
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

WSS �
1

T�
0

T

�wss� dt

wss, instantaneous shear stress vector; T,
cycle period

NormalizedWSS Time-averaged wall shear stress, normalized
by parent vessel WSS4

None

WSS �

1

T�
0

T

�wssa�dt

1

T�
0

T

�wssv�dt

wssa, wssv, instantaneous shear stress vector for the
aneurysm and parent artery; T, cycle period

OSI Oscillatory shear index4 None

OSI �
1

2�1 �

��
0

T

wssdt�
�

0

T

�wss�dt �
wss, instantaneous shear stress vector; T, cycle
period

WSSG Wall shear stress gradient4 Pa/m

WSSG �
1

T�
0

T�wss

�m
dt

wss, instantaneous shear stress vector; m: flow
direction

GON Gradient oscillatory number60 None

GON � 1�

��
0

T

WSSGdt�

�
0

T

�WSSG�dt

WSSG, instantaneous wall shear stress gradient
vector; T, cycle period

MWSS Maximum time-averaged aneurysmal wall
shear stress5

Pa

MWSS � maxAa �1

T�
0

T

�wssa�dt�
Aa, aneurysmal area

NormalizedMWSS Maximum time-averaged wall shear stress,
normalized by parent vessel WSS4

None

MWSS � maxAa �
1

T�
0

T

�wssa�dt

1

T�
0

T

�wssv�dt	
Aa, aneurysmal area

LSA Low shear-stress area percentage None
LSA � Al/Aa

A1, low WSS aneurysmal area�10%4,13 or 1
standard deviation5 of parent vessel WSS,
or�0.4 Pa30

RRT Relative residence time4 Pa�1

RRT �
1

1

T��
0

T

wssdt�
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 vortices4 None Count on the velocity field of the representative
cross-sectional plane

ICI Inflow concentration index5 None

ICI �
Qin/Qv

Ain/Ao

Qin, inflow rate to aneurysm; Qv, vessel flow rate;
Ain, area of inflow region; Ao, area of ostium
surface

SCI Shear concentration index5 None

SCI �
Fh/Fa

Ah/Aa

Fh and Fa, shear forces over high WSS
(Ah,�1 standard deviation of parent vessel WSS)
and entire aneurysm (Aa)

VDR Viscous dissipation ratio5 None

VDS �

�
Va

2�/�(eijeij)dV/Va

�
Vnear

2�/�(eijeij)dV/Vnear

eij, strain rate tensor; Va, aneurysm volume; Vnear,
near vessel volume

KER Kinetic energy ratio5 None

KER �

�
Va

1/2 � u2dV/Va

�
Vnear

1/2 � u2dV/Vnear

Va, aneurysm volume; Vnear, near vessel volume; u,
velocity

LSI Low shear index5 None

LSI �
F1 � A1

Fa � Aa

F1 and Fa, shear forces over high WSS
(A1,�1 standard deviation of parent vessel WSS)
and entire aneurysm (Aa)

EL Energy loss28,31 Pa/s

EL �

vinAin � 
�1

2
�vin

2 � Pin� � �1

2
�vout

2 � Pout��
Vm

vin and vout, inlet and outlet vessel velocity;
Ain and Aout, inlet and outlet vessel area

PLc Pressure loss coefficient28,31 None

PLc �

�1

2
�vin

2 � Pin� � �1

2
�vout

2 � Pout�
1

2
�vin

2

vin and vout, inlet and outlet vessel velocity; Pin
and Pout, inlet and outlet pressure
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