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ARTICLE INFO ABSTRACT

Keywords: Background: Peritoneal adhesion still becoming a common complication after abdominal surgeries and become a

Periton_eal significant threat to digestive surgeons nowadays. Vitamin E might offer benefits for preventing peritoneal ad-

Abdominal hesions because of its antioxidant, anti-inflammatory, and anti-fibroblastic properties. This study sought to

Adhesions . . . . . . . . . . .

Vitamin E analyze the relationship between vitamin E administration and peritoneal/intra-abdominal adhesions in rat
. models.

Prevention

Methods: Potential articles were searched by using specific keywords on Scopus, PubMed, PMC, and Cochrane
Library databases until March 12th, 2022. All published studies on vitamin E and peritoneal/abdominal adhe-
sions in rat models were collected. Statistical analysis was performed by using Review Manager 5.4 software.
Results: A total of 9 studies were included in the final analysis. Pooled analysis of the evidences yielded an as-
sociation between vitamin E and decreased incidence of substantial peritoneal/intra-abdominal adhesions (RR
0.46; 95%CI: 0.33-0.64, p < 0.00001, ¥ = 61%, random-effect modeling); and reduction in the mean grade of
adhesions (Mean Difference —1.53; 95%CI: —2.00, —1.06, p < 0.00001, P= 98%, random-effect modeling).
Conclusions: This study proposes that vitamin E supplementation might offer benefits in the prevention of
peritoneal/intra-abdominal adhesions. More in-vivo studies with larger sample sizes and proper methods are still
needed to confirm the results of our study. If possible, studies on humans might also be warranted.

1. Introduction

Peritoneal adhesions remain a common complication following
abdominal surgery with the incidence ranging from 93 to 100% after
upper abdominal laparotomies and 67-93% after lower abdominal
laparotomies [1,2]. Nearly 15-18% of these adhesions require surgical
re-intervention. Of all small bowel obstructions, 65-75% of those cases
are caused by peritoneal adhesions, meanwhile, 32% of acute intestinal
obstructions are also caused by peritoneal adhesions [1,2]. Some factors
which can cause peritoneal adhesions are intra-abdominal infections,
surgical trauma, ischemia, heat injury, and host reaction to a foreign
body [3]. All of these data showed that peritoneal adhesions still become
a serious problem for digestive surgeons.

Several interventions have been tried to prevent the occurrence of
peritoneal adhesions. Hyaluronic acid applied to a layer of carboxy-
methylcellulose is one of the agents which have been studied to reduce
the incidence of peritoneal adhesions. However, this agent may cause a
significant increase in the anastomotic leakage incidence when the
membrane is applied in direct contact with the anastomosis [4].

Another agent which is currently studied for peritoneal adhesions is
vitamin E. Vitamin E is one of the vitamins which can dissolve in lipids
and can be found in all cell membranes [5]. Vitamin E can serve as an
antioxidant, anti-inflammatory, anti-coagulant, and also
anti-fibroblastic [5]. With those potentials, vitamin E might offer
beneficial effects toward the prevention of adhesion formation. How-
ever, the evidence regarding the efficacy of vitamin E administration in
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preventing peritoneal or intra-abdominal adhesions is still unclear. This
systematic review and meta-analysis aim to summarize the evidence
regarding the benefit of vitamin E administration in reducing the
peritoneal/intra-abdominal adhesions in rats models which may also be
useful to guide further experiments in humans.

2. Materials and methods
2.1. Eligibility criteria

We conducted a systematic review and meta-analysis study from
animal experimental studies. We registered this study protocol in
PROSPERO (CRD42020181430). Append research in this systematic
review and meta-analysis were chosen as most likely attaining the
coming criteria: follow the PICOS framework (P: Populations — rats/
mice from any types or species which undergone peritoneal or intra-
abdominal adhesion induction procedure through any available
methods; I: Interventions — vitamin E administration through any
methods with any dose; C: Comparator/Control — did not receive
vitamin E or only receiving placebo; O: Outcomes — incidence of sub-
stantial peritoneal or intra-abdominal adhesions and mean grade of
adhesions; S: Study Design — animal experimental studies). All studies
besides original articles (letter to editor, correspondence, or review ar-
ticles), any studies in humans (clinical trials, cohort, case-control, case-
series, case report), studies reported other than in English language,
research focusing on animals other than rats/mice were excluded.

2.2. Search strategy and study selection

Searching of the literature was done systemically towards articles
with English-language restrictions which were sourced from four data-
bases (PubMed, PubMed Central/PMC, Scopus, and Cochrane Library).
Combined keywords such as "vitamin E" OR “alpha-tocopherol” AND
“peritoneal adhesion” OR "abdominal adhesion" were used to filter the
intended articles from the period 1950 until March 12th, 2022. The
details of this study’s searching strategies can be seen in Supplementary
Table 1. The first step involves finding eligible studies through titles and
abstract screening. Additional evaluation of references from found
eligible studies was also conducted to search for more potential articles.
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) diagram shows the strategy we employed during our study
[6]. We also have fully complied with the AMSTAR 2 criteria [7].

2.3. Data extraction and quality assessment

Two authors conducted the data extraction. Extraction form was
developed to list information about the study such as its sample char-
acteristic, adhesion induction procedure, vitamin E dosage, number of
rats/mice treated with vitamin E, the control group in included studies,
as well as the outcome of peritoneal or intra-abdominal adhesions.

We focused the outcomes of our study on substantial peritoneal or
intra-abdominal adhesions and the mean grade of adhesions. Intraper-
itoneal or intra-abdominal adhesions were graded according to the
classification reported by Nair et al. [8], which consist of the followings:
(1) grade 0: Complete absence of adhesions; (2) grade 1: Single band of
adhesions, between viscera, or from one viscus to abdominal wall; (3)
grade 2: Two bands: between viscera or from viscera to abdominal wall;
(4) grade 3: More than two bands: between viscera, or viscera to the
abdominal wall, or whole of intestines forming a mass without being
adherent to abdominal wall; (5) grade 4: Viscera directly adherent to the
abdominal wall, irrespective of number and extent of adhesive bands.
Grade 0 and grade 1 were considered insubstantial adhesions, while
grade 2 until grade 4 were further classified as substantial adhesions.

Two authors assessed the quality of each study involved in this re-
view independently. SYRCLE’s risk of bias (RoB) tool was used to
evaluate the quality of animal experimental studies [9]. The assessment
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process included reviewing the 10 different entries which are related to
6 types of bias: selection bias, performance bias, detection bias, attrition
bias, reporting bias, and other biases, then each entry and study was
assigned to low (+4), high (—), or unclear (?) risk of bias.

2.4. Statistical analysis

Meta-analysis was done using Review Manager 5.4 (Cochrane
Collaboration). Application of the Mantel-Haenszel formula with
random-effect models regardless of heterogeneity was employed to
calculate the risk ratio (RR) and its 95% confidence interval (95% CI) for
the incidence of substantial adhesions outcome. Meanwhile, we use the
Inverse-Variance formula with random-effect models to calculate the
mean difference (MD) and its standard deviations (SD) for the mean
grade of adhesions outcome. In this meta-analysis, heterogeneity be-
tween studies was assessed by the I-squared (1% Inconsistency). The I2
statistic with a value of <25%, 26-50%, and >50% were considered as
low, moderate, and a high degree of heterogeneity, respectively. Funnel
plot analysis was utilized to assess the publication bias risk qualitatively.

3. Results
3.1. Study selection and characteristics

Initial searching from the database found 2,699 studies, from which
30 studies were found eligible after titles and abstracts screening as well
as removing the duplicates. Of these eligible studies, 20 articles were
further excluded after the full-text screening. Eleven articles did not
contain discrete data for vitamin E, five articles were not primary
research, three articles did not provide the relevant data about the
specified outcome of interest, and two articles were done in dogs thus
resulting in the final number of 9 studies [10-18] for the analysis
(Fig. 1). Out of 9 studies, five studies use Wistar rats with weights
ranging from 180 to 570 g, three studies use Sprague-Dawley rats
weighing from 200 to 220 g, and the remaining one study uses Swiss
white mice. Most of the included studies use the adhesion induction
technique described by Hemadeh O et al. [12] in which gauze was uti-
lized to rub the wall of the abdominal organs until the hemorrhagic
points appeared and one drop of alcohol was instilled into those walls.
Regarding the vitamin E intervention, almost all of the included studies
use 10 mg of vitamin E dissolved in 5 ml olive oil and injected intra-
peritoneally as the way of administration. The details of the character-
istics of each included study are summarized in Table 1.

3.2. Quality of study assessment

SYRCLE’s RoB tool was used to evaluate the quality assessment of
animal experimental studies. A breakdown of the individual categories
of SYRCLE’s RoB tool led to the following results: 100% of the included
studies reported sequence generation and baseline characteristics; none
of the studies reported allocation concealment; 44.4% reported random
housing; none of the studies reported performance blinding; 100% re-
ported random outcome assessment; 22.2% reported detection blinding;
55.5% reported incomplete outcome data; 100% showed a low risk of
selective outcome reporting, and 44.4% showed a low risk of bias
regarding other sources of bias. The detailed results of SYRCLE’s RoB
tool for each of the included studies are summarized in Table 2.

3.3. Vitamin E and substantial peritoneal/intra-abdominal adhesions

Seven studies (n = 276) reported the incidence of substantial
peritoneal/intra-abdominal adhesions as the outcome of vitamin E
administration compared with control in rats models. Our pooled
analysis revealed that vitamin E administration may reduce the risk of
substantial peritoneal/intra-abdominal adhesions in rats models (RR
0.46; 95%CI: 0.33-0.64, p < 0.00001, random-effect modeling)
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2699 Records identified through database searching
2658 PubMed Central (PMC)
25 PubMed
10 Scopus
6 The Cochrane Library

l

2699 Records screened
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2669 Records excluded on the basis of title and abstract

and duplicates removed

v

30 Full-text articles assessed for eligibility

21 Full-text articles excluded, with reasons

11 Did not contain discrete data for vitamin E
5 Were not primary research
3 Did not contain relevant and/or complete data for
the specified outcome measures
2 Experiments were done in dogs

4

9 Studies included in qualitative synthesis

!

9 Studies included in qualitative synthesis
(meta-analysis)

Fig. 1. PRISMA diagram of the detailed process of selection of studies for inclusion in the systematic review and meta-analysis.

(Fig. 2A). Heterogeneity was statistically significant with I = 61%, p =
0.02.

3.4. Vitamin E and mean grade of peritoneal/intra-abdominal adhesions

The mean grade of peritoneal/intra-abdominal adhesions outcome
was revealed in eight studies (n = 286). The pooled estimate indicated
that vitamin E administration was associated with a lower mean grade of
peritoneal/intra-abdominal adhesions (Mean Difference —1.53; 95%CI:
—2.00, —1.06, p < 0.00001, random-effect modeling) (Fig. 2B). Het-
erogeneity was statistically significant with I2 = 98%, p < 0.00001.

3.5. Publication bias

In each of the outcomes of interest in this study, the number of
included studies was less than 10 studies. In this case, the funnel plots
and statistical tests for publication bias detection are not reliable when
compared with whenever there are more than 10 included studies in
each outcome [19,20]. Therefore, publication bias analysis was not
performed in this study.

4. Discussion

According to our pooled analysis, it was discovered that vitamin E
administration was associated with a reduction of peritoneal/intra-
abdominal adhesions and mean grade of adhesions in rat models.

There are some explanations of how vitamin E administration could
reduce the incidence of peritoneal/intra-peritoneal adhesions. First,
several studies have shown that reactive oxygen species (ROS) may play
a role in adhesion formation following surgical procedures. Those
studies showed that after surgery, the levels of free radicals, such as
superoxide anions, xanthine oxidase, and malondialdehyde (MDA)

increased significantly [21,22]. The increase in the levels of those
molecules may result in the lipid peroxidation process which can dam-
age proteins, lipids, and cells within the body [23]. ROS may also
contribute to a series of cascades which includes a reduction in the
bioavailability of nitric oxide that will cause oxidative damage and in
turn result in dysfunction and remodeling of the vascular wall, impairing
the endothelial cell growth and endothelium-dependent vasodilatation,
causing apoptosis, stimulating the migration of endothelial cells, and
activation of adhesion molecules [24]. All of these processes are
involved in the pathogenesis of adhesion formation. Vitamin E can serve
as a natural antioxidant that prevents the accumulation of peroxides and
protects the cells from free radical damage [25,26]. Vitamin E may also
reduce the effects of oxidative stress in living cells by acting as a scav-
enger for locally created free radicals. Vitamin E provides a cellular
defense mechanism that prevents peroxidative processes by seques-
tering free radicals, CAT, and GPx, which detoxifies peroxides and
protects cells from subsequent deleterious effects, therefore may prevent
the adhesion formation process [27]. Second, inflammation caused by
intra-abdominal trauma can also be one of the culprits for adhesion
formation. Vitamin E can serve as an anti-inflammatory agent by
inhibiting cyclooxygenase-2 (COX-2) [28,29] and endogenous conver-
sion of arachidonic acid into PGE;3 and PGFy, [30,31] therefore reducing
the inflammatory process triggered by peritoneal trauma. Vitamin E also
inhibits several pro-inflammatory cytokines, especially IL-1 and IL-6
which are responsible for adhesion formation [32,33].
Anti-inflammatory properties of vitamin E also cover up its ability to
inhibit platelet adhesion and release, which is known to represent one of
the early events in lesion repair [34,35]. By diminishing the platelet
aggregation process, the amount of fibroblast and smooth-muscle mi-
togens released by activated platelet will be decreased; moreover,
thromboplastin and resultant fibrin generation may also be reduced,
therefore reducing the formation of adhesions [36]. Finally, vitamin E
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Table 1
Characteristics of included studies.

Study Sample characteristics ~ Adhesion induction procedure Vitamin E dosage Adhesions Results

Vitamin E groups Control groups

Corrales F Wistar male rats, (1) Anesthesia n=15 Grade 0 = 8 Grade 0 =0
et al. [9] weighing 450-550 g (2) Trichotomy 10 mg vitamin E in 5 ml olive 0il, - Grade1 =3 - Grade1=0
2008 (3) Abdominal incision 4 cm injected intraperitoneally - Grade2 =2 - Grade2=5

(4) Exposing wall of cecum - Grade3 =1 - Grade3 =7
(5) Rubbing cecum with gauze until hemorrhagic Grade 4 =1 Grade 4 =3
points appeared
(6) One drop of absolute alcohol applied to the
cecum wall
(7) Cecum returned to the abdominal cavity
(8) Parietal peritoneum clamped with hemostat
and 3-0 silk suture ligature was placed
(9) Abdominal cavity closed with silk 3-0

de la Portilla F Wistar Albino rats, (1) Anesthesia with 50 mg/kg ketamine n=14 - Grade 0 =3 - Grade0=0
et al. [10] weighing 380-570 g (2) Laparotomy via 4 cm midline incision 10 mg vitamin E in 5 ml olive 0il, - Grade1 =8 Grade1 =0
2004 (3) Exposing the cecum injected intraperitoneally Grade 2 =3 Grade2=1

(4) Rubbing cecum with gauze until hemorrhagic Grade 3 =0 Grade 3 =8
points appeared Grade 4 = 0 Grade 4 =5
(5) One drop of absolute alcohol applied to the
cecum wall
(6) Cecum returned to the abdominal cavity
(7) Parietal peritoneum clamped with hemostat
and 3-0 silk suture ligature was placed
(8) Abdominal cavity closed with silk 3-0

Durmus AS Sprague-Dawley rats, (1) Anesthesia with 85 mg/kg ketamine and 6 n=10 Mean adhesion Mean adhesion
etal. [11] weighing 200-220 g mg/kg xylazine 10 mg vitamin E in 2 ml 0.9% scores: 2.6 + 0.15 score: 2.9 £ 0.1
2011 (2) Abdomens shaved and prepared with 1% saline solution, injected

povidone iodine intraperitoneally
(3) Laparotomy via 3 cm midline incision
(4) Small bowel was retracted and uterus exposed
(5) Scrapping the abdominal sidewall and
antimesenteric surface of left uterine horn
with no. 15 scalpel blade, creating punctate
serosal hemorrhages
(6) Abdominal incision was closed

Hemadeh O Sprague-Dawley rats (1) Anesthesia n=15 - No adhesions: 5 - No adhesions: 0
etal. [12] (2) Abdominal incision 4 cm, exposing wall of 30 IU/kg body weight of vitamin - Significant - Significant
1993 cecum E adhesions: 10 adhesions: 15

(3) Rubbing cecum with gauze until hemorrhagic
points appeared

(4) One drop of absolute alcohol applied to the
cecum wall

(5) Cecum returned to the abdominal cavity

(6) Parietal peritoneum clamped with hemostat
and 3-0 silk suture ligature was placed

(7) Abdominal cavity closed with silk 3-0

KagomaP et al. Adult female Swiss (1) Anesthesia with ether n=62 - Adhesions: 36 - Adhesions: 60
[13] 1985 white mice, weighing (2) Laparotomy through 2.5 cm midline incision 300 IU/kg body weight of vitamin - Mean grade of - Mean grade of
20-25¢ (3) Right parietal peritoneum firstly pinched with  E in 20 ml of 100% ethyl alcohol, adhesions: 1.1 + adhesions: 2.4 +
fine hemostat added into the chow 0.1 0.18
(4) Pinched peritoneal fold was then ligated with

3-0 silk suture
(5) Abdominal incision closed with a continuous
3-0 nylon suture

Putra RAN Wistar white rats, (1) Anesthesia with ketamine 0.36 mg and n=6 - Grade0=0 - Grade0=0
et al. [14] weighing 200-300 g diazepam 0.3 mg 10 mg vitamin E in 5 ml soybean - Gradel =3 - Grade1 =0
2017 (2) Laparotomy through midline incision 3 cm oil, given topically into - Grade2 =2 - Grade2=0
(3) Intestinal resection 1 cm with 15 cm distance intraperitoneal - Grade3 =1 - Grade3 =2
from ileocecal junction — ileal abration - Grade4 =0 - Grade 4 =4
(4) Intraperitoneal wound was closed with single- - Mean = 1.66 + - Mean = 3.66 +
layer end-to-end technique with 3-0 silk 0.81 0.51
Yetkin G et al. Wistar-Albino rats, (1) Anesthesia with 50 mg/kg ketamine n=14 - Grade 0 =0 -Grade 0 =0
[15] 2009 weighing 180-220 g (2) Laparotomy via 4 cm midline incision 10 mg vitamin E in 5 ml olive 0il, =~ - Grade1 =3 -Grade1 =0
(3) Exposing the cecum injected intraperitoneally -Grade2 =8 -Grade2 =1
(4) Rubbing cecum with gauze until hemorrhagic -Grade 3 =3 -Grade 3 =8
points appeared -Grade 4 =0 -Grade 4 =5
(5) One drop of absolute alcohol applied to the - Mean=1+0.67 -Mean=3.28 +
cecum wall 0.61
(6) Cecum returned to the abdominal cavity
(7) Parietal peritoneum clamped with hemostat
and 3-0 silk suture ligature was placed
(8) Abdominal cavity closed with silk 3-0
Yildiz H et al. Sprague-Dawley, (1) Anesthesia with 85 mg/kg ketamine and 6 n=10 Mean adhesion Mean adhesion
[16] 2011 weighing 200-220 g mg/kg xylazine 2ml (300 mg) vitamin E dissolved ~ score: 2 + 0.2 score: 2.7 £+ 0.15

(continued on next page)
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Table 1 (continued)
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Study Sample characteristics ~ Adhesion induction procedure Vitamin E dosage Adhesions Results
Vitamin E groups Control groups
(2) Abdominal skin was shaved and antisepsis in 58 ml olive oil, injected
with 10% povidone iodine intraperitoneally
(3) Laparotomy via 3 cm midline incision
(4) Small bowel retracted and uterus was exposed
(5) Scrapping the abdominal sidewall and
antimesenteric surface of left uterine horn
with no. 15 scalpel blade, creating punctate
serosal hemorrhages
(6) Abdominal incision was closed with 4-0 silk
sutures
Yulianto W Wistar white rats, (1) Anesthesia with ketamine 0.36 mg and n==6 - Grade 0 =0 - Grade0 =0
etal. [17] weighing 200-300 g diazepam 0.3 mg 10 mg vitamin E in 5 ml soybean - Gradel =3 - Grade1 =0
2017 (2) Laparotomy through midline incision 3 cm oil, given topically into - Grade 2 =2 - Grade2=0
(3) Intestinal resection 1 cm with 15 c¢m distance intraperitoneal - Grade3 =1 - Grade 3 =2
from ileocecal junction — ileal abration - Grade4=0 - Grade 4 =4
(4) Intraperitoneal wound was closed with single- - Mean = 1.66 + Mean = 3.66 +
layer end-to-end technique with 3-0 silk 0.81 0.51

Table 2
Risk of bias assessment using RoB v2.
Study Selection bias Performance bias Detection bias Attrition bias Reporting Other
bias
Sequence Baseline Allocation Random Blinding  Random Blinding  Incomplete Selective Other
generation characteristics concealment housing outcome outcome data outcome sources of
assessment reporting bias

Corrales F + + - - + + + + +
etal. [9]
2008

delaPortillaF  + + - - + + + + +
etal. [10]
2004

Durmus AS + + - + + - - + -
etal [11]
2011

Hemadeh O + + - - + - - + -
etal. [12]
1993

Kagoma P + + - + + - - + -
etal. [13]
1985

Putra RAN + + - + + - + + +
etal. [14]
2017

Yetkin Getal.  + + - - + ? + + ?
[15] 2009

Yildiz H et al. + + - - + - - + -
[16] 2011

Yulianto W + + - + + - + + +
etal. [17]
2017

(+) indicates low risk of bias, (—) indicates high risk of bias, (?) indicates unclear risk of bias.

has an anti-fibroblastic effect in which it will inhibit the proliferation of
various cell lines, including fibroblasts [37-39]. To be noted, the
fibroblast is one of the cells which is largely responsible for adhesion
formation. Moreover, vitamin E also inhibits TGF-f, a strong inducer of
fibrosis, and reduces collagen production, apparently because of inhi-
bition of the expression of collagen a; and protein kinase C (PKC) [40].

This study still has several limitations. We only found a relatively
small number of studies for the analysis because there are currently a
limited number of studies that specifically assess the benefit of vitamin E
in adhesion prevention. Most of the included studies also only have a
small number of samples and showed a relatively high risk of bias ac-
cording to SYRCLE’s RoB tool, especially on the performance and
detection blinding, also on the allocation concealment process. Signifi-
cant heterogeneities were also found in all outcomes of interests
included in this study. This might be caused by differences in the species

of rats used as samples and in the vitamin E dosages used in each of the
included studies. More studies with larger sample sizes and good
methodological qualities which focus on the prevention of peritoneal/
intra-abdominal adhesion through administration of vitamin E in ani-
mal models are still needed to confirm the results of our study. Further
studies in humans, probably in the form of case series or cohorts first,
might also consider trying vitamin E as one of the supplemental agents
for patients undergoing abdominal surgeries to prevent the occurrence
of adhesions.

5. Conclusion
Our systematic review and meta-analysis indicated that vitamin E

administration in rats models was associated with a risk reduction of
substantial peritoneal/intra-abdominal adhesions and mean grade of
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Control
Events Total

Vitamin E

A. Study or Subgroup Events Total

Risk Ratio

Weight M-H, Random, 95% CI

Annals of Medicine and Surgery 80 (2022) 104225

Risk Ratio
M-H, Random, 95% CI

Corrales F et al. 2008 4 15 15 15 11.2% 0.29[0.13, 0.64]
de la Portilla F et al. 2004 4 20 20 20 10.6% 0.22 [0.10, 0.50]
Hemadeh O et al. 1993 10 15 15 15  21.0% 0.68 [0.47, 0.98] —=—
Kagoma P et al. 1985 36 62 60 62  25.0% 0.60 [0.48, 0.74] -
Putra RAN et al. 2017 3 6 6 6 11.5% 0.54 [0.25, 1.16] —T
Yetkin G et al. 2009 3 14 14 14 9.2% 0.24 [0.10, 0.61] I —
Yulianto W et al. 2017 3 6 6 6 11.5% 0.54 [0.25, 1.16] I
Total (95% ClI) 138 138 100.0% 0.46 [0.33, 0.64] <
Total events 63 136
Heterogeneity: Tau? = 0.11; Chi? = 15.28, df = 6 (P = 0.02); I> = 61% I t t |
Test for overall effect: Z = 4.49 (P < 0.00001) 0.01 0.1 10 100
Vitamin E Control Mean Difference Mean Difference
B. Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Corrales F et al. 2008 0.93 1 15 2.86 0.5 15 11.7% -1.93 [-2.50, -1.36] "
de la Portilla F et al. 2004 1.05 0.75 20 3.25 0.25 20 13.2% -2.20[-2.55, -1.85] u
Durmus AS et al. 2011 2.6 0.15 10 29 0.1 10 14.1% -0.30[-0.41, -0.19]
Kagoma P et al. 1985 1.1 0.1 62 2.4 0.18 62 14.1% -1.30[-1.35,-1.25] "
Putra RAN et al. 2017 1.66 0.81 6 3.66 0.51 6 10.3% -2.00[-2.77,-1.23] =
Yetkin G et al. 2009 1 0.67 14 3.28 0.61 14 12.4% -2.28 [-2.75, -1.81] u
Yildiz H et al. 2011 2 0.2 10 2.7 0.15 10 14.0% -0.70[-0.85, -0.55] b
Yulianto W et al. 2017 1.66 0.81 6 3.66 0.51 6 10.3% -2.00[-2.77,-1.23] =
Total (95% Cl) 143 143 100.0% -1.53 [-2.00, -1.06] |
Heterogeneity: Tau? = 0.40; Chi? = 360.59, df = 7 (P < 0.00001); I> = 98% 5_100 _550 ) 550 100’

Test for overall effect: Z = 6.41 (P < 0.00001)

Fig. 2. Forest plot that demonstrates the association between vitamin E administration with substantial peritoneal/intra-abdominal adhesions (A) and mean grade of

adhesions outcomes (B).
adhesions. This review proposes that vitamin E supplementation might
give benefit to prevent peritoneal/intra-abdominal adhesions in those
who undergo abdominal surgeries. Even so, more in-vivo studies with
larger sample sizes and proper methods and Covid-19 are still required
to further verify the results from our study. If possible, studies in human
samples about vitamin E benefit in the prevention of peritoneal/intra-
abdominal adhesions might also be needed.
Provenance and peer review

Not commissioned, externally peer-reviewed.
Ethics approval and consent to participate

Not applicable.
Consent for publication

Not applicable.

Availability of data and materials

Data analyzed in this study were a re-analysis of existing data, which
are openly available at locations cited in the reference section.

Funding
None.
Authors’ contributions
TS: conceptualization, methodology, formal analysis, data curation,

writing-original draft, visualization, writing-review, and editing. MH:
conceptualization, methodology, formal analysis, data curation,

writing-original draft, writing-review and editing. PP: conceptualiza-
tion, methodology, formal analysis, data curation, writing-original draft,
writing-review and editing. AB: conceptualization, validation, supervi-
sion, writing-review and editing. TRT: conceptualization, validation,
supervision, writing-review and editing. HL: conceptualization, valida-
tion, supervision, writing-review and editing. All authors read and
approved the final manuscript.

Sources of funding

There is no sponsor for this study, all funding from my self.

Guarantor

Prof. Mochammad Hatta.

Declaration of competing interest

The authors declare that they have no competing interests.
Acknowledgements

None.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.amsu.2022.104225.

References

[1]1 M. Ouaissi, S. Gaujoux, N. Veyrie, E. Deneve, C. Brigand, B. Castel, et al., Post-
operative adhesions after digestive surgery: their incidence and prevention: review
of the literature, J. Vis. Surg. 149 (2) (2012 Apr) e104-e114, https://doi.org/
10.1016/j.jviscsurg.2011.11.006.



T. Sudirman et al.

(2]

[3

—

[4]

[5

[}

[6]

[7

—

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

K. Okabayashi, H. Ashrafian, E. Zacharakis, H. Hasegawa, Y. Kitagawa,

T. Athanasiou, et al., Adhesions after abdominal surgery: a systematic review of the
incidence, distribution and severity, Surg. Today 44 (3) (2014 Mar) 405-420,
https://doi.org/10.1007/s00595-013-0591-8.

M. Alonso Jde, A.L. Alves, M.J. Watanabe, C.A. Rodrigues, C.A. Hussni, Peritoneal
response to abdominal surgery: the role of equine abdominal adhesions and current
prophylactic strategies, Vet. Med. Int. 2014 (2014), 279730, https://doi.org/
10.1155/2014/279730.

D.E. Beck, Z. Cohen, J.W. Fleshman, H.S. Kaufman, H. van Goor, B.G. Wolff,
Adhesion Study Group Steering Committee. A prospective, randomized,
multicenter, controlled study of the safety of Seprafilm adhesion barrier in
abdominopelvic surgery of the intestine, Dis. Colon Rectum 46 (10) (2003 Oct)
1310-1319, https://doi.org/10.1007/s10350-004-6739-2.

S. Rizvi, S.T. Raza, F. Ahmed, A. Ahmad, S. Abbas, F. Mahdi, The role of vitamin e
in human health and some diseases, Sultan Qaboos Univ Med J 14 (2) (2014 May)
el57-el65.

M.J. Page, J.E. McKenzie, P.M. Bossuyt, I. Boutron, T.C. Hoffmann, C.D. Mulrow, et
al., The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews, Int. J. Surg. 88 (2021 Apr), 105906, https://doi.org/10.1016/j.
ijsu.2021.105906.

B.J. Shea, B.C. Reeves, G. Wells, M. Thuku, C. Hamel, J. Moran, et al., AMSTAR 2: a
critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both, BMJ 358 (2017 Sep 21)
j4008, https://doi.org/10.1136/bmj.j4008.

S.K. Nair, LK. Bhat, A.L. Aurora, Role of proteolytic enzyme in the prevention of
postoperative intraperitoneal adhesions, Arch. Surg. 108 (6) (1974 Jun) 849-853,
https://doi.org/10.1001/archsurg.1974.01350300081019.

C.R. Hooijmans, M.M. Rovers, R.B. de Vries, M. Leenaars, M. Ritskes-Hoitinga, M.
W. Langendam, SYRCLE'’s risk of bias tool for animal studies, BMC Med. Res.
Methodol. 14 (2014 Mar 26) 43, https://doi.org/10.1186,/1471-2288-14-43.

F. Corrales, M. Corrales, C.C. Schirmer, Preventing intraperitoneal adhesions with
vitamin E and sodium hyaluronate/carboxymethylcellulose: a comparative study
in rats, Acta Cir. Bras. 23 (1) (2008 Jan-Feb) 36-41, https://doi.org/10.1590/
50102-86502008000100007.

F. de la Portilla, I. Ynfante, D. Bejarano, J. Conde, A. Fernandez, J.M. Ortega, et al.,
Prevention of peritoneal adhesions by intraperitoneal administration of vitamin E:
an experimental study in rats, Dis. Colon Rectum 47 (12) (2004 Dec) 2157-2161,
https://doi.org/10.1007/s10350-004-0741-6.

A.S. Durmus, H. Yildiz, I. Yaman, H. Simsek, Efficacy of vitamin E and selenium for
the prevention of intra-abdominal adhesions in rats: uterine horn models, Clinics
66 (7) (2011) 1247-1251, https://doi.org/10.1590/51807-59322011000700021.
O. Hemadeh, S. Chilukuri, V. Bonet, S. Hussein, I.H. Chaudry, Prevention of
peritoneal adhesions by administration of sodium carboxymethyl cellulose and oral
vitamin, E. Surgery 114 (5) (1993 Nov) 907-910, https://doi.org/10.5555/uri:pii:
0039606093902286.

P. Kagoma, S.N. Burger, E. Seifter, S.M. Levenson, A.A. Demetriou, The effect of
vitamin E on experimentally induced peritoneal adhesions in mice, Arch. Surg. 120
(8) (1985 Aug) 949-951, https://doi.org/10.1001/
archsurg.1985.01390320073015.

R.A.N. Putra, I. Darjito, Combination of vitamin E and omega-3 topical
intraperitoneum preventing intraperitoneum adhesion study on interleukin-10 (IL-
10) peritoneum fluid, Sainteks 14 (2) (2017 Oct) 113-122, https://doi.org/
10.30595/sainteks.v14i2.4259.

G. Yetkin, M. Uludag, B. Citgez, S. Karakoc, N. Polat, F. Kabukcuoglu, Prevention of
peritoneal adhesions by intraperitoneal administration of vitamin E and human
amniotic membrane, Int. J. Surg. 7 (6) (2009 Dec) 561-565, https://doi.org/
10.1016/j.ijsu.2009.09.007.

H. Yildiz, A.S. Durmus, H. Simsek, I. Yaman, The comparison of methylene blue
and vitamin E in prevention of abdominal postoperative adhesion formation in rat
uterine horn models: biochemical and histopathologic evaluation, Acta Cir. Bras.
26 (1) (2011 Feb) 51-57, https://doi.org/10.1590/50102-86502011000100010.
W. Yulianto, Y.B.H. Sakti, Vitamin E and omega-3 topical intraperitoneum
preventing intraperitoneum adhesion through inhibition of peritoneum fluid
interleukin-1f (IL-1p), Sainteks 14 (2) (2017 Oct) 133-142, https://doi.org/
10.30595/sainteks.v14i2.4261.

A. Thornton, P. Lee, Publication bias in meta-analysis: its causes and consequences,
J. Clin. Epidemiol. 53 (2) (2000 Feb) 207-216, https://doi.org/10.1016/s0895-
4356(99)00161-4.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Annals of Medicine and Surgery 80 (2022) 104225

N. Terrin, C.H. Schmid, J. Lau, I. Olkin, Adjusting for publication bias in the
presence of heterogeneity, Stat. Med. 22 (13) (2003 Jul 15) 2113-2126, https://
doi.org/10.1002/sim.1461.

Z. Alpay, G.M. Saed, M.P. Diamond, Female infertility and free radicals: potential
role in adhesions and endometriosis, J. Soc. Gynecol. Invest. 13 (6) (2006 Sep)
390-398, https://doi.org/10.1016/j.jsgi.2006.05.002.

A.M. Bentes de Souza, M.S. Rogers, C.C. Wang, P.M. Yuen, P.S. Ng, Comparison of
peritoneal oxidative stress during laparoscopy and laparotomy, J. Am. Assoc.
Gynecol. Laparoscopists 10 (1) (2003 Feb) 65-74, https://doi.org/10.1016/51074-
3804(05)60237-x.

M. Valko, D. Leibfritz, J. Moncol, M.T. Cronin, M. Mazur, J. Telser, Free radicals
and antioxidants in normal physiological functions and human disease, Int. J.
Biochem. Cell Biol. 39 (1) (2007) 44-84, https://doi.org/10.1016/j.
biocel.2006.07.001.

A.O. Awonuga, J. Belotte, S. Abuanzeh, N.M. Fletcher, M.P. Diamond, G.M. Saed,
Advances in the pathogenesis of adhesion development: the role of oxidative stress,
Reprod. Sci. 21 (7) (2014 Jul) 823-836, https://doi.org/10.1177/
1933719114522550.

M.G. Traber, J. Atkinson, Vitamin E, antioxidant and nothing more, Free Radic.
Biol. Med. 43 (1) (2007 Jul 1) 4-15, https://doi.org/10.1016/j.
freeradbiomed.2007.03.024.

G.W. Burton, M.G. Traber, Vitamin E: antioxidant activity, biokinetics, and
bioavailability, Annu. Rev. Nutr. 10 (1990) 357-382, https://doi.org/10.1146/
annurev.nu.10.070190.002041.

H. Yildiz, A.S. Durmus, H. Simsek, Surgery-induced changes in red blood cell and
plasma lipid peroxidation, enzymatic and non-enzymatic antioxidants, and blood
hematology of female rats: protective role of methylene blue and vitamin E, Eur. J.
Obstet. Gynecol. Reprod. Biol. 155 (1) (2011 Mar) 89-93, https://doi.org/
10.1016/j.ejogrb.2010.11.003.

C. Erenoglu, M.L. Akin, S. Aydin, E. Filiz, A. Batkin, The prophylactic effects of
interferon and vitamin E on postoperative peritoneal adhesions, J. Curr. Surg. 11
(1997) 195-198.

J. Jenkins, H. Huang, K. Ndebele, A. Salahudeen, Vitamin E inhibits renal mRNA
expressions of COX II, HO I, TGF (beta) and osteopontin in the rat model of
cyclosporine nephrotoxicity, Transplantation 71 (2001) 331-334.

W.C. Hope, C. Dalton, L.J. Machlin, R.J. Filipski, F.M. Vane, Influence of dietary
vitamin E on prostaglandin biosynthesis in rat blood, Prostaglandins 10 (4) (1975
Oct) 557-567, https://doi.org/10.1016,/50090-6980(75)80002-5.

M. Steiner, Influence of vitamin E on platelet function in humans, J. Am. Coll. Nutr.
10 (5) (1991 Oct) 466-473, https://doi.org/10.1080/07315724.1991.10718173.
H. Pein, A. Ville, S. Pace, V. Temml, U. Garscha, M. Raasch, et al., Endogenous
metabolites of vitamin E limit inflammation by targeting 5-lipoxygenase, Nat.
Commun. 9 (1) (2018 Sep 20) 3834, https://doi.org/10.1038/541467-018-06158-
5.

Y.C. Cheong, J.B. Shelton, S.M. Laird, M. Richmond, G. Kudesia, T.C. Li, et al., IL-1,
IL-6 and TNF-alpha concentrations in the peritoneal fluid of women with pelvic
adhesions, Hum. Reprod. 17 (1) (2002 Jan) 69-75, https://doi.org/10.1093/
humrep/17.1.69.

M. Steiner, J. Anastasi, Vitamin E. An inhibitor of the platelet release reaction,

J. Clin. Invest. 57 (3) (1976 Mar) 732-737, https://doi.org/10.1172/JCI108331.
J.E. Freedman, J.F. Keaney Jr., Vitamin E inhibition of platelet aggregation is
independent of antioxidant activity, J. Nutr. 131 (2) (2001 Feb), 374S-7S, https://
doi.org/10.1093/jn/131.2.3748S.

D.R. Knighton, T.K. Hunt, K.K. Thakral, W.H. Goodson 3rd, Role of platelets and
fibrin in the healing sequence: an in vivo study of angiogenesis and collagen
synthesis, Ann. Surg. 196 (4) (1982 Oct) 379-388, https://doi.org/10.1097/
00000658-198210000-00001.

P. Jones, H. Benghuzzi, M. Tucci, The effects of vitamin E on the proliferation and
viability of irradiated fibroblast-like cells, Biomed. Sci. Instrum. 38 (2002) 83-88.
D. Boscoboinik, A. Szewczyk, C. Hensey, A. Azzi, Inhibition of cell proliferation by
alpha-tocopherol. Role of protein kinase C, J. Biol. Chem. 266 (10) (1991 Apr 5)
6188-6194.

A. Azzi, D. Boscoboinik, E. Chatelain, N.K. Ozer, B. Stauble, d-alpha-tocopherol
control of cell proliferation, Mol. Aspect. Med. 14 (3) (1993) 265-271, https://doi.
org/10.1016/0098-2997(93)90014-5.

R. Ricciarelli, P. Maroni, N. Ozer, J.M. Zingg, A. Azzi, Age-dependent increase of
collagenase expression can be reduced by alpha-tocopherol via protein kinase C
inhibition, Free Radic. Biol. Med. 27 (7-8) (1999 Oct) 729-737, https://doi.org/
10.1016/50891-5849(99)00007-6.



