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inimally invasive percutaneous biopsy and

ablation of tumors gained a pivotal role in

cancer management of solid tumors and

have been widely accepted for their clinical
effectiveness and safety, replacing surgical interven-
tions in eligible patients.”? Both procedures require an
accurate needle placement to obtain sufficient tissue
samples or achieve an adequate ablation zone. Success
depends on physician experience, entailing a series of
mental estimations of surface-to-target distance and
needle angulations.® Achieving necessary precision can
be challenging depending on lesion visualization, loca-
tion, proximity to pulsating or moving structures, and
patient’s work of breathing. In turn, this may mandate
repetitive imaging with frequent needle adjustments,
prolonged procedural time, increased exposure to radia-
tion to the patient and operator, and increased intra-
procedural risks of complications.

Multiple robotic navigational systems have been
developed in the past few years to overcome these
challenges and provide an accurate, reproducible,
time-efficient, and radiation-cognizant approach to
percutaneous procedures.>' Compared to traditional
manual needle insertions performed under CT guidance
in an axial plane, the robot's ability to consistently and
three-dimensionally advance and steer the needle may
enable standardized access to a lesion without requiring

advanced skill. The navigation system provides real-
time visualization of the needle’s path from entry point
to target and in plane or out of plane, thus optimizing
the trajectory. This combination may reduce the risk of
damage to surrounding tissue while increasing the diag-
nostic yield of biopsies and ensuring adequate tumor
ablation zone.

Most commercially available contemporary robotic
systems are needle-guiding navigational tools that sup-
port needle path planning and its alignment with the
trajectory. The needle is manually inserted through the
needle guide into the targeted tissues by a physician.
Fewer robots are needle driving. In addition to control-
ling the needle orientation, they can automatically
advance the needle into the target lesion.

Early studies demonstrate that interventional robots
have the potential to provide more accurate needle or
probe placement, facilitate out-of-plane probe insertion,
decrease learning curves for less experienced operators,
and reduce radiation exposure.>® In addition, robotic-
assisted tools include image fusion software that allows
targeting lesions under CT guidance that otherwise
would only be visualized on MRI, multiphase contrast-
enhanced study, or positron emission tomography/CT.

These promising robotic systems represent areas for
innovative patient care and research in interventional
oncology (10).
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Figure 1. The floor-mounted Epione robotic system carries a 6-DOF arm with a needle holder. The
mobile display allows for image processing and calculation of the needle path trajectory. A robotic
arm delivers the needle holder to the position of the expected needle entry to allow for a single-

pass needle insertion by a physician.

EPIONE

Epione (Quantum Surgical) is a commercially avail-
able, floor-mounted robotic system for CT-guided pro-
cedures. This 6-degree-of-freedom (DOF) robot con-
sists of a robotic arm carried by a cart, a mobile display,
a navigation camera, and a reference marker attached
to the patient’s skin (Figure 1).'

After the tumor margin is defined, operators decide
on the ablative modality and number of probes. A
two-/three-dimensional fusion software helps visualize
the ablation zone coverage. Epione allows the fusion of
MRI images with intraprocedural CT images obtained
on the day of the ablation, allowing targeting of lesions
otherwise seen on CT alone. The robot is then regis-
tered to a patient and synchronized with a respiratory
monitor. The robotic arm follows the predetermined
path to the entry site. The probe is locked in the needle
guide. A physician manually advances a probe in a
single pass. The tumor ablation is carried out accord-
ing to the standard protocol. Postprocedural CT can be
overlayed with preoperative images to assess ablation
versus tumor volumes.

Epione is an open robotic solution compatible with
commonly used imaging systems. The medical robot
allows physicians to use their preferred ablative tech-
nologies (radiofrequency ablation [RFA], microwave
ablation [MWA], cryoablation, irreversible electropora-
tion [IRE]) and decide the appropriate therapy for each
patient. We used this robotic system to successfully
treat > 30 patients using MWA, IRE, and cryoablation of
tumors in the liver, pancreas, kidneys, and intra-abdom-
inal soft tissues. Our initial experience is that ablations
can be performed faster, especially for tumors in chal-
lenging locations (Figures 2 and 3).
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De Baére et al con-
ducted a prospective
clinical trial on 21
patients to assess the
safety and feasibility
of the Epione robotic
system. This trial
focused on patients
with liver metastases
or hepatocellular
carcinoma who were
undergoing CT-guided
RFA or MWA. It dem-
onstrated that abla-
tion was feasible in 22
of 23 (95.7%) tumors;
the mean number of
needle adjustments
per tumor treated was 0.4, there were no procedure-
related complications, and the local tumor control rate
was 85.7% at 6 months."”

INNOMOTION

InnoMotion (Innomedic) is a CT- and MR-compatible
pneumatic robotic assistance system. The setup
includes a 260° arch mounted on the patient table and
a 6-DOF pneumatically driven robotic arm. A module
for a sleeve needle holder provides 2 DOF in the X and

Figure 2. A woman in her early 50s with colorectal cancer
and liver-dominant metastatic disease underwent yttrium-90
radioembolization, right portal vein embolization, and conse-
quent right lobe and caudate hepatectomy 8 months earlier.
She then presented with a new solitary lesion in segment 4A.
The axial image of contrast-enhanced CT in the delayed
phase demonstrates a 1.7-cm lesion at the dome of the liver.
The image shows a challenging location with no in-plane
access due to the surrounding lung, proximity to the heart,
and multivectoral motion from respiration and heartbeat.
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Figure 3. With the help of the Epione robot software, we effectively planned a precise trajectory for a probe requiring a
challenging out-of-plane and steep superior angulation. Then, in one pass, we inserted a 20-cm Emprint microwave probe
(Medtronic) into the target lesion during the patient’s breath hold. The ablation procedure used 100 W power for 10 minutes.

Z axes. A pneumatic mechanism is designed to insert

the cannula in steps ranging from 1 to 20 mm. After the

access trajectory has been planned, the system moves
the guiding arm, and the physician manually inserts the
needle.5™

In 2008, a clinical trial involving 12 patients was con-
ducted using this system. The trial was successful in
carrying out MR-guided percutaneous biopsy, drainage,
and tumor ablation in the chest, abdomen, and retro-
peritoneum. All procedures were technically and clini-
cally successful, with no intraprocedural complications
reported.’

This system has various advantages, including com-
patibility with MR and CT imaging modalities and a
firm attachment to the table to provide high accuracy.
The main drawbacks are the large size of the control
unit, which may prevent some interventions in limited
spaces of CT or MR gantry and poor flexibility in select-
ing entry points compared to single-arm design solu-
tions.

MAXIO

Maxio (Perfint Healthcare) is a CT-guided floor-
mounted robotic system that provides preoperative
planning assistance, intraoperative guidance, and
postprocedure verification support. It consists of a
stereotactic device with a 5-DOF robotic arm and
multiplanar capability, software loaded on a computer,
and a respiratory gating system. When the CT volume
data are transferred to the workstation, tumor seg-
mentation, needle path planning, and simulation of
the ablation zone with multiple RFA or MWA probes
can be executed on the software using multiplanar CT
images.'""? Several studies evaluating up to 55 patients

Figure 4. Postprocedural contrast-enhanced CT demonstrat-
ed an adequate ablation zone of 4.9 X 4 cm. The robotic sys-
tem calculated the precise volumes of the tumor and ablation
zones, which confirmed that the entire lesion was treated. CT
scan revealed no hemorrhage or pneumothorax.

demonstrated that the novel robotic-guided approach
improved the accuracy of targeting the tumor, reduced
patient dose, and increased procedural performance
(which influences the procedural safety) during abla-
tion. 31113

MICROMATE

The Micromate (Interventional Systems) is a table-
mounted robotic system designed for CT-guided percu-
taneous procedures. The device features a 4-DOF nee-
dle-holding arm comprising two modules: one for posi-
tioning the needle in the X-Y direction and the other
for adjusting its angle. Once the CT data are transferred,
the trajectory is chosen and the robotic unit moves to
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the correct position, depth, and angle.
The needle is then inserted manually
through the needle guide.

Several phantom studies demonstrat-
ed needle insertion accuracy of 1.1 to
2.3 mm.2022

NEEDLE PLACEMENT SYSTEM

The needle placement system (NPS;
Demcon) is a table-mounted robot that
provides automated orientation of the
needle guide in CT-guided procedures.
It consists of two stacked, rotatable seg-
ments and connects to a 6-DOF locking
module. The robotic system calcu-

Figure 5. The platform of the Xact Ace robotic system is affixed to the patient
and equipped with a motion sensor. Additionally, it features a flexible 5-DOF

robotic arm with a needle holder and mobile monitor.

Figure 6. A CT-guided biopsy was performed using the Xact
Ace patient-mounted robotic system with steering capabili-
ties. Postcontrast T1-weighted MRI showing retroperitoneal
lymph node in a woman in her early 20s (A). Preprocedural

planning using robotic software showing the needle path
from the entry point to target overlayed on a noncontrast
CT image; the arrow is pointing toward the robot (B).
Intraprocedural CT during the needle insertion demon-
strating the out-of-plane trajectory (C). Intraprocedural
CT showing successful needle positioning within the tar-
get (D); the biopsy was positive for tuberculosis. Images and
case courtesy of Francois H. Cornelis, MD, PhD, Professor
of Radiology, Radiology Department, Memorial Sloan-
Kettering Cancer Center, Weill Cornell Medical College,
New York, New York.
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lates the needle trajectory and depth
and aligns the needle holder with the
expected entrance point. The needle is
then manually inserted by an operator.

A prospective randomized controlled clinical trial by
Heerink et al evaluated robotic versus freehand needle
positioning in CT-guided MWA ablation of liver tumors
involving 31 patients and showed reduced need for
antenna repositioning and increased accuracy for out-
of-plane targets in the robotic arm. However, using
robotic guidance took more time than freehand target-
ing.' A phantom study of an NPS robot demonstrated
needle placement precision of 1.2 to 2.1 mm."®

XACT ACE

The Xact Ace (XACT Robotics) is a needle-driving
robotic system. The CT-guided patient-mounted device
has a 5-DOF executive arm capable of automatic needle
insertion by the robot (Figure 5).1®

Using the Xact planning software, operators select an
entry point and target. Motion and respiratory sensors
adjust the needle during the insertion in real time to
maintain the trajectory. The operator presses the foot
pedal to advance and stop the needle, while the robot
leverages its S-Drive technology to steer an instrument
along a nonlinear path to reach the target (Figure 6).'®

Levy et al conducted a prospective clinical trial to
assess the robotic system’s performance during 32
CT-guided biopsies. The results showed that the system
was feasible and had a targeting accuracy of as little as
1.6 mm.'®

CONCLUSION

IO has undergone significant advancements in per-
cutaneous image-guided procedures, necessitating
the development of tools that augment the workflow.
Although precision in reaching the target, reduction in



radiation exposure, and decrease in procedural learning
curve seem to be the obvious benefits, some of these
devices also play a significant role in the preprocedural
planning and postprocedural evaluation of the abla-
tion zone. Several robotic systems have been under
development, and some have now reached availability
for clinical and commercial use. Robotic-assisted abla-
tions are no longer an experimental option and are now
moving into the mainstream interventional radiology
routine. These promising robotic systems represent
areas for innovative care and research in IO and can
help improve patient outcomes. ®
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