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Optimizing temporal resolution to reduce radiation dose in cerebral perfusion

CT: a feasibility and stability study based on perfusion parameter assessment
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[ Abstract |

CT (CTP) while maintaining diagnostic accuracy by optimizing temporal resolution.

Objective To investigate the feasibility of reducing radiation dose in cerebral perfusion

Methods This

retrospective cohort study included 117 stroke-suspected patients undergoing CTP at the First Affiliated
Hospital of Army Medical University from January to September 2025. Three protocols were designed:
Protocol 1 (full temporal resolution, 21-phase acquisition, baseline), Protocol 2 (every-other-phase sampling),
Protocol 3 (peak-enhancement +1/—-1 phase retention with every-other-phase sampling for remaining phases).
Radiation reduction percentages relative to Protocol 1 were calculated. Regions of interest (ROI) were placed
in ischemic core/penumbra to measure mean+SD of perfusion parameters: time to maximum of the residue
function (Tmax), mean transit time (MTT), cerebral blood volume (CBV) and cerebral blood flow (CBF). Inter-
protocol differences were assessed, and ischemic penumbra volume discrepancies were also analyzed.
Results Protocol 2 and 3 reduced radiation dose by 50. 0% and 42. 9% versus Protocol 1, respectively.
For perfusion parameters: Tmax SD differed significantly across protocols [F(1.92,222. 42)=11. 17, P<0. 001,
partial 17°=0. 09]; post hoc tests showed significant mean differences between Protocol 1 vs 2 (P<0. 016 7) and
Protocol 1 vs 3 (P<0.016 7), but not Protocol 2 vs 3. MTT means showed no significant difference [F(1. 88,
218. 11)=0. 47, partial,7=0. 004], though SD differed significantly between Protocol 1vs 2 and 1 vs 3 (P<0. 016 7).
CBV SD differed significantly [F(1.98,229. 25)=22. 97, P<0. 001, partial 5°=0. 17] with no mean difference
(Friedman test). CBF means showed no significant difference (Bonferroni-adjusted) but SD differed
significantly between Protocol 1 ws 2 and 1 vs 3 (P<0.016 7). Ischemic penumbra volumes differed
significantly across all protocols (P<0.016 7). Conclusion Temporal resolution optimization significantly
reduces CTP radiation dose while minimally impacting core perfusion parameters (MTT, CBV, CBF means).
CBF remained stable across reduced-dose protocols and may serve as a reliable diagnostic criterion for infarct
core delineation.

[ Key words |

stroke ; radiation dose; brain perfusion; tomography; X-Ray computed

Supported by the General Program of Natural Science Foundation of Chongqging (CSTB2023NSCQ- MSX0595) and the Youth Innovation Fund for PhDs of the
First Affiliated Hospital of Army Medical University (2024BQCXJJ-7). Corresponding author: LIU Yun, E-mail:yunliu@cqmu. edu. cn

i 7 v i i O A % ke B 2 R 2R B0 4
GUIB I — L , R 22 B L e
i, 2P ki M i 45 P (acute ischemic stroke , AIS) iz
S AR Y 69. 6%~77. 8% . TE ATS
(1 RHIZ W 56T LR Y, CT I VE L4 (computed
tomography perfusion, CTP )% A i PEAL JCHERETE S
B, a0 5% A oA EGE 1& I [E] (time to maximum of the
residue function, Tmax) ' . 338 5 i 1] (mean transit
time, MTT)[SJ LI & & (cerebral blood volume,
CBV)MJ&ﬂE[ﬂl?ﬁi(cerebral blood flow, CBF)W% 3
V5 3 7 ST T O R v S (o s

(RIFF e RO ) Ak AR 2 2O SR it 1 H 24K

SR, H LN 2R CTP S BUXTRT LU & i 23 Jy 2
(A 806 B3 A 1 AT 5 1 1 250l S BT
L 2 U, 5 BUR R AR B0 B R 3 T
33— k) B — SRR B R T CTP AR 1Y
SN o SRS Z AR CTP AR Ry —Fh itk it 5 28 T R
AT 2 A A3 700 A, (GO i 5 2 e L > 154 D7 1 47
FEAEJRBRIE o DRI, ST £E B I CTP W S HL b
RCRERT AT T , A 28 AR A S 70 2t 8 24 i o 15 A
R ) S B I PR )AL

AR AR A1 4 ) T 150 3 9 3 A Ay o2 S B A9 0] o



http : //aammt. tmmu. edu. cn P 2275 R 22731, 2026, 48(4) 463

DEACRYHEAE RG22 — o SR, ISR AE AR T S 2K
VA A A D7 TRT A I PR AT AT P e R AT B FE O BRI
P ASBIE ST & A 2 2R SE Pk i B CTP 3348 A
(] SR A 5] B, TR AR 57 196 12 i PR 12 W7 225K 14 B ik
L e AR 1] 25 S B S R B 8 S AR T
Frbe, LAY A il 5 22 4 A7 2% LI PR AT A7 A A7) 4 CTP
PO SRR E R SRR I S HE S

1 #AREFE

1.1 FRAF%

AHIF5E e P 100851 A 5 BF 5 15 6L it
2025 4F 1-9 F 7 Bifi 22242 B2 K27 55— B s 1= e i
BE DL 2~ H1 422 57 uAl Discover Cerebral CTP i i3
BUAG A A 1 117 ) 58 5 R g xf 4, Horh B30k 74 431
M43 ) AE IS 29~87 % P HARIR (62.2+12.7) %
NASRHE : DAFER>18 2% 5 JC g Mg A8 SRS 1.
& . @uAl Discover Cerebral CTP &% A4 45 #7 BR A 3 45
BB 5, AF AR AR 1 X A% OB X HEBRAR I «
OB 1M 5 Qi IR M SR 2 BB A4 @iz 3 i 5E 5%
M G i . ASBIE 5 O3l 0 il 2 22 R K45 — (R
B B BE A AR 32 51 23 itk (B)KY2025248 ]

1.2 E

KRR UCT860 K15 160 HEMESE CT 47 ki ##E 1 ik
R Ay | 25 PRERIN 25 15 G5 PR 4 F 88 =X (B e 19 36 1 A
GERE DI
1.3 Fi&

BOAMSCRAE S 3 BRI 21 1(52 5) 55— B 5 1
(12s), [A]F@ 3 s R 1K —Be8ii(16s), mIfE2 s
FAE VUG =B (24 s) , 1HIBE 3 s RAE 1R, H9
SR B R I E R 80~100 KV, 45 HL I N H il
il , 28 e Ik sl A L R R K, DA S mL/s AT R R
55 40 mLAE B 0 LR RS2 e (370 mg/mL, 7 H- B2
A PR F]) , I IR T 40 mL AR B K, 2EIR 5 s )5
SAHIGEEET R
1.4 Bgar

% Jf uAI Discover Cerebral CTP Z {2 %} BRIA 1L
() JE AR A S EA T b B, 4512 sh A% IE (412401 | i A
Sk e AR e 2 U T S B R (R EAS
PR F Tmax MTT.CBV .CBF K42 50) , B0
FEAE XA R 2 oA g AR X i I U 1= (relative
cerebral blood flow, rCBF){& T 30% 11 ki [X. | M2
VR XA (2 UK Tmax>6 s B IX 3 . 7E“2H 410,
X437 B 48 3 Tmax>6 s 5 K50 5 @ it 2 1]
X ek ([ 1 X)) B rCBF<30% W7 A 21 (i D % (8] 1X.

WO AR X)), I 0 s AR 1 DX RTA O AR BE IX AR
38 20 2 (e i~ s (A AR =R 1 AR AR A% 0
REHE AR R TH3 S B il > 5 AR B I 5% RS 7E
R A B (%) Tmax 255 2 ), ) 1 s 3k i 94 i
LA, I8 il B8k X (region of interest, ROT) ]
MTT.CBV .CBF S50 (181 1) . HEHUY BT A BE LA
SEAARRE T I B IFE TR B2 8 A A% O
FEIX o BT IFRT AT 3R 4 5 58, I 52— (hifE
Z2) AN IE] O3 B A A, MR AR 21 W IRIMR (1R A
) TR R HEERTT 1) R b B ] P 51 R
PEAT [T 18 RAE CRI A 2 B WD) 5 7 8 — (fIR 93 B¢
FITE2) AR LRI S HAT R 2% 1 (3R 338)
X A AR HEAT AT B 1 I01RAE o DA R0 A oA - o R
NS (7 58— ) I b B0 o 58 i 445 B (1) 22 B i 2 i
(B, X IR I S0 AR A S D (BT EJ0IAH o PR B T R —
‘o) ROT B JZ 1T A28 B /M B IR e 3% X
Tmax MTT,CBV CBF By {EFIbREZE o 7E LR -
A o MR e TR % L S EE S R v A B
P BE ROLY 218 A & S EE L, LAORIIE [A] — 55 i 7
3P ZE M ROLJZ T o B S Bl — 3, 4 Slid sk %8
TS EUE (K 2) .
1.5 #4h =465

TR CHNE TR — NAET R R — 121
SRS B B AR S R 1O 1009 (BEHET) , 9K
i 38 o MR L 7] A B3 A S R S R AR L AL T A
R S 0 ALK 0 L = (R v Jr 28 it 8 — P Ak 28
MRS ) /A T T 2 TR} 100% . J7 % & JA 21 i v
(] B8 1 ST 1 i, S — b T AL DR R SRAEABE R, 21 otk
290 10 8 11 T (e T iR 1), A5 10. 501
RATE ;7 58 =R IR B I ] %5 R i 2 0l K R IS 4%
1M, 3 3 WA e R R B, AR IR S 25 T 38 1Y [l
1 BT T i, DA TER (21 7)) S s il £ B8 1 3
T 18 B SRR WG 101 B 2975 9 . R 20
Bk 12
1.6 itzodr

K HISPSS 24. 0 G it o M et . i LA 4 i
Shapiro-Wilk 5 55 31 Wr it £ A% 1 & BAF & IE B30 4
B IR0 B 478 B D) Res o , AN R IE S A
LSRG T M (Pos, Pog) 27N o D G50 o 52 I 4 4
I 2 5 ik A2 A 7 22 43 M Y AR, T AR s
AT T IESMRER, YERE R giE e, R A
Greenhouse-Geisser 1% 1F 3 AE 1E. 2% 23 41 089/ ] Friedman
o ok LU AR 22 IS OCREAR Z I 26 57, A f 35 22 S 1Y)
2E WA H Bonferroni i 1E . P<0. 05 22 R H A GLi2



464 R 4522 B K 2247, 2026, 48(4)

http : //aammt. tmmu. edu. cn

A': Tmax perfusion parameter maps generated by processing default protocol raw data; B: MTT perfusion parameter maps generated

by processing default protocol raw data; C: CBV perfusion parameter maps generated by processing default protocol raw data ;

D: CBF perfusion parameter maps generated by processing default protocol raw data; E: Low perfusion area (region with Tmax >6 s,

displayed as a bright blue area) generated by processing default protocol raw data; F: Core infarction area (rCBF, displayed as a red

area) generated by processing default protocol raw data
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Figure 1 The cerebral perfusion parameter maps calculated from the raw data under the default protocol (Protocol 1)
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Pixels: 181

A: ROI delineated by Protocol 1 on Tmax maps; B: ROl delineated by Protocol 1 on MTT maps; C: ROI delineated by Protocol 1 on
CBV maps; D: ROI delineated by Protocol 1 on CBF maps; E: ROI delineated by Protocol 2 on Tmax maps; F: ROI delineated by
Protocol 2 on MTT maps; G: ROI delineated by Protocol 2 on CBV maps; H: ROI delineated by Protocol 2 on CBF maps

2 AEARERANBX(F—EE.MLECEE)WREETSHE
Figure 2 Cerebral perfusion parameter maps under different protocols in the region of interest (same slice, location, and extent)
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Table 1 Comparison of results from 3 protocols for normally distributed measurement values (x+s)

Parameters Protocol 1 Protocol 2 Protocol 3 F Estimate-® Partial -0’ P
SD,,. 2.11%2. 61 3.30+3. 46 3.40+3. 58 11.17 0. 94 0. 090 <0. 001
Mean.. 9.52+3. 08 9. 66+3. 30 9.73+3. 40 0.47 0.94 0. 004 >0. 05
SD 0.52+0. 53 0. 66+0. 64 0. 64+0. 54 22.97 0.99 0.170 <0. 001
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R2 RAESEASRHONEEEIMGTRNE R LR IFMAROAALER (M(P,,P,) ]
Table 2 Comparison of results from 3 protocols for non-normally distributed measurement values and pairwise comparison
results among the 3 protocols [ M(P,,, P,;) ]

Protocol Mean,, SDyirp Mean,, Mean, . SD e Mismatch volume/mL
max : : :

Protocol 1 13.00(11.15,19.90)  1.30(0.90,1.75)  2.60(1.80,4.05) 13.80(10.10,20.15) 1.90(1.40,2.80) 20.60(7.19,64.73)

Protocol 2 12.80(10.05,17.60)" 1.50(1.05,2.40)" 2.70(1.60,3.90) 13.70(9.65,19.90) 2.30(1.50,3.50)" 38.95(15.58,82.09)"
Protocol 3 12.80(10. 10,18.10)" 1.60(1.10,2.50)* 2.60(1.65,4.05) 13.70(9.65,19.35) 2.40(1.50,3.20)" 27.35(9.73,73.89)"

a: P<0.016 7, compared with Protocol 15 b: P<0. 016 7, compared with Protocol 2
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A: The original time-density curves computed from the default protocol using uAl Discover Cerebral CTP software; B: Time-

density curves computed from Protocol 2; C:Time-density curves computed from Protocol 3
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Figure 3 Schematic diagram of the time-density curves for optimized protocols obtained by pruning time points from the default
protocol in different ways
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