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Abstract
Purpose To evaluate and compare the needle placement
accuracy, patient dose, procedural time, complication rate
and ablation success of microwave thermoablation using a
novel robotic guidance approach and a manual approach.
Methods We performed a retrospective single-center eval-
uation of 64 microwave thermoablations of liver tumors
in 46 patients (10 female, 36 male, mean age 66 years)
between June 2014 and February 2015. Thirty ablations
were carried out with manual guidance, while 34 ablations
were performed using robotic guidance. A 6-week follow-up
(ultrasound, computed tomography andMRI)was performed
on all patients.
Results The total procedure time and dose-length product
were significantly reduced under robotic guidance (18.3 vs.
21.7 min, p < 0.001; 2216 vs. 2881 mGy×cm, p = 0.04).
The position of the percutaneous needle was more accurate
using robotic guidance (needle deviation 1.6 vs. 3.3 mm,
p < 0.001). There was no significant difference between
both groups regarding the complication rate and the ablation
success.
Conclusion Robotic assistance for liver tumor ablation
reduces patient dose and allows for fast positioning of the
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microwave applicator with high accuracy. The complica-
tion rate and ablation success of percutaneous microwave
thermoablation ofmalignant liver tumors using either CTflu-
oroscopy or robotic guidance for needle positioning showed
no significant differences in the 6-week follow-up.

Keywords Interventional radiology · Robotic assistance ·
Microwave ablation · Liver tumor · CT-guided

Introduction

Microwave ablation is a special form of thermal ablation.
It uses alternating electromagnetic waves to induce tissue-
heating effects leading to thermal denaturation of solid
tumors and the surrounding tissue [1]. It is a therapeutic
method for curative or palliative treatment in nonsurgical
candidates. Hepatocellular carcinoma and liver metastasis
constitute a classic field of application for thermal ablation.
Many studies have proven that there are similar survival rates
compared to surgery [2,3].

The microwave applicator can be positioned using ultra-
sound, computed tomography or magnetic resonance imag-
ing [4]. Needle positioning is challenging in the case of
barely visible tumors or difficult approaches, and reposi-
tioning of the microwave applicator is often unavoidable.
Every needle replacement leads to a higher complication rate
[5,6]. Using computed tomography-guided applicator posi-
tioning, the dose to the patient and interventionalist leaps
with increasing complexity [7]. As a result, a relatively high
radiation dose can occur in difficult ablation scenarios [8,9].

Modern, robot-assistedCT-basednavigation systems allow
for precise planning of the applicator approach and the
expectable ablation area in a 3D image data record. High
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accuracy and precision are achieved [10]. These systems
could potentially lead to a reduced radiation dose for the
patient and interventionalist as well as to a lower number of
needle replacements and as a consequence to a lower com-
plication rate.

There is only very limited data regarding robot-assisted
microwave ablationofmalignant liver tumors [11,12]. There-
fore, we report on our results comparing a novel robotic
system to the CT-guided fluoroscopic manual approach for
needle positioning in microwave thermoablation of malig-
nant liver tumors.

Materials and methods

Study design and participant selection

A single-center retrospective observational study was con-
ducted to assess radiological findings and interventional
reports from 64 consecutive CT-guided microwave abla-
tion sessions between June 2014 and January 2015. Before
treatment, all patients were reviewed bymembers of an inter-
disciplinary tumor board who decided on the indication for
microwave ablation. Patients were selected for microwave
ablation if surgical resection was precluded. Exclusion cri-
teria were coagulopathy, tumor resectability, unsuitability
of the patient to undergo general anesthesia, or multifocal
hepatic disease not amenable to complete ablation.

Forty-six patients (mean age 66 years; age range 54–
85 years) with primary liver tumors or secondary liver
metastases underwentmicrowave ablation. Thirty-four of the
interventional procedures were robot-assisted and 30 were
fluoroscopy-guided (Table 1). In all cases, preinterventional
MRI with liver-specific contrast media (Primovist, Bayer
Schering Pharma, Berlin) had been performed as reference
imaging.

In our hospital, all patients who underwent percutaneous
ablation ofmalignant liver tumorswithout any complications
are discharged two days after the CT-guided intervention.

Table 1 Data regarding ablated lesions

Tumor type n Manual or guided

Manual Guided

Lung cancer 1 1 0

Breast cancer 2 2 0

Colorectal cancer 12 2 10

Prostate cancer 1 1 0

Hepatocellular carcinoma 48 24 24

All 64 30 34

Peri-interventional imaging

All patients underwent three-phasemulti-sliceCT (Somatom
Sensation 16, Siemens Healthcare, Forchheim, Germany)
in apnea immediately before tumor ablation. Contrast-
enhanced arterial phase images were generated during injec-
tion of 120 mL of nonionic contrast material at a flow rate of
3–4 mL/s using bolus tracking with a threshold of 100 HU.
Portal venous phase imageswere obtained 50 s after the arter-
ial phase scan.At the endof the ablation session, every patient
underwent a non-contrast multi-slice CT scan of the liver to
detect or exclude any complications.

In three-phase CT, the density values of tumor and liver
tissues were measured with circular ROIs (regions of inter-
est) with a size of 1 cm2. The density differences between
liver tissue and tumor were determined in both the non-
contrast technique and the contrast-enhanced phase with the
best tumor visibility. The density difference was referred to
as the tumor conspicuity (TC). The size of the tumor was
measured in the contrast-enhanced phase with the best tumor
visibility in the short and long axis. In addition, the shortest
distance from the skin to the tumor in axial plane (skin-to-
tumor depth) was determined.

Thermoablation procedure

All ablation procedureswere performed in general anesthesia
by an experienced interventional radiologist. In each patient,
microwave ablation was carried out percutaneously using the
Acculis microwave tissue ablation system (AngioDynamics,
Latham, NY,USA), which operates at 2.45GHzwith amaxi-
mumpower output of 140Wand uses electromagnetic waves
to induce tissue-heating effects leading to necrosis [1]. The
standard Acculis microwave applicator with a 1.8-mm diam-
eter and 16-mm active tip was used in all cases. The shaft
length (14 or 19 cm) was selected depending on the distance
from the skin to the center of the tumor where the active point
of the probe should be placed. After needle placement for
ablation procedure, the parameters (ablation duration, num-
ber of watts) were adjusted depending on the tumor size with
the aim to gain a preferable safety distance of 1 cm.

Manual approach

CT fluoroscopy is an acquisition mode that allows continu-
ous imageupdate using in-room table control.After the initial
three-phase planning CT, the antenna is placed by an inter-
ventional radiologist with repeated checking of the needle
position using CT fluoroscopy and if necessary repositioning
of the needle until the tumor center is reached. In 13 cases,
a verification multi-slice CT scan of the needle placement
was then performed to ensure the correct needle position.
In the remaining 17 cases, the fluoroscopy images already
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Fig. 1 Planned position of the microwave applicator with the simulated ablation volume (purple). The tumor that is manually marked in the 3D
image dataset (orange) is completely included in the ablation volume

confirmed a correct needle position. All patients underwent
a final non-contrast multi-slice CT scan to detect any com-
plications.

Robotic guidance

Before robot-assisted image-guided tumor ablation, all
patients were positioned on a vacuum mattress to minimize
the movability of the patients between the planning multi-
slice CT scan which affects the real-time planning on the
robotic system and the positioning of the applicator. Based
on the initially performed three-phaseCTof the liver, semiau-
tomatic liver segmentation and manual marking of the tumor
in a 3D image dataset were performed.

The entry point of the needle in the skin and the target
point of the needle tip were determined to plan the access
path. A simulation of the ablation volume is used to check
whether the previously marked tumor is completely included
in the ablation with sufficient safety distance (Fig. 1). This
simulation supports the right selection of adequate ablation
parameters (ablation duration, number of watts). The robot
software performs bone detection and semi-automatic liver
segmentation including liver vessels. During planning, warn-
ings are issued automatically if the needle path or ablation
volume intersects critical structures, especially liver ves-
sels or bones. After approval of the plan by the radiologist,
the robotic arm is automatically positioned over the patient
(Fig. 2). In thisway the puncture direction and depth are spec-

Fig. 2 Automatic placement of the robotic arm and insertion of the
microwave applicator by the radiologist

ified by the robot on the basis of the previously determined
plan.

After needle positioning, amulti-slice verification CTwas
performed in every case to ensure correct antenna placement.
After ablation, all patients underwent a non-contrast multi-
slice CT scan of the liver to detect complications.
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Radiation exposure dose

The total dose-length product (total DLP), fluoroscopy DLP,
the number of verification scans to check the location of the
needle during the intervention and the number of fluoroscopic
images were recorded for every microwave ablation session.
A k factor of 0.015 mSv/(mGy×cm) was used to convert
DLP to effective dose.

Procedural accuracy

Immediately prior to the start of tumor ablation, the Cartesian
distance from the active center of the microwave applicator
to the tumor center was measured (ACFD, active center final
deviation). We used OsiriX (OsiriX 6.5, OsiriX Foundation,
Geneva) to create a fusion between the contrast-enhancedCT
scan with the best tumor visibility and the needle verification
scan. If fluoroscopy was used and no verification scan was
available, we used the fluoroscopy images for fusion instead.
In some cases, manual position correction was required after
robot-assisted needle placement. In these cases, the distance
of the active center from the tumor center prior to position
correction was documented (ACUD, active center uncor-
rected deviation).

Complications

Complications were documented and defined according to
the standardized grading system of the Society of Interven-
tional Radiology (SIR) [13].

Follow-up

All patients underwent a 6-week follow-up including anMRI
with liver-specific contrast agent as well as a three-phase
computed tomography scan of the liver. The ablation volume
measured in the axial plane and the radiographic adjudica-
tion/visual assessment of the complete success of the ablation
were analyzed by two experienced radiologists. Long-term
follow-up was performed by MRI only if possible (no con-
traindication and normal short-term follow-up).

Statistical analysis

R 3.02 was used to perform all statistical calculations. A
p value of p < 0.05 was considered the cut-off point of
statistical significance. Normality was verified according to
statistical parameters (mean,median, skewness andkurtosis).
Paired abnormally distributed data were compared with the
Mann–Whitney U test. The chi-squared test was used to test
for independence of categorical variables.

Table 2 Baseline lesion aspects

Manual or guided Manual Guided p

(N = 30) (N = 34)

Skin-to-tumor depth 57.6 ± 19.2 64.8 ± 23.5 0.190

Tumor long axis 22.8 ± 12.4 19.1 ± 9.0 0.172

Tumor short axis 19.6 ± 10.6 16.9 ± 8.0 0.253

Tumor conspicuity native 9.9 ± 8.4 9.3 ± 14.1 0.824

Tumor conspicuity enhanced 35.8 ± 19.9 23.6 ± 17.3 0.011

Lesion conspicuity denotes the difference in attenuation between tumor
and liver parenchyma

Table 3 Deviation of the active center from the tumor center

Manual or guided Manual Guided p

(N = 30) (N = 34)

ACUD 3.3 ± 1.6 3.1 ± 2.5 0.772

ACFD 3.3 ± 1.6 1.6 ± 1.3 0.000

The deviation after manual puncture is compared to the deviation after
robot-assisted puncture, once before (ACUD, active center uncorrected
deviation) and once after manual position correction (ACFD, active
center final deviation). Manual position correction was performed after
robot-assisted placement in 14 of 34 cases (41.2%)

Results

Tumor characteristics

Baseline lesion aspects are summarized in Table 2.

Procedural accuracy

Under consideration of position correction, the deviation of
the active center from the tumor center (ACFD) was sig-
nificantly smaller in robot-assisted ablation than in manual
ablation (Table 3). In contrast, there was no significant dif-
ference if manual position correction (ACUD) was not taken
into consideration.

Procedural duration

For the robot-assistedmethod, mean duration from the prein-
terventional planning multi-slice CT to the beginning of the
ablation was 18.3 min (SD 2.0 min). In the cases, which
required manual position correction of the needle under flu-
oroscopy, there was an extra time add-on of 2.8 min (SD
1.2 min). In primarily manual ablation (under fluoroscopy),
mean duration from the preinterventional planning multi-
slice CT to the beginning of the ablation was 21.7 min
(SD 4.1 min). The intervention duration under robot assis-
tance was significantly shorter than for manual ablation
(p < 0.001).
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Table 4 Comparison of the radiation dose parameters

Manual or guided Manual Guided p

(N = 30) (N = 34)

Total mAs 22609.4 ± 8036.2 18196.8 ± 4802.0 0.012

Total DLP 2880.6 ± 1402.5 2216.4 ± 1057.3 0.035

Verification
scans CTDI

14.7 ± 21.6 18.3 ± 4.5 0.387

Verification
scans DLP

272.8 ± 355.6 417.6 ± 107.1 0.039

Fluoroscopy DLP 488.6 ± 436.1 40.9 ± 63.4 0.000

Fluoroscopy number
of slices

64.3 ± 31.5 10.8 ± 14.8 0.000

Fluoroscopy DLP 908.0 ± 956.4 73.7 ± 114.3 0.000

Radiation dose

The total DLP and the fluoroscopy DLP were signifi-
cantly lower in robot-assisted ablation than manual ablation
(Table 4). The effective dose for the entire intervention was
on average 33.2 mSv (SD 15.9 mSv) for robot-assisted abla-
tion compared to 43.2 mSv (SD 21mSv) for manual ablation
(p = 0.04). In the fluoroscopic guided group, therewas a sig-
nificant difference in radiation dose between patients with
and without a multi-slice CT verification scan to control cor-
rect needle placement (DLP 3877.2 vs. 2118.5 mGy×cm,
p = 0.002).

Ablation success

In the follow-up after 6 weeks, complete ablation without
residual tumorwas seen in 94.1% (32 of 34) of robot-assisted
ablation cases and in 96.7% (29 of 30) of manual ablation
cases. Thedifferencewas not statistically significant (p = 1).

Complications

There were no complications in robot-assisted ablation. An
infected bilioma that was treated via drainage was diagnosed
in a patient with biliodigestive anastomosis 8 days after man-
ual ablation.

Discussion

In the present study, we evaluate robot-assisted percutaneous
microwave ablation of malignant liver tumors as an alterna-
tive to CT-guided manual ablation using fluoroscopy.

For successful and complete ablation, positioning of
the microwave applicator that is as precise as possible is
extremely important. Inmanually guided ablations, it is often
challenging to detect the exact tumor location in the fluo-
roscopy images without contrast media. On the other side,
the robot softwarewhich allows the fusion of the preinterven-
tional contrast-enhanced planning scan with the final needle
verification scan (Fig. 3) points out the exact deviation of the
needle to the originally planned needle position (tumor cen-

Fig. 3 Image fusion of planning scheme and actual needle position (white arrow). The fusion shows an optimum needle position with only minimal
caudomedial deviation
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ter). Consecutively precise correction of the needle position
is possible.

Mbalisike et al. [11] performed a prospective study using
70 patients to evaluate the accuracy of robot-assisted per-
cutaneous microwave ablation of malignant liver tumors.
Measuring the distance of the applicator active point to the
center of the target tumor after final readjustment they come
to a result of a mean deviation of 1.9 mm which is similar to
our mean ACFD of 1.3 mm.

It must also be taken into consideration that manual posi-
tion correction was not necessary in 20 of 34 cases (58.8%).
We believe that this is the ideal case for two reasons. On the
one hand, it must be assumed that the risk of complications
increases with every repositioning of the microwave appli-
cator. On the other hand, the interventionalist is not exposed
to radiation.

The effective dose for the entire intervention was on aver-
age 33.2 mSv (SD 15.9 mSv) for robot-assisted ablation
compared to 43.2mSv (SD 21mSv) formanual ablation. The
difference was significant (p = 0.04). A highly significant
difference is seen in the separate analysis of the fluoroscopy
DLP (73.7 vs. 908mGy×cm, p < 0.001). Therefore, patient
and interventionalist are subjected to a lower radiation dose
in case of robot-assisted tumor ablation.

Although one recent study showed that CTF-guided chest
biopsies showed a significantly higher mean CT dose index
thanMS-CTbiopsymode [14],we believe that in oncological
interventions and mostly difficult reachable lesions in the
liver it is essential to use CTF for optimal needle placement
and to avoid complications. For the same reason in some
cases, ultrasound may be a discussable alternative but is not
used in clinical routine in our hospital. MRI-guided ablations
may play a more important role in the future but are not
applied in most hospitals because of the high expenditure.

We think that a combination of MRI and CT is very
important for best evaluation of ablation outcome in short-
term follow-up (after 6 weeks) in tumor patients with often
severe preexisting medical condition. In particular, in these
patients MRI images often show artifacts due to respira-
tory motion and/or ascites, which makes evaluation of tumor
recurrence/incomplete ablation difficult. In our opinion fur-
ther control scans canbeperformedbyMRIonly if short-term
follow-up is normal.

In the case of robot-assisted ablation, the time-intensive
manual procedure involving the microwave applicator in the
tumor is eliminated. Instead the robotic arm is positioned
automatically and the applicator is placed in apnea in one
continuousmovement.However, the preparation of the robot,
the loading of the images and the planning of the access path
require time. Nevertheless we were able to show that the
entire intervention duration—from the creation of the CT
images to the final needle placement—was faster with robot
guidance than in the case of manual puncture alone (18.3

vs. 21.7 min, p < 0.001). In contrast, Mbalisike et al. 2014
report an intervention duration that is 3 min longer under
robot guidance. However, the difference was not significant.

Therewas 1 complication in all our cases (manual ablation
group). This patient came with a preexisting biliodigestive
anastomosis and developed an infected bilioma at the site of
ablation 8 days after the intervention. Although therewere no
difficulties during the ablation procedure, it is a well-known
fact that there is a high risk (close to 40–50%) of develop-
ing a liver abscess/infected bilioma when thermoablation is
performed in patients with a bilioenteric anastomosis [15].

This study has some limitations. The single-center setup
and the low number of procedures limit generalization of
our results. Another limitation is the retrospective nature of
the study. However, we think that within the framework of
this study, we could demonstrate the marked reduction in
radiation exposure and procedure length.

Conclusion

In summary, it can be stated that in percutaneous ther-
moablation of malignant liver tumors robot assistance is a
fast, reliable and effective alternative to manual CT guid-
ance using fluoroscopy. Robot assistance has the potential to
increase precision and reduce radiation dose for the physician
and the patient without increasing risk of complications. We
would like to state that robot assistance should be thoroughly
evaluated for other CT-guided interventions like biopsies or
other ablation techniques like RFA or IRE to make the best
of this technique and to minimalize radiation exposure to
patient and physician.
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