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ABSTRACT

Introduction: Adhesion formation represents a major cause of long-term morbidity. Suspension of intra-
abdominal contents in fluid medium may effectively prevent adhesion formation. We compare saline
hydro-flotation (NS) to hyaluronate bioresorbable membranes (HBM) for adhesion prevention following
surgery.

Methods: Animals were randomized to four groups: sham (no injury, n=>5), control (injury without
intervention, n=5), HBM (n=20) or 10cc NS (n=21). Interventions were administered after stan-
dardized surgical trauma to the cecum and abdominal wall. Necropsies at two weeks were completed to
compare adhesion burden using a customary scoring algorithm.

Results: Significant adhesion burden was noted in all rats. HBM sustained a more significant adhesion
burden with higher total adhesion scores (HBM = 10 vs NS =8.1/15, p=0.02). Gross adhesion scores
were lower with NS (5.6/9) compared to HBM (7.1/9, p=0.01). Neo-vascularity was more common in
HBM at 2.6/3 versus 1.9/3 with NS (p =0.01). Percent of the cecum encased with adhesion was higher
with HBM (42%) compared to NS (31%, p = 0.05).

Discussion: Fluid based anti-adhesion methods should be considered for abdominal adhesion formation
prevention.

© 2018 Elsevier Inc. All rights reserved.

Introduction

Intra-abdominal insult resulting damage to the peritoneum can
trigger a natural inflammatory cascade that results in inter-organ
fibrin formation causing adhesion formation. Complications from
adhesions account for ~6% of all hospital readmissions costing US
healthcare over one billion dollars annually.' Despite the dramatic
scope of this problem, there has been minimal advancement in
terms of preventative strategies, with no one method that is uni-
versally accepted or effective.

Arguably the most commonly used barrier in the general
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surgery suites to date is a hyaluronic barrier membranes (HBM)
best known as Seprafilm® (Genzyme Biosurgery, Framingham, MA).
Literature supporting Seprafilm's efficacy in reduction of adhesion
related morbidity remains equivocal although there are certainly
anecdotal benefits. The overall absence of an anti-adhesion product
variety leaves much room for innovation and study in this field.?

Fluid suspension using crystalloid or hypertonic products allows
for intraabdominal contents to remain oriented in such a way that
they do not contact each other during the critical formation of
fibrin-thus preventing inter-loop and inter-organ adhesion forma-
tion. Its use was first described in the 1970s with normal saline and
lactated ringers. Gynecological surgery is currently the only field
where hydro-flotation methods are being studied. Despite some
promising results, its use has not been pursued in the greater sur-
gical community.

Preclinical evaluation of adhesion products is reliably observ-
able after peritoneal disruption in rat models and is clinically
comparable to adhesion formation in humans.>* We hypothesize
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that hydro-flotation of abdominal contents by instillation of normal
saline after peritoneal violation would provide anti-adhesive effects
in a rat model when compared to controls and standard adhesion
barrier methods.

Materials and methods

Institutional Animal Care and Use Committee (IACUC) protocol
approval was obtained and in vivo experiments were completed in
an American Association for Laboratory Animal Science accredited
large animal research facility. Animals utilized included all adult
male Sprague-Dawley rats weighing between 350 and 450 g. Prior
to experiments, animals were housed at the facility for a minimum
5 days, under the supervision of a licensed veterinary staff. General
care did not vary among animals, no animals required unexpected
medical attention prior to participation and their diet was ad
libetum.

A prospective pilot study was carried out using fifty-one ani-
mals, computer randomized to four groups including sham (N = 5),
control (N =5), 10 cc normal saline (NS, N =21), and HBM (Sepra-
film, N = 20). Number of animals in each group were based on the
estimated power analysis that was extracted from injury rate
determined during the development of the surgical injury. A single
surgeon completed all experiments and was blinded to treatment
group until after injury creation was completed.

Animals underwent a 14-day survival period followed by nec-
ropsy. Fourteen days was chosen as it was observed as the peak of
adhesion formation in our development phase and because it cor-
relates to peak adhesion formation seen clinically. Primary out-
comes evaluated gross and histological adhesion severity and
tenacity. Secondary outcomes focused on abdominal wall dehis-
cence, perforation and small bowel obstruction.

Surgical procedures were conducted using aseptic technique.’
Injury was created through a 3 cm celiotomy. Celiotomy was fol-
lowed by immediate closure and survival completed in sham ani-
mals. In experimental groups, the cecum was isolated and the
peritoneum was lifted from the cecal wall and removed using
surgical gauze followed by violation of abdominal wall peritoneum.
There was no full thickness injury made to the bowel or abdominal
musculature. After this standard injury had been completed, an
assistant would reveal the randomized treatment group. Control
rats were simply closed after injury and experimental animals
received instillation of either 10 cc of normal saline or a 3 x 2 cm
piece of HBM. Closure was completed using a running 3-0 prolene
stitch, skin was approximated using surgical staples, and animals
were survived for 14 days.

Necropsy was performed after 14-day survival. Adhesion
scoring was performed at time of necropsy by a blinded surgeon
who was uninvolved with the index operation. After completion of
gross scoring, en-bloc resection of adhered tissue was harvested
and sent to a blinded pathologist for histological scoring. Scores
were based on a semi-quantitative scoring system that included
gross percent of the cecum involved (0—4), neovascularization
(0—3), tenacity (0—3) and histologically for inflammation (0—3),
and fibrosis (0—3).57°

Adhered tissue was prepared for histological analysis with fix-
ation in 10% buffered formaldehyde (formalin) for at least 24 h.
Specimens were then sectioned and paraffin embedded using he-
matoxylin and eosin staining for pathological scoring. Examples of
gross and histopathological tissues examined can be seen in Fig. 1.

SPSS v22 (IBM, Chicago, IL) was used for data collection and
analysis. Groups were analyzed with ANOVA and Chi-Square ana-
lyses for parametric and nonparametric data respectively. Tukey
post-hoc analysis was completed for all ANOVA comparisons be-
tween groups. Kruskal Wallis testing was utilized for

nonparametric data which used median values and was followed
by pairwise analysis for significant findings between groups. All p-
values <0.05 were considered to be statistically significant.

Results

Fourteen-day survival was accomplished in all 51 animals. Our
injury model was validated by a complete lack of adhesions in the
sham group. There was no abdominal wall dehiscence or bowel
perforation in any animal across all groups. Overall gross and total
scores showed significant differences within and between groups
on Kruskal Wallis comparison with p=0.001 and p=0.004
respectively. Comparisons of each individual score revealed sig-
nificant differences for the percent of cecum involved (p <0.001)
and neo-vascularity of adhesions (p = 0.01). Values for comparison
on post-hoc analysis for gross, histological and total scoring can be
seenin Fig. 2. Fig. 3 shows individual score comparisons of the three
groups with Fig. 4 displaying comparison of percent of adhered
cecum.

Saline was found to have lower gross and total scores when
compared to both HBM and control groups (Fig. 2). Further, percent
of cecum involved as well as neo-vascularity was significantly
decreased in saline groups compared to both control and HBM
groups (Figs. 3 and 4). Gross number of adhesions trended toward
significance on post hoc for saline at a median of two compared to
four for controls (p =0.06).

Discussion

Though the pathophysiology of intra-abdominal adhesion for-
mation has never been strictly described, the collective assumption
is that they are acquired via the processes associated with any
wound healing after surgical insult. In short, the inflammatory
cascade results in fibrin deposition and ultimately inappropriately
adhering intra-abdominal contents to each other.'” These adhe-
sions can result in pain, infertility in women and bowel obstruction
which can lead to prolonged hospital admissions, reoperation,
perforation, and in some cases death. Adhesions form in over 90% of
patients who have had abdominal surgery and over one third of
those patients suffer a complication due to their adhesive
disease.'!1?

An answer to the question of ‘how can we prevent adhesion
formation’ has been sought for over half a century with effectively
minimal success. As of now, the best recommendation is for
meticulous atraumatic surgical technique and the use of minimally
invasive methods whenever possible."> Unfortunately, despite the
wide adherence to these principles, there has yet to be any benefit
shown in terms of adhesion-related morbidity.'*

Membrane barriers containing hyaluronic acid-based com-
pounds, such as our comparison group, are perhaps the best
studied adjuncts in terms of preclinical research with supporting
prospective randomized trials.'>'® Like many of the products pro-
posed for adhesion prevention, the adhesion number is decreased
but the overall morbidity remains unchanged showing similar rates
of small bowel obstructions and infertility.'®~2°

In our study, we observed an overall gross and total adhesion
score benefit in the NS group. The authors are aware that crystalloid
installation has been found to be ineffective and not feasible in
human trials in the past.>'*?! Crystalloids failure has been
accredited to its rapid reabsorption and the propensity for fluids to
leak out of midline incisions. However, the concept of ‘hydro-
flotation’ still holds value.?” Intra-operative instillation of 4%
dextran solutions that have the ability to remain within the peri-
toneal cavity for >48 h have shown equivalent outcomes to HBMs.
However, the use of dextran solutions is far less frequently
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Fig. 1. Three columns showing adhesion formation with increasing severity and corresponding histology. (A) No gross or histological adhesions. (B) Simple cecal to cecal adhesion
with minimal fibrosis. (C) Dense adhesions of the cecum to the abdominal wall with concomitant infiltration of inflammatory cells and layered fibrosis.
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Fig. 2. Total adhesion scores showed significantly reduced overall and gross scores for the saline group when compare to HBM and control groups.
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Fig. 3. Component median scores were significantly higher for neo-vascularity in the control and HBM groups compared to saline.
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Fig. 4. The percent of involved cecum was significantly lower in groups treated with saline as opposed to both HBM and control groups.

employed.”*>?* A recent Cochrane review evaluating fluid based
anti-adhesion methods concluded that on the whole, they are
effective at preventing adhesion formation and further studies
utilizing fluid-based agents should be pursued.’> Numerous reviews
of studies evaluating intra-abdominal adhesion formation
increasingly call for a combination of various adjuncts in hopes that
there is a cooperative effect of these products.'?!>%°

Our findings found that the most commonly used adhesion
barrier used in abdominal surgery today performs significantly
worse than simple normal saline instillation. We do not surmise or
suggest from this data that normal saline or other simple fluids be
solely utilized or that this information would be directly transfer-
able to a clinical setting. Our findings do however bolster the
inclination to more aggressively and thoroughly pursue the bene-
fits of fluid based anti-adhesion products. Therefore, we propose
that in the battle against adhesion formation, which the surgical
community is currently losing, we consider the benefits of a fluid-
based product either alone or in synergy with membrane-based
methods. This may be accomplished by the development and
clinical evaluation of a potential anti-adhesion products suspended
in a non-absorbable fluid media.

There are several important limitations to be discussed. First,
this is a pre-clinical study completed in a rat model and the
translation of these findings to a clinical setting is uncertain. For
example, the amount of crystalloid fluid required for human
application would be approximately 2 L and reabsorption would be
expected within 24—48 h making this impractical. As such, we do
not submit direct clinical application, but rather the serious
consideration of developing and evaluating more applicable fluid
medias for adhesion prevention in the future. This study represents
an adhesion environment limited to the 14-day survival period. It is
possible that adhesion burden and comparisons may be different at
alternate survival periods.

Conclusion

Adhesion formation represents one of the most challenging is-
sues still afflicting modern abdominal surgery. Crystalloid fluid
suspension was found to be superior to a bioresorbable membrane
in preventing abdominal adhesions with an overall decrease in
adhesion burden. These findings suggest that a fluid-based product
may be more useful than previously thought as we continue to find
the solution to the significant clinical challenge of intra-abdominal
adhesion formation.
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