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9 INJURIES TO THE PANCREAS AND 
DUODENUM

Pancreatic and duodenal injuries continue to challenge trauma
surgeons.The relative rarity of these unforgiving injuries, the diffi-
culty of diagnosing them in a timely manner, and the high mor-
bidity and mortality associated with them justify the anxiety they
evoke. Because of the deep, central, and retroperitoneal location of
the pancreas and much of the duodenum, trauma to these organs
is infrequent; however, this relatively protected anatomic location
also is the reason for the diagnostic difficulty and contributes to
the high morbidity and mortality. Mortality for pancreatic trauma
ranges from 9% to 34%. Duodenal injuries are similarly lethal,
with mortality ranging from 6% to 25%. Complications after duo-
denal or pancreatic injuries are alarmingly frequent, occurring in
30% to 60% of patients.1,2 If these injuries are recognized early,
treatment is straightforward, and morbidity and mortality are low;
if they are recognized late, they typically follow a protracted, diffi-
cult clinical course, often ending in a devastating outcome.

Injuries to the Pancreas

DIAGNOSIS 

The two most important determinants of outcome after pancre-
atic injury are (1) the status of the main pancreatic duct and (2) the
time interval between initial trauma and definitive management of
a duct injury. These determinants were probably first recognized
and emphasized in 1962 by Baker and associates.3Two subsequent
reviews of pancreatic trauma cases at the University of Louisville
confirmed the importance of determining pancreatic duct status.
The first found that resection of distal duct injuries, as opposed to
drainage alone, significantly lowered postoperative morbidity and
mortality.4 The second confirmed this observation by noting that
pancreatic resection distal to the site of duct injury caused mortal-
ity at the University to decrease from 19% to 3%.5 Experience at
my institution (University of Washington School of Medicine) sup-
ported this finding, in that accurate determination of the status of
the pancreatic duct with intraoperative pancreatography was found
to reduce the complication rate from 55% to 15%.6

Unfortunately, the cross-sectional body-imaging techniques
currently employed in multiply injured patients (e.g., abdominal
computed tomography) are not sensitive enough for accurate
assessment of duct status, and operation for direct inspection car-
ries its own morbidity. Thus, the main challenge in addressing
potential pancreatic trauma is to make an early determination of
whether or not a pancreatic duct injury has occurred.

Which diagnostic techniques are most useful in a patient with a
possible pancreatic injury depends on the mechanism of injury, the
presence or absence of other indications for early laparotomy, and
the time that has elapsed since the initial abdominal insult
occurred. If the patient has a clear indication for laparotomy, there
is little or no need for preoperative evaluation directed at identify-
ing a possible pancreatic injury, because the diagnosis of such
injury must be made intraoperatively. If, however, the patient does

not require immediate laparotomy for hemorrhage or bowel perfo-
ration, establishing the presence of pancreatic injury is a consider-
able challenge, made more difficult by the knowledge that a missed
pancreatic duct injury has dire consequences for the patient.7-10

There are isolated reports of patients with complete duct tran-
section who remain asymptomatic for weeks, months, or even years
after the initial injury.5,7,8,11 More commonly, however, patients
with pancreatic duct injuries that were initially missed manifest an
abdominal crisis within a few days after the injury.12-14 The reasons
why physical signs and symptoms may not develop promptly are
related to the retroperitoneal location of the pancreas, the inactivi-
ty of pancreatic enzymes after an isolated injury, and the decreased
secretion of pancreatic fluid after trauma. Early identification of a
subtle pancreatic injury therefore depends on a high index of sus-
picion, a carefully planned approach, and close observation.

A high index of suspicion is warranted in any patient who has
sustained a direct high-energy blow to the epigastrium—for exam-
ple, from a crushed steering wheel (in an adult) or a bicycle or tri-
cycle handlebar (in a child).15,16 The energy of impact causes the
retroperitoneal structures to be crushed against the spine, and the
pancreas is typically transected at this point. The presence of soft
tissue contusion in the upper abdomen or disruption of the lower
ribs or costal cartilages should suggest possible pancreatic injury.
Epigastric pain that is out of proportion to the abdominal exami-
nation findings is often another clue to a retroperitoneal injury.

Although the highest concentration of amylase in the human
body is in the pancreas, hyperamylasemia is not a reliable indicator
of pancreatic trauma. In one series, only 8% of hyperamylasemic
patients with blunt abdominal trauma had pancreatic duct injuries.17

As many as 40% of patients with pancreatic injuries may initially
have normal serum amylase levels.18,19 In addition, there is evi-
dence that isolated brain injury can cause elevated amylase20 or
lipase levels21 through a central mechanism that remains to be clar-
ified. Nonetheless, the presence of hyperamylasemia should raise
the index of suspicion for pancreatic injury.The time between pan-
creatic duct injury and serum amylase determination may be criti-
cal. In a report of 73 patients with documented blunt injury to the
pancreas, serum amylase levels were elevated in 61 patients (84%)
and normal in 12 (16%).22 Patients with elevated serum amylase
levels were assayed 7 ± 1.5 hours after injury, whereas those with
normal levels were assayed 1.3 ± 0.2 hours after injury.The inves-
tigators concluded that determination of serum amylase levels
within 3 hours after injury did not yield diagnostic results.

Review of the available data suggests that the sensitivity of
serum amylase level determination in detecting blunt pancreatic
trauma ranges from 48% to 85% and that the specificity ranges
from 0% to 81%.1The negative predictive value of the serum amy-
lase level after blunt trauma is about 95%.18,19,23 The sensitivity
and the positive predictive value may be increased if the serum
amylase level is obtained more than 3 hours after injury.The con-
clusion to be drawn is that 95% of blunt abdominal trauma pa-
tients with normal amylase levels will not have a pancreatic injury.
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An elevated amylase level in serum or peritoneal lavage effluent
does not necessarily confirm the presence of a pancreatic injury,
but it does mandate further evaluation.

Blunt abdominal trauma patients with hyperamylasemia in
whom the results of abdominal examination are reliable and benign
are carefully observed, and the amylase level is measured again
after several hours. Persistent elevation of serum amylase levels or
the development of abdominal symptoms is an indication for fur-
ther evaluation, which may include abdominal CT, endoscopic
retrograde cholangiopancreatography (ERCP), or surgical explo-
ration. If the abdominal examination initially yields equivocal or
unreliable results in a hemodynamically stable patient with hyper-
amylasemia, a dual-contrast (i.e., intravenous and oral) abdom-
inal CT scan should be done as part of the initial evaluation. If
abdominal symptoms subsequently develop or the amylase level
does not return to normal, directed evaluation of the pancreas by
means of repeat abdominal CT, ERCP, or surgical exploration is
warranted.

Overall, abdominal CT is reported to be 70% to 80% sensitive
and specific for diagnosing pancreatic injury, though its accuracy
is largely dependent on the experience of the interpreter, the qual-
ity of the scanner, and the time elapsed since injury.24-26 Charac-
teristic CT findings associated with pancreatic injury include direct
visualization of a parenchymal fracture, an intrapancreatic hema-
toma, fluid in the lesser sac, fluid separating the splenic vein and
the pancreatic body, a thickened left anterior renal fascia, and a re-
troperitoneal hematoma or fluid collection. These findings often
are subtle and rarely are all present in one patient.27 If the patient
is examined immediately after injury, some of the CT signs of
pancreatic injury may not yet be apparent, which may be part of
the explanation for the false negative CT scans reported in as many
as 40% of patients with significant pancreatic injuries.28 This pos-
sibility is not sufficient grounds for delaying CT evaluation, but it
is an argument for repeating CT if symptoms persist.

ERCP has no role in the acute evaluation of hemodynamically
unstable patients, but numerous reports over the past decade have
indicated that it can be useful in the diagnosis and management
of pancreatic trauma. Currently, ERCP is the best available
modality for imaging the pancreatic duct and its divisions, but it
usually involves anesthesia, and it is not readily or widely available.
For the most part, ERCP has been used in the setting of a late or
missed diagnosis of pancreatic duct injury, occasionally with
transductal stenting to manage the injury, particularly in chil-
dren.29-33 Appropriate application of ERCP is an evolving issue
that will continue to foster investigations, but any application will
continue to be based on the principle of timely diagnosis, recog-
nition, and management of pancreatic duct injury.4,34 If ERCP is
done early and shows intact pancreatic ducts (including the sec-
ondary and tertiary radicles) without any extravasation, nonoper-
ative therapy is permissible if no associated injuries are present.35

The difficulties in this management scheme are determining
which patients should undergo ERCP and getting the ERCP
accomplished promptly.36,37

Magnetic resonance imaging has emerged as a potentially valu-
able technique for evaluation of the pancreatic duct.38,39 Although
to date, magnetic resonance pancreatography (MRP) has primar-
ily been employed in elective settings, it has also been employed
as a noninvasive alternative method of determining the status of
the main pancreatic duct in patients with pancreatic injuries. Early
reports suggest that MRP is unreliable early after injury but is use-
ful for delayed diagnosis and management.10 Further study of its
sensitivity and specificity in this setting appears warranted.

Intraoperative Evaluation

Careful inspection of the pancreas and classification of injuries
[see Management, Classification of Pancreatic Injuries, below] are
often complicated by the extent and severity of associated injuries
and occasionally hindered by the reluctance of the surgeon to
mobilize retroperitoneal structures. Clues suggesting pancreatic
injury include the injury mechanisms described (see above), the
presence of an upper abdominal wall contusion or abrasion, and
concomitant lower thoracic spine fractures. The presence of an
upper abdominal central retroperitoneal hematoma, edema around
the pancreatic gland and the lesser sac, and retroperitoneal bile
staining mandate thorough pancreatic inspection.

Inspection of the pancreas requires complete exposure of the
gland. First, the lesser sac is opened through the gastrocolic liga-
ment just outside the gastroepiploic vessels.This exposure is car-
ried far to the patient’s left, fully opening the lesser sac and free-
ing the transverse colon. The transverse colon is then retracted
downward and the stomach upward and anteriorly [see Figure 1].
Frequently, there are a few adhesions between the posterior stom-
ach and the anterior surface of the pancreas that must be incised.
Next, a complete Kocher maneuver is performed to provide 
adequate visualization of the pancreatic head and the uncinate
process. In addition, mobilization of the hepatic flexure of the
colon (a frequently overlooked maneuver) greatly facilitates visu-
alization and bimanual examination of the head and neck of the
pancreas. Inspection of the pancreatic tail requires exposure of the
splenic hilum. If the injury involves the tail, the peritoneal attach-
ments lateral to the spleen and colon are divided, and the colon,
the spleen, and the body and tail of the pancreas are then mobi-
lized forward and medially by creating a plane between the kidney
and the pancreas with blunt finger dissection.This maneuver per-
mits bimanual palpation of the pancreas and inspection of its pos-
terior surface.

Injuries to the major pancreatic duct occur in perhaps 15% to
20% of cases of pancreatic trauma. At my institution, of 193 pa-
tients with pancreatic injuries managed over a period of 15 years,
only 27 (14%) had grade III injuries, and 10 (5%) had grade IV
or V injuries.2 Studies from the 1970s and 1980s observed that
penetrating trauma was more likely to cause pancreatic duct in-
jury than blunt trauma was,40,41 but subsequent reviews did not
confirm these observations.2,42

The majority of pancreatic duct injuries, regardless of mecha-
nism, can be diagnosed through careful inspection of the injury
tract after adequate exposure. All penetrating wounds should be
traced from the entry point through the surrounding tissue to the
exit point or the end of the tract. If the pancreas was damaged by
a knife or a bullet, it is necessary to determine the integrity of the
major pancreatic duct.With most penetrating wounds to the mar-
gins of the gland, the pancreas can be inspected directly and duct
integrity confirmed.With penetrating wounds to the head, neck,
or central portion of the pancreas, however, further evaluation is
often required. Occasionally, intravenous injection of 1 to 2 µg of
cholecystokinin pancreozymin (CCK-PZ) may stimulate pancre-
atic secretions enough to allow an otherwise unrecognized major
pancreatic duct injury to be identified.The remaining few injuries
may necessitate the use of more elaborate investigative tech-
niques, including intraoperative pancreatography (see below).

Minor blunt contusions or lacerations of the pancreatic sub-
stance usually do not necessitate further evaluation of the pancre-
atic duct and can be effectively managed with closed suction
drainage. The presence of an intact pancreatic capsule, however,
does not necessarily rule out complete division of the pancreatic
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duct, and on rare occasions, a blunt impact on the pancreas can
result in transection of the major duct without complete transec-
tion of the gland.5 Under these circumstances, establishing the sta-
tus of the major duct system is an essential step in determining
therapy and in anticipating late morbidity and mortality. In one
study, routine performance of intraoperative pancreatography
when proximal pancreatic duct injury was suspected reduced
postoperative morbidity from 55% to 15%.6

Intraoperative imaging of the pancreatic duct can be performed
with ERCP, direct open ampullary cannulation, or needle cholan-
giopancreatography. Intraoperative ERCP is cumbersome and
often difficult to coordinate during an emergency operation, but it
has been used in this setting.43 Duodenotomy and direct
ampullary cannulation—or even transection of the tail of the pan-
creas and distal duct cannulation—have been employed in the
past, but as a consequence of advances in perioperative imaging,
improvements in exposure and direct visualization of the pancreas,
and effective use of wide closed suction drainage and postopera-
tive ERCP, these very invasive diagnostic methods of imaging the
pancreatic duct have largely been abandoned.44 Needle cholecys-
tocholangiopancreatography remains a useful intraoperative
adjunct in the evaluation of the pancreatic duct. This technique
involves cannulating the gallbladder with an 18-gauge angio-
catheter and injecting 30 to 75 ml of three-quarter–strength water-

soluble contrast material under fluoroscopic guidance. It typically
yields clear images of the biliary tree, and in one study, it success-
fully visualized the pancreatic duct in 64% of the patients (7/11).2
Contracture of the sphincter of Oddi from I.V. morphine admin-
istration may enhance the likelihood of pancreatic duct visualiza-
tion. A cholecystectomy is not necessary after this procedure.

MANAGEMENT

Classification of Pancreatic Injuries

Classification of pancreatic injuries is based on the status of the
pancreatic duct and the site of injury relative to the neck of the
pancreas. Several different classification systems have been devised
to catalogue pancreatic injuries.39,44,45 At present, the most widely
used system is the one devised by the American Association for the
Surgery of Trauma (AAST) [see Table 1], which addresses the key
issues of parenchymal disruption and major pancreatic duct status
by focusing on the anatomic location of the injury for the more
severe (grade III to V) injuries.46

The management alternatives for proximal pancreatic duct
injuries differ from those for distal duct and parenchymal injuries
[see Figure 2]. For parenchymal contusions or lacerations with min-
imal or no parenchymal tissue loss and no duct injury (grade I or
II), the only treatment required is external drainage. For combined

Figure 1 Illustrated is the appearance of a contusion to the body of the pancreas overlying the vertebral
column, as seen from the lesser sac (a). The pancreas is mobilized to determine whether a fracture is
present and to assess the likelihood of a duct injury. This exposure is best accomplished by dissecting
along the inferior border of the gland, dividing the inferior mesenteric vein if necessary, and reflecting
the pancreas superiorly (b).



duodenal and pancreatic head injuries that include the major duct
or the ampulla, the required treatment is a combined pancreatico-
duodenectomy (Whipple procedure). The difficult decisions in
managing pancreatic trauma involve patients with parenchymal
disruption and major duct injury. By focusing on the anatomic
location of duct and parenchymal injury (proximal versus distal),
the AAST classification provides a useful management guide.

Grades I and II: Contusions and Lacerations without 
Duct Injury

Minor pancreatic contusions, hematomas, and capsular lacera-
tions (grade I) account for about 50% of all pancreatic injuries; lac-
erations of the pancreatic parenchyma without major duct disrup-
tion or tissue loss (grade II) account for an additional 25%.These
injuries are treated with hemostasis and adequate external
drainage.47 No attempt should be made to repair capsular lacera-
tions, because closure may result in a pancreatic pseudocyst,
whereas a controlled pancreatic fistula is usually self-limiting. Soft
closed suction drains (Jackson–Pratt) are preferred to Penrose
drains or sump drains because intra-abdominal abscess formation
is less likely, effluent is more reliably collected, and the skin ex-
coriation at the exit site is significantly less with closed suction
drains.15,48,49 Drains are removed when the amylase concentrations
in the drains are lower than the serum concentration, which gener-
ally occurs within 24 to 48 hours. An international consensus
group has defined pancreatic fistula as the persistence of any mea-
surable volume of drain output on or after postoperative day 3 with
an amylase content higher than three times the serum amylase con-
tent.50 This group has also defined three grades of pancreatic fistu-
la complications [see Complications, below]. Drains are generally
left in situ until there is no evidence of pancreatic leakage.

Nutrition should be provided via the oral or gastric route as
soon as possible. In patients with severe pancreatic injuries, how-
ever, prolonged gastric ileus or pancreatic complications may pre-
clude standard gastric feeding. Because most tube-feeding formu-
las are high in fat and increase pancreatic effluent volume and
amylase concentration, elemental diets, which have a lower fat
content and a higher pH and tend to be less stimulating to the
pancreas, are preferred.51,52

Creation of a needle-catheter jejunostomy or a small-feeding-
tube jejunostomy at the time of the initial celiotomy should be
considered for all patients with grade III to V pancreatic injuries.
This measure allows early postoperative enteral nutrition and
avoids committing patients who cannot tolerate oral or gastric
feedings to total parenteral nutrition (TPN). Surgically placed
feeding tubes are, however, associated with some degree of mor-
bidity. In a study from my institution, feeding jejunostomies had a
major complication rate of 4% in severely injured patients.53

Needle-catheter jejunostomies were associated with fewer compli-
cations than Witzel-tube jejunostomies—hence my preference for
the smaller-caliber feeding tube.

Grade III: Distal Transection or Distal Parenchymal 
Injury with Duct Disruption

The anatomic distinction between the proximal and the distal
pancreas is generally defined by the superior mesenteric vessels
passing behind the pancreas at the junction of the pancreatic head
and body. In the gland itself, there is no true anatomic distinction
between the head, the body, and the tail, but dividing the organ into
these three parts is useful for estimating residual pancreatic endo-
crine and exocrine function. A 1994 study found that a distal pan-
creatic resection at the portal vein removed an average of 56% of
the gland by weight (range, 36% to 69%).54 Because most blunt-
trauma pancreatic injuries occur at the spine, which is just to the
patient’s left of the portal vein as it crosses behind the pancreas, a
distal pancreatectomy in this circumstance involves resecting, on
average, 56% of the gland. A resection at the common bile duct
(CBD), on the other hand, removes an average of 89% of the gland
(range, 64% to 95%). Although there have been reports of normal
endocrine and exocrine function after a 90% pancreatectomy, every
possible effort should be made to leave at least 20% of the pan-
creatic tissue in situ to minimize postoperative complications.55,56

Distal parenchymal transection, particularly if it involves dis-
ruption of the main pancreatic duct, is best treated by means of
distal pancreatectomy [see Figure 3]. If there is any concern regard-
ing the status of the remaining proximal main pancreatic duct,
intraoperative pancreatography should be performed through the
open end of the proximal duct. If the remaining proximal duct is
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Injured Structure

Pancreas

Duodenum

Table 1—AAST Organ Injury Scales for Pancreas and Duodenum

AIS-90 Score

2

2; 3

3

4

5

2; 3

2; 4

4

5

5

Characteristics of Injury

Small hematoma without duct injury; superficial laceration without duct injury

Large hematoma without duct injury or tissue loss; major laceration without duct injury or tissue loss

Distal transection or parenchymal laceration with duct injury

Proximal† transection or parenchymal laceration involving ampulla

Massive disruption of pancreatic head

Single-segment hematoma; partial-thickness laceration without perforation

Multiple-segment hematoma; small (< 50% of circumference) laceration

Large laceration (50%–75% of circumference of segment D2 or 50%–100% of circumference of 
segment D1, D3, or D4)

Very large (75%–100%) laceration of segment D2; rupture of ampulla or distal CBD

Massive duodenopancreatic injury; devascularization of duodenum

AAST Grade*

I

II

III

IV

V

I

II

III

IV

V

*Advance one grade for multiple injuries, up to grade III.
†Proximal pancreas is to the patient’s right of the superior mesenteric vein.
AAST—American Association for the Surgery of Trauma AIS-90—Abbreviated Injury Score, 1990 version CBD—common bile duct



normal, the transected duct should be identified and closed with
a direct U stitch ligature using nonabsorbable monofilament
suture material.57The parenchyma may be closed with a large (4.8
mm) TA-55 stapler57,58; however, I find that this crushes the resid-
ual pancreas excessively, and I prefer to place mattress sutures
through the full thickness of the pancreatic gland from the anteri-
or to the posterior capsule to minimize leakage from the transect-
ed parenchyma. Although most surgeons prefer nonabsorbable
suture material for pancreatic stump closure, one report found
that complication rates were lower when absorbable polyglycolic
acid sutures were employed.34 A small omental patch may be used
to buttress the surface, and a drain should be left near the tran-
section line.

Concerns about the possibility of overwhelming postsplenec-
tomy infection (OPSI) and subphrenic abscess formation after
splenectomy have prompted several authors to consider distal
pancreatectomy without splenectomy. The technical challenge in
pancreatectomy with splenic salvage is how to isolate the pancre-
atic branch vessels off the splenic vein and artery and ligate them
without causing injury to the splenic hilum and thrombosis of the
splenic vein. Generous mobilization of the entire pancreatic gland
and the spleen is a prerequisite. On average, there are 22 tribu-
taries of the splenic vein and seven branches of the splenic artery
that must be ligated.59 One report suggested that this maneuver
would increase operating time by an average of 50 minutes (range,
37 to 80 minutes).60 Another reported splenic salvage in 21 (64%)
of the 33 patients who underwent distal pancreatic resection.13

The increased operating time and the potential blood loss associ-
ated with pancreatectomy without splenectomy must be balanced
against the slight risk of OPSI. In my view, the balance favors
splenic salvage only when the patient is hemodynamically stable
and normothermic and when the pancreatic injury is isolated or
occurs with only minor associated injuries.

Grade IV: Proximal Transection or Parenchymal 
Injury with Probable Duct Disruption

Injuries to the pancreatic head represent the most challenging
management dilemmas.The key steps in immediate management,
in order of importance, are (1) to control bleeding, (2) to halt con-
tamination, and (3) to define the anatomy of the injury. Only
when these steps have been carried out is effective management
possible.

In particular, it is essential that the surgeon define the anatomy
of the pancreatic duct in patients who have sustained proximal
pancreatic injuries. This can usually be accomplished through
local inspection and exploration of the defect to determine the sta-
tus of the duct.61 If local exploration fails to determine the status
of the main pancreatic duct, intraoperative pancreatography (see
above) is strongly recommended. The only exception to this
approach involves hemodynamically unstable patients with
hypothermia, acidosis, and coagulopathy, for whom simple dam-
age-control surgery is advised.

Some experienced surgeons have expressed reservations about
making a duodenotomy to perform pancreatography. In many
cases (64%, according to experience at my institution), needle
cholecystocholangiopancreatography can image the pancreatic
duct along with the distal CBD.2 If this technique proves unsuc-
cessful, the best approach consists of wide external drainage with
several closed suction drains in conjunction with planned early
postoperative ERCP or MRP. If postoperative ERCP confirms the
presence of major proximal pancreatic duct injury, pancreatic
duct stenting may be considered as an alternative to near-total
pancreatectomy. A growing body of experience suggests that pan-
creatic duct stenting is a promising approach30,32,33; however, at
least one report has found it to yield discouraging results, citing
long-term stricture development and acute sepsis as particular
problems.10
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Treat with unroofing, careful inspection 
to confirm absence of duct injury, and 
drainage.

Perform distal pancreatectomy, with or without 
splenic salvage. (Splenic salvage is particularly
worth considering in children.) 

Perform pancreaticoduodenectomy 
(Whipple procedure).

History of high-energy direct blow to epigastrium 
is suggestive.
Obtain serum amylase levels.
Perform CT with I.V. contrast (repeated if necessary).
If pancreatic trauma is likely, perform laparotomy for 
inspection of pancreas and grading of injury. 

Grade I or II

Unstable patient: treat with hemostasis and drainage, with 
postoperative ERCP to define duct anatomy and allow duct 
stenting if indicated.
Stable patient: divide pancreas completely, oversew proximal 
stump, and perform Roux-en-Y anastomosis of distal pancreatic 
remnant to jejunal limb.
Consider adding pyloric exclusion.

Grade IV

Grade III Grade V

Patient has possible pancreatic injury

Figure 2 Algorithm outlines the treatment of
pancreatic injury.131



If the proximal pancreatic duct is injured but the ampulla and
the duodenum are spared (a rare scenario), two options are avail-
able.The first option is extended distal pancreatectomy, resulting
in subtotal removal of the gland. The proximal residual gland
should drain into the duodenum in a normal fashion if the duct is
intact.Wide external drainage of the residual pancreatic duct sur-
face must be provided. I do not add pyloric exclusion or duodenal
defunctionalization or diverticularization [see Combined Pancreatic-
Duodenal Injuries, below] to this procedure, though others advo-
cate the use of such techniques in this circumstance.51,61 If it appears
that the residual proximal pancreatic tissue may be inadequate to
provide endocrine or exocrine function, the second option may be
applied, which is to preserve the pancreatic tail distal to the injury
by performing a Roux-en-Y pancreaticojejunostomy [see Figure 4].
This technique involves division of the pancreas at the site of
injury, debridement of injured parenchyma, secure closure of the
proximal duct and the parenchyma, and anastomosis of the open
end of the divided distal pancreas to the Roux-en-Y jejunal limb.

A review of 399 patients with pancreatic injuries from four sepa-
rate published reports revealed that only two (0.5%) patients
underwent Roux-en-Y drainage of the distal segment of a tran-
sected pancreatic gland.13,34,62,63 A report from the University of
Tennessee at Memphis is compelling for its findings regarding the
effectiveness of drainage alone, without extended pancreatectomy,
particularly for proximal pancreatic gland injuries in which the
duct status is unclear.13 A total of 37 patients with proximal pan-
creatic duct injuries were managed with closed suction drainage
alone, and the fistula and abscess rate was a modest 13.5%. Be-
cause pancreatography was not performed in these patients, the
status of the pancreatic duct was not defined. Thus, it remains
unclear whether this technique is truly effective in the presence of
a major pancreatic duct injury.

In cases of incomplete pancreatic parenchymal transection,
some surgeons have employed an end-to-side jejunopancreatic
anastomosis.This technique is not recommended, because of the
difficulty of ensuring the integrity of the anastomosis and because
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Figure 3 Illustrated is distal
pancreatectomy with salvage of
the spleen (a) and without
splenic salvage (b).



of the potential for a high-output pancreatic fistula resulting from
the posterior pancreatic wound. A report from Emory University
illustrated the high complication rate associated with this dated
technique: of the seven patients in whom the technique was used
(out of a total of 283 patients), five (71%) had fistulas and three
(43%) died.49

Again, provisions should be made for early enteral nutritional
support in all patients with major pancreatic duct injuries. A mea-
sure of foresight in placing a jejunal feeding tube at the time of the
initial celiotomy will be amply rewarded by the institution of a
simplified and advantageous enteral nutrition regimen.64 Ele-
mental or short-chain polypeptide feeding formulas are particular-
ly useful in this situation. These formulas may be delivered via a
needle-catheter jejunostomy, which is the approach I prefer.52,53

Combined Pancreatic-Duodenal Injuries

Severe combined injuries to the pancreatic head and the duo-
denum are, fortunately, rare. In one study, only 48 (3%) of 1,404
patients with pancreatic duct injuries reported between 1981 and
1990 underwent pancreaticoduodenectomy.65 These combined
injuries are most commonly caused by penetrating trauma and
occur in association with multiple other intra-abdominal injuries.
In fact, the associated injuries are the primary cause of mortality,
a fact that again underscores the importance of hemorrhage con-
trol and contamination control in dealing with pancreatic or duo-

denal injury. Most of the immediate mortality in patients with
combined pancreatic and duodenal injuries is attributable to
major vascular injury in the vicinity of the head of the pancreas.
Provided that immediate control of hemorrhage and adequate
resuscitation can be achieved, the Whipple procedure [see 5:24
Pancreatic Procedures] remains the preferred option in the select
group of patients who have unreconstructable injuries to the
ampulla or the proximal pancreatic duct or who have massive
destruction of both the duodenum and the pancreatic head. In
these patients, pancreaticoduodenectomy is essentially the com-
pletion of surgical debridement of devitalized tissue. For patients
with hemodynamic instability, hypothermia, coagulopathy, and
acidosis, a staged operative approach (i.e., damage-control surgery)
is advocated. First, hemorrhage is controlled; next, bowel and bac-
terial contamination are managed; and finally, the anatomy of the
injury is identified.The patient is then resuscitated in the ICU and
returned to the operating room for definitive reconstruction and
anastomoses when stabilized (generally, 24 to 48 hours later).

Because of the large number of possible combinations of
injuries to the pancreas and the duodenum, no single therapeutic
approach is appropriate for all patients. In a review of 129 cases of
combined pancreatic-duodenal injuries, 24% of the patients were
treated with simple repair and drainage, 50% underwent repair
and pyloric exclusion, and only 10% required a Whipple proce-
dure.61The best treatment option for a given patient is determined
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Figure 4 If a patient has a grade IV
injury to the pancreatic head and there
is concern regarding whether the prox-
imal residual gland would have ade-
quate endocrine and exocrine function
if the distal gland is resected in an
extended distal pancreatectomy, an
option is to preserve the uninjured 
portion of the distal gland. This is done
by dividing the pancreas at the site of
the injury and performing a Roux-en-Y
pancreaticojejunostomy to allow the
distal pancreas to drain into the 
jejunal limb.



by the integrity of the distal CBD and the ampulla, as well as by
the severity of the duodenal injury. For this reason, every patient
with a combined pancreatic-duodenal injury should undergo cho-
langiography, pancreatography, and evaluation of the ampulla. If
the CBD and the ampulla are intact (as they are in the majority of
cases), the duodenum may be closed primarily and the pancreatic
duct injury treated as described (see above). If the status of the
pancreatic duct cannot be determined intraoperatively, wide exter-
nal drainage of the pancreatic head with closed suction drains,
rather than total pancreatectomy, should be performed, followed
by early postoperative ERCP or MRP.

In cases of severe injury to the duodenum, it may be advisable
to divert gastric contents away from the duodenal repair. One
technique for accomplishing this diversion is duodenal diverticu-
larization, which employs primary closure of the duodenal wound,
antrectomy, vagotomy, end-to-side gastrojejunostomy, drainage of
the CBD with a T tube, and lateral tube duodenostomy [see Figure
5].The goals are (1) complete diversion of both gastric and biliary
contents away from the duodenal injury, (2) provision of enteral
nutrition via the gastrojejunostomy, and (3) conversion of a poten-
tial uncontrolled lateral duodenal fistula to a controlled fistula.

A less formidable and less destructive alternative technique for
diversion of gastric contents is pyloric exclusion, which does not
employ antrectomy, biliary diversion, or vagotomy [see Figure
6].51,66-68 This procedure is performed through a gastrotomy and
involves grasping the pylorus with a Babcock clamp, suturing the
pylorus closed with absorbable size 0 polyglycolic acid or polygly-
conate, and constructing a loop gastrojejunostomy. Gastric flow is
then diverted away from the duodenum for several weeks while the
duodenal and pancreatic duct injuries heal. After a period of 2

weeks to 2 months, the pylorus opens and the gastrojejunostomy
functionally closes. One group has described a technical method
of controlling the release of the pyloric exclusion knot and there-
by timing the opening of the pyloric occlusion.69 Marginal ulcera-
tion at the gastrojejunostomy site has been reported in 5% to 33%
of patients in whom a vagotomy was not performed.67,68,70,71

Pyloric exclusion is generally reserved for severe combined pan-
creatic head and duodenal injuries for which a Whipple procedure
is not required. Few surgeons advocate pyloric exclusion for iso-
lated pancreatic duct injuries.

In patients who have sustained massive injuries of the proximal
duodenum and the head of the pancreas, destruction of the
ampulla and the proximal pancreatic duct or the distal CBD may
preclude reconstruction. In addition, because the head of the pan-
creas and the duodenum share an arterial supply, it is essentially
impossible to resect one structure entirely without making the
other ischemic. In this situation, a pancreaticoduodenectomy [see
5:24 Pancreatic Procedures] is required. Between 1961 and 1994,
184 Whipple procedures for trauma were reported; there were 26
operative deaths and 39 delayed deaths, for a 65% overall survival
rate.65 Subsequent experience, however, suggests that with appro-
priate selection criteria, pancreaticoduodenectomy for trauma can
be performed with morbidity and mortality comparable to those
of pancreaticoduodenectomy for cancer.72-74

Nonoperative Management in Children

Major pancreatic duct injury is rare in children, occurring in
only 0.12% of children with blunt abdominal trauma.75 Most
pediatric pancreatic injuries are grade I or II injuries, which do not

© 2005 WebMD, Inc. All rights reserved.
7 TRAUMA AND THERMAL INJURY

ACS Surgery: Principles and Practice
9 Injuries to the Duodenum and Pancreas — 8

Figure 5 Duodenal diverticularization consists of antrectomy
with gastrojejunostomy, tube duodenostomy, vagotomy, and
peripancreatic drainage.

Figure 6 Pyloric exclusion consists of closure of the pylorus
from within the stomach, followed by gastrojejunostomy. The pro-
cedure eliminates discharge of gastric acid into the duodenum,
thus minimizing the stimulation of pancreatic secretion and
reducing morbidity if there is breakdown of a repair.



involve major pancreatic duct injury. Accordingly, several authors
have advocated managing all blunt pediatric pancreatic injuries
nonoperatively with bowel rest, serial abdominal CT scans to
watch for pseudocyst formation, and percutaneous drainage as
required.76-79 However, this approach is generally associated with
a high morbidity and a prolonged hospital course and therefore
may not be justified, given the good recovery reported after distal
pancreatectomy with splenic salvage.80 Pseudocysts develop in
40% to 100% of children with major duct injury,78,81,82 and recur-
rent episodes of pancreatitis may arise long after the time of
injury.16,83 ERCP with proximal stenting of duct injuries may be a
useful adjunct to care in these patients, but it requires a skilled
pediatric endoscopist.

A report from Toronto detailed the management of 35 children
with pancreatic trauma over a 10-year period.78 In 23, the injury
was diagnosed early (< 24 hours), whereas in the remaining 12,
the diagnosis was initially missed. In all, 28 of the 35 were man-
aged nonoperatively. A subsequent report provided a more de-
tailed examination of 10 patients from this group who had pan-
creatic duct transections.79 Pseudocysts developed in 44% and
were managed in all cases with percutaneous drainage. Atrophy of
the distal pancreatic remnant developed in 75%, but there was no
evidence of endocrine or exocrine dysfunction. A report from
Japan found that pseudocysts developed in five out of five children
with pancreatic duct injuries that were managed nonoperatively.82

The data suggest that pediatric pancreatic injuries can be success-
fully managed nonoperatively but also that there is a high inci-
dence of pseudocyst formation necessitating further hospitaliza-
tion and interventions and that atrophy of the distal remnant is
common. Several pediatric surgeons have argued for the benefits
of distal pancreatectomy in terms of shortening hospital stay and
minimizing intervention.29,80,84

Nonoperative management of adults with blunt pancreatic
injuries has been less well studied. In one report, patients with
grade I and II injuries (confirmed by laparotomy) had a higher
morbidity with external drainage than with exploration without
drainage.85 Selection bias might have affected these results, how-
ever, in that less severe injuries might not have been drained.
Proponents of nonoperative management of grade I and II injuries
have advocated early ERCP to identify the presence of any pan-
creatic duct injuries that would necessitate surgical interven-
tion.86,87 Proximal stenting of the pancreatic duct has been suc-
cessful in isolated case reports of duct injuries in adults.33 Further
study is indicated before any recommendations can be made
regarding nonoperative management of pancreatic duct injury in
adults. For the present, I continue to advocate operative manage-
ment for known or suspected pancreatic duct injury.

COMPLICATIONS

The complication rate after pancreatic injury remains uncom-
fortably high. Between 20% and 40% of patients who undergo
surgical intervention for a pancreatic duct injury have a compli-
cated postoperative course, and the rate is even higher if both the
pancreatic head and the duodenum were injured.1 The risk of
complications is directly and independently related to the injury
grade on the AAST scale and to the presence or absence of an
associated bowel injury.2 Although most of the complications of
pancreatic duct injury are either self-limiting or treatable, there is
a significant risk of sepsis and multiple organ dysfunction syn-
drome (MODS), which are responsible for nearly 30% of deaths
resulting from pancreatic trauma. In some series, as many as one
half of the postoperative complications could have been prevent-

ed by careful inspection of the pancreas and accurate determina-
tion of the status of the main pancreatic duct.9

Fistula

Postoperative pancreatic fistula has been defined as any measur-
able drain output with an amylase level higher than three times the
serum level.50 It is the most common complication after pancreatic
duct injury,occurring in 7% to 20% of patients (and in 26% to 35%
of patients with combined pancreatic-duodenal injury).2,13,40,88,89

Direct suture closure of the main pancreatic duct may help mini-
mize this complication; fibrin sealants appear to be ineffective.90

The vast majority of pancreatic fistulas are minor (drain output
< 200 ml/day) and spontaneously resolve within 2 weeks after
injury, given adequate external drainage. In a multicenter review
of distal pancreatectomy for trauma, the postoperative fistula rate
was 14% (10/71), and fistulas closed spontaneously in 89% (8/9)
of survivors within 6 to 54 days.63 Extirpation of a residual pan-
creatic sequestrum was required to facilitate fistula closure in one
patient. By way of comparison, a subsequent study reported a
3.3% fistula rate after elective distal pancreatectomy for chronic
pancreatitis.55

High-output fistulas (drain output > 700 ml/day) are rare.
Generally, either more extended external drainage or surgical
intervention is required for resolution. If a high-output fistula does
not progressively decrease in volume or persists for longer than 10
days, ERCP is indicated to help establish the cause of the persis-
tent fistula and guide further therapy. Nutritional support must be
provided throughout this period. At this point, as noted [see
Management, Grade IV: Proximal Transection or Parenchymal
Injury with Probable Duct Disruption, above], the surgeon’s fore-
sight in placing a feeding jejunostomy at the time of the initial
trauma laparotomy is rewarded. Elemental feeding formulas cause
less pancreatic stimulation than standard enteral formulas and
should therefore be tried before the patient is committed to
TPN.52 The somatostatin analogue octreotide acetate has shown
promise in treating prolonged high-output pancreatic fistulas but
only when any infection has been eradicated and when pancreat-
ic duct obstruction or stricture is absent.91

The use of octreotide as an adjuvant to standard fistula man-
agement probably reduces fistula output, but whether it hastens
fistula closure remains to be proved.92 Somatostatin analogues do
appear to prevent postoperative complications and fistula forma-
tion in patients undergoing elective pancreatic resection. However,
nonrandomized studies addressing the efficacy of somatostatin
analogues in pancreatic trauma patients have yielded conflicting
results.93,94 Moreover, in the trials demonstrating reductions in
postoperative complications with octreotide use in elective pan-
creatic resection, octreotide administration was initiated in the
preoperative period—a time frame that is not applicable to the
trauma setting. The octreotide dosage typically starts at 50 µg sub-
cutaneously every 12 hours but may rise as high as 1,000 µg/day.
Although octreotide has been included in TPN solutions, this
practice remains controversial and is not recommended by the
1997 package insert, because of the formation of glycosyl octre-
otide conjugates that may reduce the efficacy of the agent.95 The
major potential side effects are unpredictable changes in serum
glucose levels, pain at the injection site, and various nonspecific 
GI complaints.

Abscess

The incidence of abscess formation after pancreatic trauma
ranges from 10% to 25%, depending on the number and type of
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associated injuries present. Early operative or percutaneous
decompression or evacuation is critical, though even with these
measures, the mortality in this group of patients remains about
25%.61,96 In most cases, the abscesses are subfascial or peripan-
creatic; true pancreatic abscesses are unusual and generally result
from inadequate debridement of dead tissue or inadequate initial
drainage.40,63,89,97 True pancreatic abscesses often are not
amenable or responsive to percutaneous drainage and must be
treated with prompt surgical debridement and drainage. Per-
cutaneous decompression may be helpful in distinguishing abs-
cesses from pseudocysts (see below).

Pancreatitis

Transient abdominal pain and a rise in the serum amylase con-
centration, signaling pancreatitis, may be anticipated in 8% to
18% of postoperative patients.5,63,98 This type of pancreatitis is
treated with nasogastric decompression, bowel rest, and nutrition-
al support and can be expected to resolve spontaneously. A much
less common but far more deadly complication is hemorrhagic
pancreatitis.The first sign of this complication may be bloody pan-
creatic drainage or a fall in the serum hemoglobin concentration,
with the patient rapidly becoming desperately ill. It is fortunate
that this complication occurs in fewer than 2% of operative pan-
creatic trauma patients: mortality may approach 80%, and there is
no effective treatment.40,56

Secondary Hemorrhage

Postoperative hemorrhage necessitating blood transfusion may
occur in 5% to 10% of pancreatic trauma patients, particularly
when external drainage after pancreatic debridement was inade-
quate or when intra-abdominal infection has developed.98,99

Generally, reoperation is required to control secondary hemor-
rhage, though angiographic embolization may be an effective 
alternative.

Pseudocysts

Blunt pancreatic injuries that were missed or were intentionally
managed nonoperatively often result in the formation of a pseudo-
cyst; in one report, 22 pseudocysts developed in 42 blunt pancre-
atic trauma patients managed nonoperatively.8 The status of the
pancreatic duct is the key determinant of how a pancreatic
pseudocyst is treated. If the pancreatic duct is intact, percutaneous
drainage of the pseudocyst is likely to be effective. If the pseudo-
cyst is secondary to major disruption of the duct, however, percu-
taneous drainage will not provide definitive therapy but will con-
vert the pseudocyst to a chronic fistula. ERCP should therefore
precede any attempt at percutaneous drainage. If pancreatic duct
stenosis or injury is demonstrated, the treatment options are (1)
reexploration and partial resection of the gland, (2) internal Roux-
en-Y drainage of the distal gland, and (3) endoscopic transpapil-
lary stenting of the pancreatic duct.32 There is some evidence to
suggest that surgical decompression will be required if the pseudo-
cyst is larger than 10 cm.82

Exocrine and Endocrine Insufficiency

Exocrine and endocrine insufficiency are unusual after pancre-
atic trauma.Animal and human studies suggest that a residuum as
small as 10% to 20% of the normal pancreatic tissue mass is ade-
quate for pancreatic function.6 The implication is that any resec-
tion distal to the mesenteric vessels should leave an adequate
amount of functioning pancreatic tissue. In a multicenter study of
74 cases of distal pancreatic resection, only one case of endocrine

deficiency (diet-controlled hyperglycemia after 80% pancreatecto-
my) was documented, and no instances of exocrine insufficiency
were observed.63 In another study, no cases of pancreatic insuffi-
ciency were reported after resection of as much as 90% of the pan-
creas.88 By way of contrast, patients with chronic pancreatitis who
undergo distal pancreatectomy have an incidence of diabetes rang-
ing from 15% (with 0% to 33% of the gland resected) to 64%
(with 50% to 75% of the gland resected).55

Injuries to the Duodenum

Duodenal injuries are uncommon. A 6-year statewide review in
Pennsylvania found the incidence of blunt duodenal injury to be
only 0.2% (206 of 103,864 trauma registry entries), and only 30
of the patients had full-thickness duodenal injuries.100 About 75%
of the patients in published reports of duodenal injury sustained
penetrating rather than blunt trauma; however, this figure may pri-
marily reflect the experience of urban trauma centers.101 Blunt
duodenal injuries are the result of a direct blow to the epigastrium,
which in adults is usually the result of a steering-wheel injury to an
unrestrained driver and in children is usually the result of a direct
blow from a bicycle handlebar or similar device. It is well known
that the insidious nature of many blunt duodenal injuries makes
the initial diagnosis difficult unless a high index of suspicion is
maintained. Nevertheless, delays in the diagnosis of duodenal
trauma continue to plague trauma surgeons and seriously com-
promise patient care.102

DIAGNOSIS

The radiologic signs of duodenal injury on the initial plain
abdominal or upright chest radiograph are often quite subtle. Mild
spine scoliosis or obliteration of the right psoas muscle may be vis-
ible, in addition to retroperitoneal air, which is often difficult to
distinguish from the overlying transverse colon. An early suspicion
of retroperitoneal duodenal rupture is best confirmed or excluded
by means of either an abdominal CT scan, with both oral and I.V.
contrast, or an upper GI series, first with a water-soluble contrast
agent and then with barium if the initial examination yields nega-
tive results.The findings must be interpreted with a high index of
suspicion for injury, and any uncertainty in interpretation is ade-
quate justification for operative exploration.

Even with careful examination, false negative results are known
to occur.103 In one study of the accuracy of CT in diagnosing duo-
denal and other small bowel injuries, only 10 (59%) of 17 scans
were prospectively (i.e., preoperatively) interpreted as suggestive
of bowel injury, but 15 (88%) of 17 were suggestive when evalu-
ated retrospectively.104 The investigators emphasized that using
CT to diagnose blunt bowel rupture requires careful inspection
and technique to detect the often subtle findings. Abdominal CT
findings suggestive of duodenal injury may be difficult to confirm
with duodenography.105 In a series of 96 patients with CT findings
suggestive of duodenal injury, duodenography had a sensitivity of
54% and a specificity of 98%. For injuries necessitating operative
repair, the sensitivity was only 25%, with a 25% false negative rate.
In another study, 83% of patients in whom diagnosis of blunt duo-
denal injury was delayed had subtle CT findings (e.g., pneu-
moperitoneum, unexplained fluid, and unusual bowel morpholo-
gy) that were dismissed.106 The authors emphasized the point that
subtle findings of duodenal injury on abdominal CT should be an
indication for laparotomy.

Diagnostic peritoneal lavage (DPL) is unreliable in detecting
isolated duodenal and other retroperitoneal injuries. Nevertheless,
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it is often helpful, in that approximately 40% of patients with a
duodenal injury have associated intra-abdominal injuries that will
result in a positive DPL result.The presence of amylase or bile in
the lavage effluent is a more specific indicator of possible duode-
nal injury. Serum amylase levels are nondiagnostic as well, but if
they are found to be elevated, additional investigation (via CT or
celiotomy) for possible pancreatic or duodenal injury is warrant-
ed. At celiotomy, the presence of any central upper abdominal
retroperitoneal hematoma, bile staining, or air mandates visual-
ization and thorough examination of the duodenum.The techni-
cal details of exposure of the entire duodenum and pancreas are
well described elsewhere.107

MANAGEMENT

Classification of Duodenal Injury

Treatment of duodenal trauma is determined by the severity 
of the injury and the likelihood of postrepair complications.
Approximately 70% to 80% of duodenal wounds can safely be
repaired primarily; approximately 20% to 30% call for more com-
plex procedures. A 1980 review of 247 patients treated for duo-
denal trauma catalogued factors that determined whether a duo-
denal wound could be primarily repaired.108 In the 228 patients
who survived longer than 72 hours, the overall duodenal fistula
rate was 7%, and the mortality was 10.5%. The investigators iden-
tified five factors that, in their view, correlated most significantly
with the severity of duodenal injury and subsequent morbidity
and mortality [see Table 2].To these five factors should be added a
sixth—namely, the presence of a pancreatic injury, which is a sig-
nificant predictor of late morbidity and mortality. These factors,
both individually and in different combinations, have been used to
develop a variety of duodenal injury classification systems. One
such system is simply to divide injuries into two categories, mild
and severe. In the study already mentioned,108 the investigators
reported a 0% mortality and a 2% duodenal fistula rate in patients
with mild duodenal trauma, compared with a 6% mortality and a
10% fistula rate in those with severe duodenal trauma. In gener-
al, primary repair is satisfactory for mild duodenal injuries with-
out associated pancreatic injuries. More complex treatment strate-
gies may be required for more severe duodenal injuries.

A more contemporary classification system is that developed by
the AAST, in which duodenal injuries are graded from I to V in
order of increasing severity [see Table 1 and Figure 7].46 In a multi-
center review of 164 duodenal trauma patients to whom the
AAST classification scheme was applied, there were 38 grade I, 70
grade II, 48 grade III, 4 grade IV, and 4 grade V injuries. Primary
repair was the sole treatment in 71% (117) of all cases.109 Ninety
of the 108 patients with grade I or II injuries underwent either pri-

mary duodenal repair or no duodenal procedure at all.Twenty-six
of the 56 patients with grade III to V injuries were treated with
more complex duodenal treatment strategies, including pyloric
exclusion, duodenoduodenostomy, duodenojejunostomy, and
pancreaticoduodenectomy.

Duodenal Hematoma

Duodenal hematoma is generally considered a consequence of
childhood play or child abuse. In one report, 50% of cases of duo-
denal hematoma in children were attributable to child abuse.110

However, this condition can occur in adults as well. Nearly one
third of patients present with obstruction of insidious onset at least
48 hours after injury, presumably resulting from a fluid shift into
the hyperosmotic duodenal hematoma. Generally speaking, duo-
denal hematoma is a nonsurgical injury, in that the best results are
obtained with conservative or nonsurgical management.111 It may
be diagnosed by means of either contrast-enhanced CT or an
upper GI study.The initial contrast examination should be done
with a water-soluble agent (e.g., meglumine diatrizoate), followed
by a barium study to provide the greater detail needed for detec-
tion of the so-called coiled-spring or stacked-coin sign.This find-
ing is characteristic of intramural duodenal hematoma, but it is
present in only about one quarter of patients with hematomas.

Although initial treatment is nonoperative, care must be taken
to exclude associated injuries, with particular attention paid to 
the potential for pancreatic injuries, which occur in 20% of
patients.111 Continuous nasogastric suction should be employed
and TPN initiated. If signs of obstruction do not spontaneously
abate, the patient should be reevaluated with upper GI contrast
studies at 5- to 7-day intervals. Ultrasonography may also be
employed to follow a resolving duodenal hematoma.112

Percutaneous drainage of an unresolving duodenal hematoma has
been reported,113,114 but the usual recommendation is to perform
operative exploration and evacuation of the hematoma after 2
weeks of conservative therapy to rule out stricture, duodenal per-
foration, or injury to the head of the pancreas as factors that might
be contributing to the obstruction.115 In a review of six cases of
duodenal and jejunal hematoma resulting from blunt trauma, the
hematomas resolved with nonoperative management in five cases;
the average hospital stay was 16 days (range, 10 to 23 days), and
the average duration of TPN was 9 days (range, 4 to 16 days). In
the sixth case, upper GI series showed evidence of complete bowel
obstruction, which failed to resolve after 18 days of conservative
management. Laparotomy revealed jejunal and colonic strictures
with fibrosis, which were successfully resected.116

If a duodenal hematoma is incidentally found at celiotomy,
a thorough inspection must be done to exclude perforation.
Inspection necessitates an extended Kocher maneuver, which usu-
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Factor

Means of Injury

Size of Injury

Location of injury in duodenum

Interval between injury and repair

Adjacent injury to CBD

Table 2 Factors Determining Severity of Duodenal Injury108

Severe

Blunt force or missile

> 75% of circumference

D1, D2

> 24 hr

Present

Mild

Stab

≤ 75% of circumference

D3, D4

≤ 24 hr

Absent

Degree of Injury



ally successfully drains the subserosal hematoma.It is unclear whether
the serosa of the duodenum should intentionally be incised along its
extent to evacuate the hematoma or whether doing so would actu-
ally increase the likelihood of turning a partial duodenal wall tear
into a complete perforation. Because an extended period of gastric
decompression will probably be required, a feeding jejunostomy
should be placed.

Duodenal Laceration and Transection

For complete transection of the duodenum, primary repair is
appropriate if there is little tissue loss, if the ampulla is not in-
volved, and if the mucosal edges can be debrided and closed with-
out tension. If adequate mobilization for a tension-free repair is
impossible or if the injury is very near the ampulla and mobiliza-
tion might result in injury to the CBD, the most reasonable option
is a Roux-en-Y jejunal limb anastomosis to the proximal duodenal
injury with oversewing of the distal injury. Mucosal jejunal patch
repair is rarely, if ever, employed; it was not used in any of the 164
patients in the multicenter trial previously cited,109 in which only
five patients (3%) underwent repair with duodenoduodenostomy
or duodenojejunostomy. Pancreaticoduodenectomy is only requir-
ed for duodenal injuries if there is uncontrollable pancreatic hem-
orrhage or if duodenal injuries exist in combination with distal
CBD or pancreatic duct injuries.

Several techniques may be applied to help protect a tenuous
duodenal repair. One option is buttressing the repair with omen-
tum (my preference) or a serosal patch from a loop of jejunum.
This approach seems intuitively logical, though its benefits are
unproven.117,118 Another option is diversion of gastric contents,

most commonly accomplished by means of pyloric exclusion [see
Figure 6].68 This technique, probably first described by Summers
in 1904 as an adjunct to the treatment of duodenal wounds,119 is
less disruptive than true duodenal diverticularization [see Figure
5].66,120 To date, no prospective, randomized trial has proved that
gastric diversion is truly beneficial in the setting of duodenal trau-
ma, but several reports have supported the use of pyloric exclusion
and gastrojejunostomy in cases of severe duodenal injury71,121 or in
cases of delayed diagnosis of injury.67 Potential benefits notwith-
standing, the additional operating time and the extra anastomosis
required with gastric diversion suggest that this approach should
be employed with a good deal of selectivity. Marginal ulceration is
a well-described complication of gastric diversion and has prompt-
ed some surgeons to add truncal vagotomy to the procedure. Most
surgeons, however, do not perform vagotomy with gastric diver-
sion, because nearly all of the pyloric closures open within a few
weeks, regardless of the type of suture material used, and the occa-
sional marginal ulcer can be medically managed in the interim.

An alternative or addition to gastric diversion is duodenal
decompression via retrograde jejunostomy. In a study of 237
patients with a variety of duodenal injuries treated by means of ret-
rograde jejunostomy tube drainage, the fistula rate was lower than
0.5%, whereas the incidence of duodenal complications was
19.3% when decompression was not performed.122 Retrograde
duodenodenal drainage is preferred to lateral duodenostomy.
Direct drainage with a tube through the suture line results in a
high (23%) rate of dehiscence or fistula. In a 1984 review of the
literature on penetrating duodenal trauma and tube duodenosto-
my,123 there was an overall mortality of 19.4% and a fistula rate of
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If hematoma is detected at laparotomy, 
treat with evacuation. 
If hematoma is detected by nonoperative 
means, observe patient, and support with 
NG suction and TPN.

Attempt primary suture closure as first option, with 
concomitant pyloric exclusion.
If primary repair is technically not feasible, treat as follows:
Injury proximal to ampulla: perform antrectomy plus 
gastrojejunostomy and stump closure.
Injury distal to ampulla: perform Roux-en-Y 
duodenojejunostomy to proximal end of duodenal injury, 
with oversewing of distal duodenum.

History of direct blow to epigastrium is suggestive.
Obtain serum amylase levels and WBC count.
Perform abdominal x-ray and contrast studies.
If duodenal trauma is likely, perform laparotomy for 
inspection of duodenum and grading of injury. 

Grade I or II hematoma

Perform primary suture closure in one or two layers.
Consider pyloric exclusion or buttressing only 
if there is associated pancreatic injury.

Management options are as follows:
•  Pancreaticoduodenectomy
•  Reimplantation of ampulla or distal CBD into duodenum 
    or Roux-en-Y jejunal limb
•  Reconstruction with hepaticojejunostomies
•  Delayed reconstruction.
Pancreaticoduodenectomy is mandatory for grade V injuries.

Grade I or II laceration Grade IV or V

Grade III

Patient has possible duodenal injury

Figure 7 Algorithm outlines the treatment of duodenal injury.132



11.8% when decompression was not performed, compared with a
9% mortality and a 2.3% fistula rate when it was. The authors
concluded that tube drainage should be performed either via the
stomach or via a retrograde jejunostomy, noting that these meth-
ods were associated with a lower fistula rate and a lower overall
mortality than lateral tube duodenostomy was. Nonetheless, there
has been no prospective, randomized analysis of the efficacy of
tube duodenal drainage techniques, and not all surgeons support
the use of decompression in this setting.

Mortality directly related to the duodenal injury is the result 
of duodenal dehiscence, uncontrolled sepsis, and subsequent
MODS. Given the known lethal nature of duodenal dehiscence
and duodenal fistula, the operating surgeon may well be strongly
tempted to add pyloric exclusion, anastomosis buttressing, and
duodenostomy to the repair of grade III or IV duodenal injuries.
Concomitant pancreatic injury should be included as a high-risk
confounder that might warrant the addition of pyloric exclusion
to the duodenal repair. In a report of 40 patients with penetrating
duodenal injuries, 14 patients had combined pancreatic-duodenal
wounds. Five of these 14 were treated with primary duodenal
repair alone, and two of the five had duodenal leaks.Three of the
14 underwent pyloric exclusion in addition to primary repair, and
none of them had duodenal leaks.124

DETERMINANTS OF OUTCOME

Large series published toward the end of the 20th century doc-
umented an average mortality of 18% in patients with duodenal
injuries, but the mortalities cited in individual reports showed
great variability, ranging from 6% to 29%.1,71,117,125 Mortality
directly related to duodenal injury is much lower—generally, 2%
to 5%—and is primarily the result of complications, dehiscence,
sepsis, and MODS.42,108,109,117,121,122,126,127 Morbidity after duode-
nal injury ranges from 30% to 63%; however, in only about one
third of cases is morbidity directly related to the duodenal injury
itself.108,117,125 To a large extent, the variability in morbidity and
mortality statistics can be explained by differences in the mecha-
nism of injury, the nature and severity of associated injuries (if 
present), and the time between initial injury and diagnosis. For
example, a review of 100 consecutive penetrating duodenal
injuries documented a mortality of 25%,117 compared with a mor-
tality of 12% to 14% for blunt injuries.102,108

Early death from a duodenal injury, particularly a penetrating
injury, is usually attributable to exsanguination from associated
vascular, hepatic, or splenic trauma.4,128 The proximity of the duo-
denum to other vital structures and the high-energy transfer
mechanisms involved make isolated duodenal injuries uncom-
mon, though certainly not unheard of. Most late deaths from duo-
denal trauma are attributable to infection and MODS. In as many
as one third of patients who survive the first 48 hours after duo-
denal injury, a complication related to the injury eventually devel-
ops. Common complications include anastomotic breakdown, fis-
tula, intra-abdominal abscess, pneumonia, bloodstream infection,
and organ failure. Late deaths typically occur from 1 to 2 weeks or
more after the initial duodenal injury; about one third of them are
directly attributable to the injury itself.108,125

The length of time between injury and definitive treatment
has a substantial effect on the development of late complications
and subsequent mortality. In one study, 10 patients were identi-
fied in whom the diagnosis of duodenal injury was delayed for
more than 24 hours; four of the 10 died, and three of the 10 had
duodenal fistulas.129 In a classic report from 1975, the remark-
able importance (and frequency) of delays in the diagnosis of
duodenal injury was strikingly demonstrated.130 Diagnosis was
delayed by more than 12 hours in 53% of the patients in this
report and by more than 24 hours in 28%. In patients whose
diagnosis was delayed for more than 24 hours, mortality was
40%; in those who underwent surgery within 24 hours of injury,
mortality was 11%. These observations were subsequently con-
firmed by other studies. In one study, two of the four blunt duo-
denal trauma patients with delayed diagnoses died, and the
other two had duodenal fistulas.108 In another study, 100% of
the deaths directly attributable to duodenal injury occurred in
patients with delayed diagnoses.102

The implication of these observations is that the first priority in
managing duodenal trauma, as in managing pancreatic trauma,
should be control of hemorrhage. The second priority should be
limiting bacterial contamination from associated colon or other
bowel injury, with the aim of preventing late infections. As a rule,
if a duodenal injury has occurred, it will be apparent intraopera-
tively; thus, the next priority should be a diligent search for poten-
tial pancreatic injury, with an emphasis on assessing the status of
the pancreatic duct.1,6
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