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Abstract

The duodenum is mostly a retroperitoneal structure, composed by 4 segments 
(D1-D4) and surrounded by other vital organs like pancreas or great vessels. Injuries 
to this organ are rare and difficult to diagnose, with an incidence of 1–5% in cases 
of abdominal trauma. The most common causes of duodenal injuries are gunshot 
wounds and stabbing. Duodenal injuries are often associated with other organ inju-
ries, thus delaying diagnosis in some cases and increasing the risk of complications. 
When diagnosed at optimum timing, it can be treated with relatively low mortality 
rates. Great number of repair techniques exist and the treatment of choice depends on 
the surgeon’s experience and hemodynamic stability of the patient, with the goal of 
preserving life and preventing a major complication such as leak or fistula. Outcomes 
are good, and the prognosis is tightly ligated to associated injuries, thus high index of 
suspicion and applying ATLS and surgery trauma principles are essential.

Keywords: hollow viscus, blunt trauma, anastomosis, pyloric exclusion, acute care 
surgery

1. Introduction

Duodenal injuries are rare and difficult to diagnose [1], with a reported incidence 
of 1–5% in cases of abdominal trauma [2, 3]. In a review by García-Santos et al., 
where 23 case series of duodenal injury were included, the ratio of penetrating and 
blunt abdominal trauma was found to be 3.9: 1. Among the penetrating injuries, 81% 
were caused by gunshot wounds and 19% by stabbing [2]. Among blunt abdominal 
trauma cases, the most frequent mechanism was motor vehicle accidents in 85% [2] 
due to crushing of the duodenum between the steering wheel and the spine [4].

In general, it is estimated that 4.3% of patients with a history of duodenal trauma 
present intra-abdominal lesions at the duodenal level; in various case series they 
range from 3–7%, reporting a male–female ratio of 5:1 with an age disposition of 16 to 
30 years in 70% of the cases.

Mortality associated with this type of injury ranges from 18 to 30% [1, 2]. Early 
deaths are caused by massive hemorrhage from major vascular injuries or associated 
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traumatic brain injuries, while late deaths are associated with sepsis, duodenal 
fistulae, and multi-organ failure. It is imperative to recognize these lesions in a timely 
manner, since the most important risk factor associated with mortality is the delay 
between diagnosis and treatment [2], since a delay in diagnosis in the first 24 hours 
can increase mortality up to 4 times. Other risk factors that increase the mortality rate 
include the presence of associated pancreatic injury and common bile duct injury.

Because the duodenum is surrounded by vital structures and organs, it presents 
associated intra-abdominal injuries in 68–100% [1, 2, 4]. The kinematics of trauma play 
an important role in the severity and injured organs; the abdominal structures with 
the highest rate of injury are: liver (17%), pancreas (12%), small intestine (11%), colon 
(13%), stomach (9%), bile duct (6%), kidney and urinary tract (6.5%), spleen (4.1%) 
and vascular injuries such as aorta, vena cava and porta up to 15%, the latter being the 
ones with the highest mortality due to the high possibility of massive hemorrhage [2].

With reference to the duodenum, an analysis of 1042 patients found that the most 
frequent site of injury was the second segment (36%), followed by the third portion 
(18%), and the fourth portion (15%). The least frequently injured portion of the 
duodenum was the first (13%), and in 18% of the cases, injuries to multiple portions 
were found [2].

2. Duodenal injuries

2.1 Surgical anatomy

The duodenum is the first portion of the small intestine, it has an approximate 
length of 30 cm. It is divided into four segments; the first segment has an approximate 
length of five centimeters, it crosses over the muscular ring of the pylorus towards the 
vesicular neck. The common bile duct, portal vein, inferior vena cava and the gas-
troduodenal artery are found behind it; anteriorly, it is related to the hepatic square 
lobe; superiorly, with the gastroepiploic foramen and inferiorly, with the pancreatic 
head. This segment is irrigated by the supraduodenal artery and the posterosuperior 
pancreaticoduodenal branch of the gastroduodenal artery, which is a branch of the 
common hepatic artery.

As of its second segment, it becomes retroperitoneal, with an average length of 7. 
5 cm, referentially from the vesicular neck to the fourth lumbar vertebra; it is divided 
into two portions (supramesocolic and inframesocolic) since it is crossed by the trans-
verse colon and the mesocolon. Due to its descending disposition, it crosses in front 
of the right kidney, right ureter, right renal vessels, psoas major and inferior vena 
cava. Its first half is retroperitoneal and it becomes intraperitoneal distally. The major 
duodenal papilla is located in the middle portion.

Its third segment has a length of 10 cm, it is located approximately five centime-
ters from the right side of the third or fourth lumbar vertebra, to the left side of the 
abdominal aorta, it has a transverse disposition in a leftward direction relating with 
the ureter, the right gonadal vessels, psoas muscle and the inferior vena cava, as well 
as with the uncinate process of the pancreas; the inferior pancreaticoduodenal artery 
is found in a groove located between the duodenum and the pancreas.

The fourth segment is ascending, has a length of 2.5 centimeters, has an oblique 
disposition in a cranial direction, and ends in the duodenojejunal junction, which is 
suspended by the ligament of Treitz, being found approximately 4 centimeters below 
and medial to the ninth costal cartilage. It is anteriorly related to the left sympathetic 
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trunk, and its distal end approaches the terminal portion of the inferior mesenteric 
vein, the left ureter and the left kidney.

The last three segments of the duodenum receive their irrigation from an anterior 
and a posterior arcade, from which the pancreatic and duodenal branches arise [5].

2.2 Diagnosis

The diagnosis of duodenal injury is usually difficult, especially in cases of blunt 
trauma, since the symptoms may not be very obvious, however, it may present data 
of abdominal tenderness or peritonitis in the initial evaluation, highly suggestive of 
intra-abdominal injuries, but unspecific to a duodenal injury [4, 6].

FAST (Focused Assessment with Sonography in Trauma) is a widely accepted and 
useful method in cases of blunt abdominal trauma due to its ability to obtain faster 
results and with practically zero invasion. However, it has a low sensitivity for duodenal 
injuries, since up to 30% of patients with some type of retroperitoneal injury, includ-
ing the duodenum, may present a FAST without alterations, determining the need to 
perform other extension studies such as abdominal computed tomography (CT) [4, 6].

Abdominal X-ray in standing position may suggest duodenal injury if right psoas 
muscle effacement or retroperitoneal air is found, however, it is unreliable [1, 2]. CT is one 
of the best methods to diagnose duodenal injuries in hemodynamically stable patients, 
even without the need to use water-soluble contrast [1]. The sensitivity of abdominal CT to 
detect biliopancreatic and duodenal (BPD) injuries approaches an 83%, decreasing to 79% 
for biliopancreatic (BP) injuries and 50% in bilioduodenal (BD) injuries [6, 7].

CT findings of duodenal injury include wall thickening, right pararenal or 
periduodenal fluid, decreased enhancement in the injured duodenal segment, and 
accumulation of clots near the injury site, visualized as a collection of heterogeneous 
fluid (“sign of the sentinel clot”) [4]. Findings that are suggestive of duodenal per-
foration are the presence of air in the retroperitoneum, wall disruption and contrast 
extravasation [2, 6].

Magnetic resonance imaging (MRI) is more sensitive than CT for the detection 
of low-grade injuries, however, it is more expensive and lacks utility in the context 
of trauma, its use is generally reserved for the evaluation of associated pancreatic or 
biliary ductal injuries [6].

2.3 Classification

Different scales have been developed to classify the severity of duodenal injuries in 
the context of trauma, such as the World Society for Emergency Surgery (WSES) and 
the American Association for the Surgery of Trauma (AAST) classifications, the latter 
classifies duodenal injuries in 5 grades (Table 1) [8].

Instead, the WSES divides injury into four classes, considering the AAST classifi-
cation and the hemodynamic status [9]:

I. Mild (AAST I)

II. Moderate (AAST II)

III. Severe (AAST III-V)

IV. Hemodynamic instability (AAST I-V of duodenal-biliary-pancreatic injury)
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This premise arises from the need to standardize local and regional anatomical 
disruptions, which allow determining the characteristics of the injury conditioned 
by the kinematics of the trauma; allowing the development of systematic approach 
strategies that have a positive impact on patient morbidity and mortality [9].

2.4 Management

The initial management is in accordance with the Advance Trauma Life Support 
(ATLS), hence, patients with hemodynamic instability, peritonitis or evisceration, 
must be transferred promptly to the operating room (OR). Hemodynamically stable 
patients with CT findings of low-grade injuries can be treated non-operatively.

2.4.1 Non-operative management (NOM)

Hemodynamically stable patients with CT findings of duodenal hematoma 
(AAST grade I-I) and no other associated injuries requiring surgical intervention are 
good candidates to conservative management [3]. The cornerstone of non-operative 
management in duodenal trauma are nil per os (NPO) with nasogastric tube (NGT) 
decompression, close monitoring with serial abdominal exams, serum amylase, lipase 
and follow-up CT scan in 12-24 h if clinical suspicion or deterioration [3].

In patients with hematoma and signs of obstruction, NOM is appropriate up to 
14 days and should be taken to the OR to drain the hematoma if clinical deterioration, 
worsening findings on interval CT or to relieve the mechanical obstruction [3, 9, 10].

2.4.2 Operative management

During surgery, the decision to proceed with definitive repair versus damage-
control and delayed repair is an important one, taking into account the high rate of 
complex or combined injuries, frequently resulting in hemorrhagic shock. During 
damage-control laparotomy, the aim is to achieve contamination control, often 
with primary suture repair, drainages and sometimes externally drain the bile duct. 

Grade Type of injury Description of injury

I Hematoma Laceration Involving single portion of duodenum
Partial thickness, no perforation

II Hematoma Laceration Involving more than one portion
Disruption <50% of circumference

III Laceration Disruption 50–75% circumference of D2
Disruption 50–100% circumference 
of D1

IV Laceration Disruption >75% circumference of D2

Involving ampulla or distal common 
bile duct

V Laceration Massive disruption of 
duodenopancreatic complex
Devascularization of duodenum

Table 1. 
AAST duodenal injury scale: D1, D2, D3, and D4 indicates the first, second, third and fourth segments of the 
duodenum, respectively (adapted from [8]).



5

Management of Duodenal Injuries
DOI: http://dx.doi.org/10.5772/intechopen.108135

Once adequate [11] resuscitation and hemodynamic stability is established in the 
intensive care unit, assessment of a definitive repair is considered at a second-look 
surgery [10].

Assessment of duodenal injuries is often made possible during surgery. Up to 
55–85% of duodenal injuries can be managed by primary closure [1–3, 10]. Primary 
suture repair should be the initial approach in most situations, with more complex 
repairs reserved for extensive injuries. High-grade injuries are those which involve 
>75% of duodenal wall, D1 or D2 injuries, delayed repair and associated biliary or 
pancreatic injuries [2]. Injuries at D1 or proximal D2 can benefit from performing an 
antrectomy and Billroth II reconstruction [3].

Almost all grade I-II hematomas diagnosed pre-operatively resolve with adequate 
non-operative management. If hematomas are discovered during surgery and > 50% 
of lumen is compromised, it should be externally drained without entering the 
duodenal lumen. A gastrojejunostomy should be considered in case the hematoma 
compromises >75% of the lumen due to the risk of delayed obstruction [10]. Simple 
grade I and early grade II lacerations are managed by simple, tension-free repair with 
imbricating sutures in a transverse orientation and ensuring viable edges [3, 10]. 
Drains should not be routinely placed for Grade I-II injuries [9].

Up to 30% of duodenal injuries will require complex repair techniques [12]. 
Delayed or contaminated grade II injuries may be managed as grade III injuries. This 
often requires to perform a roux-en Y duodeno-jejunostomy in cases of extensive 
defects (grade III) [10] or grade II injuries where a tension-free repair is not possible 
or in some cases with moderate contamination [1].

Grade III injuries involving D1, D3 or D4 may likely undergo primary repair alone 
[11]. Extensive duodenal lacerations in D2-D3 segments may be repaired by an end-
to-end duodenoduodenostomy [3]. Grade III-IV injuries not involving the ampulla 
or bile duct, benefit from the same approach as Grade III injuries [4, 9]. Small bowel 
anastomosis has an overall 9% complication rate. In trauma patients undergoing 
damage-control surgery, a delayed anastomosis shows comparable complication rates 
to those undergoing single-stage anastomosis [13].

Grade IV-V injuries are devastating, the patient often presents in hemorrhagic 
shock and usually requires a complex reconstruction technique [4]. These patients 
present with injuries involving the duodenopancreatic complex and often benefit from 
a damage-control surgery and a second-look surgery for a definitive repair or recon-
struction. Surgical approaches range from surgical techniques used in grade III injuries 
such as duodeno-jejunostomy, or even performing a Whipple procedure if extensive 
duodenal devascularization or pancreatic head destruction is present [2, 10].

Pancreaticoduodenectomy (Whipple procedure), is indicated for injuries in 
the pancreatic head, duodenum, distal common bile duct, massive hemorrhage 
of difficult control and combined grade V pancreatic and duodenal injuries [1]. 
Reimplantation of the common bile duct into the duodenum carries a high risk of 
stricture formation [3]. In patients with destructive pancreatic injuries, anastomotic 
leaks are to be expected, thus external drainage of the anastomosis is vital for leakage 
control and enabling the formation of a controlled fistula [3].

2.4.2.1 Duodenal diversion

Procedures that divert enteric contents away from the duodenum may be consid-
ered in cases of high-grade injuries. All duodenal diversion techniques have similar 
complication and mortality rates. Their goal is to divert gastric contents and, in some 
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situations, bilio/pancreatic contents from the duodenum to minimize the possibility 
of suture dehiscence, leakage and contamination.

2.4.2.2 Pyloric exclusion

Developed in 1977 by Vaughn et al., it consists of primary repair of the duodenum 
and diverting the gastric contents to the jejunum. After the duodenal repair, the 
pylorus is closed from the inside through a gastrotomy by means of suture or staples. 
The final step is to perform a gastrojejunostomy at the site of the gastrotomy [10]. The 
pylorus reopens spontaneously at 3 weeks, but the main long-term complication is 
an anastomotic ulcer in up to 33% of patients [10, 14]. Overall complication rates are 
higher in these patients (71%) [3].

2.4.2.3 Duodenostomy tube

This method of diversion consists in creating a lateral or end-tube duodenostomy 
near the injury site in cases where the degree of inflammation hinders any other 
approach.

2.4.2.4 Duodenal Diverticulization

This historic technique described by Berne et al. [15] was employed in cases of 
complex duodenal injuries and its principle is to divert all gastric and biliary secre-
tions from the duodenum. It consists of primary repair of the duodenal injury, antrec-
tomy, vagotomy, closure of duodenal stump over a decompressive end duodenostomy, 
placement of a T-tube in the common bile duct and periduodenal drains [10].

2.5 Nutrition

Early enteral feeding improves complications and mortality in critically ill trauma 
patients [16]. A greater benefit associated with early enteral nutrition is reported once 
the patient’s hemodynamic stability has been established [10]. Feeding jejunostomy is 
an excellent way of accomplishing early enteral feeding after major trauma [10], espe-
cially in patients with severe pancreaticoduodenal injuries requiring resection and 
reconstruction [9]. Up to 75% of critically ill patients with severe duodenal injuries 
do not tolerate early enteral feeding even with concurrent decompression and feeding 
jejunostomy [16], this being the reason why 37–75% of patients may still require total 
parenteral nutrition [9].

2.6 Complications

Mortality ranges from 15 to 47% [3], many of them attributed to the associated 
injuries, especially major vascular injuries causing hemorrhagic shock [3]. In-hospital 
mortality and postoperative sepsis is similar in patients with primary-repair com-
pared with gastrojejunostomy (6.6% vs. 4.5% and 10.4 vs. 6.7% respectively), but 
hospital length of stay is shorter in the primary repair group (11 days vs. 18 days) [17].

Overall complications reach 65% and include intra-abdominal abscess and 
sepsis, duodenal leakage (0–33%), bowel obstruction, and complications related 
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to other injuries [3, 11]. Patients with severe intestinal injuries are at higher risk 
of intestinal leaks, perforation, volvuli and bowel necrosis [16]. Hypotension 
in both the preoperative and intraoperative period is the primary risk factor for 
complications [14].

Other risk factors include blunt abdominal trauma, high-speed projectiles, high-
grade duodenal injuries, associated biliary tree injuries or severe pancreatic injuries 
and more than 24-hour delay in treatment [4, 18]. And some physiological measures 
associated with complications include lactate and pH level [19].

Intra-abdominal abscess presents with clinical deterioration between 7 to 10 days 
post-injury. Antibiotics and percutaneous drainage remain the standard of care [3].

Duodenal leak and fistula rates vary according to AAST injury grade and the 
affected duodenal segment. The more severe the injury, the higher risk of duodenal 
leak. AAST Grade I injuries have a risk of about 0% of leakage, AAST-II 1.6% and 
AAST III 66.7%. [19]. According to the affected segment, the risk of duodenal leak is 
32% in D1, 12.5% in D2, 38.5% in D3 and 16% in D4 [19]. Factors that may enhance 
the risk of suture failure include distal intestinal obstruction and pancreatic injury 
with enzyme leaks.

The mainstay of treatment is adequate drainage, output control, maintaining 
euvolemia, replacing electrolytes losses and adequate nutrition [3]. Also, decompres-
sion of the bile and pancreatic secretions produced daily reduces the risk of duodenal 
leakage [11].

3. Conclusion

Duodenal injuries are often associated with other organ injuries, thus delaying 
diagnosis in some cases and increasing the risk of complication. When diagnosed in 
time, it can be treated with relatively low mortality rates.

There are several surgical techniques described to treat high-grade duodenal inju-
ries, some of which are more complex than others, however, it is evident that primary 
closure has been superior in terms of results, inferring that it is less complex and 
with shorter surgical time. Outcomes are good, and the prognosis is tightly ligated 
to associated injuries, thus high index of suspicion and applying ATLS and surgery 
trauma principles are essential.

Based on the premise set forth by the Pan American Trauma Society, primary 
closure is postulated as the treatment of choice in duodenal trauma regardless of its 
grade; taking as a reference the adequate optimization of surgical times that allow the 
prompt resolution of the acute event, reducing the patient’s exposure to metabolic 
response to trauma induced during the intervention; systematically resolving the 
patient’s determinant of morbidity and mortality. This precept is mostly applicable 
in cases that present with hemodynamic instability. In addition, it is suggested that 
alternative procedures such as pyloric exclusion and/or additional decompression 
should be reserved for special cases [14].
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