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Abstract...

Background: Advanced bipolar surgical devices provide surgeons aid in achievement of hemosta-
sis and minimize operative duration while limiting lateral thermal spread. The ENSEAL X1 Curved Jaw 
Tissue Sealer (X1CJ) was designed to efficiently coagulate and transect vessels, tissue and/or vascular 
bundles. Here we report on its use (with its accompanying Generator 11 (Gen11)) in this single-arm, 
prospective, observational, post-market approval study in gynecological surgery.

Methods: The primary performance endpoint was achievement of ≤ Grade 3 hemostasis intraop-
eratively. Secondary endpoints were surgeon’s perspectives on device usage. Subjects were followed 
to final visit for potential device-related Adverse Events (AEs). Collected data, including demograph-
ics, intraoperative and postoperative variables, and AEs were summarized. 

Results: Thirty adult subjects (mean age of 51.6±11.8 years) completed the study. The primary pro-
cedure performed was total/subtotal hysterectomy with bilateral salpingo-oopherectomy (73.3%). 
Of the 109 vessels transected, the majority were 3 to 5 mm (72.5%). Hemostasis was achieved in all 
vessels with following scores: Grade 1 (93.6%), Grade 2 (5.5%), Grade 3 (0.9%), and no Grade 4. X1CJ 
was used for tasks including tissue dissection (90.0%) where surgeons reported satisfaction with its 
use (100%); tissue cutting (96.7%) with surgeon satisfaction of 100.0%; and tissue grasping (40.0%) 
with surgeon satisfaction of 91.7%. Surgeons indicated GEN11 functioned as intended and unani-
mously agreed that the touchscreen allowed for easy set-up and operation. One AE deemed possibly 
device-related was reported which resolved without surgical intervention.

Conclusion: Our study showed that in gynecological procedures, the X1CJ and accompanying 
GEN11 system demonstrated acceptable safety and effectiveness.
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Introduction/Background

Advances in surgical methodologies have led to significant 
improvements in operational efficiency and patient outcomes. 
The integration of technological innovations, particularly en-
ergy-based surgical devices, has been pivotal in driving surgi-
cal advances [1,2]. In order to control intraoperative bleeding, 
minimize post-operative complications, and improve clinical 
outcomes, an ideal surgical energy device must efficiently and 
reliably seal and cut vessels and grasp, cut and dissect tissues. 
Advanced Bipolar Energy is a widely utilized form of electro-
surgery in both open and Minimally Invasive Procedures (MIS). 
Laparoscopic surgery, in particular, has seen significant progress 
due to the adoption of these instruments [3]. For advanced pro-
cedures, these devices have been carefully engineered to pro-
vide surgeons with the controlled precision and the ease-of-use 
required to aid in the achievement of hemostasis and minimized 
operative duration while limiting lateral thermal spread [1,4-6]. 

Energy vessel-sealing systems, including ultrasonic devices, 
advanced bipolar technology, and combination devices have 
gained widespread adoption across various surgical procedures 
including proctectomy, colectomy, hysterectomy, splenectomy, 
and thyroidectomy and they have a played a crucial role in im-
proving outcomes by reducing intraoperative blood loss and 
surgical times, while minimizing postoperative complications 
[7-9]. For example, in gynecological laparoscopic surgery, ad-
vanced bipolar devices have been widely employed and have 
demonstrated reduced intraoperative blood loss and decreased 
operative times when compared to conventional bipolar energy 
devices [10-12]. While advanced bipolar devices have improved 
clinical outcomes, achieving hemostasis remains a significant 
concern in laparoscopic gynecological surgical procedures be-
ing important also to preserve an unobstructed visual field and 
minimize the need for conversion to an open procedure.

The ENSEAL X1 Curved Jaw Tissue Sealer (X1CJ) instrument 
was engineered to efficiently coagulate and transect vessels (up 
to 7 mm in diameter), tissue and/or vascular bundles. The X1CJ 
has a jaw which provides uniform compression, uses electri-
cal impedance feedback to intelligently monitor tissue condi-
tions and modulate energy delivery, thus providing efficacious 
sealing while simultaneously minimizing tissue damage (Figure 
1). While there is literature available to demonstrate the suc-
cessful use of the X1CJ in a number of surgical arenas including 
breast reconstruction and thoracic procedures, there is limited 
available information or data regarding its use in gynecological 
surgery [13-15]. In the present study, we report on the perfor-
mance and safety of the X1CJ when used per the Instructions 
For Use (IFU) in gynecological procedures.

Methods

This single-arm, prospective, observational post-market ap-
proval multi-center study was performed to establish accept-
able performance and safety of the X1CJ and its accompanying 
generator when used in gynecological procedures per instruc-
tions for use. The study was conducted under a single protocol 
approved by an affiliated Institutional Review Board or Ethic 
Committee at each site prior to study commencement. Study 
sites were in Italy and the United Kingdom (ClinicalTrials.gov 
Identifier: NCT04763421). The study was performed in compli-

ance with Good Clinical Practice (GCP) and the Declaration of 
Helsinki (2013), as well as any other applicable local regulatory 
requirements. 

Women were recruited for this study where the X1CJ was 
scheduled to be used in gynecological procedures. The primary 
objective of this study was to show acceptable performance 
and safety of the X1CJ and GEN11. Subjects were consented up 
to 8 weeks prior to surgery and were only considered enrolled if 
the device was utilized during the procedure. Enrolled subjects 
were followed post-operatively through discharge and again at 
approximately 28 days post-op.

To be considered eligible for enrollment in the study subjects 
had to satisfy the following inclusion criteria: >18 years of age, 
primary open or laparoscopic procedure in which at least one 
vessel was to be transected with the X1CJ, and a willingness to 
provide informed consent and comply with study-related evalu-
ations and schedules. Subjects were excluded if they had any 
physical or psychological condition which could impair study 
participation, or enrollment in a concurrent trial which could 
impact study endpoints. Informed consent was obtained prior 
to enrollment. Procedures were all performed using each indi-
vidual institution’s standard of care. 

Device and indication

The ENSEAL X1 Curved Jaw Tissue Sealer is a sterile single-
patient use advanced bipolar surgical instrument (Product 
Codes: NSLX125C, NSLX137C, or NSLX145C) and has previously 
been described [13]. It is powered by the Generator 11 (GEN11) 
(Ethicon, Inc., Cincinnati, OH).

Endpoints

The primary performance endpoint was the achievement of 
≤ Grade 3 hemostasis intraoperatively for each vessel transect-
ed based upon the following grading scale [16]: 

Grade 1: No bleeding at transection site

Grade 2: Minor bleeding at transection site, no intervention 
required.

Grade 3: Minor bleeding at transection site, mild interven-
tion required (i.e., compression, monopolar device and/or 
touch-ups).

Grade 4: Significant bleeding (e.g., pulsatile blood flow, ve-
nous pooling) requiring intervention such as extensive coagula-
tion or ligation with use of additional hemostatic measures.

In order to address secondary performance endpoints, sur-
geons were asked to complete three separate surveys (utilizing 
Likert-like scaled questionnaires) during the course of the study.

1. Surgeon questionnaire: Assessing surgeon’s perspectives 
for various device usages (adhesiolysis, lymphatics or tis-
sue bundle division, tissue grasping, tissue cutting, or tis-
sue dissection) were obtained. This survey was completed 
after the 2nd procedure completed by any given surgeon.

2. Task questionnaire: Surgeons were queried via an un-
validated tool about their perceptions of how the device 
performed during each procedure. The survey was com-
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pleted by the Investigators after each procedure.

3. Generator questionnaire: Investigators were asked to pro-
vide insights on how the GEN11 functioned during each 
procedure. This survey was completed after each case.

Occurrence of Adverse Events (AEs) and Serious Adverse 
Events (SAEs) deemed device-related were assessed to evaluate 
safety. These AEs were collected over the course of the entire 
study period. Subjects were followed to their final visit which 
occurred approximately 28 (±14) days post-op to ascertain 
whether any further potential device-related AEs or primary 
procedure-related reoperations had occurred.

Data collection

Demographic data and clinical variables were obtained at 
baseline and included age at consent, sex, race, height, weight, 
Body Mass Index (BMI), ASA score, and indication for surgery. 
Additional compiled data included primary procedure per-
formed and its duration, if case was converted to open, approx-
imate vessel size transected (surgeon-approximated), any po-
tential concomitant procedure, estimated intraoperative blood 
loss, other energy device utilized in the primary or concomitant 
procedure, need (and number) of X1CJ touchups for Grade 3, 
and length of stay (LOS). 

Statistics

Summary statistics were performed for baseline demograp- 
hics and clinical data. The study summarized the number and 
percentage of vessels where hemostasis was achieved (≤ Grade 
3). For each procedure and sub-group, an exact 95% confidence 
interval of hemostatic seals was estimated. The summary also 
included counts and percentages related to the type, size, and 
number of vessels transected, grading scale distribution for all 
vessels, the frequency of X1CJ touch-ups, and the incidence 
of additional measures needed for hemostasis (such as other 
advanced energy devices or hemostatic measures). Additionally, 
AEs and SAEs were reported by number and percentages.

Results

A total of thirty female subjects with a mean age of 
51.6±11.8 years completed the study. Of those, the majority 
were pre-menopausal (63.3%) and the remainder postmeno-
pausal (36.7%). Indications for surgery included uterine fibroids 
(23.3%), abnormal uterine bleeding (13.3%), endometrial can-
cer (13.3%), and BRCA1 mutation (13.3%) (Table 1).

The mean procedure duration was 1.5±0.45 hours with an 
estimated 135.3 mL blood loss. The primary procedures per-
formed included total/subtotal hysterectomy with bilateral bi-
lateral salpingo-oopherectomy (73.3%) and laparoscopic-assist-
ed vaginal hysterectomy with bilateral salpingectomy (13.3%). 
The majority of procedures were laparoscopic (96.7%) with two 
conversions to open (6.9%). No calcified tissues/vessels, athero-
sclerotic, or vessel skeletonization was observed though some 
adhesions (16.7%) and fibrotic tissues (10.0%) were present. 
One concomitant procedure, a low pelvic/vaginal swab, was 
performed. No blood transfusions were given during the course 
of the study. All patients were discharged to home after a mean 
length of stay of 2.8±1.9 days (Table 2).

A total of 109 vessels were transected and the specifics are 
provided in (Table 3). Surgeons estimated vessel sizes with the 
majority being between 3 to 5 mm (72.5%), <3 mm (19.3%), and 
>5 to 7 mm (8.3%). 93.6% of the transections achieved a Grade 

1 hemostasis, followed by Grade 2 (5.5%), Grade 3 (0.9%), and 
no Grade 4 (Figure 3). One vessel transected as a Grade 3 re-
quired a touch-up using the X1CJ. No clips were applied prophy-
lactically. Of the 109 vessels transected, all of the vessel tran-
sections achieved a Grade 3 or lower hemostasis with a 95% 
confidence interval of 96.7%-100.0%.

The X1CJ was used for a variety of tasks including tissue dis-
section (90.0%) where surgeons reported satisfaction with its 
use (100%); tissue cutting (96.7%) with surgeon satisfaction 
of 100.0%; tissue grasping (40.0%) with surgeon satisfaction 
of 91.7%; and division of tissue bundles (40.0%; surgeon sat-
isfaction 100%). A majority of surgeons elected to utilize an ad-
ditional energy source during the primary procedure (80.0%). 
Surgeons indicated that the GEN11 functioned as intended and 
unanimously agreed that the touchscreen allowed for easy set-
up and operation. A full listing of survey queries is provided 
in (Table 4). Results from a separate questionnaire completed 
by surgeons after their second case using the X1CJ found that 
generally there was less fatigue experienced when compared 
to previous devices used (75.0%) and was also easier to use 
(75.0%), reduced the need for instrument changes (100%), and 
in the most critical tasks in the case performed better (75.0%). 
Additionally, the separate Cut and Seal buttons (Figure 2) were 
easily distinguishable (100%) for all surgeons.

There was one reported possibly device-related AE during 
the course of the study: an intra-abdominal hemorrhage occur-
ring one day post-operative which resolved without need for 
surgical intervention. Although there were four serious AEs re-
ported during the study (abdominal pain, pelvic venous throm-
bosis, vaginal hemorrhage, and procedural pain), none were 
deemed to be device-related. No deaths occurred during the 
study.

Figure 1: Close-up of ENSEAL X1 curved jaw tissue sealer tip.

Figure 2: X1CJ buttons.
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Figure 3: Hemostasis grade of vessel seals grouped by vessel 
size. There were no grade 4 seals.

Table 1: Baseline characteristics.

Measure Values

Total # of subjects 30

Age at consent (years)

Mean ± SD [Median] 51.6±11.3 [50.0]

Range 33.0; 85.0

Ethnicity, n(%)

Hispanic or Latino 3(10.0%)

Not Hispanic or Latino 27(90.0%)

Race, n (%)

White 29(96.7%)

Asian 1(3.3%)

Body Mass Index (kg/m2)

Mean ± SD [Median] 25.4 ± 4.6 [24.2]

Range 19.0; 38.7

ASA, n (%)

I 9(30.0%)

II 19(63.3%)

III 1(3.3%)

IV 1(3.3%)

V 0

Smoking status, n (%)

Current smoker 5(16.7%)

Former smoker 3(10.0%)

Never smoked 22(73.3%)

Indication for surgery, n (%)

Uterine fibroids 7(23.3%)

Abnormal uterine bleeding 4(13.3%)

Endometrial cancer 4(13.3%)

Endometriosis 2(6.7%)

BRCA 1 mutation 4(13.3%)

Atypical or hyperplasic endometrium 2(6.7%)

Cervical cancer 2(6.7%)

Complex endometrial hyperplasia with atypia 1(3.3%)

Adenocarcinoma 1(3.3%)

Cervical screening abnormality 1(3.3%)

Hematometra and endometriosis 1(3.3%)

Cervical pre-cancer 1(3.3%)

Table 2: Intraoperative variables (n=30).

Measure Values

Primary procedure performed, n (%)

Total/subtotal hysterectomy with bilateral 
salpingo- oopherectomy

22(73.3%)

Laparoscopic assisted vaginal hysterectomy 
with bilateral salpingectomy

4(13.3%)

Total laparoscopic hysterectomy 2(6.7%)

Laparoscopic vaginal hysterectomy 1(3.3%)

Laparoscopic assisted vaginal hysterectomy 
with bilateral salpingo-oopherectomy

1(3.3%)

Procedure duration (hours)

Mean ± SD (Median) [Range] 1.48±0.453 (1.43) [0.7; 2.5]

Estimated blood loss (mL)

Mean ± SD (Median) [Range] 135.3±163.4 (50.0) [20.0; 720.0]

Surgical approach, n (%)

Laparoscopic 29(96.7%)

Open 1(3.3%)

Conversion to open, n (%) 2(6.9%)

Estimated uterine size (grams)

Mean ± SD (Median) [Range] 87.0 ± 39.8 (90.0) [45.0; 123.0]

Vessel skeletonization? 3(10.0%)

Prophylactic use of clips as standard of 
care prior to vessel transection?

0(0%)

Presence of Inflamed tissue/Vessels? 1(3.3%)

Presence of atherosclerotic tissue? 0(0%)

Presence of fibrotic tissues? 3(10%)

Presence of adhesions? 5(16.7%)

Table 3: Skeletonization and transection summary.

Name of vessel transected n (%)

Left uterine artery 25(22.9%)

Right uterine artery 22(20.2%)

Left uterine vein 13(11.9%)

Right uterine vein 13(11.9%)

Right ovarian vein 5(4.6%)

Left ovarian artery 4(3.7%)

Left ovarian vein 4(3.7%)

Right ovarian artery 4(3.7%)

Other 19(17.4%)

Discussion

Hemostasis has been a recurrent primary endpoint in several 
studies evaluating advanced bipolar devices [11,13,17]. This may 
be in part due to the severity of complications which can arise 
if bleeding is not promptly and thoroughly addressed, such as 
arrythmias, myocardial infarctions, and overall increased mor-
tality [18]. Our study employed a validated hemostasis grading 
scale that has been used in several device evaluations [16]. 

In a prior similar post-market analysis of the ENSEAL X1 Large 
Jaw device, on open gynecological procedures, even though he-
mostasis was overall satisfactory, between gynecological, tho-
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Table 4: X1CJ and GEN11 usage survey results.

Measure Value

X1CJ usability survey

Number adhesions removed or divided with X1CJ 8/30(26.7%)

Percent satisfied with adhesion removal or division 8/8(100%)

Number lymphatic bundles divided by X1CJ 2/30(6.7%)

Percent satisfied with lymphatic bundle division 2/2(100%)

Number tissue bundles divided by X1CJ 12/30(40.0%)

Percent satisfied with tissue bundles division 12/12(100%)

Number times X1CJ used for tissue grasping 12/30(40.0%)

Percent satisfied with tissue grasping 11/12(91.7%)

Number times X1CJ used for tissue cutting 29/30(91.7%)

Percent satisfied with tissue cutting 29/29(100%)

Number times X1CJ used for tissue dissection 27/30(90.0%)

Percent satisfied with tissue dissection 30/30(100%)

Number times any other energy device was used during 
procedure

24/30(80.0%)

Type of other energy device used:

Monopolar 4/24(16.7%)

Traditional Bipolar 20/24(83.3%)

GEN11 survey

Software version used

2016-1 5/30(16.7%)

2016-1.1 24/30(80.0%)

Other 1/30(3.3%)

Number times surgeons reported touchscreen allowed for 
easy set-up and operation

30/30(100%)

Number of generator-related alarms 0/30(0.0%)

Number of times generator performed as intended 30/30(100%)

racic, and colorectal procedures, the gynecological procedures 
had the lowest percentage score of hemostasis grade 3 and be-
low (94%, 96%, 100%) [17]. However, even though there was 
a lower hemostasis score, total blood loss was commensurate 
with already published literature on typically reported blood 
loss. This finding was assumed to be due to the technical dif-
ficulty of accessing the deep pelvic space and nature of disease 
and not necessarily device related [17-20]. 

Several differences in the current X1CJ device being evalu-
ated compared to the previous study of Enseal X1 Large jaw 
include jaw size, distal tip compression and electrode config-
uration. Ideally, advancements in device engineering should 
include refinement in instrument control in order to achieve 
more precise tissue manipulation, dissection, and hemostasis. 
In our study less than 1% of patients were identified having a 
Grade 3 bleed and there were no Grade 4 bleeds.

 Advanced bipolar devices are utilized across the spectrum 
of surgical fields including those that implement minimally in-
vasive techniques. In the study presented here, the majority of 
cases were MIS though one case was open and there were 2 
conversions to open. The gynecologic field has been progres-
sively adopting more minimally invasive surgical technologies. 
When evaluating surgical tasks when using the X1CJ surgeons 
reported 100% satisfaction with tissue dissection, cutting, and 
division of tissue bundles and 91% of surgeons were satisfied 

with tissue grasping. Most surgeons (80%) used an additional 
energy source (traditional bipolar 83.3%; monopolar 16.7%). 
Despite no additional information was collected, it is the au-
thor’s assumption that the additional source of energy was a 
monopolar device used to create the access to the abdominal 
cavity. Additionally, most surgeons (80%) reported that the Gen 
11 generator functioned as intended. 

In this study, 75% of surgeons reported that the X1CJ was 
easier to use and that they experienced less fatigue than with 
their previous devices used for similar tasks. Of note, all sur-
geons (100%) agreed that there was less need for instrument 
exchange needed during procedures. Performing surgery can 
be physically taxing [21]. Thus, easy-to-use, well-designed in-
struments result in overall less fatigue during surgery and are 
vital considerations for device selection by surgeons. 

One limitation of this study is the small sample size but is ap-
propriate given this is a small observational study. Further stud-
ies are important to confirm what we report here.

Conclusion

Our study provides evidence that in gynecological proce-
dures, the X1CJ and accompanying GEN11 system demonstrate 
acceptable safety and effectiveness. Of note, hemostasis was 
achieved in all vessels sealed. Additionally, the majority of sur-
geons reported reduced fatigue, ease of use, and decreased 
need for instrument changes when utilizing the device.
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