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Abstract

Background Total laparoscopic hysterectomy (TLH) is nowadays the standard to treat benign and malignant disease
occurring in the uterus, but the number of robotic-assisted surgeries is increasing worldwide. To facilitate the han-
dling of sutures in a bi- and tri-dimensional plane, a new type of suture material has been developed, named barbed
sutures, which are in use in different indications. In comparison to conventional suture materials, the barbs anchor
the suture in the tissue, provide tissue approximation and prevent slippage without the need for knot tying. Several
meta-analyses and systematic reviews have shown that they are safe and efficient. The current study investigates

the clinical outcome of a novel unidirectional mid-term absorbable barbed suture which differs in its configuration
from other barbed sutures. The collected data will be prospectively compared to the results of a competitor's unidi-
rectional mid-term absorbable barbed suture and retrospectively to the findings reported for conventional sutures
after hysterectomy in the literature.

Methods An international, randomised, multicentric, single-blinded design was chosen. A total of 132 patients will
be included receiving randomly either the novel unidirectional barbed suture versus the competitor unidirectional
barbed suture in a 3:1 ratio. Both suture materials will be applied to close the vaginal cuff after laparoscopic hyster-
ectomy and the time for suturing is the primary endpoint. As secondary objectives, the following parameters will be
collected and compared in both suture groups: intraoperative handling of the suture material, quality of life using
the Female Sexual Function Index (FSFI), patient satisfaction, pain, and complications occurring in the short-term
and long-term follow-up. For each patient, the study lasts 6 months after surgery.

Discussion This study will assess the clinical performance of a novel unidirectional mid-term absorbable barbed
suture material for the first time in gynaecology surgery and, to our knowledge, it will be the second largest RCT
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materials.

closure

performed so far in total laparoscopic hysterectomy using unidirectional mid-term absorbable barbed suture

Trial registration The study was prospectively registered before the enrolment of the first patient. Registration
was performed under www.clinicaltrials.gov, NCT 06024109. Registered on 15 August, 2023.

Keywords Hysterectomy, Minimal invasive surgery, Laparoscopic surgery, Barbed suture, Knotless suture, Vaginal cuff

Background

Hysterectomy is one of the most performed surgical pro-
cedures worldwide in gynaecology [1]. The number of
hysterectomy interventions in women aged 40 to 80 has
steadily increased from 10 to 38 percent [2]. Reasons for
a hysterectomy can be tumours, myomas, dysfunctional
uterine bleeding and endometriosis [3, 4]. Total laparo-
scopic hysterectomy (TLH) has become the standard
surgical method, whereby the number of robotic assisted
surgeries is continuously increasing, especially in the
United States [5]. Of all robotic-assisted procedures per-
formed worldwide, gynaecology takes with 50% number
one, followed by urology with 30% and general surgery
with 20% [6].

A vaginal cuff dehiscence (VCD) presents a rare but
severe complication after a hysterectomy. A late identi-
fied VCD can lead to life-threatening complications such
as sepsis, peritonitis or bowel obstructions [7]. A VCD is
defined as a complete or partial separation of the anterior
and posterior edge of vaginal epithelium, with or without
the presence of evisceration of intra-abdominal contents
[8]. An increased risk for the development of a VCD has
been described for laparoscopic compared to vaginal or
open hysterectomy [9-12]. The overall VCD incidence
after hysterectomy for benign indications is reported
with 0.53% ranging from 0-3.5% [7]. Possible risk factors
for the development of a VCD can be early resumption of
sexual intercourse, smoking, reduced blood circulation,
infection, thermal cutting and the morphology of the col-
lagen structure [7, 8, 13].

The most challenging and time-consuming step dur-
ing laparoscopic interventions is intracorporeal sutur-
ing and knotting [14, 15]. In recent years, barbed suture
materials have been developed to facilitate and simplify
suturing, and to avoid knotting [14, 15]. These knotless
threads have been used in gynaecology since 2008 [16].
The benefits of this kind of suture material are as follows:
no need for knot-tying, equal distribution of the tension
along the wounds, secure approximation of the tissue,
and no slippage [8, 14, 15, 17, 18]. Barbed sutures have
been introduced in laparoscopic gynaecology to reduce
operation time as well as intra- operative complications
such as blood loss and postoperative complications such
as vaginal cuff dehiscence [14, 19, 20].

To our knowledge, a total of 12 meta-analyses and sys-
tematic reviews have been performed in gynaecology
so far (myomectomy, caesarean section, hysterectomy),
which analysed the safety and effectiveness of barbed
sutures [7, 8, 15, 21-29]. Of these, 5 meta-analyses have
addressed the indication hysterectomy [7, 8, 21, 26, 29].
The outcome showed that barbed sutures are safe and
effective, this type of suture material reduces opera-
tion time, suturing time for vaginal cuff closure, blood
loss, surgical site infections and also lowers surgical dif-
ficulty, without an increase of hospital stay and postop-
erative complication rate in comparison to conventional
sutures [8]. Furthermore, it was mentioned by several
authors that the use of barbed sutures is a good option
to decrease the rate of vaginal cuff dehiscence [7, 21, 26].
In addition, Iavazzo et al. reported a reduction of 2.4 min
and Hafermann et al. of 4.84 min using barbs compared
to conventional suture material for vaginal cuff closure
after laparoscopic hysterectomy [8, 29]. An easy han-
dling and a short learning curve were described by Sied-
hoff et al. for barbed sutures as well, due to the absence
of knots, which facilitates the incorporeal handling of the
suture material [19, 26, 30].

Various self-retaining sutures (V-Loc' ", Quill SRS™,
Stratafix ) are currently on the market. They differ in
their configuration unidirectional versus bidirectional, in
their absorption profile absorbable versus non-absorb-
able, in their anchoring element to fix the thread in the
tissue (loop or anchor), and in the design and distribution
of the barbs along the thread. They are available in differ-
ent sizes and length/needle combinations.

These types of suture materials are nowadays com-
monly applied in various surgical interventions, includ-
ing gynaecology [7, 8, 21-23, 25-27, 29], orthopaedics
[31-38], urology [39-43], as well as in plastic [44] and
general surgery [45—48].

Regarding the safety profile of barbed sutures, 6 cases
of bowel obstructions have so far been reported in gynae-
cology with a causal relationship to the medical device
[49-52]. Four cases were seen using knot-less sutures
for peritoneal closure after sacral colpopexy [49, 50], one
case after myomectomy and another one after hysterec-
tomy [52, 53]. In all cases, the complication occurred due
to the attachment of a too long free end of the barbed
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suture to the ileum. This can be prevented by cutting the
barbed suture flush to the tissue which minimises the
length of the tail of suture to prevent intra-abdominal iat-
rogenic complications [52].

Only a few RCTs comparing the clinical outcome of
self-anchoring sutures to conventional suture material for
laparoscopic hysterectomy have been published [30, 53—
55]. Most of them had a monocentric design, including a
small sample size using either a unidirectional mid-term
absorbable (V-Loc-90) or bidirectional long-term absorb-
able (Quill) barbed suture material for vaginal cuff clo-
sure after laparoscopic-/robotic-assisted hysterectomy.

Aim

The aim of our international, multicentric, randomised
controlled, patient blinded, sample size powered
BARHYSTER study is to assess the performance of a
novel unidirectional mid-term absorbable barbed suture,
which differs in its configuration from other barbed
sutures to close the vaginal cuff after laparoscopic hys-
terectomy. Furthermore, the current study is the first
study comparing two different mid-term absorbable self-
anchoring sutures in gynaecological surgery.

Objective

This study is expected to confirm the hypothesis that
the use of a novel unidirectional mid-term absorbable
barbed suture can significantly reduce the time to close
the vaginal cuff after total hysterectomy in comparison to
conventional sutures (historical data from the literature).
In addition, the study will prove as a secondary hypoth-
esis the superiority of the novel unidirectional mid-term
barbed suture to a competitor’s unidirectional mid-term
absorbable suture regarding the closure time for vaginal
cuff approximation after TLH.

Methods/ design

Design and setting of the study

The current randomised, multicentric, single blinded,
two-group parallel trial started in March 2024 in Ger-
many and Spain and is still ongoing. End of recruitment is
expected to be completed in the third quarter of 2025 and
the 6-month follow-up examination and data collection
will be finished until the second quarter of 2026. Patients
are recruited in a consecutive manner in three hospitals,
two in Germany (Krankenhaus Sachsenhausen, Frank-
furt am Main and Biirgerhospital, Frankfurt am Main),
and one in Spain (Hospital Sant Joan de Déu de Manresa,
Barcelona). Ethics committees endorsed the study design
prior to patient acquisition. Ethics approval was given by
the responsible ethics committees (Ethik-Kommission
bei der Landesdrztekammer Hessen, Frankfurt am Main,
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Germany, project number: 2023-3261-evBO and Comité
Etic d’Investigacié, Fundacié Unié Catalana d’Hospitals,
Barcelona, Spain, project number CEI 23/39). The study
was prospectively registered in the international clinical
trials platform of the World Health Organization at www.
clinicaltrials.gov (NCT 06024109) before patient recruit-
ment started. If modifications to the study protocols are
necessary, an amendment will be set up by the Sponsor
in cooperation and agreement with the principal inves-
tigators of the clinics and submitted to responsible eth-
ics committees for approval. Modifications will not be
implemented until the ethics committee have provided
their approval.

As a short-title for this study — “Barbed suture for total
hysterectomy” has been used. Therefore, as an acro-
nym “BARHYSTER” has been chosen, which stands for
BARbed sutures for HYSTERectomy.

A total of 132 patients will be randomly allocated in a
3:1 ratio to two different barbed suture groups to close
the vaginal cuff after total laparoscopic hysterectomy (99
patients receiving the novel barbed suture material: 33
patients obtaining the competitor barbed suture material).
There were some reasons to choose a 3:1 allocation ratio
in favour of the experimental arm (novel unidirectional
mid-term absorbable suture) compared to the control arm
(competitor unidirectional barbed suture). The authors
would like to generate more reliable clinical data to assess
the safety and performance of the novel unidirectional
barbed suture material compared to the control competi-
tor unidirectional barbed suture, which has been analysed
in several gynaecological studies in the past. Furthermore,
the increase of the experimental group size also leads
to an increase of the accuracy regarding the safety data,
which can be illustrated by the “rule of 3" This rule states
that if a certain complication did not occur in a sample of
N, then the respective complication rate is less than 3/n
(with 95% confidence). The basis of this rule is the good
approximation of the upper limit of a 95% confidence
interval for 0 events in N subjects for N >30. Transferred
to the current study design with an increased experimen-
tal group size, it means that a complication which does
not occur in the experimental group should have a lower
probability than 3/99 (approximately 3%).

The surgeons/gynaecologists participating in the
study are experienced and well-trained in the perfor-
mance of laparoscopic gynaecological procedures and
familiar with the application of self-anchoring sutures
in a 2-dimensional surgical field. Approximately 23,000
Biirgerhospital, 9,400 Krankenhaus Sachsenhausen
patients are treated in the participating German hospi-
tals, and 27,856 patients in the Spanish clinic; of these,
8,500 patients are operated in the German Department
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of Gynaecology in the Biirgerhospital and 3,600 in
the Krankenhaus Sachsenhausen, and 636 patients
in the Spanish Department of Gynaecology per year,
respectively. In the Spanish hospital, 50 laparoscopic
hysterectomies are performed annually; 75 in the Ger-
man hospital Krankenhaus Sachsenhausen and 10 in
the Biirgerhospital. The clinics have been selected to
exclude the learning curve with regard to laparoscopic
procedures and the usage of barbed suture material.

The patients will be unaware of the barbed suture
type applied for vaginal cuff closure until the end of
the study. Before inclusion in the study, each partici-
pant will provide an informed consent. After surgery,
an examination will take place at day of discharge, 6-8
weeks and 6 months postoperatively onsite at the hos-
pital (Fig. 1, CONSORT Flow Chart) [56]. This time
schedule has been selected because it reflects the daily
practice of the hospital and the absorption of both
suture materials is completed after 6 months postop-
eratively. The study will last in total 2 years (18 months
recruitment plus 6 months follow-up). Our trial is
reported in line with the SPIRIT Guideline, which is an
international standard to publish study protocols [57].
The SPIRIT checklist is provided as an appendix and a
study flow chart is also included (Fig. 2).
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Characteristics of the participants and description

of materials

Eligibility

Females at least 18 years of age scheduled for an elective
minimal invasive total hysterectomy who provided writ-
ten informed consent were eligible for participation.

The main inclusion criteria for the present study is the
performance of a minimal invasive total hysterectomy,
which includes laparoscopic as well as robotic assisted
surgeries. Currently in all participating clinics the total
hysterectomy is performed laparoscopically, but if the
clinics decide in the running study to switch to robotic
assisted surgeries, this would be possible and a sub-
group analysis would be made regarding this subgroup
population.

Exclusion criteria were as follows:

— Emergency surgery

— Open surgery

— Patient undergone immunosuppressive drug treat-
ment within prior 6 months

— Patients with hypersensitivity or allergy to the suture
material

— Participation in another RCT

— Non-compliance of the patient

Screening
N > 132 Patients

Enrollment
N= 132 Patients

Surgery / Allocation
N= 132 Patients

4—/\

Randomization
Symmcora suture
N= 99 Patients

Il
Discharge
N= 99 Patients
v
6-8 Weeks after Surgery
N= 99 Patients
v
6 Months after Surgery
N= 99 Patients

Fig. 1 CONSORT Flow-Chart BARHYSTER

Randomization
V-Loc suture
N= 33 Patients

!
Discharge
N= 33 Patients
v
6-8 Weeks after Surgery
N= 33 Patients
v
6 Months after Surgery
N= 33 Patients
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Fig. 2 SPIRIT diagram of BARHYSTER regarding the time schedule for enrolment, allocation, follow-up examination and assessment
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Screening of patients for eligibility will be performed
by a well-trained and experienced gynaecologist located
in the Department of Gynaecology of the participating
hospitals. Recruitment of the patients will be done a few
weeks before they receive the planned elective surgical
intervention.

Patients who meet the inclusion criteria in full will
be asked for their willingness to participate in the
BARHYSTER study and the physician will inform each
patient verbally and by using written information about
the study modalities. For each patient who agrees to par-
ticipate, a written informed consent has to be obtained
in advance before any study procedure takes place, in
line with the origins of the Declaration of Helsinki and
due to the German Data Protection Law (GDPR) which
is applicable in Europe. The patients will be advised in
the informed consent form that they have the right to
withdraw from the study at any time without prejudice.
Patients who prematurely terminate the participation in
the trial will not be replaced. Their data will be analysed
until their withdrawal of consent, or until their lost-to
follow-up or the day when they prematurely terminated
the study. Intra-drop-outs (e.g. conversion from laparo-
scopic to open setting) will be replaced in order to keep
the planned sample size, because these patients will not
be randomised. In any case (withdrawal, premature ter-
mination as well as scheduled termination) the study ter-
mination page of the CRF has to be completed and the
reason for unscheduled termination has to be reported.
Reasonable effort has to be made to contact any patient
during the course of the study in order to complete
assessments and to retrieve any outstanding data and
study supplies in order to prevent a lost to follow- up.
Before a patient is reported as “lost-to follow up’, the
patient should have been contacted three times by the
clinic for respective follow-up examination.

Description of the suture material

Novel unidirectional mid-term absorbable suture—Sym-
mcora® Mid-term (Experimental novel suture group-
SBS-group) The barbed suture material investigated in
the current study is named Symmcora® Mid-term and is
manufactured by B.Braun Surgical SA, 08191 Rubi, Bar-
celona, Spain. It is a sterile synthetic, mid-term absorb-
able monofilament symmetric anchoring device made
from a copolymer of 72% glycolide, 14% e-caprolactone
and 14% trimethylene carbonate, comprising an elon-
gated main body (core) with anchoring elements that
provide a knotless wound closure capacity to the device,
intended for secure fixation in tissue without using knots.
In the current study, the barbed suture material is used
in its unidirectional configuration. Here, a single group

Page 6 of 14

of anchors is placed along the elongated body being the
wound closure device provided with a locking system at
the distal end, opposite to the longitudinal direction the
anchors point to, see Fig. 3. The diameter refers to un-
barbed section length near the needle attachment area.
The diameter in the needle-attachment zone of size, is
equivalent to the diameter of size ,, having the same
USP designation.

Biocompatibility tests have shown that the unidi-
rectional barbed suture is non-cytotoxic, non-muta-
genic, non-genotoxic, non-toxic, non-pyrogenic,
non-irritating, non-sensitizing and biocompatible.
The suture tensile strength is 87% after 7 days and
51-57% after 14 days. Mass absorption of the device is
essentially complete after approximately 90-120 days
post-implantation.

Application Symmcora® mid unidirectional configu-
ration is inserted in intact tissue directly above the apex
in a direction away from the incision. In order to sub-
sequently lock the locking system, it is recommended
to insert it obliquely to the incision line. The device
must be pulled through the tissue until resistance from
the locking system is encountered. The locking system
must be placed plane and visible above the tissue. To
lock the locking system position, the first stitch must be
passed above it. The device is then advanced to the other
extreme of the incision according to a continuous suture
pattern, taking apposing bites on either side of the wound
in a standard fashion. To achieve the desired approxima-
tion and tension, the device is gently pulled on with each
tissue passage.

After the placement is completed, either two passes in
reverse direction across the incision or two additional
bites of tissue lateral to the end of the incision are taken
to lock the device in place. Finally, the device is cut flush
with the surface of the tissue and care is taken to retain
enough self-anchoring lengths to complete the device
placement.

Size n+2

Fig. 3 Schematic drawing of the unidirectional configuration
of the barbed thread Symmcora® Mid-term, (Source: B.Braun Surgical
SA, Rubi, Barcelona, Spain)
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Unidirectional mid-term barbed suture—V-Loc." 90
(Control competitor suture group- VBS-group) The con-
trol suture material is V-Loc'~ 90 Absorbable Wound
Closure Device manufactured by Medtronic, New
Haven, CT, USA. [http://www.medtronic.com/covidien/
products/wound-closure/barbed-sutures]. The absorb-
able wound closure device consists of a barbed absorb-
able thread armed with a surgical needle at one end and
a loop end effector at the other. The barb and loop end
effector design enable tissue approximation without the
need to tie surgical knots. The sterile device is prepared
from a synthetic copolymer composed of glycolide, diax-
anone and trimethylene carbonate. The suture material
presents dual-angle cut barbs which are distributed in a
circumferential manner on the surface of the thread. USP
designations for diameter are applicable to the absorbable
wound closure device material prior to barbing. After the
creation of barbs, the absorbable wound closure device is
identified as one size smaller than the non-barbed suture.
This modification reduces the tensile strength of the
suture similar to the effect of knot tying in non-barbed
suture. Therefore, the straight pull tensile strength of the
V-Loc " 90 absorbable wound closure device is compara-
ble to the USP knot pull strength for non-barbed suture
of the equivalent size. Absorption of the device begins as
a loss of tensile strength without appreciable loss of mass.
After 7 days, the device has a 90% tensile strength and of
75% after 14 days. Animal data indicate that the absorp-
tion is essentially complete after 90 to 110 days. Progres-
sive loss of tensile strength and absorption of the device
occurs by means of hydrolysis, in which the device is bro-
ken down to glycolic acid, dioxanoic acid, propane diol
and carbon dioxide which are subsequently absorbed and
metabolized by the body.

Application To begin a continuous suture pattern,
opposite bites on either side of the wound are taken in
standard fashion. The V-Loc " 90 absorbable wound clo-
sure device is anchored by passing the needle end of the
suture through the pre-formed loop end effector. Gentle
traction on the suture anchors the suture and approxi-
mates the wound edges. Approximation of the tissue is
done by using a continuous pattern taking care to over-
tighten the suture line while trailing. To end the suture
line for deep tissues, 2 additional bites are taken beyond
the terminal commissure to anchor the line. While apply-
ing gentle traction on the free end of the suture, the latter
is cut flush with the surface of the tissue.

V-Loc ™ suture barbed suture material was selected
as a comparator in the current study, because most of
the published RCTs comparing barbed sutures versus
conventional suture material have used V-Loc " as a
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comparator for vaginal cuff closure after TLH and there-
fore a lot of clinical data are available for comparison of
our clinical outcome.

Description of process, interventions and comparison,
outcomes

Process

An initiation visit was performed by the project man-
agement in each hospital before the start of the study to
inform and instruct the medical staff involved on study-
specific formulars and modalities. Reporting of the col-
lected data is performed by the gynaecologist and nurses
firstly on paper-based CRF and when transferred in a
web-based eCRF owned by the Sponsor. To verify adher-
ence to the study protocol and to perform source data
verification, the entered data are checked on a regular
basis by a research monitor. Any protocol violation will
be clearly described and reported. To strength protocol
adherence regarding the follow-up examinations, each
patient receives a written appointment for the 6—8 weeks
and 6 months follow-up visits by the study personnel on
the day of discharge. For standardisation of the suture
groups, suture material from the same batch was ordered
and included in the opaque randomisation envelopes.

Allocation and randomisation

A computer-generated randomisation list distributing
both suture groups in a 3 SBS:1 VBS ratio using differ-
ent random block lengths unavailable for the clinic was
prepared by the statistician of the Sponsor. To ensure
concealment, the block size will not be disclosed. The
randomisation list is kept and sealed at the Sponsor site.
Therefore, the clinical staff has no influence on the ran-
domisation result. A stratification is done by the centre to
reduce centre-specific effects. For randomization, opaque
sealed randomisation envelopes containing the informa-
tion of the random allocation of the device, a randomi-
zation fax form as well as the respective suture material
SBS or VBS in appropriate numbers, were prepared by
the Sponsor and provided to the participating clinics
in sufficient quantity. The randomisation envelopes are
stored in the principal investigator office and individually
transferred to the operation room for each surgery by the
responsible surgeon/gynaecologist. Assignment will be
performed in a chronological manner by the gynaecolo-
gist, in line with a consecutive random number placed
outside on the envelope. Randomisation of the patient
will take place intraoperatively. Briefly after the removal
of the uterus, the nurse will open the envelope and men-
tion the randomisation result to the operating team. To
inform the Sponsor on time regarding the successful ran-
domisation of a patient, a randomisation fax including
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the result of the randomisation is sent by the clinic to the
Sponsor after each surgery.

Blinding

To guarantee unbiased assessment of the primary end-
point and a valid assessment of the postoperative out-
come judge by the patients, subjects and the data analyst
will be blinded. The surgeons/gynaecologist cannot be
blinded because the suture type can be differentiated by
its configuration, and the surgeon must be aware of the
suture material to perform the vaginal cuff closure. As
far as the data base is closed and the analysis population
has been determined, the statistician will be unblinded.
Unblinding of the patient is not planned during the study,
but can be performed in case of serious adverse events
or an emergency that necessitates the knowledge of the
suture group. Unblinded patients will stay in the study
and analysed as planned. If the number of unblinded
patients is too high, maybe a subgroup analysis has to be
performed to compare blinded and unblinded subjects.

Intervention description

Total laparoscopic hysterectomy will be carried out as
usual and according to the hospitals’ standards. The
vaginal cuff closure will be performed in the study par-
ticipants using randomly either Symmcora® Mid-term or
V-Loc ™ 90 in a 3:1 ratio. Both selected suture materials
are approved and CE-marked. In addition, both devices
are applied in their intended use.

Experimental novel suture group: Symmcora® Mid-term
barbed suture (SBS) In the experimental novel suture
group (SBS—group), one barbed thread of USP (2/0),
either 15 cm or 30 cm, violet connected with a HR26 mm
needle will be used to close the vaginal cuff. The appli-
cation method is described under “Description of the
suture material.

Control competitor suture group: V-Loc."' 90 barbed
suture (VBS) To perform the vaginal cuff closure in the
control competitor suture group (VBS—group), a single
thread of USP 2/0, 23 c¢m, violet combined with a GS-22
taper needle is used. Details regarding the application
method can be found under “Description of the suture
material”.

Intraoperative documentation includes the initials and
position of the surgeon, the randomisation result (SBS
or VBS) and the modalities of the surgery: only hyster-
ectomy, hysterectomy with lymphadenectomy, hys-
terectomy with salpingectomy (unilateral or bilateral),
hysterectomy with oophorectomy (unilateral or bilateral).
In addition, the following parameters are also mandatory,

Page 8 of 14

and recorded and measured in all randomised patients
during surgery:

— total operation time

— suturing time to perform the vaginal cuff closure

— number of suture stitches

— length of the remaining suture material

— length of the vaginal cuff incision

— single layer or double layer closure of the vaginal cuff
tissue

— weight of the uterus

— presence of intra-abdominal adhesions

— classification of the tumour (only applicable for
tumour patients)

— handling properties of the applied suture type

— estimated blood loss

— intraoperative blood transfusion

— antibiotic prophylaxis

— device malfunction

— adverse events

Patients will be prematurely discontinued from the
study if the decision is made intraoperatively by the sur-
geon to convert from laparoscopic setting to open. In
that case, the randomisation envelope will not be opened
and the indicated suture material will not be applied.

Outcomes

Data will be collected preoperatively (baseline charac-
teristics, eligibility), intraoperatively, on the day of dis-
charge, 6-8 weeks and 6 months after surgery. Figure 2
lists the primary and secondary outcomes depending on
the time schedule.

Primary endpoint The primary objective of the study
is the time needed to perform the vaginal cuff closure in
minutes after laparoscopic TLH using a stop watch. The
time starts when the needle passes the tissue the first
time and ends after completion of the wound closure
(cutting the needle from the thread).

Secondary outcomes The following safety parameters
will be raised until the end of the study and reported as
adverse events:

— Vaginal cuff infection

— Vaginal cuff dehiscence (defined as a visually con-
firmed partial or complete opening of the vaginal
stump with or without visceral organ herniation)

— Vaginal cuff granulation formation

— Pelvic abscess formation

— Fever>38°C within 48 h
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— Hematoma

— Vaginal spotting (defined as bloody vaginal discharge
that did not require extraordinary procedures or
medication and disappeared spontaneously. (Days
of postoperative bleeding, number of pads/tampons
used)

— Vaginal bleeding (defined as postoperative vaginal
stump bleeding that required additional stump suture
to stop bleeding. (Days of postoperative bleeding,
number of pads/tampons used)

— Urinary tract infection

— Bladder injury

— Ureter injury

— Bowel obstruction

— Ileus

— Cystitis

— DPelvic adhesions

Documentation of intra-operative suture issues will be
also performed and reported as adverse device events:

— Suture rupture

— Needle bending

— Disconnection between the needle and the thread

— Disconnection between the anchor and the residual
barbed suture

— Any suture-related complication

Furthermore, the length of hospital stay, duration of
surgery, patient satisfaction, costs, pain, quality of life
and suture handling properties will be compared in both
suture groups. Duration of hospital stay is defined as the
period from day of surgery until day of discharge. Eval-
uation of costs includes the cost of the suture material,
cost per operation minute, number of threads and the
cost per hospital day. The Visual Analogue Scale (VAS) is
a numeric scale ranging from 0 (low) to 100 (high) used
for pain assessment performed by the patient. In addi-
tion, patients will judge their satisfaction using a numeric
scale ranging from 0 (not satisfied) to 100 (highly satis-
fied). Analysis of quality of life will be performed using
the EQ5D5L questionnaire, which is a standard to meas-
ure the health status developed by the EuroQoL Group
to provide a simple, generic measure of health for clini-
cal and economic appraisal [58]. The questionnaire con-
sists of a descriptive system comprising 5 dimensions
(mobility, self-care, usual activities, pain or discomfort,
anxiety or depression) and the EQ Visual Analogue Scale
(EQ-VAS). Each dimension has five levels: no prob-
lem, slight problems, moderate problems, severe prob-
lems, and extreme problems. Using the EQ-VAS, each
patient records her healthy status ranging from O (the
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worst health you can imagine) to 100 (best health you
can imagine). The EQ5D5L is used in the German and
Spanish language and a license has been obtained by the
Sponsor from EuroQol-Group.

Furthermore, the Female Sexual Function Index (FSFI),
which is a simple, objective, valid, reliable and standard-
ised self-assessment tool to analyse and report the out-
come of female sexual function within the last 4 weeks
is filled out by the patients [59, 60]. The FSFI is a ques-
tionnaire which consists of 6 domains (desire, arousal,
lubrication, orgasm, satisfaction, pain) including in total
19 items/questions. Except for 4 items, all other items
can be scored with a 0-5-point Likert scale, the other
four items with a 1-5-point Likert scale. Higher scores
indicate greater levels of sexual functioning of the respec-
tive item/domain. The sum of each domain score is mul-
tiplied by a certain domain factor ratio (0.6 desire, 0.3
arousal, 0.3 lubrication, 0.4 orgasm, 0.4 satisfaction, 0.4
pain) and summed up to a total score, whereby the total
score can range from a minimum of 2.0 to a maximum of
36. The FSFI is used in the Spanish and German version
and a license for usage has been ordered by the Sponsor
[61, 62].

The handling of the suture material will be assessed by
the participating gynaecologist after each surgery using
a questionnaire including different categories with 5
evaluation levels (strongly agree, agree, neither, disagree,
strongly disagree) and the outcome for both suture types
(SBS vs VBS) will be compared.

Data management / safety data monitoring board / audit
Patient baseline data and outcome variables will be col-
lected by the local investigators from the patient file
and entered in an eCRF provided by the Sponsor. The
EQ5D5L and FSFI self-assessment questionnaire will be
filled out by the patients themselves and the reported
data will be transferred from paper to the eCRF platform
by the clinical personnel. The eCRF is only accessible for
the local investigator and password protected. Data will
be checked for completeness, correctness, plausibility
and consistency by validated programs.

Patient data will be handled confidentially and sub-
jected to the Data Protection Law (EU GDPR). The
informed consent form and the questionnaires contain-
ing personal data will be stored safely in a file placed in
the principal investigator office during the study, which is
protected against unauthorised access to keep the confi-
dentiality of the data. The collected data will be securely
stored for 15 years after study completion.

Since the study analyses two approved suture materi-
als applied in their intended use and neither invasive
nor additional burdensome measures are performed, a
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Data Safety Monitoring Board is not established and an
interim analysis will not be conducted before study com-
pletion. Audits are also not planned, because the study is
performed in routine clinical settings.

Monitoring

On-site monitoring visits will be performed regularly
as defined in the monitoring plan and dependent on
the number of included patients per clinic by a quali-
fied authorised representative of the Sponsor to ensure
study protocol adherence and data accuracy, to perform
source data verification, to protect patient rights, to assist
the investigator in study-related activities and to assess
the performance of the participating sites. Therefore,
the centres allow and provide the monitor with access
to source data and documents. For these patients, an
informed consent will also be obtained. In the case of
missing data and inconsistencies, these will be clarified
with the responsible investigator. After each monitoring
visit, a monitoring report will be created by the monitor
to summarise the documents reviewed, discrepancies,
findings, deviations and action taken or recommended.

Adverse events reporting

The Principal Investigator of each clinic will collect all
adverse events (AE), serious adverse events (SAE), and
device deficiencies (DD) occurring during the study
and will report them within 24—48 h to the Sponsor
by using the AE/SAE/DD form which is integrated in
the eCRF form. In addition, for each event seriousness,
intensity, expectedness (expected/unexpected), causal
relationship with the device or with the surgical pro-
cedure have to be assessed and recorded, including the
measure taken as well as the outcome of each event.
All serious adverse events with a suspected or proven
causal relationship with the experimental suture mate-
rial will be reported to the product complaint manage-
ment of the Sponsor according to the vigilance process.
All serious adverse events occurring with a causal rela-
tionship to the competitor product will be reported
by the clinic to the manufacturer as complaints. All
events occurring until the patient’s 6-month follow-up

Hypothesis 1
N (SBS-group) = 16 patients

Fig. 4 Hierachical hypothesis testing order within BARHYSTER study
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examination will be reported and ongoing events will
be followed up until 28 days following the patient’s last
visit.

All complications appearing during the study will be
treated according to the clinic’s treatment protocol.

Statistical analysis and sample size calculation

Sample size calculation

The sample size calculation is based on an efficacy
endpoint “time to perform the vaginal cuff closure” to
demonstrate superiority of the novel unidirectional
mid-term absorbable barbed suture (SBS) compared
to a historical conventional control from the literature
as well as the superiority of the novel unidirectional
mid-term absorbable barbed suture (SBS) compared
to a competitor unidirectional barbed suture (VBS).
Therefore, the primary analysis consists of testing a
two-step hierarchical hypothesis system, which allows
for an ordered test procedure without inflating the type
1 error [63]. The step two of the procedure only takes
place when step one succeeds rejecting the null hypoth-
esis (one-sided p <0.025), see Fig. 4.

Several studies have been published investigating
barbed suture materials versus conventional suture
materials for vaginal cuff closure after hysterectomy. The
weighted group means and the weighted pooled stand-
ard deviations were calculated based on the results of
the sub-set of three studies providing suturing times for
vaginal cuff closure using a unidirectional barbed suture
versus a conventional suture material [30, 53, 64]. The
calculation showed a mean weighted closure time of
13.9+6.3 min for the conventional suture material and
this value was used for historical comparison. Further-
more, a mean weighted closure time of 11.8 min was
calculated for the unidirectional barbed suture material
based on these three studies. For the novel unidirec-
tional barbed suture material (SBS), we expected a faster
closure time of 9 min because of the different anchoring
configuration compared to the control competitor unidi-
rectional barbed suture material (VBS).

Hypothesis 2

— _—’ N (SBS-group) = 99 patients >
N (VBS-group) = 33 patients
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1. Hierarchical hypothesis 1: Comparison to historical
literature data

Considering 9 minutes in the experimental novel
unidirectional barbed group (SBS) for vaginal cuff
closure compared to 13.9 minutes for the histori-
cal conventional control group from the literature,
a sample size of 16 patients will have 80% power to
reject the hypothesis described below, assuming that
the standard deviation is 6.3 minutes, using an one-
sided one sample t-test with a 0.025 one-sided signif-
icance level.

HO: u > p0

 (experimental novel barbed suture group (SBS)
mean), p0 (historical conventional suture control
group from the literature)

2. Hierarchical hypothesis 2: Randomised controlled
comparison SBS vs. VBS
The second hypothesis of the study is to show that the
experimental novel mid-term unidirectional suture
(SBS) is superior compared to the control competi-
tor unidirectional mid-term absorbable suture (VBS)
regarding the time to close the vaginal cuff.
HO: p1> p2
ul (experimental novel unidirectional barbed suture
group (SBS) mean), p2 (control competitor unidirec-
tional barbed group (VBS) mean)
A sample size of 132 patients will have 80%power to
prove the difference between the experimental novel
barbed suture group (SBS, pl= 9 min.) and VBS
group (control competitor barbed suture group, pu2=
11.8 min.) assuming respective standard deviations of
4.45 min. and 5 min., using a two-group t-test with
a 0.05 two-sided significance level. The Satterthwaite
method will be used for the test.

Hierarchical hypotheses testing order (figure 4) If
hypothesis 1 fails, hypothesis 2 is also considered failed.
If hypothesis 1 is proven, hypothesis 2 will also be tested
to full two-sided level of 5% without inflating the type 1
error rate.

The sample size of the experimental novel barbed
suture group (SBS) including a total of 99 patients is
sufficient for testing hypothesis 1 (=16 patients) and
hypothesis 2.

No adjustment for drop-outs is made because the pri-
mary endpoint will be measured intra-operatively and
intra-operative drop-outs will be replaced to achieve the
sample size.
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For sample size calculation, SAS Viya, software version
4.00, SAS Institute Inc., Cary NC, USA, was used.

Statistical methods and analysis

Secondary variables will be analysed using standard
procedures as appropriate. For identification of relevant
influencing factors and parameters of primary and sec-
ondary variables, multivariate regression models may
be used where appropriate. Depending on the outcome
variable, linear or logistic models may be implemented.
In these models, patient age, sex, BMI and the respective
baseline value will be used as covariates to adjust for.

For data analysis, the intention-to-treat-principle will
be applied. To graphically present the eligibility, alloca-
tion and follow-up process of the subjects, a CONSORT
flow chart will be provided. Baseline and demographic
data will be shown as min., max., median, means with
standard deviation, or absolute and relative frequencies
as appropriate. The test regarding the primary variable is
considered confirmatory, all other tests are explanatory
and secondary variables will be analysed descriptively.
For binary data, a Chi-Square test will be performed; for
non-parametric data, a U test according to Wilcoxon-
Mann—Whitney or to Kruskal-Wallis and a t-test or
One-Way-ANOVA for metric data, if a normal distribu-
tion is assumed.

Missing data will be analysed as such and will not be
replaced by estimates. All eligible patients who obtained
the intended study treatment will be included in the anal-
ysis. Patients violating the inclusion or/and exclusion cri-
teria will be dropped out from the study and deviations
from the study protocol and judged as protocol violation.
The safety analysis is performed according to the as-
treated principle.

The analysis will be performed after the completion
of the 6-month follow-up. An interim analysis is not
planned.

Disseminations plan

The outcome of the study will be published in a peer-
reviewed international journal and the results will be also
presented in international and national conferences.

Discussion

In recent years, the number of minimal invasive hyster-
ectomies, especially robotic-assisted procedures, have
increased [5, 6]. To ensure a secure and efficient clinical
outcome, new surgical techniques and devices have been
developed. During minimal invasive surgery, the most
time-consuming and challenging step is the intracorpor-
eal suturing and knotting [14, 15]. The usage of barbed
sutures facilitates and simplifies suturing, avoids knot-
ting, equally distributes the tension along the suturing
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line, leads to a secure tissue approximation and prevents
suture slipping [8, 14, 15, 17, 18]. It has been shown that
barbed sutures are safe and well-tolerated by the patients
[65]. Furthermore, this type of suture material short-
ens the time for vaginal cuff closure leading to less costs
compared to conventional suture material without an
increase of the complication rates [8, 65]. An easy han-
dling as well as a short learning curve have been also
described for barbed sutures [7, 19, 30, 65].

Bowel obstructions which have been observed in the
initial period of barbed suture application can be omitted
by cutting the barbed thread flush to the tissue [49-53].

Therefore, barbed sutures are an innovative and effi-
cient alternative to conventional suture materials, but
due to their higher manufacturing costs they are more
expensive than traditional suture materials. In addition,
surgeons need training courses to adapt their skills to the
handling of this innovative suture material, but the learn-
ing curve is fast.

Currently, the following unidirectional absorbable
barbed sutures are commercially available which dif-
fer in their configuration [66]. Unidirectional V-Loc "
(Medtronic, New Haven, CT, USA) has a loop at one
end of the suture material which is used to fix the suture
material in the tissue by passing the needle through the
loop, and along the thread there are unique dual angle
cut barbs in a circumferential fashion that anchor the
suture to the tissue [67]. Stratafix", (Johnson & Johnson,
New Brunswick, NJ, USA) is available in two variations,
in a symmetrical and a spiral design. The spiral version
has a helical distribution of single-angle cut barbs along
the suture material and an anchor at one end, which is
used to fix the suture material to the tissue. The sym-
metrical version has mirror image barbs on both sides of
the suture axis and is also combined with an anchor on
one side [68]. Compared to the V-Loc" suture material,
it was described that the barbs of Stratafix " are manufac-
tured with a higher cut angle and with a deeper cut depth
[66]. The barbs of unidirectional Quill™ SRS (Corza Med-
ical, Westwood, MA, USA) are arranged in a spiral fash-
ion along the suture and an adjustable loop design allows
for an easy needle placement [69].

The novel barbed suture named Symmcora® manu-
factured by B. Braun Surgical SA, Spain, which is not
yet available on the market, has in its unidirectional
design an anchor at one side to fix the thread in the tis-
sue and the barbs are arranged in a symmetrical manner
along the thread to anchor the suture to the tissue and to
approximate the wound.

The current BARHYSTER study will:

— analyse a novel unidirectional mid-term absorbable
barbed suture material in gynaecological surgery.
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— provide clinical evidence on level 1b due to its high-
quality study design.

— compare for the first time the clinical outcome of two
unidirectional mid-term absorbable barbed sutures,
which differ in their design (loop versus anchor, spi-
ral versus symmetrical barbs distribution along the
thread), for vaginal cuft closure after laparoscopic
hysterectomy.
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