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Abstract

Background: Blunt traumatic injury of the duodenum is relatively rare, but it is known that early diagnosis and treatment are essential to increase survivability.
A variety of ideas have been put forth regarding optimal management of blunt duodenal injury, but more information from outcomes of completed procedures by
experienced surgeons needs to be reported to facilitate the improvement of guidelines and patient care. In this study, we review results from our hospital and share
what has been learned from our experience in the management of blunt traumatic injury of the duodenum.

Methods: A retrospective chart review of 19 patients with blunt duodenal injuries who were treated in a single institution from 1990 to 2018 was conducted. Cases
of intramural hematoma of the duodenum were excluded.

Results: Fifteen (58%) individuals had been involved in motor vehicle accidents. Gradell duodenal injury was the most observed type of injury (74%). The second
portion of the duodenum was the most commonly injured, and there was a high incidence of associated intra-abdominal injuries. Simple closure was performed in 14
cases. Duodenal resection and anastomosis were performed in 4 cases, without pyloric exclusion or duodenal diverticulization. Duodenal fistula was observed in only
one case (6.3%), and there were no cases of duodenal injury-related death (0%).

Conclusions: Simple repair without complicated additional procedures (pyloric exclusion and duodenal diverticulization) may be adequate and safe for most blunt

duodenal injuries.

Abbreviations: AAST-OIS: American Association for the Surgery
of Trauma organ injury scale; ISS: Injury Severity Score; CT: Computed
Tomography; PD: Pancreaticoduodenectomy

Background

Traumatic duodenal injury is a relatively rare condition comprising
less than 5% of all traumatic abdominal injuries [1]. It is usually caused
by blunt abdominal trauma rather than penetrating injury, especially
in Japan. Blunt duodenal injury is also uncommon, accounting for less
than 1%. It is mainly caused from direct compression between two
opposing surfaces - the abdominal wall and the spine. This leads to
increased risk of injury and tearing in fixed areas of the bowel, such
as the duodenum [2]. Morbidity related to duodenal injuries varies
with reported rates ranging from 7% to 55%, while mortality rate has
been reported to range from 5% to 23% [3-5]. Currently, injury to the
duodenum presents a significant challenge for trauma surgeons. Using
the American Association for the Surgery of Trauma organ injury scale
(AAST-OIS), duodenal injuries are graded from I-V in ascending order
of severity with treatment and therapeutic plan guided by the injury
severity [6]. However, in most clinical settings, the degree of injury,
abdominal contamination, and the patient’s condition, especially in
blunt injury, are extremely diverse. There is no unified view regarding
the optimal surgical treatment for all scenarios. At our institution,
appropriate debridement, suture closure, and resection/anastomosis of
the injured section are considered the most important aspects of the
surgical operation, and complicated additional procedures (pyloric
exclusion and duodenal diverticulization) are considered unnecessary
as a general rule [7]. This study investigated the validity of this operative
mindset.
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Methods

We conducted a retrospective cohort study between 1990 and 20138;
in our hospital using data extracted from patient charts. We reviewed all
all patients with duodenal injury by using trauma registry system of our
institution. Those with grade I injury, which is managed non-surgically,
and penetrating duodenal injury were excluded to limit the search to
patients who had full-thickness blunt duodenal injury. This established
the subset for the study. Standard demographic and descriptive data
were collected for all patients, including age, sex, mechanism of
injury, vital signs on admission, physical examination on admission,
diagnostic modalities and results, Injury Severity Score (ISS), timing
and findings of operation, type of operation (simple closure, resection
and anastomosis, pancreaticoduodenectomy (PD)), and clinical
outcomes (including mortality, cause of death, complications, length of
stay, and disposition). As this study was a chart review and was of no
risk to subjects, the need for informed consent from each patient was
waived per decision of the institutional review board of Okinawa Chubu
Hospital. Further, as no individual identifying data was contained in
this study, individual consent was not applicable.
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Results

A total of 38 patients with traumatic duodenal injuries were
admitted to our hospital during the study period. Of these, 11 patients
with grade I injuries who had been treated with conservative treatment
were identified and excluded from analysis. Eight patients with
penetrating duodenal trauma were also excluded. A final total of 19
surgical patients were included in the analysis.

Patient background data are summarized in Table 1. The average
age was 29 years (range, 1-72 years) with a male/female ratio of 15:4.
The average ISS was 21 (range, 11-48). Traffic-related injuries were
the most common cause of injury and were noted in 15 patients, 12 of
whom were either vehicle drivers or passengers.

Two patients were injured in industrial accidents (fall and being
caught in machinery) and 2 additional patients were injured during
domestic violence incidents.

Treatment guidelines and surgical indications for blunt duodenal
injury at our hospital are shown in Figure 1. These are based on the
current AAST management algorithm for duodenal injury [4]. Of the
19 patients reviewed, 6 (32%) did not respond to initial resuscitation for
trauma and had to undergo emergency laparotomy for hemostasis due
to intra-abdominal bleeding. In these patients, the duodenal injury was
diagnosed during surgery. The remaining 13 patients responded to initial
resuscitation for trauma and were subjected to a thorough examination
after stabilization of vital signs. Peritonitis was later diagnosed in all
these cases, and laparotomy was performed. Of these, surgeries were
performed on 3 patients without conducting abdominal computed
tomography (CT) scans. Scans were conducted on the remaining 10
patients before surgery. However, intra- and retroperitoneal free air
could be observed in only 5 of these cases (50%), and a preoperative
diagnosis of duodenal injury could only be made in 5 patients (38%).
The average time from admission to surgery was 5.7 h (range, 55 min-
18 h), with all patients being diagnosed and treated within 24 h.

Similar to previous reports, D2 (descending) and D3 (horizontal)
were the most common sites of duodenal injury in our review [8].
Four patients presented with D1 (duodenal bulb), 8 presented with D2,
five presented with D3, and 2 presented with D4 (from the superior
mesenteric artery/vein to the ligament of Treitz) injuries. Furthermore,
2 patients had multiple sites of injury. The most common severity of
injury was grade II, found in 14 patients (74%), followed by grade III,
found in 4 patients. Grade V severity was observed in 1 patient.

Additional injuries involving other organs were observed in 100%
of the patients (Table 2). Among these, liver injury was the most
common comorbidity, present in 11 patients, followed by colon and
pancreatic injuries observed in 6 and 5 patients, respectively. Comorbid
pancreas injuries included 4 grade II injuries and 1 grade IV injury.
Several patients also sustained severe comorbid vascular injuries - one

Table 1. Patient demographics

Age in mean years (range) 29 (1-72)
Sex (male) 15 (79%)
ISS (range) 21 (11-48)
Mechanism -
Motor vehicle crash 11
Cyclist struck 2
Pedestrian struck 1
Motor cyclist 1
Industrial accident 2
Domestic violence 2
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Figure 1. Management Strategy

Table 2. Associated injuries

Abdominal injuries 22 (81%)
Liver 12
Pancreas
Portal triad
Stomach
Small intestine
Large intestine
Kidney
Mesentery
IvC
SMA/SMV
Common iliac artery 1

17 (63%)

R W RS N = NS

Extra-abdominal injury

IVC: inferior vena cava
SMA: superior mesenteric artery
SMV: superior mesenteric vein

involving the inferior vena cava, 2 involving the portal triad, 1 involving
the superior mesenteric arteriovenous base, and 1 with comorbid iliac
artery injury.

The surgical procedures performed and their outcomes are shown
in Table 3. Debridement with simple suture closure was performed at
the site of injury for 14 patients. Of these, an omental or serosal patch
was added in 5 cases. Resection and anastomosis was performed in
4 patients. The methods of anastomosis were as follows: duodenal
end-to-end anastomosis in 2 patients; duodenal jejunal side-to-side
anastomosis in 1 patient; and duodenal jejunal Roux-en-Y anastomosis
in 1 patient. A single-stage PD was performed on one patient who
experienced grade V multiple duodenal injuries together with comorbid
grade IV pancreatic head injuries. Duodenal fistula, likely due to
suture insufficiency, was observed in 1 patient, with a recorded suture
insufficiency rate of 6.3% (1/16 patients), after excluding deaths and the
patients who underwent PD. This patient had grade III duodenal injury
at D3 with SMA/SMV injury and grade II pancreas injury (ISS27).
Duodenal resection and end-to-end anastomosis had been performed,
and the time from injury to operation was 140 min. This patient had
duodenal fistula and SMA pseudoaneurysm formation treated by
drainage and interventional stent placement. The patient recovered well
and was finally discharged on hospital day 279. There were two deaths,
resulting in a mortality rate of 10.5%. Both patients had multiple severe
injuries with an ISS of 34 and 48, respectively both died within 24 h
of surgery due to hemorrhagic multiple organ failure. No deaths were
associated with duodenal injury or suture insufficiency.
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Table 3. Operative management and outcomes

Operation Number Wound infection
Primary closure with patch 8 1
Primary closure without patch 12 1
Roux en-Y anastomosis 1 0
Resection + end to end anastomosis 3 1
Resection + side to side anastomosis 2 0
Pancreaticoduodenectomy (PD) 1 1

Discussion

In this study, we obtained good results in the surgical management
of blunt duodenal injuries using only appropriate debridement, suture
closure, and resection/anastomosis, without complicated additional
procedures.

The treatment of traumatic duodenal injuries often not only
involves a delay in the diagnosis owing to the retroperitoneal location
of the duodenum, but may also involve complicated injuries to the
surrounding organs, making subsequent surgical decisions difficult
[9]. Therefore, early diagnosis and surgery within the initial 24 h are
essential to increase survival [10].

Abdominal trauma that does not respond to initial resuscitative
actions and is accompanied by massive intraperitoneal bleeding is an
indication for immediate laparotomy. Injuries to each involved organ
diagnosed during emergency surgery should be performed after
suitable hemostatic control. Emergency laparotomy was performed
without a CT scan in 32% of patients in this study, with the duodenal
injuries diagnosed intraoperatively. During laparotomy, confirming the
presence of intraperitoneal bleeding or duodenal injury should not be
the sole objective. The presence of intestinal fluid, bile, air, or blood in
the retroperitoneal space should also be considered [9].

We also recorded medical history and performed physical
examination as a matter of routine in patients who responded well
and had stable vital signs after the initial resuscitation. In cases of
retroperitoneal injury, patients often exhibit only mild abdominal
distension and tenderness, no rebound pain, and abdominal
guarding in the early stages of injury, with symptoms and findings
worsening gradually [2]. Therefore, it is important to perform physical
examinations regularly and to review findings over time. Abdominal
contrast-enhanced CT is the fastest and most comprehensive diagnostic
imaging modality for these cases. Typical findings include intra- and
retroperitoneal free air and images of hematoma and edema in the
duodenal vicinity and retroperitoneum [9]. In a recent study, CT had a
sensitivity and specificity of 86% and 88%, respectively, in diagnosing
blunt hollow viscus injury [11]. However, missed blunt duodenal
injury rates of up to 27% have been described [12]. Intraperitoneal or
retroperitoneal extraluminal air is a relatively specific sign of bowel
perforation seen in 20-55% of patients. However, this may not be visible
immediately after traumatic perforation [13]. In our study, the detection
rate of intra-/retroperitoneal free gas using CT images was 50%, with
only 5 patients diagnosed with duodenal injuries prior to surgery. Thus,
it can be concluded that though abdominal CT can be attempted in
patients with stable vital signs, it is not perfect. Careful interpretation
and clinical correlation are mandatory to avoid delayed diagnosis,
treatment, and increased rates of case morbidity and mortality [9].

Postoperative duodenal fistulas, likely due to suture insufficiencies,
have been a major concern in the management of traumatic duodenal
injuries. This is due to anatomical and physiological characteristics
which may lead to a need for complicated additional procedures, such
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Abscess Fistula Length of stay (days) Mortality
2 1 30 0
1 0 26 2
0 0 14 0
1 1 82 0
1 (1} 28 0
1 1 102 0

as duodenal diverticulization [14] and pyloric exclusion [15], in order
to overcome this problem. Though numerous facilities have stressed
the importance of these procedures in the management of traumatic
duodenal injury [16], recent reports from western countries have
questioned their effectiveness [17-19]. In addition, there is currently
a trend towards less invasive procedures for duodenal injury, as noted
by a retrospective analysis of the National Trauma Data Bank of the
United States from 2002 to 2014. There it was noted that in-hospital
mortality has improved as a result [20]. At our institution, appropriate
debridement, suture closure, and resection/anastomosis of the injured
section are considered to be the most important aspects in surgical
management for blunt duodenal injuries, with complicated additional
surgeries considered unnecessary as a general rule [7].

Our group prefers simple suture closures for grade II injuries that
do not exceed half the circumference of the duodenum, with omental
or serosal patches added as needed, depending on the tissue tension
and extent of blood flow availability. There are no clear-cut indications
for patch addition, so these are used at the discretion of the surgeon.
Decompression of the duodenum with a nasogastric (NG) tube is not
routinely performed in our hospital. Lateral-end anastomosis at the
jejunal Roux-en-Y leg is performed for injuries that exceed half of the
circumference of the duodenum and where tissue blood flow is relatively
maintained. Partial duodenal resection and anastomosis are performed
in grade III injuries that exceed half of the duodenal circumference
and exhibit poor blood flow. The method of anastomosis (end-to-end
or side-to-side) is selected based on the injury site, tissue tension, and
blood flow status. The suture insufficiency rate at our facility was 6.3%,
with surgeries being performed as per the stated guidelines, and the
mortality rate due to duodenal injuries was 0%. Roman et al. reported a
suture insufficiency and mortality rate of 25% and 5%, respectively, for
surgeries conducted within 24 h, whereas the mortality rate for surgeries
after 24 h was 65% (4). Ballard et al. also reported that the mortality
rate related to duodenal injuries was 7% (5). The results obtained at our
facility compared favorably with those observed in these studies.

A single-stage PD was performed in patients with complications
from GradeVduodenal injuries who were in stable condition during the
perioperative period. However, pancreatic fistula and intraperitoneal
abscesses developed in one patient after surgery, and that individual
had to undergo long-term hospitalization for 102 days postoperatively.
Second-stage surgeries that combine damage control surgery have
been recommended by current guidelines as a treatment strategy for
GradeVduodenal injuries with unstable vital sign and obvious intra-
abdominal contamination [21]. Although the concept of damage
control surgery is universally accepted, if initial vital signs are stable
and obvious contamination is not recognized, it is not easy to determine
the optimal surgical procedure for grade V duodenal injury. This is
because there is no unified view on this subject. For these types of
complex cases, the general condition of the patient, the site and extent
of injury, the type of accompanying injury, the extent and repair status,
and the facility, as well as the surgeon’s experience and skill level, need
to be comprehensively determined. Only then can a surgical procedure
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that is most appropriate for the moment and location be decided. As it
stands, there is no standard procedure for such cases.

In this study, with the exception of the patient who underwent
PD, the single patient who developed suture insufficiency did not
have particularly high ISS values, and exhibited stable vital signs
during the perioperative period. On further scrutiny, this patient had
comorbid injury of the superior mesenteric arteriovenous base and
pseudoaneurysm formation. This might lead to insufficient blood
flow to the duodenum and cause insufficient anastomosis healing.
Furthermore, the two deaths observed involved patients with multiple
severe traumatic injuries and ISS values of 43 and 48, respectively. Both
patients had portal triad injury complications, with intraoperative
hemorrhaging that was extremely difficult to control. Both died within
24 h of the surgery due to hemorrhagic multiple organ failure.

As described above, we witnessed favorable results at our facility
with respect to our surgical protocol for traumatic duodenal injuries
without the need for additional procedures. However, several limitations
of the present study should be mentioned. The role of the following factors in
obtaining favorable results is important: 1) in our cohort, there were a majority
of simple injuries that were grade II in severity; 2) all patients underwent initial
staging, diagnosis, and treatment within 24 h; 3) only 1 patient had grade V
duodenal injury with severe pancreatic head disruption.

In the future, application, along with investigation, of additional
complicated procedures should be considered in a flexible manner
for high risk patients in poor general condition, or for those with
significant injuries, intraperitoneal contamination, iatrogenic duodenal
injuries, or in cases of duodenal perforation due to malignant tumor
infiltration. However, additional procedures may incur complications,
such as the formation of gastrointestinal ulcers and bleeding. Therefore,
surgeons should avoid performing them unless deemed necessary. We
plan to conduct further studies once we have accumulated additional
cases with a greater number of established indications.

Conclusions

In this study, we observed favorable results at our facility after
conducting surgeries for blunt duodenal injuries, performing only
appropriate debridement, suture closure, and resection/anastomosis
of the injured section, without the need for additional complicated
procedures. Despite advances in diagnostic and surgical techniques,
duodenal injury remains a challenging condition with high morbidity
and mortality. Further prospective studies with larger cohorts that
incorporate advances in surgical management are warranted.
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