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Abstract

Aim: The objective of this work was to evaluate a new advanced bipolar sealer for vessel sealing
strength, hemostatic performance, lateral thermal spread, and overall useability in benchtop
analyses and preclinical surgical models.

Methods: Seal strength of ex vivo porcine vessels transected with the ENSEAL" X1 Curved Jaw Tissue
Sealer (EX1) and control bipolar sealers was assessed using splenic arteries, thyrocervical arteries,
and carotid arteries. In vivo effectiveness and tissue thermal effects were evaluated in acute and
chronic porcine models via transection of vessels and hemostasis assessments under normal blood
pressure conditions and during hypertensive challenge. Transected carotid arteries were evaluated
for lateral thermal spread. Device useability was tested by 31 surgeons.

Results: The overall mean burst pressures for ex vivo arteries were: 1055 mmHg for EX1, 825 mmHg
for the ENSEAL G2 Curved Tissue Sealer (EG2), 826 mmHg for LigaSure Maryland Jaw Open and
Laparoscopic Sealer/Divider with Nano-coating (LMJ), and 970 mmHg for LigaSure Blunt Tip
Open and Laparoscopic Sealer/Divider with Nano-coating (LBT); p<0.001 comparing EX1 with
EG2 or LMJ. For the acute in vivo transected arteries with EX1 (n=112) and EG2 (n=112), 100%
exhibited hemostasis immediately following transection and after a hypertensive challenge. Mean
lateral thermal spread was similar in carotid arteries transected with EX1 and EG2, (2.48 mm and
2.44 mm, respectively). The chronic in vivo transected arteries with EX1 (n=79), exhibited 98.7%
hemostasis immediately following transection and 100% after a hypertensive challenge at 30 + 2
days. Evaluation of the EX1 in simulated clinical/porcine models indicated acceptable useability by
all participating surgeons.

Conclusion: The ENSEAL X1 Curved Jaw Tissue Sealer exhibited significantly higher vessel seal
strength compared to EG2 and LM]J, as well as non-inferior hemostasis and similar lateral thermal
spread relative to EG2. The useability of EX1 was rated acceptable by participating surgeons.
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Introduction

Advanced bipolar sealers are surgical devices used in a variety of procedures for sealing and
transection of blood vessels and dissection of tissue. Device related factors that are essential for blood
vessel electrocoagulation include uniform distribution of compression, optimal temperature, and
adequate activation time of the device, which allows for formation of coagulum and strong sealing
[1-4]. Surgical hemostasis with advanced bipolar sealers is achieved with alternating polarity electric
current that is converted to thermal energy in tissues, which collapses vessel walls and denatures
collagen and elastin to create a hemostatic seal [5-8]. In comparison to monopolar electrosurgical
instruments, the current flow in bipolar devices is largely confined to tissue held between the
instrument’s jaws that allows for reduced risk of thermal injury and more effective sealing of larger
blood vessels (up to 7 mm diameter) [7,9]. In addition, advanced bipolar technology may employ
real-time optimization of energy delivery in response to changing tissue conditions, which limits
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stray current and reduces thermal spread compared to conventional
energy devices [9].

Complex proceduressuchas colorectaland gynecological surgeries
often require firing of a single device multiple times, necessitating
durable performance for vessel transection, hemostasis, and tissue
dissection capability. Another challenge surgeons encounter during
surgery is the need for multiple instrument exchanges. Bipolar
devices that feature independent cutting and sealing, as well as
grasping, offer the potential for reducing that need and its associated

hazagg‘é'ctive clinical use of bipolar technology has been demonstrated
in multiple surgical specialties such as gynecologic [10-13], colorectal
[14,15], head and neck (thyroidectomy) [16,17], thoracic [18,19] and
hepatobiliary procedures [20]. Compared to conventional clip and
suturing methods, bipolar sealers were associated with improved
hemostasis in hysterectomy, colon resections, and Ivor Lewis
esophagectomy [10,11,14,21,22].

Previously, the ENSEAL X1 Large Jaw Tissue Sealer, an advanced
bipolar device designed for open procedures, was introduced to the
market [23,24]. The X1 Large Jaw featured separate seal and cut
operation, 360° shaft rotation and an ergonomic design for easy
application. The new advanced bipolar tissue sealer evaluated in the
current study, the ENSEAL X1 Curved Jaw Tissue Sealer, is designed
for open or laparoscopic procedures to cut and seal vessels, and to
cut, grasp and dissect tissue. Based on the same improved ergonomic
design as the Large Jaw device, it features adaptive tissue technology
for mitigation of lateral thermal spread and is the only marketed
bipolar sealer in which energy can be applied with the jaws open for
spot coagulation and enhanced dissection. The new design of the
device includes a long (24 mm) curved tapered jaw that allows for
precise dissection and 360° shaft rotation. The objective of this study
was to assess performance of this advanced bipolar sealer in three
areas: ex vivo seal strength, in vivo effectiveness and thermal spread,
and device useability in simulated clinical procedures.

Methods

Tissue sealers

ENSEAL" X1 Curved Jaw Tissue Sealer (EX1; Ethicon, Inc;
Cincinnati, Ohio, USA; product code NSLX137C) is a newly designed
advanced bipolar device (Figure 1). For comparative analyses,
ENSEAL" G2 Curved Tissue Sealer (EG2; Ethicon, Inc.; Cincinnati,
Ohio, USA; product code NSLG2C35), the LigaSure™ Maryland Jaw
Open and Laparoscopic Sealer/Divider with Nano-coating (LM]J;
Medtronic, PLC; Minneapolis, MN; product code LF1937) and
LigaSure™ Blunt Tip Open and Laparoscopic Sealer/Divider with

Nano-coating (LBT; Medtronic, PLC Minneapolis, MN; product
code LF1837) were tested in parallel with EX1. All devices were
used in accordance with specific instructions for use with the GEN
11 generator and the Valleylab” FT10 for Ethicon and Medtronic
devices, respectively. The jaw length, cut length, aperture and shaft
rotation for EX1 and comparator devices are listed in Table 1.

Ex vivo seal strength

To evaluate vessel seal strength, ex vivo porcine splenic arteries,
thyrocervical arteries, and carotid arteries were sealed, transected
and subjected to testing with a burst pressure analysis system. The
system consisted of a computer-controlled syringe pump (Harvard
Apparatus, Holliston, MA) with an inline pressure transducer. Vessel
diameters were measured just prior to assessment of burst pressures.
Samples of each vessel type were evenly distributed among the device
groups. After each vessel was sealed and transected, both halves of the
seal were analyzed as separate burst pressure data points. The intra-
luminal pressures were recorded during infusion of physiologic saline
at a rate of 15 ml/min on carotid arteries and 10 ml/min on splenic
and thyrocervical arteries until seal failure. A minimum of 56 burst
pressure tests were performed for each device per vessel type.

In vivo effectiveness and thermal spread

For evaluation of in vivo vessel sealing performance and tissue
effects, the EX1 and EG2 devices were applied in acute and chronic
porcine models. All procedures were reviewed, and animals
approved for use in the study by the Institutional Animal Care
and Use Committee at AAALAC International accredited facilities
in accordance with the Guide for the Care and Use of Laboratory
Animals.

In the acute study, a total of 8 female pigs (48 kg to 52 kg) were
used with 4 pigs per group. The target sample size for meaningful
statistical analysis was 100 total vessels/vessel pedicles per device
group. Each pig underwent 25 vessel transections with hemostasis
evaluation and a hypertensive challenge, split over two rounds of
device applications. Target vessels included: Left gastroepiploic
artery and veins, right gastroepiploic pedicle, pancreatic-duodenal
pedicle, short gastric pedicle, inferior mesenteric artery, splenic
artery and vein, left and right ovarian pedicles, renal arteries and vein,
mesometrium, and left and right carotid arteries. Intra-abdominal
target vessels were accessed via midline laparotomy, and the carotid
arteries were accessed via a midline neck incision.

In preparation for surgery, pigs were induced with an
intramuscular injection of a combination of Butorphanol (0.4 mg/
kg), Midazolam (0.4 mg/kg) and Xylazine (3 mg/kg) then prepared

Figure 1: ENSEAL X1 Curved Jaw Sealer. The curved jaw measures 24 mm in length (A). The device shaft is available in 25 cm, 37 cm and 45 cm lengths. The
separate seal and cut buttons along with a 360° continuous rotating shaft increase surgeon utility relative to existing devices (B).
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for surgery following standard practices. Pigs were maintained
at a surgical plane of anesthesia using Isoflurane and received
intraoperative Buprenorphine (0.02 mg/kg, SQ). All vessels and
pedicles were measured in their perfused state for determination of
outer diameter, which included vessels and tissue bundles up to 7
mm.

Initial (first pass) hemostasis was evaluated and graded
immediately after sealing and transection of vessels using a validated
bleeding scale [25], specifically: 1) no bleeding at tissue site, 2) oozing
that required no intervention, 3) oozing of over 15 sec duration still
not requiring intervention, 4) oozing requiring mild intervention (e.g.
re-application of the energy device), and 5) significant bleeding
requiring intervention such as extensive coagulation or ligation with
hemostat, clips, or sutures. Bleeding grades were then converted to a
binary scale of “Success,” being grades 1 to 3, and “Failure,” being
grades 4 to 5, as defined by practicing surgeons [25].

Following a 10-min wait period after the final transection of each
round, a vasopressor agent (phenylephrine) was administered to the
animal for assessment of hemostasis during a hypertensive challenge.
The hypertensive challenge simulated a postoperative hypertensive
crisis [26], in which systolic blood pressure was raised to at least
200 mmHg for 10 min. After the 10 min, each transected vessel was
rated as: Yes (maintained hemostasis) or no (vessel or pedicle did not
remain hemostatic). Following completion of hemostasis assessments
and the hypertensive challenge, the pigs were euthanized while under
anesthesia and the caudal aspect of carotid artery applications (caudal
seals) were excised for thermal spread measurements.

To determine the extent of maximum lateral thermal spread,
carotid artery seals were evaluated via histological analysis of
adventitial collagen denaturation with hematoxylin and eosin
staining. Measurements extended from the proximal edge of the device
placement to the maximum distal edge of collagen denaturation [27].

In the chronic study, a total of 22 female pigs (40 kg to 82 kg) were
used. The target sample size for analysis was 20 vessels among three
vessel ranges, specifically < 3 mm, >3 mm to < 5 mm, >5 to < 7 mm.
Each pig underwent a combination of ovariohysterectomy, unilateral
nephrectomy, splenectomy or unilateral carotid transection. Intra-
abdominal procedures were performed through a single midline
incision, and the carotid seal and transection was performed through
a midline incision in the neck.

In preparation for surgery, pigs were treated with Omeprazole
(40 mg, PO) once a day for 3 days prior to surgery. Pigs were induced
with an intramuscular injection of a combination of Butorphanol
(0.4 mg/kg), Midazolam (0.4 mg/kg) and Xylazine (3 mg/kg),
or Glycopyrrolate (0.01 mg/kg, IV), Acepromazine (0.5 mg/kg),
Ketamine (20 mg/kg, IM) and Xylazine (2 mg/kg) then prepared
for surgery following standard practices. Pigs were maintained
at a surgical plane of anesthesia using Isoflurane and received
intraoperative Buprenorphine SR (0.12 mg/kg, SQ) and Cefazolin
(22 mg/kg, IV) or Ceftiofur (5 mg/kg, IM). As in the acute study, all
vessels and pedicles were measured in their perfused state. Pigs were
then recovered for 30 + 2 days.

Following the recovery period, pigs underwent a blood pressure
challenge under anesthesia. Pigs were induced with Telazol (3 mg/
kg to 5 mg/kg, IM), and Xylazine (2.2 mg/kg to 5 mg/kg, IM) or
Glycopyrrolate (0.01 mg/kg, IM) then prepared for surgery following
standard practices and maintained at a surgical plane of anesthesia

using Isoflurane. The blood pressure challenge was performed as
described for the acute study. A gross necropsy was then performed
to evaluate whether the seals remained intact.

Device useability in simulated clinical procedures

To determine if the performance of the EX1 sealer meets specific
standards for its intended uses, the device was evaluated by surgeons
using representative in vivo porcine animal or ex vivo tissue models.
A total of 31 surgeons participated in this analysis, including 12
bariatric specialists (or general surgeons with specific bariatric
experience), 13 colorectal, gynecological, or general surgeons, and
6 thoracic specialists. The animal models were approved by local
animal care and use committees and were conducted in accordance
with the guide for the care and use of laboratory animals and
applicable animal welfare regulations at AAALAC International
accredited facilities. All surgeons, except thoracic surgeons, utilized
a live porcine model to perform laparoscopic procedures (bariatric,
colorectal, or gynecologic) according to the participants’ specialty.
Thoracic surgeons used excised porcine heart/lung tissues in a
simulated human rib cage to perform Video-Assisted Thoracoscopic
(VATS) partial lobectomy, lymph node/tissue dissection and
esophageal transection/release with the EX1. Following completion of
the procedures, each surgeon provided responses to a questionnaire
to assess performance of the device.

Statistical methods

For ex vivo seal strength, Minitab 17 Statistical Software, version
17.1 (Minitab, Inc., State College, PA) was used. Descriptive statistics
were determined for burst pressure tests, and two-sample t-tests
were used for comparison of the device means. The comparison of
standard deviations of burst pressure data was performed using the
Bonett test. An alpha level of significance taken as 0.05 was used in
comparative analyses.

For in vivo effectiveness and thermal spread, SAS statistical
software, version 9.3 (SAS Institute, Inc., Cary, NC), was used.
Descriptive statistics of hemostatic endpoints included counts and
frequencies, and lateral thermal spread was summarized by mean,
standard deviation, median, and range. For the acute hemostatic
endpoints, non-inferiority was based on the proportion of hemostatic
seals (pass) for each group. The specific hypotheses were: H: Pass,,
- Pass,, < -0.1, and H: Pass,, - Pass, . >-0.1. The null hypothesis
would be rejected, and non-inferiority declared if the lower bound of
the two-sided 90% confidence interval for difference in proportions
was greater than -0.1. For Lateral Thermal Spread (LTS), the ratio
of mean thermal spread was used to test non-inferiority with the
following hypotheses: H: LTS, /LTS_ = 125 and H: LTS _ /
LTS, .. <1.25; where LTS is the mean maximum thermal spread. The
upper bound for the estimate of the ratio of the mean lateral thermal
spread was based on the pooled one-sided Fieller (ratio of two means)
confidence interval.

Results

Ex vivo seal strength

The overall mean burst pressure for carotid, splenic and
thyrocervical arteries sealed with EX1 were significantly higher
(p<0.001) compared to burst pressures observed for EG2 and LM]
devices (Table 2); 28% and 22% higher, respectively. The burst
pressures did not differ significantly between EX1 and LBT, although
the mean value trended higher for EX1. Comparison of standard
deviations revealed that the burst pressure standard deviation for EX1
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Table 1: Characteristics of the ENSEAL X1 Curved Jaw Tissue Sealer and comparator devices.

Measure ENSEAL X1 Curved ENSEAL G2 Curved LigaSure Maryland LigaSure Blunt Tip
Jaw Length 24.0 mm 19.2 mm 20.6 mm 19.3 mm
Cut Length 21.8 mm 16.2 mm 18.3 mm 16.3 mm
Jaw Aperture (Unbiased)* 13.4 mm 13.6 mm 12.2 mm 13.1 mm

Rotation of Shaft

360° (continuous)

360° (continuous)

350° (non-continuous)

180° (non-continuous)

*Measured distance between distal tips of upper and lower jaws while holding closure lever to keep jaws open

Table 2: Mean burst pressures for ENSEAL X1 Curved Jaw Tissue Sealer and comparator devices: ENSEAL G2 Curved Tissue Sealer, LigaSure Maryland Jaw,

and LigaSure Blunt Tip.

Device Arteries (N) Mean Burst Pressure mmHg (SD) | Mean difference vs. ENSEAL X1 P-Value! vs. ENSEAL X1
ENSEAL X1 Curved 161 1055 (447) n/a n/a
ENSEAL G2 Curved 163 825 (566)? 230 mmHg <0.01
LigaSure Maryland 114 862 (444) 193 mmHg <0.01
LigaSure Blunt 123 970 (548)? 85 mmHg 0.16

1Comparison of burst pressure means; ?Standard Deviations (SD) for ENSEAL G2 and LigaSure Blunt Tip were significantly higher compared to the EX1 standard

deviation, p < 0.01

Table 3: Hemostatic sealing of ENSEAL X1 Curved Jaw Tissue Sealer and comparator device, ENSEAL G2 Curved Jaw Tissue Sealer, in an acute porcine vessel
sealing model at the time of initial transection (First Pass Hemostasis) and after a hypertensive blood pressure challenge. The hypertensive blood pressure

challenge was defined as a systolic blood pressure >200 mmHg for 10 minutes.

Device Vessel or VaS((:nlilrir) Pedicle Sizes Total Seals Firs(tlj(e;srts :Ceon:g:si?sis Hemostasis After Hypertensive challenge
<3 >3to<5 >5to<7 Yes No

ENSEAL X1 Curved 35 54 23 112 112/112 (100%) 112/112 (100%) 0/112 (0.0%)
Artery 10 26 4 40 40/40 (100%) 40/40 (100%) 0/40 (0.0%)
Vein 8 3 8 19 19/19 (100%) 19/19 (100%) 0/19 (0.0%)
Vascular Pedicle 17 25 11 53 53/53 (100%) 53/53 (100%) 0/53 (0.0%)
ENSEAL G2 Curved 44 52 16 112 112/112 (100%) 112/112 (100%) 0/112 (0.0%)
Artery 14 25 3 42 42/42 (100%) 42/42 (100%) 0/42 (0.0%)
Vein 9 4 6 19 19/19 (100%) 19/19 (100%) 0/19 (0.0%)
Vascular Pedicle 21 23 7 51 51/51 (100%) 51/51 (100%) 0/51 (0.0%)

was significantly lower compared to EG2 and LBT, indicating greater
consistency in seal strength for EX1.

In vivo effectiveness and thermal spread

In the acute study, a total of 112 vessels were sealed and transected
with EX1 and EG2. All applications in both groups achieved a first
pass hemostasis rating of 1, no bleeding (Table 3, Figure 2). Similarly,
after the simulated hypertensive crisis, all vessel seals remained intact
in both groups. Based on these results, non-inferiority of EX1 to EG2
effectiveness was declared.

The caudal aspects of 16 carotid seals for each device were
assessed with no significant difference for mean lateral thermal
spread between EX1 and G2 (Table 4). The upper 95% confidence
bound for lateral thermal spread ratio was 1.10, which was below the
defined limit of 1.25. Based on this result, non-inferiority of EX1 to
EG2 lateral thermal spread was achieved.

In the chronic study, a total of 79 vessels were sealed and
transected with EX1 (Table 5). All animals survived the recovery
period. Horner’s syndrome was observed in 2 of 22 animals, which
is a known complication of ventral neck surgery in swine [28,29]. Of
all observed postoperative complications, none were attributable to
the EX1 device or its use. All applications of EX1 achieved a first pass
hemostasis rating of 1, no bleeding; except one application to a 4 mm
carotid artery. In this application, the blood was observed in the field
originating from the cranial side of the seal following transection but

prior to device removal. The vessel was clamped cranial and caudal of
the transection. Both seals appeared intact while the cranial side had
an opening to the vessel adjacent to the seal. The device was reapplied
proximally to achieve a hemostasis rating of 1, no bleeding. Following
the 30 + 2 day recovery period, all animals successfully underwent
the blood pressure challenge. Based on a gross necropsy immediately
following the blood pressure challenge and euthanasia, all vessel seals
were deemed to remain hemostatic without any evidence of blood
loss (Table 5).

Device useability in simulated clinical procedures

New design aspects of the study device were assessed for critical
performance/user requirements in porcine animal and ex vivo
surgical procedure models. Individual performance parameters
including: hemostasis, transection, tissue damage, access to target
tissue, dissection capability, efficient completion of tasks and overall
performance of EX1 was rated acceptable by all participants, except in
the 6 thoracic procedures where hemostasis was not assessed (Table
6). Hemostasis was not applicable in the thoracic model since the
tissue was excised. There were no performance aspects that were rated
unacceptable.

Discussion

Surgical procedures require vessels to be ligated, clipped, or
sutured to maintain appropriate hemostasis during dissection to
avoid intraoperative bleeding and postoperative complications.
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Figure 2: In vivo effectiveness and thermal spread of the ENSEAL X1 Curved Jaw Tissue Sealer. The device can seal and transect vessels and tissue bundles
up to and including 7 mm in diameter. The minimal thermal spread upon sealing and transecting the left gastroepiploic pedicle of the spleen (A-C), splenic artery
(D-F), and pancreaticoduodenal pedicle (G-1)is demonstrated.

Table 4: Lateral thermal spread in porcine carotid arteries sealed in vivo with ENSEAL X1 Curved Jaw Tissue Sealer and ENSEAL G2 Curved Jaw Tissue Sealer.

Device Sample number (N) Mean lateral thermal spread mm (+ SD) Range (mm) Upper 95% Confidence Bound
ENSEAL X1 16 2.48 (+ 0.39) (1.82-3.26) 2.65
ENSEAL G2 16 2.44 (+ 0.45) (1.85-3.52) 2.63

Ratio N/A 1.02 N/A 1.1

Table 5: Hemostatic sealing of ENSEAL X1 Curved Jaw Tissue Sealer in a chronic porcine vessel sealing model with a 30 d + 2 d recovery period. The
hypertensive challenge, defined as a systolic blood pressure >200 mmHg for 10 min, was performed at the end of the recovery period.

Vessel Type Vessel or Vascular Pedicle Sizes (mm) First Pass Hemostasis (Likert Score =1) | Hemostasis After Hypertensive challenge
<3 >3to<5 >5to<7 Total Yes No
Artery 6 14 19 39 38/39 (97.4%)* 39/39 (100%) 0/39 (0.0%)
Vein 3 2 2 7 717 (100%) 7/7 (100%) 0/7 (0.0%)
Vascular Pedicle 14 16 3 33 33/33 (100%) 33/33 (100%) 0/33 (0.0%)
Total 23 32 24 79 78179 (98.7%) 79179 (100%) 0/79 (0.0%)

*One bleeding event occurred adjacent to the seal before device removal from a 4 cm carotid artery. The bleeding was controlled, and the device was immediately
reapplied proximal and achieved hemostasis. The reapplication was evaluated in the hypertensive challenge

Table 6: Surgeon evaluations of the ENSEAL X1 Curved Jaw Tissue Sealer performance in an animate porcine and ex vivo tissue (simulated thoracic) procedure models.

Device Performance Question Surgeon Response (n)
Acceptable Unacceptable Not Applicable

Rate the hemostatic performance of the seal. 25 0 6*

Rate the ability of the device to transect/cut tissue. 31 0 0

Rate the device’s ability to minimize tissue damage. 31 0 0

Rate the device’s ability to access targeted anatomy. 31 0 0

Rate the dissection ability of the device. 31 0 0

Rate the ability of the device to efficiently complete tasks during the procedure including sealing, a1 0 0
cutting, grasping and manipulating tissue.

Rate the overall acceptability of the device. 31 0 0

*Six thoracic surgeons evaluated the device in a benchtop video-assisted thoracoscopic model
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Conventional dissection techniques can be time-consuming and
often require numerous instrument changes. Advanced surgical
procedures require electrosurgical instruments that can provide the
transection of vessels, reliable hemostasis and can perform fast tissue
dissection.

This study was undertaken to examine the performance of the
newly designed EX1 advanced bipolar tissue sealer. Results of burst
pressure analysis in ex vivo porcine vessels found that the EX1 sealers
exhibited greater sealing strength relative to the competitor LMJ
device, as well as the previous generation EG2 device. Although the
mean burst pressures for all devices were supraphysiological, these
results still provide a relevant index of the sealing performance that
the EX1 may deliver in vivo.

In the in vivo porcine acute study, multiple vessel types were
sealed/transected with the EX1 and EG2 curved sealers. Initial (first
pass) hemostasis was achieved in 100% of the transections with both
devices, confirming comparable/non-inferior performance with the
newly designed device. In addition, lateral thermal spread for vessels
transected with the EX1 as measured by extent of adventitial collagen
denaturation adjacent to the seal, was comparable relative to EG2.

In the in vivo porcine chronic study, multiple vessel types were
sealed/transected with the EX1 curved sealer in the course of normal
clinical procedures. Within these procedures, initial (first pass)
hemostasis was achieved in 98.7% of applications. In the application
that did not achieve initial hemostasis, bleeding was seen to originate
from an opening adjacent to the seal before device removal. The
bleeding was identified and addressed without impact to the animal
and reapplication of the device achieved successful hemostasis.

In surgery, hemostasis is essential for preventing postoperative
bleeding, which may cause life-threatening complications [30]. With
regard to the device useability in simulated clinical procedures
performed by surgeons, the EX1 was rated as acceptable for multiple
performance variables, including hemostatic performance of the seal.
Moreover, all surgeons considered the device to be efficient during
completion of the surgical tasks.

Surgeons often use electrosurgical technology devices due to
their superior performance in terms of blood loss, pain, operative
time, hospital stay, and postoperative drainage [31,32]. Several new
design aspects are incorporated in the EX1 sealers that are intended
to improve efficiency and useability of the device in surgical practice.
The end effector consists of a long curved tapered jaw designed for
fine tissue dissection, with a wide jaw opening for optimal capture of
tissue. The bottom jaw is configured to deliver energy even with the
jaws open, which allows spot coagulation with the bottom jaw. The
EX1 device can separately seal, cut, coagulate, or grasp and dissect,
potentially reducing instrument exchanges and decreasing operation
time. In addition, the jaws are silicone-coated to mitigate tissue
sticking issues.

Limitations of this study include the limited number of vessel
types in the ex vivo seal strength analysis. The in vivo efficacy addressed
the issue of limited vessels, although it did not reflect pathological
conditions such as diseased tissue that would be encountered
clinically. Although the ex vivo model excluded the ability to assess
hemostasis, hemostatic effectiveness was demonstrated during in vivo
testing.

Conclusion

Results of this study indicate acceptable and non-inferior

performance of the newly designed ENSEAL X1 Curved Jaw Tissue
Sealer compared to currently marketed advanced bipolar devices in
benchtop and animal models. It is anticipated that the design
modifications of the EX1 device can translate to enhanced clinical
performance in multiple surgical procedures and is an area of future
investigation.
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