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heWestern Trauma Association (WTA) has undertaken publication of best practice clinical practice guidelines on multiple trauma topics.
These guidelines are based on scientific evidence, case reports, and best practices per expert opinion. Some of the topics covered by this
consensus group do not have the ability to have randomized controlled studies completed because of complexity, ethical issues, financial
considerations, or scarcity of experience and cases. Blunt pancreatic trauma falls under one of these clinically complex and rare scenarios.
This algorithm is the result of an extensive literature review and input from the WTA membership and WTA Algorithm Committee
members.
METHODS: M
ultiple evidence-based guideline reviews, case reports, and expert opinion were compiled and reviewed.

RESULTS: T
he algorithm is attached with detailed explanation of each step, supported by data if available.

CONCLUSION: B
lunt pancreatic trauma is rare and presents many treatment challenges. (J Trauma Acute Care Surg. 2023;94: 455–460. Copyright

© 2022 Wolters Kluwer Health, Inc. All rights reserved.)
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T his is a recommended evaluation and management algo-
rithm from the Western Trauma Association (WTA) Algo-

rithms Committee addressing the management of adult patients
with blunt pancreatic injury (BPI). Because there is a paucity of
published prospective randomized clinical trials that have gener-
ated class I data, these recommendations are based primarily on
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a thorough literature review of published prospective and retro-
spective cohort studies, clinical guidelines, and expert opinion
of the WTA members. The final algorithm is the result of an it-
erative process including an initial internal review and revision
by theWTAAlgorithm Committee members and then final revi-
sions based on input during and after presentation of the algo-
rithm to the full WTA membership.

Because of the retroperitoneal location of the pancreas and the
rarity of the injury, occurring fewer than five times per year at
high-volume centers, pancreatic trauma presents many diagnostic
and treatment challenges with limited high-level evidence to guide
management.1–5 The overall mortality rate ranges from 10% to 30%
and is typically related to associated injuries.6,7 Overall morbidity rates
are reported to be as high as 60%, with pancreas-related complication
(PRC) rates reported up to 40%.2,5–8

The algorithm (Fig. 1) and accompanying comments repre-
sent a safe and sensible approach to the evaluation of the patient
with blunt pancreatic trauma.We recognize that therewill be mul-
tiple factors that may warrant or require deviation from any single
recommended algorithm and that no algorithm can completely re-
place expert bedside clinical judgment. This is intended for use as
a general framework in the approach to these patients and to be
adapted to better suit the specifics of that program or location.

ALGORITHM

The following lettered sections correspond to the letters
identifying specific sections of the algorithm shown in Figure 1.
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Figure 1. Western Trauma Association algorithm for the evaluation andmanagement of patients with BPI. Circled letters correspond to
sections in the associated article.
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In each section, we provided a brief summary of the important
aspects and options that should be considered at that point in
the evaluation and management process. Among patients with
BPI, approximately 20% have indications for immediate lapa-
rotomy and will have an intraoperative diagnosis (letter “D”).

A. Initial evaluation: The diagnosis, classification, and treat-
ment of BPI remains a challenge. Because of the imprecise
detail of injury and the retroperitoneal location of the pan-
creas, pancreatic trauma is often overlooked on initial clin-
ical, laboratory, and radiographic examinations.5,9 A high
degree of clinical suspicion is needed; therefore, high-risk
mechanisms and signs such as “handlebar injury” should
prompt further imaging.10 A delayed presentation or clinical
deterioration of the patient may be the first clue of an under-
lying occult or undetected injury. Delayed diagnoses can re-
sult in an increased morbidity and mortality of up to 62%;
thus, these patients should undergo computed tomography
(CT) as part of their initial trauma workup.11–13 It is impor-
tant to note that early clinical signs of BPI are vague, and
456
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laboratory tests may be nonspecific, while imaging results
may be subtle or even falsely negative.

1. Computed tomography scan: CT is the primary modality
used to diagnose BPI in hemodynamically stable blunt ab-
dominal trauma patients.14 This scan is often performed in
the initial trauma assessment with intravenous (IV) con-
trast. The sensitivities for detecting BPI are variable, rang-
ing from 47% to 79%, with specificities between 90%
and 95%.15,16 Although not available at all facilities, multi-
detector CT scanners, which provide 64 thin-slice imaging
cuts, have been shown to improve the specificity of diagno-
sis of pancreatic duct injury (PDI) to as high as 91% to
100%.14,15,17 Increased risk of PDI is associated with lacer-
ations involving greater than 50% of the width of the pan-
creas, pancreatic contusions, and active hemorrhage on
CT.18 The findings of transection of the pancreas or main
pancreatic duct (MPD), or a large amount of peripancreatic
fluid, should lead to operative exploration given the likeli-
hood of PDI and the need for surgical management.11,16,17

On the other hand, nonspecific findings of peripancreatic
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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fluid or fat stranding are compatible with low-grade injury and
should be managed nonoperatively.12,19 Other imaging find-
ings that are not as clear-cut can be deemed “intermediate.” In-
termediate findings warrant further investigation (letter “C”).
A 2021 study byBall et al.20 demonstrated the difficulty in ac-
curately diagnosing PDI on screening CT. Varying perfor-
manceswere seen among 24 blinded faculty across 4 different
specialties: ductal injury was detected by 44% of general sur-
geons, 56% of trauma surgeons, 83% of radiologists, and
89% of pancreatic surgeons.20

B. Admission with serial monitoring

1. Serial abdominal examinations: Patients admitted without
definitive imaging evidence of BPI should be monitored
with serial abdominal examinations. Worsening abdominal
pain/tenderness, feeding intolerance, fever, or worsening
leukocytosis may herald an occult injury and should
prompt further imaging.10,19

2. Laboratories: Both amylase and lipase have proven nonspe-
cific for BPI; however, if one enzyme were to be used, lipase
has been shown to be slightly better at indicating pancreatic
injury.21 One prospective study found elevated enzyme levels
to predict BPI when imaging was nondiagnostic within
6 hours after injury.22 Other studies have shown that serum
pancreatic enzyme values are not specific enough to diagnose
or exclude BPI, although elevated levels should heighten con-
cern for occult injury.17,21–23 Buechter et al.24 reported that
enzymes collected on admission and through day 7 were
nonspecific. Although elevated pancreatic enzymes are
not reliable in either isolated or serial settings to diagnose
pancreatic trauma, they have been seen to correlate with
BPI >6 hours after initial injury. These elevations seen
hours after injury may be useful in diagnosing late or
missed injury and should prompt additional imaging.25,26

C. Additional imaging: The diagnosis of BPI requires high
clinical suspicion. Therefore, if the initial CT scan appears
normal but objective findings of an elevated lipase or amy-
lase >6 hours from time of injury, and/or subjectively the
patient has worsening abdominal pain, concern for BPI
should prompt additional imaging.10,22 As many as 40%
of CT scans in patients with pancreatic injury are initially
interpreted as normal.25 Repeat CTwith IV contrast is rec-
ommended if clinical concern remains. In the patient with
nonspecific findings as previously mentioned, and a clinical
concern for injury, pancreatography is recommended to di-
rect further management.

1. Magnetic resonance cholangiopancreatography (MRCP):
Magnetic resonance cholangiopancreatography is the pri-
mary modality for noninvasive imaging of the pancreatic
duct.17,27,28 The previous WTA algorithm suggested
MRCP for evaluation of PDI, but the accuracy of MRCP
has subsequently been called into question.10 Rosenfeld
et al.29 found that when comparing MRCP to CT in pediat-
ric patients, MRCP was found to identify the duct but CT
was superior in confirming the presence or absence of in-
jury.30 Magnetic resonance cholangiopancreatography
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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should still be considered first-line imaging for PDI, but
findings should be interpreted cautiously if they do not
match clinical suspicion.

2. Endoscopic retrograde cholangiopancreatography (ERCP):
Endoscopic retrograde cholangiopancreatography is one of
the most sensitive tools to detect ductal injury.17,31 Advan-
tages of ERCP include the ability to evaluate main duct ver-
sus branch duct injuries and to perform therapeutic
sphincterotomy or pancreatic duct stenting. Although
stenting has been discussed as an adjunct to nonoperative
management (NOM), a recent WTAmulticenter trial found
that this is rare and that two thirds of stents were placed to
manage PRCs.2,8 Enthusiasm for primary stenting is fur-
ther tempered by the findings of Kim et al.32 and Bhasin
et al.,33 who reported an association of early pancreatic
stenting with pancreatic duct strictures, local and systemic
sepsis, and potential worsening of the injury.

D. Operative exploration: In a contemporary series, 21%of BPIwas
diagnosed intraoperatively.34 For those undergoing laparotomy,
a complete exploration is mandatory. The pancreaticoduodenal
complex should be examined via Kocher maneuver and
lesser sac exploration if a pancreatic injury is suspected.10,35

1. Diagnosis of a PDI: The major determinant of management
is the presence or absence of MPD injury. Intraoperative
criteria for ductal injury described by Heitsch et al.36 in-
clude complete pancreatic transection, direct visualization
of duct injury, laceration through more than half the diam-
eter of the pancreas, central pancreatic perforation, or se-
vere maceration of the pancreas. These clinical criteria have
proven helpful in identifying patients most likely to require
resection but are not perfect.37,38 Intraoperative pancreato-
graphy via ERCP, transcystic cholangiopancreatography,
or transduodenal pancreatography would seem to offer a
more objective means of evaluating the MPD, but these
techniques have largely fallen out of favor because of logisti-
cal challenges and potential morbidity.20 Indeed, Schellenberg
et al.39 reported a series in which 94% of patients were man-
aged based on visual inspection alone; 6% had intraoperative
pancreatography, and the studies were all inconclusive. Intra-
operative ultrasound has gained popularity in recent years
by trauma and hepatobiliary surgeons, allowing for an effi-
cient and highly sensitive method to evaluate the MPD.40–42

E. Treatment: The American Association for the Surgery of
Trauma Organ Injury Score is relevant to the management
of BPI. Grades I and II (i.e., low grade) injuries are contu-
sions and lacerations that spare the pancreatic duct.15

Grades III and V injuries are considered “high-grade” inju-
ries. Grade III injuries include MPD injury to the left of the
superior mesenteric vein. Grade IV injuries include MPD
injuries to the right of the superior mesenteric vein, while
grade V involves disruption of the head.15 At this time,
high-grade injuries require definitive surgical treatment.
Prior studies found low complication rates (10–14%) of
NOM for Grades I and II pancreatic injuries.4,43,44 More re-
cently, Biffl et al.8 noted a 4% rate of PRCs in patients with
NOM. The goal for high-grade injuries is early exclusion of
457
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the MPD to avoid duct-related complications that carry a
morbidity of up to 60%.10,14

1. Low grade: Although PDI is associated with a significant
increase in PRCs, there can still be significant morbidity
associated with low-grade injuries.5,8 Based on the recent
multicenter WTA trial, the lowest rate of PRCs is seen after
NOM (4%), which is recommended in those patients who
have no other indication for laparotomy.8 For low-grade in-
juries diagnosed intraoperatively, drain placement is rec-
ommended only if there is pancreatic capsule disruption.
This is based on an incidence of PRCs of 26% after drain-
age of blunt low-grade injuries.8 If there is evidence of cap-
sular disruption, drainage is recommended to control the
leakage. However, resection of low-grade injuries should
be avoided, as the occurrence of PRCs (42%) is signifi-
cantly higher after resection compared with other manage-
ment strategies.8

2. High grade: With insufficient data to support NOM in
adults, operative management of high-grade injuries is
recommended.

a. Grade III: Distal pancreatectomy has long been recom-
mended for grade III injuries. Biffl et al.2 noted that there
was no difference in PRCs between patients treated with
resection (41%) compared with those treated with drainage
(29%), raising the possibility that drainagemay be a noninferior
option. Until this is studied prospectively, distal pancreatectomy
remains the recommendation for grade III injuries. 2,34,37

b. Grade IV: Although drainage of pancreatic head injuries
has been increasingly performed based on reports from
Memphis, there was no confirmation of MPD injury.37,38

In the recent WTA and AAST multicenter trials, there
were concerning trends suggesting potentially higher rates
of PRCs after drainage versus resection.2,34,45 A retrospec-
tive study from 1995 to 2020 evaluated management and
outcomes of 36 patients with Grade IV pancreatic injuries.
When comparing resection versus nonresection, patients
with a Grade IV pancreatic injury appear to benefit from
resection with fewer pancreatic complications, shorter
hospital stay, and better quality of life.8,46 Although none
of these studies are sufficient to make firm conclusions,
the current recommendation is to perform resection if
TABLE 1. Top Identified Knowledge and Research Gaps Related to B

Topic or Research Gap

1. What is the utility/performance of pancreatic amylase and lipase 6 h after injury?

2. Is the role of ERCP in initial diagnose and treatment of pancreatic injuries obsolete

3. What is the sensitivity and specificity of intraoperative ultrasound in the diagnosis
to more invasive techniques?

4. Is drainage superior to operative management in Grade III pancreatic injuries?

5. What is the role for NOM of pancreatic injuries with ductal involvement?

6. What are the outcomes and costs associated with operative management versus NO

7. For patients with isolated blunt pancreatic trauma, what are the best management g

458
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adequate surgical expertise is available. If adequate surgi-
cal expertise is not available, drainage is recommended;
similarly, in the setting of physiologic compromise, dam-
age control with drainage and a staged procedure is rec-
ommended.2,47 Surgical treatment options include ex-
tended distal pancreatectomy, near total pancreatectomy,
or roux-en-y pancreaticojejunostomy.2,35 To avoid endo-
crine dysfunction, 20% of the gland should be preserved.4

c. Grade V: For Grade V injuries, pancreaticoduodenectomy
will generally be required. As with Grade IV injuries, those
patients with physiologic compromise or inability to per-
form the definitive procedure, damage control surgery,
drain placement, and, ultimately, a staged procedure are
recommended.2,47

F. Pancreatic related complications: Complications from pan-
creatic injuries carry significant morbidity and mortality, in-
cluding fluid collections, leaks, hemorrhage, fistulae, and
chronic sequelae of pseudocysts. For patients with drains,
amylase levels should be followed on days 1 and 3 after
placement. Those with drain amylase less than that of serum
can be removed.10 Persistent pancreatic leak should prompt
further imaging and possible intervention.

G. Postadmission management: Isolated BPI is rare.Whenmin-
ing the National Trauma Data Bank, Siboni et al.9 found that
isolated pancreatic injuries occurred in 0.7% of those admit-
ted with abdominal trauma. This single study found that the
median hospital stay for patients with low-grade injury was
9 days and 11 days for those with high-grade injury; how-
ever, these later patients had compounding injuries including
chest and head. Recommendations regarding intensive care
unit admission, diet, activity, and prophylactic anticoagula-
tion for deep vein thrombosis have not been studied in iso-
lated blunt pancreatic trauma. Clinical judgment based on ac-
companying injuries should guide treatment and care.

AREAS OF CONTROVERSY AND EXISTING
KNOWLEDGE/RESEARCH GAPS

There are many areas of this algorithm that lack high-quality
evidentiary support and where further focused research is required.
There were several areas that generated significant discussion and
PI

Algorithm Section

B: Initial evaluation —
laboratories

? What are the risks and complications? C: Imaging— ERCP

of pancreatic injury, and how does it compare D: Diagnosis of PDI

E: High grade— grade III

F: Management of
pancreatic injuries

M of high-grade blunt pancreatic injuries? F: Management of
pancreatic injuries

uidelines following admission? G: Postadmission
management

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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debate within the committee during the development of this algo-
rithm and from the WTA membership during the period of public
commentary. Regarding the initial diagnosis of BPI, there was dis-
agreement about the utility and reliability of pancreatic enzyme
levels including amylase, lipase, or both. While there was general
agreement that an initial enzyme level obtained shortly after injury
has limited value, there was debate about whether serial enzyme
levels provide added diagnostic benefit to observation with serial
examinations and cross-sectional imaging. There was also signifi-
cant debate about the accuracy of abdominal CT scan for identify-
ing BPI and whether MRCP provides any greater diagnostic yield
comparedwith amodern high-quality CT scanwithmultiplanar re-
constructions. There was general agreement that both modalities
can miss a major pancreatic injury with duct involvement when
performed early after the initial trauma and that repeat imagingwith
either modality should be liberally used based on any clinical sus-
picion or with equivocal findings on the initial CT or MRCP.

Several areas around the management of high-grade BPI
(Grades III to V) also generated significant debate and differing ap-
proaches. The data comparing resectional versus nonresectional
management are not definitive. Drainage is generally a safe ap-
proach. There are concerns over the long-term outcomes, as there
is currently no reliable treatment for a pancreatic fistula. This re-
quires prospective study. For the intraoperatively discovered pan-
creatic injury, there was no consensus on the optimal approach to
evaluate for the presence of a concomitant injury to the pancreatic
duct. Commonly used options included local exploration of the
wound and visual inspection only, on-table contrast imaging via
the gallbladder or cystic duct, or on-table ERCP. Evolving data
around the use of intraoperative ultrasound were reviewed and ap-
pear to offer a highly reliable and noninvasive method to make this
distinction and guide the choice of intervention. There was recog-
nition that this option may not be available because of the lack of
required equipment or expertise of the surgeon. However, trauma
surgeons should be trained to be proficient in ultrasound.

Table 1 provides a list of existing research “gaps” related
to this topic that were identified by the authors during the devel-
opment of this algorithm and the discussions within the Algo-
rithms Committee and during the presentation of this algorithm
at the 2022 WTA Annual Meeting.

SUMMARY AND CONCLUSION

Nonoperative management for low-grade injuries and op-
erative management for high-grade injuries have become the
mainstay of treatment for blunt pancreatic trauma. Clinicians
need to maintain a high degree of suspicion in diagnosing pan-
creatic injury and a low threshold for repeat imaging in patients
who are admitted for nonoperative of blunt abdominal trauma.

AUTHORSHIP

A.M.M. and M.J.M. contributed in the conception and design. A.M.M.
contributed in the acquisition of data. A.M.M., W.L.B., C.G.B., E.E.M.,
and M.J.M. contributed in the analysis and interpretation of data. A.M.
M. contributed in the drafting of the manuscript. M.J.M., C.V.R.B.,
E.E.M.,W.L.B., E.J.L., J.L.H.,M.d.M., J.A.W., D.V.S., C.G.B., and R.S.C. con-
tributed in the critical revision of the manuscript. A.M.M., W.L.B., C.G.B.,
and E.E.M. contributed administrative, technical, or material support.
A.M.M.,M.J.M.,W.L.B., C.G.B., and E.E.M. contributed in the supervision.
All authors have seen and approved the final manuscript as submitted.
The first author (A.M.M.) had full access to all data in the study and
© 2022 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2023 Wolters Kluwer H
takes responsibility for the integrity of the data and the accuracy of
the data analysis.
DISCLOSURE

The authors declare no conflicts of interest.
The results and opinions expressed in this article are those of the authors
and do not reflect the opinions or official policy of any of the listed affili-
ated institutions.
REFERENCES
1. Bradley EL 3rd, Young PR Jr., ChangMC, Allen JE, Baker CC,MeredithW,

et al. Diagnosis and initial management of blunt pancreatic trauma: guide-
lines from a multiinstitutional review. Ann Surg. 1998;227(6):861–869.

2. Biffl WL, Zhao FZ,Morse B, McNutt M, Lees J, Byerly S, et al. A multicen-
ter trial of current trends in the diagnosis andmanagement of high-grade pan-
creatic injuries. J Trauma Acute Care Surg. 2021;90(5):776–786.

3. Fabian TC, Kudsk KA, Croce MA, Payne LW, Mangiante EC, Voeller GR,
et al. Superiority of closed suction drainage for pancreatic trauma. A ran-
domized, prospective study. Ann Surg. 1990;211(6):724–728; discussion
8-30.

4. Cogbill TH, Moore EE, Morris JA Jr., Hoyt DB, Jurkovich GJ, Mucha P Jr.,
et al. Distal pancreatectomy for trauma: a multicenter experience. J Trauma.
1991;31(12):1600–1606.

5. Kao LS, Bulger EM, Parks DL, Byrd GF, Jurkovich GJ. Predictors of mor-
bidity after traumatic pancreatic injury. J Trauma. 2003;55(5):898–905.

6. HeuerM,HussmannB, Lefering R, Taeger G, Kaiser GM, Paul A, et al. Pan-
creatic injury in 284 patients with severe abdominal trauma: outcome,
course, and treatment algorithm. Langenbecks Arch Surg. 2011;396(7):
1067–1076.

7. Joos E, de Jong N, Ball CG, Quigley S, Trottier V, Massé M, et al. Time to
operating room matters in modern management of pancreatic injuries: a
national review on the management of adult pancreatic injury at Canadian
level 1 trauma centers. J Trauma Acute Care Surg. 2021;90(3):434–440.

8. Biffl WL, Ball CG, Moore EE, Lees J, Todd SR, Wydo S, et al. Don't mess
with the pancreas! A multicenter analysis of the management of low-grade
pancreatic injuries. J Trauma Acute Care Surg. 2021;91(5):820–828.

9. Siboni S, Kwon E, Benjamin E, Inaba K, Demetriades D. Isolated blunt pan-
creatic trauma: a benign injury? J Trauma Acute Care Surg. 2016;81(5):
855–859.

10. Biffl WL, Moore EE, Croce M, Davis JW, Coimbra R, Karmy-Jones R, et al.
Western Trauma Association critical decisions in trauma: management of
pancreatic injuries. J Trauma Acute Care Surg. 2013;75(6):941–946.

11. Ahmed N, Vernick JJ. Pancreatic injury. South Med J. 2009;102(12):
1253–1256.

12. Buccimazza I, Thomson SR, Anderson F, Naidoo NM, Clarke DL. Isolated
main pancreatic duct injuries spectrum and management. Am J Surg. 2006;
191(4):448–452.

13. Lin BC, Chen RJ, Fang JF, Hsu YP, Kao YC, Kao JL. Management of blunt
major pancreatic injury. J Trauma. 2004;56(4):774–778.

14. Ho VP, Patel NJ, Bokhari F, Madbak FG, Hambley JE, Yon JR, et al. Man-
agement of adult pancreatic injuries: a practice management guideline from
the Eastern Association for the Surgery of Trauma. J Trauma Acute Care
Surg. 2017;82(1):185–199.

15. Phelan HA, Velmahos GC, Jurkovich GJ, Friese RS, Minei JP, Menaker JA,
et al. An evaluation of multidetector computed tomography in detecting pan-
creatic injury: results of a multicenter AAST study. J Trauma. 2009;66(3):
641–646; discussion 6-7.

16. Teh SH, Sheppard BC, Mullins RJ, Schreiber MA, Mayberry JC. Diagnosis
and management of blunt pancreatic ductal injury in the era of high-resolution
computed axial tomography. Am J Surg. 2007;193(5):641–643; discussion 3.

17. Kumar A, Panda A, Gamanagatti S. Blunt pancreatic trauma: a persistent di-
agnostic conundrum? World J Radiol. 2016;8(2):159–173.

18. Debi U, Kaur R, PrasadKK, Sinha SK, Sinha A, SinghK. Pancreatic trauma:
a concise review. World J Gastroenterol. 2013;19(47):9003–9011.

19. Rekhi S, Anderson SW, Rhea JT, Soto JA. Imaging of blunt pancreatic
trauma. Emerg Radiol. 2010;17(1):13–19.

20. Ball CG, Clements TS, Kirkpatrick AW, Vogt K, Biffl W, Hameed M. Invit-
ing a friend to evaluate potential grade III pancreatic injuries: are they truly
occult, or simply missed on CT? Can J Surg. 2021;64(6):E677–e9.
459

ealth, Inc. All rights reserved.



Moren et al.
J Trauma Acute Care Surg

Volume 94, Number 3

D
ow

nloaded from
 http://journals.lw

w
.com

/jtraum
a by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 01/13/2024
21. Malinoski DJ, Hadjizacharia P, Salim A, Kim H, Dolich MO, Cinat M, et al.
Elevated serum pancreatic enzyme levels after hemorrhagic shock predict or-
gan failure and death. J Trauma. 2009;67(3):445–449.

22. Mahajan A, Kadavigere R, Sripathi S, Rodrigues GS, Rao VR, Koteshwar P.
Utility of serum pancreatic enzyme levels in diagnosing blunt trauma to the
pancreas: a prospective study with systematic review. Injury. 2014;45(9):
1384–1393.

23. MitraB,FitzgeraldM, Raoofi M, TanGA, Spencer JC, Atkin C. Serum lipase
for assessment of pancreatic trauma. Eur J Trauma Emerg Surg. 2014;
40(3):309–313.

24. Buechter KJ, ArnoldM, Steele B,Martin L, Byers P, Gomez G, et al. The use
of serum amylase and lipase in evaluating and managing blunt abdominal
trauma. Am Surg. 1990;56(4):204–208.

25. Kumar S, Sagar S, Subramanian A, Albert V, Pandey RM, Kapoor N. Eval-
uation of amylase and lipase levels in blunt trauma abdomen patients. J
Emerg Trauma Shock. 2012;5(2):135–142.

26. Mayer JM, Tomczak R, Rau B, Gebhard F, Beger HG. Pancreatic injury in
severe trauma: early diagnosis and therapy improve the outcome. Dig Surg.
2002;19(4):291–297; discussion 7-9.

27. Girard E, Abba J, Arvieux C, Trilling B, Sage PY, Mougin N, et al. Manage-
ment of pancreatic trauma. J Visc Surg. 2016;153(4):259–268.

28. Cimbanassi S, Chiara O, Leppaniemi A, Henry S, Scalea TM,
Shanmuganathan K, et al. Nonoperative management of abdominal
solid-organ injuries following blunt trauma in adults: results from an interna-
tional consensus conference. J Trauma Acute Care Surg. 2018;84(3):
517–531.

29. Rosenfeld EH, Vogel A, Russell RT, Maizlin I, Klinkner DB, Polites S, et al.
Comparison of diagnostic imaging modalities for the evaluation of pancre-
atic duct injury in children: a multi-institutional analysis from the Pancreatic
Trauma Study Group. Pediatr Surg Int. 2018;34(9):961–966.

30. Aydelotte JD, Ali J, Huynh PT, Coopwood TB, Uecker JM, Brown CV. Use
of magnetic resonance cholangiopancreatography in clinical practice: not as
good as we once thought. J Am Coll Surg. 2015;221(1):215–219.

31. Takishima T, Hirata M, Kataoka Y, Asari Y, Sato K, Ohwada T, et al.
Pancreatographic classification of pancreatic ductal injuries caused by blunt
injury to the pancreas. J Trauma. 2000;48(4):745–751; discussion 51-2.

32. Kim S, Kim JW, Jung PY, Kwon HY, Shim H, Jang JY, et al. Diagnostic and
therapeutic role of endoscopic retrograde pancreatography in the manage-
ment of traumatic pancreatic duct injury patients: single center experience
for 34 years. Int J Surg. 2017;42:152–157.

33. Bhasin DK, Rana SS, Rawal P. Endoscopic retrograde pancreatography in
pancreatic trauma: need to break the mental barrier. J Gastroenterol Hepatol.
2009;24(5):720–728.
460

Copyright © 2023 Wolters Kluwer H
34. Biffl WL, Ball CG, Moore EE, West M, Russo RM, Balogh Z, Kornblith L,
Callcut R, Schaffer KB, Castelo M; the WTA Multicenter Trials Group on
Pancreatic Injuries. A comparison of management and outcomes following
blunt versus penetrating pancreatic trauma: a secondary analysis from the
Western Trauma Association Multicenter Trials Group on Pancreatic Inju-
ries. J Trauma Acute Care Surg. 2022;93(5):620–626.

35. Jurkovich GJ. Pancreatic trauma. J Trauma Acute Care Surg. 2020;88(1):
19–24.

36. Heitsch RC, Knutson CO, Fulton RL, Jones CE. Delineation of critical fac-
tors in the treatment of pancreatic trauma. Surgery. 1976;80(4):523–529.

37. Patton JH Jr., Lyden SP, Croce MA, Pritchard FE, Minard G, Kudsk KA,
et al. Pancreatic trauma: a simplified management guideline. J Trauma.
1997;43(2):234–239; discussion 9-41.

38. Sharpe JP, Magnotti LJ, Weinberg JA, Zarzaur BL, Stickley SM, Scott SE,
et al. Impact of a defined management algorithm on outcome after traumatic
pancreatic injury. J Trauma Acute Care Surg. 2012;72(1):100–105.

39. SchellenbergM, Inaba K, Bardes JM, Cheng V, Matsushima K, Lam L, et al.
Detection of traumatic pancreatic duct disruption in the modern era. Am J
Surg. 2018;216(2):299–303.

40. Hikida S, Sakamoto T, Higaki K, Hata H, Maeshiro K, Yamauchi K, et al.
Intraoperative ultrasonography is useful for diagnosing pancreatic duct in-
jury and adjacent tissue damage in a patient with penetrating pancreas
trauma. J Hepatobiliary Pancreat Surg. 2004;11(4):272–275.

41. Sato M, Yoshii H. Reevaluation of ultrasonography for solid-organ injury in
blunt abdominal trauma. J Ultrasound Med. 2004;23(12):1583–1596.

42. Hofmann LJ, Learn PA, Cannon JW. Intraoperative ultrasound to assess for
pancreatic duct injuries. J Trauma Acute Care Surg. 2015;78(4):888–891.

43. Duchesne JC, Schmieg R, Islam S, Olivier J, McSwain N. Selective nonop-
erative management of low-grade blunt pancreatic injury: are we there yet? J
Trauma. 2008;65(1):49–53.

44. Velmahos GC, TabbaraM, Gross R,Willette P, Hirsch E, Burke P, et al. Blunt
pancreatoduodenal injury: a multicenter study of the Research Consortium
of New England Centers for Trauma (ReCONECT). Arch Surg. 2009;
144(5):413–419; discussion 9-20.

45. Byrge N, HeilbrunM,Winkler N, Sommers D, Evans H, Cattin LM, et al. An
AAST-MITC analysis of pancreatic trauma: staple or sew? Resect or drain? J
Trauma Acute Care Surg. 2018;85(3):435–443.

46. Ball CG, Biffl WL, Vogt K, Hameed SM, Parry NG, Kirkpatrick AW, et al.
Does drainage or resection predict subsequent interventions and long-term quality
of life in patients with Grade IV pancreatic injuries: a population-based analysis.
J Trauma Acute Care Surg. 2021;91(4):708–715.

47. Seamon MJ, Kim PK, Stawicki SP, Dabrowski GP, Goldberg AJ, Reilly PM,
et al. Pancreatic injury in damage control laparotomies: is pancreatic resec-
tion safe during the initial laparotomy? Injury. 2009;40(1):61–65.
© 2022 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.


