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Point-of-Care MR Imaging and How We 
can Learn from Other Imaging Modalities. 
Thoughts on a Potential New Strategy
Gustav Andreisek, M.D., MBA

Section Head of MSK and MR Imaging, Institute of Diagnostic and Interventional Radiology, University Hospital Zurich, 
University of Zurich, Switzerland

Abstract
A new possible strategy in MR imag-
ing (MRI) could be point-of-care MRI. 
Point-of-care imaging strategies are 
well-known from ultrasound. Point-
of-care imaging is extremely focused 
and goal-directed. Ideal exams are 
those ones which can be performed 
easily and quickly. This article pro-
vides some thoughts on the back-
ground, advantages and limitations 
of this concept which could possibly 
be applied to MRI.

 
 
Key Points 
• Point-of-care MRI could 

reduce examination time and 
thus be more cost-effective

• Point-of-care MRI may 
increase patient comfort  
and thus compliance

Background 
One of the most frequently discussed 
drawbacks of MR imaging in medical 
literature is cost [1-7]. Although 
costs have come down massively 
over the past two decades, it still 
remains an imaging modality that 
costs more than other imaging 
modalities, such as ultrasound  
or X-ray. However, the term ‘cost’  
needs closer consideration. When  
a radiologist-in-chief is asked about 
the ‘costs of MRI’, he would include 

the purchase price of the MR scanner 
and equipment as well as the daily 
running costs; a patient would think 
of the final bill sent by the imaging 
provider; the CEO of an insurance 
company would list some of the  
companies’ reimbursement numbers 
and the sum paid to imaging  
providers; a referring physician would 
answer that he thinks there are high 
costs but that this is justified in this 
individual’s case; and a politician 
would likely answer that the health-
care system of almost any country  
is struggling financially, and that 
overall costs need to come down. All 
these observations share a common 
basis – a desire for an ‘improvement 
of costs’, i.e. greater efficiency. 

Efficiency in MRI can be influenced 
by several factors, but it is essential 
to acknowledge that a reduction in 
acquisition time per sequence, an 
increase in field strength, and an 
improvement in patient throughput 
will come to an end at some point. 
This is where a new strategy for  
MRI is needed. 

A possible new strategy: 
some thoughts on point-of-
care MR imaging 
This new strategy could be point- 
of-care MR imaging. Point-of-care 
strategies in imaging are nothing 
new and indeed well-known from 
other modalities, such as ultrasound 
[8-10]. In general, ‘point-of-care 
ultrasound’ refers to the use of  
portable ultrasound devices at the 

patient’s bedside. Typical characteris-
tics for point-of-care strategies are the 
following [8]:

The exam should be 

• performed for a clear-defined  
purpose in which it has been linked 
to improving patient outcomes

• focused and goal-directed

• easily recognizable

• learned easily

• quickly performed

• performed at the patient’s bedside.

Theoretical basis of this strategy is  
that the diagnostic purpose is based 
on symptoms or sign-based examina-
tions. Whereas all the listed require-
ments can be applied to ultrasound, 
adapting the last requirement to MRI  
is difficult. Nevertheless, whilst MRI  
at the patient’s bedside is not possible, 
I observe every day in my clinical  
practice in a large European hospital 
that patients are brought to our MR 
imaging center in their beds and 
moved from their bed to the scanner’s 
patient table for MR imaging. Since 
our in-house patients’ transportation 
service is very well organized, patients 
will show up in the MR center roughly 
15 minutes after our technologists 
called the nurses or activated the 
online call for this transportation  
service. In effect, this takes no longer 
than walking to the patient’s bedside 
with a portable device. 

One could therefore conclude that  
all the above requirements could be 
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applied to MRI, although a further 
change in thinking about the core 
essentials of an MRI examination  
may be needed. In the past, we have 
always considered MRI a high-end 
modality, where we can solve all  
problems which other modalities could 
not solve. This was mainly driven by 
the inherent advantages of MRI over 
other modalities, such as its much  
better evaluation of soft tissue. Thus, 
MRI is performed virtually the same 
way anywhere in the world, as a 
means to gather as much information 
as possible from one single exam.

Let’s take a simple example: A refer-
ral for ‘suspicion of osteomyelitis of 
the fifth toe’. Typically, such a patient 
is placed in a supine position using  
a dedicated foot coil and a dedicated 
imaging protocol for the forefoot 
which usually includes all toes.  
However, strictly speaking, four of 
the five toes are not of interest and 
the clinician has not asked for them 
either. The clinicians have examined 
the patients and they know that it  
is the fifth digit that is affected as  
it presents as a painful, swollen  
red toe. Applying the point-of-care 

concept would mean that a tailored 
MR imaging protocol could be 
reduced to the fifth digit and since 
the question is only to confirm/rule 
out osteomyelitis, one sagittal and 
one axial fast T1-weighted sequence 
as well as one axial T2-weighted fast 
sequence could be acquired. Contrast 
might not be necessary to establish 
the diagnosis, but adding a sagittal 
fat suppressed T1-weighted sequence 
could do the job if desired. Overall,  
3 to 4 sequences would be enough, 
and since the field-of-view can be 
limited to the fifth digit only, 

Table 1

Region Sequences Duration 
[min]

Slices Slice 
thickness

Field-of-view 
[mm]

Matrix TR 
[ms]

TE 
[ms]

head t1_se_sag 1:19 20 5 230x230 256x256 550 10

t2_tse_tra 1:32 20 5 230x230 261x384 5000 99

t2_tse_dark-fluid_tra 1:50 22 5 201x230 168x256 9000 92

ep2d_diff_3scan_trace_p2 0:47 22 5 230x230 130x130 4500 80

c-spine t2_tse_sag 1:26 15 3 240x240 240x320 3150 100

t1_tse_sag 1:38 15 3 240x240 192x256 550 9

TIRM_sag 2:18 15 3 240x240 192x256 350 40

T2_me2d_tra 2:35 3 3 180x180 192x256 580 21

t-spine t2_tse_sag 1:27 15 4 340x340 256x320 3700 90

t1_tse_sag 0:53 15 4 340x340 256x320 570 9

TIRM_sag 1:59 15 4 340x340 205x256 3550 41

t2_tse_tra 1:29 15 4 200x200 230x256 3500 86

l-spine t2_tse_sag 0:58 15 4 280x280 224x320 400 90

t1_tse_sag 1:06 15 4 280x280 224x320 570 9

TIRM_sag 2:11 15 4 280x280 224x320 3500 41

t2_tse_tra_msma 1:51 15 4 200x200 230x256 3500 70

knee pd_tse_cor 3:36 25 3 160x160 236x448 3200 35

t2_tse_fs_sag 2:23 25 3 160x160 230x256 4300 72

pd_tse_sag 2:08 25 3 160x160 256x320 3000 30

pd_tse_fs_tra 2:38 30 3 140x140 218x256 4020 34

hip t1_tse_cor 2:34 20 3 350x350 336x448 450 8

pd_tse_fs_cor 2:50 20 3 350x350 336x448 2800 31

t2_tse_tra 1:58 20 3 350x350 336x448 4000 85

shoulder pd_tse_fs_cor 2:32 20 3 140x140 192x256 3500 25

pd_tse_fs_tra 2:29 20 3 140x140 205x256 3000 34

pd_tse_sag 2:23 20 3 140x140 256x320 3000 33

Example of possible protocols for point-of-care MRI with a maximum total acquisition time of under 10 minutes for each anatomic region. 
Please note that the point-of-care concept requires specifically tailored imaging protocols and the following might only be a basis for  
further specific adjustments. 
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45-year-old male patient who was referred for MRI of the forefoot with the  
specific question to confirm an abscess between the first and second toe. Point- 
of-care MRI with axial fat suppressed contrast-enhanced T1-weighted (1A) and 
T2-weighted (1B) fast spin echo images confirmed the diagnosis of a local abscess 
(arrow). Total acquisition time was 8 min.

1

software are required to cope with 
the additional work load. 

6. With reduced scan time, insurance 
companies and authorities will soon 
start reducing the amounts they 
reimburse for point-of-care MRI 
examinations, since currently it is 
the time that is reimbursed rather 
than the impact or true value of the 
imaging examination on the patient 
outcome.

Future directions
The strategy of point-of-care MRI 
might be applied to a proportion of  
MR examinations where a very specific 
clinical question is being asked.  

between 5-10 slices each could be 
enough. Such an imaging protocol 
could be achieved within 6-8 min 
overall imaging time which means 
that the patients total in-room time 
might be under 10 minutes. In  
addition to greater cost efficiencies 
of this point-of-care strategy, there 
are also some advantages for the 
patient. A typical osteomyelitis 
patient might be an elderly diabetic 
who may or may not also have  
cardiovascular problems. Such a 
patient often suffers from shortness 
of breath and may have difficulties  
in lying supine for a longer period  
of time: A whole 30 minute forefoot 
protocol would be extremely uncom-
fortable. There is therefore less likeli-
hood that a 6-8 minute exam would 
be hampered by motion artifacts as 
frequently seen with longer protocol 
durations. Since the point-of-care 
exam is very short, it could therefore 
dramatically improve the usefulness 
of the acquired images, as they will 
not be degraded due to motion.

The point-of-care strategy in MRI  
has some limitations:

1. It needs to be explained to the 
referring physicians that only  
the specific clinical question has 
been answered. There would  
no longer be the opportunity for 
incidental findings because the 
MRI exam would be focused on 
one single problem. 

2. It may take time for both the  
radiologist and the clinicians to  
rid themselves of the feeling that 
something is missing in these 
exams. The list of sequences in  
the PACS system will be as short  
as the accompanying radiological 
report will be. The latter – as an 
extreme example – could be  
limited to “There are no signs of 
osteomyelitis in the fifth digit.” 

3. More preparatory work before  
individual examinations is needed 
to store tailored point-of-care  
protocols on the scanner next to 
the ‘normal’ protocols. However, 
the new software version syngo 
MR E11 and the various Dot-
engines are the perfect platform, 
since point-of-care protocols can 
be integrated as own ‘strategies’  

in the pre-existing protocols. These 
separate imaging paths can then 
be chosen by the radiologist or 
technologist in appropriate cases. 

4. Staff need training in the new  
point-of-care strategy, and the 
patient-related processes outside 
the scan room need to be  
optimized as well. To take our 
osteomyelitis example, 5 to  
6 patients could potentially be 
imaged within 1 hour and this 
needs very efficient processes 
within the MRI department. 

5. Radiologists will eventually  
have to face a higher work-load, 
and efficient reporting tools and 

1A

1B
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Contact

Dr. Gustav Andreisek, M.D.
Institute of Diagnostic and Interventional 
Radiology
University Hospital Zurich, University of Zurich
Ramistrasse 100
8091 Zurich
Switzerland
gustav@andreisek.de

Tailored protocols may include reduc-
tion of number of slices, reduction  
of number of sequences, smaller 
fields-of-view and a clear awareness 
that not everything that could be done 
is indeed being done. However, in my 
personal experience, there is no need 
to reduce image resolution or other 
parameters relevant for image quality. 
But whilst I still prefer to have the  
best image quality, I am happy to look 
at fewer images and less anatomy at 
the same time. 

In conclusion, point-of-care MR imag-
ing may represent a new strategy 
which might not only be more cost-
efficient but which could also provide 
several advantages for the patients.
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23-year-old male patient with a history of multiple shoulder dislocations and 
known multidirectional instability was referred for his fourth shoulder MRI to  
rule out an acute fracture after a new episode of dislocation. Point-of-care  
MRI with axial (2A) and coronal (2B) fat suppressed proton density-weighted  
fast spin echo images showed a reverse Hill-Sachs lesion (arrow) and some 
articular cartilage irregularities but no fracture was seen. Total acquisition time 
was 9 min.

2

75-year-old female patient was referred for MRI of the forefoot with a high 
clinical suspicion for osteomyelitis of the great toe. Point-of-care MRI with 
sagittal T1-weighted (3A) and coronal fat suppressed T2-weighted (3B) fast  
spin echo images confirmed the diagnosis of osteomyelitis (arrow). Total  
acquisition time was 7 min.

3
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18F-FDG PET/MR: Its Incremental Value in 
Assessing the Multiple Myeloma Patient
Jorge Oldan, M.D.; Hakan Ilaslan, M.D.; Shetal N. Shah, M.D.

Imaging Institute, Cleveland Clinic, Cleveland, Ohio, USA

Case summary
A 68-year-old female with previously 
serologically well-controlled  
IgG kappa, CD 20 positive multiple 
myeloma with lymphoplasmacytic 
morphology, on carfilzomib, predni-
sone, and pomalidomide, presented 
for follow-up. She complained  
of back, rib, and right hip pain,  
which appeared related to exercise, 
included muscle cramping, and had 
increased over the past few months. 
As there was concern this might  
signify refractory asecretory clones,  
a PET/MR scan was obtained to  
evaluate disease extent.

Imaging findings
Simultaneous Fludeoxyglucose F18 
(18F-FDG)1 PET/MR scan from skull  
vertex to thighs including axial 
HASTE, T1-weighted FLASH, coronal 
T2w TSE and sagittal T2 of the  
spine was obtained. There is diffuse, 
abnormal heterogeneous bone  
marrow signal throughout the spine, 
pelvis, and proximal femurs with 
increased 18F-FDG uptake with SUVmax 
of up to 4.4 in a 1.6 x 1.2 cm iliac 
lesion. There are multiple focal rib 
lesions as well (up to SUVmax 5.6 and 
3 x 1.4 cm), and a 1.7 cm lesion 
within the right posterior L1 ele-
ments (SUVmax 5.2). 

The spine in particular is diffusely 
T1-hypointense, with a heteroge-
neous appearance on T2-weighted 
images and focal areas of increased 
18F-FDG uptake corresponding to 
areas of increased T2 signal. 

In addition, there is a solitary 1 cm 
hypermetabolic lesion in hepatic seg-
ment V (SUVmax 3.0) with mildly T1 
and T2 hyperintense liver in the back-

ground of a diffuse T2 hypointense 
liver due to hemochromatosis.

Diagnosis
Multiple myeloma with diffuse 
involvement of the axial bone mar-
row and extra-medullary spread to 
the liver (confirmed by liver biopsy).

Discussion and conclusion
Our case demonstrates the diffuse 
variety of multiple myeloma within 
the axial skeleton as well as extra-
medullary spread on 18F-FDG PET/MR. 
With this evidence of progression, 
prednisone was increased to her cur-
rent regimen and rituximab added. 
Her disease continued to progress 
while on therapy, and she underwent 
palliative radiotherapy to sites of  
pain and had further chemotherapy. 
The patient eventually progressed 
clinically and died in less than a year 
after the scan was completed.

Multiple myeloma is a neoplasm 
resulting from monoclonal prolifera-
tion of mature plasma cells. It is  
relatively rare, representing 1.4%  

of all new cancer cases in the U.S., 
although it is the second most common 
hematologic malignancy after non-
Hodgkin’s lymphoma and the most 
common primary osseous malignancy 
in the elderly, with incidence of 24,050 
and mortality of 11,090 in 2014 [1]. It 
presents with anemia (most common), 
bone pain, renal insufficiency, fatigue, 
hypercalcemia, and/or weight loss,  
and evolves from an asymptomatic 
malignant condition known as MGUS 
(monoclonal gammopathy of undeter-
mined significance) at a rate of 1% per 
year [2]. 5-year survival rate remains 
low at 44.9% [1]. 

While one of the predominant staging 
systems for multiple myeloma (the 
Durie-Salmon Staging system or ‘DS’) 
assessed osseous involvement by plain 
radiography (along with serologic 
markers like hemoglobin, serum cal-
cium, and serum and urine M protein), 
the revised ‘DS Plus’ incorporates the 
number of focal lesions over 5 mm  
in size as well as the distribution of  
the disease pattern (diffuse, focal, or 
variegated) based on MR or PET/CT [3] 
(Table 1). 

Table 1: Durie-Salmon Plus (DS Plus) staging system

Durie-Salmon

Plus 
upstage

PET/MR # of lesions

I: Hgb > 10 g/dL AND serum Ca < 10.5 mg/dL 
AND normal skeletal radiographs or solitary  
bone plasmacytoma AND low M-component  
production rates (IgG < 5 g/dL, IgA < 3 g/dL)  
AND urine light chain M-component on electro-
phoresis < 4 g/24h

0–4

II: Fitting neither Stage I or Stage III 5–20

III: Hgb < 8.5 g/dL OR Serum Ca > 12 mg/dL  
OR Advanced lytic bone lesions OR High  
M-component production rates (IgG > 7 g/dL,  
IgA > 5 g/dL) OR Bence Jones Protein > 12g/24h

>20

B: Cr > 2.0 mg/dL B: Cr > 2 and/or  
EMD on PET OR MRI

The stage I, II, or III may have an A or B modifier,  
B if the criteria for B (Cr >2 or extramedullary disease on PET or MRI) are met.

1 The full prescribing information for the 
 Fludeoxyglucose F18 injection can be found 
 at page 91.

Clinical Oncological Imaging
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Presently, the International Myeloma 
Working Group states that PET can be 
used to confirm MGUS (which is PET 
negative) or exclude unsuspected and/
or extramedullary myeloma (which 
would be PET positive), infection, and/
or another malignancy [4]; it can also 
be used for therapy response assess-
ment [5]. Because 18F-FDG PET has 
been described as having limitation to 
assess diffuse spine involvement with 
false-positives with accompanying 
inflammation or infection, deposits of 
brown fat, postsurgical and vertebro-
plasty changes, or due to other malig-
nancies [6], the addition of MR has 
proved valuable. 

On radiography, multiple myeloma 
classically appears as ‘punched-out’ 
lytic lesions in the bones without sur-
rounding reactive changes, or less 
commonly as diffuse osteopenia. Since 
between 10% and 20% of multiple 
myeloma patients have normal radio-
graphs [7], MRI is useful in patients 
with classic symptoms and normal 
radiographs [8], and can detect com-
plications such as cord compression, 
identifying size, level, and extent of 
tumor mass [2]. The pattern of mar-
row involvement on MRI can be 
described as focal, diffuse, or varie-
gated [9], with a diffuse pattern corre-
lating with a shorter survival time 
compared with focal or variegated [2]. 
In addition to detecting early bone 
involvement, 18F-FDG can detect extra-
medullary disease and provides prog-
nostic information. For example, a  
target lesion with SUVmax over 4.2 at 
baseline is a poor prognostic factor, 
and SUVmax over 3.5 correlates with 
increased risk of fracture [2]. 18F-FDG 
PET can also assess treatment response 
[2] after chemotherapy or autologous 
stem cell treatment. Whereas PET/CT  
is more effective at detecting extra-
medullary disease, MRI is more sensi-
tive in the marrow and has an overall 
increased contrast resolution in the 
viscera [2]; thus the potential for sub-
stantial synergy using PET/MR exists.

In our case, 18F-FDG PET/MR detected 
both diffuse axial marrow involvement 
and extramedullary disease using PET/
MR, finding a cause for the patient’s 
bone pain and, unfortunately, an 
effective indicator of the patient’s poor 
prognosis, including liver involvement 
and an SUVmax of 5.6 in a target lesion. 

PET/MR allows for one-stop evalua-
tion of multiple myeloma patients 
using both advanced imaging modal-
ities, and allows for close correlation 
of the findings on each – we were 

able to note 18F-FDG activity of the 
liver lesion, and identify 18F-FDG-avid 
marrow lesions corresponding to 
areas of marrow abnormality.

Fused 18F-FDG-T1-weighted  
(1A), T1-weighted (1B), and 
T2-weighted HASTE (1C)  
MR images through the liver,  
demonstrating the 1 cm 
18F-FDG-avid (SUVmax 3.0) liver 
lesion in hepatic segment V 
(white arrows). Note the 
diffuse low intensity on T1  
and T2 signal of the liver from 
hemochromatosis.

1

Axial T1-weighted (2A), fused 
axial 18F-FDG-T2-weighted (2B), 
and axial T2-weighted (2C)  
MR images through the pelvis. 
Abnormal foci of marrow signal 
corresponding to areas of 
increased 18F-FDG uptake  
(largest 1.6 x 1.1 cm, SUVmax 4.4) 
(white arrows). Myeloma deposits 
are more typically dark on T1, 
although in this patient 
hemochromatosis may have 
resulted in a dark marrow signal.

2

1A

2A

1B

2B

1C

2C

 Oncological Imaging Clinical

MAGNETOM Flash | (63) 3/2015 | www.siemens.com/magnetom-world 9



References

1 SEER Stat Fact Sheets: myeloma.  
http://seer.cancer.gov/statfacts/html/
mulmy.html. Published 2014.  
Accessed March 22, 2015.

2 Radiographics. 2015 
Mar-Apr;35(2):438-54. doi:  
10.1148/rg.352140112. MR Imaging  
and PET/CT in Diagnosis and Management 
of Multiple Myeloma. Ferraro R, Agarwal A, 
Martin-Macintosh EL, Peller PJ,  
Subramaniam RM.

3 Durie BG. The role of anatomic and 
functional staging in myeloma: description 
of Durie/Salmon plus staging system.  
Eur J Cancer. 2006 Jul;42(11):1539-43.

4 IMWG Criteria for the Diagnosis of 
Myeloma and Guidelines for the Diagnostic 
Work-Up of Myeloma. International 
Myeloma Foundation. https://myeloma.
org/ArticlePage.action?tabId=0&menuId=0
&articleId=2970&aTab=-1&gParentType=n
ugget&gParentId=18&parentIndexP
ageId=284. Accessed April 2, 2015.

5 Peller PJ. Multiple Myeloma.  
PET Clin. 2015 Apr;10(2):227-241.

6 Dimopoulos M, Terpos E, Comenzo RL,  
Tosi P, Beksac M, Sezer O, Siegel D, 
Lokhorst H, Kumar S, Rajkumar SV, 
Niesvizky R, Moulopoulos LA, Durie BG; 
IMWG. International myeloma working 
group consensus statement and guidelines 
regarding the current role of imaging 
techniques in the diagnosis and 
monitoring of multiple Myeloma. 
Leukemia. 2009 Sep;23(9):1545-56.

7 Durie BG, Kyle RA, Belch A, et al. Myeloma 
management guidelines: a consensus 
report from the Scientific Advisors of the 
International Myeloma Foundation. 
Hematol J 2003;4(6):379–398.

8 Dimopoulos M, Kyle R, Fermand JP, et al. 
Consensus recommendations for standard 
investigative workup: report of the Inter-
national Myeloma Workshop Consensus 
Panel 3. Blood 2011;117(18):4701–4705.

9 Moulopoulos LA, Dimopoulos MA, 
Alexanian R, Leeds NE, Libshitz HI.  
Multiple myeloma: MR patterns of 
response to treatment. Radiology 
1994;193(2):441–446.

Contact

Shetal N. Shah, M.D.
Cleveland Clinic Main Campus
Diagnostic Radiology / Nuclear Medicine
Mail Code JB3
9500 Euclid Avenue
Cleveland, OH 44195
USA
Phone: +1 216.445.8168

Fused sagittal 18F-FDG-STIR (3A), STIR (3B), T2-weighted (3C), and T1-weighted 
(3D) MR images. Note that the marrow has a heterogeneous appearance and  
is generally dark on both T1 and T2-weighted images (again, likely due to 
hemochromatosis), but areas of increased uptake (in particular the deposit in 
T12 vertebra) correspond to areas of increased signal intensity (white arrows). 

3

Sagittal fused 18F-FDG-STIR (4A),  
fat saturated T2-weighted (4B), 
axial fused 18F-FDG-HASTE (4C) 
and axial HASTE (4D) MR images 
demonstrate the involvement of 
the posterior right T1 elements 
(white arrows). Note that while 
the disease is not well seen on 
axial images, PET/MR registration 
(always better with simultane-
ously acquired images such as 
these) allows for precise local-
ization nevertheless.

4
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New ‘ADC & b-value’ Tool in syngo.via
Anja Fernandez Carmona; Klaus Mayer; Julien Gervais

Siemens Healthcare, Erlangen, Germany

Introduction
Diffusion-weighted imaging (DWI)  
is a key sequence in MRI, especially  
in the area of oncology imaging  
as it reveals the microscopic tissue  
architecture. High b-value images in  
particular deliver the most valuable  
clinical information, but they require 
long acquisition time and are often 
prone to distortion and ghosting 
artifacts.

The new syngo.via VB10 software 
allows you to generate ADC maps  
and computed b-value images from 
acquired DWI series. This can save 
valuable scan time while providing 
images of overall better accuracy [1]. 

Additionally, with the Auto Preview 
functionality, the optimal b-value  
maximizing the contrast to better  
fit the pathology, the body region  
and the patient, can be simulated  
in real time.

Methodology
Background 
The diffusion coefficient is a measure 
of the mobility of molecules within 
their environment. 

In MRI, the ADC (apparent diffusion 
coefficient) is used: ADC maps show 
parametric images of the apparent  
diffusion coefficient of diffusion-
weighted images. 

On ADC maps, a dark voxel repre-
sents a voxel with low ADC and low 
diffusion. In the diffusion-weighted 
images, it is the opposite, and low 
diffusion regions are represented  
by bright voxels (Fig. 1).

The evolution of the signal intensity 
in DWI images is described by an 
exponential function and is related  
to the b-value parameter of  
the sequence. This correlation  
is described by the formula: 

 
where I is the signal intensity, b the 
b-value, and D the ADC coefficient.

A fitted linear regression model  
can be used to calculate the diffusion  
coefficient D for each voxel, as  
illustrated in Figure 2.

Consequently, with at least two  
b-values acquired, it is possible to 
compute the ADC for each voxel.  
Additionally, due to the linear  
correlation, it is then possible  
to extrapolate and generate DWI 
images of any other b-value.

The ADC map and computed b-value 
images can be generated ‘inline’ on 
the acquisition workplace of Siemens 
MR systems, making them immedi-
ately available for reading. This is an 

I(x,y) = exp[-b · D(x,y)]

Illustration of the 
signal intensity 
evolution in function 
of the b-value: 
exponential corre-
lation for the signal 
intensity itself (2A), 
linear correlation for 
the logarithm (2B).

22

2A 2B

ADC map (1A) and diffusion-weighted image (1B) show reduced diffusion  
in the left brain. Reproduced with permission from: Praxiskurs MRT,  
Anleitung zur MRT Physik über klinische Bildbeispiele, W. Nitz.

21
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obvious advantage in terms of clinical 
workflow.

In some cases, the offline compu-
tation of the ADC maps can be  
beneficial, e.g. in case low b-value 
images have to be excluded from  
the map generation in order to 
reduce perfusion effects.

The offline and interactive approach  
is especially interesting for the  
gener-ation of computed b-value 
images. For example, there might  
be the need to compare with prior 
exams that have been acquired with 
a different protocol and different 
b-values. Additionally, the interactive 
aspect makes it possible to evaluate, 
in real-time, the signal evolution  
with different diffusion weighting, 
and find the b-value which best  
maximizes the contrast between  
the lesion and the surrounding  
tissue. This is adding an additional 
degree of freedom over the choice of 
the b-value [2].

Activation of the ADC & b-value tool.24

4

Input series 
The input series are diffusion-
weighted images (trace-weighted 
images) acquired with a minimum  
of two different b-values. The maxi-
mum number of b-values is only  
limited by the scanning protocol.  
The typical diffusion sequence  
can be found in the program card  
of the Siemens protocol tree for  
the corresponding body region, as 

illustrated in Figure 3 for a head exam-
ination. The RESOLVE sequence (EPI 
segmented in the read-out direction), 
which reduces susceptibility and  
blurring artifacts, is compatible with 
the ADC & b-value tool.

Distortion corrected and filtered 
images can also be used, as long as 
the filter criterion is the same across 
all b-values.

Tool activation and selection  
of the input series 
The ADC & b-value tool is available  
in the lower right corner menu under 
‘Arithmetic Tools’ as illustrated in  
Figure 4. This triggers the opening  
of the ADC & b-value card as a  
floating window (Fig. 5).

If the segment where the tool is acti-
vated already contains diffusion data, 
it is recognized and automatically 

Typical 
diffusion 
sequence 
for head 
examina-
tions.

23

3

 ADC & b-value card.25

5

loaded as input series. If the tool is 
activated in a segment which does 
not contain diffusion data, the input 
series can be selected via drag & drop 
from the series navigator. 

As previously mentioned, the input 
series must have been acquired with 
a minimum of two b-values. If a 
series with less than two b-values is 
selected (or a non-diffusion series), 
the calculation cannot be performed. 

The second b-value can be dropped 
afterwards with drag & drop into the 
input section.

The entire data in the input section 
can be replaced with new data from 
the series navigator and segment by 
holding the ‘shift’ key.
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Computing ADC maps and  
extrapolated b-value images  
The ADC & b-value card is divided  
into two sections: an upper part for 
the calculation of the ADC map,  
and a lower part for the generation  
of computed b-value images.

The typical sequence to generate ADC 
maps and computed b-value images is 
the following:

1.  Select in the ‘input series’ section 
the b-value images to include in the 
calculation (Fig. 6):

• Use the checkbox to select the    
 b-value images to be included.

• Use the ‘Minus’ icon to selectively  
 delete single b-value images from 
 this section.

2.  Select the threshold for the ADC 
map calculation.

The threshold is a parameter to 
reduce the noise in the resulting 
images. It is configurable and works 
as follow: For a specific voxel, if  
the signal intensity on the acquired 
b-value images selected for the  
calculation drops under the con- 
figurable threshold, its value is set 
to NULL and will be represented by 
a dark voxel in the ADC map. The 
configurable threshold has a value 
range of 0-1000 and is set by 
default to 10. 

3.  Check the name of the resulting 
series.

After selection of the b-value 
images to include in the calculation, 
the default result series name is  
displayed in the ‘Result Series Name’ 
section (Fig. 7)

The name is based on ‘ADC_’ and 
the information about the selected 
b-value images, plus the series 
description. The name can be 
modified.

4.  Enable the computed b-value 
images.

The b-value images option can  
be switched on by clicking the 
‘Enable Computed b-value’ check 
box (Fig. 8). If you do not wish  
to generate these images (but  
only ADC), the box should stay 
unchecked.

Selection of the b-value images.26

Result Series Name.27

‘Enable Computed b-value’ checkbox.28

Slider bar or manual entry for b-value generation.29

Selection of the target segments (here in a dual monitor setup). The orange 
arrow represents a potential drag & drop interaction by the user to modify the 
target segment of the computed b-value image.

210

5.  Select the desired b-value for the 
computed image.

The computed b-value images can 
be generated for b-values between 
0 and 5000. The desired value can 
be selected by moving the slider bar 
or by typing in the value (Fig. 9).

The result series name for the 
computed b-value is set per default 
by the system. The name is based 
on ‘Calc_’ plus the information 
about the desired b-value and  
the b-value images used as input 
(e.g. b1400_b50_400_800)  
plus the series description (e.g. 

ep2d_diff_tra_b50_400_TRACEW). 
The name can be modified.

6.  Select the target segments and  
generate preview images.

In the lower part of the card,  
the target segment is displayed.  
It represents the current layout  
setting (including dual monitor  
if appropriate) and the default  
position where the ADC map and 
the computed b-value image will  
be loaded. These positions can be 
modified by dragging & dropping  
the ADC and b-value icons to 
another segment (Fig. 10).
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Clicking the ‘Preview’ button at  
the bottom of the card generates  
a preview of the ADC map and  
computed b-value series. The 
results are not stored when using 
the preview functionality. 

During the calculation, a progress 
bar is displayed (Fig. 11). The 
computation can be canceled  
with the ‘cancel’ button.

Progress bar.211

Auto Preview functionality. The slider bar triggers a real-time update of the 
computed b-value image between b0 and b5000.

212

12

7.  For interactive and real-time  
generation of computed b-value 
images, activate the ‘Auto Preview’ 
functionality (Fig. 12).

Next to the b-value slider, the 
‘Auto Preview’ check box can be 
activated. By moving the slider, 
the corresponding computed 
b-value image in the target seg-
ment is generated and updated in 
real-time. Thus, the influence of 

the b-value on the signal intensity 
can be seen interactively which may 
help to carve out specific lesions 
(cf. paragraph ‘clinical cases’).

8.  Save the results.

When completing the case, click 
‘OK’ to store the results in the  
series navigator and permanently 
save them with the patient data.

11

Clinical examples

67-year-old man with prostate cancer. Acquired b800 (13A) and computed b1600 (13B), b2000 (13C), b2500 (13D) images. 213

58-year-old 
man with 
multiple  
brain lesions.  
Acquired 
b1000 (14A) 
and computed 
b1400 (14B), 
b2200 (14C).

214

41-year-old woman with breast tumor. Computed b500 (15A), b800 (15B), b1000 (15C), b1400 (15D), b1800 (15E) images 
show signal evolution in the lesion. Series are computed from RESOLVE diffusion series acquired with b0, b500, b1000.

215

15A 15B 15C 15D 15E

14A

13A 13B 13C 13D

14B 14C
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62-year-old male patient with kidney tumor. Computed b600 (16A), b800 (16B), b1000 (16C), b1200 (16D), b1400 (16E) 
images show signal evolution in the kidney. Series are computed from standard diffusion series acquired with b50, b800.

216

Summary
This article describes the feature  
‘ADC & computed b-value’ available  
in syngo.via VB10. This new tool  
provides an increased degree of free-
dom in the choice of the b-value for 
disease detection and characterization. 
This algorithm has been shown to  

save scan time and increase  
diffusion image quality. Easy to use 
and flexible with the Auto Preview 
functionality, it is standard with the 
syngo.MR General Engine and  
therefore included in the upgrade  
to syngo.via VB10.
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syngo.via delta list  
for VB10
All improvements and new  
features of the new syngo.via  
are summarized in the syngo.via 
delta list for VB10.

Download it on your iPad:  
www.siemens.com/vb10-epub

Download it on your PC: 
www.siemens.com/vb10-pdf
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Hybrid PET/MR Imaging with PSMA-Ligands: 
the Future Standard in the Diagnosis of  
Prostate Cancer? 
Ali Afshar-Oromieh, M.D.1,2; Martin T. Freitag, M.D.3; Matthias C. Röthke, M.D.3; Jan P. Radtke, M.D.3,4;  
Heinz Peter Schlemmer, M.D.3

1 Department of Nuclear Medicine, Heidelberg University Hospital, Heidelberg, Germany  
2 Clinical Cooperation Unit Nuclear Medicine, German Cancer Research Center (DKFZ), Heidelberg, Germany  
3 Department of Radiology (E010), German Cancer Research Center (DKFZ), Heidelberg, Germany  
4 Department of Urology, University Hospital Heidelberg, Germany

Prostate cancer (PCa) is the most  
frequent malignant tumor in men 
worldwide [1, 2]. Following initial 
therapy, mostly by surgery or radia-
tion, biochemical relapse is rather 
common [3–6]. The search for tumor 
lesions at this constellation is chal-
lenging, since imaging modalities 
such as Computed Tomography (CT) 
and Magnetic Resonance Imaging 
(MRI) often revealed unsatisfying 
sensitivity and specificity [7]. 

Research has therefore sought to find 
more sensitive and specific ways of 
diagnostic measures. The fact that 
prostate-specific membrane antigen 
(PSMA) is known to be overexpressed 
in most PCa offers the chance to 
develop ligands for this target. This 
has led to the introduction of the 
low-molecular-weight PSMA-ligand 

Glu-NH-CO-NH-Lys-(Ahx)-[68Ga(HBED-
CC)] (= 68Ga-PSMA-11) in 2011 as a 
novel PET-tracer for diagnosing PCa. 
This compound was developed at  
the German Cancer Research Center 
Heidelberg, Germany [8, 9]. The first 
clinical application of 68Ga-PSMA-11-
PET/CT was conducted in May 2011 
in the department of nuclear medi-
cine at the Heidelberg University 
Hospital. This led to the rapid  
international spread of this novel 
imaging method. The growth can  
be explained by the hitherto existing 
results of PET/CT-imaging with  
68Ga-PSMA-11, which clearly demon-
strate a significant increase in the 
diagnostic capabilities for the detec-
tion of PCa-related tissue [10–13].  
A recently published study with a 
large patient cohort (n = 319) 
affirmed that 68Ga-PSMA-11-PET/CT 
provides excellent sensitivity and  
specificity to detect PCa lesions [12]. 
Other groups have confirmed these 
findings [14].

Patient with prostate cancer (Gleason 9, cT3, PSA 26 ng/ml) presenting with focal T2w hypointensity, pathologic uptake in 
PSMA-PET and focal ADC decrease in the peripheral zone (white arrows). The PSMA-ligand is excreted via the urinary tract  
(in the upper part of 1A radioactive urine is visible within the bladder). (1A) PSMA-PET/MRI fusion with T2w high-resolution.  
(1B) T2w high-resolution TSE sequence. (1C) ADC map.

1

1A 1B 1C

When compared to CT, MRI provides  
a better method of soft tissue imaging 
due to its higher contrast-resolution 
and different functional sequences, 
both helping to clarify uncertain  
findings. Multiparametric MRI of the 
prostate has been proven as a power-
ful imaging tool for prostate cancer 
assessment [15]. It provides essential 
information for accurate prostate 
biopsy using TRUS/MR image-fusion 
guided biopsy systems, and is an inte-
gral part of follow-up during active 
surveillance and individualized therapy 
planning [16]. However, there are  
significant limitations in the early 
detection of cancer spreading into 
lymph nodes and bones, or of recur-
rent disease after curative intended 
treatment. These limitations can be 
overcome by adding the information 
from PSMA-PET, which yields comple-
mentary information compared to 
multiparametric MR. Consequently, 
the next step should therefore be a 
combination of PSMA-PET with MRI, 

1 The full prescribing information can be  
 found at page 91.

Research Men’s Health
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Patient with biochemical relapse after radical prostatectomy (Gleason 9, T2a, PSA at scan 3.6 ng/ml). PSMA-PET/MRI  
identifies a typical lymph node metastasis next to the left internal iliacal artery (white arrows). (2A) PSMA-PET/MRI fusion  
with (2B) T1w-CE-fatsat. 

2

2B

thus creating the best possible tool  
to detect, diagnose, stage and follow-
up patients with suspected prostate 
cancer comprehensively and most 
accurately within ‘one-stop-shopping’.

Siemens is the first company to have 
successfully developed a hybrid whole-
body PET/MRI scanner allowing for 
simultaneous PET and MRI assessment. 
The objective of such hybrid scanners 
is a faster investigation and more 
accurate image fusion compared to 
separately conducted PET and MRI 
images. 

As dedicated software to fuse sepa-
rately acquired PET and MRI images 
already exists, some experts may 
argue that the development of hybrid 
PET/MRI scanners was a bit futile.  
Bearing in mind that very similar  
arguments were raised at the time of 
hybrid PET/CT scanner development, 
the ensuing years have clearly showed 
multiple advantages of those scan-
ners: the image fusion was found to 
be more accurate when compared to 
the images that were reconstructed 
based on retroactive fusion of sepa-
rately obtained PET and CT/MRI 
images. Human errors in the context 
of image fusion could also be avoided 
as no manipulation by humans is 
required. All this has resulted in saved 
time and resources. Furthermore, with 
regard to external radiation therapy, 
the development of hybrid PET/CT has 
enabled more accurate therapy 
approaches. In addition, PET/MRI 
allows parallel acquisition of PET and 
MRI, whereas for PET/CT the scans 

have to be conducted sequentially. At 
last, patients who undergo a PET/MRI 
scan are also exposed to less radia-
tion compared to PET/CT. 

After the development of hybrid 
whole-body PET/MRI scanners, multi-
ple studies have been published 
which demonstrate the feasibility 
and the advantages of a PET/MRI 
hybrid system when using 18F-FDG  
or 18F-Choline. In 2013, our group 
began conducting PET/MRI with  
68Ga-PSMA-11 and the results were 
highly promising [9-12]. In fact, a 
subjectively easier evaluation of the 
images compared to PET/CT could be 
shown; an effect enabled by different 
diagnostic sequences and the higher 
resolution of MRI. The combination 
of the 68Ga-PSMA-11-PET with multi-
parametric MRI provided images of 
 a high diagnostic value not wit-
nessed before (Figs. 1, 2). MRI has 
also helped to clarify unclear findings 
in PET/CT regarding PCa metastases 
(Fig. 3). The appearance of a reduced 
PET-signal around the urinary bladder 
in some patients was the only notice-
able limitation compared to PET/CT 
[12]. However, there are strategies 
for reducing or even omitting the 
described effect, i.e. a sufficient 
hydration of the patients, voiding the 
bladder prior to acquisition and start-
ing the examination with the pelvis 
when the bladder is less full. Further, 
a newly developed software offering 
two different types of scatter correc-
tion (relative and absolute scatter 
correction) can help to significantly 
reduce the described effect.

2A

In summary, the authors strongly 
believe that hybrid 68Ga-PSMA-PET/
MRI has significant advantages over 
PET/CT and will create new options 
for the diagnosis and selective treat-
ment of primary and recurrent PCa  
in the future. 
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Introduction
Prompted by elevated PSA levels,  
more than a million men in the  
United States alone have to undergo 
transrectal ultrasound (TRUS)-guided 
prostate biopsy to clarify suspicion  
for prostate cancer per year [1]. Unlike 
pathways for other malignancies, 
biopsy of the prostate is performed  
by standardized, systematic but essen-
tially random sampling [2]. The major 
limitation of this approach is that  
clinically insignificant cancers are 
often identified by chance while, even 
more important, clinically significant 
cancers may remain undetected [3, 4]. 
As a result of this uncertainty, more 
than one-third of men whose first 
biopsy was negative are rebiopsied 
within 5 years [1].

Over recent years, multiparametric 
magnetic resonance imaging 
(mpMRI), combining the morphologi-
cal assessment of T2-weighted (T2w) 
imaging with different functional 
imaging techniques such as diffu-
sion-weighted imaging (DWI) and 
dynamic contrast enhanced imaging 
(DCE) has become a mature tool for 
localizing and visualizing suspicious 
foci in the prostate.

Consequently, advances are being 
made in the way that biopsies are 
performed, with the aim to integrate 
the additional information into the 
biopsy workflow: Cognitive registra-
tion, in-bore MR guided biopsy  
and MR/US fusion biopsies are the 
most commonly used techniques  
to improve prostate cancer detection 
with targeted biopsy.

Case 1
Due to a contraindication for digital 
rectal examination and transrectal 
ultrasound because of rectal stenosis, 
a 72-year-old, biopsy-naive patient 
with continuously rising PSA levels 
(last: 12 ng/ml) was referred to our 
institution for diagnostic prostate MRI. 
Scans were performed with high-chan-
nel surface coils only using a MAGNE-
TOM Skyra 3T system. 

The protocol consisted of axial,  
coronal and sagittal T2-weighed  
TSE scans (TR 8300 ms, TE 107 ms, 
slice thickness 3.0 mm, FOV 160 mm, 
matrix 320, TA 3:11 min); axial  
diffusion-weighted imaging with 
RESOLVE (TR 4190 ms, TE 69 ms, slice 
thickness 3.0 mm, FOV 160 mm, 
matrix 114, TA 4:42 min) and axial 
DCE scans (TR 5.08 ms, TE 1.77 ms, 
slice thickness 3.5 mm, FOV 260 mm, 
matrix 192, TA 8:1 s, 35 repetitions). 

While both cognitive integration  
and MR/US fusion biopsies have  
been shown to improve the cancer 
detection rate [5], prostate biopsies 
performed under direct MR guidance 
are indicated in patients where MR 
imaging identified lesions that are 
either very small or located in areas 
difficult to reach with standard  
TRUS-guided biopsy. Another  
indication might be in patients  
showing a clear discrepancy between 
the histopathological findings of 
TRUS-biopsy and imaging results.

In the following, we report on our  
clinical experience with a customized 
approach and a simplified biopsy 
workflow for MR-guided prostate 
biopsies where the patient lies in 
supine position.

1A 1B 1C

1D 1E 1F

Transversal T2w TSE images (1A) demonstrating a suspicious lesion within the 
left peripheral zone with correspondingly increased signal in the b = 800 s/mm2 
image (1B), diffusion restriction in the ADC map (1C). The lesion can be 
confirmed in the coronal T2w images (1D). The parametric map (1E, Ktrans) shows 
a clear focal lesion with a highly suspicious curve (1F). 

1
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Setup with the 
customized biopsy 
device. Patient will be 
positioned in supine 
position. A flexible arm 
(arrow) holds the 
contrast filled needle 
guide which is used to 
define the trajectory to 
the target and to insert 
the actual biopsy needle.

2

Control images to confirm the correct positioning of the needle guide. The center 
mark (yellow circle, right image) was positioned on the lesion to be biopsied.  
The left and middle images confirm that the contrast filled needle guide (visible 
as two bright lines) directly points to the target (yellow circle, arrow).

3

Fast, double-oblique T2w TSE control images confirming the right position of  
the needle in the lesion before tissue sampling.

4

2

3

4

Dynamic contrast-enhanced images 
were post-processed using syngo.via 
Tissue 4D.

As illustrated in Figure 1, a lesion in 
the apical third of the prostate was  
visible in T2-weighted images as a 
hypointense, lenticular shaped struc-
ture extending more than 1.5 cm with 
corresponding diffusion-restriction 
and suspect, focal contrast uptake as 
well as wash-out in the DCE series. 
Consequently, the patient was referred 
to MRI-guided prostate biopsy of the 
highly suspicious areal in the gland. 

Biopsy was performed in a wide-bore 
MAGNETOM Aera 1.5T system with  
the patient in supine lithotomy posi-
tion using a tailored positioning device 
(Fig. 2, Invivo Germany, Schwerin, 
Germany). Intra-procedural imaging 
was undertaken using a combination 
of a flexible 4-channel coil underneath 
the patients back and a standard 
18-channel body coil positioned on 
the pelvis of the patient. First, a small, 
contrast-filled tube was inserted to  
the patient’s rectum and fixated with  
a highly flexible MR-compatible arm. 
To define the target for biopsy,  
fast T2-weighted scans (TR 5000 ms,  
TE 100 ms, slice thickness 3.5 mm, 
FOV 200 mm, matrix 256, TA 1:45 min) 
were performed, while the position 
and orientation of the contrast-filled 
needle guide was imaged using  
a 3D fat suppressed TrueFISP sequence 
and visualized with a 3D maximum 
intensity projection (MIP) technique. 
By simply positioning the center mark 
of a slice block (Fig. 3, yellow circle)  
in the center of the lesion, the orienta-
tion of the needle guide with respect 
to the target was checked and the  
trajectory of the needle guide was iter-
atively corrected to point to the target. 
In the given case, only one iteration 
(repositioning of the needle guide, 
control scan) was necessary. After con-
tentedly positioning the needle guide, 
the actual fully-automated biopsy 
device was inserted and two samples 
from slightly different positions were 
taken (Fig. 4). Histopathology revealed 
a 3 + 3 = 6 acinar adenocarcinoma.
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Case 2

Patient presented at our department 
with constantly high PSA values 
(03/2015: 10.8 ng/ml; 04/2015:  
13.0 ng/ml) with a referral for  
prostate MRI. Diagnostic multipara-
metric prostate MRI was performed  
on our 1.5T MAGNETOM Aera and 
revealed two relatively small lesions  
in the right and left peripheral zone 
(Fig. 5). The lesion in the right periph-
eral zone was selected for MR target 
biopsy due to better accessibility.  
During the MR-guided biopsy session, 
two samples were taken from different 
positions (Fig. 6). The one taken  
from the periphery revealed an acinar 
adenocarcinoma with a Gleason Score 
of 6 (3 + 3) while the other sample 
even showed a more aggressive  
pattern (Gleason Score 3 + 4 = 7). 

5A 5B 5C

5D 5E 5F

After planning the biopsy trajectory (6A) the 
needle was inserted and an oblique control 
scan was performed. The control scan (6B) 
clearly shows that only the periphery of the 
lesion is targeted. After minimal repositioning 
of the needle guide (6C) the needle was 
reinserted and control scan shows optimal 
positioning of the needle in the lesion. 

6

Summary
Targeted biopsies of the prostate 
under direct MRI-guidance are a  
reasonable complement to ultrasound 
biopsy techniques. As shown in the 
second case presented here, exact  
targeting of the most suspicious por-
tion of a tumor is crucial for correct 
classification and consequently best 
therapy decisions. Especially in case  
of relatively small lesions, direct  
MR-guidance has clear advantages 
over fusion techniques which are 
always susceptible to intrinsic sources  
of registration errors. 

The targeting procedure presented 
here, does not require any additional 
software equipment or extra planning 
PCs, since it is solely based on stan-
dard sequences and planning tools 
provided with the scanner. Biopsies  
in a supine position, as performed  
in Nuremberg, may further improve 
the acceptance and applicability of  
MR guided biopsies of the prostate  

especially in obese, dyspnoeic or 
elderly individuals.
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Introduction
Whole-body hybrid PET/MR imaging 
has become a fast-growing research 
field in medical imaging, especially 
since the introduction of the first 
integrated whole-body PET/MRI sys-
tem in 2010 [1, 2]. With an increas-
ing role in clinical routine, it allows 
simultaneous data acquisition of 
metabolic information by the means 
of PET and anatomical information 
with excellent soft tissue contrast 
and further functional imaging 
parameters by the means of MR. 

For accurate and quantitative PET 
images, appropriate attenuation  
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1
Schematic drawing of 
the novel model-based 
algorithm that considers 
bone in whole-body  
PET/MRI AC. The model 
(upper part) consists of  
a set of MR image and 
bone mask pairs that  
are registered to the 
subject’s (lower part) 
Dixon-VIBE images for 
each body bone individ-
ually. The transformation 
is applied to the bone 
segmentation for each 
body bone and added  
to the 4-compartment 
segmentation-based 
µ-map at all voxels of 
densities higher than 
soft tissue.

1

correction (AC) is required. In hybrid 
PET/CT systems, CT images providing 
tissue attenuation as Hounsfield 
units (HU) can directly be trans-
formed to attenuation coefficient 
maps (µ-maps) given in linear attenu-
ation coefficients (LACs) at 511 keV 
by using a bilinear conversion [3].  
In PET/MR hybrid imaging, PET AC is 
more challenging [4], since MR 
images provide mainly proton densi-
ties and cannot directly be converted 
to LACs at 511 keV. 

Over recent years, image segmenta-
tion-based methods, on the basis of  
a fast 3-dimensional (3D) MR Dixon 

sequence are being used for AC in  
routine PET/MR hybrid imaging. This 
method provides up to 4 tissue classes 
including air, fat, lung, and soft tissue 
[5] assigned with predefined LACs. A 
short acquisition time, easy implemen-
tation, and robust performance have 
led this method to be used for several 
clinical PET/MRI studies [6–8], albeit 
there are certain limitations compared 
to CT-based AC. A limited MR imaging 
field-of-view might lead to image  
truncations in the µ-map and bone  
is not recognized by the MR Dixon 
sequence. Thus, LACs of bone are set 
to the soft tissue value in 4-compart-
ment methods leading to a potential 

Model

Subject

Model  
transformation

Dixon-VIBE image and 
bone mask pair

µ-map  
assembly

Transformed  
bone mask

µ-map  
assembly

Model-based 
µ-map

Dixon-based 
µ-mapDixon-VIBE images

4-compartment 
µ-map segmentation

Registration
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underestimation of PET standard 
uptake values (SUVs). This effect  
has been quantitatively evaluated  
by several groups and an SUV bias 
between -6.5% and -11.2% compared 
to CT AC was calculated for bone 
lesions [5, 9, 10]. However, all of the 
cited studies were based on PET/CT 
data sets, and CT images have been 
modified by thresholding to simulate a 
segmentation-based MR µ-map, before 
transforming to LACs at 511 keV.

For simultaneous PET/MR imaging of 
the head and brain new approaches 
have been proposed to include  
cortical bone information in the  
MR-based µ-map, such as atlas regis-
tration and pattern recognition [11]  
or pseudo CTs generated with an ultra-
short echo time MR sequence [12]. 
These methods, however, have not yet 
been assigned to routine whole-body 
PET/MR imaging. 

A novel prototype model-based AC 
method for PET/MR hybrid imaging  
has recently been introduced that  
considers major bones besides the 
head to improve whole-body PET/MRI 
AC [13]. In this study [13] the new 
method was compared to both the 
routine Dixon-based AC and the  
CT-based AC, and all reconstructions 
were based on only the PET/MRI raw 
data. This excludes inter-scanner 
biases that might otherwise occur,  
if PET raw data sets of different PET 
systems are used in quantitative  
comparisons. In this article, which  
is based on the study by Paulus et al. 
[13], the new model-based method  
is described and PET/MRI patient cases 
are demonstrated and quantitatively 
evaluated showing the benefit of  
adding cortical bone to the segmenta-
tion-based µ-map.

Materials and methods
Study population 
This study was approved by the  
institutional review and ethical board. 
20 patients (mean age, 54.8 ± 16.8 y, 
range 25–85 y, 19 female) first under-
went a clinically indicated PET/CT 
examination (Biograph mCT, Siemens 
Healthcare, Knoxville, TN, USA) 
according to the standard clinical  
protocol, followed by a subsequent 
whole-body PET/MRI acquisition  
(Biograph mMR, Siemens Healthcare, 

Erlangen, Germany). MR/PET data 
sets were acquired on a Biograph 
mMR under the auspices of a  
NYU Langone Medical Center IRB 
approved-protocol. Written informed 
consent was obtained from all 
patients and no additional radio-
tracer was injected for the PET/MRI 
acquisition. An average activity  
of 541.7 ± 18.4 MBq was injected1  
and the PET/MRI acquisitions were 
performed 200.3 ± 48.8 min post 
injection. 14 patients were examined 
for 5 bed positions and 6 patients 
were examined for 3 bed positions 
where the head was not included 
into the PET/MRI protocol.

PET/MRI µ-maps 
All PET reconstructions are based on 
emission data acquired with the PET/
MRI system using identical parame-
ters, like scanner hardware and iden-
tical reconstruction settings. Three 
different µ-maps were used for the 
PET reconstructions of each subject.

• Standard MR-based µ-map 
The routine MR-based segmenta-
tion AC (Dixon) was performed with 
a breath-hold 2-point 3D Dixon-
VIBE (volume interpolated breath-
hold examination) technique. The 

µ-map provides 4 different tissue 
classes including air, fat, lung, and 
soft tissue and was acquired with 
standard protocol parameters: 
Matrix 192 x 126 with 128 slices 
(coronal orientation); voxel size 
(2.60 x 2.60) mm2, slice thickness 
3.12 mm, TR = 3.6 ms, TE =  
2.46 ms, flip angle 10°, and acquisi-
tion time 19 s per bed position.

• Model-based µ-map  
The novel method (Model), illus-
trated in Figure 1 is based on the 
regular 4-compartment segmenta-
tion from a Dixon sequence. Bone 
information is added to these 
µ-maps by using a model-based 
prototype bone segmentation  
algorithm2 (Siemens Healthcare, 
Erlangen, Germany) [13] using  
continuous LACs for bone in cm-1  
at the PET energy level of 511 keV. 
The model consists of the major 
body bones including left and right 

An illustration of the major bones containing bone densities as continuous LACs  
in cm-1 at 511 keV used in the model-based AC. The bone information is superim-
posed with the subject’s MR image demonstrating exact anatomical registration. 

2

2

1 The full prescribing information for the 
 Fludeoxyglucose F18 injection can be found 
 at page 91. 
 
2 The product is still under development and  
 not commercially available yet. Its future  
 availability cannot be ensured.
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femur (upper part), left and right 
hip, spine (including sacrum), and 
skull (Fig. 2) with a corresponding 
pre-aligned MR image. At each 
major body bone, the MR image of 
the model is individually registered 
with the subject MR image.

The first step of the model algo-
rithm is a learning-based approach 
to detect a set of landmarks sur-
rounding each bone [14]. Subse-
quently, a more sophisticated 
deformable registration [15] is  
performed to bring the model to 
the subject space more precisely. 
Following the same transforma-
tions, the pre-aligned bone masks 
containing LAC in cm-1 are then 
brought to the subject space and 
added to the original Dixon-based 
µ-map at all voxels of densities 
higher than soft tissue. The average 
running time of the algorithm was 
between 2 and 3 minutes per 
whole-body data set.

• CT-based µ-map 
As a standard of reference quantifi-
cation, CT-based AC (CT) was per-
formed with the PET/MRI emission 
data. CT images derived from the 
PET/CT data of the same subject 
were non-rigidly registered to the 
anatomical Dixon-VIBE images and 
visually compared to ensure opti-
mal anatomical alignment. The 
two-step registration framework 
was similar to the algorithm used 
for the Model method. It consists of 
a landmark-based rigid registration 
[14] and a deformable registration 
[15]. The CT images were trans-
formed using the standard bilinear 
conversion [3] to provide LACs at 
511 keV. Since PET/CT acquisitions 
were performed with patient’s arms 
up and not with arms down as in 
PET/MRI, the arms were removed in 
the CT-based image and replaced 
with arm information of the Dixon-
based µ-map.

Data processing 
All µ-maps were post-processed with 
a maximum likelihood reconstruction 
of attenuation and activity (MLAA) 
algorithm [16] to add missing parts 
mainly of the arms. All PET images 
were reconstructed iteratively on the 
PET/MRI system with a 3D ordinary 
Poisson ordered-subsets expectation 

maximization (OP-OSEM) algorithm 
using 3 iterations and 21 subsets. 
The standard whole-body PET/MRI 
reconstruction parameters were 
used: Image matrix 172 x 172, pixel 
size 4.173 x 4.173 mm2, slice thick-
ness 2.031 mm, Gaussian filtering  
4 mm.

PET image analysis 
PET images were superimposed with 
the corresponding MR images of a 
radial T1-weighted VIBE sequence 
used for MRI diagnosis in whole-body 
PET/MRI acquisitions. Based on the 
MR image, volumes of interest (VOIs) 
were manually drawn on normal  
tissue and the mean SUV (SUVmean) 
was calculated for following regions: 
aorta/blood level, liver, spleen,  
femoral head left/right, iliac bones 
left/right, psoas muscles left/right,  
3rd lumbar vertebra (L3), and subcuta-
neous fat. Additionally, VOIs of all 
identified soft-tissue lesions as well 
as bone lesions of all 20 subjects 
were drawn using a 50% maximum 
contour of the PET SUV. The CT- 
based reconstruction of each subject 
was used as the standard of 
reference.

The VOIs of one femoral head and 
one iliac bone of two patients were 
excluded from the analysis due to hip 
implants and resulting MR image arti-
facts. Furthermore, one femoral head 
VOI and two iliac bone VOIs were 
excluded due to lesions or metasta-
ses inside the VOIs. One spleen VOI is 
missing, since the patient underwent 
a splenectomy.

Results
Figure 3 shows all three different 
µ-maps of one subject in coronal 
view. The additional bone informa-
tion that is added to the Dixon-based 
µ-map is illustrated in Figure 4.

The difference of background VOIs 
within all 20 patients depends very 
much on the tissue type. For soft  
tissue including aorta, liver, spleen, 
subcutaneous fat, and psoas mus-
cles, the difference of the SUVmean 
compared to CT is 2.4% for Dixon and 
2.7% for Model. Cold-background 
VOIs of bony tissue were underesti-
mated with Dixon by -46.5% ± 9.3% 
(femoral head), -20.0% ± 5.5% (iliac 

Dixon (3A), Model (3B),  
and CT (3C) µ-map exemplarily 
shown for one patient.

3

3A

3B

3C
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bones), and -9.9% ± 8.9% (L3). The 
bias is reduced with the new Model 
method to -4.9% ± 7.7% (femoral 
heads), -2.8% ± 4.6% (iliac bones),  
and -7.1% ± 7.8% (L3).

The SUV deviation between Dixon  
and Model is negligible for soft tissue 
lesions with a mean of 0.3% and a 
maximum of 1.5%. Compared to the 
CT-based AC, the deviation is 5.1% ± 
5.1% and 5.2 ± 5.2% for the Dixon 
method and the Model method, 
respectively. In this way, lung lesions 
are excluded, where the segmentation 
µ-map differs from the CT µ-map in 
terms of LACs.

Dixon-based segmentation µ-map (left), bone mask information (middle) and combined model-based µ-map (right) of one subject 
in sagittal (4A) and coronal (4B) view.

4

For bone lesions an underestimation 
of -7.3% ± 5.3% was calculated for 
Dixon compared to CT, which is 
reduced to -2.9% ± 5.8% with the 
new Model method.

Figures 5 to 7 show the radial 
T1-weighted VIBE sequence used  
for MRI diagnosis, the PET image,  
and the superimposed PET/MR image 
of three different patients with bone 
lesions. The SUV comparison shows 
the improvement regarding PET 
quantification in bone lesions as a 
result of adding bone information  
to the Dixon segmentation-based 
µ-map. Case 1 has a spinous process 
bone metastasis showing an SUVmean 

of 4.15 for the CT AC. The deviations 
with Dixon AC and Model AC com-
pared to CT AC are -5.1% and -1.4%, 
respectively. Case 2 shows a bone 
metastasis in the right femoral head 
with an SUV of 5.51. The deviation of 
the SUVmean with Dixon AC and Model 
AC compared to CT AC is -11.3% and 
-1.5%, respectively. In case 3, iliac 
bone metastases with a calculated 
SUV of 7.03 (right) and 8.99 (left) 
have been evaluated. The deviation 
of the SUVmean with Dixon AC and 
Model AC compared to CT AC was 
-10.7% and -6.1% for the right side, 
respectively, and -10.8% and -5.0% 
for the left side, respetively.

4A

4B
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Discussion
On a dataset of 20 PET/MRI patients, 
it was shown that the new Model 
approach improved PET SUVs in bony 
regions when compared to CT-based 
AC and to Dixon MRI-based AC. The 
results of the study are comparable 
with previous whole-body hybrid 
imaging studies that have calculated 
an SUV underestimation for bony 
regions between -7% and -11% if 

Sagittal PET image, superimposed PET/MR image, and diagnostic MR image of the radial T1-weighted VIBE sequence,  
showing a spinous process bone metastasis. The deviation of the SUVmean with Dixon AC and Model AC compared to CT AC  
was -5.1% and -1.4%, respectively.

5

Coronal PET image, superimposed PET/MR image, and diagnostic MR image of the radial T1-weighted VIBE sequence,  
showing a bone metastasis in the right femoral head. The deviation of the SUVmean with Dixon AC and Model AC compared to CT AC 
was -11.3% and -1.5%, respectively.

6

Transaxial PET image, superimposed PET/MR image, and diagnostic MR image of the radial T1-weighted VIBE sequence,  
showing iliac bone metastases (right and left). The deviation of the SUVmean with Dixon AC and Model AC compared to CT AC  
was -10.7% and -6.1% for the right side, respectively, and -10.8% and -5.0% for the left side, respetively.

7

bone is considered as soft tissue in 
the µ-map. The previous studies, 
however, were all based on PET/CT 
data [6, 10] and not PET/MRI data.

Unlike the relatively high impact in 
bony regions, the evaluation of SUVs 
of normal soft tissue shows that the 
Model as well as the Dixon approach 
have consistent results when com-
pared to CT-based AC serving as  
standard of reference. This demon-

strates the limited impact on SUVs in 
soft tissues that are not close to bone 
when corrected with µ-maps including 
bone information, as also shown by 
other groups [6, 13]. Furthermore, 
 it shows that for these regions the 
routine Dixon µ-map performs virtually 
identically compared to the CT AC.  
This effect was also observable for  
soft tissue lesions.

5

6

7
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The possibility should be considered 
that there are bone density variations 
in the same bone groups between 
patients. While the bias for patients 
without bone diseases is expected to 
be relatively small, bone density 
changes due to diseases might affect 
the PET quantification more. Due to 
abnormal decreased bone density 
SUVs might be overestimated in or 
near those bones, since LACs of the 
model are higher than the actual bone 
LACs. This however, remains true for 
most MRI-based AC methods including 
segmentation- and atlas-based AC. For 
better matching of bone densities, the 
model might be improved by grouping 
it into different ages, sex, and races.

In contrast to former whole-body PET/
MRI AC studies, PET data of each 
patient within this study is based only 
on the emission raw data set of the 
PET/MRI system, which focuses the 
quantitative comparison to the differ-
ences of the µ-maps. Physiological 
aspects, like different patient position-
ing or tracer washout between PET/CT 
and PET/MRI scans, can therefore be 
excluded. The attenuation effect of 
local radiofrequency surface coils lead-
ing to a potential underestimation of 
-5% with a maximum up to -20% when 
neglected in AC [17,18] can also be 
excluded, since all PET reconstructions 
are performed with the same settings 
and raw data.

CT-based µ-maps of the body trunk 
were used as a standard of reference 
in this study. Due to the fact that 
patient positioning in PET/CT is per-
formed with arms up, CT information 
of the patient arms was missing in 
these CT-based µ-maps. Since PET/MR 
imaging is performed with the arms 
resting beside the patient body, the 
MRI-based µ-maps contain the arms. 
Consequently, the missing information 
was added from the corresponding 
Dixon-based µ-map to the CT-based 
µ-map such that the different patient 
positioning (arms up vs. arms down) 
thus did not introduce additional bias. 
Furthermore, the effect of the arms for 
VOIs inside the body is expected to be 
small and is thus negligible.

The presented approach does not 
require any additional MRI sequences 
in the PET/MR imaging protocol, as 

needed in other methods such as  
the ultrashort echo time approach 
[12]. It is only based on the Dixon 
MRI sequence that is already  
acquired for the routine MRI-based 
AC. A data reconstruction run-time  
of about 2 to 3 minutes per whole-
body case is short compared to other  
methods [11]. 

Conclusion
It is shown in 20 subjects that the 
new 5-compartment model improves 
the PET quantification compared to 
the current 4-compartment AC 
method, especially in bony tissue, 
bone lesions, and tissue close to 
bone. As the new method is based  
on the same Dixon MRAC acquisition, 
no additional scan time is required 
which is important given the gener-
ally long exam time of whole-body 
MR-PET scans.
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Breast MRI: Improved Image Quality with 
RESOLVE (readout-segmented echo-planar 
imaging, diffusion-weighted MRI) 
Sung Hun Kim, M.D.

Department of Radiology, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Sternum (arrow),  
fat-parenchymal  
differentiation (hollow 
arrowheads), chest wall 
(hollow arrows) can  
be visualized on both 
RESOLVE (1A) and 
conventional ss-EPI (1B), 
but anatomy is better 
delineated on RESOLVE. 
Skin line (arrowheads)  
is only delineated on 
RESOLVE. Ghosting 
artifacts (stars) are 
apparent only on 
conventional ss-EPI. 

1

Left breast cancer is seen 
on the fat-suppressed 
T1-weighted contrast-
enhanced image (2A), 
RESOLVE (2B) and 
conventional ss-EPI 
image (2C). The lesion  
is more clearly demon-
strated on RESOLVE with 
high correspondence to 
the anatomical image.  
In the conventional  
ss-EPI image the lesion 
appeared to be located 
more anteriorly due to  
a ghosting artifact and 
there is only limited  
correspondence to the 
anatomical image. 

2

Diffusion-weighted imaging (DWI) 
allows measurement of the apparent 
diffusion coefficient (ADC) in breast  
tissue. Previous studies reported that 
ADCs could be an effective parameter 
in distinguishing between malignant 
and benign breast lesions [1], whereby 
low ADCs are associated with malig-
nancy [2]. Conventional clinical DWI 
typically employs a single-shot echo-
planar imaging (ss-EPI) sequence.  
However, due to its long echo-spacing, 
ss-EPI is afflicted with susceptibility 
artifacts, leading to geometric distor-
tion, signal dropout, and image blur-
ring [3]. RESOLVE (Siemens Healthcare, 
Erlangen, Germany), is a readout- 
segmented, multi-shot EPI (rs-EPI) 
sequence, in which only a subset of 
k-space points is acquired in the read-
out direction at each shot, instead of  
all k-space points in one shot. This 
allows for a substantial reduction in the 
echo spacing and in the time taken to 
traverse k-space in the phase-encoding 
direction, which leads to substantially 
reduced image degradation typically 
known in conventional DWI [4]. 

We compared the image quality based 
on standard ss-EPI and rs-EPI in 71 
patients with 74 breast cancers and  
we found a significant improvement  
in image quality with RESOLVE for  
diffusion-weighted MR imaging of the 
breast [5]. Relative to conventional 
ss-EPI, 

1.  anatomical structure can be visual-
ized more distinctly on images 
acquired with RESOLVE (Fig. 1), 

2.  lesion delineation is superior  
on RESOLVE and ghosting artifacts 
are less frequently present  
(Figs. 2, 3), and 

3.  geometric distortion are less  
common on RESOLVE (Fig. 4).

1A

2A

2B

2C

1B
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Two invasive ductal carcinomas are seen on the 
fat-suppressed T1-weighted contrast-enhanced (3A), 
RESOLVE (3B) and conventional ss-EPI (3C) images. While 
the small, posteriorly located mass (solid arrowhead) is 
identifiable on both RESOLVE and conventional ss-EPI 
images, the larger mass (hollow arrowhead) is poorly 
defined on conventional ss-EPI. 

3 Left breast cancer on fat-suppressed T1-weighted 
contrast-enhanced (4A), RESOLVE (4B) and conventional 
ss-EPI (4C) images. As a result of the longer echo-train 
the conventional ss-EPI image shows a distinctive spatial 
distortion resulting in elongated anterior-posterior width 
of the mass. In contrast, the RESOLVE image shows very 
good accordance with the anatomical images.

4
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There were also no significant  
differences in measured ADC values 
obtained with RESOLVE compared to 
ss-EPI.

In summary, RESOLVE showed 
improved overall image quality with  
no significant differences in ADCs  
relative to conventional ss-EPI. Given 
the distinct advantages of RESOLVE,  
it is now the standard sequence for 
diffusion within our routine clinical 
breast examinations.

References

1 Guo, Y., et al., Differentiation of clinically 
benign and malignant breast lesions 
using diffusion-weighted imaging. J 
Magn Reson Imaging, 2002. 16(2): 
172-8.

2 Ei Khouli, R.H., et al., Diffusion-weighted 
imaging improves the diagnostic 

accuracy of conventional 3.0-T breast  
MR imaging. Radiology, 2010. 256(1): 
64-73.

3 Yeom, K.W., et al., Comparison of 
Readout-Segmented Echo-Planar Imaging 
(EPI) and Single-Shot EPI in Clinical Appli-
cation of Diffusion-Weighted Imaging of 
the Pediatric Brain. AJR Am J Roentgenol, 
2013. 200(5): 437-43.

4 Porter, D.A. and R.M. Heidemann, High 
resolution diffusion-weighted imaging 

using readout-segmented echo-planar 
imaging, parallel imaging and a 
two-dimensional navigator-based reacqui-
sition. Magn Reson Med, 2009. 62(2): 
468-75.

5 Kim YJ, Kim SH, et al. Readout-segmented 
echo-planar imaging in diffusion-weighted 
MR imaging in breast cancer: comparison 
with single-shot echo-planar imaging in 
image quality. Korean J Radiol. 2014. 
15(4): 403-10.

3A 4A

3B 4B

3C 4C

Clinical Women’s Health

30 MAGNETOM Flash | (63) 3/2015 | www.siemens.com/magnetom-world



MRI for Parathyroid Imaging
Kambiz Nael, M.D.

Department of Radiology, Mount Sinai Hospital, New York, NY, USA

Background
Primary hyperparathyroidism (PHPT)  
is a common cause of hypercalcemia, 
with an estimated incidence of  
approximately 25 to 30 cases per 
100,000 people. Approximately 85  
to 90% of these cases are caused by  
single parathyroid adenomas (PTA), 
while multiglandular disease and  
parathyroid hyperplasia account for 
the remainder of cases with PHPT [1]. 

Key points:
1. The MR technique described 

below has significantly 
improved on the traditional 
drawbacks of MR for para- 
thyroid imaging including  
limited spatial and temporal 
resolution.

2.  Four-dimensional (4D) con-
trast-enhanced MRI with high 
spatial and temporal resolu-
tion can be obtained for evalu-
ation of parathyroid adenomas 
and has the potential to be 
used as a strong alternative 
imaging modality to Techne-
tium (99mTc) Sestamibi or 4D CT 
without the need for radiation.

3.  Multiparametric quantitative 
MR perfusion analysis can be 
used to distinguish parathyroid 
adenomas from subjacent  
thyroid tissue or lymph nodes.

Implications for  
patient care:
In patients with primary hyper-
parathyroidism, the described  
4D DCE MRI technique provides 
additional means to accurately 
identify and characterize para-
thyroid adenomas without the 
need of radiation required for 
alternative imaging such as  
4D CT or 99mTc-Sestamibi scan. 

71-year-old woman with primary hyperparathyroidism (PHPT), who had  
left-sided parathyroidecotomy 3 years ago (note surgical clips on CT); now 
presenting with recurrent PHPT (PTH: 120 pg/mL, Ca++: 10.6 mg/dL). (1A): 
Tc-Sestamibi scan is negative. (1B): 3-phase dynamic CT images including 
un-enhanced, arterial phase (45 sec) and venous phase (90 sec) images  
are shown, demonstrating a 5 mm arterial enhancing nodule (arrows) in the 
right tracheoesophegeal groove just posterior to the right thyroid lobe which 
shows washout on delayed phase. (1C): Selected axial multiframe MR images 
from dynamic contrast-enhanced MR sequence are shown, demonstrating 
arterial enhancing PTA (arrows) that shows significant washout on delayed 
venous phase.

1

Diagnosis is often made by biochemi-
cal tests (serum Ca++ and PTH) in an 
appropriate clinical setting. Definitive 
treatment requires surgical excision, 
and preoperative localization with 
imaging is used to minimize the 
extent of surgery and complication 
rates [2].

Traditionally, ultrasound and Techne-
tium-99m (99mTc) Sestamibi scintigra-
phy have been used as first line tools 

to localize parathyroid adenomas. 
Ultrasound takes advantage of differ-
ential echogenicity of PTA compared 
to thyroid tissue, and scintigraphy 
takes advantage of physiologically 
differences in radiopharmaceutical 
uptake and retention. These tests can 
often be inconclusive, which has led 
to the development of other cross-
sectional imaging such as dynamic 
multiphasic CT (4D CT) or dynamic 
MRI (Fig. 1). 

1A

1B

1C
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The main target of these cross- 
sectional studies is to exploit hyper-
vascular nature of PTAs, a principle 
that was established in 1970s by the 
use of arterial catheter angiography 
[3, 4]. 4D CT has shown superior 
accuracy compared to scintigraphy 
[5] and has shown significant  
promise for identification and charac-
terization of PTAs [6-8]. However 
there are two lingering problems 
associated with 4D CT:

1.  Since continuous CT acquisition  
during the entire dynamic course 
of contrast through parathyroid 
glands is prohibited by the radia-
tion dose, 4D CT provides only 
snapshots of contrast dynamic  
at certain time points (depending 
on the number of acquisitions). 
There are a variety of acquisition 
schemes using a combination  
of unenhanced and multiple post-
contrast phases including 2 phases 
[9, 10], 2.5 phases [11, 12],  
3 phases [8, 13] or 4 phases  
[14-17] with time interval ranging 
from 30 to 90 sec, each with 
strengths and limitations. However 
there is no consensus on the num-
ber and time-interval between CT 
acquisitions for an optimal 4D CT.

2.  Radiation dose remains the main 
inherent disadvantage of CT. 
Despite using dose reduction  
techniques, effective radiation 
dose delivered by 4D CT ranges 
from 5.56 to 10.4 mSv [8, 18, 19] 
depending on the acquisition 
scheme used. 

For these reasons, there remains  
a role for MRI to be explored in  
parathyroid imaging.

MRI technical considerations
MRI is an attractive alternative to 
both scintigraphy and 4D CT due to 
lack of radiation and has been used 
for the evaluation of PTAs with some 
success [20-22], though not with the 
same effectiveness as 4D CT. Fast 
image acquisition and high spatial 
resolution have long been significant 
advantages of CT and hence signifi-
cant attention has been given to  
4D CT for the detection of PTAs.  
Traditional technical limitations  
to localizing PTAs with MR have 

recently been addressed with mod-
ern MR technology. These include: 

3. Limited spatial and temporal  
resolution for multiphase dynamic  
contrast enhanced (DCE) MR  
imaging over a large field-of-view 
required for parathyroid imaging. 
This limitation can be addressed  
by the use of fast imaging tools 
such as time-resolved angiography 
with stochastic trajectories (TWIST) 
[23] and improved parallel imag-
ing technique such as Controlled  
Aliasing in Parallel Imaging  
Results in Higher Acceleration 
(CAIPIRINHA) [24]. 

4. Inhomogeneity of fat-suppression 
in the neck that is required for  
the detection of small parathyroid 
adenomas. Dixon fat-suppression 
technique [25] can significantly 
improve this shortcoming [26].

In our institution, using a modified 
MR sequence that incorporates Dixon 
fat saturation technique and fast 
imaging tools such as TWIST and 
CAIPIRINHA, we have established  
a 4D dynamic MRI protocol for the 
accurate identification and character-
ization of PTAs [27, 28].

How we do it? 
Image acquisition

In order to offset signal-to-noise 
(SNR) penalty associated with fast 
imaging tools such as TWIST and 
CAIPIRINHA, we use 3T MRI for our 
parathyroid imaging (MAGNETOM 
Skyra MRI system, Siemens Health-
care, Erlangen, Germany). A combi-
nation of 20-element head and neck 
coil is used for radiofrequency signal 
reception. Our MR imaging protocol 
includes axial T2w Fat sat, coronal 
STIR, coronal T1w pre contrast and 
4D dynamic contrast-enhanced (DCE) 
sequences. 4D-DCE imaging is per-
formed using a 3D VIBE (volumetric 
interpolated examination) sequence 
with the following parameters:  
(TR: 4.06 ms, 1st TE: 1.31 ms, 2nd  
TE: 2.54 ms, FA: 9º, matrix: 160 mm, 
FOV: 200 mm, 60 slices x 2 mm 
thick). The TWIST VIBE and Dixon  
fat/water separation are merged  
into one pulse sequence [29].  
Bipolar readout gradients are used  
to produce two partial echoes at  

a first (TE: 1.31 ms) and a second (TE: 
2.54 ms) echo time. Bipolar gradients 
allow for a shorter TR (4.6 ms) as well 
as less echo asymmetry. Integration of 
TWIST as an echo-sharing technique 
with sampling density of 33% results 
in x2 acceleration. In addition, CAIPIR-
INHA with accel-eration factor of 4 is 
incorporated, to increase net accelera-
tion to a factor of 8. 

Using these combinations we acquire 
a 3D data set with voxel size of 1.3 x 
1.3 x 2 mm³ and temporal resolution 
of 6 seconds over a cranio-caudal  
coverage of 120 mm. This coverage  
is adequate to encompass from the 
inferior mandibular rim to the carina in 
most patients. We acquire 24 temporal 
frames for a total of 140 sec acquisi-
tion time. Four of these temporal 
frames (about 25 sec) are acquired 
before contrast injection to establish 
the baseline required for DCE analysis. 
A total of 0.1 mmol/kg of gadolinium 
is injected at 4 ml/sec. 

Image analysis 

Identification: For pre-operative local-
ization, T2w fat-sat and 4D dynamic 
series are most scrutinized. The  
majority of PTAs are T2 hyperintense 
and should demonstrate early arterial 
enhancement (Fig. 2). Having high-
spatial resolution voxels (1.3 x 1.3 x  
2 mm3) over a craniocaudal diameter 
of 12 cm (from mandibular rim to 
manubrium) allow for accurate exami-
nation of both native and ectopic  
adenomas as small as 3 mm. Having 
this data set every 6 seconds provides 
a true 4D capability for interrogation  
of contrast-enhancement cure of PTA 
over the course of image acquisition 
(144 sec). In contrast to 4D CT in 
which the number of acquisitions 
(ranging from 2 to 4) is limited by the  
prohibitive effect of radiation dose, 
using our 4D DCE MR, 24 time frames 
are acquired every 6 seconds to truly 
exploit the hypervascular nature of 
these lesions. This takes out the guess-
work that is required in using 4D CT  
to capture the arterial phase. In our 
experience the majority of these PTAs 
are enhancing at the same time as,  
or one temporal frame before, the 
enhancement of thyroid bed (Fig. 2). 
The peak-enhancement of PTAs are 
often 6 to 12 seconds (1 to 2 temporal 
frames) before the peak-enhancement 
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68-year-old woman primary hyperparathyroidism (PHPT) who was found to have multiglandular disease involving all four 
parathyroid glands on pre-operative MRI, confirmed by surgical pathology. Selected axial images from 4D dynamic-contrast-
enhanced series and corresponding T2w images show enlarged T2 hyperintense enhancing nodules of the left lower gland  
(white arrows) and right lower gland (red arrows) indicative of adenomatous enlargement seen with multiglandular hyperplasia. 
Note the excellent image quality of the 4D dynamic series that are obtained with voxel size of 1.3 x 1.3 x 2 mm3 every 6 seconds. 
Also homogenous fat-saturation is achieved by using Dixon fat-saturation technique.

3

3

55-year-old woman, with serum Ca++ of 12.2 and advanced osteoporosis as the result of her primary hyperparathyroidism (PHPT). 
Selected axial multiframe MR images from dynamic contrast-enhanced MR sequence are shown, demonstrating arterial 
enhancing PTA 42 seconds after contrast injection (arrows). This lesion is hyperintense on T2w images (arrowhead), which 
shows significant wash-out (40%) during later venous phase at 144 seconds post contrast injection. 

2

2

of the thyroid gland. In our experi-
ence, having a T2 hyperintense arterial 
enhancing nodule in the native  
parathyroid gland space or along  
the expected embryologic course of 
parathyroid glands such as tracheo-
esophageal groove or superior medias-
tinum is extremely likely to be a PTA. 
Our preliminary data for pre-operative 
detection of PTA has shown a sensi- 
tivity close to 100% and positive- 
predictive value close to 1 for single 
PTA, while sensitivity drops to between 
64 and 75% for multiglandular disease 
(Fig. 3) [28]. 

Characterization: The dynamic infor-
mation inherent to this 4D DCE data 
set can be used to characterize PTA 
and differentiate them from PTA  
mimics such as cervical lymph nodes 
or subjacent thyroid tissue. This is  
particularly useful when you have a 
few PTA candidate lesions to narrow 
the differential diagnosis and provide 
the surgeon with the most likely lesion 
to be a true PTA [27] (Fig. 4). 

The perfusion datasets are processed 
using commercially available FDA 
approved software (Olea Sphere, 
Olea Medical SAS, La Ciotat, France). 
Multiparametric quantitative perfu-
sion parameters including peak 
enhancement, time-to-peak (TTP), 
wash-in and wash-out can be  
computed from the concentration-
time curve. Multiparametric  
perfusion biomarkers can success-
fully exploit the hypervascular nature 
of PTAs, a feature that can be used  
to differentiate them from subjacent 
cervical lymph node and thyroid  
tissue. In our experience, TTP and 
wash-in, two characteristics of arte-
rial enhancement, are significantly 
different in PTAs vs. cervical lymph 
nodes and thyroid tissue (Fig. 4). 
PTAs show significantly faster arterial 
enhancement with a mean TTP 
enhancement of 13 and 29 seconds 
earlier than thyroid tissue and normal 
cervical lymph node respectively. In 
addition the wash-in and wash-out 

values are significantly higher in 
PTAs. Using multiparametric MR  
perfusion and combined ROC  
analysis, the best overall model to 
distinguish PTA from cervical lymph 
node consists of a combination of 
TTP, wash-in and wash-out yielding 
an AUC of 0.96, superior to any  
individual or combination of other 
classifiers [27]. 

Conclusion
Dynamic 4D contrast-enhanced  
MRI with high temporal and spatial 
resolutions can now be obtained for 
pre-operative identification of PTAs, 
providing a strong alternative imag-
ing modality to 4D CT without the 
need for radiation. Multiparametric 
MR perfusion can be used to exploit  
the hypervascular nature of PTAs  
to distinguish them from subjacent 
thyroid tissue or lymph nodes with 
high accuracy.
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61-year-old woman with primary hyperparathyroidism (PTH: 118 pg/mL, Ca++: 10.9 mg/dL) Note differential contrast enhance-
ment of a small nodule in the posterior lobe of the right thyroid gland (red arrowhead) during the arterial phase 42 second  
after contrast injection and corresponding increased peak enhancement (arrow) on perfusion map in this surgically proven intra-
thyroid PTA. Note that on two imaging frames latter (54 sec), the nodule is less conspicuous due to increasing enhancement of 
the thyroid tissue. Contrast-time curve analysis from ROIs placed over the PTA and thyroid gland shows significantly faster and 
higher peak enhancement and higher wash-in and significant washout values in PTA in comparison to the thyroid gland.

4

4
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The Head/Neck 64 reveals previously hard- 
to-recognize, but pertinent, anatomical  
and disease-related details for a spectrum  
of pathologies within the brain, inner ear,  
orbits, skull base and neck, as well as the  
cervical spinal cord. This leads to improved 
insight into neuroanatomy relevant to  
an extended range of diseases and abnor- 
malities. All this can be achieved, fortunately, 
at advanced speed and resolution.

Head and Neck Imaging How-I-do-it

MAGNETOM Flash | (63) 3/2015 | www.siemens.com/magnetom-world 35



1A

1C

1B

1D

Reliable Imaging of Neurovasculature with 
Dot and T1 SPACE 
Michel Paret1; Sylvain Doussin, Ph.D.2; Pr FG Barral, M.D.3; Dr C Boutet, M.D.3

1 GIE IRMAS, Saint-Priest-en-Jarez, France 
2 Siemens Healthcare, Erlangen, Germany 
3 CHU Saint-Etienne, France

Multiple sclerosis brain lesions, color lookup table heart 16 bit. 
(1A) t1_space_sag_INJ (green arrow),
(1B) t1_space_MPR TRA_INJ (green arrow),
(1C) t1_MPRAGE_sag_INJ 5’ (black arrow),
(1D) t1_MPRAGE_MPR TRA_INJ 5’ (black arrow).

1

Research into the dissection of cervi-
cal-cerebral arteries is fundamental 
to clinical practice. 

Any patient admitted to hospital with 
a suspected stroke should be given 
the benefit of an MRI. On the one 
hand this imaging technique allows 
the physician to diagnose whether 
the patient is suffering from a stroke, 
and on the other, it helps to establish 
the etiological diagnosis. It also 
affects the evolving prognosis of  
the patient because it allows the  

physician to decide on the best strat-
egy for treating the patient. An MRI 
also allows the physician to detect 
early signs of vessel wall hematoma 
in a non-invasive way and to evaluate 
luminal abnormalities, if any.

Research into parietal 
hematoma
In the case of dissection of the cervi-
cal arteries, a morphological MRI is 
essential, since its aim is to look for  
a parietal hematoma. 

Different MRI techniques allow the 
physician to visualize this hematoma: 
in 2D or 3D, T1 or T2, with or without 
fat saturation. The flux, the voluntary 
or involuntary movements of the 
patient are the source of significant 
artifacts in this anatomical area.

One protocol seems to be used for  
the most part: the 2D T1-weighted  
fat-saturated (FS) spin echo (SE) 
sequence with physiological synchro-
nization of the pulse, carried out in  
a perpendicular direction on the  
vascular flow. At the sub-acute stage 
(about J3-J5), a rather eccentric  
hypersignal in the shape of a crescent 
surrounds the vessel lumen (presence 
of methemoglobin). At the acute 
stage, the wall appears thickened as 
an isosignal. 

Cuvinciuc et al. [1] expressed interest 
in a 3D T1-weighted SPACE (Sampling 
Perfection with Application optimized 
Contrasts using different flip angle 
Evolution) sequence in contrast to a 
2D T1w SE FS sequence. This 3D proto-
col, coupled with a fat saturation of 
the SPAIR type (SPectral Attenuated 
Inversion Recovery) and a Dark Blood 
technique offers robust data collection 
and good diagnostic sensitivity, even 
at the acute stage under difficult  
working conditions (a patient who 
does not cooperate).

This approach has been shown to  
have a higher sensitivity relative to  
the post-contrast T1 MPRAGE for the 
detection of brain lesions in multiple 
sclerosis (Fig. 1) [4, 5]. It also has  
a reliable role in the detection of 
tumors in the cervical region with  
its flexibility to enable reformatting  
in any plane (Fig. 2).
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4

Acquisition protocol
Our doctors are often required to  
carry out these examinations in  
emergency cases. At our Regional 
Stroke Center, two MR systems are 
capable of collecting this type of 
data, a MAGNETOM Aera 1.5T and  
a MAGNETOM Spectra 3T.

In order to provide a service that  
can meet current demand, we have 
developed and programmed our own 
Dot engine from the standard Brain 
Dot Engine. Neurovascular imaging 
works in an identical way on the two 
systems so that we can offer a stan-
dardized treatment of patients. This 
Dot Engine has the same design and 
notably includes a ‘dissection’ decision  
(3D T1 SPACE Spair_db) (Fig. 3).  
The acquisition parameters are,  
however, specific to the individual  
system (contrast parameters, spatial 
and temporal resolution, etc.) (Fig. 4).

The Dot Engine complies with the  
official guidelines and enables all our 
30 technologists, regardless of their 
level of experience, to carry out exami-
nations without any difficulty and 
allows all our 70 radiologists to answer 
questions posed by our clinicians.  
For example, the slice positioning is 
set automatically using the AutoAlign 

Head>Brain function, the calculation 
of perfusion maps is automatic using 
Local AIF (arterial input function). 

Parameters 1.5T & 3T

DotGO workflow for MAGNETOM Aera and MAGNETOM Spectra.3

T1_space 3D dissection in sagittal orientation.4

These examinations are visualized 
under syngo.via VB10A under a basic 
workflow with specific reading stages.

Neurology Clinical
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Case 1
45-year-old patient with a previous 
history of dissection left V3 segment 
(Fig. 5). Binocular diplopia with  
possible damage to right VI and  
of III on both sides. The T1 hyper-
intense signal of the left vertebral 
artery (green arrow) indicates a  
parietal hematoma at the sub-acute 
stage of dissection. Reliable acquisi-
tion protocol despite the presence  
of metallic dental materials (red star) 
and impaired spectral fat saturation  
(red arrow).

6

7

Case 2
80-year-old patient with a previous 
history of dissection of the left inter-
nal carotid (Fig. 6). Examination of 
the dissection. Prior study: carried 
out a classic T1w Spin Echo FS 
sequence with physiological synchro-
nization of the pulse. Current study: 
carried out a T1-3D-space-SFS-db 
sequence without physiological  
synchronization. The SPACE protocol 
makes it easier to interpret the 
results because it is possible to evalu-
ate the dissection in 3 dimensions 
with improved visualization of the 
dissection of the sub-petrous portion 
of the internal carotid (green circle).

Case 3
60-year-old patient, MRI exami-
nation of stroke of left middle  
cerebral artery (Fig. 7). The patient  
is not able to keep completely still. 
Despite patient motion, the 
T1-3D-space-SFS-db sequence  
demonstrates its capability and 
allows the physician to detect  
a significant T1 hyperintense signal 
of a sub-acute thrombus which is 
responsible for causing an occlusion 
of the left internal carotid artery.

5
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Case 4
70-year-old patient, undergoing MRI 
examination of vertebral dissection  
in the course of a clinical examination 
presenting, among other things, an 
incomplete Wallenberg syndrome  
on the left side (Fig. 8). View of 
thrombosis of the left vertebral artery 
on the CT. 

The CE-MRA sequence shows a left 
vertebral artery that is not opaque.  
On the T1-3D-space-SFS-db  
sequence a thrombosis is visible  
(Figs. 8A–C green arrow). 

The MinIP Thin reconstruction (8H) 
shows a circulating thread on one  
portion with an image of very  
recent thrombosis as an isosignal 
(characteristic of the acute stage  
of a parietal hematoma) on the 
T1-3D-space-SFS-db sequence  
(blue arrow).

8A

8E

8B

8F

8C

8G

8D

8H

(8A–C) t1_space_sfs_db_sag (green arrow), slice 1
(8D)  TOF (green arrow), slice 1
(8E–F) t1_space_sfs_db_sag (blue arrow), slice 2
(8G)  Contrast-enhanced MR Angiography
(8H)  MinIP Thin (blue arrow)

8
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Conclusion
With its many benefits, (high  
reliability in the presence of metallic 
implants, 3D isotropic reconstruction, 
its high level of sensitivity, anatomi-
cal coverage, etc.), the SPACE T1 
sequence has become an essential 
part of our hematoma research  
and in our evaluation of arterial  
wall pathologies.

The implementation and integration 
of a Dot strategy for neurovascular 
examinations enables a high  
degree of reproducibility amongst 
our MRI technologists within and 
between our sites. This, in turn, 
improves our efficiency in the  
treatment of our patients where  
time is a precious entity.
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Did you know that ...

More clinical articles, tips & tricks, talks on Siemens unique Dot engines at

www.siemens.com/magnetom-world-dot

Anthony Pavone

Zwanger-Pesiri Radiology  
(New York, USA)

“  With DotGO it’s going to be so much easier and 
quicker to build protocols on the fly and not interfere 
with taking table time away from the patients.  
Previously, to build a protocol from scratch would  
take 20 minutes. With DotGO, I was able to create a 
protocol in 45 seconds. Having consistency in our  
MRI protocols and examinations is extremely 
important. Our reputation is to provide the highest 
quality MRI examinations for our patients and 
referring physicians. DotGO will help us to do that.”

The statements by Siemens’ customers described herein are based on results that 
were achieved in the customer’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 other customers will achieve the same results.



How to get Inline Reconstructed Rotating 
MIPs with a 3D SPACE Measurement
Thomas Illigen

Application Specialist MR, Siemens Healthcare, Mannheim, Germany

In the Siemens software versions 
syngo MR E11 and D13, a measure-
ment within the Abdomen Dot Engine 
offers a unique option to obtain inline 
reconstructed rotating maximum 
intensity projections (MIPs). Those  
are primarily intended to be generated 
for the high-resolution MR cholangio-
pancreatography (MRCP) visualization 
by a respiratory triggered 3D SPACE 
measurement.

Nevertheless it is possible to use this 
functionality outside the Abdomen  
Dot Engine and adapt it to other  
3D SPACE protocols. In this article we 

1

will describe how to use this tool for 
lumbar spine myelography; however, 
you can do this for every 3D SPACE.

The functionality of the inline  
MIP reconstruction is linked to the  
GenericViews Dot AddIn for the said 
MRCP measurement. You will find it 
in the Abdomen Dot Engine under 
the name “t2_space_cor_trig”.

Even if your MR system does not  
have the license for the Abdomen 
Dot Engine, you can still use it,  
it works independently from a  
Dot environment: only the AddIn  
is essential and must be kept.

If you do not have a license for the 
Abdomen Dot Engine, you need to 
get access to unlicensed programs 
and protocols first. Open the Dot 
Cockpit, click on “Organize tree” and 
enable “Show inconsistent” (Fig. 1).

Select the Siemens tree, go to folder 
“abdomen” > “Abdomen Dot Engine”.

For all the Siemens Abdomen  
Dot Engines, the protocol can be 
found in the Dot strategy “Resp  
synchronized”. It is in each case the 
bottommost protocol (Figs. 2A, B, C).

 Open the Dot Cockpit, click on “Organize tree” and enable “Show inconsistent”.21
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Copy the protocol “t2_space_cor_trig” 
to its designated place in the user tree 
(Fig. 3).

To use the inline MIP reconstruction 
with another 3D SPACE protocol, first 
set this protocol up, as it should be 
acquired. In this example, the default 
“t2_space_sag_p2_iso_myelo” was 
taken as pattern.

The standard protocol for lumbar 
myelography “t2_space_sag_p2_iso_
myelo” shows inline functionality “MIP-
cor” (Fig. 4).

The MRCP-protocol “t2_space_cor_trig” 
shows inline functionality with radial 
views and the option to select a  
reconstruction axis of the radial views 
(Fig. 5).

The inline reconstruction is available  
in the protocol parameters. Never- 

3 4

5

6

theless, you should not delete the 
Generic Views AddIn since this is 
essential, although it might not be 
directly obvious.

As a next step, you should ensure 
that the intended MRCP protocol has 
a respiratory trigger. For myelogra-
phy a trigger is not intended, so the 
trigger should be set to “Off” (Fig. 6); 

7
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8

this will result in scan time reduction 
(Fig. 7).

Now you have to assimilate the pro-
tocol parameters.

Do NOT use the copy reference  
“Everything”, because this will 
destroy the linked AddIn! Simply 
copying the AddIn is insufficient, too, 
since the inline functionality is imple-
mented in the protocol parameters. 
You should therefore work step-by-
step, starting with the copy reference 
“Measurement parameters” with the 
myelography protocol as origin and 
the former MRCP protocol as target. 

“Copy phase encoding direction” 
should also be checked (Fig. 8).

If a pop-up window appears showing 
copy reference conflicts, just accept 
them.

The copy reference “Measurement 
parameters” performs changes 
according the geometry and resolu-
tion including field-of-view (FOV) 
read, FOV phase, slice thickness, ori-
entation, position, phase- and slice 
oversampling, the number of slices 
per slab, base and phase resolution.

However, parameters affecting the 
contrast, such as TR, TE, number of 

averages, flip-angle, partial Fourier,  
fat-sat pulse, turbo-factor and band-
width are not adapted, and these have 
to be changed manually.

Eventually the protocol might be 
renamed.

If you want to acquire coronal instead 
of sagittal, that’s no problem, because 
the SPACE works fine in coronal orien-
tation, too.

Having acquired the measurement, the 
inline calculated MIPs can be identified 
in the patient list by the measure-
ment’s name suffix “_Rotating MIPs” 
(Fig. 9).

9
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Contact

Thomas Illigen
Application Specialist MR
Siemens Healthcare GmbH
Customer Solutions, Region Germany, Central Region
HC CX DE MTE CS
Dynamostr. 4
68165 Mannheim
Germany 
Phone: +49 174 2011898
thomas.illigen@siemens.com 

MR myelo-
graphy shows 
a bisegmental 
lumbar spinal 
canal stenosis.

10

10

The following image collection shows 
inline reconstructed rotating MIPs 
(every second image). These images 
are courtesy of the Radiological Insti-

tute Hohenzollernstraße in Koblenz, 
Germany, where the inline recon-
structed MIPs are used for lumbar 
myelography in clinical routine. 
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Pediatric Pathologies that have Leukocoria  
as Presenting Sign: the Podium
Paolo Galluzzi; Sara Leonini; Alfonso Cerase; Alessandro Rossi

Neuroimaging and Neurointerventional Unit (NINT), Azienda Ospedaliera e Universitaria Senese, Siena, Italy

Abstract
Leukocoria is a condition in which 
the normal red reflex of the retina  
is replaced by a yellowish or grayish 
white color. Retinoblastoma is the 
most common cause of leuko-coria in 
the pediatric age, followed by persis-
tent fetal vasculature and Coats’  
disease. Clinical and imaging signs 
and differential diagnosis features of 
these pathologies are evaluated.

Introduction
Leukocoria or cat’s eye is a white, 
pink-white, or yellow-white reflex 
resulting from any white or light- 
colored intraocular retrolental abnor-
mality (mass, membrane, retinal 
detachment, or retinal storage  
disease), that reflects incident light  
back through the pupil towards the 
observer (Fig. 1). Leukocoria is the 
most common presenting sign of  
retinoblastoma (RB), the highly 

1 MR scanning has not been established as safe  
 for imaging fetuses and infants under two  
 years of age. The responsible physician must  
 evaluate the benefit of the MRI examination  
 in comparison to other imaging procedures.

malignant primary retinal cancer 
which is the most common intraocu-
lar tumor of childhood. Intraocular 
lesions presenting with leukocoria 
are usually diagnosed at ophthalmos-
copy, however the detection and  
clinical differentiation between RB 
and other benign simulating lesions  
(so-called ‘pseudoretinoblastoma’) 
may be difficult [1-6]. Imaging  
therefore may play a pivotal role  
in the differential diagnosis. 

In addition to RB, which is the most 
frequent cause of leukocoria in  
children, the second and third most 
common ones are persistent fetal 
vasculature (PFV) and Coats’ disease 
(CD), respectively. 

Methods
The routine imaging protocol of  
children1 with leukocoria in our  
institution takes about one hour. Our 
patients with leukocoria are studied 
in a 1.5T system (MAGNETOM 
Avanto, Siemens Healthcare, Erlan-
gen, Germany) with a head coil and  
a surface coil for each eye (diameter 
4 cm); our protocol includes pre- 
contrast T1, T2-weighted (transaxial) 
thin-slice (≤ 2 mm) imaging.

The measured voxel of the T1w 
sequences acquired with the orbit coils 
are 0.43 x 0.3 x 2 mm (TR 312 ms,  
TE 15 ms, FOV 75, base/phase resolu-
tion 256/80). Turbo spin echo (TSE)  
3D T2-weighted images (TR 750 ms, 
TE 112 ms, FOV 170, base/phase  
resolution 256/100, slice thickness  
0.7 mm) and have 0.7 x 0.7 x 0.7  
isotropic voxels. Gradient-echo (GRE) 
3D T2-weighted steady-state free  
precession sequences (TR 47 ms,  
TE 20 ms, FOV 180, base/phase resolu-
tion 384/93, slice thickness 1 mm) 
have voxels of 0.6 x 0.5 x 1 mm. 
Recently, GRE 3D T2-weighted imaging 
has been replaced by susceptibility-
weighted imaging with the same slice 
thickness and with voxels of 0.7 x  
0.5 x 1 mm (TR 46, TE 38, FOV 100, 
base/phase resolution 192/75). The 
study of the orbits also includes diffu-
sion-weighted sequences (DWI)  
(TR 3200, TE 100, FOV 100, base/
phase resolution 192/100, voxel size 
1.2 x 1.2 x 2.6 mm), and post-contrast 
T1-weighted (sagittal oblique and 
transaxial, gadoteric acid (Dotarem, 
Guerbet, France)) without fat-satura-
tion. 1 mm-thick fat-suppressed post-
contrast T1-weighted Volumetric Inter-
polated Breathhold Examination (VIBE) 
images (TR 9.14, TE 4.39, FOV 75 mm, 
2 averages, base/phase resolution 
256/75, voxel size 0.4 x 0.3 x 1 mm) 
are also used to obtain volumetric 
imaging and to better evaluate orbital 
spread of the tumor. Dynamic Contrast 
Enhanced (DCE) images are also per-
formed to evaluate contrast enhance-
ment degree in early, medium and  
late phases. Imaging of the head 
includes pre-contrast sagittal T1  
and T2-weighted, transaxial PD and 
T2-weighted (slice thickness ≤ 4 mm) 
and post-contrast 3D magnetization 
prepared rapid gradient echo 
(MPRAGE) sequences (TR 2070 ms,  

Left eye 
leukocoria.

1

1
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TE 3.52 ms, ST 1 mm, FOV 109 mm, 
base/phase resolution 384/75) of  
the whole brain, performed using  
the standard head coil.

All children are deeply sedated for  
the examinations to reduce motion 
artifacts.

Retinoblastoma
RB is a highly malignant primary reti-
nal tumor arising from neuroectoder-
mal cells (nuclear layer of the retina). 
Though rare, it is the most common 
intraocular tumor of childhood. The 
incidence of RB varies from 1 : 17,000 
to 1 : 24,000 live births [7]. Most 
patients present before four years of 
age (mean age 24 months for unilat-
eral and 12 months for bilateral cases) 
[8], but 30 to 40% of patients will have 
a germline mutation in the RB1 gene 
and present at an earlier age with  
multifocal, bilateral disease [9]. 
Patients with the genetic form of RB 
are at an increased risk for developing 
primary intracranial neuroectodermal 
tumors in the pineal or suprasellar 
region usually with a dismal prognosis, 
a condition termed ‘trilateral retino-
blastoma’ [10-13].

RB was classified into five groups by 
Reese and Ellsworth [14] to provide  
a prognosis for local cure and vision  
of eyes treated with external beam 
radiotherapy (EBT). More recently,  
an international classification for intra-
ocular RB (ABC) has been created  
for the purpose of clinical trials using  
chemotherapy [15] (Tables 1, 2).

The growth pattern of RB may be 
endophytic, from the retina into the 
vitreous, exophytic into the subretinal 
space and mixed, whereas the diffuse 
pattern with flat infiltration along the 
retina (so-called diffuse infiltrative reti-
noblastoma or DIRB) is uncommon [16]. 

It is not uncommon to observe an  
RB growing in an eye that is smaller 
than normal, but its occurrence in 
micro-ophthalmic eyes is extremely 
rare, with the exception of cases with 
a phthisis bulbi. 

Diagnosis of RB is usually made by 
ophthalmoscopy (under general  
anesthesia). The more usual opthtal-
moscopic appearance of RB is one or 
more pink-whitish tumor/s projecting 

Table 1:  
Reese-Ellsworth Classification

Group 1 (very favorable for saving [or preserving] the eye)

1A: one tumor, smaller than 4 disc diameters (DD), at or behind the equator 

1B: multiple tumors smaller than 4 DD, all at or behind the equator 

Group 2 (favorable for saving [or preserving] the eye)

2A: one tumor, 4 to 10 DD, at or behind the equator 

2B: multiple tumors, with at least one 4 to 10 DD, and all at or behind the equator

 Group 3 (doubtful for saving [or preserving] the eye)

3A: any tumor in front of the equator

3B: one tumor, larger than 10 DD, behind the equator

Group 4 (unfavorable for saving [or preserving] the eye)

4A: multiple tumors, some larger than 10 DD

4B: any tumor extending anteriorly (toward the front of the eye) to the ora serrata  
(front edge of the retina)

Group 5 (very unfavorable for saving [or preserving] the eye)

5A: tumors involving more than half of the retina

5B: vitreous seeding (spread of tumors into the gelatinous material that fills the eye)

Table 2:  
International Classification of Retinoblastoma

Group Subgroup Quick reference Specific features

A A Small tumor Retinoblastoma < 3 mm in size

B B Larger tumor Retinoblastoma > 3 mm in size

Macula Macular retinoblastoma location  
(< 3 mm to foveola)

Juxtapapillary Juxtapapillary retinoblastoma location  
(< 1.5 mm to disc)

Subretinal fluid Clear subretinal fluid > 3 mm from margin

C Focal seeds Retinoblastoma with 

C1 Subretinal seeds < 3 mm from retinoblastoma

C2 Vitreous seeds < 3 mm from retinoblastoma

C3 Both subretinal and vitreous seeds > 3 mm 
from retinoblastoma

D Diffuse seeds Retinoblastoma with

D1 Subretinal seeds > 3 mm from retinoblastoma

D2 Vitreous seeds > 3 mm from retinoblastoma

D3 Both subretinal and vitreous seeds > 3 mm 
from retinoblastoma

E E Extensive 
retinoblastoma

Extensive retinoblastoma occupying > 50% 
globe or Neovascular glaucoma

Opaque media from hemorrhage in anterior 
chamber, vitreous or subretinal space

Invasion of postlaminar optic nerve, choroid 
(2 mm), sclera, orbit, anterior chamber
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into the vitreous (Fig. 2); calcifications 
and hypertrophic feeder vessels are 
more frequently encountered in 
medium-large size masses (Figs. 3, 4).

Intratumoral calcification and/or 
tumor seeding give additional sup-
port to an ophthalmoscopic diagnosis 
of RB. Tumoral mass development 
may result in retinal detachment  
(Fig. 5), choroidal and/or optic nerve 
infiltration, ciliary body invasion and 
anterior segment extension.

Solitary or multiple intraocular 
masses, often with calcification, 
whether or not associated with reti-
nal detachment and vitreous seeding 
are readily visible by ultrasound (US). 
Particularly, at A-scan US the tumor 
shows high internal reflectivity and 
rapid attenuation of the normal 
orbital pattern, whilst B-scan US 
shows a round or irregular mass  
with high reflective echoes and  
a variable degree of calcification  
(i.e. shadowing) (Fig. 6). Ultrasound 
biomicroscopy (UBM) allows in vivo 
analysis of the anterior segment of 
the eye at microscopic resolution, 
providing a sensitive and reproduc-
ible visualization of the anterior  
retina, ciliary region, and anterior 
segment allowing a better staging  
of the advanced disease process, 
anterior to the ora serrata [17].

Both ophthalmoscopy and US may be 
limited by the presence of complex 
intraocular interfaces when vitreous 
opacities, subretinal fluid, and retinal 
detachment are present, have very 
limited ability to evaluate tumor 
extension into the optic nerve and 
may not detect the ocular wall and 
the extraocular space compared to 
MR imaging [18-22].

With 3D US, extrascleral extension and 
optic nerve invasion can be scrutinized 
with unique previously unavailable 
oblique and coronal sections, but 
shadowing can consistently reduce  
the reliability of this technique [23].

Ocular coherence tomography (OCT)  
is a valuable tool for assessment of 
cross-sectional retinal anatomy, with 
axial resolution to approximately  
10 mm. Deeper tissues such as the 
choroid and sclera are imaged. OCT 
scans have also been used favorably 
during the management of RB [24-26]. 
On OCT, RB shows an optically dense 
appearance. Intralesional calcification 
can cause higher internal reflectivity 
(backscattering) and denser shadow-
ing. There is abrupt transition of the 
normal retinal architecture to the  
retinal mass. OCT is also a useful test 
in monitoring reasons for visual loss 
following treatment of RB [24].  
However, with the current clinical  
OCT platforms, it is very difficult to 
successfully image small children with 
RB without sedation. 

Guidelines from European Retinoblas-
toma Imaging Collaboration (ERIC) to 
standardize MRI of the eye have been 
recently published [27].

MRI demonstrates lesions that are 
slightly hyperintense to vitreous on 
T1-weighted sequences and hypoin-
tense to vitreous on T2-weighted 
sequences (Figs. 7-8), a feature that 
can be used to differentiate RB from 
PFV and CD that usually produce 
hyperintense abnormalities in both  
T1 and T2w images. Calcification is the 
most important differentiating feature 
of RB. The vast majority of RB appear 
nodular with calcifications. Only a few 
pathologic conditions other than RB 
show calcium deposits in extremely 
young children. These include 
microphthalmos with and without  
colobomatous cysts, choristoma, and 
cytomegalovirus (CMV) endophthalmi-
tis [28-29]. In children older than 
three years of age, several additional 
lesions, such as astrocytoma of the ret-
ina, retinopathy of prematurity (ROP), 
toxocariasis, medulloepithelioma, and 
optic nerve drusen, may have calcifica-
tions, thus mimicking the appearance 
of RB. The common CT appearance  
of RB is that of a mild to moderate 
hyperdense lesion, very frequently 

Whitish intraocular mass at 
ophthalmoscopy.

2

Superficial calcifications 
(arrows).

3

Feeder vessels in a large 
retinoblastoma.

4

Bullous total retinal 
detachment.

5 Large hyperechogenic mass 
with shadowing.

6

2

3

4

5 6
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with calcifications and moderate to 
marked enhancement after contrast 
administration (Fig. 9). Our protocol 
does not include CT for assessment of 
intraocular tumors to avoid exposure 
of patients to ionizing radiation.  
A high-resolution gradient-echo 
T2-weighted sequence showed prom-
ising results regarding detection of  
calcifications [30] (Fig. 10). Galluzzi  
et al. [30] showed that when data 
from ophthalmoscopy, US and MRI are 
put together, no calcifications detected 
on CT were missed. More recently,  
signal-intensity voids indicating calcifi-
cation on gradient-echo T2-weighted 
sequences were compared with  
ex vivo high-resolution CT: all calci-
fications visible on high-resolution CT 
could be matched with signal-intensity 
voids on MRI [31] (Fig. 11). Sensitivity 
of susceptibility-weighted imaging for 
detecting intratumoral calcifications is 
under evaluation (Fig. 12). 

The tumor variably enhances with 
intravenous gadolinium contrast  
material (Fig. 13).

Diffuse infiltrating RB (DIRB) is a rare 
form of RB, generally presenting at a 
more advanced age than the typical 
unilateral form, and occurs more  
frequently in boys. It is consistently 
reported as being unilateral and  
sporadic [32-34]. Pseudo-inflamma-
tion is a common presenting sign  
(24% versus only 6% in the classic 

The mass is slightly hyperintense 
on T1-weighted image.

7

Intratumoral signal voids on 
gradient-echo 3D T2*-weighted 
image, consistent with 
calcifications.

10

Contrast-enhanced CT scan 
showing enhancement of a 
partially calcified right eye mass.

9

7

The mass is hypointense on 
T2-weighted image.

8

Correspondence between signal 
voids at MR (left side) and hyper-
densities at ex vivo CT scan.

11

Susceptibility-weighted image 
(SWI) ameliorates the documen-
tation of signal voids consistent 
with calcifications.

12

T1-weighted image after 
contrast administration 
showing moderate 
enhancement of the mass.

13

8

9

10

11

12

13
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T2-weighted image of a diffuse 
infiltrating retinoblastoma (DIRB).

14

Histologically confirmed 
prelaminar optic nerve infil-
tration with interruption of 
choroido-retinal enhancement 
line at optic disc level.

15

T1-weighted contrast-
enhanced image showing 
retrolaminar optic nerve 
infiltration.

16

T1-weighted contrast-
enhanced image showing 
abnormal anterior segment 
enhancement of the left eye.

17

14

15

16

17

form), whereas leukocoria is rela-
tively rare (24% versus 63% in the 
classic form), such as calcifications 
(14.3% of cases at histology) [33]. 
On clinical examination, pseudo-
hypopyon is a suggestive sign, 
observed in 59% of cases [32]. On 
MR images it appears as an exophytic 
mass with relatively high signal 
intensity on T1-weighted sequences, 
low signal intensity on T2-weighted 
sequences, and moderate contrast 
enhancement. The detached retinal 
leaflets appeared to be diffusely 
thickened, irregular, and locally  
nodular, with possible contrast 
enhancement [32-34] (Fig. 14). 

RB behaves aggressively, employing 
several modes of dissemination,  
but patients have a very high life 
expectancy, if the tumor is diagnosed 
early; the options for eye-preserving 
therapy have significantly improved 
over recent years [35-38].

As a consequence, more children  
are treated without histopathological 
confirmation and, what is more 
important, without assessment of 
risk factors for disease dissemination 
and prognosis.

Invasion of the optic nerve in RB is 
quite common. From there, neoplas-
tic cells may then breach the pia  
to reach the subarachnoid space  
or spread into the intracranial optic 
pathways. Interruption of the normal 
linear enhancement at the optic 
nerve disk (choroidoretinal complex) 
supports a suggestion of prelaminar 
optic nerve invasion [39-41] (Fig. 15). 
Postlaminar nerve invasion is the 
presence of abnormal contrast- 
enhancement (enhancement ≥ 2 mm 
in diameter) in the distal nerve [42] 
(Fig. 16); when evaluating optic 
nerve enhancement we must pay 
attention to the presence of elevated 
intraocular pressure (IOP), that could 
lead to a false bulging of the tumor 
in the optic nerve head. The accuracy 
of MRI in detecting optic nerve inva-
sion has been assessed in several 
studies [8, 27, 40, 42, 43, 44].  
In a recent meta-analysis, De Jong  
et al. [45] reported the sensitivity 
and specificity of conventional MRI in 
detecting postlaminar nerve invasion 
to be 59% (95% CI, 37-78%) and  
94% (95% CI, 84-98%), respectively. 

Recent publications have suggested  
a limited correlation of MRI with histo-
pathology and there is little agreement 
among radiologists’ interpretations 
[46-49]. However, these authors  
used standard-resolution MRI with 
head coils; the use of surface coils  
is currently recommended [43, 44]. 
High-resolution MRI with surface  
coils excludes advanced optic nerve 
invasion with high negative predictive 
value and is recommended for the 
appropriate selection of RB patients 
eligible for primary enucleation. How-
ever, it cannot substitute for pathology 
in differentiating the first degrees of 
nerve invasion [50].

Postlaminar optic nerve or optic nerve 
meningeal sheath invasion should 
raise suspicion of leptomeningeal 
metastases. 

Invasion of the choroid and sclera may 
occur with subsequent extension into 
the orbit, conjunctiva, or eyelid. The 
risk of distant metastasis increases 
markedly with extraocular extension.

Discontinuity of the normal choroidal 
enhancement is the leading criterion 
for its infiltration. Massive choroidal 
invasion usually presents as focal  
choroidal thickening. Protrusion of 
enhancing tissue through the thick-
ened choroid into the (low signal-
intensity) sclera or beyond is a sign  
of scleral invasion or extraocular 
extension, respectively [40]. 

Anterior eye segment enhancement 
frequently occurs in RB and is usually  
a sign of iris angiogenesis, caused  
by the hyper-secretion of vascular 
endothelial growth factor (VEGF)  
in tumor growth-induced ischemia 
[51, 52] (Fig. 17). Tumor invasion  
into the anterior eye segment is an 
infrequent finding [40]. 

Vitreous seeding can be shown by MRI 
only if the tumoral flocculus are large 
enough to be detected and dedicated 
sequences are performed (Fig. 18).

DWI has been widely used in evalua-
tion of orbital tumors in adults and 
children. In our protocol, DWI images 
of the eye(s) and the optic nerve(s) 
were acquired in the three orthogonal 
directions with b-factors of 0, 500, and 
1000 mm2/s and apparent diffusion 
coefficient (ADC) maps were automati-
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T2-weighted 3D image showing 
small hypointense floccules of 
vitreal seeding.

18 Restricted diffusion within  
the tumor.

20

Dynamic curve showing early 
enhancement with progressive 
growth.

19

18 20

19

cally generated. Preliminary results  
in RB consistently demonstrate low 
ADC within the tumor and a correla-
tion between its value and prognostic 
parameters [53] (Fig. 19): actually, 
findings such as poorly differentiated 
or undifferentiated tumor, bilaterality, 
large size tumors, and optic nerve 
invasion are usually associated with  
a trend for lower ADC [54, 55]. 

There has been recent discussion of  
the potential for dynamic contrast-
enhanced (DCE) MRI to non-invasively 
assess tumor angiogenesis and necrosis 
in RB concluding that the early phase of 
the DCE time curve positively correlates 
with microvascular density, while  
the presence of late enhancement  
correlates with necrosis [56] (Fig. 20).

Brain MRI can detect trilateral RB  
(i.e. PNET located mainly in the pineal 
gland, or rarely in the suprasellar 
area), leptomeningeal spread and  

congenital brain malformations 
(mainly in patients with 13q-deletion 
syndrome) [57, 58]. 

Persistent fetal vasculature  
(Persistent hyperplastic 
primary vitreous) 
PFV (previously named persistent 
hyperplastic primary vitreous) is  
the second most common cause of  
leukocoria. It is a congenital, non-
hereditary, failure of the embryonic 
primary vitreous to regress, resulting 
in continued proliferation and forma-
tion of a retrolental mass with  
cataract in the anterior segment. The  
primary vitreous is formed during the 
first month of development, extends 
from the posterior lens to the retina 
and contains branches of the hyaloid 
artery. The hyaloid blood system con-
sists primarily of the hyaloid artery,  
a branch of the ophthalmic artery, 
and by the vasa hyaloidea propria. 
The hyaloid artery begins to regress 
during the formation of the avascular 
secondary vitreous at nine weeks.  
By the third month, the secondary 
vitreous, which ultimately forms  
the adult vitreous, fills most of the  
developing vitreous cavity. The pri-
mary vitreous becomes condensed 
into a narrow band (Cloquet’s canal), 
running from the optic disc to the 
posterior aspect of the lens. 

Usually, the primitive hyaloid system 
regresses completely: the posterior 
portion of the arterial system typi-
cally regresses at seven months of 

life, whilst the anterior one regresses 
at eight months of life. When the 
primitive mesenchymal tissue  
persists and continues to proliferate, 
a retrolental mass is formed. Com-
monly, patients have a combination 
of the anterior and posterior types  
of PFV. In the anterior type, findings 
include a shallow anterior chamber, 
elongated ciliary processes, enlarged 
iris vessels, cataracts, early onset 
glaucoma, and intralenticular  
hemorrhages (Fig. 21). There is also  
commonly degeneration of the lens 
fibers; this may manifest as an abnor-
mal lental morphology at imaging 
and ultimately may lead to develop-
ment of a cataract [59]. In the poste-
rior type, findings include the classic 
retrolental fibrovascular mass, vitre-
ous membrane, a remnant of the  
Cloquet canal, which carries the hya-
loid artery, optic disc dysplasia, and a 
clear lens [60]. The retrolental mass 
may hinder the proper development 
of the retina and lead to variable 
degrees of microphthalmia. In older 
patients, calcification or even ossifica-
tion of the lens may be observed [61]. 

PVF is unilateral in between 90%-98% 
of cases [61-63].

Rare bilateral cases of similar findings 
have been reported in the past in 
association with Norrie disease,  
Warburg syndrome, and other  
neurologic and systemic anomalies 
[61]. However, bilateral PFV may  
represent a separate clinical entity, 
with a unique underlying mechanism 
and several bilateral PFV have been 
recently described [64-67]. 

Retinal detachment is seen in  
30%-56% of cases [61, 63]. Strands 
of glial tissue extending from the  

Elongated ciliary processes  
in PFV.

21
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retina into the vitreous are seen  
in about one third of cases [61].

Vitreous hemorrhage from the fibro-
vascular tissue is common, especially 
in the first few months of life; hem-
orrhage and neovascular glaucoma 
are the most common complications 
necessitating enucleation.

The most typical finding of PFV is  
the retrolental fibrovascular mass 
[64, 68] caused by persistence of  
the primary vitreous that normally 
should regress [69]. 

Patients with anterior type PFV can 
have a good visual outcome, whilst 
those with posterior type tend to 
have a poor one [64].

Imaging findings depend on the size, 
thickness, and vascularity of the  
retrolental fibrovascular mass. At US, 
the main finding is a contracting 
echogenic retrolental mass, with one 
or few hyperechoic band/s extending 
from the mass to the optic nerve 
head. This band corresponds to the 
Cloquet canal (Fig. 22). Sometimes, 
the hyaloid artery can be seen within 
this band with Doppler US. Mafee et 
al. initially described the relationship 
between leukocoria and CT findings of 
a funnel-shaped mass of fibrovascu-
lar tissue that occupies the retrolen-
tal space and the site of the Cloquet 
canal [70], extending from the area 
of the optic disc toward the posterior 
aspect of the lens [71]. Use of CT 
depicts well microphthalmos and  
frequently a retrolental focus of 
increased attenuation. A linear band 
or septum extending from the poste-
rior aspect of the retrolental mass 
allows for a confident diagnosis of 
PFV, such as a layering attenuating 

hemorrhage in the globe. CT usually 
demonstrates tubular, cylindrical,  
triangular, or discrete intravitreal 
densities suggesting the presence  
of remnants of persistent hyaloid  
system or congenital non-attachment 
of the retina. A generalized increase 
in intravitreal density and enhance-
ment of abnormal intravitreal tissue 
are both possible [70, 71]. CT may 
also detect the presence of calcifica-
tions, very rare in PFV; 3D gradient 
echo T2-weighted MR images and 
SWI MR images hopefully will replace 
CT in the calcification depiction also 
in this pathology. MRI usually depicts 
an inconstant contrast-enhancing 
mass behind the lens associated  
to retinal and/or posterior hyaloid 
detachment with hemorrhage  
and the abnormal lens in a micro-
ophthalmic eye (Fig. 23). Visualiza-
tion of a vertical septum (Cloquet 
canal) between the optic disc and 
posterior lens is a diagnostic hall-
mark. Decubitus positioning may  
also show a gravitational effect on a 
fluid level within the globe, reflecting 
a sero-hematic fluid (Fig. 24). There 
may also be enhancement of the 
anterior chamber, which is thought 
to be related to elongation of the  
ciliary processes, possibly through 
the mechanism of leaky vessels [64].

Anterior PFV is rarer than posterior 
PFV, and mixed type is by far the most 
frequent (Fig. 25). In the sporadic 
cases documented with MRI in the 
pertinent literature, anterior PFV 
showed a shallow anterior chamber, 
a flat lens, and an enhancement of 
the lens and of the ciliary body after 
intravenous gadolinium administra-
tion [60, 72].

Coat’s disease
Since its original description in 1908, 
Coat’s disease (CD) has been recog-
nized as an idiopathic cause of severe 
vision loss with a remarkable diversity 
in clinical presentation and morphol-
ogy. CD is a rare, probably congenital, 
nonfamilial, idiopathic vascular  
developmental disease of the retina, 
primarily caused by a defect at the 
endothelial cell level of the blood- 
retinal barrier, resulting in increasing 
amounts of yellowish intraretinal and 
subretinal exudate composed of blood 
components rich in cholesterol crys-
tals, cholesterol- and pigment-laden 
macrophages, few erythrocytes, and 
minimal hemosiderin, final leakage of 
fluid into the vessel wall and perivas-
cularly (Figs. 26, 27). The massive  
subretinal and intraretinal exudation 
often leads to thickening of the retina 
(heaviest in the outer sectors) and 
exudative retinal detachment [73, 74]. 
Some eyes develop retinal or choroidal  
neovascularization, which might result 
in hemorrhage. In up to 20% of all 
cases there is a fibrous submacular 
nodule that occasionally is calcified  

Retrolental stalk along the  
Cloquet canal.

22

T1-weighted contrast-enhanced 
image showing retrolental mass 
in a microophthalmic left eye.

23

T2-weighted image of PFV with 
both anterior and posterior 
segments involvement.

25

Fluid-fluid level due to intravitreal 
hemorrhage.

24

22 23

25

24
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Yellowish exudate at 
ophthalmoscopy.

26

or ossified. The clinical spectrum  
of CD is broad, ranging from asymp-
tomatic perifoveal telangiectasis,  
to total exudative retinal detachment 
with poor visual prognosis, and may 
progress to neovascular glaucoma  
with eventual phthisis bulbi. Second-
ary changes also include rubeosis  
iridis, neovascular glaucoma, cataract, 
and uveitis. Shields et al. [75] pro-
posed the most recent classification 
system in five stages: 

Stage 1: retinal teleangectasia only

Stage 2: teleangectasia and  
 exudation

Stage 3a: exudative subtotal retinal  
 detachment

Stage 3b: exudative total retinal  
 detachment

Stage 4: total retinal detachment  
 and glaucoma

Stage 5: advanced end-stage  
 disease 

The vascular anomaly of CD, 
although present at birth, usually 
does not cause symptoms until the 
retina detaches and central vision  
is lost [76, 77]. Calcifications are  
very rare, although intraocular  
bone formation has been reported in 
advanced cases [78]. CD is unilateral 
in 80%-90% of patients, affecting 
69%-85% of males. If bilateral,  
one eye is usually minimally affected 
[59, 79-81].

The disease usually appears in 
patients slightly older (4-8 years) 
than those affected by RB. Several 
exceptions to the usual age at pre-
sentation have been reported [77, 
82, 83]. CD is isolated in the majority 
of cases, although associations with 
a variety of exudative retinopathies, 
as well as several conditions, have 
been described [59, 84-87]. 

Leukocoria and strabismus are the 
most common presenting signs of CD 
[73, 74, 77, 79, 88-91]. Progression 
to total retinal detachment, painful 
neovascular glaucoma, phthisis bulbi, 
and blindness, occurs in slightly  
more than half of untreated patients 
[83, 92]. Spontaneous remission has 
been sporadically reported [93]. 

Misdiagnosing CD as RB may result  
in the enucleation of a potentially 
salvageable eye; conversely, mistak-
ing a case of RB for CD delays the 
appropriate therapeutic intervention 
and increases the possibility of  
extraocular tumor spread, especially 
if intraocular surgery is performed.

Ophthalmoscopy can demonstrate  
a variety of findings, depending on 
the stage of the disease. In early 
stages, ophthalmoscopic examina-
tion reveals dilated and saccular 
aneurysmal changes in tortuous  
retinal vessels with exudates, and 
localized foci of retinal teleangiecta-
sia [73]. With progression of the dis-
ease, the vascular abnormalities are 
associated with increasing amounts 
of yellow intraretinal and subretinal 
exudation. The ophthalmoscopic dis-
tinction of advanced CD from other 
diseases with bullous retinal detach-
ment (such as RB) can be extremely 
difficult, if not impossible (Fig. 28); 
for instance, dilated retinal vessels 
and subretinal exudate with foamy 

macrophage may represent a so 
called ‘Coat’s reaction’ to RB [74]. 
Furthermore, patients with advanced 
CD frequently manifest a clouded vit-
reous, which limits ophthalmoscopic 
findings. Fluorescein angiography 
plays a pivotal role in both diagnosis 
and assessment of disease progres-
sion, allowing clear visualization of 
the vascular changes which may be 
taking place [75]. It may show mildly 
irregular retinal vessels, sausage-like 
vascular beading, saccular outpouch-
ings, or light-bulb dilations; leakage 
from the irregular-caliper retinal ves-
sels may be demonstrated (Fig. 29). 

The ultrasonographic findings 
depend on the stage of the disease. 
In the early stages, US shows areas of 
retinal detachment, and excludes the 
presence of solid mass and calcifica-
tion (both suggesting RB); documen-
tation of teleangiectasia and retinal 
exudates are also possible in early 
stages. When the disease advances, 
some more characteristic echo-
graphic signs may help the right 
diagnosis: narrow or close V-shaped 
retinal detachment with looping of  
a thickened peripheral retina, poor 
retinal mobility, dense slowly moving 

26

Cholesterol crystals at histology.27

27

Bullous retinal detachment in 
Coat’s disease.

28

28

29

Leakage at fluorangiography.29
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Funnel-shaped total retinal 
detachment at ultrasonography.

30

30

subretinal opacities, as well as the 
above described absence of solid 
mass and no evidence of calcification 
(Fig. 30). However, it is important  
to remember that looping of the 
peripheral retina may also be seen in 
advanced retinopathy of prematurity 
(ROP), and calcification has been 
described in longstanding CD [95]. 
Unfortunately, although ultrasono-

graphy is an essential component of 
the evaluation of patients with CD, it 
is of limited utility when diffuse vitre-
ous infiltration, non-calcified masses, 
and complex interfaces are present. 
OCT is useful in identifying subtle 
macular edema or cystic changes, 
subretinal fluid, exudate, and  
hemorrhage, as well as assessment 
of the integrity of specific retinal  
layers [96]. 

When clinical diagnosis is uncertain, 
CT and/or MR imaging are required. 
In the initial stages, imaging studies 
may be essentially normal or show 
very slight focal retinal thickening 
and exudate. In advanced stages,  
CT and MRI show a funnel-shaped 
retinal detachment with an underly-
ing subretinal lipo-proteinaceous 
exudation. The exudate may occupy 
almost the entire globe and may oblit-
erate the vitreous space in advanced 
cases. There is no calcification. The 
exudation appears hyperdense on  
CT (Fig. 31) and almost always as 
hyperintense signal on both T1w  
(Fig. 32), T2w (Fig. 33), and FLAIR 
(Fig. 34) images. This is in contrast  

FLAIR image clearly showing a 
hyperintense right eye.

34

T2-weighted image showing 
hyperintense exudate and totally 
detached retina with some 
peripheral thickening.

33

CT scan showing diffuse hyper-
density in the right eye in high-
grade Coat’s disease. No calcifi-
cations are visible.

31

T1-weighted not-enhanced image 
showing diffuse hyperintense 
exudate in the affected eye.

32

31

32

to RB, which is relatively hypointense 
on T2-weighted images. The presence 
of hemorrhage at different catabolic 
stages or fibrosis may confer a poten-
tially confounding heterogeneous 
appearance, especially on T2-weighted 
images (Fig. 35). Post-contrast study 
usually shows an absence of enhance-
ment in the subretinal region, and may 
document characteristic funnel-shaped 
enhancement of the detached leaves 
of the retina (Fig. 36), due to thick-
ened retina with teleangectasia and 
microaneurysms, especially in the 
peripheral sections. Enhancement  
of the detached leaves of the retina,  
if present, may be very important in 
the differential diagnosis with RB, 
which enhances in a mass-like fashion. 
However, in extreme cases of 
advanced CD, a retrolental gliotic mass 
can occur simulating nodular RB. 

A case report with enhancement  
of the proximal optic nerve in 
T1-weighted contrast-enhanced 
images has been described in a child 
with elevated (58 mm Hg) intraocular 
pressure (IOP); the finding disappeared 
after normalization of IOP [97].

Proton MR spectroscopy of the exudate 
has demonstrated a peak at 1-1.6 ppm 
due to lipoproteinaceous material [98].

The main problem in differential  
diagnosis remains to differentiate 
advanced CD from RB, and usually 
requires the summation of various 
diagnosis aids, since both diseases 
may present with nonrhegmatogenous 
retinal detachment, teleangiectases, 
and subretinal collections.

33

34

T2-weighted image showing a 
hypointense mass-like lesion in 
Coat’s disease.

35

35
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Siemens Pediatric* MRI 
Caring for our youngest and most vulnerable

• Quiet Suite for complete,  
quiet examinations for Neurology 
and Orthopedics

• StarVIBE for motion-insensitive, 
contrast-enhanced T1-weighted 
imaging

• SPACE for advanced 3D imaging 
capabilities, including SPACE DIR

• ASL 2D and ASL 3D for contrast-free 
perfusion evaluation of the brain

*MR scanning has not been established as safe  
 for imaging fetuses and infants less than two  
 years of age. The responsible physician must  
 evaluate the benefits of the MR examination  
 compared to those of other imaging procedures.

• SWI for the visualization of  
intra-venous deoxygenated blood  
and extravascular blood products

• BLADE for motion insensitive  
imaging throughout the body,  
in all directions

• RESOLVE for high-resolution,  
anatomy-true DWI and DTI of  
the brain and spine

• REVEAL for high quality, efficient 
diffusion-weighted imaging of  
the whole body

• TWIST for high temporal resolution  
MR angiography with low contrast dose

• NATIVE for contrast-free MR angiography

• GRAPPA and CAIPIRINHA with Tim 4G 
coils for faster imaging and minimal  
loss of SNR

Siemens offers innovative applications for pediatric MR imaging to answer all clinical questions:

Images courtesy of:  
Children’s Hospital, Boston, USA; National Center for Child Health and Development, Tokyo, Japan; University Children’s Hopsital Beider Basel,  
Basel, Switzerland; The Royal Children’s Hospital, Melbourne, Australia; Children’s Healthcare of Atlanta of Scottish Rite, Atlanta, USA;  
Children’s MRI Centre & RCH 3T, Victoria, Australia; Cook Children’s Hospital, Ft. Worth, USA; University Hospital Saarland, Homburg, Germany
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Image Gallery MAGNETOM Amira

MAGNETOM Amira is the latest addition to Siemens 
1.5T MRI portfolio. It is designed to provide answers  
to present day challenges including enhanced clinical 
capabilities while maintaining patient comfort and 
keeping ownership costs low.

Powered by the latest syngo MR E11 software and high 
density Tim 4G coils, MAGNETOM Amira delivers high 
quality images for all routine and advanced application. 

Here is a small collection of images from our clinical 
collaborators and early adopters around the world.

3D T1 SPACE, GRAPPA 2 Diffusion, Fibertracking,  
20 directions, GRAPPA 2

3D VIBE, opposed phase, GRAPPA 23D StarVIBE FatSat

Courtesy of Radiologische Gemein-
schaftspraxis, Halle, Germany

3D SWI minIP, Quiet, GRAPPA 2

T2 TSE, Quiet, with BLADE

MAGNETOM Amira Image Gallery
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T2 TSE

Courtesy of Munakata Shukokai Sogo Hospital,  
Fukuoka, Japan

T1 TSE,  
GRAPPA 2

T1 TSE, GRAPPA 2 Myelography,  
T2 HASTE FatSat, 
thick slab, 
GRAPPA 2

Myelograohy,  
3D T2 SPACE FatSat, MIP, 
GRAPPA 2

T2 TSE,  
GRAPPA 2

T2 TSE, GRAPPA 2

T2 TIRM, 
GRAPPA 2

3D FLASH CE-MRA, MIP, GRAPPA 3

Courtesy of Radiologische Gemein-
schaftspraxis, Halle, Germany

T1 TSE, Quiet

Courtesy of Radiologische Gemeinschaftspraxis, Halle, Germany

Courtesy of Munakata Shukokai Sogo Hospital, 
Fukuoka, Japan

Courtesy of Munakata Shukokai Sogo Hospital, 
Fukuoka, Japan

Courtesy  
of Munakata 
Shukokai 
Sogo  
Hospital, 
Fukuoka, 
Japan

60 MAGNETOM Flash | (63) 3/2015 | www.siemens.com/magnetom-world

MAGNETOM Amira Image Gallery



Upper row: 
3D T1 FLASH, GRAPPA 3

Bottom row:  
T2 TIRM, GRAPPA 3

3D SPACE IR, thin MIP, inverted, 
GRAPPA 2

3D TrueFISP FatSat, MPR, GRAPPA 2

3D StarVIBE SPAIR

Courtesy of Munakata Shukokai Sogo 
Hospital, Fukuoka, Japan

3D VIBE Dixon water, CAIPIRINHA 4

Courtesy of Radiologiezentrum, 
Schwabmuenchen, Germany

T2 TIRM, GRAPPA 2,  
3 steps composed

MRCP, 3D T2 SPACE FatSat, MIP, 
GRAPPA 2

Courtesy of Radiologische Gemein-
schaftspraxis, Halle, Germany

A, B: TrueFISP cine, GRAPPA 2

C: T2 TIRM Dark Blood

D: MyoMap T2, TrueFISP, GRAPPA 2

Courtesy of Radiologische Gemein-
schaftspraxis, Halle, Germany
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C
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D
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QISS, TrueFISP FatSat,  
MIP, GRAPPA 3,  
9 steps composed

3D FLASH CE-MRA,  
MIP, GRAPPA 2,  
3 steps composed

TWIST, 3D FLASH CE-MRA dynamic,  
MIP, GRAPPA 3

PD TSE FatSat, GRAPPA 2PD TSE, without metal  
artifact reduction,  
GRAPPA 2

Courtesy of Radiologische Gemeinschaftspraxis, 
Halle, Germany

3D VIBE water excitation

Courtesy of Radiologische 
Gemeinschaftspraxis, Halle, 
Germany

Courtesy of Radiologiezentrum, Schwabmuenchen, Germany

PD TSE, with WARP, 
SEMAC, GRAPPA 3
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Optional Tim 4G coils

Shoulder large and small *

iTX Extremity 18

Hand/Wrist * Breast 18 *

4-Channel BI Breast coil *

Peripheral Angio 16

Foot/Ankle 16 *

Body 13 Flex Large 4 and Flex Small 4 *

*Coils exchangeable with MAGNETOM Aera

Standard Tim 4G coils

Head & Neck 16 * Spine 18
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Self-Navigated Free-Breathing  
High-Resolution 3D Cardiac Imaging:  
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Cardiovascular Congenital Malformations
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Introduction
Congenital cardiac malformations 
occur in 9.1 per 1,000 live births [1] 
and range from simple defects 
including bicuspid aortic valve or  
isolated restrictive ventricular septal 
defect, to complex malformations 
requiring surgical correction or pallia-
tion early in life. While the neonatal 
mortality with such complex malfor-
mations remained stable, an impor-
tant increase in life expectancy has 

been achieved with the advances in 
surgical treatment and the majority 
of the patients can nowadays reach 
adulthood [2]. 

As a consequence of this increase in 
life expectancy, the population of 
adult patients with congenital heart 
disease is growing [3]. Despite an 
optimal surgical correction or pallia-
tion, a regular follow-up of these 
patients is mandatory as they remain 
at higher risk for long-term cardiac 

complications including arrhythmia 
and heart failure [4, 5]. Cardiac imag-
ing plays an important role in the  
follow-up of these patients to assess 
the morphology and function of the 
cardiac chambers and the valves, and 
to assess the integrity of any surgically 
implanted material. While echo- 
cardiography is used as the first-line 
imaging modality for initial diagnosis 
and follow-up assessments, cardiac 
magnetic resonance (CMR) is the 

(1A) To consistently 
acquire data at the same 
respiratory position,  
a narrow acceptance 
window is defined, 
corresponding to the 
end-expiration, and only 
data acquired within this 
window are utilized in 
the final image recon-
struction, while all other 
data segments are 
rejected and reacquired 
later during the scan. 
(1B) The position of the 
heart at the beginning  
of each data segment  
is compared with a 
reference position,  
i.e. the position of the 
ventricular blood-pool  
at the very first data 
segment, and automati-
cally corrected for respi-
ratory motion before  
the data are sent to the 
reconstruction pipeline.

1

1A

1B
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modality of choice for the assessment 
of the right ventricle, the pulmonary 
arteries and veins, and for imaging 
extracardiac shunts or conduits [5]. 

Several consensus papers from scien-
tific societies provide recommenda-
tions for standard CMR protocols 
adapted to the different cardiac mal-
formations [6-9]. Three-dimensional 
whole-heart acquisitions are now rou-
tinely performed, especially for more 
complex malformations, as they allow 
the acquisition of a full volume of data 
during one single imaging sequence, 
including the heart and the intra- 
thoracic vessels. This volume of data 
can be explored freely and specific 2D 
images can be extracted in any plane 
orientation during post-processing.

As CMR acquisitions are relatively  
slow and a high spatial resolution is 
required, the acquisition has to be  
segmented over several heartbeats. 
Additionally, the amount of data is so 
large that it cannot be acquired during 
one single breath-hold and respiratory 
motion compensation is needed for  
an adequate data acquisition during 
free-breathing.

Self-navigation: a new 
concept for respiratory 
motion compensation
Initially developed for coronary artery 
visualization, three-dimensional 
whole-heart navigator-based acquisi-
tions have been used for over a decade 
to also assess the complex anatomy of 
congenital cardiac malformations [10]. 
These sequences rely on diaphrag-
matic respiratory navigation, where a 
pencil-beam navigator, usually placed 
on the dome of the right hemi-dia-
phragm, detects the respiratory posi-
tion of the liver-lung interface along 
the superior-inferior direction for every 
heartbeat [11]. To consistently acquire 
data at the same respiratory position, 
a narrow acceptance window is 
defined, corresponding to the end-
expiration, and only data acquired 
within this window are utilized in the 
final image reconstruction, while all 
other data segments are rejected  
and reacquired later during the scan  
(Fig. 1A). However, respiratory motion 
of the right hemidiaphragm and the 
heart are not tightly coupled, in partic-

ular during irregular breathing,  
when this correlation changes.  
As a result, data quality, especially 
during longer scans, can be inade-
quate if patients start to breath irreg-
ularly. In addition, with the navigator 
approach, acquisition duration is 
unpredictable and scan efficiency is 
typically in the order of 40% [12].

In order to address these limitations, 
respiratory self-navigation has  
been developed for coronary artery 
imaging [13-15]. With this strategy, 
the position of the heart itself is 
monitored over time and this 
approach should therefore also be 
robust in cases of irregular breathing. 
In addition, the respiratory motion 
information is extracted directly from 
the ventricular blood-pool signal 
throughout the respiratory cycle,  
so that navigator placement is not 
needed [13]. The prototype imaging 
sequence consists of a segmented 3D 
radial acquisition, intrinsically robust 
against motion, undersampling and 
foldover artifacts, with T2 and fat-
saturation pre-pulses, and a balanced 
Steady-State Free Precessing (bSSFP) 
readout. The arrangement of the 
radial lines in k-space follows a spiral 
phyllotaxis pattern [16], with the  
first radial line of each acquired data 
segment (at each heartbeat) being 
consistently oriented in the superior-
inferior direction, allowing for a 
1D-detection of the cardiac displace-
ment during the respiratory cycle. 
The position of the heart at the 
beginning of each data segment is 
thus compared with a reference  
position, i.e. the position of the ven-
tricular blood-pool at the very first 
data segment, and automatically cor-
rected for respiratory motion before 
the data are sent to the reconstruc-
tion pipeline (Fig. 1B). With this 
acquisition scheme, the respiratory 
motion correction reliably tracks the 
heart position and scan efficiency is 
typically 100%.

Characteristics of  
the sequence and  
planning strategy 
With the current version of this  
prototype sequence1, a cubic field-of- 
view of 180-240 mm3 is acquired 
with a 3D isotropic spatial resolution  

of 0.9-1.15 mm3. Other important 
imaging parameters are TR 3.1 ms, 
TE 1.65 ms, matrix size (192)3, 
receiver bandwidth 898 Hz/pixel, and 
RF excitation angle of 90°-115°. The 
trigger delay is selected to match one 
of the quiescent periods of the car-
diac cycle – either mid-diastole or 
end-systole – previously identified on 
a standard four-chamber cine acquisi-
tion of the heart. The temporal reso-
lution is adapted to the duration of 
the quiescent cardiac period, and may 
range from 18 to over 100 ms. A 
higher temporal resolution (= a lower 
number of lines per segment) has to 
be compensated by a higher number 
of heartbeats (= a higher number of 
shots) to ensure an adequate filling 
of the k-space. As a rule of thumb, 
we made sure that a minimum of 
20% of the Nyquist sampling of 
k-space lines (= number of shots x 
number of lines per segment) were 
acquired, corresponding to a 6 to 
12-minute scan duration, depending 
on the heart rate of the patient. The 
Nyquist undersampling ratio can be 
easily assessed by a tooltip that pops 
up when hovering the mouse pointer 
over the ‘Radial Views’ parameter in 
the Resolution tab.

The self-navigated 3D whole-heart 
acquisition is easy to use, as it avoids 
the placement of a pencil-beam navi-
gator on the right hemi-diaphragm. 
The planning of the sequence is  
performed in two steps: 1) the coil- 
localizer sequence (allowing an auto-
mated selection of the receiver coils 
that will best detect the blood-pool 
signal for respiratory navigation) 
[17], and 2) the data acquisition 
sequence. The coil-localizer sequence 
is first selected, and the planning is 
simply using the axial, sagittal and 
coronal localizers. On each of these 
orthogonal planes, the cubic volume 
of acquisition is displayed as a square 
field-of-view, which has to be cen-

1 The product is still under development  
 and not commercially available yet.  
 Its future availability cannot be ensured.
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tered on the left ventricular blood- 
pool. A saturation band is placed  
on the anterior thoracic fat to reduce 
striking artifacts (Fig. 2). The coil-
localizer sequence is started without 
a breath-hold, typically lasting a total 
of about 10 sec. The data acquisition 
sequence is then opened, and the 
positions of the acquisition volume 
and of the saturation band are  
simply copied from the coil-localizer 
sequence. The trigger delay is 
selected, such that the data window 
start matches the onset of the  
quiescent period previously identified 
(Fig. 3). Depending on the duration 
of the quiescent period, the duration 
of the acquisition window can be 
modified, together with the number 

The trigger delay is selected, such that the data window 
start matches the onset of the quiescent period previously 
identified.

3 Depending on the duration of the quiescent period,  
the duration of the acquisition window can be modified, 
together with the number of heartbeats of acquisition 
(shots per slice), in order to keep the number of acquired 
k-space profiles over the above mentioned 20% of the 
Nyquist limit.

4

The quality of respiratory tracking 
can be checked in real time 
throughout the data acquisition, 
using the inline monitor.

5

3 4

5

The cubic field-of-view is simply placed on the heart, while keeping the left ventricular blood-pool roughly in the center.  
A saturation band is placed on the anterior thoracic fat to reduce striking artifacts.

2

2

of heartbeats of acquisition (shots 
per slice), in order to keep the num-
ber of acquired k-space profiles over 
the above mentioned 20% of the 
Nyquist limit (Fig. 4). The sequence  
is then started during free-breathing, 
and the quality of respiratory  
tracking can be checked in real time 
throughout the data acquisition, 
using the inline monitor (Fig. 5).

Experience in patients with 
congenital heart disease
Early experience with 3D self-navi-
gated cardiac imaging was gained 
from small series of volunteers aim-
ing at the visualization of the coro-
nary arteries [13-15]. These early 
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studies reported a good performance 
of the sequence with an image quality 
that was equal or better than that 
obtained with conventional diaphragm 
navigation [13]. The first single-center 
experience on patients was also 
reported for coronary artery assess-
ment [14]. 78 patients were included, 
and the self-navigated 3D sequence 
was used with a spatial resolution of 
1.15 x 1.15 x 1.15 mm3. The proximal 
segments of the coronary arteries 
were visualized in 92% of cases and 
the distal segments in 56%. When 
compared to invasive coronary angio-
graphy (available for comparison in  
31 patients), the sensitivity and speci-
ficity for the detection of a significant 
coronary artery stenosis were 65%  
and 85%, respectively.

The first experience using the 
sequence for the characterization of 
congenital heart malformations was 
recently reported in a single-center 
series of 105 patients [18]. All  
examinations were performed on a 
1.5T MAGNETOM Aera (Siemens 
Healthcare, Erlangen, Germany). The 
cohort included patients with ages 
ranging from 2 to 56 years (55% were 
males), and 44% had a complex car-
diac malformation. The majority of  
the datasets (87%) were acquired  
after intravenous contrast injection  
(Gadovist, Bayer Schering Pharma, 
Zurich, Switzerland). While no direct 
head-to-head comparison with the 

conventional 3D whole-heart imag-
ing sequence using diaphragm navi-
gation was performed, this study 
aimed to assess the diagnostic per-
formance and the image quality 
obtained with the new self-navigated 
sequence. 

Using the 3D whole-heart self-navi-
gated sequence alone, the systematic 
segmental anatomy of the heart and 
great vessels was correctly described 
in 93% to 96% of cases (by two dif-
ferent readers) and 93% to 95% of 
the residual uncorrected defects were 
correctly identified. Images were of 
diagnostic quality in 90% of cases 
and 70% were of good to excellent 
quality. Injection of intravenous con-
trast before image acquisition was 
associated with an improvement in 
image quality, resulting in a diagnos-
tic image quality in 94% and a good 
to excellent image quality in 77% of 
the contrast-enhanced datasets.  
The origin and proximal course of the 
coronary arteries were visualized in 
93%, 87% and 98% of the cases for 
the left anterior descending, left  
circumflex and right coronary artery, 
respectively, and all four patients of 
the cohort with an abnormal course 
of the coronary arteries were cor-
rectly identified. Finally, the mea-
surement of the great arteries’ diam-
eters were very robust with a high 
intra-observer (coefficient of varia-
tion 3.5%) and inter-observer (coeffi-
cient of variation 5.0%) agreement. 

27% of the patients were of pediatric2 
age (age <16) and the performance 
of the self-navigated 3D sequence 
also showed good results in this pop-
ulation. Despite the fact that fewer 
datasets were of good to excellent 
quality in children, a diagnostic 
image quality was obtained as fre-
quently as in adult patients. This 
slight reduction in image quality 
might be attributed to a shorter qui-
escent period of the cardiac cycle 
with higher heart rates, or to the fact 
that dephasing artifacts, which may 
occur with high-velocity flows, more 
severely obscured the small vascular 
structures of pediatric patients. 

Figure 6 shows 2D images recon-
structed from a 3D whole-heart data-
set acquired with self-navigation in  
a 47-year-old man with unoperated 
pulmonary atresia with a ventricular 
septal defect (VSD). 6A shows a large 
anterior mal-alignment VSD (*) with 
an overriding aorta. The branch pul-
monary arteries are hypoplastic (6B) 
and there is fibrous atresia of the 
main pulmonary artery, located 
immediately behind the left atrial 
appendage (arrow on 6C).

2D images reconstructed from a 3D whole-heart dataset acquired with self-navigation in a 47-year-old man with unoperated 
pulmonary atresia with a ventricular septal defect (VSD). 6A shows a large anterior mal-alignment VSD (*) with an overriding aorta. 
The branch pulmonary arteries are hypoplastic (6B) and there is fibrous atresia of the main pulmonary artery, located immediately 
behind the left atrial appendage (arrow on 6C).
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 the MRI examination in comparison to  
 other imaging procedures.
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Another example of complex cardiac 
anatomy is presented in Figure 7.  
This 27-year-old patient was born 
with right atrial isomerism, complete 
atrio-ventricular septal defect, total 
anomalous pulmonary venous return 
(TAPVR) and a single ventricle of right 
ventricular morphology. He under-
went surgical correction of the 
TAPVR, followed by a bilateral Glenn 
operation and an extracardiac Fontan 
operation. 7A shows a large central 
liver and no spleen. The inferior vena 
cava (IVC) is located anterior to the 
descending aorta (AO). 7B shows  
the single ventricle with the typical 
characteristics of a right ventricle, 
connected to the ascending aorta. 
The systemic venous return is pre-
sented on 7C: both the right-sided 
superior vena cava (SVC) and the  
persistent left SVC are connected to 
the pulmonary arteries (bilateral 
Glenn), whereas the IVC is connected 
to the left pulmonary artery through 
an extracardiac conduit. 7D shows 
the normal-sized branch pulmonary 
arteries.

Good performance of the 3D self-
navigated cardiac sequence is also 
demonstrated in children [18], as 
shown in the example presented in 
Figure 8. This 6-year-old patient, 
born with d-transposition of the 
great arteries, underwent an arterial 
switch operation. To connect the 
aorta to the left ventricle and the 

This 27-year-old patient was born with right atrial isomerism, complete atrio-
ventricular septal defect, total anomalous pulmonary venous return (TAPVR)  
and a single ventricle of right ventricular morphology. He underwent surgical 
correction of the TAPVR, followed by a bilateral Glenn operation and an  
extracardiac Fontan operation. 7A shows a large central liver and no spleen.  
The inferior vena cava (IVC) is located anterior to the descending aorta (AO).  
7B shows the single ventricle with the typical characteristics of a right ventricle, 
connected to the ascending aorta. The systemic venous return is presented on 
7C: both the right-sided superior vena cava (SVC) and the persistent left SVC  
are connected to the pulmonary arteries (bilateral Glenn), whereas the IVC  
is connected to the left pulmonary artery through an extracardiac conduit.  
7D shows the normal-sized branch pulmonary arteries.
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This 6-year-old patient, born with d-transposition of the great arteries, underwent an arterial switch operation. To connect the  
aorta to the left ventricle and the pulmonary artery to the right ventricle, the main pulmonary artery has to be displaced anteriorly 
to the ascending aorta by the surgeon. 8A shows the typical anterior position of the main pulmonary artery with the branch 
pulmonary arteries running on either side of the aorta. In this patient, the right pulmonary artery is of normal size (8B) while the 
left pulmonary artery appears compressed by the ascending aorta. Flow acceleration in the LPA induces dephasing of the spins and 
appears as a low-signal artifact in the vessel (8C).

8

8A 8B 8C

Clinical Cardiovascular Imaging

68 MAGNETOM Flash | (63) 3/2015 | www.siemens.com/magnetom-world



pulmonary artery to the right ventri-
cle, the main pulmonary artery has to 
be displaced anteriorly to the ascend-
ing aorta by the surgeon. 8A shows 
the typical anterior position of the 
main pulmonary artery with the 
branch pulmonary arteries running on 
either side of the aorta. In this patient, 
the right pulmonary artery is of nor-
mal size (8B) while the left pulmonary 
artery appears compressed by the 
ascending aorta. Flow acceleration in 
the LPA induces dephasing of the spins 
and appears as a low-signal artifact in 
the vessel (8C).

Abnormal origin or course of the coro-
nary arteries can be successfully 
detected with this sequence, as shown 
in Figure 9. This 4-year-old patient is 
known for a surgically corrected tetra-
logy of Fallot, associated with a coro-
nary abnormality. As shown on 9A, all 
3 coronary arteries originate from a 
single main stem connected to the 

right coronary sinus of the aortic 
root. On 9B, the course of the left 
anterior descending artery (LAD)  
is anterior to the main pulmonary 
artery. The left circumflex artery 
(LCx) has a proximal course between 
the aorta and the atria (9C), while 
the right coronary artery (RCA) has  
a normal course around the tricuspid 
annulus (9D). Such morphology – 
especially the presence of a LAD  
running anterior to the main  
pulmonary artery, is associated  
with a risk of coronary artery damage 
during the surgical correction of  
the right ventricular outflow tract 
obstruction. A precise identification 
of the coronary anatomy in these 
patients is therefore essential.

Discussion and conclusion
The self-navigated 3D cardiac imag-
ing sequence is characterized by a 
great ease of use and a low operator 

interaction. The radial acquisition 
scheme renders the sequence 
immune to foldover artifacts and a 
high isotropic resolution is obtained 
over a relatively large field-of-view. 
The temporal resolution can be indi-
vidually adapted to the heart rate, 
i.e. the duration of the quiescent 
period of the cardiac cycle, resulting 
in a 6 to 12 min acquisition duration, 
which can be known a priori.

With these characteristics, the 
sequence can be easily added to the 
standard imaging protocol of patients 
with congenital cardiac malforma-
tions. The performance of the 
sequence was considered very good 
in this population with a diagnostic 
image quality obtained in 94% of 
contrast-enhanced datasets and 93 
to 96% of residual defects correctly 
detected. Despite the fact that very 
young children <2 years old were not 
included in the reported study, the 
performance of this sequence was 
good in the pediatric population2 as 
well [18]. 

Further improvements are likely to  
be implemented to this sequence in 
the future, including the develop-
ment of 3D rather than 1D respira-
tory motion compensation algo-
rithms [19, 20], or strategies to 
selectively remove k-space lines asso-
ciated with extreme respiratory posi-
tions [21], which were shown to fur-
ther improve image quality.

In conclusion, the 3D self-navigated 
cardiac imaging sequence is charac-
terized by its high robustness while 
providing high temporal and high 
isotropic spatial resolution. It may 
serve as an attractive tool for the 
three-dimensional assessment of 
congenital heart malformations in 
adults and children.
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Introduction
Heart failure (HF) is a major public 
health problem in the United States, 
with over 5 million individuals 
afflicted, and well over 600,000 new 
cases diagnosed each year resulting 
in a direct and indirect cost in the 
United States of nearly $35 billion 
annually [1]. While coronary artery 
disease (CAD) is the leading cause of 
left ventricular (LV) dysfunction,  
anywhere from a third to a half of all 
patients have LV dysfunction in the 
absence of significant epicardial  
CAD [2]. Most of these patients are 
labeled with the general diagnosis  
of idiopathic non-ischemic cardiomy-
opathy (NICMP), as no direct discern-
able etiology of their myocardial  
dysfunction is evident. Identification 
of the specific etiology of HF in these 
patients with NICMP can have impor-
tant prognostic implications [3]. 
However the traditional imaging 
modalities such as echocardiography, 
nuclear scintigraphy, or coronary 

angiography are limited in their  
ability to specifically evaluate the 
myocardium and to perform tissue 
characterization. In fact even the  
utility of endomyocardial biopsy is 
uncertain because of frequent non-
specific findings, and the inherent 
invasiveness and small but finite risk 
of the procedure [4].

In recent years, delayed contrast 
enhancement (DE) cardiac magnetic 
resonance (CMR) has emerged as a 
powerful non-invasive technique for 
direct assessment of myocardial 
structure and tissue characterization. 
Studies have demonstrated its ability 
to detect both irreversible acute isch-
emic injury and chronic myocardial 
infarction (MI) with a high level of 
accuracy [5-8]. Using this same  
technique in patients with NICMP has 
enabled the detection of unique  
patterns of myocardial scarring which 
aid in identifying a specific etiology 
of NICMP and therefore help provide 
additional prognostic information 

and occasionally drastically alter 
patient management. The focus of  
this article will be to describe the 
potential role of DE-CMR in assessment 
of patients with cardiomyopathy.

Idiopathic dilated 
cardiomyopathy
An early study by McCrohon et al. [9] 
studied a population of 90 patients 
with heart failure and LV dysfunction 
consisting of 63 with idiopathic dilated 
cardiomyopathy and 27 with ischemic 
cardiomyopathy. Of the 27 patients 
with ischemic cardiomyopathy, all  
had a history of myocardial infarction 
and all had a myocardial hyper-
enhancement pattern involving the  
subendocardium. Of the 63 patients 
with idiopathic dilated cardiomyopa-
thy, 59% had no hyperenhancement, 
13% had hyperenhancement involving 
the subendocardium (similar to that 
found in ischemic cardiomyopathy) 
and 28% had hyperenhancement in  

Characteristic patterns of hyperenhancement (scarring) in various forms of non-ischemic 
cardiomyopathy, see text for details.

(1A) Idiopathic Mid-Wall Striae
(1B) Amyloid
(1C) Sarcoid
(1D) Hypertrophic Cardiomyopathy
(1E) Myocarditis
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an unusual pattern, primarily involving 
the ventricular midwall with subendo-
cardial sparing. 

In a recent study we evaluated  
45 patients with symptomatic heart 
failure and evidence of significant  
LV systolic dysfunction (LVEF < 35%  
on invasive ventriculography or  
echocardiography). 28 patients had 
ischemic cardiomyopathy and 17 had 
idiopathic dilated cardiomyopathy.  
In this study, hyperenhancement pat-
terns consistent with prior myocardial 
infarction were identified; linear mid-
wall striae with increased image inten-
sity were not scored as hyperenhanced 
regions. Interestingly, the findings 
demonstrated that all patients with 
ischemic cardiomyopathy had hyper-
enhancement, whereas only 12% of 
patients with idiopathic dilated cardio-
myopathy had hyperenhancement. 
When we tested clinical parameters for 
their utility in distinguishing ischemic 
from non-ischemic cardiomyopathy, 
we found that the best discriminator 
was the presence of hyperenhance-
ment on DE-MRI which had a 100% 
sensitivity, 88% specificity, and 96% 
overall accuracy for the detection of 
ischemic disease.

In this study, 100% of patients with 
ischemic cardiomyopathy had evi-
dence of hyperenhancement, despite 
the fact that only 50% had clinical his-
tory of myocardial infarction. This find-
ing is consistent with necropsy studies 
that have demonstrated that virtually 
all patients with congestive heart  
failure and significant coronary artery 
disease have gross myocardial scarring 
at autopsy, even in those without  
clinical history of MI, angina, or 
Q-waves [10, 11]. Conversely, we 
observed in patients with idiopathic 
dilated cardiomyopathy that hyper-
enhancement was uncommon. This 
finding is also consistent with previous 
studies. Roberts et al. [12] found 
grossly visible scars at cardiac nec-
ropsy in 14% of patients with idio-
pathic dilated cardiomyopathy. Uretsky 
et al. [13] evaluated chronic heart  
failure patients at autopsy and found 
old infarcts in 12% of patients without 
coronary artery disease. A number of 
mechanisms may be responsible for 
myocardial infarction in patients with-
out coronary artery disease, including 

coronary vasospasm, thrombosis 
with spontaneous lysis superimposed 
on minimal atherosclerosis, or coro-
nary emboli. Regardless of the mech-
anism, myocardial infarction in the 
absence of coronary artery disease  
is rare, and the findings in this study 
suggest that DE-MRI may be useful  
in distinguishing ischemic from non-
ischemic cardiomyopathy non-inva-
sively. One caveat, however, should 
be noted. The non-CAD cohort in  
the study by McCrohon [9] included 
only patients with idiopathic dilated  
cardiomyopathy, as patients with 
other forms of non-ischemic cardio-
myopathy, such as hypertrophic  
cardiomyopathy, myocarditis, and 
infiltrative cardiomyopathy, were 
excluded at the time of enrollment.

Hypertrophic 
cardiomyopathy
Hypertrophic cardiomyopathy (HCM) 
is the most frequently occurring 
genetic cardiomyopathy [14]. Several 
studies have described DE-MRI find-
ings in patients with hypertrophic 
cardiomyopathy (HCM). Choudhury 
et al. [15] enrolled 21 patients who 
were thought to be representative of 
the majority of community patients 
with HCM, since they were identified 
by routine outpatient screening  
procedures and were generally 
asymptomatic or minimally symp-
tomatic. Patients with concomitant 
CAD were excluded. In this study, 
cine MRI demonstrated that the  
maximum LV end-diastolic wall thick-
ness averaged 25 ± 8 mm, and the  
LV ejection fraction was preserved 
(70 ± 11%). DE-MRI demonstrated 
that hyperenhancement was found  
in the majority of patients (81%),  
and hyperenhancement mass was on 
average 8 ± 9% of the left ventricular 
mass. The pattern of hyperenhance-
ment, however, was peculiar. Hyper-
enhancement occurred only in  
hypertrophied regions, was patchy 
with multiple foci, and predominately 
involved the middle third of the ven-
tricular wall. Additionally, all patients 
with hyperenhancement had involve-
ment at the junctions of the interven-
tricular septum and the RV free wall. 
On a regional basis, there was a mod-
est correlation between the extent of 

hyperenhancement and end-diastolic 
wall thickness (r = 0.36, p < 0.0001). 
No region with end-diastolic wall 
thickness < 10 mm had any  
hyperenhancement. There was also  
a significant but inverse correlation 
between the extent of hyperenhance-
ment and systolic wall thickening  
(r = -0.21, p < 0.0001).

Although a number of pathophysio-
logical processes are evident in 
hypertrophic cardiomyopathy, 
Choudhury et al. interpreted hyper-
enhancement in HCM as specifically 
representing myocardial scarring.  
The rationale for this assumption is 
discussed at length in an editorial 
[16] and data by Moon et al. [17] 
suggests that this assumption is 
valid. In a patient that underwent 
heart transplantation after in vivo 
DE-MRI, followed by detailed histo-
logical analysis of the explanted 
heart, there was a significant rela-
tionship, regionally, between the 
extent of hyperenhancement and  
the amount of myocardial fibrosis  
(r = 0.7, p < 0.0001) but not disarray. 

Moon et al. [18] performed DE-MRI in 
53 patients selected from a dedicated 
HCM clinic. Overall, hyperenhance-
ment was found in 79% of patients,  
a figure quite similar to that found by 
Choudhury et al. This study, however, 
also compared DE-MRI findings to  
the presence of clinical risk factors 
for sudden death in HCM (e.g. non-
sustained ventricular tachycardia, 
syncope, family history of premature 
cardiac death, etc.), and to progres-
sive adverse LV remodeling.  
Interestingly, the authors observed 
that there was a greater extent of 
hyperenhancement in patients with 
two or more risk factors for sudden 
death (15.7% vs. 8.6%, p = 0.02)  
and in patients with progressive 
remodeling (28.5% vs. 8.7% of  
LV mass, p < 0.001).

Since hyperenhancement was 
observed in approximately 80% of 
patients in both the study by Choud-
hury et al. and Moon et al., the pres-
ence of hyperenhancement in itself 
cannot be indicative of an adverse 
prognosis. However, it is possible 
that the amount of hyperenhance-
ment – indicative of the amount of 
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scarring – may be an important prog-
nostic determinant. This hypothesis 
is currently being tested in observa-
tional clinical trials.

Myocarditis
Clinical manifestation of myocarditis 
or inflammatory cardiomyopathy var-
ies with a broad spectrum of symp-
toms ranging from asymptomatic 
signs to myocardial infarction and 
cardiogenic shock. Myocarditis can 
occasionally lead to sudden death 
and may progress to dilated cardio-
myopathy in up to 10% of patients 
[19]. Endomyocardial biopsy is con-
sidered as gold standard for diagno-
sis. It is an invasive procedure and 
has limited sensitivity and specificity. 
A noninvasive and effective diagnos-
tic imaging modality is CMR. Cine 
imaging shows wall motion abnor-
malities that are matched by areas  
of scar on DE-CMR. The scar pattern 
frequently involves the epicardial 
myocardium of the lateral wall.

Mahrholdt et al. [19] performed  
DE-MRI in 32 patients who were  
diagnosed with myocarditis by clini-
cal criteria. Hyperenhancement was 
found in 28 of 32 patients (88%). Of 
the 21 patients in whom myocardial 
biopsy was obtained from the region 
of hyperenhancement, histopatho-
logical analysis revealed active myo-
carditis in 19. Hyperenhancement 
was usually observed in a patchy  
distribution originating primarily 
from the epicardial quartile of the 
wall with one or several foci with a 
predilection for the lateral free wall. 
The pattern and distribution of hyper-
enhancement found in this study are 
consistent with that of myocardial 
lesions found in postmortem evalua-
tions in patients with myocarditis 
[20]. The potential mechanism for 
hyperenhancement in myocarditis 
was postulated to be similar to that 
for coronary artery disease: either 
acute necrosis with cell membrane 
rupture for acute lesions, or myocar-
dial scarring and fibrosis for chronic 
lesions. If true, this mechanism 
would imply that the presence, loca-
tion, and total extent of irreversible 
myocardial damage that occurs in a 
patient with myocarditis could be 
determined noninvasively by DE-MRI.

Amyloid
Cardiac involvement is seen with  
primary amyloidosis (AL) and is an 
example of infiltrative cardiomyopa-
thy [24]. Cardiac amyloid is associ-
ated with a poor prognosis with  
a median survival of 6 months [24, 
25]. Diagnosis of cardiac involvement 
requires multiple endomyocardial 
biopsies, each biopsy specimen has  
a 55% sensitivity for the detection of 
amyloid protein [26]. CMR is a nonin-
vasive diagnostic tool that can iden-
tify patients and guide biopsies to 
areas of scarring for improved sensi-
tivity. Cine CMR shows a restrictive 
morphology. DE-CMR shows early  
diffuse heterogeneous enhancement 
and this proves difficult to null the 
myocardial signal at standard inver-
sion time (TI). This leads to difficulty 
in distinguishing normal from abnor-
mal myocardium. Inversion time 
scout images are obtained over a 
range of TI times to identify the TI 
time corresponding to the null point 
of the blood-pool and the myocar-
dium. Amyloid protein deposits in the 
intercellular spaces and this plays a 
major role in the pattern of hyperen-
hancement seen on DE-CMR. Accord-
ing to Maceira et al. there was 97% 
concordance in diagnosis of cardiac 
amyloid by combining the presence 
of late gadolinium enhancement and 
an optimized T1 threshold (191 ms  
at 4 minutes) between myocardium 
and blood. DE-CMR pattern shows 
scar in the subendocardium and mid 
wall distributions [27].

Sarcoidosis
Myocardial involvement is evident  
in about 5% of patients with sarcoid-
osis, however, autopsy studies have 
shown up to 50% of cases of nonca-
seating granulomas in fatal sarcoid-
osis [28]. In one study by Smedema 
et al. CMR was performed for  
evaluation of cardiac sarcoidosis  
in 58 patients with biopsy proven 
pulmonary sarcoidosis and it showed 
a DE-CMR pattern mostly involving 
basal and lateral segments in 19 
patients [29]. In 8 of the 19 patients 
patchy scar was present. The sensitiv-
ity and specificity of CMR were 100% 
and 78%, and the positive and nega-
tive predictive values were 55% and 

100%, respectively, with an overall 
accuracy of 83%. Sudden cardiac death 
is a leading cause of mortality in this 
population [30]. We hypothesize that 
the presence and extent of hyperen-
hancement on DE-CMR may be directly 
related to the risk of sudden cardiac 
death in this population.

Risk stratification  
for sudden death
Scarred myocardium is an established 
anatomical and electrophysiological 
substrate for the occurrence of ventric-
ular tachyarrhythmias and sudden 
death in patients with CAD [31]. The 
ability of DE-MRI to accurately detect 
the presence and extent of scarred 
myocardium may make it uniquely 
suited to noninvasively identify  
individuals with substrate for sudden 
death. Some recent pilot data compar-
ing DE-MRI findings to results at  
electrophysiological study (EPS)  
suggests that this hypothesis is valid 
[32]. For example, of the total of  
58 patients studied, 18 were deter-
mined to be at high risk for sudden 
death by EPS (inducible monomorphic 
ventricular tachycardia), and all 18  
had myocardial scarring on DE-MRI.  
Conversely, none of the 22 patients 
without scarring had inducible mono-
morphic VT. On multivariate analysis, 
scar size by DE-MRI was found be  
the best independent predictor of 
inducibility at EPS. 

Earlier in this section, we noted that 
hyperenhancement can be observed  
in patients with non-ischemic  
cardiomyopathy, particularly in those 
with hypertrophic and infiltrative 
forms of disease. Although there is 
currently less evidence linking scarred 
myocardium to sudden death in 
patients without CAD, there is reason 
to believe that scar tissue can serve  
as substrate for malignant ventricular 
tachyarrhythmias in these patients as 
well [16]. Therefore, we hypothesize 
that DE-MRI will provide important 
prognostic information for patients 
with a wide range of myocardial  
disorders. Studies are currently under-
way to evaluate for a relationship 
between sudden cardiac death and  
the presence, extent, or morphology 
of myocardial scar.
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Conclusion
Delayed enhancement CMR is proving 
to be an invaluable tool in the evalua-
tion of patients with cardiomyopathy. 
Although a number of studies have 
been performed in the past decade, 
significant work still remains to be 
done. The utility of CMR on evaluation 
of cardiomyopathies is yet to be fully 
explored; the authors speculate that 
CMR will be an integral part of the 
evaluation of these patients for years 
to come.

Mohamad G. 
Ghosn

Dipan J.  
Shah

 Cardiovascular Imaging Clinical

MAGNETOM Flash | (63) 3/2015 | www.siemens.com/magnetom-world 75



Case Report: Acute Myocardial  
Syndrome in a 37-Year-Old Patient  
with Severe Renal Impairment
S. A. Mohiddin; A. S. Herrey

Institute of Cardiovascular Science, University College London;  
The Inherited Cardiovascular Diseases Unit and Cardiac Imaging Department, The Barts Heart Centre, London, UK

A 37-year-old lady was admitted to 
our institution with chest pain and 
pain in her left arm, but no shortness 
of breath. Preceding the admission 
she had experienced symptoms of  
an acute upper respiratory tract 
infection. 

Her past medical history included 
hypertension, hypothyroidism, hyper-
prolactinaemia, focal sclerosing  
glomerulosclerosis with stage IV 
chronic kidney disease, eGFR 17 mL/
min, treated tuberculosis and three 
first trimester miscarriages.

On admission, her hs- troponin T  
was > 7,000 ng/L (normal < 30 ng/L).  
Her ECG was largely unchanged from 
a previous one taken in 2013 meet-
ing LVH criteria, but otherwise 
unremarkable.

Her echocardiogram showed low-
normal left ventricular systolic func-
tion with akinesis of the mid inferior 
and mid infero-septal segments with 
an estimated EF of 55%. 

On coronary angiography, her coro-
nary arteries were unobstructed.

To confirm the working diagnosis of 
myocarditis, she underwent Cardio-
vascular Magnetic Resonance (CMR) 
imaging on our MAGNETOM Aera 
1.5T (Siemens Healthcare, Erlangen, 
Germany). In view of her severe renal 
impairment, no gadolinium contrast 
was given.

This was reported as showing normal 
biventricular size, mild systolic 
impairment with hypokinesis of the 
antero-septum, infero-septum and 
inferior wall. Non-contrast tissue 
characterisation with T1 and T2  
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mapping identified markedly increased 
T1 and T2 values matching (and 
extending beyond) the regional wall 
motion abnormalities, confirming the 
diagnosis of florid acute myocarditis.

Subsequently, her troponin levels were 
falling and she was discharged pain 
free a few days later.

A month later, her EF on echo had  
normalised with mild residual inferior 
hypokinesis and her troponin was  
normal at 18 n/L. Her repeat CMR, 
however, showed persistent myocar-
dial inflammation, but with falling  
T2 values.

In summary, non-contrast myocardial 
mapping in this case was used to 
establish and confirm a diagnosis of 
myocarditis and also to monitor 
progress.
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Panel 1
The T1 maps (MOLLI) show 
extensive interstitial expansion  
in the septum and the inferior 
wall on the first scan. On the  
second (F_UP) scan, there is 
incomplete resolution in the  
inferior wall and limited change 
in the septum.

a) On the two-chamber view 
(T1_MOLLI_2cha and  
F_UP_T1_MOLLI_2cha)  
there is increased signal  
in the inferior wall.

b) In a four-chamber orientation 
(T1_MOLLI-4cha and  
F_UP_T1_MOLLI_4cha),  
there is increased signal in  
the septum.

c) In the short axis views  
(T1_MOLLI_mid-SAX and  
F_UP_T1_MOLLI_mid_SAX), 
both increased signal can  
be seen in the septum and  
the inferior wall.

Panel 2
The matching T2 maps confirm 
myocardial oedema matching  
the areas of high native T1  
values. The florid changes seen 
in the initial scan are less impres-
sive at follow-up (F_UP), but still 
present.

a) High T2 signal is seen in  
the two-chamber view in the  
inferior wall (T2-4cha and  
F_UP_T2_4cha).

b) In the four-chamber orienta-
tion, there is increased signal 
in the mid septum.

c) The short axis view confirms 
similar changes in septum and 
inferior wall compared to the 
T1 maps.

Follow-upInitial CMR

T1_MOLLI_2cha

T2_2cha

T2_4cha

T2_SAX

T1_MOLLI_4cha

T1_MOLLI_mid_SAX
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Case Report: Detection of Myocardial Changes  
in a Patient Undergoing Chemotherapy
Arash Seratnahaei, M.D.; Vincent L. Sorrell, M.D., FACP, FACC, FASE; David Powell, Ph.D.; Peter A. Hardy, Ph.D.; 
Bruce Spottiswoode, Ph.D.; Steve W. Leung, M.D., FACC

University of Kentucky Medical Center, Gill Heart Institute, Lexington, KY, USA

Patient history
46-year-old female presented with 
progressive dyspnea on exertion.  
She was found to have acute myeloid 
leukemia, and underwent 7+3 che-
motherapy induction with daunorubi-
cin. The initial chemotherapy was not 
effective, and thus re-induction with 
high dose cytarabine and idarubicin 
was given. Prior to chemotherapy, she 
had a normal left ventricular ejection 
fraction (LVEF) (>55%) by echocar-
diography. Three weeks after chemo-
therapy, her repeat LVEF by echo was 
reduced to 40-50% with a possible 
thrombus in the LV apex. She under-
went cardiac magnetic resonance 
(CMR) imaging for the assessment of 
left ventricular function and apical 
thrombus.

Sequences details
All images have been acquired using 
a MAGNETOM Aera 1.5T scanner  
with software version syngo MR D13. 
Mid-ventricular short axis MOdified 
Look Locker Inversion Recovery 
(MOLLI) images were acquired during 
diastole for T1 determination using 
an 11 heart-beat, 5(3)3, SSFP readout 
sequence. Imaging parameters were: 
Field-of-view 300 mm, slice thickness 
8 mm, TR 335.62 ms, TE 2.7 ms, 
matrix 256 × 168 pixels resulting in  
a resolution of 1.2 x 1.2 mm, TI  
start = 130 ms, TI increment = 80 ms. 

Then, a total dose of 0.2 mmol/kg 
gadopentetate dimeglumine  
(MAGNEVIST, Bayer HealthCare Phar-
maceuticals, Leverkusen, Germany) 
was injected at 4 mL/second. Ten 
minutes after contrast injection,  
late gadolinium enhancement (LGE) 
images were acquired with a phase-

Late gadolinium 
enhancement 
phase-sensitive 
inversion recovery 
mid-ventricular 
short axis image 
demonstrating no 
enhancement. 

3

3

Native T1 mapping 
(MOLLI 5(3)3) in 
the mid-ventricular 
short axis demon-
strating an elevated 
native T1 time in 
the myocardium.

1

Post contrast  
T1 mapping (MOLLI 
4(1)3(1)2) in the 
mid-ventricular 
short axis was used 
for calculation of 
extracellular 
volume fraction. 

2

1

2
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sensitive inversion recovery gradient-
echo imaging sequence for the assess-
ment of focal myocardial fibrosis. 
Finally, 18 minutes after contrast injec-
tion, post-contrast MOLLI T1 mapping 
4(1)3(1)2 was repeated in identical  
prescription as native T1 mapping.

Native and post-contrast blood T1 times 
were measured on a region-of-interest 
manually drawn in the center of the 
blood-pool. Native and post-contrast  
T1 times were measured on the T1 maps 
as shown in figures 1 and 2.

Imaging findings 
CMRI confirmed the LVEF was reduced 
at 40% with global hypokinesis. LGE 
images did not demonstrate any focal 
fibrosis or left ventricular thrombus. 
Native myocardial T1 time was 1171 ms, 
and 1930 ms for the blood-pool. Post-
contrast myocardial T1 was 563 ms, 
and 417 ms for the blood-pool. Hema-
tocrit, on the morning of the scan,  
was 26.9%. Calculated ECV was  
35.9%, which is elevated. Heart rate 
was 65 bpm during native T1 mapping  
and post-contrast T1 mapping.  
Based on the T1 mapping, the patient 
appears to have edema or acute 
inflammatory response that was not 
detected with traditional CMR imaging. 

The quantitative analysis of native  
T1 mapping (Fig. 1) shows higher  
T1 value, while the quantitative analy-
sis of the post-contrast T1 mapping 
(Fig. 2) shows shorter T1 value.  
LGE (Fig. 3) shows no evidence of 
fibrosis or scar.

Comments (Discussion)
Endomyocardial biopsy is the ‘gold’ 
standard for myocardial disease evalu-
ation. However, this is an invasive  
procedure and its accuracy is limited  
by sampling error and carries a risk of 
morbidity and mortality. Therefore, 
non-invasive testing is the preferred 
the technique for myocardial tissue 
evaluation. CMR provides several  
methods for non-invasive myocardial 
tissue characterization. For evaluation 
of the myocardial ECV, T1 mapping 
before and after gadolinium-based 
contrast administration has become  

an emerging technique. Native T1 
mapping reveals acute myocardial 
inflammation, while the combination 
of native and post-contrast T1 map-
ping provides information regarding 
expansion of the myocardial extra-
cellular volume fraction. Increased 
ECV is seen in focal or diffuse fibrosis/
scar or edema [1]. 

Anthracycline-based chemotherapy 
has a well-documented history of 
causing cardiac dysfunction, which 
limits its use. Both short-term and 
long-term cardiac dysfunction has 
been described [2]. Long-term 
effects are cumulative dose depen-
dent and include irreversible LV sys-
tolic dysfunction. In contrast, short-
term effects have been described  
in small case series. These effects  
can occur immediately or within a 
few weeks of chemotherapy adminis-
tration and include pericarditis, 
arrhythmias, and acute LV systolic 
dysfunction [2, 3]. In this patient,  
the native T1 is elevated indicating 
acute myocardial edema. If the native 
T1 time was within the normal range, 
the calculated ECV would have been 

within the normal range as well.  
The elevated ECV appears to be 
driven mainly by the edema, rather 
than diffuse fibrosis. This case high-
lights the ability of CMR with T1  
mapping to identify acute myocardial 
edema in a patient who had recently 
received anthracycline-based chemo-
therapy. Although the patient’s  
LGE images appear normal, the  
overall extracellular volume fraction 
is elevated. 
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λ =
1/T1myocardium postcontrast−1/T1myocardium precontrast

1/T1blood postcontrast−1/T1blood precontrast

ECV = λ (1-Hematocrit)

The partition coefficient lambda (λ) and extracellular volume fraction (ECV) 
were calculated in the following manner:
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Case Report: QISS MRA at 3T
Anna-Maria Lydon, PgDip MRI, DCR(R)1; Associate Professor Andrew Holden, MBChB, FRANZCR2;  
Dr. Jacobus Kritzinger, MBChB, FRCPC2

1 Centre for Advanced MRI, Faculty of Medical & Health Sciences, University of Auckland; New Zealand  
2 Auckland City Hospital, New Zealand

Quiescent Interval Single-Shot (QISS) 
MR Angiography (MRA) has been 
shown to be a robust technique for 
non-contrast MRA of the peripheral 
vasculature at 1.5T. At 3T, early  
versions of the sequence offered 
greater signal-to-noise ratio (SNR) 
than at 1.5T, but were occasionally 
compromised by inversion pulse 
insufficiency due to B1 inhomogeni-
ties. This gave rise to poor venous 
suppression particularly in the 
abdominal and pelvic region. We had 
the opportunity to try a WIP version 
of the QISS MRA sequence with a  
modified FOCI pulse which was 
hoped to overcome aforementioned 
B1 inhomogeneities and improve 
venous suppression whilst maintain-
ing small vessel visualisation on 3T. 

We present a case of a 69-year-old 
male who was referred with short 
distance left leg claudication, and 
reduced left femoral pulse, query 
iliac artery disease. He had a history 
of smoking 10 cigarettes per day.  
The patient was imaged on the 3T 
MAGNETOM Skyra (Siemens Health-
care, Erlangen, Germany) using the 
peripheral matrix coil in combination 
with the spine and body matrix coils. 
ECG gating was achieved using the 
Siemens wireless PMU. 

At the time of imaging the patient 
had a heart rate of 68 bpm and a 
recent eGfr of 70 ml/min / 1.73 m2. 

QISS MRA sequences using TrueFISP 
readout were acquired as a vessel 
scout technique as this provides an 

excellent overview for planning sub-
sequent contrast-enhanced (CE) MRA 
imaging. The standard QISS MRA was 
used which consists of 1 x 1 x 3 mm 
contiguous axial slices, single slice  
per RR interval, flip angle 90°, iPat 3, 
40 slices per station. We acquired  
the abdominal stations during quiet 
respiration as we found our elderly 
population cope with this better than 
with breath-holds and there is no time 
penalty between techniques. 

As per our standard protocol subse-
quent CE-MRA imaging was performed 
using diluted 20 ml Multihance (Gado-
benate dimeglumine) + 10 ml 0.9% 
NaCl, followed by 0.9% NaCl flush. A 
test bolus of 1.5 mls contrast @ 2 ml/s 
followed by 20 ml 0.9% NaCl was sam-
pled using a dynamic 2D FLASH single 

1 QISS MRA CE-MRA DSA
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slice positioned at the level of the aor-
tic bifurcation to determine the arrival 
time of the contrast in the abdominal 
aorta. Next the tibial arteries were 
imaged using time-resolved TWIST 
MRA sequence using 4 ml diluted con-
trast and a 20 ml NaCl flush delivered 
@ 2 ml/s. Finally, the full peripheral 
arterial tree is imaged from above the 
renal arteries to the pedal arteries 
using 22-23 ml diluted contrast deliv-
ered as follows:

Dual-phase contrast injection:  
10 ml @ 2 ml/s, followed by  
13 ml @ 1.5 ml/s then an NaCl flush  
of 20 ml @ 1 ml/s.

Findings included a high-grade  
stenosis of the mid left common iliac  
artery. There was also a mild-moderate  
stenosis of the proximal right common 
iliac artery. Femoral and popliteal 
arteries were of normal calibre. There 
was three vessel run-off to each calf,  
with severe disease of the left anterior 
tibial artery and vessel occlusion by 
mid-calf.

Follow-up DSA confirmed QISS MRA 
and CE-MRA findings, and the left 
common iliac artery lesion was 
treated by angioplasty and stenting 
with an 8 x 40 mm self-expanding 
stent, post dilated to 7 mm.

In this case QISS images correlated 
excellently with the CE-MRA images 
and subsequent DSA imaging as seen 
below. We have found that the  
optimized FOCI pulse is particularly 
effective in the aorto-iliac region and 
this case demonstrates very nicely 
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how this new version of the 
sequence (now product) performs 
compared to CE-MRA and also DSA.
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Quiescent Interval Single-Shot (QISS)  
Lower Extremity MRA for the Diagnosis of 
Peripheral Artery Disease: Case Presentations
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1 Division of Cardiovascular Imaging, Department of Radiology and Radiological Science, Medical University of South Carolina,  
 Charleston, SC, USA  
2 Division of Cardiology, Department of Medicine, Medical University of South Carolina, Charleston, SC, USA  
3 Siemens Healthcare, Chicago, IL, USA

Introduction
Peripheral artery disease (PAD) 
affects 12%–14% of the general  
population and its prevalence 
increases with patient age [1]. While 
segmental Doppler pressures and 
pulse volume recording are the most 
appropriate techniques for screening 
symptomatic patients, more sophisti-
cated non-invasive imaging tech-
niques may be necessary for further 
anatomic evaluation and treatment 
planning, especially before revascu-
larization [2, 3]. The American  
College of Radiology (ACR) rates  
both CT angiography (CTA) and  
MR angiography (MRA) as “usually 
appropriate” diagnostic approaches 
for claudication with suspected  
vascular etiology [2]. Because many 
patients with PAD suffer from several 
comorbidities including renal insuffi-
ciency, the administration of either 
iodinated or gadolinium-based con-
trast media may be of concern given 
the increased risk of contrast-induced 

Case 1
A 55-year-old male was referred for 
evaluation and treatment of intermit-
tent claudication despite adherence 
to a regular walking program. The 
patient was a former smoker and his 
medical history included hyperlipid-
emia, hypertension, coronary artery 
disease, PAD, and ANCA-positive vas-
culitis. Physical examination revealed 
diminished femoral and popliteal 
pulses bilaterally. Posterior tibial and 
dorsalis pedis pulses were Doppler-
able. His ankle-brachial index (ABI) 
was 0.78 in the right leg and 0.91 in 

nephropathy or nephrogenic systemic 
fibrosis (NSF), respectively [4, 5]. 

These concerns with the risks of  
contrast media administration in 
combination with recent technical 
advances have led to an increased 
interest in non-contrast MRA tech-
niques. Although many approaches 
to non-contrast MRA have been  
evaluated [6], most of them have 
limited clinical utility in patients  
with PAD due to either technical 
issues (e.g. long acquisition time)  
or overestimation of mild to moder-
ate stenosis [7, 8]. 

Quiescent-interval single-shot (QISS) 
MRA is a recently introduced, robust 
non-contrast MRA technique [9]. 
QISS MRA at 1.5 and 3T has shown 
promising results with reported diag-
nostic accuracies close to or equal  
to contrast-enhanced MRA [10-14]. 
Here, we illustrate some of the bene-
fits of QISS MRA over other modali-
ties through two clinical cases and 

the left leg at rest, while ABI severely 
decreased post exercise (0.53 and 
0.52, respectively). In preparation  
for revascularization the patient was 
referred for a lower extremity run-off 
CTA. CTA demonstrated moderate to 
severe bilateral iliac and superficial 
femoral artery stenosis. The evalua-
tion of calf vessels was inconclusive 
as the slower flow in the stenotic ves-
sels delayed the arrival of contrast 
and thus acquisition occurred before 
peak enhancement was reached in 
these vessels. Prior to intervention, 

the patient underwent a non-contrast 
QISS MRA on a 1.5T MAGNETOM Avanto 
scanner. QISS MRA successfully visual-
ized each arterial segment, including 
those poorly visualized on CTA. In addi-
tion to visualizing the stenosis already 
found on CTA, QISS MRA was able to 
delineate infrapopliteal run off to the 
feet. There was total occlusion of the 
right peroneal artery and total occlusion 
of the left anterior tibial and posterior 
tibial arteries. These findings were con-
firmed by invasive digital subtraction 
angiography (DSA). 

also provide a brief overview of the  
literature available for this technology.

Discussion
These cases demonstrate certain  
benefits of QISS MRA over CTA. As 
emphasized by ACR guidelines, the  
two major shortcomings limiting image 
interpretation of CTA in PAD patients 
are the relatively difficult acquisition 
timing following contrast administra-
tion due to reduced flow in the stenotic 
vessels and reduced lumen visibility 
due to heavily calcified atheromatous 
lesions [2]. As we have shown, QISS 
MRA is able to overcome both of these 
limitations to provide reliable findings 
comparable to invasive DSA. 

The QISS MRA technique was first intro-
duced in 2010 by Edelman et al. [9]. 
This ECG-triggered technique employs 
initial saturation pulses followed  
by a 2D single-shot balanced steady- 
state free precession readout with  
a quiescent interval between them. 
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CTA QISS DSA

Two saturation pulses are used: one 
to suppress the background signal, 
and one applied inferior to the slice 
to suppress the venous blood signal. 

The quiescent interval before the 
readout allows the inflow of unsatu-
rated arterial spins into the imaging 
plane. Due to its design, the flow 

sensitivity of QISS MRA is negligible 
compared to other non-contrast tech-
niques such as time-of-flight, 3D fast 
spin echo based approaches, and 
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Case 2
A 65-year-old man was referred for 
evaluation and treatment of intermit-
tent claudication. Relevant past medi-
cal history included hyperlipidemia, 
hypertension, carotid artery disease, 
subclavian artery disease, and PAD. 
Physical examination was remarkable 
for normal femoral pulses, diminished 
popliteal pulses and Dopplerable pos-
terior tibial and dorsalis pedis pulses 
bilaterally. The patient’s ABI in the 
right leg (0.72) was consistent with 
moderate ischemia, while ABI in the 
left leg (0.95) was within normal limits 

ungated ghost MRA [10]. Additionally, 
single-shot 2D TrueFISP acquisition 
makes this technique relatively insensi-
tive to patient motion. 

Novel technological innovations in 
development promise to further facili-
tate the clinical implementation of 
QISS MRA. QISS MRA can be performed 
without ECG gating by employing pro-
spective self-navigation based on the 
detection of the acceleration of blood 
flow during systole with a reference-
less phase contrast navigator [15]. 
Highly undersampled radial k-space 
readout enables the acquisition of 
multiple 2D slices in a single cardiac 
cycle shortening the acquisition time 
of a complete lower extremity runoff 
MRA to about 2 minutes [16]. High-
resolution QISS MRA provides 1.5 mm 
section thickness and thus more 
detailed visualization of the vascular 
anatomy [17]. Quiescent interval low 
angle shot MRA provides superior 
image quality for the external carotid 
arteries compared to 2D time-of-flight 
with an average acquisition time of 
less than 6 minutes [18]. 

The diagnostic accuracy of non-con-
trast QISS MRA has been evaluated 
with non-invasive contrast-enhanced 
MRA as a reference standard, showing 
a segment-based sensitivity and speci-
ficity of 89.7% and 96.5%, respectively 
[11]. A subgroup analysis in patients 
who also underwent DSA showed sub-
stantial agreement between QISS MRA 
and DSA [12]. Similarily high sensitiv-
ity (98.6%) and specificity (96%) were 
reported for QISS MRA versus contrast-
enhanced MRA in patients with PAD by 

Klasen et al. [13]. QISS MRA demon-
strated superior specificity for detect-
ing hemodynamically significant 
arterial stenosis in the lower extremi-
ties compared to subtracted 3D fast 
spin echo MRA and was also found  
to provide higher image quality and 
diagnostic accuracy in the abdominal 
and pelvic regions [19]. 

While the majority of initial QISS MRA 
studies were performed at 1.5T [9, 
11, 12], QISS MRA has also shown 
good diagnostic accuracy at higher 
field strength. 3T QISS MRA has high 
sensitivity (100%) in the presence  
of adequate image quality for the 
detection of peripheral artery steno-
sis when compared to the DSA as a 
reference standard [14]. Later studies 
have confirmed the feasibility of  
QISS MRA at 3T and reported high 
diagnostic performance and high 
image quality, especially in the distal 
segments [20-22]. 

Conclusion
Past studies have shown that QISS 
MRA provides high diagnostic accu-
racy for the detection of hemody-
namically significant arterial stenosis 
of the lower extremities at both 1.5 
and 3T. QISS MRA seems to be a fea-
sible alternative for patients in whom 
contrast media administration is con-
traindicated, especially in the light  
of the new ACR guidelines widening 
the population considered at risk for 
NSF to patients with eGFR <40 ml/
min/1.73m2 [23]. Furthermore, QISS 
MRA may avoid the timing-related 
difficulties of contrast-enhanced CTA 

and better visualize heavily calcified 
arteries. Finally, its relative insensitiv-
ity to blood-flow and patient motion 
simplify the patient workflow by 
requiring minimal user input during 
the acquisition. 
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Using Remote Assist to Expand Your Expertise
Gary Smith

Siemens Healthcare, Great Britain and Ireland

What is Remote Assist?
Siemens Remote Assist (RA) is an 
application that allows you to share 
your MR workspace with the Applica-
tion Specialist who is not on site.  
With your permission, the system is 
connected via an encrypted broadband 
connection – with Siemens Remote 
Service ensuring secure data transfer.

The Remote Assist application allows 
Application Specialists to trouble- 
shoot scanning problems and offer 
you real-time assistance with difficult 
tasks at short notice. The Remote 
Assist application also allows your 
institution to grow its potential  
by participating in an application  
session to set up a new service.  
In this article we will take a look  
at an institution that wanted to set  
up a pulmonary angiogram service. 
Instead of booking a day of applica-
tions training, the training was done 
remotely; this led to less disruption  
for the institution and its patients,  
and a faster response time from the  
applications team.

How it works
Using Siemens Remote Assist pro-
vides real-time image quality  
assessment, protocol optimization 
and workflow enhancements. The 
Application Specialist will ask you to 
go to Options > Service > Remote 
Assistance. The Siemens Application 
Specialist will then give you a 6 digit 
security number. Once entered, you 
are logged on and both parties then 
share the MR screen. The Application 
Specialist gives visual guidance with 
a red cursor and may take control of 
the console with your permission. To 
allow full access, you need to select 
the RA icon at the bottom of the 
screen and follow the instructions.

Guidance over the phone, with addi-
tional on-screen support, is usually 
all that is necessary to provide a 
strong training session. Verbal and 
visual reinforcement of the training 
can lead to a better outcome for  
your team and your patients.

Organizing the RA session
An RA session can be organized 
whenever it is required through the 
Customer Care Centre – for instance 
to answer questions concerning  
an application or image review.  
If you wish to participate in a longer 
session to improve or grow your  
service, preparation is helpful.  
Contact the Customer Care Centre 
and organize for your Application 
Specialist to call you and discuss  
your application needs.

During this phone call, the Applica-
tion Specialist may dial onto the  
scanner to look at the available soft-
ware and applications. There should 
be a discussion of the desired out-
comes. By remotely organizing and 
remotely performing the training, you 
can improve the efficiency of your 
department. There should be no need 
for scanner down time, as software 
checks and organization are done 
remotely. RA is also less intrusive,  
as no one is on site, and additionally, 
there is more room for further staff 
members to attend the session.

1.  Trigger type
2.  Average R-R cycle
3.  The captured R-R cycle to be used  

as trigger.
4.  Acquisition window. The time  

you have to perform your pulse 
sequence.

5.  Trigger pulse. 1 = every pulse.  
2 = every other pulse.

6.  Trigger delay
7.  TR
8.  Segments lines of raw data collected 

in a phase. Affects your TR.
9.  Graphic of ECG and pulse sequence. 

Green segments will be collected,  
red will cause a trigger to miss.

10. Number of phases to be scanned. 
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When preparing for a RA session,  
you should ensure that a suitable 
date and enough time are allotted  
to staff and system to ensure the 
best possible training environment.  
If you are setting up a new service,  
it may be better to involve more than 
one patient as training participant. 
Ideally, all stakeholders involved in 
this service growth should be avail-
able, i.e. radiographers who will be 
performing the study and training  
of others, and clinicians who will  
be interested in image quality. With 
this setup, the new service can be 
ready to start right after finishing  
the RA session.

Performing the RA session
In this example, the user had many 
years of advanced scanning experi-
ence and wanted to start a pulmo-
nary angiogram service. It had clini-
cal help from another site. It had  
also performed angiograms before. 
The user was interested in acquiring 
additional knowledge concerning 
test bolus angiograms and wanted 
some basic cardiac sequences to 
allow for optimum positioning.

The RA was organized as above  
and two patients were booked for  
the session. All software required  
for the session had been checked  
for updates and system integration  
to ensure a best possible system 
preparation.

At the start of the session, ECG  
gating was taught. Positioning of 
electrodes was done by staff on site. 

The Physio page was explained  
(Fig. 1). 

To localize the pulmonary arteries, 
cardiac planes for 2-chamber, 
4-chamber and coronal RVOT (right 
ventricular outflow tract) views of 
the heart were shown (Fig. 2). Dark 
blood and bright blood scanning  
was also explained. The angiography 
workflow was created using the base 
angiography series in the Siemens 
default tree. The field-of-view (FOV) 
and coverage were altered. Increas-
ing the slices in the 3D slab gave 
more signal which could be used to 
accelerate the scan using iPat. The 
workflow was tested including the 

2

3

test-bolus stage to practice breathing 
patterns with the patient, and to 
assess image quality before adminis-
trating contrast media. Using the 
rerun functionality in the workflow 
allows you to restart the workflow.

The scan sequence for the Angio 
follows.

Test Bolus (2 ml of contrast media 
given at the same flow rate with the 
saline flush as the primary dose).

3D angio pre-contrast (breath-hold).

Pause (enter contrast details here to 
ensure subtraction).

3D angio post-contrast (in Properties 
set up wait for user to start flag  
man on B level software arrow on  
D and E level. This gives you the pop-
up shown in Figure 3. You are offered 
the possibility to set the countdown 
to delay the scan. You can also set 
AutoStart in the properties of D and  
E level software. AutoStart will start 
the measurement after the count-
down has finished. 

Once you run the test bolus 
sequence, you get a set of images 
with time stamps at the bottom.  

You can then simply take that time 
stamp and enter it into the countdown 
clock to set your timing. To improve 
your timing, you can load the data into 
mean curve – or use the Angio Dot 
Engine.

To perform a mean curve, open the 
application mean curve. Drag and  
drop the test bolus sequence from the 
browser to the top-left box. There are 
a set of tools on the right that change 
scaling and sorting to normal time. 
Draw a region-of-interest (ROI) over  
an artery and then select curve calcu-
lation. You now have the timing of the 
test bolus. You can look at when the 
contrast arrives: The real bolus will be 
longer so it will peak later, so you can 
offset your scan by using the time to 
center (TTC) parameter on the Angio 
tab. Therefore, if arrival time is 18 sec-
onds, you can set a TTC to 2 seconds 
to offset your measurement over the 
peak of the primary dose. 

Once the timing is calculated, run  
your pre-contrast scan. When the 
pause opens for the post-contrast 
scan, enter your time into the count-
down. Start the contrast and timer  
at the same time. About 8 seconds 
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4

before the end give your breath-hold 
instructions. If you use AutoStart,  
the scan will start by itself – if not,  
hit continue at 0 seconds. The image 
quality obtained is shown. This was 
reviewed by the radiologists. (Fig. 4) 
Image quality (IQ) was evaluated and 
then requirements were considered.  
A second patient was scanned by the 
user. The workflow was repeated again 
without any verbal assistance from the 
Application Specialist to ensure that 
the service could continue on its own. 
IQ was then checked with this different 
patient.

Once this was all finished, the  
protocols were saved and any options  
for image loading were set using  
the Find function and properties.

Conclusion
Remote Assist can give you quick 
answers to applications and IQ issues. 
However, it is also a useful tool for 
training, offering you a direct, hands-
on approach, while the Application 

Specialist provides verbal and on-
screen guidance. You should there-
fore perhaps consider an RA session 
the next time you prepare to expand 
your service lines.

Availability
Remote Assist is provided only in 
combination with a standard service 
contract (Performance Plan TOP, 
PLUS, PRO) or in combination with an 
Education Plan, which can either be 
offered standalone or as an optional 
element of a service contract. 

With Siemens Education Plans, a 
package of User Services will be  
tailored to your training and educa-
tion needs. Based on your goals,  
your package can include classroom 
or on-site trainings, hands-on work-
shops, e-learnings and Webinars, 
remote trainings, or consulting 
services. 

Educations Plans are available in 
three service levels:

•  Routine Plan for basic image  
quality and patient safety; ideal  
for continuous on-boarding of new 
staff. In addition to on-site training, 
this plan offers Remote Assist  
for direct application assistance.

•  Expertise Plan to enhance clinical 
expertise, improve patient outcome 
and quality of care, and strengthen 
employee satisfaction. In addition 
to classroom training, you can 
choose from a variety of clinical 
workshops. 

•  Excellence Plan helps you stand 
out as a center of excellence. The 
primary goal is to improve existing 
routines and daily performance;  
the focus is on consulting and 
optimization.

An Education Plan runs for multiple 
years, and it will typically be linked to 
one of your Siemens imaging  
systems. With the Multi-Modality 
Option, you can expand the Educa-
tion Plan to include trainings for 
other Siemens imaging systems.  
With an Education Plan, you can  
be confident that your clinical staff 
will be well-trained and will remain 
consistently at the forefront of your 
system’s lifecycle. Siemens User  
Services offers your staff the oppor-
tunity to get the most out of your 
equipment – to use your imaging  
systems to their fullest potential and 
to create the best possible outcome 
for your patients.
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HIGHLIGHTS OF PRESCRIBING  
INFORMATION 

These highlights do not include all the 
information needed to use Fludeoxy-
glucose F 18 Injection safely and effec-
tively. See full prescribing information  
for Fludeoxyglucose F 18 Injection. 
Fludeoxyglucose F 18 Injection, USP  
For intravenous use  
Initial U.S. Approval: 2005

RECENT MAJOR CHANGES
Warnings and Precautions  
(5.1, 5.2) 7/2010  
Adverse Reactions (6) 7/2010 

INDICATIONS AND USAGE
Fludeoxyglucose F18 Injection is indicated 
for positron emission tomography (PET)  
imaging in the following settings: 
• Oncology: For assessment of abnormal 

glucose metabolism to assist in the evalua-
tion of malignancy in patients with known 
or suspected abnormalities found by other 
testing modalities, or in patients with an 
existing diagnosis of cancer. 

• Cardiology: For the identification of left 
ventricular myocardium with residual  
glucose metabolism and reversible loss of 
systolic function in patients with coronary 
artery disease and left ventricular dysfunc-
tion, when used together with myocardial 
perfusion imaging.

• Neurology: For the identification of regions 
of abnormal glucose metabolism associat-
ed with foci of epileptic seizures (1).

DOSAGE AND ADMINISTRATION
Fludeoxyglucose F 18 Injection emits radiation. 
Use procedures to minimize radiation expo-
sure. Screen for blood glucose abnormalities. 
• In the oncology and neurology settings,  

instruct patients to fast for 4 to 6 hours  
prior to the drug’s injection. Consider med-
ical therapy and laboratory testing to as-
sure at least two days of normoglycemia 
prior to the drug’s administration (5.2). 

• In the cardiology setting, administration of 
glucose-containing food or liquids (e.g., 50 
to 75 grams) prior to the drug’s injection fa-
cilitates localization of cardiac ischemia (2.3). 

Aseptically withdraw Fludeoxyglucose F 18 
Injection from its container and administer 
by intravenous injection (2). 

The recommended dose: 
• for adults is 5 to 10 mCi (185 to 370 MBq), 

in all indicated clinical settings (2.1). 
• for pediatric patients is 2.6 mCi in the  

neurology setting (2.2).
Initiate imaging within 40 minutes following 
drug injection; acquire static emission 
images 30 to 100 minutes from time of  
injection (2).

DOSAGE FORMS AND STRENGTHS
Multi-dose 30mL and 50mL glass vial  
containing 0.74 to 7.40 GBq/mL  
(20 to 200 mCi/mL) Fludeoxyglucose
F 18 Injection and 4.5mg of sodium chlo-
ride with 0.1 to 0.5% w/w ethanol as a sta-
bilizer (approximately 15 to 50 mL volume) 
for intravenous administration (3).

CONTRAINDICATIONS
None

WARNINGS AND PRECAUTIONS
• Radiation risks: use smallest dose neces-

sary for imaging (5.1). 
• Blood glucose adnormalities: may cause 

suboptimal imaging (5.2).

ADVERSE REACTIONS
Hypersensitivity reactions have occurred; 
have emergency resuscitation equipment 
and personnel immediately available (6). 
To report SUSPECTED ADVERSE 
REACTIONS, contact PETNET Solutions, Inc. 
at 877-473-8638 or FDA at 1-800-FDA-1088 
or www.fda.gov/medwatch.

USE IN SPECIFIC POPULATIONS
Pregnancy Category C: No human or animal 
data. Consider alternative diagnostics; use 
only if clearly needed (8.1). 
• Nursing mothers: Use alternatives to breast 

feeding (e.g., stored breast milk or infant 
formula) for at least 10 half-lives of radio-
active decay, if Fludeoxyglucose F 18 Injec-
tion is administered to a woman who is 
breast-feeding (8.3). 

• Pediatric Use: Safety and effectiveness in 
pediatric patients have not been estab-
lished in the oncology and cardiology set-
tings (8.4).

See 17 for PATIENT COUNSELING  
INFORMATION

Revised: 1/2011

1.2 Cardiology 
For the identification of left ventricular myocardium with residual glucose metabolism 
and reversible loss of systolic function in patients with coronary artery disease and left 
ventricular dysfunction, when used together with myocardial perfusion imaging.

1.3 Neurology 
For the identification of regions of abnormal glucose metabolism associated with foci 
of epileptic seizures.

2 DOSAGE AND ADMINISTRATION 
Fludeoxyglucose F 18 Injection emits radiation. Use procedures to minimize radiation 
exposure. Calculate the final dose from the end of synthesis (EOS) time using proper 
radioactive decay factors. Assay the final dose in a properly calibrated dose calibrator 
before administration to the patient [see Description (11.2)]. 

2.1 Recommended Dose for Adults 
Within the oncology, cardiology and neurology settings, the recommended dose for 
adults is 5 to 10 mCi (185 to 370 MBq) as an intravenous injection.

2.2 Recommended Dose for Pediatric Patients
Within the neurology setting, the recommended dose for pediatric patients is 2.6 mCi, 
as an intravenous injection. The optimal dose adjustment on the basis of body size or 
weight has not been determined [see Use in Special Populations (8.4)].

2.3 Patient Preparation
• To minimize the radiation absorbed dose to the bladder, encourage adequate hydra-

tion. Encourage the patient to drink water or other fluids (as tolerated) in the 4 hours 
before their PET study. 

• Encourage the patient to void as soon as the imaging study is completed and as often 
as possible thereafter for at least one hour. 

• Screen patients for clinically significant blood glucose abnormalities by obtaining a his-
tory and/or laboratory tests [see Warnings and Precautions (5.2)]. Prior to Fludeoxyglu-
cose F 18 PET imaging in the oncology and neurology settings, instruct patient to fast 
for 4 to 6 hours prior to the drug’s injection.

• In the cardiology setting, administration of glucose-containing food or liquids (e.g., 50 to 
75 grams) prior to Fludeoxyglucose F18 Injection facilitates localization of cardiac ischemia

2.4 Radiation Dosimetry
The estimated human absorbed radiation doses (rem/mCi) to a newborn (3.4 kg), 
1-year old (9.8 kg), 5-year old (19 kg), 10-year old (32 kg), 15-year old (57 kg), and 
adult (70 kg) from intravenous administration of Fludeoxyglucose F 18 Injection are 
shown in Table 1. These estimates were calculated based on human2 data and using 
the data published by the International Commission on Radiological Protection4 for 
Fludeoxyglucose 18 F. The dosimetry data show that there are slight variations in ab-
sorbed radiation dose for various organs in each of the age groups. These dissimilari-
ties in absorbed radiation dose are due to developmental age variations (e.g., organ 
size, location, and overall metabolic rate for each age group). The identified critical 
organs (in descending order) across all age groups evaluated are the urinary bladder, 
heart, pancreas, spleen, and lungs. 

Table 1. Estimated Absorbed Radiation Doses (rem/mCi) After Intravenous 
Administration of Fludeoxyglucose F-18 Injectiona

Organ

Newborn 1-year 
old

5-year 
old 

10-year 
old

15-year 
old

Adult

(3.4 kg)  (9.8 kg)  (19 kg)  (32 kg)  (57 kg) (70 kg)

Bladder wallb 4.3 1.7 0.93 0.60 0.40 0.32

Heart wall 2.4 1.2 0.70 0.44 0.29 0.22

Pancreas 2.2 0.68 0.33 0.25 0.13 0.096

Spleen 2.2 0.84 0.46 0.29 0.19 0.14

Lungs 0.96 0.38 0.20 0.13 0.092 0.064

Kidneys 0.81 0.34 0.19 0.13 0.089 0.074

Ovaries 0.80 0.8 0.19 0.11 0.058 0.053

Uterus 0.79 0.35 0.19 0.12 0.076 0.062

LLI wall * 0.69 0.28 0.15 0.097 0.060 0.051

Liver 0.69 0.31 0.17 0.11 0.076 0.058

Gallbladder wall 0.69 0.26 0.14 0.093 0.059 0.049

Small intestine 0.68 0.29 0.15 0.096 0.060 0.047

ULI wall ** 0.67 0.27 0.15 0.090 0.057 0.046

Stomach wall 0.65 0.27 0.14 0.089 0.057 0.047

Adrenals 0.65 0.28 0.15 0.095 0.061 0.048

Testes 0.64 0.27 0.14 0.085 0.052 0.041

Red marrow 0.62 0.26 0.14 0.089 0.057 0.047

Thymus 0.61 0.26 0.14 0.086 0.056 0.044

Thyroid 0.61 0.26 0.13 0.080 0.049 0.039

Muscle 0.58 0.25 0.13 0.078 0.049 0.039

Bone surface 0.57 0.24 0.12 0.079 0.052 0.041

Breast 0.54 0.22 0.11 0.068 0.043 0.034

Skin 0.49 0.20 0.10 0.060 0.037 0.030

Brain 0.29 0.13 0.09 0.078 0.072 0.070

Other tissues 0.59 0.25 0.13 0.083 0.052 0.042

a MIRDOSE 2 software was used to calculate the radiation absorbed dose. Assumptions on the biodistribution 
based on data from Gallagher et al.1 and Jones et al.2 

b The dynamic bladder model with a uniform voiding frequency of 1.5 hours was used. *LLI = lower large in-
testine; **ULI = upper large intestine

FULL PRESCRIBING INFORMATION

1 INDICATIONS AND USAGE 
Fludeoxyglucose F 18 Injection is indicated for positron emission tomography (PET)  
imaging in the following settings: 

1.1 Oncology 
For assessment of abnormal glucose metabolism to assist in the evaluation of malignancy 
in patients with known or suspected abnormalities found by other testing modalities,  
or in patients with an existing diagnosis of cancer.
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2.5 Radiation Safety – Drug Handling
• Use waterproof gloves, effective radiation shielding, and appropriate safety measures 

when handling Fludeoxyglucose F 18 Injection to avoid unnecessary radiation exposure 
to the patient, occupational workers, clinical personnel and other persons.

• Radiopharmaceuticals should be used by or under the control of physicians who are qual-
ified by specific training and experience in the safe use and handling of radionuclides, 
and whose experience and training have been approved by the appropriate governmental 
agency authorized to license the use of radionuclides.

• Calculate the final dose from the end of synthesis (EOS) time using proper radioactive de-
cay factors. Assay the final dose in a properly calibrated dose calibrator before administra-
tion to the patient [see Description (11.2)].

• The dose of Fludeoxyglucose F 18 used in a given patient should be minimized consistent 
with the objectives of the procedure, and the nature of the radiation detection devices 
employed. 

2.6 Drug Preparation and Administration
• Calculate the necessary volume to administer based on calibration time and dose. 
• Aseptically withdraw Fludeoxyglucose F 18 Injection from its container. 
• Inspect Fludeoxyglucose F 18 Injection visually for particulate matter and discoloration 

before administration, whenever solution and container permit. 
• Do not administer the drug if it contains particulate matter or discoloration; dispose of 

these unacceptable or unused preparations in a safe manner, in compliance with applica-
ble regulations.

• Use Fludeoxyglucose F 18 Injection within 12 hours from the EOS. 
2.7 Imaging Guidelines

• Initiate imaging within 40 minutes following Fludeoxyglucose F 18 Injection administration.
• Acquire static emission images 30 to 100 minutes from the time of injection.

3 DOSAGE FORMS AND STRENGTHS 
Multiple-dose 30 mL and 50 mL glass vial containing 0.74 to 7.40 GBq/mL (20 to 200 
mCi/mL) of Fludeoxyglucose F 18 Injection and 4.5 mg of sodium chloride with 0.1 to 
0.5% w/w ethanol as a stabilizer (approximately 15 to 50 mL volume) for intravenous ad-
ministration. 

4 CONTRAINDICATIONS 
None

5 WARNINGS AND PRECAUTIONS 
5.1 Radiation Risks 

Radiation-emitting products, including Fludeoxyglucose F 18 Injection, may increase the 
risk for cancer, especially in pediatric patients. Use the smallest dose necessary for imag-
ing and ensure safe handling to protect the patient and health care worker [see Dosage 
and Administration (2.5)]. 

5.2 Blood Glucose Abnormalities 
In the oncology and neurology setting, suboptimal imaging may occur in patients with in-
adequately regulated blood glucose levels. In these patients, consider medical therapy 
and laboratory testing to assure at least two days of normoglycemia prior to Fludeoxyglu-
cose F 18 Injection administration.

6 ADVERSE REACTIONS 
Hypersensitivity reactions with pruritus, edema and rash have been reported in the post-
marketing setting. Have emergency resuscitation equipment and personnel immediately 
available.

7 DRUG INTERACTIONS 
The possibility of interactions of Fludeoxyglucose F 18 Injection with other drugs taken by 
patients undergoing PET imaging has not been studied. 

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy 

Pregnancy Category C 
Animal reproduction studies have not been conducted with Fludeoxyglucose F 18 Injec-
tion. It is also not known whether Fludeoxyglucose F 18 Injection can cause fetal harm 
when administered to a pregnant woman or can affect reproduction capacity. Consider 
alternative diagnostic tests in a pregnant woman; administer Fludeoxyglucose F 18 Injec-
tion only if clearly needed.

8.3 Nursing Mothers
It is not known whether Fludeoxyglucose F 18 Injection is excreted in human milk. Con-
sider alternative diagnostic tests in women who are breast-feeding. Use alternatives to 
breast feeding (e.g., stored breast milk or infant formula) for at least 10 half-lives of ra-
dioactive decay, if Fludeoxyglucose F 18 Injection is administered to a woman who is 
breast-feeding. 

8.4 Pediatric Use 
The safety and effectiveness of Fludeoxyglucose F 18 Injection in pediatric patients with 
epilepsy is established on the basis of studies in adult and pediatric patients. In pediatric 
patients with epilepsy, the recommended dose is 2.6 mCi. The optimal dose adjustment 
on the basis of body size or weight has not been determined. In the oncology or cardiolo-
gy settings, the safety and effectiveness of Fludeoxyglucose F 18 Injection have not been 
established in pediatric patients. 

11 DESCRIPTION 
11.1 Chemical Characteristics 

Fludeoxyglucose F 18 Injection is a positron emitting radiopharmaceutical that is used for 
diagnostic purposes in conjunction with positron emission tomography (PET) imaging. 
The active ingredient 2-deoxy-2-[18F]fluoro-D-glucose has the molecular formula of 
C6H1118FO5 with a molecular weight of 181.26, and has the following chemical structure: 

Fludeoxyglucose F 18 Injection is provided as a ready to use sterile, pyrogen free, clear, 
colorless solution. Each mL contains between 0.740 to 7.40GBq (20.0 to 200 mCi) of 
2-deoxy-2-[18F]fluoro-D-glucose at the EOS, 4.5 mg of sodium chloride and 0.1 to 0.5% 
w/w ethanol as a stabilizer. The pH of the solution is between 4.5 and 7.5. The solution is 
packaged in a multiple-dose glass vial and does not contain any preservative. 

11.2 Physical Characteristics 
Fluorine F 18 decays by emitting positron to Oxygen O 16 (stable) and has a physical 
half-life of 109.7 minutes. The principal photons useful for imaging are the dual 511 
keV gamma photons, that are produced and emitted simultaneously in opposite direc-
tion when the positron interacts with an electron (Table 2).

Table 2. Pricipal Radiation Emission Data for Fluorine F18

Radiation/Emission % Per Disintegration Mean Energy

Positron (b+) 96.73 249.8 keV

Gamma (±)* 193.46 511.0 keV

*Produced by positron annihilation 
From: Kocher, D.C. Radioactive Decay Tables DOE/TIC-I 1026, 89 (1981)
The specific gamma ray constant (point source air kerma coefficient) for fluorine F 18 is 5.7 R/
hr/mCi (1.35 x 10-6 Gy/hr/kBq) at 1 cm. The half-value layer (HVL) for the 511 keV photons is 
4 mm lead (Pb). The range of attenuation coefficients for this radionuclide as a function of 
lead shield thickness is shown in Table 3. For example, the interposition of an 8 mm thickness 
of Pb, with a coefficient of attenuation of 0.25, will decrease the external radiation by 75%. 

Table 3. Radiation Attenuation of 511 keV Photons by lead (Pb) shielding

Shield thickness (Pb) mm Coefficient of attenuation

0 0.00

4 0.50

8 0.25

13 0.10

26 0.01

39 0.001

52 0.0001

For use in correcting for physical decay of this radionuclide, the fractions remaining at  
selected intervals after calibration are shown in Table 4.

Table 4. Physical Decay Chart for Fluorine 
F18

Minutes Fraction Remaining

0* 1.000

15 0.909

30 0.826

60 0.683

110 0.500

220 0.250

*calibration time 

12 CLINICAL PHARMACOLOGY 
12.1 Mechanism of Action

Fludeoxyglucose F 18 is a glucose analog that concentrates in cells that rely upon  
glucose as an energy source, or in cells whose dependence on glucose increases under 
pathophysiological conditions. Fludeoxyglucose F 18 is transported through the cell 
membrane by facilitative glucose transporter proteins and is phosphorylated within  
the cell to [18F] FDG-6-phosphate by the enzyme hexokinase. Once phosphorylated it 
cannot exit until it is dephosphorylated by glucose-6-phosphatase. Therefore, within a 
given tissue or pathophysiological process, the retention and clearance of Fludeoxyglu-
cose F 18 reflect a balance involving glucose transporter, hexokinase and glucose-
6-phosphatase activities. When allowance is made for the kinetic differences between 
glucose and Fludeoxyglucose F 18 transport and phosphorylation (expressed as the 
‚‘lumped constant‘‘ ratio), Fludeoxyglucose F 18 is used to assess glucose metabolism. 
In comparison to background activity of the specific organ or tissue type, regions of  
decreased or absent uptake of Fludeoxyglucose F 18 reflect the decrease or absence  
of glucose metabolism. Regions of increased uptake of Fludeoxyglucose F 18 reflect 
greater than normal rates of glucose metabolism. 

12.2 Pharmacodynamics 
Fludeoxyglucose F 18 Injection is rapidly distributed to all organs of the body after  
intravenous administration. After background clearance of Fludeoxyglucose F 18 Injec-
tion, optimal PET imaging is generally achieved between 30 to 40 minutes after admi-
nistration. 
In cancer, the cells are generally characterized by enhanced glucose metabolism parti-
ally due to (1) an increase in activity of glucose transporters, (2) an increased rate of 
phosphorylation activity, (3) a reduction of phosphatase activity or, (4) a dynamic alte-
ration in the balance among all these processes. However, glucose metabolism of can-
cer as reflected by Fludeoxyglucose F 18 accumulation shows considerable variability. 
Depending on tumor type, stage, and location, Fludeoxyglucose F 18 accumulation 
may be increased, normal, or decreased. Also, inflammatory cells can have the same 
variability of uptake of Fludeoxyglucose F 18.
In the heart, under normal aerobic conditions, the myocardium meets the bulk of its 
energy requirements by oxidizing free fatty acids. Most of the exogenous glucose taken 
up by the myocyte is converted into glycogen. However, under ischemic conditions,  
the oxidation of free fatty acids decreases, exogenous glucose becomes the preferred 
myocardial sub strate, glycolysis is stimulated, and glucose taken up by the myocyte i 
s metabolized immediately instead of being converted into glycogen. Under these con-
ditions, phosphorylated Fludeoxyglucose F 18 accumulates in the myocyte and can be 
detected with PET imaging. 
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In the brain, cells normally rely on aerobic metabolism. In epilepsy, the glucose metabo-
lism varies. Generally, during a seizure, glucose metabolism increases. Interictally, the  
seizure focus tends to be hypometabolic. 

12.3  Pharmacokinetics 
Distribution: In four healthy male volunteers, receiving an intravenous administration  
of 30 seconds in duration, the arterial blood level profile for Fludeoxyglucose F 18  
decayed triexponentially. The effective half-life ranges of the three phases were 0.2 to 
0.3 minutes, 10 to 13 minutes with a mean and standard deviation (STD) of 11.6 (±)  
1.1 min, and 80 to 95 minutes with a mean and STD of 88 (±) 4 min. 
Plasma protein binding of Fludeoxyglucose F 18 has not been studied. 
Metabolism: Fludeoxyglucose F 18 is transported into cells and phosphorylated to  
[18F]-FDG-6- phosphate at a rate proportional to the rate of glucose utilization within 
that tissue. [F18]-FDG-6-phosphate presumably is metabolized to 2-deoxy-2-[F18]fluoro-
6-phospho-D-mannose([F 18]FDM-6-phosphate). 
Fludeoxyglucose F 18 Injection may contain several impurities (e.g., 2-deoxy-2-chloro-D-
glucose (ClDG)). Biodistribution and metabolism of ClDG are presumed to be similar to 
Fludeoxyglucose F 18 and would be expected to result in intracellular formation of 2-de-
oxy-2-chloro-6-phospho-D-glucose (ClDG-6-phosphate) and 2-deoxy-2-chloro-6-phospho-
D-mannose (ClDM-6-phosphate). The phosphorylated deoxyglucose compounds are de-
phosphorylated and the resulting compounds (FDG, FDM, ClDG, and ClDM) presumably 
leave cells by passive diffusion. Fludeoxyglucose F 18 and related compounds are cleared 
from non-cardiac tissues within 3 to 24 hours after administration. Clearance from the 
cardiac tissue may require more than 96 hours. Fludeoxyglucose F 18 that is not involved 
in glucose metabolism in any tissue is then excreted in the urine. 
Elimination: Fludeoxyglucose F 18 is cleared from most tissues within 24 hours and can 
be eliminated from the body unchanged in the urine. Three elimination phases have 
been identified in the reviewed literature. Within 33 minutes, a mean of 3.9% of the ad-
ministrated radioactive dose was measured in the urine. The amount of radiation expo-
sure of the urinary bladder at two hours post-administration suggests that 20.6% (mean) 
of the radioactive dose was present in the bladder. 
Special Populations: 
The pharmacokinetics of Fludeoxyglucose F 18 Injection have not been studied in renally-
impaired, hepatically impaired or pediatric patients. Fludeoxyglucose F 18 is eliminated 
through the renal system. Avoid excessive radiation exposure to this organ system and 
adjacent tissues. 
The effects of fasting, varying blood sugar levels, conditions of glucose intolerance, and 
diabetes mellitus on Fludeoxyglucose F 18 distribution in humans have not been ascer-
tained [see Warnings and Precautions (5.2)]. 

13 NONCLINICAL TOXICOLOGY 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

Animal studies have not been performed to evaluate the Fludeoxyglucose F 18 Injection 
carcinogenic potential, mutagenic potential or effects on fertility.

14 CLINICAL STUDIES 
14.1 Oncology 

The efficacy of Fludeoxyglucose F 18 Injection in positron emission tomography cancer 
imaging was demonstrated in 16 independent studies. These studies prospectively evalu-
ated the use of Fludeoxyglucose F 18 in patients with suspected or known malignancies, 
including non-small cell lung cancer, colo-rectal, pancreatic, breast, thyroid, melanoma, 
Hodgkin‘s and non-Hodgkin‘s lymphoma, and various types of metastatic cancers to lung, 
liver, bone, and axillary nodes. All these studies had at least 50 patients and used pathol-
ogy as a standard of truth. The Fludeoxyglucose F 18 Injection doses in the studies 
ranged from 200 MBq to 740 MBq with a median and mean dose of 370 MBq. 
In the studies, the diagnostic performance of Fludeoxyglucose F 18 Injection varied with 
the type of cancer, size of cancer, and other clinical conditions. False negative and false 
positive scans were observed. Negative Fludeoxyglucose F 18 Injection PET scans do not 
exclude the diagnosis of cancer. Positive Fludeoxyglucose F 18 Injection PET scans can 
not replace pathology to establish a diagnosis of cancer. Non-malignant conditions such 
as fungal infections, inflammatory processes and benign tumors have patterns of in-
creased glucose metabolism that may give rise to false-positive scans. The efficacy of  
Fludeoxyglucose F 18 Injection PET imaging in cancer screening was not studied. 

14.2 Cardiology 
The efficacy of Fludeoxyglucose F 18 Injection for cardiac use was demonstrated in ten 
independent, prospective studies of patients with coronary artery disease and chronic 
left ventricular systolic dysfunction who were scheduled to undergo coronary revascular-
ization. Before revascularization, patients underwent PET imaging with Fludeoxyglucose 
F 18 Injection (74 to 370 MBq, 2 to 10 mCi) and perfusion imaging with other diagnostic 
radiopharmaceuticals. Doses of Fludeoxyglucose F 18 Injection ranged from 74 to 370 
MBq (2 to 10 mCi). Segmental, left ventricular, wall-motion assessments of asynergic ar-
eas made before revascularization were compared in a blinded manner to assessments 
made after successful revascularization to identify myocardial segments with functional 
recovery. 
Left ventricular myocardial segments were predicted to have reversible loss of systolic 
function if they showed Fludeoxyglucose F 18 accumulation and reduced perfusion (i.e., 
flow-metabolism mismatch). Conversely, myocardial segments were predicted to have  
irreversible loss of systolic function if they showed reductions in both Fludeoxyglucose  

F 18 accumulation and perfusion (i.e., matched defects). 
Findings of flow-metabolism mismatch in a myocardial segment may suggest that suc-
cessful revascularization will restore myocardial function in that segment. However, 
false-positive tests occur regularly, and the decision to have a patient undergo revascu-
larization should not be based on PET findings alone. Similarly, findings of a matched 
defect in a myocardial segment may suggest that myocardial function will not recover 
in that segment, even if it is successfully revascularized. However, false-negative tests 
occur regularly, and the decision to recommend against coronary revascularization, or 
to recommend a cardiac transplant, should not be based on PET findings alone. The re-
versibility of segmental dysfunction as predicted with Fludeoxyglucose F 18 PET imag-
ing  
depends on successful coronary revascularization. Therefore, in patients with a low  
likelihood of successful revascularization, the diagnostic usefulness of PET imaging 
with Fludeoxyglucose F 18 Injection is more limited. 

14.3 Neurology 
In a prospective, open label trial, Fludeoxyglucose F 18 Injection was evaluated in 86 
patients with epilepsy. Each patient received a dose of Fludeoxyglucose F 18 Injection 
in the range of 185 to 370 MBq (5 to 10 mCi). The mean age was 16.4 years (range:  
4 months to 58 years; of these, 42 patients were less than 12 years and 16 patients 
were less than 2 years old). Patients had a known diagnosis of complex partial epilepsy 
and were under evaluation for surgical treatment of their seizure disorder. Seizure foci 
had been previously identified on ictal EEGs and sphenoidal EEGs. Fludeoxyglucose  
F 18 Injection PET imaging confirmed previous diagnostic findings in 16% (14/87) of 
the patients; in 34% (30/87) of the patients, Fludeoxyglucose F 18 Injection PET images 
provided new findings. In 32% (27/87), imaging with Fludeoxyglucose F 18 Injection 
was inconclusive. The impact of these imaging findings on clinical outcomes is not 
known. 
Several other studies comparing imaging with Fludeoxyglucose F 18 Injection results to 
subsphenoidal EEG, MRI and/or surgical findings supported the concept that the degree 
of hypometabolism corresponds to areas of confirmed epileptogenic foci. The safety 
and effectiveness of Fludeoxyglucose F 18 Injection to distinguish idiopathic epilepto-
genic foci from tumors or other brain lesions that may cause seizures have not been es-
tablished. 
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16 HOW SUPPLIED/STORAGE AND DRUG HANDLING 

Fludeoxyglucose F 18 Injection is supplied in a multi-dose, capped 30 mL and 50 mL 
glass vial containing between 0.740 to 7.40 GBq/mL (20 to 200 mCi/mL), of no carrier 
added 2-deoxy-2-[F 18] fluoro-D-glucose, at end of synthesis, in approximately 15 to 
50 mL. The contents of each vial are sterile, pyrogen-free and preservative-free. 
NDC 40028-511-30; 40028-511-50 
Receipt, transfer, handling, possession, or use of this product is subject to the radioac-
tive material regulations and licensing requirements of the U.S. Nuclear Regulatory 
Commission, Agreement States or Licensing States as appropriate.
Store the Fludeoxyglucose F 18 Injection vial upright in a lead shielded container at 
25°C (77°F); excursions permitted to 15-30°C (59-86°F). 
Store and dispose of Fludeoxyglucose F 18 Injection in accordance with the regulations 
and a general license, or its equivalent, of an Agreement State or a Licensing State. 
The expiration date and time are provided on the container label. Use Fludeoxyglucose 
F 18 Injection within 12 hours from the EOS time.

17 PATIENT COUNSELING INFORMATION
Instruct patients in procedures that increase renal clearance of radioactivity.  
Encourage patients to: 

• drink water or other fluids (as tolerated) in the 4 hours before their PET study. 
• void as soon as the imaging study is completed and as often as possible thereafter  

for at least one hour. 

Manufactured by: PETNET Solutions Inc.
  810 Innovation Drive
  Knoxville, TN 37932
Distributed by: PETNET Solutions Inc.
  810 Innovation Drive
  Knoxville, TN 37932

Indications
Fludeoxyglucose F18 Injection is indicated for positron emission  
tomography (PET) imaging in the following settings:
• Oncology: For assessment of abnormal glucose metabolism to assist in the evaluation 

of malignancy in patients with known or suspected abnormalities found by other testing 
modalities, or in patients with an existing diagnosis of cancer.

• Cardiology: For the identification of left ventricular myocardium with residual glucose 
metabolism and reversible loss of systolic function in patients with coronary artery  
disease and left ventricular dysfunction, when used together with myocardial perfusion 
imaging.

• Neurology: For the identification of regions of abnormal glucose metabolism associated 
with foci of epileptic seizures.

Important Safety Information
• Radiation Risks: Radiationemitting products, including Fludeoxyglucose F18 Injection, 

may increase the risk for cancer, especially in pediatric patients. Use the smallest dose 
necessary for imaging and ensure safe handling to protect the patient and healthcare 
worker.

• Blood Glucose Abnormalities: In the oncology and neurology setting, suboptimal  
imaging may occur in patients with inadequately regulated blood glucose levels.  
In these patients, consider medical therapy and laboratory testing to assure at least 
two days of normoglycemia prior to Fludeoxyglucose F18 Injection administration.

• Adverse Reactions: Hypersensitivity reactions with pruritus, edema and rash have 
been reported; have emergency resuscitation equipment and personnel immediately 
available.
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