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The abdomen is frequently injured after both

blunt and penetrating trauma. Approximately 25% of

all trauma victims will require an abdominal
exploration. The clinical evaluation of the abdomen
by means of physical examination is inadequate to
identify intra-abdominal injuries. This is due to the
high number of patients with altered mental status
secondary to head trauma,alcohol ,or drugs and
because of the inaccessibility of the pelvic,upper
abdominal ,and retroperitoneal organs to palpation.
For these reasons,several diagnostic modalities
evolved during the past three decades,including
diagnostic peritoneal lavage ,ultrasound,CT,and
laparoscopy ,all of them with advantages,

disadvantages,and limitations.
Mechanism of injury

Blunt trauma secondary to motor vehicle
accidents , motorcycle accidents,falls, assaults , and

pedestrians struck remain the most frequent
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Part1 Surgery

mechanisms of abdominal injury. Penetrating
abdominal wounds are usually caused by either
gunshot or stab wounds and by a significantly smaller
number of shotgun wounds.

Based on the high frequency of intra-abdominal
organ injury after gunshot wounds , mandatory ;
abdominal exploration,with rare exceptions, remains
the standard form of management. Stab wounds to the
abdomen ,however, carry a significantly lower risk of
intraabdominal organ injury when compared with
gunshot wounds, and recently several studies have
favored a more selective approach,as opposed to
mandatory exploratory laparotomy.

In children,besides the previously mentioned
mechanisms of injury,child abuse and trauma
secondary to recreational activities,such as
bicycling, swimming,and roller skating,should also

be considered.
Diagnosis

The history of the traumatic event is particularly
important in determining the likelihood of an intra-
abdominal organ injury. All possible information
should be obtained from the prehospital personnel,
including mechanism of injury, height of a fall,
damage to the interior and exterior of a vehicle in a
motor vehicle accident,other deaths at the accident
scene, ejection, vital signs, mental status,presence of
external bleeding,type of weapon,and so on.

On arrival to the hospital, history and physical
examination are usually accurate in determining
intra-abdominal injury in the awake and responsive
patient, although the limitations of the physical
examination are significant. Many patients with
moderate intra-abdominal bleeding will present in a
compensated hemodynamic condition and will not
have peritoneal signs. Furthermore , retroperitoneal
and pelvic injuries cannot be ruled out based only on

physical findings. We consider that an objective
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abdominal evaluation is necessary and should be
obtained by utilizing any of the available diagnostic
modalities in addition to the physical examination.
The test of choice will depend on the hemodynamic
stability of the patient and the severity of associated
injuries.

Hemodynamically stable patients sustaining
blunt trauma are adequately evaluated by an
abdominal ultrasound study or CT,unless other
severe injuries take priority and the patient needs to
go to the operating room before the objective
abdominal evaluation. In such instances,a diagnostic
peritoneal lavage is usually performed in the
operating room to rule out intra-abdominal injury
requiring an immediate surgical exploration.

Blunt trauma patients with hemodynamic
instability should be evaluated by ultrasound in the
resuscitation room, if available,or by peritoneal
lavage to rule out intra-abdominal injuries as the
source of blood loss and hypotension.

Patients with isolated penetrating abdominal
trauma who are admitted hypotensive ,in shock,or
with peritoneal signs should go to the operating room
despite the mechanism of injury. Stab wound victims
without peritoneal signs, evisceration , or -hypotension
benefit from wound exploration and peritoneal lavage.
Gunshot wound victims generally should undergo
exploration of the wound.

Plain radiographs

The chest radiograph is a useful test to reveal
pneumoperitoneum ,abdominal contents in the chest
(ruptured hemidiaphragm) ,or lower rib fractures.
Fractures increase the probability of splenic and
hepatic injuries.

An intravenous pyelography and a retrograde
cystogram are useful tests in the evaluation of a
trauma patient with hematuria.

With the current frequent use of CT to objectively

evaluate the abdomen after blunt trauma in stable
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patients, the use of routine anteroposterior pelvic
radiographs,as recommended by the advanced trauma
life support course,has been questioned. One recent
study examining the utility of pelvic radiography
concluded that it has limited sensitivity for detecting
pelvic fractures compared with CT. Stable patients
undergoing CT of the abdomen and pelvis do not
need a pelvic radiograph. Unstable patients,however,
may continue to benefit from a pelvic radiograph
because other priorities may take place that will
require prompt diagnosis of a pelvic fracture in the
trauma resuscitation room.

-Other studies suggest that clinical factors could
accurately identify patients at high risk for pelvic
fractures ,making routine films unnecessary.

Diagnostic peritoneal lavage

Diagnostic peritoneal lavage is a rapid and
accurate test used to identify intra-abdominal injuries
after blunt trauma in the hypotensive or unresponsive
patient without obvious indication for abdominal
exploration. Standard criteria for a positive peritoneal
lavage include aspiration of at least 10mL of gross
blood,a bloody lavage effluent,a red blood cell count
greater than 100 000/mm?,a white blood cell count
greater than 500/mm’, an amylase value greater than
175IU/dL, or the detection of bile,bacteria,or food
fibers. This test is highly sensitive to the presence of
intraperitoneal blood ; however, specificity is low and
because a positive test prompts surgical exploration,a
significant number of explorations will be
nontherapeutic.

Significant injuries also may be missed by
diagnostic peritoneal lavage. Diaphragmatic tears,
retroperitoneal hematomas,and renal , pancreatic,
duodenal , minor intestinal ,and extraperitoneal
bladder injuries are frequently underdiagnosed by
peritoneal lavage alone. Complications are infrequent
and are mostly related to iatrogenic injuries caused

during insertion of the catheter into the abdominal
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cavity. A semi-open or open technique should be the
preferred method to avoid or reduce the incidence of
such complications.

Diagnostic peritoneal lavage results can be
misleading in the presence of a pelvic fracture.
False-positive results are expected owing to bleeding
from the retroperitoneum into the peritoneal cavity.

Anterior abdominal and flank wounds can be
accurately evaluated by peritoneal lavage. False-
positive results are frequent after peritoneal lavage
owing to bleeding of the abdominal wall , thus
increasing the number of negative explorations.
Another potential disadvantage of peritoneal lavage is
the low accuracy in the diagnosis of hollow viscus
injuries. Debate still exists regarding the most
appropriate positive criteria to determine the
threshold for surgical exploration after a stab wound
to the abdomen. If a red blood cell count of 1 000/
mm® is considered, the number of negative explorations
may be above 20%. If a count of 100 000/mm’ is
considered , the missed injury rate will approach 5%.
There is no consensus on this matter, although most
trauma centers use a low threshold(cell count between
1 000 and 5 000/mm?*)for exploration.

Diagnosis of abdominal penetration in anterior
abdominal stab wounds has been evaluated by
diagnostic peritoneal lavage in an attempt to
determine who should potentially be discharged from
the emergency department. Hemodynamically stable
patients with normal physical examination were
entered in the study and evaluated with closed
peritoneal lavage. If the red blood cell count in the
lavage fluid was greater than 1 000/mm’, patients
were admitted for observation. Hemodynamically
stable patients with evisceration but without
abdominal tenderness had the viscera reduced to the
peritoneal cavity in the emergency department and
they were admitted for observation. In 44 patients the

red cell count was less than 1 000/mm?®,34 were
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discharged home ;and none required laparotomy or
developed complications. Thirty-eight patients were
observed because of a red blood cell count greater
than 1 000/mm’. Eight developed peritoneal signs
and underwent exploratory laparotomy ,which was
positive in five. The authors concluded that patients
sustaining stab wounds can be safely discharged
home if the red blood cell count is less than 1 000/
mm?, provided that they are hemodynamically stable
and have no clear indication,based on physical
examination, for operative intervention. This approach
needs further validation.

Ultrasound

Ultrasound has been used more frequently in
recent years in the United States for evaluation of the
patient with blunt abdominal trauma. The objective of
ultrasound evaluation is to search for free
intraperitoneal fluid. It can be done expeditiously,
and it is as accurate as diagnostic peritoneal lavage
to detect hemoperitoneum. It can also evaluate the
liver and the spleen once free fluid is identified,
however,that is not its main purpose. Portable
machines can be used in the resuscitation area or in
the emergency department in the hemodynamically
unstable patient without delaying the resuscitation.
Another advantage of ultrasound over peritoneal lavage
is its noninvasiveness. No further work-up is necessary
after a negative ultrasound in a stable patient. CT of
the abdomen usually follows a positive ultrasound in
a stable patient. The sensitivity ranges from 85% to
99% ,and the specificity from 97% to 100%.

The use of ultrasound for the evaluation of
penetrating abdominal trauma has been reported only
in limited,small series. Récently,a prospective study
was carried out to evaluate the usefulness of
ultrasound as a screening test in penetrating trauma
to the same extent it is used in blunt trauma. The
study included stab as well as gunshot wounds. The

overall sensitivity of ultrasound was 46% and the
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specificity was 94%. This study shows that
ultrasound in penetrating trauma is not as reliable as
it is in blunt trauma. If ultrasound is positive ,the
patient should be operated on. If it is negative,
further studies should be performed.

Abdominal CT

CT is the most frequently used method to
evaluate the stable patient with blunt abdominal
trauma. The retroperitoneum is best evaluated by CT.
The drawback of CT is that the patient needs to be
fransponed to the radiology department,and it is
expensive compared with other tests. CT also
evaluates solid organ injury,and in the stable patient
with a positive ultrasound it is indicated to grade
organ injury and to evaluate contrast medium
extravasation. If contrast medium extravasation is
seen,even in minor hepatic or splenic injuries,an
exploratory laparotomy or,more recently, angiography
and embolization are indicated. Another indication
for CT is in the evaluation of patients with solid
organ injuries initially treated nonoperatively who
present with a falling hematocrit. The most important
disadvantage of CT is its inability to reliably diagnose
hollow viscus injury. Usually,the presence of free
abdominal fluid on CT without solid organ injury
should raise the suspicion of mesenteric,intestinal , or
bladder injury,and an exploratory laparotomy is often
warranted.

One of the most intriguing problems regarding
the objective evaluation of blunt abdominal trauma
by CT is what to do when free fluid without signs of
solid organ or mesenteric injury is found. Coupled
with the relatively poor sensitivity of CT to diagnose
hollow viscus injury, it creates a dilemma for most
trauma surgeons. The options are either to surgically
explore all patients and accept a significant rate of
nontherapeutic laparotomies or to observe and “act”
when peritoneal signs develop,keeping in mind that

a delay in diagnosis of bowel injury may be
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catastrophic. A recent survey of trauma surgeons who
were asked what would be the appropriate
management of patients in this circumstance showed
a variety of responses:42% would do peritoneal
lavage ,28% would observe the patient, 16% would
surgically explore,and 12% would repeat an
abdominal CT. The accuracy of CT ranges from 92%
to 98% with low false-positive and false-negative
rates.

Although the use of abdominal CT in the
evaluation of penetrating abdominal trauma has been
limited owing to low sensitivity in diagnosing bowel
and diaphragmatic injury,newer technology (spiral
CT)has been evaluated in this circumstance and thus
has led to considering nonoperative management in
selected cases. Nonoperative management of stab
wounds to the anterior abdomen has been emphasized
because of the high morbidity rate after
nontherapeutic laparotomies.

In one study, triple-contrast helical CT was
evaluated as a diagnostic tool after penetrating
injuries to the torso. The authors concluded that CT
accurately predicted the necessity of laparotomy in
95% of the patients.

Other diagnostic modalities

Despite the initial enthusiasm,the use of -
diagnostic laparoscopy in the patient with blunt
trauma is very limited. It is an invasive and
expensive method and does not seem to be superior
to other methods used for decision making. Missed
small bowel ,splenic,and retroperitoneal injuries have
been reported. It seems that laparoscopy is the best
method to evaluate diaphragmatic injuries after
thoracoabdominal penetrating injuries.

A study analyzing laparoscopy as a diagnostic
modality in patients sustaining penetrating abdominal
trauma revealed a progressive reduction in the
incidence of negative laparotomies. These findings

are in accordance with previous observations showing
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Chapter 1 Abdominal trauma 9

that laparoscopy has a place in the diagnosis of
peritoneal penetration after stab wounds to the
anterior abdominal wall. It is particularly useful in
thoracoabdominal stab wounds for detecting occult
diaphragmatic wounds in the hemodynamically stable
patient.

Angiography is used to evaluate renal artery
thrombosis and to manage pelvic hemorrhage in
patients with pelvic fractures and bleeding from
minor hepatic and splenic injuries.

Gastric injuries

Gastric injuries often result from penetrating
trauma. Less than 1% of such wounds are due to
blunt trauma secondary to motor vehicle accidents,
falls, cardiopulmonary resuscitation ,or interpersonal
violence.

The stomach is partially protected by the rib
cage ,making blunt injuries rare occurrences and
relatively difficult to diagnose. Causes of blunt
gastric rupture include vigorous ventilation with an
endotracheal tube placed inadvertently in the
esophagus, crushing against the spine,cardiopulmonary
resuscitation ,the Heimlich maneuver,and other
causes leading to sudden increase in intraluminal
pressure.

Blunt gastric trauma includes a wide range of
injuries , from mucosal lacerations to full-thickness
disruption and gastric necrosis due to avulsion of
vascular pedicles. Other intra-abdominal and extra-
abdominal injuries are frequently present. Diagnostic
peritoneal lavage or CT of the abdomen may confirm
the diagnosis;however,in most instances the
diagnosis will be made during surgical exploration.

Any penetrating abdominal injury, particularly
in the upper abdomen,should be suspected of
causing injury to the stomach. During initial
evaluation a nasogastric tube should be inserted ;and
if the aspirate is positive for blood,an injury to the

stomach should be suspected. The intraoperative
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evaluation includes good visualization of the
esophagogastric junction,examination of the anterior
gastric wall,opening of the gastrocolic ligament ,and
complete visualization of the posterior gastric wall.
Minor injuries may not be identified and require

distention of the organ with saline or methylene blue

to evaluate for leaking.

Most penetrating wounds are treated by means
of débridement of the wound edges and primary
closure in layers. Injuries with major tissue loss may
be best treated by gastric resection. Postoperative
complications include bleeding,usually from the
submucosal vessels,intra-abdominal abscesses,and,
more rarely , gastric fistula.

Due to its proximity with the diaphragm,the
stomach is frequently injured after thoracoabdominal
wounds. Depending on the severity of contamination
due to spillage of gastric contents,empyema is
another frequent complication.

The role of the extravasation of gastric contents
in the genesis of postoperative complications is
closely related to the dynamics of the gastric flora.
Usually many microorganisms originating from the
nasopharynx and oropharynx reach the stomach
through the saliva and nasal mucus. Changes in
gastric pH are frequent after eating,drinking,and
saliva ingestion,which act in an attempt to neutralize
gastric acidity. When gastric pH is below 4, gastric
juice has bactericidal properties that act to inhibit
bacterial enzymatic activity. In this situation,
microorganisms such as Streptococcus salivarium,
Streptococcus viridans , Lactobacillus , Bacteroides ,
Veillonella,Micrococcus ,Staphylococcus ,and
Neisseria are found in very low concentrations,
usually below 1 000/mL. Inversely,when the gastric
pH is neutralized , bactericidal properties of the
gastric juice are extremely suppressed ,which leads to
prompt bacterial growth. Concentrations can reach as

high as 10° /mL and remain there for approximately 1
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hour before returning to normal levels. If the
neutralization occurs for prolonged periods of time,
bacteria from the lower digestive tract such as
Bacteroides fragilis , Escherichia coli ,Streptococcus
faecalis ,and enterobacterias can be found inside the
stomach. This fact is especially important in trauma
patients who frequently have great amounts of food
and liquid inside the stomach.

Morbidity and mortality rates after penetrating
abdominal injuries associated with gastric wounds
have been reported close to 27% and 14%,
respectively,in most cases due to the associated
injuries , although the risk of morbidity from gastric
injury itself is close to 6%.

Injuries to the duodenum

The majority of duodenum injuries are caused
by penetrating trauma ;however,blunt injuries,
although infrequent, are difficult to diagnose because
patients may present with subtle findings on
admission. The incidence of duodenal injuries varies
from 3% to 5%. Most of duodenal injuries are
accompanied by other intra-abdominal injuries. This
occurs owing to its close anatomic relationship with
other solid organs and major vessels.

A motor vehicle accident causing a steering
wheel blow to the epigastrium is the most common
mechanism of blunt duodenal injuries. Other
mechanisms, such as assault and falls,also cause
duodenal injuries. A closed loop compression of an
air-filled loop after a direct blow can account for
duodenum rupture.

The retroperitoneal location of the duodenum
(second and third portions )exerts a protective effect
againét injuries but also prevents an early diagnosis.
Isolated injury to the duodenum is rare and usually
does not cause significant clinical signs of peritonitis
or hemodynamic instability. A thorough search based
on mechanism of injury is necessary to prevent

delays in diagnosis. Failure to recognize this injury is
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