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Abstract

Purpose Post-surgical adhesions remain a significant

concern following abdominopelvic surgery. This study was

to assess safety, manageability and explore preliminary

efficacy of applying a degradable hydrogel adhesion barrier

to areas of surgical trauma following gynecologic laparo-

scopic abdominopelvic surgery.

Methods This first-in-human, prospective, randomized,

multicenter, subject- and reviewer-blinded clinical study

was conducted in 78 premenopausal women (18–46 years)

wishing to maintain fertility and undergoing gynecologic

laparoscopic abdominopelvic surgery with planned clini-

cally indicated second-look laparoscopy (SLL) at

4–12 weeks. The first two patients of each surgeon

received hydrogel, up to 30 mL sprayed over all sites of

surgical trauma, and were assessed for safety and appli-

cation only (n = 12). Subsequent subjects (n = 66) were

randomized 1:1 to receive either hydrogel (Treatment,

n = 35) or not (Control, n = 31); 63 completed the SLL.

Results No adverse event was assessed as serious, or

possibly device related. None was severe or fatal. Adverse

events were reported for 17 treated subjects (17/47, 36.2%)

and 13 Controls (13/31, 41.9%). For 95.7% of treated

subjects, surgeons found the device ‘‘easy’’ or ‘‘very easy’’

to use; in 54.5%, some residual material was evident at

SLL. For 63 randomized subjects who completed the SLL,

adjusted between-group difference in the change from

baseline adhesion score demonstrated a 41.4% reduction

for Treatment compared with Controls (p = 0.017), with a

49.5% reduction (p = 0.008) among myomectomy sub-

jects (n = 34).

Conclusion Spray application of a degradable hydrogel

adhesion barrier during gynecologic laparoscopic abdomi-

nopelvic surgery was performed easily and safely, without

evidence of clinically significant adverse outcomes. Data

suggest the hydrogel was effective in reducing postopera-

tive adhesion development, particularly following

myomectomy.
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Introduction

Postoperative adhesions represent a major health care

burden. They are the most frequent complication of

abdominopelvic surgery, and the cause of significant

patient morbidity including small bowel obstruction,

infertility, chronic abdominal pain, and prolonged and

complicated subsequent surgeries [1–4]. Gynecological

abdominopelvic surgeries, including uterine myomectomy,

ovarian cystectomy, lysis of adhesions and treatment of

endometriosis, are particularly adhesiogenic [3, 5, 6].

While there have been considerable advances in surgical

techniques including minimally invasive surgery, the risk

of adhesions and related complications remains high, and

for most therapeutic gynecological laparoscopic proce-

dures, the comparative risk is similar to gynecological

laparotomy [5] with approximately 20–40% of all infer-

tility resulting from adhesions that involve the Fallopian

tubes and ovaries [7–10].

In women wanting to preserve fertility, invasive proce-

dures of this nature may not only severely impact fecun-

dity, but they also put the patient at risk of other adhesion-

related complications, including complications during any

future abdominopelvic surgery [11–14]. Patients undergo-

ing removal of a posterior fibroid are at great risk of

adhesion formation, with high rates of adhesion formation

to the posterior uterus, rectosigmoid and adnexa [15–20].

Because of the high risk of adhesions and the negative

impact they have on clinical outcomes, many gynecologi-

cal surgeons will recommend a second-look laparoscopy

(SLL) a short time following the initial surgery, particu-

larly in patients undergoing fertility-related surgery. This

intervention provides the patient the opportunity to have a

surgeon assess and potentially treat de novo and reformed

adhesions or indeed other pathology resulting from the

prior surgical procedure. It also allows the surgeon to

assess the possibility of the patient conceiving without

assistance and carrying an infant to full term [6, 21, 22].

Lysis of adhesions at an early stage in their formation is

easier as they are more likely to be filmy and avascular, and

it appears more successful than if undertaken later [23–25].

This may improve clinical outcomes, improve fertility

[21, 26–28] and reduce other adhesion-related complica-

tions including the long-term risk of SBO and future re-

operative complications. In women with endometriosis

treated during surgery, a second-look procedure allows

evaluation and treatment of any early recurrence as part of

a protocol maximizing both cure rate and pregnancy out-

comes [29]. A second-look laparoscopy following a

myomectomy also allows the surgeon to examine the

integrity of the uterine scar, in order to counsel the patient

regarding attempting pregnancy [22, 30–32]. In subjects

with extensive adhesion development, the subject may be

advised to go directly to in vitro fertilization, adoption or

surrogacy.

The risk versus benefit of a second-look laparoscopy is

known. Adhesiolysis surgery in young, healthy women

wishing to retain their fertility is beneficial, but economi-

cally many health and or insurers systems do not reimburse

early second-look laparoscopy [28]. Undertaking a second-

look laparoscopy within the study protocol in subjects

where it is considered of clinical benefit, not only enables

close evaluation of the abdominopelvic cavity, but also

provides the opportunity for assessment of the potential

therapeutic value of the study investigational device.

The development of post-surgical adhesions is multi-

factorial. History of previous surgeries, length of surgery,

blood loss, suturing, surgical technique, length and location

of uterine incision, and the size, number and location of

myomas have all been shown to contribute to adhesion

development following myomectomy [16, 17, 19, 30, 33].

Over the past 10 years, gynecological experts have col-

laborated to produce proposals for national and interna-

tional guidance on adhesions and to assess the risk of

adhesions [1, 2, 20, 33–39]. As part of a comprehensive

adhesion reduction strategy using the basic tenets of

microsurgery, all recommend consideration of anti-adhe-

sion agents/barriers particularly in surgical procedures at

high risk for adhesion development.

ActamaxTM Adhesion Barrier (Actamax Surgical

Materials LLC, Wilmington, DE) is a new investigational

adhesion barrier device that is formed by mixing two

aqueous solutions, dextran aldehyde and polyethylene

glycol amine polymers, one of which contains a blue col-

orant. When sprayed together, the components form a thin,

formed-in-place, tissue-adherent degradable hydrogel that

directly overlies surgically traumatized tissue. This tem-

porary hydrogel barrier allows damaged and apposing tis-

sue surfaces the opportunity to heal without becoming

abnormally attached during the immediate postoperative

peritoneal healing period (3–5 days) [2, 40] when adhe-

sions are most likely to form.

This first-in-human feasibility study was conducted

primarily to assess the safety and manageability of the

hydrogel adhesion barrier (‘‘hydrogel’’) and its application

in a clinical setting. It was conducted in women wishing to

retain their fertility, who were undergoing gynecologic

laparoscopic surgery—including treatment of uterine

fibroids, ovarian cysts, endometriosis and adhesions—fol-

lowed by a clinically indicated SLL. Undertaking an SLL

enables close evaluation of safety within the abdomino-

pelvic cavity and provides the opportunity for assessment

of the potential therapeutic value of the investigational

device to be used in planning future studies [33]. From the
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patient’s perspective, the SLL serves as a valuable tool for

their surgeon to formulate a likely prognosis on natural

conception or need for assisted reproduction, as well as to

lyse adhesions and treat recurring pathology at an early

stage following the initial surgery [21, 22, 26, 28, 29].

Materials and methods

Trial design

This was a first-in-human, prospective, randomized (1:1),

multicenter, controlled (surgery only), subject- and

reviewer-blinded study. It was conducted between

November 2013 and June 2014.

Participants

Premenopausal women, aged 18–46 years, who wished to

maintain their fertility and were undergoing gynecologic

laparoscopic abdominopelvic surgery, with a planned

clinically indicated SLL at 4–12 weeks (16-week upper

limit), were eligible to be enrolled. Subjects who met all

selection criteria were assigned intraoperatively to 1 of 2

substudies (myomectomy or other gynecologic pathology),

and 1 of 2 arms of the myomectomy substudy (pure or

hybrid), based on the major component of their surgery. All

subjects provided written informed consent prior to

undergoing any protocol-related procedures.

Setting and ethical conduct

This study was conducted at centers in Germany (3) and

Greece (1); all were tertiary referral centers for complex

gynecologic laparoscopy. A total of 6 operating surgeons

participated. The study, which was approved by the Inde-

pendent Ethics Committees and relevant national regula-

tory authorities of each investigational site, was registered

with ClinicalTrials.gov (NCT02260115).

Procedures

The first two ‘‘initial usage’’ patients of each operating

surgeon were assigned to receive hydrogel following their

surgery and were assessed for its application and safety

only. Subsequent patients underwent randomization once

their primary surgery was complete and eligibility con-

firmed, including that an SLL was clinically indicated,

before removal of the laparoscope. Subjects within each

substudy and arm were randomized 1:1 to receive either

hydrogel, up to 30 mL sprayed over all sites of surgical

trauma (Treatment) or surgery only (Control). Follow-up

assessments were conducted at hospital discharge, at

12–16 days, and at the SLL (or at 30–60 days if no SLL

was undertaken). In cases where no SLL was performed,

subjects were assessed for safety only. Both the primary

surgery and SLL were video-recorded to allow for evalu-

ation of hydrogel application and a separate blinded

reviewer evaluation of adhesions and other pathologies

throughout the abdominopelvic cavity.

Interventions

For initial usage subjects and those randomized to Treat-

ment, up to 30 mL of hydrogel (Actamax Surgical Mate-

rials LLC, Wilmington, DE) was applied laparoscopically

to areas of the pelvis undergoing direct surgical trauma.

For those in the myomectomy substudy, hydrogel was to be

sprayed over the entire surface of the uterus and other areas

of surgical trauma. All sites of surgical trauma were to be

completely covered, allowing a margin of at least 3 cm

around the traumatized site. The hydrogel was applied

using a dual cannula CO2 gas-assisted endoscopic 5-mm

applicator which mixed the two prefilled 5-mL syringes:

one filled with an aqueous polymer solution of dextran

aldehyde and FD&C Blue #1 (blue in color); the other

filled with an aqueous polymer solution of two poly-

ethylene glycol amines (clear in color). The syringe set,

which was attached to a laparoscopic spray applicator and

pressure regulator, was designed for use with the operating

room carbon dioxide source. Subjects randomized to the

Control underwent the primary gynecologic laparoscopic

surgery without any further protocol-specified intervention.

Outcomes

The primary study outcomes were safety related. These

included the incidence of adverse events, and any abnormal

vital signs or laboratory measures considered clinically

significant by the operating surgeon. Secondary safety

outcomes included surgeon experience with hydrogel

application, presence of any residual material at SLL,

postoperative pain, duration of hospital stay, and port site

healing. Hydrogel application was assessed using a 5-point

scale ranging from 1 = ‘‘very difficult’’ to 5 = ‘‘very easy’’.

Operating surgeons rated their overall satisfaction, viewing

and handling of the device as well as various aspects of

functionality. Based on these ratings, a mean ease of use

score was also calculated. In the case of residual material,

the operating surgeon recorded the qualitative amount and

location of any material evident at the SLL. The blinded

reviewer noted whether the considered material was pre-

sent in the SLL videos and the study sponsor undertook an

unblinded review of these same videos to estimate the

volume of material based on comparisons with the known

dimensions of the laparoscopic instruments present in the
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video. Efficacy outcomes were considered secondary.

These included the formation of adhesions evident at the

SLL, at each of 16 pre-specified anatomical sites and 5

regions (Supplemental Online Table 1). Adhesions were

summarized by incidence, severity, extent and adhesion

score. Adhesion efficacy outcomes were based on the

change from baseline at SLL in the adhesion score, cal-

culated as the combined score of the severity and extent of

adhesions at that site or region.

Sample size

It was prospectively estimated that 75 enrolled subjects

were needed so that at least 60 subjects, randomized into

equal numbers to receive surgery with or without hydrogel,

underwent the SLL. Of the 75, it was expected that less

than 5% (approximately 3 subjects) would not complete the

study and that, with 6 operating surgeons, 12 subjects

would serve as initial usage subjects. For an adverse out-

come that occurs in 5% of treated subjects, this sample

ensured that there was[90% power to observe an event in

at least one of the 42 treated subjects (12 initial usage plus

30 randomized).

Randomization

Randomization was stratified by surgeon and by surgical

subgroup. Randomization was conducted in permuted

blocks of size two within each stratum, to ensure approx-

imate treatment balance within each surgeon/subgroup at

the end of the study. That is, for each surgeon, every two

consecutive randomized subjects within each subgroup

were allocated 1:1 between Treatment and Control. The

block size was intentionally small to accommodate the

small number of subjects recruited by each surgeon for this

first-in-human study. Allocations were obtained by tele-

phone to an interactive voice response system or via the

electronic case report form managed by the Robertson

Centre for Biostatistics, University of Glasgow, so that

allocations were concealed from study sites until the time

of randomization; clinical sites were not informed of the

permuted block size.

Blinding

Study subjects remained blinded to their treatment alloca-

tion beyond study completion. Of necessity, the operating

surgeon was not blinded. For all subjects who received

hydrogel, the application video segment from the primary

surgery was removed and sent to an evaluator assigned to

assess the quality of hydrogel application. Following the

SLL, copies of paired videos for the primary surgery (with

application section removed) and SLL were provided to the

blinded evaluator assigned to assess adhesions.

Statistical methods

Data were summarized for baseline characteristics, the

primary surgery including hydrogel application, and safety

and efficacy outcomes. Adverse event data were tabulated.

Categorical data were compared between randomized

groups using Fisher’s exact test; continuous data were

compared between randomized groups using the Wil-

coxon–Mann–Whitney test. For efficacy analyses, changes

in adhesion scores were compared between randomized

groups using linear regression models, adjusted for sub-

study and baseline adhesions scores, and reported as the

estimated treatment effect difference with a 95% confi-

dence interval and p value. Analyses were carried out using

R for Windows v3.0.0 and SAS for Windows v9.2.

Results

Participants

The flow of study subjects from initial screening to study

completion is illustrated in Fig. 1. A total of 80 patients

were screened for enrollment; two were screen failures.

The remaining 78 subjects formed the Safety Population.

Approximately half (41, 52.6%) were allocated to the

myomectomy substudy. The 63 randomized patients who

completed the SLL formed the Efficacy population (33

Treatment; 30 Control). In total, 74 subjects (74/78, 95%)

including 11 initial usage subjects, underwent the SLL and

completed the study; 4 enrolled subjects (5%) refused the

SLL and were included in the Safety Population.

Baseline characteristics

The 78 study subjects had a mean age of 33.6 years

(Supplemental Online Table 2); almost all (76/78, 97.4%)

were racially identified as ‘‘white.’’ Their mean weight

and BMI were 68.9 kg and 24.8 kg/m2, respectively.

Among randomized subjects, more Treatment subjects

were smokers (16/35, 45.7% vs. 5/31 Control, 16.1%);

fewer Treatment subjects had a history of treatment for

uterine fibroids (2/35, 5.7% vs. 7/31 Control, 22.6%).

Otherwise, differences between groups and substudies in

baseline characteristics were unremarkable. All baseline

vital signs were assessed as of no clinical concern, and no

baseline laboratory measure that was outside the normal

range was judged as clinically significant by the treating

surgeon.
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Primary gynecological laparoscopy record

The mean duration of the primary surgery was

90.8 ± 48.7 min (Table 1). Fifty-one subjects (51/78,

65.4%) underwent surgical removal of fibroids, with no

difference in the percentages of Treatment and Control

subjects undergoing this procedure (62.9% vs. 74.2%,

respectively, p = 0.429). For the 72 subjects (72/78,

92.3%) whose primary surgery videos underwent inde-

pendent review, 52 (52/72, 72.2%) had at least one

adhesion; the mean number of anatomical sites with

baseline adhesions was 3.1 ± 3.1. Despite randomization,

statistically significantly more subjects in the Treatment

group had baseline adhesions: 29/33, 87.9% vs. 18/30

Control, 60.0%, p = 0.019. Treatment subjects also had

more anatomical sites with baseline adhesions, and a

greater maximum severity, mean extent, and mean adhe-

sion score. Among substudies, differences between Treat-

ment and Controls were particularly marked in other

gynecologic pathology subjects.

Assessed for Eligibility
N=80

Analyzed for Safety
N=78

41 Myomectomy (15 Pure, 26 Hybrid)
37 Other Gynecologic Pathology

Initial Usage
N=12 

6 Myomectomy (1 Pure, 5 Hybrid)
6 Other Gynecologic Pathology

Randomized
N=66 

35 Myomectomy (14 Pure, 21 Hybrid)
31 Other Gynecologic Pathology

Allocated to Treatment
N=35

All received intervention as allocated 
19 Myomectomy (7 Pure, 12 Hybrid)

16 Other Gynecologic Pathology

Allocated to Control
N=31

All received intervention as allocated 
16 Myomectomy (7 Pure, 9 Hybrid)

15 Other Gynecologic Pathology

Completed SLL
N=33 

18 Myomectomy (6 Pure, 12 Hybrid)
15 Other Gynecologic Pathology

Completed SLL
N=11 

5 Myomectomy (1 Pure, 4 Hybrid)
6 Other Gynecologic Pathology

Completed SLL
N=30 

16 Myomectomy (7 Pure, 9 Hybrid)
14 Other Gynecologic Pathology

Subject refused the SLL
and was withdrawn

at their request 
N=2 

1 Myomectomy (1 Pure, 0 Hybrid)
1 Other Gynecologic Pathology

0 lost to follow-up
0 discontinued intervention

Subject refused the SLL
and was withdrawn

at their request 
N=1 

1 Myomectomy (0 Pure, 1 Hybrid)
0 Other Gynecologic Pathology

0 lost to follow-up
0 discontinued intervention

Subject withdrawn prior
to SLL due to

protocol violation 
N=1 

0 Myomectomy (0 Pure, 0 Hybrid)
1 Other Gynecologic Pathology

0 lost to follow-up
0 discontinued intervention

Analyzed for Efficacy
N=63 

34 Myomectomy (13 Pure, 21 Hybrid)
29 Other Gynecologic Pathology

A total of 15 subjects were excluded:
3 Randomized who did not complete

the SLL and the 12 Initial Usage

Excluded – i.e., screen failures
N=2

1 – surgical decision (bowel endometriosis)
1 – other (CRP outside the normal range)

Enrollment

Allocation

Follow-up

Efficacy Analysis

Fig. 1 CONSORT flow diagram
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Table 1 Primary surgery record—surgical procedures and summary of adhesions for the entire abdominal cavity

All (N = 78) Initial usage

(N = 12)

Randomized (N = 66)

Treatment

(N = 35)

Control

(N = 31)

p value

Surgical procedure/characteristic

Myomectomya, n (%) 51 (65.4%) 6 (50.0%) 22 (62.9%) 23 (74.2%) 0.429e

No. of fibroids removed, mean ± SD [min, max] 3.0 ± 2.1

[1, 10]

2.8 ± 1.9

[1, 6]

2.9 ± 2.0

[1, 8]

3.1 ± 2.3

[1, 10]

0.824f

Total wt. of fibroids (g), mean ± SD [min, max] 77.3 ± 69.2

[3, 300]

98.8 ± 103.0

[8, 300]

64.4 ± 56.8

[7, 226]

83.9 ± 71.0

[3, 232]

0.625f

Surgery for ovarian cysts, n (%) 14 (17.9%) 4 (33.3%) 7 (20.0%) 3 (9.7%) 0.314e

No. of cysts removed, mean ± SD [min, max] 1.3 ± 0.5

[1, 2]

1.5 ± 0.7

[1, 2]

1.4 ± 0.6

[1, 2]

1.0 ± 0.0

[1, 1]

0.324f

Adhesiolysis, n (%) 48 (61.5%) 4 (33.3%) 27 (77.1%) 17 (54.8%) 0.070e

Surgery for endometriosis, n (%) 40 (51.3%) 5 (41.7%) 17 (48.6%) 18 (58.1%) 0.469e

Diagnostic hysteroscopy, n (%) 45 (57.7%) 6 (50.0%) 21 (60.0%) 18 (58.1%) 1.000e

Other gynecologic procedure, n (%) 1 (1.3%) 1 (8.3%) 0 (0.0%) 0 (0.0%) 1.000e

Duration of surgery (min), mean ± SD [min, max] 90.8 ± 48.7

[16, 229]

91.1 ± 37.3

[35, 156]

91.7 ± 44.9

[43, 207]

89.8 ± 57.3

[16, 229]

0.537f

Adhesion parameter at initial surgery

Any adhesions present, n (% of those with C1 assessable site) 52/72 (72.2%) 5/9 (55.6%) 29/33 (87.9%) 18/30 (60.0%) 0.019e

No. of sites with adhesions, mean ± SD [min, max] 3.1 ± 3.1

[0, 11]

2.2 ± 2.7

[0, 7]

4.2 ± 3.4

[0, 11]

2.3 ± 2.6

[0, 10]

0.016f

Maximum severity scoreb, mean ± SD

All (N = 72)

Pure myomectomy (n = 14)

Hybrid myomectomy (n = 24)

Other gynecologic pathology (n = 34)

1.42 ± 1.06

0.36 ± 0.74

1.29 ± 0.91

1.94 ± 0.92

1.22 ± 1.20

–

0.67 ± 1.15

1.80 ± 1.10

1.82 ± 0.95

0.83 ± 0.98

1.58 ± 0.79

2.40 ± 0.63

1.03 ± 1.00

0.00 ± 0.00

1.11 ± 0.93

1.50 ± 0.94

0.003f

0.053f

0.284f

0.009f

Mean extent scorec, mean ± SD

All (N = 72)

Pure myomectomy (n = 14)

Hybrid myomectomy (n = 24)

Other gynecologic pathology (n = 34)

0.25 ± 0.32

0.03 ± 0.05

0.19 ± 0.26

0.38 ± 0.37

0.23 ± 0.34

–

0.04 ± 0.07

0.39 ± 0.39

0.32 ± 0.36

0.06 ± 0.07

0.19 ± 0.09

0.52 ± 0.44

0.18 ± 0.27

0.00 ± 0.00

0.25 ± 0.41

0.22 ± 0.20

0.020f

0.051f

0.446f

0.027f

Adhesion scored, mean ± SD

All (N = 72)

Pure myomectomy (n = 14)

Hybrid myomectomy (n = 24)

Other gynecologic pathology (n = 34)

1.67 ± 1.29

0.38 ± 0.80

1.48 ± 1.04

2.32 ± 1.19

1.45 ± 1.44

–

0.71 ± 1.23

2.19 ± 1.33

2.14 ± 1.19

0.90 ± 1.05

1.77 ± 0.82

2.92 ± 0.98

1.21 ± 1.19

0.00 ± 0.00

1.36 ± 1.19

1.72 ± 1.09

0.004f

0.053f

0.352f

0.006f

a Only 41 of the 51 subjects who underwent a myomectomy procedure during their primary surgery were assigned to the myomectomy substudy

based on myomectomy being the major component of that surgery
b Severity was assessed on 4-point scale: 0 = no adhesions; 1 = filmy/no vascularity; 2 = dense/vascular; 3 = cohesive (i.e., two surfaces

directly adhered with no clear bands)
c Extent was also assessed on a 4-point scale: 0 = none; 1 = B1/3 area of anatomical site; 2 = 1/3–2/3 area of anatomical site; 3 = C2/3 area

of anatomical site
d Adhesion score = maximum severity ? mean extent scores at all assessable sites
e Fisher’s exact test p values
f Wilcoxon–Mann–Whitney test p values
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Table 2 Adverse events

All (N = 78) Initial usage (N = 12) Randomized (N = 66)

Treatment (N = 35) Control (N = 31)

Number of patients who had an AE 30 (38.5%) 2 (16.7%) 15 (42.9%) 13 (41.9%)

Number of adverse events 43 2 24 17

Adverse device effect 0 0 0 0

Serious adverse event 0 0 0 0

Relationship with investigational device, n (%)a

Not related

Unlikely to be related

Possibly/probably related

37 (86.0%)

6 (14.0%)

0

2 (100%)

0

0

19 (79.2%)

5 (20.8%)

0

16 (94.1%)

1 (5.9%)

0

Relationship with study procedure, n (%)a

Not related

Unlikely to be related

Possibly/probably related

37 (86.0%)

6 (14.0%)

0

2 (100%)

0

0

19 (79.2%)

5 (20.8%)

0

16 (94.1%)

1 (5.9%)

0

Relationship with other device/agent used, n (%)a

Not related

Unlikely to be related

Possibly related

Probably/highly related

32 (74.4%)

6 (14.0%)

0

5 (11.6%)

2 (100%)

0

0

0

15 (62.5%)

5 (20.8%)

0

4 (16.7%)

15 (88.2%)

1 (5.9%)

0

1 (5.9%)

Severity, n (%)a

Mild

Moderate

Severe

28 (65.1%)

15 (34.9%)

0

1 (50%)

1 (50%)

0

15 (62.5%)

9 (37.5%)

0

12 (70.6%)

5 (29.4%)

0

Commonly occurring events (C5% of subjects) by system organ class and preferred termb

Infections and infestations

Influenza

Nasopharyngitis

Urinary tract infection

Viral infection

7 (9.0%)

2 (2.6%)

2 (2.6%)

2 (2.6%)

1 (1.3%)

0 4 (11.4%)

2

1

0

1

3 (9.7%)

0

1

2

0

Nervous system disorders

Dizziness

Headache

Paresthesia

6 (7.7%)

1 (1.3%)

4 (5.1%)

1 (1.3%)

0 3 (8.6%)

0

2

1

3 (9.7%)

1

2

0

Gastrointestinal disorders

Abdominal pain

Constipation

Vomiting

4 (5.1%)

2 (2.6%)

1 (1.3%)

1 (1.3%)

0 1 (2.9%)

1

0

0

3 (9.7%)

1

1

1

Immune system disorders

Drug hypersensitivity

Hypersensitivity

Seasonal allergy

4 (5.1%)

1 (1.3%)

2 (2.6%)

1 (1.3%)

0 2 (5.7%)

1

1

0

2 (6.5%)

0

1

1

Reproductive system and breast disorders

Dysmenorrhea ? metrorrhagia

Ovarian cyst

Uterine disorder

4 (5.1%)

1 (1.3%)

2 (2.6%)

1 (1.3%)

0 3 (8.6%)

1

1

1

1 (3.2%)

0

1

0
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Adverse events

Thirty subjects (30/78, 38.5%) experienced a total of 43

adverse events, including 2 events in 2 initial usage

subjects (2/12, 16.7%) (Table 2). The proportion of ran-

domized subjects who experienced at least one event was

no different between groups: 24 events were reported for

15 Treatment subjects (15/35, 42.9%); 17 events were

reported for 13 Controls (13/31, 41.9%). In total, 26

events were reported for 17 hydrogel-treated subjects (2/

12 initial usage ? 15/35 Treatment, 17/47, 36.2%). No

event was assessed as serious, or as possibly/probably

related to the investigational device or to any study pro-

cedures. None was fatal or assessed as severe. Five events

were deemed either highly probably or probably related to

another device or agent used: 1 case of metrorrhagia,

dysmenorrhea and abdominal pain, 1 of suture granuloma,

and 1 of phlebitis (all Treatment subjects); 2 cases of

hypersensitivity reaction to sutures (1 Treatment, 1 Con-

trol). The most common adverse events, occurring in 5%

or more of subjects (n = 4), were ‘‘infections and infes-

tations’’ reported for seven patients (Table 2). These

included influenza, nasopharyngitis, urinary tract infection

and viral infection. The second most common events were

‘‘nervous system disorders’’ reported for six patients,

which included headache, dizziness, and paresthesia.

There were no differences in the percentages of ran-

domized Treatment and Control subjects who experienced

events in either of these classes.

Vital signs and clinical laboratory measures

As at baseline, no vital sign measures at the SLL were

assessed as abnormal or of clinical concern. Most subjects

had at least one laboratory measurement outside the normal

range at either the discharge visit (75/78, 96.2%) or SLL

(66/78, 84.6%); no abnormal measure was judged by the

treating surgeon to be of clinical significance.

Hydrogel application

Hydrogel was applied in 47 subjects: 12 initial usage and

35 randomized to Treatment. A mean of 11.3 ± 4.3 mL

was applied (range of 4–20 mL); application was complete

in a mean of 6.2 ± 2.8 min (range of 1–15 min). A single

syringe set (10 mL of product) was used for 33 of the 47

subjects (70.2%); two syringe sets were used for the other

14 (29.8%). Operating surgeons were satisfied with

hydrogel manageability, assigning a rank of ‘‘easy’’ or

‘‘very easy’’ for each of overall satisfaction, viewing and

handling for 45 of the 47 subjects (95.7%) in whom it was

applied (Supplemental Fig. 1). Where 12 specific aspects

of functionality were assessed, the mean ease of use score

was 4.4 (1 = ‘‘very difficult’’, 5 = ‘‘very easy’’): 4.2 for

initial usage subjects and 4.5 for Treatment subjects

(Wilcoxon–Mann–Whitney test p = 0.039, data not

displayed).

Residual material at SLL

A total of 44 subjects (11 initial usage, 33 Treatment) who

received hydrogel following their primary surgery under-

went the SLL. For 20 subjects (20/44, 45.5%), the blinded

independent reviewer of the SLL videos found no evidence

of residual material at any anatomical site. For the other 24

(24/44, 54.5%), residual material was observed at a mean

of two sites (range of 0–12 sites). There was no evidence

that the presence of residual material was associated with

the substudy (p = 0.666), the volume of hydrogel applied

(\10, =10,[10 mL; p = 0.646) or with the duration

between the primary surgery and SLL (B8,[8

and B10,[10 weeks; p = 0.692). Residual material was

found more commonly at sites where hydrogel had been

applied during the primary surgery. Based on the unblinded

review of the SLL videos, the volume of residual material

was estimated to be a mean of 1.0 mL, representing 9.1%

of the mean volume applied during the primary surgery.

Table 2 continued

All (N = 78) Initial usage (N = 12) Randomized (N = 66)

Treatment (N = 35) Control (N = 31)

Skin and subcutaneous tissue disorders

Erythema ? pruritus

Rash

Rash pruritic

4 (5.1%)

1 (1.3%)

2 (2.6%)

1 (1.3%)

0 2 (5.7%)

0

2

0

2 (6.5%)

1

0

1

a As determined by operating surgeon, displayed as a percent of events
b As determined by operating surgeon, displayed as a percent of subjects
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There was no indication that any adverse outcomes were

associated with the presence of residual material; no intra-

abdominal or postoperative infections at the operative site

were observed in any subject.

Other safety outcomes

Pain was assessed as ‘‘greater than expected’’ for one

Control subject at hospital discharge, and for three subjects

(two Treatment, one Control) at SLL. No subject experi-

enced abdominal pain that was deemed to be ‘‘of clinical

concern’’. Hospital stay was assessed as ‘‘longer than

expected’’ in only two subjects (2.6%)—both Controls

(neither was considered a serious adverse event). The pri-

mary surgery had been conducted using three ports in 29

subjects (29/78, 37.2%), four ports in 46 subjects (46/78,

59.0%) and five ports in 3 (3/78, 3.8%). At hospital dis-

charge, port site healing was assessed as ‘‘uncomplicated’’

in 97.4% of subjects (35/35 Treatment, 100%; 28/30

Control, 93.3%) and as ‘‘complicated’’ for two Control

subjects; no subject experienced port site healing that was

assessed to be ‘‘of clinical concern’’ at either the time of

discharge or the SLL.

Efficacy

For the Efficacy Population (n = 63), from the initial

surgery to SLL, Treatment subjects showed a mean

reduction in adhesion score at sites of surgery throughout

the abdominal cavity of 0.51 ± 1.62 points; in marked

contrast, Control subjects showed an increase of

0.95 ± 1.89 points (Table 3). Based on linear regression

analysis, adjusting for substudy and baseline adhesion

score, the adhesion score in the Treatment group was

estimated to be 0.96 (95% CI 0.18, 1.74) points lower than

in the Control group (p = 0.017); this difference repre-

sented 41.4% of the mean adhesion score for Control

patients. For myomectomy substudy subjects (n = 34),

where the primary efficacy endpoint was limited to the

posterior uterus site, the adjusted difference between

groups represented a 38.2% reduction in adhesion score for

Treatment subjects compared with Controls (p = 0.086).

When the analysis for myomectomy substudy subjects was

expanded to include all sites of surgery throughout the

abdominal cavity, the adjusted difference between groups

represented a statistically significant 49.5% reduction in

adhesion score for Treatment subjects compared with

Controls (p = 0.008). No statistically significant differ-

ences were observed for either of the primary efficacy

outcomes assessed for Other Gynecological Pathology

substudy subjects. Regardless of whether or not treated

subjects had evidence of residual material present at SLL,

scoring of adhesions by the independent video reviewer did

not differ significantly for any of the efficacy outcomes

assessed (Supplemental Online Tables 3 and 4).

Discussion

Usage data collected for the 47 subjects in whom hydrogel

was administered, indicate that application during gyne-

cologic laparoscopic surgery was neither difficult nor time

consuming, and was performed safely without evidence of

any serious adverse events or clinically significant adverse

outcomes for any safety measure assessed.

As this was a first-in-human study, one key component

was the evaluation of the surgeons’ ability to handle the

device effectively. When ‘‘ease of use’’ assessments were

converted to numerical scores for the 12 specific aspects of

device functionality assessed, the mean score for initial

usage subjects was statistically significantly lower than that

of randomized Treatment subjects, suggesting that sur-

geons found the device easier to use with practice. Still, it

is clear from the data displayed in Supplemental Online

Fig. 1 that surgeons performed all aspects of application

with a high degree of ease for almost all subjects. For

example, in 89.4% of cases, surgeons reported that

manipulation of the sprayer tip was either ‘‘easy’’ or ‘‘very

easy’’, with the remaining cases assessed as ‘‘okay’’.

Our data suggest that in this first-in-human study,

hydrogel application was of particular benefit in

myomectomy patients. When evaluated for all subjects in

the Efficacy Population as well as for those in the

myomectomy substudy, statistically significant treatment-

related reductions in the change from baseline adhesion

scores of 41.4% and 49.5%, respectively, were observed in

these populations (p = 0.017 and p = 0.008, respectively).

These data indicate performance that is equal or better than

in other studies, reported between 2003 and 2008, in which

gel-based post-surgical adhesion barriers were applied

[17, 41–47].

Limitations to this study include that, although efficacy

analyses were adjusted for baseline mean adhesion scores,

we cannot exclude the possibility that differences between

groups in the number, severity and extent of adhesions at

baseline influenced our conclusions. In addition, this

78-patient first-in-human study was not powered on the

basis of detecting differences between randomized groups

for efficacy outcomes. It is also recognized that while this

study was designed with a[90% power to observe an

adverse event that occurs in 5% of treated subjects, the

power to detect the event in this small sample size has a

95% confidence interval of between 0 and 12%. It is our

contention that these data are sufficiently promising that a

larger clinical efficacy and safety study is warranted to

corroborate these findings.
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Another potential limitation of this study was that the

assessment of efficacy outcomes might have been influ-

enced by the presence of small amounts of residual mate-

rial at the SLL. The independent ‘‘blinded’’ reviewer

assessing postoperative adhesions on SLL videotape whilst

being blind to the randomization allocation of the patient

would believe, if they observed any residual material to be

present, that a subject had received hydrogel during their

primary surgery. To investigate the possibility of bias from

such knowledge, the primary efficacy analyses were

Table 3 Efficacy analyses—

adhesion scores at sites of

surgery

Adhesion scorea by study population Treatment Control p value

All efficacy subjects, n 33 30

Adhesion score, abdominal cavity, mean ± SD

Primary surgery 2.34 ± 1.45 1.36 ± 1.40 0.008b

SLL 1.83 ± 1.50 2.32 ± 1.48 0.228b

Change – 0.51 ± 1.62 0.95 ± 1.89 0.002b

Unadjusted between-group difference 1.46

Adjusted between-group difference (95% CI)c 0.96 (0.18, 1.74) 0.017

–as % of adhesion score for controls at SLL ; 41.4%

Myomectomy substudy subjects (pure ? hybrid), n 18 16

Adhesion score, posterior uterus, mean ± SD

Primary surgery 0.33 ± 0.77 0.19 ± 0.75 0.422b

SLL 1.61 ± 1.38 2.56 ± 1.71 0.058b

Change 1.28 ± 1.56 2.38 ± 1.82 0.068b

Unadjusted between-group difference 1.10

Adjusted between-group difference (95 % CI)c 0.98 (-0.15, 2.10) 0.086

–as % of adhesion score for controls at SLL ; 38.2%

Adhesion score, abdominal cavity, mean ± SD

Primary surgery 1.52 ± 1.22 0.90 ± 1.30 0.097b

SLL 1.54 ± 1.32 2.74 ± 1.36 0.010b

Change 0.02 ± 1.65 1.85 ± 1.62 0.003b

Unadjusted between-group difference 1.83

Adjusted between-group difference (95 % CI)c 1.36 (0.37, 2.34) 0.008

–as % of adhesion score for controls at SLL ; 49.5%

Other gynecologic pathology substudy subjects, n 15d 14d

Adhesion score, combined adnexa, mean ± SD

Primary surgery 2.97 ± 1.67 3.10 ± 1.14 1.000b

SLL 2.81 ± 1.79 1.80 ± 1.96 0.342b

Change -0.17 ± 2.21 -1.30 ± 1.72 0.401b

Unadjusted between-group difference -1.13

Adjusted between-group difference (95 % CI)c -1.04 (-3.10, 1.02) 0.298

–as % of adhesion score for controls at SLL : 57.9%

Adhesion score, abdominal cavity, mean ± SD

Primary surgery 3.32 ± 1.05 1.90 ± 1.35 0.009b

SLL 2.18 ± 1.67 1.83 ± 1.51 0.400b

Change -1.14 ± 1.38 -0.07 ± 1.67 0.149b

Unadjusted between-group difference 1.07

Adjusted between-group difference (95 % CI)c 0.46 (-0.86, 1.77) 0.482

–as % of adhesion score for controls at SLL ; 24.9%

a Maximum severity ? mean extent at sites of surgery with adhesions at the SLL for the specified region or

site
b Between group comparisons based on Wilcoxon–Mann–Whitney tests
c Estimate based on linear regression model adjusting for substudy and baseline score
d Not all subjects had adnexal adhesions (n = 13 Treatment, 5 Control at the combined adnexa)
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repeated, splitting the Treatment group into those where

residual material was or was not observed. No evidence

was found that observation of residual material affected the

efficacy of the ActamaxTM Adhesion Barrier as assessed by

the independent reviewer’s scoring of adhesions.

Our observations suggest that a thin flexible tissue-ad-

herent bioabsorbable hydrogel that can be laparoscopically

applied, such as the ActamaxTM Adhesion Barrier, will

prove to be an important anti-adhesion surgical adjuvant to

reduce postoperative adhesion development.

Conclusion

In summary, in this first-in-human clinical study, spray

application of a degradable polyethylene glycol-based

hydrogel adhesion barrier during laparoscopic gynecologic

surgery was performed easily, safely and without evidence

of any clinically significant adverse outcomes. Our data

also suggest that the hydrogel was effective in reducing

adhesions, particularly following myomectomy. Further

study is warranted to corroborate these promising initial

results.

Acknowledgements Study conduct: the authors acknowledge the

dedication of the study teams at each site. Special thanks must go to

the efforts of the assisting surgeons and hard work of the site coor-

dinators. In Athens, assisting surgeon Nikos Bardis, MD and Kim

Chatzianastasiou; In Tubingen, Kristina MacMillan; In Neuss,

assisting surgeons Anja Schaedlich, MD and Jessica Kessler, MD, and

coordinator Susanne Coslar; In Oldenburg, Cristina Cezar, MD.

Monitoring for the study was undertaken in Germany through Cen-

Trial GmbH, specifically Martin Schirling as project manager and

Roman Weber as study monitor. In Athens, Chrysoula Plataniti,

Director of Orange Clinical LLC acted as both project manager and

study monitor. Data management for the study was carried out by

Robertson Centre for Biostatistics team under the direction and day to

day management of Sharon Kean, Director of Data Management and

Claire Martin, Project Coordinator. The authors would also

acknowledge William G DiMaio-Jr, Project Engineer of Actamax

Surgical Materials, who trained all investigators on product setup and

application. Special thanks to Anneke Jonker, Medical Writing

Associates, Vancouver, Canada for both coordination and technical

assistance in manuscript preparation. Independent Data Monitoring:

all authors wish to acknowledge and thank the members of the

independent Data and Safety Monitoring Committee (IDMC) who

were appointed to review blinded and unblinded adverse event/inci-

dent data for the study—Adrian Lower (Chair and Gynecological

surgeon), Ying Cheong (Gynecological surgeon), Brendan Moran

(General surgeon), John Norrie (independent statistician) and Jean-

Luc Pouly (Gynecological surgeon). Special thanks: finally—Acta-

max as study Sponsors, the study management team and study site

teams all wish to formally acknowledge and give special thanks to

each and every patient who participated in this first-in-human study.

Without their individual consents and commitment to the study, it

would not have been possible to progress and thus provide evidence

of the safety and initial efficacy of the investigational product. Their

contributions, without incentive, have provided clinical data to allow

further research into adhesion prevention and ActamaxTM Adhesion

Barrier.

Compliance with ethical standards

All authors have completed the journal conflict of interest form and a

declaration has been made within the manuscript. The study was

reviewed and approved by the national Competent Authority in

Germany (BfArM Federal Institute for Drugs & Medical Devices) and

in Greece (National Organization for Medicines), and received

approval from the Independent Ethics Committee in Germany (Ethics

Committee of the Medical Association of Lower Saxony) and the

National Ethics Committee in Greece. The study was conducted to be

compliant with the Declaration of Helsinki (2008) and the require-

ments and guidance provided in ISO 14155 (2011), US and Interna-

tional Standards of Good Clinical Practice (FDA Title 21 CFR part

812 and International equivalent guidelines), and to meet the

requirements of the national regulators in Germany and Greece as

well as the designated ethical committee in Germany and the national

ethics committee in Greece. All patients gave written informed con-

sent to participate in the study prior to any protocol-related

procedures.

Conflict of interest GHT and MPD received consultancy funding as

clinical advisers to the study and to Actamax. Corvus Communica-

tions Limited (AMC) was retained as clinical study coordinator and

adhesion consultant. TDE is the Clinical and Regulatory Director of

Actamax. In accordance with the journal’s policy, full declarations on

funding and potential conflicts of interest for all authors have been

declared on the journal’s COI form.

Funding Actamax Surgical Materials LLC as study Sponsor pro-

vided funding to all institutions and organizations involved in the

study.

Open Access This article is distributed under the terms of the

Creative Commons Attribution 4.0 International License (http://crea

tivecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

References

1. De Wilde RL, Bakkum EA, Brölmann H, Crowe A, Koninckx P,

Korell M et al (2014) Consensus recommendations on adhesions

(version 2014) for the ESGE adhesions research working group

(European Society for Gynecological Endoscopy): an expert

opinion. Arch Gynecol Obstet 290:581–582. doi:10.1007/s00404-

014-3312-7

2. DeWilde RL, Trew G, On behalf of the Expert Adhesions

Working Party of the European Society of Gynaecological

Endoscopy (ESGE) (2007) Postoperative abdominal adhesions

and their prevention in gynaecological surgery. Expert consensus

position. Gynecol Surg 3:161–168

3. Okabayashi K, Ashrafian K, Zacharakis E, Hasegawa H, Kita-

gawa Y, Athanasiou T et al (2014) Adhesions after abdominal

surgery: a systematic review of the incidence, distribution and

severity. Surg Today 44:405–420. doi:10.1007/s00595-013-0591-

8

4. ten Broek RP, Issa Y, van Santbrink EJ, Bouvy ND, Kruitwagen

RFPM, Jeekel J et al (2013) Burden of adhesions in abdominal

and pelvic surgery: systematic review and met-analysis. BMJ

347:f5588. doi:10.1136/bmj.f5588

Arch Gynecol Obstet (2017) 295:383–395 393

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1007/s00404-014-3312-7
http://dx.doi.org/10.1007/s00404-014-3312-7
http://dx.doi.org/10.1007/s00595-013-0591-8
http://dx.doi.org/10.1007/s00595-013-0591-8
http://dx.doi.org/10.1136/bmj.f5588


5. Lower AM, Hawthorn RJS, Clark D, Boyd JH, Finlayson AR,

Knight AD, Crowe AM, Surgical and Clinical Research (SCAR)

Group (2004) Adhesion-related readmissions following gynae-

cological laparoscopy or laparotomy in Scotland: an epidemio-

logical study of 24,046 patients. Hum Reprod 19:1877–1885

6. Dubuisson J-B, Fauconnier A, Chapron C, Kreiker G, Nörgaard C

(1998) Second look after laparoscopic myomectomy. Hum

Reprod 13:2102–2106

7. Marana R, Muzii L (2000) Infertily and adhesions. In: diZer-

ega GS (ed) Peritoneal surgery. Springer, New York,

pp 329–333

8. Mishell DR, Davajan V (1991) Evaluation of the infertile couple.

In: Mishell DR, Davajan V, Lobo RA (eds) Infertility contra-

ception and reproductive endocrinology, Chap 26, 3rd ed.

Blackwell Scientific Publications Inc, Boston, pp. 557–570

9. Hershlag A, Diamond MP, DeCherney AH (1991) Adhesiolysis.

Clin Obstet Gynaecol 34:395–402

10. Diamond MP, Freeman ML (2001) Clinical implications of

postsurgical adhesions. Hum Reprod Update 7:567–576

11. Kasum M (2009) Fertility following myomectomy. Acta Clin

Croat 48(2):137–143

12. Coleman MG, McLain AD, Moran BJ (2000) Impact of previous

surgery on time taken for incision and division of adhesions

during laparotomy. Dis Colon Rectum 43:1297–1299

13. Beck DE, Ferguson MA, Opelka FG, Fleshman JW, Gervaz P,

Wexner SD (2000) Effect of previous surgery on abdominal

opening time. Dis Colon Rectum 43:1749–1753

14. van der Krabben AA, Dijkstra FR, Nieuwenhuijzen M, Reijnen

MMPJ, Schaapveld M, van Goor H (2000) Morbidity and mor-

tality of inadvertent enterotomy during adhesiotomy. Br J Surg

87:467–471

15. Takeuchi H, Kitade M, Kikuchi I, Shimanuki H, Kumakiri J,

Kinoshita K (2005) Adhesion-prevention effects of fibrin sealants

after laparoscopic myomectomy as determined by second-look

laparoscopy. J Reprod Med 50:571–577

16. Takeuchi H, Kinoshita K (2002) Evaluation of adhesion forma-

tion after laparoscopic myomectomy by systematic second-look

microlaparoscopy. J Am Assoc Gynecol Laparosc 9:442–446

17. Trew G, Pistofidis G, Pados G, Lower A, Mettler L, Wallwiener

D et al (2011) Gynaecological endoscopic evaluation of 4 %

icodextrin solution: a European, multicentre, double-blind, ran-

domized study of the efficacy and safety in the reduction of de

novo adhesions after laparoscopic gynaecological surgery. Hum

Reprod 26:2015–2027. doi:10.1093/humrep/der135

18. Myomectomy Adhesion Mullticenter Study Group (1995) An

expanded polytetrafluoroethylene barrier (Gore Tex* surgical

membrane) reduces post-myomectomy adhesion formation. Fertil

Steril 63:491–493

19. Tulandi T, Murray C, Guralnick M (1993) Adhesion formation

and reproductive outcome after myomectomy and second-look

laparoscopy. Obstet Gynecol 82:213–215

20. Practice Committee of American Society for Reproductive

Medicine in collaboration with Society of Reproductive Surgeons

(2013) Pathogenesis, consequences, and control of peritoneal

adhesions in gynecologic surgery: a committee opinion. Fertil

Steril 99:1550–1555. doi:10.1016/j.fertnstert.2013.02.031

21. Hasson HM, Rotman C, Rana N, Sistos F, Dmowski WP (1992)

Laparoscopic myomectomy. Obstet Gynecol 80(5):884–888

22. Jin C, Hu Y, Chen X-C, Zheng F-Y, Lin F, Zhou K, Chen F-D,

Gu H-Z (2009) Laparoscopic versus open myomectomy—a meta-

analysis of randomized controlled trials. Eur J Obstet Gynecol

Reprod Biol 145(1):14–21

23. Surrey MW, Friedman S (1982) Second-look laparoscopy after

reconstructive pelvic surgery for infertility. J Reprod Med

27:658–660

24. DeCherney AN, Mezer HC (1984) The nature of posttuboplasty

pelvic adhesions as determined by early and late laparoscopy.

Fertil Steril 41:643–646

25. Raj SG, Hulka JF (1982) Second-look laparoscopy in infertility

surgery: therapeutic and prognostic value. Fertil Steril

38(3):325–329

26. Serour GI, Badraoui MH, el Agizi HM, Hamed AF, Abdel-Aziz F

(1989) Laparoscopic adhesiolysis for infertile patients with pelvic

adhesive disease. Int J Gynaecol Obstet 30(3):249–252

27. Trimbos-Kemper TC, Trimbos JB, van Hall EV (1990) Early

second look laparoscopy. Prog Clin Biol Res 358:77–83

28. Tazuke S, Nezhat C (2000) Reducing adhesion formation in

gynecologic procedures using laparoscopic surgery. In: diZerega

G (ed) Peritoneal surgery. Springer, New York, pp 193–199

29. Alkatout I, Mettler L, Beteta C, Hedderich J, Jonat W, Scholl-

meyer T, Salmassi A (2013) Combined surgical and hormone

therapy for endometriosis is the most effective treatment:

prospective, randomized, controlled trial. JMIG 20:473–481.

doi:10.1016/j.jmig.2013.01.019

30. Nezhat C, Nezhat F, Silfen SL, Schaffer N, Evans D (1991)

Laparoscopic myomectomy. Int J Fertil 36:275–280

31. Harris WJ (1992) Uterine dehiscence following laparoscopic

myomectomy. Obstet Gynecol 80(3 Pt 2):545–546

32. Dubuisson JB, Chavet X, Chapron C, Gregorakis SS, Morice P

(1995) Uterine rupture during pregnancy after laparoscopic

myomectomy. Hum Reprod 10(6):1475–1477

33. Diamond MP, Wexner SD, diZerega GS, Korell M, Zmora O,

Van Goor H et al (2010) Adhesion prevention and reduction:

current status and future recommendations of a multinational

interdisciplinary consensus conference. Surg Innov 17:183–188.

doi:10.1177/1553350610379869

34. DeWilde RL, Trew G, On behalf of the Expert Adhesions

Working Party of the European Society of Gynaecological

Endoscopy (ESGE) (2007) Postoperative abdominal adhesions

and their prevention in gynaecological surgery. Expert consensus

position. Part 2—steps to reduce adhesions. Gynecol Surg

4:243–253

35. De Wilde RL, Brölmann H, Koninckx PR, Lundorff P, Lower

AM, Wattiez A, The Anti-Adhesions in Gynecology Expert Panel

(ANGEL) et al (2012) Prevention of adhesions in gynaecological

surgery: the 2012 European field guideline. Gynecol Surg

9:365–368

36. Robertson D, Lefebvre G, The Clinical Practice Gynaecology

Committee (2010) Adhesion prevention in gynaecological sur-

gery. J Obstet Gynaecol Can 32:598–608

37. Brochhausen C, Schmitt VH, Planck CNE, Rajab TK, Hollemann

D, Tapprich C et al (2012) Current strategies and future per-

spectives for intraperitoneal adhesion prevention. J Gastrointest

Surg 16:1256–1274. doi:10.1007/s11605-011-1819-9
38. Hirschelmann A, Tchartchian G, Wallwiener M, Hackethal A, De

Wilde RL (2012) A review of the problematic adhesion pro-

phylaxis in gynaecological surgery. Arch Gynecol Obstet

285:1089–1097. doi:10.1007/s00404-011-2097-1

39. Lundorff P, Brölmann H, Koninckx PR, Mara M, Watiez A,

Wallwiener M, Trew G, Crowe AM, De Wilde RL (2015) Pre-

dicting formation of adhesions after gynaecological surgery:

development of a risk score. Arch Gynecol Obstet 292:931–938.

doi:10.1007/s00404-015-3804-0

40. Harris ES, Morgan RF, Rodeheaver GT (1995) Analysis of

kinetics of peritoneal adhesion formation in the rat and evaluation

of potential antiadhesive agents. Surgery 117:663–669

41. Young P, Johns A, Templeman C, Witz C, Webster B, Ferland R

et al (2005) Reduction of postoperative adhesions after laparo-

scopic gynecologic surgery with Oxiplex/AP Gel*: a pilot study.

Fertil Steril 84:1450–1456

394 Arch Gynecol Obstet (2017) 295:383–395

123

http://dx.doi.org/10.1093/humrep/der135
http://dx.doi.org/10.1016/j.fertnstert.2013.02.031
http://dx.doi.org/10.1016/j.jmig.2013.01.019
http://dx.doi.org/10.1177/1553350610379869
http://dx.doi.org/10.1007/s11605-011-1819-9
http://dx.doi.org/10.1007/s00404-011-2097-1
http://dx.doi.org/10.1007/s00404-015-3804-0


42. Johns DA, Ferland R, Dunn R (2003) Initial feasibility study of a

sprayable hydrogel adhesion barrier system in patients undergo-

ing laparoscopic ovarian surgery. J Am Assoc Gynecol Laparosc

10:334–338

43. Mettler L, Audebert A, Lehmann-Willenbrock E, Schive-Peter-

hansl K, Jacobs VR (2004) A randomized, prospective, con-

trolled, multicenter clinical trial of a sprayable, site-specific

adhesion barrier system in patients undergoing myomectomy.

Fertil Steril 82:398–404

44. Lundorff P, Donnez J, Korell M, Audebert AJM, Block K,

diZerega GS (2005) Clinical evaluation of a viscoelastic gel for

reduction of adhesions following gynaecological surgery by

laparoscopy in Europe. Hum Reprod 20:514–520

45. Mais V, Bracco GL, Litta P, Gargiulo T, Melis GB (2006)

Reduction of postoperative adhesions with an auto-crosslinked

hyaluronan gel in gynaecological laparoscopic surgery: a blinded,

controlled, randomized, multicentre study. Hum Reprod

1:1248–1254

46. diZerega GS, Coad J, Donnez J (2007) Clinical evaluation of

endometriosis and differential response to surgical therapy with

and without application of Oxiplex/AP* adhesion barrier gel.

Fertil Steril 87:485–489

47. Mettler L, Hucke J, Bojahr B, Tinneberg H-R, Leyland N, Avelar

R (2008) A safety and efficacy study of a resorbable hydrogel for

reduction of post-operative adhesions following myomectomy.

Hum Reprod 23:1093–1100. doi:10.1093/humrep/den080

Arch Gynecol Obstet (2017) 295:383–395 395

123

http://dx.doi.org/10.1093/humrep/den080

	A first-in-human, randomized, controlled, subject- and reviewer-blinded multicenter study of Actamaxtrade Adhesion Barrier
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Trial design
	Participants
	Setting and ethical conduct
	Procedures
	Interventions
	Outcomes
	Sample size
	Randomization
	Blinding
	Statistical methods

	Results
	Participants
	Baseline characteristics
	Primary gynecological laparoscopy record
	Adverse events
	Vital signs and clinical laboratory measures
	Hydrogel application
	Residual material at SLL
	Other safety outcomes
	Efficacy

	Discussion
	Conclusion
	Acknowledgements
	References




