492D
24n1dnJ 01 uonNqLUOD
$$9) Sey UOI1eAS]3 2.nssald
SUOIED0)
1USI34JIp 104 OS|e ‘sy|
paJnidnuun pue painidni
U9aM13q 2oUdJ24Ip
JuedYIUBIS ON| :2INsSald
aanssaud 21)015As Jo %7 ~|
painiisuod 1oedwi Moy Jo 9)031sAs A310)2A MOy
©3Je Y] 1B UOIIBAS)S 3INSSald VAONY 1591 1 ead je ainssaid ueaw awes ‘a)i3es)nd VOV ‘VOW VDI SL+ ¥L:6T 5007 ccewiloys
(ed £1) di paunidniun
Yyam pasedwod ‘(ed
G'0>) SSM MO A|padiew
pue moy} 3unenouidal
Yam sy| painidni jo dij
sy| paJnidnu
1oy 12y81y Ajpueoyiudis
sead je SSAA ueapy
aNJeA |9559A
uey} Jamo) Ajpuedyiudis
SSAM JewsAInaue ueapy 9)03sAs
an|eA |assaA ueyy Jaysiy ead 1e SSAA s/W 9°0 :A1120)]9A MOy}
‘UoI3. 23U 1B SSAA WNWIXe 1591 ] UeSW pue SSMIN ueaw awes ‘a)13es)nd VOW /L +€:0C 00T aewiloys
s8uipuly ureyy SPOYIdW |edlisiyels siajaweley uonipuod uoi3ed0T (pa4n3dnaun + painydny :jejoy) Jeap  Joyiny 3siig

Krepunog 13)uj

swis£inauy jo "oN

ainydnu wsKinaue pue sojweufpowsay jewsKinaue uaamiaq diysuoize)as ay3 Suizediasaaul a4njesayl) jo Alewwns :¢ d)qey aulj-uQ

Xiang Oct 2014 www.ajnr.org

E4



13[ MOjUI 3B P23eD0) Sq3)d %//
SSAA MO) 03 passaidoud
%06 ‘PaWI0} a1oM sga1q 8dUQ

SUuOIS34 SSM (ed 571) v VDI
153Y31Y Je Pa.IN20 $q3)g %08 191z SSM  SSM 19)ul swes ‘9)lres|nd ‘YWOD( ‘YWOodY ‘YO 0t 010Z 9zIB193D
SSM JUI241P Yum
SUOI1eD0] WsAINaue Juaiaid
19ssaA juaied ueyy 9)015As og
Jes WSAINAUR Ul GSAA JOMOT UOI1€]2.1102 yuel uewlteads Jead 1e SSA\ 19Ul SSAA SWes ‘3)ies|ng YWodY ‘vg ‘VDI ‘VOW ¥ 6007 »z421UD
9)031sAs
sead e
sy ERIEIENITT Y}
paJnidniun yum pasedwod awop pue
‘sy| painidnu ur SSAA Jay3iH Apoq “dau
SSAA A1o1te Juated ueyy JewsAinaue g
J3MO] €S JewsAInaue Ul SSAA 159} Juedyiudis UISSAA  13]Ul SSAA SWes ‘d)es|nd VDI jews r+v8 6007 JETE]p)
(39)u1 vg 4oy Bg | puE
v0" = d YHM ‘sy| ead d1j03sAs 19)Ul YD 104 Bd §'1) VYOV ‘snujwial DI
paJnidna ur 3uesyiudis SSMIN 1591 1 1B SSM  SSAA 19)ul Swes ‘9)iyes|nd ‘dy va ‘'VOW ‘Ywody L+ STy 600¢ 2294358D
3WIOp Ul pUNoy SSM Y3IH
I'=d >ead o1j03sAs (ed 1)
‘syy] paJnidni ul SSAAW J19YSiH 1531 WINS 3U.l UOXOD)IAA 1B SSAMAW  SSAA 19)ul dwes ‘d)iyes|nd Ywoody 8l + 8:9C 6007 2043580
sy| painidnuun
pue paJnidnu uoy
JUedYIUBIS SSAA Pazijeuliou
‘JUedYIUSIS 30U SSAA |9SSOA
juaJed ‘quedyiudis Jou anjea
SSM JewsKinaue 21njosqy
uoI8a. 323U Je SSAA 159YSIH 9)015As
JSESNI:] >ead 1e SSAA
juated yum pasedwod 21N|0sqe ‘SSAA g
WsAIN3UE Ul SSAA MOT] 153} JuedLYIUBIS P3ZIBWION  13]Ul SSAA Swes ‘3ji3es|nd VOl |jews v +79 800C 942D
Juedylusis 10U ‘sy|
paJnidnu ul SSAA UeaW jjews
’j23U [e3sip Je punoj SSAA
Y31y ‘OWop 18 PUNOJ SSAA MO 3)oiselp
(0 =d 40 pua ayy
‘%L SNSISA %/7) S4B SSM 1 (SSM 13553A
MO] J23.1e] ARy Sy| painmydny %01>) %ea.e
paJnidniun SSA MO) (s/1w 9t
pue painidnu uoy ‘SSMIN ‘SSAA 9)oiselp) ajed
(ed €7 SNsIaA 97) SSMIN Jejius 1591 WINS Huey P3ZIBWION MO} 13Ul dWies ‘3)i3es|ng VOl 8l + 8:9C 800C ahof
s3uipuly urep SPOYIaN |ed13siiels siajaweued uonpuo) uoljesoT (paanmydnaun + painidny :jejoy)  aeax Joyiny 3s.i4

Krepunog 313)u|

swisAinauy jo ‘oN

panuiuo) i a|qe aulj-uo

E5

AINR Am J Neuroradiol 35:@  Oct 2014 www.ajnr.org



ST ¥IN VST 2uedYILSIS 10N
YAA Jamo] pue |35 pue

VS1¥aA
‘I12S 'SSMW

sajel
113y JUSIBLIP YUM
ed G ‘'SSM 13]ul swres

‘D1 ‘SSMIN 42Y81y :auedyiudis 153) 7 JUapniS padelane-awl| ‘Apeais pue aj13es|ng payidads JoN oLz 110T J|eIgad
(9000
= ) suoi8au yuawadurdwii
Jlews pue (1000
> d) MOJJuI pa1eIIUSOUOD Juawaduidu
(8100° = d) suiarred moy ‘U0I1RIIUSOUOD
9)qe1s (100" > d) sutaired Mol
Moy xa)dwod aaey o) ‘Auiqes (ed 51)
K131 240w a1am sy| ainydny 3593 Juedyiusis X ‘Aux3)dwod MOj4  SSAA 38|ul dwies ‘)13es|nd payid>ads JoN oLz 1107 Ll C)
SSAA 1omo) pey sy| paJnmidny
swisKinaue
Arewd ueyy SO Jay3iy
pue SSAA Jamo) Ajauedylusis 9)0154s Vg ‘VOW
3AeY 5g31q Ja1ydneq 3533 Juedyiusis X >ead 18 SO ‘SSM d)iesind ‘YWOdY ‘ywodd ‘yD| L+ €S 1L0T «8uRYZ
sdno.3
410q Ul SSAA 195594 JuaJed
U93M13q 20UaJ3J41p ON
(800" = d)
sy| painidnu ul SO J2YSiH
syI painidni ul SSA JomoT 1SO ‘(ed §'1>)
(70" = d) % ©2JB SSM
sy| paJnidnu MO] ‘9]015Ks K3120)2A
Ul e3Je SSAA MO) U334 159] UOXOD)IM yead 1e SSM ueaw awes ‘aj13es)nd VOV ‘YO VDI 6468l 110z |
Jopow
st aunadnu solweuApoway
3Y) Ul s3)qeLieA
juedyiusis Ajpuspuadapul
Ajuo ay1 atam AN ‘LYY ‘ISO
ISO puB SSMV.L pazi|euLlioN ‘OSSM VS
sy painmdni ul AN VST ‘SSMW ‘SSM
‘1YY ‘ISO 4284 pue SSAAN 195594 juaied SSM |95S9A
‘SSM Ja)jews Apuedyiusis uolssai8al Aq pazijewlou ua.ed Aq pazijewsou
S3DILI0A 2135180 21ELEARINW Jaypny SSM JewsAinaue VA ‘VDId
a)diynw pue mo)j xa)dwod pue ‘d13sua1oeseyd SSAA UeaWw ‘YD1 40} S/ 9'f Vg 'YV ‘YWody
pey sy| paJnidni 1soN 8unesado JaAledal 159 3 |enjeds pue swi] 91 MO|) SWes ‘9)ies|ind  ‘vDd ‘YWOdd ‘YO VDI 18 + 8€ 61l 110z ,8ueIX
s8uipuly ureyy SPOYIdW |edlisiyels siajaweley uonipuod uoi3ed0T (pa4n3dnaun + painydny :jejoy) Jeap  Joyiny 3siig

Krepunog 13)uj

mEm>L=0C< 4O 'ON

panuiuo) :¢ 3|qeL aul-uo

Xiang Oct 2014 www.ajnr.org

E6



UOI1BJ3USOUOD MOUI ‘| D] [SODIJIOA JO JISQUINU ‘AN ‘BUILY SOUSPISSI SAITR)D] ‘ |y ‘IUSIDLS0D SSO) a4nssaid D¢ :xapul Jeays AI03e}j1dso a8elaAe ‘JAYS|O Xapul Jeays A1on

'ss0] A84aUd 73 Xapul JBAYS MO] ST ‘O13ed A81aua d13auly ‘YT ‘O11e. uoiredissip SNODSIA YA XSPUI UOIIBIIUSDUOD Jeays ‘| DS Xapul

SO WNWIXeW ‘X YNISO UOIIPUOD Alepunoq ‘Og ‘Aialie |eiqaiad Jouaisod ‘yod

QuaIpeIS SSAA ‘OSSN AID1Ie |eIgalIan ‘YA ‘KIa1Je Je||9gaIad JoUaul JoLalsod ‘yD|d ‘AIalle Sulediunwiwod J01a)sod ‘YWD ‘eale ssal)s-4eays MO ‘ST :A1a1Je Jejiseq ‘g ‘A1a1e SUIIedIuNWWOD JOLISUE ‘YWODY ‘AId1Je |eigalad JOLIUe sa1edipul YOV

SSM pazijewou
:s191oweded juedyiusis
J91oweled
juedyiusis Ajpuspuadapul
Ajuo ay3 st SSm
OSSM
ISO ‘SSM P3zijeutioN
‘SSM :s4a3oweled Juedyludis
sqa)q paJnidnuun
ul ueyy paJnidnu
Ul Jamo) A|juedyiudis sem SSAA
1SO Y31y pue SSAA
MO] pajsajiuew wsAinaue
painidniun pue painidni
410q Ul 5g3)q wskinauy
(951" = d) 3uiod aunydnu
INOYUM |jem wisKinaue
3U3 1€ 1eY) UBY} JOMO)
sem juiod ainidni 1e SO
(50" = d)
juiod ainydnu anoyum
llem wisAinaue ayy je
1Y) uey) Jamo) Ajpuedyiusis
sem juiod ainydni 1e SSAAY L
VI VOW
pue D[ y10q ul Juedyiusis o4
Juesyiudis
J0U ‘sy| paJnidnu ul 73 JaySiH
sy| paJnidnu
ul Jamoj Ajpuedyiudis
SSM WinwiuIw D)
90UIBHIP
JUBDLIUSIS OU [SSAA UeN
sy| paJnidnu
ul 73 4ay81y Ajpueoyiudis
sy| paJnidni
YUM SSAA MO Juedyugis
1|e49A0 ‘SSAA MO JO seale
J123.e) tawop Y3 Ul SSAA
Jay31y Jo eaJe snonuUOd
J43934e) :dew SSAA |ednsiels
90U3.34JIp JUedYIUBIS OU :SSAA

153} UOXOD]|IA

uolssal8al o13s130)
2)BLIBAI}NW ‘3533 3 UOXOD|IAA

159} 1 Juspnis

1591 1 UOXOD)IM

poylaw luoJiajuog
159} WNS YUel JO 153 }

1593 Juedyiudis

1591 ) ASUNYA-UUeW

ISO ‘SSM
pazijeuioN

NOD ‘DSSM

‘1SO ‘SSM

pazijewloN
‘SSM

ISO ‘SSM
paSesane-awi |

ISO ‘SSM
paSesane-awi |

JAVISO
‘XVWISO
27d 13 'SSM
wnwiuw
‘SSMW

‘SSM UeaW swi|

9)015As
»ead 1e SSM 13

dew

SSM [e21Isiiels
‘(ed ¥'0>)
%SSM MO]

‘SSM UeaWw
Jeizeds pue awi|

aj1es)ng

aj1es)ng

3)1es)ng

/1w 80'¢ @38l
MOJ} 1)Ul Swes ‘d]13es)ng

ajel
MO} 13Ul dWes ‘3)i3es|nd

s/ €7y 21el
MOJ} 13]ul dwes ‘dj13es)ng

s/ L€
914 MOJ} dWes ‘3)es|ng

YWODd PaIoLIN

VOW

Ve VA VOV
‘Ywody ‘yDI ‘VOW

VOW

VOW VDI

YWo2d-vDI

VOW

8+ 89l 40014

€9 + €90l 40014
L€l + €L:0SL [41014
0+99 [41014

£8 + €1:00L [alore
9C + ¥:0¢ L0t
Sl+ LT [41014

ge'X

BN

zolyon3emey

«@ePoWwO

UeI0

OMmF_LwLwﬂsow

s3uipuly ureyy

SPOYIaW [e21sliels

siojaweled

uonipuod
Krepunog 13)uj

uones’o’

(pa24n3dnaun + painydny :jejo))
swsAinauy Jo "ON

aed A

Joysny 3siig

panuiuo) :¢ 3|qel aul-uo

E7

AINR Am J Neuroradiol 35:@  Oct 2014 www.ajnr.org



