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ORIGINAL ARTICLE

Assessing the Relationship of Applied Force 
and Ablation Duration on Lesion Size Using a 
Diamond Tip Catheter Ablation System
Atul Verma , MD, FHRS; Megan M. Schmidt , PhD; Jean-Pierre Lalonde , BS; David A. Ramirez , BS;  
Michael K. Getman , MS, FHRS

BACKGROUND: Contact force has proven to be influential for lesion formation in power-controlled radiofrequency ablation. 
Lesion formation and morphology from a temperature-controlled diamond tip radiofrequency ablation catheter is not well 
described. We hypothesize that lesion formation from a temperature-controlled radiofrequency system is independent of 
applied force over short application durations.

METHODS: This study examined lesion depth, surface width, temperature, and ablation parameters of the DiamondTemp 
Ablation (Medtronic, Inc) system for ablation applications delivered with varying application duration (5, 10, and 15 s) and 
applied force (5, 10, and 30 g). Lesions from perpendicular radiofrequency applications were analyzed in a stepwise fashion 
from a computational model, thermochromic gel data (n=36), and porcine thigh preparation (n=231) experiments.

RESULTS: Varying applied force across each application duration consistently generated comparable lesion dimensions 
for each model. In the computational model, lesion depths from a 5 s application with 5, 10, and 30 g of applied force 
were similar (2.3, 2.6, and 3.0 mm, respectively). Also, the 5 s lesion depths in the gel model were consistent across 
applied force (5 g, 3.2±0.1 mm; 10 g, 3.5±0.1 mm; 30 g, 3.5±0.2 mm). In the thigh model, the 5, 10, and 30 g applied 
forces for 5 s created lesion depths of 3.1±0.5, 3.2±1.0, and 3.2±1.1 mm, respectively. For the 10 and 15 s durations, 
the lesion depth and width remained consistent for the 10 and 30 g applied forces. Increases in lesion depth and width, 
percentage of impedance reduction, minimum power, and maximum temperature were only significant when application 
duration increased (from 5 to 15 s).

CONCLUSIONS: Lesion dimensions with the DiamondTemp Ablation temperature-controlled radiofrequency ablation system 
showed no marked change with increased applied force. Short application durations generated consistent lesion dimensions 
across computational, thermochromic gel, and thigh models.

GRAPHIC ABSTRACT: An online graphic abstract is available for this article.
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Radiofrequency ablation has become commonplace 
in the treatment of atrial fibrillation (AF). While this 
technology has been widely adopted, the recur-

rence of AF postablation is still 30% to 50%.1,2 Signifi-
cant development efforts have gone into technologies 
and algorithms, such as contact force (CF) and ablation 

indices, to indirectly inform operators of complete lesion 
formation.3–7 However, these remain surrogate measures 
and do not guarantee durable lesion sets.

A diamond tipped ablation catheter and a dedicated 
radiofrequency generator were developed to accurately 
measure tissue temperature in real time, which enables 
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energy delivery in a temperature-controlled mode. The 
diamond material in the tip allows for rapid heat dissipa-
tion to maintain temperature accuracy, allowing power 
modulation to avoid tissue over-heating. This closed-loop 
approach to radiofrequency delivery leads to power titra-
tion in a short period of time while maintaining the target 
tissue temperature for lesion formation. Recent data from 
the DIAMOND-AF trial (DiamondTemp Ablation System 
for the Treatment of Paroxysmal Atrial Fibrillation) demon-
strated DiamondTemp Ablation (DTA) is noninferior to CF-
sensing technology with remarkable 12-month outcomes.8

Higher radiofrequency power delivered over short 
durations has been shown to create lesions with compa-
rable volume, but with varied lesion morphology to those 
of traditional application parameters.9,10 However, the 
impact of CF on lesion formation for such short applica-
tions, especially with a temperature-controlled ablation 
system, is not well known. In this study, we characterize 
the lesion formation using a diamond tipped ablation sys-
tem under progressively shorter applications while apply-
ing a low, medium, and high tip-tissue force.

METHODS
Ablation Catheter
The diamond tipped catheter used in this study (DTA; Medtronic, 
Inc) has been previously described.8,11 The data herein are inclu-
sive of Medtronic proprietary information regarding a commer-
cially available product; and therefore, will not be made available. 
In brief, the system components include the DTA catheter (7.5 
F, 4.1 mm split-tip radiofrequency electrode), dedicated radio-
frequency power generator, and an irrigation pump (flow rate of 
8 mL/min). The primary feature of this catheter is its diamond 
network of chemical vapor deposition which act as a heat-shunt 
that has a thermal energy transfer which is 200 to 400× higher 
than platinum-iridium.12 This prevents the tip from over-heating 
during energy delivery, which allows for accurate real-time tem-
perature readings and a reduced irrigation flow. Additionally, the 
catheter has 6 external thermocouples, 3 of which are located on 
the distal tip, and 3 are proximal to the composite radiofrequency 
electrode. The generator records the temperature from each 
thermocouple every 20 ms and reports the highest temperature 
reading. The generator then rapidly modulates radiofrequency 
power in response to changes in tip-to-tissue temperature dur-
ing ablation to maintain a constant tissue-tip temperature.

Study Design and Ablation Protocol
This examination included 3 separate phases of data evaluation. 
Phase I was a 3-dimensional computational model of the thermal 
propagation and subsequent lesion dimensions (depth and surface 
width). Phase II was a thermochromic gel model to evaluate tem-
perature distribution. Phase III was a porcine thigh prep to assess 
pathology and histological lesion morphology and geometric char-
acteristics. All ablations were delivered in a perpendicular orien-
tation, conducted with a target temperature of 60 °C, maximum 
power of 50 W and ablation duration of 5, 10, or 15 s. Included in 
this study was an assessment of clinically relevant tip-tissue applied 
forces (5, 10, and 30 g).13 Phases II and III maintained a constant 
tip-tissue applied force with calibrated weighted introducers.

Phase I—Computational Model
The COMSOL Multiphysics software program (COMSOL 
v5.6a; Burlington, MA) was used to simulate the multiphysics 
of the solid mechanics and heat transfer of radiofrequency 
energy delivered into cardiac tissue.14 The material character-
istics and temperature-controlled power modulation of the DTA 
system were incorporated into the thermal boundary conditions 
Figure 1. A structural analysis was conducted with 5, 10, and 30 
g of applied force to assess the myocardial deformation from 
the catheter tip which became the foundation for the thermal 
and the electromagnetism analysis. Simulations were then con-
ducted with radiofrequency application durations of 5, 10, and 
15 s. The heat transfer equations was used to determine the 
responses of the modeled cardiac tissue when radiofrequency 
energy was applied.15 The thermocouple temperature reading 
at the tip-tissue interface was calculated over time and lesion 
dimensions were estimated by measuring the 50 °C isotherm.

Phase II—Thermochromic Gel
A temperature sensing medium composed of 3 layers of 
40% polyacrylamide gel (2 clear gels on the outside and a 

Nonstandard Abbreviations and Acronyms

AF atrial fibrillation
CF contact force
DTA DiamondTemp Ablation system

WHAT IS KNOWN?
• The relationship between contact force and lesion 

dimensions has only been evaluated for longer 
radiofrequency ablation durations.

• Higher power shorter duration radiofrequency abla-
tion can create shallower and wider lesions when 
combined with temperature-controlled ablation and 
lower irrigation.

• A diamond tip catheter ablation system was spe-
cifically designed to facilitate accurate tempera-
ture control and low irrigation for higher power and 
shorter duration radiofrequency delivery.

• The effect of contact force on such lesions, given 
the short durations of energy delivery, is not well 
known.

WHAT THE STUDY ADDS?
• The study combines a computational model, a ther-

mochromic gel model, and a porcine thigh prepara-
tion model.

• Lesion depth and surface width do not vary across 
applied forces of 5 to 30 g for short durations of 
diamond tip catheter radiofrequency deliveries 
(5– 15 s).

• Only ablation time affects lesion depth and width 
for these shorter duration deliveries.
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thermochromic opaque gel in the middle) was used in this study 
The thermochromic layer contained temperature sensitive crys-
tals (LCR Hallcrest, IL) attuned to 50 °C, 60 °C, 70 °C, 80 °C, 
and 90 °C and was added in 75 µL aliquots. The gel model was 
submerged in a water bath, and a flow chamber was placed on 
top of the gel to control half normal saline flowing at 12 cm/s 
over the ablation site (Figure 2). The 50 °C isotherm distances 
for depth and width were measured along with the generator 
temperature. Ablation durations and applied force were ran-
domized for all applications. Images were collected immediately 
after each application. ImageJ software (Version 1.51, National 

Institutes of Health; Bethesda, MD) was used for color correc-
tion and temperature penetration measurements.

Phase III—Thigh Muscle Preparation
The experimental protocol was approved by the Institutional 
Animal Care and Use Committee of Medtronic Physiological 
Research Laboratory. Three adult swine were housed and 
received humane care in accordance with the Guide for Care 
and use of Laboratory Animals and the Animal Welfare Act as 
amended. After intubation, animals were placed on their left 

Figure 1. Computational model 
boundary conditions.
All boundaries were maintained at a 
temperature of 37 °C with parameters 
consistent with that of the other 
experimental models. Physical and 
functional characteristics of the 
DiamondTemp Ablation system were used 
when delivering energy into the tissue.

Figure 2. Application apparatus.
Flow rate was maintained over the 
ablation location while the operator 
stabilized the ablation catheter for all 
ablation applications of the thermochromic 
gel and porcine thigh models. The 
calibrated weighted introducer generated 
the applied force that transmitted from the 
catheter to the model surface.
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side and a large portion of the hind thigh muscle was exposed. 
A grid pattern was sewn into the tissue for easier identifica-
tion of lesions postprocedure. Flow chamber setup used during 
phase II was replicated. Similarly, ablation duration and applied 
force were randomized for all applications. Upon completion of 
ablation applications, the skin flaps were closed, and the pro-
cedure was repeated on the opposite thigh. One hour after the 
completion of the final lesion, 20 mL of 10% triphenyl tetra-
zolium chloride was administered intravenously before eutha-
nasia. The thigh muscles were fixed in 10% formalin before 
histological sectioning. Depth and width measurements of the 
lesions were recorded using histology methods.16

Statistical Analysis
Lesion measurements were summarized by their means and 
SDs. For statistical comparisons, 1-way ANOVA P values were 
obtained with the lesion measurements as the dependent vari-
able and either applied force or application duration as the 
independent variable, and the results were stratified by con-
tact duration. Post hoc pairwise comparison via Tukey test was 
performed in response to ANOVA significance. With a 1-way 
ANOVA, P<0.025 was defined as statistically significant.

RESULTS
Phase I—Computational Model
The structural analysis resulted in a mesh of 47 k ele-
ments with a sensitivity analysis that converged within 
5%. When the geometry was coupled with the heat 
transfer of the thermal conditions, the tip-tissue interface 
temperatures and the distance of the 50 °C isotherm 
measurements were similar between the 5, 10, and 30 g 
applications (Figure 3). Distal thermocouple temperature 
calculation was 52.7 °C, 54.6 °C, and 57.5 °C when 5 g 
of applied force was introduced during a 5, 10, and 15 s 
application, respectively. When 10 g of applied force was 
modeled, surface temperature registered by the catheter 

distal thermocouples for the 5, 10, and 15 s applications 
were 54.8 °C, 57.1 °C, 59.6 °C, respectively. Lastly, when 
5, 10, and 15 s applications were modeled with 30 g of 
applied force the thermocouple readings were 55.7 °C, 
58.3 °C, 60.3 °C, respectively. The maximum internal tis-
sue temperatures across the simulations ranged from 
82.8 °C to 94.0 °C.

When delivering a 5 s application, the lesion depths 
from the 5, 10, and 30 g were similar (2.3, 2.6, and 3.0 
mm, respectively), and the lesion widths were also similar 
(4.2, 4.3, and 4.5 mm, respectively). When delivering a 10 
s application, the lesion depths from the 5, 10, and 30 g 
were similar (3.1, 3.3, and 3.7 mm) and the lesion widths 
were also similar (4.3, 4.4, and 4.6 mm). Finally, when 
delivering a 15 s application, the lesion depths were 3.6, 
3.9, and 4.2 mm from the 5, 10, 30 g and the lesion 
widths were 4.3, 4.4, and 4.6 mm.

Phase II—Thermochromic Gel
A total of 12 lesions were created for each application 
duration (four with each applied force). The temperature 
recorded by the generator during the 5, 10, and 15 s 
applications were consistent (64.1±0.6 °C, 64.2±0.5 °C, 
and 64.4±0.4 °C, respectively), and no application pro-
duced an 80 °C isotherm band. Lesion depths and widths 
are described in Figure 4 and Table 1. When delivering 5 
s applications, the lesion depths from the 5, 10, and 30 
g force were similar 3.2±0.1, 3.5±0.1, and 3.5±0.2 mm, 
respectively. The 5, 10, and 30 g lesion widths from 5 s 
applications were different (4.9±0.2 versus 5.0±0.1 versus 
4.7±0.1 mm, P<0.025); and via pairwise comparison the 
10 versus 30 g combination presented as different. The 
10 s applications produced similar lesion depths at 5, 10, 
and 30 g (4.1±0.1 versus 4.2±0.2 versus 4.3±0.2 mm) 
and similar lesion widths (5.6±0.1 versus 5.6±0.8 versus 

Figure 3. Computational model 
thermal profile.
Simulated temperature distribution from 
ablation applications of 5, 10, and 15 s 
durations with 5, 10, or 30 g of applied 
force (Scale in Celsius). These are 
representative images showing larger 
lesion sizes as application duration is 
increased, with minimal visual change 
with an increase in applied force at each 
duration.
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5.7±0.1 mm). When delivering 15 s applications, the lesion 
depths (4.7±0.2 versus 4.7±0.2 versus 4.6±0.3 mm) and 
lesion widths (5.9±0.1 versus 6.1±0.1 versus 6.1±0.2 mm) 
were all similar at the 5, 10, and 30 g forces, respectively.

Application duration did create differences in both 
lesion depth and width. The average lesion depth for the 
application durations were different (5 s, 3.4±0.2 mm; 
10 s, 4.2±0.2 mm; and 15 s, 4.7±0.2 mm). The average 
lesion width for the 5, 10, and 15 s application durations 
varied significantly (4.9±0.2, 5.7±0.1, and 6.0±0.2 mm, 
respectively). Pairwise comparisons demonstrated for all 
lesion depth and width combinations each increased sig-
nificantly as the application duration increased (P<0.001 
for all combinations).

Phase III—Thigh Model Preparation
Across 3 swine (6 thigh preps), 248 ablation applications 
were delivered in a randomized fashion. During histology, 
17 lesions were excluded from analysis due to experi-
mental complexity, including (1) the lack of identification 
(typically due to superficial fat or poor dispersion of the 
triphenyl tetrazolium chloride stain); (2) delivery across 
the border of 2 muscles leading to abnormal lesion for-
mation; or (3) incomplete recordings of ablation param-
eters (ie, impedance, temperature, power). In total, 231 
lesions were included in this analysis. The application 
durations of 5, 10, and 15 s were delivered with varied 
applied forces (n=76, 79, and 76, respectively).

The lesion characteristics are described in Figure 5 
and Table 2. When evaluating lesion depth as applied 
force changes, there was no difference a cross the abla-
tion durations. Lesion depths created by a 5 s application 

with varying applied forces were comparable (5 g, 3.1±0.5 
mm; 10 g, 3.2±1.0 mm; and 30 g, 3.2±1.1 mm). A 10 s 
application created consistent lesion depths with 5, 10, 
and 30 g of applied force (4.6±0.4, 4.3±0.7, and 4.6±0.6 
mm, respectively). Consistency of lesion depth was dem-
onstrated with the 15 s applications as well (5 g, 5.2±0.8 
mm; 10 g, 5.2±0.9 mm; and 30 g, 5.3±0.8 mm).

The lesion width measurements were also consistent 
within the application durations, Figure 5B. Lesion widths 
for 5, 10, and 30 g applied forces for a 5 s application 

Figure 4. Thermochromic gel model lesion dimensions.
A, Lesion depth from ablation applications of 5, 10, and 15 s durations with 5, 10, or 30 g of applied force. B, Lesion width from ablation 
applications of 5, 10, and 15 s durations with 5, 10, or 30 g of applied force. There were no statistically significant differences in lesion depth 
or width according to applied force for the 10 and 15 s durations; 5 s presented a difference (P<0.025) and subsequent pairwise comparison 
identified the 10 vs 30 g lesions were different (P<0.025). However, mean depth and width for each duration were statistically significant with 
increased depth and width with longer durations of delivery (ANOVA P<0.001; pairwise comparison P<0.001 for all).

Table 1. Thermochromic Gel Lesion Dimensions

Force No. Depth, mm
Surface 
width, mm

5 seconds 12* 3.4±0.2 4.9±0.2

 5 g 4 3.2±0.1 4.9±0.2

 10 g 4 3.5±0.1 5.0±0.1

 30 g 4 3.5±0.2 4.7±0.1

10 seconds 12* 4.2±0.2* 5.7±0.1*

 5 g 4 4.1±0.1 5.6±0.1

 10 g 4 4.2±0.2 5.6±0.1

 30 g 4 4.3±0.2 5.7±0.1

15 seconds 12* 4.7±0.2* 6.0±0.2*

 5 g 4 4.7±0.2 5.9±0.1

 10 g 4 4.7±0.2 6.1±0.1

 30 g 4 4.6±0.3 6.1±0.2

Comparison of lesion depth and surface width between applied forces with-
in each delivery duration were nonsignificant. Comparison of lesion depth and 
surface width between delivery durations were significant with longer deliveries 
demonstrating increased depth and width (ANOVA P<0.001).

*Indicates the mean value of all 12 observations for each duration of radiofre-
quency (5, 10, or 15 seconds).
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were also similar (8.3±2.0, 7.6±2.0, and 7.8±2.0 mm, 
respectively). When 5, 10, and 30 g of applied force were 
ablated for 10 s, the lesion widths were similar (8.7±1.1, 
8.9±1.5, and 9.5±1.4 mm, respectively). The 15 s appli-
cations created similar lesion widths (5 g, 9.5±1.4 mm; 
10 g, 10.5±1.5 mm; and 30 g, 10.1±1.2 mm).

Application duration did create differences in both 
lesion depth and lesion width. The average lesion depth 
for the application durations were different (5 s, 3.2±0.9 
mm; 10 s, 4.4±0.6 mm; and 15 s, 5.2±0.9 mm). The 
average lesion width for the 5, 10, and 15 s applica-
tion durations varied significantly (7.9±2.0, 9.0±1.4, 
and 10.1±1.4 mm, respectively). Pairwise comparisons 

demonstrated for all lesion depth and width combinations 
each increased significantly as the application duration 
increased (P<0.001 for all combinations).

Impedance, power, and temperature are described in 
Table 3. The impedance reduction for the 5, 10, and 15 
s grouped application durations were different (12±2, 
15±2, and 16±3 Ω, respectively). The power titration 
response (measured by minimum power) to the 5, 10, and 
15 s application varied significantly (49.8±1.2, 48.5±3.1, 
and 46.4±4.2 W, respectively). Similarly, the maximum 
temperature reported by the catheter significantly var-
ied for the application durations (5 s, 55.3±2.6 °C; 10 s, 
57.9±2.7 °C; and 15 s, 59.4±2.3 °C). Pairwise compari-
sons for all combinations, except 5 versus 10 s minimum 
power, demonstrated significance as application duration 
increased (Figure 6).

DISCUSSION
This study evaluated the impact of applied force with 
shorter ablation durations on lesion size when using a 
temperature-controlled radiofrequency ablation cath-
eter. The results show that lesion size did not increase 
as applied force increased during ablation applications 
ranging from 5 to 15 s. Ablation applications between 
5and 15 s produce lesion depths ranging from 3 mm for 
a 5 s ablation to over 5 mm for a 15 s ablation, which 
would be adequate for most atrial ablation (Figure 7).

Across all phases of this study, applied force demon-
strated little effect on lesion dimensions with a temper-
ature-controlled ablation system. That would appear to 
contradict other preclinical studies which have shown 
that increasing catheter CF leads to increased lesion size 

Figure 5. Thigh model lesion dimensions.
A, Lesion depth from ablation applications of 5, 10, and 15 s durations with 5, 10, or 30 g of applied force. B, Lesion width from ablation 
applications of 5, 10, and 15 s durations with 5, 10, or 30 g of applied force. There were no statistically significant differences in lesion depth 
or width according to applied force. However, mean depth and width for each duration were statistically significant with increased depth and 
width with longer durations of delivery (ANOVA P<0.001; pairwise comparison P<0.001 for all).

Table 2. Thigh Model Lesion Dimensions

Force No. Depth, mm
Surface 
width, mm

5 seconds

 5 g 25 3.1±0.5 8.3±2.0

 10 g 26 3.2±1.0 7.6±2.0

 30 g 25 3.2±1.0 7.8±2.0

10 seconds

 5 g 26 4.6±0.4 8.7±1.1

 10 g 27 4.3±0.7 8.9±1.5

 30 g 26 4.6±0.6 9.5±1.4

15 seconds

 5 g 26 5.2±0.8 9.5±1.4

 10 g 27 5.2±0.9 10.5±1.5

 30 g 23 5.3±0.8 10.1±1.2

Comparison of lesion depth and surface width between applied forces with-
in each delivery duration were nonsignificant. Comparison of lesion depth and 
surface width between delivery durations were significant with longer deliveries 
demonstrating increased depth and width (ANOVA P<0.001).
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and transmurality.3,7,17 These prior studies suggested that 
there was a linear relationship between increasing CF 
and lesion size.7 However, they evaluated longer dura-
tions of radiofrequency delivery ranging from a minimum 
of 30 to 60 s.3,7,17 These studies did not evaluate short 
durations of radiofrequency delivery where CF may have 
less impact on lesion size. In one prior study that looked 
at shorter lesion durations and CF, there was little effect 
of increasing force on lesion size for 15 s deliveries, simi-
lar to our study findings.10 Force was a major driver only 
for lesions 30 s or longer and especially for 60 and 90 
s lesions.10

Comparing thigh model data from similar parameter 
settings our results compare well. Variations of power 
and duration have been explored to find the optimal 
lesion depth, ablation parameters, and efficiency. Preclin-
ical data of 90 W applied for 4 s created lesion depths of 
3.62 and widths of 10.36 mm.10 The same study exam-
ined 70 W, 10 g, for 8 s and created lesions of 4.32 mm 
and 10.79 mm (depth and width, respectively). Borne et 
al9 evaluated 50 W, 10g, at 15 s in an ex vivo model and 
50 W, 16 g, for 5 s in a thigh model. In the ex vivo model, 
50 W, 10 g, and 15 s produced lesions that were 1.8 mm 
deep and 6.7 mm wide compared with DTA 50 W, 15 s 
which produced lesions 5.2 mm deep and 10.1 mm wide.  
For the in vivo model, 50 W, 16 g, 5 sec produced lesions 
2 mm deep and 6.8 mm wide compared with DTA 50 W, 
5 s which was 3.2 mm deep and 7.9 mm wide.

Furthermore, clinical studies are not consistent on 
whether increasing CF equates to more complete 
lesions. On the contrary, the EFFICAS I trial (TactiCath 
Prospective Effectiveness Pilot Study) demonstrated 
that a median CF of 19.5 g was associated with durably 
isolated pulmonary veins compared with 15.5 g in those 
where pulmonary vein reconnections were reported.4 
The TOCATTA trial (TouchPlus for Catheter Ablation) 
reported higher recurrence at 1 year when CF was <10 
g, but better outcomes with a CF between 10 and 20 g, 
and even better yet with a CF >20 g.4 Yet, the SMART AF 
trial (THERMOCOOL SMARTTOUCH Catheter for the 
Treatment of Symptomatic Paroxysmal Atrial Fibrillation) 
showed the highest freedom from AF occurred within a 
tight CF range of 6.5 to 10.3 g, suggesting a U-shaped 
rather than a linear relationship between CF and AF 
recurrence.18 Very high CFs are also associated with 
increased risk of steam pop and perforation.3,17,18 There 
has also been no randomized trial ever demonstrating 
the superiority of CF-sensing technology over traditional 
radiofrequency ablation in terms of patient outcome.7,19.

The data from this study suggests lesions created with 
DTA (a temperature-controlled ablation system) may be 
independent of clinical ranges of applied force, especially 
in short duration applications. So long as clinically suffi-
cient contact occurs to enable heat transfer to the tissue, a 
sufficient lesion may be formed, even across a wide range 
of applied force from 5 to 30 g. A temperature-controlled 

Table 3. Thigh Model Average Lesion Dimensions and Ablation Parameters

Average duration, s No. Depth, mm
Surface 
Width, mm

Impedance 
reduction, %

Minimum 
power, W

Maximum 
temperature, C

5 76 3.2±0.9 7.9±2.0 12±2 49.8±1.2 55.3±2.6

10 79 4.4±0.6 9.0±1.4 15±2 48.5±3.1 57.9±2.7

15 76 5.2±0.9 10.1±1.4 16±3 46.4±4.2 59.4±2.3

Comparison of depth, surface width, impedance reduction, minimum power, and maximum temperature demonstrated significant differ-
ences between the durations of delivery (ANOVA P<0.001).

Figure 6. Thigh model ablation 
parameters.
Average impedance reduction, minimum 
power, and maximum temperatures 
changed significantly as application 
duration increased. (ANOVA P<0.001; 
pairwise comparison P<0.001 for all, 
except 5 vs 10 s Min Power, P=0.034).
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ablation will modulate the power according to the indi-
vidual circumstances of the lesion. For example, if the 
applied force is excessive and the catheter is embed-
ded in the tissue, the power will decrease as soon as the 
target temperature has been reached. If the catheter is 
barely contacting the tissue, the power will remain high 
until the targeted temperature is reached. Our results 
show that the ability to titrate power to a target tempera-
ture will ultimately result in more uniform lesion forma-
tion independent of clinically relevant ranges of tip-tissue 
applied force. Leshem et al10 also showed that temper-
ature-controlled ablation produced similar-sized lesions 
to nontemperature-controlled ablations and that increas-
ing CF was associated only with increased risk of steam 
pop but not larger lesion size. The CF range allowed in 
that study was also very wide, allowing 5 to 30 g. Per-
haps, measures of contact (not force) will be sufficient 
for temperature-controlled ablations, using biophysical 
parameters (eg, electrogram amplitude, achieving target 
temperature, and possibly tissue impedance).

Despite the DTA system not having CF, clinical studies 
using the system have been promising. The TRAC-AF study 
(ACT DiamondTemp TempeRAture-Controlled and Contact 
Sensing RF Ablation Clinical Trial for Atrial Fibrillation) used 
DTA technology for patients undergoing pulmonary vein iso-
lation and during remapping of the veins at 3 months, they 
found 85% durability in isolation of the veins.11 Importantly, 
the recently published DIAMOND-AF study showed that 
the 1-year outcome of AF ablation with DTA was noninfe-
rior to that of traditional contact force guided, power-con-
trolled ablation.8 Evaluation of electrogram amplitude and 
adjustment during ablation to achieve a target temperature 
>55 °C were adequate in driving the outcome.

Study Limitations
This preclinical evaluation has some limitations. First, 
we only evaluated a narrow range of CFs from 5 to 30 

g. We do not know if forces outside of this range may 
drive differences in lesion size. However, data from clini-
cal studies suggest that forces >30 g may increase the 
risk of perforation or steam pop, and these higher forces 
are infrequently used in clinical practice. We also per-
formed all the evaluations with a target temperature of 
60 °C. Therefore, this study does not provide insight into 
whether other target temperatures, such as 50 or 55 °C, 
would show similar results. Additionally, imaging process-
ing of the thermochromic gel was focused on the 50 °C 
isotherm and may have reduced resolution at higher 
temperature bands because of the prespecified compo-
sition of the gel. However, no application generated an 
isotherm >80 °C. Finally, the results of this study are spe-
cific to the DTA technology and cannot be extrapolated 
to other technologies using different system designs or 
components despite the employment of temperature-
controlled ablation.

Conclusions
The DiamondTemp Ablation system created consistent 
lesions with depth ranging from 3 to 5 mm by apply-
ing ablation durations of 5 to 15 s. Clinically relevant 
applied force has little impact on lesion dimensions 
when radiofrequency is applied using a temperature-
controlled ablation method over shorter durations from 
5 to 15 s.
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