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Parameters CE-MRA  TOF-MRA  HR-VWI

FOV, mm* 320x270 200181 200200
Acquisition matrix 312x288 320232 332x302
TRITE, ms 39128 21345 800/22
Flip angle, ° 27 18 %0
Bandwidth, pix/Hz 0412/1054 200217 154/281.5
Slice thickness, mm 050 0.60 050
Number of slices 200 160 80
Voxel size, mm® 08x08x1 06x08x14  0.6x06x06
NEX 1 1 1
Acquisition time, min: sec 130 336 512

CE, contrast-enhanced; FOV; field of view; HR-VWI, high-resolution vessel wall imaging:
MRA, MR angiography; NEX, number of excitations; TE, echo time; TOF, time-of-light; TR,
repetition time.
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Ch
Mean age

cteristics

Female/male
Hypertension
Diabetes

Coronary heart disease

Hyperl

Smoking history
Ruptured aneurysms
Multiple intracranial aneurysms
Original size of the aneurysm (mm)*
Location of the aneurysm
Internal carotid artery”
Anterior communicating artery
Basilar artery
Middle cerebral artery
Bifurcation
Parietal
Operation situation
No complications

Stent thrombosis

Intraoperative cerebral hemorrhage

Degrees of IS5
Intimal hyperplasia (1-24%)
Mild (25-49%)
Moderate (50-74%)

‘Mean:+standard deviation.

Including carotid terminus and origins of the posterior communicating and ophthalmic artery.

Value
541749.15
43/15 (74.14%/25.86%)
32(55.17%)
4(690%)
3(5.17%)
27 (46.55%)
12 (20.69%)
42(7241%)
3(5.17%)
433208

37 (63.79%)
12(20.69%)
5(8.62%)
4(6:89%)
32(55.17%)
26 (44.83%)

56 (96.55%)
1(1.72%)
1(1.72%)

16.00%5.22%
34.00%+7.22%

58.05%+4.44%
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Complications MACSF NS group

group N =37

N =34
Hypermagnesemia 0(0.00%) 2(5.41%) 0.494
Meningitis 15 (44.12%) 16 (43.24%) 0.941
Hydrocephalus 3(5.82%) 2(5.41%) 0.665

MACSE, magnesium-rich artficial cerebrospinal luid.
NS, 0.9% sodium chloride injection.
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65 aneurysms of 62 patients
underwent MR imaging
modalities and DSA six

months after SI treatment

2 patients without four MR imaging
modalities

2 patients with poor image quality

61 aneurysms of 58 patients

3 patients with double stent-assisted

58 aneurysms of 55 patients






OPS/images/fneur-15-1376216/fneur-15-1376216-g001.jpg
MACSF group

NS group

MRS=0 - mRS="





OPS/images/fneur-15-1376216/fneur-15-1376216-g002.jpg
CVS incidence

100%

80%

60%

MACSF group
BCVS Bno-CVS

NS group

CVS severity proportion

100%

80%

60%

40%

20%

0%

MACSF group

@no-mild

P=0.032

NS group

Bmoderate-severe





OPS/images/fneur-15-1376216/crossmark.jpg
©

2

i

|





OPS/images/fneur-15-1376216/fneur-15-1376216-e001.jpg





OPS/images/fneur-15-1376216/fneur-15-1376216-t002.jpg
Variable

Age(y) 55984
Female sex (1, %) 15 (44.1%)
Medical history (n, %)

Smoking 11 (32.4%)
Drinking 7(20.6%)
Hypertension 20(58.8%)
Diabetes 2(5.9%)
Aneurysm 0/(0.0%)

Hunt-Hess grade (n, %)
1 9(26.5%)
-V 25 (73.5%)

m-Fisher grade (n, %)

0-2 19(55.9%)
34 15 (44.1%)
WENS classification (n, %)

I3 22 (64.7%)
v 12 (35.3%)

Aneurysmal Location (n, %)
Anterior circulation 33 (97.1%)
Posterior circulation 12.9%)
Aneurysmal Number (n, %)
Single 31(91.2%)
multiple 3(8.8%)

Aneurysmal Size (n, %)

<5mm 20 (58.8%)
>5mm 14 (41.2%)
Heart rate (bpm) 7642116
Breath (bpm) 176427
Temperature (°C) 365 (36.3,36.7)
SBP (mmHg) 14055158
DBP (mmHg) 825 (78.8,92.0)
MAP (mmHg) 103.5 (94.5, 113.0)
Hb (g/L) 1313£257
MCHC (g/L) 3355 (3273,
3420)
RBC (x10%/1) 43207
WBC (x10°/L) 114 (7.8,13.1)
Neu (%) 859 (77.891.8)
PLT (x107L) 1920 (1635,
230.3)

AST (U/L) 23.0(19.8,29.5)
ALT (UIL) 240(148,29.3)
ALB (g/1) 403 (37.5,42.7)
Glu (mmol/L) 6.8(5.38,7.6)
PT(9) 12913
APTT (5) 322256
BUN (mmol/L) 45(3.7,5.7)
Cr (umol/L) 45.5(37.0,54.5)
Ca (mmol/L) 23501
Mg (mmol/L) 09501

MACSE, magnesium-rich artificial cerebrospinal fluid.

NS, 0.9% sodium chloride injection.
Hunt-Hess, Hunt-Hess Scale scores.
m-Fisher, modified Fisher grades

NS group

N =37

587489

23 (62.2%)

12(324%)
10/(27.0%)
28 (75.7%)
4(10.8%)
1(2.7%)

12(324%)

25 (67.6%)

16 (43.2%)
21(56.8%)

18 (48.7%)
19 (51.3%)

35 (94.6%)
2(5.4%)

31(83.8%)
6(16.2%)

15 (40.5%)
22(59.5%)
7984125
18,0429
365 (36.3,36.7)
13694164

80.0(78.0,89.5)

99.3(933,109.8)

1345199

340.0(330.0,
347.5)

14506
107 (89,14.2)
90.1(83.3,92.5)

2000 (1625,
256.5)

240(18.5,32.0)
220(145,28.5)
413 (388,43.9)
6.8(6.0,7.6)
13310
314241
46(36,53)
470 (375,58.5)
23202

10£0.1

WENS, World Federation of Neurosurgical Societies scores.
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Group section
BAPN (n = 14) 7(50%) 7

0046
Water-control (1 = 16) 2 14
Torsion (n = 15) 7 8

0.109
No-torsion (n = 15) 2 13
BAPN-torsion (1 =7) 5(71.4%) 2

0014
Rests (n=23) 4 19
Control (1= 8) 0 8

0.067
Rests (n =22) 9 13
Single-BAPN (n=7) 2 5

1

Rests (n=23) 7 16
Single-torsion (n = 8) 2 6

Rests (n=22) 7 15
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Variable MACSF NS group

group N=37
N=34
mRS<2 28 (82.35%) 22(59.46%)
0.035
mRS>2 6(17.65%) 15 (40.54%)
mortality rate 3(8.82%) 10 (27.03%) 0.048

MACSE, magnesium-rich artificial cerebrospinal fluid.
NS, 0.9% sodium chloride injection.
Bold values are p < 0.05.
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Group CAD Control P
Roger score 34513 0 0.0004

Time () 66+13 384083 0.0036
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Physiological CS| Uchida ACSF

Na'(mEq/l) 1455 146.2 145 1455 154
K*(mEg/l) 28 27 28 28 0
Mg**(mEqg/l) 22 42 22 22 0
Cat*(mEq/l) 25 0 23 23 0
Cl-(mEq/l) 1 123 129 1285 154
HCO, (mEq/l) 231 22 231 231 0
Glucose(g/l) 061 075 061 061 0
pH 7.31 7.35 73 73 67

CSF, cerebrospinal flud; ACSE, artifcial erebrospinal fluid; NS, normal saline.
MACSF* is magnesium-rich artificial erebrospinal fluid.

Artcereb* is an ACSF product named Artcereb* developed by a Japanese research team (5).

Uchida ACSF* is an ACSE developed in the Pharmaceutical Division of Keio University School of Medicine (6).
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Dissection issecti
Torsion (n=7) 5(71.4%) 2(28.6%)
BAPN No-torsion (1 =7) 2(28.6%) 5(71.4%)
Torsion (1 =8) 2(25%) 6(75%)

‘Water-control No-torsion (n = 8) 0(0) 8(100%)
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ber of patients (%

scores
5 16/(59.3%)
4 4(14.8%)
3 4(14.8%)
2 2(7.4%)
1 1(3.7%)

Data are shown as 1 (%).
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277 admissionsfor brain AVM-related
hemorrhagicevents

Exclusions:

« Hemorrhages complicating partial brain
AVM embolizations: 16

*Unknown initial GCS: 7

* Unknown GCS following deterioration: 6

248 hemorrhagicevents (242 patients)

!—‘—\

Ultra-early neurological No U-END
deterioration (U-END) 209 BAVM ruptures
39 ruptures (39 patients) (205 patients)
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Total study population U-END (39 BAVM No U-END (209

(248 BAVM ruptures) ruptures) BAVM ruptures)

Demographics and past medical

history
Age at admission, years 43.1£157 47.7£149 423157 0.05
Male sex 140 (56.5) 21(53.8) 119(56.9) 072
Past BAVM rupture 27/246 (11) 3/38(7.9) 24/208 (11.5) 0.51
Baseline modified Rankin Scale 0 213/245 (86.9) 31/38 (81.6) 182/207 (87.9) 029

Glasgow Coma Scale (GCS) score.

Median initial GCS 14(10-15) 14(12-15) 15(10-15) 0.89
Median lowest GCS 13(7-15) 7(6-11) 14(10-15) <10
CT scan
Intracerebral hemorrhage 199/246 (80.9) 30/38 (78.9) 169/208 (81.2) 074
Infratentorial location 45/199 (226) 8/30(26.7) 37/169 (21.9) 0.63
Volume (mL) 3674366 421332 3584372 039
Intraventricular hemorrhage 153/246 (62.4) 34/38 (89.5) 119/207 (57.5) <107
Hydrocephalus 104/245 (42.4) 27137 (73) 77/208 (37) <107
Subarachnoid hemorrhage 60/246 (24.4) 15/38 (39.5) 45/208 (21.6) 002
Subdural hemorrhage 20/246 (8.1) 3/38(7.9) 17/208 (82) 095

Biological markers

Mean admission (48h) $100

0442061 0354037 0.4640.65 035
protein serum level
Elevated troponin 25/173 (145) 5/30 (16.7) 201143 (14) 071
Inpatient management
Surgery 90(36.3) 16 (41) 74 (35.4) 05
Ventricular drain 1201247 (48.6) 30139 (76.9) 901208 (43.3) <10
Embolization 71(28.6) 13(333) 58(27.8) 048
Acute phase BAVM obliteration 63(25.4) 8(20.5) 22(263) 045
Outcome
Duration of sedation (days) 34279 9177 27476 0.001
Duration of stay in intensive care
2494244 326417 224255 0049
(days)
Duration of hospital stay (days) 3554347 5024251 3294356 002
Inpatient mortality 27(109) 5028) 22(105) 067
Modified Rankin Scale 23
871233 (37.3) 15/38 (39.5) 721195 (36.9) 077
beyond 3months

Values are mean & standard deviation o medians with interquartile range for quantitative variables and percentages for qualitative variables. The denominator i given for binary variables in
case of missing data. BAVM, Brain arteriovenous malformation; GCS, Glasgow Coma Scale; and U-END, Ultra-early neurological deterioration,
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Characteristic Favorable prognosis 41 Unfavorable prognosis 18 p value

(69.5%) (30.5%]
Age, year (R25) 561477 589291 0215
Sex, females (n, %) 18 (43.9%) 12(66.7%) 0107
Smoking (n, %) 15 (36.6%) 6(33.3%) 0810
Drinking (n, %) 9(22.0%) 8(44.4%) 0079
Hypertension (n, %) 26 (63.4%) 13 (722%) 0511
Diabetes (n, %) 2(4.9%) 2(111%) 0381

Aneurysm Location (n, %)

Anterior circulation 37(90.2%) 15 (83.3%)

0644
Posterior circulation 4(9.8%) 3(16.7%)
Aneurysm Number (n, %)
Single 37(90.2%) 15 (83.3%)

0644
Multiple 4(9.8%) 3(167%)
Aneurysm size (n, %)
Small (d<0.5cm) 22(53.7%) 4(2229%)

0.025
Larger (d>0.5cm) 19 (46.3%) 14 (77.8%)
Hunt-Hess score (n, %)
111 17 (41.5%) 1(5.6%)

0.006
-V 24(58.5%) 17 (94.4%)
m-Fisher score (n, %)
0-2 24(58.5%) 4(222%)

0.010
34 17 (41.5%) 14 (77.8%)
WENS classification (n, %)
o 27(65.9%) 3(16.7%)

0.001
v 14(34.1%) 15 (83.3%)
el 10 (24.4%) 11(61.1%) 0.007
Laboratory Results (X£5/M, Q)
Hb, g/L 1340 (1205, 1535) 1350 (1218, 150.8) 0811
WBC, cells/L 111 (82,13.1) 123(8.6,149) 0505
PLT, cells/1. 2030 (1625, 252.0) 187.5 (157.3,241.0) 0.627
Neu, % 858 (78.2,90.6) 913 (86.4,94.5) 0.004
AST, U/L 210(18.0,29.0) 2650 21.5,29.8) 0.106
ALT, UL 250(14.0,29.5) 225(153,26.0) 0479
CHO, mmol/L 45511 51212 0055
BUN, mmol/L 4815 43516 0299
Cr, pmol/L 450 (37.0,57.5) 500 (328,56.5) 0941
Glu, mmol/L 681(62,78) 7.84(72,9.6) 0.013

isher, modified Fisher grade; WENS, World Federation of Neurosurgical Societies score; DCI, delayed cerebral ischemia; Hb, hemoglobin; WBC, white blood cell PLT, platelet; Neu%,
neutrophil percentage; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CHO, cholesterol; BUN, blood urea nitrogen; Cr, serum creatinine; Glu, random blood glucose.
Bold indicates statistical significance under the two-sided p<(0.05 assumption.
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Parameter Favorable Unfavorable p value

(mmHg) prognosis prognosis 18
41 (69.5%) (30.5%)

SBP 1 (R55) 1223494 1172493 0058
SBP 1, (R£5) 1522£165 139.6£127 0.005
SBP 1 (M, Q) 1050(980,1130) 1000 (87.0,109.3) 0075
SBP e (R25) 4644160 4232193 0395
SBP o (Ris) 113£37 991429 0.160
SBP ¢y (Rts) 93£33 8629 0401
SBP o (M, Q) 84(79,105) 99(7.1,14.9) 0188
DBP 1 (X5) 67.8£7.0 683488 0838
DBP ., (R5) 882£112 83.1£125 0.132
DBP i, (M, Q) 57.0(53.0,61.5) 59.0/(50.5, 62.5) 0921
DBP s M, Q) | 290(21.5,39.0) 240(18.3,29.8) 0.106
DBP o (M, Q) 72(56,87) 571(46,7.2) 0050
DBP v (M, Q) 108 (85,128) 8.1(69,10.4) 0.029
DBP (M, Q) 62(51,72) 66(55,8.7) 0172

SBE, systolic blood pressure; DB diastolic blood pressure; max, maximum; min, minimun;
max-min, difference of maximum minus minimum; SD, standard deviation; CV; coefficient
of variation.

Bold indicates statistical significance under the two-sided p<0.05 assumption.
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Aneurysm size
Hunt-Hess scale

m-Fisher scale

WFNS scale

Neutrophil percentage
Aspartate aminotransferase
Random blood glucose

SBP,

r
-1

o4

]
OR(95%Cl)

oo

OR(95%Cl)  P-value
0.347(0.055, 2.168) 0.257

0.031(0.001, 1.269) 0.067
0.663(0.085, 5.161) 0.695
1.362(0.116, 16.029) 0.806
1.225(1.022, 1.469) 0.028
1.019(0.949, 1.094) 0.604
1.249(0.850, 1.836) 0.258

0.876(0.780, 0.983) 0.025
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25%

CE-HR-VWI analysis (n=58)
Sensitivity, % (95%C1) 1000 (80.0-100.0) 90.9(57.1-99.5) 1000 (51.7-100.0)
Specificity, % (95%CI) 1000 (88.6-100.0) 97.9 (87.3-99.9) 1000 (91.4-100.0)
PPV, %(95%CI) 1000 (80.0-100.0) 90.9 (57.1-99.5) 100 (51.7-100.0)
NPV, % (95%CI) 1000 (88.6-100.0) 97.9(87.3-99.9) 1000 (91.4-100.0)
AUC, % (95%CI) 100.0 (100.0-100.0) 99.8(99.2-100.0) 100.0 (100.0-100.0)
xvalue, %(95%C1) 100.0 (100.0-100.0) 88.8(73.5-104.1) 1000 (100.0-100.0)
HR-VWI analysis (n=58)
Sensitivity, % (95%C1) 1000 (80.0-100.0) 100 (67.9-100.0) 83.3(365-99.1)
Specificity, % (95%CI) 1000 (88.6-100.0) 97.9(87.3-99.9) 98.1(88.4-99.9)
PPV, % (95%CI) 1000 (80.0-100.0) 91.7 (59.8-99.6) 833 (365-99.1)
NPV, % (95%C1) 1000 (88.6-100.0) 100.0 (90.4-100.0) 98.1(88.4-99.9)
AUC, % (95%CI) 100.0 (100.0-100.0) 1000 (100.0-100.0) 99.7 (98.7-100)
K value, % (95%CT) 100.0 (100.0-100.0) 94.6(84.0-105.2) 81.4(56.3-106.5)

CE-MRA analysis (11=58)

Sensitivity, % (95%C1) 100.0 (80.0-100.0) 1000 (67.9-100.0) 100.0 (51.7-100.0)
Specificity, % (95%CI) 158 (66-31.9) 319(195-47.3) 769 (628-87.0)
PPY, % (95%CI) 385 (25.6-53.0) 256 (14.0-41.5) 333 (144-58.8)
NPY, % (95%CI) 100.0 (51.7-100.0) 1000 (74.7-100.0) 100.0 (89.1-100.0)
AUC, % (95%CI) 838 (72.9-94.6) 87.9(79.2-96.6) 89.9.(815-983)
xvalue, % (95%CI) 115 (19-21.1) 151 (41-25.5) 23.4(65-40.3)

TOF-MRA analysis (1=58)

Sensitivity, % (95%CI) 1000 (80.0-100.0) 100.0 (67.9-100.0) 1000 (51.7-100.0)
Specificity, % (95%CI) 7.9 (2.1-225) 149 (67-28.9) 71.2(56.7-825)
PPV, % (95%CI) 36.4 (24.1-50.5) 216 (11.8-35.7) 28.6(12.2-523)
NPV, % (95%CI) 100 (31.0-100.0) 1000 (56.1-100.0) 1000 (88.3-100.0)
AUC, % (95%CI) 744 (61.6-87.2) 79.4(67.5-91.3) 87.7(78.1-97.2)
xvalue, % (95%C1) 5.6 (<09-12.1) 62(05-11.8) 17.1(3.8-304)

AUC, area under the curve; CE, contrast-enhanced; CI, confidence intervals HR-VWI, high-resolution vessel wall imaging; MRA, MR angiography; NLR, negative likelihood ratio; NPV,
negative predictive value; PLR, positive likelihood ratio; PPV, positive predictive value; TOF, time-of-flight.
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Sample size (case Population GWAS ID (PMID)

and controls)

Autoimmune disorders SLE 14,267 (5,201 and 9,066) European ebi-a-GCSTO003156 (26502338)
RA 417,256 (8,255 and 409,001) ebi-a-GCSTI0018910
(34594039)
uc 417,932 (5371 and 412,561) €bi-a-GCST90018933
(34594039)
< 20,883 (5,956 and 14,927) ieu-a-30 (26192919)
Hyperthyroidism 460,499 (3,557 and 456,942) ebi-a-GCSTI0018860
(34594039)
Hypothyroidism 410,141 (30,155 and 379,986) €bi-a-GCSTI0018862
(34594039)
Autoimmune disorders SLE 12,653 (4,222 and 8,431) East Asian ebi-a-GCST90011866
(33536424)
RA 19,190 (3,636 and 15,554) bbj-a-72 (24390342)
uc 4,853 (1,134 and 3,719) feu-a-969 (26192919)
c 5,409 (1,690 and 3,719) ieu-a-11 (26192919)
Hyperthyroidism 173,650 (994 and 172,656) ebi-a-GCSTI0018640
(34594039)
Hypothyroidism 173,770 (1,114 and 172,656) ebi-a-GCSTI0018642
(34594039)
Intracranial Aneurysm uIA and 1A 317,636 (11,084 and 311458)  Mixed hitps://cd hugeamp.org/
79,429 (6,242 and 63,994) European datasets.html (33199917)

238,207 (3,259 and 234,946)  East Asian

1A (validation groups) 473,683 (945 and 472,738) European ebi-a-GCSTI0018815
195,203 (2820and 192,383)  East Asian bbj-a-96
Risk factors Cigarettes per day 4772 European ebi-a-GCST009966 (32157176)

Alcohol drinker status 360,726 (336,919 and 23,807) ukb-d-20117_2

Systolic blood pressure 42,713 ebi-a-GCSTI0025968

(34226706)

cigarettes per day 72,655 East Asian eu-b-5071 (31089300)
Alcohol drinker status: Current 2,656 (555 and 2,101) ukb-e-20117_p1_EAS
Systolic blood pressure 145,505 feu-b-5075 (34594039)

SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; UC, ulcerative colitis; CD, Crohn's disease; IA, intracranial aneurysm; ulA, unruptured intracranial aneurysm.
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