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CT Scan Images Simplified
Ever wonder what is going on when you drag your
mouse across a CT image, or when you change the
“window" settings of an image from lung to abdomen? It
all has to do with the way CT generated xray
information is displayed, and how your eyes and brain
perceive it.
Let’s get down to basics. The first thing needed is to
understand the concept of radiodensity. The CT
scanner uses a set of software algorithms to determine
the amount of x-radiation absorbed by every element in
a plane of tissue. Each of these elements is
represented by a pixel on the video display, and the
density (amount of x-radiation absorbed) is
measured in Hounsfield units. This scale was
developed by Sir Godfrey Hounsfield, who set the
radiodensity of water at 0, and air at -1000. The scale
extends in the positive direction to about +4000, which
represents very dense metals. See the table for the
density of common substances on CT.
When you view a CT scan on a video display, two
important numbers are displayed on screen. The first
is the window width (W), which describes the range of
Hounsfield units displayed. The maximum window
width possible is usually about 2000, but our eyes are
not capable of seeing this many shades. Actually, we
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can really only distinguish about 16 shades of gray.
So the window width is divided by 16, and each
group of Hounsfield values is converted to one of 16
shades of gray. The lowest Hounsfield numbers in
the window range are shown as black, and the
highest are white.
The second important number is the window level
(L). This is the Hounsfield number in the center of the
window width. So let’s look at some typical examples
of W/L settings.
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The abdomen contains mostly soft tissue, which is
just a little denser than water. So most of the
abdominal contents have Hounsfield values from
0 to 100 or so. A typical abdominal scan W/L setting
is 350/50. This means that a total range of 350
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different densities are displayed, centered on a
density of 50 Hounsfield units (therefore, the range is
-125 to 225 HU). Each difference of 22 HU will show
up as a different shade of gray. So this narrow
window allows us to distinguish relatively subtle
differences in density.

Well, I agree and I disagree. Chest xray is notoriously
inaccurate when it comes to diagnosing or counting rib
fractures. Some older studies have shown that a plain
chest xray may miss as many as 50% of all rib fractures.
On the other hand, CT scan is very accurate at
diagnosing them.

The chest cavities are primarily air-filled, and the
lungs are very low density. So it makes sense that a
typical lung W/L setting is 1500/-500. The window
ranges from -1250 to +250 HU, and a wider range of
94 HU represents one shade of gray. This is typical of
body regions with a wider range of densities.

But the question is, do we need to know exactly how
many ribs are fractured? In general, the answer is no.
Rib fracture is a clinical diagnosis. A patient with an
appropriate mechanism and focal tenderness on the
chest wall has a rib fracture unless proven otherwise. Do
we need to prove otherwise? No. They still have pain,
and it still needs to be treated. The degree of pain and
pulmonary impairment determines the need for
admission and more advanced therapies, not an exact
count of ribs fractured.

Finally, bone windows are usually 2000/250. This
window is centered above the usual tissue densities,
and is very wide so that it shows a wide range of
densities in only 16 shades of gray. Thus, the
contrast appears very low.
On most displays, the window width increases as you
drag the mouse to the right. This increases the range
of densities in a shade of gray, thus decreasing the
overall amount of contrast in the image. Dragging the
mouse down decreases the window level, moving it
toward the air end of the spectrum. This allows you to
center your window on the type of tissue you are
interested in viewing and adjust your ability to
distinguish objects with a lot or only a little contrast
(see table above).
I apologize to my radiology colleagues in advance for
this simplistic explanation. Trauma professionals
have minimal exposure (pun intended) to the physics
and details of radiographic imaging. We are much
more interested in effectively using this technology to
save our patients’ lives.

CT Scans For Rib
Fractures?
I’ve written about the management of rib fractures on
a number of occasions. I’ve often downplayed the use
of chest CT for anything but diagnosis of aortic injury
in blunt trauma patients. And I’ve never
recommended it for diagnosing run of the mill
problems like pneumothorax or fractures.
However, a reader wrote that the "number of rib
fractures are not that accurate by x-ray. If further
evaluated by CT, more fractures will be identified"

Bottom line: Rib fracture is a clinical diagnosis! CT
scan of the chest for diagnosing rib fractures (or
pneumothorax, or hemothorax for that matter) is
basically not indicated. It delivers a lot of radiation
(and IV contrast if you mistakenly order it), but does
not change management. For blunt trauma, CT of
the chest should only be used for screening for
aortic injury. The only possible indication I can think
of is to plan ORIF of complicated, displaced rib
fractures. But in that case, let your surgical
specialist decide if the test is really necessary.

A Trick For Finding Rib
Fractures On Chest Xray
Here’s a neat trick for finding hard to see rib fractures on
standard chest xrays.
First, this is not for use with CT scans. Although chest
CT is the “gold standard" for finding every possible rib
fracture present, it should never be used for this. Rib
fractures are generally diagnosed clinically, and they are
managed clinically. There is little difference in the
management principles of 1 vs 7 rib fractures. Pain
management and pulmonary toilet are the mainstays,
and having an exact count doesn’t matter. That’s why
we don’t get rib detail xrays any more. We really don’t
care. Would you deny these treatments in someone with
focal chest wall pain and tenderness with no fractures
seen on imaging studies? No. It’s still a fracture, even if
you can’t see it.
So most rib fractures are identified using plain old chest
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xray. Sometimes they are obvious, as in the image of
the right-sided flail chest below.

But sometimes, there are only a few and they are hard
to distinguish, especially if they are located laterally.
Have a look at this image:

Here’s the trick. Our eyes follow arches (think
McDonald’s) better than all these crazy lines and
curves on the standard chest xray. So tip the xray on
its side and make those curves into nice arches, then
let your eyes follow them naturally:

Much more obvious! In the old days, we could just
manually flip the film to either side. But now you have
to use the rotate buttons of your xray viewer software
to properly position the digital image. (Hint: fourth rib,
posterior axillary line)

Futility Of The Lateral
Chest Xray In Diagnosing
Pneumothorax
Pneumothorax is typically diagnosed radiographically.
Significant pneumothoraces show up on chest xray,
and even small ones will show up on CT.
Typically, a known pneumothorax is followed only with
conventional chest xray. If the patient condition
permits, these should be performed using the classic
technique (upright, PA, tube 72" away). Unfortunately,
physicians are used to ordering the chest xray as a
bundle of both the PA and lateral views.

There are rib fractures on the left side on the
posterolateral aspects of the 4th and 5th ribs.
Unfortunately, these can get lost with all the other ribs,
scapula, lung markings, etc.

The lateral chest xray adds absolutely no useful
information. The shoulder structures are in the way,
and they obstruct a clear view of the lung apices,
which is where the money is for detecting a simple
pneumothorax. The xray below is of a patient with a
small apical pneumothorax. There is no evidence of it
on this lateral view.
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Look at the clipped xray above. A portion of the left
chest wall is off the image. If there were a large
pneumothorax on the left, would you be able to see it?
What about a large hemothorax? And the mediastinum
is fully included, so no problem there. So in this case,
no need to repeat immediately.
The same thing goes for the pelvis. You are looking for
gross disruption of the pelvic ring, especially
posteriorly because this will cause you to intervene in
the ED (order blood, consider wrapping the pelvis). So
if parts of the edges or top and bottom are clipped, no
big deal.

Bottom line: only order PA views (or AP views in
patients who can’t stand up) to follow simple
pneumothoraces.

Do You Really Need To
Repeat That Xray Image?
It happens all the time. You get that initial chest and/or
pelvic xray in the resuscitation room while evaluating a
blunt trauma patient. A few minutes later the tech returns
with another armful of xray plates to repeat them. Why?
The patient was not centered properly and part of the
image is clipped.
Do you really need to go through the process of
setting up again, moving the xray unit in, watching
people run out of the room (if they are not wearing
lead, and see my post below about how much
radiation they are really exposed to), and shooting
another image? The answer to the question lies in what
you are looking for. Let’s address the two most common
(and really the only necessary) images needed during
early resuscitation of blunt trauma.
First, the chest xray. You are really looking for 3 things:


Big air (pneumothorax)



Big blood (hemothorax)



Big mediastinum (hinting at aortic injury)

www.TheTraumaPro.com

@regionstrauma

Bottom line: Don’t let the xray tech disrupt the
team again by reflexively repeating images that are
not technically perfect. See if you can use what
you already have. And how do you decide if you
need to repeat it later, if at all? Consider the
mechanism of injury and the physical exam. Then
ask yourself if there is anything you could possibly
see that was not imaged the first time that would
change your management in any way. If not, you
don’t need it. But it certainly will irritate the
radiologists!

How Often Are Outside
Images Repeated?
Smaller trauma hospitals, both designated and
undesignated, are the front line for the initial care of
the majority of trauma patients. Many patients can be
evaluated and sent home or admitted to the initial
hospital. More severely injured patients are commonly
transferred to the nearest Level I or Level II trauma
center for care of injuries requiring specialists.
Imaging studies such as conventional xray and CT
scan are a necessary part of the initial trauma
evaluation. But is it necessary to do a full
radiographic evaluation, even when it is known
that the patient will have to be transferred?
Researchers at Dartmouth Hitchcock Medical Center
examined the issue of repeat imaging at their Level I
center. They looked at 138 patients that were
transferred to them from other rural hospitals. They
found that 75% underwent CT scanning prior to
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transfer, and 58% underwent repeat scanning upon
arriving at Dartmouth.

found several interesting things:


The authors discovered the following:


injured patients


Head CTs were repeated 52% of the time, primarily



Spine reconstructions were repeated 33-50% of the



Chest (31%) and abdomen (20%) were repeated due
to inappropriate use of IV contrast
13% of image disks used incompatible software



7% of images were not sent with the patient

Here are my recommendations for imaging by
hospitals that refer patients to Level I or II trauma
center:
Obtain the essential plain films recommended by
ATLS (chest, pelvis)


If an obvious injury requiring transfer is found on
exam (e.g. open fracture) do no further studies



Obtain any imaging studies needed to decide if you
can admit the patient to your own hospital (example:
abdominal CT for abdominal pain and negative FAST.
Keep if no injury, transfer if solid organ injury)



Repeat images did not improve outcomes (LOS, DC
home, mortality)





Patients who had repeat imaging stayed in the ED
longer waiting for definitive disposition

time due to inadequate reconstruction technique


Hospitals that transferred more patients to the trauma
center tended to do more scans before transfer

due to clinical indications


Repeat imaging was more likely in more severely



A rough estimate of $354 more in charges was
attributed to repeat imaging

Bottom line: Repeat imaging is wasteful, expensive
and increases time in the ED. And don’t forget about
the radiation exposure. With all the emphasis on
pushing hospitals to use an electronic medical
record, there needs to be a similar push to
standardize methods for transferring radiographic
images between hospitals to address the problem of
repeat imaging.
Reference: Repeat imaging in trauma transfers: A
retrospective analysis of computed tomography scans
repeated upon arrival to a Level I trauma center. J Trauma
72(5):1255-1262, 2012

As soon as an injury is identified that mandates
transfer, do no further studies




Always send image disks with the patient

.

Work with your referral trauma center to obtain a copy
of their CT imaging protocols so if you do need to
perform a study you can duplicate their technique

Reference: Gupta et al. Inefficiencies in a Rural Trauma
System: The Burden of Repeat Imaging in Interfacility
Transfers. J Trauma 69(2):253-255, 2010.

Repeat Imaging: What Good
Is It?
As I’ve written in the previous article, imaging tends to
get repeated once a trauma patient gets transferred to a
trauma center. There are many reasons, including
clinical indications, need for advanced imaging
(reconstructions), or lack of contrast. But at least 20%
have to be repeated because the media is
incompatible or not sent with the patient. Sounds like
a problem, but is it a significant one?
A recent retrospective analysis of about 2,000 transfers
to a Level I center looked at the reasons for repeat
imaging and changes in outcome due to it. The paper
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The Ultimate Irony!

