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DEFINITION 

• Injury to several (>1) physical regions or organ systems, where at 

least one injury or the combination of several injuries is life 

threatening with the severity of injury being > 16 on the scale of the 

Injury Severity Score (ISS)  

 

• To be differentiated from multiple injuries, which are not life 

threatening, or from a severe, life-threatening single injury 



Injury Severity Score ISS 

Anatomical scoring system to assess trauma severity  

 

Each injury is assigned a severity score from 1 to 6 

Abbreviated Injury Scale (AIS) and it is allocated to one 

of the six body regions (Head&Neck, Face, Chest, 

Abdomen, Extremities&Pelvic girdle , External) 

Only the highest AIS score in each body region is used. The 

3 most severely injured body regions have their score 

squared and added together to produce the ISS score  
 

Score from 1 to 75 

Any AIS=6 gives automatically 75 

 

 

 ISS > 15 is considered a polytrauma 

                 (mortality 10%) 

 



TRIAGE RULE : Vittel criteria 

If just 1 parameter in 1 of the 3 categories 
is positive, serious injuries in one or more 
organ systems are suspected  

Wurmb T,. Am J Emerg Med. 2007;25:1057–1062 



MORTALITY 

Trimodal peak distribution of trauma mortality:  

 

• 50% of deaths occur right after the traumatic event  

 

• 2nd peak (30%) during 1 and 4 hours after injury - aka “golden 

hour”- commonest cause of death is hypovolemic shock  

 

• 3rd peak (20%) several weeks later- patient dies of late complications 

and multiple organ failure 



STRATEGY: ATLS® GUIDELINES 

Primary survey: detect and treat life threatening injuries 

 treat first what kills first 

 

A Airway and c-spine protection                

B Breathing and ventilation                        

C Circulation with hemorrhage control                                                     

D Disability/Neurologic status                                                                 

E Exposure/Environmental control 

Secondary survey: head to toe examination 

 

 

C-spine Xray  

Chest Xray  

FAST + pelvic Xray 

selective CT  

 

Kool D, et al. 2007. Emerg radiol; 14(3):135-1411 



F.A.S.T. 

Standardised US examination looking for free fluid, regardless from its nature 

(blood, urine, bile, ascitis, , bowel content, lymphe…) 

 

Replacing peritoneal lavage 

 

 

 

 

Focused Abdominal Sonography for Trauma 

Mean minimum volume detectable in 

Morrison pouch: 619 ml 

Mean minimum volume detectable in 

Douglas pouch: 100 ml 

 

 
Up to 50 ml in pelvis of childbearing age 

females is physiologic 

No fluid expected in males 

 https://doi.org/10.1148/radiol.2017160107 

https://doi.org/10.1148/radiol.2017160107


F.A.S.T. 

Standardised US examination looking for free fluid, regardless from its nature 

(blood, urine, bile, ascitis, , bowel content, lymphe…) 

 

Replacing peritoneal lavage 

 

 

 

 

Focused Assessment Sonography for Trauma 

Mean minimum volume detectable in 

Morrison pouch: 619 ml 

Mean minimum volume detectable in 

Douglas pouch: 100 ml 

 

 
Up to 50 ml in pelvis of childbearing age 

females is physiologic 

No fluid expected in males 

 https://doi.org/10.1148/radiol.2017160107 

https://doi.org/10.1148/radiol.2017160107


F.A.S.T. 

https://pubs.rsna.org/doi/10.1148/radiol.2017160107 

     Clinical suspicion, mechanism of injury and change in haemodynamic status should 

always be considered in decision to furter imaging after an initial negative FAST 



 The ATLS® handbook states that  “CT is a time consuming procedure that 

should be used only in patients with no haemodynamic abnormalities”  

 

 Some surgeons initially referred to a CT scanner as the « doughnut of death » 

IMAGING ROLE IN TRAUMA MANAGEMENT STRATEGY 

http://www.google.it/url?q=http://www.123rf.com/photo_6966551_pink-iced-doughnut-covered-in-sprinkles-isolated-against-white-background.html&sa=U&ei=r48yU_LHFsaH0AWapYDgDA&ved=0CEIQ9QEwCg&usg=AFQjCNHlFMeoDL1XWLuqOqvrxBY2K29unA
http://toshibactscanner.com/toshiba-scanners/toshiba-aquilion-16-ct-scanner/


TRIAGE RULE 

• Trauma screening with WB MSCT is justified in patients with an injury 

severity score (ISS) of 16 or greater  

 

• Identify patients with suspected serious injuries to justify the higher 

radiation dose 

 

• Treat life-threatening conditions before starting whole-body MSCT  

 

Wurmb T,. Am J Emerg Med. 2007;25:1057–1062 



TRIAGE RULE 

• Overtriage is the use of CT trauma protocol in patients with an ISS 

below 16 (30%) 

• Undertriage is conventional trauma protocol used in patients with an 

ISS of 16 or greater (6%) 

 

• 35% of overtriaged patients had significant injuries (pulmonary 

contusion and spine injury) 

 

 

Sensitivity 96.7% 

Specificity 55.9% 

Positive predictive value 69.4% 

Negative predictive value 94.3 % 

Wurmb T,. Am J Emerg Med. 2007;25:1057–1062 



POLYTRAUMA MDCT PROTOCOL 









• Unehnanced head scan 

• Thin slices (0,5-3 mm) arterial scan (bolus tracking) from circle of 

willis to pelvic vessels 

• Thick slices portal phase scan (3-5 mm) 

• Low dose abdominal delayed phase (5-20 min) if suspicion of renal or 

urinary tract injuries 

• Delayed CT cystogram in selected cases to detect bladder leak 

(retrograde filling with 300- 350 ml of diluited cm) in order to 

differenciate intraperitoneal (surgical) from extraperitoneal 

(conservative) rupture 

 

• No oral contrast , in any case! 

• Retrograde rectal filling in very selected cases 

 

POLYTRAUMA MDCT PROTOCOL: 

ERASME 



• Thorax and abdominopelvic scan (+/- cervical spine) 

• Unenhanced scan on abdomen and pelvis 

• Split bolus scan: 120 ml iodine contrast injection splitted in two flow 

rates of 80ml at 2ml/min and 50 ml at 3,5 ml/min, plus saline flush at 

3,5 ml/min 

 

 Start scan at 70 sec 

 

MULTI-TRAUMA MDCT PROTOCOL: 

ERASME 

https://doi.org/10.1007/s10140-018-1591-1 

https://doi.org/10.1007/s10140-018-1591-1
https://doi.org/10.1007/s10140-018-1591-1
https://doi.org/10.1007/s10140-018-1591-1
https://doi.org/10.1007/s10140-018-1591-1
https://doi.org/10.1007/s10140-018-1591-1
https://doi.org/10.1007/s10140-018-1591-1
https://doi.org/10.1007/s10140-018-1591-1


• Missed injuries 

• Misinterpretation errors 

 

• 60% of misdiagnoses are attributed to incomplete or poor-quality 

imaging  

 

• up to 25% of contained vascular injuries, pseudoaneurysms and 

arteriovenous fistulae, are not demonstrated on initial evaluation  

 

• 40% of delayed diagnosis are because of clinical survey oversight: 

15% during the primary survey, 25% on secondary survey, and 50% 

during tertiary survey or re-evaluation 

 

ERRORS IN TRAUMA: the perfect storm 

Sica G et al Semin Ultrasound CT MR. 2012 Aug;33(4):337-46.  
 



TRAUMA SURVEY applied to imaging 

PRIMARY: identify life threathening problems (coronal images) 

 

SECONDARY: detailed catalogue of all injuries 

 

TERTIARY: delayed (24h) full clinical examination of  the patient 

Structured and taken by a doctor familiar with the case and a doctor 

with a « new pair of eyes » (senior) 

 

8- 21 % injuries diagnosed after 24 h  

0.2% require operative management 

 

Standard Reporting & Tertiary Survey Checklist 

Enderson BL, J Trauma 1990;30:666–9.  

 







Some cases 



Case 1 

 Male 44yo 

 motorvehicle accident, high velocity collision with 

a tree 

 Hemorragic shock 

 Gleason 15/15 



Case 1 



Case 1 



Case 1 



Case 1 

Kidney injury 

 Evaluation of the three 

structures of the pedicle 

 Surgery vs NOM 

 
Absolute indication for surgery:  

 Life-threatening renal bleeding  

 

Relative indications for surgery: 

 Extensively devitalized tissue (>50%) 

 Urinary extravasation that cannot be 

controlled with conservative means such as 

ureteral stent placement or nephrostomy  

 Arterial thrombosis 

https://pubs.rsna.org/doi/10.1148/radiographics.21.suppl_1.g01oc07s201 



Case 1… keep looking… 



Case 1 

Mesenteric injury 

Specific signs: 

 
 Mesenteric Extravasation: 100% specific but low sensitivity (17%) , indication for surgery 

 Termination of Mesenteric Vessels: high specificity intermed sensitivity (35%) 

 Mesenteric Vascular Beading or Irregularity: good sensitivity (39%) 

 

Less specific signs: 

 
 Mesenteric infiltration: sensitive but non specific (69%) 

 Mesenteric hematoma: no indication for surgery 

 Bowel features: wall thickening (49%) or abnormal enhancement (35%) indicate 

vascular compromise. Ischemia may not be evident on the initial scan! 

 
https://pubs.rsna.org/doi/10.1148/rg.264055144 



Case 1… still keep looking…  

Dependent  viscera  sign 
  

Collar sign 
 



Case 1 

Diaphragmatic injury 

Direct signs: 

 
 Segmental Diaphragmatic Defect  

 Dangling Diaphragm  

 Absent Diaphragm  

 

Indirect signs related to herniation: 

 
 Herniation through a defect 

 Collar sign (left) or hump sign (right) 

 Dependent viscera sign  

 Elevated abdominal organs 

 

https://pubs.rsna.org/doi/full/10.1148/rg.322115082 



Case 2 

 Male 24yo 

 Pedestrian hit by a car 

 Tachycardia (120 bpm) 

 Gleason 7/15 

 CH3CH2OH  + 

 



Case 2 

Pelvic Fracture 
Yes or No? 



Case 2 



Case 2 



Case 2 arterial phase 



Case 2 venous phase 

11 HU 

59 HU 



Case 2 delayed phase (clamp the foley!) 



Case 2 

Bladder rupture  

The propensity for bladder injury is related to the degree of distention at the time of impact 

 

 

https://pubs.rsna.org/doi/10.1148/radiographics.20.5.g00se111373 

Intraperitoneal vs 

extraperitoneal rupture 

 

Surgical vs Conservative 



Case 3 

 Male 49yo 

 Fallen from 8 mt 

 No hemodynamic instability 

 GCS 15/15 



Case 3 



Case 3 



Case 3 



Case 3 



Case 3 



Case 2 

Contained vascular injuries 

Multiphasic imaging is mandatory! 

 

 
https://pubs.rsna.org/doi/full/10.1148/radiol.13121242 

https://pubs.rsna.org/doi/full/10.1148/rg.2016150160 
 

Pseudoaneurysms and 

 AV fistula 

 

Resulting  from arterial wall lesion 

without active bleding 

 

Inherently unstable lesions  

 

https://pubs.rsna.org/doi/full/10.1148/radiol.13121242
https://pubs.rsna.org/doi/full/10.1148/rg.2016150160


TAKE HOME POINTS 

Trauma = Disease 

• Systemic and evolutive illness 

 

• Vascular lesions are killer n1 

 

• Vector of trauma 

 

• Be systematic 

 

• MDCT the doughnut of life 

 

REVISED ATLS GUIDELINEs  

 

• Airway 

• Breathing 

• CT 

• Diagnosis 

• Embolisation 
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