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FlowMotion Delivers  

Sharp Images, 
Accurate Data 
at Tennessee Medical Center

By: Greg Freiherr 
Photos: University of Tennessee, Knoxville, TN, USA

At the University of 
Tennessee Medical Center 
in Knoxville, Tennessee, 
USA, FlowMotion 
is providing diagnostic 
confidence and reducing 
scan time for thousands 
of cancer patients. The 
FlowMotion bed movement 
streams data from exam 
start to finish, eliminating 
stop-and-go acquisitions in 
overlapping bed positions. 
The new system is providing 
quality images and accurate 
quantitative measurements,  
as it has cut scan time  
and patient exposure to  
CT radiation.
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Since health providers at the University 
of Tennessee (UT) began using Sie-
mens’ new FlowMotion™* technology,  
PET•CT exams are more efficient, pro-
duce more accurate results, and 
expose patients to less radiation. The 
scanner, which has been operating 
routinely at the UT Medical Center in 
Knoxville since mid-2013, is now the 
go-to PET•CT scanner for routine clini-
cal, as well as research studies.

Patients regularly undergo FlowMotion™ 
studies for pulmonary nodules, mela-
noma, liver lesions and lymphoma. The 
new technology is also being used for 
research into an experimental treatment 
for liver cancer, visualizing and quantify-
ing doses of radioactive microspheres. 

A Revolution in 
Data Acquisition

The Biograph mCT Flow™* acquires 
data like no other PET/CT, scanning the 
patient as a whole rather than in seg-
ments. With a constantly moving 
table, the patient glides non-stop 
through detector rings that acquire 
and transmit a flow of data. This 
method is much different from the 
conventional stop-and-go approach. 

In conventional scanning, the table 
advances the patient into several bed 
positions of pre-selected size. Typi-
cally, the patient remains stationary 
the same length of time in each posi-
tion or bed. This results in the same 
image resolution for each position. 
Data from these beds are later stitched 
together into a whole-body exam.

Because each bed position is the 
same, data are often collected over a 
larger area than needed. This length-
ens the time needed for the exam 
and exposes the patient to additional 
CT radiation, which is needed to cor-
rect the PET data for attenuation. 
And, because image resolution is the 
same for each bed position, a second 
high-resolution scan may be needed 
to examine a selected region of inter-
est, further lengthening the exam 
and exposing the patient to addi-
tional CT radiation.

In contrast, the continuously moving 
table built into Biograph mCT Flow 
allows data to be gathered steadily 
from start to finish. Because the oper-
ator can begin and end the scan any-
where, the scan is tailored to fit 
exactly the needs of the patient.

In this single pass, FlowMotion can 
collect both high- and low-resolution 
data. Protocols built into the scanner 
command the specially engineered 
table to slow the patient when specific 
organs or body parts are in the field of 
view, allowing more counts to be 
gathered where higher resolution is 
needed. Table speed can then be 
adjusted up when covering areas of 
lesser interest.

The variable speed of the table, 
therefore, allows the acquisition of 
high-resolution images in a single 
scan, optimizes the overall scan time, 
and minimizes patient exposure to  
CT radiation.

“For the first time we can do dedi-
cated lung PET on patients at the 
same time as doing the whole body,” 
says Yong C. Bradley, M.D., associate 
professor in the UT Department of 
Radiology in Knoxville. “Previously we 
had to do the whole body and then 
do a high-resolution image of the 
lungs. Now we can do one pass 
instead of two, which means less 
radiation and less time, and with 
excellent image quality.”

“For the first 
time we can  
do dedicated 
lung PET on 
patients at  
the same time  
as doing the 
whole body.”

Yong C. Bradley, MD, 
Associate Professor of  
Radiology, University of 
Tennessee, Knoxville, TN, USA
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Among the first sites in the world to use 
FlowMotion, the University of Tennessee in 
Knoxville is demonstrating the advantages 
of this new approach across a wide range 
of exam types. The UT Medical Center 
served as an early evaluation site for the 
technology before it was introduced in 
June 2013 at the Society of Nuclear Medi-
cine and Molecular Imaging meeting. (The 
system will also be featured at the upcom-
ing Radiological Society of North America 
meeting in Chicago.)

The first UT patients were scanned using 
FlowMotion technology in April. Since then, 
it has become the preferred PET/CT scanner 
at the Medical Center where about 1,500 
PET/CT exams are performed annually for 
both routine clinical and research purposes. 

“Image quality with FlowMotion is better 
than stop-and-go,” Bradley says.

FlowMotion Dominates 

Leveraging continuous bed movement and other FlowMotion 
benefits, staff at the UT Medical Center tailor FlowMotion exams 
to their patients. Data are acquired at the resolution best suited 
to answer questions about specific body parts and organs, while 
minimizing the needed time.

“One of the main advantages is being able to set the exact limits 
for PET and CT scans and not being limited by bed size,” says Shel-
ley Acuff, Clinical Research Leader and PET/CT Technologist at the 
UT Medical Center. “With stop-and-go imaging, we had to add a 
full bed, even if we just needed to go an inch further down. This 
increased the time per patient for the scan and increased the CT 
dose for the patient because the CT had to go the full length of 
the bed position.”

With Biograph mCT Flow, data can be acquired over several dis-
tinct regions in a single scan. The regions are sized to fit organs 
and body parts. The speed of the table over those regions is set 
to optimize resolution and exam time. The slower the table, the 
more counts are gathered, and the higher the resolution.

When preparing Biograph mCT Flow to study a lung cancer patient, 
users can access a standardized image protocol that optimizes the 
acquisition over four regions of the body, according to Bradley. The 
protocol sets a relatively slow speed and a 400 x 400 reconstruc-
tion matrix for examining the first region, the head and neck, to 
ensure that any metastatic disease in the brain and lymph nodes is 
found. The table continues at a relatively slow speed over the next 
region, the chest, with respiratory gating to null motion artifacts. 
The table moves at a similarly optimized speed over the third 
region, the abdomen, to maximize counts in the event of liver 
metastasis. The table then speeds up over the fourth, the extremi-
ties, where metastases are less likely and lower resolution is 
needed. This protocol optimizes image quality and exam time.

Staff at the UT Medical Center in Knoxville are looking for ways to 
further optimize FlowMotion, according to Dustin Osborne, PhD, 
director of clinical research in the Molecular Imaging and Transla-
tional Research Program. Among the several FlowMotion protocols 
in development is phase-match respiratory gating. In this, patient 
respiration is gated for both the PET and CT. The corresponding 
data sets are then matched according to respiratory phase.

“The anatomy and physiology are exactly aligned as the patient 
breathes,” Osborne says. 

Biograph mCT Flow combines FlowMotion with HD•Chest, a hard-
ware-software innovation commercially released by Siemens 
three years ago for respiratory gating. HD•Chest reduces blur 
caused by respiration, delivering high definition (HD) imaging of 
chest and upper abdomen. It also improves SUV quantification. 

HD•Chest freezes respiratory motion, making small moving lesions 
clearer and better defined by adapting data acquisition to the 
patient’s breathing pattern and automatically selecting the data 
range that minimizes motion and achieves the highest count.

Osborne and colleagues are refining the protocol, while examining 
potential applications in radiation therapy and therapy planning. 

“One of the main 
advantages is being 
able to set the exact 
limits for PET and CT 
scans and not being 
limited by bed size.”

Shelley Acuff, Clinical Research Leader and 
PET/CT Technologist, UT Medical Center, 
Knoxville, TN, USA
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Easy Does It 

For routine, as well as research proto-
cols, set up is easy with FlowMotion, 
according to Acuff, and workflow  
is fast. 

“It used to be three or four clicks per 
bed,” she says. “Now it is just one for 
the whole exam. This has decreased 
set-up time and increased workflow 
for the whole day.”

FlowMotion can be easily adjusted to 
fit a range of exams. When following 
melanoma patients after therapy, the 
staff at the UT Medical center set the 
table to travel slowest when scanning 
the primary site and areas where 
metastases are likely to occur so as to 
produce high-resolution images. The 
table moves more quickly when imag-
ing below the pelvis, producing lower 
resolution images where there is little 
chance of metastases, Bradley says.

“This makes the exam less time 
intensive,” he says, “and we still get a 
great study.”

FlowMotion is also proving useful 
when conducting hepatic studies, par-
ticularly ones addressing suspected 
lesions near the diaphragm, where 
motion artifact is problematic. In these 
cases, gating the liver using Biograph 
mCT Flow can help reduce motion arti-
facts, so they can see tracer uptake, 
according to Bradley.

Biograph mCT Flow overcomes a major 
shortcoming of conventional imaging 
in the acquisition of data. Because 
patients glide continuously through 
the detector rings, counts are consis-
tently obtained for their organs and 
body parts, as each passes through the 
sweet spot of the detector. This opti-
mizes data collection, potentially 
increasing quantitative reproducibility. 
This is not so when performing stop-
and-go scans. 

In these, the patient is stepped 
through the detector rings from one 
bed position to the next. Each has its 
own sweet spot where the highest 
quality data are obtained. Conse-
quently, if insufficient overlap of 
sequential bed acquisitions is per-
formed, the use of bed positions by 

stop-and-go imaging produces vary-
ing noise sensitivity, resulting in vari-
ability of quantitative measurements 
and data quality. The last bed posi-
tion is always the worst, Bradley says.

“The images are often challenging,”  
he says. “I have had several patients 
where I was pretty sure there was a 
lesion, but couldn’t tell because of the 
noise. Now with FlowMotion I don’t 
have that.”

Boosting Quality 

Biograph mCT Flow achieves axial 
uniformity. Image resolution is con-
sistent, he says. This is significant not 
only in the image quality, but when 
quantifying values.

The lower the value, the more likely 
the lesion is benign, he explains, lead-
ing the UT physicians to adopt a “wait 
and see” approach when, in fact, they 
should have been more aggressive, 
pursuing a more intense follow-up or 
even biopsy. 

A new quantification paradigm, 
designed specifically for Biograph 
mCT Flow, leverages the inherent 
strengths of FlowMotion. When pre-
paring to calculate SUVs, FlowMotion 
protocols acquire values when the 
points being quantified are in the 
sweet spot of the field of view (FOV) 
because the system focuses on organs 
rather than bed positions.

“This [FlowMotion] 
makes the exam less 
time intensive... and we 
still get a great study.”
Dustin Osborne, PhD, is the clinical director of Nuclear Medicine at 
the University of Tennessee Medical Center in Knoxville, TN, USA.
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Such high accuracy is essential when 
evaluating patients being infused with 
yttrium-90 (Y-90)** for the treatment of 
liver cancer. In this protocol, Y-90 
microspheres are administered as a 
therapeutic. PET/CT measures uptake 
of the microspheres by the lesions. 
From these measurements, the Univer-
sity of Tennessee researchers hope to 
determine the most effective dose for 
treating the patient.

“We have found that FlowMotion can 
image the tumor, determine the dose 
the tumor gets and determine whether 
more is needed,” says Bradley, who is 
the clinical director of Nuclear Medicine 
at the UT Medical Center.

Before FlowMotion studies, Bradley 
and collaborating UT medical physicist 
Alexander Pasciak, PhD, had to decide 
whether to do scans over one or two 
bed positions. The liver could fit in  
a single bed position, but sensitivity 
fell off near the detector edges, an 
issue that Pasciak refers to as “axial 
extremes.” This was particularly  
problematic when measuring Y-90 
because yttrium emits relatively  
few positrons compared with main-
stream PET radioisotopes. 

“We were forced to use two suffi-
ciently overlapping bed positions to 
get even sensitivity across the whole 

liver,” Pasciak says. “That wasted a lot 
of scan time as it extended up into the 
lung and well below the liver. With 
FlowMotion, we can tailor the scan 
exactly to the liver size.”

Liver size varies among patients due 
to the size of the patient and disease 
progression, he says. “We are getting 
at least as good image quality as 
before and, for some patients, much 
shorter scan time.”

Visualization of the liver is one  
aspect of the study. Quantification  
is the other. Pasciak quantifies the 
activity recorded by PET and converts  
these numbers into absorbed dose  
per voxel.

“We are able to get quantifiable results 
to predict efficacy of the treatment 
and possibly make modifications to the 
patient’s future treatment,” he says. 

Finding an effective treatment for can-
cers of the liver is critically important. 
Not only is hepatocellular carcinoma 
common, but also metastases from a 
multitude of different cancers take 
root in the liver. These metastases 
arise from melanoma and lymphoma, 
as well as breast, lung and gastrointes-
tinal cancers. In the vast majority of 
patients, malignant lesions cannot be 
excised successfully from the liver.

Y-90 PET studies now underway at the 
UT Medical Center are designed to 
clarify the tumoricidal thresholds that 
have been published, according to 
Pasciak. On the basis of phantom 
studies that have verified the accuracy 
of PET Y-90 quantification, “we can 
say if we have given the tumor more 
or less than that threshold,” he says.

Soon-to-be-published, peer-reviewed 
data coming from the research will 
detail how FlowMotion PET changed a 
patient’s treatment with Y-90.** In this 
case study, the patient received a dose 
of Y-90 and then was examined with 
FlowMotion. The absorbed dose was 
calculated and compared to the tumor-
icidal threshold. The patient was then 
infused with additional Y-90. 

“That patient had a really good 
response,” Pasciak says. “If we had 
used the standard technique, the 
patient would not have gotten a  
therapeutic dose.”

Exploring Whole-body Kinetics

Others at the UT Medical Center are 
looking into how FlowMotion might be 
leveraged to study whole-body kinetics. 
Stop-and-go imaging, with its separate 
bed positions, made such studies diffi-
cult, as acquisitions were restricted to 
single views, typically 22 cm in diameter. 

“We are able to get 
quantifiable results to 
predict efficacy of the 
treatment and possibly 
make modifications  
to the patient’s future 
treatment.”

Alexander Pasciak, PhD 
Medical Physicist, University of Tennessee
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“You spend so much time in single loca-
tions that you have missed a lot of the 
dynamic information happening in other 
parts of the body,” Osborne says. “With 
FlowMotion, we are looking at whole- 
body dynamic imaging—dynamic activ-
ity curves; how quickly a tracer peaks; 
and the rate the tracer is metabolized.”

These metrics might be helpful in 
assessing new drugs or imaging com-
pounds, he says. Physiologic insights 
might also result. 

“Relationships between a tumor and 
another body region might be apparent 
in a whole-body dynamic study that 
might otherwise seem unrelated,” 
Osborne says. Whole-body scanning 
might offer help with preoperative stag-
ing or planning, for example, by defining 
involvement of one side of the body or 
another in the disease process, he says.

FlowMotion allows such studies, but 
they are still time consuming. Osborne 
explains that a single whole-body scan 
may require 45 minutes to acquire.  
“So we are looking for ways to opti-
mize this, maybe tease out some of 
the data in a shorter time,” he says. 

Improving Patient 
Safety, Comfort

In addition to the clinical benefits, 
FlowMotion can reduce patient expo-
sure to radiation. On the PET side, lon-
ger acquisitions at a reduced radioiso-
tope dose produce the same image 

quality as when shorter acquisitions 
are done using a higher dose.

In regard to CT, less radiation is typi-
cally required whenever doing Flow-
Motion. Because the PET scan is exactly 
tailored to only the body area of inter-
est, the CT scans are also matched to 
exactly that region. This is not so for 
conventional exams, which rely on set 
bed positions. Because stop-and-go 
exams often cover more of the patient 
than necessary, this additional area 
must be scanned to correct the PET 
data for attenuation and to match 
anatomy to physiology. Avoiding such 
over scanning can help reduce CT dose, 
according to Osborne.

CT dose can be reduced even more 
during lung studies. At the UT Medical 
Center, stop-and-go imaging typically 
required a second, high-resolution scan 
of the chest and, consequently, a second 
CT. However, when a high-resolution, 
whole-body study is performed using 
FlowMotion, only one CT is required.

“That is where I see the biggest advan-
tage in dose savings,” Bradley says. 

Just as FlowMotion improves safety, it 
makes scans more comfortable for the 
patient. Overall exam time can be 
reduced with FlowMotion by doing 
low- and high-resolution scans as part 
of the same exam, which is made pos-
sible by the continuously moving bed 
that slows to gather more counts in 
critically important body areas.

The continuous motion also reassures 
patients that progress is being made, 
just as it spares them the jarring steps 
between bed positions. 

“We did a survey where we asked the 
patients who come in every six months 
for a check-up to compare their experi-
ences with stop-and-go imaging and 
FlowMotion,” Acuff says. “For the most 
part they were in favor of FlowMotion. 
With the bed continually moving, they 
knew the images were being taken.”

FlowMotion also offers increased con-
venience. Images are more readily 
available and easier to manage. Pro-
cessing improvements built into 
Biograph mCT Flow have significantly 
shortened processing and reconstruc-
tion times, according to Osborne, 
especially for dynamically gated stud-
ies. Workflow has been further 
improved by innovations that automat-
ically display images to ensure correct 
acquisition and push data to PACS. 

Thinking Outside the Box 

FlowMotion represents a significant 
departure from the way PET/CT had been 
performed in the past. As such, it has 
required the radiologists at UT Medical 
Center to adjust their thinking. Early on, 
Bradley was ordering pulmonary studies 
as he had done before.

“When I wanted a high-res of the 
chest, I ordered a whole-body and a 
separate chest,” he recalls. “Then the

physicist reminded me I could get 
the entire study at the same time.”

Now that Bradley and his colleagues 
have been using FlowMotion for several 
months, the question arises—would 
they go back to stop-and-go imaging? 
He answers with an emphatic “no.”

“That would be like saying, would 
you like to go back to an economy 
sedan, after driving a Mercedes.”

*  Biograph mCT Flow and FlowMotion are not commer-
cially available in all countries. Due to regulatory rea-
sons their future availability cannot be guaranteed. 
Please contact your local Siemens organization for 
further details.

** Y-90 referenced herein is not currently recognized by 
the US FDA as being safe and effective, and Siemens 
does not make any claims regarding its use.

The statements by Siemens’ customers described herein 
are based on results that were achieved in the custom-
er’s unique setting. Since there is no “typical” hospital 
and many variables exist (e.g., hospital size, case mix, 
level of IT adoption) there can be no guarantee that oth-
er customers will achieve the same results.




