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Background/Aims: This study aimed to determine whether vitamin C in addition to indomethacin decreases the occurrence and se-
verity of post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis (PEP) occurrence and severity.

Methods: This randomized clinical trial included patients undergoing ERCP. The participants were administered either rectal indo-
methacin (100 mg) plus an injection of vitamin C (500 mg) or rectal indomethacin (100 mg) alone just before ERCP. The primary out-
comes were PEP occurrence and severity. The secondary amylase and lipase levels were determined after 24 hours.

Results: A total of 344 patients completed the study. Based on intention-to-treat analysis, the PEP rates were 9.9% for indomethacin
plus vitamin C plus indomethacin and 15.7% for indomethacin alone. Regarding the per-protocol analysis, the PEP rates were 9.7%
and 15.7% in the combination and indomethacin arms, respectively. There was a remarkable difference between the two arms in PEP
occurrence and severity on intention-to-treat and per-protocol analyses (p=0.034 and p=0.031, respectively). The post-ERCP lipase
and amylase concentrations were lower in the combination arm than in the indomethacin alone arm (p=0.034 and p=0.029, respective-

ly).

Conclusions: Vitamin C injection in addition to rectal indomethacin reduced PEP occurrence and severity.
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INTRODUCTION

Endoscopic cannulation of the ampulla of Vater was first per-
formed more than 60 years ago and has provided a means of
obtaining comprehensive radiographic images of the pancreato-
biliary ducts. The introduction of endoscopic retrograde chol-
angiopancreatography (ERCP) has been a dominant advance in
medicine." While ERCP has improved diagnostic and treatment
modalities for pancreatobiliary diseases, complications follow-
ing ERCP persist and may have an important effect on patient
morbidity and mortality. Common post-ERCP complications
include pancreatitis, bleeding, cholecystitis, infections, and
intestinal perforation.” Post-ERCP pancreatitis (PEP) is the
most serious unfavorable effect of this procedure. PEP is a type
of acute pancreatitis (AP). The incidence of PEP is variable,
but it seems 2% to 16%, with a higher occurrence observed in
high-risk patients. Some patient- and procedure-associated
risk factors increase the risk of PEP.” Although its exact un-
derlying mechanism is not well known, various theories have
been proposed. However, for mechanical, chemical, hydrostatic,
enzymatic, infectious, allergic, and thermal mechanisms that
are suspected to trigger PEP, evidence demonstrates that one
or more of them are responsible for PEP or influence its sever-
ity." Several pharmacologic agents have been tried to avoid or
alleviate PEP, such as anti-inflammatories (indomethacin and
diclofenac),” antioxidants (allopurinol and N-acetylcysteine
[NAC]),”” antibiotics,’ and epinephrine.” Rectal non-steroidal
anti-inflammatory drugs are the cornerstone of PEP prevention
according to the European Society of Gastrointestinal Endosco-
py guidelines."’

Oxidative stress (OS) is considered involved in AP pathogen-
esis. Bopanna et al."' measured the OS and antioxidant position
of patients with AP. Participants diagnosed with idiopathic
recurrent AP were enrolled in the study, and markers of OS
(including 4-hydroxynonenol, malondialdehyde, and serum su-
peroxide dismutase), and antioxidant position (including ferric
reducing the ability of plasma, glutathione peroxidase, and vita-
min C level) were determined in the inactive phase and during
AP. They reported that 4-hydroxynonenol levels were signifi-
cantly elevated in patients with idiopathic recurrent AP versus
healthy controls (p=0.03), even higher during an episode of AP
(p=0.03). In addition, antioxidant concentrations were lower in
idiopathic recurrent AP than in healthy volunteers.

Vitamin C is a remarkable antioxidant in mammals that can
influence the outcomes of situations such as AP in which OS
plays an important role."” In one study, vitamin C levels were
determined in 30 healthy volunteers versus 29 with a diagnosis
of AP and 27 with other acute abdominal problems."” A dis-
proportionate decrease in serum vitamin C level compared to
the prevailing level of vitamin C was a characteristic of AP in
this study. Siriwardena et al."* performed a randomized trial
of a combination of intravenous antioxidant (NAC, selenium,
vitamin C) therapy in 43 patients with predicted severe AP.
Combined antioxidant or placebo was administered via an
infusion device. They reported that relative plasma concen-
trations of antioxidants increased, while markers of OS, such
as C-reactive protein, fell in the active arm during the study.
Considering the lack of data regarding the role of vitamin C
in the inhibition or alleviation of PEP, the present trial aimed
to determine whether the combination of vitamin C and in-
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domethacin could reduce PEP occurrence and severity (main
outcome) and whether combination therapy could control the
increase in pancreatic enzymes after ERCP (secondary out-
come).

METHODS

The present clinical trial was conducted in the gastrointestinal
procedures ward of Talighani Hospital affiliated with Shahid
Beheshti University of Medical Sciences, Tehran, Iran, from
May to November 2021.

The inclusion criteria were as follows: (1) age 18 to 85 years
with suitable indications for diagnostic or therapeutic ERCP
due to suspected pancreatobiliary disorders; and (2) written
informed consent for enrollment in the trial. Patients were ex-
cluded from the trial if they had any of the following: (1) need
for pancreatobiliary stent replacement; (2) need for emergency
ERCP; (3) diagnosis of AP 3 days prior to ERCP; (4) history
of hypersensitivity reaction to vitamin C, aspirin, and any
non-steroidal anti-inflammatory drugs; (5) currently pregnant
or nursing; (6) creatinine clearance <30 mL/min; (7) history of
gastrointestinal bleeding or asthma; (8) post-ERCP and receiv-
ing any medications that might influence PEP occurrence or
severity, such as epinephrine and octreotide; and (9) history of
previous biliary/pancreatic sphincterotomy.

The present randomized open-label trial enrolled a total
of 405 eligible patients indicated for ERCP. At baseline, each
patient’s complete medical history and blood samples were ob-
tained. The patients were randomized at a 1:1 ratio to receive ei-
ther rectal indomethacin 100 mg (Tolidaru Pharmaceutical Co.,
Tehran, Iran) plus an injection of vitamin C 500 mg (Daroupa-
khsh Pharmaceutical Co., Tahran, Iran) or rectal indomethacin
at the same dose alone. Participants were randomized using an
individual center-based computer-generated block randomiza-
tion random number list. Participants took their allocated med-
ications at least 30 minutes before undergoing ERCP, which was
performed by two experienced endoscopists who performed
more than 250 ERCP procedures annually. Both specialists
worked at this center for at least 5 years. All participants were
sedated using the same protocol of midazolam (0.06 mg/kg)
and morphine (15 mg for patients aged less than 60 years or 10
mg for patients aged >60 years). Post-ERCP blood specimens
were obtained approximately 24 hours after ERCP to determine
the pancreatic enzyme (amylase and lipase) concentrations. All
serum pancreatic enzyme levels were determined using an au-
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tomated chemistry analyzer (Cobas 8000 C702; Roche Hitachi,
Basel, Switzerland). The reference normal values for pancre-
atic enzymes were 20 to 80 IU/L (amylase) and 9 to 60 IU/L
(lipase). After ERCP, all patients were monitored closely in the
gastroenterology and liver ward of Talighani Hospital for the
manifestation of probable abdominal pain and the occurrence
of pancreatitis at least 24 hours after ERCP.

In this trial, PEP was classified as mild, moderate, or severe
based on the revised Atlanta classification. Mild PEP was de-
fined as two of the following: pain consistent with AP; amylase
or lipase more than three times the normal limit; characteristic
imaging findings; and no organ dysfunction or adverse events.
Moderate PEP was defined as transient organ failure within 48
hours or local or systemic adverse events without persistent or-
gan failure. Severe PEP was defined as persistent single or mul-
tiple organ failure >48 hours or present or persistent systemic
inflammatory response syndrome. "

Post-ERCP blood specimens were obtained for the deter-
mination of serum amylase and lipase levels 24 hours after
ERCP. The results are presented as meantstandard deviation.
The data were analyzed using the IBM SPSS ver. 20.0 (IBM
Corp., Armonk, NY, USA), and p-values <0.05 were considered
statistically significant. To demonstrate a decrease in the PEP
occurrence rates from 14% to 5% because of vitamin C addi-
tion by using the chi-square test with an alpha error of 0.05 in
a two-sided test and a power of 0.80, at least 165 participants in
each arm were required.

Ethical statements

The Ethics Committee of Shahid Beheshti University of Med-
ical Sciences approved this study (no. IRSBMU.PHARMACY.
REC 1399.375). The study was recorded at the Iranian Clinical
Trial Registry (IRCT 20121021011192N11).

RESULTS

A total of 405 participants were prescreened; of them, 61 were
excluded. Thus, a total of 344 patients were enrolled in the pres-
ent trial and randomized. Finally, 330 participants completed
the study per the protocol. A flowchart of the patient enroll-
ment process is shown in Figure 1.

Mean age, sex, mean body mass index, concentration of pan-
creatic enzymes at baseline, indication for ERCP, and procedure
difficulty (based on the American Society of Gastroenterology
and Endoscopy grading system)'® are shown in Table 1. No re-



markable intergroup differences were noted in baseline amylase
and lipase levels, mean age, sex distribution, ERCP indications,
and procedural difficulty.

A total of 344 participants undergoing ERCP were included
in the intention-to-treat (ITT) analysis, while 330 participants

405 Patients assessed for eligibility for
enrolling the study

61 Excluded because of:
43 Refused to participate
10 Previous aspirin allergy
8 History of asthma

344 Eligible patients for enrolment

in the study
| |
172. Ra.ndom1zed t(.) 172 Randomized to
receive indomethacin . .
. recieve indomethacin
plus vitamin C
7 Excl
7 Excluded iy ..
I ; e timi (5 Incorrect sample timing
ncorrect sample timing 2 Died dring ERCP)

165 Completed the trial
and analyzed

165 Completed the trial and
analyzed

Fig. 1. Study flow. ERCP, endoscopic retrograde cholangiopancrea-
tography.

Table 1. Baseline clinicodemographic data in the participants
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were included in the per-protocol (PP) analysis. A total of
43 of 344 patients in the ITT analysis and 42 of 330 patients
in the PP analysis had PEP (12.5% and 12.7%, respectively).
Table 2 shows the PEP rate and severity of the indomethacin
plus vitamin C and the indomethacin groups. PEP occurrence
was lower in the vitamin C plus indomethacin arm than in the
indomethacin alone arm, and the analysis showed an obvious
difference between the two arms in the ITT and PP analyses
(p=0.034 and p=0.031, respectively). The mean concentrations
of pancreatic enzymes in the two arms after ERCP are shown
in Figure 2. Serum amylase levels were lower in the combina-
tion arm than in the indomethacin-alone arm. Similar results
were observed for serum lipase levels between the two arms.
Statistical analysis showed a significant intergroup difference
in the post-ERCP concentrations of serum amylase and lipase
(p=0.029 and p=0.034, respectively).

Regarding probable adverse drug reactions, all participants in
the indomethacin plus vitamin C group and the indomethacin
alone group tolerated the medications well, and no patients
dropped out of either study.

DISCUSSION

PEP is a complication whose exact mechanism remains contro-
versial. Damage to the pancreatic acinar cells starts a complex
flood of events that contain elevated levels of reactive oxygen

Total  Indomethacin plus vitamin C group Indomethacin alone group p-value
(n=330) (n=165) (n=165)

Mean age (yr) 61.6+14.3 62.0+14.1 59.0+14.4 0.823
Sex (female/male) 189/141 96/68 93/73 0.671
Body mass index (kg/m’) 23.3+3.8 24.1+4.1 22.8+3.7 0.723
Baseline amylase (IU/L) 59+22 61+23 58+21 0.693
Baseline lipase (IU/L) 75+18 71+16 79+19 0.643
Indications 0.466

CBD stone with or without cholangitis 257 130 127

Periampullary tumors 50 23 27

Others (mainly cholangiocarcinoma, parasites) 23 12 11
Difficulty 0.431

1 87 44 43

2 210 104 106

3 18 10 8

4 15 7 8

Values are presented as meanz+standard deviation or number only.
CBD, common bile duct.
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Table 2. Rate and severity of post-ERCP pancreatitis among two groups

Total Indomethacin plus vitamin C group Indomethacin group p-value

Intention-to-treat 0.034

No pancreatitis 301 (87.5) 155 (90.1) 145 (84.3)

Mild pancreatitis 32(9.3) 14 (8.1) 19(11.1)

Moderate pancreatitis 6(1.8) 2(1.2) 4(2.3)

Severe pancreatitis 5(1.4) 1(0.6) 4(2.3)

Total 344 172 172
Per-protocol 0.031

No pancreatitis 288 (87.3) 149 (90.3) 139 (84.3)

Mild pancreatitis 31(9.4) 13(7.9) 18 (10.9)

Moderate pancreatitis 6(1.8) 2(1.2) 4(2.4)

Severe pancreatitis 5(1.5) 1(0.6) 4(24)

Total 330 165 165

Values are presented as number (%).
ERCP, endoscopic retrograde cholangiopancreatography.

iZi Indomethacin plus vitamin C

p=0.029
M Indomethacin alone

450.00 - 347+65
400.00 -
350.00 4
300.00 -
250.00 A
200.00 -
150.00 A
100.00 A
50.00 A

0.00 T
Amylase

p=0.034

267+54 273+50

.

201+39

-

Amount (IU/mL)

Lipase
Fig. 2. Post-ERCP amylase and lipase levels of the participants.

species, resulting in the oxidation of proteins and lipids and
upset of the pancreatic membrane."” Acinar cells produce and
release proteases that facilitate digestion in response to chole-
cystokinin stimulation after food consumption. These enzymes
become active in the small intestine only, but in pathologic con-
ditions, changes occur in acinar cell signaling, leading to pre-
mature arousal of these enzymes, the secretion of inflammatory
and vascular biomarkers, inhibition of acinar cell release, and
arousal of apoptosis pathways. The activation of nuclear factor
of kappa light chain enhancer B (NF-«B), which serves as a
chief regulator of inflammation in PEP, leads to the synthesis of
inflammatory biomarkers such as interleukin-6, interleukin-1B,
cyclooxygenase 2, and transforming growth factor-."

As OS plays an expected role in the pathogenesis of PEP,
agents that can ameliorate it would improve outcomes.” Levels
of vitamin C, an important endogenous antioxidant in humans,
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are reduced in patients with AP. Bonham et al."”” evaluated
whether vitamin C levels continue to decline after hospital ad-
mission according to AP severity. They measured vitamin C
levels in 62 and 23 patients with mild and severe AP, respective-
ly, on the day of enrollment as well as on days 2 and 5. Plasma
levels of vitamin C in patients with AP were remarkably lower
than those in healthy participants on days 0, 2, and 5 (p<0.001),
and this was more prominent in those with severe AP. In addi-
tion, there was a decline in serum vitamin C levels from day 0
to day 2 in patients with mild (p<0.001) or severe (p=0.005) AP
and from day 2 to day 5 in patients with severe AP (p=0.023).
The positive role of vitamin C in pancreatitis was reported in
previous studies, although no reports have described the effect
of vitamin C on PEP. Previous meta-analyses investigated the
ability of some antioxidants (e.g., allopurinol, NAC, selenium)
to inhibit or alleviate PEP.*"*'
combination effect of vitamin C, NAC, and selenium in PER,"

Although one trial examined the

the present study is the first to evaluate the effect of vitamin C
plus indomethacin on PEP occurrence or severity. The Europe-
an Society of Gastrointestinal Endoscopy 2020 guideline sug-
gests delivering diclofenac or indomethacin immediately before
or after ERCP to prevent PEP." Therefore, the present trial was
designed to determine whether the injection of a single dose
of vitamin C, in addition to rectal indomethacin, could reduce
PEP rate and/or severity. It is important to decrease the effect of
confounding factors in trials that evaluate the efficacy of phar-
macological agents against PEP rate and severity. Késeoglu et
al.” conducted a retrospective study of 666 patients undergoing
ERCP. They reported that female sex, a lower common bile duct



diameter, and plastic biliary stent placement were risk factors
for PEP in patients with bile duct stones. In our trial, the arms
were matched with respect to sex, indication for ERCP, and dif-
ficulty performing ERCP.

In our trial, the injection of 500 mg of vitamin C and admin-
istration of 100 mg of rectal indomethacin showed an inhibi-
tory effect against PEP. To assess the efficacy and safety of an-
tioxidants for inhibiting or alleviating PEP, an antioxidant was
administered solely against placebo in the majority of clinical
trials. Therefore, in a meta-analysis, Gooshe et al.”" indicated
that, in contrast to AP, antioxidant therapy does not confer
protection against PEP. In contrast to most previous trials, the
present trial compared the additive effect of vitamin C with in-
domethacin to that of indomethacin alone (instead of placebo).
Some patients in each study arm was diagnosed with PEP (9.7%
in the vitamin C plus indomethacin arm and 15.7% in the in-
domethacin alone arm). The statistical analysis showed that
the PEP rate was remarkably higher in the indomethacin-alone
arm than in the combination arm (p=0.031). In other words,
vitamin C injection seems effective and safe for reducing PEP if
added to rectal indomethacin. In addition, the combination of
indomethacin and vitamin C may effectively control pancreatic
enzyme levels at 24 hours after ERCP.

The present study is the first to evaluate the effect of a single
dose of vitamin C injection plus administration of rectal indo-
methacin on alleviating PEP. The placebo-controlled trial and
use of higher doses of vitamin C were considered trial limita-
tions. Higher doses of vitamin C may effectively decrease the
PEP rate. We only measured amylase and lipase levels in the
present study. However, regarding the evaluation of inflam-
matory biomarkers responsible for PEP, it is strongly recom-
mended that biomarkers of the NF-kB pathway and OS (such
as malondialdehyde and glutathione peroxidase) in future
studies.
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