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Fiber Optic RealShape 
Guidance in Endovascular 
Aortic Repair
Alternative guidance systems in endovascular surgery are poised to transform the way 

procedures are performed. 

By Eric J. Finnesgard, MD, MS; Jessica P. Simons, MD, MPH; and  
Andres Schanzer, MD, FACS

S ince the beginning of the endovascular revolution, 
fluoroscopy has been the core technology enabling 
minimally invasive guidance for interventions. 
As the field has matured, surgeons have evolved 

endovascular techniques to treat a broader array of vascu-
lar diseases. For aortic diseases, these efforts have yielded 
methods of endovascular aortic repair (EVAR) that can 
now incorporate multiple target vessels and accommodate 
a greater extent of disease. However, increases in repair 
complexity have required greater fluoroscopy times and 
ionizing radiation doses, which place patients, providers, 
and operating room staff at higher risk of radiation injuries.1

ALTERNATIVE GUIDANCE SYSTEMS
Efforts to mitigate radiation exposure in endovascular 

surgery have been multipronged. Fixed hybrid imaging 
suites have evolved to incorporate hardware and software 
measures that reduce radiation use. For instance, in com-
plex aortic interventions, the advent of fusion imaging 
techniques that use preoperative CTA has coincided with 
decreases in fluoroscopy time.2 Alternative guidance tech-
nologies have been another area of development, seeking 
to reduce or even completely remove reliance on fluoros-
copy in endovascular interventions. Electromagnetic and 
robotic-assisted guidance are examples of such systems. 
These technologies have shown promise, but development 
and dissemination to the broader vascular community 

have been slow. We are currently at an inflection point 
where new, nonradiation-based guidance modalities will 
transform the way in which minimally invasive vascular 
surgery is performed.

FIBER OPTIC REALSHAPE GUIDANCE
FORS (Fiber Optic RealShape, Philips) is a new alterna-

tive guidance system for endovascular surgery developed by 
Koninklijke Philips. It uses light reflected along optical fibers 
embedded within wires and catheters to generate real-
time, high-fidelity, three-dimensional (3D) reconstructions 
of endovascular devices without fluoroscopy. The technol-
ogy was originally developed by the United States National 
Aeronautics and Space Administration as a lightweight 
solution to sense structural strain in aeronautical applica-
tions.3 It was subsequently acquired by Philips Research, 
which worked with Luna Innovations and Hansen Medical 
to incorporate the technology into medical devices.

FORS leverages several key technologies to sense device 
shape. To detect bend and strain, gratings are manufac-
tured into the fiber cores (filaments), which reflect specific 
wavelengths of light when a bend is applied. To determine 
where a bend has occurred along the length of the fiber, 
a laser light source and sensor are used to measure light 
backscatter. Finally, FORS-enabled devices are embedded 
with an optical fiber composed of multiple fiber cores, 
enabling differentiation of axial force and twisting from 
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the applied bend. This approach also mitigates the effect 
of temperature on the wavelength of light reflected, which 
would otherwise impair measurement accuracy. These 
technologies work in concert to enable FORS to sense 
device shape with minimal variance as well as tip position 
with submillimeter accuracy.4

In its current iteration, the FORS guidance system is 
designed to work with a Allura or Azurion generation fixed 
imaging system (Philips). Additional software updates must 
be made to the hybrid imaging suite and dedicated equip-
ment installed. Within the suite, this necessary equipment 
consists of a desktop workstation, the FORS engine that 
contains the light source and hardware to generate the 
reconstruction, and a detachable bedside docking hub to 
which FORS-enabled devices within the sterile field inter-
face (Figure 1). The initial offering of wires and catheters 
has been engineered to use a 0.035-inch platform; this may 
change as additional devices are introduced to the market 
in the future. Currently, there are three FORS-enabled 
devices available: an angled hydrophilic guidewire (120-cm 
length, not backloadable), a 5.5-F Cobra C2 catheter (80‑cm 

length), and a 5.5-F Berenstein 
catheter (80-cm length) (Figure 2). 
FORS-enabled devices can be used 
either alone or in combination with 
conventional wires, catheters, and 
sheaths. Pairing with a conventional 
device, such as a non-FORS–enabled 
selection catheter, does not impair 
shape reconstruction of FORS-
enabled devices.

The setup for a procedure that 
uses FORS guidance requires on-
table registration of the devices and 
a fusion overlay with an anatomic 
roadmap. Operators can use preop-
erative CTA or digital subtraction 
imaging to create the roadmap. At 
the start of the case, the roadmap 
is fused with the patient’s on-table 
position using either cone-beam CT 
or fluoroscopy. The FORS-enabled 
devices are then prepared, first by 
connecting to the bedside docking 
hub and then by obtaining two fluo-
roscopy images of the device ori-
ented ≥ 30° from one another. The 
operator can then manually register 
and adjust the position of the device 
using the on-screen interface (see 
video 1 online). Intraoperatively, 
FORS-enabled wires and catheters 

are rendered on screen in 3D with distinct colors and at 
larger than actual size to improve visibility. The viewing 
plane can be adjusted by the surgeon or an assistant at the 
computer in real time, and this biplane viewing allows mul-
tiple orientations to be viewed simultaneously.

Aortic Interventions
Initial study of FORS has focused on use in complex 

endovascular aortic interventions. These procedures not 
only use large doses of radiation but also involve complex 
navigational tasks. In the first published study of FORS 
guidance, interventionalists performed navigational tasks in 
phantom and porcine models.5 This confirmed the accu-
racy of on-table device renderings and demonstrated a high 
degree of technical success when the devices were used for 
navigational tasks. The feasibility of the guidance system 

Figure 1.  In-room equipment necessary to use FORS technology. Reprinted with 
permission from Philips Medical.

Figure 2.  The initial market offering of FORS-enabled endovascular wires and cath-
eters; all use a 0.035-inch system. From left to right: an angled guidewire (120 cm), 
a 5.5-F Berenstein catheter (80 cm), and a 5.5-F Cobra C2 catheter (80 cm). Reprinted 
with permission from Philips Medical.

VISIT EVTODAY.COM
to watch the accompanying videos.
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was subsequently studied in EVAR and peripheral artery 
lesion treatment in humans.6 The rate of technical success 
was 91% for navigational tasks, and some tasks were able to 
be performed without fluoroscopy.

Current use of FORS guidance in complex aortic inter-
ventions has primarily been for navigational tasks. Examples 
of such tasks include catheterization of the aorta, target 
vessel cannulation, and bifurcated device gate cannulation 
(see video 2 online). A key advantage has been the ability to 
simultaneously view wires and catheters in multiple projec-
tions without fluoroscopy. Due to the limited initial offer-
ing of FORS-enabled wires and catheters, operators often 
use the devices in combination with conventional cath-
eters and steerable sheaths (see video 3 online). Although 
conventional devices are not yet rendered on screen, this 
approach enables users to harness the versatility and direc-
tionality afforded by steerable sheaths to complete tasks 
with FORS-enabled devices. Although not yet available, 
a catheter-agnostic FORS 3D hub is being developed to 
enable shape detection of conventional catheters without 
an embedded optical fiber. The current lack of a back-
loadable wire, increased fragility compared to conventional 
wires (axial load and excessive bend can fracture the fibers), 
lack of exchange-length devices, limited catheter shapes, 
and restriction to a 0.035-inch platform continue to pres-
ent significant limitations.

Clinical Availability
The FDA has granted approval for the marketing of 

FORS technology in the United States, and it has now 
entered commercial distribution.7-10 The initial phase of 
FORS deployment has been limited to 10 participating sites 
(five in Europe and five in the United States). Data from all 
cases using FORS guidance are currently being captured in 
a prospective registry and used in nested cohort studies. 
The initial study goals are focused on measuring the effects 
of FORS on procedural time, radiation usage, and patient 
outcomes in aortic interventions.

CONCLUSION
FORS technology presents a new alternative to fluoro-

scopic guidance in endovascular surgery. It aims to offset 
the complexity of interventions and reduce dependence 
on ionizing radiation. Although the technology has not yet 
been rigorously studied in clinical trials, early findings with 
usage in complex EVAR have been encouraging. As the sys-
tem continues to mature and evolve, its potential role in the 
broader field of endovascular surgery will become clearer.  n
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