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[ Abstract]  Objective To observe the exact effect of microbubble-enhanced ultrasound cavitation combined with
natural killer (NK) cells on microwave ablation of rabbit liver VX2 tumors. Methods Forty rabbits with VX2 liver tumors
were randomly divided into five groups ( eight animals per group): microwave ablation (MW ), ultrasonic cavitation

(CA), NK cell injection (NK) , microwave ablation plus ultrasonic cavitation and NK cell injection (MW+CA+NK) , and
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blank control (BL). Each group was administered their respective treatment intervention. Two-dimensional and contrast-

enhanced ultrasound imaging techniques were used to evaluate changes in tumor volume and maximum diameter 10 days

after treatment. Tumor blood flow was evaluated by contrast-enhanced ultrasound imaging after treatment. Results Tumor

volume and maximum diameter of the MW+CA+NK group were both significantly reduced compared with other groups 10

days after treatment (P < 0.05). In addition, blood flow of the MW+CA+NK group was significantly decreased compared

with the other groups (P < 0.05). Conclusions

Microbubble-enhanced ultrasound cavitation combined with NK cell

could significantly enhance the effects of microwave thermal ablation of rabbit liver VX2 tumors.
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Note. A, Tumor volume. B, Maximum tumor diameter.

Figure 1 Changes in volume and maximum diameter of rabbit VX2 liver tumors before and after

treatment as measured by two-dimensional ultrasound and CEUS imaging techniques

T AIRYTHET, IR B S 7R R 2 A BRI 7S (735 ) 5B IRYT R, IR IR A 7R T Rl XA R R A3 A LR IR 1A (#5365 C 1R
YT, CDFT /R IS8 IR ML A5 5 (§53% ) s D IRYT S , CDFT /R JH X P ML A5 5 T 2%, 3 2k T ILak o8 S0tk i A 5 (R 3k ) o

2 MW+CA+NK 5T VX2 ity i s A
Note. A, Heterogeneous and hypoechoic echoes of tumors before treatment revealed by two-dimensional ultrasound (arrow). B, Rough
punctate strong echoes in the ablation zone after treatment revealed by two-dimensional ultrasound (arrow). C, Annular blood flow signal in
tumor before treatment as indicated by CDFI (arrow). D, Blood flow signal disappeared in the ablation zone, but residual points of blood
flow signal were visible at the edge of the tumor after treatment as indicated by CDFI (arrow).

Figure 2 Ultrasound images of rabbit liver VX2 tumors in the MW+CA+NK group

&R 1 CDFI J CEUS WA ALIAYTIG VX2 a1 I 753 A AT
Table 1 Distribution of blood flow in VX2 liver tumors after treatment as assessed by CDFI and CEUS

CDFI CEUS
20 5]
Groups 0% 1% I 4% I %% 04 1% 4 11 %%
Grade 0 Grade 1 Grade 11 Grade IIT Grade 0 Grade T Grade 1T Grade TIT

MW+CA+NK 6 2 0 0 7 1 0 0

MW 0 1 4 3 0 1 5 2

NK 0 1 2 5 0 0 3 5

CA * 0 0 4 4 0 0 5 3

BL = 0 0 1 7 0 0 0 8

TEAPRUMRA RN . SR — IR MW+CA+NK A8, * P<0. 05,
Note. Results are expressed as the number of tumors. Compared with the MW+CA+NK group in the same time period, * P<0. 05.
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FETE (73K 5 CoNK AT DXCIRT UL g eh O BB« 0R7 ML GE T (373K ) 3 D2 BL 4HIRYT IX.
BT LR PR AR R (#E k) .

3 CEUS WA YT TG Bbygg va 7 DXl i i o8 i 5]

Note. A, No obvious blood perfusion was observed in the treatment area of the MW+CA+NK group. B,

A few “dot-like” signals indicating blood perfusion in treatment areas (arrow) of the MW group; C,

“Stripe-like” blood perfusion (arrow) in the center of the tumor treatment area in the NK group. D.

“Slice-like” blood perfusion was observed in the tumor treatment area (arrow) of the BL group.

Figure 3 Tumor blood perfusion before and after treatment as evaluated by CEUS
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