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Abstract

BACKGROUND

Anastomotic leak constitutes a major problem in abdominal surgery. Technical
insufficiency, topical or systemic factors contribute to disrupted healing of the
performed bowel anastomosis and result in anastomosis leakage, with
detrimental effects on patient postoperative outcomes. Despite the investigation of
several factors and the invention of protective materials, the ideal agent to prevent
anastomotic leaks is yet to be determined.

AIM

To study the effect of platelet rich plasma (PRP) on the healing of bowel ana-
stomoses.

METHODS
A systematic literature search was performed in PubMed, EMBASE, and Scopus

1736 December 27,2021 | Volume13 | Issue12 |
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databases to identify studies investigating the effect of PRP application on bowel
anastomosis.

RESULTS

Eighteen studies were eligible with a total population of 712 animals including
rats (14 studies), rabbits (2 studies) and pigs (2 studies). No postoperative
complications were reported following PRP application. Fourteen out of 18
studies reported a statistically significant higher anastomosis bursting pressure in
PRP groups compared to control either in healthy animals or animal models with
underlying condition or intervention, such as intraperitoneal chemotherapy or
peritonitis. Similar results were reported by ten studies in terms of tissue
hydroxyproline levels. One study reported significant increase in collagen
deposition in PRP groups. PRP application resulted in significantly decreased
inflammatory cell infiltration in the presence of peritonitis or intraperitoneal
chemotherapy (6 studies).

CONCLUSION

The application of PRP is associated with improved bowel anastomosis outcomes,
especially in animal models having an underlying condition affecting the normal
healing process. PRP application seems to augment the normal healing process
under these circumstances. However, further studies are needed to investigate the
potential role of PRP on bowel anastomosis healing, especially in clinical settings.

Key Words: Platelet rich plasma; Colonic anastomosis; Small bowel anastomosis; Large
bowel anastomosis; Bowel anastomosis; Surgery

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The positive effect of platelet rich plasma (PRP) in bowel anastomoses has
been shown by several studies. The application of PRP in bowel anastomoses in the
presence of impaired wound healing conditions like ischemia, infection or
chemotherapy significantly improved anastomosis burst pressure and tissue
hydroxyproline, two of the most common used parameters to test anastomosis integrity.
The current literature supports the effectiveness of PRP in animal models. Further
studies are needed in order to determine the potential role of PRP in clinical practice.

Citation: Geropoulos G, Psarras K, Giannis D, Martzivanou EC, Papaioannou M, Kakos CD,
Pavlidis ET, Symeonidis N, Koliakos G, Pavlidis TE. Platelet rich plasma effectiveness in
bowel anastomoses: A systematic review. World J Gastrointest Surg 2021; 13(12): 1736-1753
URL: https://www.wjgnet.com/1948-9366/full/v13/i12/1736.htm

DOI: https://dx.doi.org/10.4240/wjgs.v13.i12.1736

INTRODUCTION

Bowel anastomosis related complications are frequently encountered in patients
undergoing major abdominal surgery involving bowel excision. Anastomotic leak
seems to be the most common complication and its rate is approximately 10% in
operations involving bowel anastomosis[1-4]. However, in the presence of an
underlying condition, such as malignancy or intraperitoneal hyperthermic
chemotherapy, an anastomotic leak may occur in up to 25% of the cases[5-7]. Multiple
factors have been previously investigated and have been proven to affect the integrity
of bowel anastomosis. Advanced age, sepsis, hypoalbuminemia, low hematocrit,
immunosuppression, diabetes mellitus, and reduced blood supply are systemic factors
that may negatively affect anastomotic healing[8,9]. In addition, topical factors,
including suturing technique, anastomotic tension, bowel infection, fecal contam-
ination and peritonitis, could also result in delayed healing and increase the rate of
anastomotic leak[10].
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Several topical mechanical and pharmaceutic agent applied to bowel anastomosis
have been reported in the literature, demonstrating variable effects in the healing
process of anastomoses. The vast majority of these agents have been tested in experi-
mental animal (mainly rat) models. However, very few agents were applied to the
clinical practice[9].

Platelet rich plasma (PRP) is widely used in maxillofacial reconstructive surgery,
orthopedic surgery, plastic surgery, and diabetic skin ulcers with highly acceptable
effects in terms of improved wound healing and tissue regeneration[11-13]. PRP is
easily extracted from a small amount of peripheral blood and its production roughly
requires a two-step centrifugation or even a one-step centrifugation technique[14]. The
effects of PRP are mainly attributed to its endogenous concentration of growth factors,
including platelet-derived growth factor (PDGF), transforming growth factor-p (TGF-p
), vascular endothelial growth factor (VEGF), fibroblast growth factor (FGF),
hepatocyte growth factor, and insulin-like growth factor (IGF)[15]. Furthermore,
inflammatory biomolecules like interleukin (IL)-1B, IL-6 and IL-4 have been also
reported in the PRP biochemical analysis[16].

The synergic effect of these factors modulates and/or augments angiogenesis, cell
mitosis and extracellular matrix remodeling, which are processes involved in normal
wound healing[17-19].

The aim of this study is to systematically review the current literature on the effects
of PRP application on bowel anastomosis.

MATERIALS AND METHODS

Search strategy

This systematic review was performed according to the PRISMA guidance[20] after
approval of the study protocol by all authors. A comprehensive literature search (last
search date as of October 1, 2020) was performed by two researchers (Kakos CD and
Martzivanou EC) in PubMed (Medline), EMBASE, and Scopus. The search term
included several combinations of “platelet rich plasma”, “PRP”, “colon” and
“anastomosis” keywords (Supplementary Table 1). A manual search was also
performed using the snowball methodology to identify any relevant studies in the list
of references of the included articles[21].

Study selection process

Our systematic review included retrospective animal studies that investigated the
effect of PRP on bowel anastomosis. There was no restriction regarding the animal
models that were used and these included healthy animals as well as animals with
peritonitis or undergoing intraperitoneal chemotherapy. Studies were excluded based
on the following criteria: (1) Non-available full texts; (2) Non-peer reviewed public-
ations, including theses, conference papers, and book chapters; (3) Non-original
studies, such as systematic reviews and narrative reviews; (4) Studies with non-
extractable data; and (5) Studies with overlapping or duplicated data.

Data extraction

A data extraction template was created and modified based on an initial pilot testing.
Three investigators (Kakos CD, Martzivanou EC and Geropoulos G) independently
identified and extracted the variables of interest. Extracted variables included study
details (author, year, country, study type), animal type, underlying animal condition,
study subgroups, origin of PRP, preparation method of PRP, dose of PRP, PRP
application technique, type of anastomosis, interval between PRP application and
animal sacrifice, postoperative complications, postoperative outcomes (bursting
pressure, hydroxyproline levels, adhesions) and histopathology results (inflammatory
cell infiltration, necrosis, angiogenesis, edema, collagen deposition, fibrosis, fibroblast
count, anastomotic epithelialization, granulation). Any discrepancies between the
results of extraction were discussed and resolved, while a fourth investigator (Giannis
D) was consulted if needed.

Quality assessment

The risk of bias of included studies was evaluated with the Systematic Review Centre
for Laboratory animal Experimentation risk of bias tool (SYRCLE's RoB tool)[22]. The
quality assessment tool is based on the Cochrane Risk Of Bias tool, but it is adjusted to
estimate the risk of bias in animal/preclinical studies. Each question is answered as
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“yes” (low risk of bias), “no” (high risk of bias), or “unknown” (unknown/unclear risk
of bias). Two authors (Martzivanou EC and Geropoulos G) independently assessed the
10 components of the SYRCLE's RoB tool. Any conflicts were resolved by discussion
with a third investigator (Giannis D).

RESULTS

Literature search, included studies and selection process

Among the 3858 studies that were identified, 2407 were screened after removal of
duplicates, through the use of Covidence (Covidence systematic review software,
Veritas Health Innovation, Melbourne, Australia) and manual screening of titles and
abstracts[23]. According to the predefined inclusion and exclusion criteria, 26 studies
were selected for full text screening. Eventually, eight studies were excluded (four
studies not describing the effect of PRP on bowel anastomosis, one duplicate study
published in two different journals[24,25], one comment paper, one conference paper
and one letter to the editor without extractable data. After manual literature search in
the references of the eligible studies, which did not provide any additional eligible
studies, 18 studies were finally included in this systematic review (Figure 1). Two out
of the 18 included studies investigated the effect of platelet rich fibrin (PRF), which is
similar to PRP in terms of high platelet concentration. However, PRF is rich in fibrin,
which is thought to trap platelets and ease the application around the anastomotic
surface[16,26] (Table 1).

Surgical procedure

The majority of the studies (12 studies) investigated the effect of PRP on colonic
anastomosis, while six studies investigated the effect on small bowel anastomosis[16,
18,19,25,27]. End-to-end anastomosis was performed to restore the bowel continuity in
all included studies. Concurrent bowel resection was reported in three studies[16,28,
29]. Suturing method was continuous in four studies[16,17,28,29] or simple interrupted
in six studies[18,19,30-33]. Circular stapler was used in one study[26].

PRP origin, pharmacokinetics and method of application

The origin of PRP was homologous or autologous. Autologous PRP was used in three
rat studies[9,10,34], two rabbit studies[25,27] and three pig studies[19,26,28]. Daglioglu
et al[9] and Ozgay et al[16], in the autologous PRP group, extracted 2.5 mL and 1 mL
from each rat, respectively, while Yol et al[10] did not report the amount of blood taken
from each rat. In the pig and rabbit groups, a total of 60-100 mL and 8-10 was taken,
respectively. All ten studies that investigated the effect of homologous PRP were
conducted on rats[17,18,29-36] and the number of rat donors ranged from five to
twelve rats, while the amount of blood drawn from each donor ranged between 5-10
mL. A two-step centrifugation technique was applied in 16 studies investigating PRP.
Dauser et al[26] utilized a specific kit for the preparation of PRF, while Ozgay et al[16]
used an one step centrifugation technique to extract PRF.

Direct application of PRP on bowel anastomosis was mentioned in 13 studies[9,10,
16,18,26,29-36], merging of the bowel edges with PRP enriched material in three
studies[19,25,28], PRP injection adjacent to anastomosis in one study[25], and
anastomosis performed with PRP coated sutures in two studies[17,27]. Lastly, two
studies investigated PRP pharmacokinetics[18,27]. PDGF subunit A release to the
media from PRP coated sutures was stable and showed no significant changes at 1, 2,
24 and 48 h post application. Similarly, the release of TGF-f1 was increased
significantly in the first hour, but thereafter the release was stable without any major
changes[27]. PDGF-BB and TGF-p1 showed statistically significant higher concen-
tration in the high concentration PRP vs low concentration PRP and platelet poor
plasma groups[18].

Postoperative outcomes and complications

In total, eight deaths were reported and included one death in the PRP group[9] and
seven deaths in the comparison groups. No postoperative complications related to
PRP were reported among the included studies.

Common anastomosis related parameters measured among the included studies are
the anastomotic bursting pressure, tissue hydroxyproline, collagen deposition and
inflammatory cell infiltration. These results are summarized in Table 2. The
comparison and the associated statistical significance of PRP, control and other agents
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Table 1 Basic characteristics of the included studies

PRP amount in

. Number  Animal . . . o .
Ref Count Animal Sample S 5 Day at animal  Underlying animal condition  anastomosis (and Control et et
' v model (race) size (n) g sacrification  that PRP was tested factors mixed with &
(n) group (n)
PRP)
Daglioglu et al Turkey Rat (Winstar- 36 3 12 Day 7 Normal 0.5 mL PRP Simple end-end colon anastomosis ~ PRP vs fibrin glue
[9], 2018 Albino)
Ocak et al[34], Turkey Rat (Winstar- 35 3 10 Day 7 Hyperthermic intraperitoneal 200 pL PRP (200 pL. Hyperthermic saline after PRP vs non PRP application
2019 Albino) chemotherapy (HIPEC) thrombin and 100 pL anastomosis in rats having HIPEC with
calcium solution) cisplatin
Yol et al[10], 2008 Turkey Rat (Sprague 30 3 10 Day 7 Normal 1mL PRP (0.1 mL Simple end-end colon anastomosis ~ PRP vs bioglue
Danwley) thrombin and 1 mL
calcium solution)
Buk et al[35], Turkey Rat (Winstar- 35 3 10 Day 7 HIPEC 1 mL PRP (1 mL Hyperthermic saline after PRP vs non PRP application
2020 Albino) thrombin and 0.5 mL anastomosis in rats having HIPEC with
calcium solution) oxaliplatin
Dzhumabekov et Kazakhstan Rabbit 81 3 27 Day 7 Normal 0.2 mL/m? PRP Normal saline injected in the PRP injection in bowel
al[25], 2019 (Chinchillas) muscular layer of end-end small muscular layers vs soaking
bowel anastomosis of bowel edges in PRP
before anastomosis
Aydinetal[17],  Turkey Rat (Sprague 24 3 8 Day 7 Normal 0.7 pL PRP absorbed by ~ Simple end-end colon anastomosis ~ Higher vs lower platelet
2020 Dawley) sutures concentration PRP-
impregnated vicryl sutures
Dauser et al[26],  Austria Pig 16 4 4 Day 0,4,10and Normal PREF spray Each group had one animal as a PRF vs no PRF application
2020 30 control: A simple anastomosis was  tested in several
performed with a circular stapler postoperative days
Giusto et al[28],  Italy Pig (Landace X 8 2 4 Day 8 Normal 1 mL PRP (50 pL 2 out of 6 anastomoses performed  PRP vs PRGF
2017 Large White) calcium solution) in each animal used as a control
anastomosis [no PRP or platelet
rich in growth factors (PRGF)
applied]
Zhou et al[29], China Rat (Sprague 30 3 10 Day 7 Open abdomen. A polypropylene 1 mL PRP Simple end-end colon anastomosis ~ PRP vs non PRP application
2014 Dawley) mesh used for abdomen closing in in a background of open
the open abdomen group abdomen
Goksu et al[30],  Turkey Rat (Wistar 24 3 8 Day 7 HIPEC PRP alone (dose not Hyperthermic saline after PRP vs non PRP application
2020 Albino) mentioned) anastomosis in rats having HIPEC with
5-fluorouracil (5-FU)
Ozcay etal[16],  Turkey Rat (Sprague 40 4 10 Day 7 Mesenteric ischemia/reperfusion ~ PRF membrane applied ~ Simple end-end colon anastomosis ~ PRF vs non PRF application
2018 Dawley) injury (IR injury) around the anastomosis following IR injury
Fresno et al[19],  Spain Pig (White) 35 7 3or10 Day1,2,3,4 Normal 1 mL PRP (50 pL 1 out of 2 anastomoses performed  PRP effect on several
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2010

Daradka et al Jordan
[27], 2019

Yali et al[36], Turkey
2020

Pehlivanli et al Turkey
[33], 2019

Sozutek et al Turkey
[31], 2016

Yamaguchietal  Japan
[18], 2012

Gorur et al[32],  Turkey
2020

Rabbit (mixed-
breed)

Rat (Wistar-
Albino)

Rat (Wistar
Albino)

Rat (Wistar
Albino)

Rat (Sprague-
Dawley)

Rat (Wistar
Albino)

30

56

55

50

77

50

10

12

10

10

12

10

and 7 calcium solution) in each animal used as a control
anastomosis (no PRP or PRGF
applied)
Day 3 and 10 Normal Sutures submergedin1  Simple end-end ileal anastomosis
ml PRP solution
Day 5 Peritonitis 1 mL PRP (1 mL calcium Simple end-end colon anastomosis
solution)
Day 10 Mesenteric ischemia 1 mL PRP Simple end-end colon anastomosis
Day 7 Peritonitis 1 mL PRP (1 mL Simple end-end colon anastomosis
thrombin and 50 pL
calcium solution)
Day 5 Normal 180 pL PRP (180 units of = Simple end-end colon anastomosis
bovine thrombin and 30
pL of calcium solution).
Day 7 Intraperitoneal administration of 1 mL PRP (1 mL Simple end-end colon anastomosis
5-FU thrombin and 50 pL of

calcium solution)
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postoperative days

PRP vs sodium citrate
coated sutures

PRP in normal abdomen vs
peritonitis

PRP vs Zeolite vs
thymoquinone

PRP in normal abdomen vs
peritonitis

Platelet poor plasma vs low
vs high platelet rich plasma

PRP vs non PRP application
in rats having
intraperitoneal
administration of 5-FU

PRP: Platelet rich plasma.

JRaishideng®
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are presented with the related P value. Other reported outcomes are descripted
subsequently.

Macroscopic findings

Intrabdominal adhesions were assessed in five studies[16,25-28]. Soaking of the bowel
edges in PRP resulted in increased formation of intrabdominal adhesions compared to
the injection of PRP along the anastomosis line and compared to the control group
[25]. Compared to the platelet rich in growth factors (PRGF) and control groups, the
use of PRP resulted in a non-significantly increased formation of intrabdominal
adhesions[28]. In another technique, suture soaking in PRP material was associated
with significantly lower adhesion scores in the anastomotic sites in a rabbit animal
model[27]. Dauser et al[26], reported that the application of PRF was not associated
with significant changes in adhesion formation, compared to the control group. In
contrast, Ozgay et al[16] reported that the application of PRF resulted in significantly
decreased formation of intra-abdominal adhesions in the ischemia/reperfusion injury
animal model compared to the non PRF groups[16].

Circulating inflammatory markers and immunohistology changes
Daglioglu et al[9], reported no statistically significant changes in proinflammatory
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Table 2 Anastomotic burst pressure, tissue hydroxyproline, collage deposition and inflammatory cell infiltration

Anastomotic burst pressure (mm/hg)

Tissue hydroxyproline (ug/mg)

Inflammatory cells

Ref. Collagen deposition "
PRP Control  Other agent Pvalue PRP Control  Other agent P value deposition
Daglioglu et al 146 + 44.55 119 £35.65 149.1 £72.29 mm/hg vs Control (0.026); vs 1201+ 962 118.71 £ 42.18 pg/mg vs Control (0.023); vs No significant difference  No significant difference
[9], 2018 mm/hg mm/hg (Fibrin glue) Fibrin glue (0.896) 515 29.22 Fibrin glue (0,745) between groups between groups
pg/mg  pg/mg
Ocak et al[34], 146 £21.85 180+£9.14 1158 £18.19 mm/hg vs Control (< 0.001); vs 25659 £ 314.69+  148.02 £26.57 ng/mg vs Control (0.335); vs = Inflammatory cell
2019 mm/hg mm/hg (HIPEC with cisplatin HIPEC with cisplatin 84.03 47.56 (HIPEC with cisplatin) Hyperthermic saline infiltration is significant
group) (0.01) ng/mg ng/mg group (< 0.001) decreased with PRP
application in HIPEC and
cisplatin model
Yol et al[10], 270+29.8 195+153 214 +£16.46 mm/hg vs Control (< 0.001); vs 182+ 10.96 + 11.08 +5.08 pg/mg vs Control (0.016); vs Rich collagen production  Less inflammatory cell
2008 mm/hg mm/hg (bioglue) Bioglue (< 0.001) 4.95 5.94 Bioglue (0.026) was observed in the PRP infiltration in the PRP
pg/mg  pg/mg group. No comparison group
between groups
Buk et al[35], 125.7 +15.64 180+9.14 9490 +9.9 mm/hg vs Control (< 0.001); vs 280.92+ 314.69+ 922697 ng/mg vs Control (< 0.001); vs - Inflammatory cell
2020 mm/hg mm/hg (HIPEC with oxiliplatin)  HIPEC with oxiliplatin 45.85 75.57 (HIPEC with oxiliplatin) HIPEC with oxiliplatin) infiltration is significant
group (< 0.001") ng/mg  ng/mg (< 0.001") decreased with PRP
application in oxiplatin
model
Dzhumabekov ~ 1.76 +0.28 (PRP  1.54+0.23' 1.81+0.17' (PRP vs Control (0.05); vs PRP - - - - No significant differences  Inflammatory cell
etal[25],2019  soakinggroup)' injecting group) injecting group (0.69) between groups infiltration significantly
lower in the PRP soaking
or injection group
Aydinetal[17], 121+57 mm/hg 124+61 180 + 49 mm/hg (low vs Control (> 0.05); vs 039+ 0.25+ 0.56 + 0.37 pg/mg (low  ws Control (< 0.001); vs - No significant difference
2020 mm/hg concentration PRP) low concentration PRP (< 0.10 0.17 concentration PRP) low concentration PRP (< between groups
0.001") pg/mg  pg/mg 0.05")
Dauser et al Median = 210 Median= - The study reports no - - - - Matrix treated animals No significant changes in
[26], 2020 mm/hg (day 10) 60 mm/hg statistically significant showed less immature the M2 or non-M2
(day 10) changes between groups collagen deposition (type = macrophage density in
due to small sample size III) compared to the the mucosal, mural and
control group (day 10). serosal layers. No
However no significant significant changes in
differences were observed inflammatory cell
infiltration
Giusto et al 117.5 mm/hg 154 165 mm/hg (range: 100-  vs Control or PRGF (> - - - - No significant difference ~ No significant difference
[28], 2017 (range: 80-190)  mm/hg 190) (PRGF); And 175 0.05); vs Intact bowel between groups between groups
(range: 50- mm/hg (range: 160-190)  (0.0007")
180) (intact bowel)
Zhou et al[29], 177 £6.95 1848 +£6.6 158 +£5.08 mm/hg (open s Control (0.398); vs 399.7+  403.6 + 353.5 +6.75 pg/mg vs Control (0.74); vs non-  Significantly higher in the No significant differences
2014 mm/hg mm/hg abdomen group without non-PRP applicationin ~ 9.46 8.55 (open abdomen group PRP application in open  PRP and control group between groups
PRP application) open abdomen (0.041) pg/mg  ng/mg without PRP application) abdomen (0.001)
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Goksu et al[30],
2020

Ozcay et al[16],
2018

Fresno et al
[19], 2010

Daradka et al
[27], 2019

Yali et al[36],
2020

Pehlivanli et al
[33], 2019

Sozutek et al
[31], 2016

Yamaguchi et al
[18], 2012

Gorur et al[32],

JRaishideng®

143 £17.35 150 +20.49
mm/hg mm/hg
198.1+36.5 205.1+
mm/hg 411
mm/hg
1.34+£0.07 kgf ' 1.21+0.08
(day 3); 1.14 + kgf '(day
0.11 kgf '(day 7)  3);1.08 +
0.08 kgf '
(day7)
60.2+55 545+75
mm/hg mm/hg
129.66 £ 26.6 14325 £
mmH20 37.47
mmH20
225 (range: 180- 200 (range:
250)° 90-230)”
209 £14.4 1795+
mm/hg 103
mm/hg
148 £ 25 mm/hg 17120
(H-PRP) mm/hg
246.7+25.1 232.6+19.5

119.38 +17.65 mm/hg (5-
FU HIPEC without PRP
application)

106.1 £33.9 mm/hg (IR
injury without PRF)

1.8 £0.08 kgf ' (normal
tissue)

55.6 £10.2 mm/hg
(sodium citrate coated
sutures)

154.9 + 27.64 mmH20
(colon anastomosis in
peritonitis) and 173.5 +
29.49 mmH20 (colon
anastomosis and PRP
application in peritonitis)

235 (range: 220-250)"
thymoquinone; 132.5
(range: 85-150) Zeolite

129.3 +14.2 mm/hg
(colon anastomosis in
peritonitis); 167.5 7.5
mm/hg (colon
anastomosis and PRP
application in peritonitis)

174 + 23 mm/hg (PPP);
189 + 17 mm/hg (L-PRP)

127.5£17.7 mm/hg
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vs Control (0.718); vs
non-PRP 5-FU HIPEC
(0.047)

vs Control (> 0.05); vs
non PRF in IR injury (<
0.01)

vs Normal tissue (< 0.05);
vs Control day 3 or 7 (>
0.05)

vs Control (0.211)

vs Control (> 0.05); vs
Colon anastomosis and
PRP application in
peritonitis (< 0.05)

vs Control (> 0.05); vs
Zeolite (< 0.05); vs
Thymoquinone (> 0.05)

vs Control (0.01); vs
Colon anastomosis in
peritonitis (0.01); vs
Colon anastomosis and
PRP application in
peritonitis (0.01)

vs Control (< 0.05); vs L-
PRP (< 0.05); vs PPP (<
0.05)

vs Control (> 0.05); vs

253.64 +
5.35

pg/mg

0.76 +

pg/mg

613.22
(range:
158.55-
801.82)

17.4+
1.21

pg/mg

407 +
143

pg/mg

1939.5 +

259.6 +
7.95

pg/mg

047 +
0.13

pg/mg

371.27
(range:
164.51-
785.45)"

10.8+ 0.67
pg/mg

515 + 130
pg/mg

2994.6 +

1743

244.04 +7.28 pg/mg (5-
FU HIPEC without PRP
application)

0.52 +0.07 pg/mg
(sodium citrate- coated
sutures)

473.03 (range: 215.33-
963.43)” thymoquinone;
459.15 (range: 182.44-
738.21)* Zeolite

8.98 +1.04 pg/mg (colon
anastomosis in
peritonitis); 10.6 + 0.52
pg/mg (colon
anastomosis and PRP
application in peritonitis)

495 + 123 pg/mg (PPP);
629 + 120 pg/mg (L-PRP)

591 + 84.4 pg/mg (colon
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vs Control (0.224); vs
non-PRP 5-FU HIPEC
(0.03)

vs Control (< 0.05) on
day 10; vs Control (>
0.05) on day 3

vs Control (> 0.05); vs
Zeolite (> 0.05); vs
Thymoquinone (> 0.05)

vs Control (0.023); vs
Colon anastomosis in
peritonitis (0.01); vs
Colon anastomosis and
PRP application in
peritonitis (0.012)

vs Control (< 0.05); vs L-
PRP (< 0.05); vs PPP (<
0.05)

vs Control (0.212); vs

December 27,2021 | Volume13 |

Moderate to severe

collagen deposition in all
groups but no significant
changes between groups

No significant difference
between groups

Statistically significant
higher collagen
deposition compared to
uncoated suture groups
on day 10

Statistically significant
higher collage storage
values in PRP treated
group compared to
control and peritonitis
model

Application of PRP in
peritonitis group did no
increase collagen
deposition significantly

In L-PRP more collagen
deposition in the serosa
layer compared to other
groups. H-PRP showed
the lesser collagen
deposition compared to
other groups

Increased but no

Decreased lymphocytes
in the PRP compared to
the other groups. No
statistically significant
changes in neutrophil
infiltration

Moderate to severe
cellular infiltration but no
significant changes
between groups

Statistically significant
less inflammatory
infiltration compared to
PRP uncoated suture
groups

Statistically significant
differences between
groups in terms of
inflammatory reaction

No significant difference
in terms of inflammation
at the anastomotic line in
between groups

Macrophages
significantly increased in
PRP vs control group and
lymphocytes were
significantly decreased in
PRP + peritonitis
compared to peritonitis
group

No significant differences

Issue12 |
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2020

mm/hg mm/hg (colon anastomosis and
5-FU intraperitoneal);
202.9 +28.8 mm/hg
(colon anastomosis +
PRP and 5-FU
intraperitoneal)

Colon anastomosis and 586 2132.4 anastomosis and 5-FU Colon anastomosis and  statistically significant between groups
5-FU intraperitoneal (< pg/mg  pg/mg intraperitoneal); 1171+  5-FU intraperitoneal (< collagen deposition in
0.05); Colon anastomosis 301.7 pg/mg (colon 0.05); Colon anastomosis  colon anastomosis + PRP
+ PRP vs non PRP and 5- anastomosis + PRPand ~ + PRP vs non PRP and 5- vs non PRP on a
FU intraperitoneal (< 5-FU intraperitoneal) FU intraperitoneal (< background of
0.05) 0.05) intraperitoneal 5-FU
administration

1Breaking strength: Minimal force required for anastomosis rupture.
2Anastomotic bursting pressure and tissue hydroxyproline units not reported.

5-FU: 5-Fluorouracil; HIPEC: Hyperthermic intraperitoneal chemotherapy; IR injury: Ischemia/reperfusion injury; PRF: Platelet rich fibrin; PRGF: Platelet rich in growth factors; PRP: Platelet rich plasma.
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cytokines IL-6, IL-10 and procalcitonin levels between the PRP and control groups.
Higher circulating tumor necrosis factor-a and IL-1b levels in the PRP compared to the
control group were observed by Pehlivanli et al[33].

Table 2 summarizes the collagen deposition and inflammatory cell infiltration in the
PRP treated groups compared to the control or other agents that were also tested.
Table 3 describes the results of the Verhofstad histopathology scale that was recorded
by some of the included studies. The Verhofstad histopathology scale is used to
analyze wound healing by assessing on a 0-3 scale the necrosis, polymorphonuclear
leukocytes, macrophages, edema, mucosal epithelium and submucosal-muscular layer
healing[37].

Dauser et al[26] reported no significant difference in the PRF compared to the
control group in terms of foreign body reactivity, mucosal regeneration and inflam-
matory cell infiltrates. Anastomotic thickness, mean mucin percentage, and
microvascular density (at day 30 postoperatively) were also non-significantly
increased in the PRF treated anastomosis. The application of PRF was associated with
bacterial colonization and infiltration of neutrophils at day 4 in all animals. Both Ozcay
et al[16] and Dauser et al[26] did not observe residual PRF material on day 10 and day
30 postoperatively. In contrast, PRP material was visualized in the anastomosis
microscopic examination as an eosinophilic material[19]. Epithelialization, cellular
infiltration, fibroblast proliferation, and neovascularization did not present a
significant increase in the PRF group in the ischemia/reperfusion injury animal model
[16]. Staining for the endothelium specific Factor VIII did not present significant
changes in the PRP compared to control groups[19].

On postoperative days 1, 2, 3, and 7, Dzhumabekov et al[25] studied the fiber-crypt
index, intraepithelial lymphocyte count, epithelial-stromal coefficient and mitosis
count (mitosis observed outside lymphoid follicles). Higher mitosis rate in the mucosal
crypt area was observed in the PRP injection group compared to PRP soaking and
control groups on postoperative days 3 and 7. Epithelial-stromal coefficient decreased
in the control group. Intraepithelial lymphocyte infiltration did not present any
significant difference between groups[25].
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Table 3 Verhofstad histopathology scale

. . Mucosal Submucosal L
Groups Necrosis Neutrophil Lymphocyte Macrophages Oedema o Bridging Total
epithelium layer
Ocak et al[34]
Control 23+082 25+052 25+052 254052 29+031 2.6+0.966 0.8+0.63 - -
PRP 26+069 28+042° 27+048" 2.7 +0.48" 29+031 26+0516 1.4+ 0.69 - -
Fibrin glue 24066 21+031° 21+031° 21+0.31° 24047  26+0516 13+0.67 = -
Buk et al[35]
Control 23+0.82 1.9+056" 1.8+042° 2+0.47 21+056" 2.6+0.966 0.8 +0.63" - -
Oxaliplatin 254052 29+052° 24+051° 254052 28+042" 2.6+0516 2+0.94° - -
Oxaliplatin +  2.7+058 24047 1.8 +0.42° 23+0.67 21+056" 25+0.54 1.6 + 0.96" = -
PRP
Aydin et al[17]
Control 1+1 241 - 240 241 3+1 3+0 - -
L-PRP 0+2 241 - 240 1+0° 25+1° 342 = -
H-PRP 15+2 242 - 241 0+0° 1+2° 3+0 - -
Goksu et al[30]
Control 238 + 238+0518 238+051° - 275+ 2.63 +0.51 1.75 + 0.46 - -
0.51 0.46°
5-FU 263+ 250+0.463 2.63+051° - 275+ 2,50 +0.53 1.25 + 0.46 - -
0.51 0.46°
5-FU + PRP 213+ 21340518 2+1° - 2+£053"  2.63+051 1.25 +0.46 - -
0.35
Sozutek et al[31]
Control 03+048 13+094 1+047 1+0° 04+051 03+048 - 06+051 49+
1.28
Control + PRP 02+042 0.7£0.67 1+047 1.6 +0.51° 03+048 04+048 - 02+042 432
1.33
Septic 11+064 154053  1.6+051° 1.1+0.83 124071 1+053 - 124071 98+1.1
2&
Septic+ PRP  0.7+048 124042  13+048° 1.5+0.52 04+051" 05+0.51 - 08+042 61+
1.37°
Gorur et al[32]
Control 03+0.67° 13%09 1+047 1+0 11+031" 0.3+057° - 12+ -
0.78°
5-FU 1+1.05" 15053  14+032 1.1+0.83 24073 1.1+042° - 15+ -
0.52°
Control + PRP 07 07+067 1+0.67 1.8+0.31 1+047°  03+057° - 09+ -
0.87°
5-FU + PRP 01+03 12042 15+058 1.6 +0.53 1.7+048 0.6+057 - 114031 -

P < 0.05, represents a statistically significant difference between values.
5-FU: 5-Fluorouracil; PRP: Platelet rich plasma.

Aydin et al[17] reported that PRP coated sutures with either high or low platelet
concentration resulted in significantly decreased formation of granulation tissue
compared to the control group[17]. In contrast, Fresno et al[19] reported that on
postoperative day 7 the PRP treated anastomosis developed increased, but not
significantly different, mature granulation tissue and fibrosis. Yal1 et al[36] findings
were significant for higher vascularization, fibroblast organization and epithelial
formation in the PRP treated peritonitis model. Pehlivanli et al[33] compared several
agents and concluded that PRP application was associated with better re-epithelial-
ization scores compared to Zeolite application and control groups.
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Identification ]

[

] [ Screening ]

Eligibility

Records identified through database searching (7 = 3858)
PubMed: n = 888
EMBASE: n = 2096
Scopus: n = 874

v

Records after duplicates removed
(n = 2407)

!

Title and abstract screening
(n = 2407)

Records excluded as
irrelevant (7 = 2381)

A4

Full-text articles

assessed for eligibility
(n = 26)

)

Studies retrieved by
manual search (7 = 0)

Included

v

Studies included in
the systematic review
(n =18)

Full-text articles excluded (7 = 8),
according to eligibility criteria:

4 Irrelevant articles after full-text
screening

1 Comment paper without extracted
data

1 Conference paper without full text

1 Letter to the editor

1 Duplicate study (same study
existed in two separate journals)

Figure 1 PRISMA flow diagram of the study selection process.
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Giusto et al[28] reported no statistically significant changes in neovascularization
and fibroblast proliferation. Mucosa epithelialization was significantly increased in the
PRGF group. Yol et al[10] found that the fibroblast count was significantly increased in
the PRP group compared to the control group, but the results were comparable
between the PRP and the bioglue groups. In addition, Daglioglu et al[9] showed that
fibroblast density and neovascularization were not significantly different between the
fibrin glue or PRP application and control groups. Buk et al[35] reported that
submucosal bridging was significantly increased in the control and PRP/oxaliplatin
groups compared to the oxaliplatin group alone. Lastly, Zhou et al[29], utilizing an
open abdomen animal model, reported that fibroblast ingrowth was significantly
higher in the PRP group compared to the control and open abdomen group. The
vascular ingrowth of the PRP was significantly increased compared to the open
abdomen, but was comparable to the control group[29].

Study quality and risk of bias

Regarding selection bias, 17 of the 18 included studies (94%) did not report whether
the allocation sequence was adequately applied and concealed. Only one study
reported the use of a random number generator. Concerning the baseline character-
istics, 10 of the 18 studies (56 %) described comparable groups at the baseline.

Regarding performance bias, one study reported that the researchers were blinded,
while other studies did not report data regarding the housing parameters or
researcher's blinding. Therefore, the risk of bias is considered unclear.

Regarding detection bias and specifically the animals’ selection method for the
assessment of outcomes, all studies were scored as having unclear risk of bias due to
missing relevant information. However, outcome assessment methods were similar
between the groups in all studies and the risk of bias regarding the blinding of the
outcome assessors is characterized as low.

Regarding attrition bias, 5 of the 18 included studies (28%) did not describe the
handling method for incomplete data (unclear bias). Two studies were scored as high
risk of bias, including one study where the authors excluded unequal number of
animals that died in different groups and another study where the authors did not
provide sufficient information about the death of two animals in one of the groups.

Regarding reporting bias, in 17 of the 18 studies (94%) adequately described the
outcomes and the reporting bias risk was low. In one study, the tissue hydroxyproline
levels were not reported, despite being included as an expected outcome in the
materials and method section (high risk).
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Regarding other sources of bias, in one study a preparation kit was used and one of
the co-authors had a relevant conflict of interest with the manufacturer. Two studies
(11%) did not provide information regarding any funding that may have affected their
work.

Regarding the approval from an ethical committee, all included studies reported
approval from their local ethical committee. The quality assessment results are
summarized in Supplementary Table 2.

DISCUSSION

The application of PRP in bowel anastomosis is associated with improved outcomes in
terms of anastomoses bursting pressure and tissue hydroxyproline, which are the two
most common parameters used for the evaluation of anastomosis integrity[17].

Anastomotic bursting pressure is an indirect indicator of anastomosis healing. It
reflects the balance between collagen synthesis and degradation[18,38]. Although 50%
(9/18) of the included studies reported no statistically significant changes in the
anastomosis bursting pressure in PRP-treated compared to control groups, five studies
reported that the application of PRP in the presence of an underlying medical or
surgical condition, improved the anastomosis bursting pressure. Furthermore, the
application of PRP in the open abdomen, ischemic /reperfusion injury, peritonitis,
intraperitoneal 5-fluorouracil (5-FU) infusion, and hyperthermic intraperitoneal
chemotherapy with 5-FU animal models was associated with statistically significant
improved anastomosis bursting pressure[16,29,30,32,36]. Among, the other four
studies, Dauser et al[26] investigated the application of PRF, which presents some
component differences compared to PRP. Giusto et al[28] reported significantly lower
bursting pressure in the PRP compared to the control group, although the application
of PRGF significantly increased the anastomotic bursting pressure compared to PRP or
control group. Lastly, Daradka et al[27] used PRP coated sutures and Pehlivanli et al
[33] studied the application of several topical factors in the anastomosis. Both studies
report no significant changes in anastomotic bursting pressure in PRP compared to
control groups.

Hydroxyproline level is a widely accepted marker of tissue collagen synthesis,
including the anastomotic area[39]. Increased collagen synthesis and collagen
maturation are thought to be induced by hydroxyproline molecules[10]. Low levels of
tissue hydroxyproline exert a negative impact in wound healing[40,41]. According to
the included studies, tissue hydroxyproline is measured on or close to the 7"
postoperative day. Despite not being reported by six studies, tissue hydroxyproline
levels were consistent with the anastomotic bursting pressure in all except three
studies. In two studies the anastomotic bursting pressure was significantly increased
in the PRP-treated group while anastomotic tissue hydroxyproline levels did not show
any significant changes[17,34]. Gorur et al[32] reported that PRP application was
associated with increased tissue hydroxyproline levels in the intraperitoneal 5-FU
infusion animal model.

Similarly, anastomotic wound inflammatory cellular infiltration in control
compared to PRP groups did not show any statistically significant changes among the
included studies. However, it was reported that in the presence of an underlying
detrimental condition like intraperitoneal chemotherapy or infection, PRP application
significantly decreased the inflammatory cellular infiltration in bowel anastomosis[30-
32,34-36]. Theoretically, enhanced anastomosis strength associated with PRP
application could partially be attributed to decreased inflammatory cell-mediated
collagen degradation[42].

The intestinal wound healing process can be roughly divided into three phases:
inflammation, proliferation, and maturation. Following a surgical intervention,
platelets are among the first cells that reach the traumatized tissue area, while their
main functions include the formation of a protective clot and the release of growth
factors[43]. The role of growth factors in wound healing has been extensively invest-
igated in previous studies. PDGF secretion was shown to improve epithelialization,
secretion of several other tissue growth factors, and tissue regeneration[44]. Synthesis
and deposition of several extracellular matrix factors as well as increased in vitro
keratinocyte motility have been associated with FGF[45]. VEGF family proteins play a
significant role in early angiogenesis. In vitro studies have demonstrated that the
VEGEF family proteins facilitate the angiogenic properties of stem cells and improve the
wound healing process[46,47]. IGF acts as a mitogenic growth factor for fibroblasts
[48]. PRP, which is a carrier of growth factors, is expected to improve the anastomosis
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wound healing and reduce the incidence of postoperative anastomosis-related
complications (Figure 2).

The first week following a bowel anastomosis seems to be the critical period for the
development of anastomosis leaks. Most of the anastomosis leakages are reported 5-10
d postoperatively, when the strength of anastomosis is considered to be at its lowest
level[49]. A possible explanation involves the collagen remodeling during wound
healing process. Experimental studies have shown that collagen degradation starts on
the third postoperative day and peaks on the seventh day following surgical trauma.
Permanent collagen deposition in the anastomotic area is believed to take place a few
days postoperatively. In view of initial collagen degradation during wound healing
over the first few days, the anastomosis integrity is mainly supported by fibrin
deposition and anastomotic technique (suturing method)[9,29,35,50,51]. Based on these
experimental studies, all included studies investigated the effects of PRP application
around postoperative day 7, when the anastomotic strength is considered to be at its
lowest level.

Anastomotic leak is associated with increased morbidity and mortality rate[10,52].
Dysregulation of circulating platelets, the main component of PRP, has been associated
with anastomotic leak. Both thrombocytosis and thrombocytopenia have been
described as factors associated with anastomotic leak. However, these results should
be interpreted with caution as the dysregulation of circulating platelets could be
attributed to malnutrition (thrombocytopenia) or sepsis (thrombocytosis), which are
well established risk factors associated with anastomotic leak[53,54]. Patients
developing anastomotic leaks tend to have prolonged intensive care unit and hospital
stay and significantly increased medical care costs[29]. Intra-abdominal infections,
fistulas between adjacent organs, and poor abdominal wound healing are some of the
long-term complications of anastomotic leak that may result in significant
consequences on patient’s quality of life[55].

The optimal method and/or agent to prevent these detrimental complications has
not been identified yet. The prevention of bowel anastomosis leak involves the
modification of risk factors that predispose to impaired wound healing. To this end,
immunomodulators, hormones, growth factors, antibiotics and proteinase inhibitors
have been previously applied topically or administered systematically and have been
associated with improved bowel anastomotic healing[56]. The underlying mechanisms
,that promote enhanced anastomosis integrity, include increased blood supply,
reduced inflammatory cell infiltration, and rapid collagen deposition[56]. Despite the
presence of numerous studies on agents that could promote wound healing, the ideal
agent is yet to be determined. PRP contains a variety of growth factors, immunomodu-
lators, as well as other constituents that promote tissue healing and is a promising
candidate in terms of clinical applications.

Preparation of PRP is a simple process with very low cost compared to other
materials used for anastomosis reinforcement[57]. Currently, most studies report that a
sample of 5-20 mL of peripheral blood is required to extract 2-5 mL of PRP. The
amount of peripheral blood required for PRP preparation depends on the technique or
commercial kit that are used during the isolation process[14,58]. Furthermore, its
autologous nature increases biocompatibility[9,32]. However, some technical issues
and concerns were raised among the included studies. The majority of the growth
factors are presynthesized within the platelets and are secreted within one hour after
platelet activation. As a result PRP associated growth factors are released immediately
after PRP application to the anastomotic area[19,59]. Interestingly, platelets could also
synthesize and secrete growth factors during their lifespan in the area of bowel
anastomosis for up to 7 d. This growth factor release is supplemental to the initial
growth factor secretion taking place immediately after PRP application[10,19,60].
Nevertheless, the platelet concentration of PRP applied to the anastomotic area may
also affect the healing outcomes. To that extend, Aydin et al[17] showed that low
platelet concentration results in superior outcomes in terms of anastomotic bursting
pressure and collagen concentration at the anastomotic site compared to high platelet
concentration PRP.

Our study has several strengths, including the total number of included studies, the
large number of animal models, as well the variety of conditions that the PRP was
tested on. However, we have to recognize that our findings are not free of limitations
and should be interpreted cautiously. Animal models, studies heterogeneity and small
samples are among the major limitations of our study. Only two studies investigated
the effects of PRP on pigs, which have intestines that are structurally closer to human
bowel. As a result, the clinical application and generalizability of our findings in large
animal models are questionable. Furthermore, high heterogeneity was observed in the
histopathological scales used for the assessment of anastomotic cellular infiltration.
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Although pathologists were reported to be blinded regarding the origin of the
samples, the lack of a uniform scale, such as the Verhofstad scale, pose difficulties in
terms of results interpretation and measurement bias.

CONCLUSION

The application of PRP in bowel anastomosis is a feasible approach and it seems to
improve the integrity of bowel anastomosis. PRP application compared to control
groups did not show any significant changes in the majority of the included studies.
However, in the presence of an underlying condition that impairs intestinal wound
healing, including peritonitis or chemotherapy, the application of PRP could
potentially improve the healing process. Its preparation does not require significant
expertise and can be easily extracted from patient’s own blood. Taking into consid-
eration its cost effectiveness, PRP could be considered in the clinical practice for bowel
anastomosis reinforcement material. Apparently, further research is needed to confirm
the safety and effectiveness of PRP on human bowel anastomoses.

ARTICLE HIGHLIGHTS

Research background

Several applications of platelet rich plasma (PRP) have been reported in the literature.
Some examples include maxillofacial, orthopedic and plastic surgery where PRP is
considered to improve the wound healing process. PRP is easily extracted from
patient’s blood and includes a variety of growth factor that is thought to improve the
wound healing process.

Research motivation
Preclinical studies shows that the PRP has a positive impact in the healing process of
bowel anastomosis.

Research objectives

The aim of this study is to define the role of PRP in general surgery, especially in
procedures involving bowel anastomosis. Therefore, a systematic review of the
literature was performed.
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Research methods

A systematic literature search was performed in PubMed, EMBASE, and Scopus
databases. Animal studies that investigated the effect of PRP on bowel anastomosis
were included in our analysis.

Research results

Among the 2407 studies screened, 18 animal studies were finally included in our
analysis. An end-to-end bowel anastomosis was performed in all included studies.
PRP origin was autologous in 8 studies and homologous in 10 studies. In 13 out of 18
studies PRP was applied topically to the bowel anastomosis. No postoperative
complications attributed to PRP application were reported. Common anastomosis
related parameters measured among the included studies were the anastomotic
bursting pressure, tissue hydroxyproline, collagen deposition and inflammatory cell
infiltration. The individual study results in the aforementioned parameters are
presented in tables.

Research conclusions

The application of PRP in bowel anastomosis is feasible and seems to be free of any
major complications. PRP application compared to control groups did not show any
significant changes in the majority of the included studies. However, in the presence of
an underlying condition that impairs intestinal wound healing, including peritonitis or
chemotherapy, the application of PRP could potentially improve the healing process.

Research perspectives

Although the results of this study support the use of PRP in bowel anastomosis,
further research is needed to confirm the safety and effectiveness of PRP on human
bowel anastomoses.
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