
Evaluation of Fusion Imaging Guidance in Radiofrequency Ablation for Early-Stage Breast Cancer
Chie Yamanaka, MD Shiori Matsuzaki, MD Yoshiko Hayakawa, MD 

Hironobu Manabe, MD, PhD Michiyo Kubota, MD, PhD Toshikazu Ito, MD, PhD Yoshifumi Komoike, MD, PhD
Department of Surgery, Kindai University

Name:  Chie Yamanaka
Organization: Department of Surgery, Kindai University
Email: cyamanaka25@med.kindai.ac.jp
Phone: 072-288-7222

Contact 1. Toshikazu Ito, et al. Radiofrequency Ablation of Breast Cancer: A Retrospective Study. Clinical Breast Cancer. 2017
2. Toshikazu Ito, et.al. Understanding the basics and clinical applications of contrast-enhanced ultrasound for breast lesions, Journal of Medical Ultrasonics, 2024
3. Shogo Nakano, et al. Fusion of MRI and Sonography Image for Breast Cancer Evaluation Using Real-time Virtual Sonography with Magnetic Navigation: First Experience, Japan J Clin Oncol, 2009
4. Shogo Nakano, et al. Impact of real-time virtual sonography, a coordinated sonography and MRI system that uses an image fusion technique, on the sonographic evaluation of MRI-detected lesions of the breast in second-look sonography, Breast Cancer Res Treat, 2012
5. Kazuaki Nakashima, et al. MRI-detected breast lesions: clinical implications and evaluation based on MRI/ultrasonography fusion technology, Japanese Journal of Radiology, 2019
6. Junta Sakakibara, et al. A review of MRI(CT)/US fusion imaging in treatment of breast cancer, Journal of Medical Ultrasonics, 2023   

References

Radiofrequency ablation (RFA) is emerging as a minimally invasive 
treatment option for selected early-stage breast cancers in Japan, 
particularly for tumors ≤15 mm. However, accurate lesion 
localization can be difficult with conventional ultrasound (US), 
especially for small and/or non-mass lesions. In this study, fusion 
imaging combining contrast-enhanced MRI, US, and contrast-
enhanced US (CEUS) markedly improved lesion detectability and 
enabled precise re-localization when additional ablation was 
required. Complete ablation was achieved in all cases, with no 
viable tumor cells identified on follow-up ultrasound-guided 
vacuum-assisted biopsy(US-VAB). These findings indicate that MRI–
US/CEUS fusion imaging enhances the precision, safety, and 
reproducibility of RFA for early-stage breast cancer. Further clinical 
accumulation is required to refine protocols and establish 
standardized guidelines.

Abstract

Patients were aged 34–82 years (mean 57 years), and tumor 
diameters ranged from 7 to 15 mm (mean 12.4 mm). 
Histopathologic diagnoses included ductal carcinoma in situ (DCIS; 
n = 8) and invasive ductal carcinoma (IDC; n = 6). Fusion imaging 
improved lesion visibility and delineation in cases that were difficult 
to detect on conventional US and enabled accurate re-localization 
for additional ablation. Complete ablation was achieved in all cases. 
Mean initial impedance was 169 Ω (116–245 Ω), maximum ablation 
temperature 93 ℃(83–100 ℃), and ablation time 20 minutes (14–
32 minutes). One case of mild nipple retraction occurred, and no 
major complications were observed. No viable tumor cells were 
identified in any US-VAB specimens.

Introduction

Fourteen patients underwent RFA guided by MRI–US/CEUS fusion 
imaging using  V Nav®(LOGIQ E10x, GE Healthcare)  system. Fusion 
imaging was performed by integrating contrast-enhanced MRI 
with real-time ultrasound using the V Nav®; volume navigation 
system. Anatomical landmarks such as the nipple were matched to 
ensure accurate spatial alignment. CEUS with Sonazoid® was used 
to assess intratumoral vascularity and to confirm post-ablation 
perfusion defects. After fusion-based targeting, a Cool-tip 
electrode was inserted with a planned 1-cm margin. Therapeutic 
efficacy was evaluated ≥4 weeks post-procedure using follow-up 
imaging and US-VAB of the ablation zone.

In RFA, regardless of whether the target is a mass or a non-mass 
lesion, combining fusion imaging with contrast-enhanced breast MRI 
enables rapid and accurate lesion localization and allows appropriate 
definition of the ablation field during additional ablation. Evaluation 
of the ablation zone after RFA is sometimes difficult on conventional 
US alone, as the margins can become indistinct. However, fusion 
imaging enables more accurate confirmation of the ablation area by 
referencing the pre-procedural MRI. Furthermore, CEUS, which 
enables assessment of microvascular perfusion, was useful for 
evaluating therapeutic efficacy. On CEUS, the ablation zone appears 
as a perfusion defect, making its boundaries easier to delineate and 
allowing reliable assessment of treatment effectiveness.
This study has several limitations. Because MRI was performed in 
the prone position and ultrasonography in the supine position, slight 
misregistration may have occurred during fusion due to differences 
in patient positioning. However, synchronization using the nipple 
followed by alignment with the lesion allowed relatively easy fusion. 
In addition, further refinement of techniques to correct positional 
discrepancies caused by changes in the scanning plane is required. 
The small sample size also represents a limitation of this study. 

Discussion

Fusion imaging with MRI and US/CEUS improved the accuracy and 
safety of RFA for early-stage breast cancer, particularly for lesions 
poorly visualized on conventional US. Further clinical accumulation is 
required to standardize protocols and optimize treatment outcomes.

Conclusions

RFA for early-stage breast cancer was approved for coverage under 
Japan’s national health insurance in December 2023, following 
favorable results from several clinical trials. This study evaluated 
the clinical utility of fusion imaging to improve lesion targeting and 
procedural accuracy during RFA.
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