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Abstract

This case report describes index pancreatoduodenectomy in a 32-year-old male following
a close-range gunshot wound to the abdomen, with consequent 4 cm pancreatic head
defect, duodenal and common bile duct perforation, right kidney laceration, and through-
and-through inferior vena cava (IVC) injury. Although standard trauma protocols often
favor damage control surgery (DCS) with delayed reconstruction in unstable patients, this
patient’s hemodynamic stability—attributed to retroperitoneal self-tamponade—enabled
a single-stage definitive approach. The rationale for immediate reconstruction was to
prevent the risks associated with delayed management, such as ongoing pancreatic and
biliary leakage, chemical peritonitis, and subsequent sepsis or hemorrhage. This case
highlights that, in select stable patients with severe pancreaticoduodenal trauma, immediate
pancreatoduodenectomy may be preferable to DCS, provided care is delivered in a high-
volume hepatopancreaticobiliary (HPB) center with appropriate expertise and resources.
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1. Introduction

Penetrating retroperitoneal trauma carries a significant risk of mortality, reported as
between 11 and 25% [1-4]. While patients with intraperitoneal injuries typically present
with hemodynamic instability due to ongoing hemorrhage within the distensible peritoneal
cavity [5,6], venous hemorrhage within the minimally distensible retroperitoneum can
produce a self-tamponading effect through the equalization of local venous and retroperi-
toneal pressures, thus achieving temporary hemodynamic control [7,8]. In the presented
case, this stability offered the opportunity to consider definitive repair of a major pancreatic
head injury through immediate pancreaticoduodenectomy as opposed to the standard
practice of damage control surgery (DCS) and staged repair [9]. Therefore, this case, in
conjunction with the existing literature, defines circumstances in which definitive repair
can be considered. Further, a through-and-through injury to the inferior vena cava (IVC)
presented a surgical challenge during initial exploration, given the need for prompt control
of hemorrhage following release of the self-tamponaded retroperitoneal hematoma. Draw-
ing on pre-existing techniques in endovascular occlusion of the aorta [10], we describe the
successful use of intraluminal balloon occlusion to control hemorrhage of the IVC.
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2. Case Summary

A 32-year-old man presented to an Australian level 1 trauma center following a
gunshot wound to the abdomen from close range, with an entry wound left of midline and
no exit wound. He was hemodynamically stable, with a subsequent multiphase computed
tomography (CT) scan (Figure 1) demonstrating injury to the head of the pancreas with
associated hematoma, perforation of the transverse colon, a right kidney laceration with
hematoma, and the bullet within the right posterior pararenal space. The CT scan also
suggested active bleeding from the inferior pancreaticoduodenal artery (IPDA), with likely
injury to the common bile duct (CBD) and duodenum at the ampulla, representing an
American Association for the Surgery of Trauma (AAST) grade V extrahepatic biliary tree
injury. An emergency laparotomy was subsequently performed. At the time of anesthesia
induction, the patient had a supported blood pressure of 130/60 mmHg and a heart rate of
110, with a base excess of —3.3. As part of a massive transfusion protocol, a total of 4 units
of packed red cells were administered during pre-operative resuscitation.

Figure 1. CT trauma findings. (A) Bullet (blue arrow) evident in retrorenal space with associated
hematoma. Blush and hematoma evident from IPDA. Free air from duodenal perforation. Aorta
intact. (B) Loss of IVC wall continuity (red arrow). (C) Portal vein spared, but CBD and duodenum
perforated (green arrow). (D) Bullet evident in retrorenal space with associated hematoma.

During the procedure, a non-expanding retroperitoneal hematoma was identified,
indicating a venous source of hemorrhage with retroperitoneal self-tamponade. Access
to the hematoma revealed anterior and posterior defects in the infrarenal IVC (AAST
grade III abdominal vascular injury). Hemostasis of the IVC was achieved by proximal
balloon catheter occlusion, with venorrhaphy of the posterior and anterior IVC defects
using 6-0 prolene (Figure 2). The total IVC occlusion time was approximately 6 min. A
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right nephrectomy was performed to control hemorrhage, along with an extended right
hemicolectomy. The bullet was retrieved during the procedure and sent with the operative
specimens for histopathology and subsequent forensic pathology. Intra-operatively, the
decision was made to perform a pancreaticoduodenectomy due to a 4 cm defect in the head
of the pancreas and associated duodenal perforation (Figures 3 and 4), representing an
AAST grade V pancreatic injury. During the procedure, the patient had an estimated blood
loss of 800 mL, requiring a further unit of packed red cells and one unit of cryoprecipitate.
Cell salvage was not used.

A B C

4§

Figure 2. A diagrammatic representation of intraluminal balloon occlusion of a through-and-through

inferior vena cava (IVC) injury by (A) placement of a 14 Fr Foley catheter proximally through the
defect, (B) repair of the posterior wall defect using 6-0 prolene, and (C) repair of the anterior wall
defect using 6-0 prolene and subsequent catheter removal.

Figure 3. Intra-operative photograph of head of pancreas (P) and duodenum (D), with arrow
indicating a 4 cm defect in head of pancreas.
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Figure 4. Projectile trajectory through (A) distal transverse colon, (B) pancreas and duodenum at
ampulla, (C) IVC, (D) lumbar vertebra, and (E) inferior pole of right kidney. Arrow indicates direction
of travel of projectile.

Two surgical drains were placed during the procedure, sited on the right side posterior
to the hepaticojejunostomy within the right retroperitoneum, and on the left side posterior
to the gastrojejunostomy and anterior to the pancreaticojejunostomy and hepaticojejunos-
tomy. Drain amylase levels peaked at 1891 and 22,792 units/liter on day 3 post-operation,
resolving to 90 and 757 units/liter by day 7 post-operation, upon which both drains were
removed. On serial CT imaging, there was evidence of post-operative pancreatitis without
the development of a pancreatic fistula or ongoing bile leak, which was managed support-
ively (Clavien Dindo I). The patient was commenced on prophylactic heparin 5000 units
twice daily on day 0 post-procedure, which was transitioned to prophylactic enoxaparin
40 mg once daily. He received total parenteral nutrition for 18 days post-operation, with
gradual reintroduction of oral diet in addition to pancreatic enzyme supplementation
following this. In a contrast meal follow-through CT study during this period, the patient
had no evidence of stricture or obstruction in the gastrojejunal anastomosis, and had no
significant delay in gastric emptying. The operative wound healed well, without evidence
of a surgical site infection.

The patient’s post-operative stay was complicated by a non-occlusive infrarenal IVC
thrombus and superior mesenteric vein (SMV) thrombus, which were managed with
therapeutic enoxaparin (Clavien Dindo II). After an otherwise uneventful recovery, the
patient was discharged from the hospital at 19 days post-procedure and remained well at
follow-up after three months. He returned to his baseline independent level of function
and continued to tolerate a normal diet with pancreatic enzyme supplementation. Repeat
imaging showed resolution of the IVC and SMV thrombi with no venous stenosis, and
therapeutic anticoagulation was subsequently ceased. He remains alive and well four years
post-operation.

3. Discussion

Typically, traumatic injuries involving hemorrhage are initially managed with damage
control surgery (DCS), which encompasses an abbreviated laparotomy limited to critically
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unstable patients who have suffered penetrating injuries to multiple viscera and exsan-
guinating vascular injury, with the ultimate goals being prompt control of hemorrhage and
gross contamination [11]. DCS procedures for these patients are typically performed in
the shortest time possible to prevent the self-perpetuating physiological derangements of
hypothermia, coagulopathy, and metabolic acidosis [12]. Hence, definitive repair of other
structures is delayed until the patient is clinically stable after initial damage control [13]. In
this case, patient stability was achieved by the removal and anastomosis of the perforated
bowel, a nephrectomy, and repair of the IVC.

However, pancreaticoduodenal trauma presents a more complex clinical scenario,
where a delay in definitive management may leave the patient vulnerable to the complex
physiological changes experienced in the hours following severe trauma. Specifically, de-
layed definitive repair could result in the continued leakage of enzyme-rich pancreatic fluid
into the peritoneal cavity and subsequent chemical peritonitis, which has the potential to
cause visceral and vascular injury through proteolytic and lipolytic tissue degradation [14].
This is further compounded by the disruption of the integrity of endothelial and mucosal
tight junctions, which is known to occur as part of the pro-inflammatory state induced by
severe traumatic injury [15]. In theory, this continued insult to luminal structures within
the peritoneal cavity may progress to hemorrhage or abdominal sepsis [14]. Therefore, the
risks of delaying definitive management, as preferred in DCS, must be weighed against
the fitness of the patient to undergo a more extensive surgical repair. In pancreatic trauma
of AAST grade IV and above, whereby there is gross disruption of the pancreatic head,
bile duct, and duodenum, pancreaticoduodenectomy is unavoidable [16]. However, there
is a paucity of investigation into the procedure in the trauma setting owing to the rarity
of injury and a well-reported reluctance to perform such a complex and time-consuming
procedure in patients who are predominantly unstable at presentation. Most of these
patients undergo a two-step or delayed pancreaticoduodenectomy once hemostasis and
patient stability are ensured in a bid to avoid anastomotic breakdown and minimize DCS
duration [17].

Large database studies have sought to compare patients with high-grade pancreatic
injuries who did and did not undergo a trauma pancreaticoduodenectomy at index surgery.
A propensity-matched analysis of patients with grade III/IV pancreaticoduodenal injuries
using data from the Trauma Quality Improvement Program demonstrated comparable
mortality between those who did and did not undergo trauma pancreaticoduodenectomy
at index surgery (20.0% vs. 28.7%) [1]. However, those who underwent immediate pan-
creaticoduodenectomy had a 3-fold increase in the risk of major complications, largely
owing to an increase in the rate of deep vein thrombosis, and had a longer median length
of hospital stay. A similar analysis of patients with grade IV/V pancreaticoduodenal
injuries using data from the National Trauma Data Bank also demonstrated no difference
in mortality (33% vs. 37%) between patients who did or did not undergo an immediate
pancreaticoduodenectomy and showed no difference in complications or the length of
stay [18]. It should be noted that in both large database studies, patients who did not
undergo pancreaticoduodenectomy received a heterogeneous range of conservative pro-
cedures, including partial pancreatectomy, simple repair, and drainage, and both studies
excluded patients who underwent a delayed pancreaticoduodenectomy. While pancreati-
coduodenectomy could feasibly be avoided in patients without proximal ductal disruption
or non-reconstructable injuries, these studies do not aid in the decision-making for patients
in whom pancreaticoduodenectomy is deemed unavoidable.

A recent systematic review and meta-analysis published in 2020 focused exclusively
on patients who underwent a trauma pancreaticoduodenectomy, comparing a single-stage
to a two-stage approach in 149 patients with grade IV and V injuries since 1983 [19]. All
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patients in this analysis who underwent a two-stage procedure were hemodynamically
unstable. The majority of studies concluded that a delayed reconstructive approach should
be favored in this unstable cohort, and that a single-stage procedure should be restricted
only to stable patients. Despite this, patients with hemodynamic instability who underwent
a single-stage procedure (mortality 34.2%) demonstrated a trend towards reduced mortality
compared to those undergoing a two-stage procedure (mortality 38.7%). In comparison,
stable patients undergoing a single-stage procedure demonstrated a mortality rate of only
14.6%. Although they noted that post-operative complications were common following
trauma pancreaticoduodenectomy, a comparison of the complication rate between single-
and two-stage procedures was not performed.

A subsequent single-center study conducted over a 14-year period in 2024 included
13 patients who underwent a trauma pancreaticoduodenectomy, approximately half of
whom underwent a single-stage procedure [20]. Despite having comparable injury
severity as measured by the injury severity score (ISS), patients who underwent pan-
creaticoduodenectomy at index surgery experienced reduced hospital length of stay
(35.7 days vs. 41.3 days), reduced number of complications (1 vs. 1.7), and reduced mortal-
ity (0 patients vs. 2 patients) compared to those who underwent a staged procedure. This
may reflect the appropriate selection of patients for immediate reconstruction, given that
those who underwent a single-stage procedure had, overall, a higher mean blood pressure,
lower mean heart rate, and smaller base deficit.

Based on these studies and experience at our center, we suggest a decision-making
pathway for high-grade pancreaticoduodenal injury (Figure 5). Patients without signif-
icant physiological derangements with major proximal ductal disruption (AAST grade
IV/V) should be considered for index pancreaticoduodenectomy. Patients requiring pan-
creaticoduodenectomy who are unable to tolerate a lengthy procedure due to profound
hemodynamic instability or acidosis that is unresponsive to resuscitative efforts should be
considered for DCS with a delayed reconstructive approach. As part of this decision-making
process, it must be acknowledged that the outcome of this complex surgical repair is heav-
ily determined by the peri-operative expertise of the surgical team in the management of
pancreatic injury. As recommended by Krige et al. [21], trauma pancreaticoduodenectomy
should only be undertaken by an experienced hepatopancreaticobiliary (HPB) surgeon.
Penetrating firearm injury is an exceptionally rare occurrence in Australia [22], meaning pa-
tients with high-grade injury to the pancreas must be promptly transported to and treated
in an HPB center well-equipped for the peri-operative management of these patients. A
conservative approach may therefore be opted for in cases where such surgical expertise
and skilled post-surgical care are not readily available, such as in combat settings.

The feasibility of index pancreaticoduodenectomy in the described case was aided by
prompt control of hemorrhage from the IVC injury. While current research surrounding
REBOVC investigates percutaneous femoral access for catheter-led balloon occlusion of the
IVC in animal models [23] and in human case reports [24], the technique described in this
case utilizes the IVC lesion as a port of entry for the Foley catheter to achieve intraluminal
balloon occlusion (Figure 4). This technique facilitated a brief ischemia time of only 6 min
and is supported by previous case reports in achieving minimal dissection, improved
exposure, and reduced operating time [25-28]. Data from the American Association for
the Surgery of Trauma PROspective Observational Vascular Injury Treatment (PROOVIT)
registry suggests that endovascular control of vena caval hemorrhage is utilized in as few
as 2% of traumatic IVC injuries [29]; however, its successful application in these case series
and the present case suggests its value as an adjunct in achieving hemodynamic stability in
the setting of major vascular injury.
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Figure 5. Decision-making algorithm for patients with AAST grade IV/V pancreatic injuries.

4. Conclusions

This case has illustrated that the clinical status of the patient must be taken into account
when considering the surgical approach to repair pancreaticoduodenal trauma. Although
instances of traumatic multi-organ injury to retroperitoneal structures are relatively rare,
this case may serve as an example for intra-operative decision-making under similar
circumstances in other tertiary HPB centers.
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