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ABSTRACT
The aim of this systematic review is to summarise the evidence on the use of endoscopic ductal stenting in
children with grade III pancreatic injury (according to the American Association for the Surgery of Trauma –
AAST). To our review we included all patients ≤ 18 years old with endoscopic stenting due to an AAST grade III
pancreatic injury from a systematic search and a retrospective chart review in our institution. In total, 34 cases
of children were evaluated. In 25 cases (73.5%), the stent was placed across the duct transection site and in
seven patients (20.6%) it was a transpapillary stent. Endoscopic stent insertion allowed surgery to be avoided
in 79.4% of them. Pseudocysts appeared in 8/34 cases (23.5%). Endoscopic stenting appears to be a promising
treatment option in the majority of children with AAST grade III pancreatic injury; more research is needed.
KEY WORDS:
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INTRODUCTION
Pancreatic injury is rare in children. Reported rates of
pancreatic injuries range from 0.12% to 12% of all injuries in the paediatric population. Usually, pancreatic injuries occur after a blunt abdominal trauma, most often
in boys after a handlebar-related injury [1–5]. Whereas
the majority of clinicians accept the idea of a non-surgical
treatment for minor pancreatic injuries (grade I and II
according to the American Association for the Surgery
of Trauma – AAST) and surgical treatment for AAST
IV and V injuries, there is a lack of consensus about the
management of distal pancreatic duct disruption (grade
III by AAST) (Table 1).
Endoscopic retrograde cholangiopancreatography
(ERCP), which has been used in adults to diagnose and

TABLE 1. The American Association for the Surgery of Trauma pancreas injury scale

Grade Type of injury
I

Description of injury

Haematoma

Minor contusion without duct injury

Laceration

Superficial laceration without duct injury

Haematoma

Major contusion without duct injury
or tissue loss

Laceration

Major laceration without duct injury
or tissue loss

III

Laceration

Distal transection or parenchymal
injury with duct injury

IV

Laceration

Proximal transection or parenchymal
injury involving ampulla

V

Laceration

Massive disruption of pancreatic head

II
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treat main pancreatic duct injuries by stenting and endoscopic drainage, is still not popular in paediatric departments [2, 3, 5].
The advantages of therapeutic ERCP include the avoidance of a major abdominal operation with potential risk to
the spleen [2, 3], the elimination of pseudocyst development from continuing pancreatitis [3], and the avoidance
of pancreatic fistulae or small bowel obstruction [6].
On the other hand, non-operative management of pancreatic duct injuries may lead to atrophy of the distal pancreas. Moreover, there is an increased risk for both main
pancreatic duct stenosis and post-ERCP pancreatitis [7–9].
The data regarding endoscopic treatment of pancreatic injury in children are very limited and mainly originate
from adult case reports and case series. Therefore, we performed this systematic review to summarise the evidence
on the use of endoscopic ductal stenting in children with
AAST grade III pancreatic injury.

MATERIAL AND METHODS
A systematic search was independently conducted by
two of the authors in parallel using Medline, Embase, and
the Cochrane Library (all records up to July 2019). The
query list was constructed by using a combination of the
following keywords: “child” AND “pancreas” AND (“injury” OR “trauma”) AND (“endoscopy” OR “endoscopic
retrograde cholangiopancreatography”) AND (“stent” OR
“drainage”). Only full-text articles published in English
were considered. Reference lists from all of the articles
were manually searched to identify further relevant articles. All records using ERCP stenting due to an AAST
grade III pancreatic injury in patients ≤ 18 years old were
included in the review. Additionally, a retrospective chart
review of all patients with pancreatic injury hospitalised
in our institution was conducted.

RESULTS
The primary search of the databases yielded 129 articles. In total, 15 articles met our inclusion criteria, of which
13 were derived from the primary search and two were derived from the manual reference check. All the articles were
published between 2001 and 2018 and described 32 cases
of children with a pancreatic trauma treated endoscopically
with pancreatic duct stenting. As a result of the retrospective chart review from our institution, we added another
two cases. In all cases, the pancreatic injury was assessed as
AAST grade III or (in cases in which there was no grading)
localised in the body or the tail of the pancreas.
In total, we included 13 boys and 6 girls (in 15 of the
cases, sex was not mentioned) between 3 and 18 years of
age. Nine patients had a handlebar-related injury. These
patients presented with abdominal pain (8/34), vomiting
(4/34), and abdominal tenderness (8/34). In all cases, an
increased level of amylase or lipase was observed (amylase:
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range 120–1835 U/l, lipase: range 844–6560 U/l). The time
from injury to ERCP ranged between 8 hours and 43 days
post injury. Overall, endoscopic stent insertion allowed
surgery to be avoided in 78.4% (27/34) of children. Table 2 presents the detailed characteristics of the children.
In 25 cases (73.5%), the stent was placed across the
duct transection site. In two patients (5.9%) the stent was
described as “stent into collection” and in one case (2.9%)
as “stent almost to the place of disruption”. Transpapillary stent insertion was managed in seven cases (20.6%).
Sphincterotomy was performed in 14 patients (41.2%).
Final stent removal was performed between 11 days and
19 months post injury. Only seven children (20.6%), despite stenting, required a surgical intervention that involved
resection of the pancreatic tail or of the tail and body.
Pancreatic duct strictures were observed in four patients
(11.8%). Pseudocysts appeared in 8/34 cases (23.5%): in
two cases percutaneous drainage was needed [10, 11], and
in another two cases cysto-duodenostomy or cysto-gastrostomy was performed [2, 8]. In the remaining pseudocyst
cases, a transpapillary stent was inserted in a 14-year-old
patient who eventually required surgery [5], two patients
were treated conservatively [5, 12], and one case had no
information about the management of the pseudocyst [5].

DISCUSSION
This is the first systematic review summarising AAST
grade III pancreatic injuries treated with endoscopic stent
placement in children.
Because there has been no systematic review analysing pancreatic duct stenting in both children and adults
with only AAST grade III pancreatic injury, the present
results can only be compared with small, mostly singlecentre case series published previously.
Although the data are very limited, it seems that in all
these case series, the level of avoiding surgical necessity,
was high.
In 2015, Garvey et al. reported on nine patients with
pancreatic injuries following abdominal blunt trauma,
who had undergone ERCP. Six of these patients were classified as having AAST grade III pancreatic injuries. In two
of these patients, stents were successfully inserted into the
main pancreatic duct and allowed to avoid surgery. In the
remaining four patients, ERCP was carried out without
stenting, and two required distal pancreatectomy [13].
Houben et al. summarised their findings of main pancreatic duct injuries in 15 children. Four of them presented
with grade III pancreatic injury. Three of the children were
managed with endoscopic stent insertion – two stents into
the collection and one across the duct. The patient with
the stent across the duct also required an endoscopic cystgastrostomy due to pseudocyst formation. The fourth patient was treated without any intervention [2].
Rosenfeld et al. analysed the results of 26 patients
from 22 paediatric trauma centres. Of the 26 patients,
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Handlebar

Fall from
seesaw

Motor vehicle
accident

10

11

18

Lin [11],
2007

Handlebar

8

Houben [2],
2007

Falling from
a height of
2 m onto
a rock

11

Cay [21],
2005

Seat belt
during
motor vehicle
collision

Struck by
a bike and run
over by a van

Mechanism
of injury

17

8

Age,
years

Cattaneo [10],
2002

First author,
year of
publication
Canty [3],
2001

Interventions

Body

Incomplete
disruption
at body
Body

1. CT
2. ERCP
3. Stent into collection
1. CT
2. ERCP
3. Stent across duct
4. Pseudocyst: cyst-gastrostomy 41st day post injury
5. Stent exchange
1. CT
2. ERCP
3. Stent
4. CT (pseudocyst)
5. CT-guided drainage

1. CT (questionable defect near tail of the pancreas)
2. Overnight worsening
3. CT (possible disruption of the distal pancreas)
4. ERCP (extravasation)
5. Unsuccessful stenting (angulations)
6. Transpapillary stent
Junction
1. CT (fracture at the junction of the body and tail)
of body and tail 2. Non per os
3. Normalisation and discharge on hospital day 4
4. Worsening on 10th post-injury day
5. CT (pseudocyst + small fluid collections)
6. MRCP
7. ERCP (disruption of the nondilated dorsal pancreatic duct)
8. Sphincterotomy of the minor papilla
9. Stent in dorsal duct
10. Percutaneous catheter (drainage of pseudocyst)
Midbody
1. CT (partial laceration of the pancreatic parenchyma with fluid collections)
2. Non per os
3. Persistence of symptoms
4. Worsening at 4th post-injury day
5. ERCP (extravasations, incomplete injury of distal duct)
6. Unsuccessful stenting (angulations)
7. Transpapillary stent
8. Persistence of symptoms
9. Stent in place
Incomplete
1. CT
disruption
2. ERCP
at body
3. Stent into collection

Near tail

Localisation
of injury

TABLE 2. Clinical characteristics of patients with endoscopic stenting of grade III pancreatic injury

–

2 days

2 days

28 days

4 days // 9 days

~10 days

–

53–193 days
(median 127)

3 months post
injury

~10 weeks
post injury

No

No

No

No

No

No

Time interval Time of stent Surgery
form the injury
removal
to the first ERCP
~24 hours
11 days post
No
injury

Resolution

Asymptomatic
(follow up
1–6 years; median
2 years)

5 months
asymptomatic

15 months
asymptomatic

12 months
asymptomatic

Result
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157

158

Handlebar

Fall during
inline skating

17

10

Bjornsson
[12], 2015

Fall on a cup
that he was
holding

Handlebar

9

8

Handlebar

Skiing fall

18

8

Mechanism
of injury

Age,
years

Kawahara [1],
2014

Garvey [13],
2014

First author,
year of
publication
Rogers [20],
2010

TABLE 2. Cont.

Body/tail

Body/tail +
small leakage
at neck

Body

Body and tail

Tail

Tail

Localisation
of injury
1. CT
2. ERCP
3. Stent
1. CT
2. ERCP
3. Stent
1. CT
2. ERCP
3. Sphincterotomy
4. Stent
1. CT (injury of pancreatic body)
2. Worsening
3. CT (fluid collection)
4. ERCP (complete pancreatic duct disruption with extravasations)
5. Unsuccessful stenting
6. ENPD
7. Stent across disruption at 37th post-injury day
8. Two pancreatitis (stent occlusion)
9. Stent exchange (5 Fr5 with 7 Fr5)
1. CT (3 cm thick subcapsular haematoma around the pancreatic neck and body)
2. Laparotomy (no fluid; drains)
3. MRI (pancreatic duct rupture)
4. ERCP
5. Stent
6. Removal
7. Worsening of symptoms
8. Stent
1. CT (transaction of the pancreatic parenchyma at body region)
2. MRI (complete disruption of the main pancreatic duct)
3. ERCP
4. Stent
5. USG-guided abdominal drain percutaneously
6. High fever after 1st week
7. CT (pseudocyst + migration of the stent)
8. Conservative management
9. CT (4 weeks later; no pseudocyst)

Interventions

–

–

2 days

2 days

2 days

–

16 days after
// 10 weeks
after

6 months
after the
latest
replacement

–

–

No

No

No

No

No

Time interval Time of stent Surgery
form the injury
removal
to the first ERCP
2 days
7 days
Yes

4 years
asymptomatic

2 years
asymptomatic

14 months
asymptomatic;
persistent slight
distal pancreatic
duct dilatation

No complications

No complications

Discharged 7 days
after surgery

Result
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5

18

Lin [9], 2017

17

7

6

6

3

3

Handlebar

11

Distal body

Localisation
of injury

Interventions

1. CT (total transection of pancreas)
2. ERCP
3. Stent (monopigtail with the distal extremity in fistula)
Bicycle/
Leak between 1. CT
motorcycle/ cauda and body 2. ERCP
car accident Ductus Wirsungi 3. Sphincterotomy
4. Drainage
abruption
(pancreatic body)
Dye leak
between head
and body
of pancreas
Ductus Wirsungi
abruption
(pancreatic body)
Leak between
tail and body
Ductus
Wirsungi
abruption
(cauda)
Abdominal
Body
1. CT (fracture of the pancreatic body with free intra-abdominal fluid)
crush injury
2. ERCP (extravasations)
3. Stent into MPD
4. Recurrence of symptoms one week later
5. CT (pseudocyst with stent migration)
6. DPTS (transpapillary cysto-duodenostomy)
Blunt
Body
1. ERCP (extravasation; intact MPD)
pancreatic
2. Stent
injury

Mechanism
of injury

Age,
years

Delcenserie
[8], 2016

First author,
year of
publication
SantosAntunes [7],
2015
Keil [4], 2015

TABLE 2. Cont.

8 hours

~a few hours

1–43 days (median 2 days)

19 months
post injury

–

–

–

2 months
after

2 months
after

–

–

No

No

Yes

Yes

-

-

Yes

Yes

Time interval Time of stent Surgery
form the injury
removal
to the first ERCP
–
2 months
No
after

15 months
asymptomatic; two
strictures in the
main pancreatic duct
without any distal
dilatation
Severe duct stricture

–

Treated
endoscopically
with somatostatin
–

Treated
endoscopically
with somatostatin

–

–

Mild stenosis
of the main duct

Result
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160

Ishihara [14],
2018

10

18

18

17

15

14

11

9

9

Handlebar

First author, Age, Mechanism
year of
years
of injury
publication
Rosenfeld [5],
7
Blunt trauma
2017

TABLE 2. Cont.

Body

–

Localisation
of injury

1. ERCP
2. Sphincterotomy
3. Transpapillary stent
4. ERCP (stent migration)
1. ERCP
2. Sphincterotomy
3. Stent across stricture
4. Pseudocyst
1. ERCP
2. Sphincterotomy
3. Duct transection site stent
1. ERCP
2. Sphincterotomy
3. Transpapillary stent
4. Symptomatic pseudocyst
5. ERCP at 26th post-injury day
6. Transpapillary stent
1. ERCP
2. Transpapillary stent
1. ERCP
2. Sphincterotomy
3. Transpapillary stent
1. ERCP
2. Duct transection site stent
1. ERCP
2. Sphincterotomy
3. Stent
1. ERCP (complete laceration of the MPD)
2. ENPD
3. Worsening
4. ERCP (26th day)
5. Stent

1. ERCP
2. Transpapillary stent

Interventions

26 days

3 days

5 days

17 days

0 days

4 days // 26 days

1 day

30 days

2 days

–

No

No

No

No

Yes

Yes

No

No

No

Time interval Time of stent Surgery
form the injury
removal
to the first ERCP
21 days
–
No

No endocrine or
exocrine dysfunction
– 3-years follow up

–

–

Fistula resolution
and earlier discharge

–

–

–

Stricture relief
and pseudocyst
resolution

Controlled
ascites, converted
to pseudocyst
–

Result
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CT – computer tomography, ERCP – endoscopic retrograde cholangiopancreatography, MRCP – magnetic resonance cholangiopancreatography, ENPD – endonasal pancreatic drainage, Fr – French (1 Fr = 1/3 mm), MRI – magnetic resonance imaging, USG – ultrasonography, MPD – main pancreatic duct,
DPTS – double pigtail stent

Dilatation of the
main pancreatic duct
and stricture in the
place of disruption
No
12 months
1 day
1. CT (fracture of pancreatic body with free intra-abdominal fluid)
2. ERCP (disruption between body and tail)
3. Stent across disruption (5Fr5 9 cm)
4. ERCP and planned exchange of the stent (5 Fr5 after 1 month)
5. ERCP and planned exchange of the stent (7 Fr5 after 3 months)
6. ERCP and planned exchange of the stent (7 Fr5 after 2 months)
7. Gastroscopy and removal of the stent
Handlebar
11

Body/tail

–
No
4 months
< 24 hours
1. MRI (fracture at the junction of the body and tail)
2. ERCP (damage of the main pancreatic duct)
3. Stent (5 Fr5 5 cm) almost to the place of disruption
4. Gastroscopy and removal of the stent
Handlebar
7

Body/tail

Mechanism
of injury
Age,
years

First author,
year of
publication
Bukowski,
2019
[present
paper]

TABLE 2. Cont.

Localisation
of injury

Interventions

Time interval Time of stent Surgery
form the injury
removal
to the first ERCP

Result
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12 were classified as having an AAST grade III pancreatic
injury. Five of children had transpapillary stent insertions
(two of them also required distal pancreatectomy), three
patients had insertions into the place of injury, and one
child had a stent insertion across the location of injury.
Cannulation of the main pancreatic duct was not possible in one patient, and in the two remaining patients,
interventions during ERCP were not attempted and distal
pancreatectomy was carried out [5].
Rapid endoscopic intervention is considered one of
the most important factors for successful endoscopic
management because it means stent insertion can be performed before the highest levels of oedema are reached.
In our study, we analysed the time between injury and
ERCP. Endoscopic stenting was performed between
8 hours and 43 days post injury, and we did not find any
correlation between the success of the stent insertion and
the timing of the procedure after injury. Moreover, Houben et al. reported that therapeutic ERCP is technically possible even weeks after injury, and this timing also
helps to reduce the need for open surgery [2]. It is important to mark that the stent that is placed shortly after
injury should be responsible for minimising extravasation and increasing the chance of a spontaneous successful resolution of the ductal disruption. When it comes to
drainage several days or weeks after the injury, the aim is
to “rescue” a patient who has failed conservative management by developing a fistula, a cyst, or a stricture.
Our results are also supported by adult data. Bjornsson et al. described 57 adult patients with blunt pancreatic injury treated endoscopically [12]. The treatment
allowed surgery to be avoided in all but three patients.
The time from injury to stenting ranged from 8 hours to
45 days. Unfortunately, the authors did not perform an
AAST grading analysis; therefore, we cannot compare it
with our results.
We also tried to analyse seven additional cases of patients who required a surgical intervention despite stenting. However, we cannot elaborate on the profiles of these
patients because detailed case data were not provided.
One common complication of pancreatic injury is
pseudocyst formation [4, 10], which may occur in both endoscopically and conservatively treated patients [1, 2, 4, 10,
14]. In our study, despite using ERCP, 7/34 cases (20.6%)
were associated with pseudocyst formation (in one case
described by Cattaneo et al. – pseudocyst appeared before
ERCP); one of them was treated by surgery. While pseudocyst data from children are scarce, a large study (n = 653)
by Mohseni et al. in adults with AAST grade III pancreatic
injury, describing the outcomes after resection and non-resection management, showed that a pseudocyst was found
only in one patient treated non-surgically [15].
The aim of non-operative management of pancreatic
duct injury is to insert a stent across the disruption to
prevent leakage of pancreatic juice into the retroperitoneal space. However, it is not always technically possible. In
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our review, seven patients underwent transpapillary stent
insertion, and only two of them also required distal pancreatectomy. It therefore seems that even if a stent cannot
be placed during the first attempt, endoscopic internal
drainage (sphincterotomy or transpapillary stent) can still
be performed. This drainage results in a reduction of intrapancreatic pressure and may prevent the formation of
pancreatic pseudocysts. In these cases, adequate drainage
of pancreatic juice and reduced oedema may allow for
subsequent definitive intervention [6].
It is difficult to compare our results with the results
of adult studies assessing endoscopic stenting after pancreatic injury. First, there are only a few articles on this
topic, and second, most of them are case reports [16–19].
Moreover, the data are heterogeneous with the cases being analysed without pancreatic injury grading, without
the aetiology being reported (i.e. trauma or acute pancreatitis) and without the details of stent placement (i.e.
transpapillary or at an injury site) [20].
The main advantage of our study is that, for the first
time, we systematically gathered all the published cases
of children with AAST grade III pancreatic injury, who
were treated with pancreatic stent placement. Although
the data are limited, it seems that this procedure is safe
even in young children and allows avoidance of surgery
in a high percentage of patients.
Because there is no published prospective study assessing this issue, we hope that this systematic review may
be the first step toward planning a multi-centre study to
assess the possibility of avoiding surgery by endoscopic
stent placement in children who have a main pancreatic
duct injury after abdominal trauma. This review also has
some limitations. Due to its retrospective character, many
important parameters or variables (e.g. time to follow-up)
are very heterogeneous or not reported. Moreover, as with
any descriptive study, a cause-and-effect relationship cannot be established, and our findings cannot be generalised.
Because of the lack of multicentre, well-prepared
studies comparing pancreatic duct stenting with surgery
in patients with AAST III grade pancreatic injury we
cannot unambiguously admit that endoscopic stenting is
superior to the surgical approach. Nevertheless, in some
selected cases it may be a good treatment option.

CONCLUSIONS
In conclusion, in this systematic review, we found
endoscopic stent placement to be a promising treatment
option in the majority of children with AAST grade III
pancreatic trauma. We believe that the results of our study
will encourage paediatric gastroenterologists and surgeons
to consider treating this group of patients endoscopically.
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