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Application of three-dimensional arterial spin labeling MR imaging to quantify changes in

hippocampal perfusion before and after radiotherapy for brain metastases
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Abstract: Objective To retrospectively analyze the changes in cerebral blood flow (CBF) of hippocampus before and after
radiotherapy (RT) and to explore its relationship with dose for providing a feasible approach for dynamically monitoring
hippocampal response after whole brain radiation therapy in patients with brain metastases (BMs). Methods A retrospective
analysis was conducted on magnetic resonance (MR) images from 43 BMs patients before and after RT, including T,-weighted
imaging (T, WI) and three-dimensional arterial spin labeling (3D-ASL) imaging. Manual segmentation of the hippocampal structures
was performed on T, WI to determine hippocampal volume, while CBF within the hippocampus was derived from 3D-ASL images.

Patients were categorized into different groups according to the time interval between two MR scans and the dose received by the
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hippocampus, namely short time interval [ <30 d, with an average of (19.74+7.15) d] < 1 Gy, 1-30 Gy and > 30 Gy groups; long

time interval [ >3 months, with an average of (495.50+226.06) d] < 1 Gy, 1-30 Gy and > 30 Gy groups. The patterns of changes

in hippocampal CBF and volume, as well as the dose-effect relationship following RT were analyzed. Results (1) A total of 86

hippocampi were enrolled, showing reductions of 8.32% in minimum CBF (CBF

in mean CBF (CBF

mean.

), and 4.11% in hippocampal volume after RT (P<0.05). The decrease rates of CBF,

), 7.31% in maximum CBF (CBF ), 8.09%
CBF . and CBF,

-min

-min’ mean

were 6.33%, 7.01% and 8.23% higher than the reduction rate of hippocampal volume, respectively. (2) With a brief interval between

two MR simulation localization scans, hippocampal CBF in the groups receiving < 1 Gy and 1-30 Gy exhibited an increase, with

the increase rate positively correlated to the radiation dose absorbed by the hippocampus. Conversely, in the group receiving >

30 Gy, hippocampal CBF decreased. The variations in the rate of hippocampal CBF change across the dose groups were statistically

significant, except when comparing < 1 Gy and 1-30 Gy groups (P<0.05). Additionally, the hippocampal volume in all 3 dose groups

experienced a slight increase, with the growth rate also positively correlated to the radiation dose received by the hippocampus;

however, these differences were not statistically significant (P>0.05). (3) With a long interval between MR simulation localization

scans, both hippocampal CBF and volume in all 3 dose groups demonstrated decreasing trends, with the decrease rate positively

correlated to the radiation dose received by the hippocampus. Statistically significant differences in the rate of CBF change were

noted among the dose groups, except for the comparison between < 1 Gy and 1-30 Gy groups (P<0.05). The reduction rate of

hippocampal volume across 3 dose groups was statistically significant (P<0.05). Conclusion The reduction in hippocampal CBF

following RT in BMs patients is more sensitive than the reduction in hippocampal volume, exhibiting a pronounced dependence

on both time and radiation dose. Consequently, CBF changes should be employed as a standard bioindicator for monitoring the

response to hippocampal RT and predicting radiological injuries after whole brain radiotherapy in BMs patients.

Keywords: hippocampus; blood flow perfusion; radiotherapy; brain metastasis; magnetic resonance imaging; three-

dimensional arterial spin labeling

e

I

T

fIi %% #4988 ( Brain Metastases, BMs) & FH X fif 48 5
951 WL IR L 60% 1 BMs o 22 &kt PRIk 4 i
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Figure 1 Research flowchart
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Figure 2 Hippocampal CBF changes at brief intervals before and after radiotherapy

%1 RTREIGFED CBF 5K (v+s)

Table 1 Hippocampal CBF and volume before and after radiotherapy (Mean+SD)

. S} 7] ] {3 4 4L /m L - 100 @' miin”! i v 1] B+ 2H/mL - 100 g - min! R /em?
CBF_,,, CBF_,,, CBF .., CBF_,;, CBF_,,, CBF ..,  WSHJEIRREIZE ) [a] B R 2H
WOFHT 2048731 46.02+15.08  35.88+12.66  31.33+5.56 62.4148.62 47.78+4.87 2.89+0.56 3.56+0.78
o WOTFIE 21.09+7.45%  48.72+14.38% 38.17+14.44%  28.00+5.51% 52.46+8.88% 41.25+8.42% 2.90+0.56 3.21+0.81%
WOFRT  23.48+3.56  53.11+8.33  38.365.81 26.07+534  61.70£6.00 41.72+7.99 3.25+0.57 3.45+0.35
e WUFIG  26.14+3.25% 61.77+13.49% 43.24+£6.93%  22.35+5.69* 50.79+9.05* 34.37+7.75% 3.26+0.56 2.95+0.45%
FOFRT 27.0049.78  57.13£14.99  44.10£13.49  34.19+3.25 74.19+9.85 53.55+7.94 3.1140.58 3.77+0.32
o WOFIE 22.66+£7.58%  45.85+£11.16% 36.77+10.32%  27.37£3.36% 56.12+5.89% 41.43+5.83% 3.20+0.63 3.10£0.36*

*Fon SRR E, P<0.05

2 RTHIGED CBF ST LER (%, i+s)

Table 2 Rates of change in hippocampal CBF and volume before and after radiotherapy (%, Mean+SD)

25 5] CBF_,,, CBF_,,, CBF,,.,, R
<1 Gy#l 3.10+2.30 7.78+12.50 5.66+5.11 0.15+0.23
B bl 1~30 Gy 4l 12.10+8.81 16.46+17.55 13.72+16.72 0.19+0.02
>30 Gyl -15.03£9.94%  -19.21+5.35%® -16.10+8.47% 0.33+0.01
<1 Gy#l -10.82+8.14° -15.45£12.21°  -13.33+16.47° -9.312.30¢

Bl e pA 2 1~30 Gy 41 -14.82+9.06° -17.19£15.26¢ -16.89£13.37¢

>30 Gy 41 -19.88£7.712b¢ -23.82+7.378b¢ -22.07+9.158¢

-14.59+1.14

-17.65+2.328¢

[IZAIA] HEEE, S<1 Gy AL, *P<0.05, 5 1~30 Gy 41 HLA, 2P<0.05 ;55 s i ] B S 21 [] 551 41 18] FE 45, P<0.05
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Figure 3 Hippocampal CBF changes at long intervals before and after RT
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