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Use of the Intraoperative
Positioning System for
Aortic Interventions

An overview of the IOPS for complex aortic interventions and its limitations.

By Francis J. Caputo, MD

ver the last several decades, advances in endolu-
minal therapies of aortic aneurysms have been
exponential. With these advances allowing the
treatment of complicated aneurysms, including
juxtarenal, pararenal, and thoracoabdominal pathologies,
reduction of radiation exposure to both patients and health
care practitioners has become increasingly important.
The deleterious effects of radiation are well described.
Using best practices in the operating suites, the radiation
dosage to both patients and operators can be abrogated
using the ALARA (as low as reasonably achievable) prin-
ciples, which include but are not limited to decreasing the
time and amount of radiation exposure (ie, limiting subtrac-
tion runs, using digital magnification, using fluoroscopy only
when necessary), increasing the distance to the radiation
source, and using appropriate lead shielding# Despite using
these principles, exposure to radiation during endovascular
cases is generally increasing due to the complexity of the
cases, most notably in cases using fenestrated and branched
devices.> Operator-related factors including experience and
annual case volume may play a role in final radiation expo-
sure, but patient-related factors such as the anatomic area
being imaged and body mass index also are contributors to
amount of exposure.® Recent advancements have sought
to mitigate operator factors, including the development of
whole-body lead shielding systems, as well as the develop-
ment of suits that are weightless to the users, minimizing
fatigue. In addition, new grafts built with prewired branches
to help with cannulation also assist with decreasing proce-
dural time.”®
Imaging advances, such as low-dose fluoroscopy and
three-dimensional (3D) fusion imaging, have arguably led
to the most important reductions in radiation exposure to

both the operator and patient in the last decade. Fusion
of preoperative CTA with real-time fluoroscopy to identify
anatomic and arterial landmarks in order to assist with the
cannulation and completion of advanced endovascular
therapies has been a great advancement seen in recent
years. Although fusion imaging may decrease the overall
time and exposure to the operator, there is an upfront
radiation dose to the patient that is not insignificant if
intraoperative cone-beam CT is utilized for the fusion
process. Further reductions can be achieved by using a two-
dimensional to two-dimensional fusion.”"" The abrogation
of fluoroscopic exposure in the current era has more than
likely met its full potential.™? Despite these efforts, as com-
plex endovascular treatments become more disseminated,
we must find alternatives to radiation-focused imaging
guidance. Several nonfluoroscopic guidance systems have
been developed either as adjuncts or complete alterna-
tives to fluoroscopy.'™ This article provides an overview
of the IOPS intraoperative positioning system (Centerline
Biomedical) and its limitations.

IOPS: HOW IT WORKS

Centerline Biomedical emerged from research at
Cleveland Clinic’s Heart, Vascular & Thoracic Institute.
Beginning in 2001, Founder Vikash Goel worked with
luminary Dr. Roy Greenberg, who long championed better
imaging and image guidance to enable wider dissemina-
tion of complex aortic repair techniques and technologies.
Together, they developed computerized mapping tech-
niques that have now become part of IOPS, a 3D image
guidance system marketed as an adjunct to fluoroscopy
that uses structural mapping and electromagnetic tracking
instead of ionizing radiation.
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Figure 1. Separate mobile IOPS cart, which contains the
interface and processor for guidance.

The IOPS device itself is a computerized mobile con-
sole that is positioned near the table. An electromagnetic
field generator is attached to the underside of the table.
This device contains an array of transmitters that cre-
ate a low-level electromagnetic field around the patient.
From certain positions, these transmitters can cause
fluoroscopic imaging artifact, so the field generator is
designed to be moved cephalad or caudad as needed.
This system is intended to work with any angiography
system capable of cone-beam CT, which allows fusion
with IOPS (Figure 1).

The company also produces catheters and guidewires
with electromagnetic sensors that are embedded internally.
The system tracks the position and orientation of these
devices within the electromagnetic field. The hubs of the
catheters have a sensor cable tether that connects to a
manifold attached to the side of the table. The guidewires
have a similar connector at the proximal end, which can
be removed in order to pass a catheter, torque device, or
straightener over the wire (Figure 2).

IOPS’ guidance uses a patient-specific structural map, or
vessel model, generated from a preoperative CT arterio-
gram. At the beginning of the procedure, a fiducial patch is
attached to the patient’s lumbar region, and a cone-beam
CT scan is performed. After this scan is fused with preop-
erative imaging, the system displays the vascular anatomy,
catheters, and guidewires in 3D from up to four viewing

angles simultaneously. The virtual image guidance is based
on the low-level electromagnetic tracking field and thus
does not involve continuous ionizing radiation exposure
(Figure 3).

The overall workflow should be familiar to operators
who have used fusion imaging, and the benefits are similar
but more pronounced: more intuitive navigation informed
by 3D information, reduction in radiation exposure, and
improved procedural efficiency (Figure 4).

Limitations

Because this technology is in its infancy, there are sev-
eral expected limitations to the IOPS. The transmitters
do not completely obstruct fluoroscopy; however, they
occasionally receive interference from the image intensi-
fier. Additionally, even though the technology and image
guidance are on par with that of fluoroscopy, the actual
catheters and wires will require significant future develop-
ment. Variable catheter shapes are currently not available.
This can be overcome by the use of steerable sheaths, but
both catheter and sheath length need to be considered.
Although the wire and its associated imaging are extremely
sensitive and accurate, wires are not currently available in
exchange length and are too short, so stenting or other
intervention over the wire is not possible.

The biggest limiting factor of the IOPS is the lack of sen-
sorized endografts or the ability to locate the graft intracor-
poreally. This is a mandatory step for any nonfluoroscopic
imaging guidance. Deployment of the graft, cannulating
gates, and fenestrations without radiation while maintain-
ing patient and provider safety is the holy grail of nonradia-
tion endovascular aortic repair.

SUMMARY

IOPS is FDA cleared and currently available in the United
States. In the early market experience, it has been a useful
tool to improve navigation and radiation safety, with sev-
eral case studies having been presented and published.” "
A clinical study, dubbed MOTION, is currently underway
to help the company obtain market clearance in the
European Union as well.

Figure 2. Sensorized catheter and hub (A). Sensorized wire and hub (B).
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Figure 3. Screen interface in four projections with IOPS.

Centerline Biomedical is continuing to work to advance
the technology, addressing some of the limitations identified
in this article and taking into account feedback from early
users. The second generation of IOPS catheters is expected
to be on the market within a year, with improved perfor-
mance and lower profile. An exchange-length guidewire is
on the horizon, and the company is also developing a steer-
able catheter to build on the results of combining their cur-
rent catheters with steerable sheaths.

Additionally, the National Institutes of Health National
Heart, Lung, and Blood Institute has provided scien-
tific funding to advance this new modality further, and
Centerline is working with Cleveland Clinic as a sub-
awardee on one of the these grants to make the first
clinical inroads to an endograft marked with sensors to

Figure 4. Displaying the interface between the catheter
and image.

allow radiation-free endovascular aneurysm repair. The
company also has plans to partner with its early adopters
on rigorous scientific study. H
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