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Abstract
Introduction: In trauma patients, injury of  solid ab-
dominal organs secondary to blunt trauma is a major
source of  morbidity and mortality. Different diagnos-
tic options such as FAST sonography or CT scan have
been described.
Methods: Our trauma registry was used to identify
multiple injured patients with blunt abdominal trauma
during 2001 to 2006. Patient demographics, diagnostic
and operative findings, treatment, complications,
length of  stay and mortality were reviewed. 
Results: Of  438 multiple injured patients, 58 patients
were diagnosed with blunt abdominal trauma. During
examination, free fluid or organ injury could be seen
in 72.4% during sonography and in 84.3% of  the pa-
tients who received CT scan, giving a sensitivity of
92% for initial FAST Sonography. Nevertheless, CT
scan showed a higher sensitivity in detecting bowel
(84%) or mesenteric (75%) injuries, if  compared to
FAST. 30 (51.7%) of  the 58 patients had to undergo
laparotomy because of  blunt abdominal trauma, giving
a laparotomy rate of  6.8% because of  blunt abdominal
trauma in multiple injured patients. 
Conclusion: Sonography is the method of  choice for
initial screening and CT scan in detecting bowel or
mesenteric injuries. A large intraperitoneal fluid accu-
mulation during initial sonography in combination
with unstable vital signs should lead to an immediate
exploratory laparotomy. 

Key words: Blunt abdominal trauma, multiple injury,
radiological diagnostic, laparotomy.

INTRODUCTION

In trauma patients, injury of  solid abdominal organs
secondary to blunt trauma is a major source of  mor-
bidity and mortality. Different diagnostic options such
as sonography with or without contrast material, CT
scan and diagnostic peritoneal lavage have been de-
scribed in the literature. FAST (focused assessment
with sonography for trauma) seems to be the most
useful initial method in an emergency department, es-
pecially in patients who are haemodynamic unstable
[14, 17, 35].

However, this technique is poor in locating the
cause of  intra-abdominal fluid accumulation. But CT

scan is the diagnostic tool of  choice for the detection
of  intraabdominal injuries, especially those affecting
the small bowel and mesentery as they are difficult to
diagnose with other diagnostic tools [14, 27]. 

Multiple injuries in trauma patients often lead to de-
layed diagnosis and management. Specifically duode-
nal injuries, which are relatively infrequent, present
difficulties in diagnosis and treatment, because of
their retroperitoneal location. In cases of  intestinal
perforation caused by blunt abdominal trauma, de-
layed diagnosis leads to increased complication rates.
Most of  these complications are wound infections,
wound dehiscence, acute respiratory distress syndrome
and sepsis [12, 22]. 

It is well accepted that laparotomy is the treatment
of  choice after significant blunt abdominal trauma in
haemodynamically unstable patients. Nonoperative
management of  injuries to the liver, spleen and kidney
in haemodynamic stable patients has been demonstrat-
ed to be successful in the majority of  cases with high-
est success rates in liver injuries. This conservative
management should be exercised with high index of
suspicion, if  blood transfusion is needed or intraab-
dominal fluid could be find in sonography or CT [17,
18, 21, 37].

The purpose of  this study was to evaluate the use-
fulness of  various modes of  diagnosis in multiple in-
jured patients with blunt abdominal trauma. The abili-
ty of  CT scanning to detect the signs of  intraabdomi-
nal injury was evaluated and patient management and
outcomes were assessed.

PATIENTS AND METHODS

A list of  all multiple trauma patients with blunt ab-
dominal trauma during 2001 and 2006 was generated
by the trauma registry. The charts of  all these patients
were reviewed. Presentation, mechanism of  injury, in-
jury grad, diagnostic findings, management and out-
come was recorded. All patients who were hemodi-
namically stable and did not show any indications for
operative treatment during FAST or CT scan of  the
abdomen where treated nonoperatively. Assessment of
hemodynamic stability was based on routine vital
signs, serum lactate, and base excess measurements.
All patients who were hemodinamically stable and did
not show any indications for operative treatment dur-
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ing FAST or CT scan of  the abdomen where treated
initially nonoperatively.

A standard management protocol for diagnosis was
used for all patients after admission (Fig. 1), including
a initial FAST sonography (EnVisor C, Philips medical
systems, Hamburg, Germany) and spiral CT scanning
(Somatom Volume Zoom, Siemens AG, Medical Solu-
tions, Erlangen, Germany) within an hour of  arrival at
the trauma center for all patients who were haemody-
namic stable and had no other indication for immedi-
ate abdominal surgery. The characteristic of  these pa-
tients and their laparotomy findings are summarized in
Table 1.

FAST sonography had been performed as described
elsewhere [14]. These examinations were performed
by sonographers with at least five years of  experience
of  examination. CT scan was performed with 5-mm
cuts from the diaphragm through the pelvis. Initial CT
scans were interpreted by the trauma service in con-
junction with the radiologists. A 120 ml dose of  non-
ionic contrast medium (Peritrast®, Dr. Franz Koehler
Chemie GmbH, Alsbach-Haehnlein, Germany) was
injected with a rate of  2 ml/sec. The acquisition delay
was 60 sec. CT scans were categorized as suspicious if
one or more of  the following were present: visible dis-
continuity of  the gastrointestinal wall, free fluid in the
peritoneal cavity, pneumo peritoneum, focal bowel wall

thickening, intrames enteric fluid or haematoma, retro -
peritoneal haematoma, bowel wall thickening or ex-
travasation of  vascular contrast material.

For statistical analyses, sonography was considered
to be positive if  a parenchyma abnormality that could
be consistent with trauma was identified on CT. Posi-
tive sonography findings were considered true positive
if  CT revealed evidence of  the parenchyma injury,
findings were considered false-positive if  the injury
was not confirmed on subsequent CT. Negative
sonography findings were counted as true negative, if
CT findings were negative and the patient had an un-
eventful clinical course. Findings were considered to
be false-negative, if  CT scan revealed a parenchyma
injury. 

The indications for laparotomy were the following:
hemodynamic instability, pathological findings on CT
scan, positive abdominal signs, positive contrast stud-
ies. Major associated injuries of  the head, face, thorax,
abdomen, axial skeleton, major blood vessels and 
long bones were recorded. Minor and soft tissue in-
juries and fractures of  the hand or feet were not in-
cluded. 

The time between injury and admission, respective-
ly laparotomy at University Hospital of  LMU Munich
was calculated. The average time between injury and
admission was 67.20 ± 66.84 minutes. In four cases
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Fig. 1. Algorithm for evaluation and management of patients with blunt abdominal trauma - modified after Hughes et al. [16]
and Menegaux et al. [20].
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Table 1. Demographics, injury characteristics and labarotory findings in multiple trauma patients with blunt abdominal injury
(*p < 0.05).

                                                                         Patients with laparotomy         Patients without laparotomy

Age (yrs)                                                                       45.06 ± 15.54                              35.75 ± 18.13*

ISS                                                                                36.59 ± 17.83                                30.86 ± 15.78

Injury GCS score                                                         9.00 ± 18.94                                 11.32 ± 4.92

Admission GCS score                                                    8.42 ± 5.73                                   10.57 ± 6.78

Time during accident and admission (min)                  68.58 ± 80.83                                67.04 ± 49.59

CK (mg/dl)                                                                485.48 ± 817.67                            312.21 ± 263.54

Lactate (mg/dl)                                                              3.46 ± 3.19                                    3.23 ± 3.06

Alcohole                                                                         0.41 ± 1.01                                    0.32 ± 0.89

Glucose (mg/dl)                                                         226.52 ± 172.79                            189.46 ± 134.23

Hb (mg/dl)                                                                    9.52 ± 2.33                                   11.11 ± 3.09

Operation length (min)                                               109.88 ± 57.53                                        ---

Duration of ICU stay (d)                                              23.76 ± 21.04                                29.04 ± 43.05

Duration of hospital stay (d)                                        33.94 ± 27.74                                34.93 ± 42.56

Mortality (%)                                                                       15.4                                               10.7

Table 2. Mechanism of injury.

Mechanism                                                      Patients with laparotomy         Patients without laparotomy

Motor vehicle accident                                                   17 (56.7%)                                     19 (67.9%)

Fall                                                                                  4 (13.3%)                                       5 (17.9%)

Motorcycle crash                                                             3 (10.0%)                                        2 (7.1%)

Industrial injury                                                                2 (6.7%)                                              ---

Pedestrian                                                                         2 (6.7%)                                         2 (7.1%)

Suicide                                                                              1 (3.3%)                                              ---

Fight                                                                                 1 (3.3%)                                              ---

Table 3. Findings during sonography and CT scan.

                                                                            Number (Percentage)

Findings during FAST (n = 58)

      Free fluid                                                                  30 (51.7%)

      Organ injury                                                              18 (31.%)

Findings during CT (n = 51)

      Free fluid in the peritoneal cavity                             32 (62.7%)

      Organ injury                                                             33 (64.7%)

      Extravasation of vascular contrast material              13 (25.5%)

     Active mesenteric bleeding                                       10 (19.6%)

      Retroperitoneal haematoma                                      8 (15.7%)

      Pneumoperitoneum                                                   6 (11.8%)

      Bowel wall thickening                                                3 (5.9%)

     Intramesenteric fluid or haematoma                          2 (3.9%)

Sonographic findings during second survey (n = 28)

Free fluid                                                                   10 (35.7%)

      Organ injury                                                             24 (85.7%)



the time until arriving at our hospital was more than
200 minutes. Reasons for delayed arrival were transfer
from another hospital or problems with rescue work at
the scene of  accident.

Sensitivity, specificity, positive predictive value and
negative predictive value were calculated for sonogra-
phy. Analysis was performed using SPSS for Windows
(SPSS, Chicago, IL, USA). Normal curve of  distribu-
tion was revised using Kolmogorov-Smirnov test. Uni-
veriate analysis was performed with student’s t-test
and chi-squared test where appropriate. A p < 0.05
was considered statistically significant. All continuous
data are expressed as mean ± SD.

RESULTS

During the study period between 2001 and 2006 the
charts of  438 patients were reviewed, 58 patients
(13.3%) were diagnosed with blunt abdominal trauma.
In 30 of  these 58 patients (51.7%) we had to perform
a laparotomy because of  bowel or mesenteric injuries.
Therefore, laparotomy rate of  438 patients with multi-
ple injuries because of  bowel or mesenteric injuries af-
ter blunt abdominal trauma was 6.8%. The average age
of  these patients was 45.06 ± 15.54 years, and the
male to female ratio was 3:1. At admission, patients
had an average GCS score of  8.42 ± 5.73 points
(Table 1). 28 multiple trauma patients with blunt ab-
dominal trauma could be treated non-operative after
initial clinical and radiographic examination. The aver-
age age of  these patients was 35.75 ± 18.13 years with
an average GCS score of  10.57 ± 6.78 at admission.

Table 2 summarizes the mechanisms of  injury. Mo-
tor vehicle accidents were most common in 62.1% of
all multiple injured patients with blunt abdominal trau-
ma. Other mechanisms were falls, motorcycle crashes,
industrial injuries, pedestrians versus motor vehicles,
fights or suicide. 

The time between accident and admission at our
emergency room was 67.20 ± 66.84 minutes. Clinical
examination at admission showed abdominal wall
bruising, abdominal distension, pain, tenderness and
peritonism signs (data not shown). Laboratory exami-
nations revealed elevated levels of  lactate, CK and
Glucose in both groups if  compared to normal con-
trols (Table 1). 

Initial sonography was performed in all patients,
while CT scan was done in 51 patients (89.6%). In 7

cases, we do not perform CT scan, because of  insta-
bility of  the patient and/or enormous amounts of  free
fluid inside the peritoneal cavity. Mean time between
admission and initial sonography was 8.19 ± 9.04 min-
utes and between admission and whole body CT scan
was 17.13 ± 9.31 minutes.

Free fluid or organ injury could be seen in 72.4%
during sonography and in 84.3% of  the patients who
received CT scan, giving a sensitivity of  57% and a
specificity of  92% for the FAST sonography in detect-
ing free fluid or organ injury, respectively.  In all pa-
tients without free intra-abdominal fluid during FAST,
CT scan also showed no extravasation of  contrast ma-
terial. On the other hand, CT scan showed a higher
sensitivity in detecting bowel (84%) or mesenteric
(75%) injuries, if  compared to FAST. In these cases,
CT scan revealed a specific diagnosis (e.g. bowel per-
foration or mesenteric injury) and FAST revealed only
unspecific signs as free abdominal fluid.

During CT scan abdominal organ lesions could be
seen in 33 of  51 cases (56.9%). In 17 (33.3%) cases
CT scan revealed a rupture of  the spleen and in 18
(35.3%) cases a rupture of  the liver. An extravasation
of  vascular contrast material could be found in 13
(25.5%) cases and a retroperitoneal haematoma in 8
patients (15.7%, Table 3).

55 patients had one or more associated significant
injury. These injuries are listed in Table 4. Most com-
monly a pneumothorax could be found. Other associ-
ated injuries included fracture of  the ribs or limb
bones, lung contusion or craniocerebral trauma.

Laparotomy was performed in 30 cases. An abdom-
inal CT scan with diagnostic or suspicious findings
was the main reason for laparotomy in 17 (56.7%) cas-
es, followed by haemodynamic instability in 11 cases
(36.6%) and respiratory insufficiency in two cases
(6.7%). In general, laparotomy was performed within
4 hours after accident in 76.7% of  the cases. Laparo-
tomy was delayed more than 4 hours after injury be-
cause of  assessment and investigation times, manage-
ment of  other life threatening injuries and further clin-
ical observations.

During explorative laparotomy different findings
could be made and therefore, different surgical proce-
dures had to be performed. Mesenteric injuries could
be found in 21 patients (70.0%), bowel injuries such as
perforation, ischemia or contusion was found in 23
patients (76.7%) and both types of  injury in 14 pa-
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Table 4. Associated injuries.

                                                                         Patients with laparotomy         Patients without laparotomy

Rib fracture                                                                     9 (30.0%)                                      12 (42.9%)
Pelvic fracture                                                                 8 (26.7%)                                       3 (10.7%)
Limb fracture                                                                   8 26.7%)                                       11 (39.3%)
Vertebral fracture                                                            7 (23.3%)                                       6 (21.4%)
Lung contusion                                                               7 (23.3%)                                       5 (17.9%)
Pneumothorax                                                                 7 (23.3%)                                      16 (57.1%)
Craniocerebral trauma                                                     5 (16.7%)                                       4 (14.3%)
Pleural effusion                                                                2 (6.7%)                                         1 (3.6%)



tients (46.7%). Bowel perforations could be closed by
wound edge debridement and primary closure in mi-
nor cases. A segmental bowel resection had to be per-
formed in 12 patients, because of  multiple or extend-
ed perforations or bowel infarction. In case of  spleen
rupture, two patients could be treated with primary su-
ture and in three cases a splenectomy had to be done.
Second look laparotomy was performed in 13 (43.3%)
cases and revealed no additional injuries or complica-
tions. 

Different complications were seen during and after
operation. In 4 (13.3%) cases a haemorrhagic shock
occurred. Another 4 patients developed an abdominal
compartment syndrome (13.3%) and three patients
had a defect of  wound healing (10.0%). Interestingly,
cholecystitis also occurred in three cases (10.0%) with
following cholecystectomy in two of  these. Two pa-
tients (6.7%) complained about abdominal pain with-
out any organic compound, another two patients
(6.7%) developed an abdominal compartment syn-
drome during their hospital stay and a single patient
developed anastomotic insufficiency (3.3%).

Patients who were hemodinamic stable and did not
show any suspicious or significant diagnostic findings
during FAST or CT scan, non-operative management
was performed. In these patients, secondary sonogra-
phy was done after four hours after FAST to detect
any intra-abdominal changes. During this sonography
free abdominal fluid could be seen in 10 patients
(35.7%) and an organ injury in 24 patients (85.7%)
giving a sensitivity of  86% for secondary sonography,
if  compared to CT-scan. In none of  the patients treat-
ed non-operative, laparotomy had to be performed
during their hospital stay.

Post-operative, the patients stayed for an average of
26.18 ± 32.82 days at ICU. The overall stay at our hos-
pital was 34.41 ± 33.17 days (Table 1) and the 30 day
mortality rate was 13.8% (8 patients). Presence of  one
or more major associated injuries, age, laboratory find-
ings and site of  intraabdominal injury were not found
to be significant risk factors for intraabdominal in-
juries related mortality (p>0.05). 

DISCUSSION

In 1923, Vance proposed three different mechanisms
by which blunt abdominal trauma could lead to in-
juries of  the bowel and mesentery. First, the gastro in-
testinal tract can be crushed between an object and the
rigid skeleton posterior. This mechanism leads to local
laceration of  the bowel wall and mesentery, mural and
mesenteric haematomas, localised devascularisation
and full thickness contusion. The second mechanism
is rapid deceleration causing shearing forces between
fixed and mobile portions of  the gastro intestinal
tract. Natural points of  fixation are the ligament of
Treitz, the ileocaecal junction and both ends of  the
sigmoid. The last mechanism is burst injury, which oc-
curs if  loops of  intestine are closed off  during impact.
In these cases, bowels burst when intraluminal pres-
sure exceeds the tensile strength of  the bowel wall. In
many cases, the described mechanisms will be operat-
ing and the type of  injury will depend on the relative
contribution of  each [36, 39].

In up to 75% of  the cases, the majority of  patients
with blunt abdominal trauma are male whose average
age is between 34 and 36 years. Motor vehicle accident
is the most common reason for blunt abdominal trau-
ma in 69% to 84% of  the cases, followed by motorcy-
cle crash in 2% to 14% and falls in 5% to 8%. Least
common are assaults or industrial accidents in 4%, bi-
cycle or horse riding accidents in 3% and snowmobile
crashes in less than 1% [16-18, 21, 26, 34]. These find-
ings are very similar to our findings, except for the av-
erage age of  patient. 

Interestingly, the patients who underwent laparoto-
my because of  blunt abdominal trauma were about ten
years older than the patients who received conserva-
tive treatment or were analysed in other series. That
could be due to the fact that atherosclerotic changes
of  the vessels occur in older humans. These changes
may be associated with a weakening of  the intima in
addition to loss of  elasticity and compliance and an in-
creased risk for an injury of  these vessels [29]. On the
other hand, in our study the data of  only 58 patients
were analyzed. Therefore, we can not exclude that our
findings are associated to a smaller number of  cases,
because some of  the other studies had a bigger study
population (29 to 1125), which had been analysed [16-
18, 21, 26, 34].  

Associated extra-abdominal injuries are common
and include mostly fractures of  the ribs or limbs, head
injuries, fractures of  the vertebral bodies, pneumotho-
rax, pelvic fractures and vascular injuries. In intra-ab-
dominal cases, the spleen is most commonly affected
in up to 27% of  patients. Liver injuries can be found
in 19%, renal injuries in 13%, pancreatic injuries in
8%, injuries to the diaphragm in 5% and to the blad-
der in 3%. In our study population, we saw most com-
mon bowel perforations and mesenteric injuries. Most
reasonable therefore are, that active bleeding leads to
free intra-abdominal fluid and bowel perforation to a
pneumoperitoneum. Free intra-abdominal fluid and
pneumoperitoneum could be easily detected by sonog-
raphy and/or CT and are reasons for a laparotomy in
patients with multiple injuries. 

The rate of  injuries to the spleen or to the liver was
similar to other series. In case of  associated injuries,
we saw frequent injuries of  the ribs or lung. Fractures
of  the spinal column after blunt abdominal trauma
and intraabdominal injury have not been described of-
ten in the literature so far. In our study 22.4% of  the
patients showed injuries of  the spinal column. An ex-
planation for these findings could be that patients who
have to become laparotomy often have multiple and
serious associated injuries which is expressed in an in-
creased Injury Severity Scores [1, 6, 16, 18, 21, 34]. 

In other studies, ISS of  patients with blunt abdomi-
nal trauma varies between 13 and 28 and mortality rate
was increased when ISS also was elevated [1, 18, 21].
These results are comparable to our findings, because
we found a mortality rate of  13.8% and a mean ISS of
36.59 ± 17.83 in the laparotomy group and a mean ISS
of  30.86 ± 15.86 in the non-operative group. 

Blunt abdominal trauma is an immediate threat to
life, which requires rapid diagnosis and treatment. Di-
agnosis may be difficult in patients presenting a trau-
ma associated with additional distracting injuries or al-
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tered mental status from head injuries or drug abuse.
In most cases, clinical examination does not provide
sufficient information about the extent of  abdominal
injuries. Typical clinical findings in patients with blunt
abdominal trauma are tenderness, distension, diffuse
peritonism, abdominal wall bruising, hypotension and
tachycardia; but only abdominal wall bruising in clini-
cal examination showed a significant correlation to
bowel and mesenteric injuries. Additional diagnostic
techniques include diagnostic peritoneal lavage, sonog-
raphy and CT [5, 11, 14].

Diagnostic peritoneal lavage can reliably detect the
presence of  intraperitoneal blood and intestinal con-
tents. The reported sensitivity and specificity are more
than 90% in detecting intra-abdominal injuries or in-
traperitoneal bleeding. Unfortunately, retroperitoneal
injuries and injuries of  the bladder can be detected
with a low sensitivity. False positive test may occur in
the presence of  pelvic fractures. As small volumes of
blood may also lead to a positive test, this procedure
can not differentiate between injuries which do and
do not require operative intervention. Another disad-
vantage is the invasive nature of  the lavage, which is
associated with a risk of  complication in about 2%.
Additional lavage cannot be repeated if  initial results
are equivocal or the patient’s condition changes. Ng et
al. suggest in their study diagnostic peritoneal lavage
as a delayed diagnostic tool in stable patients using
withe blood cell count and enzyme levels to detect
hollow viscus injuries. Considering all these disadvan-
tages of  diagnostic peritoneal lavage, we do not per-
form this diagnostic tool at our hospital [13, 24, 25,
32].

Today, sonography has replaced diagnostic peri-
toneal lavage and is the first step in radiological as-
sessment especially in haemodynamic unstable pa-
tients. Different studies showed that FAST examina-
tion is a useful method for abdominal trauma. Its
main application is the detection of  free abdominal
fluid, but it is also important in evaluating pleural and
pericardial fluid. The FAST protocol includes real-
time sonographic scanning of  four regions, namely
the right upper quadrant with particular attention to
the hepatorenal fossa (Morsion's pouch), the left 
upper quadrant (subphrenic space and splenorenal 
recess), the pelvis with special attention to the pouch
of  Douglas, and the pericardium. For detecting free
intraperitoneal fluid, the sensitivity of  the FAST 
examination has been described between 31% and
89% with a specificity of  99%. The sensitivity of
sonography to detect intraperitoneal fluid is relatively
proportional to the amount of  fluid in the peritoneal
cavity, especially for the inexperienced operator [2, 17,
27].

Sonography examination offers different advan-
tages, because it is non-invasive, portable, rapid, accu-
rate, repeatable and requires no contrast material. A
limited risk has been described for patients who are
pregnant or have had previous abdominal surgery.
One disadvantage includes the inability to determine
the exact origin of  the free intraperitoneal fluid. It can
be also extremely difficult to interpret the findings in
obese patients or in patients who show subcutaneous
air or excessive bowel gas. The main limitation of

sonography is its poor ability to depict parenchyma le-
sions with a sensitivity between 41% and 46%. In de-
tection of  spleen lesions, sensitivity of  sonography
varies from 27% to 69%. The sensitivity of  detecting
injuries of  the liver varies from 51% to 88% due to its
lager size and the easier approach for sonography [8,
17, 27, 28, 30].

Contrast-enhanced sonography is able to analyze
resonance signals originated from contrast agents,
which allows continuous real-time sonography during
vascular perfusion of  the contrast agent. Contrast-en-
hanced sonography permits a better definition of  the
limits of  the lesions and the normal parenchyma.
Valentino at al. have recently shown the usefulness of
emergency contrast enhanced sonography (duration of
examination 4-6 minutes) in stable patients with blunt
abdominal trauma. They found an increased sensitivity
in the detection of  solid organ injuries to 91% [3].
Therefore, it is almost as sensitive as CT in the detec-
tion of  solid organ injuries and can be a useful tool in
the assessment of  blunt abdominal trauma. A signifi-
cant increase in sensitivity to diagnose haemoperi-
toneum can be also seen, if  a secondary sonography
of  the abdomen is performed four hours after primary
diagnostic [2].

CT is the diagnostic test of  choice in stable pa-
tients with blunt abdominal trauma and provides ex-
cellent anatomical detail of  the retroperitoneum.
Evaluation of  the indications of  CT scan revealed
that alcohol intoxication, mechanism of  injury or un-
reliable examination as only indications for getting a
CT scan failed to show abnormal findings. On the
other hand, CT scans showed abnormal findings in
patients who were intubated or had an abnormal
pelvis x-ray. Typical CT signs of  bowel or mesenteric
injuries are visible discontinuity of  the gastrointestinal
wall, pneumoperitoneum, focal bowel wall thickening,
mural hae ma toma, pneumatosis, intramesenteric fluid
or haema toma, abnormal mural enhancement, ex-
travasation of  vascular contrast material, the sentinel
clot sign and extravasation of  oral contrast material.
Sensitivity of  CT scans has been described between
80% and 82%, specificity in up to 99% [1, 4, 7, 11, 15,
33].

Oral contrast material has been useful for depicting
bowel injuries of  the duodenum and the proximal je-
junum as well as pancreatic and mesenteric injuries.
Stuhlfaut et al. could show that multi-detector row CT
without oral contrast material is adequate for depic-
tion of  bowel and mesenteric injuries. The evaluated
data were comparable to data for single-detector row
CT with oral contrast material [33].

Magnet resonance imaging offers some advantages
compared to CT, including less nephrotoxic contrast
materials and lack of  radiation. However, MRI exami-
nation of  multiple trauma victims is impractical in
many hospitals because of  difficult patient access, the
need of  special equipment for anaesthesia and elec-
tronic monitoring and lack of  rapid access to MR
scanning in emergency departments [27].

Although additional examinations as duodenogra-
phy have been described as diagnostic procedures for
blunt abdominal trauma in the literature, duodenogra-
phy failed to be a useful tool in the diagnosis of  blunt
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abdominal trauma because of  its sensitivity of  54%
and specificity of  98% [34].

Development of  less invasive investigations has
provided new challenges in the detection of  hollow
viscus injuries and changed the way solid organ in-
juries are managed today. When small amounts of  flu-
id in the peritoneal cavity can be detected by sonogra-
phy or CT scan, patients could safely be treated with-
out operation. Nonoperative management has become
the standard of  care for haemodynamically stable pa-
tients with blunt injury to liver or spleen with success
rates above 80%. In patients who show both spleen
and liver injury, a higher failure rate in nonoperative
management could be found. Therefore, these patients
should be observed with a higher index of  clinical sus-
picion. Different studies report higher failure rates of
non operative management of  blunt abdominal organ
injuries in patients with higher ISS [17, 18, 21, 23].
Miller et al. showed that missed injury is more com-
mon in conjunction with liver rather than spleen injury
in up to 2.3% [21].

However, a diagnostic problem arises if  free fluid
can be detected without any solid organ injury and the
possibility of  hollow viscus or mesenteric injury is
raised. In some cases, these findings can be associated
with pelvic fracture as a source of  the fluid. Several
studies evaluated CT scan findings of  unexplained free
fluid in the peritoneal cavity to determine the patients
who require laparotomy. The results of  these studies
are controversial. Rates between 19% and 54% for
therapeutic laparotomy have been reported in patients
who presented free fluid on CT scan. In our study, we
had a therapeutic laparotomy rate of  93.3% in patients
who showed free fluid in the peritoneal cavity. These
findings are comparable with those of  other series in
which therapeutic laparotomy was performed in 94%
to 95% [3, 9, 10, 25]. 

The dilemma that surgeons face is how to avoid
missed injuries while minimizing unnecessary laparo-
tomy. Subsequent studies demonstrated the advantages
of  laparoscopy in patients with penetrating abdominal
trauma. There are very few studies analysing the role
of  laparoscopy after blunt abdominal trauma [19, 31]. 

Advantages of  laparoscopy include reduced morbid-
ity, shortened length of  stay and a reduction of  nega-
tive laparotomy rates especially in patients with thora-
coabdominal and tangential injuries. However, relevant
injuries went undetected in 1% of  all laparoscopies,
particularly after blunt trauma affecting solid organs or
hollow viscus. Mathonnet et al. could show that la-
paroscopy established the diagnosis of  small bowel in-
jury after blunt abdominal trauma in haemodynamical-
ly stable patients by showing either direct signs of  per-
foration or indirect signs, such as free fluid. 40% of
the patients who underwent laparoscopy were entirely
treatable by this operating procedure [19, 31, 38].

Mesenteric injuries are rare and often difficult to di-
agnose because of  its non specific signs. In cases of
large defects which compromise the perfusion of  the
intestine, abdominal pain, tenderness, distension and
compromised bowel sound can be detected. Missed or
delayed diagnosis often leads to haemorrhage and peri-
tonitis which cause increased morbidity. In many cases,
mesenteric lesions often coexist with other injuries that

make the patient’s condition more serious and send
them to the operating room without delay [40]. 

CONCLUSION

Sonography is the method of  choice for initial screen-
ing for initial screening for free fluid in the peritoneal
cavity and parenchyma injury. A large intraperitoneal
fluid accumulation during initial sonography in combi-
nation with unstable vital signs should lead to an im-
mediate exploratory laparotomy in patients with blunt
abdominal trauma. 

CT scan has several advantages over sonography
and is currently unsurpassed for the detection of  blunt
abdominal injuries of  parenchymal abdominal organs.

This project was kindly supported by Nycomed Deutschland
GmbH, Moltkestr. 4,  78467 Konstanz, Germany.
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