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introduction

Low dose and high quality:  
A delicate balance

Low radiation dose and high diagnostic image quality—it’s the delicate balance we all 
try to strike in radiology to provide the best possible care and improve patient out-
comes. At Philips, we continue to make advances in establishing just the right balance 

in all of our products as we carry on our Imaging 2.0 vision, based on clinical integration and 
collaboration, patient focus, and improved economic value.

We incorporate the principle of keeping radiation dose as low as reasonably achievable 
in every product we create. A prime example is our BrightView XCT, which provides high- 
quality images with less radiation dose than computed tomography (CT) scanners that lack 
Philips’ dose-reduction tools, while boosting reporting speed and accuracy. Additionally, our 
innovative iDose4 iterative reconstruction technique for Philips Ingenuity CT systems allows 
radiologists to manage dose without sacrificing image quality. Even for electrophysiology and 
angio procedures, which traditionally require high levels of radiation, Philips is constantly 
looking at ways to develop low-dose interventional X-ray systems that advance patient care. We 
are incredibly excited about these products and how they are advancing the science of achieving 
the ideal balance of low radiation dose and high diagnostic image quality. 

At the same time, there is increasing pressure in the industry to improve productivity 
and keep healthcare costs down. Increased workflow demands on clinicians require the  
ability to diagnose and collaborate virtually anytime, anywhere. That’s the principle behind 
Philips’ IntelliSpace Portal, a powerful thin-client solution for advanced image review 
and analysis offering a clinical solution that’s multi-specialty, multi-modality and multi- 
vendor—and accessible through iPad®*, laptop or smartphone*.

Better patient care is one of the driving forces behind what we do across the healthcare 
field, and these technologies offer enhanced diagnostic confidence to deliver improved care. 
The following pages detail nine perspectives from experienced clinicians in various special-
ties, reflecting how they are achieving better patient care in their specialty areas. Our hope  
is that their insights will inspire you with new ideas about the exciting possibilities within 
our field.

We would like to extend Philips’ thanks for the collaboration and insights of all the  
physicians included in this special supplement to Applied Radiology as we work together to 
create the future of healthcare and save lives. 

Larry Dentice
Senior Vice President, Imaging Systems Sales and Marketing
Philips Healthcare North America

*Note: Images are not for diagnosis except when using cleared software for mobile application.
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Low iodine contrast combined with 
low radiation dose doubles the  
benefit in abdominal CT imaging  
for vascular mapping

The high and increasing prevalence of 
chronic renal failure in the United States 
has led to concerns among radiologists, 

referring physicians, and patients about the 
potential nephrotoxic side effects of intravenous 
iodinated contrast. In our practice, an increasing 
number of computed tomography (CT) studies 
are now done without intravenous (IV) contrast. 
Enhanced CT imaging may be reclined when 
the serum creatinine level is raised, even where 
it is the best available test for the evaluation of 
vascular disease or preoperative vascular map-
ping. However, in such cases, optimized iodine 
contrast dose can diminish concerns and make 
patients with decreased renal function eligible for 
CT evaluation of vascular disease.

In this paper, we address CT imaging of the 
abdomen and pelvis on the iCT scanner, utiliz-
ing both a) low tube potential (80 kVp) to opti-
mize the required volume of iodinated contrast 
dose and b) iDose4⁴ iterative reconstruction to 
manage required radiation dose. 

The increased power of x-ray generators 
and tolerance of x-ray tubes for higher and 
longer sustained milliamperage in the lat-
est generation CT scanners, such as the iCT, 
now allows CT to be performed at lower kilo-
voltage potential (kVp) levels than previously 
possible. As noted in recent publications2,3 

and in phantom studies at our institution,4 
imaging with an 80-kVp x-ray tube potential 
improves the x-ray attenuation of iodine by 
almost a factor of 2 when compared to 120 
kVp due to increased photoelectric absorp-
tion. For a given dose of intravenous contrast, 

the blood vessels will be much “brighter” at 
80 kVp than at 120 kVp, and this facilitates 
the use of lower doses of iodinated contrast.

However, dropping the kVp decreases 
the x-ray photon flux in a logarithmic fash-
ion, such that imaging at 80 kVp will result in 
a much lower radiation dose than at 120 kVp, 
if all other scan parameters are kept the same. 
This translates into less tissue penetration and 
increased image noise. To overcome this limita-
tion, the tube current (mAs) must in theory be 
increased by a factor of 2.75 at 80 kVp in order 
to obtain the same image quality as at 120 kVp. 
In general, only recent generation CT scan-
ners, such as the iCT, are capable of performing 
such scans, especially in large patients. How-
ever, an important and helpful development 
in this setting is the introduction of iterative 
reconstruction techniques that compensate for 
this increased mAs requirement and allow for 
a major overall reduction in the required radia-
tion dose. In this paper, we will provide clinical 
examples where the expected rise in mAs was 
reduced, facilitating the use of this “double low 
dose” technique, which provides major savings 
in both iodine contrast and radiation dose.

In our practice, we have utilized the tech-
nique described above to offer CT abdominal 
imaging to patients with decreased renal func-
tion. Typically the patients require investiga-
tion of vascular disease in the abdomen and 
pelvis. The sample studies included here were 
performed on an iCT 256-channel multidetec-
tor CT scanner at the University of Maryland 
Medical Center. This scanner has a selection 

The low tube 
potential 80 kVp 
technique allows 
for improved  
vascular 
enhancement 
with decreases 
in both contrast 
dose and  
radiation dose. 

Barry Daly, MD, FRCR
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of optional kVp settings from 80 to 140, and 
both a large 120 kW generator and an effective 
30 MHU x-ray tube, which allows the higher 
mAs required for the low kVp technique. The 
iCT also has iDose4, a fourth generation itera-
tive reconstruction technology allowing for 
radiation dose reduction while maintaining 
image quality. While the iCT could generate the 
required high mAs for the low kVp technique 
without the need for iDose4, we believe in using 
iDose4 in every case possible in order to decrease 
radiation doses as low as reasonably achievable. 
The iodine dose used is typically 35 mL to 50 
mL of 350 mg/ml concentration of low osmolar 
contrast for abdomen and pelvic scanning.

Example 1. A 38-year-old patient presents 
with chronic renal failure and pelvic pain. Sus-
picion of pulsatile mass in right iliac fossa was 
noted on clinical exam in the emergency room. 

Abdominal CT was performed after injec-
tion of 50 mL of 350 mg/ml iodinated contrast 
at 4mL/second utilizing 80 kVp technique 
(Figure 1). The patient body mass index (BMI) 
was 23. The mAs was 320 using level 5 iDose4 
iterative reconstruction. CTDIvol was 6.1 mGy 
with DLP of 290 mGy-cm and dose equivalent 
of 4.3 mSv.

Example 2. A 47-year-old patient presents 
with chronic renal failure secondary to polycys-
tic disease. CT was obtained for pretransplant 
vascular evaluation.

A CT abdominal scan was performed uti-
lizing low iodine and low radiation dose with 
injection of 50 mL of 350 mg/ml iodinated con-
trast at 4mL/second utilizing 80 kVp technique 
(Figure 2). The patient’s BMI was 29. The mAs 
was 373 using level 5 iDose4 iterative recon-
struction. CTDIvol was 7.0 mGy with DLP of 
352 mGy-cm and dose equivalent of 5.3 mSv.

Of note in both cases is very satisfactory 
image quality, reflecting the ability of iodin-
ated contrast to effectively “double absorb” 
x-rays at 80 kVp. Of additional value is the 
remarkably low mAs utilized and the subse-
quent absorbed dose and dose equivalent (4.3 
mSv and 5.3 mSv, respectively). As noted 
above, in theory the 80-kVp technique requires 
mAs levels 2.75 times greater than the equiva-
lent needed at 120 kVp. This should be in the 
range of 500 mAs or greater, but in practice 
lower mAs (and lower absorbed dose and dose 
equivalent) may be possible for several reasons. 
These include the use of a higher level of iDose4 
(level 5 in this case), which is particularly useful 

Figure 1. A 3-dimensional (3D) volume rendered reconstruction (A) utilizing low iodine and low radiation dose techniques demon-
strates a tortuous aorta and major iliac branches without evidence of arterial stenosis or aneurysm. An incidental thrombosed right 
iliac vein stent is noted. An axial image (B) through the pelvis utilizing low iodine and low radiation dose techniques demonstrates 
satisfactory image quality and arterial contrast density (>400 HU) in both external iliac arteries. The thrombosed right iliac vein stent is 
also noted.
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for optimized dose reduction in vascular imag-
ing. In addition, arterial imaging is an inher-
ently “high contrast” type of examination where 
image noise is of less importance than in “low 
contrast” exams (such as in nonenhanced brain 
or liver imaging). 

In conclusion, the utilization of the low 
tube potential 80 kVp technique allows for 
improved vascular enhancement with decreases 
in both contrast dose and radiation dose. The 
ability to reduce the iodine dose by at least 50% 
compared with current standard doses may 
allow many patients with chronic renal failure to 
become candidates for this procedure. The use 
of this technique is likely to become more wide-
spread with the growing availability of the latest 

generation of CT scanners, such as the iCT, and 
innovative iterative reconstruction techniques, 
such as iDose4.
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Figure 2. 3D-volume rendered reconstruction (A) utilizing low iodine and low radiation dose techniques demonstrates normal aorta 
and major iliac branches without evidence of arterial calcification or stenosis. A maximum intensity projection (MIP) coronal image uti-
lizing low iodine and low radiation dose techniques (B) demonstrates satisfactory contrast density (386 HU) and image quality. Bilateral 
enlarged polycystic kidneys are present. 
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low kVp vascular imaging with iDose4 
on the icT scanner for diagnosis of  
an unusual aortic endograft leak in  
a patient with renal compromise 

Case summary 
A 59-year-old moderately obese male patient 

presented to the emergency department with 
back pain lasting 24 hours. He had a history of 
abdominal aortic aneurysm repair with place-
ment of a vascular endograft 3 months earlier. He 
also had a history of chronic renal dysfunction 
with elevated serum creatinine. 

Imaging findings 
Imaging was obtained on an iCT 256-chan-

nel multidetector computed tomography (CT) 
scanner. An abdominal CT scan was performed 
utilizing low 80 kVp technique and 50 mL of  
350 mg/mL iodinated contrast dose and iDose4  
iterative reconstruction technique. The study 
demonstrated a type 2 endograft leak (Figures 
1A and B) due to retrograde blood flow into the 
aneurysm sac via an accessory right renal artery 
(Figure 1C). The aneurysm was stable in size since 
an initial post-endograft placement CT scan. 

Diagnosis 
Aortic endograft with type II endoleak 

through an accessory right renal artery 

Discussion 
Endograft repair of thoracic and abdomi-

nal aortic aneurysms was first introduced over 
20 years ago as an alternative to open surgi-
cal repair. In this procedure, a covered stent is 
placed across the aneurysm, with the proxi-
mal and distal ends of the graft anchored to 

nonaneurysmal segments of the artery above 
and below the aneurysm. The graft serves as a 
conduit for arterial blood flow, excluding the 
surrounding aneurysm sac from the pulsatile 
high-pressure arterial blood flow.1 

The most important complication unique 
to endograft repair is an endograft leak, of which 
5 types have been described, based upon the 
source of blood flow into the aneurysm sac: 

Type I — Incomplete seal at either the 
proximal (type IA) or distal (type IB) end of the 
graft. This is the most common leak associated 
with thoracic aneurysm repair. If an abdominal 
graft involves a unilateral iliac component, with 
an occlusion device or coil embolization of the 
contralateral common iliac artery (such as with 
a femoral-femoral bypass), this represents an 
additional potential site of leak (type IC) via 
incomplete occlusion. 

Type II — Retrograde filling of the aneu-
rysm sac via small aortic branch arteries, typically 
lumbar arteries or the inferior mesenteric artery. 
This can be the result of one (type IIA) or mul-
tiple (type IIB) arteries. This is the most common 
leak associated with abdominal aneurysm repair. 

Type III — Structural failure of the graft 
device, with leak either through a separation of 
components (type IIIA) or a hole in the wall of 
the device (type IIIB). 

Type IV — Porosity of the graft with a slow 
leak across the graft material, without a discrete 
break or hole. This is uncommon with modern 
endograft devices. 
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Type V — Suspected leak, with continued 
enlargement of the aneurysm sac with the site 
of the leak not identified. Post-operative evalu-
ation of endoleaks is most commonly obtained 
with abdominal CT imaging, which is more 
sensitive for detection of leaks than is digital 
subtraction angiography.2 A multiphase proto-
col, including arterial- and venous-phase imag-
ing, is essential for evaluation, as leaks may have 
different flow rates and may be visible on only 
the arterial or venous phase.3,4

The type II leak in this case represents the 
most common type of leak following abdominal 
aortic endograft repair. Most commonly retro-
grade flow occurs via a lumbar artery or the infe-
rior mesenteric artery, but this case represents a 
rare instance of flow via an accessory renal artery 
that was not recognized preoperatively. The treat-
ment of type II endoleaks is somewhat controver-
sial, as many of these will resolve, or show stable 
or decreased size of the aneurysm sac over time.5 

Conclusion 
In this case, conservative management 

resulted in spontaneous resolution of the leak 

over time. The patient’s back pain was attrib-
uted to a musculoskeletal etiology. Low kVp 
imaging with iDose4  on the iCT scanner and 
allowed immediate detailed evaluation of the 
complex aortic endograft leak with consider-
ation to iodinated contrast injected in this obese 
patient with decreased renal function. 
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Figure 1A. An axial CT scan through the lower 
abdomen shows abnormal enhancement within the 
excluded aneurysm sac with contrast opacification 
noted anterior to and between the two limbs of the 
endograft (arrow).

Figure 1B. A sagittal volume- 
rendered 3D image also shows 
enhanced blood flow outside 
the endograft. This simulates 
the appearance of a patent 
inferior mesenteric artery, but 
on Figure 1A it is clearly shown 
to lie within the aneurysm sac 
(arrow).

Figure 1C. Coronal multiplanar reconstruc-
tion (MPR) image shows a small accessory 
right renal artery (arrow) that communicated 
through retrograde blood flow with the 
excluded aortic aneurysm lumen noted on 
Figures 1A and 1B. 
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The impact of digital radiography  
on the pediatric patient

Richard Towbin, MD, and James Owen 

In the past three decades, the practice of radi-
ology in general, and pediatric radiology in 
particular, has been transformed by imaging 

technology. Ultrasound, computed tomography 
(CT), and magnetic resonance imaging (MRI) 
have all contributed immensely to the care of 
children and led to a deeper understanding of 
both normal anatomy and disease processes. 
However, there has been no greater impact on 
pediatric radiology than the development of 
digital radiography (DR). 

Plain radiography has evolved considerably 
over the past 20 years. Film screen radiography 
was the standard—the diagnostic centerpiece—
of radiology departments for decades. By 
today’s standards, the technology was not 
too expensive and was able to create diagnos-
tic images of good to excellent quality. But as 
technology advanced it became clear that there 
were several issues, including the need for film 
processing with the associated processing equip-
ment, a dark room, chemicals and dedicated 
darkroom personnel. As a result, throughput 
was slow, repeat rates at times exceeded 10%, 
and the pressure was on the technologists to 
restrain, position, and make exposures that min-
imized motion artifacts in children who could 
be crying and/or unwilling to cooperate. 

In 1985, computed radiography (CR) was 
introduced, providing an alternative to film-
screen radiography. CR was able to use existing 
x-ray equipment to create and retain an image 
on a phosphor plate. Once exposed, the CR cas-
sette was put into a reader, where a laser scanned 
the plate and converted the analog (A) image 
into a digital (D) format. This A-to-D conver-
sion changed plain film radiography. The digital 
image could be fed into a computer and displayed 

on a PACS for review and interpretation. This 
simplified and decreased the expense of the entire 
process, since no photographic development 
was needed; film processors, dark rooms and 
associated personnel also were no longer neces-
sary. This technology was widely accepted and 
utilized by radiology departments around the 
world. Once in a digital format, the images could 
be post-processed in a variety of ways to improve 
the diagnostic abilities of the radiologist and to 
promote rapid distribution of the imaging study 
to be immediately available to local and wide-
area networks. In addition, once digitized, the 
images were immediately available on PACS and 
could be reviewed by the pediatric radiologist, 
who could assist the technologist with difficult 
cases and more rapidly provide a final reading to 
physicians caring for the child. The shortened 
turnaround time from image production to final 
reading improved patient care and radiology 
workflow, leading to customer satisfaction and 
potentially increased business.

Definitions of “DR”
The term ‘DR’ has two meanings in medical 

imaging. The first is “digital radiography,” which 
includes all methods of image acquisition, result-
ing in an image that can be displayed in a digital 
format. The hierarchy of digital radiography is 
divided into two major categories usually abbre-
viated as ‘CR’ and ‘DR’. This second use of the 
abbreviation ‘DR’ refers to ‘direct radiography,’ 
and it includes any system in which the image is 
created directly from a receptor. In direct radiog-
raphy systems, the image is sent directly from the 
receptor for processing. Computed radiography 
is also referred to as indirect radiography because 
the image is read off the imaging plate through a 
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discrete acquisition process. Generally speaking, 
techniques used in CR imaging can be compared 
to a 200 speed film/screen system while DR tech-
niques may be compared to a 400 speed or higher 
film/screen system.1,5 Essentially, a DR system 
requires approximately 50% or less technique 
than a CR system to produce a comparable image.

Direct radiography was introduced in the late 
1990s. The substantial impact of DR on daily 
practice is multifaceted, and related in part to 
the high percentage of case volume represented 
by plain radiography. In our practice, and that 
of most departments, plain film radiography 
accounts for more than 50% of total imaging 
volume. As a result, this section of the depart-
ment employs the most technologists. The high 
efficiency and rapid turnaround time [TAT] 
of digital radiography often lead to a reduction 
in the number of technologists by significantly 
increasing the number of studies performed per 
technologist. To better understand the effect of 
direct radiography in the pediatric radiology set-
ting, we did a time-motion study that contrasted 
film screen radiography (FSR) and DR. We 
found that the average TAT for a 3-view skeletal 
examination was approximately 12 minutes for 
FSR and 3 minutes for DR. The effect on exam 
completion was more dramatic when all or part 
of an examination needed to be repeated. Other 

authors have documented similar experiences. 
An unanticipated outcome of the faster TAT 
was demonstrated in the relationship between 
radiology and clinical services. For example, with 
FSR or CR, the TAT was too slow to keep up 
with a busy orthopedic clinic, resulting in ten-
sion between the two groups. In contrast, with 
DR, the TAT is fast enough to keep up with the 
demands of “herd-type” scheduling and multiple 
orthopedists seeing patients simultaneously. This 
has dramatically improved relations between the 
two groups.

The Phoenix Children’s experience
DR may be configured using single or dual 

detector systems. While both configurations 
work well and add efficiency at lower radia-
tion doses, the technologists in our department 
prefer the dual-detector configuration because 
it is easier to position patients and requires 
fewer steps to complete a study with >2 views. 
However, this is not always a practical solu-
tion, since it is more costly—about $100,000. 
In 2011 Phoenix Children’s Hospital opened 
a new hospital building that included a new 
radiology department fitted with Philips imag-
ing equipment. We made a commitment to 
use DR only and installed three DR units, 
one with a dual-detector system and two with  

Table 1. Pros and cons of DR and CR
DR  CR
Greater ease of use Unlimited manipulation and positioning of the image receptor  
  for cross-table projections – useful in trauma cases.
Elimination of cassette handling (-) Repetitive motion injuries b/c of long-term cassette handling
Enhanced patient throughput (-) Slower, more complex workflow
Potential for better IQ with lower radiation dose (-) Greater maintenance cost
Faster workflow  (-) More dose required
Shorter turnaround time for viewing images Lower acquisition cost
( - ) Higher cost (-) Less integration to x-ray system 
 Less patient movement (-) Need to move patient before viewing image
Larger imaging area  
More latitude during image review
More customizable imaging parameters
Wireless transmission possible
Ability for rapid exposures (multiple frames per second)
Can track and QA images easier as well as exposure details
 (-) Higher start-up costs
Key:  (-) = cons  
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single detectors. In addition, our satellites feature 
combination RF/DR rooms with single detectors.

 As a children’s hospital, our facility is a 
strong advocate of the Image Gently® move-
ment with the goal of producing diagnostic 
studies at the lowest possible radiation dose. 
Our DR equipment supports these efforts by 
using lower mAs in most studies1 and reducing 
the repeat rate. Other positive features of DR 
include faster TAT, more flexibility of the imag-
ing device making it easier for the technologist 
to position the child resulting in shorter imag-
ing times in our experience and that reported 
in the literature.2,3 Compared to film/screen 
imaging, digital imaging systems are very forgiv-
ing of both under- and overexposure. Severely 
underexposed digital images can be grainy and 
unacceptable even after post-processing. In con-
trast, overexposed digital images can appear as 
if a correct technique had been used. This is a 
double-edged sword, since it eliminates a second 
exposure but may lead to exposure creep, one of 
the major problems of DR. Exposure creep is a 
tendency to increase technique to ensure that all 
images are diagnostic. Studies have shown DR 
images with exposure rates of 500% to 1000% 
can still produce a diagnostic quality image.4 
Thus, a quality-assurance program that regu-
larly monitors the technical output of DR to 
ensure the highest-quality imaging at the lowest 
possible dose is very important.

At Phoenix Children’s, the prevention of 
exposure creep has been addressed through two 
simple but effective measures: Technique charts 
and a film review program. Technique charts 
that build in substantive reductions in dose are 
employed in all our imaging systems. Coupled 
with the technique charts is a regular review of 
randomly selected studies to ensure compli-
ance with the charts. A few examples of DR 
techniques include: a neonatal chest radiograph 
was typically obtained with CR using 58 Kvp 
and 2.0 mAs. With DR, the same examination 
is performed using 56 Kvp and 1.0-1.25 mAs. 
A 3-view ankle scan on a teenager (15-19 years 
old) on a CR system used 60 kVp at 4 mAs. The 
same study on DR uses 55 kVp at 1.5 mAs. An 
AP chest technique for a 6-month-old using CR 
required 70 kVp at 2-3 mAs. The same study 
on our DR system uses 60 kVp at 0.8 mAs. All 

examples show a reduction equal to or greater 
than 50% of patient dose.

In most CR systems, technique tracking can 
only be achieved through exposure indicators in 
the DICOM header. There is not an accurate 
way to track kVp, mA, or time. This is because a 
CR cassette has no connectivity to the x-ray gen-
erator. Consequently, there is no way to transfer 
study information from the x-ray generator to the 
CR cassette. CR system exposure indicators can 
be problematic. Every CR system manufacturer 
has a different methodology and scale to desig-
nate exposure indicator values. In addition, expo-
sure indicators are a reference value representing 
the relative amount of radiation hitting the plate. 
Direct radiography systems do have the ability 
to track technique factors. With DR, the x-ray 
generator and receptor are part of a single, fully 
integrated system. Technique factors [mA, kVp, 
time] from the x-ray generator component of the 
DR system are included in the DICOM header. 
Patient and study information from the work list 
also becomes part of the DICOM header. 

The pros and cons of DR and CR are sum-
marized in Table 1.

In conclusion, DR has had a substantial 
positive impact on pediatric imaging by reduc-
ing radiation dose, imaging costs, and patient 
turnaround times. As a result of the image-
acquisition advantages, post-processing tool-
box, and cost savings, we anticipate that over 
time, DR will replace all other forms of plain 
film pediatric imaging. 
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isolated non-osseous navicular-medial 
cuneiform tarsal coalition

Case summary
An 11-year-old boy presented to an outpa-

tient orthopedics office for chronic foot pain. 
The otherwise healthy child was experiencing 
progressive right foot pain, localized to the prox-
imal medial aspect of the first metatarsal base, 
over the previous 8 months. 

The child had been regularly participating 
in physical activity with a recreational baseball 
team. His symptoms had progressively gotten 
worse throughout the baseball season. His pain 
was unresponsive to thermal treatment and the 
regular use of orthotic inserts. His pain at pre-
sentation was rated 6/10. On exam there was 
localized swelling over the medial aspect of the 
right foot. The area was focally tender on palpa-
tion. A bilateral flexible pes planus foot defor-
mity was present. However, both his range of 
motion and strength were intact bilaterally. 
Initial treatment was instituted with the applica-
tion of a walking boot for a period of 4 weeks. 
Radiographs were obtained to evaluate for 
underlying osseous abnormality (Figure 1). 

Imaging findings
Radiographic examination of the right foot 

demonstrated sclerosis and irregular narrow-
ing of the inferior joint space at the articulation 
between the navicular and medial-cuneiform. 
There was no evidence of mineralized bridging 
crossing the joint or early degenerative change. 
The remainder of the examination was normal.

Diagnosis
Isolated non-osseous coalition of the navic-

ular-medial cuneiform

Discussion
Tarsal coalition is an uncommon cause of 

foot pain, most frequently seen involving the 
talo-calcaneal and calcaneo-navicular joint.1 

Symptoms typically present in late childhood 
or early adolescence, depending on the level of 
activity of the individual. Frequently, there is 
involvement of multiple joints in the same foot 
or involvement of both feet (50% to 60%). 
The most extreme forms of coalition are associ-
ated with syndromes such as Apert’s, where the 
coalitions result in the classic “mitten hand” or 
“stocking feet” appearance. Because of the dif-
ficulty of making the diagnosis on plain film 
radiographs, multiple radiographic signs have 
been investigated and documented to assist 
diagnosis.2,3 There has also been increased uti-
lization of magnetic resonance and computer 
tomography imaging to assist in diagnosis and 
surgical planning.4

The frequency of tarsal coalition in the 
general population has been reported to range 
from 1% to 6%.5 There have been isolated 
reports of an autosomal dominant inheritance 
with variable penetration.6 Navicular-medial 
cuneiform tarsal coalition is a rarely described 
anomaly,7 but it is likely underreported in the 
literature.5 Traditionally, symptoms are treated 
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initially with conservative immobilization with 
graded return to activity through participa-
tion in a physical therapy program. Failure to 
respond to these measures may result in surgical 
intervention, either fusing the joint or resecting 
the coalition with fat interposition to prevent 
recurrence.5,7

The overall rarity of this form of tarsal coali-
tion in the population requires a high level of 
suspicion and knowledge of the radiographic 
findings of coalitions in this anatomically com-
plex region. While the visualization of joint 
change at the navicular-medial cuneiform is 
relatively simple and unobscured on AP radio-
graphs, the more common subtalar and calca-
neal navicular coalitions can be challenging to 
identify because of the complex anatomy. The 
radiographic signs seen on conventional views: 
continuous C sign, talar beaking, absent middle 
facet, anteater, and reverse anteater sign, have 
variable sensitivity and specificity, but their 
presence must be suspected by the interpreting 
radiologist, to expedite further evaluation with 
cross-sectional imaging.3,4

Conclusion
The child’s pain responded well to conserva-

tive treatment. Physical therapy was initiated 2 
weeks after initial presentation. He was pain free 
after 4 weeks. While surgical consultation was 
obtained, surgical intervention was indefinitely 
postponed, since the current interventions were 
effective in relieving symptoms.
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Figure 1. (A) AP radiograph of the right foot demonstrates non-osseous coalition of the 
medial cuneiform (MC) and the navicular (NAV). (B) Lateral radiograph of the right foot con-
firms non-osseous coalition of the medial cuneiform (MC) with the navicular (NAV), limited to 
the inferior joint space. 

A B



14       n        supplement to ApplIeD RADIoloGY
©

                            www.appliedradiology.com December  2012

3D imaging in the angiography suite 
advances interventional patient care

David Siegel, MD, FSIR

Interventional radiology has evolved rapidly 
over the last two to three decades, primarily 
due to refinements in catheters and catheter-

based devices. These technological advances have 
allowed for the development of new techniques 
and applications of interventional therapy in terri-
tories previously not reachable. While image qual-
ity has improved and digital technology has been 
used to its full advantage over time in the evolu-
tion of angiography and interventional radiology 
suites, until recently little had really changed with 
respect to the way imaging has been utilized to 
guide these interventional procedures. 

Cone-beam computed tomography (CT), 
developed several years ago, has revolutionized 
the way we guide procedures by allowing for soft- 
tissue imaging in the angiography suite that can 
be used with fluoroscopy. While rotating C-arms 
and 3-dimensional (3D) acquisition techniques 
were developed nearly 20 years ago, current tech-
nology adds the ability to image soft tissue with 
CT, along with improvements in fluoroscopic 
and angiographic imaging of contrast-filled ves-
sels and other structures. Techniques for software 
reconstruction, manipulation, and analysis con-
tinue to be refined, and they now aid the inter-
ventional radiologist in guiding both vascular and 
nonvascular procedures in ways unimaginable as 
recently as 5 to 7 years ago. 

At the forefront of the development of this 
technology is Philips Healthcare, whose flag-
ship interventional suite is the Allura Xper FD 
20 system. Besides providing the high-quality 
fluoroscopy and digital x-ray acquisition systems 
now customary in modern interventional suites, 
the ceiling-suspended C-arm of the Allura Xper 
FD 20 system can perform high-speed rotational 
scanning with or without simultaneous contrast 

injection, depending on the situation. This digi-
tal image dataset is then processed in seconds; 
depending on the technique utilized, the dataset 
provides interventionalists with a 3D vascular or 
soft-tissue image for diagnosis and 3D road map-
ping. Using the dedicated XperGuide software, 
this dataset also can be used to guide percuta-
neous interventions with the aid of interactive 
needle-path planning and guidance software. 
This sophisticated software overlays a preplanned 
needle path, which the operator designs at an 
integrated workstation. Previously acquired CT 
scans and images from other modalities, such as 
magnetic resonance imaging (MRI) and MR 
angiography, can also be imported and superim-
posed on a fluoroscopic image. 

This article reviews the different abilities of 
the 3D tools available in newer interventional 
suites and provides an overview of their various 
clinical applications.

3D rotational angiography  
and road mapping

Rotational angiography takes advantage 
of the C-arm’s ability to rotate rapidly around 
the patient and acquire angiographic images at 
numerous oblique projections around its arch. 
Contrast injection volume and duration must 
be coordinated with the rotation speed and the 
desired images. Angiographers understand that 
the ability to see a vessel’s origination or the 
exact point and angle of branching is essential to 
planning procedures that require selective cath-
eterization and precise endovascular therapy.  
The 3D reconstructed angiogram can also be 
used for 3D road mapping. The 3D image 
can be superimposed on the live fluoroscopic 
image and manipulated together with the live  
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fluoroscopic image. Oblique angles can be 
obtained, the patient can be moved, and the 
image can be magnified during endovascu-
lar manipulations and interventions. Previ-
ously, numerous stationary oblique “runs” were 
required, using trial and error; once the appro-
priate projection was determined, it was then 
employed for treatment planning and guidance. 

With practice, interventionalists gain an 
understanding of when the added time, con-
trast, and radiation of these rotational acquisi-
tions will ultimately lead to lower cumulative 
procedural time, contrast use, and exposure.

Cone-beam CT 
Cone-beam CT employs image acquisition 

similar to that of rotational angiography. Com-
puter software then performs a sophisticated 
3D reconstruction, resulting in images that 
can be viewed as a multiplanar reconstruction. 
These images can be manipulated, rotated and 
zoomed; adjustments in window and level also 
can be made. Imaging soft tissue simultaneously 
with opacified vessels can be essential to appre-
ciating the relationship of these structures and 

understanding the blood supply and drainage 
of various organs. In interventional oncologi-
cal procedures, when caustic chemotherapeutic 
preparations or radioactive particles are to be 
introduced into the liver vessels, confining the 
materials within the liver is essential, as  non-tar-
get embolization can be catastrophic, especially 
when it involves the GI tract. If a vessel is opaci-
fied during such a procedure and its vascular ter-
ritory is uncertain, XperCT can be performed 
during contrast injection, and the vascular dis-
tribution identified on that soft-tissue imaging. 
These techniques can be utilized outside the 
liver, as well. We often utilize cone-beam CT 
before embolization to evaluate the potential 
distribution of the embolic. Following emboli-
zation procedures, XperCT can assess the pre-
cise territory embolized, making it clear whether 
further embolization is necessary.1

Understanding the relationship of vessels 
to surrounding structures can be essential to 
diagnosing different vascular conditions. Paget-
Schroetter syndrome, or thoracic outlet syn-
drome, is a condition where the subclavian vessels 
are crushed between the first rib and the clavicle 

Figure 1. 3D image demonstrating compression of the sub-
clavian artery consistent with Paget-Schroetter syndrome. This 
cone-beam CT reconstruction was created from a single rota-
tional acquisition with contrast injection via 5-French cath-
eter positioned at the origin of the subclavian artery. Note: The 
clavicle has been manually removed from the image so that the 
critical narrowing can be seen. 

Figure 2. An XperGuide “target view” for a biopsy of a lesion in the 
iliac bone. Note the green circle over the lesion on the reconstructed 
image. This is superimposed on the live fluoroscopic image, indi-
cating where the operator should place the needle. The insert in the 
right lower corner is one of several axial images used to plan the 
needle path. 



16       n        supplement to ApplIeD RADIoloGY
©

                          www.appliedradiology.com December  2012

IXR

and confined by the scalene muscles between 
those bony structures. This generally occurs 
when the affected arm is abducted and extended. 
Figure 1 is a cone-beam CT image that dem-
onstrates Paget-Schroetter syndrome. On this 
image, compression of the subclavian artery by 
the surrounding structures is beautifully depicted.

XperCT can also be employed during inter-
ventional procedures to locate and evaluate 
devices. We have used cone-beam CT imaging to 
guide filter placement in patients with severe con-
trast allergies or renal failure, to guide fenestration 
of aortic dissections by locating the appropriate 
point for flap puncture, and to evaluate the course 
of catheters or guide wires when it is unclear if the 
true lumen of an occluded vessel was traversed or 
if a collateral vessel that would be dangerous to 
dilate was catheterized. The applications for this 
technology continue to expand.

Interventional tools  
for needle guidance

The 3D image dataset obtained by the 
cone-beam CT acquisition of the Philips FD20 
Allura Xper unit can be used with the dedicated 
needle- guidance software to plan a needle path 

and then to aid the operator in precisely placing 
the needle during a variety of interventional pro-
cedures. The 3D CT image is first used to design 
the course of a needle or multiple needles that do 
not traverse any significant vascular or other dan-
gerous structures. The unit will then assume the 
necessary compound oblique positions based on 
calculated coordinates. Initially, the C-arm will 
assume a “down the barrel” projection, or target 
view, and superimpose a circle on the fluoro-
scopic field where the needle should be placed. 
After fluoroscopically guided placement of the 
needle, so that only a point is seen, the C-arm is 
then turned to an orthogonal view to monitor 
progress of the advancing needle. When the unit 
is turned to this orthogonal view, or to any posi-
tion, the 3D soft-tissue image and needle path 
remain superimposed on the fluoroscopic image. 
Biopsies and other procedures requiring needle 
access can be performed more accurately and 
reliably, translating into fewer needle passes and 
lower complication rates, especially when related 
to bleeding and post-procedure discomfort.  
Figure 2 is a target view for a biopsy of a 19-year-
old man with a benign cartilaginous lesion of the 
iliac bone. 

Figure 4. Intraprocedural XperCT with MR overlay during injection 
sclerotherapy for treatment of a recurrent symptomatic left lower 
extremity venous malformation. Note the needle path designed with 
XperGuide to guide puncture of a previously suboptimally treated 
portion of the lesion.

Figure 3. XperCT image following endoleak embolization 
with metallic coils, a vascular plug, and glue. Note the metal-
lic coils and high-density tissue acrylic in the aneurysm sac, 
the back disc of a vascular plug (grey arrow) used to seal the 
puncture site in the aneurysm sac, and the radiopaque glue 
(white arrow) used to embolize the lumbar vessels seen sup-
plying the type 2 endoleak. 
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Radiation dose
Radiation exposure to the patient is cer-

tainly a factor in deciding how and when cone-
beam CT and/or 3D angiography should be 
utilized in interventional practice. While rota-
tional C-arm imaging techniques certainly 
deliver a greater radiation dose to the patient 
than does conventional fluoroscopy, in many 
situations, this technology can actually dramati-
cally decrease the total fluoroscopy time and 
number of individual digital acquisitions—
therefore decreasing overall radiation exposure. 

When a needle can be advanced under real-
time fluoroscopic guidance after a single cone-
beam CT acquisition, the need for interval CT 
scanning during manipulations and needle 
passes is eliminated. Even with the addition of 
an extra CT scan to confirm needle position, 
cumulative radiation dose to a patient during 
a complex biopsy or other procedure requir-
ing CT guidance is usually decreased. For these 
situations, the Philips Allura Xper FD20 system 
allows for a lower-dose cone-beam CT acquisi-
tion. This will produce an image of somewhat 
lower quality, but it can be used to determine 
needle position accurately. The overall decrease 
in radiation to patients during biopsy proce-
dures has been validated in several published 
studies.2 

Complex interventional procedures 
We now use XperGuide in many clini-

cal situations where accurate CT-needle guid-
ance placement is needed in conjunction with 
additional vascular or nonvascular catheter and 
guide wire-based procedures. The combina-
tion of soft-tissue CT imaging, needle-guidance 
software, and 3D angiographic imaging can 
often simplify what would be relatively com-
plex or cumbersome procedures; at times, it 
eliminates the need to move a patient from one 
suite to another where these different modalities 
are available. There are several reports of trans-
lumbar endoleak embolization utilizing cone-
beam CT guidance for sac puncture.3  Figure 3 
demonstrates an example of XperCT following 
endoleak embolization using coils, a vascular 
plug, and tissue acrylic.

We regularly perform nephrostomy place-
ment, biliary drainage, and complex fluid collec-
tion drainage with Xper guide. Needle placement 
can be guided with the accuracy of CT imaging 
in an environment where subsequent catheter 
manipulations and exchanges can be performed 
with high-quality fluoroscopic guidance. Needle 
guidance has significantly expanded our inter-
ventional armamentarium. For example, we have 
performed puncture and intubation of the pan-
creatic duct for stenting of a persistent leak. Uti-
lizing overlay of an MR image for targeting the 
cisterna chili, we were able to access the thoracic 
duct and then embolize a postoperative leak. Fig-
ure 4 demonstrates an intraprocedural XperCT 
with MR overlay, obtained in a patient with a 
venous malformation where recurrent symptoms 
were related to a deeper, previously untreated loc-
ulation. This deeper portion of the malformation 
was targeted and successfully treated with sclero-
therapy, resulting in complete symptom relief.

Conclusion
The availability of 3D angiographic and CT 

imaging with needle-guidance software in the 
traditional interventional environment brings 
us one step closer to the full-service, image-
guided procedure suite, where interventional 
radiologists can perform all procedures with the 
required technology at their disposal. Future 
developments in this technology should con-
tinue to enhance our precision and expand the 
role of interventional medicine. 
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Treating recurrent pelvic congestion

Case summary
A 39-year-old female patient, SG, pre-

sented with painful varices in the lower extremi-
ties and pubic region after having several failed 
saphenous vein procedures. Following con-
sultation and venography, diagnoses of pelvic 
congestion and iliac vein compression, or May-
Thurner Syndrome, were made. The latter was 
treated successfully with stenting of the iliac 
vein; the gonadal veins were embolized bilater-
ally after venographic confirmation of reflux. 
Over the next 8 years, the patient underwent 
11 additional procedures to treat symptomatic 
recurrences. Although the patient’s symptoms 
completely or nearly completely resolved fol-
lowing each successful procedure, they were 
rarely in control for more than 6 to 8 months.

Diagnosis
Pelvic congestion syndrome

Imaging findings
As the patient’s varicosities recurred, it 

became increasingly more difficult to obtain 
access to them and to perform sclerotherapy, 
especially when they began to develop in the infe-
rior pelvis, causing pain and a burning sensation 
involving the pelvic floor. Pudendal veins, cross 
pelvic collateral veins, recanalized portions of the 
saphenous vein and many unnamed veins were 
accessed and/or treated in subsequent sessions. 
An example is seen in Figure 1, a venogram from 
one of those procedures. Injection of contrast is 
being performed via microcatheter, which was 
manipulated into the visualized pelvic floor veins 
via the vein of Giacomini. This was then used 

for sclerotherapy. Figure 2 demonstrates a direct 
puncture through the perineum, which was used 
for access to some of the deep pelvic varices at a 
subsequent procedure.

In this circumstance, direct access to a siz-
able pelvic vein for sclerotherapy would be quite 
advantageous, but the issue is safely guiding a 
needle to the mid-pelvis accurately and reliably 
to avoid traversing any unwanted or dangerous 
pelvic structures. Figure 3, obtained at the last 
procedure, is a venogrom obtained by direct 
puncture of a posterior division branch of the 
left hypogastric vein using the planning func-
tionality of XperCT and XperGuide. Contrast 
injection beautifully demonstrates the symp-
tomatic pelvic venous plexi, including the peri-
uterine/periovarian plexus and the dilated veins 
surrounding the urinary bladder, communicat-
ing with the deep peroneal veins. Following this 
venogrom, 3% sodium tetradecyl was injected 
through the needle and allowed to dwell in place 
with the patient in the semi-upright position 
for 25 minutes. This procedure was performed 
about 1 year prior to the preparation of this case 
report and the patient has remained asymptom-
atic during that time, which is her longest symp-
tom-free interval since presentation.

Discussion
Pelvic congestion syndrome, or ovarian 

venous incompetence, was originally described in 
19581 and the name pelvic congestion syndrome 
first appeared in the literature in 1976.2 For many 
years, this was a misunderstood and underdiag-
nosed entity. The confusion is primarily due to 
the variable clinical presentations and the wide 
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variations in response to endovascular therapy. 
As there are a myriad of etiologies for pelvic pain 
and many patients are asymptomatic with respect 
to their pelvic varices, treatment failures are not 
uncommon. Additionally, many patients have 
simple ovarian vein incompetence with involve-
ment of one or both ovarian veins, while others 
have some contribution from the internal iliac 
system.3 The latter situation can lead to treatment 
failures or incomplete symptom resolution fol-
lowing gonadal vein embolization alone.

Conclusion
Pelvic congestion syndrome is a complex 

condition, the hallmark of which is ovarian vein 
reflux and symptomatic pelvic varices. This case 
of recurrent pelvic varices after embolotherapy 
illustrates how XperCT and XperGuide can 
support direct access for sclerotherapy after 
numerous procedures have essentially elimi-
nated the conventional vascular access routes. 
While this specific situation is quite rare, it is the 
author’s hope that practitioners will consider 
cone-beam CT and dedicated needle guidance 
when faced with other situations where direct 
deep vascular access would be advantageous.
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Figure 3. Venogram obtained by contrast injection through a needle used to 
puncture a posterior branch of the left hypogastric vein using XperCT and Xper-
Guide. The varicosities around the uterus, ovaries, bladder and pelvic floor are 
opacified. This access was then used for injection of a sclerosing agent. The insert 
in the left upper corner is one of several axial images used to plan the needle path 
on the workstation.

Figure 1. Contrast injection via microcatheter, 
which was manipulated into the visualized pel-
vic floor veins via the vein of Giacomini. This 
was then used for sclerotherapy.

Figure 2. Venogram performed through a trocar needle placed through the
perineum using fluoroscopic landmarks only. Note the opacified deep
pelvic varices and some extravasation of contrast from the prior nonguided
needle passes.
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Ambient Experience for PET/CT: Reducing patient 
anxiety, improving the clinical process

Few words strike fear into a person like the 
words, “You have cancer.”
An estimated 1.64 million people will hear 

those words this year as they receive a diagnosis of 
breast cancer, prostate cancer, head/neck cancer, 
or any one of the many other forms of the sec-
ond-leading cause of death in the United States.1 

As part of their treatment, many of these 
patients will undergo positron emission tomog-
raphy and computed tomography (PET/CT) 
scanning, one of the most powerful and effective 
imaging technologies available to help radiation 
oncologists diagnose, stage, and monitor cancer-
ous lesions and their response to treatment. 

 “PET scanning has revolutionized scanning 
for treatment of cancer,” said Bruce Cross, MD, 
citing head/neck cancer as just one example. 
“Before, we had assumed that if you had a large 
lymph node, you had to treat the entire lymph 
node. With PET scanning, you can distinguish 
which lymph nodes are involved and which ones 
are not. We have been able to tailor our treatment 
fields to [target] only the areas involved and to 
protect, for example, the salivary glands.” 

As a radiation oncologist in the Sparks 
Health System in Fort Smith, AR, Dr. Cross 
said he uses PET/CT to help treat adults with 

“the whole gamut of cancers,” including lym-
phomas and cancers of the head and neck, lung, 
and breast. 

Patient anxiety:  
A PET/CT imaging challenge

Yet getting patients’ anxiety under control 
is crucial to the success of PET/CT scanning, 
which requires injections of 18F fluorodeoxy-
glucose (18F-FDG) and relies heavily on the 
patient to remain quiet and still for up to 90 
minutes or more. That’s a challenging task for 
anyone, much less a patient dealing with the 
emotional turmoil accompanying a cancer diag-
nosis, said Dr. Cross.

“You are asking [patients] to wait while you 
inject them with radioactive material, and they 
are already pretty nervous to start with because 
they have cancer, and on top of that they have to 
be quiet. That is incredibly difficult for people 
to do,” he said. 

“When you inject the patient with FDG, 
you want patients to be relaxed so they don’t 
produce false positives in the images, which may 
be caused by motion, either from humming, 
talking or just moving about,” he said, explain-
ing that such motion can cause extra dye uptake 
and metabolization by the muscles, leading to 
false positive results. 

Administering sedatives like diazepam to 
help patients relax is an option, but various stud-
ies have produced mixed results on their effective-
ness, in addition to other drawbacks, such as the 
inability of outpatients to drive home and poten-
tial interactions with other drugs.2

Radiation oncologists like Dr. Cross  use 
a variety of techniques to relax patients and 
enhance the clinical process.

The Ambient Experience solution
Ambient Experience is Philips’ strategy for 

creating a patient-friendly, soothing environ-
ment for those undergoing PET/CT imaging 
procedures. To calm nervous patients during 
radiopharmaceutical injection, the walls of 
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the uptake room are bathed in a warm-colored 
glow, and patients are provided with a comfort-
able chair. Patients entering the exam room, 
meanwhile, can select from several different 
room themes by using a touchscreen tablet PC. 
The selected theme is reflected in immediate 
changes to the room environment, including 
colored lighting from a skylight and animated 
projected images accompanied by soothing 
music and other sounds. 

An Ambient Experience suite is also 
designed to promote operational efficiency that, 
combined with more relaxed patients, helps 
improve patient compliance and streamlines 
PET/CT examinations by reducing patient 
anxiety.3

Audiovisual intervention:  
A sound solution  

A recent study concluded that “audiovisual 
intervention” can help to reduce patient anxiety 
in the PET uptake room and reduce false positive 
18F-FDG uptake in brown adipose tissue (BAT) 
“without the disadvantages associated with phar-
macologic interventions.”2

“Throughout the stay in the uptake room, a 
significant decrease in overall anxiety was found, 
together with several other significant changes 
in patient physiology. In the cohort with audio-
visual intervention, however, the decrease in 
patient anxiety was significantly larger. The 
cohort with intervention also showed signifi-
cantly lower 18F-FDG uptake in BAT, but not 
in muscles,” the researchers reported.2

The results of the study of 101 patients were 
published in the June 2012 issue of the Journal 
of Nuclear Medicine Technology.* 

The study results are no surprise to Medhat 
M. Osman, MD, ScM, PhD, Associate Pro-
fessor and Medical Director of the Division of 
Nuclear Medicine and PET/CT, Saint Louis 
University School of Medicine, St. Louis, Mo. 

“Strategies such as Ambient Experience can 
lead to improved patient management because 
calmer patients are better able to cooperate, 
which can impact many aspects of the clinical 
process,” Dr. Osman said. “And that means 
happier referring physicians.” 

In the opinion of Dr. Cross, the value of 
Ambient Experience lies in delivering a more 
successful PET/CT examination because you 
have a calm, relaxed, and cooperative patient.

 “The fact that we have provided [patients] 
with a distraction or entertainment … to take 
their mind off the radioactive agent is a really 
positive thing,” he said. “It gives them some-
thing else to focus on.” 

He also said the tropical beach scenes are 
especially popular with his adult patients. “The 
beach, with palm trees and the ocean, is a clas-
sic mental getaway for adults. If the only thing 
available were cartoon characters, not many 
adults would want to see them. That’s why the 
choice [that the Ambient Experience] offers 
makes them very happy,” he said.

Dr. Cross said he is “convinced that we do 
a better job here” at Sparks in part because of 
Ambient Experience.

“I’ve been very impressed that Sparks went 
all out on with the Ambient Experience. I am 
convinced, from my 25 years of experience read-
ing PET scans, that we do a better job here. How 
much of that is patient cooperation or the excel-
lent algorithms in the technology is hard to tell, 
but I feel very secure that we’re doing a better job.” 

*It is important to note that this study was per-
formed with a prototype configuration that is not com-
mercially available. Ambient Experience as a product/
service has not been designed nor has it been approved by 
Philips to have capability to provide the effect described 
in the study.

Ambient Experience can help anxious, unsure patients  
feel a sense of ease and relaxation in a welcoming  

environment that soothes and calms.
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3T MR imaging protocol for  
characterization of renal masses

Gaurav Khatri, MD, and Ivan M. Pedrosa, MD

Renal cell carcinoma (RCC) is the third 
most common genitourinary tumor 
and seventh most common cancer in the 

United States. Radical or partial nephrectomy has 
historically been the standard treatment; however, 
given the trend towards earlier diagnosis, less inva-
sive treatment options are feasible in appropriate 
cases.1 Imaging plays a vital role in detection of 
renal lesions, in assessing local stage, providing 
crucial information for planning surgical resection 
and predicting prognosis, thus contributing to 
management decision making. Although ultraso-
nography and computed tomography (CT) have 
been used for evaluation of renal lesions, magnetic 
resonance (MR) imaging offers certain advantages 
over these modalities. 

Technology
MR imaging possesses higher inherent 

contrast resolution than CT or ultrasound. In 
addition, it has a high sensitivity for detect-
ing tissue enhancement when gadolinium is 
administered. It is free of known pitfalls, such 
as pseudoenhancement, seen routinely on 
CT.2-4 MR imaging with 3.0 Tesla (3T) sys-
tems, high-density phased-array coils, and newly 
developed sequences, such as multiecho Dixon 
(mDIXON),5 offers robust image quality and 
excellent spatial resolution. 3T magnets have the 
advantage of higher signal-to-noise, which can 
be used to yield shorter acquisition times and/or 
increased image resolution.2 Multiplanar imag-
ing, homogeneous fat suppression, and dynamic 
contrast-enhanced imaging are also routinely 
achievable on 3T MR platforms, all of which aid 
in lesion detection and characterization. 

Our institutional 3T renal-mass evalua-
tion protocol is performed with the patient 

supine with arms placed above his head using 
a 16-channel phased-array torso coil. Each 
sequence is obtained as a breathhold acquisition 
during patients’ end-expiration, which allows 
for more reproducible anatomic co-registra-
tion.2 Breath-hold times range from 16 to 22 
seconds. Coaching prior to actual image acqui-
sition helps improve breath-hold consistency 
with resultant successful postprocessing of the 
subtraction images.2 A gadolinium-based con-
trast agent (GBCA) is administered to patients 
with baseline estimated glomerular filtration 
rate (eGFR) >30 mL/min/1.73 m2 and with-
out evidence for acute exacerbation of renal dis-
ease. The GBCA is administered intravenously 
via power injector at a dose of 0.1mmol/Kg 
or 0.1mL/Kg followed by a bolus of 20 mL of 
saline, both at an injection rate of 2 cc/second. 
The protocol is detailed in Table 1.

T2-weighted sequences
Half-fourier T2-weighted single shot turbo 

spin echo (SS TSE) images provide excellent 
image quality due to faster acquisition times than 
that of conventional multislice echo-train imag-
ing offering a virtual breath-hold independent 
imaging strategy.2 However, breath-hold imag-
ing or respiratory triggering with respiratory bel-
lows (when necessary) is recommended to ensure 
proper anatomic registration of the images and 
coverage. Visualization of renal lesions can be 
optimized by improving the dynamic range when 
utilizing fat-suppression techniques. 

Echo-planar with diffusion-weighted imaging
Echo-planar imaging (EPI) is utilized to 

obtain diffusion-weighted images (DWI) that 
allow for detection and characterization of 

Parallel imaging 
strategies, such as 
SENSE, with  
the mDIXON 
technique, allow 
for fast volumetric 
acquisition of the 
abdomen with 
decreased motion 
artifacts due  
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lesions based on degree of restriction of water 
motion. The authors acquire images using 
respiratory triggering and multiple b values: b0, 
b50, b400, b800. Apparent diffusion coefficient 
(ADC) maps are generated based on the diffu-
sion images.

T1-weighted sequences
Pre-contrast T1-weighted images include 

2-dimensional (2D) dual echo in-phase (IP) 
and opposed-phase (OP) gradient-echo (GRE) 
images acquired in the axial plane. 

Although dynamic imaging was tradition-
ally performed utilizing 3-dimensional (3D) 
T1-weighted fat-saturated spoiled gradient-
echo images, recently developed DIXON-based 
acquisitions, such as the mDIXON sequence, 
allow for more robust fat saturation (ie, fat-
water separation) than traditional sequences 
that utilize frequency selective fat saturation 
techniques.6,7 The combination of parallel 
imaging strategies, such as SENSE, with the 
mDIXON technique allows for a fast volumet-
ric acquisition of the abdomen with decreased 
motion artifacts due to shorter breath-hold 
times. Furthermore, the mDIXON tech-
nique offers the possibility of reconstructing 
the acquired data set as T1-weighted IP, OP, 
and fat-only images (without penalty of added 
acquisition time) in addition to the water-only 

images (ie, fat saturated), which are used for 
the dynamic contrast-enhanced portion of the 
study. Pre-contrast mDIXON acquisitions are 
obtained in oblique sagittal orientation along 
the long axis of each kidney and also in the coro-
nal plane. Coronal ‘fat-saturated’ T1-weighted 
spoiled gradient-echo images (mDIXON) are 
then acquired during a properly timed cortico-
medullary phase using a real-time bolus track-
ing technique (BolusTrack, Philips Healthcare), 
and then during the early and late nephro-
graphic phase at 40 and 90 seconds after the 
initiation of the corticomedullary phase. Sagit-
tal oblique mDIXON images are again acquired 
along the long axis of each kidney during the 
excretory phase after the coronal dynamic acqui-
sition. Finally, an axial mDIXON acquisition is 
obtained and ‘water only’ and ‘fat only’ image 
datasets are generated. Subtraction of the pre-
contrast images from each of the post-contrast 
images produce subtracted volumetric image 
datasets, which are useful for assessing the pres-
ence of enhancement in a renal lesion.

Clinical applications
T2-weighted images

Simple cysts appear as homogeneously 
hyperintense thin-walled structures on 
T2-weighted images, while septations or solid 
elements appear hypointense relative to the 

Table 1. 3T MRI protocol for Renal Masses

Sequence TR (msec) TE (msec) Flip Angle (o) Bandwidth  Section  FOV (cm) Matrix 
    (Hz/pix)  Thickness/Gap  
     (mm)

Coronal T2-weighted 960 80 90 652 5/1 40 × 45 312 × 279 
SS TSE

Axial T2-weighted 920 80 90 543 5/1 40 × 30 304 × 168 
fat suppressed SS TSE

Axial DWI 1060 53 90 36.5 7/1 44 × 35 144 × 115

Axial 2D T1-weighted 120 2.3/1.15 55 1215 5/1 40 × 38 400 × 269 
dual echo IP/OP GRE

Coronal mDIXON 3.8 1.7/2.1 10 1923 3/-1.5 39 × 40 260 × 223

Sagittal mDIXON 3.7 1.32/2.3 10 1568 3/-1.5 30 × 30 248 × 230

Axial mDIXON 3.3 1.16/2.1 10 1852 3/-1.5 38 × 33 252 × 218
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hyperintense fluid (Figure1). Numerous thick-
ened septations increase the likelihood of lesions 
being malignant.8 Hypointense lesions on 
T2-weighted images may represent solid lesions 
or cystic lesions with hemorrhagic or protein-
aceous contents.9 Signal characteristics of solid 
lesions on T2-weighted images may suggest 
specific histologic subtyping. Clear-cell RCC, 
accounting for 65% to 80% of RCC,10 most 

commonly demonstrates increased signal inten-
sity relative to the normal renal parenchyma on 
T2-weighted images.9 Intralesional necrosis, 
common in clear cell RCC,11 appears as mod-
erate to high signal intensity on T2-weighted 
images, although it can occasionally appear 
hypointense.12 Intratumoral hemorrhage and 
fibrosis can be present and exhibits variable sig-
nal on T2-weighted images. Clear-cell RCC 
may present with a capsule or pseudocapsule, 
which is hypointense on T2-weighted images 
and discontinuity of the capsule suggests inva-
sion of the perirenal fat and higher grade.9,13 
Papillary RCC, accounting for approximately 
10% to 15% of all RCC,14 demonstrate homo-
geneous low signal intensity on T2-weighted 
images,11 although it may also exhibit foci of 
hemorrhage and necrosis resulting in a more 
heterogeneous appearance.9 Predominantly 
fat-containing lesions, such as some angio-
myolipomas (AMLs), appear hyperintense on 
T2-weighted images, and exhibit lower signal on 
T2-weighted fat-suppressed images. AMLs with 
minimal fat on the other hand, exhibit homoge-
neous hypointense signal relative to renal paren-
chyma on T2-weighted images, but should not 
demonstrate necrotic elements.9

In situations where administration of con-
trast is contraindicated, T2-weighted images 
may demonstrate the presence of tumor throm-
bus in the renal veins and IVC as a filling defect 
of increased signal intensity against background 
of dark flow voids.

Diffusion-weighted images
DWI allows for characterization of renal 

lesions as either solid or cystic based on their 
degree of restriction of water motion.15 This 
may be particularly helpful when intravenous 
contrast cannot be administered (allergies, 
renal failure, etc.), precluding evaluation for 
enhancement. A lesion that remains hyperin-
tense on high b-value images and demonstrates 
low signal on ADC maps is more indicative of 
a solid rather than cystic lesion.15 However, 
restricted diffusion may be seen in hemorrhagic 
non-neoplastic contents within a cystic lesion. 
Although some authors have shown utility of 
ADC values in differentiation of benign lesions 
and RCC16 or between subtypes of RCC,17 

Figure 1. Figure 1 demonstrates multiple lesions in the right kidney in a patient 
with Von-Hippel Lindau (VHL). Two clear-cell renal cell carcinomas (white arrow, 
white arrowhead) demonstrate predominant hyperintense signal with numerous 
thick septations on coronal T2-SS TSE image (A), and hypointense signal on coro-
nal mDIXON pre-contrast image (B). The coronal mDIXON post-contrast image 
(C) shows enhancement of the septations, which is confirmed on the coronal 
mDIXON subtraction image (D). A smaller lesion in the lower pole (black arrow) 
is hyperintense on the coronal T2-SS TSE image (A) and hyperintense on coro-
nal mDIXON pre-contrast image (B). Although a majority of the lesion does not 
appear to enhance on the coronal mDIXON post-contrast image (C), there is a 
subtle central hyperintense nodule. The coronal mDIXON subtraction image (D) 
confirms enhancement of this central nodule within a predominantly hemor-
rhagic lesion. Another small lesion along the lateral cortex (black arrowhead) is 
hyperintense on the coronal T2-SS TSE image (A), and does not enhance on the 
coronal mDIXON post-contrast image or on the subtraction image (C and D). This 
lesion is isointense to the surrounding parenchyma on the coronal mDIXON pre-
contrast image (B) and is consistent with a cystic lesion containing hemorrhagic 
or proteinaceous debris. 
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there is considerable overlap in these results, 
and DWI is not considered as accurate as con-
trast-enhanced imaging at this time.16 Although 
DWI may aid in the detection of lymph nodes, 
malignant from benign lymph nodes cannot be 
reliably differentiated based on ADC values.18  

T1-weighted images
Non-contrast T1-weighted dual-phase in-

phased (IP) and opposed-phase (OP) gradient 
refocused echo (GRE) images, a form of chemi-
cal shift imaging, are particularly useful when 
evaluating renal lesions. Intracellular lipids are 
a relatively common histologic characteristic of 
clear-cell RCC (approximately 40% of tumors) 
and can be detected as foci of decreased signal 
intensity on the OP images when compared to 
the IP images.11,19 Low signal on OP images rela-
tive to IP images can be also seen in the setting 
of AMLs that contain only trace amounts of fat, 
however, those lesions are indistinguishable from 
clear cell RCC on these images; the presence of 
intravoxel fat (ie, decreased signal intensity on 
OP imaging compared to IP imaging) should 
not be considered diagnostic of AML as clear cell 
RCC can also exhibit this finding on MR imag-
ing.20 AMLs with minimal fat, however, tend to 
be homogeneously hypointense on T2-weighted 
images compared to the renal parenchyma, 
whereas clear cell carcinomas tend to be hetero-
geneous hyperintense on T2-weighted images. 
The IP and OP phase images may also be helpful 
to confirm bulk fat in a lesion, which will appear 
as high signal on both sets of images, however, 
will exhibit a hypointense rim on OP images 
(India-ink or edge artifact) at its interface with 
normal renal parenchyma.9 Homogeneous high-
signal intensity within a lesion on unenhanced 
T1-weighted images (without India-ink artifact 
at its interface with the adjacent renal paren-
chyma on OP images), as well as on fat-saturated 
T1-weighted images (Figure 1) is indicative of 
hemorrhagic or proteinaceous contents. 

Contrast enhancement within a lesion after 
the administration of gadolinium is the most 
reliable way of differentiating solid from cystic 
lesions.21 Enhancement within a cystic lesion 
can differentiate debris from true solid tissue 
(Figure1). Contrast-enhanced T1-weighted 
images are also used to characterize the degree 

and pattern of enhancement, as this is a reliable 
differentiating factor between the three most 
common subtypes of RCC.22-24 During the 
corticomedullary phase, clear-cell RCC dem-
onstrates avid enhancement, papillary RCC dem-
onstrates relatively low grade enhancement, and 
chromophobe RCC demonstrates intermediate 
enhancement. A percentage SI change thresh-
old of 84% in the corticomedullary phase has 
been shown to differentiate clear cell RCC from  
papillary RCC with 93% sensitivity and 96% 
specificity.23 

Post-contrast imaging in the coronal or 
oblique sagittal planes is particularly helpful to 
detect small peripheral enhancing components 
within lesions that are predominantly cystic. 
Although most of these lesions containing “sim-
ple” fluid and small solid components represent 
low-grade clear-cell RCC, cystic lesions with 
internal hemorrhage and peripheral-papillary 
nodules are more likely to be papillary RCC.19 
Other features, such as a delayed enhancing 
central scar, may favor diagnosis of oncocytoma 
rather than RCC.9  

Besides small size, other challenges in detec-
tion of enhancing elements include pre-contrast 
high signal within lesions, which may either 
mimic or mask enhancing components. Sub-
traction imaging allows detection of enhance-
ment above and beyond the native pre-contrast 
hyperintense signal within the lesion25 (Fig- 
ure 1). It also allows for easier detection of 
low-grade enhancement in lesions, such as in 
papillary RCC.11 On the other hand, it may 
reveal lack of enhancement in a lesion that is 
hyperintense on post-contrast images owing 
to inherent high T1-weighted signal. Another 
potential confounding factor when evaluat-
ing a renal lesion on T1 pre- and post-contrast 
images may be inhomogeneous fat suppression. 
In addition to decreasing lesion-to-background 
contrast, inhomogeneous fat suppression can 
potentially mask enhancement when seen adja-
cent to the lesion in question. The authors have 
seen much more reliable and homogeneous 
exclusion of the fat signal on mDIXON images 
compared with 3D, T1, fat-suppressed GRE 
images.7 Furthermore, mDIXON acquisition 
allows for reconstruction of IP, OP, water-only 
(used for dynamic imaging) and fat-only image 
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datasets. The fat-only reconstructed images may 
assist in detection of small amounts of intracel-
lular lipid within lesions, not readily identified 
when comparing the 2-dimensional IP and OP 
GRE images.

Post-contrast images can help assess the 
renal vascular anatomy including the arterial 
supply to the kidney, which may have surgical 
implications, as well as the presence of tumor 
(ie, enhancing) and/or bland (ie, nonenhancing) 
thrombus with the renal vein and IVC. 

Conclusion
MR imaging offers advantages over CT and 

US for characterization of renal masses and is 
especially attractive due to its lack of exposure to 
ionizing radiation, superior inherent contrast 
differentiation, and multiplanar capabilities. A 
robust high-quality MR protocol, such as the one 
outlined in this article, can help facilitate clinical 
management or provide viable options for imag-
ing follow-up.
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clinical case: MR

Metastatic workup of a morbidly obese 
patient with colorectal cancer

Case summary
A 45-year-old morbidly-obese male (weight 

391 lbs (177 kg), BMI >40) initially presented to 
an outside institution with an obstructing recto-
sigmoid mass in March 2009. The patient under-
went an abdominoperineal resection in April 
2009 (T4 lesion with 1/34 nodes positive) and 
was then treated with chemoradiation followed 
by chemotherapy until December 2009. After 
several follow-up computed tomography (CT) 
scans without evidence of metastatic disease, an 
outside surveillance CT in April 2012 identified 
2 new liver lesions; only one was confirmed on 
an FDG positron emission tomography (PET) 
scan in May 2012. Carcinoembryonic antigen 
remained within normal limits before and after 
surgery. The patient transferred care to our insti-
tution for consideration of surgical resection of 
hepatic metastasis in May 2012. 

Imaging findings 
   The patient underwent a multiphasic CT 

with intravenous contrast, which was limited 
by streak and beam hardening artifact from the 
patient touching the CT gantry, and identified 
a single heterogeneous indeterminate lesion in 
the right lateral hepatic lobe (Figure 1). This was 
the lesion that was seen on the prior PET/CT 
(Figure 1). Given the patient’s body habitus, an 
magnetic resonance imaging (MRI) examina-
tion of the liver was obtained on a large-bore 
magnet (Philips Ingenia 1.5T, 70-cm bore), 
which allows for imaging of patients up to 550 
lbs (250 kg). The patient was imaged with a 

torso 16-element digital phased-array surface 
coil. A hepatobiliary contrast agent, Gadox-
etate disodium (Eovist; Bayer HealthCare 
Pharmaceuticals), was utilized to increase con-
spicuity between the normal liver parenchyma 
and potential metastases.1 Six hypoenhancing 
lesions consistent with metastatic disease were 
identified with MRI. While some of the lesions 
were identified on the T2-weighted, diffusion 
weighted and/or dynamic post-contrast images 
obtained during the arterial and portal phases, 
they were better depicted during the hepatobili-
ary phase acquired 20 minutes after administra-
tion of contrast (Figure 1). 

Diagnosis
Multiple colorectal metastases to the liver 

Discussion 
The liver is the most common site of 

metastatic spread in patients with colorectal 
adenocarcinoma. Almost 50% of patients with 
colorectal cancer develop metachronous metas-
tasis in the liver at some time after their primary 
resection.2 New advances in chemoradiation 
have resulted in improved mortality in patients 
with metastatic colorectal cancer although sur-
gical resection is still considered the only thera-
peutic option with potential long-term survival. 
While the indications for surgical resection of 
hepatic metastases continue to evolve, the num-
ber and location of metastatic lesions remain 
a critical aspect of the assessment of patients 
being considered for this therapeutic option. 
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Therefore, optimal imaging of the liver is cru-
cial for pre-surgical evaluation of a patient with 
colorectal cancer.

Metastatic colorectal adenocarcinoma to 
the liver commonly presents as hypoenhanc-
ing lesions, better seen during the portal venous 
phase when the uninvolved liver parenchyma 
enhances avidly. As such, it is frequently chal-
lenging to diagnose the presence of small liver 
lesions, as their detection may be challenged by 

normal vascular structures and/or the presence 
of benign incidental lesions (eg, hepatic cysts, 
hemangiomas). Furthermore, the detection of 
small hepatic metastasis may be obscured by 
respiratory artifacts. Additionally, the phenom-
enon of pseudoenhancement on CT further 
contributes to the difficulty in detecting small 
hypovascular liver metastases.3  

The liver-specific contrast agent Gadoxetate 
disodium is transported from the extracellular 

C

Figure 1. (A) An axial CT image at the level of the lower right lobe of the liver obtained during the 
late arterial phase after administration of intravenous iodinated contrast material demonstrates a 
heterogeneous focus (arrow) along the lateral margin. The remainder of the liver was unremark-
able on this examination (not shown). (B) A PET image corresponding to the same anatomic level as 
Figure A demonstrates avid focal uptake within the lateral right hepatic lobe (arrow). (C) A 20-minute 
delayed hepatobiliary-phase MR image with Gadoxetate. A discrete metastatic lesion is well depicted 
as a focal area of hypointense signal (arrow) corresponding to the area of faint abnormality on CT. 
(D) A 20-minute delayed hepatobiliary-phase MR image with Gadoxetate. Another discrete metastatic 
lesion is depicted as focal areas of hypointense signal in the left hepatic lobe (arrow). Up to 4 addi-
tional lesions were seen within the liver consistent with metastatic disease (not shown).
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space into functioning hepatocytes, where the 
molecule is subsequently excreted through the 
hepatobiliary pathway. In patients with normal 
hepatorenal function, approximately 50% of 
the agent is excreted via the hepatobiliary path-
way.4 Imaging in the late arterial, portal venous 
and early delayed phases is similar to conven-
tional gadolinium agents, as the molecule is 
within the extracellular blood volume dur-
ing these acquisitions. The unique 20-minute 
delayed phase reflects hepatobiliary excretion, as 
only functioning hepatocytes and bile ducts are 
hyperintense. Lesions within the liver composed 
of other cells will be hypointense relative to the 
background liver, which increases the conspicu-
ity of small nonhepatocellular lesions, such as 
metastases. The increased sensitivity of Eovist 
MRI for liver metastases has been reported in 
the literature.1,5 

This case illustrates the technical challenges 
to adequately imaging a larger patient. The CT 
images obtained were noisy and demonstrated 
some beam hardening artifact generated due 
to the patient’s abdominal wall contacting the 
CT gantry. This examination vaguely demon-
strated only the largest lesion, which measured 3 
cm in craniocaudal dimension. The patient also 
exceeded the weight and size limit on several MR 
magnets at the authors’ institution. The ability 
to perform the MRI examination in a large-bore 
MRI scanner (70-cm wide), with up to 55-cm 
field-of-view, provided the opportunity to fit this 
larger patient comfortably and obtain images of 
the liver with high diagnostic quality. 

Furthermore, digital surface coils, which 
directly digitize the MR signal before the images 
are sent to the magnet, provide an improved 
signal-to-noise ratio over standard analog sur-
face coils, which may be essential in challenging 
patients, such as the one presented here. In this 
large patient, the combination of existing hard-
ware, together with the homogeneous fat exclu-
sion achieved with the optimized mDIXON 

acquisition,6,7 and the administration of a hepa-
tobiliary agent (Eovist) were critical to altering 
the therapeutic approach by demonstrating sev-
eral unsuspected liver metastases.  

Conclusion 
The synergism of state-of-the-art MRI hard-

ware, including a large 70-cm bore, improved 
signal-to-noise from digital coils, optimized fat 
exclusion over large fields-of-view using a Dixon-
based acquisition (mDIXON), and the use of 
an hepatobiliary agent (Eovist) were essential in 
detecting very small lesions in a morbidly obese 
patient that were not identified on contrast-
enhanced CT and PET imaging. This MRI 
examination was crucial in making a decision 
about the best treatment options for this patient.
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IntelliSpace streamlines the continuum of care 

A multidisciplinary approach to cancer 
diagnosis and treatment can optimize 
patient care and change outcomes. 

Studies  show that the multidisciplinary setting 
can be an independent predictor for improved 
5-year survival compared to treatment outside 
of such a setting.1 

In oncology, there are many stakeholders 
throughout the process of image interpretation, 
measurement, monitoring, and reporting of 
cancerous lesions. This requires substantial data 
sharing and coordination.

At Franciscan Saint Francis Health, India-
napolis, IN, (Saint Francis) the radiology and 

oncology departments initiate the process, 
working closely to review and analyze multi-
modality oncology datasets for tumor detec-
tion and monitoring. Since they adopted the 
IntelliSpace Portal, a multidisciplinary data col-
laboration platform by Philips Healthcare, the 
doctors and staff at Saint Francis have found the 
resulting increase in consistency and accuracy 
key to their success in lesion surveillance and in 
transforming patient care.

Streamlining lesion surveillance
Several time-consuming steps are involved 

in lesion surveillance.  In many radiology 
departments,  post-processing  involves track-
ing down and loading multiple patient exami-
nations to compare baseline to nadir scans, 
scrolling through a series of datasets to find the 
lesions and lymph nodes, measuring quantita-
tive parameters, and calculating tumor burden 
based on Response Evaluation Criteria in Solid 
Tumors (RECIST) and World Health Organi-
zation (WHO) criteria.  

At Saint Francis, radiologists were previ-
ously tasked with identifying lesions on a data 
sheet on the PACS and matching those with 
prior and current stacks of images before dictat-
ing the lesion measurements, explained J. Louis 
Rankin, RT (R)(MR) (PET), 3D Technical 
Coordinator, Imaging Services, at Saint Francis.

 A complete transformation in workflow was 
ushered in with the introduction of IntelliSpace 
Portal, featuring the Multi-Modality Tumor 
Tracking application (MMTT). The IntelliSpace 
Portal is a thin-client solution for advanced image 
review and analysis, designed to share data across 
multispecialty, multimodality, and multivendor 
platforms. The MMTT application provides 
tools to decrease the time required to implement 
RECIST and supports datasets from CT, MR, 
PET/CT, and other modalities.

“The IntelliSpace Portal has automated 
many of these steps,” said Rankin. With the 
“Smart ROI,” the lesion volume as well as the 
maximum and minimum diameters can be 
measured semi-automatically. At the same time, 
the baseline and follow-up image series with the 
saved quantitative results are loaded into the 
MMTT application (Figure 1). 

Transforming Patient Care Through Patient Focus, Improved Productivity and Improved Clinical Outcomes

Figure 2. The MMTT calculates the quantitative RECIST criteria 
based on percentage change in lesion diameter.

Figure 1. The MMTT loads the baseline and follow-up image 
series with the saved quantitative results.
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IntelliSpace streamlines the continuum of care 

A multidisciplinary approach to cancer 
diagnosis and treatment can optimize 
patient care and change outcomes. 

Studies  show that the multidisciplinary setting 
can be an independent predictor for improved 
5-year survival compared to treatment outside 
of such a setting.1 

In oncology, there are many stakeholders 
throughout the process of image interpretation, 
measurement, monitoring, and reporting of 
cancerous lesions. This requires substantial data 
sharing and coordination.

At Franciscan Saint Francis Health, India-
napolis, IN, (Saint Francis) the radiology and 

oncology departments initiate the process, 
working closely to review and analyze multi-
modality oncology datasets for tumor detec-
tion and monitoring. Since they adopted the 
IntelliSpace Portal, a multidisciplinary data col-
laboration platform by Philips Healthcare, the 
doctors and staff at Saint Francis have found the 
resulting increase in consistency and accuracy 
key to their success in lesion surveillance and in 
transforming patient care.

Streamlining lesion surveillance
Several time-consuming steps are involved 

in lesion surveillance.  In many radiology 
departments,  post-processing  involves track-
ing down and loading multiple patient exami-
nations to compare baseline to nadir scans, 
scrolling through a series of datasets to find the 
lesions and lymph nodes, measuring quantita-
tive parameters, and calculating tumor burden 
based on Response Evaluation Criteria in Solid 
Tumors (RECIST) and World Health Organi-
zation (WHO) criteria.  

At Saint Francis, radiologists were previ-
ously tasked with identifying lesions on a data 
sheet on the PACS and matching those with 
prior and current stacks of images before dictat-
ing the lesion measurements, explained J. Louis 
Rankin, RT (R)(MR) (PET), 3D Technical 
Coordinator, Imaging Services, at Saint Francis.

 A complete transformation in workflow was 
ushered in with the introduction of IntelliSpace 
Portal, featuring the Multi-Modality Tumor 
Tracking application (MMTT). The IntelliSpace 
Portal is a thin-client solution for advanced image 
review and analysis, designed to share data across 
multispecialty, multimodality, and multivendor 
platforms. The MMTT application provides 
tools to decrease the time required to implement 
RECIST and supports datasets from CT, MR, 
PET/CT, and other modalities.

“The IntelliSpace Portal has automated 
many of these steps,” said Rankin. With the 
“Smart ROI,” the lesion volume as well as the 
maximum and minimum diameters can be 
measured semi-automatically. At the same time, 
the baseline and follow-up image series with the 
saved quantitative results are loaded into the 
MMTT application (Figure 1). 

Low Dose and High Image Quality in Computed Tomography and Nuclear Medicine 

Figure 2. The MMTT calculates the quantitative RECIST criteria 
based on percentage change in lesion diameter.

Figure 1. The MMTT loads the baseline and follow-up image 
series with the saved quantitative results.
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The system calculates the quantitative 
RECIST criteria based on percentage change in 
lesion diameter (Figure 2) and posts the results 
on the screen, plotted on a  graph over time 
(Figure 3). All of the quantitative results are 
stored with the image series, which includes a 
summary of the results and screen shots of the 
lesions with treatment response categories for 
the oncology team to reference. 

“Instead of scrolling through the data, find-
ing the lesion, and wondering if it’s the correct 
target lesion, now the application does that for 
you,” said Rankin. 

The follow-up series is automatically sent to 
the IntelliSpace Portal Server, also reducing sub-
stantial amounts of time. 

“Once a study is in tumor tracking, it can 
save 20 to 30 minutes of prep time for the physi-
cian to read,” said Rankin. 

The new process also cuts reading time by 
5 to 10 minutes for a 5-lesion study, indicated 
Andrew J. Mullinix, MD, Diagnostic Radiolo-
gist at Saint Francis. “The hassle factor that it 
takes away is huge because you’re no longer 
spending a lot of time searching for the lesions 
when you could be adding diagnostic informa-
tion,” Dr. Mullinix said.

Enhanced quality in patient care
Consumers are becoming more actively 

involved in healthcare decisions, thanks largely 
to demand for more efficiency.2 

The MMTT tumor tracking application 
increases efficiency by enabling consistency and 
accuracy in lesion tracking. Dr. Mullinix said 
one of the most useful features of MMTT is its 
ability to plot a graph of the lesions over time. 
“Because you’re comparing the lesion to 3 or 4 
or 5 prior studies, you get a nice longitudinal 
feel for what the tumor is doing, not just a stac-
cato sense,” he said.

Improved efficiency can enhance quality 
of care. A recent patient of Dr. Mullinix pre-
sented with 2 mediastinum lymph nodes and 2 
lung nodules. Dr. Mullinix was able to see, on 
a single graph, progressive disease in the medi-
astinum, but not in the lung nodules—circum-
stances that changed the course of treatment.    

Once a radiologists completes a report, the 
oncology group can move forward with  lesion 
response. The graph is especially helpful with 
monitoring progressive disease. “If a patient 
has reached 20%, he has progressive disease and 

must come off study,” explained Cindy Stoner, 
CCCP (Certified Clinical Research Profes-
sional). “With the real-time data on tumor per-
centage changes in tumor sizes plotted on the 
graph, the oncology team can better prepare 
patients for changes in treatments,” Stoner said

“Today, our patients are so informed 
about the drugs and treatment, they call for the 
results right after each scan. Tumor tracking 
has allowed us to give them more information, 
and prepare patients if we have to take them off 
study and suggest alternatives,” she added. 

Consistency across disciplines
IntelliSpace Portal and the tumor tracking 

application have helped optimize oncological 
lesion surveillance by automating steps, saving 
time, and improving the presentation of the data.

“The workflow takes a team approach, and 
the IntelliSpace Portal has impacted my work-
flow,” said Dr. Mullinix. “It has made our work-
flow smoother, the lesions are easier to find, it’s 
easier to report, and it makes the referring physi-
cians happy because it’s a more complete report.” 

Ultimately, it is transforming the way doc-
tors at Saint Francis deliver care.

“The best part about IntelliSpace,” said 
Rankin, “is the accuracy and consistency. The 
more accurate and consistent we are, the more 
volumes of data we can build up, which will 
help us be more accurate and concise with cases 
in the future.”

Figure 3. The tumor tracking application plots 
a  graph of the percentage change in lesion 
diameter over time.
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Striking a balance in PET imaging 
transforms patient care

One of the most significant transforma-
tions in patient care can be achieved 
simply by striking a balance across the 

continuum of care. This is especially true when 
managing oncology patients from diagnosis to 
staging to monitoring disease, where managing 
tradeoffs is critical to delivering the best treatment. 

 As the second most common cause of death 
in the United States, preceded only by cardio-
vascular disease (CVD), cancer accounts for 
nearly 1 of every 4 deaths.1 In 2012, an esti-
mated half-million Americans, or >1,500 people 
a day, were expected to die of cancer.1 

The use of integrated positron emission 
tomography and computed tomography (PET/
CT) imaging with 18F fluorodeoxyglucose 
(FDG) is a widely established imaging tech-
nique with major indications in oncology for 
staging, re-staging, and monitoring response 
to therapy.2 In fact, at leading nuclear medi-
cine institutions, such as Saint Louis Univer-
sity School of Medicine, St. Louis, MO, 90% 
of PET studies are conducted on patients with 
cancer, while the other 10% is divided among 
neurological and cardiac PET-imaging studies. 
The majority of PET studies involve lymphoma 
and cancers of the lung,  head and neck, colon, 
esophageal, melanoma, and breast.

One of the challenges with PET/CT imag-
ing is respiratory motion, which can have a 
major degrading impact on PET-based tumor 
quantification and delineation,3-7 and inhibits 
the ability to define accurate target volumes in 
radiation oncology. This is particularly true for 
small lesions found in borders between organs, 
such as the lung and liver. 

In lesion detection, the challenge is the dif-
ference in the resolution. In the PET world, the 

accuracy of a lesion 1 cm or less in size used to 
be suboptimal. It was even more complicated if 
the same small-size lesion was in a patient with a 
high body-mass index (BMI). In obese patients, 
scatter and attenuation artifacts led to more 
challenges in identifying and characterizing 
small lesions.

Additionally, with organized industry 
efforts, such as ALARA (as low as reasonably 
achievable) and the Image Gently® Campaign, 
to lower the levels of radiation dose patients are 
exposed to during medical imaging exams, radi-
ologists and nuclear medicine physicians have 
been challenged to find strategies to manage 
dose without degrading image quality. 

The main problem we have had in PET 
imaging is how to balance scanner throughput 
without compromising image quality and with-
out having to resort to higher radiotracer dose. 
Up until now, balancing image quality, dose 
and scan time has been the tradeoff.

The Ingenuity TF PET/CT advantage
The need for more accurate tumor quanti-

fication and delineation has led to  the develop-
ment of technology that enables high-quality 
PET/CT images to be acquired at low dose levels. 

Philips Ingenuity TF PET/CT addresses 
the challenges of localization, specificity and 
low dose in oncology and neurological imaging 
exams, and overcomes obstacles for conduct-
ing cardiac perfusion and diagnostic CT stud-
ies. The system is equipped with Astonish TF 
with 4-dimensional (4D) time-of-flight (TOF) 
capabilities for high-speed and full-fidelity 
PET imaging. With 495 picoseconds (ps) 
timing resolution on the system, Astonish TF 
provides the fastest timing resolution currently 
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available, helping to lead to enhanced localiza-
tion of events.

Astonish TF provides TOF technology 
designed to enhance image quality by reducing 
noise and providing high sensitivity. The high-
quality images help to improve lesion detection 
and localization to increase diagnostic confi-
dence and preserve healthy tissue during treat-
ment. This latest generation in TOF technology 
leads to enhanced contrast by up to 30% com-
pared to non-TOF images. 

The 4D component of TOF is designed to 
provide additional image quality and standard 
uptake value (SUV) quantitation improve-
ments to account for patient movement during 
respiratory-gated studies. In fact, Astonish TF 
shows up to 50% improved contrast resolu-
tion, while maintaining quantitative accuracy 
with up to 4 times the reconstruction speed of 
previous-generation systems.   

Low dose techniques for  
quality imaging 

To address the need to manage CT dose 
without sacrificing image quality, the system 
comes available with iDose4, a CT iterative 
reconstruction technique. 

As an iterative reconstruction technique, 
iDose4 gives the user control of the dial, 
enabling clinicians to personalize image quality 
based on the patients’ needs at low dose. iDose4 
is designed to improve spatial resolution at low 
dose, reduce noise with a natural appearance, 
provide robust artifact prevention, and improve 
image quality*. In fact, iDose4 improves spa-
tial resolution by up to 57% on the Ingenuity 
CT platform. 

List mode capabilities
Another important feature of Astonish TF 

for improving lesion detection is list mode recon-
struction capabilities. This technology records 
each event and timing sequentially to enhance 
image resolution and improve accuracy. By lever-
aging list-mode reconstruction, Astonish TF can 
provide higher accuracy in SUV values without 
compromising perfomance. 

List mode reconstruction enables us to 
acquire all the information with a single event at 
a time and to process this data in a short amount 

of time. It produces a more uniform picture 
and better tradeoff. What’s unique about the 
Astonish TF is what’s described as full fidel-
ity, and it is the only TOF that offers a highly 
accurate way to reconstruct images in a very 
fast mode.

Clinical applications
Improving lesion detection

The clinical advantage of TOF technology 
for PET is that it produces sharper images that 
are better for lesion detection and localization. 
This increases diagnostic confidence for the 
physician and contributes to preserving healthy 
tissue during radiation therapy treatments.   

Another advantage of the TOF is the abil-
ity to see smaller and smaller lesions that , until 
recently, were unable to be detected and/or 
characterized.

In a recent study,7 TOF PET yielded a sig-
nificant improvement in lesion detection in 
oncologic studies over all contrasts and BMIs, 
and this improvement was greater for lower 
lesion contrasts. The study evaluated 100 
patients with various body types and found that 
TOF PET scans improved the signal-to-noise 
ratio for both liver and lung images and resulted 
in improvement in lesion detection. 

Fast image acquisition in TOF PET is 
enabling doctors to acquire head-to-toe whole-
body images acquisitions in a reasonable amount 
of time without compromising the throughput of 
the scanner. We are able to see smaller lesions, get 
better image quality, and image head-to-toe in a 
reasonable amount of time. 

In a recent case, a 65-year-old male pre-
sented with a history of laryngeal cancer. Chest, 
abdomen, and pelvic contrast-CT images 
revealed an esophageal lesion with no nodal or 
distant metastases. The PET/CT was ordered 
for initial treatment strategy. The PET/CT 
(Figure 1) images revealed a large FDG-avid 
esophageal mass as well as a 3-mm node FDG-
avid abdominal node (Figure 2). While a 3-mm 
node appeared normal on a CT scan, it was 
very FDG-avid on PET, demonstrating the 
metabolic size was significantly larger than the 
anatomic size (Figure 2). A subsequent biopsy 
confirmed lymph-node metastases, which 
changed staging and management in this case. 

Figure 1. Static MIP image 
showing a large FDG-avid 
esophageal mass and a small 
FDG-avid abdominal node. 
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Expanding neuro-imaging applications
While the majority of PET/CT procedures 

today are geared toward oncology applications, 
there are a growing number of PET/CT neu-
rological and cardiovascular imaging studies.10 
Most clinical procedures for neurological imag-
ing are for dementia, epilepsy, and brain tumors. 
Although FDG for brain imaging is still the most 
important PET/CT tracer, this may change with 
the recent approval of amyloid tracers for condi-
tions, such as Alzheimer’s Disease. Accordingly, 
neurological imaging is an area that is expected to 
experience tremendous growth.

The recent FDA approval of amyloid imag-
ing agents may improve diagnostic evaluation 
of patients with suspected dementia.8 This cou-
pled with new promising treatment agents may 
open the door for the routine incorporation of 
PET in clinical trials in patients with cognitive 
impairment. 

Cardiovascular imaging
In managing patients with known or sus-

pected coronary artery disease, PET/CT is 
increasingly used to perform tests on the patient 
at rest or with stress for noninvasive imaging of 
the perfusion of the heart.9 

 The introduction of the F-18-based cardiac 
tracer may present a shift in myocardial nuclear 
imaging from SPECT to PET. This is possible 
because image quality in PET is much better than 

in the SPECT images and is must faster. A whole 
stress-rest study can be completed in one hour as 
opposed to 4 hours in the SPECT world. 

Astonish TF and PET/CT and F-18-based 
cardiac tracers will change how nuclear cardiol-
ogy is being utilized. It will open a whole new 
area in nuclear cardiology and PET utilization.

Tailored treatment in bariatrics
Another clinical condition that is trans-

forming patient care is obesity. More than 100 
million people in the U.S. are defined as obese,  
12 million of whom have extreme obesity.10 
Along with the increasing number of obese 
patients comes a growing challenge to diagnostic 
imaging.

A recent study11 showed TOF scans can 
help improve lung and liver lesion detectability 
in heavy patients. This is critical at Saint Louis 
University School of Medicine, where nearly 
half of all patients presenting for nuclear medi-
cine exams are obese.

Fundamental to improving image quality 
in patients with a high BMI is higher sensitivity. 
The TOF serves as a sensitivity amplifier. On 
average scanners, to achieve higher detectability 
of smaller lesions, an injection of a significantly 
higher dose of FDG may be necessary. But with 
TOF, small lesions may be detected in obese 
patients by adjusting imaging protocols and with 
minimal increase in injected dose. We therefore 

Figure 2. The presence of the 3-mm node (arrows) metastases on the PET/CT scan showed a highly suspicious abdominal node. A 
subsequent biopsy confirmed nodal metastases. The 3-mm abdominal metastases, which were missed on CT, changed staging and 
management in this case.
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have higher sensitivity due to the inherent lower 
signal-to-noise ratio in the TOF scanner.

With solutions like TOF, imaging patients 
with a large body habitus is feasible. 

We use the least amount of radiation, and 
we are able to produce interpretable scans in 
patients with high BMI where at other sites 
these images may be of lower quality.

Transforming patient care  
for the future 

While the adoption of PET for neurological 
and cardiac imaging promises to revolutionize 
the future of patient care, we are already seeing a 
significant transformation today. 

We have fast image acquisition, and we are 
able to detect smaller lesions, produce better 
quality images independent of body mass index, 
and on this PET/CT system we can better man-
age radiation. 

Balancing image quality, dose, and scan 
time no longer has to be a matter of managing 
tradeoffs. With Astonish TF, we can already 
strike that balance without compromise. 

*Note: Improved image quality is defined by 
improvements in spatial resolution and/or noise 
reduction as measured in phantom studies.
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Recurrent lymphoma in the  
left acetabulum

Case summary 
A 75-year-old female presented to our out-

patient clinic for her annual follow-up for lym-
phoma. She had been diagnosed 5 years prior 
with marginal zone lymphoma in the medias-
tinum with recurrent pleural-effusions status 
post-chemotherapy and eventually pleurode-
sis. Since that time, she had multiple negative 
positron emission tomography and computed 
tomography (PET/CT) scans. 

Imaging findings 
PET/CT demonstrated stable focal uptake 

in the thyroid and post-pleurodesis changes in 
the chest (Figure 1). A new subtle 18F-fluorode-
oxyglucose (18F-FDG) focus was present in the 
left acetabulum with normal CT raising the sus-
picion for metastasis (Figure 1). Magnetic reso-
nance imaging (MRI) demonstrated an irregular 
lesion within the left acetabulum with increased 
signal on short T1-inversion recovery (STIR) 
and low signal on T1 and T2, suggestive of an 
intraosseous vascular lesion (Figure 2). The 
follow-up PET/CT demonstrated significant 
increased size and FDG uptake in the acetabular 
lesion consistent with disease progression (Fig-
ure 3). 

Diagnosis 
Recurrent lymphoma in the left acetabulum 

Discussion 
Lymphoma is a malignancy of lymphocytes 

and is usually present as a solid tumor composed 
of lymphoid cells. Lymphoma can be classified 
into 2 groups, Hodgkin lymphoma and non-
Hodgkin lymphoma (NHL). Hodgkin lym-
phoma derives from abnormal B cells whereas 
NHL can arise from abnormal B or T cells. The 
malignant cells accumulate in lymph nodes, 
but can also involve other organs, such as skin, 
brain, bowel, and bones. Since these lymph 
nodes or extranodal sites are typically subtle, 
they are often felt to be normal or reactive on 
CT. However, 18F-FDG PET/CT helps differ-
entiate the indeterminate cases. A recent study 
found 18F-FDG PET/CT was more accurate 
than CT alone in early detection of bone metas-
tasis and improved staging in 15% of the study 
population.1

The use of 18F-FDG PET/CT has been 
gaining momentum in diagnosing, staging, and 
restaging many cancers and is often better than 
anatomical imaging alone.2 According to the 
Academy of Molecular Imaging, there are more 
than 5,000 PET/CT systems installed world-
wide, making it one of the fastest growing imag-
ing modalities.3 The National Oncologic PET 
Registry (NOPR) was developed in 2006 to 
collect data on the clinical utility of PET. As of 
June 2012, it has evaluated over 280,000 PET 
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studies performed at 1,756 centers.4 The fusion 
of functional and anatomic imaging continues 
to evolve and provide valuable clinical infor-
mation. PET/CT provides additional informa-

C

Figure 1. The image (B) shows subtle FDG focus on PET (top right). There 
is no significant abnormality on CT (A) (top left). A fused PET/CT (C) dem-
onstrates focal FDG uptake in the left acetabulum (bottom left). There is a 
maximum intensity projection PET image (D) (bottom right). 

Figure 2. MRI demonstrates an irregular lesion in the 
left acetabulum suggestive of an intraosseous vascular 
lesion (arrow).

tion as compared to either modality alone and 
has become the first-line imaging modality for 
tumor staging, restaging, and therapy response 
in various types of cancer.5 

Figure 3. A follow-up PET/CT demonstrates significantly increased size and FDG uptake in the left acetabular lesion (top row) as com-
pared to the prior study (bottom row). 

A
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Another advancement of PET/CT is the 
use of time-of-flight (TOF) to improve lesion 
detection, especially in heavier patients. Con-
ventional PET scanners detect gamma rays 
from radioisotopes injected in the body. How-
ever, they do not account for the time it takes 
to reach the detector. TOF will account for this 
time, resulting in an enhanced signal-to-noise 
ratio. TOF PET has been shown to significantly 
improve lesion detection compared to non-
TOF images of 8.3% in the liver and 15.1% in 
the lungs. The greatest improvement was for 
lower lesion contrasts.6 The availability of such 
technology improves our ability to character-
ize lesions and affect treatment decisions and 
patient management. 

Conclusion
A bone biopsy was performed and revealed 

metastatic lymphoma. The patient was treated 
with chemotherapy and is now in remission. 
PET/CT images can be used in the evaluation, 

diagnosis, and staging of cancer. As in this case, 
PET/CT was both more sensitive and specific 
than MRI. 
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Low-dose, high-quality SPECT/CT imaging 
transforms patient care 

Medhat M. Osman, MD, PhD

Today, more than ever, doctors are trans-
forming patient care through the early 
detection and diagnosis of disease, giv-

ing patients a greater chance of survival. 
The 5-year relative survival rate for all can-

cers diagnosed between 2001 and 2007 is 67%, 
up from 49% in 1975-1977. More specifically, 
for detection of breast cancer at the early local-
ized stage, the 5-year survival rate is 98%,1 for 
prostate cancer it is 99.6%,2 and for stage 1 lung 
cancer it is 45% to 49%.3 The improvement in 
survival reflects both progress in diagnosing cer-
tain cancers at earlier stages and improvements 
in treatment.4

Much of this early detection is achieved 
through medical imaging technology. One imag-
ing technology that is gaining more widespread 
use is the combination of single photon emission 
computed tomography (SPECT) and computed 
tomography (CT). In the nuclear medicine divi-
sion at Saint Louis University School of Medi-
cine, Saint Louis, MO, 50% of the patients 
referred for a nuclear medicine study receive a 
SPECT/CT exam. The majority are scanned for 
metastatic bone disease, pheochromocytoma, 
neuroblastoma, and cardiac imaging, and the 
remaining for musculoskeletal, hepatobiliary, 
renal, and neurological conditions. 

With the recent installation of the Bright-
View XCT SPECT/CT system by Philips 
Healthcare, doctors at Saint Louis University 
School of Medicine are effectively changing 
patient management, while lowering the radia-
tion dose in some cases and increasing the speed 
of image acquisition and reporting in others. 

Clearing  technical hurdles 
Hybrid SPECT/CT imaging has been 

instrumental in overcoming some of the inher-
ent shortcomings of SPECT imaging, in partic-
ular the lack of anatomic localization. 

While SPECT gave us tomographic infor-
mation and higher sensitivity than planar, you 
still had challenges with localization of lesions 
because there still wasn’t the detailed anatomy 
from the CT. 

Some hybrid SPECT/CT systems combine 
SPECT cameras with conventional diagnostic 
CT systems. While these dual-gantry systems 
resolve the localization challenges, they also 
introduce additional complexities of their own. 

Although the addition of the CT addressed 
these challenges by adding the anatomy and 
the localization of lesions, it brought with it its 
own challenges, including a larger footprint, 
increased radiation dose, and more training for 
the technologists and physicians. The radiation 
from the CT was also an important consider-
ation in pediatric patients. 

The unique design of the BrightView XCT 
system overcomes many of these obstacles. 
This hybrid imaging system integrates a full-
featured variable angle gamma camera with a 
flat-panel cone-beam CT component used for 
localization and attenuation correction of the 
SPECT data. The flat-panel CT component 
is mounted on the same rotatable gantry as the 
SPECT detectors. This coplanar configura-
tion reduces room size requirements and sys-
tem weight compared to hybrid systems using 
spatially separated SPECT and CT gantries. 
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Furthermore, it reduces the amount of table 
translation required between the SPECT and 
CT imaging position. The-flat panel local-
ization images are acquired with a fraction of  
the dose compared to a diagnostic CT  
exam, using less power to operate and without 
requiring any additional dose for a scout or 
topogram image that conventional CT scan-
ners require. Furthermore, the high-resolu-
tion flat panel detector enables true isotropic 
voxels, which means that image resolution 
is maintained when the data are viewed from 
any angle. This is particularly important in 
the context of SPECT/CT imaging, since 
SPECT data also have isotropic voxels and are  
routinely reviewed in transverse, sagittal and 
coronal views. 

A costly problem for hospitals when 
acquiring a new system is retrofitting an exist-
ing floor plan, which can be prohibitively 
expensive. However, BrightView XCT’s foot-
print is compact and fits into rooms as small as 
15´ 6˝ × 11´ 7˝ (4.72 meters × 3.53 meters) 
with minimal shielding, and, in most cases, 
there is no need to reinforce flooring. 

The BrightView XCT was a solution that 
made everyone happy—the hospital and phy-
sicians. It gave us the same footprint as the 
dedicated SPECT camera, so we didn’t have 
to build out a larger room. Since the system 
was designed entirely for nuclear medicine, 
the learning curve on the technology was not 
as steep as with other SPECT/CT scanners, 
and training the staff did not pose any signifi-
cant concerns. We were able to overcome a 
lot of the limitations of SPECT/CT when we 
installed the BrightView XCT, and we pro-
moted this fact to our referral network.

Hybrid imaging technology will become 
the gold standard for conventional scintigraphy 
for a number of oncology applications, includ-
ing bone imaging for staging malignancy, tumor 
scintigraphies that visualize neoplastic foci via 
tumor-specific agents, such as octreotide labeled 
with 111-In or 131-I, and sentinel lymph node 
scintigraphy, where SPECT/CT fusion helps 
considerably in localizing the first lymph node 
draining a tumor.5 

With the localization of SPECT uptake 
that CT provides, physicians are better able 

Figure 1. A whole-body bone scan with focal uptake in the left distal femur indi-
cates the differential diagnosis includes benign and malignant conditions. 

Figure 2. SPECT/CT of distal femurs show focal intense uptake within the bone 
marrow with some calcification, more likely benign.
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Figure 3. A high-resolution SPECT/CT of the left distal femur shows stippled calcifications within the 
distal femoral intramedullary cavity without additional aggressive features, which is highly sugges-
tive of enchondroma. 

Figure 4. Left femur x-ray showed stippled calcifications within the distal femoral intramedullary 
cavity without additional aggressive features most consistent with an enchondroma. Given the infor-
mation already provided by the high-resolution SPECT/CT BrightView examination, the x-ray or any 
additional radiologic evaluation would not be needed. 
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to identify uptake as pathological versus nor-
mal physiological uptake. In a recent study, 
researchers investigated the added value of 
SPECT/CT for correlation of MIBG scintigra-
phy (planar and SPECT) and diagnostic CT in 
neuroblastoma and pheochromocytoma. In the 
small series of cases examined, the improved 
anatomical localization provided by SPECT/
CT increased the diagnostic certainty in 89% of 
discordant studies.6 

A recently published study evaluated Sen-
tinal Lymph Node Excision (SLNE) with and 
without SPECT/CT. The study concluded that 
the use of SPECT/CT was associated with a 
higher rate of metastatic node detection, which 
subsequently prolonged the disease-free survival. 
The same study showed that the use of SPECT/
CT changed the surgical approach for SLNE in 
33/149 (22.1%) melanoma patients.7 

Clinical advantages in  
musculoskeletal imaging 

Concurrent imaging and the ability to 
acquire high-resolution CT images are two fea-
tures of BrightView XCT that have helped to 
stimulate a renewed interest in musculoskeletal 
(MSK) imaging. Concurrent imaging, which 
allows the user to create multiple datasets from 
a single acquisition step, offers more flexibility 
in acquisition protocols and provides additional 
information without requiring additional imag-
ing time. One way to make use of concurrent 
imaging is in dual isotope studies. 

A classic example is with infection imaging 
in the musculoskeletal system, and with one 
day for the indium and one day for the bone 
scan. Now we can do a simultaneous acquisi-
tion for the indium and the bone scan without 
worrying about patient repositioning or addi-
tional image acquisitions in a single day. That 
is a very unique feature that is available now on 
the XCT. 

The high-resolution imaging capabili-
ties of the BrightView XCT system have also 
proved useful for MSK imaging, especially 
when imaging of the extremities is involved. 
The high-resolution acquisition on the new 
system has come in handy by giving us a niche 
in musculoskeletal imaging. The MSK appli-
cations brought life to bone scanning. We can 

Figure 5. SPECT/CT images show full-time data without Astonish (A) versus half-
time data with Astonish (B). Both studies were reported as normal. 

A

B
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now produce information and give our refer-
ring physicians images that have a 0.33-mm 
resolution of the foot or hand where they sus-
pect a tumor or an infection. This is compared 
to studies we had where magnetic resonance 
imaging (MRI) and x-rays were negative, the 
bone scan planar was negative, and even the 
SPECT was questionable, until we did the 
bone examination at high-resolution image 
acquisition, which showed the abnormality 
with high certainty. This enabled us to provide 
information to referring physicians that we 
would otherwise not be able to do.

In a recent case, a 46-year-old female pre-
sented with a history of hepatic adenoma and 
persistent elevated alkaline phosphatase since 
October 2011. There had been no history of 
previous fracture or trauma. A whole-body 
planar bone scan (Figure 1) with focal uptake 
in the left distal femur indicated the differ-
ential diagnosis involved benign and malig-
nant conditions. The limited uptake of the 
upper-thigh SPECT/CT (Figure 2) revealed 
the uptake to be within the bone marrow. 
The differential diagnosis involved benign 
and malignant lesions. Yet, a high-resolution 
SPECT/CT of the left distal femur (Figure 
3) showed stippled calcifications within the 
distal femoral intramedullary cavity without 
additional aggressive features most consistent 
with an enchondroma. Given the informa-
tion already provided by the high-resolution 
SPECT/CT examination acquired on the 
BrightView XCT, the x-ray (Figure 4) or any 
additional radiologic evaluation would not 
 be needed. 

Patient management has subsequently 
changed by reducing the need for follow-up 
exams, such as MRI, or further evaluation 
because we now can provide functional and 
anatomical information without additional 
image acquisition. This not only reduces cost 
to the healthcare system and additional cost 
to the patient, but also speeds up throughput 
because there is no lag in time between exam 1 
and exam 2. 

Clinical advantages in cardiology 
The American Society of Nuclear Cardiol-

ogy and the Society of Nuclear Medicine have 
Figure 6. SPECT/CT images compare full-time data without Astonish (A) to half-
time data with Astonish (B). Both studies reported as inferior wall infarct.
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jointly recommended the use of attenuation cor-
rection in addition to ECG gating for SPECT 
myocardial perfusion studies.8 Attenuation in 
cardiac studies has always been a challenge, but 
the BrightView XCT is well-suited to attenu-
ation correction for cardiac imaging. The flat-
panel CT acquires a low-dose (0.12 mSv) CT 
image of the entire heart volume in just one 
60-second rotation while the patient is breath-
ing normally.

In this way, the data used for attenuation 
correction is averaged over multiple respiratory 
cycles to match the position of the heart during 
the SPECT acquisition. 

BrightView XCT also supports the Aston-
ish reconstruction technology, which can pro-
cess half-count data without compromising 
image quality. This gives the nuclear physi-
cian the option of improving laboratory effi-
ciency by reducing the acquisition time using 
conventional dosing protocols or reducing the 
patient radiation dose by injecting less radio-
activity and using more conventional acqui-
sition times. The ability to take advantage 
of the cardiac application has allowed us to 
reduce the acquisition time by half or cut the 
injection by half, depending on the patient 
population (Figure 5). 

The Astonish reconstruction technol-
ogy with attenuation correction can be used 
to further reduce patient dose and imaging 
time by enabling stress-only imaging (Figure 
6). Historically, stress-only imaging has been 
underutilized, despite findings that stress-only 
myocardial perfusion imaging (MPI) saves time 
by eliminating rest imaging in some patient 
populations, which is important for patient 
throughput.9 

If you do stress-only, you can get the answer 
in <1 hour instead of the 4 hours it typically 
takes, with one less injection, and reducing the 
radiation dose by 30% to 40%. Now with the 
SPECT/CT, we can do stress-only images, and 
if the stress is negative, then we don’t need to do 
any rest-only images. If 50% of the studies are 
negative, then we can take advantage of stress-
only, which helps with faster image acquisition 
and faster transfer of information to the refer-
ring physician, as well as decreasing the radia-
tion dose to the patient. 

In many cases, cardiologists need a quick 
answer because they are contemplating taking 
the patient to the cardiac cath lab. The half-
time acquisition with the stress-only imaging is 
critical because it provides the information at a 
much faster rate and has the potential to signifi-
cantly improve operational efficiency without 
sacrificing accuracy because of the CT attenua-
tion correction.

The hospital’s referring physicians acknowl-
edged the improvement in cardiovascular stud-
ies, and the half dose is especially beneficial in 
pediatric patients who, by definition, are more 
sensitive to exposure to radiation. The refer-
ring physicians are happy that we are scanning 
them at faster speeds or half the radiation dose to  
the patient. 

Patient comfort for quality imaging 
Another important consideration is patient 

comfort, especially on SPECT/CT, where 
patients spend significantly longer times com-
pared to dedicated CT or x-ray. The more com-
fortable the patient, the less movement there is 
likely to be and the fewer image artifacts. This 
is hugely important in cardiac imaging, where 
motion between the SPECT and CT image can 
cause misalignment between the transmission 
and emission data, which can lead to artifacts 
in the attenuation-corrected SPECT image. 
Controlling patient movement is also impor-
tant in oncology, where accurate alignment of 
the two image sets is critical for localizing the 
SPECT uptake to the anatomy visualized in 
the CT image. Being able to position patients 
reproducibly is also important for patients who 
may undergo several exams over the course of 
their treatment. The exact positioning of these 
patients and alignment of lesions over a series 
of scans allows the physician to more accurately 
evaluate the response to therapy. 

The BrightView XCT is designed with 
a large gantry aperture that provides an open 
patient experience during the CT scans. This 
provides additional comfort for all patients, 
especially those with a high body-mass index 
(BMI) or those suffering from claustrophobia. 
The 500-lbs (227 kg) capacity of the patient 
table also facilitates imaging high BMI patients. 
The large bore enables us to acquire SPECT/CT 

We can now  

give our  

referring  

physicians 

images that  

have a 0.33 mm 

resolution of 

the foot or hand 

where they  

suspect to find  

a tumor.

Medhat M. Osman, MD, PhD
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images for patients with high BMI and not have 
to resort to planar acquisition. 

Transforming the future of care 
Advances in BrightView XCT have made 

significant strides in low-dose, high-resolu-
tion imaging. But it is only the beginning. 
We foresee doctors pushing to get more with 
less radiation and faster scan times. We also 
foresee a demand for dual-tracer image acqui-
sition techniques. 

We were able to overcome a lot of the limi-
tations of SPECT when we installed the Bright-
View XCT system, and we anticipate there will 
be a push for more types of simultaneous acqui-
sition imaging.

The key advantages of BrightView XCT 
include unique features, such as the large bore 
for bariatric patients, improved reporting 
speed and accuracy, minimal training required 
for technologists, the small footprint for ease 
of installation, and lower overall cost. Yet 
what is truly transforming the quality of care 
is improved image quality, reduced dose and 
shorter scan times, which we expect will lead to 
better overall care. 
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Osteomyelitis with associated fracture 
in the toe as seen on high-resolution 
sPecT/cT 

Case summary 
A 16-year-old female presented to our out-

patient clinic with complaints of pain in the 
right foot, lower back, right hand, and left knee. 
She had a history of recurrent cellulitis of the 
right foot. The most recent episode of active 
osteomyelitis was diagnosed in the right fourth 
phalanx by physical exam, magnetic resonance 
imaging (MRI) and plain films. She presented 
to us after finishing her course of antibiotics 
with continued pain to evaluate for multifocal 
osteomyelitis. 

Imaging findings 
MRI of the right foot prior to bone scan 

demonstrated edematous soft tissue of the dor-
sal mid- to distal-foot extending to the soft tis-
sue of the fourth toe (Figure 1). The proximal 
phalanx of the fourth toe as well as surrounding 
edema enhanced post-contrast. Findings were 
consistent with osteomyelitis with cellulitis. 
Plain films demonstrated normal bones, soft tis-
sues, and joint spaces. A three-phase bone scan 
demonstrated hyperemia to the right forefoot 
with focal uptake on the delayed image (Fig-
ure 2). High-resolution single photon emission 
computed tomography and computed tomog-
raphy (SPECT/CT) was then performed, dem-
onstrating intense focal uptake in the proximal 
right fourth toe corresponding to a nondis-
placed fracture in the distal aspect of the right 
fourth proximal phalanx (Figure 3). 

Diagnosis 
Osteomyelitis with associated nondisplaced 

fracture in right proximal phalanx 

Discussion 
Osteomyelitis is an infection of the bone 

and bone marrow. Pediatric osteomyelitis 
is generally considered rare. In the pediatric 
population, hematogenous route of infection is 
the most common route of infection.1 Imaging 
this infection can be problematic, particularly 
in the pediatric population. Multiple imaging 
modalities are being used in the workup of chil-
dren with known or suspected osteomyelitis. 
Radiographs are often negative or inconclusive 
early in the development of the disease.2 Skel-
etal scintigraphy detects physiological changes 
as low as 5% in bone turnover, whereas x-ray 
requires a 30% to 50% loss of bone mineral-
ization before morphological changes can be 
detected.2 Furthermore, skeletal scintigraphy 
is positive as early as the first 24 hours after the 
onset of symptoms.3 MRI typically has higher 
sensitivity than CT in detecting osteomyelitis 
and has the advantage of defining the extent 
of infection and associated soft-tissue changes. 
However, CT has the advantage of providing 
images with high spatial resolution and superb 
cortical bone details.4 In addition, MR imaging 
in pediatrics has additional limitations, includ-
ing increased time for imaging and susceptibil-
ity to metal artifacts.5 
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Figure 1. MRI of the right foot demonstrates edema in the dorsal soft tissue of the right mid to dis-
tal foot extending to the soft tissue of the fourth toe. The proximal phalanx of the fourth toe shows 
increased signal on T2-weighted images (A and B) and enhances post-contrast, suggestive of osteo-
myelitis with cellulitis. Plain film (C) of the foot shows normal bone, soft tissue, and joint spaces. 

Figure 2. A three-phase 
bone scan demonstrates 
hyperemia in the right 
forefoot (A) (top left) . 
Delayed spot view shows 
focal uptake in the same 
region (B) (bottom left). 
Anterior and posterior 
who l e -body  images 
show focal uptake in the 
right distal foot (C and D)
(right). 
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may otherwise be unapparent in other imag-
ing modalities. In this case, a fracture in the 
fourth toe was identified on SPECT/CT 
and not apparent on MRI or plain film. 
The detection of such fracture explained the 
patient’s right foot pain. 
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Chronic recurrent multifocal osteomyelitis 
is a rare condition that affects multiple bones.6 
The multifocal nature of such a condition 
requires whole-body imaging. Skeletal scintigra-
phy provides a whole-body evaluation with high 
sensitivity, but with variable specificity. In addi-
tion to the lack of anatomic localization, there 
is an inherent limitation to such a technique. 
Employing SPECT/CT is better than employ-
ing CT or SPECT alone. The CT component 
of the SPECT/CT is typically used for lesion 
localization and for attenuation correction. The 
high-resolution image acquisition feature of 
the BrightView SPECT/CT provides a unique 
opportunity and value to the field of musculo-
skeletal imaging. It provides a superb, sub-mm 
(0.33 mm) evaluation of skeletal anatomy. The 
availability of such technology may improve 
our ability to characterize lesions and may affect 
treatment decisions and patient management. 

Conclusion
High-resolution SPECT/CT provides the 

additional information of bone detail, which 

Figure 3. SPECT/CT images demonstrate intense focal tracer activity in the proximal right fourth toe with a nondisplaced fracture in 
the distal aspect of the right fourth proximal phalanx.
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Improving patient outcomes with 
ultrasound elastography

Ultrasound elastography is a new tech-
nique that generates images or quan-
titative data based on the stiffness of a 

tissue. Tissue stiffness changes in many disease 
states, including softening of edematous tissues 
or hardening of malignant lesions. Elastogra-
phy has been shown to provide clinically use-
ful information in many organs.1-13 This article 
reviews clinically useful applications. 

Technology
Two types of ultrasound elastography are 

currently available.* For the purposes of this 
article, we will focus on compression strain 
elastography.

Compression strain elastography evalu-
ates how a tissue deforms when an external or 
patient-induced force is applied to the tissue. 
Soft tissues deform more; hard tissues deform 
less. For example, if a gelatin mold contains a 
glass marble and the mold itself is externally 
compressed, the gelatin would change shape 
while the marble would not. The algorithm 
analyzes the frame-to-frame differences with 
compression. The more a tissue deforms, the 
softer it is. This technique is considered quali-
tative and is relative to a given patient. The 
resulting images are displayed on a scale of 
the relative tissue stiffness in the field of view.4 
Some analysis can be generated using such 
strain as compression strain/B-mode measure-
ment comparison ratios and relative strain 
value displays and comparisons. 

Clinical applications
Compression strain elastography can be 

performed on any tissue from which a B-mode 

image can be obtained. This article concentrates 
on 3 primary elastography applications: breast 
lesion characterization, musculoskeletal assess-
ment, and gynecologic pathology.

Breast elastography
Compression strain elastography has been 

shown to improve characterization of breast 
lesions as benign or malignant.6-10 Compres-
sion strain requires only a few minutes of addi-
tional scanning. Benign breast lesions appear 
smaller on compression strain imaging, while 
malignant lesions appear ≥ in size to the same 
lesions on B-mode imaging. This phenom-
enon is unique to breast tissue. Figure 1 is a 
biopsy-proven fibroadenoma. Note that the 
lesion measures 1.03 cm on B-mode, but 0.80 
cm on elastography—a strain/B-mode ratio of 
0.78, suggestive of a benign lesion. Figure 2 is 
an ultrasound scan of a patient who presented 
with an abnormal screening mammogram. 
On B-mode imaging, the lesion has a supe-
rior portion outlined by a red circle, a central 
hypoechoic mass, and a finger of tissue inferi-
orly (green arrow). Note that on the elasto-
gram, the superior portion is color-coded white 
(soft), while the central mass is color-coded 
black (hard) and is larger than in the B-mode 
image (strain/B-mode ratio of 1.5). The finger 
of tissue inferiorly is also color-coded black and 
appears larger on the B-mode image. Pathology 
revealed the central mass and finger of tissue 
to be invasive ductal carcinoma, as suggested 
by the increase in size. The area in the red cir-
cle was a benign fibroadenoma, as predicted 
benign by the elastogram. In a large multicenter 
trial7 the sensitivity and specificity of this size 
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change to distinguish benign from malignant 
lesions were 98.5% and 85%, respectively.

When cystic lesions are being evaluated 
with strain elastography, an artifact can be 
seen on some manufacturers’ equipment. This 
“bull’s eye” artifact has been described in the lit-
erature, and it occurs in both simple and com-
plex cysts. This artifact has a unique appearance, 
demonstrating a white central area in a black 
lesion and a white area inferior to the lesion.8 

Figure 1. Breast fibroadenoma showing B-mode and strain measurement comparison.

Figure 2. Multiple breast lesions. The green arrow indicates ductal carcinoma. The red arrow/circle 
indicates fibroadenoma.

This artifact has been shown to be extremely 
sensitive and specific to benign simple and com-
plicated cysts.8 The presence of this artifact can 
potentially reduce the number of biopsies per-
formed on benign lesions.8

Musculoskeletal assessment
Musculoskeletal elastography is in its 

infancy.14-17 Current studies show that ten-
dons are one of the stiffest tissues in the body. 
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Pathologies, such as tendinitis or tears, can cause 
the relative stiffness to lessen. Magnetic reso-
nance imaging (MRI) is considered the standard 
technique for evaluating these changes. How-
ever, ultrasound elastography may be able to 

Figure 4. The elastogram of a uterine fibroid using the endocavity probe. Note that the fibroid is bet-
ter visualized on elastography than on B-mode.

Figure 3. (A) The elastogram of a patient with lateral epicondylitis shows the abnormal area as red (soft) compared to the normal ten-
don, which is hard (blue). After conservative treatment, a repeat elastogram (B) confirms resolution of the tendinitis and the tendon is 
now all stiff (blue).

A

B

evaluate these changes at a lower cost than MRI 
and allow monitoring of healing.  Ultrasound 
also has the ability to evaluate the dynamics of 
muscles and tendons.  It is also easy to obtain the 
contralateral images for comparison.



52       n        supplement to ApplIeD RADIoloGY
©

                     www.appliedradiology.com December  2012

UltrasoUnd

Figure 3 is the elastogram from a patient 
with lateral epicondylitis. Soft tissue is color-
coded red, while stiff tissue is color-coded blue. 
The normal tendon is stiff (blue), while the area 
of tendinitis is soft (red).  In Figure 3, the area of 
tendenitis is identified as the red area within the 
tendon. After conservative treatment, the tendi-
nitis has improved clinically, and the area which 
was previously abnormal has returned to a nor-
mal appearance.

Gynecologic elastography
With the addition of strain elastography 

to the endocavitary probe, high-quality elas-
tograms of the uterus and ovary can now be 
obtained. Early studies demonstrate that uter-
ine fibroids can be characterized by their stiff-
ness using elastography. Some uterine fibroids 
can be better visualized using strain, especially 
if they are significantly stiffer than the adjacent 
uterus (Figure 4). The bull’s eye artifact, which 
has been described in breast tissue,8 also occurs 
in ovaries. This could be helpful in classifying 
complicated ovarian cysts as benign, as this arti-
fact only occurs when low-viscocity fluid is pres-
ent. Since the elastograms are generated based 
on frame-to-frame changes in B-mode, done as 
post-processing, this technique can be used in 
fetuses without additional energy input. 

Conclusion
Ultrasound elastography is a rapidly evolv-

ing technology shown to be an important 
adjunct to B-mode imaging in many exams, 
including those of the breast, thyroid, musculo-
skeletal system, liver, prostate, and female repro-
ductive system. The technology has been shown 
to be most advanced in breast imaging, where 
it has demonstrated a major impact on lesion 
characterization. Elastography is an exciting 
development that has the potential to expand 
ultrasound into more diverse clinical roles as 
well as to improve clinical outcomes across 
many applications.

*Only qualitative strain compression elastrog-
raphy is available on Philips products in the U.S. 
and shear wave is not available on Philips products 
in the U.S.

References
1. takahashi H, ono n, Eguchi Y, et al. Evaluation of acous-
tic radiation force impulse elastography for fibrosis staging 
of chronic liver disease: a pilot study. Liver Int. 2010;30: 
538-545.
2. Friedrich-rust M, Wunder K, Kriener s, et al. liver fibrosis 
in viral hepatitis: noninvasive assessment with acoustic radia-
tion force impulse imaging versus transient elastography. 
Radiology. 2009;252:595-604.
3. seeff lB, Hoofnagle JH. national Institutes of Health Con-
sensus development Conference: Management of hepatitis 
C: 2002. Hepatology. 2002;36:s1-s2.
4. Barr rG. sonographic breast elastography: a primer.  
J Ultrasound Med. 2012; 31:773-783.
5. Barr rG, Zhang Z. Effects of precompression on elasticity 
imaging of the breast. J Ultrasound Med. 2012; 31:895-902.
6. Barr rG. real-time ultrasound elasticity of the breast: Initial 
clinical results. Ultrasound Quarterly. 2010;26:61-66.
7. Barr rG, destounis s, lackey, lB II, et al. Evaluation of 
breast lesions using ultrasound elasticity imaging: a multi-
center trial. J Ultrasound Med. 2012; 31:281–287.
8. Barr rG, lackey aE. Predictive value of the “bull’s eye” arti-
fact on breast elasticity imaging to characterize cysts. Ultra-
sound Quarterly. 2011;27:151-155.
9. tanter M, Bercoff J, athanasiou a. Quantitative assess-
ment of breast lesion viscoelasticity: Initial clinical results 
using supersonic shear imaging. Ultrasound in Med. & Biol. 
2008;34:1373-1386.
10. Berg Wa, Cosgrove do, dore CJ, et al. shear-wave 
elastography improves the specificity of breast Us: the 
BE1 multinational study of 939 masses. Radiology. 
2012;262:435-449.
11. Barr rG, Memo r, schaub Cr. shear-wave ultrasound 
elastography of the prostate: Initial results. Ultrasound Quar-
terly. 2012;28:13-20.
12. lyshchik a, Higashi t, asato r, et. al. thyroid gland 
tumor diagnosis at Us elastography. Radiology. 2005;237: 
202-211.
13. dighe M, Bae U, richardson Ml, et. al. differential diag-
nosis of thyroid nodules with Us elastography using carotid 
artery pulsation. Radiology. 2008;248:662-669.
14. de Zordo t, Fink C, Feuchtner GM, et al. real-time sono-
elastography findings in healthy achilles tendons. AJR Am J 
Roentgenol. 2009;193:W134-W137.
15. trombetti J .  sonoelastography and musculo-
skeletal  imaging.  ht tp://www.dotmed.com/news/
story/7760/?lang=en. Updated december 23, 2008. 
accessed august 28, 2012.
16. schreiber V, smekal V, de Zordo t, et al. real-time sono-
elastography in rotator cuff imaging and comparison to 
magnetic resonance imaging as gold standard. rsna 2009. 
http://rsna2009.rsna.org/search/event_display.cfm?em_id=
8016421&printmode=Y&autoprint=n.  Updated 2009. 
accessed august 29, 2012.
17. de Zordo t. Value of real-time sonoelastography in lat-
eral epicondylitis: Comparison with clinical examination, 
ultrasound, and power doppler ultrasound. radiological soci-
ety of north america 94th scientific assembly and annual 
Meeting; november 30th - december 5th, 2008; Chicago, 
Usa. Updated 2008. accessed august 29, 2012.



www.appliedradiology.com             supplement to ApplIeD RADIoloGY
©

        n       53December  2012

clinical case: ultrasound

elastography in evaluation of  
musculoskeletal abnormalities  

Case summary
A 42-year-old male who is an avid runner 

had an injury 2 months prior. The pain at his 
heel area persisted despite conservative manage-
ment and was increasing when he presented. 
The patient had no other medical problems, 
but a history of 2 torn ligaments in the past. The 
patient underwent a magnetic resonance imag-
ing (MRI) scan of his hind foot.       

Imaging findings
The proton-density weighted MRI (Figure 

1) demonstrates the presence of an abnormal sig-
nal involving the Achilles tendon. The diagnosis 
of Achilles tendinitis was made. There was no evi-
dence of a significant tear, although minimal tears 
could not be excluded. There was no evidence 
of bone-marrow edema, ankle-joint effusion, or 
fluid surrounding the Achilles tendon.

An ultrasound (Figure 2) of the Achilles ten-
don was performed, including strain elastogra-
phy at the same time. The B-mode ultrasound 
showed an area of decreased echogenicity within 
the tendon, which on elastography is soft (red) 
compared to the normal tendon, which is hard 
(blue).

Fusing the MRI and ultrasound images 
(Figure 3) shows the area of tendinitis is simi-
larly identified on both techniques.

Diagnosis
The patient’s MRI confirmed the diagnosis 

of Achilles tendinitis. 
The patient was placed in a cast for 4 weeks 

with significant symptomatic improvement.  
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Figure 1. The tendinitis identified on the MRI 
with high-signal edema involving the tendon 
(arrow).
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Figure 3. Fusion of the MRI image and elastography demonstrate that both techniques identify a 
similar area of tendinitis.

Figure 2. The strain elastogram is presented with a color map superimposed on a grayscale B-mode 
image. Soft tissue is color-coded red while stiff tissue is color-coded blue. The normal tendon is stiff 
(blue), while the area of  tendinitis soft (red).
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A follow-up ultrasound (Figure 4) shows  
that the area of soft (red) tendinitis has resolved 
and a small area of green (intermediate hard-
ness) is present, consistent with a scar/healing 
area.

Discussion
Musculoskeletal elastography is in its 

infancy.1-4 Current studies show that ten-
dons are one of the stiffest tissues in the body. 
Pathologies, such as  tendinitis or tears, can 
cause the relative stiffness to lessen. MRI is 
considered the standard technique for evaluat-
ing these changes. However, ultrasound elas-
tography may be able to evaluate these changes 
at a lower cost than MRI and allows moni-
toring of healing. By monitoring the relative 
softness as well as the size of the area affected, 
one can monitor treatment and may be able to 
better tailor treatment to the patient’s healing. 
In addition, ultrasound is useful for demon-
strating dynamics of muscle and tendons. It is 
also easy to obtain the contralateral images for  
comparison.   

Conclusion
Strain elastography is a promising new 

technology that has the potential to change the 
present clinical patterns in diagnosis and patient 
management in musculoskeletal imaging. 
Ongoing studies will help to define the role of 
strain elastography in musculoskeletal imaging.
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Figure 4. Ultrasound elastography of the same area of the Achilles tendon after treatment shows that soft (red) area of tendinitis on 
the initial study has resolved, and now there is a small area of green (intermediate stiffness), which may represent either scar formation 
or continued healing.
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Transformation from film-screen to 
MicroDose digital mammography: 
Selection challenges, opportunity,  
and value

Digital mammography has proven its 
effectiveness in breast cancer detec-
tion programs for over a decade. 

From the patient’s perspective the screening 
examination is quick, taking less time than 
prior analog film-screen technology. From 
the technologists’ perspective, digital provides 
enhanced throughput, eliminating the need 
for film manipulation, cassettes, toxic photo-
graphic liquids, and mechanical processors. 
From the radiologist’s perspective, the stream-
lined integration is intuitive with existing plain 
film, CT, and MRI viewing systems, with  
the obvious benefits familiar to any digital 
modality. 

Until recently there was only one digital 
mammographic choice. Though available in 
Europe and Canada for years, the recent debut 
of MicroDose digital mammography in the 
United States (U.S.) market improves funda-
mental mammographic detector technology. 
MicroDose provides all the benefits of existing 
digital mammography with high resolution 
and lower dose — with 18% to 50% lower 
radiation dose than used on other digital mam-
mography systems, with an average dose reduc-
tion of 40%*.1-4 MicroDose competes with 
standard mammographic technology as a solu-
tion to the film-screen replacement challenge 
(for those sites which have yet to replace legacy 
film techniques). It also addresses concerns 
over unnecessary, nondiagnostic radiation 
exposure in healthy patients while providing 
an edge in a competitive provider market. 

MicroDose: Low-dose  
digital mammography

The MicroDose digital mammographic 
system is the first to use photon counting tech-
nology, a patented technological revolution in 
x-ray detector development. The individual 
x-ray photon is counted by a 50-micrometer 
detector element, the smallest in the industry 
(as much as 4 times smaller). The single-layer 
detector counts individual photons, creating 
very low noise during the digital-to-digital data 
collection, and eliminating the analog to digital 
conversion used by other vendors. The photon 
counting technology is unique to MicroDose.5

Also unique to MicroDose is the image 
acquisition. By using a multi-slit pre-collimator 
and a matching multi-slit post-collimator, only 
those x-rays perfectly aligned with the detector 
are allowed to pass through the breast. All other 
x-rays are blocked, as that radiation would only 
increase patient dose without contributing to 
image quality; scatter radiation, which adds 
to patient dose and degrades image quality, is 
minimized. MicroDose reduces 97% of scatter, 
enabling the system to achieve excellent image 
quality at low radiation.6

Radiation exposure
The measurement of breast radiation expo-

sure was published by the Irish Breast Screening 
Program. The purpose of the study was to com-
pare radiation dose to the breast per exposure and 
per exam among the digital mammography sys-
tems of 3 common vendors: Philips MicroDose, 

Patients request 
MicroDose  
realizing the 
added benefit of 
18% to 50% less 
dose than other  
breast imaging  
practices.
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Hologic Selenia, and General Electric Essential. 
The lowest to highest craniocaudal (CC) doses 
(mGy per exposure) were 0.90 (Philips Health-
care (Philips)), 1.36 (Hologic), and 1.39 (General 
Electric (GE)). The lowest to highest mediolateral 
oblique (MLO) doses (mGy per exposure) were 
0.88 (Philips), 1.44 (Hologic) and 1.52 (GE). 
The mean glandular doses for a complete exami-
nation (MLO and CC) from lowest to highest 
radiation dose (mGy per breast) were 1.86 (Phil-
ips), 2.91 (Hologic) and 3.03 (GE). The study 
found that the Philips MicroDose system had the 
lowest mean glandular dose per image and per 
exam among the 3 vendors (Table 1).7

Price vs value
Considering differences in price vs value, 

not all mammograms are created equal. Price 

(the financial investment) and value (the 
weighted multifactorial health benefit) are not 
synonymous. The various costs of digital mam-
mography equipment (standard and Micro-
Dose) are fairly similar. The vendor add-ons, 
such as viewing software, workstations, phan-
toms, service contracts, financing options, and 
accessories, can vary. 

On the other hand, differences in value 
are striking. As healthy people are being 
screened, the consumer’s perception of harm 
from radiation exposure cannot be under-
estimated. As customers select a provider, 
variation in price and value are not necessar-
ily concordant. The patient calculates value— 
physician recommendation, geographic prox-
imity, familiarity of the provider, reputation, 
and personal communication—and weighs it 
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Table 1. Radiation dose per exposure* (mean glandular dose, mGy)
 CC MLO 2 view FFDM
Philips MicroDose  0.90 0.88  1.86
Hologic Selenia 1.36 1.44  2.91 
General Electric Essential 1.39 1.52  3.03 
*Irish Breast Screening program 
FFDM = full-field digital mammogram

Figure 1. Full-field digital MicroDose mam-
mogram. Screening study. Craniocaudal pro-
jection. Mildly opaque glandular tissue with 
opacities and calcification. 

Figure 2. Enlarged view of medial quadrant of 
craniocaudal projection with lucency medially 
(open arrow) with well-circumscribed borders 
consistent with fat necrosis. This finding was 
seen on both craniocaudal and medial lateral 
oblique views on MicroDose, but seen only in 
retrospect on prior film screen mammogram. 
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against out-of-pocket cost. Mammography pro-
viders are accredited by the American College of 
Radiology (ACR) and the U.S. Food and Drug 
Administration (FDA), removing much of the 
variability among various sites. 

Coverage and reimbursement are usu-
ally driven by third-party payers and local car-
rier determination, and are not a factor unless a 
non-covered service, such as tomosynthesis, is 
added on. A customer will weigh value against 
cost: time, distance, money, and radiation. The 
radiation savings will attract informed custom-
ers to the lower-radiation option. An analogous 
exploited marketing benefit of lower radiation 
was used to promote digital mammography dur-
ing the analog film-screen to digital transition. 
The lower-radiation advantage of MicroDose 
provides similar value to an imaging business 
seeking to enter or expand its digital mammo-
graphic service. 

Clinical experience
Patient commentary 

Patients are pleased with the brevity of the 
MicroDose exam. The breasts are compressed 
on a curved MicroDose patient support assem-
bly warmed above room temperature rather 
than to the typical flat, cold ergonomic plate. 
The warmed support and compression device 
provide comfort and reduce the shock of having 

one’s breast placed on a cold tray.8 Patients who 
have returned from other mammogram studies 
have been complimentary of their experience on 
MicroDose. They request MicroDose realizing 
the added benefit of 18% to 50% less dose than 
other breast imaging practices. Many patients 
are fearful of radiation; offering a lower radiation 
option enhances patient emotional comfort with 
the study. 

Referring providers
 MicroDose mammography can elevate the 

reputation of the department and hospital. The 
perception of providing cutting-edge technology 
and lower radiation dose at the high resolution 
results in more referrals from healthcare provid-
ers. Lower radiation dose breast cancer detec-
tion with the high resolution provides cache and 
exclusivity to a facility’s portfolio of imaging ser-
vices. Patient feedback to referring providers will 
attract more patients to a low dose exam. 

Technologist experience 
Positioning a patient in the MicroDose 

machine is similar to placing her in standard 
mammography machines. Adjustment controls 
for the patient support tray are easy to access and 
operate with ergonomic foot control paddles. 
The computer interface is similar to that of any 
other computer data entry system. The elimina-

Figure 3. Analog film-screen mammogram illus-
trating appearance of skin (open arrow), photo-
graphically enhanced to illustrate finding. 

Figure 4. Same patient one year later with 
full-field digital MicroDose screening study. 
Mediolateral oblique projection. Mildly opaque 
glandular tissue with very clear skin detail.
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tion of film cassettes, film handling, and the pro-
cessor streamlines the exam. 

Radiologist experience 
Installation of the MicroDose machine is 

simple; the system’s footprint is similar to that 
of other vendors. Elimination of the analog 
film-screen dark room, processor, and chemi-
cals does not necessarily enlarge the clinical 
space, as a power conditioner and cooling sys-
tem is needed for the buildout. The cooling and 
power conditioner system must be constructed 
as a separate, self-contained room to maintain 
a quiet environment for the patient. Though 
not as obtrusive as a magnetic resonance com-
puter room, there are added installation details 
for electronic components. Radiologist image 
interpretation of the digital mammogram is very 
satisfying, commensurate with the recent 2012 
study by Cole et al, which concluded that pho-
ton-counting, full field digital mammography is 
not inferior to conventional digital mammogra-
phy. The 50-micron resolution provides incred-
ible diagnostic-quality images (Figures 1 and 
2). The full-field digital mammograms provide 
exceptional image quality so that focal asym-
metries are easy to identify, whereas on prior 
examinations the opacities were perhaps seen 
only on one view in prior years (Figures 3 and 
4). The detail in dense breast tissue is superb, 
as well. Border delineation, microcalcifications, 
and architectural distortion are easy to identify 
with MicroDose. Post-procedure architectural 
distortion and fat necrosis, while subtle on prior 
studies, are very obvious with the MicroDose 
50-micrometer resolution.9

Conclusion
MicroDose improves digital mammog-

raphy technology by providing high image 
quality at low radiation dose. In analog-to-
digital conversion, MicroDose full-field digi-
tal mammography is an excellent solution in 
replacing a legacy film program, decreasing 
unnecessary radiation exposure to otherwise 
healthy patients while providing market share 
advantage in a consumer-driven examination. 

The lower dose and high resolution of 
MicroDose will be the standard of digital 
mammography as imaging centers add more 
units and replace older equipment with new 
technology.  

Figure 5. Enlarged view of mediolateral quadrant of breast showing very clear 
and discernible normal skin (open arrow). Skin detail, an important indicator of 
a high-quality study, is clearly imaged. The digital mammogram breast-air inter-
face is a common site of artifacts from post-processing edge enhancement. The 
skin-air-glandular tissue interface is sharp and distinct, and lacks the India-ink 
artifact of post-processing. 
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mammography systems.1
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Breast cyst and dermal calcification 

Case summary
A 46-year-old woman presented for evalua-

tion of a breast mass.

Diagnosis
Breast cyst and dermal calcification

Imaging findings
The initial mammogram (Figure 1) identi-

fied a focal asymmetry, which was evaluated by 
sonography and determined to be a cyst. Calci-
fications at the inferomedial quadrant were com-
pressed and a repeat tangential view (Figure 2) 
identified the calcifications to be benign, with no 
evidence of malignancy BI-RADS 2 (arrows). 

Discussion
Small dermal calcifications may be confused 

with malignant calcifications. Their location on 

the skin surface rather than within the breast is 
key to proper diagnosis.1 Dermal calcifications 
are benign and should not be confused with 
malignancy. 

Conclusion
Despite findings of a focal asymmetry in 

the initial mammogram, a repeat tangential 
view, acquired on a MicroDose digital mam-
mographic system, identified the calcification 
as a dermal calcification and, therefore, benign, 
concluding that there was no evidence of malig-
nancy BI-RADS 2.  
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Figure 1. An initial mammogram identi-
fied a focal asymmetry. Sonography later 
determined it to be a cyst. 

Figure 2. A repeat tangential view mammogram 
showed the calcifications to be benign.
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