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Abstract

To compare the image quality, fine branch display ability of vascular tree, and clinical diagnostic effi-
cacy of 3D-TOF-MRA and PETRA-MRA sequences in cerebral vascular diseases, and to clarify the ap-
plication advantages and limitations of the two non-invasive vascular imaging techniques, providing
reference for accurate non-invasive diagnosis and rational sequence selection of cerebral vascular
diseases. Method: A retrospective study was conducted on 286 suspected patients with cerebrovascu-
lar disease admitted to our hospital from January 2023 to December 2025. All subjects completed
3D-TOF-MRA, PETRA sequence scanning, and digital subtraction angiography (DSA) examination
within 7 days. Using DSA as the gold standard, two associate chief physicians independently reviewed
the images using a double-blind method to compare the objective image quality indicators, subjective
scores, and display rates of 1~5 grade intracranial artery branches between two sequences. The de-
tection of intracranial artery stenosis, aneurysms, arteriovenous malformations (AVMs), and dural
arteriovenous fistulas (DAVF) was statistically analyzed, and diagnostic sensitivity, specificity, ac-
curacy, and AUC values were calculated to evaluate diagnostic consistency. The examination time
and safety were recorded. The results showed that the cerebral blood vessel to background tissue CNR
and signal intensity ratio of PETRA sequence were significantly higher than those of 3D-TOF-MRA, and
the signal uniformity was significantly better. There was no statistical difference in SNR between the
two groups. The subjective image quality score, physician diagnostic consistency Kappa value, and
intracranial 5-level vascular branch display rate of PETRA sequence were significantly higher than
those of 3D-TOF-MRA. In terms of diagnostic efficacy, PETRA sequence has significantly higher overall
diagnostic accuracy, sensitivity, specificity, and AUC for cerebrovascular diseases than 3D-TOF-MRA.
Subgroup analysis showed that PETRA had a detection rate of = 93% for severe stenosis of the in-
ternal carotid artery siphon segment, small aneurysms with a diameter < 3 mm, AVM draining veins,
and DAVF fistulas, which was much higher than the 60.0%~71.9% of 3D-TOF-MRA; There was no
statistically significant difference in the detection rate of moderate to severe stenosis in the main
trunk of intracranial large blood vessels between the two sequences. Both sequences do not require
contrast agents, have no serious adverse events, have shorter PETRA scanning time, and have better
patient tolerance. Conclusion: Magnetic resonance PETRA sequence has significant advantages in
fine anatomical display of cranial blood vessels, diagnosis of small lesions and complex blood flow
lesions, and its comprehensive efficacy is superior to 3D-TOF-MRA. It can be used as the preferred
non-invasive imaging method for preoperative evaluation of complex lesions, screening of small
lesions, and diagnosis of difficult cases. 3D-TOF-MRA is easy to operate, cost-effective, and more
suitable for routine screening, health check ups, and primary hospital applications. Clinical practice
does not require a fixed selection of a single sequence, and individualized selection should be made
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based on diagnosis and treatment needs, lesion types, vascular locations, and equipment conditions.
When necessary, combined applications can be used to improve diagnostic accuracy and efficiency.
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2.1. ARKR

(BB SR B 2022 4F 1 H~2024 4 12 AEARRBE LR AR RS I SRS LS 0 B 286 i,
Hoh B 156 1], o 130 il AEERE 35~85 %, TIIER(64.2 + 10.1)%: IGIKEIILLR E 308, ke,
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1) 3D-TOF-MRA fi &5 24 KA = 4EPOEPARBE LRI 7 51, F430 Bl 7E a5 4 il L, BAR S5
WHEAN: TR22~24ms, TE2.3~2.6ms, BHHEM 18°~20°, 4[4 256 x 256, MEF(FOV)18~20cm, Z/E 0.8
mm, FTRIFGIELLH, Z4190~230 2, B 1, PATREMER T 2, FH#R ] 6~7 min, 2270
TSI EEF, 433 56 UG 4 05 Ab B AR S AT B K% FER 2 (MIP) 2T T B i (MPR) AL 2

2) PETRA FAKG A 280 KA = 4e2i b 7 0 i & ifg 54, i gt b, 37 3D-
TOF-MRA, BAAZHEN: TR 6.5~7.2 ms, TE 0.8~1.0 ms (E%5 [P [a)), M 12°~15°, 4604
256 x 256, FOV 18~20 cm, JZ/5 0.6 mm, JGlHKEFEH, JZ4 220~260 |2, “PATREMER T 3, KH
B EE SR, FHERE 5~6 min, 58S AT MIP. MPR J5ACBEE £, $RAF 56 B i
14 ER (8]

3) DSA fE &5 &40 KH ARTIS Q floor Hi A& M ik FIIGE, &5 BN A K. HE
Sk, SIEFENIEE TR LT, FESTIE 5~8 mI/k, JEEHE 3~5 mls, A RIATIERL. ML, RHIE
FEEE AR, CRERES K S FIkSEIEE, B2 B NFEA NSTT LAE 15 UL B EAFEE
JIXUE B Fr, e RS S, ENRATIZ K.
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e, LA 2 3L E B AR 8. D R RR: SEHCRME Bk M1 B 35 P4 3l kLR B AR
#E H AR, 75 UGS KB T ARSI & 355 5 98 . B S SUS 5 0R8 Je m{E, SIahrE &
3RHCFIE, HHEZOSE: (SEL(SNR = M55 505/ {E) Xt LLME 75 L (CNR = (M (5 5 58 %
— YRGS/ ). S5 ESIR= &S5 9E S RS SE). 5515 ESD/Ave= M
G R ARE 2 MBS SO M) @) MRS KA 4 ol Likert W&, 14 hi¥™EHE,
M RRAG, TFEeW: 24 R, MEESAES, @WE, (Xaypbek: 3 9 i
B, M BT LI ESOEW, R FEAIZEITE R 4 9 iR, MERSTE. B985, @
RN, A RS ) M RN SR N S LR 5 S B, GLit iR
F AR — R CRBNIK 1) 28 Tu R (s 40 7y 30 ML A ) S 8, THRL S UM AE o S B

2) JEASL W PR : LL DSA W2 45 BONEARAE,  Siit WAk R 51 % 2% 2K i i 1L s G LB o,
FEAN BB A R E <50% FE 50%~69%- FEE 70%~99%- 1% 100%) Fil N & KR (<3 mm 30N
3~5 mm /N 5 mm oK), BNFFIKEGTE . AN EE, TTEISEIBURNE. ReRtE. dERE, AT
U = BLRE B (R + R BIRD) < 100%, 45t = BRIy (ELRI I + 3
PEGIED) x 100%, HERER = GIPHMERIE + EBAMEGIED/ S B1% x 100%; KA ROC #hZk - 41 HiF 751
izlrkae, THE AUC K 95% B (5 X, AUC BT 1 327R 2 W RRE Bk =i [9] .

3) MEE —BERL: KA Kappa B30 IFAh 2 44 D b B I i i 47 BT 1 A0 A8 12 Wi i — 2
P, Kappa<0.4 A—8lEZE, 04~0.75 N—8ER%E, >0.75 A—8k R

24. GHFERE

KH SPSS 26.0 Gt At AT E R A B 5 0 b, TH R TR CA(X £5)FaR, PIALINT B R F BE X #F
A RS TR LR (%)FRoR, AT HCR 2 #25s 2Wsae R A ROC #4k7Hr 3F 115 AUC {4
M %2 H — B MK H Kappa #1536, DL P <0.05 NEFEAG G L.

3. 58
3.1. IRMRREHICER

2¢ DSA R Er 5, 286 191 5E LA 45 s A3 vh, i AP i BE PR A3 258 4], B 28
foils o rb P SR R AL VR PR AS 138 1510 PN B KL Bepe A% 52 451l K R sk 28 60 . KRG 5
kg zs 16 il HEZDMKBRAE 10 1 5 35 . U 48 B, EFE 55 Bi), FRPNBIKIE 46 (B kIR
21 . /N 18 . KahlikE 7 61), shEIKETTE(AVM) 32 1, RN B3l 5 k2 (DAVF) 19 6, =X
PR IME B ZREAE 23 41, PR B2 Wk ae s LR Ak .

3.2. AHFSIEGRESDE R REXLL

1) %W K15 e hR0 H: PETRA 551 CNR.SIR 42 % 5T 3D-TOF-MRA, 15 551 & SD/Ave
B 5 E (KT 3D-TOF-MRA, ZH[E%F L2 7 5 Ge it 22 (P < 0.05); MMt P HIIK HFR I SNR X HG
Giit 2P > 0.05), BAABHENE 1.

2) EMEUG R E S E S h: PETRA T4 E W EG R &40 839 £ 0.2)5), BER
F 3D-TOF-MRA (2.8 £ 0.6)7), ZLIA*FLL t=28.345, P<0.001; WEH —HtE4s R E7R, PETRA ¥4
Kappa {& 0.90, 3D-TOF-MRA Kappa {5 0.71, #8R4F—#t%, H PETRA FoI—EPEEMR . & 1 PiFh
FE 51 - 00 G 5 B B W82 2 Kappa 5T HUADIRE, BEWEI —HER.

3) FPY L5 S R AT : PETRA JF AN — 2% i IR %358 100%, —iE Bor
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K 98.9%, MU EARE 954%, FHANBINE R 92.3%; 3D-TOF-MRA Xt—. 2% BR%K
100%, =M BRZE 89.2%, WHME BRE 76.6%, HEANINE Bm%K 68.5%; Wi £ =% LU
ERAE FEREEP<0.05), JLHLELHMMH > OT M B, PETRA PR R EHARH. B2 N
PRI FUPA 1~5 G853 SRR 0T LU 4, TEMTHb R R & UL SRR %2 R,

Table 1. Comparison of objective image quality indicators (X £ s ) between two magnetic resonance imaging sequences for
cerebral vascular examination

= 1. MRS SN ER T E R E G R ERRXE(x +5)

WA PETRA F¥%|(n = 286) 3D-TOF-MRA (n = 286) tfH P1E
{Z L (SNR) 36.5+6.2 35.8+6.5 1.132 0.258
%if ELM 5 LE(CNR) 452+ 6.8 25.1+54 32.564 <0.001
=5 3 LK (SIR) 92+15 51+1.2 31.875 <0.001
=55 (SD/Ave) 0.09 +0.02 0.23 + 0.06 26.941 <0.001
ﬁj\ 5 0.90 1.0
gl Sot0s 0.845
= ©
R s
1% 3' '0.6 g
. 9
O 2 - o
s 2 0.4 <
0 1t 10.2 g
| '
o
0- 0.0

PETRA 3D-TOF-MRA
P<0.001, t=28.345

Figure 1. Comparison of subjective image quality scores and observer consistency between two sequences
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Figure 2. Comparison of display rates of intracranial 1~5 level vascular branches between two sequences
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3.3. PATRFRS P50 I R o 12 BT E X EE

1) BRI RLREXTEL: DL DSA 45 5 828, PETRA A2 B FATE 245 6. FLRAME 25 . R FA
3 i RIFIYE 13 fi]; 3D-TOF-MRA 2 Wr BBH T 201 %1, FBIPE 20 il fRFHYE 8 % BB PE 57 #il. PETRA
A WHERZR 93.4%. BURME 94.7%. #3E 90.5%, ¥IE.FEE T 3D-TOF-MRA (1] 75.9%-. 77.8%-
72.6%, 18] 256 2 7 A Gt 24 U(P <0.05); ROC #HZk 43 #1278, PETRA 412 W AUC 4 0.956
(95% CI: 0.931~0.981), 3D-TOF-MRA i AUC 4 0.715 (95% CI: 0.662~0.768), PETRA J&%12 Wi %4k
i 3D-TOF-MRA. [&] 3 SAPFHFF 2 i 8 5 1 ROC HiZext LL I, B i — 12 Wi Al Rg 2

[=X
Tt o
1.04 i [ [
| |
AUC=0. \
08 UC=0.9 |
|
M 0.61 ,
8
0.41 | .
0.2 — e
PETRAFS (IE&)
} —— 3D-TOF-MAFEI (1&&)
0.01— | ] ] :
0.0 0.2 0.4 0.6 0.8 1.0

ET

Figure 3. Comparison of ROC curves for diagnosing cerebrovascular diseases using two different sequences

3. FRFNFFITS 5 B I B R R A ROC HFhZk Xttt

2) AN[RIZE 2 F i ML A H ZE %S EE : PETRA FP 41X P 9 B ik B FE 8 4 L 3/ 3l kBE  AVML, DAVF
Jo = XA U I8 SR A AE R 2 7E 93% LA b, 35T 3D-TOF-MRA ] 60.2%~71.4%, 4%} L
ZEFA G2 (P <0.05); X T N Bk L b B AR K 3 mm LA SR, PR ARG Y AR A 85%,
LI L GETT 2 2 (P > 0.05), AR WAL 20 [ 4 il 51 6] 288 2 i 10 5 16t 28 % L
SRR, T R B AR AR R R R R
Table 2. Comparison of detection rates of different types of cerebrovascular diseases using two types of magnetic resonance

imaging sequences [n (%)]

5 2. FMREEIEIR RS A B 28 8 A5 B I B R mde B ZE ST EE [n (%))

PR AT R A WiZHI%  PETRA FFIfRHZE 3D-TOF-MRAKHE 2HE PHAE

PP Bl R (R E R < 50%) 35 34 (97.1%) 30 (85.7%) 2.857  0.091
il N 2 ik HH BE B A2 (50%0~69%) 48 47 (97.9%) 41 (85.4%) 4941  0.026
FilE P 0 Jik B P (70%~99%) 55 54 (98.2%) 33 (60.0%) 24.678 <0.001
NSRRI (BAE <3 mm) 21 20 (95.2%) 13 (61.9%) 6.286  0.012

3 mm ULl ks 25 25 (100.0%) 22 (88.0%) 3.158  0.076
Bk (AVM) 32 32 (100.0%) 23 (71.9%) 10.667  0.001

sk 0 J55 2§ ik 2 (DAVF) 19 18 (94.7%) 13 (68.4%) 4381 0.036
=X MAME RIHEEEE 23 22 (95.7%) 16 (69.6%) 4972 0.026
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Figure 4. Comparison of detection rates of different types of cerebrovascular diseases between two sequences

4. PMFFA R 2B X I B AR R R AT B

3.4. AMFSIREREXERXLE

PRI E B3 TE TR RS XS LA, AR T0 H SR AT, A 90 B S S8 R 56 ok 25, Joxs Bl i
R MEAR RN, 2aIs: EFER 7, PETRA JFHIFH#R A4 5~6 min, %7 3D-TOF-
MRA ] 6~7 min, HAARGEFE PR ARG, 5 22 BP0 S W& AT, 3D-TOF-MRA #%
FIERC TR, AR ERT PETRA 741, BEEEHEZEITHNG K. & 5 PR SR A FER f g
FiZ VPR, BRI E R A TR 2 R

100 10.256 12.752 'mmm PETRAR?SI
| 3D-TOF-MRA3

80 A 37.657

90.158

60 -

40 1

20 -

A= S5t BEEINMZETFDS

Figure 5. Comparison of time consumption and patient tolerance scores between two types of sequence examinations

B 5. P IIR EHERT B B E i B T4 %l bt
4. g

P i LB SR G A 2 4y S0P LA ATIE M, R R AR I 0 R . 5 S R 7 e I i
FRIZE10]. DSA 1E NS G bie BAEHERT B, (HB A AVEE, R~ FANK, HRanmEms,

TAENE T B R BEVT F-B IEER] MRA P AN IALAL i3, aR 2% Fthini e 521502 i USRI A
FUHE il 3D-TOF-MRA 5 PETRA 3534 060 Jo Xt LML BUG A, H UG R B 5 H AR B AA1E
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KRIRZESE, P BIE W RRE X Bt i R AN AR N H AT B 5% 3

3D-TOF-MRA 5T MFEHRABE S8V (22 #t MRA FE41, HAZOFBCA RS TR 38 g 2
T I F R SUA BB ARG, T ARMEA RN RN G2 TG AR E S, Wisedlmn s 55 5
HLRX 1] AL R TR, 3D-TOF-MRA XFFN KM rFshfik. KIGRTsIlkeSE—. —Z0RmE £
T R A G KA 85%, SE N ZTIMF AL —E[12], X8 T KM T T MmasdE g, RN
RGN, LS S FLARE , AT R B R AR R A SR . [FIR T A1 B A B IR R 3
RN, M 7 LS g B IR AR, SR TR iR e SRR B BRIERER
i, EFRERNFIRRE A, R, BREEES IR iR, S,
AV A L ) RO L AR R A SR S BT . (A S BIES © 3D-TOF-MRA (1) [i] 4 5kt
B, o, MURARHEIESE, X2 MR i X IBOE R 2, 30 PN S Bk T R B3 2 15 3 AT 5 T A ¥ »
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