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Abstract: Vessel sealing is a medical device that converts electrical or ultrasonic energy into thermal energy and
leads to seal, coagulate, and cut the vessel by protein modification within the walls or surrounding connective tissues.
As most of surgeries have recently been conducted with minimally invasive surgery, the demand and market for ves-
sel sealing are expected to get bigger. However, there is a problem that electrosurgical or ultrasonic surgical is applied
and we have a high risk to evaluate the strength of seal, because the collateral and particular standards currently
in force follows have not been establish. Therefore, in this study, we investigated some papers studied on the efficacy
and safety of the device, the guidance of FDA and test papers previously conducted from 3 individual subject device
made in Korea. We found there is a relationship between burst pressure and the performance of the device, therefore,
we propose the vascular bursting pressure test for evaluating the safety and performance of the vessel sealing.
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Table 1. Vessel Sealing as predicate device and subject device

Device Principle Model Manufacturer Country
/H p—
. RF .
£ (Radio Frequency) LigaSure COVIDIEN USA

Ultrasonic Sonicision MEDTRONIC USA
Predicate
Device
Thunderbeat
Bipolar & OLYMPUS  JAPAN
Ultrasonic
USG-400
211
RF K1-Fusion-V REMED KOREA
( .
MEDIPOLAR 137
Bipolar & DAIWHA KOREA
—————— Ultrasonic
Subject DUB-100
Device
ab- )
/f’ MEDISONIC DU-137
i Bipolar & DAIWHA KOREA
Ultrasonic

DUB-100
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Table 2. Scope of Vessel Sealing in Korea

Regulation Number Device Name

A35010.01 Electrosurgical system, general-purpose

A35025.01 Electrosurgical system electrode, hand-controlled, general-purpose, reusable
A35025.02 Electrosurgical system electrode, hand-controlled, general-purpose, reusable
A35025.03 Electrosurgical system electrode, foot-controlled, single-use
A35025.04 Electrosurgical system electrode, foot-controlled, reusable
A35100.01 Instrument, ultrasonic surgical
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Table 3. Performance Evaluation of Vessel Sealing Proposed by FDA

Premarket Notification (510(k)) Submission for Bipolar Electrosurgical Vessel Sealers for General

Title Surgery [6]

1. Burst Pressure

- Should provide burst pressure testing data to evaluate the seal strength of vessels sealed with your
device when compared to vessels sealed with the predicate device.

- Vessels are pressurized with liquid until failure. The maximum recorded pressure immediately

System Testing prior to failure is recorded as the bust pressure

2. Thermal Spread on Vessel
- Should provide comparative data to evaluate the spread of thermal damage along the vessels.
- The thermal damage is assessed histologically to determine the distance from the edge of the seal.

Animal Study

- Recommend chronic animal studies to demonstrate bipolar vessel sealing performance when the
510(k) is for a new vessel sealing system or modifications that can reasonable be expected to modify the
tissue effect of the system.

- In order to assess the long-term seal quality and potential for injury to adjacent structures, you
should perform a chronic animal study to evaluate your device performance at a minimum of 3 weeks
post-procedure in at least 5 animals.

- Multiple vessels per animal should be sealed for an adequate study sample size.

Chronic
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Table 4. Studies of Safety and Efficacy of Vessel Sealing

Title (Year) Animal Vessel Comparison Medical Device
- Ligamax™ 5
Comparison of blood - Carotid - Harmonic Scalpel®
vessel sealing among - Axillary - Burst Pressure - Gyrus PKS™ Cutting Forceps
new electrosurgical and - 30~40 kg Pigs - Renal - Sealing Time - Gyrus Plasma Trissector™
ultrasonic devices - Iliac - Failure Rate - SurgRX™ EnSeal™

(2009) [9]

- Femoral Arteries

- LigaSure™ V
- Force Triad™

Comparison of four
energy-based vascular
sealing and cutting
instruments: A porcine
model (2007) [8]

- Peripheral

o 40-45 kg i)

- Veins

- Bursting Pressure

- Diameters of Vessels - Harmonic ACE™
- Speed and Adequacy of the - LigaSure™ V

Cutting and Sealing Process - LigaSure Atlas™
- Degree of thermal injury - EnSeal™

(Histologic Examination)

Comparison of ultrasonic
energy, bipolar thermal
energy, and vascular clips
for the hemostasis of
small-, medium-, and
large-sized arteries

- 20~30 kg Pigs

-2 or 3 mm vessel
-4 or 5 mm vessel
-6 or 7mm vessel - Histologic Examination

- Ultrasonic Coagulating
Shears (UCS)

- Electrothermal Bipolar
Vessel Sealer (EBVS)

- Titanium laparoscopic
clips (LCs)

- Plastic laparoscopic clips

- Burst Pressure
- Spread of thermal injury

(2003) [7] (PCs)
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Fig. 1. Device of Vascular Bursting Pressure Test
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The bursting pressure of the sealed end of the vessel is measured with a
specialized machine manufactured specifically for this experiment

NS

The open end of the harvested vessel segment is secured to the insertion tool
with a silk tie and saline solution is infused at 50 ml/h into the vessel

NS

The highest recorded pressure measurement before the sealed end of the
vessel burst is determined as the bursting pressure

T2 2. FetagEA Y A
Fig. 2. Sequence of Vascular Bursting Pressure Test
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Table 5. Vascular Bursting Pressure Result of Test 1

No. LigaSure (mmHg) K1-Fusion-V (mmHg)
1 40 108
2 70 230
3 272
4 258
M+ SD 55+ 21.21 217 + 74.74
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T8 3. A3 19] it Sufo|& T ((A) LigaSure® 225 £7]9] tjE#-E Masson’s Trichrome Q4% A1A]F t

V& 223 £7)9] tjEm-S Masson’s Trichrome @4 AA|5 ohad)

Fig. 3. Slide View of the Vessel of Experiment 1 ((A) Masson’s Trichrome staining of rabbit’s artery sealed with LigaSure,
(B) Masson’s Trichrome staining of rabbit’s artery sealed with K1-Fusion-V)
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Table 6. Vascular Bursting Pressure Result of Test 2

o (B) K1-Fusion-

No. Sonicision MEDIPOLAR 137
(mmHg) (mmHg)
1 189 288
2 493 291
3 615 418
4 392 348
M+ SD 422.25 + 180.26 336.25 + 61.09
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Fig. 4. Slide View of the Vessel of Experiment 2 ((A) Masson’s Trichrome staining of rabbit’s artery sealed with Sonicision,
(B) Masson’s Trichrome staining of rabbit’s artery sealed with MEDIPOLAR 137)
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Table 7. Vascular Bursting Pressure Result of Test 3

No. Sonicision Thunderbeat MEDISONIC
(mmHg) (mmHg) DU-137 (mmHg)
1 989 931 469
2 924 945 660
3 917 947 929
4 822 948 938
5 753 942 938
6 726 945 942
7 690 601 946
8 651 635 947
9 486 820 954
10 465 859 955
11 336 930 958
12 288 939 965
13 268 951 966
14 767 959 969
15 669 527 982
16 654 938 363
17 573 957 558
18 527 277 672
19 478 432 910
20 374 528 970
21 369 714 1006
22 362 766 1022
23 271 817 1013
24 857 488
25 675 602
26 885 672
27 790 716
28 218 829
29 477 859
30 242 917
31 318 930
32 255 933
33 299 938
34 939
35 969
36 979
37 985
38 471
39 933
40 935
41 944
42 463
43 654
44 828
45 836
46 914

M + SD 556.82+236.92 796.00 + 200.85 842.74 + 179.92
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Fig. 5. Slide View of the Vessel of Experiment 3 ((A) H&E staining of pig’s renal vein sealed with Sonicision, (B) H&E
staining of pig’s renal vein sealed with Thunderbeat, (C) H&E staining of pig’s renal vein sealed with MEDISONIC DU-137)
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Fig. 6. Comparison of Vascular Bursting Pressure ((A) Burst Pressure of Predicate Device, (B) Burst Pressure of Subject Device)
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Table 8. Result of Vascular Bursting Pressure Test

Predicate Device

Subject Device

Burst Pressure

Pass Rate

Burst Pressure Pass Rate

Test No. Device Name (mmHg) %) Device Name (mmHg) %)
Test 1 LigaSure 55+ 21.21 0 K1-Fusion-V 217+ 74.74 75
Test 2 Sonicision 422.25 + 180.26 75 MEDIPOLAR 137 336.25 + 61.09 100
Sonicision 556.82 + 236.92 100
Test 3 MEDISONIC DU-137 842.74 + 179.92 100
Thunderbeat 796.00 + 200.85 100
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