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Does drainage or resection predict subsequent interventions and
long-term quality of life in patients with Grade IV pancreatic

injuries: A population-based analysis
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linical equipoise remains significant for the treatment of Grade IV pancreatic injuries in stable patients (i.e., drainage vs. resec-
tion). The literature is poor in regards to experience, confirmedmain pancreatic ductal injury, nuanced multidisciplinary treatment,
and long-term patient quality of life (QOL). The primary aim was to evaluate the management and outcomes (including long-term
QOL) associated with Grade IV pancreatic injuries.
METHODS: A
ll severely injured adult patients with pancreatic trauma (1995–2020) were evaluated (Grade IV injuries compared). Concordance
of perioperative imaging, intraoperative exploration, and pathological reporting with a main pancreatic ductal injury was required.
Patients with resection of Grade IV injuries were compared with drainage alone. Long-term QOL was evaluated (Standard Short
Form-36).
RESULTS: O
f 475 pancreatic injuries, 36(8%) were confirmed as Grade IV. Twenty-four (67%) underwent a pancreatic resection (29%
pancreatoduodenectomy; 71% extended distal pancreatectomy [EDP]). Patient, injury and procedure demographics were similar
between resection and drainage groups (p > 0.05). Pancreas-specific complications in the drainage group included 92% pancreatic
leaks, 8% pseudocyst, and 8% walled-off pancreatic necrosis. Among patients with controlled pancreatic fistulas beyond 90 days,
67% required subsequent pancreatic operations (fistulo-jejunostomy or EDP). Among patients whose fistulas closed, 75% suffered
from recurrent pancreatitis (67% eventually undergoing a Frey or EDP). All patients in the resection group had fistula closure by
64 days after injury. The median number of pancreas-related health care encounters following discharge was higher in the drainage
group (9 vs. 5; p = 0.012). Long-term (median follow-up = 9 years) total QOL,mental and physical health scores were higher in the
initial resection group (p = 0.031, 0.022 and 0.017 respectively).
CONCLUSION: T
he immediate, intermediate and long-term experiences for patients who sustain Grade IV pancreatic injuries indicate that resec-
tion is the preferred option, when possible. The majority of drainage patients will require additional, delayed pancreas-targeted sur-
gical interventions and report poorer long-term QOL. (J Trauma Acute Care Surg. 2021;91: 708–715. Copyright © 2021 Wolters
Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: E
pidemiology/Prognostic, Level III.

KEYWORDS: P
ancreatic trauma; Grade IV; quality of life.
T raumatic injury to the pancreas continues to present numer-
ous diagnostic and therapeutic challenges for all surgeons.

High-grade injuries are particularly interesting given their defi-
nitional trauma to the main pancreatic duct.1 More specifically,
while Grade III injuries are described by either a distal pancre-
atic transection or parenchymal trauma with an associated main
duct injury, Grade IV (“proximal transection or parenchymal in-
jury involving the ampulla”) and Grade V (“massive disruption
of the pancreatic head”) injuries are focused on substantial trauma
to the right of the superior mesenteric/portal vein.1 They are also in-
timately related to Grade V duodenal injuries (significant disrup-
tion of the pancreatoduodenal complex). Although significant
variability persists in the care of all pancreatic trauma,2–5 manage-
ment of Grade III and V injuries generally entails resection with a
distal pancreatectomy and pancreatoduodenectomy, respectively.2–7

It must also be mentioned that these procedures (particularly
pancreatic head resections) are best completed by experienced
surgeons in the context of patient stability.5,8 If hemodynamic
instability and/or physiologic exhaustion persists, then simple
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drainage of any pancreatic injury (and associated vascular hem-
orrhage control), with a plan to return to the operating room for a
secondary resection/reconstruction as necessary, is the preferred
procedure of choice.9–12

Unlike the traditional pathways described above, Grade IV
pancreatic injuries represent a more intriguing cohort given the
possibility of initial drainage versus resection/reconstruction
options.2–7,9–19 Not only does this particular grade include a
wide variety of morphologic injuries (e.g., ampullary vs. pancre-
atic head),1 the limited experience of trauma surgeons with both
Grade IV injury volumes, aswell as complex pancreatic head resec-
tions (i.e., pancreatoduodenectomy, extended distal pancreatectomy
with duct closure, duodenal-preserving pancreatic head resec-
tion, central pancreatectomy with reconstruction), makes the
surgical management of this scenario strongly debated with both
opinion and passion. The alternative, nonresectional treatment is
described by simple drainage of the pancreatic head. Although
drainage-only strategies have not been prospectively studied in
the context of confirmed main pancreatic duct injuries, some
authors have described a potential for lower short-term mor-
bidity.14,15 More recently, however, a large multicenter trial sug-
gested that higher morbidity rates are associated with drainage
compared with resection.2

A secondary issue of critical importance also surrounds
the long-term outcomes of patients who are treated with drain-
age versus resection. To date, there is a paucity of objective data
within this important quality of life domain beyond anecdotal
comments by pancreatic surgeons that many of these patients
suffer long-term symptoms created by persistent fistulae, main
ductal strictures, and chronic pancreatitis. The primary aims of
this study were, therefore, to evaluate both the initial management
709
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and outcomes of patients with Grade IV pancreatic injuries, as
well as their reported longer-term quality of life.

METHODS

All adult (≥16 years of age) patients whowere severely in-
jured (defined by the Canadian National Standard: Injury Sever-
ity Score [ISS] ≥ 12), and sustained a pancreatic injury between
January 1, 1995 and September 30, 2020 were evaluated. The
Foothills Medical Center is a regional tertiary care, Level I
trauma referral center with a catchment approximating 3 million
citizens from Southern Alberta, Southwestern Saskatchewan
and Southeastern British Columbia. All trauma team leaders, and
hepatopancreatobiliary (HPB) physicians are fellowship-trained
surgeons with high-volume clinical experience. The electronic
patient medical record captures all inpatient medical admissions
and procedures for all Alberta residents. This population-based
document also includes the vast majority of outpatient subspecialty
care visits in southern Alberta (i.e., all pancreas related visits).

Patients with Grade IV injuries (defined by the AAST
Pancreas Injury Scale) were compared.1 Despite debate within
the trauma surgical community at large, our study group interpreted
a Grade IV injury to be defined by a “proximal (to the right of
the portal vein/superior mesenteric vein) pancreatic transection”
(transection of varying degrees as long as a confirmed synchro-
nous injury to the main pancreatic duct was included) and/or
“ampullary injury.” Concordance of perioperative imaging
(computed tomography [CT] and/or magnetic resonance imaging
[MRI]), intraoperative explorative findings, and/or pathological
reporting was required for inclusion. All imaging confirming
Grade IV injuries (CT or MRI) was rereviewed by a study panel
(pancreas and trauma surgeons) to ensure that a Grade IV injury
was truly present. When discrepancies in injury grade existed be-
tween evaluation tools, a study committee resolved all conflicts
by consensus. Patients with Grade IV pancreatic injuries who
underwent resection (i.e., extended distal pancreatectomy vs.
pancreatoduodenectomy) were compared with those who re-
ceived drainage of their pancreas/peripancreatic regions alone.
An extended distal pancreatectomy was defined as a distal pan-
createctomy that extended to the right of the portal vein and,
therefore, into the head of the gland to incorporate the injury it-
self. This technique involves resection within the head of the
pancreas (+/− specific ligation of the main duct within the head).
As injuries extend deeper into the head and/or uncinate of the
gland, extended distal pancreatectomies become unacceptably
high risk for postoperative pancreatic leaks, and a transition is
made to a formal pancreatoduodenectomy (vs. drainage). Although
this is our dominant approach to Grade IV injuries, specific
volumes of injury and/or resection were not recorded. Pa-
tient and injury demographics, flow of care, specific inter-
ventions, and patient outcomes were evaluated. All subsequent
pancreas- directed interventions (inpatient and outpatient)
and admissions were also captured and evaluated from a
population-based, provincial electronic medical record.
Long-term outcomes and quality of life were assessed
using the Standard Short Form-36 (SF-36) questionnaire
distributed via mail as part of this study.20 The SF-36 includes
eight multiple item subscales that evaluate physical function (lim-
itations in physical activities because of health problems), social
710
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function (limitations in social activities because of physical or
emotional problems), role physical (limitations in usual role
activities because of physical health problems), role emotional
(limitations in usual role activities because of emotional prob-
lems), mental health (psychological distress and well-being), vi-
tality (energy and fatigue), bodily pain, and general health
perception (SF-36 scores range: 0 to 100; with higher scores
indicating better results).20

Postoperative pancreatic fistula was defined using the In-
ternational Study Group (ISGPS) on Pancreatic Fistula recom-
mendations.21 Pancreatic exocrine insufficiency was defined
as the presence of diarrhea, steatorrhea, and weight loss, as well
as corollary improvement with oral pancreatic enzyme supple-
mentation. Pancreatic endocrine insufficiency was defined as
new-onset diabetes or worsening of diabetes. Additional pancreas-
specific complications (delayed gastric emptying [DGE],
postoperative hemorrhage) were also defined by the validated
ISGPS classification.22 The term pancreatic “leak” refers to per-
sistent lipase/amylase-rich fluid drainage for the first 4 weeks.
Beyond 4 weeks (i.e., epithelialization of the drain tract),
the term “fistula” is appropriate. Similarly, “acute pancreatic/
peripancreatic fluid collection” refers to a pancreatic leak-related
collection prior to 4 weeks.23,24 Beyond 4 weeks, a fluid-only
collection is referred to as a “pseudocyst” (i.e., relatively rare).
If the delayed collection has any necrosis (pancreatic or
peripancreatic), the term “walled off pancreatic necrosis” (WOPN)
is considered accurate.23,24 A controlled pancreatic leak is de-
fined as pancreatic secretions evacuated via a closed suction
or gravity drain. Operative technique (e.g., pancreatoenteric
reconstitution (pancreatojejunostomy vs. pancreatogastrostomy);
parenchymal transection method; number of peripancreatic
drains) was surgeon-dependent and variable. Relevant postexploration
interventions included pancreas-directed diagnostic and ther-
apeutic (pancreatic duct stent) endoscopic retrograde cholan-
giopancreatography (ERCP), endoscopic ultrasound–guided
transgastric necrosectomy/drainage, percutaneous drainage
of pancreatic collections (confirmed by elevated lipase/amylase
fluid level), reoperation (completion distal pancreatectomy,
pancreatoduodenectomy,Roux-en-Y fistulojejunostomy, transgastric
necrosectomy),25,26 and outpatient long-acting octreotide use.

Data are presented asmeans or medians (with interquartile
ranges) for normally and nonnormally distributed continuous
variables, respectively. Frequencies were used for categorical
data. Differences in demographic data and secondary measures
between patient groups were assessed using a χ2 analysis and
Student t tests as appropriate. An α significance level of 0.05
was set a priori. All statistical testings were performed using
Stata/IC version 16.0 (Stata Corp., College Station, TX).

RESULTS

Of 475 pancreatic injuries over a 25-year interval, 36 (8%)
were confirmed as Grade IV and survived beyond 72 hours
(three additional patients with Grade IV injuries died within
72 hours of admission secondary to hepatic ischemia [1], phys-
iologic exhaustion [1], and catastrophic traumatic brain injury
[1]). All 36 patients who survived beyond 72 hours also survived
to discharge. Twenty-four (67%) underwent a pancreatic resec-
tion. Of these, seven (29%) received a pancreatoduodenectomy.
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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The remaining patients (71%) underwent an extended distal
pancreatectomy. Half of all resections were performed during
the index laparotomy, whereas the others (50%) were completed
at the second or third operations. All patients undergoing re-
section received at least one closed suction surgical drain
(pancreatoduodenectomy: four single drain, three double drains;
extended distal pancreatectomy: 12 single drain, 5 double drains).
All but one patient who underwent a pancreatoduodenectomy
was reconstructed with a partially invaginated end-to-side
pancreaticojejunostomy (i.e., vs. one pancreaticogastrostomy)
and an indwelling pancreatic ductal stent (5 Fr). Pancreatic pa-
renchymal division employed Bovie electrocautery (35 Spray
setting). Among the extended distal pancreatectomies, attempts
were made to oversee all main pancreatic ducts within the head
of the gland. When comparing the patients who had a resection
with those who did not, patient, injury, and procedure demo-
graphics were similar (Table 1). The median time between ar-
rival and transfer to the operating room was similar between
groups (3.7 vs. 2.8 hours; p = 0.498). Hemodynamically unstable
patients underwent rapid transfer to the operating room, however
(median interval, 16 minutes). Among patients who did not un-
dergo resection (12), 10 received closed suction peripancreatic
drainage, whereas two did not receive any initial exploration/
laparotomy. Of these two patients, one developed a large lesser
sac collection (i.e., pancreatic leak) that required subsequent per-
cutaneous drainage and eventual ERCP-guided pancreatic duct
stent placement. The other patient underwent an early ERCP pan-
creatic duct stent insertion, but eventually developed a pseudocyst
that required long-term intervention.

Main Pancreatic Duct Injury Diagnosis
Main duct injuries were initially confirmed in 31 (86%)

patients. The majority (77%) were identified within the operating
TABLE 1. Patient and Injury Demographics for Grade IV Pancreas
Injuries

Resection Drainage p

Total number 24 12

Median age—yr (IQR) 32 (23–48) 34 (21–43) 0.521

Sex—male (%) 18 (75) 8 (67) 0.599

Median ISS (IQR) 27 (19–31) 29 (17–38) 0.746

Blunt mechanism (%) 19 (79) 8 (67) 0.414

Hemodynamic instability (%) 6 (25) 4 (33) 0.600

Blood transfusion (%) 9 (38) 5 (42) 0.809

Associated abdominal injuries (%) 21 (88) 11 (92) 0.708

Damage-control surgery (%) 5 (21) 5 (42) 0.188

Median number of operations (IQR) 2 (1–4) 2 (0–4) 0.893

Hospital length of stay—days (IQR) 12 (4–41) 16 (7–82) 0.201

ICU length of stay—median days (IQR) 2 (0–21) 3 (0–34) 0.326

Pancreas-specific morbidity (%) (including
controlled leak)

10 (42) 11 (92) 0.004*

Pancreas-specific morbidity (%), (excluding
controlled leak)

2 (8) 2 (17) 0.453

Mortality beyond 72 h (%) 0 (0) 0 (0) NA

Home discharge destination (%) 20 (83) 9 (75) 0.551

*p < 0.05.
ICU, intensive care unit; IQR, interquartile range.

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2021 Wolters Kluwer H
room (16 based on surgeon inspection and 8 on surgeon-performed
intraoperative ultrasound of pancreas anatomy). Intraoperative ultra-
sound was used more frequently in the last 10 years of the study in-
terval. The remaining patients were confirmed with cross-sectional
imaging (MRCP/CT [6] or ERCP [1]). Of the five patients who
did not have a priori confirmation of amain duct injury, allwere con-
firmed following resection of the pancreas specimen.

Immediate Pancreas-Focused Outcomes
Pancreas-specific complications in the nonresection group

included 11 (92%) pancreatic leaks, 10 (83%) pancreatic fistulas
(i.e., 10/11 leaks evolved into fistulas because they did not close
within 4 weeks), 1 (8%) true pseudocyst, and 1 (8%) WOPN. All
10 nonresection patients with a persistent pancreatic fistula
underwent ERCP with pancreatic ductal stenting. The patients
with a pseudocyst and WOPN underwent eventual endoscopic
transgastric drainage and open necrosectomy (with concurrent
resection of the colon due to a dehisced colonic suture line sec-
ondary to pancreatic leak erosion of the preceding repair) re-
spectively. Among the 24 patients who underwent resection,
eight (33%) had a biochemically confirmed postoperative
pancreatic leak, with five (21%) displaying a persistent fistula.
Of these five (four extended distal pancreatectomies and one
pancreatoduodenectomy), two required ERCP-guided pancre-
atic duct stent placement. All five fistulas subsequently closed
without further intervention. While no patients within the resec-
tion group developed either a pseudocyst or WOPN, two patients
developed Grade I DGE following pancreatoduodenectomy.

Long-Term Pancreas-Focused Outcomes
Among the 10 patients with controlled pancreatic fistulas

(i.e., ERCP pancreatic stenting), four closed and six remained
persistent beyond 90 days from the injury. Of these six patients,
four underwent a subsequent operative roux-en-Y pancreatic
fistulo-jejunostomy, while two received a technically challeng-
ing extended distal pancreatectomy. Of the four patients whose
fistulas closed, three suffered from recurrent episodes of pancre-
atitis with two eventually undergoing an operative intervention
(one Frey procedure and one extended distal pancreatectomy).
All patients in the resection group had fistula closure by 64 days
after injury. No patient in either cohort displayed pancreatic exo-
crine insufficiency on a clinical basis, whereas one patient in
each of the nonresection and resection cohorts displayed pan-
creatic endocrine instability (1 nonresection patient with sub-
sequent chronic pancreatitis developed insulin dependent
diabetes and one patient who underwent an extended distal
pancreatectomy developed diabetes 7 years following their in-
jury). The median number of overall pancreas-related health
care encounters following initial discharge after the index in-
jury treatment (i.e., population-based analysis) was higher in
the nonresection group (9 vs. 5; p = 0.012).

Long-Term Quality of Life Outcomes
Long-term quality of life analysis displayed a median

follow-up of 9 years. A total of 28 (78%) patients returned the
SF-36 questionnaire (9 of 12 without an initial resection and
19 of 24 with an initial resection). In reference to the eight do-
mains, the total quality of life, mental health and physical health
scores were higher in the initial resection group (p = 0.031,
711
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0.022 and 0.017, respectively) (Fig. 1). More specifically, role
physical, bodily pain, vitality, and mental health scores were
lower in the drainage cohort (Fig. 1). Long-term quality of life
did not have any statistical relationship with preceding injury
pattern or burden (ISS) (p > 0.05).

DISCUSSION

The frequency of, and therefore, surgeon experience with,
Grade IV pancreatic injuries remains low across all peer-reviewed
publications. In our series, 8% of patients had Grade IV injuries,
which is similar to both the American College of Surgeons Trauma
Quality Improvement program (7%)3 and Canadian national
report (8%).4 A large multinational description focused exclu-
sively on high-grade pancreatic injuries reported a 17% rate of
Grade IV pancreatic trauma.2 This can also be loosely compared
with a large 25-year, single-center report from South Africa
limited to pancreatic injuries that underwent resection at 3%.5

Interestingly, 67% of the patients within our series underwent
a resection (vs. drainage). This rate compares favorably to the
Canadian national data (50%),3 but is moderately higher than
that found in both Trauma Quality Improvement program (38%)4

and the multinational series focused on high-grade injuries (39%).2

While the resection rate was slightly higher, the proportion of
patients within our series undergoing a pancreatoduodenectomy
(vs. extended distal pancreatectomy) (29%) was similar to other
series (27% “proximal” pancreatectomy).2,3,5 These comparative
data are interesting from both a rate and selection point of view.
More specifically, in published series where trauma and HPB
services are in close alignment and work together on most
pancreatic trauma cases, the resection rates for high-grade injuries
(III, IV, V) are routinely reported to be higher.2,5,10 The proportion
of definitive proximal resections is also increased.2,5,10 This
observation of more aggressive surgery in collegial trauma-HPB
working groups and high-volume centers is an interesting trend
Figure 1. Quality of life after Grade IV pancreas injury resection
and drainage (mean values in the eight SF-36 domains).
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that warrants deeper discussion. Although rarely required given
the relatively low incidence, strong familiarity, and ease of
performance with extended distal pancreatectomies diving into the
head of the gland, as well as high-volume pancreatoduodenectomy,
likely influences both surgeon comfort and the application
of these procedures. Similarly, the nuanced understanding of
potential long-term pancreatic specific complications (i.e., persistent
pancreatic fistula, recurrent pancreatitis secondary to main ductal
strictures, delayed necrosis) may bias these hybrid teams toward
performing a more definitive single-stage resection in the initial
phase of care, when safe.2,3,5,10

It is also critical to reflect upon the patients who did not
undergo a resection during their initial inpatient stay. More spe-
cifically, all 12 patients developed a high-volume pancreatic leak
(confirmed via biochemical fluid analysis). While the majority
(83%) underwent operative exploration and received closed suc-
tion peripancreatic drainage with an average of two drains, even
the two patients who did not display pancreatic secretions leak-
age required a major intervention (two ERCP stents; one percu-
taneous drain).

Importance of Diagnosing a Main Pancreatic
Duct Injury

A critical, but rarely reported, anatomic variable is the ab-
solute confirmation of a transection to the main pancreatic duct
in a series that report Grade IV injuries. Upon careful evaluation
of the AAST pancreas injury scale, the lack of an explicit defini-
tional requirement for a concurrent main pancreatic duct injury
within Grades IVand V is cause for pause.1Whilewe suspect that
most clinicians apply a Grade IV, and especially Grade V, injury
definition to pancreatic trauma that has a high likelihood of
possessing a main pancreatic duct injury, the possibility of in-
cluding injuries that may appear to have a potential main duct
lacerations/transections, but not actually possess one, is high
(i.e., a Grade II injury within the head of the gland). We believe
that this potential reality is a likely etiology for the unusually low
number of Grade IV injuries reported across most series (i.e.,
higher Grades III and V injury rates).2,5,10 Similarly, this chal-
lenge may also explain the poor summative treatment data and
optimal pathways for addressing Grade IV injuries within the lit-
erature.6,7,10,16 To better address these concerns, we evaluated
the main pancreatic duct integrity for each confirmed Grade
IV injury. Although the tools used to ensure the concurrent di-
agnosis of a main duct injury varied across patient cases and eras
(intraoperative assessment with surgeon inspection [44%] or
surgeon- performed pancreatic ultrasonography [22%]; preopera-
tive cross-sectional imaging [MRCP/CT] [17%]; postresectional
“back table” evaluation [14%]; ERCP [3%]), it remained a re-
quirement to confirm this reality to use the Grade IV definition.
Given the challenge in confirming main duct integrity in some
pancreatic injuries,10,19,27–37 we suspect that much of the literature
is mixed with true Grade IV and “pseudo-Grade IV” trauma that
dilute our anatomical understanding of pancreas-specific compli-
cations and subsequent successful treatment options.

Immediate Pancreas-Specific Outcomes
The evaluation of pancreas-specific complications in both

the resection and nonresection patients is essential to optimizing
our understanding of potential treatments. It is not surprising
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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from a pancreas anatomy and ductal hydraulics point of view
that any transectional injury to the proximal (i.e., right side/
head of gland) main pancreatic duct will lead to high output,
enzyme rich leakage.24,25 This has long been clear in cases
of traumatic injury, acute pancreatitis, and high-volume elective
pancreatic surgery. Integrity of the main pancreatic duct also
forms the foundation for complex pancreatic care (surgical, en-
doscopic, radiologic). The data in our series confirm this reality.
In retrospect, all patients with a true Grade IV injury (i.e., con-
current main duct transection) who did not undergo a resection
developed a pancreatic juice leak. While most of these leaks
were detected relatively early in the patient’s postoperative course,
one patient did present with pain and pseudo-obstruction related
to a large pseudocyst. The important summary message is that
if the clinician decides to avoid resection for a true Grade IV injury
(i.e., physiologic exhaustion; concurrent life threatening injuries;
inexperience with resectional techniques),38 then a subsequent
pancreatic leak is inevitable. This leak will be enzyme-rich and
high-volume based on proximal ductal disruption. In other words,
the goal of nonresectional interventions (surgical or not) must be
to control the predictable leak in its entirety to prevent injury to
adjacent organs, sepsis, and hemorrhage. If this is the stated goal
of the surgeon, then a controlled pancreatic fistula (i.e., via a per-
cutaneous or surgical drain) should be considered a success, as
opposed to a “complication.” This controlwill avoid potential cat-
astrophic pancreas-specific complications, such as hemorrhage,
sepsis, and peripancreatic/pancreatic necrosis.

Within the resectional cohort, postoperative leaks (i.e., con-
trolled by postoperative drains) were present in 33% of all patients.
This value is higher than usually accepted for elective resections
(extended distal pancreatectomy and pancreatoduodenectomy),
Figure 2. Suggested management of Grade IV pancreatic injuries.
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but typical for trauma-related resections.3,5,10,39 A similarly higher
rate of DGE was also noted following pancreatoduodenectomy.22

Closure of these fistulas was achieved by a combination of ad-
equate recovery time, optimal nutrition, and/or ERCP-guided
pancreatic ductal stent insertion, depending on the case. This
pathway to closure also reemphasizes the importance of adequate
collaboration with our high-volume pancreas surgery colleagues
and experienced interventional gastroenterologists. Optimal pan-
creatic care requires multidisciplinary input, regardless of the un-
derlying etiology (Fig. 1).8,24,37

Longer-Term Pancreas-Specific Outcomes
Although the pancreas-specific complications and main

duct status for Grade IV injuries is challenging to confirmwithin
the literature, there is a complete paucity of reported long-term
outcomes following pancreatic injuries. Beyond 90 days, it be-
came evident in our series that the vast majority of nonresected
patients with controlled pancreatic fistulas (80%) required an
eventual secondary operative intervention to address either the
persistent fistula or delayed main duct stricture leading to recur-
rent pancreatitis (four roux-en-Y pancreatic fistulojejunostomies,
three extended distal pancreatectomies, one Frey procedure).25,40

In comparison, all postresectional fistulas closed within 64 days.
The difference in pancreas fistula treatment and trajectory be-
tween the nonresected and resected patient cohorts highlights
the reality of a proximal pancreatic fistula as a result of main duct
disruption. Based on this comprehensive and population-based
data, it can be surmised that the goal of the surgeon in the initial
acute postinjury period is to address the Grade IV pancreatic in-
jury, and predictable high-volume pancreatic leak, with either
resection at the index operation (if patient physiology and
713
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competing priorities allow, as well as surgeon expertise avail-
able), or by controlling the fistula via adequate drainage, optimal
nutrition and excellent rehabilitation with a high associated likeli-
hood of the patient requiring a second delayed operative proce-
dure to internalize a persistent fistula (or address recurrent
pancreatitis following the development of a pancreatic ductal
stricture). It was also reassuring to note that minimal pancreatic
endocrine and exocrine insufficiency was evident in either group
following Grade IV injuries, which fits well with the initial
short-term data currently available.41

Long-Term Quality of Life Outcomes
The final piece to the Grade IV pancreatic injury puzzle is

outlined by the impact of these injuries on patients’ long-term
quality of life. Patients who did not undergo an initial resection
were more likely to report lower role physical, bodily pain, vital-
ity and mental health scores, in addition to display lower total
quality of life, mental health, and physical health scores. This
observation is not overly surprising given similar observations
in patients who possess chronic health challenges (e.g., chronic
pancreatitis, autoimmune disorders).42 Certainly, the prolonged
and complicated treatment course in patients who underwent
drainage only for their Grade IV pancreatic injuries is a likely
cause of these decreased reported quality of life scores. Ele-
ments, such as repeated operations, additional procedures (surgi-
cal or endoscopic), intermittent returns to the health care system
for assessments and treatment, and chronic pain, would each
potentially contribute to a poorer quality of life. This pattern
is confirmed by the increased need for pancreas-related visits/
assessments within the health care system for nonresection pa-
tients. If worse quality of life is the price of survival at the index
injury procedure, however, most patients (89%) reported that
they would gladly pay it forward.

Limitations inherent within this study are multifold. The
retrospective methodology (except the SF-36) introduces the
possibility of both initial treatment bias, as well as survival bias.
Although each case was confirmed to be a Grade IV pancreatic
injury, elements of the operative and/or pathology reports could
potentially possess errors. All cross-sectional images were rereviewed
by a combined trauma and HPB team, however, to eliminate po-
tential errors in the radiology reporting. The addition of concur-
rent major visceral vascular injuries to pancreatic trauma is
known to increase both morbidity and mortality.43,44 Despite
aligning well with preceding publications outlining Grade IV
pancreatic injuries, the number of patientswith synchronous vascu-
lar injuries in our series remained low and, therefore, limited our
ability to comment on the long-term outcomes and quality of life
associated with this cohort. The small study group numbers, in
general, are also subject to data fragility realities. While 78% of
all patients responded to the SF-36 quality of life questionnaire,
themissing patients may have offered a differing experience (three
patients were also deceased at the time of the SF-36). The advan-
tage of a population-based comprehensive electronic medical re-
cord allows the study investigators to track the location and
health care interactions (and deaths) associated with each patient,
unless they move out of the province of Alberta (i.e., rare).

In summary, the immediate, intermediate, and long-term
experiences for patients who sustain Grade IV pancreatic inju-
ries indicate that resection is the preferred option, when possible
714
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(Fig. 2). Given initial realities, such as patient physiologic exhaus-
tion, competing treatment priorities, and limited local experience in
pancreatic assessments and resection strategies, damage control of
Grade IV pancreatic trauma (and its associated high-volume pan-
creatic leak secondary to proximal main pancreatic duct transec-
tion), may be required. The majority of these patients will require
additional, delayed pancreas-targeted surgical interventions and re-
port poorer long-term quality of life scores, however.
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