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Abstract

BACKGROUND

Acute pancreatitis is the most common complication of endoscopic retrograde
cholangiopancreatography (ERCP). Currently, there is no suitable treatment for post-
ERCP pancreatitis (PEP) prophylaxis. Few studies have prospectively evaluated

interventions to prevent PEP in children.

AIM
To assess the efficacy and safety of the external use of mirabilite to prevent PEP in

children.

METHODS

This multicenter, randomized controlled clinical trial enrolled patients with chronic
pancreatitis scheduled for ERCP according to eligibility criteria. Patients were randomly
divided into the external use of mirabilite group (external use of mirabilite in a bag on
the projected abdominal area within 30 min before ERCP) and blank group. The
primary outcome was the incidence of PEP. The secondary outcomes included the
severity of PEP, abdominal pain scores, levels of serum inflammatory markers [tumor
necrosis factor-alpha (TNF-a) and serum interleukin-10 (IL-10)], and intestinal barrier
function markers [diamine oxidase (DAQ), D-lactic acid, and endotoxin]. Additionally,

the side effects of topical mirabilite were investigated.

RESULTS

A total of 234 patients were enrolled, including 117 in the external use of mirabilite
group and the other 117 in the blank group. The pre-procedure and procedure-related
factors were not significantly different between the two groups. The incidence of PEP in
the external use of mirabilite group was significantly lower than that in the blank group
(7.7% vs 26.5%, P < 0.001). The severity of PEP decreased in the mirabilite group (P =

0.023). At 24 h after the procedure, the visual analog scale score in the external use of
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mirabilite group was lower than that in the blank group (P = 0.001). Compared with
those in the blank group, the TNF-a expressions were significantly lower and the IL-10
expressions were significantly higher at 24 h after the procedure in the external use of
mirabilite group (P = 0.032 and P = 0.011, respectively). There were no significant
differences in serum DAQ, D-lactic acid, and endotoxin levels before and after ERCP

between the two groups. No adverse effects of mirabilite were observed.

CONCLUSION
External use of mirabilite reduced the PEP occurrence. It significantly alleviated post-
procedural pain and reduced inflammatory response. Our results favor the external use

of mirabilite to prevent PEP in children.
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Core Tip: This was a multicenter, prospective, randomized controlled study, which
aimed to assess the efficacy and safety of the external use of mirabilite to prevent post-
endoscopic retrograde cholangiopancreatography pancreatitis (PEP) in children. Our
study showed that the external use of mirabilite can reduce the incidence of PEP, relieve
post-procedural pain, and regulate inflammatory mediator expression to reduce the
inflammatory response. This study suggests that the external use of mirabilite is a safe,
effective, and more acceptable option for the prevention of PEP prophylaxis in pediatric

patients.
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INTRODUCTION

Endoscopic retrograﬁe cholangiopancreatography (ERCP) is one of the crucial
procedures for the diagnosis and treatment of biliary and pancreatic diseases in
children(!2l. Post-ERCP pancreatitis (PEP) is the most common adverse event; it can be a
serious complication following ERCP, occurring in approximately 6.0%-20.7% of
children. The rate of PEP varies between case series as it depends on potential patient-
and procedure-related risk factors, such as a history of PEP, visualization of the
pancreatic duct, guide-wire insertion into the pancreatic duct, diagnostic ERCP,
suspected sphincter of Oddi dysfunction, difficult cannulation, pancreatic
sphincterotomy, and othersP7l. Most episodes of PEP are mild and moderate; however,
severe pancreatitis still occurs, accounting for a prolonged hospital stay and can be
potentially fatall®8l. To a certain extent, the occurrence of PEP limits the application of
ERCP in children.

To date, only non-steroidal anti-inflammatory drugg (NSAIDs) have been shown to
be effective in preventing PEP in adultsP1!l. The role of rectal indomethacin, which is
widely used in adults and is often not utilized in children as the method of rectal
administration is not acceptable for children, remains questionable. Meanwhile, few
reports have investigated prophylactic medicine for PEP in children. Finding an ideal,
effective, less invasive, and safe prevention strategy for children is desirable.

Mirabilite, a white granular mineral medicine, primarily composed of hydrous
sodium sulfate (Na2SO; 10H20), is a well-kpown traditional Chinese medicine for
treating acute pancreatitis'2l. Considering that mirabilite can treat acute pancreatitis, we
hypgthesized that mirabilite is effective in preventing PEP. Previous clinical evidence
has shown that mirabilite is a safe and beneficial treatment option f(ﬁ children with
inflammatory diseases!'314]. Therefore, this study aimed to investigate the efficacy and
safety of the external use of mirabilite as a PEP preventive in the pediatric population in

a multicenter, randomized controlled trial.
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MATERIALS AND METHODS

This was a multicenter, prospective, randomized controlled study. Patients were
recruited from Shanghai Children’s Medical Center and Shanghai Shuguang Hospital in
China between October 1, 2019 and December 30, 2021 after approval from the human
studies review committee at each institution (see Figure 1 for flow diagram).

An investigator, who was blinded to the treatment allocation, recorded the patient
demographics, post-ERCP adverse events, follow-up data, and procedure-related
parameters, including sphincterotomy, stricture dilation, pancreatic stone extraction,
number of cannulation attempts, and contrast agent dose. A screening session and
physical examination prior to inclusion were conducted by a medical doctor according
to the following inclusion criteria: (1) Age, 0-14 years; (2) Received therapeutic ERCP for
chronic pancreatitis; (3) Blood amylase and lipase levels before ERCP were within the
normal limits (amylase, 30-110 u/L; blood lipase, 23-300 u/L); and (4) Informed consent
was obtained from the patient’s guardians, and assent was obtained from patients aged
> 8 years. The exclusion criteria were as follows: (1) Organic gastrointestinal disease,
such as upper digestive tract stenosis or obstruction; (2) Pancreatitis or use of pancreatic
enzyme medication within 7 d; (3) Cardiovascular, hepatic, renal, cerebrovascular, or
hematopoietic system disease; (4) Dermatological disorders, such as fresh abdominal
wounds, skin lesions, or angioma; and (5) Allergy to contrast agents or mirabilite.

The diagnostic criteria for chronic pancreatitis were the same as those of the
International Study Group of Pediatric Pancreatitis: In Search for a Curel™, which
included children with irreversible structural changes in the pancreas, with or without
abdominal pain, exocrine pancreatic insufficiency, or diabetes.

We calculated the sample size according to our primary study. The PEP incidence
rate in the control group was estimated to be 21% based on historical data from the
study institutionl®l. Assume that preoperative prevention can reduce the risk of PEP by
50%, the target incidence of PEP in mirabilite external application group was estimated
to not exceed 7%. Set a = 0.05, two-sided test, p = 0.20. Calculated by PASS15.0

software, each group needed 99 participants, the estimated dropout rate was 15%, and
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117 patients would be included in each group. Institutional review board approval was
obtained (the Ethics Committee of Shanghai Children’s Medical Center). This study
registered with Clinical Trials ChiCTR1900022642. Registered on April 19, 2019,
http:/ /www .chictr.org.cn.

Intervention
Procedure details: All patients underwent a comprehensive review and specialist
consultation before ERCP. This process aimed to ensure an objective and
comprehensive analysis, to determine if ERCP was appropriate, and rule out
contraindications to endoscopy. Patients were asked to undergo routine preoperative
laboratory testing (complete blood count, coagulation, blood amylase and lipase
concentrations, and hepatic function markers), upper abdominal ultrasonography,
magnetic resonance cholangiopancreatography or computed tomography (CT), and
iodine allergy testing.

Each patient was required to fast for 12 h before surgery. Duodenoscopy was
performed using a JF240V device (Olympus Corp., Tokyo, Japan). ERCP was conducted
by an experienced digestive endoscopy specialist who performed > 30000 ERCPs. The

following procedures were performed under radiographic guidance.

Standard post-ERCP treatment: Standard treatment was administered for PEP in both
groups, including fasting, pancreatic enzyme control, and maintenance of fluid and
electrolyte balance. Complications, such as infection, bleeding, or perforation within 1
mo of discharge were treated accordingly.

Patients in the external use of mirabilite group were administered a topical
application of mirabilite (Chinese Medicine Institute, Shanghai, China), in a bag, on the
middle and upper abdomen within 30 min before ERCP and until 24 h after ERCP,
during which time the mirabilite was replaced every 4 h, whereas those in the blank

group did not receive any additional intervention.
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The external application of mirabilite (400 g each time) was packaged in custom-
made topical bags. Mirabilite bags were designed with a rectangular shape and in two
different sizes based on the projected area of the pancreas in pediatric patients. Children
aged < 6 years received bags with dimensions of 17 mm x 14 mm, whereas those aged >
6 years received bags with dimensions of 24 mm x 14 mm. Two layers of medical gauze
were sewn into rectangular bags, and four 8-cm attachment bands were sewn to the two
longer sides. The bags were used for topical application of mirabilite to the abdomen

and were attached to the patient’s backs using attachment bands.

Randomization and masking

In this study, patients were randomly assigned to two groups in a 1:1 ratio using block
randomization stratified by centers. Randomization was performed before ERCP (about
7 h before ERCP). Mirabilite was administered in the procedure room before or after
ERCP by one investigator at each site who did not participate in data collection and
analysis. The mirabilite external application package was removed before entering the
operation room, the operator and assistant who participated in the ERCP procedures
were blinded to the group allocation. Furthermore, the investigator who collected
demographic or procedure-related data or who participated in the assessment of post-

ERCP complications was blinded to the group allocation.

Assessments and measurements

At 24 h after the procedure, abdominal pain scores [visual analog scale (VAS) scores][¢]
were recorded. Communicative patients were asked to indicate their level of pain
unaided. Pain assessment was completed by legal guardians in non-communicative
patients. Serum levels of tumor necrosis factor-alpha (TNF-a), interleukin-10 (IL-10),
diamine oxidase (DAO), blood D-lac, and endotoxin were measured in all patients 3 h
before ERCP and 24 h after ERCP. Serum TNF-a and IL-10 levels were determined
using enzyme linked immune assay (ELISA; Shanghai Hengyuan Bioengineering

Institute, Shanghai, China). Moreover, serum DAQO, D-lactic, and endotoxins were
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determined using ELISA (Shanghai Hengyuan Bioengineering Institute, Shanghai,
China). According to the criterial'?7l for the diagnosis of PEP, abdominal pain, serum
amylase levels, and upper abdominal ultrasonography were measured 24 h after ERCP.

According to Cotton’s criteriall?l, PEP is classified into mild, moderate, and severe
pancreatitis (mild, additional hospitalization for 1-3 d; moderate, additional
hospitalization for 4-10 d; and severe, hospitalization for > 10 d and in cases of

hemorrhagic pancreatitis, phlegmon, or pseudocysts).

Outcomes

Primary outcome: The primary outcome was the incidence of PEP after the procedure.
According to consensus criteriall”l, PEP was diagnosed if a child met two of the three
following criteria after ERCP: a new onset of classical abdominal pain, a plasma
amylase or lipase concentration exceeding three times the normal upper limit at 24 h
postoperatively, and radiographic (B-type ultrasonography or CT) findings suggestive

of pancreatitis.

Secondary outcomes: Additionally, several secondary outcome measures were
recorded, including the severity of PEP. Abdominal pain was measured 24 h after ERCP
using a VAS as follows: 0 points, no tenderness, no pain; 1-3 points, mild but tolerable
discomfort and pain; 4-6 points, sleep quality affected by tolerable discomfort and pain;
and 7-10 points, severe discomfort and intolerable pain that severely affect sleep
quality. Inflammatory cytokines were assessed by serum TNF-a and IL-10; and

intestinal barrier function was recorded by DAO, D-lactic, and endotoxin levels.

Safety endpoints: The patients were monitored for adverse reactions to mirabilite,
including skin damage and diarrhea. The following adverse reactions to ERCP were
further monitored: Intestinal perforation, bleeding, bile duct infection, and other
procedure-related complications requiring extended hospital stay. Patients were

followed up for 1 mo postoperatively.
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Statistical analysis

The data of all patients who underwent randomization were analyzed. Counting data
were presented as absolute numbers and proportions. Corresponding analysis was
performed using the chi-square test or Fisher’s exact test when the actual frequency was
< 5. Continuous variables without normal distribution in this study were presented
with median and interquartile range, and comparisons were made using the Mann-
Whitney U test between two groups. A two-sided P < 0.05 indicated statistical
significance. All statistical analyses were performed using R version 3.5.1 (The R

Foundation, Vienna, Austria).

RESULTS
A total of 234 patients were included in this study, with 117 in the external use of
mirabilite group and 117 in the blank group. The baseline characteristics and ERCP
procedure-related parameters were similar between the two groups (Table 1).
Cannulation was successful in 234 patients (100%). The overall incidence of PEP in 234
patients was 17.1%; the incidence of PEP in children aged < 6 years was 15.1%, and in
those aged = 6 years was 18.8%. No statistical difference was found between the two age
groups (P = 0.460).
The incidence of PEP in the external use of mirabilite group was significantly lower
than that in the blank group (7.7% wvs 26.5%, P < 0.001); the incidence of PEP in the
mirabilite and blank groups was statistically significant in different age groups (Table
2). There were nine patients with mild pancreatitis but no moderate and severe
pancreatitis in the mirabilite group, whereas in the blank control group, there were 16
patients with mild pancreatitis, 13 with moderate pancreatitis, and 2 with severe
pancreatitis. The difference was statistically significant (P = 0.023) (Table 3). The VAS
scores were significantly lower in the external use of mirabilite group than those in the
blank group at 24 h after ERCP (P = 0.001) (Table 4). No statistically significant
difference was noted in the expression levels of serum TNF-a and IL-10 between the

two groups 3 h before the procedure. Compared with the values measured 3 h before
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the procedure, the expression levels of serum TNF-a and the expression levels of serum
IL-10 increased in both groups at 24 h after procedure (P = 0.016 and P < 0.001,
respectively). Compared with those in the blank group, the expression levels of serum
TNF-a in the external use of mirabilite group were significantly lower, and the
expression levels of serum IL-10 in the external use of mirabilite group were
significantly,_higher at 24 h after the procedure. The differences were statistically
significant (P = 0.032 and P = 0.011, respectively) (Table 5). No significant differences
were found in the levels of serum D-lactate, DAQO, and endotoxins before and after the
procedure between the two groups (Table 6). No side effects due to the external use of
mirabilite, such as skin allergy or diarrhea, were observed. Intestinal perforation,
bleeding, bile duct infection, and other procedure-related complications, except PEP,

did not occur during the 1-mo follow-up.

DISCUSSION
ERCP has been a primary treatment method_for biliary and pancreatic diseases and has
gradually replaced traditional surgeryl'81°. Although ERCP has many advantages, the
high incidence of complications still restricts its widespread use to a certain extent.
Among the complications of ERCP, PEP was the most common adverse event.
Prophylactic drugs are necessary to reduce PEP, and a gafe, effective, and convenient
way to administer them is readily acceptable in children. Currently, there is no standard
of care for the prevention of PEP in the pediatric population, and adopting adult-based
standards is controversial. In our study, the external use of mirabilite significantly
lowered the incidence of PEP and improved post-procedural pain, suggesting that
external mirabilite use was helpful in preventing PEP in children and was highly
acceptable. Our study is the first to evaluate prophylactic medications for pediatric PEP
in a multi-center, randomized controlled trial in China.

At our center, the prevalence of PEP was 26.5% in the blank group. This was higher
than the incidence of PEP in adults and other countries!!422l. The main reason for the

high incidence of PEP in our study population maybe because of patient and disease
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spectrum selection. The incidence of PEP is not low in Asia, about 10%-20%[02; in a
study of Chinese children, the incidence of PEP was 20.7%[6l. Some previous studies
have reported a low PEP rate in adults; the spectrum of diseases were mainly biliary
diseases, including choledocholithiasis, cholangitis, or biliary stricturel222]. In contrast,
previous studies have confirmed that bile duct disease is not a high-risk factor for PEP,
but young age, sphincterotomy are high-risk factors for PEPI®2]. However, this study
included children with chronic pancreatic diseases, and most surgeries conducted in the
pancreatic duct may account for the high PEP occurrence.

Mirabilite is a well-known traditional Chinese edicine for the treatment of acute
pancreatitis(!2l. The medicine is applied externally, absorbed through the skin, and does
not go through the digestive system; thus, the procedure is simple and safe to conduct,
with no risk of an adverse reaction. Research indicates that mirabilite plays a role in
moisture absorption, Eduction of swelling, heat clearance, toxicity removal, and anti-
inflammatory action. In addition, mirabilite has been shown to improve the levels of
amylase in the blood, improve pancreatic blood circulation, promote the absorption of
necrotic tissue, promote gastrointestinal peristalsis, and decrgase a variety of
complications, improving the overall prognosis. Wang et all'2l have applied mirabilite to
reduce pancreatic leakage in severe acute pancreatitis, which lowered intra-abdominal
pressure, reduced the secretion of pa.rﬁ'eatic amylase, eliminated inflammatory edema,
and reduced IL-6 levels in the blood. Animal experiments have shown that Dachengqi
decoction, a famous formula in China that comprises mirabilite as the principal
component, increased cell viability, reduced acinar necrosis, aﬁ provided protection
from injury to the pancreas in vivo and in vitrol®l. However, few reports have researched
the efficacy of mirabilite for preventing PEP.

This study found that the incidence and PEP severity in the externally applied
mirabilite group was significantly lower than that in the control group. This illustrated
that mirabilite can treat acute pancreatitis and may prevent PEP and reduce the severity
of PEP. Currently, NSAIDs have been shown to be the only effective drug in preventing

PEP in adults, and few reports have investigated prophylactic medicine for PEP in

11/ 15




children. In a meta-analysis of randomized controlled trials, the overall incidence of
PEP was 7.64% (47/615 patients) in the rectal indomethacin group and 15.15% (95/627
patients) in the placebo groupl?l. Similar results have been obtained with external
application of mirabilite, which is more acceptable than rectal or oral administration in
children. Therefore, this study would be informa&ve to expand the field of prospective
research on the prevention of pediatric PEP. Cytokines play a major role in the
pathogenesis of acute pancreatitis as part of the underlying systemic inflammatory
response, tiaue damage, and organ dysfunction. The severity of acute pancreatitis
depends on an intricate balance between localized tissue damage with proinflammatory
cytokine production and the systemic anti-inflammatory responsel!3l. TNF-a is a pro-
inflammatory cytokine that promotes the inflammatory response, whereas IL-10 is an
immunosuppressive cytokine that inhibits inflammation?3. Anti-inflammatory
cytokines and pro-inflammatory factors maintain a balance when no inflammatory
responses are occurring. Disruption in this balance leads to an inflammatory response
when H—a anti-inflammatory cytokines are insufficient against the pro-inflammatory
factors. For restoration of immunological balance, a proinflammatory response is
usually followed by secretion of anti-inflammatory mediators, such as IL-10, which
suppress the synthesis and effects of proinflammatory cytokines. In this study, the
expression levels of TNF-a and the expression levels of IL-10 increased after ERCP in
both groups. However, the TNF-a expression in the external use of mirabilite group at
24 h after the ERCP procedure was significantly lower and the IL-10 expression was
higher than that in the blank group, indicating that external use of mirabilite can
improve anti-inflammatory function and reduce the inflammatory response by down-
regulating the secretion of proinflammatory factors and up-regulating the anti-
inflammatory factors to alleviate pancreatic injury.

Studies have shown that the release of inflammatory factors may lead to intestinal
ischemic hypoxia, resulting in the destruction of the intestinal barrier fungtion that
shifts intestinal bacteria and toxins, further causing pancreatic damagel?¢l. When the

intestinal barrier is damaged, DAO, D-lactate, and endotoxins are transferred into the
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blood circulation through the damaged mucosa in the early stage. In addition, the
serum concentrations of D-lactate, DAQ_could reflect the intestinal permeability in
patients with acute pancreatitis/?’l. Thus, the detection of plasma levels of DAO and D-
lactate can promptly reflect the extent of damage and permeability changes in the small
intestine, which are the specificity and sensitivity indicators of intestinal barrier
function to evaluate pancreatitis. The present study showed no statistically significant
differences in the levels of D-lactate, DAO, and endotoxins in both groups before and
after the procedure, suggesting that gastrointestinal mucosal barrier dysfunction was
not obvious. This may be because the inflammatory response induced by the procedure
is not strong enough to injure the gastrointestinal mucosal barrier function. In this
study, no side effects of the external use of mirabilite, such as skin allergy and diarrhea,
were observed.

The limitation of this study was that it was an unblinded study, with researcher
subjective biases, and it was restricted to the Chinese population. In addition, a suitable
control medicine should be used for further studies. Furthermore, the exact mechanisms
of action remain relatively unknown and should be investigated further in future

studies.

CONCLUSION

Our study showed that the external use of mirabilite can reduce the incidence of PEP,
relieve post-procedural pain, and regulate inflammatory mediator expression to reduce
the inflammatory response. Further, this study suggests that the external use of
mirabilite is a safe, effective, and more acceptable option for the prevention of PEP

prophylaxis in pediatric patients.

ARTICLE HIGHLIGHTS
éesearch background

ost-endoscopic retrograde cholangiopancreatography (ERCP) pancgeatitis (PEP) is the

most common adverse event following ERCP. Currently, only non-steroidal anti-

13 /15




inflammatory drugs have been shown to be effective in preventing PEP in adults. Few

studies have prospectively evaluated interventions to prevent PEP in children.

Research motivation
The occurrence of PEP could limit the application of ERCP in children, for which

finding an ideal, effective, less invasive, and safe prevention strategy is desirable.

Research objectives a
1
The objective of this study was to assess the efficacy and safety of external use of

mirabilite to prevent PEP in children.

Research methods

We conducted a multicenter, randomized controlled clinical trial. Patients with chronic
pancreatitis scheduled for ERCP were enrolled and randomly divided into the external
use of mirabilite group and the blank group. The primary outcome was the incidence of
PEP. The secondary outcomes included the severity of PEP, g)dominal pain scores,
levels of serum inflammatory markers, tumor necrosis factor (TNF)-a and interleukin

(IL)-10, and intestinal barrier function markers, diamine oxidase (DAO), D-lactic acid,

and endotoxin. Additionally, the side effects of topical mirabilite were investigated.

Research results

A total of 234 patients were enrolled, including 117 in the extﬁénal use of mirabilite
group and the other 117 in the blank group. The pre-procedure and procedure-related
factors were not significantly different between the two groups. The incidence of PEP in
the external use of mirabilite group was significantly lower than that in the blank group
(7.7% vs 26.5%, P < 0.001). The severity of PEP decreased in mirabilite group (P = 0.023).
At 24 h after the procedure, the visual analog score in the external use of mirabilite
group was lower than that in the blank group (P = 0.001). Compared with those in the

blank group, the TNF-a expressions were significantly lower and the IL-10 expressions
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were significantly higher at 24 h after the procedure in the external use of mirabilite
group (P = 0.032 and P = 0.011, respectively). There were no significant differences in
serum DAQ, D-lactic acid, and endotoxin levels before and after ERCP between the two

groups. No adverse effects of mirabilite were observed.

Research conclusions
External use of mirabilite reduced the occurrence of PEP. Moreover, it significantly
alleviated post-procedural pain and reduced inflammatory response. Our results favor

the external use of mirabilite to prevent PEP in children.

Research perspectives
This study illustrated that external use of mirabilite is a safe, effective, and more
acceptable option for PEP prophylaxis in pediatric patients. Our findings would be

informative to expand the field of prospective research on the prevention of pediatric

PEP.
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