
On-line Table 1: Patient and aneurysm characteristics
Patients Aneurysms (n = 65)

Location No.Sex No. Age Years Variable Mean SD Min Max
MCA 41

Female 36 Mean 54.6 Max size 8.56 3.56 2.19 20.4 ICA 10
Male 14 SD 10.2 Neck size 5.80 2.48 1.28 14.2 AcomA 8
Unknown 7 Min 30 Aspect ratio 1.11 0.59 0.16 3.73 PcomA 4
Total 57 Max 77 Size ratio 1.56 0.55 0.96 3.94 PICA 2

Note:—AcomA indicates anterior communicating artery; PcomA, posterior communicating artery.

On-line Table 2: Hemodynamic variables studied on each aneurysm wall region
Variable Definition Measure
PRE

p� �
1

T
�
0

T

p dt
Provides an indication of flow impingement where the pressure is higher

WSS
�� �

1

T
�
0

T

��� dt
Measures the average magnitude of the viscous forces of the blood flow on the

vascular wall

OSI
OSI �

1

2�1 � � �
0

T

� dt� / �
0

T

��� dt� Measures the degree of directional oscillation of the WSS vector during the
cardiac cycle

RRT
RRT �

1

(1 � 2 � OSI) � ��

Measures, on average, how slow the flow is near the vascular wall

WSSGRD G � ����
G � �G�

Measures the average magnitude of the wall shear stress gradient (variations of
wall shear stress magnitude)

WSSDIV D � � � G Measures the average degree of convergence/divergence of WSS vectors

GON
GON �

1

2�1 � � �
0

T

G dt� / �
0

T

�G� dt� Measures the degree of directional oscillation of the wall shear stress gradient
vector during the cardiac cycle

Note:—GON indicates gradient oscillatory number; p, the instantaneous pressure; �, the instantaneous wall shear stress vector; T, the period of the cardiac cycle.
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On-line Table 4: Multivariate model of atherosclerotic and hyperplastic versus normal regionsa

Variable Coefficient Frequency Std Coeff OR (95% CI)
GONmin 88.80773 1 2.52083 3.7043e � 38 (14.66–2.47669e � 56)
RRTavg 2.01944 1 1.88564 7.53 (1.47–8.46)
WSSGRDmax �0.05881 1 �1.72039 0.94 (0.92–0.99)
OSImax �0.12794 1 �1.54099 0.88 (0.87–0.95)
OSImin �7.29386 0.542 �1.20267 0 (0–1)
OSIavg 0.76674 1 0.88435 2.15 (1.03–3.05)
WSSGRDmin 3.98366 1 0.77905 53.71 (3.19–85.41)
WSSmax 0.04052 0.186 0.64801 1.04 (1–1.13)
PREavg �18.8527 1 �0.57273 0 (0–0.01)
WSSmin 1.69471 1 0.43032 5.45 (1.6–12.13)
RRTmax �0.00509 0.971 �0.404 0.99 (0.99–1)
GONavg �0.46981 0.36 �0.24288 0.63 (0.41–1)
RRTmin 0.5952 0.558 0.21015 1.81 (1–3.21)
WSSGRDavg �0.15048 0.186 �0.18058 0.86 (0.68–1)
PREmin 1.51198 1 0.1632 4.54 (1.75–4.94)
WSSDIVmax 0.00035 0.712 0.14986 1 (1–1)
WSSavg 0.13314 0.542 0.12466 1.14 (1–1.18)
GONmax �0.01021 0.915 �0.04779 0.99 (0.97–1)
WSSDIVmin 0.00014 0.186 0.03344 1 (1–1)
PREmax �0.05266 0.523 �0.0109 0.95 (0.69–1)
WSSDIVavg 0 0.091 0 1 (1–1)
Intercept 17.14893 – – –
Regularization 0.002
AUC 0.9214

Note:—AUC indicates area under the receiver operating characteristic curve; Std Coeff, standardized coefficients; OR, odds ratio, CI, confidence intervals; WSSDIV, WSS
divergence; WSSGRD, WSS stress gradient.
a The model variables are ordered by their influence on the outcome—that is, by the magnitude of the standardized coefficients. “Frequency” indicates the percentage of times
the variable was retained in the cross-validation step.

On-line Table 5: Multivariate model of thin-versus-normal regionsa

Variable Coefficient Frequency Std Coeff OR (95% CI)
WSSGRDmin 10.60181 1 2.222 40207.4 (18.96–46534.3)
WSSGRDmax �0.06647 0.999 �2.03258 0.94 (0.88–0.99)
GONavg �1.87558 0.981 �1.15092 0.15 (0.09–0.93)
RRTmin 4.35777 1 1.08302 78.08 (21.97–111.22)
RRTmax �0.01476 1 �0.89416 0.99 (0.98–0.99)
PREmax �4.29996 1 �0.81946 0.01 (0–0.38)
GONmax �0.16194 1 �0.74147 0.85 (0.83–0.85)
OSIavg 0.68091 0.981 0.51464 1.98 (1.02–2.07)
PREmin 2.92509 0.997 0.37532 18.64 (1.24–19.3)
WSSDIVavg 0.02076 0.931 0.373 1.02 (1–1.04)
OSImin 1.71287 0.86 0.31894 5.54 (0.58–13.47)
WSSGRDavg 0.12232 0.61 0.2182 1.13 (1–5.1)
GONmin 1.17317 0.677 0.2113 3.23 (1–1.66303e �31)
OSImax �0.01405 0.995 �0.17754 0.99 (0.98–1)
WSSDIVmin 0.00028 0.64 0.0671 1 (1–1)
WSSmax �0.00168 0.507 �0.02824 1 (0.83–1)
PREavg 0 0.425 0 1 (1–1.32078e �07)
WSSavg 0 0.021 0 1 (1–1)
WSSmin 0 0.062 0 1 (1–1.54)
RRTavg 0 0.224 0 1 (1–1.34)
WSSDIVmax 0 0.317 0 1 (1–1)
Intercept 3.83878 – – –
Regularization 0.004
AUC 0.9666

Note:—AUC indicates area under the receiver operating characteristic curve; Std Coeff, standardized coefficients; WSSDIV, WSS divergence; WSSGRD, WSS stress gradient.
a The model variables are ordered by their influence on the outcome—that is, by the magnitude of the standardized coefficients. “Frequency” indicates the percentage of times
the variable was retained in the cross-validation step.
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On-line Table 6: Multivariate model of atherosclerotic and hyperplastic versus thin regionsa

Variable Coefficient Frequency Std Coeff OR (95% CI)
RRTavg 0.25935 1 0.25919 1.3 (1.42–1.87)
GONmax 0.05254 1 0.22511 1.05 (1.06–1.13)
WSSmin �0.02742 0.996 �0.02742 0.98 (0.17–0.9)
RRTmax 0.00366 0.992 0.00366 1 (1–1.03)
GONavg 0 0.961 0 1 (1–2.33)
GONmin 0 0.984 0 1 (0.01–0.7)
PREavg 0 0.631 0 1 (0.05–1)
PREmax 0 0.942 0 1 (1–13.62)
PREmin 0 0.845 0 1 (0.53–1)
WSSavg 0 0.25 0 1 (0.71–1)
WSSmax 0 0.979 0 1 (1.02–1.58)
OSIavg 0 0.002 0 1 (1–1)
OSImax 0 0.951 0 1 (0.92–1)
OSImin 0 0.977 0 1 (0.48–0.94)
RRTmin 0 0.149 0 1 (1–1.24)
WSSDIVavg 0 0.953 0 1 (0.97–1)
WSSDIVmax 0 0.984 0 1 (1–1.01)
WSSDIVmin 0 0.953 0 1 (1–1.01)
WSSGRDavg 0 0.156 0 1 (0.99–1)
WSSGRDmax 0 0.946 0 1 (0.8–1)
WSSGRDmin 0 0.946 0 1 (1–16.84)
Intercept �0.02742 – – –
Regularization 0.00366
AUC 0.6953

Note:—AUC indicates area under the receiver operating characteristic curve; Std Coeff, standardized coefficients; WSSDIV, WSS divergence; WSSGRD, WSS stress gradient.
a The model variables are ordered by their influence on the outcome—that is, by the magnitude of the standardized coefficients. “Frequency” indicates the percentage of times
the variable was retained in the cross-validation step.
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ON-LINE FIG 1. Identification of rupture site. Sample 1: A, Hole clearly observed on the side of the aneurysm. B, Rupture site marked in gold on
the 3D model (views not matched). Sample 2: C, Mural hematoma corresponding to the rupture site at the distal end of the fundus. D, Rupture
site in marked in gold. Sample 3: E, Small hematoma observed on aneurysm wall. F, Once the hematoma is removed, there is a hole in the
aneurysm wall. G, Rupture site marked in in gold. Sample 4: H, Dome of ruptured aneurysm resected after ligation. I, Mural hematoma observed
at the distal end of the resected dome. J, Rupture site marked in in gold.
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ON-LINE FIG 2. Sample aneurysm with a thin region. A, Wall regions
(red indicates thin; white, hyperplastic; cyan, normal-appearing). B,
Wall shear stress. C, Oscillatory shear index. D, Vortex core lines. E,
Flow streamlines. F, Swirling around vortex core lines.

ON-LINE FIG 3. Sample aneurysm with a hyperplastic region. A, Wall
regions (red indicates thin; white, hyperplastic; cyan, normal-appear-
ing). B, Wall shear stress. C, Oscillatory shear index. D, Vortex core
lines. E, Flow streamlines. F, Swirling around vortex core lines.
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ON-LINE FIG 4. Sample aneurysm with thin and atherosclerotic re-
gions. A, Wall regions (red indicates thin; yellow, atherosclerotic; cyan,
normal-appearing). B, Wall shear stress. C, Oscillatory shear index. D,
Vortex core lines. E, Flow streamlines. F, Swirling around vortex core
lines.

ON-LINE FIG 5. Sample aneurysm with thin, hyperplastic, and ath-
erosclerotic regions. A, Wall regions (red indicates thin; yellow, ath-
erosclerotic; white, hyperplastic; cyan, normal-appearing). B, Wall
shear stress. C, Oscillatory shear index. D, Vortex core lines. E, Flow
streamlines. F, Swirling around the vortex core lines.
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ON-LINE FIG 6. Receiver operating characteristic (ROC) curves (left) and calibration plots (right) for 3 multivariate models that discriminate
between different regions. Upper row, Atherosclerotic and hyperplastic versus normal-appearing regions. Center row, Thin versus normal-
appearing regions. Lower row, Atherosclerotic and hyperplastic versus thin regions.
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