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Results MR-guided microwave coagulation was laparoscop-
ically achieved in all patients without any significant compli-
cations that required invasive treatment. The mean length of 
the operation was 275.3 ± 60.5 min, and the mean postsurgi-
cal hospital stay was 10.0 ± 2.3 days. Postoperative confirma-
tion scanning was performed without moving the patients.
Conclusion MR-guided laparoscopic microwave coagu-
lation therapy is an effective treatment for hepatic tumors 
adjacent to other organs, as it allows for more accurate 
detection of lesions and for tumors to be treated safely 
while avoiding adjacent organs. It is less invasive than con-
ventional procedures, because the MR real-time guidance 
enabled continuous monitoring throughout the procedure.
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Introduction

Surgical resection is the optimal curative treatment for 
primary liver malignancies, but it is sometimes not possi-
ble because of the poor physical condition or other medi-
cal problems of the patients. Such unresectable tumors 
have recently been treated using loco-regional therapies, 
such as cryotherapy [1, 2], lasers [3], radiofrequency abla-
tion (RFA) [4] and microwave coagulation therapy (MCT) 
[5–7] as minimally invasive, safe and effective treatment 
modalities for achieving tumor destruction [8, 9]. Recently, 
laparoscopy-assisted loco-regional treatments were per-
formed for tumors that were difficult to approach percu-
taneously because of their location and/or the presence of 
intra-abdominal adhesions [10–13].

Recent advances in imaging modalities have enabled not 
only ultrasonography (US), but also computed tomography 
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(CT) and magnetic resonance (MR) imaging, to be used 
as guidance for loco-regional treatment [14, 15]. Among 
these, MR possesses many advantages for image guidance 
during surgical procedures because it is free from X-ray 
irradiation, has good soft tissue contrast, is suitable even 
for tissues with air and bone, and is flexible in terms of 
the image plane control. For these reasons, we developed 
a novel interventional MR-guided surgical system (IVMR) 
using a vertical type open-configured MR scanner for con-
tinuous real-time guidance during the surgical procedure. 
Over 200 cases of percutaneous MCT have been performed 
on the IVMR system [16–21]. In this study, we applied lap-
aroscopic assistance to this system for patients with hepatic 
tumors who were not able to be treated via a percutaneous 
approach.

Materials and methods

Indications

The following criteria were the indications for patients with 
hepatocellular carcinoma (HCC) to undergo MR-guided 
MCT (IVMR-MCT): (1) tumor diameter up to 3 cm; (2) 
number of tumors confirmed, less than three and (3) tumor 
location, not attached to the major Glisson’s sheath [21]. 
A general assessment using the Child–Pugh classification 
was made at the time of the patient’s entry into the study. If 
preoperative assessment revealed severe impairment of the 
liver function (Child–Pugh C), patients were excluded from 
the procedure.

Patients

Laparoscopic-assisted IVMR-MCT was performed in six 
patients who fulfilled the inclusion criteria. The patient 
characteristics are listed in Table 1. The mean age of the 
patients was 65.3 years. All six patients had liver cirrhosis 

(hepatitis B:C = 3:3) as a background factor, which was 
diagnosed as grade A or B according to the Child–Pugh 
classification (A:B = 3:3). One patient had a surgical his-
tory of laparotomy, and another had undergone percutane-
ous MCT. Informed consent was obtained from all cases, 
and the procedure followed all of the guidelines for experi-
mental investigation with human subjects required by the 
institution.

Surgical procedure

All procedures were performed using an open-configured 
MR scanner (Fig. 1; 0.5 T Signa SP/i; General Electric 
Healthcare, Milwaukee, WI, USA) and under general 
anesthesia. After a pneumoperitoneum of 11–14 mmHg 
was created using an open technique, a 10-mm trocar was 

Table 1  The preoperative classification of patients who underwent IVMR laparoscopy-assisted MCT

All six patients had liver cirrhosis and viral hepatitis (HBV:HCV = 3:3). The Child–Pugh classification was as shown (A:B = 3:3)

Case Age Sex Hepatitis Child–Pugh Previous surgery Location Number of tumors Maximum diameter 
(mm)

T factor UICC7

1 62 M HBV B – S3 1 15 T1

2 70 F HCV A – S6 1 18 Tl

3 66 F HCV B – S3 1 30 Tl

4 59 F HBV A – S5 2 24 T2

5 70 F HCV B Extrauterine  
pregnancy

S3 1 20 Tl

6 66 F HCV A MCT for HCC S5 3 18 T2

Mean 65.5 ± 4.4 1.5 ± 0.8 20.8 ± 5.4

Fig. 1  The open-configured MR scanner (Signa SP/I 0.5T, General 
Electric Healthcare, Milwaukee, WI, USA). The scanner was used 
for intraoperative real-time navigation during microwave coagulation 
therapy. The surgery was performed under general anesthesia using 
the MR scanner. A liquid crystal monitor was placed in front of the 
surgeons to allow them to monitor the real-time MR images
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inserted above the umbilicus. The 5-mm diameter bore-
scope (Fig. 2; Karl Storz, Tuttlingen, Germany) and forceps 
for endoscopic surgery were made of weakly magnetic 
materials. After the first laparoscopic exploration of the 
abdominal cavity, the second and third 10-mm trocars were 
inserted at the epigastric fossa and right hypocondrium, 
respectively (Fig. 3). In ordinary cases, three trocars were 
used during the laparoscopic MCT procedure. These were 
used for the examination of the liver to confirm the preop-
erative volume data and navigate the puncture line (Fig. 4). 
Detected tumors were marked on pictures obtained using 
our original surgical navigating application [17].

Hepatic tumors were coagulated with a microwave 
coagulation system (Microtaze, Model HSD20M; Alfresa 
Corporation, Tokyo, Japan). An MR-compatible needle 
(Daum Corp, Chicago, IL, USA) was introduced into the 

liver using a percutaneous approach. Using IVMR navi-
gation, MCT at 60 W for 180 s was performed, and this 
was repeated until the treated area encompassed the entire 
tumor.

On postoperative day 7, the patients underwent enhanced 
CT scanning studies to confirm the ablated area, and were 
discharged if they had no postsurgical complications, such 
as hemorrhage, liver abscess or liver dysfunction.

Results

Between January 2000 and December 2008, 210 patients 
with hepatic tumors were treated with IVMR-MCT using 
an open MR scanner. In all MCT cases, laparoscopic-
assisted punctuation was performed in six patients because 
their tumors were in contact with the visceral structures 
adjacent to the liver. The postoperative course of the cases 
is shown in Table 2. The mean total length of the opera-
tion was 275.3 ± 60.5 min. Nine HCC nodules were preop-
eratively identified, i.e., four patients had a solitary lesion 
and two patients had two or three lesions. The tumors were 
located in S3, S5 or S6. The mean diameter of the tumors 
was 20.8 ± 5.4 mm. IVMR-MCT was laparoscopically 
completed in all patients. No intraoperative or postoperative 
hemorrhage occurred, and no patient required a transfusion. 
The mean postoperative hospital stay was 10.0 ± 2.3 days. 
A cholecystectomy was performed in one case (Case 3). In 
this case, pleural effusion occurred, but resolved without 
drainage. Two patients (Cases 3 and 5) experienced HCC 
recurrence in another segment of liver within 1 year and 
died 502 and 652 days after the treatment, respectively. 
These two cases had been diagnosed with cirrhotic hepa-
titis C 11 and 5 years earlier, respectively. Case 6 died due 
to distant recurrence, and Case 4 died of lung cancer at 
another hospital (Table 2).

Discussion

Patients with untreatable hepatic tumors have a poor 
prognosis. Liver resection may not be indicated for such 
patients with advanced cancer or liver dysfunction. Thus, 
novel treatment modalities and approaches for patients with 
HCC should aim not only for a potential cure or control of 
hepatic disease, but should also be a minimally invasive 
treatment to allow for improved recovery and to allow more 
patients to undergo the procedure.

In the 1970s, Tabuse et al. [22] developed a micro-
wave tissue coagulator that has been clinically applied 
for liver resection. Many patients and reports describing 
the outcomes of MCT for hepatic tumors have confirmed 
its efficacy and safety [5, 23]. Moreover, laparoscopic 

Fig. 2  The instruments we used a magnetic resonance (MR)-com-
patible borescope with a 5-mm diameter (Karl Storz, Tuttlingen, Ger-
many). This did not affect the real-time MR images and induced only 
an eddy current

Fig. 3  The procedure after a pneumoperitoneum of 11–14 mmHg 
was created using an open technique, two or three trocars were 
inserted above the umbilicus or at other points. An optical tracking 
device was used to detect the tumor location



1176 Surg Today (2015) 45:1173–1178

1 3

assistance is applied to thermal ablation for liver malig-
nancies which exist in unapproachable locations [24]. CT 
and US have generally been used as the navigation tools 
for MCT [25]. However, these modalities have respec-
tive disadvantages. For example, one of the major issues 
associated with CT guidance is the radiation exposure, 
and the fact that the technique cannot be applied for real-
time monitoring. US guidance is most widely used as a 
real-time image-guided modality. However, it sometimes 
has image disturbances owing to the generation of micro-
bubbles. Therefore, there is a significant disadvantage 

regarding the use of US guidance. This disadvantage 
occasionally prevents repeated puncture, even if residual 
lesions are apparently observed after the initial ablation 
[16]. On the other hand, real-time MR image monitoring 
enables not only multiple punctures, but also confirma-
tion scanning, without the need to move the patient from 
the operating room.

Using the MR-guided navigation system, we have suc-
cessfully performed MCT at our institution since 2000 [16–
21]. Seventy-three patients with liver malignancies adjacent 
to the diaphragm underwent a thoracoscopic procedure [26] 

Fig. 4  The intraoperative navigation monitoring for surgeons images 
similar to this figure were shown on the liquid crystal monitor placed 
in front of the surgeons. Upper images: a real-time image and lapa-

roscopic view. Lower images: synchronized preoperative images 
acquired using the open-configured magnetic resonance scanner 
immediately before the operation

Table 2  The procedure-related factors and postsurgical course

There were no significant surgical complications which required emergency treatment or extended the patients’ hospital stay

Case location of tumor (s) Operative time (min) Postoperative complication Postoperative stay (days) Postoperative 
course (5 years)

1 S3 inside 218 – 8 Survived

2 S6 surface 236 – 11 Survived

3 S3 inside 316 Pleural effusion 13 Dead (652 days)

4 S5 inside (both) 378 – 12 Dead (2,269 days)

5 S3 inside 243 – 8 Dead (502 days)

6 S5 surface S6 inside (2) 261 – 8 Dead (1,110 days)

Aver axe 275.3 ± 60.5 10 ± 2.3
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and six patients with tumors adjacent to intra-abdominal 
organs were required to undergo a laparoscopic procedure.

Microwaves are expected to provide an equivalent or 
greater efficacy than RFA in the treatment of malignancy 
[24]. In addition, microwaves do not affect the MR images, 
and can be used in IVMR because they generally operate 
between 915 MHz and 2.45 GHz [27]. In contrast, RFA is 
operated at a frequency of approximately 500 kHz, which 
will affect MR images. The IVMR system enabled real-
time navigation during the entire procedure while using 
microwaves as an energy source [16].

It is difficult for real-time MR imaging to detect the 
boundary between treated and untreated lesions after MCT. 
The safety margin is the most important factor for achiev-
ing the optimal treatment outcome [28–30]. To improve the 
accuracy of MCT, we developed a “Footprint” system [31]. 
A session of coagulation therapy produces an oval-shaped 
treated lesion. Based on this lesion, a football-shaped Foot-
print was placed at the heat center of the electrode on the 
navigation MR images [17].

MR navigation including the Footprint system should 
improve the prognosis in patients with liver malignancy 
adjacent to other organs and with severe liver dysfunction.

In comparison with the outcomes of previous studies of 
laparoscopy-assisted MCT (LMCT), IVMR-guided lapa-
roscopic MCT (IVMR-LMCT) was not associated with 
as many complications as LMCT with US guidance [32]. 
Seki et al. [12] reported 68 cases treated with US-guided 
LMCT for HCC. In their report, the mean operation lasted 
110 ± 29.4 min, and the five-year survival rate was 43 %. 
They experienced pleural effusions in some cases, which 
were treated conservatively. As there have been few ran-
domized trials comparing the guidance modalities for 
LMCT, more studies of IVMR-LMCT in patients with 
the appropriate indications are necessary, and should be 
performed to evaluate the feasibility and accuracy of the 
treatment.

Recently, vertical type open-configured MR scanners 
have become outdated. Horizontal scanners are also not 
used widely, and have replaced by wide-bore scanners. 
Nevertheless, we still expect to make use of our experience 
by employing flexible endoscopes or surgical manipulators 
adjusted to the MR environment.

Conclusion

Laparoscopic MCT is an alternative and minimally inva-
sive treatment for patients with unresectable hepatic tumors 
adjacent to other visceral organs. MR real-time guidance 
was introduced successfully instead of US guidance, and 
it improved the visibility and work-flow of laparoscopic 
MCT.
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