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1.

Summarize challenges that are encountered when
performing trauma imaging in the ED

2.

Review recent evidence about CT and contrast
injection techniques for the detection of injury

3.

Identify tradeoffs that are encountered when
deciding "who" to scan and "how" to scan

4.

Understand CT techniques that can be used to
optimize radiation dose, contrast use, workflow, and
injury detection
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CDC

•
•
•

Trauma: Most common cause of death age 1-45 yrs
Falls – 1st/2nd cause of injury leading to ED admission
MVC – important cause of ED deaths.
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High accuracy
Wide range of injuries1
Low missed injury rate1,2
Can be performed rapidly2,3
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1.
2.
3.

Salim A. et al Arch Surg. 2006 May;141(5):468-73
Reiger J Trauma. 2009 Mar;66(3):648-57.
Leidner B, Beckman MO Emerg Rad 2001; 8(1):20-28

Trauma presentations are often clinically
ambiguous
Trauma is frequently a multi-system disease:

◦ One injury : ↑ likelihood of another in a fairly predictable
fashion

CT imaging protocols should be designed to
optimize significant injury detection, while
avoiding overutilization

◦ Overutilization: unnecessary radiation, cost, or delayed
care



In some populations / people, trauma is a relapsing
disease
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Question
T/FT/F:
Question1: 2:
Patients
with trauma
GCS ≤patient,
14 do
In
the obtunded
not
have
an
increased
risk of
which of the following are true?
significant
cervical
clinically
A traumatic
intracranial
spine
fracture.
hemorrhage is associated with a
> 4 % risk of cervical spine
3,4
injury.
FALSE
1,2: 4.5% vs. 1.1%, OR 8.5.
TRUE
~ 6%
fx risk,
GCS ≤ 8: higher risk
(~7.8%)
67 yo. MCC, Large right SDH
marting@uw.edu

1.. Hills et al, J Trauma 1993 34 (4) 549-554).
1.Blackmore CC et al, Radiology 1999 211(3): 759-65.
2.Ross et al, Injury 1992 23 (5) 317–319.
3.Hills et al, J Trauma 1993 34 (4) 549-554).
4.Panczykowski DM et al, J Neurosurg. 2011 115(3):541-9
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37 yo HSMVC.

True of false?
 Patients with a cervical
spine fracture have a ~
4% risk of a fracture at
another spinal level
FALSE
 Rate is about 19%


> 50% also have nonspinal injuries
marting@uw.edu
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True or false?
 In blunt trauma patients
admitted to hospital with a
pelvic fracture, the
incidence of associated
abdominal injury is about
7%.

26 year old male following HSMVC

FALSE
• Incidence is ~ 15-40%
• Most common: liver, bladder,
and urethra.
• In severe pelvic fx (AIS > 4),
incidence is > 30%.

marting@uw.edu
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1.
2.

Principal problem with WBCT: Do not know
who to do WBCT on and who should get
limited imaging1
Several methods used:
Mechanism of Injury2
Injury location / pattern
◦

3.

E.g. more than one body region3

Combination4:

1. Mechanism,
2. Location, and
3. Vital signs.
marting@uw.edu

1.
2.
3.
4.

Gunn ML et al, Rad Clin NA, July 2015
Salim et al, Arch Surg. 2006;141:468
Sampson et al, Clin Radiol 2006 61, 365.
Stengel et al, Emerg Med J 2011;28:300
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Few studies looking at this as a part of a
prediction rule for WBCT1,2,3
 When compared to localized CT, data is
conflicting:
◦ ? definite survival benefit1
◦ ? no survival benefit, but a change in
treatment2
◦ ? only detects injuries that do not need
treatment3
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1. Scandinavian journal of trauma, resuscitation and emergency medicine 2011;19:73.
2. Archives of surgery 2006;141(5):468-473; discussion 473-465.
3. Am J Roentgenol 2011;197(6):1393-1398.

 Trauma

to two or more body regions,
and hemodynamically stable

 In

one study, 86% positive CTs vs 14%
normal
◦ ↑ diagnostic rate of significant injuries.
◦ Important unsuspected injuries: (C spine fx’s
and pneumothorax)
Clinical radiology 2006;61(4):365-369.
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Several studies suggest a mortality benefit for ISS > 15.
◦ All so far (but one) are non-randomized, observational.



ISS not an ED decision tool for early WBCT vs. selective
CT.
◦ Adjusting for ISS will bias towards mortality benefit in WBCT group due to ↑
detection of potentially clinically insignificant disease.



Cochrane meta-analysis: no evidence of harm, but
“benefits on mortality cannot be established.”
Huber-Wagner, Lancet 2009;373(9673):1455-1461
Yeguiayan J et al Critical Care 2012, 16:R101
Healy DA, Hegarty A, Feeley I, et al. Systematic review and meta-analysis of routine total body CT compared with selective CT in trauma patients. Emergency
medicine journal : EMJ 2014;31(2):101-108.
Sierink JC, BMC Emerg Med. 2012 Mar 30;12:4
Van vugt et al, Cochrane database of systematic reviews 2013;12:CD009743.

marting@uw.edu

marting@uw.edu

9

5/17/2016



Intravenous contrast improves
sensitivity for solid organ injury
◦ Additional pre-contrast phase does not
significantly improve sens or accuracy1



Contrast enhanced CT is sensitive
for detection of active vascular
extravasation2,3,4
◦ Sen 87-95%, NPV 93-98%

1. Diagnostic and interventional imaging 2013;94(4):410417.
2. J Am Coll Surg 2008;206(4):685-693.
3. J Trauma 2007;62(3):740-745
4. Radiographics 2008;28(6):1603-1616
marting@uw.edu

Cervical spine can be
imaged w/o contrast or
following contrast (CTA).
Consider:
 BCVI in ~ 3.3% in blunt
polytrauma pts.
 Clinical prediction rules will
miss 20-37% BCVI using
traditional screening
criteria.
 Early treatment reduces
post-traumatic ischemic
stroke.
Insights into imaging 2013;4(3):347-355
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Semin Roentgenol 2012;47(4):306-319
J Am Coll Surg 2012;214(3):313-327
J Trauma Acute Care Surg 2012;72(2):330-335
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Upper Abdomen:
◦ Dual phase CT (art. then venous).
• Detection of solid organ vascular injuries
(pseudoaneurysms, arterio-venous fistula,
and active arterial bleeding)1,2,3

Pelvis:
 Dual-phase CT may discriminate between
art. vs venous hemorrhage (although
some venous may be arterial on catheter
angio)4,5.
◦ Decision making on pelvic
angioembolization.
◦ Value of CTA of pelvis not established.

marting@uw.edu

1.
2.
3.
4.
5.

Emerg Radiol 2011;18(4):307-312.
Radiology 2013;268(1):79-88.
Radiology 2014;270(1):99-106.
La Radiologia medica 2010;115(4):648-667
Radiology 2008;246(2):410-419
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Pseudoaneurysm

Arterial Phase CT

Venous Phase CT

Cath Angio (Celiac Inj)

Pseudoaneurysm

Lesion becomes invisible on standard venous phase
marting@uw.edu



Usually 5 – 10 mins post
injection

 Not routinely necessary – we



perform after console review if
needed.
Important in suspected cases of
◦ renal collecting system (grade IV)
or ureteric injury
◦ active bleeding
◦ post-traumatic vascular lesions
marting@uw.edu
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Timing: Empiric vs. bolus tracking, vs. timing bolus.



Dual Phase: Arterial phase followed by venous
Venous phase only: Will miss some arterial injuries. Some
patients will need to return (e.g. CTA neck).
“Split bolus”:





◦ Double-split bolus (arterial and venous phase)
◦ Triple-split bolus (arterial, venous, urinary excretory phase)

marting@uw.edu
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Mean time (sec) with 95% CI

Box and Whisker:
Range, Median, 25th, and 75th Percentiles
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Gunn et al RSNA 2014
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Accurate vascular compartmentalization: traumatic vascular
lesions
20 – 25 sec (age > 55)
SCAN:
Neck –
Chest
CTA
45 sec

0
marting@uw.edu
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SCAN
Abd Pelvis CT

30 cc @ 4 cc / s

60 cc @ 4 cc /s

60 cc @ 5 cc /s



27

35

Time
Gunn ML, Kool D, Lehnert, Rad Clin NA July 2015
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Single acquisition with arterial and venous enhancement:
lower radn. dose
20 sec

80 cc @ 4 cc/ sec

0

20

marting@uw.edu

8s

12 s

40 cc @ 5 cc/sec

20 sec

40

SCAN

48

60

Time

Beenen LF, Sierink JC, Kolkman S, et al. Split bolus technique in polytrauma: a
prospective study on scan protocols for trauma analysis. Acta Radiol. 2014.

Single bolus

Split-bolus

•

Compartmentalization of
contrast phases (arterial,
venous, delayed.)

•

All contrast phases
represented on one image.

•

Clear depiction of vascular
injuries (e.g. splenic
pseudoaneurysm, AVF, renal
collecting system injury,
arterial pelvic bleeding).

•

May hide vascular and / or
renal collecting system
injuries, or make them difficult
to evaluate.

•

Usually associated with
multiple CT acquisition
phases, increasing radiation
dose.

•

Suited for single pass
techniques, reducing overlap,
and radiation dose.

marting@uw.edu
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Reposition Arms – mins

ARMS DOWN THEN UP






Slow.
Lowest radiation dose of all.
Excellent image quality.
Suboptimal for CTA neck from WBCT.
◦ Two contrast injections, or patient returns.

Non Contrast

marting@uw.edu
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• Highest image quality of visceral
organs1.
• Lowest radiation dose for abdo1,2.
• Some streak artifact if a CTA neck
is obtained with a single pass
technique, but often adequate.

Karlo et al, Emerg Radiol 2011: 18: 285
Brink et al, Radiology 2008: 249: 661

SWIMMER’S

• Compromise technique.
• 18% increased radiation dose1.
• Reduced image quality1.

Karlo et al, Emerg Radiol 2011 18:285
Brink et al, Radiology 2008: 249: 661
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ARMS DOWN

• Increased radiation dose.
• Decreased scan time.
• Artifacts2,3,4

ARMS LAYING ANTERIOR

3.

1. Nguyen et al, Am J Roent 2009 192: 3
2. Brink et al, Radiology 2008: 249: 661
Hoppe et al Emerg Radiology 2006 13:123
4.
Karlo et al, Emerg Radiol 2011 18:285

• Artifact: Can be severe.
• Dose not studied.
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ARMS PROPPED ABOVE CHEST
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• Increased radiation dose
(to chest)
• Less artifact than arms at
side or resting on anterior
abdomen

ARMS PROPPED ABOVE CHEST

Karlo et al, Emerg Radiol 2011 18:285
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Harborview CT PanScan
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1. CT Head
w/o

2. CTA Chest,
Abdomen,
and Pelvis
CTA ChestAbd
CT Abd-Pel

3. CT Full
Spine

marting@uw.edu
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1.
2.

3.
4.
5.

Incidental findings
Detection of early / irrelevant disease (overdiagnosis)
Radiation dose
Financial cost
Delays in definitive care

marting@uw.edu



12 – 45% of trauma abdo-pelvic
CT’s.
◦ Diagnostic of benign disease, or
◦ Potential serious morbidity
• e.g. lung cancer, or

◦ Unknown malignant potential.


Greater chance of identifying an
incidental findings (30%) vs. a
traumatic abnormality (15%).

marting@uw.edu

Munk MD, et al, J Emerg Med 2010;38(3):346-350.
van Vugt R et al, J Trauma 2011, Apr 29.

21

5/17/2016

0.7

90%

0.6
“Major” Incidental Rate

Percentage of CT Examinations
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Age (years)

No Incidental

20 30 40 50 60 70 80 90 100
Rate

Age – upper bound
of decade (years)

Strong correlation between subject age and the major incidental findings rate (p <
0.001).
marting@uw.edu



Gunn ML et al, RSNA 2014

CT plays an integral role in early polytrauma management.
◦ Still need to determine who will benefit most, and know the magnitude of
benefit.



For polytrauma cases, consider an arterial phase in the neck, upper
abdomen +/- pelvis. However, we need outcomes data



Reduce acquisition, processing, and interpretation time



Conflicting evidence about the value of WBCT at present
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