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Background: Intra-abdominal adhesions are frequent side effects of surgery, associated with

risks of serious complications such as abdominal pain, infertility, and small bowel obstruction.

This study investigated a new autologous blood-based approach to adhesion prophylaxis.

Materials and method: Two autologous blood-derived patches (whole-blood-derived, n ¼ 20,

and plasma-derived, n ¼ 20) were evaluated as anti-adhesives. The patches were tested in a

rat uterine horn damage model. We simulated an intraabdominal surgery by cauterizing

and suturing the uterine horns and created an opposing damage by denuding a part of the

abdominal wall. Each rat served as its own control with one treated uterine horn and one

untreated. After 14 d of post-surgical recovery, the adhesions were assessed and graded

macroscopically and microscopically. Statistical analyses were performed with Wilcoxon

signed rank and ManneWhitney U tests.

Results: Both whole-blood and plasma-derived patches resulted in significantly less

macroscopic adhesions than were found in untreated uterine horns (P ¼ 0.001 and

P ¼ 0.002, respectively). Unpaired analysis found no significant differences between the

whole-blood and plasma-derived patch outcomes in this study design. Histopathological

evaluation of inflammation and fibrosis did not reveal significant differences between the

patches and their matched controls.

Conclusions: The autologous blood-derived patches reduced macroscopic adhesion forma-

tion significantly compared with no treatment. There were no adverse events and no

histological differences between treatment and control, suggesting that the treatments

were feasible and safe. In summary, this study confirms the potential of autologous anti-

adhesives for the use in intraabdominal surgery.
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Introduction randomized controlled study, using a rat model of uterine
Intraperitoneal adhesions are a frequent and well-known

complication after open or laparoscopic surgery in the

abdomen.1,2 In a Danish cohort of 665,423 women who un-

derwent abdominal surgery in the period 1977-2013, 1.4%were

readmitted with bowel obstruction.3 Small bowel obstruction

is one of the most serious and potentially fatal complications

brought on by adhesions, with 30 and 90-d mortality rates of

8.9% and 10.6%, respectively.3

Adhesions often form between two adjacent wound sur-

faces, impairing the normal healing. Therefore, one of the

most prominent features of the existing anti-adhesives is the

barrier effecteseparation of two wound surfaces. To our

knowledge, all commercially available anti-adhesive barriers

contain synthetic or xenogeneic material.4 The insertion of

foreign objects such as bovine collagen or synthetic meshes

can cause pain, adverse immunological reactions, or may

even promote adhesions due to foreign-body reactions.5-7 The

use of autologous material could potentially eliminate or

diminish some of these problems.

The search for an alternative and safe anti-adhesive barrier

has inspired our group to explore the possibility of using an

autologous patch, originally developed for the treatment of

recalcitrant wounds,8,9 for adhesion prophylaxis.

In the present study, we studied two different blood-

derived patches as autologous anti-adhesives in a
Fig. 1 e The autologous patches. (A)Whole blood patch, Ø 0.8 cm

16,000G. (B) Plasma patch, Ø 2.5 cm. Produced in a specially con

outline of the whole blood patch showing the three-layered con

outline of the plasma patch showing the one-layered construct
horn damage. The original patch (Fig. 1A and C) is generated

from whole blood and consists of compressed fibrin, throm-

bocytes and leukocytes.9 This patchwas tested in parallel with

a plasma patch, where compressed fibrin was the major

component (Fig. 1B and D), as it was generated from cell-free

plasma.

We hypothesized that both patches would function as

physical barriers, preventing or reducing adhesion formation.

Furthermore, we hypothesized that the cells in the construct

made from whole blood would stimulate faster healing,

shortening the need for a physical barrier, and thereby work

more efficaciously.
Material and Methods

Study protocol

The rat was chosen as a model since it has previously been

shown that rat intraabdominal surgery models are effective

models of adhesion formation after surgery.5,10-15 Further-

more, a rat model in hernia surgery5 has been shown com-

parable to humans with respect to histological reactions

related to adhesion formation and foreign-body reactions.5

The specific uterine horn model, using electrocautery and

suturing, has been shown effective in producing adhesions,
. Produced from rat whole blood in amicrotube centrifuge at

structed device, as described in the text. (C) Schematic

struct with fibrin, platelets, and leukocytes. (D) Schematic

consisting of fibrin.
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and the damages inflicted by electrocautery are easily stan-

dardized. This was shown by Kraemer et al.,16 who reported

that the induction of adhesions and the standardization of

these damages varies with the damage mechanism.

This model also provides the benefit of giving two identical

experimental sites in one animal. Each animal serves as its

own control, necessitating fewer animals to obtain sufficient

statistical power. We chose a recovery period of 14 d, as it is

generally accepted that the formation of adhesions has

occurred within the first week postoperatively.16,17 Finally, we

used an inbred rat strain to simulate a patch made from

autologous blood as close as possible: making a true autolo-

gous patch would have required too much of the individual

rat’s own blood, compromising its post-surgical recovery.

Instead, the blood of an isogenic donor rat was used.

The effect of treatment with patch (either whole blood or

plasma derived) was compared to non-treated control by

paired statistical analysis. Furthermore, we compared the

whole blood patch and the plasma patch to explore if the cell

content of the patch were an important factor in preventing

adhesions. The effect was assessed macro- and microscopi-

cally, and the investigators were blinded to the two groups

(whole blood patch and plasma patch) and their respective

matched controls.

The experiment was approved by The Animal Experiments

Inspectorate under the Danish Ministry of Food, Agriculture

and Fisheries (ID: 2019-15-0201-00,144).
Animals

A total of 40 inbred female LEWIS rats (LEW/OrlRj, 7 wk) were

purchased from Janvier Laboratories (France). The animals

were handled by qualified personnel in accordance with the

Guide for the Care and Use of Laboratory Animals18 in a fully

AAALAC accredited facility. Animals were acclimatized for a

minimum of 7 d before entering the study. They were housed

in groups of four in cages exposed to a 12-h light/dark cycle

with artificial light from 06:00 am. Cage temperature was kept

at 22�C, relative humidity at 55% and the air changes were 75

times per hour. The animals had free access to food and tap

water during the whole experiment.
Producing the patches

Donor rats were anesthetized with a midazolam mixture

2.7 mL/g (1 mL Hypnorm (fentanyl 0.315 mg/mL þ fluanisone

10 mg/mL) þ 1 mL Midazolam “Hameln” 5 mg/mL þ 2 mL

sterile water)), their abdomens were shaved, washed, and

iodized, and a trained animal caretaker performed a heart

puncture. The blood was collected directly into a tube con-

taining Citrate (BD Vacutainer, ACD-A 1.5 mL, USA). Each

donor rat provided approximately 8 mL of whole blood in one

tube before being euthanized.

The collected blood was used to produce two types of

adhesion prophylactics:

Whole blood patch: 1800 mL of citrated blood was trans-

ferred into sterile 2.0 mL microcentrifuge tubes. Calcium

chloride (CaCl2, 10% in sterile water) was added to re-

coagulate the blood, and the tubes were spun at 16,000 G for
30min (2-16K, Sigma Laborzentrifugen GmbH, Germany). This

produced a three-layered patch (Ø: 0.8 cm, Fig. 1A and C).

Plasma patch: The citrated whole blood was spun at 2000 G

for 15 min to separate the plasma from the leukocytes,

platelets, and erythrocytes. The plasmawas transferred into a

sterile container (3C Patch Device; Reapplix A/S, Denmark)

and re-coagulated with calcium chloride (CaCl2 10%) and left

for 2-2.5 h. The amount of plasma was adjusted to assure

identical fibrin concentrations in the blood and plasma

derived patches. The coagulated plasmawas compressedwith

a specially designed filter (3C Patch Device) producing a patch

(Ø: 2.5 cm) which was divided into smaller patches with a

biopsy-punch (Ø: 0.8 cm, Fig. 1B and D).

Both patches were handled aseptically during the pro-

cesses and when placed in the abdomen by the surgeon.

Experimental procedure: uterine horn model

A power analysis was performed beforehand. The experiment

was dimensioned to detect a 50% decrease (or more) of

macroscopic adhesions in the test group when compared to a

non-treated control, with an alpha level set at 5% and 80%

power and a paired trial design. Each rat served as its own

control (n¼ 20) as both uterine hornswere cauterized and only

one was treated with a patch. All rats were subjected to an

identical operation and only the applied patch differed. The

recipient rats were randomized, using a random number

generator, into receiving either the whole blood patch (n ¼ 20)

or the plasma patch (n ¼ 20) as the active treatment.

Anesthesia was induced with 5% isoflurane delivered in 5 L/

min 100% oxygen and anesthesia was maintained using 2%

isoflurane in 5 L/min 100% oxygen. Five minutes after induc-

tion, and with absence of righting reflex and no paw with-

drawal in response to toe pinch, the rat was transferred to a

prepping station, where the abdomen was shaved, washed,

and disinfected. A 2 mL/kg bolus of local anesthetic (lidocaine

10 mg/mL þ bupivacaine 5 mg/mL) was administered subcu-

taneously in the area surrounding the surgical site. The rat was

placed on a heated operation pad (35�C) and covered with an

op-cover to ensure sterility. A 3-4 cm midline incision was

performed, and the uterine horns were exposed. A 0.6-0.7 cm

long damage was inflicted on the uterine horns, on both sides,

with a 10 W bipolar cauterizer (ERBE Elektromedizin, Tuebin-

gen, Germany) (as described by Kelecki et al.10,11 and Kaya

et al.12) and on the opposing lower side of the abdominalwall, in

an area of 1.5 cm� 1.5 cmbetween themain vascular branches.

The size of the inflicted damage on the uterine horn was

adapted to the size of the patches. The diameter of the patch

was approximately 0.8-0.9 cm, and the diameter of the

damaged area was 0.6-0.7 cm. The relative size of the damage

was therefore, approximately 2/3 of the area coverable by a

patch. The treated uterine horn had been randomized before-

hand, but the surgeonwas informed (by an assistant) only after

inflicting both damages. The patches were attached to the

damaged tissue by a single knot of suture (Vicryl, 6x0, ETHI-

CON, USA) to ensure that the patch remained at the intended

site. The control side also received a knot of suture to ensure a

similar degree of manipulation on both sides. Surgeries were

limited to a maximum of 20 min, and the exposed intra-

abdominal tissue was kept moist throughout the procedure

https://doi.org/10.1016/j.jss.2022.02.008
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Table 1 e Distribution of macroscopic adhesion scores and statistical comparison.

Macroscopic adhesions Whole blood patch group (n ¼ 20) Plasma patch group (n ¼ 20)

Treated side Control side Treated side Control side

Score 3

Severe adhesion, dense and cohesive and sharp

dissection required

1 12 2 9

Score 2

Moderate adhesion, dense and cohesive and

can be dissected manually

6 4 5 8

Score 1

Mild adhesion, filmy, easy to dissect manually

7 4 11 3

Score 0

No adhesions

6 0 2 0

Hypothesis test Wilcoxon signed-ranks test:

Z ¼ 0.67; P ¼ 0.001

Wilcoxon signed-ranks test:

Z ¼ 0.69; P ¼ 0.002

Hypothesis test ManneWhitney U-test: U ¼ 170.5, P ¼ 0.43 NS

NS ¼ not significant; * ¼ significant.

Using either of the patches resulted in significantly less macroscopic adhesions than in paired controls. Testing between the whole blood patch

and the plasma patch and their respective controls was performed usingWilcoxon signed-ranks test. Testing between the two types of patches

was performed using ManneWhitney U-test. A P-value of <0.05 was considered to be statistically significant.
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using sterile saline. All procedureswere performed by the same

surgeon and assistant. The rats were closely observed in the

postoperative period until they were fully awake and normo-

thermic. The rats received analgetic treatment with peroral

buprenorphine (1.5 mg/kg/d) for a total of 3 d to ensure suffi-

cient analgesic treatment during recovery. The rats were not

treated with NSAIDs, as these are immunomodulating and

might influence the adhesion formation, as seen in an earlier

rat study.19 After a 14-d period, all rats were sacrificed, nec-

ropsied, and predefined tissue samples were collected.
Postmortem evaluations

Sacrifice of animals
The animals were anesthetized with 5% isoflurane delivered

with 5 L/min 100% oxygen. When sufficiently anesthetized,

the animals were sacrificed with cervical dislocation. At this

point, the macroscopic evaluations were carried out and the

uterus and connecting adhesions were harvested.

Histology
All uterine horns were removed in toto, placed in a cassette,

fixed in 10% neutral buffered formalin and embedded in

paraffin. The samples were cut according to a modified

ultrastaging algorithm20 with 500 mm between each section to

ensure that the damaged site and surrounding tissue were

represented. The sections were stained with Hematoxylin-

Eosin (HE) or Masson Trichrome (MT), respectively, for each

stage/level. All sections were reviewed and scored by a

pathologist blinded to the group (whole blood patch, plasma

patch, or control).

Evaluation parameters
Gradings were performed by an investigator blinded to the

group (whole blood patch, plasma patch or control). The
extent of the macroscopic adhesions was scored according to

a modified and simplified grading system11,21-23 shown in

Table 1. The extent of the histopathological changes were

scored individually within three categories: Inflammation,

fibrosis, and microscopic adhesions,24 as shown in Tables 2-4.

Statistical analysis

The hypothesis was that adhesion prophylaxis would reduce

adhesions (microscopic and macroscopic), inflammation and

fibrosis, while comparing the treated uterine horn to the un-

treated control. These comparisons were made within sub-

jects (whole blood patch versus control, and plasma patch

versus control) using the Wilcoxon signed-ranks test. More-

over, it was hypothesized that the full blood patch would be

more efficacious than the plasma patch as adhesion prophy-

laxis and that it would stimulate faster healing. This was

tested using theManneWhitney U test, comparing the treated

uterine horns between the two groups (whole blood patch

versus plasma patch). Statistical significance was set at

P < 0.05. All analyses were carried out using R (version i386

4.0.0).
Results

A total of 40 rats successfully completed the study protocol.

There were no major postoperative complications such as

infections or abdominal herniation. Three rats suffered self-

inflicted rupture of the skin-suture within the first 24 h and

needed rescue-surgery, where the rats were anesthetized for

less than 10 min during resuture. All rats tolerated the treat-

ment well and recovered quickly.

The uterine horn damage produced some level of macro-

scopic adhesions (graded as mild or above) (Fig. 2 B-D) in 80%

https://doi.org/10.1016/j.jss.2022.02.008
https://doi.org/10.1016/j.jss.2022.02.008
https://doi.org/10.1016/j.jss.2022.02.008


Table 2 e Distribution of microscopic inflammation scores and statistical comparison.

Inflammation Whole blood patch group (n ¼ 20) Plasma patch group (n ¼ 20)

Treated side Control side Treated side Control side

Score 3

Severe inflammation

3 4 5 4

Score 2

Moderate inflammation

9 7 12 10

Score 1

Mild inflammation

8 9 3 6

Score 0

No inflammation

0 0 0 0

Hypothesis test Wilcoxon signed-ranks test: Z ¼ 0.05; P ¼ 0.82 NS Wilcoxon signed-ranks test: Z ¼ 0.17; P ¼ 0.45 NS

Hypothesis test ManneWhitney U-test: U ¼ 145.5, P ¼ 0.11 NS

NS ¼ not significant; * ¼ significant.

None of the patches resulted in significantly less or worse inflammation than in the respective controls and there was no significant difference

between use of the two different patches. Testing between the whole blood patch and the plasma patch and their respective controls was

performed using Wilcoxon signed-ranks test. Testing between the two types of patches was performed using ManneWhitney U-test. A P-value

of <0.05 was considered to be statistically significant.
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of any of patch-treated uterine horns (32 of 40) and in 100% of

the untreated uterine horns (40 out of 40). Adhesions were

found between the uterine horns and the adjacent omentum,

intestines, or abdominal wall. Six uterine horns treated with

the whole blood patch, and two uterine horns treated with a

plasma patch, were found to be completely adhesion-free.

Adhesion prophylaxis, with either a whole blood patch or a

plasma patch, resulted in significantly less adhesions

macroscopically. The mean macroscopic adhesion score for

the whole blood patch was 1.10 versus 2.40 for the paired non-

treated controls (n¼ 20, Z¼ 0.67, P¼ 0.001,Wilcoxonmatched-

pairs signed rank test, Table 1). The mean macroscopic

adhesion score for the plasma patch was 1.35 versus 2.30 for
Table 3 e Distribution of microscopic fibrosis scores and statis

Fibrosis Whole blood patch gro

Treated side

Score 3

Well organized fibrosis

1

Score 2

Moderately organized fibrosis

13

Score 1

Minimally organized fibrosis

6

Score 0

No fibrosis

0

Hypothesis test Wilcoxon signed-ranks test:

Z ¼ 0.06; P ¼ 0.79 NS

Hypothesis test ManneWhitney U-test: U ¼ 1

NS ¼ not significant; * ¼ significant.

None of the patches resulted in significantly less or worse fibrosis than i

tween use of the two different patches. Testing between the whole blood

formed using Wilcoxon signed-ranks test. Testing between the two types

<0.05 was considered to be statistically significant.
the paired non-treated control (n ¼ 20, Z ¼ 0.69, P ¼ 0.002,

Wilcoxon matched-pairs signed rank test, Table 1). The dif-

ference in macroscopic adhesion score between the whole

blood patch and the plasma patchwas however not significant

(1.10 versus 1.35, n ¼ 40, U ¼ 170.5 P ¼ 0.43, Mann Whitney,

Table 1).

Regarding the histopathological scores of inflammation,

fibrosis or microscopic signs of adhesions the uterine horns

treated with either a whole blood patch or a plasma patch did

not differ significantly from their respective controls, as seen

in Tables 2-4.We could not establish a correlation of any of the

histopathological results with the macroscopic adhesions.

Representative histology images can be seen in Figures 3-5.
tical comparison.

up (n ¼ 20) Plasma patch group (n ¼ 20)

Control side Treated side Control side

0 2 0

15 13 13

5 5 7

0 0 0

Wilcoxon signed-ranks test:

Z ¼ 0.17; P ¼ 0.44 NS

83.5, P ¼ 0.73 NS

n the respective controls and there was no significant difference be-

patch and the plasma patch and their respective controls was per-

of patches was performed using ManneWhitney U-test. A P-value of

https://doi.org/10.1016/j.jss.2022.02.008
https://doi.org/10.1016/j.jss.2022.02.008


Table 4 e Distribution of microscopic adhesion scores and statistical comparison.

Microscopic adhesions Whole blood patch group (n ¼ 20) Plasma patch group (n ¼ 20)

Treated side Control side Treated side Control side

Score 2

Adhesions on both sides of the uterine horn

16 12 16 15

Score 1

Adhesions on one side of the uterine horn

4 8 4 5

Score 0

No adhesions

0 0 0 0

Hypothesis test Wilcoxon signed-ranks test:

Z ¼ 0.21; P ¼ 0.35 NS

Wilcoxon signed-ranks test:

Z ¼ 0.16; P ¼ 0.48 NS

Hypothesis test ManneWhitney U-test: U ¼ 200, P ¼ � 0.99 NS

NS ¼ not significant; * ¼ significant.

None of the patches resulted in significantly less or more microscopic adhesions than in the respective controls and there was no significant

difference between use of the two different patches. Testing between the whole blood patch and the plasma patch and their respective controls

was performed using Wilcoxon signed-ranks test. Testing between the two types of patches was performed using ManneWhitney U-test. A P-

value of <0.05 was considered to be statistically significant.
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When evaluating microscopic signs of adhesions, we did see

formation of connective tissue on the serosal surface of the

uterine horn at the place of damage in all the cases. We

evaluated if there was formation of microscopic adhesions on

one or both sides of the uterine horn, but there were no sig-

nificant difference between the treated uterine horns and the

untreated uterine horns.

We did find focal differences in the degree of inflammation

and fibrosis within the same specimen (Fig. 5). This was the

case for both the uterine horns treated with a patch and in the

controls. When a specimen was evaluated, the area most

affected with inflammation or fibrosis was used. Conse-

quently, some sampleswere largely without inflammation yet

may have scored high on inflammation due to a small, greatly

affected, area. We observed some foreign-body reactions and

intense inflammation in some of the samples, but this was

related to suture-material or errant rat hair and therefore

disregarded when evaluating the samples.

We did not find any residual patchmaterial in either group,

neither macroscopically nor microscopically. As seen in

Figure 3 (*), we observed deposits that cant be interpreted as

remnants of the patch, but these deposits were observed in

both the treated and untreated uterine horns.
Discussion

The uterine horn damage producedmacroscopic adhesions in

100% of the untreated uterine horns. This is in line with an

earlier study of adhesions in rats by Kraemer et al.16 They

found adhesions in 100% of the damaged uterine horns in a

model using electrocautery and suturing. This is also similar

to the level of adhesions created using the Meso-Stitch

Approximation,14 which is an another used model in adhe-

sion studies.

The use of any of the two anti-adhesive patches reduced

macroscopic adhesions after surgery, compared to no treat-

ment. However, when we compared the effects of two

different patches, we found no significant differences in
neithermacroscopic normicroscopic. The similar effect of the

two patches on macroscopic adhesions could be explained by

the fact that both provides a physical barrier which separates

wound surfaces, suggesting that this is probably the most

important feature of the anti-adhesives. This is consistent

with literature where most studies report an effect from

separating wound surfaces, even though the specific agents

vary in effectiveness and efficacy.4,25-29 Interestingly, it was

observed that the number of adhesion-free uterine horns

were higher in the whole blood patch group than in the

plasma patch group. This difference was not significant and

was not foundmicroscopically, but may be worth revisiting in

the future, as the study was not powered to detect such subtle

differences.

When analyzing the histology samples, we noted that the

same uterine horn could havemassive inflammation (grade 3)

locally in one area, and advanced healing and fibrosis (grade 2-

3) in other parts of the same uterine horn. One would expect

that a high degree of inflammation would result in a low de-

gree of fibrosis. Nonetheless, this pattern with focal differ-

ences between the degree of inflammation and fibrosis, and

the relationship between these two, illustrates that healing is

a complex process and not linear. The focal differences in this

study could, however, also be due to the placement of the

patch. The size of the patch might have been too small to

ensure full coverage of the damaged area.When analyzing the

uterine horns, it was not possible to determine the placement

of the patch after the recovery period. One recent study29 re-

ported that the formation of adhesions is a rather localized

process, however we do postulate that the placement of the

patches must have been sufficient for it to produce a signifi-

cant reduction of macroscopic adhesions.

Foreign-body reactions are of great concern while intro-

ducingmaterials into the human body4,6 due to a higher risk of

adhesions30 and therefore, adhesion-related complications. A

recent study31 investigated the effects of barrier agents

through histopathological analysis. A solid-barrier agent,

comparable to ours though synthetic, seemed to protract the

healing compared to a control group. This may be related to

https://doi.org/10.1016/j.jss.2022.02.008
https://doi.org/10.1016/j.jss.2022.02.008
https://doi.org/10.1016/j.jss.2022.02.008


Fig. 2 e Macroscopic photos from surgery and autopsy. (A) Damaged rat uterine horn with a whole blood patch applied on

top. BCD: Representative examples of macroscopic adhesions 14 d after uterine damage. (B) Severe adhesion originating

from the damaged site on the right uterine horn, involving the greater omentum and intestineecorresponding to a score of 3

(Table 1). (C) Cohesive and filmy adhesions originating from the damage site, involving the abdominal damage site and the

greater omentumecorresponding to a score of 2 (Table 1). (D) A uterine horn treated with a whole blood patch with no

macroscopic adhesionsecorresponding to a score of 0 (Table 1).
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the time required for the barrier to dissolveethe longer the

agent persists, the more delayed is the healing. In our model

we did not observe prolonged healing in patch-treated uterine

horns, compared to the controls. It can be speculated that the

blood-derived patches, whether whole blood or plasma, either

dissolve within a suitable time, or simply do not provoke an

adverse response like that of a comparable synthetic agent.31

As mentioned in the results, there were some foreign-body

reactions and intense inflammation, but this was related

only to suture-material or errant rat hair and are disregarded

while evaluating the samples. Because of the current design

and composition of the patches, they do not come with a self-

adherent surface. Therefore, both blood-derived patches were

fixated with absorbable monofilament suture on the uterine

horns. Most types of sutures are known to produce some de-

gree of foreign-body reactions and thereby might provoke

adhesions and thus might mask some of the effect of the

patches. We sought to meet this challenge by using a suture

that has been shown to produces less tissue response.32 A

challenge in this rat model is the size of the experimental site
and the patch itself, as they both are rather small by nature. A

suture therefore has a relatively large size and might possibly

have a larger impact on the results. In a more human-like or

even human model the patch would be larger and therefore

the suture would subsequently be relatively smaller and

might come with less impact.

A limitation of this study is that only one single timepoint

was used to evaluate the adhesion formation and wound

healing processes. Vann den Hil et al.5 showed that time is

very important for assessing wound healing and e.g., the

stabilization of collagen synthesis happens in approximately

14 d.16,19,33 Hence, longer recovery might have given different

results with respect to inflammation and fibrosis.

Finally, due to the nature of the uterine horn model, only

female rats were included. Different results might have been

obtained if the patch was also tested in male rats, which have

lower levels of estrogens. Estrogens are known to have a

positive effect on wound healing.34

The frequency of patients suffering from adhesion-related

complications has been reduced over the past years as

https://doi.org/10.1016/j.jss.2022.02.008
https://doi.org/10.1016/j.jss.2022.02.008


Fig. 3 e Overview of a histopathological sample from

excised tissue (HE-staining, 20x magnification). *: indicate

deposits in the uterine tissue in the process of healing.

These deposits were observed in both treated and

untreated uterine horns. UC: The uterine cavity. Masson

Trichrome, 20x magnification. Fig. 5 e Example of focal differences in the degree of

inflammation and fibrosis. (A) Overview of a sample

containing focal areas with both a high degree of

inflammation and other areas with highly developed

fibrosis (HE, 40x magnification). (B) Focal area displaying

numerous granulocytes, primarily neutrophilic

granulocytes, and some eosinophils. This was deemed to

be a case of severe inflammation, rated with a score of 3

(HE, 100x magnification). (C) Focal area displaying

organized fibrosis with fibroblasts incorporated in fibrillary

collagen. This area was deemed to be a case of moderate

fibrosis and therefore rated with a fibrosis score of 2 (HE,

100x magnification).
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minimally invasive surgery has been implemented more

widely in the surgical specialties.35-37 Nevertheless, adhe-

sions that can cause serious comorbidity still occur,36 and for

the patient, the consequences can be an increased risk of

mortality or chronic bowel problems that reduce quality of

life significantly.3,25,38,39 Some types of surgery have limited

options for minimally invasive approaches or hold a larger

risk for adhesion-related complications from the surgery it-

self, eg, anal surgery, colorectal surgery, and hernia surgery.3

Consequently, there is still a need for methods like the

autologous patches for preventing or limiting the formation

of adhesions.
Fig. 4 e Example of newly formed fibrosis (Masson

Trichrome, 40x magnification). F: Fibrosis in a uterine horn

treated with a whole blood patch (fibrosis score: 2). Ad:

Formations of connective tissue on the serosal surface of

the uterine horn (microscopic adhesion score: 2) are seen at

on both sides of the uterine horn. Masson Trichrome, 40x

magnification.
Conclusion

The autologous blood-derived adhesion prophylactic had a

significant effect in reducing formation of macroscopic ad-

hesions in a rat uterine horn damage model, indicating clin-

ical potential for an autologous approach to adhesion

prophylaxis. Utilizing the patient’s own cells and wound

healing capacity in surgery provides a unique possibility for

avoiding xenogeneic material. Our results indicate that the

autologous treatment can be based on whole blood or plasma,

calling for further studies in larger, and more human-like,

animal models of adhesions.
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Reduction of postsurgical adhesions in a rat model: a
comparative study. Clinics. 2009;64:143e148.
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