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with standard-dose gadolinium-based contrast agents in cerebral contrast-enhanced magnetic resonance
venography (CE-MRYV), this study aims to investigate the feasibility of a low-dose gadolinium protocol
combined with a 3D time-resolved angiography with stochastic trajectories (TWIST) sequence for intracranial
venous sinus imaging, and to evaluate its impact on image quality and diagnostic accuracy. Methods A
prospective, single-center, non-randomized controlled study was conducted on 196 patients who underwent
examinations on a Siemens Skyra 3. 0 T' MR scanner at Department of Radiology of Suzhou Hospital Affiliated
to Nanjing Medical University from November 2022 to May 2024. All participants were divided into 3 groups:
Group A (n=20), Group B (n=78), and Group C (n=98). Groups B and C were further stratified by body weight
at 10 kg intervals (40 to <100 kg) into subgroups B4-B9 and C4-C9, respectively. Group A served as the
reference standard: standard-dose (0. 1 mmol/kg) gadopentetate dimeglumine administered undiluted, with a
3D-TWIST sequence using 10% central/20% peripheral k-space sampling. Group B received 3 mL of
gadolinium-based contrast agent diluted to a total volume of 15 mL, with the same acquisition parameters as
Group A. Group C received 3 mL of gadolinium-based contrast agent diluted to 15 mL, with a 3D-TWIST
sequence using 40% central/20% peripheral k-space sampling. Objective comparison of the signal-to-noise
ratio (SNR) of the maximum signal intensity in intracranial venous sinuses was conducted between different
body weight subgroups of Groups B and C versus Group A. Subjective image quality was independently
assessed by 2 senior radiologists using a 3-point scoring scale: 1=intracranial venous sinus segments not
visible or indistinguishable; 2=moderate image quality with discernible venous sinus segments; 3=high-quality
delineation of intracranial venous sinus segments. Furthermore, pairwise comparisons of diagnostic accuracy
for intracranial venous sinus evaluation were performed between different subgroups of Group B and Group C
versus Group A, respectively. Results Comparison between Group A and Group B: Except for the inferior
sagittal sinus in subgroups B4 and B7, the SNR of all venous sinuses in Group A was higher than that in each
subgroup of Group B. Comparison between Group A and Group C showed that among the C4, C5, and C6
subgroups, the SNR of the inferior sagittal sinus in the C4 subgroup was higher than that in group A
(P<0. 002 8), while the differences in SNR for the remaining venous sinuses were not statistically significant
(all P>0.002 8). In the C7, C8, and C9 subgroups, the SNR of each venous sinus was lower than that in group
A, except for the inferior sagittal sinus in the C7 subgroup. The SNR of all subgroups within group C was
higher than that of the corresponding subgroups in group B with the same body weight. All subjective image
quality scores were =2, with no significant differences were found between group A and subgroups B4-B6
and C4-C8 (all P>0. 004 17). The diagnostic accuracy rates for groups A, B, and C were 100. 00%, 98. 71%,
and 100. 00%, respectively, with no statistically significant differences between any 2 groups (all P>0. 016 7).
Conclusion A low-dose (3 mL) gadolinium-based contrast agent combined with an optimized 3D-TWIST
sequence (40% central k-space sampling) is feasible for cerebral CE-MRV and may substantially reduce the
risk of gadolinium deposition. This protocol is recommended for patients weighing <70 kg as an alternative to
the conventional standard-dose regimen. For patients weighing 70-89 kg, subjective image quality meets
diagnostic requirements, however, further improvements in SNR are warranted.
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Table 1 Scan parameters of the 3D-TWIST magnetic resonance sequence

Parameters Group A Group B Group C
Voxel size/mm’ 1. 0x1. 0x1.0 1. 0X1. 0x1.0 1. 0x1. 0x1. 0
Slices 160 160 160
3D block partial fourier factor 6/8 6/8 6/8
TR/ms 2.27 2.27 2.27
TE/ms 0.93 0.93 0.93
Flip angle/’ 16 16 16
Sampling rate A/B 10%/20% 10%/20% 40%/20%
Temporal resolution/s 1.74 1.74 3.23
Temporal footprint/s 6.21 6.21 6.21
Acquisition time/(min:s) 0:48 0:48 1:14
FOV/mm® 256256 256X256 256X256
GRAPPA imaging factor 6 6 6
Bandwidth/( Hz/Px) 750 750 750

TR : repetition time; TE: echo time; A/B: (K-space sampling rate) central region/peripheral region; FOV : field of view; GRAPPA : generalized

autocalibrating partially parallel acquisitions
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Table 2 Comparison of body weight among groups with different K-space sampling ratios (n,x+s)

Group B (n=78)

Group C (n=98)

Subgroup body weight/kg A P
Number body weight/kg Number body weight/kg
40 to <50 5 46.40+2.70 8 44.38+2.45 -1.552 0. 121
50 to <60 18 56. 06+2. 73 20 54.75+2.20 -1.611 0. 107
60 to <70 25 63.32+3. 00 26 64. 08+2. 80 -0.925 0.355
70 to <80 19 73.26+2.21 23 73.04+2. 69 -0.511 0.610
80 to <90 7 86.27+6. 37 16 82.69+2. 18 -0.553 0. 581
90 to <100 4 93.50+3. 70 5 91.40+2. 19 -1.028 0.304

£3 3mLFE4£LF50. 1 mmol/kg £L.72H 18 SNR EL %2 (7+s)

Table 3 Comparison of SNR between a fixed 3-mL gadolinium dose and a weight-based 0. 1 mmol/kg regimen (x+s)

LeftIRight transverse

Group Superior sagittal sinus Inferior sagittal sinus Straight sinus e LeftIRight sigmoid sinus
Group A 878. 65+190. 57 193. 32+59. 35 584.47+135.70 663. 66+173. 14 615.35+172. 60
Subgroup B4 714.50+228. 49 210.22+135.72 468. 12+114. 83 479.54+75. 61 487.57+105. 07
Subgroup B5 706. 55+118. 88 181.90+41. 16 450. 25+94. 69* 526.93+105. 20 481.33+79.70
Subgroup B6 702.27+202. 90 191. 03+61. 33 458.75+145. 38 497. 68+166. 32 452. 82+155. 90
Subgroup B7 607. 80+105. 04" 203. 19+62. 37 398. 44+68.91" 458.70£101. 40" 422.00+81. 84°
Subgroup B8 552. 14+80. 98" 163. 15+21. 60 329. 56+30. 74" 339. 46+88. 75 316. 86+75. 67"
Subgroup B9 463. 58+98. 75 176. 34+23. 68 283.79+51. 93" 315.02+112.51 312.04+123.33
subgroup C4 1 116. 67+£231.25 329. 87+96. 96" 716.77+151.73 920. 08+291. 18 885. 83+286. 42
Subgroup C5 922.90+193. 38" 232.77+74. 05 575.21+131.26 692.23+215.21 619. 61+203. 90
Subgroup C6 842.97+213. 46 239.61+70. 61 536.37+148.77 605. 59+185. 61 557.49+168. 13
Subgroup C7 735.03+150. 98 215.19+83. 18 448. 57+89. 55° 503. 54+114. 63 477.09+133. 84
Subgroup C8 610. 74+122. 83" 180. 13+50. 43 384. 58+69. 90" 427.74+107. 51 392. 09+89. 37"
Subgroup C9 575.09+193. 47 187.29+72. 56 359.45+99. 09 357.27+83. 04" 342. 8191. 49"

a: P<0.002 8, compared with Group A; b: P<0.002 8, compared with Group B
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Table 4 Comparison and distribution of subjective image quality scores for cranial MR venography (MRYV )

among groups (n,x+s)

) Number

Group 1 point 2 points 3 points Score z P
Group A 0 0 20 3. 00+0. 00 - -
Subgroup B4 0 1 4 2. 80+0. 45 -2.000 0. 046
Subgroup B5 0 5 13 2. 72+0. 46 -2.496 0.013
Subgroup B6 0 7 18 2.72+0. 46 -2.546 0.011
Subgroup B7 0 7 12 2.63+0. 50 -2.958 0.003"
Subgroup B8 0 4 3 2.43+0.53 -3.594 <0.001"
Subgroup B9 0 3 1 2.25+0. 50 -4.053 <0. 001"
Subgroup C4 0 0 8 3. 00+0. 00 0. 000 1. 000
Subgroup C5 0 1 19 2.90+0. 22 -1. 000 0.317
Subgroup C6 0 3 23 2.88+0.33 -1.554 0. 120
Subgroup C7 0 5 18 2.78+0. 42 -2.192 0.028
Subgroup C8 0 5 11 2.69+0. 48 -2. 656 0. 008
Subgroup C9 0 3 2 2.40+0. 55 -3.618 <0. 001"

a:P<0.004 17, compared with Group A

A and B: Coronal (A) and axial (B) TWIST venous-phase images at sequential time points after 3 mL gadolinium; Arrow indicates an abrupt

interruption of the right transverse sinus, suggestive of thrombosis. Maximum SNRs: superior sagittal 450. 49, inferior sagittal 197. 02, straight

321. 36, transverse (bilat. ) 338. 36, sigmoid (bilat. ) 322. 13. The subjective image quality score is 2 points
B1 3 mL$L0x4 A A E% Ak #2222 AU 3D-TWIST MR AR (K = 18] P o/ ) B R A :=40%/20% )
Figure 1 Cranial 3D-TWIST MR venography after injection of 3 mL gadolinium-based contrast agent in patients with

cerebral venous thrombosis (k-space central/peripheral sampling fraction =40%/20% )
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A: Sagittal TWIST cerebral venous images at serial time points post-3 mL gadolinium; B: Rotated multi-angle sagittal TWIST cerebral venous

images post-3 mL gadolinium. Arrows indicate venous hemangioma-like dilatation of the straight sinus. Maximum SNRs: superior sagittal sinus

978. 82, inferior sagittal sinus 213. 37, straight sinus 535. 00, left and right transverse sinuses 452. 20, left and right sigmoid sinuses 454. 87.

The subjective image quality score is 3 points

2 3 mL L5 A R 5% Bk B 2 SR = Y 3D-TWIST MR A5 (K 22 18] o s/ 8] B SR A 2=40%/20% )

Figure 2 3D-TWIST MR imaging with 3 mL gadolinium-based contrast agent in patients with cerebral venous malformation

(k-space central/peripheral sampling ratio=40%/20% )

x5 JHEEFFBHKERERNERELR(H)
Table 5 Comparison of diagnostic accuracy for cerebral

venous sinus abnormalities ()

Group TP TN FP FN Accuracy/%
A(n=20) 4 16 0 0 100. 00
B(n=78) 14 63 0 1 98.71
C(n=98) 19 79 0 0 100. 00

TP: true positives; TN: true negatives; FP: false positives;

FN:false negatives
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