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Background/purpose: Endoscopic retrograde cholangiopancreatography (ERCP) is an adjunct for pediatric pancre-
atic injury management, but its use and utility in pediatric patients are unclear. We set out to evaluate the use of
ERCP and its effects on outcomes.
Methods: A retrospective review was performed for children who had pancreatic injuries at 22 pediatric trauma
centers between 2010 and 2015. ERCP details and outcomes were collected. Analysis was performed using de-
scriptive statistics and Wilcoxon rank-sum tests.
Results: ERCP was used at 14/22 centers for 26 patients. Indications were duct evaluation, duct leak control,
pseudocyst, fistula, and stricture. ERCP altered management or improved outcomes in 13/26 (50%), most com-
monly in patients with ERCP for duct evaluation, stricture, and fistula. In patients managed nonoperatively,

those with early endoscopic intervention (within one week of injury) with stent or sphincterotomy (n = 9)
had similar time to regular diet [median (IQR)]: [10 (7–211) vs 7 (4–12) days; p = 0.55], similar hospital
days: [12 (8–20) vs 11 (6–19) days, p = 0.63], and similar time on parenteral nutrition: [17 (10–40) vs 10
(6–18) days; p = 0.19] compared to patients who were only observed.
Conclusions: In children with blunt pancreatic injury, ERCP can be useful to diagnose duct injury and formanage-
ment of late complications such as stricture and fistula. However, early endoscopic intervention for pancreatic
duct disruption may not improve outcome or expedite recovery. Further study is needed.
Study type: Retrospective Study; Treatment Study.
Level of evidence: III.

© 2017 Elsevier Inc. All rights reserved.
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The pancreas is the least commonly injured solid organ following
blunt abdominal trauma in children, with reported injury rates ranging
from 0.12% to 0.7%; therefore, many centers have limited experience
with managing these complicated injuries. Management of blunt
pancreatic trauma hinges on the ability of the trauma team to accurately
diagnose andmanage pancreatic ductal disruption. In general, nonoper-
ative management (NOM) is favored for low-grade pancreatic injury
(American Association for the Surgery of Trauma (AAST) grades I and
II injuries which do not involve injury to the pancreatic duct). However,
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there is a lack of consensus regarding the optimal management of high-
grade injuries involving the pancreatic duct, especially grade III injuries
which involve the pancreatic body [1,2]. In these cases, either operative
or nonoperative strategies can be employed. Unfortunately, differentiat-
ing a grade II injury from a grade III injury requires demonstration of
pancreatic duct disruption on cross-sectional imaging. The sensitivity
of 16 and 64 multidetector CT imaging to detect duct injury is reported
at 54% and 52%, respectively, making their use limited for the diagnosis
of pancreatic duct injuries, especially in small childrenwith small glands
[3]. Additionally, serum chemistries (amylase and lipase) have not been
shown to correlate directly with duct injury, and therefore are not gen-
erally helpful when grading injuries [4].

Endoscopic retrograde cholangiopancreatogram (ERCP) provides a
method of diagnosing pancreatic duct integrity [1,5–7]. Its use has also
been described for therapeutic purposes using stent placement to at-
tempt to decrease pancreatic duct leak [5,7]. ERCPutilization for diagno-
sis and treatment of pancreatic injuries in the pediatric population is
based mainly on retrospective, small, single center studies [1,8–11].
The purpose of this study was to evaluate the current use and utility
of ERCP for pediatric blunt pancreatic injuries in a large, multicenter co-
hort. We hypothesized that ERCP was useful for both diagnostic and
therapeutic purposes in this population.
1. Methods

A study group of twenty-two pediatric trauma centers was
established through the Pediatric Trauma Society. Institutional Review
Board (IRB) approval was obtained at each center. Retrospective chart
review was performed for children (18 years old or younger) who
were treated for an AAST grade II–V pancreatic injury following blunt
trauma between January 2010 and December 2015 with nonoperative
management (NOM). Deidentified data on demographics and outcomes
were collected from each center. In this subset analysis, additional data
were collected on patientswhounderwent ERCP at these centers during
the same time period. Data were collected on demographics, injury
grade, mechanism, ERCP indications, ERCP details and complications,
and clinical outcomes: time to diet, hospital length of stay, re-
hospitalizations and complications. Early ERCP was defined as an ERCP
performed within 7 days of injury and late ERCP was defined as an
ERCP performed 8 or more days following injury (Fig. 1). Two patients
who had a repeat ERCP for a different indication (versus those who
had repeat ERCP for stent migration or removal) were included in the
analysis for both procedures; therefore, 28 ERCP procedures were eval-
uated. An outcome comparisonwas performed between nonoperatively
managed patients from the original dataset who had ERCP with early
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intervention versus those who were solely observed. Analysis included
descriptive statistics, Kruskal–Wallis and Mann–Whitney for nonpara-
metric data, and Chi-square or Fisher's exact for categorical data using
STATA statistical software package version 14.2 (StataCorp LLC). Signif-
icance was considered at p b 0.05.

2. Results

2.1. Patient demographics and injury details

ERCPwas utilized at 14 (64%) of the 22 pediatric trauma centers, the
majority (91%) of which are free-standing children's hospitals. Only 3/
26 (12%) patients underwent ERCP following operative management
(OM); the remainder had ERCP as an adjunct to NOM, or underwent
OM following ERCP. Sixteen (62%) patients were male, the median age
was 11 years (range 2–18), most injuries involved the pancreatic body
(AAST grade II or III), and handlebar injury was the most common
mechanism (Table 1).

2.2. Procedural details

The median time to ERCP was 4.5 days after injury (range
0–45 days). Fifteen patients underwent early ERCP within 7 days of in-
jury, and thirteen patients underwent late ERCP, all of which were be-
tween days 12 and 45, including two patients who underwent a
second ERCP in this period for a different indication. Median ERCP pro-
cedure time was 43.5 min (range 15–143).

Stents were placed in 18/28 procedures (64%): stent placement was
attempted in all, but only possible at the duct transection site (DTS) or
stricture site in 9/18 (50%), and the other 50% had transpapillary stents
placed. Ten patients (38%) had concomitant sphincterotomy with stent
placement, and one patient had sphincterotomy only. Age did not ap-
pear to factor into the success of stent placement across the transection
site (mean age DTS stent: 12.6 years (range 2–18) vs mean age non DTS
stent: 11.6 years (range 7–17). In four patients (ages 7, 7, 11 and
15 years), the gastroenterologistwas unable to cannulate the pancreatic
duct owing to intense inflammation, precluding diagnostic and thera-
peutic intervention.

2.3. Indications

In the 15 early ERCP cases, 4/15 (27%) were performed solely for di-
agnostic purposes when duct integrity was unclear on CT scan. The
other 11 patients (73%) had ERCP for therapeutic intent to attempt con-
trol of duct leakage by stent placement or sphincterotomy. In the 13 late
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able 1
atient characteristics.

ERCP Patients

Age median (range) 11 years (2–18)
Male (%) 16 (62%)
AAST Grade

II 4 (15%)
III 11 (42%)
IV 8 (31%)
V 1 (3%)
Ungraded 2 (8%)

Mechanism
Bicycle handlebar 10 (38%)
MVC 1 (4%)
Nonaccidental Trauma 2 (8%)
Fall 3 (12%)
Other 10 (38%)
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ERCP cases, 1/13 (8%) was diagnostic in a patient who had persistent
drainage 12 days following exploration and lesser sac drain placement,
3/13 (23%) were to try to control leak 3–5 weeks following injury, 3/13
(23%)were for symptomatic pseudocyst, 3/13 (23%)were for duct stric-
ture, and 3/13 (23%) were for fistula (Table 2).

2.4. Outcomes

In the early group, ERCP solely for a diagnostic indicationwas helpful
in all four cases (100%). Two of these patients were determined to have
duct transection (grade III injury) and underwent elective OM (distal
pancreatectomy), and two were downgraded from grade III to grade II
injury once duct integrity was confirmed by ERCP and avoided surgical
intervention. In the 11 procedures for attempted duct leak control, ERCP
with intervention (stent placement with or without sphincterotomy)
was reported to improve outcome in 3/11 patients (27%); 3/11 (27%)
had no improvement following ERCP with intervention, improvement
in outcome following intervention was unclear in 2/11 (18%), and in
3/11 (27%), the duct could not be cannulated so no intervention was
performed (Table 2).

In the late group, one patient had a diagnostic ERCP that provided
helpful information to guide operative decision-making. Only 1/6
(17%) patients with persistent duct leak, ascites or symptomatic
pseudocyst had reported improvement following ERCP with interven-
tion; this patient had persistent ascites. None of the 3 patients (100%)
with symptomatic pseudocyst benefited from ERCP. Two of the three
fistulas (67%) closed following transpapillary stent and sphincterotomy,
while the other one persisted following DTS stent and sphincterotomy.
Finally, symptom relief from duct stricture was obtained in 3/3 patients
(100%) following stent placement across the strictured site (Table 2).

Overall, of 28 ERCPs, the procedure was reported to alter manage-
ment or improve outcome in 14/28 cases (50%), did not in 10/28
(36%), and this was unclear in 4/28 (14%).

When all patients who had NOM were evaluated, we compared
those who underwent early ERCP with intervention (n = 9) to those
who were only observed (n = 91) in order to determine whether
early endoscopic intervention expedited recovery in NOM. Those un-
dergoing ERCP were older and had a higher grade (Table 3). The ERCP
group had similar time to regular diet: median 10 days (IQR 7–11,
n = 6) versus 7 days (IQR 4–12, n = 67); p = 0.55, similar hospital
length of stay: median 12 days (IQR 8–20, n = 8) versus 11 days (IQR
6–19, n = 79); p = 0.63 and similar time on total parenteral nutrition
(TPN: median 17 (IQR 10–40, n = 3) vs 10 days (IQR 6–18, n = 39);
p = 0.19 (Fig. 2).

2.5. Complications

Four of the twenty-eight attempts (14%) at ERCP were unsuccess-
ful owing to inability to cannulate the pancreatic duct and this did
not seem to be related to age (7, 7, 11 and 15 years). Two patients de-
veloped post-ERCP pancreatitis (8%) and two patients (8%) required
repeat ERCP owing to stent migration. There were no reported bleed-
ing complications.

2.6. Repeat procedures

Two patients required repeat ERCP owing to migration of the initial
stent. A third patient with an AAST grade III pancreatic injury who pre-
sented four days after injury underwent four ERCPs. During the first
ERCP, sphincterotomy was performed but the duct could not be cannu-
lated. In a subsequent ERCP, a stent was placed, but ultimately the pa-
tient developed a symptomatic pseudocyst for which she received two
additional ERCPs, which were also unsuccessful. Ultimately, a Roux-
en-Y cyst jejunostomy was performed. A fifth patient had early ERCP
for leak control, then developed a large symptomatic pseudocyst for
which she underwent repeat ERCP for stent placement. This failed
owing to inability to cannulate the pancreatic duct, which necessitated
a surgical cystgastrostomy. Datawere not collected onwhether planned
repeat ERCP was required for stent removal.

3. Discussion

The use of ERCP for pancreatic trauma was first suggested in 1986
based on a series by Hall et al. in which he identified four pancreatic
duct injuries using ERCP [11]. ERCP has been shown to be safe and effec-
tive in diagnosing ductal injuries in pediatric patients, and several stud-
ies have shown that ERCPhas a role in the diagnosis andmanagement of
pancreatic injuries [9,10,12–15]. In pediatric patients, the diagnosis of
pancreatic injuries can be challenging, especially when determining
whether duct injury has occurred. Timely and accurate diagnosis and
treatment can improve morbidity and mortality and are therefore es-
sential [16]. Compared to cross-sectional imaging modalities, ERCP is
the most accurate method in the diagnosis of ductal injuries [7].

In one of the largest series evaluating the use of ERCP in pediatric
pancreatic injuries, Houben et al. described 15 children with traumatic
pancreatic injuries from 1999 to 2004 who all had delayed presenta-
tions (N48 h from injury). Nine received stents owing to ductal injury
or development of a symptomatic fluid collection. Two patients were
unable to have a stent placed owing to technical difficulties. Four pa-
tients required a second endoscopy to exchange stents to a larger
caliber. Four required external drainage of a pseudocyst owing to con-
tinued pain, and two required cystgastrostomy despite pancreatic
stent placement. Minor complications noted after ERCP included tran-
sient increases in serumamylase (n=5) and an exacerbation in epigas-
tric pain for up to 48 h (n = 2) [10].

Our study demonstrates the current low utilization of ERCP after
blunt pancreatic trauma in children at pediatric trauma centers. In the
past five years, 64% of the participating pediatric trauma centers report-
ed utilizing ERCP, but this only accounted for 22% (22/100) of patients
with grades II–-V injuries at these institutions. Eighty-five percent of
ERCPs were performed in patients treated with NOM. Of the four OM
patients who had ERCP, two had it for determination of duct injury,
which prompted OM when duct injury was confirmed, and two had it
for postoperative fistula management. Eighty-two percent of ERCPs
were for therapeutic intent, either early after injury to attempt duct
leak control to relieve symptoms, or late for complications of prolonged
duct leak or duct stricture. ERCPwas 100% successful in diagnosing duct
injury. It was also successful at managing delayed complications such as
stricture and themajority of fistulas; however, it was unsuccessful at re-
solving pseudocysts, and only successful at controlling duct leak half of
the time.

Bridging stents across the duct transection site were possible in
50%, and when not possible, transpapillary stent placement or
sphincterotomy was performed. Transpapillary stents have been dem-
onstrated to be effective in controlling pancreatic duct leaks in 58% of



Table 2
Indications, interventions, and outcome of patients; note that patients 8 and 11 are included twice because the second ERCP was performed for a different indication.

Pt Age
(yrs)

AAST
grade

Injury to
ERCP (days)

Indication for ERCP Intervention Changed Management or
Improved Outcome?

Early ERCP (0–5 days after injury)
1 15 III 0 Evaluate integrity of pancreatic duct

(diagnostic purpose only)
Transpapillary stent as temporizing measure Yes: OM chosen (distal pancreatectomy)

2 11 II 1 Evaluate integrity of pancreatic duct
(diagnostic purpose only)

None attempted Yes: NOM chosen (avoided OM)

3 8 II 5 Evaluate integrity of pancreatic duct
(diagnostic purpose only)

None attempted Yes: NOM chosen (avoided OM)

4 9 III 2 Evaluate for duct leak
(diagnostic purpose only)

None attempted Yes: Identified leak, OM
chosen (distal pancreatectomy)

5 18 III 3 Suspected pancreatic leak s/p
operative debridement

DTS + sphincterotomy No: (Reason not provided)

6 7 IV 1 Attempt duct leak control Transpapillary stent Unclear
7 9 III 2 Attempt duct leak control Transpapillary stent + sphincterotomy No: Also stent migration,

required repeat ERCP
8* 14 III 4 Attempt duct leak control for

fluid collection
Transpapillary stent + sphincterotomy No: Required repeat ERCP for

persistent symptoms
9 11 III 1 Attempt duct leak control for ascites DTS stent + sphincterotomy Yes: Led to small, contained

leak and avoided OM
10 10 IV 1 Attempt duct leak control for

fluid collection
DTS stent Unclear

11* 15 IV 2 Attempt duct leak control DTS stent + sphincterotomy Yes: Identified ductal injury and
allowed monitoring

12 7 V 3 Attempt duct leak control Unable to cannulate pancreatic duct No: No intervention
13 18 III 5 Attempt duct leak control for

fluid collection
DTS Yes: “Decreased risk of post op leak”

14 7 III 2 Attempt duct leak control for
rising pancreatic enzymes

Unable to cannulate pancreatic duct No: No intervention

15 11 IV 4 Attempt duct leak control for
increasing pain

Unable to cannulate pancreatic duct No: No intervention

Late ERCP (12–45 days after injury)
16 17 III 12 Suspected pancreatic leak s/p

lesser sac drain placement
(diagnostic purpose only)

None attempted Yes: confirmed duct leak,
OM chosen (distal pancreatectomy)

17 8 IV 31 Suspected persistent duct leak Transpapillary stent Unclear
18 10 IV 36 Suspected persistent duct leak Sphincterotomy Unclear
19 7 III 21 Pancreatic ascites Transpapillary stent Yes: controlled ascites, converted to

pseudocyst
20 15 unknown unknown Symptomatic pseudocyst Unable to cannulate duct No: no intervention
8* 14 III 26 Symptomatic pseudocyst Transpapillary stent No: Patient required distal pancreatectomy
21 13 II 45 Symptomatic pseudocyst No intervention (duct shown to be intact) No: Patient underwent surgical

exploration for drainage of cyst
22 14 IV 2 Fistula s/p distal pancreatectomy Transpapillary stent + sphincterotomy Yes: fistula resolution
23 17 III 14 Fistula s/p distal pancreatectomy Transpapillary stent + sphincterotomy Yes: fistula resolution and earlier discharge
24 2 unknown 13 Fistula following NOM DTS + sphincterotomy No: fistula persisted
25 9 III 30 Stricture with small pseudocyst Stent across stricture and sphincterotomy Yes: Stricture relief and pseudocyst

resolution, avoided surgery
26 15 II N12 Stricture Stent across stricture and sphincterotomy Yes: Stricture relief; however,

stent migration required second ERCP
11* 15 IV unknown Stricture Stent across stricture Yes: improvement of symptoms

Table 3
Characteristics of Early ERCP with intervention and observation only cohorts.

Early ERCP with
Intervention (n = 9)

Observation
only (n = 91)

p-value

Age median (range) 14 (7–18) 9 (1–17) b0.01
Male 44% (4) 66% (60) 0.20
AAST Grade 0.04

II 0% (0) 26% (24)
III 56% (5) 55% (50)
IV 44% (4) 11% (10)
V 0% (0) 2% (2)
Ungraded 0% (0) 5% (5)

Mechanism 0.70
Bicycle handlebar 33% (3) 32% (29)
MVC 33% (3) 18% (16)
Nonaccidental Trauma 0 13% (12)
Fall 0 9% (7)
Other 33% (3) 30% (27)
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adult patients in a study by Telford et al., presumably by altering the
pressure gradient in favor of pancreatic drainage through the stent rath-
er than the leak [15,17]. Garvey et al. advocate for sphincterotomy in ad-
dition to stent placement in all patients to achieve maximal duct
decompression [9]. In our series, 14 patients had a stent placed for a
ductal leak, and six (43%) reported that this resulted in an improved
outcome. Fifty percent of these had DTS stents and 50% had
transpapillary stents. The exact nature of benefit and management
changes resulting from ERCP was difficult to ascertain owing to the ret-
rospective nature of this study. Additionally, the numbers are too small
to draw any firm conclusions.

Comparison of outcomes following early endoscopic intervention as
an adjunct to NOM to observation only revealed no significant differ-
ences in duration of TPN, hospital length of stay, or time to starting reg-
ular diet. This suggests that early stent placement may not necessarily
lead to hastened recovery compared to observation alone in NOM, but
these data are limited by the small sample size and inequality of groups,
since the ERCP group was older and had more pancreatic head injuries.
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Rosen et al. reported an overall complication rate of 10% following
ERCP in a series of 215 pediatric patients, with higher rates in children
less than 4 years old, those undergoing a sphincterotomy, or after pan-
creatic duct cannulation [18]. Additional described complications of
stent placement include stricture, occlusion, migration, duodenal ero-
sion, and infection [19,20]. In our series, 7% had stent migration and
7%had post-ERCPpancreatitis. Furthermore, unsuccessful duct cannula-
tion (14%) can be considered to be a complication, as it required an un-
necessary anesthetic and potential risk of ERCP. This is likely owing to
severe inflammation causing duodenal distortion, and is certainly a con-
sideration when ERCP is only performed for diagnostic indications, as
magnetic resonance cholangiopancreatography may be an alternative
in these cases.

There are several key limitations of this study. The retrospective na-
ture led to incomplete data, especially at centers that do not have com-
plete electronic medical records. Additionally, assumptions may have
been made in some cases when not clearly stated in the hospital chart
as to the effect on management decisions. Thirdly, there is certainly
the possibility of selection bias, as this is a cohort of select pediatric trau-
ma centers and may not be representative of use and outcomes of ERCP
at other institutions. Additionally, surgeon and institutional variability
may also contribute to selection bias.

4. Conclusions

ERCP is used infrequently in children following blunt pancreatic trau-
mamanagedwithNOM, and only for complications followingOMat pedi-
atric trauma centers inNorthAmerica. Theprocedure is relatively safe, and
appears most useful for diagnostic evaluation of pancreatic duct integrity
and for select therapeutic uses such as stricture and fistula management.
Endoscopic intervention does not clearly appear to hasten recovery
when performed early after injury or limit persistent duct leak; however,
larger, prospective studies are needed to confirm this finding.
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Appendix A. Discussions

Eric Rosenfeld, Houston TX

UNIDENTIFIED SPEAKER Except for those patients who underwent
stent placement, do you think you could have gotten the
same information with anMRCP that you did with the ERCP?

ERIC ROSENFELD That's a great question. We are actually currently
looking at the use of MRCP in this cohort to see whether
they correlate well with ERCP, and we hope to have those re-
sults presented at a future meeting.

UNIDENTIFIED SPEAKER Thank you. Have you developed a protocol at
TCH using some of these data, and what would you envision
the inclusion criteria being for a prospective study as you
mentioned in your conclusions?

ERIC ROSENFELD We're actually planning on doing a large prospective
multicenter study looking at operative versus nonoperative
management of these injuries which would incorporate
ERCP as a component of that, and we hope to be able to pres-
ent that at a future meeting at APSA.

UNIDENTIFIED SPEAKER And what would you plan for inclusion
criteria? What would be a grade of injury, and how would
you get those patients in the study?

ERIC ROSENFELD ERCP is about an hour study. The current study can be
very useful in diagnosing pancreatic duct injuries, which is
one of the determining factors in howwe treat those patients
with suspected grade 3 injuries. Ifwe are not sure if theduct is
injured, these patients would be good candidates, and those
who perhaps are not candidates for operative management
as well as those with late complications such as strictures
would probably be benefited as well by ERCP.
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