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Abstract

The Contact (St Jude Medical) System uses a novel impedance- based measure of Electrical Coupling Index (ECI) to assess the quality of
catheter tip to endocardium contact. We sought to establish average ECl measurements and behaviour during pulmonary vein (PV) isolation

procedures.

Forty-five patients undergoing PV isolation for atrial fibrillation (AF) were studied. ‘Non-contact’ and upper range ‘in-contact’ catheter
positioning was performed for system calibration. ECl measurements were recorded pre-ablation at 14 standardized locations around the

PV antra.

The mean ECI non-contact value was 77 * 11 (range 63-107); the mean upper range in-contact value was 111 * 16 (range 81-145).
Mean ECI values pre-ablation around the PV antra ranged from 85 + 18 to 107 £ 19. A trend towards higher mean ECI values was noted with
increasing body mass index (BMI). Pre-ablation mean ECI values were 92 + 10 (BMI 20-25), 95 + 12 (BMI 26-30) and 104 + 11 (BMI >30)
(p< 0.01 for 20-25 vs. >30). A positive correlation was noted for mean pre-ablation ECI values and BMI (r=0.50).

An expected range of ECI values during PV isolation has been documented in this study. Observed ECI values correlate with patient BMI.
The potential limitations of the current generation Contact System and scope for future clinical applications are discussed.

Introduction

Radiofrequency (RF) ablation is a common therapy utilised in the
treatment of atrial fibrillation (AF). Ablation catheter technology
has been evolving rapidly with a recent innovation being the
introduction of catheter tip-tissue sensing capabilities. One of these
technologies is the Contact™ system introduced by St Jude Medical
(St Paul, MN) which uses a novel measure of the Electrical Coupling
Index (ECI) to assess the quality of catheter tip to endocardium
contact. The technology has previously been described in depth and
is associated with improved efficacy of pulmonary vein electrical
isolation.”* Currently there is little data explaining expected ECI
values and behaviour during a left atrial ablation procedure. As such
this paper sought to provide average ECI measurements in a cohort
of patients who underwent first-time pulmonary vein isolation (PVI)
procedures using the first generation Contact™ technology.
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Methods

Forty-five consecutive patients undergoing a first time PVI
procedure for atrial fibrillation with a single operator were studied.
Patients having a redo procedure were excluded. Patients with both
paroxysmal and persistent forms of arrhythmia were included.

Procedure

The Ensite NavX 3D mapping system (St Jude Medical, St Paul,
MN) was utilised for catheter guidance, geometry creation and fusion
to a pre-segmented left atrial CT image. A decapolar catheter was
placed in the coronary sinus and a circular, 20mm pulmonary vein
mapping catheter was used for geometry collecting and localisation
of pulmonary vein signals. Intra-cardiac echo was utilised in all
procedures to aid in guidance of the double trans-septal punctures,
geometry creation and tissue contact during ablation delivery.
Pulmonary vein isolation was performed at an antral level with left
and right sided pulmonary veins isolated in pairs. The primary end-
point was electrical isolation of all pulmonary veins confirmed by
entry and exit conduction block.

The Contact ablation catheter was calibrated as per the
recommended manufacturer instructions for use. An initial ‘non-
contact’ ECI baseline measurement was performed with the catheter
tip mid left atrial cavity and not contacting the endocardium as
confirmed by the absence of local intracardiac signal and intracardiac
echocardiography (ICE) visualization. Previous validation of
the technology has shown that tissue contact correlates well with
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The 14 sites of data collection in the left atrium (seven each
around the left and right pulmonary vein pairs). LAA = left atrial
4 appendage; LIPV = left inferior pulmonary vein; LSPV = left
superior pulmonary vein; RIPV = right inferior pulmonary vein;
RSPV = right superior pulmonary vein.

a minimum 5 ECI points above non-contact measurement as
demonstrated by progressive decrease in bipolar pacing thresholds
and analysis of unipolar electrogram characteristics.” A second
upper-level ‘in-contact’ ECl measurement was taken with the
catheter positioned at the left atrial roof or posterior wall at a
desired upper-limit of contact as determined by the physician to
define the desired safety range. Endocardial contact was determined
from intracardiac signals, intracardiac echo visualization and tactile
feedback. A braided SLO curve long sheath (St Jude Medical, St Paul,
MN) was used for ablation catheter manipulation in the left atrium.
Following calibration the Contact display dashboard indicates the
actual ECI measurement in addition to a continuous graph display
of ECI value plotted vs. time. A catheter ‘beaconon the real time
NavX image displays the catheter tip yellow when ECI values are in
a non-contact range, green for a contact range and flashing red when
the ‘upper-range’ safety values are exceeded.

Fourteen pre-determined locations were selected for ECI
measurements (Fig 1) along the antral line of ablation. Unblinded
ECI measurement was taken pre-ablation as the highest reading in
a 5 second period on non-ablated tissue.1 RF power settings ranged
from 20 — 45 watts and heparinised saline irrigation was run at 12ml/
min during RF power delivery. All procedures were performed under
general anaesthesia with intermittent positive pressure ventilation.

Statistical Analysis

Results were analysed using SPSS software and expressed as
mean * standard deviation. Unpaired t tests and Pearson correlation
coefficients were performed. A 2-tailed p value <0.05 was considered
to be statistically significant. Graphs were constructed by using Prism
(GraphPad Software, La Jolla, CA).
Results

Forty-five patients (seven female) underwent first time PVI
procedures. Successful PVI (entry and exit block) was achieved in
100% of the patients. Fifteen patients had persistent forms of AF
and 30 were paroxysmal; 26 patients were in sinus rhythm and 19
patients were in AF at the time of data collection. The mean age was
61.9 years (range 43-81 years) and mean body mass index (BMI)
was 29.0 (range 20-42). Successful PV isolation was achieved in all
patients with a mean procedural time of 171 + 40 minutes (range
114 - 275). There were no complications associated with use of the
technology. The mean ECI non-contact value for the cohort was 76 +
10 (range 62 — 102); the mean upper range in-contact ECI value was
111 + 15 (range 81 — 145). Mean pre-ablation ECI values at each of

the measured PV sites are shown in Figure 2. Mean ECI values pre-
ablation around the PV antra (L1-L7 and R1 — R7) ranged from 85
+ 18 to 107 = 19, with an overall mean of 97 + 12.The lowest mean
pre-ablation values were recorded at the anterior ridge of the left
upper and lower PVs (sites L2, L3, L4).
Effect of Body Mass Index

A trend towards higher mean ECI values was noted with increasing
BMI. Non-contact values were 73 + 9 (BMI 20-25), 75 = 11 (BMI
26-30) and 81 = 9 (BMI >30) (p<0.04 for 20-25 vs >30). Upper range
in-contact mean ECI values were 104 = 12 (BMI 20-25), 111 = 15
(BMI 26-30) and 116 + 15 (BMI >30)(p< 0.05 for 20-25 vs. >30).
Pre-ablation mean ECI values were 92 + 10 (BMI 20-25), 95 + 12
(BMI 26-30) and 104 + 11 (BMI >30)(p= 0.01 for 20-25 vs. >30).
A modest positive correlation was noted for mean pre-ablation ECI
values and BMI (r=0.50, p=0.0005) as shown in Figure 3.
Effect of Rhythm

Atrial fibrillation rhythm at the time of the procedure did not
appear to impact ECI values in males, after controlling for BMI.
Females were excluded from this analysis to avoid confounders as all
were in sinus rhythm with a mean BMI of 25 + 4. The mean non-
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contact for males in AF was 81 + 10 vs. 75 + 8 in sinus (p=0.06);
mean upper range contact values were 116 + 16 for AF vs. 109 = 13
in sinus (p= 0.22); mean pre-ablation values were 100 + 13 for AF vs.
98 + 9 in sinus (p=0.47).
Effect of Gender

Females in the cohort had lower mean ECI values than males,
however there was a confounding trend towards lower mean BMI in
females (25.7 £ 4 vs. 29.1 £ 5, p=0.07) and all female patients were
in sinus rhythm (7/7) as compared with males (19/38). Mean non-
contact ECI values were 67 + 9 for females vs. 78 + 9 for males (p
=0.01); mean pre-ablation values were 86 + 9 for females vs. 99 + 11

vs. males (p<0.01).

Observed Intraprocedural Variations in ECI
During many procedures cyclical variation in continuous ECI

measurement pre-ablation was noted on the graphical representation
(ECI measurement vs. time) despite apparent stable catheter position.
Oscillation which appeared to correlate with cardiac motion (Fig 4a)
and respiratory motion (Fig 4b) was noted, often visible with direct
ICE visualization of the catheter contact with atrial tissue. A rapid
decrease in ECI value, followed by plateau was routinely observed
with the onset of RF energy application (Fig 4c), as previously
described.?

Discussion

While the Contact™ technology has been commercially available
its clinical use in the EP laboratory has remained limited. It is
perhaps, for many physicians, a less intuitive concept than simple
force- sensing for catheter- tissue contact. The potential benefits of
ECI over simple force- sensing have been previously described and
include the ability to use the technology with any choice of ablation
catheter, and improved information about the electrical interaction of
the catheter interface with different cardiac tissue types both before
and during ablation delivery.1 The clinical utility of the technology
however depends on the ability to take the concept from the benchtop
to the EP laboratory aided by a developed understanding of how the
supplied information varies according to different clinical parameters
and scenarios. The current study contributes to the knowledge base
of how ECI measurement and monitoring might best be used as a
clinical tool during catheter ablation.

In the previous work by Piorkowski et all, non-contact ECI
values of 115 + 12 and mean contact values of 140 = 16 (159 *
14 for firm contact’) were found in a study population of n=16, all
studied in sinus rhythm. These values are markedly different from
those observed in the current series (77 + 11 and 97 + 12 [110 =
16 for upper range contact]). The study did not find any significant
variation in ECI values with BMI, however their cohort was small
with a mean BMI of 26 + 2 which did not allow for comparison
with patients in the obese or very obese range. The current study
documented a mean increase in ECI value of 26% pre-ablation
over the non-contact reading as compared with 22% (Piorkowski)1,
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and a mean increase of 43% for upper range contact as compared
with 38% for ‘firm contact’ (Piorkowski).! The results of the current
study, however, are comparable to pre-ablation ECI values from a
contemporary published abstract by Dello Russo et al.”> who found
mean pre-ablation ECI values ranging from 96.7 + 11.1 to 102.4 +
11.8 around the pulmonary veins.

Personal communication with St Jude Medical engineers has
informed the authors that calibration of the Contact ‘dashboard’
settings was based the previously documented minimum cutoff of
5 ECI points above ‘non-contact’ baseline and demonstrated to be
highly reproducible. However, Contact hardware that is currently
commercially available in Ensite Systems may not be calibrated to
the same standard, such that inter-laboratory variation in absolute
ECI values may occur. Because each patient serves as their own
reference for the Contact measurement (non-contact through upper
range contact ECI scale) this does not appear to impact clinical
accuracy but does currently prevent inter-laboratory comparisons.
Standardised calibration of Contact hardware will reportedly be a
feature of the second generation Contact system. The observations
in the current study of ECI measurements approximately 20 — 30%
for ‘contact’ and 40 — 45% for ‘upper range contact’ above the non-
contact baseline were confirmed by St Jude Medical engineers to be
consistent with laboratory bench data.

Expected variation in catheter contact behaviour during respiratory
and cardiac motion was also observed with ECI measurement as has
been noted in other catheter force-sensing studies.” The finding of
lowest mean ‘in-contact’ measurement at the anterior ridge of the
left pulmonary veins has also been documented by other force-
sensing technology.®® Overall the current study appears to validate
the consistent and expected behaviour of Contact technology during
left atrial ablation.

The current study points to a significant effect of body mass index
on observed absolute ECI values. The ‘3- terminal model’ theory
of ECI measurement claims to yield only the catheter tip to tissue
impedance by cancelling out other sources of thoracic resistance.1
Cardiac adiposity could potentially directly impact tissue impedance
to increase ECI values. The possibility of ‘incomplete cancelling’
by the technology of increased thoracic resistance in the setting of
obesity also needs to be considered and has been acknowledged by
St Jude Medical engineers to be the likely explanation. A significant
decrease in non-contact and contact ECI values from beginning to end
of left atrial ablation procedure (mean procedure time 135 minutes)
has previously been noted and suggested to arise from changes in

Table 1:

Patient Characteristics

N=45
Age (yrs) 61.9+82
Sex: Males, n (%) 38 (84)
Type of AF, n (%)
Paroxysmal 30 (67)
Persistent 15 (33)
Hypertension, n (%) 24 (53)
Diabetes, n (%) 8(18)
EF (%) 61.3+8.1
BMI (n) 29.0+5

AF: Atrial Fibrillation, EF: Ejection Fraction, BMI: Body Mass Index

total body fluid.! This would provide another consistent example of
‘incomplete cancelling’ of reductions in thoracic resistance. Further
evaluation of the impact of BMI on ECI measurements is required
as recommended system calibration or scale may be impacted.
Equally, the potential for ‘drift’ of measurements during a procedure
(thereby affecting system accuracy) needs to be further explored and
accounted for with an offsetting algorithm or with recommendations
for intermittent recalibration.

Study Limitations

The possibility of variation in ECI values according to gender has
also been raised by the current dataset but the confounding effect
of BMI and the small number of females studied prevents accurate
conclusions being drawn. The current study also did not remeasure
non-contact ECI values during or at the end of procedures to
document measurement stability.

Future Clinical Research and Technology Improvements

The lack of integration of Contact measurements with Ensite
NavX mapping software currently limits the clinical utility in the
operator’s experience. The capacity to record mean pre-ablation
ECI measurements at each ablation location on the Ensite NavX
geometry may have benefits for ‘gap’ mapping to suggest possible
sites of acute PV reconnection.4,6 Additionally, the potential benefit
of ECI monitoring over other catheter force-sensing technology is
the ability to document real-time ablation lesion efficacy by a critical
reduction in ECI value during ablation.? Benchtop animal studies
have previously documented that a > 12% reduction in ECI value
during ablation delivery was associated with transmural lesions.? The
ability to record ‘delta ECI at each ablation location would improve
clinical usefulness of the technology.

There is currently scope to examine the behaviour of ECI
measurements across different clinical and ablation scenarios that
may better inform physicians about optimal catheter placement and
ablation delivery. Previous validation studies have shown that ECI
measurements intrinsically vary according to vascular (pulmonary
venous) tissue, trabeculated or atrial smooth muscle tissue.! Further
clinical research is required into how energy delivery may need to be
varied to achieve optimal ablation efficacy at vascular, trabeculated
or smooth muscle tissue as informed by ECI values. Additional
information about ECI measurement variation with scar tissue may
also assist in applications for scar and scar-border mapping. Whether
ECI measurement can further inform substrate or physiological
mapping should also be explored. ECI might vary according to tissue
fibrosis, ganglionic presence and innervation or signal specialized
cardiac conduction tissue eg. Sinus or AV nodal tissue. Other
potential questions include the expected variation in ECI readings
from pre-ablation, immediately post-ablation, delayed post-ablation
(to account for tissue oedema) and mature scar. Further observations
are also required for applications of ‘gap mapping’as to the variation
in ECI values and spatial resolution when measuring areas of
adjacent ablated and incompletely or non-ablated (but potentially
oedematous) tissue.

Conclusions:

The current study documents consistent and expected behaviour
of the tissue sensing capabilities of Contact technology during
pulmonary vein isolation procedures, with the novel finding of a
correlation of BMI with absolute ECI measurements. Currently
a reference range and recommended ECI values for left atrial
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ablation cannot be established without further multicenter studies
comparing different Ensite Contact systems and after controlling
for uniform technology calibration. The potential limitations of
the current generation Contact System have been discussed with
recommendations for future research and improving the clinical
utility of this emerging technology.
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