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Summary of Literature Review 
 
Background 
Trauma is the leading cause of death in the United States for persons younger than age 30.  Victims of multiple traumas 
present a challenging problem to the trauma surgeon, the consulting surgeons (orthopedics, neurosurgery, etc.), and to 
the radiologist.  With the full armamentarium of diagnostic imaging studies available, the trauma surgeon must choose 
the most expeditious methods that will provide the most information in the shortest time.  The current climate of cost 
containment also is a factor in deciding which imaging studies need to be performed. 
 
The most likely lethal injuries, as gleaned from trauma center registries, are exsanguination, cardiopulmonary 
compromise, and intracranial abnormalities.  Imaging protocols are therefore directed toward finding those 
abnormalities. 
 
Literature Review 
Twenty-nine papers (bibliography appended) were deemed appropriate for use in this study after a review of 70 papers 
on multiply injured patients.  These papers dealt with a variety of injuries and combination of injuries found in 8940 
patients.  Most of the literature is surgical.  There is no clear-cut consensus among the authors on the ideal protocols for 
imaging and managing trauma patients, although most follow the Acute Trauma Life Support (ATLS) guidelines of the 
American College of Surgeons.  In many institutions imaging studies that are performed are “protocol driven” and based 
on mechanisms of injuries regardless of the clinical status.  There is general agreement, however, that life-threatening 
problems such as severe internal hemorrhage should take precedence over imaging studies, particularly when deciding 
whether to perform cranial imaging.  Surgeons still rely on diagnostic peritoneal lavage (DPL) or “mini laparotomy” to 
determine if there is intra-abdominal visceral injury despite the evidence that abdominal CT, particularly using helical 
(spiral) technology, can be performed rapidly. In addition, while DPL is sensitive in identifying intraperitoneal bleeding, 
it cannot identify the source. Furthermore, surgeons are convinced bedside ultrasound is a rapid and accurate method of 
detecting intraperitoneal fluid. Again, like DPL, ultrasound cannot identify the source of the fluid.  Radiologists need to 
convince the surgeons of the value of thoraco-abdominal CT for these problems.  Radiologists should be part of the 
planning processes for new emergency departments or trauma centers. The proximity of state-of-the-art CT to the trauma 
areas is a key factor in the decision of which study will be used. In hospitals that meet these requirements, CT has 
replaced DPL. 
 
In 1990, Vandemark (27) identified a group of clinical and historical indicators for identifying the patient at high risk to 
have (cervical) vertebral trauma. Many of these, such as high-velocity blunt trauma, multiple fractures, altered mental 
status, fall of more than 10 feet, and significant head injury, can be directly applied to the multiply injured patient.
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Definition of Terms 
 
Multiply Injured: Severe head or facial injury combined with multiple extremity fractures, blunt abdominal trauma or 
thoracic trauma.  Having Vandemark’s high-risk criteria. 
 
Patient Alert: No history of loss of consciousness.  Patient oriented to time, place, and person.  Patient able to understand 
commands.  Glasgow coma score of 15.  CAUTION:  pain extinction phenomenon. 
 
Patient Obtunded: Patient unconscious or semiconscious.  Patient under influence of drugs, alcohol, or both.  Visible 
head injury present. 
 
Hemodynamically Stable: Patient able to maintain pulse and blood pressure without mechanical or pharmacologic 
assistance. 
 
Hemodynamically Unstable: Low or absent blood pressure.  Decreasing blood pressure, increasing heart rate, and 
decreased respiration.  These findings indicate severe internal bleeding (if there is no obvious external source of blood 
loss).  Bleeding may be due to visceral injury to liver, spleen, or kidney; to aortic injury; or to pelvic vascular injury in 
the presence of fracture(s). 
 
Diagnostic Peritoneal Lavage-Normal: Implies no significant injury to intraperitoneal viscera or vessels. May be 
negative if a visceral hematoma is contained within the organ’s capsule.  Not considered reliable by most radiologists. 
 
Abnormal:  Implies rupture of liver or spleen with intraperitoneal hemorrhage.  Patients with this finding usually go 
directly to the operating room if they are hemodynamically unstable. 
 
Results 
This review involved the choice of initial imaging to be performed on patients suffering multiple traumas. Various 
clinical groups have used all of the imaging studies listed.  Overall, there was consensus by the group on the indications 
for the following imaging studies: 

1. Chest radiographs: All patients. 
 

2. Pelvic radiographs: All patients. 
 

3. Vertebral radiographs: Indicated on all obtunded patients.  Should also be performed on all patients who fit into 
the "high risk" group as defined by Vandemark (27).  Must be delayed if the patient requires immediate surgery. 

 
4. Extremity radiographs: Should be determined by clinical exam.  Extremity trauma generally takes a "back seat" 

to life-threatening injuries. 
 

5. Transesophageal ultrasound: Performed almost exclusively by surgeons.  Has its drawbacks.  Should be replaced 
by spiral CT. 

 
6. Cranial CT: Necessary in patients who are obtunded.  Exact timing of when this exam is performed will be 

dictated by the need for immediate surgical intervention. 
 

7. Thoracic/mediastinal CT: Indicated for all cases of suspected mediastinal hemorrhage and mediastinal widening 
in an otherwise stable patient.  If the patient is unstable, angiography is the "gold standard". 

 
8. Abdominal/pelvic CT: Indicated in patients with normal DPL who are unstable.  Has high reliability.  Patients 

with an abnormal DPL and who are unstable will generally go directly to the operating room.  If they are stable, 
the surgeons may want a more definitive look at the abdomen.  Helical CT will shorten examination time. 

 
9. Cranial MRI: Not indicated. 
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10. Angiography: Group consensus was that it was not indicated in most instances unless there are good clinical 
grounds.  The "gold standard" for the diagnosis of thoracic aortic injury.  May be useful in the patient with pelvic 
bleeding that cannot be controlled by external fixation.  Surgical literature indicates it is indicated for patients 
with blunt chest trauma and fractures of the first rib(s) owing to a high (24%) incidence of vascular injuries in 
those patients. 

 
11. Embolization: General consensus was that it is not necessary.  Has been shown to be effective in pelvic bleeding 

not controlled by other means. 
 

12. Cystourethrography: Consensus was that it is not indicated routinely.  Virtually all patients with multiple trauma 
have microscopic or occasionally gross blood in the bladder upon catheterization.  The yield is small.  In most 
cases, nothing more than a pelvic hematoma associated with a pelvic fracture is demonstrated. 

 
Anticipated Exceptions  
 
None. 
 
Review Information 
 
This guideline was originally developed in 1995.  A complete review and revision of this document was approved in 
1999.  All Appropriateness Criteria™ topics are reviewed annually and updated as appropriate. 
 
Citation Information 
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Clinical Condition: Multiply Injured Patient, Initial Imaging Evaluation 
 
Variant 1: Patient alert, hemodynamically stable, peritoneal lavage normal or not 

performed. 
 

Radiologic Exam 
Procedure 

Appropriateness  
Rating  

 
Comments 

Chest x-ray 9  

Cervical spine 9 High-risk patients.  Imaging of rest of vertebral 
column is dependent on symptoms. 

Pelvis x-ray 8 High-risk patients. 

Transesophageal ultrasound 1  

CT 
Cranial 

1  

Thoracic  1  

Abdominal/pelvic  1  

Invasive 
Angiography 

1  

Embolization  1  

Cystourethrography  1 Indicated if pelvic disruption is present. 

Cranial MRI 1  

Appropriateness Criteria Scale 
1  2  3  4  5  6  7  8  9 

1=Least appropriate 9=Most appropriate 
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Clinical Condition:  Multiply Injured Patient, Initial Imaging Evaluation 
 
Variant 2: Patient alert, hemodynamically stable, peritoneal lavage abnormal. 
 

Radiologic Exam 
Procedure 

Appropriateness  
Rating  

 
Comments 

Chest x-ray 9  

Pelvis x-ray 9  

Cervical spine 9 High-risk patients (if patient does not go to surgery).  
Imaging of rest of vertebral column is determined by 
presence of clinical symptoms. 

CT 
Abdominal/pelvic 

9  

Cranial  1  

Thoracic 1  

Transesophageal ultrasound 1  

Cranial MRI 1  

Invasive 
Angiography 

1 Not indicated unless there is clinical suspicion 
present. 

Embolization  1  

Cystourethrography  1  Indicated if pelvic disruption present. 

Appropriateness Criteria Scale 
1  2  3  4  5  6  7  8  9 

1=Least appropriate 9=Most appropriate 
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Clinical Condition:  Multiply Injured Patient, Initial Imaging Evaluation 
 
Variant 3: Patient alert, hemodynamically unstable, peritoneal lavage normal or not 

performed. 
 

Radiologic Exam 
Procedure 

Appropriateness  
Rating  

 
Comments 

Chest x-ray 9  

Pelvis x-ray 9  

Cervical spine 9 Imaging of rest of vertebral column is dependent on 
symptoms. 

Transesophageal ultrasound 1  

CT 
Cranial 

1  

Thoracic 1 May be indicated if hematoma is present. 

Abdominal/pelvic  1  

Cranial MRI 1  

Invasive 
Angiography – Invasive 

 
4 

 
Depends on chest x-ray or history. 

Embolization 1 May be indicated if bleeding source is determined to 
be from a pelvic fracture. 

Cystourethrography  1 Indicated if pelvic disruption is present. 

Appropriateness Criteria Scale 
1  2  3  4  5  6  7  8  9 

1=Least appropriate 9=Most appropriate 
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Clinical Condition:  Multiply Injured Patient, Initial Imaging Evaluation 
 
Variant 4: Patient alert, hemodynamically unstable, peritoneal lavage abnormal. 
 

Radiologic Exam 
Procedure 

Appropriateness  
Rating  

 
Comments 

Chest x-ray 9  
Pelvis x-ray 9  
Cervical spine 9 High-risk patients (if patient does not go to 

surgery).  Imaging of rest of vertebral column is 
determined by presence of clinical symptoms. 
 

CT 
Abdominal/Pelvic 

9 Important only if patient is not going to surgery. 

Cranial CT 1  
Thoracic CT 1 Spiral CT if patient is not going directly to surgery. 

Transesophageal ultrasound 1  
Cranial MRI 1  
Invasive 

Angiography 
1 Not indicated unless clinical suspicion is present. 

Embolization  1 May be indicated if angiography demonstrates a 
source of hemorrhage. 

Cystourethrography  1 Indicated if pelvic disruption is suspected. 
Appropriateness Criteria Scale 

1  2  3  4  5  6  7  8  9 
1=Least appropriate 9=Most appropriate 
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Clinical Condition:  Multiply Injured Patient, Initial Imaging Evaluation 
 
Variant 5: Patient obtunded, hemodynamically stable, peritoneal lavage normal. 
 

Radiologic Exam 
Procedure 

Appropriateness  
Rating  

 
Comments 

Chest x-ray 9  
Pelvis x-ray 9  
Entire spine x-ray 9  
CT 

Cranial 
9  

Thoracic  1  
Abdominal/pelvic  1 Probably indicated, if lavage was not performed or 

was unsuccessful. 
Transesophageal ultrasound 1  
Cranial MRI 1  
Invasive 

Angiography 
1  

Embolization  1  
Cystourethrography  1 Indicated if pelvic disruption is suspected. 

Appropriateness Criteria Scale 
1  2  3  4  5  6  7  8  9 

1=Least appropriate 9=Most appropriate 
 
 
Variant 6: Patient obtunded, hemodynamically unstable, peritoneal lavage normal. 
 

Radiologic Exam 
Procedure 

Appropriateness  
Rating  

 
Comments 

Chest x-ray 9  
Pelvis x-ray 9  
Entire spine x-ray 9  
CT 

Cranial CT 
9  

Abdominal/pelvic 6 To look for intracapsular injuries missed by 
diagnostic peritoneal lavage. 

Thoracic CT 1 If chest x-ray showed normal findings. 
Transesophageal ultrasound 1  
Cranial MRI 1  
Invasive 

Angiography 
1 For thoracic aortic injury. 

Embolization  1 May be indicated if source of hemorrhage is 
identified. 

Cystourethrography  1 Indicated if pelvic disruption present. 
Appropriateness Criteria Scale 

1  2  3  4  5  6  7  8  9 
1=Least appropriate 9=Most appropriate 
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Clinical Condition:  Multiply Injured Patient, Initial Imaging Evaluation 
 
Variant 7: Patient obtunded, hemodynamically stable, peritoneal lavage abnormal. 
 

Radiologic Exam 
Procedure 

Appropriateness  
Rating  

 
Comments 

Chest x-ray 9  
Pelvis x-ray 9  
Entire spine x-ray 9  
CT 

Cranial 
9  

Abdominal/pelvic  9  
Thoracic CT 1 Assuming chest x-ray normal. 

Transesophageal ultrasound 1  
Cranial MRI 1  
Invasive 

Angiography 
1 May be indicated to identify source of suspected 

bleeding. 
Embolization  1 May be indicated if source of bleeding is identified. 
Cystourethrography  1 Indicated if pelvic disruption is present. 

Appropriateness Criteria Scale 
1  2  3  4  5  6  7  8  9 

1=Least appropriate 9=Most appropriate 
 
 
Variant 8: Patient obtunded, hemodynamically unstable, peritoneal lavage abnormal. 
 

Radiologic Exam 
Procedure 

Appropriateness  
Rating  

 
Comments 

Chest x-ray 9  
Pelvis x-ray 9  
Entire spine x-ray 9 High-risk patients (patient usually goes to surgery). 
CT 

Cranial 
9 May be delayed if patient is going directly to surgery. 

Abdominal/pelvic  9 Only if patient is not going directly to surgery. 
Thoracic  1 Spiral scan may be done if patient does not go 

directly to surgery. 
Transesophageal ultrasound 1  
Cranial MRI 1  
Invasive 

Angiography 
1 May be necessary if source of bleeding is not found at 

surgery. 
Embolization  1 May be necessary if source of bleeding is not found at 

surgery. 
Cystourethrography  1 May be necessary if source of bleeding is not found at 

surgery. 
Appropriateness Criteria Scale 

1  2  3  4  5  6  7  8  9 
1=Least appropriate 9=Most appropriate 
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