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Abstract

Diagnostic computed tomography (CT) scans provide numerous opportunities for body
composition analysis including quantification of abdominal circumference, abdominal
adipose tissues (subcutaneous, visceral and intermuscular) and skeletal muscle (SM).
CT scans are commonly performed for diagnostic purposes in clinical settings and
methods for estimating abdominal circumference and whole-body SM mass from them
have been reported. A supine abdominal circumference is a valid measure of waist
circumference (WC). The valid correlation between a single cross sectional CT image
(slice) at third lumbar (L3) for abdominal SM and whole body SM is also well
established. Sarcopenia refers to the age-associated decreased in muscle mass and
function. A single dimensional definition of sarcopenia using CT images that includes
only assessment of low whole body SM has been validated in clinical populations and
significantly associated with negative outcomes. However, despite the availability and
precision of SM data from CT scans and the relationship between these measurements
and clinical outcomes, they have not become a routine component of clinical nutrition
assessment. Lack of time, training, and expense are potential barriers that prevent
clinicians from fully embracing this technique. This tutorial presents a systematic, step-
by-step guide to quickly quantify abdominal circumference as a proxy for WC and SM
using a cross-sectional CT image from a regional diagnostic CT scan for clinical

identification of sarcopenia. Multiple software options are available, however this tutorial



utilizes IMAGEJ, a free public domain software developed by the National Institutes of

Health (NIH).

BACKGROUND

Computed tomography (CT) imaging provides powerful diagnostic information and is a
routine component of the medical care for many patient populations. In research
settings, single-cross-sectional abdominal images from archived diagnostic CT have
been assessed for abdominal circumference (cm), abdominal adipose tissue and
skeletal muscle (SM) areas (cm?). A supine estimate of CT generated abdominal
perimeter is a valid measure of standing WC*. Cross-sectional CT images at the L3
region provide precise estimates of body composition, including regional abdominal
adipose tissue, SM? and WC2. The cut-points associated with health or disease for the
CT defined abdominal adipose depots have not been determined, rendering this
information somewhat arbitrary and clinically uninterpretable at this time. However, CT
measured WC and low SM or CT defined sarcopenia have clinical relevance. This
tutorial provides a platform for assisting clinicians in understanding these techniques

and utilizing these CT scans that have been used predominantly in research.

Low SM mass assessed by CT has been associated with extended mechanical
ventilation, longer hospital stays and mortality “®. Traditionally, sarcopenia is defined as
a low appendicular SM mass (kg/m?) two standard deviations below the mean of young
reference group coupled with a concomitant loss of muscle function®*2. Mourtzarkis et

al*® developed and validated regression equations for extrapolating data from a single



L3 cross-sectional CT image? to predict whole body composition of adipose tissue and
SM mass (kg) that formed the basis for subsequent work by Prado et al* which
established cut-points for SM mass using CT derived data. Specifically, Prado et al
determined the gender-specific L3 skeletal muscle index (SM area adjusted for height)
cut-points (cm?m?% males <52.4 cm?/m? females <38.5 cm?/m?) which correlate with
whole body SM mass (kg) to classify sarcopenia cut-points related to mortality risk®.
These cut-points have been linked to adverse outcomes in various populations including
the ICU’, cancer’®®, and liver disease’®. We recently reported, the prevalence of
sarcopenia and sarcopenic obesity in critically ill patients requiring mechanical

ventilation using these gender-specific cut-points*®*’.

Despite its widespread availability and limited costs of using existing CT images, this
assessment methodology is not a routine component of nutritional assessment. This
may reflect the training required, the time needed for the analyses and the enhanced
understanding and knowledge regarding the required software and techniques. This
tutorial presents a systematic, step-by-step guide to successfully analyze a cross-
sectional CT image taken from a regional diagnostic CT scan to overcome these
barriers. Upon completion of this tutorial, the clinician will have an increased
comprehension of basic abdominal anatomy and learn new skills that enable the
guantification of abdominal circumference, a proxy for WC and SM area from a L3

cross-sectional CT image.



Purpose: To provide clinicians with detailed methodology for the utilization of
diagnostic CT scans to quantify WC and abdominal SM area for use in clinical nutrition

assessments.

METHODS

A detailed description of the essential tools needed to use the NIH IMAGEJ software
followed by a step-by-step guide for analyzing a diagnostic single cross-sectional CT
image (slice) with this program is described. Additionally, a website link that features a
preprogrammed template in Microsoft Excel for conversion of the NIH IMAGEJ data to
measures of WC and SM area and an in screen-capture format of this tutorial is also

included.

Essential Resources and Tools

The resources, equipment and radiologic expertise needed to obtain body composition
information from a cross-sectional CT image includes basic knowledge of CT scans and
human anatomy, a compatible computer, specific imaging software (NIH IMAGEJ),
collaboration with a radiologist and a CDROM or USB storage device (for CT image

transport).

1) Basics of CT imaging, CT Scan Acquisition and Human Anatomy

Detailed descriptions on CT scanners and CT imaging techniques have been described
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elsewhere and should be reviewed for a comprehensive understanding of this

technology. In general, CT is a relatively simple, non-invasive technique used



classically for diagnostic and surveillance purposes. The CT imaging procedure scans
the body like slices of bread producing cross-sectional images or ‘slices’ *?*. The CT
scanner differentiates body tissues (organs, adipose, skeletal muscle and bone), water
and air based on tissue-specific attenuation values such as SM (-29, +150) and adipose
tissue (-190, -30) as depicted in 2. These attenuation values are reported in Hounsfield
Units (HU) named after Sir Godfrey Newbold Hounsfield, the scientist and electrical

engineer who invented the CT scanner 2%%%24,

The use of CT imaging for quantifying
anatomic detail using the CT attenuation values was described by Abrams and McNeil
over 30 years ago 2°. Using the minimum and maximum values for these tissue specific
thresholds or attenuation values, it is possible to distinguish body composition
compartments such as SM and adipose tissue. In the research setting, use of CT
imaging is limited by risks associated with radiation exposure, instrument availability
and costs %°. Therefore most researches conducting large studies obtain this data via

exploitation of existing CT scans completed for clinical purpose *#%7%,

The WC and SM can be assessed with regional CT scans that contain the L3 landmark
CT image. These include chest, chest/abdominal, chest/abdominal/pelvic, or
abdominal. Of note, contrast agents (ie. barium, iodine dyes) that are commonly
administered during a routine CT scan do not interfere with assessment of SM or
abdominal adipose tissues. The diagnostic CT scans are contained within a radiology
database. A radiologist identifies the L3 landmark, extracts the corresponding single
cross-sectional image contained within a CT study and copies the image to a storage

device (ie., CDROM or USB flash drive).



The L3 region contains the spinal vertebrae, intestine, kidney and liver, in addition to
visceral adipose, subcutaneous adipose and seven muscle groups (the psoas, erector
spinae, quadratus lumborum, transversus abdominus, external and internal obliques
and rectus abdominus). Images obtained from acute or chronically ill patients likely
contain pathologic changes that are different from those of healthy individuals. Figure 1
shows a pictorial representation of the anatomical components of the lower spinal
column and the location of the L3 vertebra of an individual. Figure 2 highlights the
anatomical features (abdominal perimeter and skeletal muscle groups) at the L3 region
of a CT cross-sectional L3 image that are important for this tutorial. The Further
Reading list contains recommended books and publications on anatomy, CT of the body
in medicine and body composition to use as resources and references during this

learning process.

2) Hardware and Software
A personal computer (i.e., desktop or laptop) with a Windows operating systems (32-bit
or 64-bit bundle) with or without Java is needed to run NIH IMAGEJ. There are a
variety of commercial software products available for 2D and CT imaging analysis
including—Mimics® (Materialise HQ, Leuven, Belgium) and SliceOmatic (Tomovision,
Magog, Canada) that have been extensively used in research***%"2?°  This tutorial
highlights the use and application of IMAGEJ, a free, public domain software developed

by National Institutes of Health (NIH). The NIH IMAGEJ website (http://IMAGEJ.goV/ij)

offers an instruction manual, numerous tutorials and many resources related to this


http://imagej.gov/ij

software. It has been used extensively for imaging in various medical and biological
fields and for body composition research to assess thigh and abdominal skeletal muscle
and adipose tissues (subcutaneous, superficial and deep superficial adipose tissues)®>
3 One important limitation of the NIH IMAGEJ software has recently been raised for its
lack of accuracy in assessment of visceral adipose tissue (VAT) because it includes the
non-VAT fat within the intestines and other organs.®* Thus, if accurate assessment of
VAT is desired, software that remove this fat from the estimated VAT area, such as

sliceOmatic (Tomovision, Canada), is recommended.

NIH IMAGEJ can be downloaded as a ZIP archive for Windows, which enables use of
the software on institution owned computers. Mac users can download NIH IMAGEJ as
a Mac OS X application. Instructions for both of these options are available at

http://IMAGEJ.qoV/ij/. Briefly, after arriving at the NIH IMAGEJ home page, select the

‘DOWNLOAD’ link to get to the webpage listing the available platforms for installation
and other software requirements. The download and installation require less than 5
minutes. If a Macintosh operating system is used an older version of Java (Java SE 6)
may need to be downloaded prior to opening NIH IMAGEJ. Java SE 6 may be acquired

at https://support.apple.com/kb/DL1572 free of charge.

To improve overall tracing control and delineation of smaller details a graphics tablet
with a stylus pen rather than a computer mouse should be used for NIH IMAGEJ body
composition  analyses. Graphics tablets range from $25 to $1000

(http://www.intellireview.com/Top-Digitizing-Tablets/); however, a simple tablet with
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dimensions of 4x5 or 6x8, (average cost of $45-$50) will suffice. We currently use the
Turcom Graphic Drawing Tablet (6x8; Turcom USA, Sand Diego, CA) ($50) and the
WACOM Graphire4 (4x5; Wacom Technology Corporation, Vancouver, WA) Tablet
($60-150). Becoming comfortable with the graphics tablet and stylus pen takes time but
ultimately improves the accuracy and precision of the tissue delineation process. As
with any tool or new procedure, practice is necessary to increase precision, proficiency
and reproducibility. NIH IMAGEJ software requires manual tracing of the various
regions within the CT image. As shown in Figure 2, the outer (green line) and inner
(blue line) abdominal musculature perimeters are visible. It is recommended that the
user practice tracing the outer and inner perimeters of a CT image 5 or more times

following NIH IMAGEJ installation.

Step-by-step Guidelines for Analyzing a Single Cross-sectional Image

The following section describes the step-by-step process for using NIH IMAGEJ for
estimation of WC and SM area. The use of abdominal circumference as an estimate for
waist circumference and techniques for tracing abdominal ROIs for body composition
analysis have been detailed and described for NIH IMAGEJ and other body composition

medical imaging software 38,

Similar methods will be implemented in this tutorial,
modified specifically for use with NIH IMAGEJ for SM area assessment. As noted
earlier, the Hounsfield unit (HU) measures the attenuation levels of body tissues, air and
water and is the standard unit of measurement for CT imaging. The CT scanner is

calibrated on the premise that the radiodensity of water is 0 HU and air is -1000 HU at

standard pressure and temperature. The attenuation thresholds for muscle applied in



this tutorial are -29 to +150HU 328, The IMAGEJ software allows demarcation and

differentiation of these tissues using these specific thresholds.

A) Extraction of CT images

1.) Search the electronic medical record to determine if the patient of interest has
a CT study that includes the L3 region during the desired time interval. Once
the CT study has been verified, the patient medical record number, CT study
type, scan date and storage device (if transporting images) should be
provided to the radiologist.

2.) Request the cross-sectional image at the midpoint of the L3.

3.) Ask the radiologist to save the CT image as a DICOM (.dcm file extension)
which stands for ‘Digital Imaging and Communication in Medicine.” The
DICOM format is standard for sharing and viewing medical images and

compatible with IMAGEJ.

B) Assessment of CT image quality
High quality images are required for accurate measurement of the parameters
described in this tutorial. Unfortunately diagnostic CT scans are not always of high
quality; thus each L3 image must be reviewed for quality prior to compositional analysis.
Assess the initial quality of CT image using the four step process described below:
1. Open the NIH IMAGEJ software (click microscope icon) and left click on FILE

tab, move the mouse cursor to OPEN and left click. A new window called OPEN

10



will pop up which allows any NIH IMAGEJ compatible file to be opened such as a
DICOM as previously discussed.

2. Select the directory where DICOM L3 image files are stored on computer or
storage device.

3. Pick the desired L3 image DICOM file and click “OPEN” tab to open the image.
4. Evaluate your image. An example of a high-quality image for abdominal body
composition assessment is provided in Figure 2. Precise estimate of waist
circumference requires image to include a complete abdominal perimeter (Figure
2). Additionally, the abdominal skeletal muscles, particularly the obliques and
transversus abdominus, should be visible all the way around the abdominal
cavity. Figure 3 depicts various examples of poor quality images. Poor quality
images occur due to patient movement, fluid overload, or external (i.e., cardiac
leads) or internal (i.e., bullet fragments) metal artifacts. The use of such images

are limited with NIH IMAGEJ and results may not be interpretable.

C) Technique for Assessment of WC and SM
Once the L3 image is obtained and determined to be of good quality, the following CT
imaging protocol can be used for assessment of WC and SM area at the L3 region. A
one-page, easy to use format which summarizes the body composition analysis protocol
for NIH IMAGEJ is presented in Figure 4. Attach the graphics tablet to the computer
and launch NIH IMAGEJ (i.e., microscope icon). The NIH IMAGEJ tabs FILE, IMAGE,
and ANALYZE will be employed for this tutorial.

1. Open the DICOM image as previously described.
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2. Under the tab headings there are a series of boxes representing drawing tools to

trace ROIs on medical and scientific images. Move the mouse over the different

tools to see the types and names of these tools. The ‘Freehand selections’ and

‘Wand (tracing) tool’ will be used in the following CT body composition analysis

protocol presented in this tutorial.

Figure 5 provides an example of the NIH IMAGEJ software of a CT image and the four

NIH IMAGEJ windows: IMAGEJ (main menu window), ‘BRIGHTNESS & CONTRAST,’

‘THRESHOLDS'’ and ‘RESULTS’. Follow step 1 below for delineation of the abdominal

perimeter of the CT image as depicted in Figure 6 to obtain a proxy measure of WC.

Step 1. Abdominal perimeter for WC

1.

2.

Go to Image>Adjust>Threshold. A Threshold window opens.

Click SET to change the LOWER and UPPER thresholds to -250 and 1000,
respectively.

Click OK to close this window.

Select ‘Wand Tracing Tool’ icon on IMAGEJ control box. Click on the outer
surface of the threshold-highlighted area. A yellow line should appear
surrounding the entire abdominal perimeter.

Go to ANALYZE>SET MEASUREMENTS and select AREA and
PERIMETER from the list provided and unselect any other measurements.

Click OK to close this window.

12



7. Goto ANALYZE>MEASURE for estimates of AREA and PERIMETER. A
RESULTS window opens listing first measurement of area and perimeter
(Measurement 1).

Follow these steps for delineating outer abdominal musculature (Figure 7). The outer
abdominal musculature perimeters are needed for calculation of SM.

Step 2. Outer Musculature Perimeter

1. Return to the THRESHOLD window again and adjust the LOWER and UPPER
thresholds to -250.

2. Select the ‘Freehands selection,’ tool then click on image to remove abdominal
perimeter line and using the stylus, carefully trace the outer perimeter of the
abdominal musculature. If hand slips or if tracing line is not directly over the
perimeter, click the pen over the line to make it disappear and repeat again.
Repeat the trace around the outer musculature perimeter as many times as
needed in order to get it as close as possible to the actual perimeter. Once the
best line is drawn, be careful not to touch the image again or the line will be
erased.

3. Return to THRESHOLD window and adjust LOWER and UPPER thresholds to -
29 and +150, respectively.

4. Goto ANALYZE>SET MEASUREMENTS and select AREA, PERIMETER and
LIMIT TO THRESHOLD.

5. Click OK to close this window.

13



6.

Go to ANALYZE>MEASURE for estimates of AREA, PERIMETER and LIMIT
TO THRESHOLD. A RESULTS window opens listing these measurements

(Measurement 2).

Step 3. Inner Musculature Perimeter

1.

Delineate the inner abdominal musculature perimeter (Figure 8). The inner
abdominal musculature perimeter is also needed for calculation of SM.

Return to THRESHOLD window and adjust LOWER and UPPER values to -250.
Repeat tracing the inner abdominal musculature perimeter as many times as
needed to get the delineation as accurate as possible.

Once the inner perimeter muscle wall is outlined, return to the THRESHOLD
window and set the LOWER and UPPER thresholds to -29 and +150,
respectively.

Go to ANALYZE>MEASURE. A third set of measurements (Measurement 3) will

be added to the RESULTS box.

Steps for outer and inner abdominal musculature perimeters can be repeated as many

times as desired.

Step 4. Vertebral head perimeter

Step 5. Unit conversion process (cm and cm?)

1.

2.

3.

Copy and paste these measurements to a Microsoft EXCEL spreadsheet.
To copy and paste the measurements, return to RESULTS window, highlight the
measurements and then right click on mouse and select COPY.

Open a Microsoft Excel spreadsheet and paste the measurements.

Step 5. Closing IMAGEJ

14



1. To close IMAGEJ, simply click on X in corner of the ImageJ window.

2. All windows will close.

D) Calculating WC and SM estimates

Insert the results copied to a Microsoft Excel spreadsheet into the following calculations
to derive WC and SM area:

1. For WC, take Measurement 1 (Perimeter, mm) and divide by 10. For example,
Measurement 1 equals 1058.832 mm, divide this number by 10 to get 105.832
cm. This is the WC measurement.

2. For SM area, take Measurement 3 (inner area, mm? and subtract it from
Measurement 2 (outer area, mm?) and divide the result by 100. For example,
subtract 7144.093 (Measurement 3) from 24280.911 (Measurement 2) and divide

by 100 to get 171.37 cm?. This is the SM area measurement.

A preprogrammed template (Figure 9) of this spreadsheet and a screen-capture tutorial

may be downloaded at www.slgperez.net. To gain confidence in using the graphics pen,

tablet and body composition analysis protocol, repeat the steps numerous times (about
5-10 times) with one cross-sectional image. Using the ‘Wand (Tracing) Tool’ provides a
degree of automation to the procedure, producing an exact line around the abdominal
perimeter. This step does not need to be repeated because it is the same every time
and can simply be copied for future measurements. However, the ‘Freehand
Selections’ step requires manual delineation of the inner and outer abdominal
musculature membranes so these measurements will vary. Confidence, ease and

accuracy will increase with practice. To test consistency between repeated attempts, a

15
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coefficient of variation may be obtained from the preprogrammed spreadsheet available

at slgperez.net.

Discussion

CT images for assessment of body composition are accessible, ubiquitous for many
patient populations and have been used in many research studies. These investigations
have not only consistently demonstrated the clinical significance of quantifying SM for
prediction of untoward clinical outcomes, but they have also exposed the widespread
prevalence of patients with sarcopenia, particularly in obese individuals**°. CT defined
sarcopenia was strongly associated with longer hospital stays and bacterial infections in
patients following liver transplantation®. Patients with hepatocellular carcinoma and CT
defined sarcopenia had significantly higher mortality risks compared to those without
sarcopenia *°. In a heterogeneous sample of obese cancer patients, those classified as
sarcopenic had significantly lower functional status and lower survival than non-
sarcopenic patients®. Finally, among women receiving capecitabine treatment for
metastatic breast cancer, those with sarcopenia detected by CT imaging had greater
likelihood for chemotherapy toxicity and shorter time to disease progression than

women without sarcopenia 2’

In clinical nutrition practice, a primary goal of nutritional assessment is to discern the
adequacy or inadequacy of whole body SM and to develop nutritional treatments
tailored to address these findings. Unfortunately clinical tools currently available rely

predominantly on subjective measures which are often not sensitive to detect depletion
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of SM mass, particularly in patients with excessive adiposity. In line with other clinical
fields, nutrition professionals need to embrace and incorporate the use of validated
imaging technologies into our standard assessment methods to move our field forward.
Archived CT scans reflect an opportunity to do so by providing an accessible, accurate
measurement of SM mass via the equations developed for classification of sarcopenia.
Sarcopenic breast cancer patients behave as if ‘overdosed’ when chemotherapy agents
are prescribed using surrogate measures of body composition (e.g., body surface area,
body weight), as opposed to the more precise determinants of body composition; a
concept introduced by Prado et al *. Similarly, we propose that the CT measured SM
holds promise for improved accuracy in dosing the energy and protein requirements of
patients receiving enteral and parenteral nutrition, in addition to the evaluation of such
therapies and outcomes. Thus, incorporating the information on SM contained in these
cross-sectional L3 CT images can provide clinicians with a much needed objective data

for nutrition assessment and objective evaluation.

Conclusion

The use of cross-sectional CT images for SM area and SM mass measurement and
abdominal circumference is an objective method of body composition assessment
which continues to gain attention and clinical momentum. We speculate this is the
wave of the future. To incorporate these measurements into guidelines, the utility of
these techniques need to be confirmed in varied populations and validation studies
testing their accuracy need to be performed. The purpose for this tutorial was to provide

a step-by-step guide to facilitate and demystify its use by clinicians as a routine
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component of nutrition assessment. The quantification of SM area and SM mass has
been used to: 1) describe and quantify abdominal circumference, which is often difficult
to assess in our bed-ridden patients, 2) quantify L3 SM area and determine SM mass
and detect sarcopenia®, and 3) determine the relationship between these measures and

various clinical outcomes 82841

. Nutrition professionals need to acknowledge the
potential for implementing imaging techniques in clinical practice to provide much

needed objective data for modern, comprehensive nutrition assessment.
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