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Usefulness of catheter pressure measurement
using the Navvus RXi system to determine left
ventricular outflow tract obstruction and aortic
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Left ventricular outflow tract obstruction (LVOTO) sometimes presents with aortic stenosis (AS). Echocardiography is used to
assess the diagnosis and severity of LVOTO or AS. However, LVOTO is one of the conditions that makes AS assessment difficult,
and catheter pressure measurement is frequently useful in such cases.

An 84-year-old female patient presented with New York Heart Association functional Class Il dyspnoea. Transthoracic echocar-
diography revealed LVOTO caused by upper septal hypertrophy, mitral valve systolic anterior motion with moderate mitral regur-
gitation, and a highly calcified aortic valve, which suggested the possibility of severe AS. The continuous Doppler echocardiography
revealed a late-systolic peaking dagger-shaped profile with a peak jet velocity of 5.6 m/s. Cardiac catheterization was performed to
determine the contribution of AS or LVOTO to her symptoms. Catheter pressures were measured at the ascending aorta (using a
coronary catheter) and the LV (using the Navvus RXi system). The initial mean pressure gradient between the apex of the LV, just
below the aortic valve and aorta, was measured at 65 and 25 mmHg, respectively. The mean pressure gradient between the apex
and the aorta decreased from 65 to 40 mmHg after a 50 mg disopyramide administration. Oral medication therapy effectively sta-
bilized her symptom after catheterization.

To the best of our knowledge, this is the first reported case of assessing the severity of LVOTO and AS using the Navvus RXi sys-
tem. Catheter pressure measurement using the Navvus RXi system is a useful method of determining the severity of LVOTO and
AS.

Aortic stenosis ® Left ventricular outflow tract obstruction e Echocardiography e Navvus e Case report

4.2 Aortic stenosis ® 6.5 Cardiomyopathy

e Haemodynamic assessment with not only echocardiography but also invasive catheters would be helpful in patients with aortic stenosis (AS)
and concomitant left ventricular outflow tract obstruction (LVOTO).
e Catheter pressure measurement using the Navvus RXi system is a simple and useful method to determine the severity of LVOTO and AS.

* Corresponding author. Tel: +81 075 251 5111, Fax: +81 075 251 7093, Email: shige912@koto.kpu-m.ac.jp

Handling Editor: Christoph Sinning

Peer-reviewers: Edgar Francisco Carrizales Sepulveda; Dejan Milasinovic

Compliance Editor: Hikmet Kadioglu

© The Author(s) 2023. Published by Oxford University Press on behalf of the European Society of Cardiology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com


https://orcid.org/0000-0002-4143-138X
mailto:shige912@koto.kpu-m.ac.jp
https://creativecommons.org/licenses/by-nc/4.0/

M. Yashige et al.

Introduction

Left ventricular outflow tract obstruction (LVOTO) occasionally pre-
sents with aortic stenosis (AS), which is estimated to account for
10% of cases.'

Hypertrophic myocardial septum on LVOT causes an increased sub-
aortic pressure gradient and dyspnoea. Echocardiography is used to as-
sess the diagnosis and severity of LVOTO or AS. However, LVOTO
complicates AS assessment by making it challenging to distinguish be-
tween the flows across the aortic valve and LVOTO.?? Therefore, se-
lecting the preferred treatment for AS or LVOTO is difficult. Herein,
we present a case of LVOTO associated with AS assessed in catheter
pressure measurements using the Navvus RXi system (ACIST Medical
Systems, Eden Prairie, MN, USA).

Summary figure

Case presentation

An 84-year-old female patient was referred to our institution for heart
failure treatment. She presented with New York Heart Association
functional Class Il dyspnoea on admission. She had a medical history
of hypertension and dyslipidaemia. She did not have a family history
of Fabry disease. Her medications included dapagliflozin (10 mg/day),
spironolactone (12.5 mg/day), and pimobendan (2.5 mg/day). Physical
examination revealed a systolic ejection murmur in the sitting position
at the right upper sternal border.

The laboratory findings revealed a brain natriuretic peptide of
185.2 pg/mL (standard range: 0.0-18.4 pg/mL). Electrocardiography
(ECG) revealed a normal sinus rhythm and ST-segment depression
on the anterior leads, and voltage criteria indicated left ventricular
hypertrophy (Figure 7). Electrocardiography reading was not of low po-
tential. Transthoracic echocardiography (T TE) revealed a hypertrophic
myocardial septum on LVOT and moderate mitral regurgitation with
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Figure 1 The electrocardiogram of the patient on admission. A normal sinus rhythm and ST-segment depression on the anterior leads, and voltage

criteria indicated left ventricular hypertrophy.

systolic anterior motion of the mitral valve (Figure 2A-C) and a highly
calcified aortic valve, which suggested the possibility of severe AS
(Figure 2D). The thickness of the basal septum was 17 mm and the pos-
terior wall was 16 mm. The left ventricular (LV) ejection fraction was
normal. No granular sparkling was seen on TTE. The aortic valve
area measured using direct two-dimensional planimetry was
0.57 cm?. A late-systolic peaking dagger-shaped profile with a 5.6 m/s
of peak jet velocity was revealed in the continuous Doppler echocardi-
ography (Figure 2E). However, a precise determination of AS severity
was difficult because discriminating the AS from LVOTO velocity was
impossible. Cardiac catheterization was performed to determine the
contribution of AS or LVOTO to her symptoms. Coronary angiog-
raphy was performed via the radial artery, and it revealed no coronary
artery stenosis (Figure 3A and B). Then, we attempted to measure the
pressure gradient between the aorta and the LV using the Navvus RXi
system (ACIST Medical Systems). First, an angiographic diagnostic cath-
eter (Goodtech 5Fr-Judkins Right 4.0, Goodman Medical Ireland
Limited, Ireland) was placed in the LV. Next, a 0.014 inch Thruway
guidewire (Boston Scientific Corporation, Natick, MA, USA) was in-
serted in the LV. Then, the 5 Fr JR4.0 catheter was replaced with a
6 Fr JR4 guide catheter, and Navvus RXi was inserted over the
0.014 inch guidewire (Figure 4A—C). The initial mean pressure gradient
between the apex of the LV and the ascending aorta was 65 mmHg
(Figure 5A), whereas that between the area just below the aortic valve
and the ascending aorta was 25 mmHg (Figure 5B). The mean pressure
gradient between the apex of the LV and the ascending aorta decreased
from 65 to 40 mmHg after a 50 mg dose of disopyramide was adminis-
tered (Figure 5C and D).

Dapagliflozin, spironolactone, and pimobendane were discontinued
based on the findings, and then oral cibenzoline at 150 mg/day and bi-
soprolol at 2.5 mg/day were subsequently prescribed. A follow-up TTE
revealed that the continuous Doppler echocardiography described a
3.1 m/s of peak jet velocity and the patient’s symptom was resolved.
Careful follow-up with TTE will be planned in future; if TTE reveals
an increase in the peak jet velocity in the continuous Doppler echocar-
diography again, invasive pressure gradient will be measured with a
catheter.

Discussion

Herein, we report a case of coexistent LVOTO and AS assessed for se-
verity using the Navvus RXi system. This case demonstrated the useful-
ness of catheter pressure measurement using the Navvus RXi system
to determine LVOTO and AS severity. To the best of our knowledge,
this is the first reported case of assessing the LVOTO and AS severity
using the Navvus RXi system.

The number of patients with concomitant LVOTO and AS is pre-
dicted to increase along with the ageing of the population.*
Considering the patient’s family history and ECG/TTE findings in this
case, hypertrophic obstructive cardiomyopathy was the most likely cause
of LVOTO. Echocardiography is the first-choice modality to evaluate
LVOTO or AS severity because of its cost-effectiveness and non-
invasiveness,” whereas accurate evaluation of true AS severity is difficult
if it coexists with LVOTO, and careful assessment is required to distin-
guish the flow across the aortic valve from the flow through LVOTO
in an echocardiographic examination.®” As in the present case, a mixture
of AS Doppler and LVYOT Doppler flows makes separation and definition
difficult, which is the main component of the pressure gradient. The main
cause of symptoms should be determined because treatment interven-
tions differ between LVOTO and severe AS.

Haemodynamics can be measured using not only echocardiography
but also invasive catheters in patients with AS and concomitant
LVOTO. Two catheters and two arterial access sites are usually re-
quired in determining transvalvular pressure gradient by haemodynamic
cardiac catheterization. Moreover, previous reports revealed the feasi-
bility of using a single arterial puncture and a 0.014 inch pressure wire
for AS evaluation.®’ However, several difficulties are encountered
while assessing AS using a pressure wire. First, the pressure wire may
provoke premature ventricular contractions during manipulation in
the LV, thereby hindering the accurate measurement of pressure gra-
dient. Moreover, maintaining accurate positioning within the LV using
pressure wires alone is often difficult and the heartbeat may cause
the wire to pull out of the LV. The reinsertion of the wire into the
LV could be troublesome once it is pulled out from the aorta.
Particularly, in cases with LVOTO and concomitant AS, as in the
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Figure 2 Transthoracic echocardiography findings on admission. (A) Transthoracic echocardiography revealed upper septal hypertrophy (arrow). (B)
Apical long-axis view by colour Doppler echocardiography revealed mosaic flow extending from the left ventricular outflow tract. (C) Calcified aortic
valve with limited opening. (D) M-mode revealed systolic anterior motion (arrows). (E) The initial pulse wave Doppler ultrasound of the left ventricular

outflow tract.

Figure 3 Coronary angiography revealed no significant stenosis in the right coronary artery (A) and left coronary artery (B).
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Figure 4 Catheter pressure measurement using the Navvus RXi system. (A) A 6 Fr JR4 guide catheter (arrow above) was inserted into the ascending
aorta over the 0.014 inch guidewire (arrow in the bottom) through a calcified aortic valve (arrow in the middle). (B and C) Navvus RXi (ACIST Medical
Systems: yellow arrowhead) was inserted over the 0.014 inch guidewire and placed at the apex of the left ventricle (B) and just below the aortic valve (C).
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Figure 5 Pressure recording using the Navvus RXi system to determine left ventricular outflow tract obstruction and aortic stenosis severity. The
patient’s initial mean pressure gradient between the apex of the left ventricle (A), just below the aortic valve and aorta (B) was measured at 65 and
25 mmHg (coloured area), respectively. The mean pressure gradient between the apex of the left ventricle and the ascending aorta decreased
from 65 mmHg (C) (coloured area) to 40 mmHg (D) (coloured area) after administering disopyramide. AoP, aortic pressure; LVP, left ventricular

pressure.
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present case, wire reinsertion into a calcified stenotic aortic valve can
be difficult.

The Navvus RXi system is a novel monorail microcatheter with a le-
sion entry profile of 0.022 inches and an optical pressure sensor located
close to the distal tip for the fractional flow reserve measurement."®
The rapid exchange catheter is compatible with any 0.014 inch guide-
wire."! Pressure measurement using RXi and Navvus microcatheters
has several distinctive features. First, only one puncture site is required.
Additionally, the one-puncture method reduces the puncture site and
punctures the radial artery, which may cause fewer catheterization
complications.'® Second, the system allows multiple pull-backs while
maintaining wire access. Pressure measurements can be easily per-
formed without the need to pass the stiffened aortic valve through
the wire again even when measuring pressure gradients twice, at rest
and under drug stress. Thus, this method caused a steady subaortic
pressure gradient recording during cardiac catheterization, even for
cases of coexistent LVOTO and AS. Further investigations are war-
ranted to confirm the feasibility of the catheter pressure measurement
using the Navvus RXi system to determine LVOTO and AS severity, es-
pecially in comparison with other invasive pressure measurement
methods such as using pressure wire or two catheters.

Conclusion

Catheter pressure measurement using the Navvus RXi system is a sim-
ple and useful method to determine the severity of LVOTO and AS.
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