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Abstract

Aims: The present report describes a novel coronary fractional flow reserve (FFR) system which allows FFR

assessment using a rapid exchange microcatheter (RXi).

Methods and results: The RXi microcatheter is compatible with standard 0.014” coronary guidewires
facilitating lesion negotiation and FFR assessment in a wide range of coronary anatomies. In case of serial
lesions, a microcatheter would have the important advantage of allowing multiple pullbacks while maintain-
ing wire access to the vessel. The RXi is a fibre-optic sensor technology-based device. This technology might
allow reduction in signal drift. The RXi microcatheter’s fibre-optic sensor is located 5 mm from the distal tip.
The microcatheter profile at the sensor site is 0.027x0.036”. The segment of the catheter which is intended
to reside within the target lesion is proximal to the sensor and has dimensions decreased to 0.020”x0.025”;
these dimensions are comparable to a 0.022” circular-shaped wire.

Conclusions: The RXi microcatheter FFR system represents a novel technology that could allow easier
lesion negotiation, maintaining guidewire position, facilitating pullbacks for assessment of serial lesions and
simplifying the obtainment of post-intervention FFR measurements. The optical sensing technology could
additionally result in less signal drift. Further investigations are required to evaluate the clinical value of this
technology fully.
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Introduction
Fractional flow reserve (FFR) is an established functional index for
evaluation of the severity of epicardial coronary stenosis and myo-
cardial ischaemia'. The clinical benefit of FFR-guided PCI com-
pared to angiography-guided PCI has been demonstrated in several
investigations'?.

Rapid exchange FFR system

The ACIST RXi™ Rapid Exchange FFR system with Navvus™
MicroCatheter (ACIST Medical Systems, Eden Prairie, MN, USA)
incorporates fibre-optic-based sensor technology to assess FFR, at
variance with standard pressure wire systems relying on piezoresis-
tive (electrical) sensor technology.

The microcatheter is compatible with standard 0.014” guide-
wires, with a guidewire lumen diameter of 0.016” and a lesion entry
profile of 0.022” (Figure 1, Figure 2, Table 1). The catheter’s fibre-
optic sensor is located S mm from the distal tip and the radiopaque
marker at 2.5 mm. The microcatheter is elliptically shaped at the
sensor site with a profile of 0.027x0.036” (Figure 2, Figure 3).
The segment of the catheter that should reside within the lesion is
proximal to the sensor, where the catheter dimensions decrease to
0.0207%0.025”. These dimensions are comparable to a 0.022” cir-
cular-shaped wire.

Fibre-optic sensing technology

The RXi system fibre-optic sensor technology measures pressure
by using light to assess the width of a cavity within the sensor.
When blood pressure is applied to the sensor flexible distal face,
the width of the cavity is reduced with increasing pressure. Pressure
is sensed by measuring the cavity width using a Fabry-Pérot white-
light interferometer®. A light source is guided into an optical fibre
and then into a coupler (Figure 4A). Its output is linked to the opti-
cal fibre sensor (OFS). At the core of the OFS is the interferometer,
which consists of two parallel, perfectly flat semi-reflecting mir-
rors separated by the cavity width, which varies with blood pres-
sure. Light passing through the first mirror is reflected back and
forth within the cavity multiple times (Figure 4B). However, at each
reflection, a small fraction of the beam escapes the interferometer
creating a large number of parallel beams of light (R;, R,, ... Rn)
(Figure 4B) coupled back into the optical fibre. The light returned to
the system is therefore “encoded” with the width of the cavity, since
each reflection is delayed by an integer multiple of cavity widths.

Rapid exchange FFR microcatheter

Figure 2. The Navvus Rapid Exchange system and profile. Upper
panel: Navvus MicroCatheter system with a standard wire (BMW)
showing the profile of the microcatheter. Lower panel: magnification
of the tip of the microcatheter with the fibre-optic sensor:

The returned light enters the signal conditioner, where light is
directed by the coupler (Figure 4A) to an optical system where the
light is spread over a wedge. Where the width of the wedge exactly
equals the width of the cavity, constructive interference results
since the delays in optical path length are recreated. At all other
points destructive interference results in a reduced signal level.
A charge-coupled device (CCD) records the resulting pattern. Thus,
finding the cavity width corresponding to the blood pressure con-
sists of looking into the position of the maximum peak in the inter-
ference pattern.

This technology is insensitive to changes in light transmission
throughout the path, resulting in a reliable and consistent pressure
waveform, which translates into pressure measurement unaffected
by minor electrical changes that could cause signal drift as observed
with current pressure wire technology.

Theoretical advantages and pitfalls of

a microcatheter FFR system

Several theoretical advantages may be proposed for the present
technology. 1) Coronary anatomies can be challenging because of
excessive tortuosity, acute angulation and calcification, which may
preclude navigation with dedicated FFR pressure wires. The ability
to use more sophisticated hydrophilic-coated guidewires may facili-
tate lesion negotiation and allow FFR assessment in a wider range
of anatomies. 2) Fractional flow reserve is a reliable functional
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Figure 1. The Navvus Rapid Exchange FFR MicroCatheter. The microcatheter is compatible with standard 0.014" guidewires with a lumen

diameter of 0.016". A radiopaque marker band and the fibre-optic sensor are shown proximally.
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Table 1. Product and technical specifications.

RXi console

Frequency 47-63 Hz

Voltage 12 V DC for the specified external switching power
supply

Current 1.41 ADC maximum

Patient leakage current

Less than 10 pA

Operating ambient
temperature range

64-86°F (18-30°C)

Storage and operating
humidity range

10-95% operating, 5-85% storage, non-condensing

Weight (with power supply
and cables)

20 1bs (9.1 kg)

Dimensions

Depth: 3.5 inches (8.9 cm); width: 10.7 inches
(27.2 cm); height: 9.2 inches (23.4 cm)

Pressure range

—30 to +300 mmHg relative to atmosphere throughout
580-800 mmHg absolute atmospheric pressure

Device

Pressure accuracy +3% of reading or +3 mmHg of reading over pressure
range whichever is greater

Pressure drift <7 mmHg over 1 hour

Frequency response Response at 10 Hz within 3 dBA of the response at 1 Hz

High elevation use The system has been electrically safety tested for

restriction elevations of 02,000 metres

RXi Navvus MicroCatheter

Rapid exchange, single lumen microcatheter

Technology

Fibre-optic pressure sensor technology located 5 mm
from tip

Microcatheter length

Overall: 131.9 inches (335 cm); working: 59.1 inches
(150 cm)

Rapid exchange distal 10.2 inches (26 cm)
shaft length

Operating ambient 64-86°F (18-30°C)
temperature range

Operating atmospheric
pressure range

11-15 psi, 77-106 kPa

Compatibility

Compatible with 5-8 Fr guiding catheters

assessment of the severity of coronary lesions. However, in dif-

fusely diseased vessels the evaluation of each individual narrow-

ing is affected by haemodynamic interaction among serial stenoses.

0.020 inches

RXi Navvus MicroCatheter
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Figure 4. Fibre-optic pressure sensing technology. A) Fabry-Pérot
white-light interferometer and coupler. B) A small fraction of the
incident beam escapes the interferometer creating a large number of
parallel beams of light. Reproduced with permission from Pinet’.

Previously, equations were developed, and subsequently validated
in vivo, to predict the FFR values of each stenosis when two serial
lesions were present in a vessel®. More recently, FFR gradient across
an individual stenosis during pressure-wire pullback was proposed
as a surrogate of the relative functional severity of each stenosis in
coronary tandem lesions®. This technique was observed to be associ-
ated with a reduction in unnecessary interventions®. However, this
methodology requires pressure-wire pullback with inherent loss of
wire access to the vessel and the need to re-cross the lesion with all
the associated limitations and risks. A microcatheter compatible with

0.027 inches
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RXi Navvus MicroCatheter
shaft with fibre-optic sensor

Figure 3. Profile and structure in cross-sectional view of the Navvus microcatheter at the level of the fibre-optic sensor and at the lesion site.

At the level of the fibre-optic sensor the microcatheter has an elliptically shaped profile with dimensions of 0.027 " x0.036". At the lesion site

the profile of the microcatheter decreases to 0.020”*0.025"; these dimensions could be considered comparable to those of a 0.022”

circular-shaped wire.



any 0.014” wire would have the important advantage of allowing
multiple pullbacks while maintaining wire access. 3) FFR measured
after coronary stenting has been reported to be a strong independent
predictor of clinical outcomes, providing a clinically relevant tool to
evaluate the results of coronary interventions. However, measuring
FFR after stenting either requires re-crossing the stent with the pres-
sure wire (which introduces the inherent risk of the wire being placed
behind the struts) or, if stenting was performed over the pressure wire,
reconnecting the FFR system, which increases the likelihood of sig-
nal drift. The present microcatheter allows FFR measurement after
stenting using the same 0.014” guidewire used during stent implanta-
tion, eliminating the need to re-cross the lesion or to disconnect the
system, theoretically reducing the occurrence of signal drift. In addi-
tion, no re-calibration is currently recommended for serial microcath-
eter re-insertions in the coronary vessel.

On the other hand, a possible limitation of the microcatheter is the
fact that, since the RXi Navvus has a higher profile than a 0.014” cor-
onary guidewire, the device itself could mildly increase an existing
stenosis and hamper blood flow compared to an FFR guidewire alone,
especially in a severe stenotic lesion. However, FFR is indicated for
assessment of intermediate lesions of unknown significance and not
usually needed in case of subtotal atherosclerotic lesions. In coronary
arteries with a reference luminal diameter >2.5 mm and an interme-
diate stenosis, a microcatheter with dimensions of 0.0207x0.025” is
expected to have no significant haemodynamic effect.

Preliminary clinical data
We performed a preliminary evaluation of the RXi microcathe-
ter system, comparing it to results obtained with a standard FFR
pressure wire. A total of 15 patients with intermediate de novo ath-
erosclerotic disease in native coronary arteries were sequentially
evaluated with currently available pressure wire FFR systems and
the RXi microcatheter FFR system.
Values showed a good positive correlation and good agreement
between methodologies (Figure 5). No complications were observed.
Given the low number of patients, these data should be consid-
ered within the present report as additional information, descriptive
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Rapid exchange FFR microcatheter

and hypothesis-generating. The performance of the present device
in coronary arteries with reference vessel diameters <2.5 mm

should be clearly defined in further clinical studies.

Limitations

The present manuscript is intended to be a technical presentation
of a novel technology. Therefore, quantitative measurements are
purely descriptive and further in vitro and in vivo investigations are
needed to elucidate fully the additional clinical value of such tech-
nology. The theoretical advantage of reduced signal drift should
be extensively evaluated and quantified. In addition, comprehen-
sive validation studies comparing standard FFR technique with this
new system would be necessary before the large clinical evidence
acquired for FFR pressure wires could be transferred to the micro-
catheter system. Additional clinical uses of the present technology
might be considered in different settings comprising valves and
peripheral vascular disease.

Conclusions

The RXi and Navvus MicroCatheter FFR system represents
a novel technology to simplify fractional flow reserve assess-
ment. The RXi system and Navvus microcatheter technology
could facilitate FFR assessments because a workhorse wire can
be used to access the lesion. This novel approach allows the wire
to remain in place for subsequent assessment of serial lesions,
the intervention itself, and post-intervention FFR. Additionally,
the optical sensing technology could result in less signal drift.
Further studies are required to evaluate fully the clinical value
of this technology.

Impact on daily practice

The possible implications for clinical practice related to the use
of the RXi microcatheter could comprise an expanded adoption
of FFR-guided PCI, a more accurate assessment of the haemo-
dynamic relevance of serial coronary lesions, and an easier post-
PCI FFR assessment.

Mean difference RXi-PW

Average FFR(RXi+PW)

Figure 5. Correlation and agreement between standard pressure wire FFR system and the RXi microcatheter FFR system. Good positive

correlation and agreement between measurements performed with either the RXi Navvus MicroCatheter system or a standard FFR pressure

wire (PW).
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