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Optimized scanning protocol for whole-brain perfusion by third generation dual-source computed tomography:
a feasibility study

LI Hui-yao, LI Feng-tan, ZHANG Zhang, WU Meng-shan, MEN Yue-qi, LI Rui-jun, LI Dong"
Department of Radiology, Tianjin Medical University General Hospital, Tianjin 300052, China

[Abstract] Objective To assess the influence of different time sampling modes on perfusion parameters and radiation
dose of whole-brain computed tomography perfusion imaging (CTP), and to formulate an optimized scanning protocol for
clinical diagnosis requirements. Methods Forty-seven consecutive patients, who underwent cerebral CTP scanning in our
hospital between Nov. 2016 and Jun. 2017, were included in this study. Nineteen of them had acute ischemic stroke (AILS)
and 28 had AIS symptoms, but no lesions were found by computed tomography or CTP. According to the time-attenuation
curve, four scanning protocols were obtained: standard control group (group 1), sampling interval of 3 s (group 2), sampling
interval of 3 s in pre-ascending and pro-descending period, and sampling interval of 1.5 s in the intermediate period (group 3),
and smapling interval of 1.5 s between the peak of artery and vein and other sampling interval of 3 s (group 4). The perfusion
parameters of all subjects were quantitatively measured. Subjective image quality was analyzed and radiation dose was
calculated. Results In AIS and non-AIS groups, a total of 10 region of interests were placed in the ischemic area and

contralateral brain parenchyma of each patient, and the total numbers of data points of perfusion parameters were 190 and 280,
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respectively. There were significant differences in blood flow, blood volume and mean transit time (MTT) between the AIS

group and non-AIS group (all P<<0.01). However, inter-group analysis showed that there were no significant differences in

the above perfusion parameters between group 3 and group 1 in both the AIS group and non-AIS group (all >0.05). Bland-

Altman consistency analysis showed that group 3 and group 1 had good consistency of blood flow, blood volume and MTT in

both the AIS group and non-AIS group. Compared with group 1 (standard control group), group 3 had better subjective score

and lower radiation dose. Based on the sampling mode of group 3, 2 recommended scanning protocols were established and

validated. The perfusion parameters of the 2 recommended scanning protocols were well correlated with those of group 1 in

AIS patients and non-AIS patients (all P<<0.01). Conclusion The scanning protocol, in which sampling interval is 3 s in

pre-ascending and pro-descending period and 1.5 s in intermediate period, is in good agreement with the standard scanning

mode, and can reduce radiation dose. It may be a whole-brain CTP scanning protocol for the clinical settings.
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Fig1 Diagrammatic drawing of TAC for each CTP scanning protocol group

A: Group 1 (scanning interval of 1.5 s as the standard control group); B: Group 2 (scanning interval of 3 s); C: Group 3 (scanning

interval of 3 s in pre-ascending and pro-descending and scanning interval of 1.5 s in the intermediate period); D: Group 4 (scanning

interval of 1.5 s between the peak of artery and vein and other scanning interval of 3 s). CTP: Computed tomography perfusion; TAC:

Time-attenuation curve; CT: Computed tomography; HU: Hounsfield unit
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Fig2 Pseudo-color perfusion maps of each CTP scanning protocol group in patients without AIS

A-C: Group 1 (scanning interval of 1.5 s as the standard control group); D-F: Group 2 (scanning interval of 3 s); G-I: Group 3

(scanning interval of 3 s in pre-ascending and pro-descending and scanning interval of 1.5 s in the intermediate period); J-L: Group 4

(scanning interval of 1.5 s between the peak of artery and vein and other scanning interval of 3 s). A, D, G, J: Blood flow; B, E, H, K:

Blood volume; C, F, I, L: Mean transit time. The pseudo-color perfusion maps were reconstructed by different time sampling modes

containing different information. Group 3 was closest to group 1, group 4 lost the most information. AIS: Acute ischemic stroke; CTP:

Computed tomography perfusion
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Fig3 Pseudo-color perfusion maps of each CTP scanning protocol group in AIS patients

A-C: Group 1 (scanning interval of 1.5 s as the standard control group); D-F: Group 2 (scanning interval of 3 s); G-I: Group 3

(scanning interval of 3 s in pre-ascending and pro-descending and scanning interval of 1.5 s in the intermediate period); J-L: Group 4

(scanning interval of 1.5 s between the peak of artery and vein and other scanning interval of 3 s). A, D, G, J: Blood flow; B, E, H, K:

Blood volume; C, F, I, L: Mean transit time. The information of pseudo-color perfusion maps of four groups was similar to the ones

in the patients without AIS. The patient was a 67-year-old female, with infarction in the left parietal temporal lobe and the centrum

semiovale. The pseudo-color perfusion map showed that the blood flow in this area was significantly reduced. AIS: Acute ischemic

stroke; CTP: Computed tomography perfusion
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Tab 1 Comparison of perfusion parameters of 4 groups between AIS and non-AIS patients

Median (range)
Parameter Group 1 Group 2 Group 3 Group 4
AIS
BE (mL+[100 mL] ™" emin~")  39.13 (10.72-165.65)  45.53 (11.99-174.23)"  38.79 (14.62-153.25) 43.64 (14.56-175.27)
BV (mL+[100 mL] ") 2.84 (0.64-10.29) 3.09 (0.63-11.92) 2.79 (0.81-10.22) 2.86 (1.11-9.56)
MTT t/s 5.10 (3.01-16.75) 433 (3.04-15.21)" 5.02 (3.05-16.46) 4.68 (3.06-15.92)"
Non-AIS
BF (mL«[100 mL] 'emin ")  72.72 (27.64-425.90)  73.74 (19.32-431.87) 72.72 (27.36-415.50) 70.97 (25.90-372.49)
BV (mL « [100 mL] ") 4.52 (1.30-21.50) 4.20 (0.09-21.62) 4.31 (1.52-20.18) 4.24 (1.34-19.63)
MTT #/s 3.89 (3.00-5.89) 3.71 (3.00-7.76) 3.87 (3.00-5.92) 3.82 (3.00-7.41)"

The AIS group included the ROI in the obvious ischemic area and the opposite side of the same location (n=10), and obtained
values (n=190); the non-AIS group included the ROI in the left and right centrum semiovale, basal ganglia and skull base level
(n=10), and obtained values (#=280). Group 1: Scanning interval of 1.5 s as the standard control group; Group 2: Scanning interval
of 3 s ; Group 3: Scanning interval of 3 s in pre-ascending and pro-descending and scanning interval of 1.5 s in the intermediate
period; Group 4: Scanning interval of 1.5 s between the peak of artery and vein and other scanning interval of 3 s. AIS: Acute ischemic
stroke; BF: Blood flow; BV: Blood volume; MTT: Mean transit time; ROI: Region of interest. “P<0.01 vs group 1
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Fig4 Bland-Altman analysis of group 1 and group 3
A-C: AIS; D-E: Non-AIS. A, D: BF; B, E: BV; C, F: MTT. 1.96 SD and —1.96 SD represent the upper and lower bounds of

confidence interval, respectively. Group 1: Scanning interval of 1.5 s as the standard control group; Group 3: Scanning interval of 3 s
in pre-ascending and pro-descending and scanning interval of 1.5 s in the intermediate period. AIS: Acute ischemic stroke; BF: Blood
flow; BV: Blood volume; MTT: Mean transit time; SD: Standard deviation
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Tab 2 Comparison of exposure times and percentage of standard ED value in each group

Index Group 1 Group 2 Group 3 Group 4
Exposure times 25 13 19 23
ED value H/mSv 2.45 1.27 1.86 2.25
Percentage of standard ED value (%) 100 51.84 75.92 91.84

Group 1: Scanning interval of 1.5 s as the standard control group; Group 2: Scanning interval of 3 s ; Group 3: Scanning interval
of 3 s in pre-ascending and pro-descending and scanning interval of 1.5 s in the intermediate period; Group 4: Scanning interval of

1.5 s between the peak of artery and vein and other scanning interval of 3 s. ED: Effective dose
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Fig5 Correlation analysis of perfusion parameters between recommended protocol 1 and group 1 (standard control
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A-C: AIS; D-F: Non-AlS. A, D: BF; B, E: BV; C, F: MTT. Group 1: Scanning interval of 1.5 s as the standard control group; AIS:
Acute ischemic stroke; BF: Blood flow; BV: Blood volume; MTT: Mean transit time
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Acute ischemic stroke; BF: Blood flow; BV: Blood volume; MTT: Mean transit time

3 i B ZWPTERS AT TR, i e R S ) i i 2
e B AN TR R A B L™ AR et 60 k14

X LKA TR U B AR, CTP H WA AR R B m ™
WABISN, 5o A 70 2o el AR AU b FRIE B SRFE IR Ho R A R A
TN R RRE, BERARSTRE, A RIS Y. Wintermark S5 RFE



.« 140 o

W ZEBEREAI 20194E 2 H, 5540 5

RWIRFERIFE > 1 s ANz WifEafit: . AR
JrRHIEE 3 AR CT, FrufiRAEERIBE ] 1.5 s,
C 24 R[] B O R AR A 50 . AR5 H
R TEA S G 2 BT TR T, PRI REA 54
KA L BEARHR S0 5 . 1T Goh 555
PN RRAERI G >3 s 2352 0 55 £ i {12 W
i SRR PR, ASBIFSR IR ST 5 2 4HRD 3 s ok
T B 2 AR B A8 (038 PR SR AIE, TS 3 4 K%
55 4 VIR RD7 208 SRR, (HEAE
i 3s, WHIRRAR T ARSI &

T GG HL 2 R FOR B 256 3 AU
CT MHRIEIREE AR, YT CTP Kt G 3RS T
FHEZAARR 20, SRS, S
AR, FRAE BRI B C R . PRIHCRAER] R
SRR R AR L, (ER ] B I ] ek 0 T e S
M2 Wt AV . Goh M BFFT LI fdi F] CTP
KA A TIZ T RAE ] BR Y <3 s, Wintermark
SRS RIS MLE R, Ol AIS FBE R 3 s
SR A (] i A4 il o T RS B2 2 s 2R . AR
M, FRBEFE R sy ZHHRE CT, 51
A A 3 AR CT A, AWM T
3 s REEMEIFEXT CTP KA ysemm, 45503 A EAH,
HIFEH T RE S S AR AR A G, FHik, 3 sk
FEMRI RO HEE T r A pLEY, @ S AR
Titks

AWFFE R R AT R TAC #i5E, TAC
TR R B R T SR R T S RS2 A
HOFAK, MR GRS A BN TAC M
THiG b Th 2 T REAS P A HRE I 8] 5 38 570 1 P 1)
AT RN, ARAIFGE T 52K 5 R S AR R A
RS R, 43528 40 mL, 4.0 mL/s,
HEBR T 38 5 70 R B AR X T TAC 1520,
(EIETCEHEBR 2 A ORISR . AWFIE o3 2 AR
Sk TAC 5 SIS B0 TR, $2 155 3
R 4 BRI e . 7S MTT
FERET SRR RS (Fick ) @, Zad
HESAS B I B 1A X BF=[d/dt ¢ (1) [,/
[C) | ol s FEHY ¢ MEALUTEEREFWREE, ¢, J3hlk
HE R, B AU LA TAC o |
THIAHE T8 2 B T S0 SR A R TR S e R
RERIHE] &, RIFE TAC JF8R_ETFRTE R FRgh

IR SR A AT DA a2l R CRAE [ B
WD BRI UCE, TR SR S0 & . DL B RST
3 HRYFNEIERL ., CTP Ay iy H A2 5841 41
MIRETETE DL, TSR aIUT A shbk . 2L,
Jok, PRI RTAR B8 Bh ik S ik TAC HFied, i HER
HEEM A TS VE R . HEWET R,
b 43 T 3 224 A RA: ) B Ak A S . DA b
ESLES 4 USSR . ARRFSERI, H 34l
55 1 TSR S BOE A AR DL B RS i R 12
Wr, FLES 4 AT g SR

R A 1= 38 o 378 4 28 RSV RT R
SR L SRR a5 R TV AR S o i RO AR 238 1Y) I
)5, PRI TO0 A5 T 1 SR A A AT S R B . AR5
553 dILUshlik TAC My LTk SR R R /R A
FAF TS WRAE BN 3 s, TP A RAT [E] B oy
1.5 so ARHRSLG rhic s Y S SO ] )P X5 (R /)
B, PEHPRHERE TS, PIF TR 55E | G
PERHT, BRSNS PR R A AR
P, WRRITEAR, TR
RGBT, (HRWHE R ER TR . K
W, 7 AR R AR SE PR L+

RIFFRAFAE—E R, B, AR/,
ARG KA P, Hik, of
FXTG R AIS i KAT AIS SEMRIE CT 5 CTP K&
BR KR, AREFFEEEE t e A 1)
PRI

Zi bArk, SRH] “LABhik TAC B ETHSATR
RS AVE R B, F TR S WRAE IR 3 s,
B4 RAE IR 1.5 87 B2l v R PR 4 O &6
SR X288, v DMRIE2
B EHG B, JF AR SR A, AR R S
PRIGOCIESE AR B ] LS 3 i1k
e, AT R TSR BRI R TAE . ARUEAR
RS, SEAF T AN CTP K,

(& % X #f]

[1] MAOH, LINP,MOJ,L1Y, CHEN X, RAINER T H, et
al. Development of a new stroke scale in an emergency
setting[J/OL]. BMC Neurol, 2016, 16: 168. doi: 10.1186/
$12883-016-0695-z.

[2] GITTLER M, DAVIS A M. Guidelines for adult stroke
rehabilitation and recovery[J]. JAMA, 2018, 319: 820-821.



2. AR, S 3 AUBURI LN Z A I USRI AT T SR BRI AT RS + 141 -

(3]

POWERS W J, RABINSTEIN A A, ACKERSON T,
ADEOYE O M, BAMBAKIDIS N C, BECKER K,
et al; American Heart Association Stroke Council.
2018 guidelines for the early management of patients
with acute ischemic stroke: a guideline for healthcare
professionals from the American Heart Association/
American Stroke Association[J/OL]. Stroke, 2018, 49:
e46-¢110. doi: 10.1161/STR.0000000000000158.
GOMEZ-PINEDO U, SANCHEZ-ROJAS L, BENITO-
MARTIN M S, LENDINEZ C, LEON-ESPINOSA G,
RASCON-RAMIREZ F J, et al. Evaluation of the safety and
efficacy of the therapeutic potential of adipose-derived stem
cells injected in the cerebral ischemic penumbra[J]. J Stroke
Cerebrovasc Dis, 2018, 27: 2453-2465.

DONAHUE J, WINTERMARK M. Perfusion CT and
acute stroke imaging: foundations, applications, and
literature review[J]. J Neuroradiol, 2015, 42: 21-29.

ZHU G, MICHEL P, AGHAEBRAHIM A, PATRIE J T,
XIN W, ESKANDARI A, et al. Computed tomography
workup of patients suspected of acute ischemic stroke:
perfusion computed tomography adds value compared with
clinical evaluation, noncontrast computed tomography, and
computed tomography angiogram in terms of predicting
outcome[J]. Stroke, 2013, 44: 1049-1055.

TSOGKAS I, KNAUTH M, SCHREGEL K, BEHME
D, WASSER K, MAIER 1, et al. Added value of CT
perfusion compared to CT angiography in predicting
clinical outcomes of stroke patients treated with
mechanical thrombectomy[J]. Eur Radiol, 2016, 26:
4213-4219.

GOH V, LIAW J, BARTRAM C I, HALLIGAN S.
Effect of temporal interval between scan acquisitions
on quantitative vascular parameters in colorectal
cancer: implications for helical volumetric perfusion
CT techniques[J]. AJR Am J Roentgenol, 2008, 191:
W288-W292.

GORDIC S, HUSARIK D B, DESBIOLLES L,
LESCHKA S, FRAUENFELDER T, ALKADHI H. High-
pitch coronary CT angiography with third generation
dual-source CT: limits of heart rate[J]. Int J Cardiovasc
Imaging, 2014, 30: 1173-1179.

(10]

[11]

[12]

[13]

[14]

[16]

(18]

FISHER D R, FAHEY F H. Appropriate use of effective
dose in radiation protection and risk assessment[J].
Health Phys, 2017, 113: 102-109.

BACH P B, MIRKIN J N, OLIVER T K, AZZOLI C G,
BERRY D A, BRAWLEY O W, et al. Benefits and harms
of CT screening for lung cancer: a systematic review[J].
JAMA, 2012, 307: 2418-2429.

OTHMAN A E, AFAT S, BROCKMANN M A,
NIKOUBASHMAN O, BROCKMANN C, NIKOLAOU
K, et al. Radiation dose reduction in perfusion CT
imaging of the brain: a review of the literature[J]. J
Neuroradiol, 2016, 43: 1-5.

LI Z L, LT H, ZHANG K, LI W J, CHEN X, WU B, et
al. Improvement of image quality and radiation dose of
CT perfusion of the brain by means of low-tube voltage
(70 kV)[J]. Eur Radiol, 2014, 24: 1906-1913.
CORCUERA-SOLANO I, MCLELLAN A M, DOSHI
A H, PAWHA P S, TANENBAUM L N. Whole-brain
adaptive 70-kVp perfusion imaging with variable and
extended sampling improves quality and consistency
while reducing dose[J]. AJNR Am J Neuroradiol, 2014,
35:2045-2051.

RIEDERER I, ZIMMER C, PFEIFFER D,
WUNDERLICH S, POPPERT H, RUMMENY E J, et al.
Radiation dose reduction in perfusion CT imaging of the
brain using a 256-slice CT: 80 mAs versus 160 mAs[J].
Clin Imaging, 2018, 50: 188-193.

WINTERMARK M, SMITH W S, KO N U, QUIST M,
SCHNYDER P, DILLON W P. Dynamic perfusion CT:
optimizing the temporal resolution and contrast volume
for calculation of perfusion CT parameters in stroke
patients[J]. AJNR Am J Neuroradiol, 2004, 25: 720-729.
ABELS B, KLOTZ E, TOMANDL B F, VILLABLANCA
J P, KLOSKA S P, LELL M M. CT perfusion in acute
ischemic stroke: a comparison of 2-second and 1-second
temporal resolution[J]. AJNR Am J Neuroradiol, 2011,
32:1632-1639.

MEIER P, ZIERLER K L. On the theory of the indicator-
dilution method for measurement of blood flow and
volume[J]. J Appl Physiol, 1954, 6: 731-744.

[AZ4wEE] AL



