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Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia 

worldwide, and its prevalence continues to increase 1. Catheter 
ablation is a widely recognized treatment for this type of arrhythmia 
2. The predominant strategy is pulmonary veins isolation (PVI), 
although additional ablation approaches may be also carried out, 
such as linear lesions in the left atrium (LA), Vein of Marshall 
ethanol infusion, or ablation of fractionated atrial potentials, non-PV 
triggers or rotors, especially for patients with persistent AF3. Despite 
the various technological innovations, recurrence rates of AF after 
an ablation procedure still remain relatively high (ranging from 
20 to 58%)4, sometimes due to electrical reconnections over time. 
Therefore, there is still room for new tools and technological advances 
that could finally improve the success rates of the procedure.

The DiamondTempTM (DT) ablation system is a recently 
developed technology composed by the DiamondTemp™catheter 
and its specific radiofrequency (RF) generator FASTR-RF (EPIX 
Therapeutics, Santa Clara,California, USA, which was acquired 
by Medtronic at 2019, Inc. [Dublin, IR]). While conventional 
RF saline-irrigated catheters do not offer a reliable temperature 
feedback and are typically operated in power control mode, the 
DiamondTemp™ catheter has been designed to provide efficient 
temperature-controlled irrigated ablation, as well as to record high-
quality EGM signals.

This is possible as a result of the catheter design (figure 1): it is an 
open-irrigated catheter with 4.1 mm tip segment, which contains three 
industrial grade diamonds interconnected at the distal tip electrode, 
allowinga rapid dissipation of heat due to their high thermal diffusivity. 
This permits to reduce saline irrigation at a rate of 8 ml/min (through 
6 irrigation ports), making it a low-flow irrigated catheter.There are 
also 6 externally placed thermocouples (3 distal and 3 proximal), 
whose information is read 50 times per second by the generator, thus 
allowing for a very accurate and real-time estimation of catheter-tissue 
interface temperature.This enables the use of temperature control mode 
with better modulation of the power to maintain a target therapeutic 
temperature, and subsequently creates lesions more reliably and 
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Abstract
Due to the still relatively high recurrence rate after atrial fibrillation (AF) ablation procedure, new tools and strategies to improve post-

ablation freedom from AF are necessary. 

Recently, the new EnSite X EP cardiac mapping system has received the FDA authorization for its use. DiamondTemp™ is a new 
radiofrequency (RF) catheter commercialized by Medtronic company with accreditation for pulmonary veins isolation (PVI). The efficacy of this 
catheter in paroxysmal AF was confirmed by a recent publication (DIAMOND-AF). Currently, a new study is being carried out to validate the 
usefulness of this catheter in persistent AF: The DIAMOND-AF II.

It seems interesting to describe and illustrate the combination of these two new technologies through a case report on persistent AF 
ablation.
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efficiently.With respect to signal recording, the catheter tip consists 
of a composite tip electrode and 2 ring electrodes (proximal dipole), 
all made of platinum-iridium. The distal aspect of the tip composite 
electrode is 0.6 mm long and is electrically insulated from the proximal 
component, allowing for high-resolution EGM detection. 

Although the catheter does not provide direct information about the 
contact force, there are other elements that give biophysical feedback 
of tissue contact and lesion formation during ablation: 1) Reduction 
of tip-EGM amplitude, 2) Tissue temperature and 3) Impedance 
drop (directly related to tissue heating). Moreover, a preclinical study 
has shown that contact force does not have a significant impact on 
lesion depth or volume in the setting of temperature-controlled power 
modulation5,6. 

 This ablation system has already proven its safety and efficacy at 
the TRAC-AF study7. Seventy-one patients with paroxysmal AF 
from 4 centers were included, who underwent RF first-PVI procedure 
with the DiamondTemp™ ablation system: point-by-point wide-
area circumferential antral ablation [WACAA] in a temperature-
control mode (limit temperature 60ºC at the anterior wall and 55ºC 
at the posterior wall, maximumpower 50 W). Acute isolation of all 
PVs was achieved in 100% of patients, and freedom from AF after 1 
year was 70.6%. There were few serious procedure adverse events (1 
cardiac tamponade and 1 transient ischemic attack). Posteriorly, the 
DiamondTemp™ ablation system demonstrated strong outcomes 
against a contact force-sensingRF ablation system in a paroxysmal AF 
(PAF) population at the DIAMOND-AF trial8. It was a prospective, 
randomized non-inferiority trial which included 482 paroxysmal AF 
patients who were randomized to receive PVI with DiamondTemp™ 
ablation system or with conventional irrigated contact force–sensing RF 
ablation system (CF-RF), both arms using the EnSite cardiac mapping 
system (Abbott, Inc.). Primary endpoints were effectiveness (freedom 
from atrial arrhythmia recurrence at 12 months) and safety(composite of 
procedure and device-related serious adverse events). DiamondTemp™ 
ablation system proved noninferior to CF-RF ablation (safety event 
rate was 3.3% in the DTA group versus 6.6% in the control group and 

primary effectiveness was met in 79.1% of DTA subjects versus 75.7% 
of control subjects). Efficiencies were observed using DTA with shorter 
total RF times and individual RF application durations, and less saline 
infusion. Recently, the FASTR-AF study demonstrated long-term 
safety and effectiveness of the second generation FASTR RF generator 
(allowing an increased initial power ramp) in a population including 
both paroxysmal and persistent AF9. Currently, the DIAMOND-AF 
II study is being carried out, whose purpose is to evaluate the safety and 
effectiveness of the DiamondTemp™ ablation system for the treatment 
of patients with persistent atrial fibrillation.

This catheter is compatible with Ensite navigation systems (Abbot, 
Illinois, US), included its newest version: the new Ensite X navigation 
system.

The Ensite X Navigation System has recently obtained the FDA 
approval, and provides a wide range of improvements and facilities with 
respect to its predecessor versions. 

With the new system, the user has the possibility to choose between 
2 modalities to perform the 3D-map: the traditional impedance 
monitoring (The NavX mode), or the new EnSite™ VoXel mode based 
on electromagnetic field technology, which allows precise location of 
sensor-enabled catheters with consistent catheter shape despite local 
impedance changes, and minimizes case disruption due to patient 

Figure 1: Tip components of the DiamondTemp TM catheter.

Figure 2: Connection scheme of the DiamondTemp TM catheter to the 
Ensite X navigation system.

movement.

One of the most notable improvements in terms of map interpretation 
is the incorporation of the Omnipolar Technology (OT), intended 
for the Advisor HD Grid multielectrode mapping catheter. It is a 
new methodology for calculating EGMs that combines benefits of 
unipolar (wavefront direction and speed) and bipolar signals (local 
signal characteristics) into an omnipolar EGM.  Omnipolar mapping 
provides beat-to-beat wavefront visualization on the catheter, giving 
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the LA was done using the Advisor HD Grid multielectrode catheter, 
finding that left pulmonary veins were already isolated and that there 
was a low-voltage area at the mitral isthmus (MI), but without having 
achieved the MI block yet (figure 3A).  It was decided to carry out 
PVI by encirclement of the two pulmonary vein antrums (WACAA) 
with the DiamondTemp™ catheter. The settings were established as 
follows: temperature-controlled ablation with a target of 60ºC and 
subsequently modulated power with a maximum of 50W. The efficacy 
criteria were a drop of impedance of at least 10 ohm and achievement 
of the targeted temperature; when reached, usually within the first 15 
seconds, RF deliveries were stopped, allowing for a fast and reliable 
WACAA.After having completed PVI, electrical cardioversion 
with successful conversion to sinus rhythm (SR) was performed. 
Two additional lines were also deployed with the DiamondTemp™ 
catheter and the same settings and efficacy criteria: a roof line 
(rapidly obtaining block) and the mitral isthmus endocardial line; 
nevertheless, further RF applications from the epicardial aspect of 
the mitral isthmus (from inside the coronary sinus) were required 
to achieve the mitral isthmus block. We used the same RF settings 
(temperature target of 60º with a maximum power of 50W) to ablate 
inside the coronary sinus, without sudden increases in impedance 
or other complications, related to the modulation of the power 
(figure 4).  After having completed the ablation, a new voltage and 
activation high-density map showed persistence of disconnection 
of the 4 pulmonary veins(figure 5), block at the roof and the mitral 
isthmus (video 1), as well as isolation of the posterior wall, which had 
not been initially intended but was achieved indirectly due to the 
roof line together with Alcoholic ablation of Marshall’s vein (figure 
3B).The patient has remained in SR during an 8-months follow-up 
period.

Conclusion
In conclusion, the combination of these two new technologies 

allowed for an accurate anatomy reconstruction as well as for a very 
fast and efficient ablation, since the target of a 10-ohm impedance 
drop guarantees the formation of a reliable lesion in few seconds and 
thus ensuring an optimization of the total RF time. As mentioned, 
we used the EnSite X system configured in NavX mode. In the 
future, if it is technically possible, it would be interesting to test the 
configuration with the EnSite X in the Voxel mode.Figure 3:

Panel A: Voltage map of the left atrium posterior wall 
after Vein of Marshall alcoholic ablation. Panel B: 
Posterior wall isolation at the end of the procedure.

Figure 4 : Upside down and reversed horizontally

information about voltage, timing, activation direction and conduction 
velocity with independence from the wavefront-catheter orientation.
OT may enable a “move and locate” strategy to potentially identify 
the arrhythmia focus or a conduction gap, without mapping the entire 
chamber10,11.

The combination of these two new technologies may lead to perform 
more efficient ablations and is easy to use at the compatibility level.In 
this regard, there are only few considerations to take into account. The 
connection of the DiamondTemp™ with the new Ensite X is similar 
to the connection to the previous Abbot navigation system (Ensite 
Precision). The Medtronic GenConnect box and GenConnect cables 
are required, and cable connection to the Ensite X system must be done 
using the Ampere Connect cable via the GenConnect box (Figure 
2). The DiamondTemp™ must be used in the NavX mode (and not 
the VoXel mode), and it must be configured via the Ampere Connect 
Interface on the EnSite X graphical user interface, specifying that it is 
an ablation catheter at the “ablation type” option.

The following case illustrates the combination of these two promising 
technologies.

Case Report
A 72-year-old patient with past medical history of diabetes, 

dyslipidemia, hypothyroidism, and hypertrophic myocardiopathy, 
with persistent AF refractory to amiodarone and complicated with 
acute heart failure episode underwent a first AF ablation procedure. 

The procedure was carried out under general anesthesia, esophageal 
temperature monitoring through a specific probe and with the new 
EnSite X Navigation system.Our usual strategy for persistent AF 
ablation includes pulmonary veins isolation, linear block at the LA, 
and mitral isthmus block using both RF energy and ethanol infusion 
at the Vein of Marshall. First, alcoholic ablation of Vein of Marshall 
was performed. Secondly, voltage and activation high-density map of 



Volume 15 Issue 5 | Sep 2022

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation & Electrophysiology67 Case Report

www.jafib-ep.com

9. Neuzil P, Poty, de Chillou C, Petru J, Getman MK, Liu S, et al. B-po05-073 the 
fastr-af trial: assessing the diamond tip temperature-controlled radiofrequency 
ablation catheter to treat patients with atrial fibrillation. Heart Rhythm. 2021 
Aug;18(8):S401.

10. Massé S, Magtibay K, Jackson N, Asta J, Kusha M, Zhang B, et al. Resolving myocardial 
activation with novel omnipolar electrograms. Circ ArrhythmElectrophysiol. 2016 
Jul;9(7):e004107.

11. Deno DC, Bhaskaran A, Morgan DJ, Goksu F, Batman K, Olson GK, et al. High-
resolution, live, directional mapping. Heart Rhythm. 2020 Sep;17(9):1621–8.

Conflicts of interest
JPA isconsultant of Abbott, Biosense Webster, Volta, Medtronic.

Please Click for Video 1

References
1. Lippi G, Sanchis-Gomar F, Cervellin G. Global epidemiology of atrial 

fibrillation: An increasing epidemic and public health challenge. Int J Stroke. 2021 
Feb;16(2):217–21.

2. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-Lundqvist C, et 
al. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation 
developed in collaboration with the European Association for Cardio-Thoracic 
Surgery (EACTS):  The Task Force for the diagnosis and management of atrial 
fibrillation of the European Society of Cardiology (ESC) Developed with the special 
contribution of the European Heart Rhythm Association (EHRA) of the ESC. Eur 
Heart J. 2021 Feb 1;42(5):373–498.

3. Frankel DS, Dixit S. Beyond pulmonary vein isolation for persistent atrial 
fibrillation: don’t just do something, stand there. Circ ArrhythmElectrophysiol. 
2018 Mar;11(3):e006102.

4. Ganesan AN, Shipp NJ, Brooks AG, Kuklik P, Lau DH, Lim HS, et al. Long-term 
outcomes of catheter ablation of atrial fibrillation: a systematic review and meta-
analysis. J Am Heart Assoc. 2013 Mar 18;2(2):e004549.

5. Iwasawa J, Koruth JS, Petru J, Dujka L, Kralovec S, Mzourkova K, et al. Temperature-
Controlled Radiofrequency Ablation for Pulmonary Vein Isolation in Patients With 
Atrial Fibrillation. J Am Coll Cardiol. 2017 Aug 1;70(5):542–53.

6. Verma A, Schmidt MM, Lalonde J-P, Ramirez DA, Getman MK. Assessing the 
relationship of applied force and ablation duration on lesion size using a diamond 
tip catheter ablation system. Circ ArrhythmElectrophysiol. 2021 Jul;14(7):e009541.

7. Starek Z, Lehar F, Jez J, Pesl M, Neuzil P, Sediva L, et al. Efficacy and safety of novel 
temperature-controlled radiofrequency ablation system during pulmonary vein 
isolation in patients with paroxysmal atrial fibrillation: TRAC-AF study. J Interv 
Card Electrophysiol. 2021 Jun 5;

8. Kautzner J, Albenque J-P, Natale A, Maddox W, Cuoco F, Neuzil P, et al. A Novel 
Temperature-Controlled Radiofrequency Catheter Ablation System Used to Treat 
Patients With Paroxysmal Atrial Fibrillation. JACC Clin Electrophysiol. 2021 
Mar;7(3):352–63.

Figure 5: Reversed horizontally

http://jafib.com/PMC/XML/Inprogress/20200613/Video%201.mpg

