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ABSTRACT

BACKGROUND: The contact force technology has enabled real-time catheter-tissue contact, 

accurately. Average contact force, as quantified by the force-time integral, correlates with 

lesion volume at a given power setting. However, little is known whether any of the time and 

force components that make up the force-time integral (FTI) play a more important role and 

what is better as a marker of FTI and force-power-time index (FPTI) considering power.

METHODS: RF energy was delivered on swine skeletal muscle at 4 fixed power settings of 

15W, 25W, 30W and 40W for 6 variable of time duration (5, 10, 20, 30, 40 and 50 seconds) 

with 6 CF setting (5, 10, 20, 30, 40 and 50g) using Thermocool® SmartTouch® Catheter

(Biosense Webster Inc., CA, US). Lesion depth, width and volume were measured and the 

incidence of steam pop was also recorded. Statistically, multiple linear regression analysis was 

used to explain the relationship between variables.

RESULTS: A total of 336 lesions were made according to experimental protocol. The effect 

of time was more than 1.6 to 2.9 times higher than that of force in the lesion volume. In the 

case of steam-pop, the effect of force was greater than the effect of time. The best 

discriminating cutoff values for steam-pop with the highest sensitivity and specificity were 

700g·s (sensitivity=83.3%, specificity=74.2%) of FTI and 31,000 g·w·s (sensitivity=80.6%, 

specificity=97.7%) of FPTI. The area-under-curve was greater in FPTI (0.943) than FTI 

(0.870). In univariate linear regression analysis, FTI and FPTI had a significant effect on lesion 

formation. However, the explanatory power of the linear regression model was better 

explained by FPTI (56.4%) than FTI.(32.1%). 

CONCLUSION: Under the same FTI, the time factor more affects lesion formation than the 

force factor. When power is included and analyzed, power has a greater impact on lesion 

formation and steam-pop than other factors. In order to resolve the limitation of FTI not taking 

the power into account, the proposed FPTI seems to be a better surrogate marker for predicting 

lesion formation and complication. 

Key words: contact force, force-time integral, force-power-time index, lesion volume
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INTRODUCTION

Radiofrequency catheter ablation (RFCA) is a treatment option for any cardiac arrhythmias. 

Despite the fact that acute success of burning of arrhythmogenic foci is achieved, recurrences 

of arrhythmias after ablation are common, especially in atrial fibrillation (AF)1) and ventricular 

arrhythmia (VA)2). Recurrence of AF after a single procedure has been reported in the range 

of 15-60% after 1 year.3) Recurrences are usually due to PV reconnection in AF4,5) and 

inadequately ablated VA substrate2). This inability to achieve durable lesions remains one of 

the greatest challenges in RFCA of arrhythmias. Lesion formation by using radiofrequency

(RF) current depends on several parameters such as the power, contact force between catheter 

tip and tissue, duration of energy delivery, temperature, tip size, and tip orientation.6) Several 

studies reported contact force (CF) was a key factor to effective lesion formation.7,8) Recently,

a novel technology has been available to measure the contact force (CF) between the catheter 

tip and the target myocardium using a unique sensor.9) To characterize the effect of CF applied 

over time, the system automatically detects the beginning and end of RF current delivery and 

calculates the Force (grams)-Time (seconds) Integral (FTI, unit; g·s) defined as the total CF 

integrated over the time of RF delivery.8) FTI consists of two components, CF and duration of 

energy delivery. Furthermore, some investigators have been developing Force (grams)-Power 

(watts)-Time (seconds) Index (FPTI, unit; g·w·s) considering delivered energy and trying to 

apply it to clinical practice.10) This study aimed to investigate which factor is more critical for 

adequate lesion formation between CF and duration of energy delivery and which is more 

efficient for FTI and FPTI to predict lesion formation and steam-pop. 

METHODS

Force-Sensing Catheter

A 7.5Fr open-irrigated tip catheter with CF sensing technology, Thermocool® SmartTouch®

Catheter (Biosense Webster Inc., CA, US), with a 3.5 mm tip electrode was used for this 

experiment. Three location sensors mounted in the shaft were capable of accurate (a resolution 

of 1 g every 50 ms) and real-time CF measurement.

Experimental Preparation
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Swine skeletal muscle (loin) was obtained from a butcher shop. A motor drive moving platform 

was made for in vitro model simulating the beating heart. A ST catheter was placed on the 

tissue specimen over a vibrating platform placed within a tank filled with physiologic saline 

solution at 36.5°C (Figure 1).  The platform was vibrated continuously at a rate of 50 cycles 

per minute by an electronic motor. A Stockert RF generator (Stockert GmbH, Freiburg, 

Germany) was connected to deliver the RF energy of 550 kHz between the catheter tip-

electrode and a ground plate in the tank. A calibrated roller pump (Cool FlowTM Irrigation 

Pump, Biosense Webster Inc., CA, US) connected to the irrigation port for catheter delivered 

normal saline at 17 mL/min for ablation power below 30 W and 30 mL/min for ablation power 

above 30 W. CARTO® 3 system (Biosense Webster Inc., CA, US) was used for the contact 

force data is fully integrated into the system display and can be configured to show the data in 

several locations on the screen.

Experimental protocol 

RF energy was delivered at 4 fixed power settings of 15W, 25W, 30W and 40W for 6 variable 

of time duration (5, 10, 20, 30, 40 and 50 seconds) with 6 CF setting (5, 10, 20, 30, 40 and 

50g). At each setting, the following parameters were evaluated: (1) Trans-mural lesion depth, 

(2) Lesion width, (3) Lesion volume. In order to minimize the influence of heterogeneous, 

individual tissue characteristics, ablations were repeated at least 5 times for each set of 

experimental conditions. The dimensions of the blanched zone of lesion were measured with 

a digital caliper with a resolution of 0.01mm by the observer who blinded to the ablation 

protocol. The lesion width (w) and the lesion depth (d) in sectioning were shown in Figure 2. 

Lesion volumes were calculated using the formula for a half ellipsoid:

2 3⁄ × � × �× (�×�) 4.⁄ The incidence of steam pop (the audible sudden buildup of steam)

was also recorded. 

Statistical analysis 

Statistical analysis was performed using SPSS for Windows (Version 21.0, IBM Corporation, 

Armonk, NY and USA). A p-value of <0.05 was taken to indicate statistical significance. The 

univariate linear regression analysis was performed to assess the individual effects on lesion 
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formation and steam pop. The multiple linear regression analysis was used to explain the 

relationship between dependent variables and independent variables. It was judged that there 

was a problem of multi-collinearity when the variance inflation factor exceeded 10. The 

Durbin–Watson statistic was used to detect the presence of autocorrelation (a relationship 

between values separated from each other by a given time lag) in the residuals (prediction 

errors). A receiver operation characteristic curve was used to determine the threshold for 

steam-pop. 

RESULTS

The different effect on lesion formation by force and time in same force-time integral

A total of 336 lesions were made according to experimental protocol. There were differences 

in the effect of force and time on lesion depth, diameter, and volume in the same FTI value at 

each power. Especially, the effect of time was more than 1.6 to 2.9 times higher than that of 

force in the lesion volume. In the case of steam-pop, the effect of force was greater than the 

effect of time. (Table 1 and 2)

FTI value and FPTI value to predict steam-pop

The best discriminating cutoff values for steam-pop with the highest sensitivity and specificity

were 700g·s (sensitivity=83.3%, specificity=74.2%, positive predictive value 46.9%, and 

negative predictive value 94.2%) of FTI and 31,000 g·w·s (sensitivity=80.6%, 

specificity=97.7%, positive predictive value 80.6%, and negative predictive value 94.7%) of

FPTI. The area-under-curve (AUC) of FPTI (0.943) was greater than that of FTI (0.870).

(Figure 3)

Each influence of power, force and time in the value of FTI below 700g·s and the value of 

FPTI below 31,000g·w·s

There was similarity to the overall result in the value of FTI below 700g·s and the value of 

FPTI below 31,000g·w·s. In the case of lesion formation, time was a more important factor

than force. In the case of steam-pop, force was more important factor than time. (Table 3 and 
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4)

FTI versus (vs.) FPTI : A more accurate way to predict lesion formation (Figure 4, Table 

5)

Univariate linear regression analysis was performed to examine the predictability of FTI and 

FPTI on lesion formation and steam-pop. In the case of FPTI, 56.4% and 53.9% explanatory 

power was shown in lesion formation and steam pop, respectively. In the case of FTI, 32.1% 

and 32.7% explanatory power was shown in lesion formation and steam pop, respectively.

DISCUSSION

Making a transmural lesion without causing complications is important for the interventional 

treatment of arrhythmias, but this is difficult and there are a lot of things to be considered.

Modern technology, such as CF sensing technology, has improved the efficiency of RFCA. 

However, it is necessary to understand the parameter, such as FTI, derived from this technique.

This study assessed the impact of each force and time factor making up the FTI on lesion 

formation and complication.

The main findings of the present study include: (1) the time factor among the elements 

constituting the FTI more affects the lesion formation than the force factor; (2) in the steam-

pop associated with complications, the force factor is more involved than the time factor; (3) 

the FPTI value taken into account for the delivered power is a better predictor of complication 

than the FTI value; (4) the FPTI value is a more accurate way for predicting lesion formation 

than the FTI value.

This current study confirmed previous findings11) that both force and time were positively 

correlated with lesion formation and steam-pop, which could be represented by complications.

And, in the same FTI value, the lesion formation (lesion volume) increased by 73.6~83.6% 

with increasing time, but the lesion increased by only 27.2~46.8% with increasing force. This 

result can be explained by the following coexisting mechanisms: (1) rapid resistive heating of 

the thin rim of tissue surrounding the ablation electrode; (2) conductive heating of the deep 

tissue, which occurs much more slowly.6,12,13) It is considered that sufficient time is required 

to reach the thermal equilibrium for slow subsequent conductive heating. Thermocool®
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SmartTouch® Catheter (Biosense Webster Inc., CA, US) measures CF values (in grams) 

averaged on 500 ms time interval.14) Its ability of real-time measurement of CF at the tip of an 

ablation catheter can monitor the quality of catheter-tissue contact in the situation which is 

dependent on the operator’s experience in pre-CF era. The zone of resistive heating extends 

only about 1 mm from the catheter electrode tip, because energy delivery and heating are 

inversely proportional to the fourth power of distance from the catheter tip.15) Therefore, high 

quality of catheter-tissue contact is important to cause necrosis of targeted tissue. However, in 

a condition such as this experiment where continuous contact is assured, the time factor is 

thought to be more important than the force factor for lesion formation. 

The force factor more affected on a steam-pop than the time factor in high energy setting (53.6% 

vs. 28.7% in 30W, 61.1% vs. 47.2% in 40W). When tissue temperature exceeds 100� , boiling 

of water in the myocardial tissue can cause a sudden buildup of steam, sometimes audible as 

a steam-pop. When the catheter tip is located in an area with poor convective blood cooling, 

such as in a pouch or between tissue trabeculations, the electrode tip can be heated 

excessively.16) In this experimental condition, high contact force artificially implements this 

situation. The high contact force with soft tissue results in the catheter tip being buried in the 

tissue. Since steam-pop may be associated with cardiac rupture or tamponade, it is conceivable 

that clinically, it is better not to make the contact force too high in relatively soft tissues.

Compared to FTI, FPTI was a better predictor of safety (AUC for steam-pop; 0.870 vs. 0.943) 

and efficacy for lesion formation (explanatory power for linear regression model; 32.1 vs. 

56.4%). In univariate linear regression analysis, FTI and FPTI had a significant effect on lesion 

formation. However, the explanatory power of the linear regression model was better 

explained by FPTI than FTI. FTI has the limitation that it does not consider power.17) In order 

to resolve this limitation, FPTI has been proposed as a marker of ablation lesion quality that 

incorporates CF, ablation time, and RF power.10) Nakagawa et al19) and Das et al20) proved that 

RFCA using FPTI was safe and efficient. Since the same FTI values have different lesion 

volumes according to each power value, it is considered that a parameter such as FPTI 

considering power in FTI value is better as a single surrogate marker rather than using only 

FTI. More research is needed to develop a marker that can explain lesion formation better than 

FPTI, which is a relatively simple formula. Recently, the Ablation Index, which is a complex 
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weighted exponential formula assigning different weights to power, CF and time (power 

receiving a higher weighting than CF), has been studied experimentally and clinically.20,21)

When analyzed only under FTI 700 and FPTI 31000, where steam-pop did not appear, it was 

found that the time factor was involved in lesion formation and the force factor was more in 

the formation of the steam-pop. When energy was included and analyzed, the energy factor 

had a greater impact on lesion formation and steam-pop than other factors. This suggests again 

that the FPTI including power is a better indicator than the power-free FTI.

Study limitations

This study is subject to limitations inherent in an experimental study. Firstly, it may be difficult 

to apply this result to clinical practice because the experiment is performed on relatively 

smooth skeletal muscle tissue rather than heart tissue. Secondly, the experimental study was 

carried out in a more refined environment than in clinical practice. Even though using the 

cardiac contractile model to imitate the real cardiac movement, the catheter orientation 

maintained only vertically does not reflect changes in catheter orientation, changes in contact 

due to breathing, etc., since it plays a role in maintaining constant contact force. Thirdly, 

because we used power, time and CF obtained from experiments performed in cardiac tissue, 

the results can be overestimated or underestimated.

CONCLUSIONS

Under the same FTI, the time factor more affects lesion formation than the force factor. Time 

is thought to be a more important factor than CF in the same FTI condition to make an adequate 

RF ablation lesion. When power is included and analyzed, power have a greater impact on 

lesion formation and steam-pop than other factors. FTI does not take the power used during 

RF application into account. In order to resolve this limitation, the proposed FPTI seems to be 

a better surrogate marker for predicting lesion formation and complication. 
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Table 1. The effect of force and time on lesion depth, diameter, and volume at the FTI 

value of 500g·s at each power

Energy 
(W)

Force
(g)

Time
(s)

FTI

(g·s)
Depth 
(mm)

Diameter 
(mm)

Volume 
(mm3)

Steam-
pop

15 50 10 500 3.15 5.11 43.05 No
15 10 50 500 4.75 5.45 73.84 No
25 50 10 500 4.55 6.20 91.53 No
25 10 50 500 6.82 6.35 143.92 No
30 50 10 500 4.79 5.66 80.31 No
30 10 50 500 6.98 6.42 150.56 No
40 50 10 500 4.50 8.15 156.42 Yes
40 10 50 500 6.25 10.45 357.18 Yes

FTI : Force-Time integral
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Table 2. Variations in depth, diameter, volume, and steam-pop according to changes in 

force and time at each power 

Power 
(W)

Depth 
(Δ, %)

Diameter 
(Δ, %)

Volume 
(Δ, %)

Steam-pop 
(Δ, %)

15
Force (Δ) 32.9* 23.3** 37.8* N/A
Time (Δ) 85.5* 78.3* 83.6* N/A

25
Force (Δ) 31.8* 47.3* 46.8* 47.8*

Time (Δ) 81.5* 45.9* 73.6* 47.8*

30
Force (Δ) 34.1* 43.4* 45.6* 53.6*

Time (Δ) 78.5* 46.3* 75.6* 28.7**

40
Force (Δ) 25.5** 31.2* 27.2* 61.1*

Time (Δ) 70.4* 60.0* 77.9* 47.2*

*p<0.01, **p<0.05
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Table 3. Variations in depth, diameter, volume, and steam-pop according to changes in 

power, force and time in the value of FTI below 700g·s

Depth
(Δ, %)

Diameter
(Δ, %)

Volume
(Δ, %)

Steam-pop 
(Δ, %)

Power (Δ) 46.1* 60.9* 65.7* 34.3*

Force (Δ) 30.3* 37.6* 23.4* 32.2*

Time (Δ) 79.2* 59.6* 63.2* 23.8**

FTI : Force-Time integral, *p<0.01, **p<0.05
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Table 4. Variations in depth, diameter, volume, and steam-pop according to changes in 

power, force and time in the value of FPTI below 31,000g·w·s

Depth
(Δ, %)

Diameter
(Δ, %)

Volume
(Δ, %)

Steam-pop 
(Δ, %)

Power (Δ) 45.5* 67.0* 71.2* 39.2*

Force (Δ) 36.5* 35.9* 25.9* 27.1*

Time (Δ) 83.2* 58.0* 66.1* 13.3

FPTI : Force-Power-Time index, *p<0.01, **p<0.05
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Table 5. Associations of lesion formation and steam pop with FTI and FPTI by univariate 

linear regression analysis

R2 Standardized β p value

FTI on Depth 0.468 0.684 <0.01
FTI on Diameter 0.193 0.439 <0.01
FTI on Volume 0.321 0.566 <0.01
FTI on Steam-pop 0.327 0.572 <0.01
FPTI on Depth 0.480 0.693 <0.01
FPTI on Diameter 0.323 0.569 <0.01
FPTI on Volume 0.564 0.751 <0.01
FPTI on Steam-pop 0.539 0.734 <0.01

FTI : Force-Time integral, FPTI : Force-Power-Time index



12

Figure 1. Diagram of experimental setup
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Figure 2. Examples of the measurement of a lesion diameter (w) and a lesion depth (d)



14

Figure 3. Best cut off value of FPTI and FTI for steam-pop (FPTI=31,000; 

sensitivity=80.6%, specificity=94.7%, positive predictive value=80.6%, and negative 

predictive value=94.7%) (FTI=700; sensitivity=83.3%, specificity=74.2%, positive 

predictive value=46.9%, and negative predictive value=94.2%)

FPTI : Force-Power-Time index, FTI : Force-Time integral
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Figure 4. Scatter plot showing the linearity between lesion formation and FTI(A), 

FPTI(B)

FTI : Force-Time integral, FPTI : Force-Power-Time index



16

REFERENCES

1. Calkins H, Hindricks G, Cappato R, Kim YH, Saad EB, Aguinaga L, et al. 2017 

HRS/EHRA/ECAS/APHRS/SOLAECE expert consensus statement on catheter and 

surgical ablation of atrial fibrillatioin. Heart Rhythm. 2007;14:e275-e444

2. Nagashima K, Choi EK, Tedrow UB, Koplan BA, Michaud GF, John RM, et al. Correlates

and prognosis of early recurrence after catheter ablation for ventricular tachycardia due 

to structural heart disease. Circ Arrhythm Electrophysiol. 2014;7:883-8

3. Verma A, Kilicaslan F, Pisano E, Marrouche NF, Fanelli R, Brachmann J, et al. Response 

of atrial fibrillation to pulmonary vein antrum isolation is directly related to resumption 

and delay of pulmonary vein conduction. Circulation. 2005;112:627-35

4. Reichlin T, Michaud GF. Our approach to maximizing the durability of pulmonary vein 

isolation during a paroxysmal atrial fibrillation ablation procedure. J Cardiovasc 

Electrophysiol. 2012;23:1272-6

5. Ouyang F, Antz M, Ernst S, Hachiya H, Mavrakis H, Deger FT, et al. Recovered 

pulmonary vein conduction as a dominant factor for recurrent atrial tachyarrhythmias after 

complete circular isolation of the pulmonary veins: lessons from double Lasso technique. 

Circulation. 2005;111:127-35

6. Haines D. Biophysics of ablation: application to technology. J Cardiovasc Electrophysiol. 

2004;15:S2-S11

7. Reddy VY, Shah D, Kautzner J, Schmidt B, Saoudi N, Herrera C, et al. The relationship 

between contact force and clinical outcome during radiofrequency catheter ablation of 

atrial fibrillation in the TOCCATA study. Heart Rhythm. 2012;9:1789-95

8. Neuzil P, Reddy VY, Kautzner J, Petru J, Wichterle D, Shah D, et al. Electrical 

reconnection after pulmonary vein isolation is contigent on contact force during initial 

treatment: results from th EFFICAS I study. Circ Arrhythm Electrophysiol. 2013;6:327-

33



17

9. Shah DC, Lambert H, Nakagawa H, Langenkamp A, Aeby N, Leo G. Area under the real-

time contact force curve (force-time integral) predicts radiofrequency lesion size in an in 

vitro contractile model. J Cardiovasc Electrophysiol. 2010;21:1038-43

10. Nakagawa H, Ikeda A, Constantine G, Govari A, Sharma T, Pitha JV, et al. Controlling 

lesion size and incidence of steam pop by controlling contact force, radio-frequency 

power and application time (force-power-time index) in canine beating hearts. Heart 

Rhythm. 2012;9:S210(abstract)

11. Yokoyama K, Nakagawa H, Shah DC, Lambert H, Leo G, Aeby N, et al. Novel contact 

force sensor incorporated in irrigated radiofrequency ablation catheter predicts lesion size 

and incidence of steam pop and thrombus. Circ Arrhythm Electrophysiol. 2008;1:354-62

12. Haines DE, Watson DD. Tissue heating during radiofrequency catheter ablation: a 

thermodynamic model and observations in isolated perfused and superfused canine right 

ventricular free wall. Pacing Clin Electrophysiol. 1989;12:962-76

13. Wittkampf FH, Nakagawa H, Yamanashi WS, Imai S, Jackman WM. Thermal latency in 

radiofrequency ablation. Circulation. 1996;93:1083-86

14. Stabile G, Solimene F, Calò L, Anselmino M, Castro A, Pratola C, et al. Catheter-tissue 

contact force for pulmonary veins isolation: a pilot multicentre study on effect on 

procedure and fluoroscopy time. Europace. 2014;16:335-40

15. Buch E, Shivkumar K. Guiding lesion formation during radiofrequency energy catheter 

ablation. In: Stephen Huang SK, Miller JM, editors. Catheter ablation of cardiac 

arrhythmias. 3rd ed. Philadelphia: Elsevier; 2015. P.22-33

16. Weiss C, Antz M, Eick O, Eshagzaiy K, Meinertz T, Willems S. Radiofrequency catheter 

ablation using cooled electrodes: impact of irrigation flow rate and catheter contact 

pressure on lesion dimensions. PACE. 2002;25:463-9

17. Guerra JM, Jorge E, Raga S, Gálvez-Montón C, Alonso-Martín C, Rodríguez-Font E, et 

al. Effects of open-irrigated radiofrequency ablation catheter design on lesion formation 



18

and complications: in vitro comparison of 6 different devices. J Cardiovasc Electrophysiol. 

2013;24:1157-62

18. Wittkampf FH, Hauer RN, Robles de Medina EO. Control of radiofrequency lesion size 

by power regulation. Circulation. 1989;80:962-8

19. Nakagawa H, Yamashiro K, Duytschaever M, Taghji P, Tavernier R, Philips T, et al. High 

incidence of ipsilateral pulmonary vein isolation by first encirclement using new force-

power-time formula with short radiofrequency time in atrial fibrillation patients. Heart 

Rhythm. 2015;12:S272(abstract)

20. Das M, Loveday JJ, Wynn GJ, Gomes S, Saeed Y, Bonnett LJ, et al. Ablation index, a 

novel marker of ablation lesion quality: prediction of pulmonary vein reconnection at 

repeat electrophysiology study and regional differences in target values. Europace. 

2017;19:775-83

21. Ullah W, Hunter RJ, Finlay MC, McLean A, Dhinoja MB, Sporton S, et al. Ablation index 

and surround flow catheter irrigation. J Am Coll Cardiol 2017;3:1080-8 



19

국문요약

배경: 부정맥 치료에 있어 전극도자절제술 시 전극도자와 조직간의 접촉을 정확하게측

정하는 기술의 발전으로 이와 관련된 지표들이 전극도자절제술의 효율성 및 안전성을

위해 개발되고 있다. 특히 FTI 와 FPTI 가 현재 이용되고 있는 지표 중 임상적으로 유용

한 상태이다. 이런 지표와 관련된 인자 중 어떤 인자가 더 중요한 역할을 하는지 또한 지

표들 중 어떤 지표가 더 나은 것인지 알아볼 필요가 있다.

방법: 돼지의 골격근에 4 가지 에너지 설정 (15, 25, 30 및 40W)에서 6 가지의 시간 변수

(5, 10, 20, 30, 40 및 50 초) 및 6 가지의 조직 접촉력 변수 (5, 10, 20, 30, 40 및 50g)에서 전

극도자절제 병변을 만든다. 병변의 깊이, 폭 및 부피를 측정하고 스팀팝 발생에 대해 빈

도를 기록한다. 통계적으로 다중 선형 회귀 분석을 이용하여 변수 간의 관계를 설명한

다.

결과: 총 336 개의 전극도자절제 병변이 실험 계획에 따라 만들어졌다. 병변 부피에

대한 시간의 효과는 접촉력의 효과보다 1.6-2.9 배 더 높았다. 스팀팝의 경우, 힘의 효

과는 시간의 효과보다 컸다. 민감도와 특이도가 가장 높은 스팀팝에 대한 가장 잘 예

측할 수 있는 임계값은 FTI 의 경우 700g (민감도 = 83.3 %, 특이성 = 74.2 %), FPTI

의 경우 31,000gw (민감도 = 80.6 %, 특이성 = 97.7 %)였다. 곡선하 면적은 FPTI 

(0.943)에서 FTI (0.870)보다 컸다. 단순 선형 회귀 분석을 시행하였을 때, FTI 와 FPTI 

모두 병변 형성에 유의미한 영향을 주는 변수라 할 수 있지만 모형의 설명력이 FPTI

의 경우 56.4%이고 FTI 의 경우 32.1%로 FPTI 가 병변 형성에 대해 선형적인 설명력

이 더 좋다고 할 수 있다.

결론: 동일한 FTI 하에서 시간 인자는 힘 인자보다 병변 형성에 더 많은 영향을 미친다. 

에너지를 포함하여 분석하였을 때 에너지가 시간, 조직 접촉력보다 병변 형성 및 스팀

팝에 더 큰 영향을 주는 것으로 보았을 때 에너지 요소를 포함하고 있는 FPTI 가 FTI 보

다 병변 형성 및 합병증을 예측하는 데있어 더 나은 지표인 것으로 보인다.

중심단어: 접촉력, FTI, FPTI, 병변 부피
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