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Abstract
We present the first Polish experience with ablation performed using DiamondTemp catheter. The study was
conducted with 3 male patients diagnosed with atrial fibrillation (AF). In the first 2 patients typical transseptal
punctures were performed, followed by mapping with the Advisor catheter and EnSite-Precision system. One
patient had a residual atrial septal leak, therefore ablation without fluoroscopy was attempted. High-power,
short-duration ablation under temperature control was performed around pulmonary vein (PV) ostia. The power was 49-53 W, the temperature was 45-48 ͦC. Duration of procedures/fluoroscopy were: 146/8.9, 177/5.9,
132/0.0 min. In the reference group, 10 recent AF identical ablation procedures performed with traditional
equipment resulted in 143.0±27.0/6.0±4.4 min. Duration of DiamondTemp applications were 14.7, 32.7, 30.8
min (reference group 37.3 ± 11.4 min). Procedural endpoints were achieved in all but one patient with incomplete isolation of the low segment of the right inferior PV. There were no procedural complications noted.
In conclusion, the DiamondTemp saline-irrigated catheter is safe and effective for high-power short-duration
ablation in patients with AF. Furthermore, this technology makes it possible to complete the procedure without
fluoroscopy. However these findings must be confirmed in larger group of patients.
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Introduction
In the recent years there has been
a technological breakthrough in the field of
atrial fibrillation (AF) ablation due to the introduction of the ablation with high-power
and short-duration [1-9]. In classical ablation, thermal injury occurs in two phases:
resistive and conductive, with the second
one being the dominant mechanism. In
the resistive phase, RF current delivery
leads to immediate heating of the superficial tissue layers approximately 1.0-2.0 mm
depth. This phase creates a heat source
that then extends passively to deeper layers as conductive heating [1-2]. Conductive
heating injury is time dependent. Irreversible myocardial injury occurs at temperature ≥ 50 C
ͦ [10]. At lower temperature the
tissue injury often is reversible. When the
power is increased the duration of current
application is reduced and the resistive
heating dominates the lesion creation [12]. Thus, the depth of permanent injury is
more predictable, and the risk of collateral
tissue damage is reduced. High-power ablations are classified as those performed
with a power of ≥ 50 W [1-9].
Since temperature control during ablation is a better marker of effectiveness
and safety in regard to tissue damage, it
was favored overpower control for as long
as until the end of the last century [1115]. The gradual introduction of irrigated
catheters that followed, resulted in loss of
the possibility to accurately measure temperature at the electrode-tissue control
interface, due to technological difficulties
[15]. This impasse seems to be now solved
by introduction diamond electrodes
placed at the tip of catheter, which allows
for efficient and fast heat removal [8-9].
In our previous article we presented a different catheter featuring very
high-power and short-duration ablation
technology [16]. This ablation method increases the proportion of resistive phase
versus conductive phase of tissue damage,
making RF application more predictable
and safer. An additional benefit is the
shorter application and treatment time.
In this technical report we aim to
present a different solution: DiamondTemp Catheter (Medtronic) (Fig.1-3).

Figure 1. A - unidirectional version of the DiamondTemp catheter. B – bidirectional
version of the catheter handle. C – close-up of the distal part of the DiamondTemp
catheter. As shown, the ablation catheter tip consists of two electrodes: 0.6 and 3.0
mm with a 0.5 mm diamond in between. Proximal to the second electrode there is
another diamond ring. Next, there are two diagnostic electrode rings. D – front of the
catheter tip with its three thermocouple

Figure 2. Longitudinal section of the DiamondTemp catheter. Yellow arrows indicate
termocouples in front of the distal electrode. Red arrows – the RF platinum-iridium
rings. The left one indicates the distal 0.6 mm electrode, the next two indicate the
beginning and the end of the proximal RF electrode. Green arrow indicates one of
its six irrigation ports. Blue arrows indicate positioning of the diamond. The left one
indicates the distal diamond, the next three indicate the central diamond, the right
one indicates the proximal diamond.

Figure 3. DiamondTemp RF generator.
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Specifically, we described the practical use of a new, diamond-tipped
catheter which allows for high-power
short-duration ablation, where the
amount of energy delivered depends
on the temperature in the tissue adjacent to the catheter tip. Therefore,
this method can also be defined as
delivering the right power for the
right duration. Our aim was to present
a new technology related to the DiamontTemp catheter and its first use in
Poland in patients undergoing pulmonary vein isolation.

Materials and methods
First we performed wet-lab tests
with DiamondTemp catheter (Fig. 4-5)
Figure 4. Screen presenting the entire progress of RF application in wet lab. The first two
to visualize lesion formation and to
seconds show the saline infusion (8 mm/min), after which the RF application started.
evaluate the risk of steam-pop during
50W were reached within 1s. After 2 seconds of 50 W application, the maximal tempehigh-power ablation. The next day we
rature of 60°C was reached and the power was then reduced. From that point, the poperformed our first 3 clinical procewer was kept at an optimal level to stabilize the temperature at 60°C. In the last second
dures (Fig. 6-10).
the power was reduced to 0 W. From 25 seconds shown on the diagram, 23 seconds
The first patient was a 46-yeardepict the achievement of optimal power. Red line – temperature, yellow line – power,
old male with 4-year history of lone
green line – impedance.
long-term persistent AF. The second
patient was 26-year-old male with
2-year history of paroxysmal AF and
previous ablation of the slow pathway,
because of paroxysmal atrioventricular nodal reentrant tachycardia. The
third patient was 61-year-old male
with arterial hypertension, hyperlipidemia and coronary artery disease
(NSTEMI treated with PCI 7 years ago)
and paroxysmal AF diagnosed 7 years
ago. All 3 patients were highly symptomatic (EHRA score 3). In the first 2
patients, typical transseptal punctures
were performed followed by left atrial mapping with the Advisor catheter
(Abbott) using EnSite-Precision system
(Abbott) (Fig. 6). The third patient had
a residual atrial septal leak, therefore
we attempted to ablate without fluoFigure 5. Final results of four applications of DiamondTemp RF, performed with difroscopy (Fig. 7). Anatomical mapping
ferent settings. The photo presents the surface area of a pig’s heart post-application.
of the right atrium was performed.
Based on the images obtained, both
catheters (the DiamondTemp and Advisor) were introing the “close protocol” (the distance between neighboring
duced into the left atrium through the leak in the septum
ablation points was < 6 mm) [18] using DiamondTemp cathusing technique presented in previous publication [17]. In
eter (Medtronic) with nominal high-power (50 W) under
all 3 patients pulmonary vein isolation was performed ustemperature control (Fig. 8-10).
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Results
The procedure (and fluoroscopy) duration were, respectively: 146.0 (8.9), 177.0 (5.9), 132.0 (0.0) min. The dose area
product (DAP) were: 218.5, 68.1 and 0.0 mGy. To further illustrate the presented values, we compare them to the parameters recorded in the reference group of 10 patients which underwent point-by-point similar procedures using the classical
technique. The values for this group were respectively: 143.0
± 27.0 min (6.0 ± 4.4 min), DAP 82.1 ± 54.4 mGy.
The number of RF application was 73, 203 and 117 (in
the reference group it was 122 ± 20), duration application
was 14.7, 32.7, 30.8 min (reference group 37.3 ± 11.4). Power average (range) was: 50 (49-53), 49 (30-55), 50 (45-55) W,
temperature 47 (45-52), 48 (40-60), 45 (40-60)°C.
Procedural endpoints were achieved in all but one patient with incomplete isolation of the low segment of the
right inferior pulmonary vein. In this patient the “close
protocol” was ended, and few accessory applications were
performed in lower region of this vein, but with no effect.
During pacing from the pulmonary vein a new map was obtained and the earliest atrial activation was confirmed at
lower part of the right inferior pulmonary vein ostium. Serial
application in this region did not terminate atrial capture
during pacing from the vein. There were no procedural complications noted.

Figure 6. X-ray from the first clinical procedure using DiamondTemp
ablation system. Adv – Advisor circular multipolar mapping catheter in the left superior pulmonary vein. Dia-T – the DiamondTemp
catheter in the left atrial roof proximal to the left superior pulmonary vein ostium. Red arrows – two distal RF electrodes, yellow arrows – proximal diagnostic ring electrodes, HBE – the quadripolar
catheter in His bundle position, TS – transseptal sheath.

Discussion
The DiamondTemp catheter is
a new generation 7.5 F saline-irrigated catheter with a real time
power modulation in the temperature control mode. Distal
RF electrode tip is 4.1 mm and
comprised of platinum/iridium
(90%/10%) and chemical vapor
deposition diamond network.
This tip has two components separated by a 0.5 mm ring of chemical vapor deposition diamond.
The distal electrode segment is
0.6 mm and contains 3 thermally
insulated external thermocouples
and 6 saline irrigation ports. Proximal electrode segment is 3.0 mm
and also contains 3 thermocouples spaced equally around the
proximal edge of the RF electrode
and ring of chemical vapor deposition diamond at the proximal
edge of the RF electrode for additional cooling. Heat and cooling

Figure 7. Final results presented with EnSite system’s anatomical maps, exhibiting lesions resulting from pulmonary vein isolation, performed with no fluoroscopy using DiamondTemp
catheter. Panel A – AP view, panel B – PA view. LA – the left atrial map, RA – the right atrial
map, TS – map presenting the path of catheter through the PFO. CS – the coronary sinus, LAA
– the left atrial appandage, LIPV – the left inferior pulmonary vein, LSPV – the left superior
pulmonary vein, RIPV – the right inferior pulmonary vein, RSPV – the right superior pulmonary vein, VCI – the inferior vena cava, VCS – the superior vena cava. Yellow dots – His bundle position, red dots – ablation points. Both lines performed with the „close protocol” (the distance
between points <6 mm). Green points – points of successful pacing of the phrenic nerve.
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transfer are 200-400 times faster with
diamond than with platinum-iridium.
Extremely high thermal diffusivity allows to quick conduction of thermal
energy through the diamond shunt
network. Little to no heat is retained at
the catheter tip to be cooled, therefore
allowing a lower irrigation flow rate
(8 ml/min) for all power delivery. This
combined effect of rapid catheter tip
cooling driven by the diamond shunt
network and a low-flow irrigation rate
allows for safe, effective and efficient
lesion formation.
Temperature from each of the 6
thermocouples is sampled every 20
msec (50 times per second) and RF
generator modulates power delivery
based on the highest sensor temperature of all thermocouples. RF generator
Fig.8. RF power generator monitor during one of the applications. The last second of a
delivers 50 W to achieve set-point tem20 second RF application presents insufficient pressure of the catheter against cardiac
perature (optimal value is 60°C). When
tissue. A relatively low temperature despite the constant 50 W and the lack of a suffitemperature set-point is achieved the
cient decrease in impedance suggests ineffective application. Time of application: 20
generator modulates power to mainsec, Impedance:114 ohms (decrease of 3 ohms compared to the start of application),
tain set temperature.
Power: 50 W, Temperature: 44 ͦC . Yellow line – power, red line – temperature, green
Because temperature provides diline – impedance. Saline infusion via DiamondTemp catheter – 8 ml/min. Marker W104
rect feedback about lesion formation
– system suggests loss of contact between the catheter and tissue.
[10-12], in this model we do not
need catheter-tissue pressure
control. If the pressure is higher
and temperature is going to reach
set-point, the power was reduced
(Fig. 9). Whereas when the contact was poor, we did not observe
enough temperature rise (Fig. 8).
In high power ablation the best
method for the assessment of
lesion efficacy is the change in
electrogram (ECG) voltage. The
duration of the application should
be about 3.0-5.0 sec longer than
potential disappearances or is
significantly reduced (at least 7580%) [8, 19] (Fig. 10). To reduce
Fig.9. DiamondTemp RF Generator monitor after a successful application is completed. Power
the influence of far-field potenof 50W, Temperature achieved: 60 ͦC after 5sec. When temperature set-point is achieved (the
tials on the local signal amplitude,
white arrow) the generator modulated power to maintain set temperature (in this case bethe high-resolution ECG is crucial.
tween 41 and 50W). Due to optimal tissue contact and early dissappearence of local signal,
For this purpose, the distal RF
the application was terminated after 10 seconds. Yellow line – power, red line – temperature,
electrode was divided into two
green line – impedance.
segments, as described above. If
the reduction of the local potenSignificant tissue heating is associated with a predictable fall in
tial is inconclusive (e.g. during atrial fibrillation, RF current
impedance. Impedance drop of 5-10% can offer an indepenartifacts), the evaluation of the effectiveness of the applicadent means of assessing the true outcome [20].
tion can be carried out based on changes in impedance [20].
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A
Fig.10. Disappearance of the pulmonary vein potentials during RF current application from DiamondTemp ablation system, preceded by
their gradual slowing down in the first patient diagnosed with persistent atrial fibrillation. Arrow – the beginning of the pulmonary vein
potentials slow down, star – disappearance of the pulmonary vein potentials. PVP – pulmonary vein potentials

In the TRAC-AF study [8] on porcine model, the investigators presented lesion transmurality created by the DiamondTemp catheter in 51 of 55 lesions (92,7%) performed
in 6 pigs. In the second part of the study, the DiamondTemp
catheter was used in 35 patients at a single center. The ablation was performed in temperature-control mode (60 ͦC/50
W) with the goal of achieving 80% reduction in high-resolution electrogram (EGM) amplitude. All pulmonary veins
were successfully isolated during the procedure. Compared
with the retrospective control group (standard force-sensing
ablation catheter), the study cohort had significantly shorter
mean RF application duration (average difference 33.0 min),
fluoroscopy time and lower acute dormant pulmonary veins
reconduction. At 3 months, 23 patients underwent remapping. In 17 of 23 patients (73.9%) and 39 of 46 pulmonary
veins pairs (84.8%) remained durably isolated.
The largest clinical evaluation of the DiamondTemp
catheter was DIAMOND-AF study [9]. It was FDA-regulated,
prospective, multicenter (n=23), single-blind, noninferiority, randomized (1:1) controlled trial designed to compare
the safety and effectiveness of the DiamondTemp ablation
system with a contact force sensing ablation system in patients with drug-refractory symptomatic paroxysmal AF.
A total of 482 patients were randomized (239 DiamondTemp
catheter ablation, 243 control). Acute PVI was confirmed in
239 subjects (100%) in the DiamondTemp ablation group

B

and 241 subjects (99.2%) in the control group. Total procedure, fluoroscopy, and left atrial dwell duration were similar
between arms. Total RF time and individual RF ablation duration were significantly shorter in the DiamondTemp group
and significantly less fluid was infused through the DiamondTemp catheter. Complications occurred in 8 (3.3%) patients
treated with DiamondTemp catheter and 16 (6.6%) patients
in control group. In the DiamondTemp group there were
2 cardiac tamponades, 2 TIA episodes, 1 permanent phrenic
nerve paralysis, 1 vagal nerve injury and 2 vascular complications. In control group there were 2 cardiac tamponades,
1 pericarditis, 1 pulmonary edema, 1 stroke, 1 TIA and 4 vascular complications. There was no deaths. After 1 year follow
up (with 3-month blanking period) free of atrial arrhythmias
lasting ≥ 30.0 sec were 189 (79.1%) patients after ablation
with the DiamondTemp catheter and 184 (75.7%) patients in
the control group.

Conclusions
The DiamondTemp saline-irrigated catheter seems to be
safe and effective for high-power short-duration ablation in
patients with atrial fibrillation. This must be confirmed in
a larger group of patients. This technique makes it possible
to complete the procedure with zero fluoroscopy exposure.
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