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Background: To evaluate the technical success and clinical safety of magnetic resonance
(MR)-guided microwave ablation (MWA) of small hepatic metastases.

Materials and Methods: Institutional review board approval and informed patient consent
were obtained. A retrospective analysis of the patient data revealed 50 patients with small
hepatic metastases (34 men, 16 women) who underwent MWA under MR guidance and
monitoring. After the procedure, the intervention-related complications were classified
according to the Common Terminology Criteria for Adverse Events (CTCAE) and Society
of Interventional Radiology (SIR) classification system. Furthermore, the overall survival
(OS) and local tumor-free survival (LTP) of the patients were analyzed.

Results: The patients who underwent MR-guided MWA achieved technical success. The
mean energy, ablation duration per tumor, and procedure duration were 55.3+9.4kJ, 11.7+
5.6 min and 89.5=+30.9 min, respectively. Most adverse events and complications were
CTCAE grade 1 or 2 or SIR classification grade A or B. The 1-, 2-, and 3-year local
tumor progression (LTP) rates were 65.9%, 31.5% and 18.5%, respectively, with a mean LTP
of 19.216 months (95% CI: 16.208, 22.224); and the 1-, 2- and 3-year overall survival (OS)
rates were 81.8%, 60.8% and 44.7%, respectively, with a mean OS of 26.378 months (95%
CI: 23.485, 29.270). Multivariate Cox’s regression analysis further illustrated that tumor
location (challenging locations vs ordinary locations) and the anesthesia (general anesthesia
VS local anesthesia) were important factors affecting LTP and OS.

Conclusion: MR-guided MWA can successfully treat small hepatic metastases with poten-
tially favorable safety and technical efficacy.

Keywords: microwave ablation, magnetic resonance imaging, liver tumors, tumor ablation,

hepatic malignancies

Background

Image-guided thermal ablation has become a valuable therapeutic approach for the
treatment of hepatic malignancies and is included in several guidelines."* Of note,
radiofrequency ablation (RFA) and microwave ablation (MWA) are the most
commonly used thermal ablation methods for hepatic malignancies.® In comparison
with RFA, MWA can bring the target lesion to a higher temperature in a shorter
period of time, which actually allows a larger ablation zone to be produced, Thus
reducing the procedure duration.* In addition to the device itself, the use of
a reasonable and effective imaging modality is also vital for successful and safe
ablation. Currently, ultrasound and computed tomography (CT) are the most
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frequently used modalities. However, ultrasound-guided
thermal ablation has difficulty overcoming the formation
of bubbles and poor image contrast during the procedure.
Although CT can provide accurate imaging, it is difficult
to distinguish the boundary between the residual tumor
and the ablation area after treatment.” Because MRI pro-
vides the most reliable visualization of target tumors,
superior soft tissue contrast, and the ability to perform
multiplane imaging, MR-guided MWA has been suggested
to be an effective solution to overcome the above
disadvantages.®™®

Therefore, the purpose of this study was to investigate
the feasibility of MR-guided percutaneous ablation in
patients with small hepatic metastases and to assess the
immediate technical success, safety and outcome.

Materials and Methods

Patients

From November 2016 to July 2018, we retrospectively
enrolled 50 patients in our institution who received MR-
guided MWA of secondary hepatic malignancies (52.5
+13.2 years; range 3671 years). The retrospective study
was approved by the institutional review board. The study
protocol complied with the Helsinki Declaration. Written
informed consent was obtained from all patients prior to
treatment. All patients received chemotherapy due to
tumor metastasis before MWA. The response to che-
motherapy was divided into partial response (PR), stable
disease (SD), and disease progression (PD). The patient
characteristics in (Table 1). The detailed inclusion and
exclusion criteria are listed in (Table 2).

Equipment

In this study, the MR-compatible MWA apparatus (2450
MHz, ECO Medical Instrument Co., Ltd. Nanjing, China)
and a microwave antenna (ECO-100AI13, 1.8 mm, 15 cm,
Co., Ltd. Nanjing, China) were used. Respiratory and ECG
gating sensors (Invivo, Orlando, USA) were placed around
the chest wall and finger, respectively. The MR signal was
received by a Torso body coil with two rectangular square
holes to facilitate interventional procedures. MWA was
guided by a 3.0 T dual gradient MR scanner (Magnetom
Verio 3.0T scanner, Siemens Healthineers, Germany) with
a closed bore (inner-diameter, 70 cm). The MR scanning
sequences and parameters used in our study have been
listed below:

Table | Patient Characteristics

Characteristics Patients (n=50) | Percentage (%)

Age * 52.5£13.2 36-71)
> 60 21 42
<60 29 58
Sex
Male 34 68
Female 16 32

ECOG performance status

0 35 70
| 15 30
Diagnosis

Hepatic metastasis of rectal 21 42
carcinoma

Hepatic metastasis of colonic | 19 38
carcinoma

Hepatic metastasis of gastric | 6 12
carcinoma

Hepatic metastasis of 4 8

cholangiocarcinoma

Response to chemotherapy
previous to MWA

Partial remission (PR) 32 64
Stable disease (SD) 6 12
Progressive disease (PD) 12 24

Child-Pugh grade
A 33 66
B 17 34

Tumor diameter
3> ecm,<5 cm 28 56
<3cm 22 44

Tumor location

Challenging locations 17 34

Other parts 33 66
Anesthesia

General anesthesia 15 30

Local anesthesia 35 70

Number of lesion
Single (I) 26 52
2-3 lesions 24 48

Notes: ECOG, Eastern Cooperative Oncology Group; data are numbers of
patients. *Data are mean #* standard deviation. Challenging locations (hepatic
dome, close to the heart/diaphragm/hepatic hilum).

Abbreviations: GA, general anesthesia; LA, local anesthesia.

1. T2WI (Transverse section, T2 Haste, 16 s) single-
shot half Fourier haste breath holding sequence:
repetition time (TR) 1000 ms, echo time (TE) 106
ms, flip angle (FA) 180°, slice thickness (ST) 4.5
mm, field of view (FOV) 137 x 256, Band width
(Hz/pixel) 781.
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Table 2 Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

| Age range: 18-75 years Age <18 or >75 years

2 Child—Pugh grade A or B Child—Pugh grade C

3 BCLC grades are Aor B BCLC grades are C

4 ECOG score=2 ECOG score>2

4 Liver lesions <3 The liver lesions number>3

5 Single tumor diameter <5 cm Single tumor diameter =5

6 The expected survival time>3 The expected survival time <3

months months

7 No portal vein thrombus Portal vein thrombus

9 PLT >40 x 109/L or PT <25 s PLT <40 x 109/L or PT >25 s

Abbreviations: EASL, European Association for the Study of the Liver; ECOG,
Eastern Cooperative Oncology Group; PLT, platelet; PT, prothrombin time.

2. TIWI (Transverse section, T1 Vibe, 16 s) gradient
echo volume interpolation body part inspection
sequence: TR 4.56ms, TE 1.93ms, FA 9.0°, ST
33 mm, FOV 230 x288, Band width (Hz/pixel)
400.

3. T2WI (Sagittal section) single-shot half Fourier
haste breath holding sequence: TR 1000ms, TE
106 ms, FA 180°, ST 4.0mm, FOV 165 x 256,
Band width (Hz/pixel) 781.

4. T1WI (Coronal section) gradient echo volume inter-
polation body part inspection sequence: TR 6.11ms,
TE 2.46 ms, FA 9.0°, ST 3.0 mm, FOV 179 x 256,
Band width (Hz/pixel) 410.

Ablation Procedure Protocol

The patient’s position was determined according to the
preoperative puncture plan on CT/MR. Routine electrocar-
diogram and oxygen saturation monitoring (Invivo,
Orlando, USA) and an ECO-100E MR-compatible MWA
system were placed at a distance of 3 meters next to the
MR-compatible operating table (For patients under general
anesthesia). Dexmedetomidine (0.5 pg/kg) and tropisetron
(8 mg) were injected intravenously 10 min before the
procedure, and Diloxin (5 mg) was injected intravenously
5 min before ablation. All procedures were performed by
an alternating team of two trained interventional radiolo-
gists with 6—10 years of experience in ablation procedures.
After being marked on the body surface with a cod liver

oil capsule matrix, the puncture site was sterilized, and 2%

lidocaine was used for local anesthesia. Under the gui-
dance of MR, the microwave antenna was inserted into the
center of the tumor. The antenna insertion process required
multiple T1 (Vibe, 16 s) sequences to confirm the correct
position and angulation of the applicator. After confirming
that the tip of the antenna was 0.5—1 cm beyond the distal
tumor, the transmitter was turned on for ablation. Of note,
the tumor at each site was ablated with 45-70 W for 5-18
mins. After the ablation was complete, the MWA was
powered off, and unenhanced MRI scans (T2 Haste, 16
s) and T1 (Vibe, 16 s) were acquired to assess the immedi-
ate treatment results and complications and ensure that the
ablation area covered the entire lesion and extended
beyond the margin by 0.5-1 cm. If the ablative zone,
which was considered the T1 hyperintense or T2 hypoin-
tense area, does not cover the target tumor, then the
antenna was repositioned, and the ablation continued.
Reexamination of enhanced magnetic resonance on
the second day after procedure (Detailed information can
be seen in Figures 1 and 2).

Evaluation of Tumor Response

The ablation evaluation standards were the modified
response  evaluation criteria in solid tumors
(mRECIST; 2020 edition). Adverse events and compli-
cations after treatment are classified according to the
Common Terminology Criteria for Adverse Events
(CTCAE) of the National Cancer Institute. Local
tumor progression (LTP) was defined as detection of
nodular enhancement in the adjacent ablation area dur-

ing follow-up.

Follow-Up

All patients received postclinical care. If the abdominal
ultrasound, routine blood, liver and kidney function tests
and physical condition were appropriate on the
following day, the patients could be discharged. Liver
MR was reviewed 1 month after the procedure and every
3-4 months thereafter. For the patients who developed
LTP, further ablation was offered. Surgical resection was
performed for the lesions that could not be completely
ablated under MR guidance. For the patients with LTP
who could not receive ablation or resection due to the
location or other reasons, systemic chemotherapy was
administered whenever possible. The patients were fol-

lowed up to April 2020 or until death.
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Figure | A 62-year-old patient with metastasis (28 mm) of colonic carcinoma. (A and D) Preinterventional planning imaging and MR-guided targeting (Red arrow). (B) The
image shows the precise positioning of the antenna into and ablation of the lesion on the transverse position. (C and E) High-signal target tumor lesions are clearly visible in
the unenhanced T2 sequence. (F; dashed circle) After one day of precise ablation, enhanced magnetic resonance reexamination found the signal of the target lesion changed
significantly, forming a round-shaped low-signal target sign.

Figure 2 Hepatic metastasis of colonic carcinoma in the hepatic dome of a 53-year-old man treated with MR-guided MWA. (A) The metastatic nodules near the edge of the
heart (red arrow) is 17 mm in diameter and appears as hyper-intensity on T2-weighted transverse images before MWA. (B-D) The trajectory of the tilting puncture were
adjusted gradually for the lesion target under the guidance of coronal TIWI and the image shows precise insertion of the antenna into the target. (E) After one day of MWA,
enhanced magnetic resonance reexamination found the treatment border covered the lesion completely as hyperintensity on TIWI (dashed circle) without penetrating the
diaphragm and pericardium. (F) The lesion (red arrow) is completely ablated without a diaphragm injury at |-month follow-up.
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Table 3 Adverse Events and Complications

Categories Grades N (%)
CTCAE/SIR

Adverse events
Fever, maximum 38°C, no treatment | A 12 (24)
Fever, > 38°C 2 B 8 (16)
Nausea or vomiting | B 4 (8)
Asymptomatic right pleural effusion | A 5 (10)
Mild pain, requiring nonopioid oral analgesic treatment 2 B 16 (32)
Moderate pain, requiring opioid oral analgesic treatment 2 B 21 (42)
Mild liver dysfunction, requiring conservative treatment 2 B 19 (38)
Total bilirubin elevation, transient 2 B 15 (30)
Hypoalbuminemia, transient | A 5 (10)
Liver abscess 2 B 2 (4)

Complications
Pleural effusion 2 C 1 (2)
Subcapsular liver hemorrhage 3 D 2 (4)

Notes: National Cancer Institute Common Terminology Criteria for Adverse Event (CTCAE version 4.03), uses Grades | through 5 to refer to the severity of the adverse
events, based on general guidelines: Grade | mild — asymptomatic or mild symptoms, clinical or diagnostic observations only, intervention not indicated; Grade 2 moderate —
minimal, local or noninvasive intervention indicated; Grade 3 severe — medically significant but not immediately life-threatening, hospitalization or prolongation of
hospitalization indicated, disabling; Grade 4 life-threatening — urgent intervention indicated; Grade 5 death — related to adverse event. Society of Interventional
Radiology (SIR) classification system for Complications by Outcome describes minor complications (Grade A — no therapy, no consequence; Grade B — nominal therapy,
no consequence) and major complications (Grade C — require therapy, minor hospitalization; Grade D — require major therapy, unplanned increase in level of care,
prolonged hospitalization; Grade E — permanent adverse sequelae; Grade F — death). Data are numbers of events. Data in parentheses are percentages.

Statistical Analysis

Statistical analyses were performed with SPSS version
22.0 software (SPSS Inc., Chicago, IL). Continuous vari-
ables are shown as the mean = standard deviation, and
categorical data are reported as numbers with percentages.
The Kaplan—Meier survival curves were used for survival
analysis. Univariate and multivariate Cox’s proportional
hazards regression analyses were used to predict prognos-
tic factors of LTP and OS. A P<0.05 was considered for
significant differences.

Results

Patient Characteristics

The mean age of the patients was 52.5+13.2 years (range,
3671 years). Of the 50 patients, 29 (58%) were 60 years
old or younger, 34 (68%) were male. The number of liver
metastases due to colonic carcinoma, rectal carcinoma,
gastric carcinoma, and cholangiocarcinoma was 19
(38%), 11 (22%), 6 (12%) and 4 (8%), respectively.
Among the 50 patients, 22 (44%) had tumors <3cm i n
diameter. And, 33 (66%) patients were considered Child—
Pugh A, while 22 (44%) were considered Child—Pugh
B. In addition, 15 cases were completed under general
anesthesia and the number of patients with a single

metastasis accounted for half of the total number. The
mean energy, ablation duration per tumor, and procedure
duration were 55.3+9.4KkJ, 11.7 £+ 5.6 min and 89.5+30.9

min, respectively.

Complications and Side Effects

Postoperative pain and fever (without treatment) were the
most common adverse events after treatment (Table 3).
With three exceptions, Most adverse events and complica-
tions were CTCAE grade 1 or 2 or SIR classification grade
A or B (no or nominal treatment, no consequences). Of the
exceptions, two patients developed hepatic subcapsular
hemorrhage and required interventional embolization, and
another patient developed massive right pleural effusion
requiring thoracic drainage.

OS and LTP

After MR-guided MWA procedure, the 1-, 2-, and 3-year
LTP rates were 65.9%, 31.5% and 18.5%, respectively,
with a mean LTP of 19.216 months (95% CI: 16.208,
22.224) (Figure 3A); and the 1-, 2- and 3-year overall
survival (OS) rates were 81.8%, 60.8% and 44.7%, respec-
tively, with a mean OS of 26.378 months (95% CI: 23.485,
29.270) (Figure 3B). Kaplan—-Meier LTP and OS with
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Figure 3 Kaplan—Meier local tumor progression (LTP) and overall survival (OS) with hepatic metastases; (A) mean LTP was 19.216 months (95% CI: 16.208, 22.224); (B)
mean OS was 26.378 months (95% CI: 23.485, 29.270). The |-, 2-, and 3-year LTP rates with hepatic malignant tumors were 65.9%, 31.5% and 18.5%, respectively; and the |-,

2- and 3-year OS rates were 81.8%, 60.8% and 44.7%, respectively.
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Figure 4 Kaplan—Meier local tumor progression (LTP) and overall survival (OS) with microwave ablation (MWA) under general anesthesia (GA) versus MWA under local
anesthesia (LA) management; (A) mean LTP was 26.486 months (95% Cl: 20.976, 31.995) in procedure under GA versus 16.285 months (95% Cl: 13.189, 19.381) in the LA
(p = 0.008, Log rank test); (B) mean OS was 31.827 months (95% CI: 27.573, 36.081) in the procedure under GA versus 24.080 months (95% CI: 20.651, 27.508) in the LA
management (p = 0.008, Log rank test). The |-, 2-, and 3-year LTP rates with MWA under GA were 86.7%, 66.0% and 37.7%, respectively; and the |-, 2- and 3-year OS rates
were 93.3%, 78.8% and 78.8%, respectively. The |-, 2-, and 3-year LTP rates with MWA under LA were 56.9%, 18.0% and |1.2%, respectively; and the |-, 2- and 3-year OS

rates were 76.8%, 53.2% and 30.4%, respectively.

MWA under general anesthesia (GA) versus local anesthe-
sia (LA) management. Mean LTP was 26.486 months
(95% CI: 20.976, 31.995) in procedure under GA versus
16.285 months (95% CI: 13.189, 19.381) in LA (p =
0.008, Log rank test) (Figure 4A). Mean OS was 31.827
months (95% CI: 27.573, 36.081) in the procedure under
GA versus 24.080 months (95% CI: 20.651, 27.508) in the

LA management (p = 0.008, Log rank test) (Figure 4B).
The 1-, 2-, and 3-year LTP rates with MWA under GA
were 86.7%, 66.0% and 37.7%, respectively; and the 1-, 2-
and 3-year OS rates were 93.3%, 78.8% and 78.8%,
respectively. The 1-, 2-, and 3-year LTP rates with MWA
under LA were 56.9%, 18.0% and 11.2%, respectively;
and the 1-, 2- and 3-year OS rates were 76.8%, 53.2%
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Figure 5 Kaplan—Meier local tumor progression (LTP) and overall survival (OS) with tumor in ordinary locations versus tumor in challenging locations; (A) mean LTP was
21.641 months (95% Cl: 18.179, 25.102) in ordinary locations versus 14.761 months (95% CI: 9.633, 19.889) in the challenging locations group (p = 0.033, Log rank test); (B)
mean OS was 29.073 months (95% CI: 25.926, 32.219) in the tumors with ordinary locations versus 21.008 months (95% Cl: 15.954, 26.063) in the challenging locations (p =
0.015, Log rank test). The |-, 2-, and 3-year LTP rates with tumor in ordinary locations were 81.7%, 36.4% and 20.5%, respectively; and the |-, 2- and 3-year OS rates were
90.7%, 81.3% and 53.9%, respectively. The |-, 2-, and 3-year LTP rates in tumor with challenging locations were 35.3%, 23.5% and 15.7%, respectively; and the I-, 2- and

3-year OS rates were 64.7%, 32.7% and 26.1%, respectively.

and 30.4%, respectively. Additionally, under the MR-
guided MWA procedure, we compared the LTP and OS
of the tumor at the ordinary locations and the challenging
locations. The mean LTP was 21.641 months (95% CI:
18.179, 25.102) in ordinary locations versus 14.761
months (95% CI: 9.633, 19.889) in the challenging loca-
tions group (p = 0.033, Log rank test) (Figure 5A). The
mean OS was 29.073 months (95% CI: 25.926, 32.219) in
the tumor with ordinary locations versus 21.008 months
(95% CI: 15.954, 26.063) in the challenging locations (p =
0.015, Log rank test) (Figure 5B). The 1-, 2-, and 3-year
LTP rates with tumor in ordinary locations were 81.7%,
36.4% and 20.5%, respectively; and the 1-, 2- and 3-year
OS rates were 90.7%, 81.3% and 53.9%, respectively. The
1-, 2-, and 3-year LTP rates in tumor with challenging
locations were 35.3%, 23.5% and 15.7%, respectively; and
the 1-, 2- and 3-year OS rates were 64.7%, 32.7% and
26.1%, respectively.

Factors Affecting OS and LTP

Univariate Cox’s proportional hazard regression indicated
that tumor in ordinary locations, general anesthesia, and
single tumor were correlated with longer LTP (P = 0.038,
P=0.011 and P = 0.003, respectively) and OS (P = 0.019,
P=0.015 and P = 0.032, respectively). In addition, multi-
variate Cox regression indicated that the tumor diameter

(3cm>,<5cm) and the number of lesion (23 lesions) was
an independent factor predicting a shorter LTP (both
P<0.05, respectively). Furthermore, multivariate Cox
regression revealed that the tumor in ordinary locations
and general anesthesia were both independently predicted
to have a longer LTP and OS in patients with liver metas-
tases (both P<0.05, respectively). (Table 4)

Discussion
A pathological analysis of 225 patients with HCC con-
firmed that US, CT and MRI had sensitivities of 46%, 65%
and 72%, respectively, in detecting lesions and 21%, 40%
and 47%, respectively, in detecting small HCC (<2 cm).’
The smaller the diameter of the tumor was, the lower the
detection ability of the imaging modality. MR-guided abla-
tion has the incomparable advantages of ordinary CT and
ultrasound, such as no ionizing radiation, no gas artifact
interference and high tissue resolution, and can show
lesions that are difficult to observe on CT and US. This
reduces the risk of incomplete ablation or adverse events.
Clasen et al'® pointed out that compared with CT-guided
procedures, MR-guided ablation has a higher primary
effectiveness rate.

The study by Rempp et al'' observed that all tumor
progression occurred at the edge of the ablation zone, and
previous research has repeatedly dealt with the importance
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Table 4 Factors Affecting LTP and OS
Parameters LTP P oS P
HR 95% ClI HR 95% ClI
Lower Higher Lower Higher

Univariate Cox’s regression
Age (>60 vs < 60) 0.775 0.379 | I.513 | 0.455 | 1.073 0492 | 2.337 | 0.860
Child—Pugh grade (A vs B) 1.281 0.662 | 2480 | 0.462 | 1.411 0.637 | 3.129 | 0.396
Tumor diameter (3> ,<5 vs <3cm) 6.000 0317 | 1.135 | 0.116 | 0.618 0.285 | 1.337 | 0.222
Tumor location (challenging locations vs ordinary | 3.399 1.040 | 3.962 | 0.038 | 2.546 1.169 | 5.546 | 0.019
locations)
Anesthesia (GA VS LA) 2.789 1262 | 6.161 | 0.011 | 4.452 1.332 | 14877 | 0.015
Number of lesion (single VS 2-3 lesions) 2717 1.413 | 5226 | 0.003 | 2379 1.076 | 5259 | 0.032

Multivariate Cox’s regression
Age (>60 vs < 60) 0.801 0389 | 1.649 | 0.547 | 1.480 0.657 | 3.333 | 0.344
Child—Pugh grade (A vs B) 1.842 0.879 | 3.861 | 0.106 | 2.213 0.904 | 5.417 | 0.082
Tumor diameter (3> ,<5 vs <3cm) 0.482 0.242 | 0.962 | 0.039 | 0.516 0227 | 1.173 | 0.114
Tumor location (challenging locations vs ordinary | 2.278 1.086 | 4.779 | 0.029 | 2.356 1.030 | 5.391 0.042
locations)
Anesthesia (GA VS LA) 2.845 1218 | 6.644 | 0.016 | 5426 1.519 | 19.378 | 0.009
Number of lesion (single VS 2-3 lesions) 2.201 1.099 | 4410 | 0.026 | 1.628 0.676 | 3.925 0.277

Notes: Challenging locations (hepatic dome, close to the heart/diaphragm/hepatic hilum). Bold values indicate P < 0.05.
Abbreviations: GA, general anesthesia; LA, local anesthesia; HR, hazard ratio; Cl, confidence interval; LTP, local tumor progression.

of the safety margin of tumor ablation.'*'* Although the
mean safety margin based on the measured tumor diameter
and ablation zone seemed to be sufficient, insufficient
focal margins were detected in various cases, which may
be the cause of local progression. Recently, MR-guided
MWA has been commonly used as a minimally invasive
therapy for the treatment of primary and metastatic liver
malignancies.®*'>'¢ In fact, the MR-guided method could
ensure precise insertion of the applicator into the target
tissue and enable monitoring and controlling the degree of
tissue coagulation to confirm that the tumor has been
completely destroyed as well as reduce the impact on
normal liver tissue and thermal damage to adjacent
structures.””'® The characteristic of coagulative necrosis
during MR-guided ablation is that the signal intensity on
T2WI decreases while the signal intensity on TIWI
increases. Actually, the signal strength of the tumor is
closely related to the water content of the tissue. The
ablation process significantly reduces the water content
in the tissue, contributing to a reduction in both T1 and
T2 values, and the lesions appear hyperintense on TIWI
and hypointense on T2WI with clear, well-defined
edges.””!” Research by Chen et al'® found that MR-
guided ablation can only be considered completely necro-
tic when the lesion is perfectly covered by the ablation
zone, that is. Appears with high-intensity edges on TIWI

and low-intensity edges on T2WI (including a safe abla-
tion margin of more than 5-10 mm). Otherwise, the elec-
trode was repositioned into the residual lesion, and
additional MWA was performed. In this retrospective
study, the technical success rate of MR-guided ablation
for small hepatic malignancy was 100%, which is consis-
tent with the rate in Weiss’s research.'®

In this research, univariate Cox’s proportional hazard
regression indicated that tumor in ordinary locations,
general anesthesia, and single tumor were correlated
with longer LTP (P = 0.038, P=0.011 and P = 0.003,
respectively) and OS (P =0.019, P=0.015 and P = 0.032,
respectively). Additionally, multivariate Cox’s regression
revealed that the tumor in ordinary locations and general
anesthesia were both independently predicted to have
a longer LTP and OS in patients with liver metastases
(both P<0.05, respectively). Percutanecous MR-guided
MWA procedures have traditionally been performed
under local anesthesia (LA) and sedation. However,
pain control is often difficult to manage, especially in
some cases when the tumor is large or in a specific
location, such as near the abdominal wall or close to
the hepatic dome. If intraoperative pain is not well con-
trolled,
affected. Additionally, LA may affect respiratory activity

interventional procedure will inevitably be

and cause complications related to anesthesia, such as
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respiratory depression or respiratory arrest. Furthermore,
due to the claustrophobic environment and intense noise
in the MRI room, some patients have to experienced
severe anxiety and insecurity, preventing the completion
of the operation, which also leads to an insufficient
tumor ablation area. In fact, there may be significant
differences in the rate of local recurrence between
patients who have reached a sufficient ablation area and
those who have not. Therefore, it is essential to ensure
sufficient tumor ablation during MRI-guided MWA pro-
cedure to optimize the treatment effect.

Regretfully, the real-time MR thermometry technique
was not used in this study due to software limitations.
Moreover, there are several limitations of our research.
First, the closed-bore size and loud equipment noise may
negatively impact the treatment experience of patients
under local anesthesia. Therefore, effective comfort and
companionship are most likely necessary for patients
this is

a single-center retrospective study involving a small

undergoing MR-guided procedures. Second,
number of cases, which may lead to biased results.
Thus, further studies need to be combined with prospec-
tive multicenter studies and extend the follow-up period
to reduce the risk of bias. Finally, the duration of MR-
guided MWA is relatively longer than conventional CT-
guided treatment. However, we have already used more
optimized sequences to reduce the duration of the pro-
cedures and improve treatment efficiency.

Conclusion

In summary, we have shown that MWA for small hepatic
metastases can be performed under MR guidance and
monitoring. The procedure was considered feasible and
effective, and the complications were controllable.
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