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Abstract

extrahepatic biliary tree trauma management guidelines.

Endoscopy

Duodeno-pancreatic and extrahepatic biliary tree injuries are rare in both adult and pediatric trauma patients, and
due to their anatomical location, associated injuries are very common. Mortality is primarily related to associated
injuries, but morbidity remains high even in isolated injuries. Optimal management of duodeno-bilio-pancreatic
injuries is dictated primarily by hemodynamic stability, clinical presentation, and grade of injury. Endoscopic and
percutaneous interventions have increased the ability to non-operatively manage these injuries. Late diagnosis and
treatment are both associated to increased morbidity and mortality. Sequelae of late presentations of pancreatic
injury and complications of severe pancreatic trauma are also increasingly addressed endoscopically and with
interventional radiology procedures. However, for moderate and severe extrahepatic biliary and severe duodeno-
pancreatic injuries, immediate operative intervention is preferred as associated injuries are frequent and commonly
present with hemodynamic instability or peritonitis. The aim of this paper is to present the World Society of
Emergency Surgery (WSES) and American Association for the Surgery of Trauma (AAST) duodenal, pancreatic, and
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Background

Duodeno-pancreatic and extrahepatic biliary tree injuries
are, by definition, transitional lesions that may involve one
or more anatomical structures. Their management is
multidisciplinary. The initial phase is best managed by
trauma or emergency surgeons but the late reconstructive
phase should involve hepatobiliary surgeons. Moreover,
endoscopy, interventional radiology, and gastroenterology
may be involved to improve success of non-operative
management (NOM) and to manage early and late seque-
lae of injury and complications. Transition of treatment
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strategies should occur as quickly and seamlessly as pos-
sible as morbidity and mortality both increase with delays
in treatment.

Adult duodenal trauma has an incidence of 0.2-0.6% of
all trauma patients and 1-4.7% of all cases of abdominal
trauma [1-3]. Pediatric duodenal trauma is also rare,
occurring in < 1% of all pediatric trauma and 2-10% of
children with abdominal trauma [4—6]. Associated injuries
are present in 68—86.5% of patients, with major vascular
injury occurring in 23-40% of cases. Presence and type of
associated injuries greatly impact the treatment of duo-
denal trauma [1, 2, 7-12]. Penetrating trauma is the most
common cause of duodenal injury (DI) in adult patients,
accounting for 53.6-90% of cases [2, 8-10, 12, 13].
Pediatric DI is most frequently due to blunt trauma which
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occurs in 70-78% of cases. Non-accidental trauma, motor
vehicle crashes, and bicycle/handle bar injuries are the
most common causes of pediatric DI [4—6]. Male gender
is more commonly affected in both adult and pediatric DI.

Adult pancreatic injury (PI) is rare, occurring in less than
1% of all traumas and 3.7-11% of abdominal trauma [1-7].
Pediatric PI is also rare occurring in < 1% of children [8, 9].
Blunt trauma is the most common cause among both
adults and children accounting for 61.1-89% of cases in
most series, with motor vehicle and bicycle crashes being
the most frequent causes [5, 6, 10—16]. However, penetrat-
ing mechanisms are much more common in studies from
South Africa, North America, and the military [2—4]. Asso-
ciated injuries are frequent, occurring in 55-100% of cases,
and are more common in patients requiring surgery and
following penetrating mechanisms of injury [1, 3, 6, 11, 12,
14, 17]. Male gender is more commonly affected, account-
ing for 63-79% of adults and 57-73% of pediatric PI [3, 5,
6, 8, 10-12, 14-16].

Extrahepatic biliary tree injury (EHBTI) is even rarer
than pancreatic injury. EHBTI occurs in 0.1% of adult
and 0.009% of pediatric trauma. Isolated EHBTI is ex-
tremely rare occurring in only 2-3% of cases [18-21].
The most frequently associated injuries include the liver,
pancreas, and duodenum. Blunt trauma is more com-
mon than penetrating for all EHBTI except the gallblad-
der, which is more frequently injured due to penetrating
mechanisms [18, 21, 22]. Management of EHBTI in both
adults and children is primarily dictated by associated
injuries and injury grade. The majority of EHBTT will re-
quire surgical or endoscopic management.

Notes on the use of the guidelines

The guidelines are evidence-based, with the grade of recom-
mendation based on the evidence. The guidelines present
the diagnostic and therapeutic methods for optimal manage-
ment of duodenal-bilio-pancreatic trauma. The practice
guidelines promulgated in this work does not represent a
standard of practice. They are suggested plans of care, based
on best available evidence and the consensus of experts, but
they do not exclude other approaches as being within the
standard of practice. For example, they should not be used
to compel adherence to a given method of medical manage-
ment, which method should be finally determined after
taking account of the conditions at the relevant medical in-
stitution (staff levels, experience, equipment, etc.) and the
characteristics of the individual patient. However, responsi-
bility for the results of treatment rests with those who are
directly engaged therein, and not with the consensus group.

Methods

A computerized search was done by the bibliographer in
different databanks (MEDLINE, Scopus, EMBASE). Cita-
tions were included for the period between January 1990

Page 2 of 23

and March 2019 using the primary search strategy: duode-
num, pancreas, bile duct, biliary tree, ampulla, trauma,
adult, paediatric, classification, guidelines, injury, surgery,
diagnosis, follow-up, operative, non-operative, conservative,
endoscopic retrograde cholangiopancreatography (ERCP),
endoscopic, management, combined with AND/OR. No
search restrictions were imposed. The dates were selected
to allow comprehensively published abstracts of clinical tri-
als, consensus conference, comparative studies, congresses,
guidelines, government publication, multicenter studies,
systematic reviews, meta-analysis, large case series, original
articles, and randomized controlled trials. Research details
are summarized in Fig. 1. The level of evidence (LE) was
evaluated using the GRADE system (Table 1) [23]. A group
of experts in the field coordinated by a central coordinator
was contacted to express their evidence-based opinion on
several issues about the pediatric (< 16 years old) and adult
duodeno-pancreatic and extrahepatic biliary tree trauma.
Through the Delphi process, the different issues were dis-
cussed in subsequent rounds. The central coordinator as-
sembled the different answers derived from each round.
Each version was then revised and improved. The definitive
version was discussed during the World Society of Emer-
gency Surgery (WSES) World Congress held in June 2019
in Njimengen, The Netherlands, by a combined WSES-
American Association for the Surgery for Trauma (AAST)
expert group. The final version in which the agreement
was reached resulted in the present manuscript. Statements
are summarized in Table 2.

Definitions

In adults patients, hemodynamic instability is considered
the condition in which admission systolic blood pressure
is < 90 mmHg with evidence of skin vasoconstriction
(cool, clammy, decreased capillary refill), altered level of
consciousness and/or shortness of breath, or > 90 mmHg
but requiring bolus infusions/transfusions and/or vaso-
pressor drugs and/or admission base excess (BE) > - 5
mmol/L and/or shock index > 1 and/or transfusion re-
quirement of at least 4-6 U of packed red blood cells
within the first 24 h. Transient responder patients (adult
and pediatric) are those showing an initial response to ad-
equate fluid resuscitation, but then subsequent signs of
ongoing blood loss and perfusion deficits. These patients
have an initial response to therapy but do not reach suffi-
cient stabilization to undergo interventional radiology pro-
cedures or NOM.

In pediatric patients, hemodynamic stability is consid-
ered a systolic blood pressure of 90 mmHg plus twice
the child’s age in years (the lower limit is inferior to 70
mmHg plus twice the child’s age in years, or inferior to
50 mmHg in some studies). An acceptable hemodynamic
status in children is considered a positive response to
fluid resuscitation: 3 boluses of 20 mL/kg of crystalloid
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replacement should be administered before blood replace-
ment leading to heart rate reduction, cleared sensorium,
return of peripheral pulses, normal skin color, increase in
blood pressure and urinary output, and an increase in
warmth of the skin in the extremities. Clinical judgment,
however, is fundamental in evaluating children.

WSES classification

The WSES classification divides duodenum, pancreas, and
extrahepatic biliary tree injuries into four classes consider-
ing the AAST-OIS classification (Tables 3, 4, and 5) and
the hemodynamic status (the final grade of the lesion de-
pends on the higher grade lesion among the duodenal,
pancreatic, and extrahepatic biliary tree) (Table 6):

— Minor (WSES class I)
— Moderate (WSES class II)
— Severe (WSES classes III and IV)

Minor duodeno-pancreatic and extrahepatic biliary tree
injuries:

— WSES class I includes:

o AAST-OIS grade I duodenal lesions

o AAST-OIS grade I-1II pancreatic lesions

o AAST-OIS grade I-III extrahepatic biliary
lesions

Moderate duodeno-pancreatic and extrahepatic biliary
tree injuries:

— WSES class II includes:
o AAST-OIS grade II duodenal lesions
o AAST-OIS grade III pancreatic lesions
o AAST-OIS grade IV extrahepatic biliary lesions

Severe duodeno-pancreatic and extrahepatic biliary tree
injuries:

— WSES class III includes:
o AAST-OIS grade III-IV-V duodenal lesions
o AAST-OIS grade IV-V pancreatic lesions
o AAST-OIS grade V extrahepatic biliary tree lesions
— WSES class 1V includes hemodynamically
unstable AAST-OIS grade I-V duodeno-bilio-
pancreatic lesions
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Grade of recommendation

Clarity of risk/benefit

Quality of supporting evidence

Implications

1A

Strong recommendation,
high-quality evidence

1B

Strong recommendation,
moderate-quality evidence

1C

Strong recommendation,
low-quality or very low-quality
evidence

2A

Weak recommendation,
high-quality evidence

2B

Weak recommendation,
moderate-quality evidence

2C

Weak recommmendation,
low-quiality or very low-quality
evidence

Benefits clearly outweigh risk
and burdens, or vice versa

Benefits clearly outweigh risk
and burdens, or vice versa

Benefits clearly outweigh risk
and burdens, or vice versa

Benefits closely balanced with
risks and burden

Benefits closely balanced with
risks and burden

Uncertainty in the estimates
of benefits, risks, and burden;
benefits, risk, and burden may
be closely balanced

RCTs without important limitations
or overwhelming evidence from
observational studies

RCTs with important limitations

(inconsistent results, methodological
flaws, indirect analyses, or imprecise
conclusions) or exceptionally strong
evidence from observational studies

Observational studies or case series

RCTs without important limitations
or overwhelming evidence from
observational studies

RCTs with important limitations
(inconsistent results, methodological
flaws, indirect, or imprecise) or
exceptionally strong evidence

from observational studies

Observational studies or case series

Strong recommendation, applies to
most patients in Most circumstances
without reservation

Strong recommendation, applies to
most patients in most circumstances
without reservation

Strong recommendation but subject
to change when higher quality
evidence becomes available

Weak recommendation, best action
may differ depending on the
patient, treatment circumstances, or
social values

Weak recommendation, best action
may differ depending on the
patient, treatment circumstances, or
social values

Very weak recommendation;

alternative treatments may be
equally reasonable and merit
consideration

Based on present classification, WSES and AAST sug- — Repeated and combined measurement of serum

gest a diagnostic and management algorithm (Figs. 2

and 3, respectively).

amylase and lipase levels, starting from 3 to 6 h after

the initial injury, is a useful tool to support clinical

Diagnosis

— Management of pediatric patients with duodenal-
pancreatic trauma requires specific skills; only
trauma centers should take care of this cohort of
patients. (GoR 1C)

— The choice of diagnostic technique at admission
must be based on the hemodynamic status.

(GoR 1A)

— Extended-Focused Assessment with Sonography for
Trauma (E-FAST) is rapid, repeatable, and effective
for detecting free fluid and solid organ injury.

(GoR 1A)

— Ultrasonography is not recommended to routinely
diagnose duodeno-pancreatic trauma. Contrast-
enhanced ultrasonography may have a diagnostic
role in stable trauma patients with suspected
pancreatic injury. (GoR 2B)

evaluation in suspicion of pancreatic injury. Elevated
and/or increasing levels of serum amylase and lipase,
in the absence of definitive diagnosis, are indications
for more accurate investigation. (GoR 1B)

Serial clinical examination is an important part of
follow-up after biliary and pancreatic-duodenal
trauma. (GoR 2A)

CT-scan with intravenous contrast is essential in
diagnosing duodeno-pancreatic injuries in
hemodynamically stable or stabilized trauma
patients. (GoR 1A)

Administration of oral contrast material does not
improve intravenous contrast-enhanced CT-scan
sensitivity in detecting duodeno-pancreatic injuries.
(GoR 2A)

A repeat CT-scan within 12-24 h from the
initial injury should be considered in
hemodynamically stable patients with high
clinical suspicion for duodeno-pancreatic injury
or pancreatic ductal injury with negative CT-
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Table 2 Statement summary

Statements

Diagnostic procedures - Management of pediatric patients with duodenal-pancreatic trauma requires specific skills;
only trauma centers should take care of this cohort of patients. (GoR 1C)

- The choice of diagnostic technique at admission must be based on the hemodynamic
status. (GoR 1A)

- E-FAST is rapid, repeatable, and effective for detecting free fluid and solid organ injury.
(GoR 1A)

- Ultrasonography is not recommended to routinely diagnose duodeno-pancreatic trauma.
Contrast-enhanced ultrasonography may have a diagnostic role in stable trauma patients
with suspected pancreatic injury. (GoR 2B)

- Repeated and combined measurement of serum amylase and lipase levels, starting from 3
to 6 h after the initial injury, is a useful tool to support clinical evaluation in suspicion of
pancreatic injury. Elevated and/or increasing levels of serum amylase and lipase, in absence
of definitive diagnosis, are indications for more accurate investigation. (GoR 1B)

- Serial clinical examination is an important part of follow-up after biliary and
pancreatic-duodenal trauma. (GoR 2A)

- CT-scan with intravenous contrast is essential in diagnosing duodeno-pancreatic injuries in
hemodynamically stable or stabilized trauma patients. (GoR 1A)

- Administration of oral contrast material does not improve intravenous contrast-enhanced
CT-scan sensitivity in detecting duodeno-pancreatic injuries. (GoR 2A)

- A repeat CT-scan within 12-24 h from the initial injury should be considered in
hemodynamically stable patients with high clinical suspicion for duodeno-pancreatic injury
or pancreatic ductal injury with negative CT-scan or non-specific CT findings on admission
imaging, and/or elevated amylase and lipase, or persistent abdominal pain. (GoR 2A)

- Magnetic resonance cholangiopancreatography (MRCP) can be considered a second-line
non-invasive diagnostic modality to definitely rule out pancreatic parenchymal and
pancreatic ductal injuries. It should be considered for the diagnosis of suspected biliary
injuries when performed with hepatobiliary contrast. (GoR 1B)

- In pediatric patients and pregnant women, to detect pancreatic parenchymal or pancreatic
duct lesions, MRl is preferred if available in the emergency setting. (GoR 2A)

- In adult and pediatric patients, the risks associated with the radiation burden of CT should
be balanced against the potential complications that may occur with a missed injury when
alternative diagnostic modalities for pancreaticoduodenal injury are not available. (GoR 1C)

- Abdominal plain films using water-soluble contrast in the early trauma scenario are not
recommended. (GoR 2A)

- Hepatobiliary scintigraphy is not recommended for detection of biliary leak in patients with
suspected gallbladder and biliary injuries in the trauma setting. (GoR 2B)

- Diagnostic peritoneal lavage does not improve the specificity of diagnosing
duodeno-pancreatic injury. It is sensitive but not specific for biliary tract injury. (GoR 2B)

- Exploratory laparotomy is indicated in hemodynamically unstable (WSES class IV) patients
with a positive E-FAST. (GoR 1A)

- During surgical exploration of patients with abdominal trauma, the duodeno-pancreatic
complex must be exposed and explored. (GoR 1A)

- During exploratory laparotomy, when biliary injury is suspected but not identified, an
intraoperative cholangiogram is strongly recommended. (GoR 2A)

- In patients who are clinically suspected of having duodenal-pancreatic injuries, and are
deteriorating clinically, if the imaging is equivocal, a diagnostic laparotomy should be
performed. (GoR 2A)

- In suspected pancreatic duct and extrahepatic biliary tree injuries in hemodynamically stable
or stabilized adults and pediatric patients, endoscopic retrograde cholangiopancreatography
(ERCP) can be used for both diagnosis and treatment even in the early phase after trauma.

(GoR 1B)
Non-operative management (NOM) - Hemodynamic stability is the key factor in determining management strategy. (GoR 1C)
Duodenum - Hemodynamically unstable (WSES class IV) patients should not be considered for NOM.
(GoR 10

- NOM can be considered for hemodynamically stable or stabilized patients with duodenal
wall hematomas (WSES class I-Il, AAST-OIS grade I-l) in the absence of other abdominal
organ injuries requiring surgery. (GoR 2B)

- Patients with progressive symptoms or worsening findings on repeat imaging should be
considered failures of NOM. (GoR 2C)

- Hematomas initially treated with NOM should be considered for operative management if
duodenal obstruction has not resolved within 14 days. (GoR 20)

Pancreas, biliary tree - NOM should be the treatment of choice for all hemodynamically stable or stabilized minor
PI'WSES class | (AAST grade | and some grade Il) and gallbladder hematomas without
perforation WSES class | (AAST grade 1) in the absence of other abdominal injuries requiring
surgery. (GoR 20)

- Location of WSES class Il (AAST grade Ill) Pl is the primary determinant of treatment modality
in hemodynamically stable adult patients. (GoR 2C)
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Table 2 Statement summary (Continued)

Statements

- NOM may be considered only in selected hemodynamically stable or stabilized patients
with WSES class Il (AAST grade ll) very proximal pancreatic body injuries in the absence of
other abdominal injuries requiring surgery and only in higher level trauma centers; success
of NOM may be increased with utilization of endoscopic and percutaneous interventions.
(GoR 20).

- Optimal management of hemodynamically stable or stabilized patients with WSES class Il
(AAST grade IV) Pl is controversial. NOM management augmented by endoscopic or
percutaneous interventions may be used in selected patients. (GoR 2C)

- NOM of WSES class Ill (AAST grade IV) injuries should be considered only in an environment
that provides around the clock capability for patient intensive monitoring, an immediately
available endoscopy and interventional radiology suite, OR, and only in patients with stable
or stabilized hemodynamic and absence of other abdominal injuries requiring surgery
(GoR 2A).

- Sequelae of Pl such as pancreatic fistulae and pseudocysts can frequently be addressed with
image-guided percutaneous drain placement, endoscopic stenting, internal drainage, and
endoscopic cyst-gastrostomy or cyst-jejunostomy. (GoR 2C)

Operative management (OM) - Hemodynamically unstable (WSES class IV) patients and those with peritonitis or bowel
evisceration or impalement should undergo immediate operative intervention. (GoR 1C)

Duodenum - Damage control techniques should be considered in hemodynamically unstable patients
with DI, particularly those with associated injuries and physiologic derangement. (GoR 2B)

- Primary repair of DI should be considered whenever technically possible regardless of grade
of injury. (GoR 2B)

- Ancillary procedures such as pyloric exclusion with and without gastrojejunostomy and
biliary diversion may be considered in WSES class Il or higher DI (AAST grades lll, IV, and V).
(GoR 20)

- Lesions requiring pancreaticoduodenectomy (Whipple procedure) are often accompanied
by severe associated injuries and shock. Damage control techniques and staged
reconstruction in subsequent phases performed by experienced surgeons should be
considered. (GoR 2¢)

Pancreas, biliary tree - In WSES class | (AAST grade | and some grade Il) PI found during exploratory laparotomy,
drainage may be considered (GoR 2B).

- Patients with distal WSES class Il (AAST grade ll) PI should undergo OM. (GoR 2C)

- Distal pancreatectomy (with or without splenectomy) is the procedure of choice for distal
WSES class Il (AAST grade Ill) PI. (GoR 2C)

- Pancreatoduodenectomy may be needed in patients with destructive injuries of the
duodenal-pancreatic complex. In such cases, the operation has better results when
performed in a staged fashion. Pancreato-jejunostomy or pancreato-gastrostomy
reconstructions are equally effective in selected cases performed by experienced surgeons.
(GoR 20)

- In extrahepatic biliary tree WSES class | injuries (AAST grade |, II, and Ill) with laceration,
perforation, or avulsion of the gallbladder, cholecystectomy is the treatment of choice.
(GoR 10)

- EHBT injuries undergoing an initial damage control procedure may be drained with delayed
reconstruction performed as a staged approach. (GoR 2B)

- EHBT WSES class II-IIl (AAST grades IV and V) injuries should undergo reconstruction with
hepaticojejunostomy or choledochojejunostomy if there is no associated vascular injury.
(GoR 20)

- NOM failure of EHBT WSES class II-Ill (AAST grades IV and V) injuries, hepaticojejunostomy
should be considered during reconstruction. (GoR 2C)

Short- and long-term follow-up - After discharge, the necessity for follow-up imaging should be driven by clinical symptoms
(ie, onset of abdominal distention, tenderness, fever, vomiting, jaundice). (GoR 2B)

- In adults, CT-scan is usually the first-line follow-up imaging tool for new-onset signs and
symptoms. (GoR 2A)

- In pregnant females, the MRCP should be considered the diagnostic modality of choice for
new-onset signs and symptoms, wherever available. (GoR 2A)

- In pediatric patients, ultrasound or contrast-enhanced US should be the diagnostic modality
of choice for follow-up imaging. If cross-sectional imaging is required, MRI is preferred.
(GoR 2A)

- Given the complexity and variability of traumatic injuries, the need for and choice of
follow-up imaging should be made using a multidisciplinary approach. (GoR 2B)

scan or non-specific CT findings on admission — Magnetic resonance cholangiopancreatography
imaging, and/or elevated amylase and lipase, or (MRCP) can be considered a second-line non-
persistent abdominal pain. (GoR 2A) invasive diagnostic modality to definitely rule out
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Duodenum injury scale

Grade* Type of injury Description of injury
I Hematoma Involving single portion of duodenum
Laceration Partial thickness, no perforation
Il Hematoma Involving more than one portion
Laceration Disruption <50% of circumference
1] Laceration Disruption 50%-75% of circumference of D2
Disruption 50%-100% of circumference of D1,D3,D4
v Laceration Disruption >75% of circumference of D2
Involving ampulla or distal common bile duct
\% Laceration Massive disruption of duodenopancreatic complex
Vascular Devascularization of duodenum

“Advances one grade for multiple injuries up to grade Ill. D1—first portion of duodenum; D2—second portion of duodenum; D3—third portion of duodenum;

D4—fourth portion of duodenum)

pancreatic parenchymal and pancreatic ductal

injuries. It should be considered for the diagnosis of

suspected biliary injuries when performed with
hepatobiliary contrast. (GoR 1B)

— In pediatric patients and pregnant women, to detect
pancreatic parenchymal or pancreatic duct lesions,

MRI is preferred if available in the emergency
setting. (GoR 2A)

— In adult and pediatric patients, the risks associated
with the radiation burden of CT should be balanced
against the potential complications that may occur

with a missed injury when alternative diagnostic

modalities for pancreatico-duodenal injury are not

available. (GoR 1C)

Table 4 AAST organ injury scale for pancreatic injuries

Abdominal plain films using water-soluble contrast
in the early trauma scenario are not recommended.
(GoR 2A)

Hepatobiliary scintigraphy is not recommended for
detection of biliary leak in patients with suspected
gallbladder and biliary injuries in the trauma setting.
(GoR 2B)

Diagnostic peritoneal lavage does not improve the
specificity of diagnosing duodeno-pancreatic injury.
It is sensitive but not specific for biliary tract injury.
(GoR 2B)

Exploratory laparotomy is indicated in
hemodynamically unstable (WSES class IV) patients
with a positive E-FAST. (GoR 1A)

Pancreas Injury Scale

Grade* Type of Injury Description of Injury

I Hematoma Minor contusion without duct injury
Laceration Superficial laceration without duct injury

Il Hematoma Major contusion without duct injury or tissue loss
Laceration Maijor laceration without duct injury or tissue loss

1] Laceration Distal transection or parenchymal injury with duct injury

v Laceration Proximal® transection or parenchymal injury involving

ampulla
\% Laceration Massive disruption of pancreatic head

“Advances one grade for multiple injuries up to grade il
?Proximal pancreas is to the patients’ right of the superior mesenteric vein
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Table 5 AAST organ injury scale for extrahepatic biliary tree injuries

Page 8 of 23

Extrahepatic billiary tree injury scale

Grade*

Description of injury

I Gallbladder contusion/hematoma
Portal triad contusion

[l Partial gallbladder avulsion from liver bed; cystic duct intact
Laceration or perforation of the gallbladder

1 Complete gallbladder avulsion from liver bed
Cystic duct laceration

\v Partial or complete right hepatic duct laceration
Partial or complete left hepatic duct laceration
Partial common hepatic duct laceration (<50%)
Partial common bile duct laceration (<50%)

\ >50% transection of common hepatic duct
>50% transection of common bile duct
Combined right and left hepatic duct injuries
Intraduodenal or intrapancreatic bile duct injuries

“Advances one grade for multiple injuries up to grade Ill

— During surgical exploration of patients with
abdominal trauma, the duodeno-pancreatic complex
must be exposed and explored. (GoR 1A)

— During exploratory laparotomy, when biliary injury
is suspected but not identified, an intraoperative
cholangiogram is strongly recommended. (GoR 2A)

— In patients who are clinically suspected of having
duodenal-pancreatic injuries, and are deteriorating
clinically, if the imaging is equivocal, a diagnostic
laparotomy should be performed. (GoR 2A)

— In suspected pancreatic duct and extrahepatic biliary
tree injuries in hemodynamically stable or stabilized
adults and pediatric patients, the endoscopic
retrograde cholangiopancreatography (ERCP) can be
used for both diagnosis and treatment even in the
early phase after trauma. (GoR 1B)

The diagnosis of duodeno-pancreatic injuries represents
a challenge. In blunt trauma, evidence of direct impact on
the upper abdomen such as lower rib fractures, soft tissue
ecchymosis, supra-umbilical seat belt sign, and upper lum-
bar spine fractures following a motor vehicle collision
should suggest the involvement of the pancreas and duo-
denum. Penetrating trauma of the front side or back side
of both the lower torso or upper abdomen should be
considered highly suspicious for duodeno-pancreatic
or extrahepatic biliary tree lesions if the diagnoses
have not been ruled out by other diagnostic means.

Clinical signs of traumatic DI are highly non-specific,
especially in the early post-traumatic period. Patients
usually present with epigastric, right upper quadrant, or
back pain 6-24 h after the injury, but the onset of pain
has been reported as late as 5 days after injury [24, 25].
The most common test is the analysis of serum amylase
and lipase [26]. However, in small-bowel injuries, initial
amylase value does not differentiate between patients
with perforated and non-perforated DI [27]. A normal
amylase level does not exclude DI [28].

Persistently elevated or a rising level of amylase and
lipase may be of prognostic significance for both pancre-
atic and duodenal injuries; therefore, measuring amylase
and lipase levels every 6 h is recommended [29, 30]. Ac-
curacy may be improved if they are measured more than
3 h after injury [31, 32].

On E-FAST, the presence of free fluid in the absence
of solid organ injury may be a sign of hollow viscus in-
jury; however, it has limited role in diagnosing acute
pancreatic or duodenal injuries [28, 33, 34].

Serum amylase levels are neither sensitive nor specific
for definitive screening or diagnosis of PI, particularly
within 3-6 h after injury. Serum lipase is more specific
than amylase [35-37]; serum lipase may support tar-
geted screening of patients with clinical suspicion of PI
[10, 11, 16, 35, 37-71].

Amylase is normal at admittance in up to 40% of pa-
tients with pancreatic trauma, and elevated levels are not
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Table 6 Duodeno-pancreatic and extra-hepatic biliary tree lesions
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Grade WSES class Organ AAST

Description of injury

Minor WSES class | Pancreas |-l

Duodenum

Extrahepatic biliary three [=11-111

Moderate WSES class Il Pancreas Il

Duodenum I

Extrahepatic biliary three v

Severe WSES class Il Pancreas V-V

Duodenum lH-IV-V

Extrahepatic biliary three \%

WSES class IV Any Any

- Minor contusion without duct injury

Superficial laceration without duct injury

- Major contusion without duct injury or tissue loss
Major laceration without duct injury or tissue loss

- Hematoma involving a single portion of duodenum
Laceration: partial thickness, no perforation

- Gallbladder contusion/hematoma. Portal triad contusion

- Partial gallbladder avulsion from liver bed; cystic duct intact.
Laceration or perforation of the gallbladder

- Complete gallbladder avulsion from liver bed. Cystic duct laceration

- Distal transection or parenchymal injury with duct injury

- Hematoma involving more than one portion
Laceration with disruption of less than 50% of circumference

Partial or complete right hepatic duct laceration
Partial or complete left hepatic duct laceration
Partial common hepatic duct laceration (< 50%)
Partial common bile duct laceration (< 50%)

- Proximal transection or parenchymal injury involving ampulla
- Massive disruption of pancreatic head

- Disruption 50-75% of circumference of D2

Disruption 50-100% of circumference of D1, D3, and D4

- Disruption > 75% of circumference of D2 involving ampulla o
r distal common bile duct

- Massive disruption of duodeno-pancreatic complex

Devascularization of duodenum

> 50% transection of common hepatic duct

> 50% transection of common bile duct
Combined right and left hepatic duct injuries
Intraduodenal or intrapancreatic bile duct injuries

Any degree of lesion with hemodynamic instability

specific for pancreatic trauma. Amylase can also be ele-
vated in head, hepatic, and bowel injuries [61] and in alco-
hol abuse and after hypo-perfusion of the pancreas [26].
Lipase levels drawn on admission can be useful to exclude
pancreatic injury but not to guide further investigation:
negative predictive value (NPV) of normal lipase is 99.8%,
but with positive predictive value (PPV) of 3.3% [36].
Amylase and lipase in association can reach sensitivity of
85% and specificity of 100%, with PPV of 100% and NPV
of 96% (after 6 h from injury) [26, 69, 72]. Decreasing en-
zyme levels have been correlated with predicting success
of NOM [16, 26, 35, 37, 40, 61, 70, 73]. Sensitivity of 88%
and 96% NPV can be reached when amylase and lipase
are associated to ultrasonography (US) [26, 36]. In low-
resource settings, amylase and lipase, in combination with
US, can be considered cost-effective methods to risk-
stratify patients [26]. Persistently, elevated serum amylase
after 10 days from the initial injury should be monitored
closely given the increased risk of pseudocyst formation in
both adults and children [26, 40, 52, 63, 65, 70, 73-77].
Contrast-enhanced CT-scan is the fastest and most com-
prehensive technique for evaluating duodeno-pancreatic in-
juries [78—80]. In duodenal trauma, CT-scan has a sensitivity
and specificity of 86% and 88%, respectively, in diagnosing

blunt hollow viscus injury [81-83]. However, missed blunt
DI rates up to 27% have been described [84]. Of those with
missed DI, 83% had subtle CT findings on retrospective re-
view [85]. Careful CT-scan interpretation with clinical correl-
ation is mandatory to avoid delayed diagnosis and treatment
with increased morbidity and mortality [28, 60, 61, 67, 79,
80, 82, 86-90]. In fact, isolated periduodenal fluid or
hematoma visualized on admission abdominal CT-scan does
not necessitate immediate exploration [83, 91-94]. Intraperi-
toneal or retroperitoneal extraluminal air is a relatively spe-
cific sign of bowel perforation seen in 20-55% of patients;
however, it may not be visible immediately after a traumatic
perforation [95].

In pancreatic trauma, contrast-enhanced CT-scan has
high specificity (90-95%) but low sensitivity (52—-54%) for
ductal involvement. Up to 40% of PI can be missed or
misdiagnosed on abdominal CT-scan obtained within 12
h of injury [96, 97]. PI becomes more evident 12-24 h
after trauma [41, 67, 98]. A repeat CT-scan with curved
multi-planar reconstruction and specific pancreatic phase
(35-40 s from iodine contrast injection) can help in diag-
nosing pancreatic ductal (PD) injuries [61, 67, 82]. Aggres-
sive resuscitation or prolonged hypovolemia can produce
radiological changes in pancreatic imaging; fluid overload
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can induce peripancreatic edema or collections. In pa-
tients with severe shock both hypo- and hyper-perfusion
of the gland have been described [99-101].

A repeat CT-scan 12—48 h after admission in doubtful
cases of pancreatic-duodenal lesions should be considered
[91, 102]. The follow-up scan sensitivity for bowel perfor-
ation increases from 30 to 82% [103]. Moreover, the re-
peat CT-scan sensitivity for identification of an operative
indication may increase up to 100% (67%). NPV for OM
also increases from 94 to 100% with no increase in mortal-
ity or hospital length of stay [104, 105]. Complication rate
is significantly higher only in those patients with delayed
OM of more than 24 h [106].

The MRCP may be used in pancreatic-duodenal trauma
to assess common bile duct/ampulla injury, and hepatobili-
ary contrast agents can help in localizing associated bile
leaks. Minor injuries may be more evident on MRI than on
CT-scan [79]. In association with secretin-dynamic study,
the MRCP may diagnose pancreatic leakage [107, 108] and
give additional information concerning parenchymal
and proximal duct condition [71, 108, 109].

Oral contrast administration has not been shown to
have substantial benefits in depicting bowel injuries
when compared with CT-scan alone at the initial evalu-
ation and during follow-up (sensitivity 95%, specificity
99.6%) [42, 102, 110-123].

Radiation-related risks in children and young patients
must be considered. An increase in lifetime cancer-
specific mortality of 801/4000 (20.00025%) to 800/4000
(20%) after CT-scan has been reported for American chil-
dren [124]. However, the consequences of missed injury
or delay in diagnosis on mortality and morbidity rates can
be grave particularly with duodeno-pancreatic injuries.

Plain films of the abdomen are generally of little value in
diagnosing duodeno-pancreatic injuries [125]; the same is
true for upper gastrointestinal series using water-soluble con-
trast. Duodenography (oral contrast—enhanced fluoroscopic
evaluation) for blunt and penetrating duodenal trauma in pa-
tients with equivocal CT-scan has an overall sensitivity of
25% for blunt DI and 54% for those requiring repair [126].

The ERCP may play a role in duodeno-pancreatic trauma
in order to avoid late-diagnosis and/or treatment both in
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adult and pediatric patients [10, 15, 41-43, 48-52, 58—60,
62-64, 67, 68, 70, 76—78, 90, 97, 101, 127-149]. It is an in-
vasive procedure with 3—-14% risk of post-procedure pan-
creatitis and 0.2-1% mortality rate [6, 10, 11, 40, 41, 45, 49,
51-53, 58, 61-64, 67, 68, 70-72, 75, 77, 78, 97, 128, 130,
133, 134, 137-140, 142, 144, 146, 148—-157]. Moreover, in
suspected duodenal perforations, the ERCP is not recom-
mended. Failed cannulation of the papilla of Vater or inad-
equate pancreatography can occur in up to 9-14% of
patients [71, 137, 144, 152]. The small duct size in children
is not an absolute contraindication for the ERCP in expert
hands as it is relatively safe and effective [16, 53, 63, 64, 70,
76, 77, 134, 137, 139, 148, 152, 158]. Rates of PD cannula-
tion may be influenced by duodenal mucosal edema and/or
hematomas and anatomical changes [71]. Despite of these
limitations, the ERCP may have a role in decreasing time
from definitive diagnosis of duct injury and first treatment
in selected cases [131, 159]. However, cross-sectional

imaging should be performed before proceeding with the
ERCP.

Hepatobiliary scintigraphy (HIDA) is not frequently used
in the initial work-up of the acute trauma patient due to
long scan times and limited resource availability [128].

Percutaneous transhepatic cholangiogram (PTC) could
be considered after non-feasible or unsuccessful ERCP
for diagnosis and treatment [21].

Diagnostic peritoneal lavage (DPL) has sensitivity higher
than 99% for hemoperitoneum but it is neither specific nor
reliable for the assessment of retroperitoneal injuries, with
undetected bowel perforation seen in up to 10% of cases
[160-163]. DPL alone is associated with a high number of
unnecessary laparotomies [164], with consequent short-
and long-term complications. Moreover, DPL is associated
with a 0.8-2.3% risk of specific complications [165, 166].

Diagnostic laparoscopy has both diagnostic and thera-
peutic potentials in a delayed setting. Whenever negative,
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it may reduce the number of unnecessary laparotomies
[167]. It has a growing role in the evaluation of penetrat-
ing abdominal trauma but it has not been specifically
studied for the evaluation of pancreatic-duodenal injuries.
The duodeno-pancreatic anatomy and the retroperitoneal
location increase the risk of missed injuries [168].
Moreover, laparoscopy in trauma requires adequate
training and experience as well as sufficient staffing
and equipment [169, 170].

Ultimately, in the patient with diagnostic uncertainty and
in the patient with persistent or worsening clinical signs
and symptoms, radiologic and/or laboratory alterations due
to an intra-abdominal lesion, laparotomy should be strongly
considered [171]. For penetrating trauma, a thorough and
meticulous exploratory laparotomy with retroperitoneal ex-
posure and assessment remains critical in detecting pancre-
atic and duodenal injuries [172].

If exploration is negative but there is still a strong suspi-
cion of DI, methylene blue administration through a naso-
oro-gastric tube could be considered. During emergency
laparotomy, the use of intraoperative pancreatography
does not add to the visual findings [145]. Intraoperative
cholangiogram through the cystic duct may help in defin-
ing EHBTI [87, 173]. Additional information can be pro-
vided by the use of intraoperative US of the pancreas;
however, the lack of strong evidence and the necessity of
trained surgeons make this technique not recommended
or routinely used in trauma [130].

Treatment
Non-operative management—duodenum

e Hemodynamic stability is the key factor in
determining management strategy. (GoR 1C)
Hemodynamically unstable (WSES class IV) patients
should not be considered for NOM. (GoR 1C)

e NOM can be considered for hemodynamically stable
or stabilized patients with duodenal wall hematomas
(WSES class I-1I, AAST-OIS grade I-II) in absence
of other abdominal organ injuries requiring surgery.
(GoR 2B)

e DPatients with progressive symptoms or worsening
findings on repeat imaging should be considered
failures of NOM. (GoR 2C)

e Hematomas initially treated with NOM should
be considered for operative management if
duodenal obstruction has not resolved within 14
days. (GoR 2C)

Non-operative management—pancreatic and biliary tree

e NOM should be the treatment of choice for all
hemodynamically stable or stabilized minor PI
WSES class I (AAST grade I and some grade II) and
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gallbladder hematomas without perforation WSES
class I (AAST grade I) in the absence of other
abdominal injuries requiring surgery. (GoR 2C)

e Location of WSES class II (AAST grade III) PI is the
primary determinant of treatment modality in
hemodynamically stable adult patients. (GoR 2C)

e NOM may be considered only in selected
hemodynamically stable or stabilized patients with
WSES class II (AAST grade III) very proximal
pancreatic body injuries in the absence of other
abdominal injuries requiring surgery and only in
higher level trauma centers; success of NOM may
be increased with utilization of endoscopic and
percutaneous interventions. (GoR 2C)

e Optimal management of hemodynamically stable or
stabilized patients with WSES class III (AAST grade
IV) PI is controversial. NOM management
augmented by endoscopic or percutaneous
interventions may be used in selected patients.
(GoR 2C)

e NOM of WSES class III (AAST grade IV) injuries
should be considered only in an environment that
provides around the clock capability for patient
intensive monitoring, an immediately available
endoscopy and interventional radiology suite, OR,
and only in patients with stable or stabilized
hemodynamic and absence of other abdominal
injuries requiring surgery. (GoR 2A)

e Sequelae of PI such as pancreatic fistulae and
pseudocysts can frequently be addressed with image-
guided percutaneous drain placement, endoscopic
stenting, internal drainage, and endoscopic
cyst-gastrostomy or cyst-jejunostomy. (GoR 2C)

NOM is similar between adult and pediatric patients
and is dependent on hemodynamic stability, clinical
presentation, and associated injuries. Shock is generally
due to associated injuries, which are present in 55—
100% of pancreatic-duodenal injuries, and are more fre-
quent among patients with penetrating mechanism of
injury (1, 3, 6, 7, 11, 12, 14, 17, 174-183].

Physical exam findings associated with DI are non-
specific and may be more reliable in children. Serial ob-
servations may increase the sensitivity of physical exam
findings in diagnosing DI [57, 184]. CT-scan is generally
the standard of care in diagnosing DI. Patients with def-
inite evidence of full thickness laceration such as ex-
travasation of enteral contrast or free air should undergo
immediate operative intervention. These findings are
rare, and in the vast majority of patients, findings are
either non-specific such as duodenal wall thickening,
periduodenal edema, stranding, or free fluid, or they are
entirely absent [62, 84, 91]. NOM should include serial
abdominal exams, bowel rest, and nasogastric tube
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(NGT) decompression. Parenteral nutrition may be re-
quired if obstruction persists beyond 7 days [185]. Obstruc-
tion due to duodenal hematoma will generally resolve
within 14 days; if not, operative decompression may be re-
quired [185-188]. Operative evacuation can be done open
or laparoscopically [188]. Percutaneous drainage of duo-
denal hematomas is a viable alternative [185, 189-193].

NOM of duodenal hematomas is generally successful
in both adults and children [62, 91, 105, 185, 194]. Failed
NOM (fNOM) rates between 5 and 10.3% have been re-
ported, with no differences in length of stay. In patients
with fNOM, a 0-3% complication rate and reduced mor-
tality compared with the group undergoing immediate
OM has been reported [91, 105].

Minor PI is treated similarly in adults and children.
Hemodynamically stable patients without associated op-
erative injury should undergo a trial of NOM. Total par-
enteral nutrition (TPN) may be required in 62-73% of
pediatric and 22.6% of adults [8, 12, 15, 16]. NOM of
class I injuries is successful in 96-100% of pediatric and
80-92.2% of adults [6, 11, 15, 105, 195, 196] and is asso-
ciated with reduced morbidity, mortality, and shorter
length of stay [3, 105].

In WSES class II (AAST-OIS grade III) injuries in
hemodynamically stable or stabilized patients, location
of the injury largely determines optimal treatment.
WSES class II injuries distal to the superior mesenteric
vein (AAST-OIS grade III) should be managed opera-
tively by resection with or without splenectomy as OM
is associated with improved recovery times, and reduced
morbidity in both adults and pediatrics [197-199]. Iso-
lated proximal WSES class II and III injuries (AAST-
OIS grade III and IV-V) may be considered for NOM.
Although no randomized controlled trials exist, several
large database studies and meta-analyses have demon-
strated that NOM is pursued in 46% of pediatric and
28-48.5% of adult patients [3, 6, 15].

NOM of WSES moderate and severe PI (AAST-OIS
grade III and IV-V) has been reported more among
pediatric than adult patients with a success rate up to 89%
[15]. NOM success rate in adults is about 30%. Pseudocyst
rate was higher among NOM patients and in 65-74% of
cases they were also managed non-operatively [15, 16].
Length of stay was similar between NOM and OM [9, 200].

Endoscopic and percutaneous interventions such as ERCP
with pancreatic stent and/or sphincterotomy or percutan-
eous aspiration and drain placement for pancreatic duct in-
jury have been reported in patients with class II and III PI
(AAST-OIS grades III and IV-V) with success rates of 68—
94% with or without the octreotide administration
[15, 201-208]. However, some concerns exist regard-
ing increased rates of pancreatic duct stricture [209].

Many EHBTI will be diagnosed at the time of laparot-
omy. However, in patients undergoing NOM, concern
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for EHBTI should prompt immediate investigation with
MRCP or HIDA scan. Patients with gallbladder wall
hematoma without perforation can be managed expect-
antly [18]. NOM can be attempted in hemodynamically
stable patients with WSES grade II and III injuries
(AAST-OIS grade IV-V) without definite indication for
surgical intervention. In these cases, fluid collections
should be drained percutaneously and the ERCP with
stent placement should be attempted to address ductal
lacerations. Very little data exist about NOM of EHBTI
but a few small case series have demonstrated success in
both adult and pediatric patients [18, 19, 21].

Operative management—duodenum

e Hemodynamically unstable (WSES class IV) patients
and those with peritonitis or bowel evisceration or
impalement should undergo immediate operative
intervention. (GoR 1C)

e Damage control techniques should be considered in
hemodynamically unstable patients with DI,
particularly those with associated injuries and
physiologic derangement. (GoR 2B)

e Primary repair of DI should be considered whenever
technically possible regardless of grade of injury.
(GoR 2B)

o Ancillary procedures such as pyloric exclusion with
and without gastrojejunostomy and biliary diversion
may be considered in WSES class III or higher DI
(AAST grades III, IV, and V). (GoR 2C)

e Lesions requiring pancreaticoduodenectomy
(Whipple procedure) are often accompanied by
severe associated injuries and shock. Damage
control techniques and staged reconstruction in
subsequent phases performed by experienced
surgeons should be considered. (GoR 2c)

Operative management—pancreas and biliary tree

e In WSES class I (AAST grade I and some grade II)
PI found during exploratory laparotomy, drainage
may be considered. (GoR 2B)

e Patients with distal WSES class IT (AAST grade III)
PI should undergo OM. (GoR 2C)

o Distal pancreatectomy (with or without
splenectomy) is the procedure of choice for distal
WSES class II (AAST grade III) PI. (GoR 2C)

e Pancreatoduodenectomy may be needed in patients
with destructive injuries of the duodenal-pancreatic
complex. In such cases, the operation has better
results when performed in a staged fashion.
Pancreato-jejunostomy or pancreato-gastrostomy
reconstructions are equally effective in selected cases
performed by experienced surgeons. (GoR 2C)
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e In extrahepatic biliary tree WSES class I injuries
(AAST grades I, 11, and III) with laceration,
perforation, or avulsion of the gallbladder,
cholecystectomy is the treatment of choice. (GoR 1C)

e EHBT injuries undergoing an initial damage control
procedure may be drained with delayed
reconstruction performed as a staged approach.
(GoR 2B)

e EHBT WSES class II-III (AAST grades IV and V)
injuries should undergo reconstruction with
hepaticojejunostomy or choledochojejunostomy if
there is no associated vascular injury. (GoR 2C)

e NOM failure of EHBT WSES class II-1II (AAST
grades IV and V) injuries, hepaticojejunostomy should
be considered during reconstruction. (GoR 2C)

Due to the high percentage of associated injuries in
patients with duodeno-pancreatic and extrahepatic bil-
iary three injuries, shock and peritonitis are common at
or shortly after presentation. Hemodynamic instability is
present in 10-44% of patients [210-215]. All patients
with hemodynamic instability or peritonitis should
proceed immediately to OM. Hemodynamically stable
patients with CT findings of full thickness laceration, or
class III DI (AAST-OIS grade III-IV-V), such as free air
or extravasation of enteral contrast from the duodenum
or an associated operative injury should also undergo
immediate OM.

Damage control surgery (DCS) is reported in 20—-63%
of cases particularly in patients with associated vascular
injuries and/or higher grade duodeno-pancreatic lesions.
DCS has been associated with improved survival and
equivalent or improved complication rates [2, 211, 212,
216, 217]. DCS is rarely needed for isolated DI, and the
extent of the primary surgery will relate primarily to as-
sociated vascular injuries. Once hemostasis has been
achieved, the DI can be addressed at the initial surgery if
the patient’s physiology allows. The majority of DI found
at laparotomy are WSES class I-II lacerations (AAST-
OIS grade I-II). They should be repaired primarily in a
tension-free transverse fashion after complete exposure
and removal of all devitalized tissue. A nasogastric tube
(NGT) should be placed to allow for proximal decom-
pression. There is no evidence supporting routine peri-
duodenal drain placement.

Management of WSES class III lacerations (AAST-OIS
grade III-IV-V) not involving massive disruption of the
duodeno-pancreatic complex is controversial. They are as-
sociated with a high mortality and high duodenal-specific
morbidity (duodenal leak, fistula and anastomotic break-
down) with consequent abdominal sepsis and poor out-
comes [218, 219]. Duodenal diverticulization and triple
tube decompression are no longer advocated for the treat-
ment of DI [187, 218, 219]. Most modern studies advocate
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primary repair, NGT decompression, and external drain
placement even with large, high-grade injuries. In cases
where primary repair is not possible, segmental resection
and primary duodeno-duodenostomy could be performed.
These more conservative techniques have demonstrated
good outcomes with similar or better mortality and
duodenal-related morbidity compared with more complex
drainage and reconstructive procedures [57, 181, 194,
211-213, 216, 217]. Pyloric exclusion (PE) is still utilized
although definite indications for it remains controversial
[220]. Temporary PE has been described both with and
without gastrojejunostomy. The pylorus can be stapled
without transection or sutured internally with absorbable
material so it will open spontaneously several weeks post-
injury [221, 222], or sutures can be removed endoscopic-
ally. Several studies reported no improvement in morbid-
ity, mortality, and a prolonged length of stay with PE
compared with primary repair with NGT decompression
alone [212, 214, 215, 217, 223, 224]. Moreover, concerns
exist regarding the possible PE increasing the length of the
procedure, complications, and risks of gastric suture line
and marginal ulcers [105, 222, 224-226].

WSES class III injuries with massive disruption of the
duodeno-pancreatic complex (AAST-OIS grade III-IV—
V for duodenum and AAST-OIS grade IV-V for pan-
creas) are rare and require complex reconstruction. In
the first or proximal second duodenal portion lesions
where primary repair or resection and primary anasto-
mosis are not possible, antrectomy and gastrojejunost-
omy with closure of the duodenum is an option [186].
In case of injuries located distal to the ampulla, a Roux-
en-Y duodeno-jejunostomy can be performed [186, 187,
212]. When the ampulla or distal common bile duct is
involved, re-implantation into healthy adjacent duode-
num or reconstruction with a Roux-en-Y jejunal limb is
an option if the adjacent tissue loss and injury are min-
imal [186]. When the duodenum and/or pancreatic head
are severely devitalized or devascularized, pancreatico-
duodenectomy (Whipple procedure) may be required.
Associated injuries and severe physiologic derangements
are common with these injuries [227-230]. DCS is re-
quired in 26—80% of cases and should be strongly con-
sidered at the time of initial operation [227-230]. It
seems to improve survival and reduce complications in
treating severe pancreatic-duodenal injuries requiring
Whipple procedures [230]. Staged procedures have been
suggested to improve outcomes. The assistance of expe-
rienced hepatobiliary surgeons should be defined on a
case-by-case basis [187, 227-229]. Both classic Whipple
procedures and pylorus preserving reconstructions are
options dependent on the location of the DI and associ-
ated injuries [227, 231].

Delayed bowel function and obstruction from duodenal
edema, hematoma, or stricture are common following DI
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[232]. To ensure adequate nutrition, a feeding jejunost-
omy may be considered in patients with severe duodeno-
pancreatic injuries requiring resection and reconstruction;
however, jejunostomy-related complications can occur in
up to 7% of patients and intolerance to enteral nutrition is
common [211, 232]. Total parenteral nutrition (TPN) may
be required in 37-75% of patients [57, 185, 213].

Patients with PI who are hemodynamically unstable
(33-50%) (WSES class IV) or have peritonitis should
undergo immediate OM [1, 6, 14, 233]. Associated hol-
low viscus injury or operative intra-abdominal injury will
be present in 24-82% of PI [4, 5, 11, 233]. DCS should
be considered in patients with shock and exsanguinating
hemorrhage. Surgical management of pancreatic injury
is dependent on grade, location, and extent of associated
injuries. Intraoperatively diagnosed WSES class I PI DCS
(AAST-OIS grade I-II) can be managed expectantly,
and closed suction drain placement is recommended for
larger contusions and lacerations [234, 235]. Suture re-
pair of lacerations should be avoided as it is associated
with increased risk of pseudocyst formation [235]. WSES
class II PI injuries (AAST-OIS grade III) involving the
main pancreatic duct distal to the superior mesenteric
vein (SMV) should be treated with distal pancreatectomy
with or without splenectomy as OM is associated with
improved recovery times, and reduced morbidity in both
adult and pediatric PI [13, 197-199, 235]. Decreased inci-
dence of pancreatic fistula when the pancreas was stapled ra-
ther than sewn has been demonstrated; however, ductal
ligation made no difference [13]. Splenic preservation among
trauma surgeons remains controversial. No significant in-
crease in morbidity or mortality and a reduced length of stay
associated with spleen preservation has been demonstrated
[236]. Spleen preservation is of great importance in pediatric
trauma patients; however, there is little data on splenic sal-
vage in this cohort [237, 238]. Ultimately, the decision to pre-
serve or remove the spleen will depend on the patient’s
physiology, associated splenic injury, and the surgeon’s level
of experience.

Optimal management of WSES class III PI (AAST-
OIS grade IV-V) with transection of parenchyma/duct
proximal to the SMV remains controversial. Subtotal
and total pancreatectomy for proximal injuries may re-
sult in endocrine and exocrine dysfunction. Because of
this, initial management includes debridement, oversew-
ing the proximal pancreatic stump, and distal drainage
with pancreaticojejunostomy (not well tolerated in
physiologically deranged patients). These procedures are
associated with high rates of pancreas-related (fistula)
and overall complications. Modern studies predomin-
antly utilize debridement and wide local drainage with
good success [2, 4, 14, 239]. Drainage alone for proximal
PI has rates of pancreatic fistula of 12-13.8% [238, 240]
which compares favorably with small series of more
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complex reconstructions with pancreaticoenterostomy
(11-20%) [241, 242].

WSES class III PI (AAST-OIS grade IV-V) with
complete destruction or devascularization of the pancre-
atic head and pancreatico-duodenal complex is a specific
and rare circumstance. Most of these patients require
pancreaticoduodenectomy and present in shock and
with severe associated injuries and should be treated
with DCS [243]. Mortality after trauma Whipple remains
high varying from 12 to 33%, but it may be improved
with DCS techniques and appropriate patient selection
[231, 244, 245]. Mortality with more conservative surgi-
cal treatments (duodenal reconstruction and drainage)
appears to be similar, but complications, particularly
pancreatic fistula, may be higher when compared with
the Whipple procedure [13, 246].

Gallbladder WSES class I injuries (AAST-OIS grade I-
II-1IT) account for approximately 30-60% of EHBTI
[18-20]. The majority of these injuries are noted at the
time of laparotomy. For all injuries except gallbladder
wall hematomas, the treatment of choice is cholecystec-
tomy [18, 19, 22]. Extrahepatic bile duct injuries often
occur in conjunction with severe liver, duodenal, and
pancreatic injuries. In these instances, management is
dictated as much by the severity of the associated injur-
ies as by the grade of the bile duct injury itself. In most
cases, treatment of the injury with distal ligation and re-
construction with a Roux-en-Y hepaticojejunostomy is
recommended [18, 19, 21]. Choledochojejunostomy may
be used for distal common bile duct injuries in the ab-
sence of associated vascular injury that may compromise
the blood supply to the anastomosis. Primary repair of
WSES class II injuries (AAST-OIS grade IV) over a T-
tube can be attempted but may result in strictures and
need for future reconstructive surgery [18]. OM with
Roux-en-Y hepaticojejunostomy is also recommended
for patients with WSES class II and III injuries (AAST-
OIS grade IV-V) after fNOM [18, 21].

Follow-up

o After discharge, the necessity for follow-up imaging
should be driven by clinical symptoms (i.e., onset of
abdominal distention, tenderness, fever, vomiting,
jaundice). (GoR 2B)

e In adults, CT-scan is usually the first-line follow-up
imaging tool for new-onset signs and symptoms.
(GoR 2A)

e In pregnant females, the MRCP should be
considered the diagnostic modality of choice for
new-onset signs and symptoms, wherever available.
(GoR 2A)

e In pediatric patients, ultrasound or contrast-
enhanced US should be the diagnostic modality of
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choice for follow-up imaging. If cross-sectional
imaging is required, MRI is preferred. (GoR 2A)

e Given the complexity and variability of traumatic
injuries, the need for and choice of follow-up
imaging should be made using a multidisciplinary
approach. (GoR 2B)

CT-scan is usually the first-line imaging tool in the assess-
ment of late complications of pancreatic trauma and very
useful in driving management [39, 61, 71, 72, 76, 96, 135,
145, 233, 247, 248]. MRI is a reliable alternative to CT-scan
in children and pregnant women [40, 45, 52, 97, 249, 250].

US or CEUS is used as an alternative to CT for follow-
up of fluid collections, pseudocysts, and pancreatic dis-
ruptions after pancreatic trauma mainly in children or in
low-resource settings [16, 26, 40, 45, 49, 53, 55, 63, 71,
75, 78, 133, 134, 138, 245, 247, 251-254]. CEUS may im-
prove results of pancreatic imaging, being nearly as ac-
curate as CT-scan and reducing radiation exposure in
children [249, 255, 256].

The ERCP is a useful tool in diagnosis, management,
and follow-up of late complications such as pseudocysts,
pancreatic fistulas (i.e., trans-papillary stenting), or main
duct strictures secondary to injury or prolonged stenting
(i.e, ERCP with pancreatic duct dilatation and stenting),
even in pediatric patients [10, 39, 40, 45, 53, 67, 74, 137,
138, 148, 152, 154, 247, 253].

NOM of high-grade pancreatic lesions (WSES class I1I,
AAST-OIS grade IV-V) requires stringent follow-up for
at least 6 months to detect early and late sequelae [45].

Complications

Pseudocyst is the most frequent complication following
NOM [15, 52, 53, 64, 68, 69, 72, 154, 257, 258]. CT-scan
is useful in evaluating pseudocysts and peripancreatic
fluid collections following PI [96, 247, 259, 260] and in
guiding percutaneous drainage [40]. US and endoscopic
US (EUS) can also be used for follow-up and to guide
percutaneous treatment of pseudocyst and abscess avoid-
ing radiation exposure [45, 63, 70, 158, 247, 253]. Some
authors propose combined EUS-ERCP procedures even in
children [152, 158, 247]. The use of EUS in the work-up
of children with pancreatobiliary pathology may limit ex-
posure to risk of adverse events from ERCP [152]. MRCP
and ERCP may be used—the first to document the com-
munication of the cyst with the main pancreatic duct [40,
41, 45, 49, 68, 71, 97, 128, 138, 145, 154, 156, 247, 253,
259, 261] and, the latter, for treating the disease.

Abscess or intra-abdominal sepsis occurs in 7-25% of
patients with pancreatic injuries; CT-scan or MRI should be
performed for diagnosis and to guide treatment [40, 156].

Pancreatic fistula occurs in 10-35% of major injuries
of the pancreas after operative drainage or resection. A
correct diagnosis is very important in planning the
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treatment. Preoperative cross-sectional imaging and pan-
creatogram during ERCP are essential. The ERCP, when
feasible, is the first step to treat persisting fistulas [11,
40, 41, 48, 49, 61, 71, 156, 233, 262].

The incidence of post-traumatic pancreatitis is 17%.
Patients with abdominal pain and hyperamylasemia
should undergo contrast-enhanced CT-scan for diagno-
sis wherever possible [40, 156].

Post-traumatic exocrine or endocrine function Al-
though transient post-operative glucose intolerance is
common in all critically ill trauma patients, the inci-
dence of persistent new-onset endocrine dysfunction
after traumatic distal pancreatectomy is very low (< 4%)
[263]; insulin requirement is more frequently associated
to proximal pancreatic resections [72, 263] or Whipple
procedure [264]. However, both exocrine and endocrine
insufficiencies are very rare [4, 10, 15, 16, 45, 52, 54, 58,
69, 265] and no sufficient data exist to have definitive
answers and indications [15, 68, 257]. Post-traumatic
exocrine or endocrine function in the very long-term
seems to be related to overall age and time from injury
rather than the surgical treatment [68, 69]. Long-term
follow-up is suggested for patients who underwent pan-
creatic surgery for trauma due to the possibility that the
onset of diabetes mellitus may be accelerated by pancre-
atic resection [53, 264].

Conclusions

Non-operative management of bilio-duodeno-pancreatic
injuries without ductal involvement with or without endo-
scopic adjuncts is recommended for hemodynamically
stable patients. EHBTI can be managed with cholecystec-
tomy for minor injuries, although more severe injuries
require surgical reconstruction. Severe bilio-duodeno-
pancreatic injuries are rare, often accompanied by
hemodynamic instability and may benefit from DCS
techniques. Many initial injuries as well as the seque-
lae of injury may be addressed with percutaneous or
endoscopic drainage, and endoscopic stenting. Despite
advances in care, morbidity and mortality following
severe bilio-duodeno-pancreatic trauma remain high.
The management of duodenal, pancreatic, and extrahepatic
biliary tree injuries must be multidisciplinary. The manage-
ment in the initial phase is best accomplished by the
trauma or emergency surgeon, and in the reconstructive
phase, hepatobiliary surgeons may be helpful and should be
consulted.
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